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PREFACE

«!

^i n

I '.• niHt..r,Hl ,.r...rnt..l i,. ,his I„,.,k i. tl,o „..„!, ,.f „ ,,,.,.i,, ,,;,.,,
.-I.- Kv .1,.. wr.,...- ...... „„. ,„.„„.,, „.,„, ., ,,,,„,„,...,., ,. ,„j' ->

• N.. .h..rn Kun,,. k,...„,, .s.,,,„,i„....i,, „,,;.,. .^^ „_,, "
.

u t,,.., of S«o, ,.,, Norway a„.| l),.„„,ark. For vari,.u. .n ,, ,„,„.. ,,,

pu. of SW...1..,. ,ly r.M„ark,. will .hon-for,. ..on.-r,, vorv la,«,.l v ,h .

.;
f.M .MM.,„..on „l,l.ou«h ,...f..,.,.n.... w ,.., f,,„.. ,i,n,. ,o ,i,. ,

en(l."iiv..rs of u smulur imtiiic .'Iscwlu-iv,

Thr muin ol.jert „f ,I,i. ,,ul,ll..a.io„ i. ,o «iv,. a R,.,„.ral surv.-v of ,1...ok ...... ,...,0.1 at Svai..f fro,.. ,ho ,i.,... of i,.s i.....,.,io„ a,,., ,o i„.,i..a,.. so..nf tl
. fa..,s an.! .-....un.s.anro.s whi.-h have Ic.l to ,1... a.loptio.. ,.f pri,...i„|o. of

'..•.•<;.l.n« n..w ......Kn.zo.l at that pla,-... For this ex.H.s tio,. I ..Li .'',
.

Kwrnhty nor .......plHorn... The fa-ts sui.n.itto.l have l>oe,. take, .''''• I..-.vae ,e....r.|s t.. whi..h ,.efe,.e,...e i. „.a.le in pnu.ti,.allv all ease"
.

.l.je..t has iK-en ... ,he wor.ls of Huxley, . kn,.w wha't is tr,.e iaIII tier to (III what .s riRht.

I an. also .leeply sensii.le of the ^reat ol.ligation I an. nn.ler to P,-ofHjulmar N.lsson. .l.reet.n- ..f the I.,stituti.,n at Svah,f, no, onlv for ,.,. i!:s .n t.. ,nvest.«ate the work, l.ut still n.o.-e for the ,.,.....1 a si t ., .71,
N X:'NnZ::'ri" "^l

" ""»';:—-•-'• in n.. Jss .,e„... a,.. I in.:,
t.. I)

.

N.ls on-..,h le. Hans Fe.h,., He,-nfri,l VVit.e an.l Mr. !.un.lU...K wl... asex,.e.-,s ,n .hrect eharge of their r..s,K>..,ive l.ra,.,.l.es. wore ..,os, ,„^i,.-
,

the.r efforts to ,.,es,.nt their w„rk exactly as it is.

*"

While effoHs Inive lK>e,. .na.le to ,-e,..ler the followi.,g paK,.s as intelli-nhleto he ,e,.eral
,„j .1,.. as the „at,n-o of the sv.l.je.., w.u' 1 .KM-.nit

1. '

e
u.l<liT«.se.l pnniarily t.. the seientifie reader.

"

In .„-.ler n.ore fnlly to a,,,,re..iato the diffi.-ult.es as weil as the nossiuhtK. a«..c..ate.l with the ......luetion ..f „,e usefnl forn.s :, uhiv jplants ,n hwe.len. the reader is .....nn.en.le.l to stu.lv .-arefullv the AnlcJx.-w^h a. .,nsi.,e..d the ..graphical position. ,>hysio^a:;;n- Z ^preeipitattoi, etc., ol this counti-y.
... i^'-.



Tho sciVntific asiKM'ts of the iicliipvenionts in Sw

I

Ottuwa, Canada. June 1."), 1912.

•
, . , , ,

-vedon are of stx-cial
mtorest

,y rra.on „f tho extent t„ which they a.hl to our knowledge of

L. II. Xkwm.w.

f
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PLANT BREEDING IN SCANDINAVIA

I.—INTRODUCTION

Tlicrc is IK. Mihjcct !i-sori;itc(l witli pl.nit lilV wliich is ,,f Ki(.:,t,.r im-
|.urtanr.. VH wlii.-l, is less iK'ilcctly und.Tsto.,,! tl,in> lliat ,,f plMiit iriipiov,-
111. -It. Ktr.iits to gtianl apiilist tiic (Iftciiniatidii of niitivat.-.l imc- date
Iwk to thf farly Romans \vl;o. a.-conlili>; to Xiruii, n Knizni tlir ii....,l tor
(•oiitimu-.l care in provontinR the iiicliisi,,n of variations ,,f infc.ior value.
TIk- idea of actually impruring plants is of coniparativdv iccMit oli^i.|
.latinn pnil.alily from u.M.ut tlio lioj-inniiiK of tlip ninctcontirc cntuiv. Since
that tune pieat strides have iK'en made aii.l it is oniv nitli dillicult v'that one
IS al)le to f.dlow at all ade.|iiately, tlie lanid accumulation of experimental
data.

'

While the idea of organic projiression had its l.irth anion); the early
flieeks and while many theories were later advan.-ed hy prominent investi-
Kators as t.. the '-mode" by which new lorms arise, yet it remaine.l with
("has. Darwin to first develop a well si'iiported theorv of evolution which he
called the " Thconj of Xutural Srhrtinn." This theory, as is well known,
a.ssumes that a constant inherent variation i.. p.inj; „n within the race
Some of the resiiltiiif; variants will he stroiiRer and will survive, others will I.e

weaker and will ..erish in the struggle. The Darwinian principle has Keen
«-idely ajiplied in practice with a view to the inipr.ivement d cuitivate.l
varieties and not witli^'Ut a certain measure of success.

An enoiniou.s inipuU' to further investigation in the realm of hiol,,f:ical
science was fjiven liy the rediscovery and confirmation in IIHIO of .McndelV
famous principles of heredity (-.V)) (first communicated to 1 1,.. XatMralists'
S.,cietyof liriiim in ISCm, hut suhsecjuently o-e-lo.ked) hv DeNiies, Correiis
iind T.schermak, suh.se.iuently ilefended and d.'veio])ed' a< iliev werehy
Bateson of iMigland (1). The appearanc,. in the same vear of tJie "Muta-
tion Theory" i)ropounded hy De\ries (7S) .dso contrihuted greatly to a
revival ()f interest in matf^rs pertaining to the great vital prohicms ,f
natural science.

The views e.vpres.sed in the<e theories have served not ,,nly t,. deprive
the principle of Darwinism of many of tho.se attrihutes with whicli it had
lieen invested hut to l.ring al.out a vital change in the general conception . f

the whole phenomena of variation and heredity. These views, toeether
With Ihe degree to which they tind either support or contradiction in the
cxi)eriences of the leading Scandinavian investigators, will he di.scussed in
the following pages.
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In -.'.kiim -u|)|..iil for lii> tlicuiy nf "1111 oriKJn ,,f s|^th',- l.y Nii.lclcti
' iiniliilioii-'' 1111,1 ill waicliinv tuicvi.lciuT toxlicw tlii' "liiKli |>raftiriil viiliic
i>l' flcMifiitan -.|H'cics whi.-li limy U' is..lutiil l>y a hIi ^Ic clH.i.t'", IV \ri«M
hiiM I'lKUavorcl tc. iut.'rpn.t th.- result;* <.l)tuiti)>(l at <lili.r.>nt iiHtitiitioris in tlio
t«>rm.s nf liis liyiM.tl.cHJs. It was in thin way llml Itic Swc.|i>|, S>i-.l A-w.riu-
tiun at Svali.f. Sw.mUmi, was first l.roiiKlit int.. piniiiiiH-iin", fsiM-cialiv in
Atiii-ricH. since in liis iM.ok IMunt HreedinK'* (7i») pul)lisliei| in I<t07, IV\ ries
dealt at some lenRtl' with the work U'inn carrie.l c.n at that instjiiitioii. Our
thanks are due Dr. IK-Vries for l.rinRiiiK tliis work to our attention and for
sUiiKestiiiK new ami interestiiiK lines of thought and modes of think'nK.
r- irtunately, however the principles of plant improvement now actually
re. oKiiized !iy the ex|HTts at fSvalof, not Mnn in full aKr.'.'ment with those
ilescriU'd lpy thealK.veauthor.a wroiiK imj.ressioii reKarding the workat tliit

l)lace has Ix'eii spread iiluoad.

After elulHirutinn uiMin the compoMite nature of our ordinary cultivated
varieties, as .lemonstrated l.y the -Midies .f tl len in Sweden. DeVries
states his point of view clearly and .oncisoly as folh.ws:—

"The ranue of variahility disrliisfd l)y these new studies is simply so
wide that it affords all the recpiired nmterial for ahiiost all the selections
d.-sinil.le at j.reseni and will no doiilit pontinue to Ik« an inexhaustible source
of improvements f.,r a long succession of years. They are founded on the
priiu'iple of siiiKl(. .selectiruis, and the raiiKe of applic-tion of this method is

juoven to Ih- so extensive as to make all ideas of reiH'ated or continuous
selection simply suiHrlluous. It is even so rich in its productiveness that
there is .scarcely any room left for other methods of improvement: and
especially should all endeavors of winninR ameliorated varieties of cereals l.y

means of h-l.ridization simply l)0 left out of consideration, as r<.mpared witJi
the iiiuiu. ^e numlKr of more easily produced novelties which this method
offers." (I.e. p. ,')()).

'- ..e inference here is dear. Our ordinary varieties are composed of a
mi.xture of distinct types. These are .so numerous as to lemler the ,,.-oduction
of new forms l.y artificial hyl.ridi/.ati.m (piite unnecessary The prol.lem
of the l.ree.ler is simj.ly to isolate and pn.j.agiite the mostpromisinR forms
and hy a process of eliminati(.n. finally to locate the U'st. The di.-;overy of
these forms is supjwsed to lie aided l.y the fact that certain hotanical or
tiK.rphological characters are indicative of or correlated with industrial
(pialities, thus: "Whenever a distinct (luality is desired, cither in order to im-
prove a h.cal variety, ,.r to l.rm^ it into a form suited for other c.mlitioiis of
soil or climate, or to comply with any other wijhes of agricultural practice, it

is neces.sary <.uly to know the l.c.tanical marks correlated with th.o desired
(|ualities. On this basis individual plants nuiy \>f singled ..ut, and after
multiplication thi(.ugh a few years, their progeny will ju-obably respoiul to
the demands made, as soon a.s the industrial <iualities them.selves are investi-
gated." (I.e. p. 277-S).

The work at Svalof to-day It-ave.-. little -upport for the.se r .ndusions.
t)u the contrary, it clearly indicMtes that these early opinions w.re based
upon insufficient evidence and incorrect interpretation. As time passed,
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<'\|HMiiiii'lil:il •' iilili.T 111,' arniiiiilltitr.t alul rtilli it Imvr imiK' new Lira*
Mliil IH-W iikmIi- ,.( ihiiikiliK, uivitlK liilth {,, uvw r,,t„li|-hiiiv I'hr ii.Mi.Mal

iN.silinii h.-ld l.y the men at Svan.f al I lir |mv-..|,I I iiiir riia\ thnvtoir !,• miih-
iiifd up in liiit'f i\f* fiill.i\\>:

(a) .1 imx/n.-'.sin "i/sli m of i,l,,,i/ miiirnnni, i,l <iii,ii<il h, fi n„. -^iil,,l si/sl, in

iitll must iinhiiin nil /»i.s.«»W, milhoil'' nf innhiiKl thi ,lisi,;,l , ,„i

111) Aiiijiiiiil luiliniliznlinii jininilis „ii iin-iih„il,l, ,„i,iiis ,,f /.nHhirm,/
niilHiiiii- rf,„il,i,i,ili'>,is iif ihiiniiliis l.snrls) irhirh ,ii; ,i,,l l\„n,tl ,„ niihiii ,n„l
this milluiil is miir i(si li /<(/'/(/// ((/ Si'iilof fir this /. i, ,/,„>, ,

(el Tin olil siis/riii nf- 1,1,1. irlniii ' run shil In nf nil, I, in ,,y„,,„/ ,„„«
mill liiis III n r liiin Jiillu uliiiiiilnniil.

((I) Siiinriiir sIiihum .,/«/// ,./li,i h, fiinnil in n mixnl rnmtii, li„l smn
lliisr ,1,1,1 nut nirissnili, ,„issi ss slnkimi In.l.iiiinil ,„ in,ir,,li,il,„in.il

rininirlirs. Hi, ir is,il:,li„n. „n fl„ In,sis ,if snrli rlmrnrli is, ,,iiin„l s,if,l,, hr

>ff<rt.,l.

A caivt'iil >lii,|\- ,.f the (|..\vl.,|.incMl nf the w.iik a» SvaiuC >in(T it- iii-

(•(|ili(.li, i>i""..|itiai t,,a «-ifaia|ilMccialiniiMf the |HiMt i,,ti a> al».vc .• v|iiv"r,|.

II. THE SWEDISH SEED ASSOCIATION Ji,,:,,-,,! ,,.„„„

The Swcdi.^li S'cl A-u.-iali(in \\a> f.stalili.-lu'.j in April |W. ,,n thcinitia-
tu.M.f Miiu,.r \V..|in.|.-r.a ke.-ii,lai-><"<Mii>:fanii<'r(pf in(!(-p..ii,|<'tii tMfan^,(i|MTat-
int; a laiRc I'aiiii ni-ar t lit- village ,,{ Svalnf.

The aim of tilt- Assoriati.m. a^ indiralcd in the Ijr^t ..((•ti..n of it- Con-
stiliiti..n. is "lu work for thf cultivation and development of impioved >oits
of cereals and other crops and for t he utilization of tlu-e sorts in Sweden and
in otiier countries." The Association further aims;

(a) "To ascertain the value and suitability for our idiii.Mi- of l.,,th

native and fiuviun s.uts l,y means of carefully c.uiducted experiments located
at ilifTerent places."

(h) "My means of carefid hreedinj; to seek to produce >to.-k -eed of
special value and to distrihute it throujihout the country."

ic) "IW means of e\hil.itions. literature and i>ther -ui'.il.h' mi>a-ures
to spread information throuijhout the I'oiuitry and encoiira;;e the neneral
use of Hood seed."

The various circumstances ;,n,l ciuiilitious which operateil in lirini;; ,;;

this .V-sociation into existence are of more than pa-ssinj: interest"
They are closely interwoven with the social, ecouonuc and oven the
political life of the country. They reveal an anti.|Uated and unpro^ressive
system of land teinire, extravagant and dangerous methoils in agriculture
and finally an industrial remiissaiu'e following up.ui a realization of'the great
dangers to the nation of ciuitinued disregard of the fir.st essentials .,f com-
mercial and iiiiUistrial staMiity,

W'I'.ile the .Vgriculture of Sweden is .hite hack to the Stone .\ge,
iimdcrn Agrictdture in that c.untry nu. . t., have ha.l its hirth ah.nit

I iin ,,/ Ihr

\.-if,,ri,il,',n,.

'. -IS'*"! ** MTIL^ ,. "! Uk \A.* ^ • ' „
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•Im' V-ar ISM. IV.,,,, |s |.. until mU,„I IsTU tl... „r..wiM« m,h| M.ili„„ „, ..,.,

K...,., „„. ,|„. ,.,,n.i,,ul in,lu-.,y. |.„||.,„i„K isTu „„ i,M,-.rt.,„ ..!....„.• in
M«...|,.h A„„..,.I„M,. Bra.hmlly ..„,k ,.l,..,.. Tl„. |.,„„ |„.,i„., ,„ „i„„„„^

-.
"'""; '''"'"« '"'='"' '" -'"'" i''"'T. in .|.Tr..„^.,l fVr.ili.v ..f tl... „.il ,.,..1 ,.- u
'•-ul. thr K,a.n K,„«,.,- |,.u,.,| Mmt . h.-y „>uM rU^u^,- ,|„.i, .vlnn ah,| f 1

;;;'.;;;;'''•'••' *" ";""• '' ""''• • ••"" '- ••- '=" > , „ ,.,.„i.„. ,„• ,i,..
Ifllll'ty ri-iiiovcl |,y thr .lui,,.

Ai...tli.T i.n,H„1,.r,l rin-uni^tann. whirl „t.ilM>...,| t., ihr l,rin,,inK iilnMit" -. 'I,a„«.. .„ .M..,l,n.| „a, ,1,, ^„,,., .,.„,,,.,.„. i„ ^,,.„i„ |„...,, ,. ,1^^^^. ^|_^_

•v...,.„v.. „n,H,.1a.,„M« „.,„ !;,„,.,.,. ,„ V„„.,i,..„ ,...,,,.1,, -riu. SW...I..S f,.un.|
> m. tia.y n,ul. ,„., ,.n..|,...,. k,,h„ .„ ,.|:,.,,,.|y,, ,„„|.| ,„r „,•.,«,.,•. ..f N„,.,|.
.\.n..rM.a, a...! .I...p,t.. ,1... «r,.a. .iiff.-r,.,,.., i„ .|i„a..r.. In-tw...,. .h,- tw „-
>'" Mts. ..,.M,,K.t.t,..„ prar.in.lly f.„v..,| ,|„.„. ,„ fm,! ..„ th.T .nrans uf .ij,.
jMiMrin <it their iir.MJiicr:-,

I)uii„K th,. ,H.ri..,| ,.f la,K.. Kvain .•^|,orlali-.„, at,.| ..v.-n ImI.t i)r f"
(•

- HW,^' '• T V' "•";"'"'•""= -'> -"•-!- i.m.sti«a.i..i.. i„t.. ,|„.

HH.h....,Ml,t,„n...o,Hlu.....l,o,.ru.iu..,.>..,.dnf«r..u.M
w..i«htj..,,^^^^

"' .'-I''-' -..unty .luo larK,.ly ,.. .1,,. in,T..as...l nu,,,!.,- „t h,„„> If M.,.li«h,
'J''v.'|l l.y tlu. plants ,n this n..rth,.,M ....untry .|„rin« th,- «,.,win. ,-ri,„|
'< l..;li.'v..,|. n.„...uv,.r,that thr .|u»lifi..s which uo... thus a.-|„i.,..l .v.mo

l.ny.l.ta.y an.! as a ..-nsP.iuon.T uhon s,.,.,ls «,„„„ in th.- „n,th w,mv .s„w., i„s"Uth,.m .•ountn..s that th.-y wuul.l ,.,.,„inu.. t,. ppHlu,... plants U-nti.. the^anie ...•h ,.a,ly .l.-vlopin^. h..avy see.l in.lefinitely. S.h(.U.|e,-s puhli.-a-
......... .Ins ,,..es„on ,.f,.ate.l „,„,.!, interest anum^ the ,H.ople of Su-.-ien
h.. .tnaKtne, that nature ha.l -hus provi,le,l then, with a Lew s.,ur,-e .,1

""'."' '" "'"'^"'« 1"--^' "'" .-tHl.lishin« „f „ l,„,a.ive trade i„ .nain f„r
M-...hMKI.Mrp„s,.s w.th Cerniany, IH'iiu.n. a.wl ..he, .•,mntri..s n.,t „, ,..v..re.l
h.ny trial sa.npl.>s „f s.-e.l wre sent \nU, .h..se cmntries for ...Min« hut the

I

<ill.^ were rather ,h-sap,H.intin« ,|ue largely, it is U-iieveu, .., the fa,-, thatl"es.,r s sent wer,. ,|u.te impure, an.l .-.mse.iuentlv pr.aUi.-e.l a tniv,! an.l
...^at.sfa.'tn.y ,.n,p. As will l„. -een later • eariiness" is „„t ..s.-entiallv the
1" l...-t " a n.,r.h,.rn portion, although su-h a position ^eens t.. have
.Ic 'led influence on the weinht and <,uality of seeil.

With a viVw .o en.'(,ura>ri.i>; .he eul.ivation of a iKMter class of see.l «r.in
^o^. lal lo..al associations were or«ani/,,.d in the .arly eish.i.-s and inanv ...n-
.... u.a soits of wheat, oa.s a.i.l l,.-uley were iniport.-d into Sw..!,-,. for .rial
t was ho|K.d .ha. U.I.er sorts than those th.-n ^^rowins in the ..outitrv would

Ik; ..l.tained and l-y ca.vfa! grov ^.g u.uler ..ontrol a.id under the l,;.nefici.tl
.•innate of Swede., for a f.nv y.-ais it would he possible to offer .he Southern
t.a„e a .,uah. y of se,.d for which a l.ai.ds , .,e ,.ric. woul.l rea.lilv Ik- pai.l
1
li."-e associi uons never had more than a local inlluen.'e an.l, as a coi"i.se<iuen,.e

tl).' jieriod of their activities was of short .lin ,ti.,n.

Dtn-ins. this tin.e Biri^er Welind.r. u-. wh.m ref.-rc:u-.- has ahoadv U-en
...a.lf'. had wa.che.l the pn.Rre.ss of affairs and had studie.l the sit'uation
.•l...'^cly. He Udieved that the in.i.urity of Swedish sorts had lK>en chiefly

> .. '^be-.CAIAjiAf^ i «^



In Ml...... |..r tl„.ir .i..|inv.r„i -„..•.... i„ f.,r,,i^„ |,„„|, ,„„i ,., , ,,.i,,.,, ,,^,.

"''" "' l""-l"''tm -
1

..|- ,„„; ,„„l n,„..f„„t ...rlx l.y u |.r......
'

r,,ntiiiii..i,.
-.•I.Tliu,,, ,ln>^i,m H,„| Mlli.M ..irntid,. „„.„„.. ;,n,l it ....ikihK ll.i I „vail.
••'''' '" I"i"""y I" II"' r.ii I- > t hi, niilivr lathi In i|,i, «,,v j, „„- Ih.jh'.I
llial M MM.rr luliuiml ..>>l,.,„ ,,f -,.•.1 [.nHlu.t i,,t, „,,iiM Ih' ,|..Nrl,,|«.,| „! I.m,,,,.

nil.
I
timl rvn.lually fhvrv w-.iil,| lak.- plarf a M,l„ianlial .\|m,i| ,,| i,n|,i..v.-.l

Su,..ii,|i M.|..l \n ntUvr i nlii,... Hi, i,|..a, „.,.,u..,l iuui.al aii.j «..|,. v,.,.lilv
Mh.l .|ililr u Iriy H.'-.-|.t,.,l. Til.- i|U.-li.,„ l„.,aii,.. a iialioiial oiir ami iini.'ii

iiilcri'-t «a- cviiiccil.

Al.ly Mi|.|M,itc.l l.y ai.ulli.T piiMir ,|,iiit,.,l K..niln„aii in ih,' |,..,-,,i, ,,f
Marnii (iyllcnknM.k. a laijir laiiilcil |.ii.|.iictur in th," iifiul

'
•

|, |. M,.
Wflili.l.T iinM(...,|<-.l I.. iiiUMcl i.lli.Ms in til., w.iik until n a -

!.• Iiaii,| ,,C

oiiiiK'i'l-nMinl.Hl in.'ii Katli.-ir.l int'.'l her ami .injani/.-.l .,n Vpiil l:{. Ism. tti<>

.•<..iilli SvM.ii-li \.,.,.Mati,,n lor il iiltivatinn ami inipn.v.Mn.'iit of -..,.,1,,

with Han.ii (iyll.Mikr.M.k a, l'i.-i,i.nt ami Mr. \\..iiii,|.T. ns S-ciftaty. At
fii>t thi, A^^^o.'ialioli was inl..|i.l.',l t,. alT.Tt .,i,|y th,. .-„ufl„-iii |.alt of Sw..,1.mi.
I.iil -oon it wa.s M..-n to U- too |...|,iiiar t,. suII.t ,u.-h ictnVtioi, ami it- imiiu>
""" "" "liiiuly .haniic.l .,n .Novrinl,,.,- :{(». Ivs;. to th.. '(M.n.Mal Sw..,li>h
S.c,| A-o.iation" with a .oiri's|„,n.lini;ly iniT.-i,.'.! >co|k..

Ill lvs!». allot Imt A,,o<iati,,n i(Vntial Sw.-,|i,h S,;;[ A^.i.'iationi wa-
ofKaiiiz.'.l in,lf|..'ml.'ntiy at (»r,.|,ro in nii.MI.' Sw..,|..n.*) t,, xtv.- ih.- n....,h
of that part of th.. .•..iintry. it U-inu th,.iiv.|it that an otK»ni/ation so far
south as that at Sval-.f .•oiil.l not ,'.. juslirc t,, thf whole laml. in |s!M this
Asso.-iation Imn.l..,! over its work to th,- s,.iitlu.rn ass...'iation with th.. iiml...-
stumliiiK that th.> latt.M- w,,ulil cslfml its a.'tiviti..s s., us to in....t th.- n.-.'.|>

of tlu- .-..niral .lislnVts. Th.- Asso.iatioii at Sval.if now ha.l a .l.-ar h.-hl
ami auaiii .-ImnK.'.l its nam.- to th.- .S„r,/,./, Scl . I..«../„//,./, whirl, najue il
still holils,

''" ii''<'i'^lii|' -if the Assoiiati,.!! is inposo.l ..^ lioiiorarv mcinlH-is
ill.- m.-inU-rs ami annual m.-MilK-rs. The f.-.- for aiiin- ' in.-iMl...rship is tiv.-' .U.mV ,.,/„,,.

kroiior («1,.T.). All m.-niU-rs r.-.-.-iv.. tlu- Ass, -iation's Journal iSnri,,..
I hU<l,.^/on,Hn'js riilskrifl) whi.-h is m.w pul.lish.-.l. as a nil.-, .-v.-rv s.-.-oml
ni..nth. ami sn.-h oth.-r pul.licati,,ns as aiv o.-<-asi,,nully .-.lit,-,!. In a(l.liti,.M
t.i this. th.. A..s,,.-i.;tion assists ni.-inU-rs in various ways, sii.-h as l.v «ivinK
inlvi.-.- on .|U(.stioi,s |.f.rtaiiiinK to <-rop-iai inn. .-t.-.

" No a.-tual work is

rp<|Uii..,l of ,n..in>K.rs sin.-,. prai-ti..ally all l.r....,|ini; ami s.-l.-,tion work is
.lorn- .^n th,. jin.un.ls of th.- Vssn.-iation. ..ith.r at th<- li..a,l.|ua.t..rs at Sval-.f
or at the Hram-h Si .'it ions.

The atlaiis of th.- Association arc administero.l l.y th.- folio winj; oftic-rs:—
(a) .1/1 KxiTHtitr Counril {MhuUv Styrels,.) ..onsistiiif; of not L-ss than .l,//m,„-/..,.

seven ami not inoiv than twelve n,einl)ers and three vi.-.--n,..nilK.rs, '/"".

(I.) .1 li-anl „/ Dinrtors (Storr.. Styrelse) .-..nsistinf; of th.- hon..rary
ineinhers of the Association, all the ineniU-rs of the i;x..cutiv.. Coun.-il anil
a rci.resentativc from ...-ich .\KnruiTurai N.ci.-l., wiiicii .-ontriimtes towant,

• By Mi.l.ljp Swe,lei,.-„» ,i».,i ,„ ,(,,- l..ii-.r. .- incaiit th,.t par. ,,f Sw,.,!,-.. b •.,« 1

<.f lalltuclc-. OS and 80.
.

»f „ i .t,k. !ii« liclween parullflfl

fill' B"_—.^w^i-^y-j:
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tlK- As^n,.iution. Tlioso s,„.i,.,i,.s wl,i,.h .•.,nt,ii,ut.. Minn- tlmn oOO kn,„„r
ran elect uw rc|,.vs.Mitativ(. f,,r (,uli .-.00 kn„, ^r (•(,i,Iiihiitc,l

„ '" '"'•'''"" "' "' "'" Institution at Svaluf. tl,o Assciati.,,, has two
limiu'lios. „n.> t„r (Vnt.al Swclen at Tltuna. north of Sto,-i<l,oln, wlnVl,works in n,-o,,,.rat.on with tlio Afrrimltura! ColK',. lo.-atcl at that piare
an,I one tor the far North at l.ulea where the work i. exe.M.te,! in eoJpera-
t.on with the Insi.tuti.wi for Chennstry an,! Ph.nt Bioloj;v The need for
"i".v l.i-anch stations has long heen felt an,l it is expeete-lthat the present
nunil.er will he aiifjniente.l in tiio near future.

The reve.uie of th<- Associati.ui is ,leriv..,l from nienihership fees o,,vern-
ment s-ants. eounty grants, eontrihutions fron, ti,e Asrieuitural S-^eieties
tees fron, the .Swedish S,.e,l Con.pany on aeeount of stoek seed sohl the ^aid'
' '':='''>' =""' f'"' »''«- '»si«''''i"" =nid eontrol hy ti,e Association of tiie ,-
."ere.al ,,roduet. In a.hhtion ,., ,1„. ,,l.ove the Association occasionailv
receives sul,s,ant,al donations fron, private parties, ..onipanies and \sso"-
ciations wluch are interested in the work.

„„, Th.. .Vssociation po.ssessesat Svalof ul.out l(i hectares (;5<u .,,,,.,, „,• ,.,„,
"II whi.'ii are established its l.uildinKs. residences and outh(,iis,
tio.ial land which inav l.e re,,uire,l for experimental purpo.ses is leased from
the („iin;,I Siruhsh Sn,l Compmnj. which owu> alMiUt 3
the .\ssocial ion's jii'ininds.

The aihli-

ased from
000 acres adjoining

i

III.-THE SYSTEM OF PLANT IMPROVEMENT AT SVALOF AND ITS
DEVELOPMENT.

The Method first Employed

When the .\s>ociation at Svalof firs, l,c,an its work of plant improve-
.'''.'" " ."|op„.,l ,he system conunonly followed in Europe at that tin.eIh.s was known as the .S,^.,. ofn,nth,u„n. or s^.ln.alir .sr/.c//,,.. the aim ofwinch was. I,y se ecuon from year to year, to shift the type i„ i,s entire, v in
' ••'"tM.n de.ired direction. This principle assumed the omnipresence of
.0 od.tary variations and, in accordance with the Darwinian i.lea. i, was

I'o level (h., permanent and ^:il.s,antial improvement miVht he elfeCed l,v
K'lecting plants which varied in the direction wished for. fn other wonN
It was ,l,o.d„ t|,„ continuous .selection produced a cmululn;
eltect

or cniitlri'

IIk' ahove principle was usually applied i„ pra^^tice through wha, whsknown a< the system of -Mass Selection." By this system, a selection ofsccl was made Ironi a lai-e numher of plants and the wide thrown to-rether
and sown "en nias.-e " in ,. single pl<it.

When a sort, hy reason of ,he results .,f careful teslin. or tor other
.au.ses, was chosen tor improvement there were taken from , he ,hre-hed
;ampl,. from 1,000 to 2,000 kernels tor planting in a special plot. The " -n-id-
ing machine" (consisting of a series of sieves) made a discrimination in .1,..
^ize oi n,e kernel, whiie the - JJi.o.hanoskop " was sometimes use.l i- jad-nn-^
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the quality of the -Hinplo that slioiilil ho [)liiiitO(l. Tlipso konipls wore tlioii

sown out lit .lefinitf distances ajmrt in- means of tlio so-called " nii-rker"
wliidi consisted of Ixmrds fastened togetlier to nial<e a panel alxiut l..")() m.
(oit") l.HiR by ai)out ()..-)() 111. (l!»n "i'lc 'I'liis was pieiced with holes al.out

f in diameter arranged in rows placed 10 cm. (f) ai)art while the holes in
each row were .' cm. (2.7") ajiart. Tlie.se distances were chanp'd in later
\-ais to 1.-. cm. {:,.'.}") and .1 cm, CJ") respectively. By thrust inj; a steel
punch (Stiimiiel) throup;h the openiiiss in the l)oaril. holes of a certain depth
were made in the soil, into each of which a single seed was dropped. I{y tliis

method not only were the result iiij; plants allowed to devdop evenly, l.ut

astudyof sinjrleidaiits wasfacilitate.l. The adopt i(ui of tliis method of plant

-

iiifj haviiifj for its aim the reproduction of normal I'onditions, marked a radical
departure from that coninionly used l>y Hallet. Rimpau and many other
breeders at that time who jilanted very thinly, thus al!owiii>r an aliiiormal
development. .V secoml departure from the common rule was made in the
choice of location for the special plots. Contrary to the custom of the above
mentioned lireeders who continually sought for locations having extreme
fertility, the Svalof practice was to use only fields which were nonnalh/ rich
and which were in proper ])lace in tlie rotation.

The Sweilish system, which was regulated and controlled by a most
exacting me( hanical system iirosecuted in the lalioratory, gradually attained
a liijih .-^tate of development under the direction of Th, Von .Veersaard, a
(iernian niatheniatician and chemist, who had been appointed leader of the
work shortly after the Association was organized. .Veergaard had a wonder-
fully keen, mathematical mind and duriiij; his regime some ingeniou- instru-
ments were devised and a fine system of measuring, weighing and recording
l)otli ])lants and seed was enijiloyed. The aim at this time was to exclude the
l)ersoiiMl elonient as far as possible and to accept as far as circumstance-
would permit, th«> mechanical evidences of superiority.

The first choice of plants was made in the field, the rule being to select

only jilants which were uniform in length of straw and in general develop-
ment. Care was also taken to select only those plants which diil not produce
more than three stalks per plant, the idea being that such plants were likely
to develop more evenly, to yiold better and to give a product of better quality.
Ex|HM-iencp soon showed however, that the degree of .-.tooling cmld not be
taken as a sure indication of the value of a sort : it was only suggestive.

The plants which were chosen from the elites" were pulled up bv the
roots, taken to the building and snl)jecte(l to the searching mechanical
examination to which we have already alluded. On the basis of thi> exami-
nati(ui the final <'lioice of .-^eed for new •'elites" was made.

.\ clo.<er study of the characters which this lab,,ralory examination took
/^,„.,,

into considevation is interesting. In tiie first place a selection had to be ^.',/,„'L..m/

made of the phmts brought from the fields, Tliis ch.iice was ba.^ed on the SIihIU?.

average ([uality and yield of grain per plant, t.igethci' with the imture of
certain botanictil characters which were believed to characterize certain
groups or types.

A discrimination was next made between the heads or panicle- of the
chosen plants. Only heads or jtanicles from the main stems of each plant

wm
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I

t

-•n. tak.M. as i, u,.s l.,.li,.vo,i .hut surh lu.ul. ,„• parnH-s „fT.,e,l .roat.-r
I"-, h.htu.s than .11,1 tl..,H. bnn.o on tl„. la.nal an,| usuallv less n.M-fec.lv
'l<'V('lo|)i'(l sliDdts (,!• '•stolons." '

»i.n\

Th.. ..|,o..n l„.a,ls w,.„. tiu-n wc-i.!,,.,!, i. l„.in, i,..liov..,l M,at ,1,.. lu.avin-
"•"' " '=""';• "'• ^"'•""' =""' '1- «'->.-• '1- yic.1,1. \VI„.n ,1,.. l,..avvp.ls had h,...n . ..,.,,.,1. the- „..x, s,,,, uas to .-hoos.. thos. whiH, ..oMtain,.,!tl- .-•...>.., n,nnl,.M- o, spik.-lHs as it was thou,i,t ,ha. this uas ai.wtlv

''"•'vlat..,! w,th vu.|,|. Sin.o lonj; „,,„„ ,„,,,, „f „.,„.^„ ,,^,,,,^,^. ,,,, ^.^.^,

•

i:''-l"- a-tua,ly fow,-,- spikH-ts than th.- short „,oro .o.npa-t t.;-,,.. and
s.n,.,. th,. lattn. typ,. was thou,d,t to l,. .-onvlatcd with stiffLs ofiraw •

sys on, l,v wh„.h th,. smrijir ,lrnsit,j „f a head, or the- ntunhn- . f I.s p.',.

•«• !-'- '!""' .-'.id 1.0 expressed, was dovisod. IW tin's svs„. n
:l.Mi.M.y of tho d,rf,Mont heads .onld he expre-sed in figures ai.d an.'t •

'"l....'.an, has.s of selection thus estahlished. The .uanner in whieh thi:

^^^I'n"::'' '

•" '"' •""''""'' '""" "''^'"•'>- '•>• -'"'"^ "- f""-i"«

70 - ;n!;r'' P ",'r" "•••'t""
:^ '•^" •"'>'• "' 1^"«"' '- 24 nodes eontainin,

'
-n. . I-,.,, en,: M,a. ,s the density (n.nnhe,. of nodes in 1..., ,n.n,.)

«'t tins l,ead and the nin„l,ei' of ken,els pe,' 1()() ,„ ,„ •'

-\nswei-:

—

III 1-I0iii.n,.tl,eieaie2hioiles

100
2t

Via
^ "*" ''' "'"'•'' ^P''''''i'' tlciisity - is

(ri,is was (•on,n,onl\- expi'essod as

"D. IS^').

Ill l-'50iii.ni.tl,ereare70kei-i,els

'
loo <0

1:50

x 100 .")lke,'i,(-ls.

I" '""'• 'iKit the ,lensity
, f a iar.e nun,l,e,- of ia^ads ,„i.ht l,e Mui.klv

.k'te,„„ned. ,.,..aanl devi^ed the Hrst .uto,»al,r rlas.iflralor nse.l at Sv,l6f
Ihis ol,v,ate.

,
he neeessity ,.{ workins eaeh ease out on paper as al.ove

'

I he eho.re of |,ea,ls l,avin.r heen effeete.l, the next step was to ehoos,.
Ik hest ke,-nels. In a.eordan.-e with th. 1 idea that the>e we.v to he
""'"'

;.'7;'' "" •.'''^':' "''"" '"-' '" -l-^". ''aW-y and rye. and in ti„. npper

leeai^,!

'"'"'" '"• ""'^' '^'•''"•'^ ''''"" ^'""^•' I'l="'''^ ^vere take,' for

'I'll'- n^'M.f sonnd, ph„„p and hniro size,l kernels for the so.'t was insisted
""'"

'
'"^ I'ni-HMiire of this praet,.r i,as never l,ee„ ehallenjred.

^A fuither .^eleetion of kei'nels was sometimes made ,m^tl,e l,.,.is „(
'i":>-y, an expression of .vhieh was sought i,y n,eans of the - Diaphano-koi,

•'

an instalment whirl, n,ade it j.ossihle to eo,„pa,v the " nieaiiness -
of ditre,-ent



21

kernels liy plaeing tlioin nver (i|)eiiiii;;> tlirnii!;li wliicli llie ii};ht iiii<;lit |.:i-<

aeciii'diiin; to the tniiispareiicy of the keniei. A lianl. fjlassv ami theietun'
more transparent kernel in ulieat was cnnsideicd of heller (|Uaiity tlmii a

mealy, iipa(|Ue kernel, while in Kaiiey the latter type of kernel wa- lielieved

to 1)0 nin|-e suitable for the luewer.

The final valuation of a sort luust naturally ilepend lai'^ely u|Mni liei.l /,„,„;

trials and a lahoriitory analysis of the i)roduct. Such 1 rials and aiialy-es r„/.,„/,„„ „/

have occupied a prominent j)lace at Svaliif from the liei;iniiinK and will he -"'-

discussed more in detail latei'.

Results from Continuous Mass-Selection.

Durimi the fh.~t iierio(l in the develo|)nieni of the wnik, elTorls were
naliii'ally directed toward the alleviation of the most lucssinii iieeil> i,f the ////"rN /<,

farmers. Anion-; these needs was that for a Chev.alier barley with a >t iffci-
''"'''"/'"

straw. This sort was considered at the time to be without an e(|Ual in c|ualil v
"'''"'"'

for iirewini; purposes but had the one serious defect of ioiluiii>; under com- ,V
',',"',

'•

paratively -^lijiht |)rovocatioii. Uepeated selections were therefore made I'i Ch. ,„l„r
tho.se plants which jiosse.ssed heads of the <ireate.~t density in accordance /<•"'. v '"/

with the prevailinji idea that a definite relation existed between deu-ity of
'"""-''"-

iiead and strenRth of straw. All attempts in this direction howevci- proved
'""''

futile and were finally abandoned. This failure is attributed to the fai't thai
the Chevalier in question was a iiedisree sort ])roduced by ilallet of i;ii^laml

and as such, po.ssessed a dejiree of constancy whicli precluded the pos-ibilii \-

of ofTeeting improvements by means of the system jiraclised. On the other
hand, hail this sort actually been a common mixed variety it is d(iubtful if

any progress in the desired direction woidd have been made since it has been
shown that no ab.solute relation exists between ' '"upactness of head and
stren<rth of straw. Thus the failure to |)roduce : , iT st rawed Chevalier bv
((Uitiiuious mass-selection cannot b(> accepted as an evidence of defect-
peculiar to this system alone although l)e\'ries has regarded it as sucli iT'.l

p. (il).

Other selecti(Uis of h(>ads c.f varyiiij: specific ileii-itie- wi ' made from
the Native I'him;i,<;e bai'h'v. '-This variety." says Holin. 'was found lo con-
tain 10 to 12 different classes in re<;ard to density of heail \vliii<> the different

plants showed coi'i-espondins ilifference- in manner of growth and -trudure
of straw" (.') |.. (id). Thus in Is.sS apiiroxnnateiy IflllO heads were
selected and di\ided int<i two main groups represent in;; the two extreme- of
density while a third grouji represented the averaiii density of the whole /;,,.,,„ ^_

iuind)er iSee Kim. 2). In the <ri'"ii|» "''mtainins the most open heads the »„,,? „/r7„,,

density averaged from 1(1 to II and the seeil of this group w;'.s taken to plant ""! M'.s.<

plot Xli, in the Spring of iSMt, In the grr.up coniaiiiiiig the most compact '""'"'•

heads the density averaged from l."i to Is. The -ced from this group s,,wed
plot XII,,, in Is.si). The iiroU!) reiiresee.tu'.-^ avevnu;!' < -i!diii-i\ -f r!,p

whole lOlM) heads in regard to comi)actness averaged l\> to If. This grou|)
sowed jilot XII,,. \n examination of the table will indicate the perfor-



. „ e „ .....1, «n.„,, ,n su..,...,Mi>„, .,.,K.r.ti.,„s .,.,1 will ...v.-al the interesting
ut tl.at fm.n the ^nm s.-essinj; the n,.,st open heu.ls in the he^innin.

tlHM-P was ult,n.utely proMuee,! a sort (O:,.,!, whi,.h re.naine.l relativ.^v Inv"while th,. Kn.up pussessinjj ,he average .lensity ..f the whole lOOO original

I'hotci liy (•<iiirtp.-..v S. S. Ass'n.

Vui. II. -Two .Mass-Srlccfcd Hurley .Sorts.

«.th that of the n.o.st densely headed snu.p. F,,,„, the pn-senv of the lattergn.up a sort ,„„02, was produced whieh h, ,1 a denser head, npened , 1 H>s oarher and produ.-ed a lower yield than ..,-„„. I, ,L possessedIKvul ar dark .rey eolor of s,e,n and leaf. lioth ..,-,01 and ..,-,..' whieh re—"d the name TA/.y an,l Moss respe.^tivf

Ufih the former j)ossessed a decidedlv
•<1 example of a sort with a noddin
uni grouji and indicates elearlv wh\

lie t-.L-pn Int -1 • •

'"''"> ^^"> "'^- i'">'ii"u oi itie nead canniibe taken into eonsnlerat.on ,n a sy.stem of ela.ssifieMtion ,S,-v .•l,<.ifi,.,,i„
(it barley types page 133),

ee e the name fA„ and Moss respectively, belonged to the ICrectum tvpe
1
hough the torn.er possessed a decidedly nodding .Xutans, head, Thi^'il

.
goo.l exan.ple of a sort with a nod.ling head aCuallv belonging to theLrectnn. group and .ndicates clearly why the position of the l^ad Jan!,,!;

!1
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The (lovelopnipiit. (.r more properly the .-^ipnnitiim of the alioV(> two
harley types affords an excellent illustration of iiow selection en iii,i.-<sf may
l)C effected. The only necessary condition in order that such .reparation
may he made is that different hereditary forms he pre.-ent and that these
iw.sent di*f„,.,Tices in respect of the character sought. In tlie ca.<e in<|ues-
tion this succe.ss was due to the exi.stence of ilift'erent forms possessins 'liffor-

ent specific head-densities. Hy the annual selection from each, f;n>up of
those heads, the density of which apjiroaclied most nearly that which was
desired, there was gradually eliminated the 'tra-.s<;ressivc ' or •overla|)piriE'
forms until at the end of the fourth year two jrrou|)s repicsentiiig the two
tyi>es mentioned leniained.

This explanation of the separation of the two l.arley sorts Cla;/ and Muss,
affords an argument that at least some of our ( iion varieties are composite
HI cluu'acter and aiv cajjalile of heing divided into their crmiiionent parts
which in turn may jM-ssess different values.

.\ similar exampli of how it may lie possiMe to etfect uraduti'.lv a separa-
tion of two distinct types hy ma.ss-selectioii is to he found in an experiment
conducted some years ago at the r'-xperimental .'Station at Tystofte. Denmark.

'-.scriheil l.yTedm (ti(i p. '.M) ] : the jouriud of tin- Swedish .Vssociation.

rinuiry ol.jeC : this experiment was to determine the comparative
s for see'ling ,- poses. <,f large .ind smtdl kernels in the ca.se of harlev
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'"'
""r.

'•^'"•'^"•" "<•> <Mi.i..,l f, , „ ,„iv..,| v.nVtv, H-Hl in ,,H-h

'I..- <st uas „l„,„n..,l l,n,„ ,1„. ,,1,„ ,„„,, „.itl, iMru,. |<nM..ls whil,. .l,o
••^iiijill kcinris \\(.|(. "'";'"""' ''"I" "" l'l"i |Mv,hi,.,.,i f,.,„„ ,,,,,,11 I,,.,.,,,,,

nil i.t ••/III,

iiritjiiiiil

Prii,,; ss

Burl, ,,.

Tliis l.iM.nr,. w.s .•„„,n„„.,| t„r , nu.nl.rr „f yens will, tl„. .vsult tiw.t t„
!.< >ur,,nM. .:! ,1,,,.,. i„.,.n.M..,|. .u„ appa-vnlly .,uilo .listin.-t tvpos wm-

'"''" i>'t<->';.>M. i„ ,l,is ,.as,. i„„s( Ml.,. I„. that tl„. nrininal varieties w,.,-,.
'•'.n|...,.,i nt ,l,ll,.,v„. ..trains, son,., of ul,i,-h uvr- nnallv small korn.. 1

a.nl .s,,,,,,. la,-... Hy •u,,. inu„u.ly taking only the s„,all o,- la.-Ko k.M'noN ,s
'!'•• '^'- nnirl.r 1,,.. in,,,, lUoW ,vs|„.,.,iv,. oto,i,,s, all tninssivssiv,. fo,-,,,. i„
M-IjW"nh.M.|,;,,a,-l,M-...n(v,-,,,Ml,w,Mvs,a,l,.ally..li>,,inal(Ml, w

'I'l"' pii.K'ipMl ol.j.M't of tl„. w.„k at this ti.nn hoinjr t„ ,,n„l„n. -p,,,-,.
'•.n,>tan. an,l ,„„fon„ so,ts," .,vat ,:uv was ,.x,..ris,.,l in soWtinj; plants
"Inrh ro,,...,p,„„l,.,l „s HosHy ,.. ,,„ssil,l.. with a ^nvn, tvpc. I),„. attention
was ,h,.,vlo,-,. K,v.M. to all botanical n,a,-ks whirl, n,iKhf ai,l in this .liivrtion
I hus ,„ .-..Hunjr to pn„l,.,r |h.,v storks of I,,. l,.y, ,,.,'tain n,a,ks on th.. k,.,'„,.ls

••;•"'•'; •"nnl of assis.an.... With tho hHp „f ,l„.s,. n,a,-ks. whiH, p.ovo.l ,o 1,..

th- ha^isot the pivscnt syston, of ,.lassill..ution fo,- l,a,-lovs in „.,. ,„ Svalof
=nHl wh,,., will l„> ,l,.<,.,il,o,l lat,.,' (S... paj:.. UV.i) . a .vlativlv ,.,„•<- <tnrk
"t two ol,l .-or.s ;r/,nv,/,,r an,l PmUin) was pro.l,>...,l an,l piar,.,l o„ ,1„.
"""'''''

'" " '"'^- "i'»'>i''^ '-'" !•• 10). Kclativlv pmc stocks of othc-
>o,i> ;..h a~ Swrihsl, /'/,/,m,,,' l,ai-Ioy an,l /Slarl: Turlannn oats, .s„„„ followed
whil. .„ PS!)., a sto,.k of in,p,ov..,l i'.vnt.Vo l.a.'Ioy whirl, m-eiv,.,! th.- na„„;
ln,,r,.s, anotho,. of .\n-nhss l>,;,hsli,r oats and still atioth,.,' of lir„o,ll.,d
(.N.„..t,.,l) S,i„.n;h,i,il wh..at. w..,v jriv.-n ov.m' to tl,<. C-nc-al Swedish S<vd
'"npany In,, pn-pa-ation and ,li.>t,'il,ution, Tho dcvolopniont of t h.> th,w

last SoltS IS lllt(',-('-til,ir.

In the ra.-c ,d- Prninss. \U\n ((;. p. 1 j.'M 1) isolated tlnvc m'onps of f,„„.s
"•"I".""" "I'l I'lvnli.o va,'i..tyof ha.'loy, eu.-l, of which j;ro„ps po.ss,.s<,'d
•••1'^"" l"-"n„n..nt ,-haracto,'s. Tl„- n.ost pn.n.inont cha,act,Misti,. of one of
thc-c ^,o„ps was sa,d t,, l,r ,1„. pcciilia,- a.'i'anscncnt of the latcal nidi-
in.M,.a,y kernels whi,.h. on one si.le of the head .,ear the tip. a.s.s„n,ed an
|.nno.<, npnsht position. Fn,,,, ,his .,,„,,, was obtained the o.^ijiinal /V/mrw
l.ai-l.'.v a .-lock ot wlurl, was ,iven ove,' to the ( ieneial Swe,lisl, Se.Ml Co.npanv
'•'oachot lwoyea,'s (ISD.VlMir,) and u hid, .,„he di.splaced t he old IVentice.'

The s„pe,io,-i,y of ,l,e new so,i ove,- the old is said to have been in its
slnk,,,,,^ „n,ton.„,y ,„ |„.i„|„ ,„„| ,.,,,,„. ,,f j,,.,,,, ^„,,, j,^ _,^ |_.^|^^,^. ^..

^^^ |, ^^

'I- ay,.,-a^e ,.( the fo,,,- yea.'s lS„l-!)7 it save deci.lediy hijrhe,' vields than
I lent ice wl„<'h came next an,on!i- ail soils tested (.'JO, p. l;{(i).

.\ pedijiTee soit o„l of IVenlice displaced the mass-selecte,l so,-t Princess
alio, It JsiiT.,,. ,,,,.. ,.. . 1...

I
. i.- .-.1 , ,.

•

.
'

''' '' •'•'' r"^'",a;i<-e soils i,,asi be better than
-•".npos.te ...ces. Th,. ,vsi,l,s do no, show however, that pedi„ve slocks on,
et the variety mentioned, actually excelled Princess in vield.



Till- lii>l Mtt(Mn|.ts tu .Icvcldp an iuvnios -tiMiti ,,|- ..Mt- wcir niadc ~n,.|i o,„/,„ „/
•'"'' '•' SliiiiizMlioii of III,. A.^s.wiatii.ii. II... nniiiiKin l'n,l,M icr \ a rift y •>""'' »-^

l.<'ii,;r ,-|„,s,.|, „.. t.inii.latioii material. TIh. piv-cn.T , f awns uas icsianl..,! as
'''"''•'"'

n..t uniy (IrtiMrlin;; tn.in the appcaiaiiro ,,f a satiipl.- hut al-u pivvi-Mtiiiir 1 1,,.

""'"

Kiaiiis Iroin packiim rl,,-,.ly i,, t|„. inrasiuc. thii^ iciliii.iii!; th,. wci^'lit" per
iMishcl. Til.' (ii>t ..|r,„l> ill ll,i> .linM-linii 1,.,| t,, II. , iT>uil- uhrn liiiallv. after
M'wral .liffcivrit ciiirsi-s had liceii lii...l. it was .|...-i,|,..l t,. reject ail plants
wlii,.1i ha.

I
tia. sii-htest ap|caianre ,,f an awn ..n any nf the k(.riieis and

which \v(.re not s,.un(l and entire with n..t a sin.^le kemei mis, in;;. 'I'h..^,.

l.'iter attempts pi(,ve<l sii<.,.(.ssfiil in pr,,ducinf; an awnies sort which ivceived
Ih.. nana. M -•„/,.« I'mhsli, r/ TUU s,,rt showed not oniy greater nnilormity
than the old sort, Knt a i-,, .hirinj; the years jyci-lMI. when the two sorts were
'•''inpetiiiK in lh(. comparative trials, it f;:ive a little hi-h..r average yi.-ld
Cio, p. 17.S). For these reas.,ns it s,,on (•.•mie to pri,ctic,.,llv displace the oh|
sort and, even to-,lay, stands anion- the hij;li<.st yield(.rs in .^we.len.

liifiOilliKi (Select(Ml) S,iii„r,hni<l wheat was prodilc(.d l,y m-.^s.
sele,.tion aft..r th.. sev,.r.- wii,t..r of 1M»1. wli,.„ a s.^lc'tion w.as 'ma,!.^ >'i'!ll!'.'u"'
tiM" best of those phints which had siirvivt'd (Se.. Fijr. D. A .|Uantitv ,.f N,',,!'!,,,/
this sto.'k was jriven over to the .S«.,.d Company in iMC, si,,,.,, ^vhich dat.. '"'""
several renewals have l>ei.n made from s..|e,-tions followin.' s||,.|, ^'vere
winters as lsi,-l and l!)(ll. Hy thes,. r,.peat..d s,.|,.cti,ms tli,.^proport ion of
:irdier .^.|Uareliead individuals within this variety, accordiim to Xilsson-
''

' 's reports (;J!», p. -JTJ; .".l, p. 7:5) has gradually increas,.d imtil now this
IS amonjr the most liar.ly ,,f the hif^h yieidins sorts. Indeed up to th,.
pics,. lit. no sort has li,.eii fonml more siiitahle for certain larne district.^ in
."Sweden. In yi,.ldiiiK t...sts at ritiina, since lltDl.it has f;iv,.n t h,. hinh.-t
av..ra«e yield of any disseminated sort originated Ky th,. .Vss,.,-iation.

The etTorts to ,.|Tect impr.ivenients upon c<.rtain .ild vari<.tit.s ,,f ceivals
Ky th<. system

, f mass-s,.l,.cti,m as ap|.ii,.d at .Svalof w,.re therefore l,y „o
in..ans without results, (ireater iiiiif,.rmity. hijrli<.r yi.'ldinj; ..apa.'ity and in
autumn wheats, greater hanliness w,.r.. tli<- ultimat,. rewards of the-e
end,.avors, although it re,|iiired several y.-ars hefore tl„. ,.xt,.|it ,,f this im-
provement hecame fuliy demon^tratel|.

111

Kill,

Introduction of the Pedigree Culture system of Selection at Svalof.

.\fter the .\ssociat i.ui had lieen in operation f.ir aiioiit |iv,. y,.;,,.., p,., f

H,ialniar Xilss,,,, s,„.,.,.,,,i,.,i \-„„ \,.,,,-.,.,,„.,| ..^ direct, ,r. .Vs |i,..', '.,.-i-,.„„
''"'/

to .Wei-aard. .\il..soi, had clos,.ly follow,.d the pro^vss of th,. work and hnd v';'

''

mad,, many vaiuaMe ol,s,.rvatioiis. lie lia.l .•aivfuilv siudi,.d th tferent ,,,,'3,/
••nitures ii, th.. fu-ld and had iiot.-d the rejrularity with which maiiv ,|ilf,.n.|,t in:,i,.r.

iHitaiiM'al typ,.s appeare.l from y,.ar to year. In .•issumiiiK the i,.adership he
at on,.,. ^v\ to work to s,.parat,. out with extivn,,. ..are all plants wlii,.h were
Ixitamcaiiy or niorplioloi;icM.ily different in the siij,|,i,.,.t dr-iiiT-r. Tiiu.^ duriii-"
the liarvest of Istll a larRe nuniher of liea.ls fn.m many differ,. nl va'ri,'ti,'.s' o^
autumn wheals wviv ..ollected as w,.re also plants of vetches ami p,^a>e
The.-e W(M(. sul.jecte

1
to a most critical eNaminati.m in the ial.oratorv wh,.r,'



•_'li

H
.. al In.n.lml a,,,.Hn.,„ly .li.tin.t ,y,,..,s ,2.H. „f uhout u„,l al.„ut l.'m ui

•'« I' "• 'l|<-<' tvprs ,„• K,.„u,,.s wa.. .na.le „p „f .nanv iiulivi.luals. I,. ,. luunU^y
"t '•!....., h„«,.v.-r, r,.|taiii fonn. urr.' f„„M,l wlu.h l.a.l i.u ,l.i|,lirat<.s |.;a,.h

I'll.. to l,y r..iirtf«,v S. <. A.«sn.

I'... lV.-Svalors S.l...„.,l (H..,„„llaa, S,|,un.h,.a,| Wl.^at. . Mass.S.l..rt..,l S.ort.)

of MU'l, f,,nn-. was tla.ivf,,rc r(M,uiiv.l t,, rcLrc.-cnt a' ;:,.,„„ ;„ it-oif F-...!.
snn,,, was „„w allott.-.l a separate plot, can-ful reeonls i,oing kept of '."lie
"•';="'"•'"'• ="':l ">iinl,er „f in,livi,l-ial heads ,„ plants as the ease mi-rht he
wliicli (•(iiiiprbe.l the procreiiitors (,f(>acl- '•iiltuie.



A ciircful -iM.ly lit' Ihf ivsiiltiiiK Imivf-t i|l>l ii.il at fir-t sum;...! niiv s.ilu-

ticiii til tlic prchlcni \vl,i>ii l.y i
'•!<• aiTi.lciit an cili.-..rvaticiii \va> made uliich

^.fivi'il t,i place tlic wliulr <|ii(-liuii in an cntiiclv new liulil. Of ^11 the liiin-

WifiNnfcultiiic- under cdn^iilcrat inn nnly iho-e few which came fioir, ;, -int'le

head ..! iihint i.ro.hiced a iinihuni imiiieny, Thi- ol,-er\ at ii -eemrd lu
in.licate willimil (Hie-.ti.pn. tiiat th. <i'n',hsl in,;,, if mil ih, ,„ih, uunj. I„ .,1,1,,,,

i

,1 ii,iif,,n„ s„,t ii;is I,, h,,,,„ irlth „ .^i,,,/!, ^,/„„/ |, „,i> theietnle decided, .it'ter

the c.irrul.,.ratin!; fe^iill- nl' an-.ther year'- inve-t iuat i.,ii, had Leen nl,i:,ined.
thai henr'etdrth ail wurk iuu>t he l.a-ed on this pririci|iie. tlie >iiml.. |,l;nil

t(i he the unit fur iniprnvenicnt in-tea<l .if the •j;i..U|i' This iiiethu.l ha.

I

alii'a.iy heen u-e.j l,y Xihii.uin ..f I'rance an.i i- n.,w |H,|Mdarly l<n..wn I hn.imh-
iiUt i:iir..|ie a- the ' \'

11 „io,-, „ Si/.^h ,„ ,,/ S, l,rln,„; allh..ui:h at Svahif it is

u-ually leferre.l i,, „> the Si/yl, ,„ „/ f, 'li'i,;, ,„ S, p,,,;,!, Cill,,,;,

The l.asi.- )irini'i|ile ..f the new -y-teni wa- t.i separ.ale .Mil the i;re.ile-t

p.i-iMe nuniher ..f .//,v7/«<7 l„,hi,ii,„l f,„-„,s. t.> pn.palate each ..f tliese se-
'."""

paratel\ aii.j.hy a prucess .,f ejiniinat i.iii. fin;dl\ t.. i-.ilate the l.eM. This i.jea
]','„'"','i',','"Z„

ni j;,r„i-s, i„nvti(„, (• l'.uniiMitrenntlii«"*l as a mean- ..f .lis,-.,v,.riny; superi..r w'
,,„",/„''

'

imlivi.hlais as starting p.iints f,,r new ra.'i s, li.a.l l.<.en a|ipli.'.l l.y ix>< '..uteur '"">.

an.l i'atriidv Shirriff nf Jjiiiian.l many years lief.ire. I.ul at Svahif it wa.- in-
tr...lu.-e.| .in a muidi );r<'atei' s.'ali'.

U hile the system .if .-epaiale cuit.ire was iheref.ire n.it new, yet the credit
nf .levisiiiKa new ineth.i.l .if appiicati.m wasclaime.j liy Svalof. This meth.,.1
cnsisted .if l.asinK the selecti.m .,f m..ther plants up.m assume. 1 •.•..rrela-

ti.ms' lietween li.itaiu'eal characters an.l industrial .|Ualities. (heat weif;ht
was attached t.i such p.iints as the p.isiti.m ..f the lirani'hes in ,,,it panicli's.
thenundier.if kernelsinthespikeletsaii,ltheilensity.irel.isenes>,if thehea.l
in wheat an.l liarley (;51 p, .-.(I). The .|Uesti..n .if e.-rrelati.ins will l,e .lealt
with m.ire in .letail later (S -e pa.ue M).

In.irder I.i facilitate the han.llins ..f larsre numl.e.s .,f .li>iin.t iH.iani.'al
hirms a system .,f classifi.-ati.in was .levise.l l,y whi.'h il was s.,u.;ht t,, ar- r/„.v.s-,7,v„/,„„

ranu^e the .lifferent types int.. sharply .Ic'ine.i ^r.mps Thus in wheats 7 "/ /•-.rm.v ,„/„

types were ilistiniriiishe.l chielly .m the l>Msis .,f the shape ami .lensity nf the ''""/»-

heail: in oats .") main tyj.es were .le.scrilie.l while in hariey 1_' types were
name.l,

A -ysteni of numlierinii the. litVerent s.irts wa- als.. devise, 1 whi.'h wuul.l
indi.'ate at .nice the ireneral type t.. wlii.di ea.-h iM^lnn-e,]. Thus an ..at s.ut

^'!^!,'i"',','i
heli'iidnn t.i type :{ was siven a nundier pre.-e.l,.,! hy the li-ure CD. This ,'r"/,';/V,"'',,/

111 turn was prece.le.l l,y (.,i t.i .li.-tin^uish it fr.im .ir.lii.ary numliers, -".n."
VIrU,,-,, ,,ats for example, is re.sjisrere.l uii.ler the numl.er (Kl.-..-.. whi.di imli-
cates that this s.,rt l.e'.m.irs t., type. ;!. The figures i.Vu iu.li.-ate t he numlier
"t the imiivi.lual s.irt itsi'lf. This system was .if jrreat assistance s.i 1.,,,^ as
sele.'tiou was c..nfmed t.i liotaiiii^ally .lifferent forms Inn when the practice
later l.ecame to select larRe iiumliers .,f indivi.lnals from certain ol.l races
W!' ;:)i!t spei'i:;! vi^vn^y,] f.. l,otaiii.-al .ir ;i;orphol.>£rical cii.iia.l.-is il naluiaiiv
played a less imp.irtant part.

Fniwiilh.
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\\..l, ,1,.. ,ntnH|„..,iu„ of ,|„. ,„.,|iK,,.,. ,,.1,„,,. ,vM..,n .h.-r.. .li.l ,„„?""'"" ' •>-''J--i'''-''lM.,,n«i„,,|pn,,n,.|...,f..,,,,n,,
.,..|n.,i.„.

..,..,, ,„„„.,M.. „,,,.. ,..„.,.. ,.,,,1 Mnitonn ...r.s. Tl„. Dn.winiu,. i,l..u uf
""""'","7."'""f '"•''•''"'•y v.uia,i.,n in all lilV «•„. Mill hH,! I,v Nil.,..,,.

'"
7

";•'";.' '" ';"•"' '"''"'" •' ""• '••-•-•'.-. -Inl.- a, ,ht .a,,...
"-".• I..- U'Imv,-,! ,l,a, ,„,„„„.ous ...|,.,.nn„ was Mill ..a,.al,l.. ,.f ..,T..,.,i,;K i,„.
|..-v..„.,.nts ..V,.,. ,,,,..„ sort. alr,.a,|.v fiv..,l ,.{2. p. l;i,. Thi. Lieu nun.. ,„

"''";'l.;.u.,l M, .1,,,. tnn.. wlM-n i, was .liM„v,.n..l. as «. .hall s... lat,.,- .1,..,

- yana.,„n< wlnrh w.m,. of,,.,, „.„i,,,, j,. ,„..„. „„all ,,l,„, u..,.. n..-,-,.
,'

H-
f tiuMs ,„,.,,,.,.. I,. al,n.,.nmli-i..s in su.-h ..x.nnal faH,„-s ,, ,„il, ,„.,i,„u,.
•".. ami that Ih.-c w.-rc net lii-rc'ilitary.

Th.. a,.,H.a,an,... in iiKK) of ,1„. virw;..x,:M.ss...l |,y M.muIoI an,| IV\ ,i,.s
..M.th..r w.th ,h,.s,. ....nnMwnVat,.,! in V.hM l.y .l.,l„.„.,.,.n (II,, ,!,. „o,..,iDanish n,v..si,Ka,„r, s..rv...l ,., pia,- ,h.. win.l,. ph..n„Mu.nun of variati,,,, in an|M..nv

ly n,.w l,«l.t an,l s.HMne.l ... explain at on...., in a n,„M n.nvin..in. an,l
"Ki.al n,ann,.r. tu- n.a.n .•i,vnn,s,an..,.s upon whi..h th,., nn,.n.... of h..r,.,|i-la-y variations ,l..p,.n.|s. Th.. i.rin.'ipl,. involv,.,l in th,-.. vi,.ws is that •.

I'l"'" '-• ="H-nal IS ..on,pos,.,l of .listiu.'t an,l in.l..,K.n.|..nt Unil (%,n.rlirl
units „...aus.. .h..y an. ..apal,l.. of l.,.i,„ „,,„„| ,, ,„..,,, .,.,„.^,. „, .,^ ^^.,.,;
^,mlo.| l,y Mat..son as ..orr..s,..n,|in«. in a s..nse. with at s in ..h,.n,is,rv.

Ulnl.. th..,rnatnr..,sstillasul,j,...tfor s,..,.nlation, this author ,2 p -m)
suK«,.st s, I..,, h,.op,M-at ions, ,fs,un,. units, nay lH.,.arri..,l out l,vth,.fornmt ionof ,l,.hnit,. sul,stun..e.s a-.ting us fornionts. My ,h,. r,.,.on,l,ination of unit

LrilTT,
,'""' ''>''"'''"^"""" •""• •<"n.|.oun,ls- or ,.on,l.inutions nu.v l^

HT,,-tP,lwh„.hn,aya,.,K>aran,la-t.,„it,.,li(T,.r..ntly. Tho ,.hanu.t,.rs ..nt-ingnto s„..h u ...unl.ination. h..w,.v..r, a.o not t hon.selv,.s affc...t,.,l. Init niav 1^

o(|Ually distinct in fharactpr.

If this theory of the unit ...mstitution of in,livi,luals !« ,.o,T,.,.t then
l'<->v,l.tary variations must ohviously arise either .lir,.,.tlv as spon:-.n,.ous
••hanKesC-nnitations") or as the result of the ..otnl-ination an,l suhse.,u,.nt
segregation ,if unit ,.hara,.ters llinwih In/liriilhalion.

Fn his clas.M.-al r,.s..aiTh..s in .•onn,.,.tion with prol.lenis in her,.,litv
n.s,.ir,.,l as they were largely l,y the work of Vil.noriu of Paris. .lohannsen
show,.,l the seient.fi,. „e..<>ssity of working with what he t,.rn.e,l purc-hn,.when s,.ek,ng to establish first pri.u.iples. By ., ,,„,, u„, ,,, „„,„,, „„.
pn.gony of a s.tigle, xelf-f,rtHizuu, in,li-i,lual. Mis inu-stigations served
furtl„.r to modify previous ..on.-eptions of h.-vditv as expivssed in (ialton's

..«-ol .n,.estral heivdity." (iaiton (13) worked with 'Vrowds" or popu-
lations of ,n,lividuals and annunciated that the gen,ral tvpe of a given .'row.l
'•••til l-i' ••hanged or •shifte.l" l,y tlK- selection of variations of a s,K>,.ifie
c hara,.ter (plus or minus variants). .lohannsen's ii.vcMigations were ,.on-
.lucted with pure lin,.s, that is the progeny of single iudivi.luals u-ithin acrowd. 11.0 plants ,hose. were Nans and l.arh.y. i,„th of whi,.h a.-e
..orinally sef-fert.ltze.l and therefore easy to keep pn.v. The constituents
<.t all pure lines worked with showed normal (lu..tuations whi<.h grouped
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Ihi'lii-flvf-. iiroiiii.l llir iiinii, ill a idaii... «il|, i),,. I,,,,, , f (^,i,.|,.|,.|
"

CiTtaiii,,! ih..MM'..iiMilui-iit«wliirti.|.'viMii'.llartli.. t liuinth,. ,»mumii r.'uaf.l
In r..|laiM .•(mni'tct-, «.-r.' -i-l.-n..,! ali.l |>m,.,.uat.',| -riMlaLlv hut i,i-l.'a.|

of pn iliiriiiK a iilnKctiy i.lciil irally -imilar lu thi ,iI,.t plant in imiIi i um-.
Ilii-y .-li.iw.'.l a icijic^si..ti t'l til.- oiiKinal t n p.- ,,| tl,r iinr lAt.'n-iM. ,.s|H.|i-

iiii'ntr* linally in.liircl .(uliaMi.-rii t,, . ,,|i(lii.lr that cni,t i.iumi, -,.liTti,,ii

within pun- lines i> i„mhl.' •.. ph„|,„ .• |«Tinai,nit .hanii.-. In utlaT
uonls, h<-cHii.'lu,l..,| that ih.Mf !< no hn.-.jitaiy vaiiation williin piiir lii,,.,,

ami thrri-foi-.' no p,>,,,il,i|ity .if (•(Tci'iiim pt'iiiiatifnt inipiuvcnirnt^ in a -rlf-
f.Ttili/iii« tan- l.y mrali- .if Mich Valiatimi. ||,. ,|i.| -u.r.M.,!, howrviM', in
i-oh.tini; an orcasinnal pro,iii,t of what he ivuanj.'d a- a - inulali..n ''

or
Mi.l.j.Mi variiition whidi apjifaifd as suincihinji "n.w," Sh.,iil,| >,i,h foi-
tiiil..iii- c.Miiiiiial vulialion> aiisr fic.|iinitly it woiil,| -..ciii po-il,!.. i,, nhtaiii
liwiiit- i,y caivfiil cuntiiiiiuiis >(.|<Tti,,ii aloiiu drtinii,. lines Siia'e howevrr.
siK'h variation iniijhl In- cMrcnii'ly sinali and ii.Mth..r iM.Mistic n >\- inorphu-
loKJcal in .•haractcr, it woiihj |„. .•xir.Mn.'ly difli.Milt tn ,|rtrrniinr whnh.'r nr
not any (Ictinitr pi-.i^rcss was hciim nia.liv ( »uly I h.. |,,.-| statistiral incth.,.|s
w.Mihl siilfi,-,. an.l .-veil then the opp,,iti.i,iti,-, for .xpcrininital .Mtor woiih.
Ih. sii.-h as to n...,|cr it aIniMst iinp.,ssil,|,., ..xrcpt perhaps >.v<-r a loii« series ,,f

years, to form any eonelnsi,,n whirl, woliM l,e aUive srientifie .•ritirism.
l> t,, the present all elTurt- pin frnth in S.aialiliavia have f.iile.l t,, sli„w
iIk' utility of coiitinii,, lis >eiectinn as a in.'ans ,.|- elTert ins; inipn,venieiits nf a
pertnaiieut nature in pure lines.

.Fohann-en's work has euntril.uted Kicatly t,, uiir knowledge ..f s..|e,ti,ui
hy revealing the existence ,,f pure lines. I.i,.tyi,es ,,r ' «enotvpes" as he
sonietiin..s rails then,, ||e has deinonstrateil thai r,,ntinu,,us pru«.ess n 1

not he expe.'te,! hy hasin^ selertion upon (;alt,.n's Law sinre a )M,pulation.
'•onMstiiiK as Its name implies, ,,;' hi.,types ,,f ditrernit mnins ramiot possess
a hi..l.,j;,..al mean. The so-railed variations of (iait ,i, and Darwin, in s,, far
as the.-e romcriied self-fert ilizins; plants, w.uild therefore seem to he simply
-lislllirt hiotyiK's whirh, on heinK propa-aled separalelv, hreed true. Hy
avoiding arrideiital rn.s.sinjr, whirh even in the s,,-ralied "

s..|f-fert ili/.in',-

speries" is known to ,:rra-.ioiially take place, the r.,nstaiirv of these lines
I'-ay he tully maintained. These .-onrlusions rereived mu.di support from
the work al S.-alof. at whirh |.lare experienro .seeiia-d t,, show motv and i v
ronrlusively that if hereditary variation- did exist in pure line ttav were
rarely t<i he found, at least hy mere plant inspertion.

Many intere.stinjr examples are on rerord at Svalof of , fforts hi-in-r put
forth to find within these pure rultures, the startimr points for new and
Letter sorts. Thus, many apparently aheria.it individuals were taken out
and i-ropasate,! separately, hut in all rases thev proved to he mere ti-u,-ient
•Modifirations as they faile.l to reprodt.re the special .'hararters for whirh
th.'V were selerted. In I!MM). arrordin- to Xilsson-Khle. an aherrant oat
plant which seemed to jjive promise of markinj; an advance over its host
was tound srowiniT i„ „ certain pe.limee rulture h:ivin.r the stncl-i..M,l.-
numher O.JS:,. This plant had three kernels in earh spikelet. while the .ort
0.>S., was rharacteri/ed hy two. The kernels were de.scrihed in the records
as -nr'uolh, apprnri, •, nnm' or„l, plump ami nf bdhr r/u,//,/,/." Th.'
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iciirl. Ill,/ iiilh
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nl".v |.l„iil vv,„ .,.|,.,t,.,l „„.| ir 1, ..,«„ t|„. f,,ll.,„i„y v..,,r wl,,.,. tl,..

|.i..K,.nv -till .nMu.-,! |.n„i,i,i,m, |„ |,k)J, m'..,| In,,,, ll... |.riT..,|i„K vnu'-
••••"(• «... «.«„ .,„ a !„,,,„,. ,,!„, ,u,r„ not H ,i„Kl,. ••,|,r k.-m.-ilr-l" ,,l„„i
«»^ tu U. luiin.l un.l t|„. :,ti,.,„|.i «„,, i|„.r..f,,r,. „l,„,„lui„.,|,

Fli l!HHI an nat |,1m,iI [,u-«..^Mi„«; a paltiniJailv .titT ii|Mi«lit piuiirlr «,-
l"".ul m a ..,,1 ,.\„, (.!..V,i havinif a puhirl,. whirl, wa> ^^rA. ,1, ,i„.. ,.„,!
|...-Mn.aKly ut .,,,,1.. an inf.-riur ty,«.. Thi- -litr.,.a,.i..|f.l i,„livi.|„ai vnu-
-.l..rl...l aiicj .1. „...,| .,.«, in u small |.r,|ii;r..,. ,,|„, i„ |ih,|. I.ut i„-t,,„|
"I l'n;-lM.n,« all ..ill-,,a„i.|..,l ,,la,.t, i, ,,„„|ur,.,| a urak-panirlnl pn.^n.v
nt i|Ultc the -aiiir type a> llic pali'iit -nyl

.

In.livi.lili.l «ititn uhral plant, whirl, „ilvivnl r.Mfail, l.nfa v..,-,l,l..
wml..,-- an.l sp,in«- i,, a niaiUl .l.-u,-..,.. havr U..,, -..|,.,.t..,| f,„„, pr.liirnv
'""""' "'"''' "- •' "I"'!-'. 'iM'l -ulTcnl •,. .„• I,.,, ...v.-irlv. On p,y,.
'i"i.|t Im- U...n|-,.u,„|that tl,.-...,l,.nut n,arka.,yp,.n„an..nt'iM,p,uv,.„„.„t

i,,

'';"''""-" "^''l' '!"• '!,..,• s.,,1. Th..y liav.. Il„ivr,| undr,. a.lvriM. , hi,,,,,.
-imply U.rau-.. ..t inll, „.,„..- whi.h wic puiviv ..m,.,„mI i:t.-, p i;,i,
In r,„„p.,-„.. ,,„.,.- ,„,iM.,| va,i..ti,.s| ,h.. ,,,-.• i- natur.jlv ,|ilTnn,i as
"'''""'''• 'Mi"yl«-lu„n.|M To •iiun',,iMi-,i,„., -i.ain- s,,„„. ,,f „ hi.-h ,n.v
'< iioiinally hanli,.,' than uth.Ms, In -nH. ,„-.- th- filt...t will -mviv,. a,„|
mthi- way li'iiilfi- Ihr valicly i,„„-,. l,ai-,ly.

Many nth.M- r\anip|,- i„ii;ht !,,• n\,;\ t,, -how the appaivnt CiiiiiiM ut
-v'U'un '" (iiiil Mt l.';t-t within tl,.. li,>t ir,.n..,ati,,„ pclimv,. p|,,t< ,,|- n,,in,aiiy
s.'lt-t..,t,l,/.,n)j sp,M.i.-s. in.|ivi,|„al plant- «hi,.h an- .•apahlr ..f pn„|,i,.in„
l..>tt.M' p,nir,.„y than ..tiMM's withii, t||,. s.l,,.' plot, l.iit pvnhal.lv th.-r ah.a.lv
Kiv.-„ will snili,.,.. It -honhl I,,. n„t,.,l in pa-sinu l,n„,.v,.r, that .v t..,l
M-I.Tl„,ns In,,,, latu,.,' .nltinvs ..vcn ,.f p..,|i!in.,. s,„-ts aiv -till „,a,l.. in tl,.. ra-,.
"t wheat. I.nt s!i,.h s."l,.,.ti,,n is la.t l,a-c.| upon th,. !>.,.• '

, , ;,|,.a of • .r-.iio,,
as we shall <vf latiM'.

i-llowini; the ,li-,-o\viy n{ the .on,po-il,. „atiiiv of coninion vafiVti..s
at,.

I

th,. (onM.,|ii<.nt inticliiction ,,f the pnlinivc .nltiiic -v-tfi,,. i, wa- -oo,,
-.•..„ that a v..,y ..\t<.n-ivc i„at..,ial inii-t l,r w,Mk<.,| witli in o,d,.,- thai th<.
'haiic- of is,,latii,jr sii,«,,.i,„. in,|ivi,|„al- mi^hi |„. as ^,vat as pos-il,l,,. lu,,,.,.

w.-f.. tl,..|-..fo,vcol|,.rt..,|hiin,liv,|sof appaivntly.listinct Kotani.'al loin,-, ..ach
(.t whfh was s,,wi, on a -cpaiat.. plot. In making this .•,,11,.,m i,,„ of fo,i„s
litti.-atfntion was paid at hist to the vtandin- of t he vaiictv in which thev
wciv lonml, San, pi..- of -,.,.,| w..|-.. also ,-oll,.,.t,.,| at ..xhihii io„- ami l,y
roiTosp,,,,,!,.,,,.,. with ii,t..,'..-l,.,l farm..,'- and oil,..,- whil.. nu'inl,..,- ,,r t |,r
-tafi lin,ka,lvantaK..of jom-iu.ysintoth. tint ry to .•oll,...t promisinn, l.M.kinK
plant- f, 111,1 h(.hls.

As a means of ini'ivasini; the tcndoni.y to tl,.. pi-o,|ii<.tioi, nf -m.w spmi-
lat,..ous vanati,,ns" Cit p, :,()) accnnlins to the ohl i.l.-a a- .\pi..s-..,l l,y
Xaircli. artificial cros-ins was intr,„|ii,...,l al.out 1V,»:{. In the al.-.'n,-,. ,it

.Miiy KMi.lins; pi-in.'iplc s,„l, as is now availahl.-. this wo,k ,|i,| i„,t o,.,upv an
inipnitant place Imt was resrardcl as of rjnit.. s.jcop.da.-v ,.,,iisidci:-t:,-,n am!
almost wholly ,if t heoivtical inlcivst. Imlccd it was Ix'tievcd tl, i the old
faces contained n sulliciently rich material to ii,..,.t pracii,.allv all demands.
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Til" IK'W jiii-lhuil U-iiiu litiM>i| iiti the ixiliition itlirl -(>|iiiriilr (nilttiic ,
;'

ilirtiiirt iMtJuiiiciil I'lirins tlirrt' wum iuMiTi«itHtiM| n iim-t I'lin'flll »luil> of iIh'm-

tlihuinliriit their i>ntin' lifr hi-lnry. i'lii,- fuel wivcl to ri>-lnif tin- . .r-i.niil

I'lfuM'ut which th« iiicrhaiiirul nytPiM hud x.niRhi in viiiri f.i .li-|.hi.iv Thi-
vuiJMii-' chi'-itinituiM, nut. iiiitir woinhitix mm hiiii-x aiul -.ther iiici-himirul

ilpvii'cr* to which "» tiitich iiii|Kirtuiici' hiul fcinricriy In-i-n iittuclip.l wcic hirRfly
.lixjiciiHr.l with The iiii|M.rfiiiicp of H|H>cii»liziiti..n l^-iriK iiion- fully rvn,^-
liiwil, ndtlitinnal iv\|M'rt^ wi-ii- ciiiplnynl ami allotted cntaiii cr..|>-' u« their
^|>ecil^lty. .\il their ulletiliun and >tudy wa« t.. !«• devoted to the improse-
meiif of those cropH for the kucppkh of whicli they were ninde lespon^ilile.

Dr. Mans 'I'edin was ennaRed in \S\H as sitpcialist for |was uud vetche». Mr.
I'hr. liolin was allotted the l.iirleys in IS'Ci*. while I'rof. NiUson hims4.1f
kept wheat aiiil oats a- his s|H-cialty until |<KN) when, on account of the time
required to attend t(( the dutips of a larne unit xrowin;? institution, this work
wa.s handpd over in itn pntirpfy to Dr. H. \ilsson-i:iilc who has continued it

since that time. Uye was added to the list later with Mr. .1. .V. Walhl^n
ass|wcialist. This gentleman sul.se(|upntly resinne.l and was succee.led l.y Mr.
ilrik I.jting, who occupies the [Misition at the present time. More recently
( "liMM) potato l.reedinR has In-en taken up with Mr. J. l\ LiindU'rn as specialist.

In P.Ml.'i Rra.sses and clovers were added to the list. Dr. Hi'rnfrid Witle l>eim{
apiiointed heail of tlii.s departiuent in 1!»()7. .\i)out l!MI!» work in the Kreed-
inR ui field roots was initialed with Mr. Ivar Karl.sson in charKe.

Rttlitfith.in

of Ik.

tUmrtil in

hrrnling

work.

S/ieriatiin-

„;,Tk.

Correlation oi the Association of Characters,

With the introduction of the new sy.stem each .s|K!cialist set to work to
study his phmts thorounhlv. .Ml li,,taiiical and morphological characters,
down lo the minulest .;.-tail. were invesliK'ited and elalx.rate annotations
were made and arraiiRod in order, [f pertain visible characters were indica-
tive of industrial value as was then supposed, it was obviously the first con-
cern of the breeder to determine such and to use the kn.iwleiisie so acipiired
in the isolation of new mother plants. The doRree of constancy .lisplayed
by the various p'ire cultures in respect of the dev. '. pment of these characters
seemed to indicate clearly that the latter must olTer a reliable basis of dis-
tinction. Such an a.ssuiUDt ion seemed natural and logical and -erved moreover
to make the way appear clear and relatively simple.

.Vs time ])assed many interestins conclusions came to l)e drawn a.- to the
relati.mship which was l)elieve.l to exist l)etween certain I'.xteriial characters

"''"''""

and industrial .lualities. A few instances triay here be j;iven. In oats difTer.'nt '"IZZ, ..

'

• I)ure lines • .,r strains may often be distiuRuished by the ••haracter of t h(- CL-/.'.V'm
panicle. In those foriris havinj; spreading i)anicles four main tyiies may be ont imniHe
define<l thus: d) .sJtifT, upri«lit palii.'le; (2) Panicle pyramid-like with lon«, "'"' ''"'''•

slender weakly risinj; branches; (:{) Widely sprea.iiiij; panicle and (I)
Panicle with branches weak and drooping (See Fins. ,") and li). In addition
tt, there four branchinR t>T.cs, ti,,- cuouiom .-id.'-oai iype. ori«in;illv ciassilied

•Bolin if,ijn.,l In. p »iii,>n at Sv.l..f in l»(K). whnn T..|in took ovr ihi- I.Rrli'y work i

thit which hi- tilrcBcly hiil with iiess and vetihea
I Mitior
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M a (h8t.nct species (Avena arientalis Sohreb.), forms a fifth. In comparing
hese types with the mdustrial values of the sorts it seemed to be shown
that the group m which the panicle assumed a more rigid upright positionwas as a rule the most productive. Such a conclusion, however, has had to be
modified smee investigation of the tables of yields of the different sorts overmany years shows that among the stiff panicled sorts are to be found many
which are among the lowest average yielders of all those tested. As instancesmay be mentioned the sorts having the stock-book numbers 0310, 0326 0404and 0452. There cannot therefore be accepted as an infallible -uide any
definite type of panicle.

^

In wheat and oats the character of the head was believed to be asso-
c .ted with strength of straw, investigations seeming to show that a dense
compact head and a stiff, strong straw go together. Here again numerous'
exceptions have caused this idea to be modified.

Highly interesting investigations into the relationship between thenumber of kernels in the spikelets of oats and wheat and the yield and quality
of the crop were made by Nilsson during the years when these crops were
under his irect charge. The number of kernels in a single spikelet of oats
IS usually from one to two, although three is not uncommon. In wheat
as many as six may be found, although from three to four is generally
tf.e case. For purposes of investigation Nilsson defined three classes of
spikelets: three-kernelled (S,), two-kernelled (S^ and one-kernelled (SJThese are illustrated below.

' '

5s Sa. Si.

Fto. VII.—Different Classes of Spikelets. (Author del.)

It would seem natural to conclude that in spikelets such as S, which
contain but one kernel (a) that this would be larger than kernel (a) in S,wjuch^contains three kernels. The following, however, was found to be the

1. "That the. development and weight of each kernel stand in astriking and significant relation with the number of kernels in the spikelet;

2 "That with a rising number of kernels there is associated a con-
siderable xrwreaae xn weight jm kernel instead of the ooposite which onewould expect.
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" Kernel (a) is never so small and miserable as when it is alone as in S„
and never so heavy and well developed as when it is accompanied by two
oth. kernels as in S," (27, p. 18; 28, p. 183).

This striking fact is clearly demonstrated in the following table which
gives the weight of each kernel in the three-kernelled spikelets, in two-kernelled
.'pikelets and in one-kemelled spikelets found on the one plant in each case:

Average weight per kernel in milligrams

Per cent of each

Types inveittigated.

In three-

kernelled

spikelet

(S.)

i

In two-

kernelled

spikelet

(S.)

In one-

kemel-

led

spikelet

(S, )

class of spikelet

in plants studied.

s. s. s,

a b c a b

1 :

a

Total.

Plants from Probstier

tvne 54

60

50

50-66

3S

42-8

34

30-10

14-80

16-75

10

9-33
1

44

.52-63

38-13

40-41

28-25

.32-70

20-23

22-68

33-50

31 00

27-93

27-08
,

!

14

13

U

9

82

83

74

82

1

Plants from Ligowo
Plants from side-oat types

Plants from new types of

stiff-panicled blaek oats

4

4

15

9

100

100

100

As - dt of his investigations Nilsson concluded that "oat sorts
having »8t number of kernels per spikelet are decidedly the most
valuable 19 and 27). The same conclusion was arrived at in wheat,
thus: "Even in wheat the highest possible number of kernels per spikelet
is an especially desirable character, as it carries with it an improved crop
not only in respect of quantity but still more in quality" (28, p. 205). In
arriving at these conclusions Nilsson made certain reservations, thus: "It
now remains for a series of years' testing in larger practice finally to confirm
or disprove my here expressed opinion" (28, p. 210). Fifteen years have
passed since the above statement was made and it is now only necessary to
compare the best sorts of to-day with the number of kernels per spikelet by
which they are characterized in order to determine the correctness of these
early opinions. Thus the two best oat sorts at Svalsf at present, viz.:—
Victory and Gold Rain, are classified as two-kernellej sorts. On the other
hand certain other high yielders, such as Danish Nasgaard are, with relative
regularity, three-kernelled. Conversely it has been found that certain rela-
tively low yielders, such as Hvitling and 0S13 are also three-kernelled sorts,
while others again, such as White Probstier are classified as two-kernelled.
There seems therefore to be no definite relationship between the yield of a
given strain and the number of kernels per spikelet by which it is characterized.

As regards quality (absolute weight of kernels and percentage hull) the
two-kemelied sort Gold Rain stands in the foremost rank, being especially
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'1-1,0 present attitude of Nil.sson-Ehlo and TecMn toward this nuostion.s hat a large number of kernels t a spikelet is indicative of hi^he v eon y ,n t .e ease of fluctuating ind" duals within one and th an 'pu^
'

Ihis av vt first seen, eontradiot ,ry but one n.ust keep in n.in.l that vield.s the product of n,any different factors, so that it is „uire possiblef^ r a ,ha -mg n.any kernels to a spikelet to still give a relatively low yield Inte

ts^Tr-T '" ^^^"^7 ''•^- ^^^^'»- ^'' p- ^«) -'• in'xorw :.

;

ten pu e I „;
' V""" """''" ''""^ -'-l-ions. Christie worked with

ght'een f Pr^^^^^^^
'- '"''' '"'"^"'" "^ -^"--^'- -hito oat andeighteen of P,o .M.er oats dunng l!)09an<l 1910. His stu.lies showthat the

g -ater t he nund.er of kernels in the spikelet the greater is the weight okenper plan m the case of different plants rntkin the .a,nc pure uZ, but b t ecase of .hfferent pure hnes thi. relationship is not shown. "In con.p.rinK

fr,!'"r n'V " """ "" ""•'^'^- "^ "'^^-^ ' '^" -* fi-l •' '--a" '•Inyiea.Mn to attribute any special value to three-kernelled snikelets Theabsolute weight of kernels per plant gives much nio.e ,.e ta fn „.at

reaSr t l^"'"
•'"^' "' ^"^ ^^"""^ '^"'^ '''-—

•-
--"^''^"v^ana easier to determine. "

kernels v.hich are borne by each spikelet. yet a .listinction can often he nvide

Zr^o^r "'' "'^"'"" '"" "^ ''' '""'' '"'•'-'^ ^-"•« """- '^-^

kernetl'ir"'.,
''•"•:",""''"''""' P*^''* '"" ^'^'t-™i"ins the number ofkernel borne in the .spikelet. Under certain conditions a sort which isnormally hree-kernelled .all develop only two-kernels in a large j. centage

spikelels
"'"''' '""'"''

" ^"'•^'^ P«"''^entage of three-kernelled

It has long been held by many that early maturitv an.l high yield are

oW t Ih '' '^.'° '" "^"'"'^•'' '^•""-'l«r'"'iv within recent vear.s

lugh yielding sorts, a,^ nevertheless relatively early maturers

isolate'di'lwrK^I'
' -^

w'
'""''' "^ P'""""''"''" ^°"«^'*''' ^^-hen attempting to

here i c t T' fi
^"''" '' ""^*^^' "'^"^^ ""^ ^^^ ^asLs of correlations,

o? brewinfh
'

> ""\".^fV'^*"*'"
^""^"'-^'^ ('*• P- ^1) *'- i-'-ti- of a formof brewing barley which afterwards received the name Primus. The accountof the origm of this sort. a,s given in this article, is substantiallv as foUows:^

Efforts to obtain a stiff .stravved sort from the high quality but weak

; ^awel but:
" h-ng failed, attention ..s turned, aluH 1S93, t^arff-

Sht t h rr '"
K

''• ^"f
™^

"
''^''^y^*'^ *^^ »^"P« that this perchance,m^ght include forms having the short-haired rachiUa of the Chevalier kernel(which was supposed to be correlated with high brewing qualitv) .ud at tTe
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sninc tinip possessinR the .strength of stmw of the Iiiippiinl. Tlimisamls of
plants were examined and out of these a few dozen were discovered wiiich
showed the desired character. These were |)hinted out in separate cultures
and their i>rogeny studied with the result that eight years later (1!M)1) the
progeny of one of the Ijest of these came on the market under the name
Svnldfx' Primus, (070tj).

The above account has been cited by DeWies (79) "as an illustration
of the high significance of these correlations," - citation which has been
widely (|Uoted in Ame 'ica. An examination of the origin of the mother sort
from which Primus was taken, however, seems to throw an .mtirely different
light on the situation and to nullify the argumetits presented as to the value
of correlations, at least in so far as this particular case is roncerued. Thus tiic

•so-called " Imperial" barley referred to as the mother variety >f Primus was
imported from (Germany for testing at Svalof under tl,o name Diamond.
This was originated by Bestehorn of Germany and listed in the (German seed
catalogues as a crossing product of certain parentage. The opinion that this

.sort was actually of hybrid origin was expressed by Bolin (,"), p. 01) in isy.3

and later (7, p. 10) was more fully discussed by the same author in one of the
leading periodicals of Sweden, sub.stantially as follows:—

"Among the various barley sorts imported from Germany for testing
at Svalof was one known as the Diamond barley. This was said to be a cross-
ing made by Bestehorn, a tJerman breeder, between a Nutans form (i)robal)ly

Chevalier) and Imperial which belongs to the Erectum tj'pc. Tho iiybrid
Diamond was found to be mixed (unfixed) the majority of the pli 'ts resemb-
ling C/icco/f'er. Amons; che whole population were fcmnd a few plants, the
kernels of which showed a union of the short woolly-haired rachilla of the
Chevalier with the peculiar cliaracter of the base of the kernel of Imperial
and t hus were regarded as t he result of a true crossing between the two. The
plant from which Primun originated was one of these"

If this sort is actually a crossing product, as Bolin insists, it affords an
excellent example of the value of hybridization as an aid to the breeder. At
the same time the circumstances which surrounds its origin, together with
the fact that sorts which have the supposedly undesirable character of kernel
have proven quite as satisfactory for brewing as have those which were re-
gardetl as especially suitable for this purpose, deal a severe blow to those who
have sought to show the importance of correlations in forming direct judg-
ments as to practical values.

Speaking of these correlations in barley Tedin says: " I do not believe i

the existence of correlations between different simple characters by which a
certain character is said to indicate the nature of another, but regard such as
being simple manifestations of the same unit-character" (73, p. 8-9).

The inability to judge practical qualities from other characters in ac-
cordance with the idea of correlations is also pointed out by Johannsen (16),
K^lpin Ravn (58) and other workers of recent years.

In Denmark important iiivusligations into the question of correlations
have been prosecuted for many years. A few examples will here be cited.
As is well known by all breeders, different pure-lines or strains have their
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vmtJZu "^.•'""•"'^'•i^tic weight .,f seed
Jfcer,.*i«

i , Kww. ta.noi
"

"" "

•T':'^'
7''"^ "" '"•''"^'•""''I'P exists l)etween

y^W. \^
«'". I'*'7<^' J^e^'el. and yield is clearly shown l.v Vestergaard ,.f Vl^dLxpenmental Stati„n, Denmark, in the following table (SO, p 51)

:

.Sorts urrariRed aecordiiig to yU-ld.

Squarohoiid Autumn wheat
Oolden Drops " »

KolU-

Urtolm " u

Kent "

fil. Diiriish " "

Prentice,

Chevalier

Native

Uoldthorpt

Crossing

Imperial

So. 4,-,

Danish

White Banner
Beseler

Ligowo

T\vo-rowe<l barlej'.

Oats.

Weight per

I.IXK) kernels.

(Grains.)

45

47

45

54

50

4;<

47

4<i-47

47
5-.'

53

.^4 (?)

30-3

34-2

.35

32-2

35

30-5

Twelve oat sorts grown at Sval6f are arranged below according to yieldOin.o.te each sort is given its corresponding sLding as reganl^^^^S

According to yield.

No. 1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11..

12..

According to

weight of

kernel.

No. 10

7

9

5

4

6

11

2

3

1

12

8
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From thp uUne tables it will 1k> scpu that some of the utnM valtnil.lo
strains i«.ssess (.nly iiipdium sized kernels. This fact at ..iico cxi.osos the
(laiiRpr. wlipii dealing with an ordinary variety which may consist' of larRC,
medium and small kernelled strains, of over-Hortinn or gra.linft. that is re-
taining for seeding purpo.ses only the very largest kernels. In such cases a
uniform .siimplv of plump, medium iiizc<J kirnrls slioidd he sought for. The
use i.f pure strains of cour.-e ohviates this difficulty entirely and herein lies
one of the many advantages of .such .strains.

In ^Hecting head.s of grain l>y mas.s-selection from mixed races with a
view to increasing the yield the natural tendency is to select the largest.
This is shown to lie an unsafe practice. .Vs is size of kernel .so is size of iieail

a sort-character. Certain pure lines of outstanding value have been found
to po.s.sess a relatively small head while many inferior strains are characterized
by strikingly large ones. In other words there seeii.s to be nr) definite relat ion-
ship between size of head and yield. A few examples will suffice to show
this: In barley. Princess and Chevalier tiiough high yiehlers. liave relatively
snudl heads while Im|)eiial and many other inferior sorts have heads of large
dimensions. In wheat

, English Stand Up an( 1 Tystofte Small which are among
the most productive .sorts, are noted for the relative smallness <,f the hea,!.
The continued selection of extra large heads from a comi)osite race which
happens to contain both large and small headed strains can therefore easily
prove an injury rather than a benefit. An e.xcellent illustration is afforded
by \'estergaard, in his investigations with the common Prentice barley
(I.e. ]). 100). Out of this variety there was isolated, among others, a certain
group representing 4—ti% of the whole and which was characterized by long
coar.se straw and large heads. A compari.son between i)un' lines from this
group and from the mother variety is given below as follows:

Site iif hi 11,1

vra. yiilil.

Dniiijii.'

assofifitcii

ivith »l(/.s.s-

HcllfttDU.

Yield of

grain p»'r

Td. Ld.

(about

1 acre)

kilograms.

Ix-ngth of

^t^lw in

c.m.

Length of

head in

m.m.

Weight of

100 heads

in grams.

Per cent

of shoots

bearing

heads.

24 Pure lines from the common
Prentice type 4350

4076

S9-5

93-3

77-8

84

68-4

i

80-9

8 Pure lines out of the long

strawed large headed
group

74-6

67

A mass selection of heads from the long strawed, long headed group
would obviously lead to decreased yield in this case.

The question of stooling or the developing of ' side shoots ' in cereal grains Stooling ,nand Its relationship to v-ield and quality has also been investigated. As <rain its.

most growers know the power to 'stool' varies more or le.ss with different !/ieW«m/
sorts. Under certain circumstances this characteristic may be of consider-

^'''''"

able practical value. Thus where the stand is thin as a result either of thin
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Pn.f E. Schribaux of Pari.s. ami .-ortain other worker, however h.v.preyd opposue view.. Schril,aux (60) clain.ed that the JoX"^'^^

|uamy,ihereh> '>«^ing"fKreater vahie than those which .lev-Inn l„fn.. r .

-crwd in l,„,tej, ,1,., certain „,„ „.hi h „M^„^I., J','.'

" "''"

q» lion .; i°;,,""'
?'"" '™«"'«*- i»j««'i wm ... .„.„., ;„t

?» r„v,w 'r; ^'''Tf'""i
"'»',—^ "- >-'- m». ,<m.

„™ tu ; . v'-
'^^^^- T''<' conclusions drawn from these investi.',itionJ

..CO.. „, „„„„.„,„„. „ .„-r':s:,:;rx rr:Tt: '.'.'.h::hand more marked differences are shown to Pvi«t w '""""""•
V" *''^ "^^""^

fa 1903 careful . ,bscrv,tion« wre made bv Xiteon-Ehle rc.Dectin, tl,.
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aort

I'rotiftuT (iroiip:-

flcild Rbiii

Vii'tiirv.

IFvitliiin

Whitr I'robstici

\o. Or.'7

Lines out of liai k 'liirtarian:

No. 02(11

No. 0202

No. 0204

}
No. 0220

Nuiiihrr of

^tcni"

p«'r pli.nt.

Utijitivi yii'lils.

2 07

2-72
High yii'liliT.

2-3

2- 13

r,owf>r yieldor.
it ' n

2-42 !

it •>

1''0
I Rcliitivcl

Iroiii imtuiul croxsjiie UtwiTn HIack
j

Tartftrimi mid I'rolwtiir; -
j

No. 0495.

No. 0406.

No. 0497

No. 0499

Linos out of Ulack'Swcdi.sh oat:

ily low yifldtTs and
I*'3

j
liglit stoolor-.

1 7:>
'

2-41

2 as

l-9«

2-91 Biat yieldrr and lieavitst stoolcr

of ttiis Kroup at the I'ltiina

Station.

No.

'.»""

0102fi
2-86

3 07

400
2-61

3-37

Best yielder in thi.'' group.

No.

No. 010(i2.

No.
—
f No. 0275 (Nigger) 3 83

1-78
Heavy stooler and poor yielder.

Very light stooler and poor

fielder.

\ No. 0202 (Black Tart.) ...

Ihe above data dearly irulicatc that while rather nmrke.l differouce.s
can often be detected in oats in respect „f their tendency to stool, vet it is
quite unsafe to accept ' stooling propensity' a.s a basis of sort valuation.

In 1904 ye.stergaard (80 p. 107) studied 67 different strains of barley
representing in all about 20,000 plants, each of which was grown on frorn
two to three different plots. This material was divided into four .lifferent
classes according to peld and the folhm-ing data obtained- -
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ClOKI

N'liiiiln'r

of

17

17

17

]»

07

CoiriparH-

tivf

KNI

IH)

!t.5

H7

Niimla'r

I'l hruil-

KtmwK

\wr

|>l»iit

2' 1.1

2 07

ll»7

1-90

I'fT •fril

luMlll-

iK'itriiiK

•tr«»>

plant

71(1

74 I

72 2

00

Niiiftli

1.1

•iriiw

(e ni )

'12 ft

i>5N

I'lr iTiil

"f total

crrip

17 !t

i; 7

4tl 7

Niiriili)'!

iif hi'iiil

N'urJiiK

|i..r

10 M|. ft

mi

1»2«

Thi xi/xti III

"/ iJrrliiairr

h'oriii

St jMiriiliiiii

iilmiiiliincil

n H
., h.a,|-1.0HM„K straws por plant, ntul a cnsidofablv s,„al|,.,>nm.I,o, „f stonlf or „..„ h(.a.l-l„wni.K sl,o„ts. Tho l^-st s,r.,ins l.av..

I hoy an. Mu.s loss st,iki„« that, those whifh p,-' vo!l a.....allv lo ro t^! i

"

2i:™r:::;;;L=r:r!:^;;:;—

Tho above invest iKaf ions seen, to in.lirate ..learlv that the ...aetieMlvah. o a so.t eannot 1. jud.e., in.lireetly i,y n.eans ,, uLZ Zl^

^

">->'I'l...l..K.c-al charaetefs with any .le^ree of ..ertaintv or relial.ilitv Xeithe-

ee ittJ i i, :T I
^y-'-^""-''''"" (-'•• "• -^1'). "tl'C Kreat .lifliulty inleedinK IS o leet.le whether or not a for.n eonstitutes a.i a,lvanrc Th..tt . ean ,. ,,eeule.i only in a pnrely en.pineal way, thro, ^ .^ atinpractical expornnen.s ts essentially what n.akes bree.lin, w'.rk so long

Wnu/«a
., ;,.rr/v upon botanical or morphological charnrlers as wai forJerll

spcof, rf^««/ /o such characters. The valuation of these individuals in so fara« yteld t.s concerned, rests upon yielding te.t. conducted tt great tpossible care over a series of years.
greatest

In order that this direct judg.nent might ]>e more effective and -norequKdcly acccnplished local sort trials and sf^cial forn.s of con plthV
ril 'f"r'-

''''^ ^-'""^^ '" "-^'-•' has naturilv e,Ll;

thS f "'"^V""^:''
'""'-^ ^"ffi*-"'^ and exacting, especiallv where yield "isthe chief constderatton. The alacrity and assurance w th wh ch anTkH 'duior sort was formerly rejected wl, failing to measure up to cer ai.^^ Ltn
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.Suriilicr

III Ih'iuI-

U'lirJiiK

It! -.1. ft.

torn

mi

039

vii/fir

r.'Kunl t.. viHil.l.. .hunirtrrH. i. „„ InnRor .i-Kar.!.-,! j.i.iiH,,!.!,., I,„f i„.|..u.|
.•xtr. mvrmiu.u i. olMorve,! U-.t un,M.>|«.,.., ,| valu... I*. ..v,.rl,M,k...l .„• litfMlv
• •11>I llMlIc

IV. THE COMPubillON OF A RACE OF CEREALS AND ITS
VARIABILITY

Fr-.m th.. ,ni,lo,„M. ,i,M,.,.,.,| tlnis tar it s,.nn.> d.-ai- that at l.-a-t -,.„..>
..t our n„n,n„n r„ltiva..-,| vari-tiVs ,.o„tain a lar«,.r .,r s,,,.!!,.- ,uu,.l-.r nf „

,

.
Ht.n,-, l,or...l,tary t.v,„. „l,i..|,. „„ |.i„« pr.,.a«at..l ...parately, l.n-,.,! tn... ^TZ,.;,,.

Julian.iM.n, as alrea-ly „Hl,rat...l, |,as Kiv.-n to lUvM' ..ntities th.. nal,,.. Iii<. ^r, .,.d.,.
////'..s.tlu. |,roK..„y.,f«|,i,.l, h.-rallsa"pur.-li,u-." SuH, l,i„-tvp.w f.^.th.-r
with otlu.r iiitra-siKviti,. i„rM..s, aro .•,„„,„unlv spuk..,, „t hy IVVri.w ,s
'•.•I.Mnn.tary .<p,.,i,.s." 1,, .Hf-tVrtili.inK plants such as wlu-at, „at- a.wl
lmH..y, pun. hues ,„ay .•orrrrily U- rall.-l strains. altlinUKh this tnn, is not
always rcstrH'to.! tu al.s.,i„t..ly purr sorts. In this papn- slroi.. will U- ,,.,.,1
to indii'atc iiurc linos onl\.

Thr pr..K,.nr,. of .litT..r.-nl typrs within u variotv was fornx-rlv rcM.ar.l..,!
us a n,an,f..stMl..,n of .o,,,,. i„l„.,.p,„ (h,.r,.,litary) varia'ion, a phenomenon
whi.h was l„.h,.v,..l ,„ |,„ n.ntinuous. Kxp.-ri.-n.T in tl„. s.-parato ..ullur..
of the.-o types, houev..,. has shown then, to U- Constant and .listinct entities
.•.•pn>sentn,« prohal.ly the s,„allest syste.natir division into whieh plant life
can Im' divided,

'

One of the most .'oiMposite varieties ,,f ai-rimltiiral plants investi.
thus fur at Svalof is th,. variety of white oats ..onitnonlv Krown in the L •

"''"'{"^""'''

ronton and known under ditlVren, names „f ,,,,i,„ /v„W/, ,-
is ,|,e uu.^lJ

eoniinoii.

In eommentinjr upon tl dx..d rharaeter of this varietv, Xiisson-Khle
(1-, p. l->..} says: " I'he muitipli,ity of forms found within this ,, Id unseleeted
.-are IS so poat that it is dillieult to obtain two indivi.luals which will .ive
Jdonttcal progeny. • The respective progeny of these forms were dislinuuis^ied
l.y ditrer,.nc,.s hi degre.. of mnMicvclopnirnt hnirin.ss of rail,,. ./-, for,,, a„d
rolar oj hirnrls. arcrai/v iaii/hf of straw, wiiith of Iraf. etc.

The fact that tw,. apparently i,lenti..al plants in an old race mav wh..n , , , , ,eulivated separately, prove to 1. .,uite distinct l.io-fypes each produHn^ its i^'XmM. peculiar progeny, .-erved to show the need of .suhmittin, old varieties all J,„„L
to an actual l.ioloKical analysis. This analysis it was s,.en CouM not |„. "« 'Ar 6,,.,/.,

restricted to forms wlm^h simply appeared different, Imt must rather eml.rice
'"" '"""•'"''

a hirRe numher of individuals without s,,e.ial regard as ,o whether these
"'''""""""

(littered in outward appearance or not.

This is the i.rin.'iple which has lK>en followed by the ab,.yc author in
connection with the evte„sive analysis to w!o,.(, he "has subjected the oi,i
J robstier variety during the pa.st ten years. The results of one of
these lines of s.u.'-.s may here l«j given: In J-HJC, there were sown out 7>
•small plots, each with seed from a single plant taken at random from

•"



.^^^ *.T/' ' M

It

vanVty l.-l-nKinK t.. the Fro»»tier Rr-.u,,. Tlu. follnwinK table .iv«. tlluinlyNis ,,f ,.,„li of th.-so plot. (42, p. I |S) .-_
*

Nirti'- III! iilhiT

i-iuirurliTo

10

11

12

13

14

15

16

17

18

10

L'O

21

22

23

24

25

26

27

28

29

30

31

32

33

34

3.5

36

7

II

II

U
12

12

17

17

tu

22

22

25

2tl

26

28

34

41

42 I 1-2

43

45

47

48

4H

50

SO

50

54

60

62

1

2

3

3

2

2

2

3

3

I

2

1 1

i -

1(1 2

15'2

109

3()l

3 10

2!Ht

2

150
15 4

3 03

2S9

2 16- 1 3 10

:i ill

3Wi

3 HI

3 6!>

1

1

2

2

I 170
15.

9

lOS
16 4

15-3

16 -2

15-5

16-2
i

15. 2 '

It)..'

16 9
16. 6

I

16-9
I

16.

9

4 11

4. 46

4-09

4. 21

3M
4 10

3 .->;

3. 71

3..S7

4. OS

4 20
4. 32

3-76

4. 40

2. 95 I MM

3. 14

3.10

3.0s
2.S9

3 .(IS

2.83

2-91

2-89

3-22

3 10

312
2-91

3. 16

S|Mk..|..t» oft.. II ,|-lif|.-

iii'llcd; |)|iiiii, liroiiii

I I'll Veil.

!^i\tl slruwcd.

S|.iki.|..f oil, 11 3-kcr
tiellpd.

Spikrlrt often l-ktT-

ncll(>.l; plniitN short

"triiHcil.

lull.

Pali

IJiHv .."hooting of pitiiiclr.

16.

8

2-93
16-5 2. 89
16.

9

3.0<i

161 308
17. 2. 97
16.

4

3 03
16.

3

2. 97
17.S 2-95

16-4 2-97

170 : 2-93
16.

6

2-99

3 94

3- 85
4. 07

3.9.S

4. 22

3.87

3. 89
4-09

4. 17

3. 92
4. 08

Tiill.

.*<hort.

rtpikcii.tx often 3-k(T-

iirllcd; (lunicle one-
sided.

Spiki'lits often ;{-ker-

nelled.

Late shooting of panicle.

Weak St rawed.

Early shooting of (mnicle

Spikelet often 3-ker-

nelled.
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1

37

:is

:t!»

in

41

t:'

4;i

44

4:.

4U

47

l>

49

iV)

51

52

53

M
53

56

87

S8

59

00

01

02

03

64

65

66

67 ,

68
j

69
I

70

72 !

N'olr* nil utluT
• hnriiiLr,

vrllow

74 3 15 4 -' !tT I (19

77 2 2 17-4 2 97 t(t4

79 2-3 i; (» ;mis 1 19
7tt 2-3

i

»
17 1 i 11.) 117

SO 2 2 10 -3 2-93 .1 !H(

H4 3 I 10 1 3 14 1 31
S5 2 2 17-4 3 (Mi 1 (W

85
1

'

2-3 2 16 9 3 1)3 I'UI
85

; 2 15 (i 2 99 102
87 2 2 10-4 2 91 3-78
89 2

1 2 158 -'99 ' 3-89
89 5

i
IKO 2-97 I 19

01

95

98

1

1

2

4

5

5

15

17

17

23

23

24

18.2
I
301 4-.V)

I

1

i
I -2

i 2

I

1

1

4

2

2

1-2

1

2

1

1

1

2

1

16-4

17-9
I

i 170
10-7

16-9

loo
1(1-5

10-8

15-7

104
165
lOO
10-7

17-3

10-8

16-3

2-99

3- 14

.'•S9

312
2 89

2-99

2-81

2-.S1

2 • 99

2-93
'"

2-83

2-S7

:\ 12

J 95

306
2»1

4.L',S

4' 55

3-70
' 4 20
3-88

3 04

3(iJ

3 49

3-Xfi

3-9
3 07

3-61

4-18
I

3-90

4-30

3-89

4inr1, .llfl .triiwiil.

lull, liriiiul Iruviil.

Tiill.

Short, l.itc '^hiHitiiiK "I

|»irjirli'

."<|nkclft iifton ,j-kcr-

ndled, lull, pniiicle

iilimM. pliii like.

Spikclit often 3-k<T-

nell.Ml.

T.ill.

\\Vak-j*t ru» ei I , lat e bIkmH-

iti(5 of panicle.

SpikeletH often 3-kir-

nHled; plunin Awr\
-trawed.

f^te sliootinu of panicle.

'Spikelet.-, often 3-kfr-

iielled.

ipikelets often 3-ker-

I

n.'ll.;<l.

iSpikelets often :^ker-

I nelleU.

hall.

Short.

|Spikelet)< often :(-ker-

nelleii.

Tall.

Spikeleta often 3-ker-

nelled.

Weak-strawed.

[Short.
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It is wortliy of notice liere that the various characters by which the 7i
st.a.,.s eonsulercd in the alx.ve table are distinguished, group themselve,
around an average or "mean" according to the law of Quetelet, that is the
greatest number are found to possess the average condition of a givei,
chara.-ter Tins may \^ illustrated by taking the average length and weight
resj)ectiv.-ly, of the prmiary kernels of each strain thus-

NumlxT 6f strains having length of kernel
indicati'J in opposite column.

Avcrajfi' length of kernel of each strain
in niillitnetres.

""

2
14 to 15

16
15toltJ

38

14
Kito 17

17 to IS
2

j

18 to 19

72 strains
,

i

Number of strains having weight per 100
kernels indicated in opposite column.

Average weight of 100 kernels in each
strain. (Oams.)

2
3-4to;j-6

11 3f)to3-8
23

21

10

3Sto40
4 to 4-2

4 2to4-4
5 4-4to40

72 strains

Ihe situation m.hcate.l in the prece.ling tables „.av be expressed in stillunother manner. Ix^t us consider the sc-ond table in which the weight is
given. It was found m this ca.se that the weights of 1(J() kernels from the
different strauis fell uito cla.-*.-es as follows:

Weiglit in

drains
. .

Frequency

3tto3(i 3-»!to3S
i :i-8to4 4- to I 2

11 23 21

4'.>to4-4

10

4-4to4ti
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ch the 72

loniselves

at is, the

a given

1(1 weight

h strain

in each

111 .still

tight is

)ni tiie

to 4(i

The classified data may be arranged graphically, in the following manner,
to show what the Biometricians call "the frequency curve of variation in
the weight of kernels":

—

JO

U/tu^/Lti. 3 V 4r
3i 3 t

1 f «• V tar 9*. U
Hi

Fig. VIII.-Frc.,uoncy curve of variation in weight of kernels from diftemnt pure rulf uro.

(Author del.)

_

The different types in the large table shown alx)ve are arranged acc.rd-
mg to the per cent of plants in each which dcveloi)ed av.-ns This it will lie
noticed, varied from to 98% in the white kernelle.l sort and from to '^7%
in the yellow. The character of the awns (finer or rougher) is measured bv
the eye, (1) indicating a fine, weakly developed awn and (5) an awn which is
strong and twisted.

The hairiness of the callus is also measured by the eye, (0) indicatin'^
absence of hair, (1) slightly hairy and (2) heavily haired.

The above analysis shows that scarcely anv of the 72 plots produced
Identical progeny but rather are they regarded as distinct hereditary types
which in respect to certain characters present a whole line of hereditary
gradations from one extreme to another.

A point of prime importance revealed by these investigations is the Independe,u
independent nature of different characters. Thus the development of awns '^"'"'^ "f
is quite independent of the development of hair on the callus- the length

'^'^"'""'

of the kernel is in i«. way governed by its breadth : low growing forms as well
^'"™*"-

as high may have broad leaves or narrow leaves or they may have a stiff-
branched panicle or a panicle which is more lax and drooping etc Each
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biotj-pe in fact represents a definite combimtion of characters. Those famUiar

tTn th t r .'''"''! "'^ ^'^ ^" *^'^ ''^'' ^"-^her support for the conception that these forms have arisen through natural crossing
^

distincTlTerS ''''T''T T'"''^'"'^
'^' ""^"^^^^y ^"^ multiformity ofdistinct hereditary types found within this same variety of oats (Probsder)as well as in Squarehead wheat and Two-rowed barley have l,een rLorded byVestergaard of Denmark (80 p. 77-119). In Squarehead Wheathe,Ztinguishes ten distinct biotjT^es on the basis of form of head. AUhough Isvar. y . nor.nally smooth chaffed he has found forms iith velvet chaff wh

ll^T" ^ T ""r"''^
''•"'" *^^ ^^""'"^^ «^"-'«head type. Bel dheads have also been found although Squarehead is a bald wheat Certaincuhuros were further found to represent distinct bioty^s on accoun ffdifrerences m sue form or color of leaves, although no'marke.l diffTrenc «n the head could be noted. Many cultures were readily distin^Sonthe basis of forin, size and color of kernel and the degree of susce^billty odi>-ea.«e by which each was characterized.

^

«n 1>" i^"™^'?' ,?'*'. """'* '^«n""only cultivated two-rowed barleys are the

la ter Vestergaard has cultivated about 400 separate cultures, a number ofwhich hav-e shown themselves to be distinct biotypes, althoughn wholethis variety has proven much less composite in ch;racter than harthe

nection (Seep. 39) to the groups of distinct forms which have l,een takenout of this variety and specially investigated

Numerous to ^1^2,1^1-^'^^'^' "^^"'^ ""^ '^' '^^'''''^ '''^^'•"^'^rs which go

Co^>^'"'iio,J^xZT2^l "t,
'' '\^''^^' ^""^ '^"^ ^° ^'•""P themselves into

'"^""^^ Z'^Th t T''
'"'"*^'"'*'°" ''^ cross-fertilization, artificial or

""'"""
coth ivelv byTJ;

"""""' '^'^'"'"^ '^'" P'^^^ "^"« *° hav:e been shown

Ih^nh h I
-

enormous amount of \.-ork in artificial hybridizationwhich has l«en prosecuted with all kinds of Agricultural plants during hepast ten years. It seems natural to suppose therefore that at leas the grlatmajori y of the different strains or biotypes found within the old ProbsS

Ir 1 c™nr1h" t"T"*
''''^"'^* combinations have arisen by

The multitude of distinct hereditary combinations which may arisethrough a relatively small number of independent differentiating unfts waspointed out by Mendel who showed that only 10 such uni s Ir^ ne esslryto make possible as many as 1,024 different constant (homozygous) coZbinations. Smce it is easily within the range of two hei^ditary tJpesTo
differ m as many as 10 diffei^nt characters it is only necessary "^hafThes^become crossed in order to produce a multiformity of combinatbns cof

%trS:!'r*' ^''^^ ^""^"^ '^ -P^-'^^^d in an old m"^dWt^
of Menden^r-

"^ ' '"''"^•^ '^"^ "^ ^^"""^ ^'^^^J" -«d according to the lawof Mendel, a certain proportion of these become practically consLt in sue-

crosmng.

Natural

crossing in
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ceeding generations. Others segregate or divide producing constant (ho-
.i.(.zygous) and inconstant (heterozygous) coinlnnations. The latter continue
to segregate until so reduced in proportion to the constant forma as to fmally
iKTonie practically lost sight of in the case of normal self-fertilizers Thu-^
in the end are to be found a whole host of constant combinations each of
which, further crossing excluded, breeds true in succeeding generations.

The constancy of pure lines in self fertilizing s„ecies of plants seems to
displace at one .-troke practically all previous conceptions regarding the
.{uestion of variation. We must abandon the idea that all life is in a con-
stant state of unrest, always varying this way or that. " Had this ai, 'tical
principle" .says Johannsen, "Ijeenused inthe times of Darwin or had., even
been appreciated by the Biometrician school certainlv the real bearing of
selection might long since have l,een rightly understood" (18 p. 143).

By reason of the variability of .s<,il, moisture, light and other external Individual
factors there are always to Ije found a larger or smaller number of indivi.luals a,ui partial
mthin a pure line which deviate from the common type. There are al.so to ^"Edifications

lie found variations l)etween certain parts of individuals. The first form of
"'""" P"'*

variation can best \ye designated as individual variation (modification) and
'""'

t he latter a.-* partial modification. Neither, however, is regarded as hereditary
The.se modifications may be suflicient to cause certain individuals within
a given strain to "transgress " or "over-lap " iaos« in another. Thus a plant
lielonging to a certain strain may liecome so altered bv e.xternal conditions
as to become apparently identical wnth that l)elonging to another \n
excellent example is aflfordeil in connection with the various strains taken
out .,f the Probstier oats. The length of each individual in six of these
strains i.s indicated in the following diagram (42, p. 12S) ;—

Length of straw in 1 ! j

cpiitimrtrps. I
j 95 lOOi 105

Six strains from

Probstier Oats.

110, 115 120 125 130 135 140| 145 150

8 7 5 1

9 12 17 7 2
•' 4

j

,S
'

13
;

H

1
I

3 8 13 15

2 2 fi

1

21

I

26 40 - 3fi 32 17

2 . .

;

. .

2
,

..
,

. .

13 l.S
j

5

6 9 : 19

23 27 i 24
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A study of the above diagram clearly indicates that a direct Iwtanical
examination of a common population <an give scarcely more than an indi-
cation of Its constitutents. Only by the separate culture of a sufficient
number of individuals and by a determination of the average condition ofeach character m the progeny can an effective analysis be made. It is this
average condition which distinguishes one strain from all others. This fact
constitutes a second great reason why the isolation of superior mother plants
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Influence of

ma$a-ieUc-

tion.

as startinR points for new races cannot ,le,,en,l exclusively upon aunare,morphologicai differences. ^ ^ apparei

1° conim^nting upon the influence of mass-selection, in a case suchIns N.lsHon.Ehe (42 p. 128) says: "Were a mass-selection of plants ov!12u c^m. m he.sht to Ih, made from this old nnxed sort, plants from tv™wh.ch normally produce a short straw would 1. taken as w.iuld also tZe ^.'^
t>pes wh.ch norn.aliy produce a taller growth. The latter would mUuraP^ep^mderate w ere. a certain advance in the desired direction would Hk

ma> he made at the e.xpense of some more valuable quality hence thdanger which is associated with this form of selection.
'

The Origin of Aberrant Forms as Quantitative Hereditary Variations.

Apart from the mass of apparently related individuals which go to makeup the greater part of a plant population, there may occasionallv arisstrange /o™. which at first sight do not seem tracealle"rany efinparentage. There may arise bearded heads of wheat in a baldZ ZoTnStrttc'r T\T"''\
^"'^- ^-^^^-k-elledtr in'aTed:Kerneiiecl sort etc. In oats, white and grey kernelled individuals have iK^eii

.
und in black-grained sorts and .nee versa, while side oat tvpes have b^e..und m sorts characteri^ed by spreading panicles. Formerly t^^seaterrant

as the sudden reappearance of certain ancestral characters. More recentlv

has shown that the majority of the.se .so-called novelties which thus suddenlvappear m cultivated crops may be produced artificially by cross-hybr dizv
.
n and may therefore be regarded in most ca-ses, simply as newToi; -

uLniTh/
""'"'

""r-
•''"'' ^""^ *^^ ^-* -'-'ifi^ interestwZsurrounds the appearance of these aberrant individuals there is an interest

»^^'(«t^ons bj which apparently new characters are suddenly acquired itwould clearly be the breeder's main duty to watch carefully foMheh apneaance in his fields .nth a view to i.solating and propagating theraiXXnce"

represent the results of natural crossings l,etween different sorts, as thev arenow believed to do. it ,s of much less importance to spend time in seeki!4 Jorthings which can be pr-.duced artificially with muc^ gi^a^e^ Isfu t 5 oobtaimng an advance. Thus where formerly, striking neural cros^s ound

renlVr^Welv-^'"-^ f '^^'^ ^'"^ ^'^''^ '-^^^^^ «-' ^^^^are now very largely ignored unless the marks by which they are characterizedpoint to a certain parentage of known value. Instead it is prefei red t ," ke~gs artificially between known sorts whose values d^^^;:^
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An explanation of the origin <if new ronihinations is afforded by Mendel's
Law of Hybrids. In fact, this law is now the l)asis of practically all inve.sti-

^"*^''

Hi/hrula.
Ration in the realm of hyl)ridisin and shouhl !« understood hv all breeders.

^""'^

Before the law of Mendel became known cro.ss-fertilization was looked uinm
as a rnennn of stimulating or cienting variation, making the selection of sui)erior
variants po.ssible. The varieties or sorts used for this i)urpose was not u
matter of great concern as almost any two, it was thought, were capable of
producing, when crossed, variations which might form the iiasis of new and
better sorts. When Mendel's law became In'tter understood, crossing came
to Ije regarded not as a means of inducing variation, but a» a means of com-
biiniuj alreaili/ cxluting units, allowing certain characters of one parent to l)e

comiiined with those of another.

One of the requisites for the api)lication of this law is that the two
parents jiossess characters which are ojjposed to each other. .\s e.Kamples
may lie cited the simjile characters, Baldnisn and lieardednrss in wheat.
Roundness and Wrinkledncss in pease. Smoothness and Hairiness . if wheat chaff,
etc. These two ojjposing characters in each case are termetl a "character
pair." When one of the characters lielonging to a certain pair is "stronger"
than the other it is said to l)e Dominant. In this case only this character will

ap|)ear in the first generation hybrids, the c/ther remaining recessive or con-
cealed. In wheats, J3a/(/«f,s,s is dominant over lieanledness. The first genera-
tion from a crossing lietween a Bald and a Bearded .sort will therefore i)e

Bald, but in the second generation there will again I* found both bald and
l>earded forms. Mendel showed that where simjjle <-haracters, such as those
now under consideration, are involved, the individuals in the second genera-
tion fall unto two main groups, one group representing tiie character of the
recessive parent and the other similar to or approximating the dominant one.
Those resembling the former parent represent about 20% of the whole
numlier. These breed true in succeeding generations. Of the second group,
which represents 75% of the whole, J will produce true dominants while the
remaining J will again divide or segregate in the next generation producing
the same constant and inconstant forms. This fact of segregation is one of
the essential discoveries in Mendel's law.

The proportions which are obtained when two sorts |K)ssessing simple
alterating characters are crosseil (monohybrid combination) may l>e repre-
sented as follows :

—



Bald croMHfd with Bearded.

1st. generation
All Bald

2nd. generation

25% constant

bald.

I

^)% inconstant

bald.
25% constan

bearded.

3rd. generation .\11 bald 25% constant w- \

^^- '»'''
bearded.

I

Imld.

I

I

4th. generation .All bald

I

All bald 25% 50% 25%
~
MX All he'^rded

I cons. inc. beard- beard-
bald bald ed ed

I ,

I

3:1.
^° * " *"'' 2^% Bearded, or in the proportion.s

Sv»tof, „ L«<1 „t hltTr , ^. T""' ""*'»"»<li"8 o( the work a.

This e^pu.Jtx::rLs:;sxr2:^!^ -^-^ ^-

aJ^rXl^CtZ :rtTf"'"'^ *^^^^ ^•-^ - ^ -"'^ "^

Each gamete which i.s conTernel inT?-^' "r^"''•^ ^"' ''"^^'^ -»•
pos.se.sse.s a definite factTilrl A, f"

°^ '^ ^'^'" ^'^'"'^tJ' "• ^I^'^ie^

or .peoie. i« di.^fngu^X'd T ^ i^'^t c T'"^ Y j''"^ ^"^^ ^^™^>^

plant, the gamete.s which are rel^^^^^^^^^ Trlt J"
"'^ '""""'^ "^"^*>' "^

red color. Similarly a consent t^,
^'"«' possessed a factor for

tallne.ss. A low Iwil It h
'" '^'^'^ ^'""^^^ ^"^^ ^^e factor for

etc. Now when fcroX "effe t' f^'^^ "'*' ^^^ ^^••^°'- ^^ '"- ^--th,

white-kernelled sort a "bfa k'V
"" '"^ " black-kernelled and a

the result that a hybrid isto I
^^'T l^}''

^'^ ^ "^^"*«" ^"^"^^^e with

i« due to the fa^t t£"Zk-^-^!; "' " '''^' '' ^''^'-^ '^'•'^-'^'"h- This

Hybrid indi.duai itiV np:^tmT:\i::
:t;''po^^'e'^^"'^tr^r^^^lor black or brown only hnt ,„!,

"
. •

po^ess the factor
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This segregation, or division, roncerns Ijoth the female cell (egK-cell)

and the male cell (sperm cell) ho that 50% of each kind of cell possess the
fact )r for black and the other rtO% the factor for white.

When fertilization takes place l)etween the gametes (egg and siierm
cells) of the same plant, as they usually do in self-fertilizating sjiecies, there
are four different combinations possible, thus:

Egg-cell. Sperm-cell. Progeny.
1- Black X Black Black
2. Black X White Brown
3. White X Black Brown
•*• White X White White

From the alx)ve it will be seen that should all jwssible combinations
l)e effected and should the black and white gametes he present in like numters
the progeny (second generation, F,) shall consist of individuals i of which
are black, i brown and { white. If the black and brown are thrown together
into a single group there will be established the proportions 3 black-brown;
1 white.

Nilsson-Ehle (5(j p. G) explains the above principle in the following
graphical manner:

—

BLACK BOO OZLL. WHITE POLLEN CELL.

OAMETEI OF THE
PAKENT 80BTI.

HTBBID INDIVIDUAL (BROWN)
(lit. O«nwatlon)

f

QAUETES OF HYBRID
INDIVIDUAL.

PROOENT OF HYBRID INDIVIDUAL
( and. Oenantton.)

Fig. IX.—Graphic explanation of the Ijiw of Mendel.

o
/ WWTf
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hav.^S:,^^:^^:'^;;^'^ :2:^-^ ^ the a..ve ,.,,HU W.

•^.H^etively, Hnd their progeny ifih cl' u
1

'T.
'"';'''•: '^''""^*"'

Keneratic.n:*. Those in<livirl,ml« Ti !f
<'<""'t<int in suceeedi

•"lack a., whit " :^r/l tTinV "'"''T^''''"
'""'^'''"'"•^) --»'

Ran.ete.an.lthepr.l!n wiHther^
•""", """'"'' ^"'^ '''"'•'' ""<' wh,

« n in the oriRinll
"

' .."ng """ ''"' """ " '''''^'"^
" ^ *''

(-lihybri.l..ona,ination Tire t^e/r :r T"' " ''""''^'' ^'"''^ ^-'^ -

Hahl

Lax-eared

Bearded

Dense-eared.

used. Thev a,^ Bal5 near, T^ •"'^"" "'•"^'''"*^ *" ^^e varieties

only Bald and Lax-eared ZZlZl^^tt?'''''''' '''''"'''''' ^''^ ''«"''*

generation hybrid, there ^TlTEndii'^nl 'T""''""
'" *^^ -^-^'^

alities of the parents arish iThr 7 "'"'""**'"'^''of the potenti-

Con^idering the tvv" .halter JlirTi
' ""';!" "^«««-«"« -"d pollenK^elk

CKg-oells involved in the union'C ''"'t""
'^"'^ ""*>' '^ ^«"'- ki"d« of

/^.arrferf and la.-eaZ Thl same Z?"?-^''"' ^^^''^''^'^^'^^'^-^r.dand
of the spern, or pollen ceH Wh^the? TT ^"''''''^ ''^ ^'^^ ^-•"^t"'"
of pollen cells a'e brought Totther 16 cl^"'^"''^^^''^

"'^ ^"^ '^'^^

may be shown in the followh,^ ^ '

'r'^'."''^'""^
>^^ POH«ible. The.^e

charaeter,6thebearded irtaxaT/th 7"' ^.*° "P""""* ^'^^ ^-^l^'

F.=third generation or progeny of p^)

^'""= (^'^'^''ond generation;

9 d
Description of progeny of F,.

BL

Bl

B L = Bald and Lax forms.
Bl = Bald and Lax (+ dense)

^^^ " " " (+ bearded)
b 1 == " « « / , 1 , ,

R , „ , , , . ^ + bearded and dense)
« L= Bald and Lax (+ dense)

X Bl = Bald and dense

X b 1^ ^ l^\i
""! ^"^ ^+ "^'"^ ^"'l be^'-decl)X b

1 = Bald and dense
( + bearded)

;.fi^'j:s;
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I

b L

1)1

X B L == Bald and Lax ( + liearded)

X B 1 -^ Bald and Iax (+ bearded and den.'^e)

X b L Boarded and Ijvx

X b I -- Bearded and Ijix ( + denne)

X H L r^. Bald and Ijix (+ Ix-urded and dense)
X B 1 ; - Hald and dense ( 4- l)earded)

X b I. - Bearded and Lax ( + dense)
" X b 1 — Bearded and dense.

Without regard to whether the above combinations are constant or in-
constant we find 9 which have both of the Dominant characters, viz. : Hnlilnrsx
and Laxness, 3 ami .i with either of the Dominants and either of the Heces-
sivesand 1 withl«.th Iteces.'.ives.makinKinall the 10 combinations imjicated
The.se combmations and proportions may 1* exj)re.ssed concisely as follows —

9BL+3BI+ 3bL + ll)l It;.

These are the normal condonations and pioportions which may l)e ex
I)e<'ted m an ordinary- dihybrid crossing when simple alternating characters
are mvolved.

That the segregation of the progeny in the second generation of <lihvbrid
crossmgs actually takes place in the above manner and gives results which
correspond very closely with what might I* theoreticailv exiiected has iK^en
sliown by numerous mve.stigators working in widely different fieUls \ good
example is afforded by Tedin (72, p. l.W) in crossings u-iti. pea.se In two of
the sorts the two dommant characters were red color of flower and black
A( urn, while the two rece.s.sive characters were white floiver and light colored
hilum. In a third crossing the two dominant characters were vell.nvness and
roundness of seeds, while the recessive characters were greenness and angu-
arity of seeds. The characters of the parents together with the actual com-
binations and proportions into which tho ' -^neration divided them-
selves 18 shown as follows:—

Characters of Parents.

Dominant Characters

Crossing Nos. /A (Red flower.s)

I. & II.
t B (Black hilum)

Crossing No. / A (Yellow seed)

HI. \ B (Round seed)

Recessive Characters

a (white flowers)

b (light hilum)

a (green .seed)

1) (angular seed)
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vi.H.Hi.K cuyHKCTrnn hhowv in bkoosv okm:rati. )N HYBRIDS.

'• \ Hpl.uioM . .

CnwHing \„. /Num»)er. , .

H.
1^ Relation . . .

CnmmngXo. /Nunilwr. .

in. (Relation...

A B
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g
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9
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9

A h
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n B
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1

33
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A .liwt .intc.nie of the«> invMtinationH hai* Imh-ii the i>stttl)liH»iiiiK „f
two iipw thp-rifM whirh inuy h)f> ri'UHr.Ird dimply as further .|fv..l(.pinPnf-«
..r nioaificatiotiH ..f the f4»w ..f Moiulel, aH that law waM fin-t de-M-rilnMl. Tlif
law itHclf iH ill 11.1 way altero.l l.y tho»*e (lcvTl<.pmciits; it is only shown to In>
appliral.l.. to .on.i.lex as woU as to simple prol.le.ns. The 'first of thes.- Tlu- rWy
thp<.nrs iH known as the Thtonj of Presence ami Ab^icnre and implies that "/ /Vf«.-mr
the'Prp*nce"of acertainunit or character with its (•orr«'s,)ondinK "Absence"
toRether form, paradoxical tho.iRh it may seeni. a character pair. This idea
was first applied to plant life by Correns as a result of nuinv vears of most
cxactMiK work, although Bates(.n, Punnett and E R. Saunders were the first
to fully recognize the j.rinciple and to develop it as a n.-w and consistent
theorj'.

This theory will l)e l>etter understood when we rcnienilK-r that Mendel
considered there to be in the (taniete a definite unmtthing corresjK.iiding to the
donimant character or a definite something corresiwndinR to the recessive
character. In no ca8o, however, could these coexist in a single gamete
lor these somethings the term Factor ha8 come to be commonly used.

Mendel lK>lieved that the gamete always carried a definite factor cor-
respondmg to either the dominant character or the recessive character of u
character-pair. \o gamete however, could carry more than one of the two
factors l)elonging to such a pair, by reason of which fact the characters were
said to be alternative to each other. This concepti.m has undergone a slight
modification within recent years owing to the numlH-r of cases which it was
unable to explain. This difficulty was met in a simple war by the theorv
of Presence 'ind Absence.

Some excellent illustrations of the manner in which this theory mav l)e
apphe.i, together with the difficulties which it seems to elucidate are affonled
by Nilsson-Ehle in crossings l)etween different sorts of oats and wheat Thusm crossings l)etween certain black an.l yellow-grained oat sorts, while-kernell-
ed individuals appeared regularly in the second generation. According to ideas
which jirevailci l*fore exact e.xi>erimental data were available these white
grained forms woul.l Ije regarded either as • reversions' to the diaracter of
a former parent, to the sudden reapj>eanince of a previously latent character
or perhaps to something quite new. Xot only did new fo^.ns ari.sc in the.se
.•ro,ssinRs but the propoitions into which the hybrids gn,u,«d themselve^'
showed that the combination was not a simple monohybrid one.

A concrete example is afforded in the crossing made at Svalof l)etween
the yellow-grained oat sort No. 0S76 and the Black sort No. OJfil (49 p 44)
In the secmd jreneration there were found in one case l.^o Black graine.l
plants 43 yellow-yellowish an.l 1.5 white or in the proportion of K) .'J hhick-
2.9 ydlow. yellowish; 1 white. By grouping the yellow and white graine.l
torms togcher we have the proportions 2.7 black; 1 yellow-white. Of theaUne 2!;? plants. Vio were n-a^onably well devt.lo,x,d. When the seed ol
the latter came to l« .sown ouu in separate plots there were obtained the
tollowing:

—



M

;

•;
plot.. ,.n..luro.l ..o,..„„, ,,,H,.k-k„„, „,„„,^

la " ;;:ri!:::;!!r'^!^/'"""-"-k.rne.i.. ,,„,.,

I..

Id

."-. H nnxtureof 1.1,..^, ,.„,., ,„, ,, •„. „"

I
r.M|„,.,..| ,.,n,t«,.t y,.|l,.w.k,.r,u.|lp.l plants

Hl-.w...!
„ ,„i,tu.^ of yoll.,w .,...1 white k.,r„..|lc.l nlunt.

I'

phen'-iiH i

ing I. ,

Black 1 1

'»/ XJtlioi.

folloWH

.'II ic,

f I !

'

'iiitni

.""mtion. In.t..n.l..,///„,^.,,„,,
j,,,;„,^,f,,

^.".•h of these „,.U inde,K.„.l. ntly „f ,he „tl
''* fornuiiK -.110 pui. iin.l yV//.,„; with the „/m,.
"' »'""• ''''"'^ •'•"^^i'lK >"«y l«. ilhistrnt..,!

B (hla.k)
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» Y

Hv

h V

l)V

\ H V
"» Hv
X 1. V
X bv
X BY
X Hv
X »>y

X hv
X H\
X Mv
X 1. V

l.v

X B V
X Bv
X l> Y
X hv

Black (f YelliiH Imt yellow hidilen)

Blaek ( f yelli.wiHli)

BUrk ( + yellow)

Blaf'k ( - yellowish)

Blaek ( f yvllowirtli)

Black (pure)

Black ( f \tI1ow)

J«l«ck

Black ( t M'llow)

m.ick ( ' vellowish)

Yellnw

Yelliiwisli

Hliick ( t vellowixh)

HIa.'k

^'ellowish

White

I'V 12 H; .{ v.— Yellowirt;i; I white.

I w.

Cnii-'tiint B
Coiiftnnt B
;J B: 1 y
12 B. .1 y I

Cotlotatit B
(!on'<tani B
12 B. ;< V

;» B. : I w.

:} B; I w.

12 B, :jy I w.

(JoHKtuilt Y.

3 Y: 1 w.

12 B;;{ V. 1 XV

.< B . 1 w
H Y; 1 w
(-'on-tant \V.

Twelve om of the Iti /,y^.te« contain "B" Imt not "Y" and are thus
puT-e Blacks, rinee (..lUain "Y" hut not "B" an.l .ire thus pure Yellow.
Nine conlain " H" and "Y," hut since " B" is dominant over "Y" thev art-
ail Black or BInckisli. Finall> one contains neither Black nor Yellow^ and
IS White. The aU.ve .scheme illustrates dearly the manner in which new and
strange forms may ari.se either under domestieaticm or in nature.

When the white-kernelled sort \o. 0S15 was crossed with the lil,i,k

Mufs variety (\.,. 0070). there were ohtained not oidy Bhu'ks and Whites
hut (;rry.s as well. The projKjrtions ohtained moreover corresponded with
those jieculiar to a dihyhrid comhiuation. The actual proportion in this ca-e
was lS7hlack.;iSgn-yand 17 white, or 11 hlack. 2.2 urey, 1 white (40. p. 2.')).

The a.s.sumption here is that this particular .sort po.sses>es not onlv a unit f..r

Black color hut al.so a unit for >£rey, although the gi'ey is hidclcii until hrought
uito certain comhinations when it ap[)ears as a new character. The following
dihyhrid scheme is suhmitted as explaining the situation: -

Sort- .\o. ai/jQ

(aht'enee of hlack) h

(ahsence of grey) g

(wiiite: Sirf .Xo (XnoQ il'i... k)

B (I'r..se)uc .)f Black)
I

I

(i (I'resenee of (frev)

Here we have represented four (xissihle comhinations which may go
to form^ four .lifferent kinds of polipn ,.^\y ^^J^^l f,n,r of egg-cells, viz.: 6 (J.
f'!}. R <>, a a Wherithcsc f.-.ur kind.s of |«,ileii cells and four kinds of egg-cells
are hrought together the .sixteen comhinations peculiar to a dihyhrid cross-
ing are made, the comhinations h O X h (J, h G X b g and b g X h (J
repre^enting the "new" grey forms.
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When the blaok sort Moh'> (ni\7n\ „,i • u
pos.se.SHed a unit for fjy aJ well a . w ' Z^' '"^^'^ "''"' "PP*"
yellow .sort Gold /?atnTo386)ThL u ^^^'^' ^"^ "''"''"^d ^^^l

Blacks, yello.s,GrZSlu^Z72lT"'' '" *'^ "^""'' «-"«
new forms (49 p 48) Thrn^nl* ,^'''^P''^''""*'"K"PP*'-*'n«ly ^

..htaineci.show;d'further.nore Ehr" "' *\' ''''"^"^ ^"'•'- "^ M
i.-*. three character pairsTaTi:! , T""^

•"*•' '•""' '^ '"^^'"'''^ '>ne

f.'llowing .scheme -
'"'"'"'''' '^''^'^ '"^^^ '^ -presento.! i„

Moss
Gold Rain

b (absence of black) b (Black^
g (!ih.seneeofgrey) q ^f.^^^.^'

y (ab.sence of yellow)

Y (Yellow)

P'''^g^">;_"f !"."' '"'''vitlual plants fr(,ii

results:

—

(I.) .54

29

.59

11 "
9

f.
"

a
14 "

3

10 Whi
•A "

4 "

5 "

Total 2.5S

The theonj

that certain

characters

tnay pnsaegu

more than one
unit, each of
which hns the

same external

effect.

aberrant types, has been RHv„nn«^T ^ff.,**"'"*'
^n^ *« the occurrence (

tion with w^k\^rh cTrea' "Tns ^J
Nil«son-Ehle (4.i a.d 49) in connec

America, with ZL Thi/Z ' ^ ^'' ^"^ "^ '^^ United States c

Thus it has been obj; dThttTbWrr "Tr"^ ''^ ^""^ exUrnaUffe.

than one unit for Screlh unit w '^
""* '""^ "^"^ P^'''^^^ '""'^

black cokur. A good etml i / T. ^'°^ ''^^^ *" P™''"'^^ ^^e typica

-ution Of Ihese /onlt^^rS^^^^^^^^^^^^^^ ^ -'^^

a«s. B, B, G.
OW, b, b, g.
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Another interesting example of color character consistinjj of more than
one unit was discovered in connection with a crossing l)etween the white-
kernelled wheat sort Pudel (See Fig. 12) and 0700, a pedigi-ee sort out of the
common red-kernelled Swedish Vflvet chaff (44, j). 2()S). The kernels in F
of this crossing are Red, as Red is dominant over White; in F, the ratio ()3
Red: 1 Wliite was produced. This fact, together with results obtained in
later gener. ions indicates that three character pairs must have been con-
cerned in this crossing. It is therefore assumed that the Ited Color character
possesses three units for Red whic!i. with the corresponding absence of the
same units, constitute three character pairs as follows:—

Red

R, Rj R,

White

r, r, r.

Is, viz.:

, 10 White

;i
"

4 u

3

Crossings between sorts which are apparently identical in regard to the
chatacters considered.

Two Red-kernelled wheat sorts No. 0234 (pure line from a Squarehead
variety) andft^Oe (Svalof's Bore wheat), which are verv similar in respect of
color i.f kernel, were crossed at Svalof in lp07 (.34, p. 66). F. was red
kernelled, while F, gave 52 red kernelled and 5 white kernelled individuals =
10.4 Red: 1 white. il the 57 F, individuals were sown out in separate
cultures and gave the following results:—

25 constant Red.

13 segregating in the proportion 15 Red: 1 White
" " " '•

3 Red: 1 White.
5 constant White.

Total 57

These results indicate that each of the parents has its own peculiar unit
for Red Color. These two units with their corresponding absence in the
opposite parent, constitute two character pairs. The crossing may therefore
be expressed as follows:—

0^
(Red)

R,

(Red)

R,

According to the above scheme one of the combinations in F, will lackboth color units = (r„ r,) and consequently will be white-kernelled.
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The results actually obtainprl m t ..„ i

Results obtained.

Confstant Red
Segregating Red

« u

Constant White

and White
25 -= 70
13 = 3-7

14 =3-9
5 = 1-4

Theoretical expecta

9

3

3

1

When two wheat sorts havirnr aK.nf tK-,
were crossed, there were r^Li^JlT .

'"""^ """^'^^ ^ead den
either parent ThuT TZZ f ^°'"'^'"'^*'""« having greater density t

Having an a^^^^e d^ o7"Lridl/frT^ ^^ ^^^ '

combinations averaeine in hJ« T. T ,

'^^^P«'^t>^ely, were cros^

Heads which were nt^ open'n chTr f
" '"^'/^ ''' "^" P^^^

P-geny may be said ^o Ze eltZZ^^t^^^ T"'"^'''
^° ^"^^^

in both directions (44 p. 282)
""^ ''"^''^y "^ ^l^^ P*"*

orosseTtUirsThtS;^^^^^^^^^^ t^T ^^^^ '^^^ "^ -^t-w w
than either parents

'''"''*"'^y ^"""^ ^^^'''h were both longer and sh„r

^amet:l:;Tn;\Th:,U^^^^^^^
^'''' ^'^'^^^" "^* ^^-^^ ^-"« ^^ut t

and others which wer^ shorte? ?' Tk''
''"''''^' ^'"^' ^^'''^ ^«'« l"n,

A good example is fouminTh..''*^''' "^ *'^ ^'^'^'^'^^ being produc

iB 16.7 and 16.4'm m respectthT "*.'. °' ''' '"" "' *^^^^ -''

there were isolated forms raS inT^'v
^'"^"^ °^ *'^'' '>>-''^''

m.m. and as high as IS fim^ k^', ^u ^' ««"«™t.on, as low as 14

following year (F ) I^t^vl tl . '"" ^"'^'^'^'^^ ^«'« ^^'"-'^ *'

ous her^litary SdatiWritr/TT '''" "^" '^'''' ^^"^—
is that difference in Zlen^h f H n

"^ ^'* '^"''^'^•' ^'^^ *^»«^ --«in,
in any way the n^ .^ t^L^ "

V^''^ ^^"^ -t^out effectin

pendent nature of different charlctet
' '""' ""^"^'^ °^ ^''^ '^'^

a nur^To^Lm^iSLTfr ^Z"
•''"•-

f ^'^^ '''•^'^^ "^'^"^ ^^ ^"-^
both parent sorts'S:^'^ tt : t^diSaS Zs'^^ir ''''There is that each rmivnt r.-^o=„ •/ ^ panicie class. The assumptioi

vi. A. and A is^r?:: ::rrft;s:f
''^

r^'^'^^
^^' ^^"

their corresponding a6,e»r. mnir? ? l
^'^^ "'''*" ^''^ether witl

represented Tn th^'fotr^ maten- "" '^'^--*-P--. -^ich may b<

J5e« //.

A. •

Great Mogul.

a,

A,
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Those romhinations whicli lack lioth of the units for ..|>rcii(liiig panicjp =

(a,
,
a.,) v.iil be side-panicled. In the above manner may Ix" explained the

••sudden ap|)eanincc " of a side-oat type in a variety which normally procliices

a spre.iding i)anick'.

Some very interesting and significant results luive followed investiga-
tions at Svalof into the inheritance of resistance against yellow rust [Pnr-
cinia (jlumnrum) in wheat (.V_>). .Vs is well known, different sorts and lines

of wheat differ considerably in their attitude toward this disease. Some
are relatively resistant although not absolutely immune; others possess a
low degree of resistance. Between the two extremes ajiain are to I.e found
.sorts i)ossessing a varying degree of resistance. Hriksson and Henning
recognize five grades of rust (0-4) and according Ut .Mlsson-IChie {Sl p. .-)!i)

a few more classes may still Ik" adde.l. Thus Extni Siiioinlmnl // and Knttr
are classified under class <», lK>ing most resistant; in tlie secomi, relativcly

resistant class, is placed (hriutdicr: in the tliird. possessing a lower degree
of resistance, belongs PuiUl, wliile in the fourth and most susceptible class,

the .sort Top Squanhcnd constitutes a prominent representative. The
degree of rust resistance posses.sed hy a given sort is found to be relatively

constant from year to yeai'.

From the cr()ssing between the sorts O.'fil X 0705, both classified as

(Jrade 2, eight separate cultures were investigated during the bad rust vear.
1!H}4. The difference l)etween the.se jjlots in regard to tiieir attitude toward
rust is recorded as ••exceedingly striking." The difference between the most
susceptible culture and that which showed greatest resistance was much
greater than the difference between the jjarents themselves. Thus plots

2. ") and ti were more severely attacked than were either of the parents.
while plots 7 and S showed .somewhat greater resistance than did the parents.

From the cros.sing 0319 X 0501 (both sorts of high resistance) there
were produced a number of lines some of which, in F3 |)rove([ much moiv
susceptible than either parent. .Similarly, in the crossing between 'Ulo
(grade 1) and Surdi.-h Vihrt Chujj (very resistant) 2 plots out of a total of !)(J

in F, proved extremely susceptible, l>»>ing classed as grade o, despite 1 lie fact

that the year was not a particularly bad one for rust.

It will thus be seen that apparently new forms may arise from crossinirs

between sorts which to all api>earaiu'es are practically i'lailioil in regard to

certain characters. The origin of tliese forms is due simply t<i the peculiar
grouping of definite units already in existence and not to the a<'(iuisition

of an}-thing actually 'new.' In <itiier wonls. they constitute different

gradations—a qwtntitntiir hendiUinj vnriithitn—the different gradations
iH'ing •continuous." This fact at once suggests the necessity of making
a clear distinction betwi'cn outer \isiiile characters and inner factor-^.

iittrf ill

ithi„t.
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erodings between sorts which differ in regard to certain characters.

s'f^c.-n,! generation there were f,„in.l' If. f .

a Lead density of fro„. ,,s toV Su T '"" "^ '" '"''' "^ *-• h"v
open an.. .,.„...., .ii.tin..„,-L:;;;';,J:;;tiZ^

''~ -•> '-"^ =

fi" parent ( = 2.

The seed of all oi the <)4 K „l..nf
wtli the following results:-'

"'"' "'"" ""^ '» '^epamte row

•'•foinpactuin: very dense F,

5fi « fls

» fonstant coinpactum

•'5 somewhat more out.lrawn

I-;

j
;JS segregating i„to eompactmn ami

L iiot-i-ompactum.'
''""''="•"='" 'V r. seg,-ejcating into ,.o„,-

pactum and 'not-co,n-
2.S 'not-eompaftum' i;.

piu'tum.'
' ^"/f'<' P'-<>geiiy obtained in

inheritance the '
nol-

()f the n , .

rompartnm" eharaeter.

flense th„„ th^ i^nTz:::;z '''':''''^
'.

^^-^ ^'-'"^"'3- --
while the other 2 again assun'd he

:":;"""' '''' ^^^^"^'"-' ''--t-V
remannng ,.s of the eonstant eon.paetun t^iiv.'' .'"V"'

""' '"'• '''''''

<iense.
'lacrum uulumuals. 2 proved es|H?eiallv
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A si>{nific;int (•(•nclusiini arrived at l>y Xilsson-Klilc as a result of tlic

Ix'haviour i)f certain crossings in which Ci>iii}»tiinni was conccnicd, is tliat

this sort (M.ssesses a s|)ecial so-called • iiihlhillii<i' iM-\o\ whidi is absent in

the other sorts witii which it was crossed. This lai'tor. he Lelieves, is larselv
responsible (m- the e?;treme shortness of the internodes nf this ty|)e. Thii-
the Compact iini form used in the aliove crossings is regarded as bi-inp in

reality a ' liiml" wheat (cornnion open-headed wheat nf the cowntrv)
its compactness being due to the presence <,f a certain definite fact,,i-.

When a Vowpdctnin of this constitution is crossed with a S(inanhi(,il
sort, the crossing behaves quite in the same manner as whi'ii a i-lxihhj open-
headed L(n}<l wheat is crossed with Siiwiirhidd. or some other sort of
aveiage head-density.

In crossings iK'tween Sintlish •' ImikI" irhcil and Siiunrclnvd, the long,
open tyi)e <if the former is fouml to Ix' dominant. In tiie K. generation tiii-

ty|)e is therefore in the nmjority. Hy cic.ssing Voi„i„i<luiii ami Sqiuinhni,!,
the long oi)en type again i)revails instead of Squuirhnd. When tiie ('>m-
pactum factor is designated at C and the "lengthening" factor p,,.ssessed by
the open headed Luml wheat as L the crossing niay be represented by the
following .scheme:

—

CoiniMirtiDii SiiKiinlninl

V L c 1

I',: Ratio <)C"L: :{ ("
1

12 Ciimpactum

:i c L: 1 c I

4 " not-compact um"

A "land" wheat: 1 Sciuarehead

That the character of the head of " land " wheat is actually distinguished
from Squarehead by two or more factors seems clear.

Referring again to the crossing Compmlum X I'uM. line B, of tl.- 2S
r, I>lants l)eh.nging to the '• m -Ci>,„p<wtuh," group, only 2 appn led
the average head density of Pmtvl while the remaining heads were 1. .;er.

This appro.xinnites closely the proi)ortion lo: 1 which would l)e e.viK'cted ii

Vompnrtum possessed two 'lengthening' factors which were ab.sent in Pu.lei.
a .situation which is regarded by Xilssou-Khle, after a very careful analysis,
to be the ca^e. Tlie.-e two " lengthening" fa"tors he designates as b„ I„each
of which may act independently . f the other and which in cond)ination may
produce longer internodes than those i)ossessed even r)y PuM.

This crossing is expressed in the following manner:—

Compactum
C L. J., c !. 1..



Cfi
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The coniMiiutiuiis wlii.h are Ihooroticully ixissihlc when sorts of this
constitution iiro crossed, inchule all the dilTerent types which have ni'tuaily
heen fouii.l i.y the ahove aiitiior to arise in practice. Tims, four ..f the alN)ve
c.-nil.i.u.tions (1., ], X 1, I; 1, 1, x L, U; I, I, x 1, 1,; and 1, 1, x 1, I..)

should Kive a simple 3: 1 proportion i.e.. three long-headed types to I I'udel
type. I'our condjinations should give 13 lonis-hcailed form.s to 1 form ap-
proxiiiuiliiiK the type ,.f I'mkl. seven coml.inations should jiive only long-
headed forms (/o>i(/<r find more open-hmdtd Ihun I'lidrh and these should
represent the longe.st heails of all [mxluced in this cros-infj, which als,, was
found to lie the case.

The assumpti.m that two ' leuKthening ' factors are possessed
l>y Comp'ictum seems, from the above and other cros.-.ini;s which mi<;lii l>e

cited, to Ik> (|uite justifie.l. It is also In-lieved prol.al.le that in addit'i,.n to
these two distinct factors which account for the sharp seKregation of char-
acters, others may exist which jn-oduce a .secondary or lii-segresati.in—
••XelK'nsi)altunK" That such sesreKation nuiy ol.tain in connert'hm with
other characters involved in a ^iven cro.ssing is helieved hotli hv Te lin and
\il.s.son-i;iile as well as hy other investigators to l)e the case.

In crossing fW(/v/r/«w (C L, LJ with a /.««(/ wheat of the cuntitu-
tion c L, I., the segregation must naturally l)c the simi)le H <;,mi>m-tum : 1

L<iiid when r,„«/w,7«;« is dominant. When, on the other hand, a ('«,•/--

parlurn of the Constitution C !, I, is crossed with a Lniul wheat c L, l„
then nm.st ari.se forms of the Constitution c 1, I_, (.Spiarehead type) as " new"
entities. This would .seem to explain the freciuency with wliich Sciuarehead
tyi)es ari.-e out of crossings hetween certain Compactum and " Land" types,
the apiiearaiice of S<,tmirhmd being due simply to a new nimlnmillon of unit.s
already in existence.

From the crossing Cowpactum (C L, L.) X S'|u:ir.'head (c 1, 1^) there
must arise the 'new' coml>ination C 1, 1^ which lacks hotli •lengthening'
factor, and which must therefore po^.sess ^horter interno les than the parent
C L, Lj {('omiTttitiim).

From the above investigation, there emerges the one outstanding obser-
vation that the Comi)actum f/.ct.ir C in the Compactum sort used
in the cr.issings in question, restrains or "inhibits" the L factors so that
C Li U and C 1, I, may in outward apjjcarance re.seml>le the genuine Com-
pactum. While it is not i)elieved that the effect of the L factor is completely
.sui)piessed by the pre.sence of C, it is tiiought to be very greatly reduce,!.

Of all the diflferent .sorts u.sed as iiarents in the.se investigations only
T. Compactutn (Tyjie I), i)roved sufficiently well defined and constant in
character to enable it to be fairly recognized as a distinct ty]>e. The graila-
tions between the tyi)€s which came next in denseness—Types II and III,
(under which the Squareheads are classed)—and the extremely oi)en
headed "Land" wheat (Type VII) was found to ije so gradual and the lines
of flemarkatiou between them .s,, confu.-ed by iluctuating modifications, that
It was quite impossible to group them into shari)ly defined t>i)es as was
attempted at Svalof at an earlier date. Any groui)ing of tvpes which may
be attempted must therefore be a purely artificial one.
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A fuithei esaiiiple of Litli eMienie^ of |.:iiviiIm1 .lianicleis in iei»ar.l to
earlinesf* iK-iiig e\eeecle.l. was met with at Svalof l,y I he writer diirinu the
summer of MlK). Thus, f|.,,ni the erosMim iH.tween the two Hia.'k oat -oris
linsl,,,, illllHH)) ami hliiik lirll II ((I HIS) there were -.'C. separate ciiltiire- in
the third ueiieralioii. These riiltiires were iniml'ered from l':!.". to •_><'.(( liu'lu-

sive. Niimlx'r 2."i7 was at least three weeks hiter than the ne\t latent cult lire,

parents inchidr'd. remainiiiu in 'In' field lon^ after all .ither sorts had U'en
taken to the hariis. This was the most extreme ease of this kind on record
:il the alw.ve Iii-titutioii up to that time. A few of the condiinati..ns on the
other hand, were somewhat iniliir than the earlier parent, lit II II.

In a crossinjr Ix'tween Triliiinn ('idiiihiiIhiii wheat (very wintei' liaid\)
and a le.ss hanly sort, there were produced forms which were completely
winter killed in the 2nd ueneration, and ..thers which pr.ive.l <|uite hardy.
None, however, proved so hardy as T. Ctiiiiiturlinn, hut were at U-st only
intermediate, Other crosses have shown similar complex residts and it is.

therefore, helieved that Wintei-hardine.ss is not a simple character, l.ut

rather is one which, like other <|Uaiititative characters previously referrecl to,

depends on diirerent units or factors, .Not only do the experimental evi-
dences seem to support this view, hut ph.vsioloni<'al considerations also lead
to the same conclusion, as Johaniisen (17 !> 17.'>) has recently [lointed out.

Investigations at Svalof have shown furl her that certain units produi-e
only visihle effects when comhined with certain other units. The residt of
such a coml.ination is to streiicrthen or eiihaiu'e the visihle etTect of one or
t he other of the units involve.l. Thus ha- Tedin found on <-rossimr certain red-
tlowered an<l certain white-llowered varieties of pease that the resultiiisj

comhinatioiis produce.l llowers havin« a Heil \iolet color. Xumerous
experiments have led to the conclusion that the white .sort possesses a unit
or factor which alone produces no visihle effect , hut when liioimht into
comhination with the factor for rose color produces a llnl Vinht.

Kx])erimeiits in i-iossiiiK l>:ive therefore shown that th(> proce.-s of
segiefjat ion is often of a very complex nature, and one in which many units
may lie involved. Sui'h characters as irintrr-hiinlinis.-^. tiwv iif ripiiti,,'/.

•^tijlwax ofstnnr and n.':i.slanrr (ii/iiiiixt ili.tciw. instead of lK'iii« simple charac-
ter;

,
are helieveil to he nposed of many units or factors hy reason of which

thev are called hy Johaniisen - ri>iislrnclion rhnrnilrr.y." Mv means of ditTereiit
c iml)inations of the various units, a larue niiniher of constant sradatioiis
"I a (|uantitative nature may arise, which may dilTer i)h,vsioloj.ically as well
as niorphologically from the parents. The-e ma lations or lines then, are
not the expression of \i natural tendency' to vary, hut rather of ditTerent
comhinatioiis C'comhinations-variation ") which may arise from a relatively
small iuiml>er of initial different iatin.u; units as already explained.

An es|x;cially eomple.x character is yiMinij iimrer. This is determined
hy many diflferent factors such as that for stooiins, streiifrth of straw, size
ol head and ivernei. resistance against disease, and finally U|)on the different
units which are concerned in the constitution of each of the characters them-
selves. It is of special interest that characters of direct practical importance
tn the plant hreetler liehave in the manner imlicated.
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As HjaliiiHr Nilsson first ol>s»'ivf>d, faU' wihl oats an> not i ((in|il<'tfly

dcvflo|i«'d ficiiii thi- lx<KiniiinK. The first year tht-y difTi>r from tin-

rtiltivatoci sort only in rliitractrr of uwn. Wlifii thvi< hrs' j; iicrtition

ty|x>H all' sown out liy tlicmsolvps thry not onlv n-produfo thcii

own jXTulittr (lianu'ter but produce fornin whirh rpscnilili in chiiractcr d
kortu'l Imth thf cultivati'd sort and tlu- truo wild s|>»Tifs. The cxinTiiiH'rits

••ontinucd l)y Nilsson-Khlc -^iiiro 1!NK» lu.vi' shown that in the pioducilMii

of those foriU" there is an ordinary seKregation in the MiMtdolian sens*',

thus proving that tnutations act much as do i-rossinus, a fact which i ficn

n'lidt'is it difficult to distinnuish f-f-tween thcni. In the li(;Jit of th'- il«ive

ol>.servations, tlie course of develo|inient of "fidse wild oat- '

is U-lieved to

1h' suhstantially us follows: .\monf; the ordinary .sexual ^'ells ai. cs

one which for some unknown reason pos.s«'s.ses certain >! the wild

ri(i. XIII. 'Ful.sc Wild Uut.s."
SJKIM* .VlUf'Hl l.hlc lll'l.

oat characters. It is lielieved that the alteration in this cell is due
to 'lie dropping out or tiie lapsing into latency of a restraininj; or
iiihiOilinti factor. The al>s<'nce of the inhihitiuK factor in Loth egg
and pollen cells allows the typical, fully-(!evelo|H'd fal- wild oat type
lo arise at once; the presence of these factors in l.oth cells is l)elieved

to restrain the "levelopnient of the chaiai-lers of the wild oat so that the culti-

vated form may arise while liie presence of such a factor in v one of the
sexual ceils (egg or pollen as the case may lie) allows the pan uii..\ dewlop.-d
form to an.<e. HeturninK now to the Ix'tiaviour of this mutatinj! sexual ceil

(egg-cell or pollen-cell as the case may Ik>) when fertilized hy a normal se.vual

cell, we find that the result Ijccouics to all intents a crossing l)etwe<>n them.
It is the F, (first generation hybrids) from this crossing (See Fi-. \H. b.)

whicli in:)rk>; the fir«t .ij)j>;-trent <lr-viatiuii from tin- ccu.itiioa oat. When ihe
l)rogeHy of F, are .sown, about 25' ; of the plants produced re.seinble the tj-jiical

cultivated sort (Fig. 13 a.) and breed true in succeeding generations. About
.")()% possess the character of the t>i)e first found (Fig. 13 b.). The.se are in-



w

•'• X; ; ;'i;:';''7'''-^'''--'''
n-i-i,

.HUM. n 1 U. l,ok,.,l
'

'''"'"'« ""•'^' " ^-"''1 -',

Th,. M.ost i,ni„.,t„l,l n.nrlu.i.,,,, ^.s to ,|„. ,,.,t,n,. I .

"1-^ a,.! ...s an. .....nuui;:.! ..v hi, "i;;:;;:;;-
j;;.''7'^'"^"«""""-

'. Ill cliisvifi-i'i... •! i-,v .. '"nii.iii\ a> III lows'

^-•'f''"''^nmyi...i,,„.n.,n,i,..o.., ,,:,;;; ;;;;;'-';-
'-" '- -lu... as •.,..anti,a,ivolv -onii,. u^' " "7^ "'•' ^"''"

'"•'"" ^*'"- Mui.o as flu,.tu«ti„K
i-".'a.ions ami

v«ri.:;ioJl:\:c;;;;:;i:n;;;'';r-''^ r'-
-• ...-„«.,,......,„

"""lysis in ,1„. san.. 2; ;:''"''' '•'" """ '•'"^"" ""'""^"' ^'-'l'
^•"'•'"•-" Thus

, ,; r ,

"" '"'"""" '" '"-""""-"« l.on.,li

'•'• """- "

I. i> -1. :,C'r ,

,^7'"-"' i'"'"l>o.uh.n, M..n,Hian fa,,

"""•••niril inav Ik.,.,,,,,,. i„lrnsifi,.,l tL " ""'' ''"' ''"""•

'"
"!;7 "'0 ox.e,. IT..:; ;:;tt,. ;.;;:::.^'""'^

'""> "- >- " - ->"-

'r
'--tiSrv^s^^ -....

Tiu... ),iotj-,K.s an. tho„.L.;^^ ^;, ;,
'

;•""'"'' '"""'• '""-^ "•• '-^yi
•f -liffn-o„t ,.„n.hina,i.,ns ,.f a rea i . .

"
''T''" l'''''"''''"^

--"'I

"''"'"
'•"•''lvn-,,ss.fer,ilize;a i, s, ;, '

""""
'" "'^' '•'- "^ Ha,

'"^"y vaHations will appe:S':;:;"';;::;ir!
"^

"
^""^^""^"- '^



r:}

•M'XI ttflHMjiliipli.

IVIX'tl'iK I.J.r.l

«<"rnMiitioiis,

;iiii|i'i| it, Scnricli-

"•' iH.r loiinil t,,

«' >|H'l'ic, H|ii|.||

"'iltH l-'nillli-

I \V('«'l|.

"Illl- Mli|> llMV.-

fHiilf .if ((•ifiiiii

<'c| IIV I' >ll.l:i|||

l"f all- U'licvf,!

I wliirli «..,> II,,,

mill .iCfiii III,.,,

IIV).

^'*l>f VMliiilioli

'tiKiiiiun, Willi

vs

:

'livisioii wiiiili

!»<
i 11111,1 ifini-

•lll llMTllilMlV

my \aiialiiiii~

Ions iiikI in ;,

iR, lu'icilitan

nil Mcndcliaii

lis liorcilitarv

<iicli as ro.l

If'liaii fact ( II ~

ly till' >aiiic.

>n with cadi
«' chai-aclci-

II a liiisilidii

iiims line d
'•I I'f II given

lis CDmliiiia-

iir liidtyjics

' Init latlici

« of plants

m is Jllwjiy-

ions fi'iin, ;,

uonee lipic-

M When fiiiiiin lire i'i'iir.»4>il wtiich art' ili-linniii-hi'il h a ui^'atpr or

Ic-MT luiiiiU'i iif nniis, tin- I'luiiliiiiatinii" whuji ,iic |H,--ilil'- .tuiiij in i-\a>\

|iiii|Miitiipii til the nniiilicr of unii' invulvnl.

• While ililfciciil iiii|c|iciii|iMil illiils iMii |i|.i.|iii (• jiiaiiiiullv 1 111 -uuc
external ctTeel ami while ilitTerciil i .|iilii|iutioli:< can -huw pla'ln illy the ~ii(iic

e\ii';iial results, cases uciiii where, from crossiinj- U't Hfcu »<irl" whlcli ex-

leiiiall,\ ri'«eiiilile each ntlier, th»'re ali-«' new i'iiiiliinatii>li« with inuic .-r

less shurply ilistiiict external characters > hie in a speiial Kii'i|(iiiii> n| i Ih' iiiiii«.

In this nianner forms which a|i|H'ar a- iien ' ainl which uiinlit U' ini-i ikcn

lor niMtatioii-, can arise.

•'» 'riiroiiKh coiiliiiiieij regn !j>inR of certain fai'tors thflf inav ';ikc

place wha' is ciiiiiiiion'y known . .1 1 iriliniilizitliini. The sf mnuer aiel lUiHi-

liaril.v ciimliiiiations survive wl !•• the weaker unl le-s n«,i,t,iii' pi-ri-h

ill the •.tnmiile.*

That ciiniiiniiius hereili'.iry ^ ;ii iuiimis ilu nut miiiinate as a ii-'iili nj ^

relatively liiniteil iiiiinlM'r .! iiulepcM ilent tmitsuri-iiit' throimh " mutation " a-

I'laii 1 liy l)e\ ries, is [KiiiiKil cti lr- Nilssin-Klile (I. c p 7). uh.iempha-i/es
the practical importance . ! ; c ,in>rr iiii lersi.i'.l 'm 1 ihis i|uestiiiii Thu-,

"in the li({ht of the cuiin p' inn nl lu ^ i-n nee nf a irlali\('ly limiteil iiimil.ei

of (lilTerent Iwiriiis iir l';ieiiieiiiai . *!pt .'s. ,,iie wmilil e\|>ect tn lunl in uhl

race.s a relatively small niiiiil.ei . \ . 1 nnfr ;ii fnrin- and thus wnuhl niu

the ilaliner o| uver-luokinij miicli iIm.iIiIc n:a'iri.i!."

The stiikiiiK constancy of tlm^r- l-.il:,tei! fmuis whirli have Ummi iii\i-ii

giileil is helil res|Minwil(le in jiait at least. Im the idea that theM> repre-tni

thi' r--ential units tlieni.seUes 'rhe reason tui ihi- ion>laiicy in -clf-fert ili/.-

iliK plants has already Ihh'ii explained.

When the heieditary ditTerences iK-twecu a iiumlicr of dilTcieu :.•

types ai-P investigated and classified, the continuity uf heit-ditary \a' u,

is revealed. Thc.-^e dilTereiices nmup theiiiselves around a iiinin in 1 -i

manner as dn modifications.

Ill discussiiiK the various termiiiolii(Tie- which have Ikhmi proj . -•

liiffereiit wiit,er.s for the difTerenl clas.ses) of variation, Haiir CJ) of (..ipr.ii .

points nut the eonfusiiui whii-h has followed the application of the te,

iliirtiiiitiiin to both niodilicatiotis and to la'reditai v variations. The views

advanced hy this writer are ijuite in acconl with those ..f N'ils.son-Khle. who
has accepted the following general < lassification, although the diHiculty of

makinj; sharp distinctions is fully reco!{ni/,e<l:

—

I. .Modifications (not hereditary).

J. Hereditary varititioii.

.\ distinction is then made lietween

—

(a) Individual, continuous modification and
('') Individual, continuous variation.

•Ttiin qiiMlion in ilinoiiswd more in ilptail liy Nil.wou-Elile in » |iaii»r given liy him at llip Inlpnmlional
Onftiiw Cnnteri-m.e lieM in I'ariH. Sc|,trml.er IS-2:)ril, 1911. Ttii« i>ai»T in entitlwl A<-rl„„alnlMn p<n
r r.nntiinainon tit /iwlrur-i mrntiWirnit.

"
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In tlie case „f cn.s.s-fertilizing
'r'coies, where there i« a cnnfRi-oupng of the iini-t- ... 1

•
"1--^'". "Here there is j

(a) I'iuctuating mclifications.

(1)) Fluctiiutinp variations.

^^^^_^A_fi„al .,isti„..,i,.„ i, n.ea ,„a.le hetween plus and n.inus fluct.

Oi) I'his and minus modifications,

n>) Phis and minus variations.
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Velvet chaff l)cing dominant over smooth chaff, the first generation
liyi)rids will \ie velvet-chaffed, l)ut in the secon.l and succeeding generations
l)oth velvet and sniooth-chaffed forms will appear. The latter Ix-ing nri-s.'^l ,r

will l)reed true; the former, or a certain proportion thereof, will continue
to segregate into velvet and smooth-' haffed forms. It is therefore a difficult

task, requiring several years of careful "rogueing" to get rid of all velvet-
chaffed forms.

The ixM'sistent reappearance of white-chaffed forms in ai^iiarontly pure
field cultures of lirovvn-chaffed sorts, bearded forms it; fields producing l>ald

sorts and white-kernelled forms in red or hiack sorts also .seems capaiiie of

explanation, in part i.t least, as due to the biological difficulty of perman.-iitly
removing all dominant heterozygotes. Thus, when a white and a black oat
.sort l)Ocome cro.ssed, the first generation hybrids are black as hinrk is dominant
over irhitc. In the second and succeeding generations both lilack and White
g ined forms arise. White iM'ing recessive the forms po.s.sessing this color
will breed true; black being dominant, heterozygous forms are concealed
which in following p-nerations, divide u|) into whites ami blai-ks as well as
into other forms presenting intermediate shades or gradations of color.

Thus will be seen the impossibility of entirely re ving white-kernelled
forms from an inconstant black-kernelled .<ort by a single picking out of iiU

white kernels. This is illustrated more clearly in the following diagram
which shows what jnay be e\|)ected in each of .seven generations fnun one
kilogram (al)out liO.OOO kernels) of a black oat sort of which IL'S kernels are
heterozygous (41, p. 2:i.")).

Hhrk-

'-'tis 72

JIl.iH)! 2'.l.s;2 + :{_'

2i),0l'O 29.S72 4- :V2 + Hi

ffitinizf/lfntcs

12.S

(U

;i2

Iti

s

4

117,, /,

:i2 = ;{2

Hi + :i2 48

N 4- 1(1 + :!2 .v.
2<l,!t2S 2!»,sT2 4 :i2 + Hi + s

20,0:i2 --21I.N72 ' .•i2 + ir. + N 4- 4 S 4 4- S -^ 1(1 -, :i2 . (ill

2!t.!i:t4 2'.l,s72 t :i2 f |(1 4- S 4- I 4- 2 4 2 4- 4 4- s 4- Ki . :i2 (12

M.'Xir, - 2!t,s72 4- .i2 4 Hi 4 s 4- 4 4- 2 4- 1, 2 1 + 2 + 4 4- S 4- 1(1 , :i2 «,i

Hy the regular .Mendelian segregation <if the inconstani forms (Hetero-
zygotes) the number of constant white-kernelled f.urns has iiiiTcased from
'.'>2 t.. (»;! in -even general ions. From this time onward the pinduclion ot such
forms will be negligible in so far as the cro.'^sing in ([uestiou i.^ concerned. My
continually jiicking out white-kernelled individuals as they appear, the
nundK'r is ultimately reduced until praclicallv none remain. .V coupl... ,..f

instances may here be given: In the HIack sort, (inut Moi/iil there were



70

all win e kernels ha.l i.en ren-.v-e.! fr..,„ the see.l sown, ,he ha vesZ "
f ;:';'""

kernels in .iifle.nt san.ples exan.ine.l. a" I." .
/i oat> whH.h ha, not In-en haml pi.-ke.l containe.!, in mm fro.n 3.-
lute kernels per blogran,, while another stock fro,,, whi.-h all white i

h,,e ke^,.e s per k,log,,„„. Uan.l picking of these s..-ts has heen eo,.,

ew iri!
.'"'""' ""J

''"'' •^*'"" "•"" ^^"'' "- '•^-"' ""^t onh

P n
^ , con,n.e,v,al stocks ,s n,ain,aine.l to s,...|, a degree as is po.ria ,he orcu,Tenc.e of white-g,-aine.l oats i,. hlack-ken.elle.l so,-tsl

lue o s n , ..hanges-,he dn,ppi„p out or the lapsing i,.,o late,a facto,- for black.,,, ,nd.v..l„als which nonnallv possess this colo.-l.
Iieen jKunted out (.-)1. p. i;{!M,-,ti).

In discussi,,n constancy i„ the color of the prai,, of oats attentid awn ,o ,,,od,fica,,o,.s („ot he,e.lita,y diffe.ences) which f,.e,,„enthf.-nnd „, 1. ack, yellow and g,ey-ker,ielied so,,s. Mhu-k oa,s f,o„ ,|,e ,usua ly take o,. a lighter sha.le when gn.wn in S..ania ,Skane thesouthern pn.v.nce. This is in no sense an he,-editarv change net'he i..legene,a„on. The alte,-atio. in color is sin.plv the ,es„lt o
"

c „nenv.n.nn,ent Ac-onling to investigations 1,- Ane,.l.,g of Kah a ,e

g..un N„l .-ather than cl,„,ate is ,„ fact gene.allr .c^a.-ded as the ,P'"nt factor in effecting color changes.
" '"^o -i- "if i

v.- PRACTICAL APPLICATION OF PRINCIPLES OF CEREAL
BREEDING NOW RECOGNIZED AT SVALOF.

IJ,„.

inciting.

uo,k o ce,eal l.,eed,ng at Svalof within ,c.cent yea,-s (.si„co 1-
l.K). ha> .•on.e to ,.o„s,st dnefly of sp.dal line breeding from the l«st
yar,et,esan.l„W,yJc,V,/MnV/,>„//„„

(,<;. p. 105-170; 47) Uy Vn^o nZs n,ean the takn,g out of individual .nother plants fn.,,, a n.i.xed ..t.on w. hout specal ,eganl as to whether the said plants are hota, i a
n.>n.l.,log,..alb; ..Tcen, or not. This p,.actice is hased on the d!sf
1..U .„a,ns which ,nay resemble each other closely i„ outward appea,-,.nay conceal qu,te d.st,nct physiological diffe.vnces. A pn,g,-essiv. v

.^
selecfon cannot ,l.e,-efo,e Ik- li.nited si,„ply u, ri.l,!, dffTcent ^t ,.:,

< l.a,a.'te,s as well. In acc.ndance with this idea the.e is now taken out

.rresfK-cfNe of n.orpl,olog,cal chara,-te,-s. Thus has the svsten. of e Jlusi^..rn, b,.ed.ng o,. " Forn. separation " of earlier days iK-e,; extend dt.has con,e to be known as Line Breeding.
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Still another important departure in the system of selection Mas U'cri

made. Where formerly starting points for new i.nd Letter races were sought
for from far and wide and witiiout regard to ihe variety in which they wiiv
fouml soleciion is now limited to the l)est vai^ieHes.

The principle recognized in line breeding work at Svalof has i>een widelv
iiliserved in the leading breeding centres in Kurope. In Denmark it is the
ieailing princii)le; in Austria it is a|)i.lied hy I'ammer ami \anha, while
1 niwirth. the Austrian investigator, has di.-cu.s.sed irs merits and its adv.mt-
aues over the old .system of Form-sei)aration.

While artihcial hybridization, as we shall .see in a moment, must occupy
,1 front place in all scientific breeding work, yet tlie search for superior bio-
types among the best old varieties nuist always i)e pushed forward with zeal
an.l intelligence. The possibilitv of locating superior types through line--
breeding, together with th- fact that only a c(nnparatively small number
of individuals can be teste(. : a time renders it practically impossible to com-
pletely e.xhaust the material which nature otYers. The rich ex|)erience of the
Scandinavians as well as that , f other Europeans has le<l to the almost
unanimous opinion that .Id races, especially in the case of oats and barley,
-hould not be allowed to become extinct. The reason f,,r this opinion is that
once an old race disap|)ears there may go with it a valuable .source of new
and still unexpl.uted material. At the International Congress of .\griculture
at Vienim. 1!K)7, it was resolved "that a .systematic collection of old native
laces l«. nuide and that these be carefully «'atalogued and <le.scribed as a
basis foi- further breeding," A nunmittee consisting of such men as Fniwirth,
rs<'lierinak, Kriks.son, \'aidia and others was ai)pointed to take this matter
in hand ami work out a basis for the preservation and further exploitati.m
of native races.*

The popularity of the leading pedigree oat .sorts in Sweden afT.irds a
Mriking e.\ample of the manner in which an old race can ( le to U' ilisplaced.
Thus the Vidoiji mil has largely displaced the coinmoii I'robstier variety
from which variety were taken practically all the best pedigree .sorts of
white. ,ats of medium-early ripening tyje now in cidtivation in Scandinavia.
Fortunately the Danes retained a sort U-hjiiging to this group known as
/><i/(/n/( /.</((>«/, and from which a .sample was secured six years ago for testing
at Svalof. The results of this test were surp•ing in that the old discarded
mixe.l sort has excelled all , w i)edigree sorts tested with the e.xce|)tion (,f

Virtiin/. A number of new lines have l)een developed out of several hundred
taken in line-breeding work from this ol<| sort, and results to date seem to

indicate tiiat at least one of the.se will come to occupy first place.
Ill regard to the common autumn wheats of niichlle Sweden. .Xils.son-

lihle hils nuuie a .strong plea for their c.mservation in view of the many
desirable (lUiiUties which they possess. I)<.spite all the work which has been
done with wheat, the.-e sorts still hold first place in respect of hardiness and
.(Uality, althougli lion and J'ikIiI. two [ledigree sorts to \<o described later,
seem to combine a greater miinl)or of good (inalities, such as yiehl and stitT-

ne.ss of straw, with a reasonable degi-ee of hardiness. The above author

/
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(47. p. 11) say.'*:—" Even it the new sorts actually are suiieriur and deserve to

1« 'spread, it may nevertheless Ije insisted that hy displacing the old so-

called native sorts there may 1)C a danger of losing for all time many valuable

constituents which they may possess and which might l)ecome of value in

hieeding work. From this standpoint it is necessary that the old sorts be

conserved and further worked upon." Tliese experiences would seem to

indicate the advisability of a l)reeding station adopting some definite plan

whereby rei)rcsentative" cultures of the Iw.st old races may l)e retained in

their natural composite condition in order that a perennial source of new

selections and material for continued crossing work may thus Ije provided.

Ariifin,,! Investigation into the origin of hereditary variations in cultivated crops

h,,hri,liznti,m having led to the conclusion that liiese variations consist very largely of

different conibinalions of segregating units or factors resulting from luitural

crossing, the Ineeder's whole manner of thinking must !« guided by those

laws uixin which the i)erformance of such pnxhicts is ba.s«^d. He must not

only seek to take advantage of such combinations as nature has already

(Movided, but he must at the same time bring his own skill and intelligence

to t)ear in endeavouring to effect artificially still l)etter unions. Since the

reapi)earance in 1900 of Mendel's ei)och-making paiiers on heredity, artificial

crossing has Iweu elevated, not only to a process of immense scientific interest

,

but to one of great practical importance. Although this process had occui)ied

a iirominent place in the work of different breeders for many years previous,

having iH-en practised by Knight during the early part of the Nineteenth

Century and later by such savants as Vilniorin, liestehorn, Cymbal and

many others, yet its significance was not fully ai)preciated until after the

true nature of iiereditary variations and the idea of segregation and cond)inii-

tions was exi)lained by Mendel.

Experience gained in the ai)i)lieation of this law during the jtast ten

years seems to affortl clear and convincing evidence as to why earlier attemi>ts

at hybridization at Svalof were uni)roductive of results. The following are

submitted as the main causes:—

1. Tlie .sorts chosen as ])arents were neither suitable for cultivation

n. 1- were they crossed with any idea of effecting a cumbimttion of characters.

.\ jjood c:.:imple is given in the crossing between Ol<i Siiuurchcml and Dirifhiul

.\utuiuii wlicat.-. -Many crosses were also made between Spring wheat sorts

whose values had not l)een sufficiently tested and which were later found to

!«• of little con-cciuence. It is now recogiiized that if resuUs are to be

e\|)ected. the crossed varieties nuist be fully known with re.si>ect to their

practical value w'.ien iirowii under given conditions and the crosses must

ahvavs lie made willi a d<'linite purpo.-^e of combination.

_'. Sorts were cros.-ied which were too tiidike each other. (.(/.: the

Kuiilish S<itiiirrli,;iil wheat was .-rossed on the Swallsh rdrri ch'ijf, two sorts

wliicii are wi.U'ly different in character, both as regards type of plant and

winlcr-liardiness. In such ca.-es the greater numlter of diirerfiiUaniifi, uuit.-

to be dealt with make possible the creation of a great number of different

coiubinatioiis, thus rendering the work difficult and jn-ecarious.
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3. Tlip usp of (lefpctivp iiH'thi)i|s of si'loctiiig the pri)<;cny nf crDssinos,

the custom l)oiiij; to select on tlie Imsis of niorpliologiciil cliaiucteis only.

!
_s

J
Ax a result of this practice, ii relatively small iuinil)er of tiie |M)ssililo

I
conitiinations were taken into consideration. Since heterozygous and lioino-

I zygous forms are often (|uite similar in appearance, and sini'c individuals

I
of the same morpholoj^ical aspeit can he very ditTerent in physiolo^iial

i characters, and thus he of very ditTerent practical value, ail i)romisinn

J individuals in the early <;eneiations of a crossiiii; must he taken for separate

I proi)aK:ition and study. The significance of this method is evident , especially

I when sorts whi(di resendile each other closely in morpholof^ical characters ai'e

I cros.sed. When the principle of .Mendelism iiecame hetter understood, it was

I
(|ui(d<ly seen that the system of pedijrree .sel(>ctioii after artificial crossinj; is

' even more necessary than is this niiiluxl in ordinary line-hreedini; work

where only constant comhiualions are considered. Indeed. .Mcuidel may lie

said to he the resd founder of the s<'ientilic jiriaiciple of |)edi!;rei' selecticui,

while N'ilmorin was the first to upplx it in practii'c.

Durini; the early years in which lireeders sou;;hl to apply the >h>Mdeliau

principle, certain workers were led to lielieve thai many cros-es did not

display tlie .Nh'ndelian pi'oportions. a lad which sei'\ed to prevent the

universal acc(>ptation of the law as -uch. Within moic recent years, however,

students (.f heredity M'cm to ha\e nioic clearly inlci lucled the fundamental

principles invohcd and have tliu-- found a >atisfaiioiy e\|ianalion I'or niaii\-

of these api'arant irrcfsularitics.

l''oiiowini: the di-coveiy i f the numerous di-tinci and con-tant form- ^
'

which If" til m;d\e up many of oiii- ohl rai-es, it wi- lielievcil that aitilici.-ii
"'

crossini: W(irk as a means of producini; fui-tlier material would seldom he"'

reijuired. I'Aperienre, however, ^e(•llls to ha\'e lauj^ht otherwiM-. Tnie.

|)rofiress ha.- heen made ,nd supericu- si,rts have heen developed hy takinj;

what nature already otfered. hut in a jrreat man> cases some of the most

pi'iunisiuf; of the>e sorts in regard to i-ertain (|Ualities have heen cons[)icuou>ly

weak in others. Thus selections for sui'li specific ciiaracters as slifTne-s of

straw, rust ic-istance. winter-hardiness (in autunni sovii ci'ops) r'arl\'.

maturinji, hijih yiehl. et<\, have li(>en madi li^-.m old varietir- on an extensive

scale, and while an advance has heen m:i'i .n sonie cases, yet the prohlem

has not |)ro\-en an easy one. It has, in fact heen found difficult to ohtain

in old races, stiains which condiine the hest of all i|Ualities. .V sji.od example
is afforded in connection with an attempt to ohtain a special winter hardv

strain of wheat fi-om the (iriiuuliir variety hy carefully removinii all the

weak anil damaged plants from this variety after each severf> wi'i'er, .\fter

the hard winter of P.MIl, a selection was made of plant> which had survived

the se\ei(' londitioiis of that memorahle year. These plants were ])roi)a<rafod

separatelyas iMnligree cultures where practically all proved hardier than the

parent sort. The most juomising of these cultures was nuiltiplied and an
Klite stock handed over to the Swedish Seed Company in the Sjirinji of 1!M):}

for coiiuuerciiii e.xploitalion. Tlie ^ununer ol l;)i)o pmved a very liad one hu-

rust, a circumstance wiiich revealed the interesting though disai)i>ointinii

fact that this new winter-hardy sort which previously had ju'oven so promis-

«/. mill,'
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iiill. was cxtioiiicly siisccijtihlo to ttio al)i>vp d'lM'aso and was f|uite useless fni

(•(iiiinicrcinl |>iii'|in>es.

AiKither |)0(ligreo sort, taken fiuni the 1-Jxtni Sipdiirln:!//! autumn wlioat

proved ccinsideralply more winter luirdy than the latter, hut was found to lif

weaker in the straw. An advaiK'e had thus heen made in one direction at tlu

exjieii^c nf iUiothei-. Certain selections taken from Sili'clcd iRcnnillad) Sqiinn

html have excelled it slightly in yield, liut also seem less strong in tli(

straw. I See V. 'Jo).

The difficulties as.sociated with liiie-lireedin<; work now seem easy o

e-xjilanation. The various strains o' l)ioty)ies found in old races are the

result of a iilanless crossins in luiture and as such are coni])arahle with thosi

which were produced artifi<'ially at Sval(')f Ix'fore the condiinations idea hai

heen developeil. and with the results already indicated. In the light of th(

aliove idea, it seems clear that the prospects of success are infinitely greatci

wiiere ciossiiig work is |>roseciited KHxIniiiilirnllii and with an idea of etTectini

.Some definite combination of desiraMe characteis. Th(> sorts to Ik? crossec

must also he especially chosen and a careful exiiloitation made of all com

hinations which aii])ro\inuite the desired end. In accordance with the u1h)Vi

principle, artificial crossinu; work lias come to occupy a front )>lace in tlu

general system of cereal hreeding at Sval<>f.

While some progress has l)een made in isolating from old varieties o:

autumn wheat, strains wlii(di are more winter hardy than the latter, yet i

strain eondiining a sufficient degree of hardiness with the ])roductivity of the

hest yielder has not yet lieen ohtained from this source. .Vrtificial crossini

has therefore heen resorted to and has resullecl in very evident progress, tlu

sort known as Kxtni Siiunrrhidil Xo. II standing as the most conspicuou-

monument to the efforts ])ut forth in this diicctioii. Thus far no sort ha

heen ohtained which comhines the maximum yielding power of the highes

yielder and the tnaximum strength of si raw of the stllTest sort with the degre(

of hardines.~ of the conuiion Swedish sorts, although |)rogress is gradualh

heing made in this direction hy continued cmss-hreeding work.

KfToi't~ to find in old races, strains coirdiining early maturity with higl

yield, while hy no means fruitless, have not fulfilled eai'lier expcctation-

Tlie lu'iili yielding though relatively early maturing dolil Rain oats (isol;tter

from the old I'mb-diir variety) is ]x'rhalis the hest examplo of progress ii

this diiection. .Vol wit hstanding all elTorts which have heen made however

to ohtaiii still c;irlier sor(s of e(|Ual yielding capacity hy a further exploit at ioi

of the ahovo old variety, not a single instance of real progress is dn recoi'il

'I'rue, soniewhat earlier sorts have heen discovcMcd, hut these have provei

defective in ceitain other essential (|Ualiti(>s and liave thus marked no rea

advance. Thus the >oit t),l]C> i t(l. p. I 1), though -omewluit earlier than Goh

liiiin. was found to h(> weak in the straw and was conseciuently ahandoned

.Artificial crossing hetween early s<irts is theicfore heing |irosecuteil as ;

means of ohtaiiiing th.at whiidi selectioi\ failetl to give.

In the prosecution of crossing work due regard is laken of the fact tha

sorts whii-h are morphologically alike may he constitutionally different, ani

nun' when crossed, produce iinulntidns which excell hoth ])arents in regard ti

certain ])i'actical quaiitio. Tiiu^ "When (he specijic ami i:- lo ool;uii
;
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luirluT yiVlilinir >,,it l,y .Tu.sinj;. the piiMcipIc lias l.,.,oino t,, .•n.:.> llu- Ivvo
hiKh.'st yi.-l.liiiK s,„ts witli (>M.'h .ali.T. This |.,i,„i|,lo ri'c,.«niz..s that tlio
s|M..M(ic yicl.h'r.K |...\vcr ,.f a s.irt is imt tn Ik- ivKanlcl a> a .•hara<'t.-r in itsrh',
hut i-athcr as the ivsult of a comhiiiatidii of many ditTciviit factors. When
onr ciossos twt. sorts ur. in other vvonls. two .•('.nihinatious .,f ciiaract.-r..
which fiivc the saiiio avcrajic yield it is (luite conceivahle tiiat the nuineron-
factors wiiich .leterniiiie yield can e(,nihine themselves in such a manner a-
to produce sorts which are m,,r.' pn.ductive than .'ither of the narenl^

"

A K"'"! example of the ap|.licati,,n of this principle is found in t he
crossiMK Let ween the Iw,. hi«;h yielding autumn wheal sorts Extnt S,,„iireh,,i,l

11 -' Tustuft, Small. In oat. I he crossinj; iK-lween I'/r/ocy an<l N,mjw,nl.
the two U'st yiehling .-orts in Swe.len and Demnark vosix-etivelv at th.-
l.resent time, afTnrds another Rood example, while in l.arlev the hi-l'i vielders
HaiDichci and (/oWhave heencrossod with the hope of ol.taininK unions other
things a still further advance in yield.

The ahove principle is also apj.lied when seeking to iniiu.rve upon
certain other practical <|ualities such as resistance against diseas,., strensith
of straw, eaiiiness of maturity, etc.

Fr.uii the ahove .liscussi.ui it will he seen that crossjujr. made at Svalof
are of two kinds in respect of the sorts use.l as parents, viz.: ciossin-s Letween
pedimee sorts taken from the same old varietv (c.v.. VIrlw,/ and Doni.-^h
.\iis.,a„r,l oats. I.oth out of the .,ld I'ml,./,, r variety) and U-tween sorts of
ilitTerent origin.

In all crossing work, care is taken ordinarilv to avoid crossing sorts
which are too dissimilar in character. While it" is fully recognized that
progress may he made hy such a meth,.(l, yet the difficultv of coml.ining the
desiral.je characters of the parents is found to he greater in such cases. U
is conMder.'d safer practice not I,, try to ,,l,tain t,.., much at the one time.
Till- principle als,. reduce^ one of the .lilliciill ies in crossing work, viz.: the
tendency t,,ward sterility in oats and low .piality in wheat. When wid.'iv
dllTerent oat .s,,rts a;e cros.-ed the st..rility of the hvhrids ha~ alwav- heeii a
great hindrance to pr,,gre.-s. Thus, in .To..sing (irnil Mo<ial xy[th I 'rob.tur
great sterility is met with.

In order to take full .idvantage ,,f all possible coml.inatioiis which mav //rnir.i
arise helween the units ii.volve.l in a .-rousing, repeated cn.ssings mav often
I'e made to adv.Mntage. Such repe:,t.>,| crossin.gs have alrea.lv heen made .'it

SvalOt. A .good example i- given intlie cro.s,- /-Jjln, Sqmnrh,;,,! II xGr,,Hi,i;,r.
the latter being one of the parents of the f.M'iiier .sort.

It is a <-oninion observation that constancv after crossing is obtained
only gradually. The law of Mendel tea.^hes that each .-ingle character in a
certam luoportion of the various combitiatioiis produced becomes consfmt
m each generation, but since many characters may be involve.l it may
happen that ..ne character nmy become constant in a c(-rtain individual
while another cliara.'ter in the same individual mav segregate. Thus a certain
wheat culture in the second generati.m (F,) might posse.ss a constant color
"t chatT with an iiu'on.stant color or .|ualilv of kernel. Obviouslv the tj-pe
re.,uiied t,, obtain full constancy in all characters depends largelv up,.n the

rn,..si,uis

nmslttni-'i in

iii'ir ciim-

btntitiiitiH.
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nuinl)cr of (lifTcrnit chanictcrs cDiiccniPil in the cninsinR. Whoii (•r(>^!<in«

iiro mniU' U'twccii cluM'ly rclatfil funiis, it is not iliffii-iilt to olitiiiii it puitficien

cli>Kroe of roiistiiiirv in st'lcctcd cornliiiiutions in a irliitively short timo.

Scioction iis pnictisfd witli the progf^ny of artificiitl crossings correspond

closely ill principle witii that followed in the isolation of lines (liiie-l)reedin>;

from a coninioii population. I'vactically the only difference iK'tween the t\v<

(uses is that in the api)lication of line-hreedinK to artificial crossinn product?

selection is continued until sullii-ient constancy is reached in the selectei

coiiiliinalions. The details of the method of selection practised in such case

will lie discusse<l later.

While it is undoulitedly of k''*'"' importance in the majority of case

iliat well known and thoroUKhly tested jiediiiree sorts i)e used as |)arenls i

cros?-iiii; work, yet on account of the jjreat length of tinu- which is often nece?

sarv iicfore such sorts are av:,il;'.Me, it is ni>t advised to forego crossitiK wni-

e!iiii''ly (lurin;; this time. Hatlier is it lielieved that cro-ssing should coniinu

a- !i parallel work, jirovidinp known ild varii'ties which seem to offer possi

l.iiities aloiisj this line are availc'"!.'. .\ fi'""' illustration to show that

common unselected variety may sometimes lie used to advantage in crossin

Work i> found in a crossing lie' ween the wheat sorts Piiilil and the comnioi

,S'»'((//.v/i ri Ird chdjj'.

Tiie actual laiior and lime ici|!lired in connection with crossiii;; wor

durinu; the fir^t two years is .-o small that it is rcir.irded a f;ood prai'tice t'

alwa>'s have on hand crossin<; m.iicrial of at iea-^t the second ijeneratioii (\'J

from pi-omi-inj: sorts wiiicli are under trial, in order that ju-^t this much tim

may Ik- ^nvoA should the results of such trials ju.^lify the prosecution o

ftirtiier work with a uiveii cross. This plan has l)een followed at Svalof fo

Some years and in several cases has residted in saving con-^ideraMe time.

Still anoliiei' course of procedire in cro.-.«inji work, especially wit

autumn wheat, ha> liegun to lie jiractised at Svalof, vi/.. Ihr rniiliiii) i

litiliiiliitiiiiis ( Ki. p. Kilt). Two kno'-n .suits are crossed and the wliol

jirogeny from all second and succi-edinj; jienerMtioiis is sown tojfether c

iKtxxr. 'I"he oliject ot this plan is to aiiow the .-evere coiHlitions of wintc

and early sjiriiif!: to either destroy or expose the weikut -ms of as many (

the more delicate cond>inatiiuis as |)ossilile. In the .alte: case the hreedi

is givtMi an o]iportunity of assistinj; nature in hi'r work of elimimition I)

liractisiiif; a form of mass-selection. While there is thus effected in a ver

simple manner , a gradual weeding out of a great nniss of unfit condiinatioii;

the progeny of a I'lossing at the same time gi'aduully assumes the charai'tc

of an ordinary mixed ])opulation, the differeni i lunhinations liecomin

autoTuatically cotistalit as time passes. The ad\atiiage~ of working wit

constant forms will he appreciated hy all breeders as will also the fact tlu

through the alxive arrangement the nundn-r of comhinations whi(di ma\' ari?

thidiigh tlie repeated -egregation of inconstant forms in ea<'h succeediii

generation will have increased immensely.

The above system has heeii followed with the wheat crossing 'L^o* 7 (ot

of Selected S(iuareliead) and a;;/> (out of English Stand-l'p).*

•,s.-.' \ nKli'ilniiiK pa nK^9l^^4fo^»lik»f»lt vi.l Svalcif. p, M, Fiflil Numl.i-r 4J.
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The nhjort nf this piirticulur rnm.siiiK is to iil>iiic tin- Imnliiicws of

SqiKirrhmil with the hinlipr yield of Stumt-l' )). Tlic latter sort Ikmiik I**"^

liiirdy, <'()nil>iimtii>ns miiy Ix' e\|>ecte(l wliicli me iii(':i]>ulile nf witlistuiKiiiin

the rigors of ii severe winter. Obviously it wmihl W waste of lime to work
with cultures which only awiiit s|)«>(iiilly sevciv conditions to he entirely

destroyed. The method in question iillows tiuture, \\ith the help of nmii, to

fsniduidly weed out the weaker comtiinations so that after a few generations

only tried and constant forms renuiin. It is now proposed to make line

si'lecfions on a larjje .scale from the al;ove population. Such .selections from
a iMipulalion of known parentage are regiuded as much more ho|K'ful than
where one must deal with an unknown (|Uantity as in the case of common
varieties. In the autumn wheat crossing (lirmitlii r x ('»ni' the .severe winter

of l!M».'i [)erfonTied a .selective influence aniong the hybrids liy either enlirelv

destroying the less hardy or liy revealing iheir weaknesses .so that a mass-
.^^election of strong hardy individuals could U' maile. While the above system

re(|uires a considerable length of time Ix-fore any definite results can Ik>

ve; /'I'd, yet it reipiires very little work until the time comes to make selec-

tions. Numerous crossings of this kind uuiy therefore be carried forward
with the regular work and thus provide .' constant source of new material.

In discussing the present status of tlu place of cross-l>reeding in cereal

improvement work I'ruwirth (12) C(,mbin( - the conclusions of .\ilsson-i;hle

and Tedin of Svalof with that of Tschermak and others thus: "Tiiatthis

branch shall leave rich returns can no longer be (loul>teil".

Mii.ss-mIicHdh. and the high state of development to which it attained -W'

at Svalof during the early years of the existence of that Institution, has'"'

already l)eeu explained in iletail (See page IS). While this system was
(loomed to occupy a secondary jjlace in advanced breeding work and wiiile

there are doubtless certain dangers associated willi such a system, yet there

are good scientific as well as practical reasons why this method can still Ik-

of service. In the first place a mass-selected stock, containing as it nuiy a

iHimber of distin-t biotyjjes of varying potentialities may Ik- able to give

higher average returns over a series of years and under ;i % .;riet v of conditions

-.v./.r-

HtlfCtflt sttrtA

than a i)edigree s<irt which constitutes a single biotype, recpiiiing as it may „„.,, „„, i,^

more exact conditions. While the advantages of pedigree sorts caiuiot \h' ilixnir,!,,! i,,,,

denied, yet on no account is it advised that sucli .sorts be allowed to displace himiihi.

a nuiss-selected sort of recognized value until the two have been carefully

compared.

Mass-selection has pros'en es|M'cially useful both after cro.ssing and in

ordinary line-breeding work with autunui sown s(]rt^. In b<ith cases it has

served to assist nature in elimin.iling the delicate and in conseiving the

hardy. Themass-s<>lecti'il S(|Uarch(ad wheat sort ,N;(//(i/s' lieiioillml [Sihrtnl)

Stjiiiinhi'tiil. stands as •( monument to the usefulness of this svsteni.

Ax II fiiirniiincf of piiliiircc xiUrtii)ii from old mixed varieties tlie value
^^"••'<-'" '""-

of mas.s-sciection is fullv recognized. Mv reason of the iiuil)ilitv to test more '.'"" '"' "
,

1 ,• 1
!• "

1 ,

' .... " Jiireruiiiiir iif
tl 11 a tew dozen pedigree cultures at the same time it is imp<u-tant that there p,.,iiuru'

be included among them as few inferior oni's as possible. Two or three years sihciwu.

of mass-selection as a preparatory worji, is l>elieved to tje capable of reducing

very materially, the chances of selecting many su<'li types. .V goo(l example



K4

of thf vuli.lity .,f surh M rlMiiu i- atT,.|.!,.,l in the inas.-M'!... I i,,„ ..f |„,,,i- ,„
IM nm from an ..l.| pcli-rr,.,. s..rt uiiKi.mtini; fr (omwhn- uutiiuiii wli
i-*\ \K ;{J0) Tlu' snn ,„ ,,,u.stiun wa^ ui.,wn <>ii :„i ..nli.iatv farm n
Malut an.i tlu- srl.vtinii wu.« ma.l.' fr,,m tli.. sl..:,t l.v .uu- ..f «h.- .'\|H-rt.
'•"• Stati.,r, III makiiiK tl,i, ..Irrti,.,. rarr was ...kim lu M,-v\ .,u\v I,,-;

wl.Mh wen- lyiucal ami wlii-h rniitaiia-.l (iiu-, |>luin|. kiTiirU Tli<. „.i.,l (r
tlu' M-l.-ctcl lu.a.ls \vu^ soxM, in tl,.. laiKi. n.niparativ.' irial plot, in H
AvIiiMc It picv.Ml pioini-iiiK. Tlu' -.vcif wiiit.r ..f llMtS-oi) al-u <li,.\v<'.| I

M>n t,. U' lK,!,li..r than the molh.M- suit. whil.. in viH,! it ..s..i|,.,l all cth.
On tl.o avciaK.- of Hi, p;„t fiv.- years (llH»(i-l!i|(l) it >tan,i n.-vt I,, Ir
S,,,„n;h,o,l II in yiVl.l a~ will Ik> ..cii in tli.' fnlluwinir tal.li"

I'ollllil. |"'I a<Tc,

I'NX" l''lC l!M)s I'KP'I |!l|(l \\,.,;|

lAln. S,ninivli.:i,l II, („itili,i:,l ,io.-inv'i ..VI Is :t,|Mi :!.)!(,, jchiI 4.,iv.' .tie.
.SIi.|.|imI (irciuulicr (iim-^-M'lrc'liciii fniiii ii

|»lliBr.TSOI1) ... -|;;, ._,,;,,,, , .^^

,

Srlrcli'd S(|uiirclica<l (nidiiuiiv iii

i'HI I.J."i

.-.•Icctcd SDfl). .

.

V-MM .Mill :Myi :!,(ii(; i.,i|.i j ;._,

I.Mi.i -M.-.s :(. i-.'i L'..-.s:i l,ii7!i :i. |s

ttitrtti HHiin

till HI tl liif

mnss-Hi Irr-

tton or

'I'lHftii irnj,
'

The al..,\T instaiici' illustrates |^v,, impctant lad viz.: Tliat ii

nftcn pos-il.l.. to alfect impr.ivonicnts i,y ma.s.s-sel.>i'ii,,n ami -, .n.lly lli
•vrn pc.liKr..,. sorts, at least in the nise ol wheat, when «r,.wn I r a perio.l
years m the country, can often lie still fui . her imi.roved upon.

As a means of inaintaininj: purity ami constMUcv in all sort.- pe,li"n
.sorts indmled. mass-selection is .still recoinn.en.lc.l. Where this c.,nnot~ I

•
lone m/i/n/,y, that is removing all ali.-rrant plants l«.f,,ic harvesting- shou

lie lolloweil. This practi,-e is zealously fo||.,we,l each vear liv the~Swe,li-
Seed Company with all its larnc cultures of autumn wheat ir,.„wii on its f.,v
at Svalof.

From the above discussion it f.,llows that mass-.sel,.,.tion \,^ the f .rm.m one form or another should Ik. an annua! task. Hv rogueins those fiel.
trom which he intends to take his next yar's seed the jiuritv of his sto,.

li!!Zii"l T^'
"^ """•"""^''- »>• <'lH'i-'i>'K H sprci„l seed plot each year and selectii,

^;^^^

therefrom a suffi.-ient -inantity of typical heads or panicles to provide .st^-

lor the lollowuifr year's plot not only will the puritv and uniformitv of tl,
stock lie mamtamed with greater assurance, Imt in many cases' furtlu
improyement may actually take place. The use of such a plot on ..yer
iarm on whieli seed gro\ving is l.eing pro.secu: I is strongly recommende
by the Swedish exjjerts,

In making such selection the operator sliuuld be content with typici
lilants and heads and should avoid e.xti-emes. The reasons for such precau
Hon have i^een amply demonstrated.

mwyam
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ttu tnpo.i „f ,„,,Kre.s.s,„n .n the seientifir hree.lins of ,,k„tH.

Practical Importance of Sort Purity.

Definition i,f

(I 'Kort.

'

!•
•

tcri..ti,. e,„itv. dm.™ ,
™i„; !T I

"""?";"
"

''""'«• ""' '"»'

"istances of h„«- this power to i.lentifv . so T • " ^'•'"''^^^

Svalof. Mixed noes Lu- n,
,"'•/' ''' ^

'""> "P^'-"'p. =i>e on recor.l at

a soun-e of nnu-U atu.oya.u.e a.ul foul.le to^^: w '.^v ^' ""i T"'""who crows his own see.l m-.i- .. t > .1 • "' •''•'faniipr

.«ur„» f„,;, ,«": t; o v;;!::;''ii""
""»'":,»'"

r
»"•' »«'

^:.:;;:=,,:-;r^/™^::--f-=.;™*="
alUnve,!.

• '"^'" "^ tolerance must therof,.- |,e

While the evidence seems strongly i„ favour of pure sorts vet it i -.

r:rr Th;i:f™rt;':^ir •;:"""';";-'"'''"-"

«.he.chie„,.,h...„i,„,.,.:;:j,::s--,»-';,;-;^;»-h
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yet one n.ay thriv. Ik-s, ,„. s, l ,

-"•/es..tu,„.,. against ,li.-ea.e

->.ile another ,„av,ivo l.t e tul . TT "'•'"^•"'V'^''"-
^^"•"' -"' <•"

Were a variet v of su.-h vnJZ^T HT' '"'''"' '""' ""'i''""'' soil

f.-..n. an al, olutelv pure s„rt Vh ,'

.

"'"''"'"''"
""'•^' '"' "''^"""'1 "'a..

.'iffi-ity
... knowing .he 'Z i';!'^^':" :::':

••""•'"-- ''""

""xe,l variety is such, however as to reno! ,

*"' '" "'"'^" "I' "

uiH.n the possil,Ie virtues of a eo n.,;;:;;:"!!;:;'
"" ""'^"^ •"-'- '"

''-l -.l

VI.-METHODS OF WORK IN CEREAL BREEDING AT SVALOF

'..•.>^r;;tr::fih:;.s;;rr;h:.rrr'
^^"""' ^'^'^ -^ -> '"•"^'•'-

p.--"Si:':r:rf''^:r^;;-''''--
'^ '';"^an.i arduous period of Tn^'t , i

^"^^itTT''""^'
''='^^ """'«''

/^re/r«,«„r^ /„„/ plot. „„,! fi„allv in .

'/ ''"'"' ''""'"''" ""'" '»

l-'iR. lo). In all /ases y/.W , it1 "
•"::

'-'"'''"'""'•^' trial />/.,. (.So.

"f the fact that this it ^^^ ^7 7 "1 1"'
"^'V'

"''"'^'"" '" ^'-v
an expression of nu.ny differStfloto"

''' """"'"' '•''"•'"•'-• ''-"«

'-..S;;\t:lir:r;:;,-;t;;:f
- -'^^ ^^iu. n... t... f... ,...,

^ame tin.e an.l sinoe it is of he ut„ , ,f
7" ""T'

'"" '•''"^•^'"^ '" "'"

•-ss-seWtion as a p..lin.inar:t^rra;,:;:;r^^ ^' '"' •"" ^'"^^ ^^^ "^

the fiei.l work 1k> arrange.l as sv.te n t ,1

;"''"'"'*'"'^"t- '--I'-ires that ' '.»'-'-n,

The plots are therefore iVuch-ut in mn^^^^^^^^^^
""'' ^'"""""'•^''ly as possiMe. "/'"'"-

P'"t '•" the experin.entai ,rou i! I Jp ' hT"'
'•'" ""'' '"'"'''^'''- '-•''

spaee whieh in all eases is sow 'j,^
'

'"'»*^''

J'""' 't"* "o.^hhor Uy , ,„,,,„,

'- spring rye or flax (See Fir,; ^ir ''"' .'^'"'' "' '"'^^"•- "'""t -,.!,

stimulation of outer nw. wl th ,

"""•' '''"''^ '^ ''^•"'<'^"' anv extr.
a'-nonnai. This,ro;;;:i^;i:t;::::-:;v-^-th

"I'ile the plants within the ro vTre ''' VV ""'""""''^ ('''"'"t inches).

The o„eet in planting with ^^i^.^l^rrt^ii:'::;. ;,!:;-'
--''

ft'vt ccun plant as near.v

.tt
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f
lit STAGE

Mi—-

.

i'l«'t'titMi

\'>r J 1 r A yrar.s

tniru nutlttikty

(Mill 111 t<» ic-

'lu.W 1 lit' iiiiiii-

Im-I u! iniiMi"!

tvpr,^.

2nd STAGE

T B

Srd ST*. IE

4tb STAGE

- S

DDnnnnnna

I'us. -W.—Sfhi'iii'iiie showing p'licral coursi' of proceiiurc rpponiniemlfd at Svalof in ordinar\
line-breeding work. Tliis plan may Ik- varit'tl in every conceivable way. (Author del.)

"



OMU.l n.nd,„o„s as ,.o.s,hl,. hm,1 at .1,. .-a.MO ,i,„.. ,„ allo^^ .inulo plaut< t., l,,-

t ..... ..U1.U..S, ..s,...„|,y ,„ ,|„. ,,,se ..f w.,..a, .,.,1 oats. whi..). .vvoal ,.ta,uhn« ,|,.,n.,s s,u.l, as weakness .,f straw or sus,.,,.,i,.i,i, v ,„ ,i,„.; ,;: ,

|.M..o pn-,na,K.u,Iy n.j..,.,o,l. The ren.ainin, ....Itun.s aro .nvfullv l.a,;

"
l.a„,l all pla.us K..nK pull..,l up l.y ti,.. n„„s. tio.l into l.un.llcs. tak. ,

.,,-n.n,.,,nand.n>allyt„thHal;on.^
"I tl,..

,
ax. „t l.arloy tlu- troatinont is s,„„,.wl,at .lillVront as this „].v„t i. „,

<ll

llci. XVI.—A liirKc oonifmrutive trial plot of (iiviuuiuT II Vnfn.,,,, \\l ,
^ro.n its .,..i.U,.„r „y a narrow .rip ot .pHn« o^T I,," i'::': mt::.,:;::^'

'

;l^'iKt v'!;.^";lvri'
'''''' ''' "^"^ "'^' -"-•--••^ - - -f the..IV ^
'"'""' '"""''' *" ^''"""^'*' '''I'l'^v st.ains is tho.o-tore made the second y.-ar when the- ,,l.,ts are la.'ger.

edgree taking is what is known as the hr,„l-to-t>u-row n.ethod. Bv this ^"'" »»//-«,/.
hoc a large ,iun.ler of heads, lepre.senting as many ditTeront plants a eplu..ked from the crop when n.atu.'e. Froi.> each of these heads a defini enttmhe,. of kernels (from 30 to 60 in the ca.e of wheat) is taken ti, .Knt •

single row. Tht rows are conse.,uently all of the same length. Careful fiel.'lnotes are taken throughout the summer and in due time thfabsolute weighgrain and weight per 1,000 kernels of each row is also determined (hthi.s basis a choice of rows and a reduction to perhaps half the nunlr i"
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"jH-lo
_

Tho pn„l„.., „f .,,.1. of th,. sde,.,o.l rows is „so.l ,o pla„, „s manv
I
I..ts ho follown« year. (> ,o tho pre.ont th.-s.. pl..,s have Uon of .liZnsu s l.u. now ,h.,v are of o.,ual .linHM.sions in onl.r that .-ontinuo.l o .

'

uZ:z!:-:t''
"

""
"'•'

'" ""'' "'"-^ "' '"" '"''""^'"" "f '-~''^y

In onlinary lino-l,roe,iin« work the soci fron, ,ho l...,-,..)() >..|,.rto.l

k is^v ii::
;" "''"^;' ;""•""" ^'^"^' ''"•^••""'« "•-" "•• -"-"-• <>

iuitunin wheat is alx.ut 7.". in. X I . o ni. (l!»r x .-Ift").

Im.k. hv I.. II. .\.

It.i. .WII '^""'"« Misrcc |)lol,< of wheat ana Hvc •.( ^v.L.f u , „
"-""-•^^•'-- '^-"«--'- ".'i"u,i:i:;a;;;.ar^:,::,:;s:.;-'''

ajiainst crossing is afforilcd.

Hy tl... l,ea.l-lo-,ho-row method it is pos.sil.le to handle a nuxd. greater
mlKM- of .l.fTeren. .ultures than where ordinary pedigree plots are u.sedIn he torn.er ease however, it is more ditfieult to judKO certain eharaeters

M., h as strength of straw, Uiaii it is in the latter. The method to he used ina given ease must therefore depend uj)on circum.stances.

S...-h pe.lisree ph.ts or ro<r.s. as .seem worthy of further ronside, :,tion are p ,.
.•arne,l forward into larger plots for further stu.ly and eomparison <„. tlK.S'';;basts of yiel.l a,ul other ,ualities. The.se plots are ealled prcU.nnary ^l '



;''t
'''^" ,''''• '"1 ".'"'/""•" '" ^"''' ' i'"<'nn..,li.„> l„,w..,.„ ,1,.. „„,,i

l'.-.lW.>P ,.l...s una tl,.. lur«,. ..„.,,.ara,iv.. yu.Min, ,n„l ,,1„„ ..-,,„ „

:;;:"'n
'"'

';'
""^"

'''v'^
""' • --«• ^^-i" vr'J<-u.n ,„ ; „. ,.

7'-' - ' ;' -I— .on or yi,.M. Th.. „u.in oh,..., ..f „,.... ,,,.,..

:^:u:z:T!r'''T:'
''"'''''''''''''- '''''•' 'i..n.,iv.. „.i.i ,,,„„

"iiii tl arc \(.| to lit" i|i'^(.rili"i|.

<>. .1-0 pn.li„,i„a,y
,

n> .hnv a,v , w„ ...i.-s whi.-i. a,,. -liMin.-nsl,..,!
" tiK- ImM, of su,. a.Hl n.an .,..• ..| sowing. Tl,.. MMall.T is » .

.-„, .,|„an. >n..t ,-...

1'I'^ XVUl.-I>n.li,„i,mry l.ial pl„ts of .\„„„„„ \V(„.i,t In |„r,.,

plots in liackKromiil, (Jan. >, I!»I1

I'll..!,. I,.v I.. II. \.

croinid. smaller |)cillKrcc

>-xa,.t'y
... <) seo.ls, .,„o soo.l i„ a pla,.o. may I... plante.i on ,.a..h pio,. I,, oat.

. .
wlu.a „s area is an-ango.l in an ol,l„„, ,.!,. ,,75 ,n. x .i n,.. whil,- in.u
>> the pl..ts am w..!..,- and si,..,,..,., vi... ;5 n,. x 1 .-..) ,„„ al.h,„i.h tl,.-

s" I
1 ,

'

'; '
'"^ " ',"

'"'"'•" ""' '"""'"• " '""•'- Pl-'-^ - -.-•1' asposs.l o. h s.. hav,n, ,., he .lis,.anle,l .„. ao,..,unt .,f ahnonnal ,!ev..l.,p,„o,„
Ihe total p,o,lu,.t ..f the „at an.l wheat pl..ts is ..„t with the ..vthe

ooke,l, hieshe. an.l the yield taken. In ha.Iey, ..„ the .„he,. hand 'o. Ivthe s.,u„.l n.nn.al plants fn.m the inne,- pa.-t .,f the pi,., are tak,.n int. .., . -

.
ken t.. the .hyin^ ,.,.„„ ,uul ultimatly to the lal,.„.atorv for further stu.lv

1 his stii.ly ,s ondueted aloiifr ,he folLnving lines:-

1. Meas,.,ren,ent takon ,.f !„ngest ste.u of each plant (,„„ always).
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•? AvciaRC wciKl.t por plniit ofirnat.',!

,,r,,,iL wl!X;;;'"

''•'''
'^

^'^''' ''''• •'••-'^^^^
I .n,i,i„- „.,...-,„.,,

^ ''''''•'''•^''^<'l''-'li''-'i''not«r.i.ln.n,wl,,.|o,,n,,lu..t,.s.in,.,o.l

' \\'''«l""n.(MM)r..,Mv...ntativok...„,.ls.Mk..n

^- "••'•'"li'-'M2.s^l.uslK.|s)w,.i.l„„tav,.n.«..sa,n,,|,.,ak..n

!>. Kxa„„„at,„„ .,f «,,,i„ f„, ,.,,„„,„„.,, ,|,„.,,„.,. .,f ^,.^^,,. ^.,^.

HHar;:L";;;;:',:;:;,:;,^':;:;:;;S:,:-::: -' -- -«^

""> «• " - in .1,0 „;t':„-;i;;:e ;;;;:;;
;:' ,:;;::;;"'"

-

Pholo by I,. H. N.

utimm Wheat plots, .lulv ;iO

Fio. :a\.-Dr. Xils.on-r:i,l... taking notes on prelinnnary A

avoa 7lo7:^:tl'''V' ": •"'" '^'"•"^^"--•i/ "--^^ -,,,1,. oceupv an

(40.3
)

long. In some ca.ses a greater length is allowe.l Thesn 1.o..« ,nM . s,.oU tn-o.,rm .nackine, the .Mis hd^g^; c n, Ho" ''"ir

.no,e ,„
,

unite v.-mpanson of yield may be made. Here again
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••a.',>..rr ...ually . ...,.„,,(..., wo pl,„s «hi.-l, :„•.• l.,ca,..,l >.„ .Im,,,-,. ,V,„n'"" •:"" ^^•'"' ••' "••«
' li-..« - tn,- a> ,...s,il,|., „„. ,,T....,, „ J

'"'"""^ '""'•"• •^'"""'« '- ^''-y -1" I-"- .Msily ,., ...v iH. .l......iv..,| l,v

'"' '"' "'":•" "••'" '^^ 'i"- i" tl.o ffm, «..n..,,ti.,n, ju,|...,l fn.,,, m,,. •

t „w., ..1 H .i....>,lc..l ,|.fT..n.n.... h„.1 .,„ ,|,i, ,vi.l.Mu.o tl,,- Hum-o u.,,

.H)!». Mu... wl,on „ h,,s -|„„vn ,1„. .an,e « 1 virMin^ ,.„«•., wlnU .lis.
nriuuisi,..,! It intlu'Mimlloiph.t. ^ I -n>

The lar^e c.n.parMtiv,. plots .Ih.tmu.h. tho fat,. „f a «ivru s,„t i„ s„ '•-/ -

..as su.-l, ,»„ 1,0 ,let..nnM....l at t ho stati,,,,. as I,,.,,, i, „,us, ....t,-,- into -
""^""' '-"'

IH'titio,! with the v.M-y iK-st ohl an,! n.-w sorts. /''"'

All so,,s whioh havo l,c.,.n pro.l,„.o.l l.y the Asso.-iation an,l whirh •„•..

;;:";;
""^

"-•'^r
^" '"" '"•""-"-'!' 'i-.-.naisino,.,ie,.tha L

-
n« whether a „e^y sort .s lK>tter than tl,e ,,hl a,.,l thus .leserves to ,.o,„einto general cultivution.

When a sort of good re,.ute is first i„,porte.l fron, another rountrv it is

'
. .

..as. If .t proves pron,i>in« an.l is no, ahea.lv a ,K.,lipree so,' a

c r "u 1
"'"^- "?''"• '""'=''" '-•"'-'"•"•'^. '-'•taken for pe.li,.v

el
•

." V" '''! "^''^'' '"""' i' ''' !<'-•. t" l.e a ,K..li«,.ee so,t no f.nthersele<.fo„ ,s ^,ven it, .ts future depending enti.elv upon its pe,for,nan..e i,

he „.eat unpo,.ta„..e of e,,uali.inR soil va,iations. ar,-an«e,nents we,e , , , let" .n.'.ease the nun.her ,o four, ahl,ou«h ,he size of ea..?. plot wa .,

sn t a, praeneally the sa.ne total a,ea will still he oeeupiell. While e v , •

n rv;"; ": "V"'^
^'"""'' •""'""'> ''• '•--*-' "• -<" --^ vet «: .::

e t'^Sru ;
'"

'"'""•V"""
"'"" '"'" '" --..!,:«, he dim.,en, plot

. .
s taken tha no two plots of the sa,Me so,-, adjoin ea-h other. Hv thisananoe.nent vanut.ons ,n the ..uality an.l ehai-ueter .„ the .soil n,.'..- le

ZuZ ';';'•""• ""' "'"^ '
'^''•''- ^^""-"" "^ "'• Viehlin pi: "

. ieacii son ohtained.

These pUs are sown with a s,nall one-hoi-se ,na..hine of 7 drills eaeh

n l^^;i"'
'^;

•"'V'*"'/'''^-
-"^- '^l- "-'"- - -t,.en.elv si„.nle 1

. .... !«> thoroughly eleaned of all .seed within the sho.-test possible time Vn w ,na..h,ne has .-eeently l.een devi.sed l.y Mr. W. KinherJ field f,.,e,nau .t^Nabf, a.s a .esult of the past 20 yea.s' e.xpe.ienee whid. marks ee •

i

m.p,'..ve,nents over that for.ncly used. This .naehine is l.ase.l on the!s, i.^vste.n, hut meludes a nun.l.r of ehanges which ,.ender it n.o,. sulle ,sowms; small expernnenta! plots.

,tl
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"....„l..r,..| tn Ik. ,nf,n.t..ly ,„,„,. ,,.|ial,l,. ,(,„, a ,„u.-|,l..t .v.lo,,, 1... the"""• '•••'i;"r...l ,„ u..-,.rta;n tl». ..,an.li,.« of a ^iven ...r, is •....'Hi.l.rul.lv
^liiiitcncil.

li':. .\\. ."•^DwiiiK larijr r< >-.l«rativ,. trial ,,l, t. ,,f wh.at ,.„ Kxp.,: ,„.,„a| ,;r,„„„|
Svali.l'.

In IXjnniark tin- system .,f dot.-niiiiiiiio the viVU "f soit-i iiii.ji'i- trial has
"':! ' "r ';'«'-' .l<-vH„p,„en,. Ka..|, sort on-upios ,.o, ,,.s s . ^w ,u; not .„h.e„u.M.tly as n.at.y as twelve are t.se,!. Here, however oiv aH-iat.vely sn.all nutnlK-r of different sorts are tes-e.! at the one tin.e H,, wee'•vory two plots a s,a.lanl ,.„. is ,.se,l for ..unparison. This' s '1 "
a. fnt e.lly „,ore or less .on.piieate,!. I.,.t is eonsid-red , reliable w, 'e afinal de...s.on must I.,- ,na.le between sorts of nearly e<,ual valu...

While yield tnu.t he one of the leading ,• ,>ideralions n. sort u^tinir«'ther characters such as ,,ualitv, dat» <,f
^'

resistance to disease inav 1

The method of record

in the following table in which tl

lay 1)0 (if e(,tial if lot indeed,

>t nia.urity, strenirth of st i

iiiK yields as well as certii

even reater ini

in other characters is

twenty-seven barlev sorts

le i)eitormance of the first th
IS given (7(1, p. 2 »«)

:

pi>rtance.

indicated

rcr out of
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The i.npor.an.e„full.,„i„K ,,„,,, s,.n throe or n.oro plots is rleurlv shovn
." .Ins tal.l,.. a.s .s also the neeessity of ^ivinu .Hua weight fin l'

An e.s,sential feature in I.ree.ling work i, the ..orroct int.rni^tatlon . fresults ohti".ine( n-oni .•onit)aralive tri-.l.i \\ i.„
"" ipntauon .t

test for a -enVs ,,f .,.,.,..

''*^'''' '"""-' '"''" "'"^* '« '»'"l<'r /"'/.«rtr,„„It I 101 a ..flies <,| . ears aiu' \,iiere new .sor^- ,..
jtr„,j„

and inferior s(,rts (lroi)i)e(l, a relia))le hasi- ,t ,.or.
Thus the average yield „f sorts under trial tr,,.,. Imn,
H- .on.pared with the average of others whi.h ,• uue
hiter. The manner in which this diffioultv i,s „,u„f •

Svalof IS shown in the following table of auMn.n whe ,

l)eing hrought in "/ " '"''''''•'

-i>u i iiiipcralive. '[''"l"-'i"-

1!KH) ci.imot fairly,
'"".''•^^

. say, throe years

he ove'ciirN, at

- '"> 1' .'.iJ); -

^-
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An ..v.min.viui, ,,( i|„. ,„•, ..,..|i„K |„|,|.. will ,|„.« ,h..,t il „,„„,
«l.-.,t ,,t tl... .nimlry, v\/.. Su..l.\l, \;i.:t , /„,/. „ ,,,|„.„ ^„

hill

llir liii-i t

"iitii|mn.-iiii,

Th.. n,..,h..,| ..f |,.„,lli„„ ,1... , .,lur,s „f .„i,i,.i,i .,,.,,i„^ i, i„ ,.i,^.

.
,

>.m. I. th.. .«„„. aM ,lmt ..,M,,l„y.,.
, unli.mry 'i,... ..,• li„« ,•,,.,.. ,.1,1 vur,...U

":
"'"'"f

"N'l"'»..,l I,. ..nlinary lin.-l,,- |,. , , |,.. «,,„. ,n,.j,.ri.y ..f ,„..,|„.r
'".' ''"'"'•'' "•'' "''•'"''^- "'"•" "'"I l"."'l n,,... I„ ,|„. .,».. ,.f ,.,,i,i,i,.|

""' )''" •.''^"'" '•"""•' """ '•"">'"" "'I'l i iiMant l„n„. I„ ,hi. ,,,-.- th,.
[..•Ohio,,, ,..,.. 1,.,,,,,. „„„,. i,„iivi.l„al. «hi..|, „.,.,„ ,.. .|,.„v ,|,„ u.., .„„„.

'"7 ;
'

''••'"•"'•- • •-""-• Thi. is a,., plisl,..,, .,.l.,a„hallv
IIS tiilliiw-

:

):"''' ""'''"'''"' ""^ "'••""1 K'-iiTau.,,, |.l,,ts an- k,.|,r a,„l III..

nrti ',uil

firihliiiii.

II,.. \.\I, IIiiiv,Mii,K iMMlmr... |,l,„-. 111, B,.|„.i:„i„ii

IMr.

I'li"l" !> I.. H. \.

Irom thr „„i ,.,.,„, (;„l,i y.-,„„ ^

plM,,.s ,,,.,|,.,..a ftl,,,^l .,.,,,M-a,i,,,u ,l,„.i„« ,,,, ^,,.,,.i,,g ,,^,,,,,, ^,,,,^ ^

' '""Hi.,.,- „ , .. I„.M |,l,„s an. ..liLs,.,, ,„,. f,.,th,.,. inv..sti«a..„n All plants
-..,..|...,i ,,,..,. sol..,.t..,i pl,„, an. ,ak..„ up by .ho ,„,„., , ,.,1 /,.,„ ,
"'"':•

't .;"" '^''7 *" "" '=''""'"'"> ^"'- ^"1' f'"»''-' -anii„a.i„„
IN.,.

,K. 21). 11... 1,,„. „f .tu.ly 1,0,0 „a„n-ally va.ios s.,„„,vl,a.. .l..p..„,li„.up<m ,0 spo...r„. ,,aal,t,os s„u.ht .„, i„ a «iv..„ ..,„ssi„«. This st„.lv t.,.o,h..;- h .1,0 ,ohl ,.,..os .ako,i oa,.lio.- i,. .ho sous,,,,. pon„i,s a fu,-<l,o,.-,.o.l„..,i.,n- '.'• M.a.lo 1., tho „„„,1>,.,- .,f oult,i,os, ,,. a f.-w „f ,l„. ,„„,, ,„,„,.isia,r S,.o,l
tn.in a laifjo n,„„l,o,. .,f .ho Ih-s. ,l,.vol,.po,l plants wi,|,i,. ,,.,.1, „f thest.'^selo...e,i
oult-uos ,s ,hon tako,. oa..h l„t hoi,.« .iv,-,, a ,„.„,l,o,- a„,l in ,h,o ti.no i.so.l to
plan, othoi- i)o,l,si-co pl.its (foni'th Koi,oiati,.n).
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1 1oo.sing the most promising groups a mimtipr of tl,o i^ *
•

.- p..si,„e results i„ the^is ;n;:;tio;::;jxrr""'""^''
-"" ^"^

bv ViNs'n Fh/; rlr \'"V^>'f
"• '"•"*' <"«-• »»-« following schen.o. devised

P<«;' r Felt cL/ w^
*'"

"^"^' ••""'^^ ^'^^^'^ - «--tion with thX
1
eitet ( haff wheat crossing, is submitted (oO, p. 343) :_

iT

'
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Before harvest in 1910 see.l from .,„all ,nulti,,li,.ati..n j.lots of each of
of the niost promising i^chgrees of i;m)0 was sown in as many hirge con,-

pnmhve Inals. These will prolmhly \^ reduced t.. 2 or 3 in 101 Ton the hnsis
of yield.

Experience has shown that forms which are si.fficientlv constant .,s
regards the specud characters sought for can usually 1*

"

Isolated and
iulnntted into the large comparatiye yielding trials within fiye generati.uis
troni the cross.

Phntn hv !.. II, N.

Fig. XXII.—Viow of KxixMiincntal Grounds for spring umiiis i„ 1910, (,|,i ,,„„„. „,•

Birgcr W olindcr In distance.

In order that an accurate idea of the yalue of ! sort .„..,- 1,0 1
, 1

Staiions.
'

'""f'
••'•ndit.ons at Syalof haye not been found either the most satisf^.tory

or the most repre.sentatiye for many .sorts. In barley particularly ..nunusually long time is re,,uired before an accurate estimate of the yalue 'of ,given .sort even for the Province of Skane can be ascertained. \\h[\o efforts
to overcome this difficulty have been made by laying a series of trial plots
at a niore representative point in middle Sweden (near Balsta) vet this i' not
considered nearly sufficient. ".4 necessary condiUonr says Te.lin, (75 p. ^lo)
in order that the u'ork shall had to results mthin rea.omUe time is thaiwe la!,

each year in different districts vunvi parallel trials to tho.e at Svalof a. a checkon the results obtained at the latter place. No matter how long a sort is tcMed
here one can never draw a safe conclusion as to itssuilalnlity. for example for
the barley districts of the Province of OstergtOlaml

"



101

ExperiiiKMits in difforent ili;*! icts and on diffprpiit soils aro also neces-
sary as a means of indicating in what direction iiiiprovcnienf sliould p,. The
breeder must seek, as far as j)ossil)le. to know the character or characters
which determine the suital)ility of a sort for given conditions. As has alreadv
\ieen pointed out the l)ehaviour of many sorts at Ultuna and Lulea is often
(luite the reverse of that at SvalOf. Oat sorts at Svalof, for example, which
show but relatively little difference in dates of ripening are foun<l in the Xortli
to differ very decidedly in this respect. Wheat sorts which are weak strawed
at Svalof may lie relatively strong at Ultuna. Certain sorts are fouml to
1)6 very susceptible to rust and other diseases at Svalof while at Ultuna ami
elsewhere they are relatively resistant. The reverse may likewise Iw the case.
In tlevelojiing a ru.st resistant .sort for the latter place, selections made at
Svalof might lie quite susceptible to this di.sease. a fact which is exceedingly
confusing.

It has lK>en found very difficult accurately to estimate yields of autumn
wheat sorts on account of the varying conditions with which this crop has
to contend. Thus the different degrees of hardiness and the varying attitudes
of the different .sorts toward disease makes it absolutely necessary that te.sts

extend over a long term of years in order that all contingencies may be met.
A good example of the confusing effects of disease is afforded in tlie frei|iieiit

occurence at Svalof of Ix>ptospha;ra, a disease which manifests itself in lodging
of the straw. This di.sease seems particularly insidious in the case of the
common Swedish wheat and certain other varieties such as Silcctnl (linwdlml)
Squarehead and Ti/.sloftr Stand. During the bad year of l!)()7-0s the two
latter .sorts were among tiie ixioiest, while in good years they are rated among
the best. In working with pure lines the need for extensive local trials seems
even more urgent than in the ca.se of mixed varieties. As previously pointed
out, mixed varieties nuiy contain strains capable oi thriving under a variety
of C()nilitions. Pure lines on the other hand are likely to be adajited to more
s])ecific conditions and thus are less likely to thrive to advantage over so
wide an area.

Local trials on a comparatively large .scale are conducted by the Central
Institution for Agricultural experiments (Central anstalten for forsOks-
vasendhet ]ra, jordbruksomradet) Stockholm, in co-operation with the
various agricultural societies and the Swedish Seed .Vssociation at Svalof.
All trials in a given district are supervised by the representtitive of that
district who reports the results both t,, the goveriiiuerit and to the
.Association.

The general plan recommended for the comUicting of local te-^ts is as
follows (3,S, p. 37) :—

Lociil ffxts

1)1/ Ihr

(Sov rnimnl.

1. Alocation mu.st be chosen in which the soil is as even as possihle in
quality and which is sufficiently well drained.

2. The plats niu^t not !«? smaller than .">() sciuan: metres (1/,S2 ai-ie.-)

and each sort should !« allowed at least two plots which should not adjoin
each other.

Plilil of

loc'il x'irt
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3. The plots sh.nil,l l« lai.l across, not lonRthwi.sc. of the 'Mun.l" and
should lie ol)l()ng in shaiM>.

4 It^i. letter to test two or throe sorts .•arofully in the ulH.ve n.anner
than to attempt to test many on single plots.

ry. Careful notes should 1h> taken re manner of K.cwth, strenRth .,f straw
rust, ete.. durinn the growing season.

<i. Each plot for each sort should Ik- tlneshe.l and weighed separately.

7.^ Such trials should Ik> continual for at least two or thee vears as one
year s e.^iK-riments cannot give nny reliable in.lication of the value of a sort.

While the Branch Stations of the Swedish .Vssociation a..ix>ar to k-
Loral doing excellent work an.l while local tests ..onducte.l l.v intere^te.l farmer.
Brm/,«,. are of va ue as an indication of the prol.al.le value of the various .sorts vetmore work in local breeding is reganied as necessary. This need has l«.c'omemore and more apparent with the increa.sing imj.onanceof methods based on

. <ln-ect judgment. Since the .-election an.l elimination of cultures mu<t be

^

governed by actual performance, including yielding tests, an.l since the
k-havi..ur o a sort ,n a green .listrict may I., the reverse of that in another
t .s .lear that the .leve opment of su,K.riov .sorts for given localities ,,!„each t.s highest poir.t .,„ly when execute.l in the localitv for which thev aremtemle,l.lhi,s principle is cming to be .• .served by the Instituti.in at

r •. f',\ J^''\'
''"^-l"f'-'l">g work with the common autumn wheats of

I ^^^lf7S'\'' """;::'"'« <-ondnHoa by Mr. Elofson, Su,K.rinten.lent of

I
the Branch St.t^ion at Ultuna. as this work gave no results of value whenf pn.secute,l at Svalof. The crossing P,M x S.e,H.h Vclcc, Ch.qr is als.!

i.
-emg mvestigate,! in a very th.,rough manner at Ultuna while at Lulea Dr

J
Idamler, bupermten.lent of that station, is working with cros.ses lK>tween

. north .Vandinavian early .-ats an.l later high yiel.ling varieties, etc.

I f ,f*^';!^f
*"

r;^"'^'^ "" "^« ''^^ -''^'y ^••i''^ ^t ntuna, a barlev sort suitable

I
^"•" ""^ ''"''/^'- -^'"'^ "^ t'"'

I"'"^-""''-- "f Ualarne have not met with great

;;
'""''*:''•

.

'^ P*'™i"»ent breeding Stati..n at a representative point i„ th'is
1 I.rovmce isreganled as imperative. Afore stati.ms in the good agricultural

I provinces, O.stergotlan.l (esix>cially for !,arley) ami Wstergotland (for wheat

di^-i^N
'''*'

"
'"^"*''''''' *" '"" "" "'''"'"'"'

'" ^"'""^'' f"'"^"'^^ '» ^''«"^«^

*
S,.rei.,, sort .,

^^
'"'" " "^- '"" ''"'"'''^ *''^ ^'''^^ '"^ '^^'"f "f ^''f'"'" ="1.1 has likewise

hroughout the country it is subjected to further trials bnown as Special sort

lK>ug pla e.1 .,n the market. Adjoining this special test plot there i« placed

in';: .1 "t^"''v;
"''

,'""V''?
'^^ '-^^^ "^^"•^""' ^^^ ^'^ "-^ -^-^-^-

'

Hi the .li>tri. t. 1 hese plots should be at least oO s,,uare metres (1/82 acres)

(43,'" itl:-'
'" '' '""' *'"" "•'" "^^^"^'""S '" ^"^ ^^'"owingpS

1.



I(«

«» « o/ :• a, ^
I

J I I LJi 1

1

Soil as imiforni as ixissihlo slmulil U' .•Ikisph so as to give Pacli
I>lnt an equal ..ppoit unity. The seed uscl, l,„tli ,,f the sort un.ler trial
and „t the conipetins l"nil sort. sh„ul,l \>c Kn,w,i in the ilistrict in „nl.>r tluit
the ((uahty of hoth may Ix' as nearly e<|Ual as possible.

When a sort has l)een under trial for a sufficient leuKtli of time to ^ive a
hur mdiration of its industrial value and wIkmi results t.i date seem to
mdieate that it is likely to U> worthy ..f distril.tition. ,; new jmlh,nr is tnhn
for nniltipheation in order that a few Inishels of see.l of un<iuestioned puritv
may he available for further multijjlication should the final trials warrant
sueh. This mult ii)lieat ion of promisinf? stocks in advance often saves two
or three years time.

The system of .sowiiiK on the multiplication plot makes it jiossible to
examine single i)lunts. In the case of barley each plant is pulled up bv the
loots and taken t., the laboratory where a single kernel is taken from'each
and examined with a lens. If any mixtures have accidentlv come in, the
whole lot IS rejected an<l a new multiplication made. This examination can
l)e made .,uite rapidly. (lOO plants p,>r hour bein;; ,,uite within the reach of
one accustomed to the work.

In the absence of any organization anions the farmers „i Swe.len, such
as that provided by the Canadian S«.ed (irowers' As.sociation in Canada, hv
which special efforts are ma.le by the farmers themselves to maintain the
inirity of seed, the pure.st stocks are often found, sooner or later, to become
niixed and deficient in uniformity. In order to perpetuate jnire stocks the
Swedish A.s.sociation keei)s in reserve a small (juamitv of the oriijinal seed
from which it makes new multiplications (renewals) from time to time as
circumstances demand. The.se renewals are handed over to the Geiural
Swedish Seed Cowmnu, which lia.s the exclusive right to receive such stocks
and which multi. .,id hamlles them in a manner which has lieen . [escribed
liy the writer in out article.*

The system of book-keeping at Svaliif is e.xtremely simple. .\ singl(>
liook for each kind of cn.p accommodates both field and laboratory notes Un-
a given year. Each separate culture under consiileration is allotted'a separate
page which bears the field number for the current and previous vears. the
stock-book numl)er (the miinl>er under which it is registered) if it" has l)oen
registered, and in due time the field number in- the following vear. Each of
these numljers occupic-s a definite i)lace on each page so that their identity is
always recognized. In this simple manner it is ea.sy to trace the ancestry of
a given sort or line from generation to generation. The information regurd-

the(*aZ^,„'^'1''r"°''°' i""""''"*
"^ •''"'"'" '" Europe," 1-,.KB I- .Seventh .\uuual U.p„r. orme < anailian Seed Growers .\s<(>emtion, Ottawa.

Muhiplirii'

lion of xorls

inttni't'il far

ilialrihiitiiin.

Mraxiirr.i

taki II III

maiiilnin the

purity ami
ulrntihj 11/

KCeil filn(i:.-<.

Bool:

Kit /ling
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.K a corta.n n.lturP. us nruHcHl. is in.li, Hte,l i„ ,1„. f„||.,,vinK,.aKe takon from

In.l «..,„.,,.,.,.,, l,vl,n,I. fn..„ a nossin« hotween ,1,.. .„,„„.„ ul.Ja s rf;(n;,„„lur II ((,,-,(,1) .„„| ,>,•„„ ^,).j,.j
^^'"''^ •>""

1!)II)

0801 X 0418,-3rd Generation

226 ' ^'*""

31

•*^<>wn ^„, ,,

Hoiid iippOiiii'd 210
'*'!'«

1(» S

1!», 7 ^Vllcnv Rust 3-4

l?o 7 Avprajjp liclglit

2S,7 H) \>vy Imjrf. hej,,!

•W 7 Vflluw rust ;Ji

17 S Straw strcnjitli 2
l'» !> \,.t „u,re rust than paronts, konids plairdv translucent

""•«•.• like 041.-. i., f„n„ l.ut ,,uality as im\- ,,luM.p hut
sniupwhat c.iK-ii cipase.

,?'J **:|: ^'1111
±1 NKUild lio n.iitniucd.

(.•r,„l,„,,

lillsl ,:„/

(rl-itililll/

"Iri M/th of

SInnr.

The stveuKth of straw is graded a.-'ording to the following s.-henie 1-•'•atm, s ,fT upr,,d,t straw and G ex,re„,ely weak straw. In r e ne
fiiadatiotis than tlu'se are used.

-

* -The fielil numl.cr for lull). The si<tn (-) i,„l,ra,es that ihi, wa. a ,«.,ligr,,. ,„|,ure .luriug th,-.vpjir m (tuestion.

** - Tlie fieM [i'inii>fr in 10(i!>.

**»-=Thp field numi.erfor l;l|l. The ^iirii ( i in.i; i . .u-
pl". i.. I'tll.

"
'
'"'"•"<- ''"" >hi- -ee,l „ to ,„w a ,om|,arative trial

(!) SiKM use,l t., i,„|i,.ale a high ilegree „l exnelle.u-e.
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Fiu. XXIII—Method of firiidiiit Siiiiit'tli ol Stniu.

As will 1„. sppii fi-.)iii tlif :il)„vc tho iiiiiiii ii..tcs arc taken in I 1m- ticM. /.„/„„„^,^/
Tli«" lalH>iat.ivy work consists chiefly in interpreting Hclil trials hy conipariiifr "<"•/,.

yields arid exaniiniuK the jiroiluct for <mality. This work, together with the
prosecution of scientific invpstigati(.ns intended to further elucidate prohiems
m l)reedins, and the i)reparins of reports and other pul.lications. re.|uires the
entire winter.

The analysis for (piality of fi.ain includes in the main the fnli,,winu
point." —

1. Weight per I,(K)0 kernels.

2. Weight i)er hectolitre (2.8.5 hushel.s).

i. Percent hull or :-pale.

Photo h.v L. H. N.

I'm. XXI\.—Prof. Xilsson selecting Oat plants for photographing.
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VII. SUMMARY OF WORK DONE WITH DIFFEREI^T CROPS
AND RESULTS OBTAINLD.

1. The Breeding of Autumn Wheat in S-eden*
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After .1,0 parfirularly s<.v,>,e wi,,,,-,- .,f lM»l „ furtluM ,|.i„„i„u „! ,1...

«. .o.mfoun.lo.,„pHr„.uHv.asy,o.l,,ain
l„u-,li..rfonns 1.U, u,>f..rtu,u ..1^^^

a^..jHHr...^a.y.H.n.^..ap.u.ity^^
^ ^'^^>U..,.. J::l

.Sv-^,.A../, wlnl.. .1,0 l,anli.,o.s was i„..„.a,.Hl „,. ..„„., .,1.,,.,,,^,,

.^IK-nalh ,„ (ho s.,u.l,o,„ pa,,s „f ,h,. ,..„„„,,.. ai,.l w.-,-,. .vi,l„„„ .1
s„po,Mn,- .,, tho „1,1 , no„ly ,M,ltiva.t>,l va,i<-lM-s.

Imt s,^M„s Irss stnmK in tho Mraw.
"

A gre-At nuiTilKT of sfains have 1,..,, taken out of tlv old Swo.li.l, .„nsbut the resuItH have not tx^en .atisfacto,,- in that no .,.,1,. ha.s 1 : n fo nwhich c.o,n,.no. har.h.,e.s and good quality with hir,., yield a..d t ff s aw

»Aea^ came on the market out as .ul,«,quent experience showed ti,at itniark^ed no advance over the old variety, it wa. finallv withdraw,
Two forms, registered under the numiiers 0701 an.l O-J/ff „n,l f i-.

from the so-called "La.," Wkeat oj S,,ne, afT..r.,s I'n interest Z^^^
uf .\u.O^/ff there wa.foun,l ui kS9« an al^errant type which, on propagatLreceived the name Kotte (Cone), a sort to which reference has ilreaT^e".'made, (bee page 74). The following sche.ne indicates the charlcter o
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iUcMi fi.rms unil givM tin- |ii>(liKre« ui L'lmt it.gptlipr witli itn prrxfiit

pliu-e ill tirpciling wurk:

—

"7
IN02

1(701 (II) ViTv »ii«ii'|>-

tl>li' t(i rit^t.

(h) Low yirlilrr.

IN97 ISU3

W^U^in) Wry ns*iA- (XJH>-(CotH') 03Hf-X ().V)I*

rjin.l" \ ant uKuitiHt nisi. (n) Same ri'»i«t
1 (ill I'ractically rii-t

wheitt. ('.) High yirl<I.T. ami' BKainnt rii^t
I

ri'MHtuiil

. / (() Kxwllcnt (M Saiiip yii'lUiiiK ' (6) ViTy hich
r fik»tM'.

\
>|iutlity. [Hmir.

1 yii>lil«T.

(d) Straw vrry (c) I'lHir iniality.
:

(<) Only lair

/
wi-ak. ((/) f<tra« ratliiT

j

i|iiality, yot iniult
1

1

(>) Ili'iid limK BtronipT hut "till 1 better tlian 03111.

ami o|ien. too weak. (i/) Wry xtill itrau.

\
i/) tjitc Matun'r. (< ) Ijili' Matiiivr. (>) WintiT-liarily,

(i/) WintiT-liariiy (/) Sli.irt, ilcw

coni'-liko iM'ad.

(i/) Wiiitor-lianly

A f(^\v fiiiily liigli yicltling strains luivp \\ff\\ tiikou from tlio old Swedish
varieties, Imt those l>u\o provpii less Imrdy than tlie latter. This fact umonjt
others, has led to the conclusion that these forms are in many eases at least,

the products of natural crossing l)et\vpen such high yielding hut more delicate

sorts as Stiiiairlif,:'! and Er.nliKh SUind-Up, etc. The most noteworthy sort

l)elonging to this category is Sun. (See p. li:j).

I'roiTi the imported Engli-h Si|uarehcad wheat there have lK>en isolated

a uumljcr of strains which have proven even more winter-hardy than those

already de.scribed (llrenadier and Extra S<iUttrehe!id) . Of these the sort

known as I'lidfl (See Fig. 12) is the most valiialilc. While not so hardy
as the old Swedish varieties. I'uild nevertheless comliines a suHicient degree

of hardiness with yield and other qualities to enable it to largely displace

the old "land" sorts. The relationship Ix'tween the ahove sorts in respect

of hardiness together with the origin of each is indicated in the following

diagram:

—

i

. i

t

1
I

* This crossinff has not only givea the highest average jHeld for the past four ypftr;*,

muM resifitant agaiiixt rust. It is «tiU lacking in quality however, so will be subjected to repe
in the hope nf olttaininK quality of a higher degree.



Citmmon Swedish wheal (mi>.'t hardy).

I'udd.

Sun.

Hxtro Siiiinnhiti'l.

(Irrnadirr.

Driijimil Englixh Squarehend (Ipait liai'ily).

'..,1

II till'

\iiuU'

"•eel I'll

1 III)' III

xccli.

Fiiiiii li Prohstior wliPat a >»<irt known an Bore has U-on isnlai"-'

litts priivcii alnioft a-* liui'dy a;* Pudrl.

All (>\aiiiinati(iii of tlie ul«>ve diagram ri-wal-* the iiitprestiiiff f.ni

liunlior straiiix tnaj' (k)inctiincK he is.ilutcd from varietips which an ;i

are deficictit in hardiness, than <riini varieties which excj-l in this rc!^{»

The two [MMlij^rc'c sorts, lion- ami I u-lil, together with the inn:- «

sort Uin>Hllad Sqwirihfiid, are at pipsont li.o three leading *nrfv

wheat-growing districts of cj-ntral Sweden.

Tiie.se are descrilK'd U'low as follow:

—

liore is a specially stiiT strawed sort with liigh weight [mm' liu-U"

not so hardy as the coiiii'ion Swedish suits it has nevertheles.- pi

the average of a series of years over 1(1' , hi^;her yield. In Skni

middle Sweden, it is susceptible to yellow rust. Hy reason ol

showing in the north if leis l)econie widely distrihiited in such i .vinccs ;i

Ostergiitland, Soderinanland, etc. It is s 11 however, not siiKiricntly liai-

or early maturing to \v recommended for tho.s*- iirovinces lying north

Stockholm.

Fudel, as its name implies, lielougs to the dense-headed, velvet-chafiei!

type. It represents the liardiest jiedigree sort thus far taken from the less

hardy imported varieties, marking an advance over lion' also in point of early

maturity. On the a\crage of tei. years' experiments at I'ltuna it has given

about 19% higher yield than the sorts originally cultivated in that part of

Sweden. In local trials it gave on the average. 10',', higher yield than the

latter sorts, although during certain severe winters the common Swedish

varieties proved suiierior. It is decidedly stiffer in the straw than the common
country sorts but not quite so stiff as Bore. In southern Sweden it is com-

paratively weak strawed but since it is not intemled for these parts this is

not a matter of im|)ortar.'-'e. .\n obiection to Piidel is the white color of its

kernels and the readiness with which it s|)routs and grows in the stook.

Of all sorts tested Pttdel is considered the worst in this re.s|)ect. This is a
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mnM..r ..f Hrriou. ron,r.,urn.* in « ....untry .,,.1, „, .S«...|,.,. whiH. suffer. «.
frr.iuPiillv froTi. min <|uriiiK hBrv..«f.

Tim ......t -rrikinK .l,Hr».-...ri.fi..H „f ,|,i. H..,t, Hp„rt fn.,., ,ho volvH

k...H.| ,hcl„f.M.UM,.K wlnt.^rounMHh, plumpun.lHi.il. ...,ilv.liMi,..ui.h,.,l

.. im... / W./ wu. ..ro.^..l wi.h ,h. ,n, , nl., Sw...|i.,h vM , k„..wn

Pl....- an.l -u -n ,l.e Mnull - Ma,k...-S.,wn -
.„,.l,i, ...i-n ,. .,- ,V , i, .

rhi.t,, i.v r,. H V.

l-...,'X.\Vr- I)r Xikson-Khl,. tukinK m.t..s „„ ,|,.. , ,,r».ni>i„K ,,|„, C,,). „,„,r,„io„,fron. ,1... „.,«.,.„« /W,7 X .S«WmA rW.W ,/',/ A,.,,.,,!,, wL'.'

tlu..olin,. hav. expelled l^.th parent- in yiel,ii,.K tests ..„nclu..te,l l..,th atSvaiof and at LItuna.

/?. W/«r/ (.S.l,rU;l) .yun-eluad is also one of the n.ost popular sorts in

.s^lof .t has lK>en found too suseeptil.le to a eertain fungous di.-ease (I^pto-

.pha.r.a her^.tnehoules) l.ut in the above nu.„tioned distrietsTt Un |s
pre-eminent. siiums

After the hard winters of lS9!t and 1!K)1 another nmss-seleetion of theabove sor was nu,de which has ,iven the hi.he.t average yield of"ll ort_e^ed at LItuna s.nee that t.n.e. The quality of this sort however, is only
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111.. I., I.v (. If N.

Fid. XXVII. -Xik.,.ii-i;i,|r cviiiiiiiiMK »<,{r.Kaii..n jii 11.,. tl„h ^ I'u.hl »l„i,i ,r.."iii« nn
till' Ini.-I< (»I <()l(ir i.f Kniiii. Cluli i« -iiid In hiivr 2 uiiil- Inr n.l .olor.

Fig. XXVin. Table of Yields in poundi per acre, of hardy Autumn wheat iorti letted
at Ultuna 1904.19C9.*

i

.\VIT1I({|'

Vi.l.l

Pir

Vi.ld ill

(
'(irii-

Sort wm l!HI.') I'MH) 11MI7

i

1

11)(),S I'.NHI

1

I

r.r

.\cr(.

(I'oilllcl- i

wii ii

Swillisl!

Wlvrt

(Imfr

Rcnuillad

Pudel . .

Sqiinrehcud ;U7»

a2-)i

27U1

.•<iso

.«(7ti

:i2f>(i

31M)

.'i4(I.S

.MNII

»7:{2

.•«iti3

.(147

:tll7

2.-.2.t

JSll

4<.MU

^7:^.^

4 ISO

aids

:<7ii

2S«a ;

.•t!t:K)

37.SI)

:)084

131 5

Borp

Swedish Velvet Cliaff. .

12X.(»

122 ,)

100

Among tho loading s.uts in soiitlicrii Swe.lcii at tlic |.rc.<ciii liriic arc the
following:— A'r//-rt Squarchcuil II; (Irciuulicr II; Sun; O.JI!) x 0601 ; ^'"'''"9 ""^U

Grenadier HI (030^) ; 0531 ; liinodind (Srieckd) S<iu<irch,nd; limodtad
'" '^",""^''''

Grenadier and the Danish sort Tystoflc Smaa {Small) wheal.
Surilfn.

• From SveriKs t'trft ie-fiirrniuea Tidskrift, I'.IH), p
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I'lioto by courtesy s. s. a»b n.

Fio. .\\l\._>;valof.s Extra 8,|uar,.lu.aa II Wheat.

' 'J^Yj'X'^^'^'jI^-- '^Ipft.-i '*-,'"' '•<''•'
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0^90. kitra Squarehead II. is a crossing between Old Extra Squarehead
and(,rnm,her II and "..^eU Loth parents in tlmt it oomhines the winter
hanliness an.l tlie iil)ility to resist rust of the former sort with the stiffer
straw and hifther yield of tl > latter. I}y reason of the ahove it has -riven ..n
the avoruKO of four years' ex,,erin.ents at Svalof and Alnarp about 1S%
iMKher y.ei.l than the Old Extra Squarchnul an.l H% more than CrewuUer 11

; t''*

• '"'"""g the hardiness and yieMin- power of Extra Squarehead II
In.d b..en diligently souRht for earlier by seleetin- and testin- manv form,
"lit of Grenadier, but without satisfactory results. Out of tiie huntlreds <if
pe.iisree sorts tested none have combined so many Rood (lualities and none
:•'- •

.. generally popular among the wheat growers of southern Sweden as is the
above crossing, although it is uncertain yet whether it can displace entirely
Urcnndur II in all .sections.

Grenadier II. out of ICnglish Shirriff (a Squarehead sort) is the "least
winter har.ly of all sorts ,,ro,luced at Svalof, but is esiHJciallv high yielding
and stiff strawed and has been u.se.l extensively in crossing with" otiiors
which are not so productive.

Anotlicr .sort which at present promises to excel all others conies from
the crossing Cove X Grenadier II. The interesting origin of this .sort has
already been described as have likewi.se its peculiar merits.

Sun wheat, although relatively early, stands among the vtry highest
yieldeis at Svalof. It is a little hardier than Extra Squarehead II but is not
so strong in the straw nor so resistant against rust (.r smut as is the latter
sort. A peculiar and not unimportant weakness of this sort is its tendency
to germinate slowly in the autumn. This often results in a thin and unsatis-
jactory stand. Because of these shortcomings, crossings have been made
l^tween this and such other sorts as Extra Squarehead II and Grenadier II.
Ihis sort was given over to the Seed Company in lyos and will probably
come on the market in 1911.

Grenadier III is one of several lines selected from the old pedigree sort
Grenadier II. It is not noticeably different from the latter in morphological
character but .seems to be a little more productive and at the same time quite
as winter hardy.

Oool is another line selocfed in 1!)(« from Grenadier which is decidedly
lunie winter hardy than tiie latter sort. It has stoo.i among the lii<diest
yielders since taken into the tests and in 1910 gave the highest yield of all
sorts under consideration but was rather weak in the straw. The two last
mentioned .sorts are excellent illustrations of the p(,ssibilities of improving
ui>on old ])edigree wheat .sorts.

The folK.wing table imlicates the relative yielding power of tiic leading
sorts at Svalof for the years indicate,!. The old Stcedi.^h Velvet ehaff is used
as a basis of comparison, its value being placcil at 100.

»¥f

iii»"
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OTf

Pedigree

plots uruler

investigation.

1

I

Fig. XXX.—Table of yields o{ teadinc Autumn wheat sorts of Svalof 1890-1909
(23, p. 23).

.Stocklxxjk number and name of

Sorts.

No.

of

years

tested

Awrajfp yield

per acre in

pounds.

Grain

0290, Extra Squarehead II (Pixtra

Squareiiead X Grenadier)

0501, Grenadier (Pedigree sort). . .

0406, Bore (Pedigree .sort)

0200, Renodlad (Selected) S(|u..re-

head (not a pedigree) ...

0315, Pudel (Pedigree sort) 9
020.'?. Extra S(|uarohead (Pedij c) 11

Swedish Velvet Chaff 19
Swedish Club wheat 13

Straw

Yield in % eoni-

parcd with the

Swedish Velvet

Clmfr.

Grain Straw

Weight

per

Bushel

ni)s.)

4

13

13

13

3(i(K)

34(H)

32.52

3223

.3070

.3051

2655

2606

6362

.5S23

6303

54S3

5725

6024

5053

5968

1,35-6

128-5

122-5

121-4

115-9

114-9

100-0

98-2

125-9

115-2

124-
1

.59-2

.59-6

m-5

108-5 .)9-2

113-3
I

59-5

119-2 58-7

100-0

1181 i 59

In the experimental grounds in 1910 there were between 300 and 400
pedigree plots of autumn wheats, practically all of which belonged to different
crossing.^. Each of these cros.sings was made with a definite practical object
in %aew According to the present system these plots are numtered con-
secutively. Thus in 1910, the first plot bore the field number 1.32 and the
last 491 as follows:—

Field Numbers in 1910:

1.T2

1.33

134

135

136

137

138

139-144

14.j-14t)

0234 Selected Squarehead.
0290 E.\tra Squarehead II.

0406 Bore.

0415 Sun.

0501 Grenadier II.

.... Tystofte Smaa wheat.

- - . Tystofte Stand wheat.
0290 X Stand-Up (2nd generation).

^

Object of cro.ss.—To combine the higher yield which the
St(i)ul-Up is capable of giving (hiring favorable veurs with
the greater hardiness of 0200. Also to combine the shorter
straw of Stand-Up with the stronger structure of 0290. The
latter sort i.s normally strong, but is too long to allow of
ma.ximum .strength.

0501 X St/tml-Up (2nd generation).

Object.—Same as in last mentioned cro.ssing.

mmmmm
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147-103 -^^ 0415 X 0290 (2nd RPneration).

OI)ject.—To coinhiiip the gipator liurdiiiess of the forinor with

the stiffer wtraw and greater re.fistanec against rust and smut
of the latter.

1G4-1G7 ^ Tyxlnfle Smaa X 050/ (2nd generation^.

Object.—To conihiiie the greater hardiiies.s and earher

maturity of the former with the stiffer straw of the latter.

A higher yielding sort than either parent is also looked for.

lGS-169 -= Tj/stn/le Slaiul X 0.vAW (2nd generation).

Oliject.—To cornliine the gi'eater rust resistance of the

former witli the gicater hardiness and higher yield of the

latter.

170-173 =- 0234 X OoOl (2nd generation).

Object.—To conihiiie the greater hardiness of the former

with the greater yield and stiffer straw of the latter.

174-188 = O4O6' X 04/5 (2nd generation).

Object.—To combine the greater hardiness and quality of

the former with the higher yield of the latter.

189-193 ^ 0400 X 0501 (2nd generation).

Object.—To combine the greater hardine.ss of the former

with the higher yield of the latter.

194 = 050/, Grenadier II.

195 = 0415, Sun.

196-303 = 0501 X O415 (3rd generation).

Object.—To combine stiffer .straw of the former with

greater hardiness of the latter.

304-323 -- 0501 X 02.90 (3rd generation).

Object.—To obtain a higher yielding sort than 0290 witii

the same hardiness.

324 = 0501 , Grenadier II.

325 = 0290, E.\tra Squarehead II.

326 = Tystofte Smaa wheat.

327-365 = Tystofte Smaa X 0290, Extra Scparehead II (3rd generation).

Object.—To combine the greater rust resistance and earlier

maturity of the former with the stiffer straw and the greater

winter hardiness of the latter. This crossing has given very

promising results.

»#|

•I*''

««..-''
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366

367

36cS-424

425

420

427-4S()

4S1

482-491

lift

= 0234, Out of Renodlad Sijuarehead.

0406, Bore.

= 0234 X 0406 (3r(l generation).

Object.—To comhint- liigher yield of the former witli liiglier
quality of the lattei

.

= 03t5, Pudel.

= Swedi.sh Velvet Chaff.

= 0315 (Pudel) X Swedish Velvet Chaff (.-)th Reneration).
Object.—To combine the stitfcr ,<traw and luKher yield of

the former with the tetter quality and greater harcjiness „f
the latter.

=^ 0501, Grenadier II.

=- New lines from Grenadier II taken from Seed t:ompany's field.

492

Small

niarl;ir-s„irn

multipliat-

t ill lilt.

495-498 =

499-504

0502, Grenadier III. Plot of 48 rows each row planted with :i()

kernels, and each lot of 30 kernels taken from a single plant.
(Seven of the l^est rows were taken for further comparison
in small plots in 1911).

0290, Extra Squarehead II (new lines).

0315, Pudel X Swedish Velvet Gliaff.

The above review of the work in Antumn wheat breeding in .-<wedon
clearly indicates that sub.stantial progress has been made. As was j.ointed
out in the beginning the most pressing neeils of the growers of Autumn wheat
were for .>.orts combining higher yield, stronger straw ami greater resistance
against disease with the hardiness and <iuality of the common "acclimatized"
varieties of the country. This need has In-en partially realized. A nun.ber
of excellent pure-lines or strains have been isolated, which in them.selves
have proven superior to the varieties hitherto grown. By crossin- certain
of these strains together as well as with certain old varieties stilF further
progress has been obtained, and much is still looked for. While the return*
per acre have materially increased by the use of better sorts, the area devoted
to the production of this crop has likewise extended on account of the availa-
bility of sorts better suited to different conditions. Where formerly Rye
constituted the principal crop in many districts, wheat can now be grown
with greater profit. The great.- ^-ease in the wheat growing -ea is in
Malmohus euuuly (Ian) ituate > most southe- ; ,art of the country
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2. Spring Wheat Breeding

The *reii devoted to tlie cultivation of spiiiij; wheat in Swed.'ii is ciin-

paratively small, representing only l'C)% of the total urea devoted to nil field

crops. This is due to the larger vneUl-* obtained from autumn sorts, and to

the greater suitability of the latter for most distriets. In certain districts,

notably on sand soils where autumn wheat does not thiive, spring wheat

can be grown with very good success, and in such localities occupies a i)lace

on practically every farm. Work at Svalof with this crop has l)eeu i ariied

on with a view to producing more suitable and jirofitalile sorts for the strii'tly

spring wheat districts.

When this work was undertaken there existed in the country several

common types which were characterized bj- very early nuiturity, snuiU kernel,

narrow open head, rather weak straw and rather high susceptibility to rust.

Importations of foreign sorts were made and while practically iKuie of

these proved superior to the old sorts of the country some were used to good

advantage in breeding work. The Cierman sort Kolbrn. resembling Red Fife

closely in character, e.xcelled the Swedish sorts in ability to resist nist, in

strength of straw and in size of kernel. It consetjuently l)ecame widely dis-

tributed throughout the southern i)arts of Sweden but was too late to thrive

to advantage farther north. In the greater i)ai't of Sweden, particularly in

the spring wheat ui:. ly maturing sorts are imjterative owing to the

|)revalence of early sumna dght frosts. For this reason the greater ])art

of line-breeding work is novv confined to the early Swedish varieties. A
large collection of different stocks of these varieties has becri obtaincil from

farmers and others living in the northern and western j)rovinces and efforts

are being put forth to discover within them, strains of sui)erior value. While

these varieties seem to possess very few distinct botanical fiu-ms, yet recent

work in line-breeding has revealed physiological ditTerences in sufficient

measure to warrant a thorough analysis of the most promising stocks.

Among other foreign imijortations, the German sort Ei.niui has given

a couple of strains of considerable value, viz., PedH and Xo. 0201. Pearl

has given about the same average yield in Skane as lias Kolhen but lias a

stiffer straw. It is unfortunately, more susceptible to rust and is too late

in maturing for points outside of the Southern ])rovince.

No. 0201 gives, on the average, about lO/o higher yield tiian either

Pearl or Kolben while in strength of straw and date of maturity it stands

practically on a par with the former. In quality it is inferior to /•"('((;•/ so has

been cros.sed with this sort. The above two sorts, althoug!' taken from the

same old variety (Emma) are essentially different in respect of ct.tain (char-

acters.

liHii''
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(•-!01 X Pearl. Hot 104 on the riRht, ripened earliest and was exeeedinRlv
proniisuiB in otlier res|H'ets.

The rase ..f the Uvo norts Pearl .n.l .Yo. 0201 affords another interesting
exa„,,le of the great eifferenees whi.-h n.ay exist i,» practical qnalities betweenstram. taken out of the .ame old variety, as well as t he possibility of l,ringing
such sort, together to form superior ro.nhinations. The differences betweenhese sorts as well as their origin and subsequent treatn.ent are illustrated
in ttie tollowing graphical manner:—

1 Emma, too late,

not iit all suitable

for Sweden.

Xo. 0201

Pearl.

High yielder

Rather .stiff .straw.

Poor quality.

Xot .so high a yielder.

Very stiff straw.

Good quality

0201 X Peail

W9mgm_fSSKirrEiSSXSwmm Tt.Jim. '.iit/' V-.



If
I

I

119

Fniiii Kolhen a single strain, Xo. 0702, has l>pcii isc.iatoil which is ivmirdod
as slifjhtly suiterior to the (iriKitml.

Two American sorts Itcil Fifi- and Dululii have Immmi tcst('<l. rmtii the
hitter several lines have recently k-en taken Init it is yet too early to anti<'i-

pate results.

The Brown Schlunstedt u'heal whicii, in the province of Sa\')ny, ( ierniany,

coiii|ieleH with the l>e-t autumn sorts in yield, lias lieen tlioroushlv tested in

Sweden hut found to U' too late for that country. It is therefore projtosed to

cross this sort with such sorts as Kolhen and Red Fife with the liojie of com-
hininK some of the high yielilinij pro]ierties <pf the former witli the earlier

maturity of the latter.

.\ppro\imately 2(H» pediirree plots of s])ring wheat repre>entii,i; I lie pro-

ducts of five different crossings, all in the Mh generation, wcic under >ludy
in the Experimental gro,.nds at Svaiof in lillO. These were as follow:—

1. 0201 X I'idii. Oliject — 1» combine the Rood quality of /'(in/ with

the liigh yield of the f..rmer.

2. Penrl X Kolhen. Object:—to obtain a sort comi)iiiiii<; the earlin(>ss

and .ust resistance of Kolhen th tlie very stitT straw of

Pearl.

3. 0201 X Kolhen. Object:—to obtain a sort combining the rust

resistance and quality of Kolhen with the yield of 0201.

4. Kolhen X 072.9 (a brown-chafTed. awned sort). Object ;—to obtain

an earlier ripening sort of the Kolhen type for the spritif;

wheat districts of the Xortli.

5. Kollien X 0740 (a common variety from Dalarne). Object:—the

same as So. I.

>4i

lffg«(*'

3. Oat Breeding.

During the first years of the A.s.sociat inn's existence the work with oats

as with wheat consisted in testing a large number of Swedisli and foreign

sorts in order to obtain the best nuiterial as foundation for further improve-

ment. From among the.se sorts the following three seemed most worthy
of cultiviation:

—

1. Probstier (sort commonly grown in the Baltic region).

2. Ligowo, a })edigree sort obtained from Vilmorin of France anil suit-

able for later districts where an earlier sort is required.

3. Black Tartarian, for those di.*triets in which black sorts are preferred.

In oat breeding wo' k the ]?rinciple considerations are: Yield, quidity,

strength of straw, resistance to disease and ability to thrive on a reasonid)le

variety of soils. In the central and northern districts earliness is one of the

most important qualities. The performance of the dillerent sorts in regard

to these points is striking and indicates that a ' universal ' oat sort is not to

be exi^ected in a country pre.senting such a variety of conditions as is found

V^S^^!i '."-S.- "
. »i'
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ill Sweden. This fact wax iilready recignizcd at Svaldf fn.iii i,,o beRiimiiig
aiifl the quest iuii of local trials as a means of dfteniiininK the suitability of
sorts for a jfivon locality has always l)een regarded as one of great importance.

^ ' "Piii'ison of results at SvaKif and Ultuna affords an interesting
study of the elTccts of .soil and clima'e on out sorts and also serves to indicate
some of tin- difliculties which confront the breeder. The quality of oats,
V hich is judged on the basin of per cent hull, weight |H>r l,Ooi) kernels^
hectolitre weight (weight ikt 2.S.J bushels) and i)er cent double kernels, is

found to 1k> better in the north than in the south. .Vs regards per cent hull
there is found a difference of several (wr cent in favor of the most northern
Htati(,n at Lue°al. Other e\|K'riments are available to show that the further
north a sort can Ijc grown the thinner Incomes the hull. The accompanying
table indicates more clearly the l)ehaviour of the different sorts in this
regard:

—

Fig. XXXII. -Per cent Hull in oat sorts tested at SvalOI and at Lulca in 1904.
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At Lulea

At Svaldf

The above diagram reveals the parallel behaviour of the different sorts
in resi)ect of per cent hull in the t»vo places indicated and shows that sorts
grown at I.ulea in 1904 were approximately 10% thinner in the hull than
those grown at Svalbf during the same year.
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Of all HortH tcHlcil at Svulof iiiul ritiinn Linnwo stands firet in tliiiiiu's-
|,-, ;,, ^

of hull. Aa regards weight ptr 1,000 hemrh i'.\|)«Tirnpntx again indicate the 1^^) hrmh
superiority nf grain grown n\ tho nnrtlioni station. IUtp aKuin l,i){i>'.vii

ho.ids the list.

The weii;ht per l>ii*hel, while important, is liable t.> Ik- iiiisleadiiiK. An
|,^,^,

excellent example is found in the case of the HhijUsH I'ottito out (Kunli). A- hui-hil.

will lie noticed in the following tahle this variety stands ut the head "f tlie

list in weight fier Imshel, but at the same time ptissesses the very highest

j)er cent hull. Xiijyer, on tin- other hand, has a low weight i>er husliel with a

hiw per cent hull. That no definite relation exists Itetween weigiit [ht hushel

and iH'r cent hull seems clearly proven.

Wfight pT Hu-tl.. ! ill comparison with IVrOnt Hull in oiit> t<'>li'<l at ."vuldf.

Sort

0701—EnRlish Potato Oat

OaSfl—Gold Rain

0353—Ligowo , . . .

032»—..

0926—Duppauer
0355—Victor\
o:K)2—White Probsticr..

• »:«»1 -HvitlinR

0:J00—Awnless Prolwticr.

027.'>—Nijwer

0101—Black Belli

0450—Great -Mopil

0101—

42 '.'f. llH 32 2,-)

40-22 "
27 .;o

;}<J-9.^
u 26 -Ml

;«)«) " 25-70

39-37 u 3a -70

30-29 u 2S-70

39-06 it 27-60

3><-9S •' 2.H.20

:{.s.2i
•' 27 -(H)

3S-16 n 23- (to

37-44 u
31 .'V)

.35-60 u
31 -25

34-47 u 27-25

An examination of the table of yields (See jiage 12!)) affords further

proof that no relationship e.xi.sts between the productivity of a sort and its

weight per bushel. Thu.s the English Potato Oat, although weighing t!ie most

per measured bushel, is not included in the table of j'ields as it was found

deficient in respect of yield as well as of quality. Awnles.s Prubstier, althougii

at the foot of the list of White oats in weight per bushel, statids both among

the best yielders and among those po.s.sessing the I)est quality ''innest hull).

Weight per bushel is influenced most by shape of kernel. ._ urt plump

grains pack more clcsely and therefore weigh more than do those wl.ich are

longer and more slender, although they are not necessarily of greatei' value.

While the weight per bu.shel of different .sorts affords little indication of their

respective values, the weight of different lots Ijelonging to tlie same sort and

grown under different conditions may constitute an important basis of

valuation. In describing the different sorts offered the puijlic, the Swedish

Seed C!ompany never makes use of the weight per butihel.
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llt(is Hi,„i. whi.-h time it U:\H ..l.tuitip.l iin iimiHuallv wi.l.. .li-irlhution In
..thpr .•.mnfrior.. n..f„My ll..ll,iii,l u,„| Cu.m.lu* tliin w.rt hu- ^iwii f.vcllrut
n>HiiltH in oxiieriment- thiiH fur (•(.mlurti'il.

(lol.l Rain prcHrntH it renmrkuhio (•..tiihiniitinti of ku.mI quiiliti««H lM>iiig
i-.'lativ..|y Piirly ypf » high yjpl.lcr; it in vpiy .^tr.iiiK i" Hip ntriiw (.S..c. Fin,
;<:<), Riv.'s tlio liiMhi-st wpiKht i)or t.u.-lu>l of nil sorts tpsti..|. is thin in the hull
.111.1 IS nioroovcr. .•upul.lr of fhrivinj? on a surprising vari<-ty of soils. Th.-
(mnicle is small an.l th.- kernels goMen and n..t s|),.riallv attra.-five in
api^^uraiu^e. On the average of t.-n years' trial at IMluna it has st,.o.|
Hlnupst on a level -n yiel.l with Virion/. Imt is reeornmon.le.l in preference to
the latter for th. white oat .listri.-ts of mi.l.lle Swe.len on a Mint of its
earlinens and suitahility for [Miorer soils.

Awnkus PrnbMiir as ahvady explaine.i. is ,i mass-sele.te,! s.rt yet it is
among the most pro.lnrtivo of all sorts teste.l. It is esix«eiallv value.MH-ra.i.se
of Its ability to .iirive iin.ler u great variety of ronditions.** Like Gold lloin
It IS a yellow or goMen-giaine.l sort ami often .lifTirnlt to distinguish from
the latter. It is a good stooler with tall but m.t siweially strong straw.

Many new lines were seleeted from ol.l Probstier stock l.i.tween V.m
and litOti. and (,f these not less than seven have Iwen oarried to the large
comparative trials where results thus far seem to imlicate that one of these
at least may mark an a<lvancc over Victory in yield.

LifioH'o. obtained originally from Vilmorin of Framr. has proven a
valuable .sort for certain .soils and districts in Sweden. It is s,>ecially valued
for Its earhness and high quality iK'ing yet unexcelled in regard t.. the hitter.
It thrives lK>st on fertile, vegetable nioi.-t soils. On diver, higher soils it is
lather uncertain, the straw often k-ing shorter and the kernels inclined to
thresh out easily when mature. The kernels are pure white, extra short and
I)lumi) with a low K>r cent hull ami are usually awnless. It is a thin stooler,
with straw .strong and of medium height.

vSeveral lines have lK>en taken from this sort, but none can l)e .-aid to
inark any advance over the original. In tiie light of present concej.tions
<.f the plienomenon of variation the failure to discover better strains in
I-.gowo IS ,lue to the fact that this sort is already a pedigree ami does not.
therefore, contain hereditary variations.

.S',v//rt/v' Dnhi m'lX) is a pedigree sort out of the old varietv Dala c..m-
monly grown in Dalarne. Thi. is a very early sort coming iK-tween GoldRom an.l Hlock Mcsdog in thi.s respect. It is f.,und most suitable where
s..rts such as Gold Rain can n.>t be relied upon to mature, and has shown
Itself sui«.nor in yield, hut more especially in quality, tu the old vurifty

• S« Canadian .S«mI (Jrow'fn.' Association. 8th Annual Repoii. 1910. p. 88.

•• ArsredoKorelHr. Ala.nnna Sven..ka Utadewktieholagft. 1910, p. 15.

t'ff
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frnm wliiih it was taki-ii It i-*, lnnvrwr, miikIi tn.i wpiik in tl* Mtraw, «<i

liiH IxM'ii crn-wrd with (lolil Rnin (Sw Fif. X\).

A iw'iliuri'c Hurt known a^" Yiilnw S'luujwird, rpcentiv intro4lii(e(l from
JVnniHik, huf pruvi'u i'Xi-f|itii>imlIy prKniiHinR tit Svaliif, tinl mav iMp.-ilily

t>\ccl Virliini im.li-r ci'itain curuliiion-. Thin Ntirt was xflcctoil liom Dmiish
Isliind in Is'.dt, l.y VVstfiKaanl of tin- AIhmI .-at ion. IVninark, ami .loi^piic

all ftfoii- t<i ulitain a l>ottt'i' sort, it ran till U- saiil to holil first place on the
liost soils in that, country, although mi |h).i:Tr soils it is saiil not to Im- aMc
to coiiit«'li' with f'le ol<l .M..tli»>r .SortiJtl, p. ti.*>J). On the avcraui' of tlic

past (isi> years' trials at .Svin .f. S'liniinnnl has niven the hiijhest yichl of all

mirts, although a later |«'ili(ire«' ((»:{lS) from I'robMiir has, durinn the three
years it has Ix-eii in the li-ts, proven more pruiluclivc.

l.y I. II. N.

I hi. XXXUI. -Oat plots—(lol.l Kiiiii (\o. lit) ami Senhf^ /J(>^l, (IH24 (No. at) .^liowiiiu

ri'lative stri'tijtths of straw.

hlnck out

sorln.

The Aiiin-iciin lioniwr, which lias Ik-cii amonjj the most jtroductive
sorts in Dennuirk for many years, has also proven <-ery |iromisinj{ at Svalof.
It is the present intention to make a ])e(liKree analysis of this sort with a
view to isolating, if jx)«.sible, a sujterior strain.

In certain pai-ts of the district known as Midillr Sweden are large tracts

where hiack varieties of oats are preferred. The common sorts of the country
were grown exclusively in these places up to about i.") or ,iO years ago when
tl e Black Tartaridii was introduced. On account of the stiffer straw of this

s^iri it came to displace very largely the old sorts, but with the advent of

new imitroved sorts from Svidiif it in turn, was forcfd to occupy a minor
jKJsition.
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Hn-t'iliuK work with Hliick "iit* iiitnidi'il fur MiiMli- Mwc-iIimi i- iiuw

liiFKi'lv (•( ici\>riitcil at Itip Siiiti«>ii iit riluiia iiikIit llir "ii|icrvi-ioii of iIm-

iiii(N'iint<-nilcnt, Mr. A. I'llnf^un. 'I'lu' murf' I'l'iniiiii'tit lilii-l. ^uH- now
iiiiiliT ilivi'.ili|£ulii)n Hit- HhirL llill I, Hlnrk lull II, Urnlf M'lnil. I'ommitn

Koxltifi anil Fi/ns. Slndt tlom ri|itiiiii-i .if tlioM- wiili. nw ^tltiiiiittcil u- f.illmv:

O.'/'l , It'll I —StilT ^trawi'il aiul ijiiito early ri|K'riiiitr. (>ii ^tilT iImv -uil-

iii Mij' liiufk (lat dUtrirt?" it is frciiiu'iitly PXfrllfil l,y ilic <iiiiimiiii itiiiv

f'lirtH, liiit Kti lii'avy vi-jp'talilo soil-i it nftcn tiivv* f.in-iilcialih liiu'licr \ifli|-

limn tin- luttcf.

I)',()fl. Hell //.—Saiil to Ik a natural cnis-iiiii l,.i wcrn //«// / aii'l '"'/'/

Hnin. Iti yicltl a,« wi'll iis in (piality this s.ut ha-- ihuvcii i-ipincwhiit >u|«'ii.ii'

In Hill I. which it hu;* futnc to laiKi-ly ilisplacc. In tyiw of |iliiiit it closely

ri'srmliles Hill I from which it is (listinn'ii heil in the fiehl liy its smaller

Khime which, at maturity, is not so U'11-like in aii|HMninice 'rii(> kernels

are somewhat thinner in the hull and luRher in weight than thosn of comtnon
Hell I. This sort first came on the market in liH)'».

A p«'culiarity of hoth Hill I and IMI II is the unusual develojiment of

sterile flowers or spikelets at the liase of the panicle.

O.'^SO Grial MiM/iil. \ pure line from Mlack T;irtaiiaii. I'iinicle very

large and long, often overhanging; spiki-lets large with long, dose light-

colored glumes. Kernels toleralily large, long, well filled, plinnp, thin hidled

anil long-uwned. Plants very tall with unusually stiff straw. Uiiw-ns late

Ml IS not recommended for provinces north of Stockholm. Thrive.- liest on

day and sandy soils. F.s the [text hiack sort yet produced for the southern

parts of the black oat districts. Init is not suitahle for the later districts.

For this reason it has l)t>en crossed with Hill 11. This sort came on the

market for the first time in 1!K>1.

The Common Hoslni/ is an old sort |a'culiar to the district of Hoslagen in

Middle Sweden and distinguished from the other lilack sorts of the country
liy its moie upright and richer |)ai\icle. In trial> at Ultuna. on -tilT clay

soils, it has proven to !«> the highest yielder of all Mack sorts tested, liut liy

reason of its latene.ss it has U^en .s<irnewhat excelled mi the average of a

ninnlK>r of years' tests hy Fi/ns (Improved Hoslag). which is a .-train of this

variety. Unlike Prolmlur. lioslni/ has shown a dearth of ditTerent form.-.

Hy the system of linc-lireeding now in vogue however it is ho])ed that superior

strains nuiy eventually lie isolated. Because of the weakness of its straw it

has lieen crossed with Hill II.

01004. Fyrix.— .Vs ju.st explained this sort is a strain out of tlicCominou
Hodiuj variety, and is now regardeil a- of sj)ecial value for stiff soil^

where the latter is too late. While this sort shows lint little improvement
over the mother sort in yield of grain, and is actually lower in straw produc-

tion, yet it is found to be more than a week earlier and also of lunter quality

(4% less hull and 2% fewer double kernels) than the latter. It is still quite as

weak strawed as the original mixed sort and has therefore tx>en crossed with

Bell 11 and Ureal Mogul. Came on the market first in 1911.

Three forms resulting from a natural crossing tietween Black Tartarian

and I'robstier, and combining; the high yield of the latter with the strong

•liih^

J f ''



ii:

Enrli/ sorts

for the far

north.

12G

growth of flip former, promise to heroine of special value for the production
of jrreen fodder. One of these forms, having the stoek-l)ook niinilx>r 0193,
gave in l!H)r» and 1910 the highest yield (•f grain of all sorts tested, hut during
the uitervening years its hehavior was less satisfactory.

A sister sort 029S, which also inherited .^-:,., •>: 'he high yiehling pn-i)-
erties of Probstier and at the same time po. s, s a iiMi- h niaiit vegeta-
tion than even niack Tartarian has again Ix , n <•••,, s^.l .vith '

lO latter. This
is amitlier good e.\a!u|)le of repeated crossi «

For the extreme northern sections wher^: o.u t,.., .in; is at all possihlo
a few very early sorts liave heen hrought out. The highest yiolder of these
thus far tested at Lule?i is Xumhcr 066S. a pedigree out of a common northern
variety. The (|uality of this .-^ort, however, is low. so it has heen crossed
with Liynivo (035:5) witli a view to ohtaining in coinhinatiou with its own
early maturity, some of the high quality of the latter .sort. An early line
from this cro.ss (0353 X 0668) has given promising results in experiments
conducted in \orthern Sweden, the quality heing excellent. This line will
come on the market in tlie very near futuie.

0670. Sval6fs' Mo.'is oat, a pure line taken from the common (iernmn
.Uas.s variety, is, like the latter, most usefid in such di.-^tricts and under sucli
conditiims as demand the very earliest lipcning sorts. On tlie wet cold
peat soils of Sweden this sort has as yet heen unsurpas.sed, altliough under
niore fav.,ral)le conditions it cannot compete in yield with tlie sorts i)reviouslv
discussed. The only advantage claimed for this soit over the co-nmon
variety from whicli it was taken is its purity. Xot infrequently, however,
has tlie common composite variety heen awarded a higher i)lace than the
IJedigree sort.. In order to ohtain a sort coiuhining stiffer straw and higher
yielding capacity with the very early maturity of this sort it has heen crossed
with f;«W liain. 0670 came on the market in the spring of 1911.

Blnrk M<:idaq, a pedigree .sort ohtained from Vilmorin of Franco, re-
semhles the foregoinj; sort closely in practical quaiitie.-. In weight per
hushel it is .somewhat higher, hut in proportion of kernel to hull it is lower. It

is also inclined to thresh out easily at maturity.

0660 1^ a i)edigrec sort out of a variety ( imonly grown in Xortliern
Finland. It is a very early sort with very stiff evenly develoi)e.l straw hut
with small light kernels.

0363 (Lignwo) X 0660 '.s a crossing wliii'li aims to unite the very early
ripening properties of the latter with tiie high (piality of the former. A
line from this crossing has given excellent resuhs in trials condiK'ted in the
northern regions, and will come on the market at a very "arty date.

Each of the .sorts ahove descrihed as well as certain foreign sorts under
investigation, thirty-six sorts in all, occupied a plac(! in the large compara-
tive trial plots on the I'^xijerimentid grounds at Svalof in 1910. In addition
to these were sixty preliminary trial plots, .338 small iiedigree plots and five
plots devoted to the ruukiplicalion of lilite stocks. The field numbers for
these plots run consecutively from 37 to 411 thus:—

I
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A.--.Miicliiiii' sown (two plots (if 1 iiK'tre X 12.") metres eacli, fir oacli I'riiimiimni

iimiilMT). truih with

'nit.i in 1<U().

37 (it)— DilTcient lines frum the Fnihsticr <;niii|).

(il (it)— DifTerent lines frnni the Ronlmi Kioup.

B. -Sdwu li\- liaiul with iln " niarkei'' (two plots, eacii .7'i metres X ti

metres, foi' eiich iuiml>ei).

t')7-i)S—From the crossing Hill II X (Ircat M<^jiil meiitioneil iwlow ainl

aiming to isolate the most valnalile line.

f»!t-l.")1

I •')2-l .")((

l')7 l.'i!)

I'edifsrees from older or newer Svahif or olhe r sorts.
l\tliqrfe

l>li>tl of OdI.S

il.)/)') (N'ictory) X OJIS—Jnd Reneration. Two hiRli yielding '/"-At ihc,.../,-

sorts cid-'ed to obtain still higher yield. •lulinn in

liUO.

(J.i')6 X (>J5.i (Ligowo)—ind generation.

Objifl.—To obtain a sort conibininfr the hij^h \ield ot ill'i.')

with the higher (luality and eaiiier maturity of O.Vhi.

ItlO l(i;j O.li.-, X 0.m (V,o\d Rain)- 2nd generation.

()hj( el. —To obtain a white keriielled suit possessing the

eariy ri|)ening |)ro|)ert ie- of 0,j',V6'.

Itil Itis O.)!)-! X Ycllinr .Va.syiinv/ -2nd geneiat ion.

Ohjcti.—Two high yielding sorts crossed to oiitaiii a still

higher yielding sort.

llift -^ Xaandfinl X 0J.5.J—2nd generation.

Ohjccl.—Same as in last crossing.

170 172 U-ioo X Struhi'H—2nd generation.

Same as last two.

17:i 171 : 0^;^ X 5/rH?<f.s—2n(l generation.

Object.—Same as hist three.

173 = 03-53 X 03S6—2i\d generation.

176 = 040s X 01004—2nd generation.

127-179 =- O4BO X 01004—2nd generation.

lSO-232 = 0^98 X 0.^/0—3rd generation.

Object.—To ulituiii a stronger growing green fodder sort

with higher yiekl of grain than the last mentioned parent.
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•"..

233

234

235

:>3()

237-2(iO

261

2U2

2()3-3o7

358

359

3(iO-401

402

403

40J-13G

437

438

43!)

440

441

12S

"^

/SL!^'"'" "
"""""' """"'"^ '^'"^" ^''"•^- ^'"•''"•'«" a'"l

- 0;^/0, Black Taitaiian.

=- 01006, Roslay.

=- 0^05, Bell II.

-- OKXta X 0408~Md generation.
06yVrt.-To oomhine the l.igh yield „f grain an.l straw „f

tl.eJorn.er w.th the ..tiffer .t.aw and earlier ,.i,.ni„g .,f the

= 040s. Bell II.

= 0450. Great Mogul.

=- O/fiS X 0.^50-5th generati.,n.

06/.rr-To obtain a .s„rt oun.bining the goo.l q„a!i,io. „fthe latter with the earlier ripening of the fufn.er.

= 0386, Cold Rain.

= 0670, Svalof'.s Mos.s.

= 03SC X 0670~A{h gener
0/,.rf. To obtain a so, ,ing as n.anv of the for.nerV

gJ»>,Muaht.es as possible .„h the still earlier ripening of

= 03S6, (fold Rain.

= 0924. Improved Dala.

= 0386 X Om~Aih generation.
Ohj.ct~lo ohx-^\n a sort combining the stiff straw andl..gh y,eld of (UM Rain with the earlier n.aturity of DnU

=- O4O8 X t»4J0—(Sown by hand with the 1

marker).

= 0/00?, Pedigi-ee out of Ruslan
= 01009
= 03002

= 03003

Stock

-Multiplications.
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By way of nummary the present work in oat breeding in Sweden may f^ummnr^ of
lie said to J)e directed along the foUowing three main lines (4s. p. 2.")S),

/"'•«'"' "•"k

thus:

—

1 .
For southern Sweden's white oat districts:—

ill out hreeil-

in<l.

(a) Line-hreeding from the old Probstier group on a more extensive
scale than Iieretofore and

(1)) Crossing the lx;st pure lines from the above group with each
other.

2. For Middle Sireden'n Mark out dislrirtx:—

(a) I-ine breeding from the common lioslny and
(b) Crossing the l)est availai)le black sorts with each other.

3. For the Inter (/ts/nV/.v:—Crossing the very earliest available sorts
with others which are higher yielding and yet tolerably early, such as Gold
Rain and Liijowo.

The following table gives the average yields of the leading white and
ilack oat sorts at Svalof and I'ltuna respectively, for the years indicated:—

Fig. XXXIV.—Table of Yields in pounds per acre, of White Oats at SvalOf
1900-1909 (22 p. 26).

mmi>^

Names and Stock-book numlx-r of the >s' l. i

Sorts. i .. •:

Yield in coMipiiri- Aviraitf
.^vcrape yield

;
son with that of weight

[XT acnv .\wnles> Probstier. |)er

i JBiish.'!.

0335, \'ietory (I'l'diRn'c out of!

Hrokstier)
! 9

— Danitih Island (Old unseleetpd'

Probstier oat)
| 4

fl.iSI, Gold Rain (Pedigree out oi
Prob-itier)

, 9
') 00. .Awnless Probstier (Mass-selec-l

tion) ! 9

OSUt. Hvntlinp (Pedijtree out ofi

Probstier) 9

03,5.3. LiRowo (Pedigrpe oripnally

from Vijmorin). . . , 9

0302, White Prolistier (Pedigree out

of Prolwtier) 9

(irain

(lbs.)

;m2(i

3313

32!).-)

3260

3242

3233

3198

Straw

(iKs.)

43.-)0

40.s,s

43oo

4 KM)

4195

4 Ills

43()2

(iraiii St raw l.bs.

104-9 104-.-)

101-6 9.S-3

101-1 104-7

l(K)-0 100-0

99-5 UK) 9

99-2 100-2

98-1 103-4

39-29

40 22

3S 21

3S-9.S

39-95

39 06
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Fig. XXXV. Table f yields . f Black Oats at Ultum 1897-1909 (22 p. 28),

Naiiic^ iiiMJ S|,,,k-k.(.k niiiiilici' 1)1 til,.

Mirt-,

"/'".;. I'vris ( 1\.,|. in.iii coiimion Hn^-liie)

<'oiimi<)n I{(>i-l;iK.

iij,(is. H<ll IKIiclll X (iol.l Rain).
1 1

','<<). <ir(.,il MoKul (I>,.d. out of Mliuk
Tartaiiaiii,.

*i>'i01. Hfll 1 V...
.Mcsdnjf

Mlack Tanariaii
— IC.xci'lsior.

Vifli |.., >iil(l '()iii|uiri'i|

arn ill with Hill 1.

poll nis.

NO.

Ill'

!

.M'ar-«.
1

iiiiili'i'
1

1

Irial (irjiiii

1

SI raw

lliv

Strain Sll;i«

l> J ION ;<22(t IIMI (HI
."» j:t.s7 :r.:j:i ii:mi <ls s
li L'1.'7S :t:ti):i 1(17 s Wl W

IL' -'i:f7 :{7.->s 101 1 111.") (1

12 2li:i :t.-.7s KHI 100
.-.

! ir!i:t L"ti7il ^ 1 s 7t-,S

II I7SI :t'i7l s| 1 s.") s
' i

:.'.-' .'iii:t S-_>.l| MH

n

%

l!.of.,roKo,„s,Ml,los,„ must l..> a.l„,i,„..l, ,lo m.t ,.l,„w 1 hat tl„. .•„„„,„>
sorts ..f lu. ..„„„t,y have I„.,m, Rn-atly ..m...,mU..1 i„ yi.-hl i.v ,ho host pure
stnuns thus far ,,nHlu.v,l. |, n„ist l„. ,v„„.,ul.,-r,.il, how.-ver. that manv
years of paMn.t elTort have l,ee„ n-.,uire.l in or.ler to aseevtaii, the .apal-ili-
K-saua p....Mhanfesof tlie U-st „hl varieties and their ....ustituteots. With

the knowledge ^vhHh has thus l,oen aequired, together with the eM-elh-n,
.Material wlueh ,s now available, the present hope is to .•onihine thronj,!,
.•rossn,K a Rvcatev nund.er of desirable .•haraet.-rs than has vet been found

a>.,o X m>0 above d.-s..nl„.d. indieate that, pn.firess has l^>en made alreadyby this mean.s. while the future of many other ...ossinK produets now under
investigation, is hopeful.

4. Barley Breedingt

Barley i.s eultivate.l in Sweden ehiefly in the ,,rovi„ees of Skano Olan.l
(n.tland Ostergotland. ['pland and Dalarue. In all distri.-ts exi-ept inNorrland (^orthern Swe.len), where only the verv earlie.st si.v-n.wed sortsare grown the tw.,-n.wed sorts ai-e preferred as the.se usually yield muchnuire than do the six-rowed and also produce a much pluni,H.r. finer and moreunLvrni kernel, for which reason they are more popular with the brewedAt^he trnie the As.sociation at Svalof was organized there were to be found

• Will probably be withdrawn from the market in the near future

K.,e'bI'%t"u"nt:7™tpuuUti;nTbt;J:L'"Th^^^^^ ''"''

T'^''^
'"*' "'' '""^ «'"" --•

wi.h „^-iew. of the pro,L, made durin^liffeJ, ;:2;'''' """""' ^'"'^"''''^''^ ''«-'" »''«'•••-
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ill Swcilcii I liiclly ii;ili\(' siirl>, iipMii Iron, I lie l!ni;li>li varicly Chirnliir

wliirli liuil lit'cii iiilripiliii'i'il liy tlic Idcwcrs in the i-juiy eighties. Tlic -nvt

rdlMini'iily cilltivjilcil in .Midillc Sweden wiis the iiiitivc viiriel y kliuwii ;i-

Impvi'iid nr iifleii ii.-i I'liiiiiinii liaiieymi iieicnint i>f I he |(eciiliiii- " |iliime-like"

cliiinii'ter of awn (levelii|iinenl .

l'"ic ii issCi until is'.fj the |iriiici|ia! Iiariey woik fi)n-i>leil in i'oni|iaiinir

in the lai'Sie yiehlina trials ami aiialy/iiiK in the lalioralory, tnan\ ililTeieiil

native ami foreign sorts, ('hiciilicr was at this 'iiiie eoiisiilireil sii|«'iior to

all other sorts Koth in yielil ami i|na!ity, althc>U};h it was weak in tlu- straw.

N'ot less I hall twenty ililTeienl slocks of this variety were le-leil in the lalfie

; rials where results showed that it is. after all, only an aveiaiie yieldin^r sort

as lit her sorts, iiotalily the Hmilisli I'rtnlirc. e\rel it.

( )f all liarle\ -oits and >locks tested duriiii; the-e lii-l ye,-ir~ only three

\V( re slilijeiled to the ohl system of inass-M'lecl ion. These were Chmiliii-

from I/'rchenliiiiK. Denmark, Sirvilisli I'liniKiijr and EnijUxli I 'nutin* The

results iilitained with these sorts have already tieen descrilied (See p. 21),

When the pedii^ree system was first applied (IMCJ) it ((iiickly served to

isolate a larf;e niimlier of difTerent strains, the most pidmi>in}i of whiidi laiiie

into the larjie eomparative trials in ISOl. Durinii the foUowini; ten years

from 10 to ."lO (lilTerent strains were tested, of wliicli uumlier four were six

rowed and the remainder two-roweil. Of the latter about half helont^ed to

the Xiilans type and half to the l-jei'timi. (For definition of thos(> typ«!s see

pajn" 133.

!

The i|UCstion of lirewiiift harley has received mueh attention in Sweden.

W'h'' the Station at Svaliif took uji its work, and indeed for many years

after, theie existed in the country a stroiif; prejudice in favor of Chcvnlier.

a pre.iu(lice wliich emenated from ami was fostered hy the lirewers with Rfeat

IK'i'sistance as they were opposed to dealing with many sorts. I^xperiencc!

.soon showed, however, that this sort was only suitahlo for soils which were

tolerably fertile, deep, warm and not too stiff. Oil thinner, colder and

nioister soils, not only does Chcvalur lodge badly but it produces a poorly

develo])ed and uneven product. This fact at once clearly imlicated the

necessity for systematic work, aimini;; at the ])roduction of sorts which would

thrive to better advantage under various conditions and at the same? time /•>'/'"•"'

Rive a produet which would in each case meet the requirements of the brewer.
"'"'''' ''""

'
'•

'

, , . . , ,
, ,, • 1 1 fi rrnl rini'li-

In response to this need, implying as it does that .i "universal sort, suitauk!^^.^

for all conditions is not to l)e ex])ected, much work has been done at Svalof

with this crop, which has resulted in [iroducing several sorts which seem

s])ecially adapte4 to certain conditions, thus:

—

Hnnnchen, for comparatively light soils.

Princess, for soniewliat stronger .so-c'alled "good barley soils" such

as that found in Central Skane.

Primus, an Errctuin tyi)e, for heavy humus and rich clay soils

where the sorts Iwlonging to the Nutans group are too weak in the

.straw.

'iiiWiiHi

TliH sort is known in Englancl unHer the name Arrhtr.
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All iiknl

brewing

hiirlci/.

Chrnilin- 11, for wuriii, feitilo hiiiiiuH soHh.

Swo„.,„rk. for rirf. veRetuLIo soils where s,«<'iallv earlv stiff-
strawed sorts are re<|uire(I.

While the truth of the ohl sayinK "the right sort in the right phi.e" is
t «lly a.l.n.tte,! un.l while the nml for .lifferent sorts is recogni/.e,! vet the
importance of restricting „„. n„,„,^,. „f ,,„,„ ^^„^^ j,^ ,^ ^^.^,^.^ ^,.^^;.-^

^^^ ^^^
lew as posr^ihlo IS likewise coticeded.

For nmny years it was U-lieved that the .,ualities whi.-h .•luiracterize.l
a go.Ml hrewmg barley were hirgeiy extern.... Thus a sort with Uirge piunu,
unif..nn well .levelopr.l kernels of even ,„ah.ritv an,i possessing a smooth
hue scale was always insisted up.m, the .legree of mealiness In-ing the onlv
n>»,r rhnn.rUr .-onsidered. Later, this sta.ulard of valuation In-.-ame altered
through the researches of \arious investigators who showed that the co,n-
I'..sit.o„ and therefore the true value of a sort ,.ann„t |,o accuratelv indicated
'•' """•''' KK-ul .-hara.-ters. Accrding to Ilaase of Hreslau.aiort should
"Hi possess nu.r.. than I!'; protein when intended h.r brewing purposes.

In order to ascertain to what extent one .sort might he Letter tlnn
;'n.>ther .n regard to l.rewing .|ualities, a careful compilation was „,ade l.v
'<>'l'" ot analyses ma.le at Alnarp of n.any dilTerent .sorts which iuul pr.-viou-lv
l.een ex uh.ted at the (k^neral Swedish Malting Harlev Expositions held atMalmo fron, bS.,,, to 1,KM. These sorts represented therefore not onlv ,he
Pn.duct of different years hut that of different localities. A stu.lv of "these
results revealed the interesting fact that in so far as protein content was
ouieerned, the Chcvnlicr variety enjoyed no advantage over other sorts
which, up to that time, had not l«.n popular with the l.rewers The im-portant conclusion regarding this whole (iuesti,.n was therefore made th-it
prot,u> content, while prohnhh, a sort rhamrtrr. l.s one of suhonlinate unooH-

ancein new of the enonnou. Inrinenee of such foHor.s „. soU. fertilhers ellmate
'r>ather eon,ht,on.. kernel derelopnunt, etc." (09, p. is;}). This con.-lusion
has also been rea.-he.l in lJ<Munark and (termany. after numv vears" carefulwork. In the light of the above ..b,-ervations an i.leal brewing barlev h-ts
.•-.me to be regarded as a ,,ure sort having plu,„,>, perfectly developed and
'"alured kernel., u-hu-l, are rich In ..torch, clear In color, fine scaled and hi,,h In
urujht. A sort which can comply with these conditions, no matter what its
nanie may be, or what reputation it has enjoye.l elsewhere, must be the aim
"1 the breeder and should be encouraged by the brewer, since the two interests
cannot lie estranged.

The difficulty of handling more than one or two sort.s'at the brewerv
moreo^^r, ,s not considered a serious matter, in view of the comparative
ea.^e with which barley .sorts may 1^ identified and thus kept separatL This
assertion of course assumes the exi-tence of only pure .orts, a matter which
in the brewing industry perhaps n,.,re than in any other ca.se is of ^reit
importance. Not only are such sorts usually capable of quick identification
but they possess m a high degree that first es.sential. viz., ..niformKu of
prixtuel winch alone can give an even germination in malting
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The idpntificiition and cKntinl of hurloy sorts is Kiciitly iiiiU'il hy llic

syslpiii of cliissificiitioii coniinonly usod in S<-iin<liniiviii. This systoni is hiiscd

on cprtaia Ixitiinicul niarivs on the kprncl, on which l)asis all sorts commonly

grown aiP groujtod into distinct ty[)os. Its foiiiuhition was hiid l)y Dr.

AttprlKTg of Kahnur and sut)sp(juently improved upon l)y Nocrnaard although

it romainod with liolin, who canu- later, to i)orfect tho systo-n which is in

vogup to-day. This cla.ssification is as follows:

—

Fig. XXXVI.—Classification of Barley Types.

flnnli urn ilisllrliiiiii niiliuiK.

Twii-rowcd l)urley;allkoni('ls

liroadpst in the middle and

symmetrical in contour.

Dorsal side of luise ,)f kprncl

witii a slight horse-sliiie-likcps-

cavution or deprpssiou.

Typp I

11

111

IV

(«) Kernels with long hiiircd

rachillu! (hasal hristli') and

lodicules and without teeth on

tlip latpral nerves.

I,?) Kernels with long haired

rachilhe and lodicules siiid

irith teeth on the lateral

nerves.

(J') Kernels with short haired

more or less woolly riu'liillu,'

aiul lodicules and without

teeth on the lateral nerves.

(») Kernels with short haired

more or less woolly rachilhe

and lodicules and irith teeth

on the lateral nerves.

Honkum distirhuin crcctuin.

Two-rowed barley; all ker-

nels broadest in the middle and

symmetrical in contour.

\

Dorsal side of base of kernel
|

not excuraUd hut often pinched

with a transverse crease or fur-

row.

Tyi)eV (a) Kernels with long haired

rachilla; and lodicides and

without teeth on the lateral

nerves.

" VI OH) Kernels with 1 ig haired

rachilhe and lodicules and

icith teeth on the lateral

nerves.

VII (y) Kernels with short haired

more or less woolly rachilla;

and lodicules and without

teeth on the lateral nerves.

VIII (d) Kernels with short haired

more or less woolly rachilla;

and lodicules and with teeth

on the lateral nerves.
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//<,n/,,„W,V,„.s/„7M„„ /,„//„/„,„ Tv|.M\ .u K-nM.U «1,|. 1„„, haiiv,!

<>l.ll||„IV -|V-|C\V,.|| li;lll(.y.
'

All kcllic|> llillll (il|t(.|- low- III

tllC IlI'Mll -lii;litly twi-lcl; kci-

ni'l~ Innii III' lill,. y,,w syiiiiiict-

iii-:il :iiii| , .Miiiiiui-hccl fmiii
the lu.i-mwcil xiits liy iM-ins;-:

lili'iidci iiciiivi the li|i. tlic !,:,-(•

Iiiillliciim-iiiiicuhal cliiiiir^icl

\

M

willKiiit Iccth nil l|i(. lalrial

lll'l\C^.

W^l KfllirU will, |,,„y ||;ii,v,l

iMcliillai aiiil li;iliciil.w aii.l

"•'//' Icrlli i.ii III,, latrral

i;i l<criicl> with ^li,,i| I, aire,

I

inii|<> ,,|- less woolly lai'liilla-

:ini| huliciilcs aTiil will t

•'I'i'i on tl„. lateral iicrvc>.

XII I'll KciiicU with shoii liaiicil

iiioic or |(...s woolly nictiilla'

anil li.diiMilc-i and in'th iccili

I |>M the lati lai nerves.

S.
^'.'"^ '''"•'''';''•"" '^"•l"y •>!'<- =.n. n,n„ ,ly diM insruished i,.N,.ndinavia l,y („eek letl,.,-. ,S... in l.iu.'kets al.ove.)

,,, . ''^I;
''^'^"">. '" ""' l""'"l'^"- '•''="•=""'• •'( '-M.'lnlhe or l.asal l.ristle of

t:!::v'''u'''r^
'''•' '"'^'' -'"'^••""-'.>ti.oia,o,.ai

~ ,, eo ev hand.sno, ,,u,te s .lan, a ehara-ter. Tl,u. in

^^ : '„ ' "• '"'.— Pl-. 'I- aevelo,.n„.,.. of ,ee,l, on eerlainko^neU l,elon«,n. n, a .,ven .„., n,ay no, always 1„. well ,,rono„n..ed. Intlio san„. manner. >or,s l.elon.in« to Ty,K.s I and HI n.av produee kernel-on e nerves o, whiei, an o.-easional well developed too.l. is ,o l.e fo;:,!.

Ur^Xr "7 "''^""''""'•^ ""• I—"- ">• "'-'- of these teeth
I. i( sallied as ot jjieal iinporlanee as a distinsruishint; feature

(•oneerni... the various hotanieal „,arks und.T eonsideration the;|nes„oi has l,ee„ raised as to whether or no, all kernels o„ the .p.
uivarial y possess the same ,H>euliar ehann : of raehillx. V ,, i

'

-.."• .Hniih) expresses the opinion ,hat ulthou.h va.iations of tl" "i"Mu.y not o,.,.ur m Sweden -here is nu reason why thev should no, afise in other-untnes. I e,anl,n« this question Tedin (7., p. o) say.: "There . noth

"
o show that the .sod and elimate of ,..rn,any should l.e more eapal.le ,?-aue.ng variations of sueh a nature than is that of Sweden." l)iliissin

'

.he possd-ility of these variations arisii,. even at home, he savs: '-,,!'
vorked for e,«ht years with barley and with hundreds of pure lines iJta,e never ye, tound a single e.xaiuple of sueh variation.", \vhile strie.l

typr.^ rather than sorts, ye. i, will readily he seen that the genuineness of ^given sorinay often I. determined on thi.s basis. An instanee n.av here bi.
g•^.

.
,

At pmsent there are only two pure .sorts l,elonging to Tv,k>" I on th,Swedish market The.se are I'rinre.s and Hn.nrhn, whieh l.a the okhook numl.rs 0105 and 0110 respeetively. Should a ,ua,xtitv of barlev Zunered for .^ale or plaeed on exhibition under the nan>e of either of these
M.rt.s It would be an easy matter to deeide whether or not the goods reallv



i:r>

^. -

^^"
^4l4i5 f

*-^

^ !

t 3i



\:M

I f

i.m



137

U'ltiimiu TyiK' I. Thif fact Mink«'!< it imxHiliU- In pii-vciil iiimh alui^-. •<iiih a"
Uip (liHtrilmtioii nf old un\i>t\ varifticH iiinU'r th«> riainc^ of *,,vr> wliiili an*
eiion' iHipular ufi.l ..f urculcr value. To ili.-tiii){iii-»|i I'riiuiox ami Hnnmhni
from each otln-r i« aiiotliiT matter. Korliiriaft'ly tlw nliajH. 4.f tlic kvmv\ of

tlic-i- wilts i.-< suttiricntiy diffiTi-iit to fiiatiio u "II«tiii(ti(iii to Ih- iiiaili' U't«c»'ii

tiiciii wlii'M \ni\k !-aiii|il(>!< of «>urli nitlicr tliaii Minnie kcriu'i- are examined.
Similar ditTeremer. often e\i»4t U'tween «irt.-< whirh are clunHifitMl under the
one K>'<>u|i.

I'll., I.. I.\ I. II. s.

llii. X.XXIX. Dr. Tfdin, I'xmiiiniiiK l)otuni<'ul nmrk^ on n kernel dI Inirley to deciile

ty|)c to whieli it Ix'lonns,

(:ii<iiai

An essential of success from the standpoint of the luewer is tliiit tlie ,, ...

I 11* 1- 11 1 1 1 • •
tiiniittifHf

liaiidhnf; ol all barley desiKiied for hrewiiiK juirposes he under efficient
,,r, »•/.»/

control. Without such control the genuineness and _ irity of a given sort feir/n/.

can scarcely lie ex|iected. The breeder on the other haml must not only
.seek to produce still lietter sorts hut he also must see that these are distrihuted

with every possible precaution.

The ptiints considered in judRing brewing barley are as follow:—
P/nnts fiin-

(1) Purity of the sort. (2) Freedom from other kinds of grain.'"''''''"''"

(3) Tniformity of produ"t. (I) Character of scale. (5) ShajK; of kernel. >'"'!''"!'

(t>) Oilor of kernel. (7) Mealiness. (8) Nitrogen content. (<J) Size of ^^^',","''

kernel. (10) Growing power. (11) Damaged kernels. (12) O.hnir.
""'

The degret f mcdlinesx i.s commonly judged by the color —from quite

.starchy to glos.sy or flinty—when the kernel is cut crosswise through the
centre. It has long lieen lielieved that the more mealy or starchy the kernel,

the lower the percent protein. While experience .seems to have given some



]:\s

-il|.(N.rt t,, I|,i. |,,.|i,.t ^,,, ,.|iirtul ifiw-tm„li,.|i ,|i,,w. tlial !!» nlMlini, ,.|.

p\i--tintt In'Iw.tii till" INT .(•111 prcpl.'iii aii<l .iriiivc ni miMlii i- ii..t ...

intiiii,,!.. a. many liavp t|i,>,ii;lit. Thi- i- .|.iit.- rlruily -liowii l.y IV.lii. n,
till' liill.iuiiiu iiilili' itl>, |i. .'•_»'.i): -

f

lo

n.

I.,,,-/,,

Itivc-tiiiatini,- ..('ciii t,. imlicalc fiiitli<.r tliat tlir .|p|rrco of mcaliiK— ..i

-larrliiiir^s i- (IcpriMlfiit to a ciTlaiii fxtcnl ii|miii wcatli.-r coii.litioti.. riiu^
a lliMl.N krifirl u,,,!,.,- ,.,.|iaiii conditions of nioi-iiiiv .'itliiM- Lcforc or aft.T
lian.M call Lc cliaiiu'.'.! to on.- whirli a|)|M'ais ,,iiit(. ^taivhy. F,,r this iva-oi.
It 1^ .laiiiicl that Ihi' il.'mvr ,,f inraiiiic-s if taken into aci'ount at all. >h.,i!l,l
U- notcl only after tin- kernel ha- U'cn -oake.l in water.

The measure of (|iiality in the harley kernel iia,-t coinnioiilv use.! is the
„l...,.l„t, ,ni,,hl (weiijht |KT I.IKM) kernel-) and the rolnm,- ,r,i,ihl (weij-ht per
heetolitre). The al.sohite weight is ini|)ovtanl in jinljiin^ dilTerent |.,l. of
the same -ort. hut siitnili.-s little in jinliriiiu dilTe.mi s,,rts, a- a iar<:e kernelled
-ort. ami therefor.' a heavier -orl jwr 1 .00(1 kernel-, need not neeessarily l.e of
more value or .>f even Letter .|Uality than a smalli'r >;raine.l sort. What
misht sive the lar-er kerni'lled >,,rt greater value i- the smaller |.<'r cent
s<'!il<' and the <'orres|.ondin,uly larger per cent kernel. In this ....i-e i.-wer
keriK'l- are r.M|nired to ijive llie sam.- weight. Th.- shape .,f kernel ran
al.-o inlliK'i.ce (|Uality in that those which are thicker aii-l -horter have
more kernel in proportion t,. -,-ale than have th..se which are lonsier ami
Ihmner. It is important in .any ca-e that no sort fall- helou ,., .crtain
-I.'iiidard. Little variati.m in weiirht per 1,000 kernel- in the same sort from
.year to year is rejrarded as siimrestive ,,f the jiower ..f the sort t,, adapt itself
to .hlTerent conditions as it is well known that dilTerent conditions of -easou
exert an important iidliience on wei>;lit.

Interesiini; data have hern c piled hy Tedin (70) showing the weight
IKM 1,000 kernels of ditTeient sorts for ilitferent years at Svaluf amlat Ti'ma,
-Vn examination ,,f the tahle comparing t he average weights per 1,000 kernels
nf the dilTerent sorts at tlH-se places shows that without except ion, thi- weiirht
is gi-eater at the XorthiMn .Station tluui in the Sonth

The urigltt prr hu.'<hd is not considered so important a- is the weight
I>er l.tKK) kernels as this weight dei>ends largely upon the shape of the kernel



Mini nil till' -I'MTlty 111 llic lliii-liilm riiM- ;.- ill -lii'- hihI dllifi i;i;Uli-. llif

-Imttrr iitiil lliirkcr ilir kcrni-U llii- iimn- I'ln-t'ly tln>v iii;iy U' |i,i( k«'i| in it

uiviMi tni'iiMiri' ;iliil ii'Iim'i|U('IiII> iIu' liiUM"-r ' lif' wi'iisiit |«'r Imi-Ikm S'viti'

! hnv-liitiK iPiodiirr- m -ImMrr. Iiluiitcr l.t-nifi Mini i- •iltrii rr-'Ttnl to m* m

IIH'llll" 111 ill! Tl'U'ihli til'' W 'till' ("M- lill.-llt i 1.1 .1 IIK'iji.H li' Wlllf rilf i>lljritilill»

to -lied a |i!!i<'tic<' mK' clfMilv |Hiliiti'cl mil m Ihiii iioT unlv i- (he M|i|>Mri'iil

vahir of Mii't> --ii trciUcil fSaUUt'rMlcil, l.iil :it I he -ainf linn- I hiMf i- «h-mI

(liiliK)'l' I if ilijiirinu I In- unm- "I t he kfiiii-l mikI I hii- uMluciiii' l he i>ci iniiiMl iliu

IxiWcr. TIk' Wt'itjill jM'T lill-JK'l Mt the IfMilllii; iHo-v ,M'.| -nil- il S\;iIip|

i- uivi'li hit IT ill riiiiiK'cliMh « It h I lit SMtilc III \ irl.l-.

'I'lir '///" iif ill iilopi'ii lit I- :i':
, H|milMlll i-iili'lilcral i"li ill liallrv i-iilliiiT

ill Swcilfli a^ rvcii in lln' iim-l -hi'Iiimii |iiiil- I lie iiiiiui-i .|i'-irr> a- I'ally a

-ci|l a- |iii-.-ililc -11 liitii; a- cMrliiiC" Iw mil nlilainril al the -aiiitiic iI vii'lil

Ml' iillici' |iiMrtii-al i|ilalil n -

'Si?

II... .\I.. -Ur. Ti'iiiii tiikiiift final iiot.'> ri- ilntr of rj|HniiiK, I'H'
.
"n laiKi' iiiii.paialivi'

trial plot", of Uirlcy i Aug. !'. WW).

Of the hugi' miiiilxT i>f twu-mwpil .-trains isiilatcd ami te.iteil cluiinR

the nineties, the folliiwiiig are the nmst iiiiixirtant :

—

Frlnccss out of the old English Prentice; Chevilitr II mit of .Vnieriraii

t'hevalier; 0'«/e out of a native barley jieculiar to the Island of (Gotland;

Hnpriiis and .M/vi rt-.Vrrt selected from a mixed stock said to have U't-n the

product of a cro.ssing l)etween Imperial and a common two-nnved .sort;

Hanmhrn out of the Austrian sort known as Hnnnn.
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Since the greater numl,er of forms tested during the above period hadZ ^" > ,^''""»'»ted, new and extennive collections were agairn.ade in19«) and the succeeding years, l.ut this tin. greatest attention was g v ^

had Ob"Zr ? r "r%- '"•!'""^'' ^"^ ^^^^ '"^ triedsortsmentlLd.

most ! th i' ^"'l
^'f^"'^"tion yet by reason of the fact that themost o these came fron, foreign sorts, many farn,ers still clung with con-suerable prejudu-e to tl. old native varieties. The special attent'^g"enl.e.se latter var.et.es at Svalof was therefore inspired very largely by a cEoto cater, as far as possible, to these prejudices. The material for thi newwork was obtained chiefly from samples exhibite.l at Main' a the lar«Ibarley exh.b.t.ons held annually at that place fom 1S99 to 1904, althougha nun.l.r were also obtained from local seed fairs and from interested fanner

Photo by L. H. N.

F.c. XLI. -Dr. Tcdin collecting t.vpe.s of harloy for photographinR.

The.-e samples naturally came f.-om different places in the countrv an.l we.'eall ,no,.e or less nuxed. Fro.n the progeny of these different lo s t^^tlu.th othcvs w.n.ked w.th later, there we.^e isolated hund.-eds of diSen

;r svii r""()T t.

' "" 'r ''r
'' ''"'- '"^^ *"^ '^^^^ eo„.parative h!;;at hv ilof.

( f tlu.s number there remamed in 1910 twentv-one of which l(icau.e from old .lat.ve varieties and o from the mixed Chevalier. In 1909 one ofthe^ .sorts (0214) f,-om Cke.alier ^.e the highest yiel.l of g.-ain o al

"
tested, wh.le on the average ..f the four years 1900-1909, two su.t.s OUo outof a nat.ve var.ety and O4I2 out of a co.n.non mi.xed Chevalier gave t ^
of,of;?

"^ 7'^ ''T'
'"'-'"^ ''''' ^""^ -^'' t'- excepti.,' f J ;(02 J2) which pi-oved somewhat moi-e uroductive.
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In addition to the native material, al)out 200 forms were taken from
stocks brought from other countries. These came largely from France,
England and from high altitudes in Switzerland. Certain of the Swiss
sorts proved exceedingly early, hut on account of im|)erfect development of

kernels, only one sort (OlfiO) has l)een able to qualify for further testing in the
large trial plots.

Of tlie French material only one sort (016G) has succeeded in winning
a i>Uice in these large trials, while none of the later English im|xjrtations
have qualified for tiiis position.

Many si.x-rowed varieties of barley have been obtained from different

districts in Sweden as well as from other countries such as America, Den- Sii-mireil

mark. Norway and Siberia. Contrary to expectations, forms from the
'""'*'''•

1)rovince of Dalarne and even from that of Skane were found to 1* ((uite

as early as were those from the mo.st northern regions. This fact served
to prove not only that earliness is an hereditary character, i)ut that strains

suitable for the north might \\e found in comixis! .^ varieties grown in the south,
although they must lie tested in the districts for which they are intended.
Tiie absence of adequate trial grounds in these northern districts has delayed
j)r()gress with this crop, so that the results to date are of no special significance.

Tiie leading two-rowed barley sorts either now in circulation in Sweden Learii„q lun.

or about to lie distributed are described below in the order of t heir '"''"•'''' hnrlcl^

importance. •'"""'»•

Gold Barley (0202), a jiedigree sort taken from the native so-called

(Gotland i)arley in 1S<)6, has given the highest average yield of grain of all

sorts tested lM)th at Svalof and at L'ltuna, for the years 1!K)0-1!K)!». .\s tiie

stock-book numl)er indicates this sort l)eh>ngs to the Xutans group. Ty|)e
II. The kernels are short and thick re-.inbling somewhat those of Cheva-
lier. The straw is relatively low and fine though strong; rijjens al)out the
same time as Hannchen; kernels inclined to sprout very readily after harvest.

Princess (OlOo) is a jiedigree sort out of Prentice. This S(u-t is rather
later than Chevalier, and is generally regardeil as more suitable for the
southern parts of the country. The kernels are of fine quality and of about
the same weight per KKH) as those of Chevalier, but the weigiit per busiiel is

somewhat lower. Is most suitable for good, deej) Init not too ridi soil, but
not at all for poor soils or such as suffer sj)ecially from dry weather. Hi|)ens

the latest of all two-rowed sorts commonly cultivated. Sprouting after

harvest, medium.

Hannchen (OHO) is a pedigree sort taken from a variety knowti as Haiina
imported from the famous barley district of the same name in Mahren.
.Austria. Popular chiefly on account of its earliness, good strength of straw,

and relatively high yield of grain. Kernels rather long with particidarlv fine

testa. Weight per 1000 kernels somewhat lower than with Chevalier, but

weight j)er bushel, on the other hand, a little higher. On account <if rela-

tively snudl straw and sparse leaf development it can withstand drier

weather and lighter .soils than most sorts.

"In exfieriments conclucted liy 'Die (^rstenkultur Station des \'ereins

Versuchs und I^hranstalt fiir Hrauerei' (the barley culture station of the

Association's Exjierimental Institution and Brewery school) in Berlin in

imr
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19()4-1!)05, Hannchcii, [mrticularly ..n liphter soils and in many cases even
on better barley s„il, showed itself to he the most productive and l)est hrevv-
mg sort" (70. p. 54). In Sweden this sort thrives l)est (.n a warm, limestone
soil. On stiff clays or on rich vegetai)le soils, e.xperience has shown it to !«
uncertain. By reason of its earliness it can !« grown relatively far north
providing the .soil 1« suitable. It has been foun<l relativelv susceptible to'

attacks of the loose snmt (V^tibu,,, muln .lens.) Sprouts veiv little directlv
after harvest.

Primus (0706), as the number indicates, Ijolongs to quite another tyf)e
than the three foregoing .sorts. This .sort was selected out of Dianumd,
which 1.S said to have l)een an unfixed product of a crossing l)etween a nutans
form, probably Chevalier, and Imperml Kernels are well formed, fine scaled
and usually {xwse.ss an esix>cially attractive light color. Straw long and
arched but strong. Hijiens a little later than Hannchen and Gold. Is
suitable for humus and rich clay soils where the nutans sorts are likely to !«
too weak. On the heavy cold soil at Svalof it has given about the same
yield as Hannchen and Princess. Sprouts after harvest about the same as
Hannchen.

Chevalier II (0403) is a i)edigree sort taken from Horsford's crossbred
Chevalier of the Unite.l States of .\merica. Has rather a ,)lumper kernel
than the common Chevalier and yields a little l)etter. On warm, fertile
humus soils it gives very good satisfaction. The original varietv as olrtained
from the I nite.l States was not ]>ure, although tvi«; I\ predominate
Ripens l)etw.!en Princess and Pnm,/.s'. Sprouts after harvest about the same
as Princess.

Swan Xcck (O.JOtJ) is a sister sort of Primus. This is the earliest of all
two-rowed |jedigree sorts cultivated in Swetlen and is particularly .suited to
rich vegetable soils where early, stiff st rawed sorts are .sijeciallv desired.
The head is bowed or arching, hence the name "s'wan Xeck." The kernel is

<iuite well formed with good weight. (Irows after harve-t about same as
(•'old. The pedigree of Swan Xeck and Primus is given below as follows: -

A common two-rowed sort

(prol)al)ly Chevalier)

X

Imperial

/
Swan Xeck, 0500

Diamond

Primus, 070()

The above is an interesting example of the possibilities of ..btaining
distinct types suitable for different soils and different purposes from the
same crossing.
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Fig. XLII.—Table of yields of leading Two-Rowed Barley sorts at SvalOf

from 1894 to 1910.

Names «nil Stot'k-book

nui r of sorts.

o

Oiii>, Gold barley (Pedi-

gree out of Gotland) ... 11

01U5, Princess barley.

(Pedigree from Prentice) 17

'/70.'j, Primus barley
(.Artificial crossing pro-

duct) 14

"IIU, Hannchen barley

(Pedigree out of Hanna
from .\ustria) 14

04 d, Chevalier 11 (Pedi-

gree sort) 17

— Conunon Chevalier.. 9

ooOo, Swiin \eek. (Ar-

tifici..! crossing product). 15

Average yield

in pounds

per acre.

Grain St iw

:«)93

29S4

2925

2916

3i;«

3612

3401

3(150

'.Average

Yields compared *'•''«•'*

withClKvaller II. P^""

Bus.

Grain M raw

%
Lb:

Average

weight

per

1000

Kernels

firaras.

110-6 S9-7 .)3-8 41 ti

106-7 103-4 .V.'-l) 42-27

104-6

104-3

97-3

S7-5

35-7 4.S-71

.•>3.()

2796 3495 100-0 100-0 53-5 44-50
26H6 3534 96-

1

101-1 52-6 42-9.S

l.'ti47 320.S 94-7 91 -,K 52-0 48-32

41-

In 1910 there were 30 different sorts in the large comparative trial plot.s

at Svalof, each sort oceupving 3 different plots. Of stock multiplications
^"'<^''"'™/

intended for immediate delivery to the Swedish Seed Comi)aiiy tliere were ,-„^ ,».digree

five, while of ordinary sort multiplications intended for further testing in p/o(..i, in ex-

special experiments, etc., there were seventeen. 0{ small pedigree cultures perimental

tliere were about two hundred and seventy. .Approximately .sevent v of tlie-e uroumh in

consisted partly of the same sorts as were in the large comparative trials
'^'"'

and partly of other pedigrees still in the i)ieliminary stages. The loinainder

were as follow:

—

170-2S4

10

Consisting of a series of j)edigrees in the second generation,

the mother plants of wliich had l)een taken without regard
to morphological characters, from a common country .sort

srown at "EUinge" Farm near Eslijf, Skaiie.
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8(«-3()7 --^r /VwHT.v.v X r//(iv///,r—'JndKoiKMiiti.m.

Object.—Tn ol.taiii a sort coiiihiiiitif; tlif lii>;li yipld of
J'rimrss witli tlic (lualitips in which r/(,m//n- excels. Althou^rh
l-otli M.rts are rather weak in the straw, it is iK'lieve.l possihie
to ol.tain a s,,rt possessinj; greater strength tiian oitiier parent

.

The characters concerned in this crossinjr „|.ty i^ ijhistrated
' •' eiearly in tlie followinjr manner:

I'rincfss.

(a) 1.0W weijiiit per imshel due to

loose uttiiehnient of scale.

(I>) Mather late in ripeniiifj.

(c) Head ofteti remains partly in the
sheath. This is an ohjection.

since under unfavorable condi-
tions such as continued droujiht

or when sown on stiff day .soil,

consideralile damaRe is likely

to result i)oth t<i (lUi'l;. as

well as to <iuantity. Sliould

the harvesting wet it is also more
ditficidt to dry out the jjrain

when enclosed in a sheath,

(d) Rather weak in the straw.

( 'Ik riilii'r.

(a) lii<;h weijiht |)er hushel.

(1>) Marlier in ripeninj;.

(<) Mead siioots well out of the

sheath.

(d) Ilather weak in the straw.

308-310 -=. Prinrcss X 0156 (a very early strain)-2nd generation.
Objert.—Tn combine the higher yield of the former with

the earlier ripening, stiflfer straw and better shooting of the
head of the latter.

311-314 ==

3ir)-310 =.

317 =

Hdunrhen \- 0/5ff—2nd generation.

()bj(Tt.~T<> obtain a still earlier sort than Hannchen, but
retaining the good quality of the latter.

0156 X //r/'(«f/if«—2nd generation. (Reciprocal crossing.)

Hannchen X (.'oW—2n(l generation.

Objed.—To obtain a sort combining the higher yield,
greater resistance to loose snuit an.l ]M.wer to germinate more
quiekly after harvest of Gold with the power to grow over a
greater variety of .soils possessed by Hannchen. The very
.slow germination of Hannchen after harvest is not liked by
the brewers.

31S-320 = OoM X Hannchen—2nd generation. ( Hecipi-ocal crossing)

.

The eharacter.s or qualities specially concerned in this
eros.'^ing arc as follow:

—
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n.)

.i-2l

32!»

Hmiiiiluii.

AniDiifi: tlic liifjhcst yicldois.

K<I)(>ciiilly sus(t'i)til)lo tu loose

Mimt

.

Spnmls Vdy^li>\vly()iic\|)(isiii-p

(Imiiij; ur nftf-r liarvcst.

Al)l(> to thrive on relatively light

and (Irv soils

(a) Highest yiehler.

(I)) Not s|ieciallysusce|)til)le to loose

Hlllllt.

(<•) Sprouts very quickly on exposure
c luring or after harvest,

(il) Alile to thrive on a great

variety of soils, although proli-

al>ly not so great a nninlier as

with Hiiinichtii.

'.i'22 ^/•W X f/'oW—211(1 generation.

'i2') (iolil X ()l')0-~-2\u\ generation.

:J2S --.-. Cht'iiilitr X (lolii—2nd generation.

=^ Priiniiti X l'rinrcxs~2iu\ generation.

Object.~Tn obtain a sort conihining the high yield and
• luality of the latter with the stilTiiess of .straw, oarliness of
maturity and ability of liea<l to shoot well out oi the sheath
possesseil by I'riniK.s.

33()-3;j:i

;i3.j-3ii =

I'niiiiis X Chi'valier //—2n(i generation.

()l>j(ct.~'[\i obtain a sort combining the stiffer straw, earlier
maturity and higher yield of Priiiinx with the better (juality
(if the latter sort.

Old mixed s.u'ts .sown with a view to providing material for
pedigree selection.

The present status of barley breeding work at Sval.if when compared
with that of twenty years ago, affords un.lisputed evidence as to the i)rogress
which has l)een made with this crop since the inception of the work. The
table of yields, wliiie illuminating, does not tell the whole storv. While
the iiroductioii of sorts capable of producing higher yields than tho.se fornierlv
grown IS immensely important, yet the availabilitv of sorts speciallv suited
t<. certain conditions is of no less value. Thaiiksto the skill of the Svaliif
e.xi)erts the farmeis of Sweden are now able to obtain sorts which are better
suited to their resjjective conditions than were those available in the old
days. With the excellent material now available in the wav of pure and
tlioroughly tested sorts much is expected of artificial crossing, a pha.se of the
work which with bailey as with the other cereals, is l)eing prosecuted with
energy.

wfflUPp™
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6. The Breeding of Pease'^

Pease are grown i,. S«^,len .•hiefiy as a fn.l.ler .to,, i„ ..onjun.-tion withoat. and ve.cho.. where they for,,, a n.ost valued ing,edient As a grain
.
rop they ...Tupy a relat.vely unin.portant place. less than 1':; of the whole

<• "lt.vate,l area l,e.ng .levoted to their pr.xluction for this purpose This i!d.^ to a vanety of .-auses. but d.iefly to the frequent occurrenre of conditions
uh.rhpron.ote continued growth of foliage at the ex,«nse of seed p,o,luction
I)esp.te these difficulties the value of the jx-a crop.',K.th as a fo.lle, and

"
H gnun cr.^,. has always l^en regarde.l sufficiently g,-eat at .Svalof to wa,Tanttie l^st efro,-ts of the hree.ler in atten.pting to pn.duce n.ore suitable Jurhe difference between sorts in regard to various practical qualities, and theirary,ng attitudes towar.ls .lifferent co.uiitions of soil and climate ,ende,.e 1

W idf th ll' r
"' 7" "'T

'^'"' "'"^'" "-'""ination and studv toIn.h this collection was subjected soon reveided the nature and extent ofe decencies .,. the then available n.ate.ial an.l showe.l that i,up,.ove;.lt

c. e w""J! "Tr "''•'*' "'" "'""'"'^'^' '•'I«-««ivo if the «,.owing of
|.c,ise VMS ever to Ik-couic even a partial succe,ss. The old varieties weremore or less unev.-n and usually very imcenai,. in ripening. Ci.ler favo,-able

,;;:',:::"•;"'•;.'"*"'
r^'-^^'^/".^*-^

•- •-•i->M'^.t whe,.con.,iti;:ns;.e
K eve, e and th,sM.nfo,-tunately .s too ofte,i the ..ase i„ Sweden, an almostasolue failure „,tght result. If. for example, the harvest l. cool and moi.st

1
the seed to ripen In this ca..e „ot only is the grain sacrifice,! but theluahtj of he straw likewise suffers i„ that the lower portions l.co.ne leaf-less and not i„f,e.,uently become badly .lecayed. Under these .-ircumstancesone of the n.ost pre.ssing nee.ls. es,H.cially when breeding for giain is for •,

^ort which wi
1 mature with certainty each year even under reladvelv a-lvers^

-...l.t.ons. In working toward this en.l Tedin has foun.l that certa n so t!

;.e..n'in
"•;:"" '''""" "^'""^ ^"^ =^'^'"*' ^^"^ ""> >-'-- differentl un. r

othe.s. fhe Concordia variety for example, begins to bloom about the same
nie as does another sort out of the (hujo,., variety, but when M.e precip

"
on IS abun.lant. the latter may continue to grow and bloon, imLnitelvWhile the former ripens almost normally.

Among the„ld varieties all was confusion and uncertaii.tv regardingnames anc practical valueswhen the work at Svalof begar.. One could obtaino example, samples under the name of Ostgota Peo.e from different souive^
l.ut vvhich on being grown revealed enormous differences. Indeed theecords show that these lots often rese.nbled each other ... little that l.tweenthe ea best an.l the latest there might be a differen,.e of fio... three weeks toa month in ripening.

.ns>M,„e,l in this pap^r * "" P™'-'"^'^'^ "" '>«•' in hoth ca«.s, ,, will no, be
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.Vol only were Rreat difforences disrovprod l)et\vo«>ii .litTciviit l.its of the
same old varieties hut mlhin rarh lot was often to U^ Unuul a " motley collp.-
tion of quite distinct types." Who,, the pedigree method came to lK-"ai)pli.-d
to this crop, as it did al)out the year 1S92, it (|uickly served to isolate a lar^e
numl)er of these tyi)es, which, on further invest igat ion. were found to pos.^-ss
qualities.ifvaryinjr practical values. Much workfromtlmt timeouwasdevoted
to the isolation of distinct strains which would \>o siiitahle for growing under
different conditions of soil and climate and which w,,uhl possess constant
and well defined botanical characters. As the work proceeded it was found
that tlic ii,ori)hological dilTorences which characterize manv strains, while
often small, are usually (luite c(jnstant. This, as in the cereals, is a matter
of great importance as it not only provides a means of keeping under control
those sorts which have l)een placed on the market, hut at the .same time

Photo by L. H. X.

I'i(i. -XMII. —Ur. Tcdin cros.-^iiig I'casc.

affortls protection ugain.st misrepresentation and fraud in the o-.'inary
course of husines^.

While e.vperience showed it to he possible t(j separate out a large numl)er
of different strains from the conunon varieties by means of the pedigree
method, yet it was not long before ot her methods came to l)e included. Thus
artificial hybridization was introduced on an extensive scale and as we shall
see later, occujjies a prominent place in the improvement of this crop.
Unfortunately many promising cros.ses have had to l)e laid aside owing to the
absenc \ of proper facilitie.s'for testing at different local centres.

The difference l>etween Pea sorts as regards sucii matters as eaiiiiiesx

is eonsiderably greater than in the case of cereals, while the influence of soil

llt'h'

iCrV^a^T ' jvium^vjhnrm
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System of

ctnsz-ijirufinti

1111(1 .liniatp y nU) umitpr in flip fdiiiirr cidps timii in the liittcr. For ihi-
n-ason li.riii trails urv iiLsoluiHy ini|M'nitivo timl wlii'ii> inailfiiiiato pn.visi.in
is made t'l.r such trials it i- -unsiikTcii (inly a \va.st«> .if I imc, cncrpy and niatcrinl
to attonipt t<. ..litain rp|.ai)k> dufa as to the real slandiiiK of ditTcMvnt sorts.
Tluit such trials have not thus far lieen nuide on a iarner scale in Sweden lias
iK'en due to the cost of o|K'ratinK such, and t(, the relatively unimportant
I>lace which this crop occupies in the country as a whole. Wherever trials
have Ix-en conducted it has lieen possible to inclinle oidy a few sorts s.. that
many promising cro.ssinn products have had to give way to the older -oris
which are still under uivestiRation and which necossarily demand coiisideralile
space and attention.

Of the cultivated Field Pease two species are commonly distinguished,
viz., I'iguni Siiliniin L. which produces white (lowers, and I'isinii .{mux,- ].,,

haviiiK red flowers. Within each of these si)ecies many difTerent ly])es and
varieties have \tccn distinguished and descrilK>d. In onler to facilitate the
handling of large numliers of indis-iduals tielonging to different tyin-s Tedin
has devi.sed a system of classification hy which the difTerent ty|)es are
arranged in groui)s according to the color of the flowers, stipules, leaf axils
and seeds as well as the shape of the seeds. In order to nuike this grouping
more suggestive, a l^tin affix referring usually to the color of the .-eed has
heen added to the Latin name in each case. This rlas.sification is given Ih-Iow
as follows:

—

(iroup l.—Pimtin Sutivum commune, H. Tedin. Flowers white. I/>af

axils green, unpigniented. Seed usually round or almost round with a smoot h
ur only occasionally wTinkled scale; in color yellow-white.

(Iroup \l.—Finum Sativum glnucospermum. .\lef. ((;iaucos])ermum in-
dicating Mueish-green seeds). Flowers white and leaf axils green as in the
foregoing. Seeds also resembling the former in sha|)e hut in color green-
l»lue, green.

(iroup lU.—Pimm An'cn>ie unirohr. H. Tedin. Flowers colored, or
l)igmented; standard from very light to a darker red, usually with a more
less obvious shifting to violet; wings relatively dark colored, violet-red to
deep blue-purple. I^af axils dark brownish purple or red-brown' h. Seeds
one-colored (unsjK)tted), gray-green or gray-yellow.

Groupiy.—Pisum Arvcn.s€ punclatum, H. Tedin. (Punctatum signifying
in this case "dotted" or spotted seeds). Flowers and leaf axils the same
color as in Group III. Seed covered with purple or blueish dots or spots.

Group \.—Pisum Arveme maculiitum, H. Tedin. Maoulatum indi-
oating here a speckled or marbled color of seeds). Flowers and leaf axis a»
in (iroup III. Seeils spotted or marbled with rust-red to brownish spots.

Group Xl.—Pisum Arvense punctalo-maculatum, H. Tedin. Flowers and
leaf axils as in (Jroup III. Seeds covered both as in Group IV (Punctatum)
and as in Group V (Maculatuni).

'\'W^ri ,3NBU>X»m3:
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diou]) VII.

—

I'isiiDi Arrnisf imintinilitliini. II. Trilin. ( Iiiiiiiiii'iiliituiii

iiu'iiiiiriK iiiiciilorrd or " uiif|Mitt<>(l.") Flowcis liijlit ; -tiiiuliml iilmnst wliilo;

uiiiRs puiP linlit-rp»l (rDtT-rcd) or very li){lit purple or uiiilim'-M'<l. N-iif ns\U

••ssentiiiliy tlip sunm color u.s in (Iroiip III ultlioiinh in the rniiiit lij^lilcr.

Hw<|« imsfMitti'd.

(irotip \'l\l. —I'liiDii Arrensi' niomnrium, W. Todin. (Atoinariuiii

sijinifyiiiK irithi* case that tlio seed is covered with very fine dots). Dowers

and leaf axils as in (iroup VII. Swds with sparse, light to dark jmrple-

colored dots or small s]>()ts.

(iroup IX.

—

I'tKuiii Airinxr iikkiiIosidh, II. Tedin. (Maculosiini nieaii-

ing sjHM'kled or marbled as in (Iroup V.) Flowers an<l leaf axils us in (Innip

\'1I. S<'eds with rust colored spots ir marbelling as in the case of iiuiciihitniu

(droup v.).

The leading sorts of jn-ase at Svaliif at present are as follows:

—

{liop

(two.")), .S<)/(* (()4()1). ('oiuurdid (()2:M), Ciipital (Oi:}7) and Capitdl II (01n.'>).

The yields of these together with others of less value are given in the follow-

ing table:

—

•!^'1

Fig. XLIV.—Tabte of yields of Peuc at SvalOf 1893-19C9 (22 p. 30).

No. of

Names unU Stock-liook nuiulx-r of the sorts, years

, itested

US03. (Iriip (grinding) pea. (Pi'digrce out

of Eiirlif Britain) ' 10

0401. Solo pea. (Pedigree out of Early

Hritain) 10

02s ',,
("oncordia. (Pedigree out of the:

Hliie-Oreen English variety) i 10

niS7, Capital. (Pedigree out of a (iennan

variety) 17

iitS'i, Capital II. (Pedigrw out of a <ier-

iiian variety) 1 If)

— Victoria pea. (An English variety). 7

— Ostgota jK'a. (Variety commo- v

grown in middle Sweden)
*

^ Pelu.<chker pea
|

1"

Yellow Skane pea. (Varictv com

nionly grown in the Province of S'...iie) . . 3

Yield per

acre.

(.\verage)

(irain

(1I>H.)

2450

2:J97

22s 1

2 INN

ig(i2

1713

1576

1297

1175

Straw

(ll>s.)

245»>

3033

2N60

2N23

2750

3345

3274

3126

3032

Yields conifMired

with Ciipitnl p(a.

(rain
|
Straw

H2-4 870

105 107-4

104-3 101-3

1(X)0 100-0

89-7 97-4

80-2
I

118-5

72-0

59-3

53-7

116-0

110-7

107-4

wmw
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Fio. XLV.—SvalflfV Solo Pea^\



iLli/.i, SviiIo/'k "(irii/)" iir <iriiiiliti ' iVu, iw n |)f<lienH> jtort mit nf tUf l)'-rripiin >,

I'liiKli^h Wirt AVjr/i/ HriUim uiiil is at prriMMit tlif li>iiiliiiK «>rt fur itiitulinn
'"'""'""'

|im|M(!'OM. ()n iictciiint of ttif iiifuK)'c tU'Vclopmoiit of il« fuliairi it i-< n >i

"'^' '

xiiitul>l»' us 11 soiling onip. Catiic on the iiuirkct first in I'M)".

(>'t<ll, Siihi I'm, is a sister s.irt uf the alMiVf liiil iiiilikc l(i(! latter is

i's|)rcially valueil as a snrt for suiiiiin |)iir|>nses. It is aliuiit eijjiil days later

ill iiiatiiriii); ami produces lafRe Itrowiiish seeds, wliirh frP(jueiitly an- covered

with fitie Miieish dots. Tn the field it is easily distiiiniiished from ail olluM-

Arveiue sorts ill that the axils are cdlorless or a litjlit >;reeii as in the white

llowered sorts although the (lowers of this variety are iioriiiallv piitMu'iited

(red or violet). This sort was first plai-ed on the market in the spriii); of l!MM>.

0J;i4, Cniiniriliii I'm. is u |)edi>rree sori out of the old Hhii-dnin luii/h.sh

variety and is the hiuhe^t yielding cooking |)ea yet produced at Svalof

The straw is short. The s«4'ds are (|uite larj^o, xoinewhat flattened and
l)lueish-)jreen in color. Since Rieen colored cooking |)e«s«« are not popular in

Sweden this sort has ln-eli crossed with such sorts as ltl-'>7 and ('iii)il'il II

wiiich [HtssesH a more desiralile color, namely |>ure yellow. Came on the

market for the first time in \'MH'>.

I)IJ7. .N'ri(/ij/".s Ciiftilnl I'lii.'xn an e<|)ecially fine tastinn cooking sort, and
produces a good yield under suitahle conditions. The .seeds are average

size, yellow or often somewhat greenish in color. Came on the market in

1!K)».

OlS' , Scitliif'.t Capital II. leseinhles Capital clos«>ly ill date of maturity

and yielding jxiwer. l)ut differs from it in certain iMitunical characters. The
pods are usually somewhat smaller an<l frecpiently occur two together on

the one (K-diele. The seeds are commonly of u de«>|)er yellow than is usually

the case in the last mentioned .sort. Came on the market first»in 1!M)7.

IWWiit'

The Victoria Fen. which is lielieved to have originated in Kngland, was

introduced into Sweden from trt-rmany in the eighties, and ipiickly ohtained

a very wide distrihution. It is a tall growing, coarse stalketl .sort producing

large, round, yellow .-eed. Owing to its dis|M)sition to continue growing past

the normal time of maturing. es{)ecially during moist seasons, it has had to

take a minor ilace in coiniietition with the earl' r maturing productions.

The alK)ve six sorts with the exception of Victuria, were under investiga-

tion in tlu; large comparative yielding tests in lidO. In addition to the.se

sorts twelve others of varying practical values occupied a similar position.

The.se were as follows:

—

O-yuta yellow; Onlqata yellow from lirulierg; Early

market; 0115, a |)edigree sort out of Early /i/o.'.som; 0152, a i)e(ligree out of

a (ierman .'arietx: 0159, out of a yellow variety grown in the district of

()rel>ro; 0351 out of a Danish sort; 0550 the product of an artificial crossing

lietween Early Britain ami a Xorwegian |)ea (Early Sand); 0632 and 0633,

l)edigree sorts out of the Danish variety Marmorvrct Glann; Mannoreret

(llano; Jemtlands Grey and Rattviks.
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' • riml..|v -.'(Nt. „lM,ut n„P-h.,|f ..f «.|,„.|. .•..n^i.t«.,l.,f ,H..|iKmv, tiiki-M .,ut of .,|,|
t-iiNnl v„nHu.>, xvhiU. Il„. ..the, Imlf ...n.iHtc.,1 „f H„. |,r.Mlurt- ,,t artifiri ,1

••.....„«. ,n .l.(T..».nt K..n..i:.tio,„. (,f ih,.,ii(T,.ront -..iir. „t..|.M .•.,r,.i,|,.,a(i..n
•l'<' l"ll..uinK rimv U- n:.,n...i. th,. fi,.l,| ,nin,l„ ,> Ikmhh n..-! iu ,.,„.|, ...is,.--

^7 •»!

!».", lot',

l(»7 ll",

I HI r.'o

I.M IXi

14.")- 1(17

IV(liKr,..-.„it "f u-tcrk ,1 (;r,.v|K-asul,l;,iiM.,|(iui„ K IViit
<;ftr,|.j,,. Uaitvik

l'.'.li,'!-v..s .Mil nf a -l,,..k ..|- til,. s.,-c.-.ll,.,| J.mtloud p,„ „l,.
taiiicil t'liiiii ('.iiirii MoiiHT, [iiika. Tint.

IVcliict^ uf arlirt.-iiil rtn-.iii({ iH-twccii Cipil,,! 1 1 aii.l C,,,,-

ronliii ;Jnl ({I'lii'raliiiii,

The ..l.j.Tt ,,f ilii> ,.r,,«s is t,, ,,|,iain a -..ii n.ml.iiiinjr Hi.-
Jtencral ty|)c of plunt muf pro.liicf ivoiwsH of C„m„nlin
with til., inor.. (M.|niiHr A\i\\^ an.! roior of s«>p,1s (num.! ami
|iiire yellow) of Ciiinlnl ll.

J'loducts of uitifinal ciossiiiK U.twccii N,//„ aii.l '/;,)/ :{i,|

Kciu'nifioii.

I'ro.iuctr. of iirtificiul crossiiiR U>twpoii ,s'„/,. ami l'rl„srhk,n. -

3nl gpiicnition.

IVo.lu.'t.s .,f artifici .1 crossin-i Iw wen Ujol aii.l I'lhischkvii -
.'{ill KPiieratioii.

The ol.jeet of crossing the aJM.ve three Kreen-fo.j.jer sorts
is to ol.tain if iMissil.Je. stil! letter soits for this ;nirpose. I.y a
lietter eoinhiniition of certuin cliararters.

Products of different crossings in the 2nd generation.

6. The Breeding of Clovers and Grasses*

Owing to financial limitations and to the more pressing need for active
work wit h cereals during the early years of the Associat ion's activit ies. system-
atic work in the iinproveinent of grasses an.l clovers did not liegin -it

.^val< if until alH.ut 1«K)7. Since that time this l.ranch of the Association's
operations has lieen in charge of Dr. Hernfrid Witte.

Apimi.xiinately .W; „f ,he cultivated area of Sweden is devoted to
the production of fodder crops of which gra.sses and clovers .-onstitiitc In-
far t he major part. The leading gra.sses are Timolh,,, (Mumi ,,ru.^s, Mewlnir
Jrsnw and Tull Oat <,msx, while in clovers the Eiirli/ R,d and lAile Hal stand
pre-eminent. Overtwenty million pounds of gra.ss and clover seed are re<iuired
annually to .sow the area devoted to these erops. Of this ,,uantitv about two-
thirds IS produced within the country, and this consists almost exclusively
of Late Red clover, Timothy and Alsike. The remaining one-thinl of the

.hi fl* V" ''"'V,'"
""'' *"*: '"""•" •"'' ''•'^'" "'''•'' •" "•'"-i"<Hl in thi, paprr, have been obtain,,!chi.fty from publiralion... inrluding annual report., by I)r. W ittP.

ooiainfii
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M'fil U iiii|HirtiM| fiiirit ^iirli n.imtrii'x ii« (i<'riii oiy. Kniiiii'. Ctiili uii-l Atiiriira,

nil iif which i'(iiiiitrii'-( i>r('ii|iy it iiinrt' wiiillnin |»i»itiiiii ihali 'liul ol' Swi-ili'it

A-* 11 rcnult 111' thlM tliffcii'iiri" in hilitili|t>, -i.rls |ir(i,pli«'(| limn .«>ci| l.tniiiccl

Iniin the luiiiiirics imlic'ttt-il it"' itiviiiiiilil\' lf»-i haiily tfiaii Ihf >wi'iti»!i

>•4lr^^ which hiivc U'ciirtic iiccliiiiiiii«'il miil uri- now i|iiitt' a- ! ivily n* mv the

wihl ^•truiri^.

Dtiritiu the yt'iii-x l!Ml7-l!M() lurpfiil i'<iin|>;iriitivf IriaU wcro cniiihictci!

at Svahif with ;i lurjji' lu.mlK'r iif Sui>i|i>h uinl I'un'ij: . cluvci -nrt^ 'I'hc-c

lii;il.-i ^hiiwi'd thill thi- K«'(l CliiviM- trnm the iirnvinci nf Sil»'«iu. <>«'niiaii\

Ciiviv atl«'i' the taviuahlc winter of IIHIT-S, ahii>i-t as hiuh a tot.il yiclil m'

ijiil the Ih'^I Sue(|i-*h cIdvii. The winter >>( l!H»s-0'.). huwever. wa^ iiiuii'

-e\ere witli i he rer-ult lliat the Silciaii ilnver \ii'hleil If.. in l.'i t.i id', le-<

tlinii the >weili?*li. whih- tlie l']nt;li.'>h uiiil Chilian VM'ie ci)ni|ileiely killed .iiit,

Toiii |« t .<(n>.

^4^

4-

3 -

2-

/

Swedish. •'Oniian." Enfili!<h and Chiliuii.

['ir.. XI.VI.—('n!!!iwri«!!-. of Swci'.irthjind f:OTis;t: Rid (^Inv: -.irtj; Th- Iriupr vrrt;=:i!

lifKS indicate the first cutting of 19()S, the honi ntftl lines the -ond cuttini; of 190M ami

tlir iipp»r vprtical lines the crop of 1909. [Witti . H. Sverigp.s ! '-ftdesfftreninKs Tidakrift

'.HO, p. 321.
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Similar experiments at VesternH, alx)ut 70 miles west of Stockholm, were
still more in favor of the native sorts. These and other experiments' have
demoi.strated that Silesian clover is the only foreign sort which may Ix;

imported int.. Sweden with safety, and this only in the soithern provinces.
A matter of importance in clover is the production of second growth or

"aftermath." The Sw-dish sorts are from two to three weeks later than
the imported sorts and the aftermath is consequently consideralilv smaller.
In total crop, however, the former sorts ai- found to excel the latter hy a
substantial margin. liecause of their latca^ss the Swedish sorts are also
more suitable for mixing with Timothy as they riimi at about the same time
as that crop. The early sorts, on tlie other hand, are rij)e lx>fore the Timothy
is in l)est condition for cutting.

Late Red Clover may Ije distinguished from the earlv strains not oulv
by time of riiieniug Imt by certain morphological characters. It is taller
more branching, greener in color with a smaller percentage of heads placed
near the top of the plant. Late clover is also »aiil to be longer lived than is

the Early while on colder, poorer soils which are not too drv it is found to
thrive better than the latter. Tlie greater hardiness of Late Clover, as
already mentioned, is jierhaps its greatest virtue, although it has also shown
Itself able to resist certain diseases, iu)tal)ly clover-rot (Sclerotinia Trifoliorum
Erikss.) (,3(i, p. 15S).

A good deal of The Swedish clover has Income mixed with the more
delicate foreign sorts -.vhich have been introduced through the trade, and
IS .•< nsequently of inferior value. Witte (SI, p. 31«J) has found foi example
clovers of the early smooth (so-called Silesian) ty,x> 'id of the earlv hairv
(so-called American) ty[)e among different strains of i^te Swedish." Even
among stocks which are regarded as being genuine Swedish. tv|)es have lM>en
distinguished which reveal distinct differences in regard to |)roductive p. user
and other practical qualities.

In view r)f the above circumstances the work of the Association at Svaliif
with clovers has for its object the production of hardy, uniform races of known
origin and purity and of approved value for cultivation in the different parts of
the country. Sorts which bloom about the same time and which are other-
wise suitable for growing together in mixtures are also lieing sought for

anTrntlod.
^'^ ^^^ '''"'*'' •''""* ^•••"'^^-fertilization is obligatory, that is pollen from

in the
""*'. '"'I'^'lu'il "^ necessary for the fertilization of another. Pollination is

improvnmni '""•I'narily effected by l)ees which travel from plant to plant in search ..f

of Red Clover honey and carry the ix)llen with them.
The fact that at least two different plants are required in the production

of seed renders it practically impossible to produce sorts which are absolutely
constant and uniform in character since each single plant mav l)e said tl)

constitute a distinct strain. Crossings lietween different strains always give
a variable i)rogeny. Exi)erience at Svalof has shown however, that i"! is

IK)ssible to attain a sufficiently high degree of purity and constancy in clover
to meet all the imjwrtant requirements of practice.

In view of the inability to apply ihe pedigi-ee culture system to this crop,
a system of mass-selection is commonly used. Thus in seeking for hardier
strains, seed is collected from plants which have come through the winter
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and spring with least dainaKC. This seed is sown on an istihited i)lot en-masse

and the progeny carefully studied. If the latter proves promising, a seed

crop is taken, part of the seed being preserved in its present state of purity

for a p«)S8ible future use, the remainder being sown on a trial plot adjoining

others for comparison.

In the choice of initial plants great care is exerciseil in seeing that the.se

are as nearly alike as possible in all inijxirtant particulars. Were plants of

widely different character chosen as " mothers " the resulting progeny wtjuld

present a motley collection of ty-pes. Obviously, the fewer the number of

mother plants considered the more quickly will constancy tx; approached.

When a sort has been carefully tested i.. comparative trial plots and in
^ • . , 111 V If lu MuUiplira-

the laboratory for a sufficient number of years and has shown itself worthy
^^^^

,

of distribution, a multiplication is made of the original seed which has been guperinr

preserved during the intervening period. The necessity of u.sing such seed lypm.

will be apparent when the dangers from cro.ssing between plots wliich

adjoin each other are taken into consideration.

Very little grass seed is grown in Sweden. Even Timothy seed which omssea.

can he produced with comparative ease, is imported in large quantities (IJ

million pounds yearly) , a good deal of this seed coming from North America.

Seed of Orchard Grass, Rye Grass and Tall Oat Grass is i)rocured chiefly

from France, England. Australia and America. Meadow Fescue is obtained

for the most part, from North America although this seed is produced in a

small ^ ay in many places throughout Denmark.

In e.\i)eriinents at Svalof, Swedish-grown Timothy seed produced 15%
higher yield than that from North America despite the fact that the Swi 'i^h

material used in this comparison had not been specially .selected.

Orchard Grass .seed imported from Denmark has l)een found to give

l)etter results than that from (Jerniany and especially that from Australia

while Meadow Fescue seed from Denmark has also proven superior to that

from other foreign sources. The differences in seed from difTerent countries

is .striking and demonstrates the need of sj)ecial care when imiwrting .seed.

In the prosecution of improvement work with grasses the principles to

l)e observed are somewhat difTerent from those recognized in the ca.se of
^J^" y^ff^^^ig

clovers or of cereal grains. In the latter case each ])liint fertilizes itself, with
„f i„,,,.,iing in

comparatively rare exceptions. In grasses, on the other hand, the flowers gmssrx.

open before fertilization takes place, thus allowing the pollen to be carried

by the wind from flower to flower and from plant to plant. The result of

this peculiar arrangement is that while cross-fertilization is not obligatory

as in clover, yet a large proportion of the flowers liecome cross-fertilized and

consequently produce seeil of hybrid character. Such seed when sown,

necessarily gives a mixed, and variable progeny. Some plants of this progeny

may, if fertilized with their own pollen, breed true; others, (het«rozygous

forms) will " split up " in any case. By reason of this fact there is to lie found

^nsfl

mw
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Photii liy H. Witte

l-i<:. \L\U.-Orchar,l OW.- Avrage pimirles of mother plant (M) an.i a mmibor of it.progeny. \ot<. variable chamctcr of the latter (82, p 29)

in grasses an umisuHlly great niultifofinity of .listiiicl hiotvpes wliich niav he
lUstinguisl.e,! by .lifferences in pl.ysiological as well as i„ ni,.,ph„login,l
ehavaetcrs, thus (S2, ». 4):— •

r~

T

A. Morphological Characters

1- Ix'ngth of stem.

"2. Thickness of stem.

3. Degree oi -^;ooling and position of stems.

4. Size, position and profusion of leave.-',

o. Color of leaf.



<». Hiiiiiiioss.

7. I'liiiii. ii|>|>fiii:in('o iiiiil size nf r^|iil<o nr piuiirlc

N. I)('V('lii|iiii('iit 111' spikcicts. filuiiios mill s|iikol('t I'ln-tci-

B. Physiological Characters

1. II:ii(lilioss

'_'. 'I'iiiic iif iiiiituiiiifj.

'.i. Hpsistiincc iifiiiiii^t disciisc

4. Witliciiiif; down of lea vos.

.). Aftoigniwtli.

<i. Stiffiu'ss of straw.

A. Regarding Morphological Differences in Grasses

flreat differencos are to 1)0 found liotvvccn different types of Tiinolh;/ in

rej;ard to length of f<hm, even when such ty])cs are prown under essentially

the same conditions. Thus, careful measurements of a large number of

individuals made by Witte in the sunuiier of 1!K)S, revealed a variation in

this character of from ')() to 130 cm. (S2, p. (i).

Investigations made with a view to determining the hereditary finalities

of different types has shown that while it is ])ructically im|)ossililo to maintain

])ennaueut constancy in such cross-fertilizing plants as grasses, hereditaiy

gradations in the length of stem in Timothy undoubtedly occur. One of

the most .striking of these gradations studied at Svahif was a dwarf type

(Xo. 309, 1!M)7), which maintained its dwarf habit in succeeding generatioi,-

in a striking manner.

In certain otiicr grasses such as Orchard grass anil Tall Oat g''ass,

different ty])es in regar<l to length of stem have also been noticed, although

the differences have not l)een so great as in the case oi Timotliv.

It has l)een found difficult to determine whether or not there -.'X'st

hereditaiy differences In-tween different forms of the same s|)ecies in rega.d

io degree of xtooUng, although investigations seem to inilirate that sucii

(.lifferences do exist.

Mh
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As regards s,ze of h„f, ^^•itto .listinRuishes f„ur nmin ty.^s viz -
am short (82. p. bo). The s,ze „f leaf is naturally of great practical i,n-
JH.rtance .„ v.ew of the extent to which it .letern.ines the'value'of a s.n •

fodder p(irj)oses.

Photo by L. H. N.

F,c. \LVIII.-Tin,othy cultures at Svalof showing (in the foreground) a dwarf race.

Probably the greatest variability i„ grasses is to be found in the character
..f .he sp.ke or panicle This varies in size. forn>. stiffness and con-oactness.-U in the ..ase of .-ereal grams, no correlation is found between lengtu of spike
or panicle arul length of straw. Thus in two races of Timothy which pos.<ess
p,act,cally he same length of straw one race n,ay have a considerablv longer
>pike than the other. (See Fig. H). f and g.)

"

I.n^?"/^'
"*''"'•'""''/''"'

'' ^"""'' '' ••*'•'='=" '•''''»<i"»-^l'ip between the
length of stem and length of .-pike tdthin ()„ one iudivUhml This i. denrlvshown m the following tabic which deals with Tinu.thy (,Sl>. p. •_>!)) :- ' '
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|{<-t\vooii tlip lung ami sliort spikcil lypc^ in Timothy arc to lie foiiinl a
whole line of <;railations which are •ii'm^'ally refiaided as lieinu hereilitaiv.

Hir

!H)t.) hv H. Wittr

I'm. -M.IX.

—

Timnthj: SDikc-< from diffcrpiit hiolvix's. (J nat sizt >

(82, KiK. 21 f. g.)
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A great varioty <>f panicle tyix-s lu-vp }>een f<.ui\il in Orchard grass.
These are distinpiislied chiefiy by:—

(a) Lengtli.

(1)) L«ngtli and position of the lower liraiuhes at time of maturity.
(c) Stiffness both of rachis and branches.

(d) Size of tlie spikelet clusters.

As in the case of Timothy, a long line of hereditary gradations are to lie

found lietween the shortest and the longest pauided tyiK-s as indeed lx;tweeu
tyiies which are distinguished by other characters. Modifications, due to
such factors as soil and season, are also very much in evidence in the case of

Photo hv H. Wittr.

Fi(i. L.—Orchard Orass: Average panicles from different biotypes (.S2, Fig. 25).

this grass, a fact which renders it difficult to always say with a.ssuraiice
whether or not a given individual represents the peculiar characteristics of
a distinct biotype, or whether it is simply a temporary deviation (modifi-
cation) from the biotype to which it actually l)elongs.

Variations, or more projierly "gradations", are also to be found in the
character of the spikelets. The glumes may differ in form and color as well
as in the length and character of the awn which they bear. Different types
of seed, both as regards color and form, are likewise more or less abuntlant.

B. Regarding Physiological Differences in Grasses.

Most cultivated grasses arc full>- hardy at Svalof although at the
northern station at Lulea, Ulander has found marked differences to exist
between different lines within tl .. same species (77, p. 41). Witte has also
made some interesting observations to the effect that different lines of Orchard
grass originating from different countries have displayed different degrees
of hardiness wiien tested at Svalof. Thus, types obtained from Denmark
were found to be almost universally more delicate than those originating
from Switzerland (82, p. 56).
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Tlip time- lit which a gra.>*s sort is in cimdition to cut is ottcn a mattor i>f

great practical iinportaiicp. This is (>s|)Ociiiiiy the case whtm it is to Ih> grown
with clover as Ixith crops should ])c in the \n'M condition for cutting at the
same time. While consideralile difTevence in tiiTie of ri(MMiing ix'tween

certain lint-s of Timothy has lieen noted, yet tlie greatest difference has Ixhmi

found to exist in the case of Orchard grass.

In regard to resistance against rust the ditTerences iK-tween different

lines in the case of most grasses, are exceedingly striking. The most common
rust in Orchard grass is .said to \h>. "rust-spot" (I'rnmi/nn (hiclijlulix Orth).

When at Svalof, the writer was -truck l)y the fact timt certain lines of the

alnive grass seemed (|uite resistant against this di.sease, while others, im-
mediately adjoining, were very badly attacked. .Vccordiiig to Witte the
relationship l)etwecn resistant and susceptiMe lines in the successive years
of their existence is ()uife uninterrupted. In the following table it is also

shown that susceptibility to this disease is apparently an hereditary character,

thus (S2. p. ()()) :—

— Mother Pliints. Priieiriy.

Kust ronditiuti. No. of Hast condition.

Xo
1910 i 1911 1910 1911

1 N'</i.e ; None IS None None
22 '•

57 "

92 14 *i
45 •>

Cienerally ( 3 slijthtly

ru.<ted. rusted.

738 In 1908 badly! attacked. .33 One in- 1 irw.

30 ru.-ted.dividual

. free.

j

11 free.

fGenerally

• ru.sted.

il frt>e.

' 20 somcwtiat
765 None 42 ru.sted.

j

11 badly
'

rusted.

( 31 free.

6 somewhat
769 Somewhat Somewhat no Somewhat rusted.

rusted. rusted. rusted. 2 Udly
rusted.

I 39 free.

3 somewhat
rusted.

806 None None C Incon.siderable

1 29 free.

8 somewhat
287 (<

Inconsiderable 38 rusted.

1 iMdly

rusted.

iHliii

Attitude of the successive progeny of different lines of Orchard Grass toward rust.
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In Tiinuthy, tii.iuthy-iu.st (I'liniuia l'hhi-i,ml,;mH Hiik.-*. an<l ilcim-
iMK) i" lo-ir.lnl lis the numt sorioiis )K'^-t. Wliilp tlu- .lifToront .Miltmcs ul.ici,
th.. wnter ..XHininr.l ut Sval..f. ..leavly oxl.il.if..,! .lifTeient uttitu.l.'s towanl
lliH (li>cas«., the iliflfiviircs wcio not s., .ntrikiiiK "'* i» the c-use ..f Oichanl
grass.

KiHin the ahdvo .lisciissi..ii nf thr vaiial)ilitv of masses it follows that
"lu- of til,, first >t.-|.s in practical Iwo.liriK work is to test the eoiistaiiey of
tliose iMoihcr plants which are isolale.l for s|K'cial invest iKat ion. This Van
oKvioiisiy 1„. ,i,„„. ,,„iy l,y pn,vi.linK adequate jM-.tection anainsi ,.n,ss-
t.Mtiluation an,l sowinu the see.ls in separate culture for a sullicient nuinher
I'l generations.

Ill con.hiciinjj this test it is .lesiral.le to procure as much see,! as i.ossihle
li'iu .he plant un.ler investigation since the larger the cultur, ,^own, the
snialhu will l„. th,. experimental error ami ,.onse.|uentlv the nioie relial.le
will U- the result. In j;rass,.s it is an ,.M- linRly simple'mattev to augment
the v,.g,.tativ,. system l,y ,|ivi,linK th,- roots. Kach tinv .livision U-cunes a
small plant which ultimately may produce pra<'ti,.aily as larji,- a jifowth as
that 111 the orij;inal mother.

The system of numlHuinc mother plants as well as their prof;env is some-
what .lilT,'rent in the case of frras.'cs than in that of .-ereal srains owing to the
iMct that gras.-es cross-fertilize readily in nature ami thus remler it ne'.es.suiy
to handle an unusually large immU'r of in.lividuals. All mother plants of a
giv,'n kui.l of grass are therefore luimhered cmscrulirch/. each plant retaining
Its original numi.er in succ,.eding generations whether propagated ve<reta-
tivei}- or not.

^

Some i.iea of th,' m.'thod of grass breeding will he conv,.v,",l Kv an
examination , if the following iliagram:—
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IVoiiUHing plniitH which have licoii ii*<ih»te(l fur tpHtiiig in wpurBte culture

aie pulled up hy the ntiil!* ami iliviiled in the ii^ikitiicr indicated. All divisions

(winter plants) from the one mother plant nuiv lie i>lanted in a plot by them-

selves, sufficient room IxntiK allowed l>etween each to permit of their pro|>er

develo])ment. The location of this plot ."hould tie such as to safe-KUurd the

plants from eross-fertili/ation hy other sorts,

^^i&^^^^ea.'Ljs^.^^'^ '
»ag&.i£'i \̂"a»ar ^"?

•SmK^^cs' ^

I'hoti). by I. H N.

I'lii. r,n.—View from tower of imiin building Svalof, !<howing pfdigriK- grass plots.

During the fcillowiu); summer the nuiterial nuvy Ije further increased I'v

continuing the splitting of the yeur-old plants, or if there already be sufficient

material, this may !« sul)jerted at "nee to a I'ritical examination for varia-

tions. The seed pniduced from each of the plants on the above plot will l)e

the result of self-fertilization, providing the i.solatioii from otiier sorts has

been adequate, since each plant came origimiUy fnmi the same root. The
progeny of this seed in two or three succes.sive generations is likely however,

to show more or less variation just as in cereals which have been artificially

cross-fertilized.

Where the variation is negligible and the strain as a whole has shown
itself sufierior. it may lie multiplied fur the trade. Where the variation is too

great on the other hand it is necessary to begin again from one of the single

plants and repeat the above process of rutjt-splitting until sufficient constancy

is finally obtained.



WlM«n till" work with uni.-^-' U-kuii i»t Sviil.rf Hk- fir-t ««fr.)H|. wro

.lircrte.l toward cnllpctinR lor invoMtiKntion a Uvrw' nniuU-r of in.liniluttl

plants which |K.««..«Hr.l M.mcioiit hav.li u--. Thi^ was not .limcult .incc all

th.- KraM-^.« iiiuler c.iiHi.li-ration rvow w.I ', in Sw.-.l.-ii. l>r..misinK maivuhiaU

won- foim.l ill paMiiroM, n.fa.low. aii.l waste pla.os while others were ohlain...!

from (Ultiirps pro.hirf'.l froiii .•oiuniriciHl -aniples. In this way sev.Mul

thousan.l in.livicluals have iK-en In-oiiKht top-ther .luring the past few yearn

rtlth.piiKh lariiie iiuiiil«rH which pn.ve.l less valuable have ))een cast axide.

•lit

I'liiilc). by I.. H. N.

yiu. nil.—.Sowing Oreluird (irusd Multiplication plot in .IrilU 0-50 iii. apart

(Svalof, Aug. 10, 1910.)

E,\j)erieuce in the study of grasses thus far seems to indicate that the p»jssi-

hilities of effecting improvements of practical value seem quite a.s great as,

if indeed not greater than, in the case of cereals.

Many tyjx . if grasses have been distinguished which posses.s outstanding

morpl'.ological characters which are of value as a meims of idenlificalion.

Thus the different degrees of hairiness of glumes, peculiarities in the tyjws

of panicle in Orchard Grass anil degrees of awn development on the

flowers of Timothy are all useful for the above purpose, although every

imaginable combination and gradation may be found.



The ieiniii.^tiiiil rlmrmiii i.l kihjiw.s h.,* pinvfii a liiiiiilir.ip in I,hi .liim
wi'ik. iilllioiiuh 11 jjii'itt iiiuiiy iiicli\i(|imls Imv Ut-ii i-iiittcil whidi were
siitlirii'iilly cuiistiiiii trmii t|ii> Ix-KiiitiitiK lur ull [iniil icul |(iii im.sj'ti.

H,,.„lt>
**' Tiinolhii a larjp' iiuiiiU'r nf luini.-- Iiavf U'cn slihlir.l TwcU,. t,,

nhliiiiinl inil, 'it'*'*'!! nf t lii'Hi' liavi- ii'uclicd the lal«c r.irii|(aiativi' trial'' wlifif it-iiill-i. wlulc
vci««». yt'l inciini|»li'U', tend tu sIkhv that inunrc*.-' i.« U'itin nui'lc in vaijnn^ diriM'-

tiidi^. The rharactci^ which alt- s.iUKht f.,r in lhi« |ilatit arc: i.mu and stifT

xtoins, rirh, Innjj and l.fnad leaver and a i|ilii'k almn lant alli m .\vth In
"I her wiird- a ///<//( i/iilil offmltln- i, d'-iii'd

I'll.itO |,y I, II \

Ik;. I.I\.— Dr. Wiltr fXaiiiiiiiiiK in.liviilaal jiliiiit- ul i>i(liiir<l (irIl^<^' lor (i,h>tan(\.

V^

Of (hrfiani Crass twolvp snrts have (iiialifu-d for adinission ti. tlio hiij!c

I'liiMpaiative trial.". Tlic cha.actois wliicli are sought fur in thi.i jjniss are: -

perfect hardiness. Iiigh yiehling power, ulmndanf after-growth. aKility to
withstand the attacks of rust and ahove all. hite develoi)iiient. (Ireat

ilitTerences have lieen found i)et\vpen different strains in rejiard to the latter

I«>int. Thus a .sort Ix-ariiiK the nuini«^r OJJ matures ai)()Ut 14 days earlier
than another .strain registered a.> \o. ^;^. The work with this gru.ss has thu-
far resulted in the isolation of a new sort (.Vo. 4^) which has ;Toven to he
perfectly hardy, hiph yielding (in If.Mis tn';d plots gave 20' ; higher yield than
did the liest Danish cominercial sani[)le), appears to be resistant against ru-t
ami is from 10 to 12 days later maturing than the common commercial
variety (SI, p. :J2s).

>)f Mifiiloir Fcsdic four new .sorts, together with a .sampleof commercial
.-e«>d from Denmark, were sown in comparative test plots in 1!>()<». In 1!»1()

one of these (.Vo. ^4) gave ahout 20' , higher yield than the Danish stock.
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7. Potato Breeding*

PotatocH are grown in Sweden for four distinct purposes, viz.,—for

cooking, for the production of commercial alurch, for cattle food and for the
manufacture of spirits.

For rooking purposes quality and flavcr are first essentials; for the
production of starch, sorts are rp^uired which are particularly rich in this

ingredient, while for cattle food, sorts which are high-yielding but n<i! neces-

sarily of high quality are sought. In all cases of course productiveness is

a primary requisite.

The average annual production of iK)tatoes in Sweden during the period

1891-1900 is given as approxinmtely •2,7(M),00().OOG pounds. The average
yield per. acre during the years 1891-1900 amounted to 10,007.1 pounds as

against 19,910.7 for the whole of western ICurojJP.** During the past few
decades the cultivation of potatoes in Sweden has not materially increased,

a fact which is Ijelieved to be due in part at least to the decrease in the manu-
facture of spirits. The inii>ortation of jxitatoes on the other hand, while not

large, is nevertheless said to liav 'wen on the increase. This fact perhaps
more than any other, served to draw the iitt>iition of the Swedes to the

unsatisfactorj- position of the potato growing indn-try within the country

anil indicateil the need, not only for more intelligent methods of cultivation,

liut for lietter material in the way of sorts which were better suited to Swedisii

conditions and which possessed greater power to resist the many diseases

which attack tiiis crop. In 1903 the .\ssociation at Svalof accordingly took
up potato-improvement work as a si)ecial branch of its activities with Mi.

Job, F. Lun(ll)erg as expert in charge. Owing to certain unavoidable hin-

drances however, the normal development of this work was delaj-eil until

about 1908, since which time it has advanced rapidly.

In the prosecution of potato work the pnnci]iles observed are somewhat
Principles »/ ,(i(!fpre,it fn,,,! those recognized in the ca.<e of cereals and pease. In the
Improvement i ^i t ^^ , . ... , • .

ill potato
'^'^'^ latter crojis reproduction is entirely l)y means of seed which
rrnroduces true and for the most part without hereditary variatiim

providing natural cro.ssiiig does not occur. In the case of the potato on
the other hand, reproduction conunonly takes place in a vegetative way by
means of tul)ers. These are simply sj>ecialized parts of the underground
stems .stored with starch and covereil with buds or "eyes." When the tul)er

or a portion thereof is j)lante(l under favorable conditions, the buds t)egin to

grow, the food being at first drawn from the tulx>r itself but eventually from
the soil.

While the peculiarities of the mother plai't are ordinarily reproduced
l>y means of tul>ers, without any ai)parent deviation, yet variations frequently

occur. These variations are commonly regarded as modifications induced
i)y external agencies such as soil, climate, food supply and di.sease. Whether
or not the tyi)e may ije changed by the selection of such modifications has

long l)een a matter of much sjieculation. In his work with barley and l)eans

breeding.

• The ilata on worlt with potatot.H as submitted herewith, hava t>een oblaineJ chiefly frojn publica-
tions, incluiliog annual reports, by Lundberg.

•• "Svrrigrt Land och Folk," Gov't. Printing Office. Stockholm, p. 537.

:-^'ji'. in.\ a.15?WM "JK ^/4.-. '^'^t^J.' %M. 'IL'-''



Johanncen showed, as we hiive already noticed (See page 29) that luudifi-

catious within a "pure line" are not transmissible and therefore cannot 1)6

utilized in the improvement of the race. Since reprotluction in potatoes by

means of tubers is really reproduction in a pure line it would seem that no

improvement is possible even in this crop by the selection of "plus" fluctua-

tions. That improvement in potatoes has actually lieen made at Svalof by

a careful selection of tuliers s-eems fairly well established, although there has

not yet been sufficient time to sliow absolutely whether or not the.-e a])parent

advances in all cases are real or imaginary. If real, they may !« due to some

sort of mutation, as changes l)elonging to this category are Ijelieved to take

place in such vegetative parts.* On the other hand, they nuiy l)e only

imaginary since the enormous effects of climate, soil and season may have

so confused the results as to make it ajjjxjar as though progress had actually

been made.

Correct conclusions aic possible only after pro))eriy crtntrolled experi-

ments. In order to throw more light on tliis problem of variation us it

affects vegetative parts, material for investigation was obtained at Svalof

from the soH No. IO4I. This sort gave a very satisfactory yield witii im

average per cent of starch. The tubers were oval but somewhat irregular

with large eyes of medium depth and with fine netted skin. The color was

blue-violet or almost black. In l!)0o. eight tuln-rs from tiie above sort were

I)lanted. These gave well develojK'd plants which showed some sligiit difier-

ences in the character of the leaves. Thret; of tlvese deviating plants were

marked and harvested sejjarately, tlie hills l>eing lal>elleil d. b, and c. These

were preserved and u.«ed tiie following year to plant tliree sejMirate plots.

An examination of these plots showed that the |)eculiarities of the motlier

plants had been quite accurately reproduced in each case. An examination

and am.'ysis of the tubers from eacii plot was nuide and served to further

establish well defined differences. The flesh of c was a iteep violet, while that

of b was only faintly colored. The stiirch content of c was 17.1'^J . but with n

and b reached 17.7%. The yield of c was only 2o,200 kg. per hectare while

that of a was 29,1()0 and that of 6 .$3,120. In the following year (1907) the.se

relative differences were maintained, c giving 13,080 kg. and l.">.4% stan-h,

a giving l.H.tXX) kg. and lG.3<7o starch anil 6 giving 21,240 kg. and lfi.4<;;

starch.

In 19()S a further coniparisoa was matle but this time at two different

centres, viz., Svalof and Biiketo'.ta. The results of this test are recorded as

follow (24, p. 214):—

'trfl

in ill

(Svalof).

(a) 23,.JS0 kg. and WJi^o starch.

(b) 22,080 •' 10.4% "

(c) 14,440 " 13.S';i,

(Boketofta).

21,(MX) kg. and lO'/o starch.

19,980 " 15.7';c

13,320 " 13.5%

* Numerous examples are cited by different investigat^jrH, of the production of new sortft hy nipann of

changes which are supponfd to have been of a inutaiiv-e eharacter. In FiXhlings Land'w, Zeitung, 1910,

No. 16, p. M7, for example, an account is given of the protlurtion liy \'on l/ichow of a number 'jf saris

by the selection of such variations found in the well known sort M'ohltmann.
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Tlic (lifTciciiirs hot WWII the alHivc lines arc sif;iiific;,i,t in tliat all tliicc
vaiiic oiijiinally fmin th.o same plant. Wiiiic it is a.liiiittcl that these dilTei-
ciices may |..is.-ess very ditTereiit values ami may even he .)f ilifTerent (irisin,
they are reuanled as i)n.vi(lin<: a valtiahle means ,,f efiectins improvement
even t,, the extent of prn.liiciiijr (luito new soits. In (lisnissin;; the (.nsin of
these tiilier variations Lnmlheij; says "They niiirht <|iiiie ea<ily arise as a
I'psult of certain diseases which attack certain plants hut sj.areOtliers; hy
selecting: those which have withst I the disease, decided progress may often
he made. On the other hand, variations in sncli vcfietative jiavts as tiil.ers

may he of a deeper nature, arisinsr through s,,me spontaneous chan-je in the
character or •life' of the tuher itself. Such a |phenomenon is km.wu'^as /»//„,

rnrlalinn. ' In acconlance with this point of view one of the main methods
of p,,tato impr.pvemeiit eniploye,l at Svahif lias heen and now is the r„„-
tiniiiiiis silicliiiii iif ihsii-iilili hills (1/1(1 IiiIk i-.s.

I'k.. IA. DiKKiii^ |x.,lieiv<. plots iif potatiM^s tak.-n from Mi,(,,i„n(

liiiiiiim. I'm/. .Uricr/.ir. etc.

.\nother method commonly empolyed in the production of new scuts i^

!!r^'r'h''"o
''•' ""'"'" "^ *'"' '''"' '''''''• '^''"' '•''''' '""'' '" "'"=''•"''' f'""'!' 'O' ai-tificiallv

X')n,r'™'"
'''";""'"- •'•ff'^'f'"' '""<'' '"• '• ">">• l'<^ taken directly from i)lants'in the fielil

'.vm/.'
"'''•'•' '"'^'P •'<*<"» cfuss-fertilized naturally. The latter cour.-e has l>een
ahandiuied at 8valuf since experience has shown that success can l)e con-
fidently looked for only when i)lants whose values and ]M>culiafitiesar" known,
constitute the i.arentaKe. The first artificial crossings in potatoes were made
iit Svaliif ill VMi since which time the numher has greatly increased.

ts^J^^T^in!??
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Tlic |iriM'('ss of cfussini; in tlie cii-c of |>..iMti><'^ is i'\t n'lncly >iiii|il(' as

the lliiwci's arc lavj;*' ami tlic "iiiaii- t>a->' "i ii'ics-. 'I'lic |ii''i''i;ial ilif'icuil;

is tu fiiul sdits wiiicii arc |>iii)it'ilv ('(iui|iiM>(l tn narl ii'i|>Mt(' in this pr.iccss,

siiii'c llic ]ii'iiiliictiiiii (if iiipjicn in t hi' ca-f (if iliis plant is vci y inciiular aihl

often incamc

l'h..t,, by I. II. N

I'll,. I.\l. —Mr. I.uniil«r:: cniv^ini: |i.)luu«-

The sccils iif the potato arc small and niimciuiis Lcins im •• 'Iticil ia li;c

])iilp of the ' [lotato-iiails " or " pota'.o-appies." The lattei- are alioiit the

size of iai'KO luai'liics and arc >uspendcd fi-oui the upper poiii.ins of the -lalk

on sliort stems m- ])edicles. When the hall- are ripe •hey .uc ijathercd and

allowed to dry. 'I'lie seeils are then sfiueezed nut and in early April are

planted in 1. i.ves in the hot house. The yoiini; plants arc usually trans-

l)lanted ouee or twice before Ikmiij; |il:inicd in the open I'' this time all

danjier of frost is over and hoth the iiinuiid and the air arm. The

tuliers ])roilii('ed from these scedlin<;s thv lir^-l year aic u- a:dly ,uiii' ^niall.

altoiit three years licins rei|uire(l to attain full size. \\ the close of the tirst

soasiui's firowth the jiroduct of each -cedlin<; plant is harvested separately

(See Fifi. r)?) and its tubers carcfulh- preserved for the fni'.Mwini!; gear's

plai'.tiiij;. When this time arrives each l"l is planted li\' itself in r-hoii rows

and elimination ki'cs on from this lime forward. The time rei|uiicd in dis-

coveringthe hest conihination resulting from a mi^s naturally \aiies greatly

owing to the many factors whi(di nnist he ' aken into consideration and to the

unusually large ex|)eriniental crroi' which has to he reckon(;d with. The

field trials must he ver\' ( arefuUy conducted anil each lot or "line" must he

allowed duplicate oi- tri|)licate ])lots. 'J'ests must also he i ondiicted in the

lalioriitory wheie the tiniil judgment a> to i|Ualiiy, shape and general ty|H'

is made. After about the third year from the seed, when the tubers have

attained normal size and type, the methods of conducting field trials with

seedlings are comiiarablc in ail essential panic, ilars with those followed in

testing ordinary tulKM- selections made from old races. i;mi>irical methods

in determining which comliination or " variation " as the case may lie. is best,

must picvail in each ca^c and these must be ])ractised for a siitficieni number
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(if years to allow a safe judgiiieiit to he matle. Generally s|)eaking from four

to six years is rt^iuired lieforc the value of a sort can l)e pro iiou need upon.

When the work of potato iuiproveinent began at Svalof there was first

Prelimimirii collected a large nuinlier of old sorts for examination and testing. Thus in

8tuilie$. ij)()3 there were j)lunted a collection of 420 sorts ohtained from the Agri-

cultural College at Ultuna while ahout UK) newer sorts were j>urchased from

certain foreign breeders. As much of this material as space would allow was

again planted in HK)4 and the whole lot delegated to Dr. M. O. Malte for a

critical botanical examination.* roi)ious notes were made on this material

I'hoti. by I.. H. N.

Fia. LVII.— I'l. (first generation hybridsi) from difTerent potato cro8iiing!<

and about 3()0 plants were pressed for further study. During the growing

season notice was taken of the time of flowering and of maturing as well as

of the attitude of the dift'erent sorts toward disease. In UK)1 a public request

was made through the local newspapers for material for s{)ecial exploitation.

In this way not less than 150 lots from S!) different growers were ob'.iiMcd.

The intensive study to which the above material was subjected I'lij-

vided data which proved of great service in laying the foundation for

systematic work in the amelioration of this crop. It also served to disclose

the great numl)er of varieties and types which were scattered thnjughout the

country and the difficulty of classifying these into groups. It showed indeed

that the numlH?r of so-called sorts then in circulation was nmch greater than

in the case of other agricultural plants. This is attributed to the fact that

the potato cross-fertilizes naturally with comparative ease and that a large

• Dr. Multe in now an officer (Agroatologist) of the EzperimenUl Farm*' Branch of the Dominlou
Oppartmrnt tjf Affriculture. Ottawa. Ont.
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inmil«r of sorts are continually \mnfc originated from this cross-bre.l s«-e.l.

In view of the numerous combinations which are |)ossil)le from a sinKJ*-

crossing the production of new sorts is quite a simple matter. The obtaining

of somithiim better, howevtr. is an entirely different and an immensely more

difficult prt)bleni.

Another important (,ualitv in the potato, which is investigated carefully Starch Mer.

at Svalof ami other Scandinavian centres, is the starch content of the tut>er,
"""""<"'•

since this is regarded as a sort cliaracter of imix.rtance. The determmation

of starch naturally has its greatest value when sorts for the manufacture

of the commercial i)roduct are lieing sought. In this case the actual

quantitii oj starch per acre is the l)asis of valuation. In cookiiifi jMtutoes. on

the other hand, high starch content is not of great importance but rather

is likely to !«• the reverse as it may l)e inimical both to taste and cooking

quality. As a general aid in the work, liowever, the determination of starch

content has proven of great assistance.

On account of the diminutive size of the sample available for testing

from each sort, "Stohmann's" method of analysis has l)een used. This

method is briefly as follows:—A numl)er of tutors from a given lot are taken

and weighed after being thoroughly wasiied and dried. They are then

dropped into a glass jar of water .•*() e<iuipi)e(l as to indicate exactly the

water displacement. In tiiis way tlie siK-cific weight is quickly obtameil.

Since the sjiecific weight of potato tul)ers has Ix-en found to stand in very

dose relationship to the starch content, a scale has been devised which

indicates at a glance the per cent of starch contained in tutera of a given

weight.

The starch content of potatoes is greatly influenced by soil and seasonal

conditions. During dry years it is usually higher than during moist years.

This is Ijelieved to lie due to the difference in the inner development of the

tuber during different years. Cireat variation in the starch content of a

given sort is also induced by soils of different character. Since some sorts

are better suited to certain soils than are others, the problem of how to cor-

rectly interpret starch determinations Incomes a complicated one.

In his in\cstigations in connection with this i)roblem Lundberg ha.-^

found differences in the starch c(mtent of single plants belonging to the

same pedigree sort. These he l)elieves to l)e due to facto-s other than those

which are external. As an example of this sort of variation may be cited

the results of investigation with the two well known sorts Magnum Donum

and Wohltmann (23 p. 94.). The material forthis investigation came in each

case from a single plant chosen on the basis of form of tulier and general

api^earance of plant. The following table indicates the results of the

analysis:

niiii'



171

Starch content of tuben of different plants of the same sorts during different yean.

>i)rt

\Viililmi:um

Yrnr I'liinl I'l. J I'l. li I'l A I'l. SPl. (i 1*1. 7PI. slPI.O PI.

I
10

, i!H)7 IS 1 r.'-r.iT n

1<.K)S JDS .'i-inis

I

I'.KHI IKH l<.»;{il<»-7

I 1010 20 s 2O-:V20S

MaKiitini Itoniiiii.j 1!K)7 • Hi';)

I

inos IS. I IS.2IIS4

!

lllOil I.")-.-. l.'>-2i

I

l!»10 17 2 1711l7:t

PI. PI.

U I 12

171 i(i.o20-;{ '

2o:i2()-.">:
!

20 4 1S.0 2;1 .•> 21 it 22 -2

ls.,s20.7 21 1 2l-.-)2ll20 .•. l>t .>2I 1 22

IS-

1S2 isl 17 2 17

All exiiniiii;ili(iii of tlie alxivc talili' will show aiiiipim nthcr thiii<;s, that

ill tlic ypiir l!tl() tlio stairh cinitciit (it Mtiijnuiii linnuni raiijrcil fniiii 17- 1'
,

in lilant 2 to Is-U' , in jilaiit 1. or a ditTcivnco of 1 • I'j , while in W'lihltmanii

the variatidii was ciuisiiloialily >:!CMti'r namely, from IS-S',', in plant I to

22-.'>'
, in ))lant 12 or a (lifTerencc of :{-7%

.\ol only have dilTerences in tiie starch content of IuIkms from different

plants been discovered hut distinct deviations have Ikhmi noted in the tuliers

produced in llir siiiiic hill. The ai'coin|)anyin}; talile shows the weight and
)ier cent starch of each of the tul)ers produced l)y single ]>laiits lielonging

to four (litTereiit sorts grown in )!(10 (23 p. 1».").). Differences l)etween

the different ))lants in regard to starch content may again tie noted here:

—
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The alxjve tahlc servos to rrwul aot only differencps l<>twppn (liffeivnt

tulxTs produco.l liy tlie suhk- i^lmit, hut .lifTercncos l)ctwppu the different

jilatitH and l«tween the different mHx. The variation wittiin,i.{.9 for example,

is clearly much greater than that within 217^ or .Uwininn Honum. It will

also \h> noted that the si/.e of the tulK>r seems to have very little influence

on the i>er cent starch, althitunh snuill i)ottttoes are not infreiiuently low

in this material owing. u<. douht, to their imix-rfect development.

In view of the alx.ve U'haviour of individual tuinTs and individual plants

in res|K>ct of starch content great care must 1* taken in the choice of material

for amdysis. Only "pure-lines" can 1* investigated to any purpose and

of these, representative hills must lie taken.

hIMlnahnf The field trials of i«)tato sorts at Sval.if are laid out in two series. The

/K./rt/m». f„.st is called the kkkiU or pnlimiiumj xort trutlx, and the latter the lanie

Ph.iti. by 1.. H. .N.

Vi'. I.VIII.— DiKKiiiK comiMirativc trial plots of potatoes and takiiiR notes on clmructcr

and condition of the tuUTs. Note stakes placed at hills durinR Rrowing s.-uson

on account of some pt-culiarity of growth or evidence of clis<>a.se.

rnmparative xoit trlnh. The first series acconmuxlates the newly produced

sorts including seedlings and those which have lieen isolated hy selection

from an ordinary variety. The second series receives the most promising

sorts and makes the final i>ronouncement upon them.

In the preliminary trials eight whole tul)ers of each sort are planted.

This makes eight hills. For the sake of convenience these eight hills are

arranged in two rows of four lulls each. During the growing sea.son careful

notes are taken as to the uniformity, character, attitude toward ilisease

and general behaviour of each sort, and on this hasis many exclusions are

made.
•

ii i

The large coui]>arative stirt trials are laid out more systematically anil

in a manner very similar to that followed with tlie otlier crops oi)erated with
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ut Sviilof. Hpro riich Hort orrujws from two to four iliffprpiit plotn wlii<-li

iirp rtltornulpil with Mime «tiiiitlnril sort such m* Miujnum lionum, us « check.

K.iniierly piuh plot occupieil 2.') Kvni. Citi'.t s<|. ft), liut tliin wax later reduced

to 12..') Kvm. (int.." •*(]. ft.) on iiccoutit of the difKculty of firidiiiR soil of

sufficiently even (I'.iaiity "ver so Urge nn tiri'u. Kiidi plot of the urea imli-

cuted ucconiinodiites nine rows of five hills each nuikiii)? ».'» hills in nil. The

nine rows are ().(1() ni. (2:j.(i') ai>art while the hills are .V, ni. (17.7") apart

in the row. .Ml sorts whi<'h s«'ein promising are included in the ul>ove com-

parative trials as s<M)n as |)ossil)le.

Some idea of the division and extent of the work with potatoes is afforded

l)y the following tahle, which gives the identity and exact nunilier of the

different cultures <)|)erated with during the years 1!K)4-1!M1 inclusive:—

I'Dtulo Work lit .>*vul(if from 1904 -liUl iiidasivp (24 p. 2l(i).

Niiiiilicr iMT ycai

MNM

I'rcliiiiiiuiry trials with ^«>rt^« -•Ml

priKlurcd liy crossiiig

( Hilffsorts iiiiilcriiivcsllKution iM2

Xcw linen from siiiKlc tuln-rs

Lurp- <>oiiipuni1ivc -ort trials

Multiplications

i<Nk> inCMI IWI7 tWIN HK)9
{

IIHII KM I

liti<)

•UK)

7»><i

a:t7

173

949 l,0»i() 1,24;} l.n<t4

29;j:t;j5

120

•10

315

111

230

9

1,231 1,329 1.270 I l,ij22 1,731

177

145

17S

152
I

MM)

34

L.s.'W 2,45S 1.031

0.V)

ls»

l.V)

42

mil

In view of the ease with which the potato is affected hy the character ^„„J wrt

of the soil in which it grows, local trials of different («irts have lieen con- (nVi^.

<lucted on rather an extei\sive scale. The locations for these trials have

U'en very carefully cho.seii so that the nuiin tyi)es of soil where potatoes

can \ye grown at all successfully have lieen occupie<l. Thus, trial plots have

iH'eu placed on the sand tract which ext<>nds from Landskrana towards

Vomhsjo south of Svulof ami on glacial clay soils, rich in humus and in good

culture lying nor'l ' Svni.f The soil at Svaliif itself is, as i)reviously

explained, a v.'.-'m ' !i'.',i:t. shun- clay loam. The above trials have not oidy

proven useful i.i iMUii-^ecio.i wi^h the regular work, hut have revealed numy

interesting and valuritit !XM-uliaritiiS of the i)otato plant. They have

shown, for exaiaple. that • nder ceriu'r conditions the yields may \>e greater

than under others, w'.iie at '!.. -: .» time the starch may Iw lower. Thus

at Boketofta the star ' oiuoiii t . ,• rs has leen found to !« almost uni-

versallv lower than at Svulof. iiitu. :;,l! the M.ld is usually higher. From

this it is inferred that ilic iiiicriuil development •* 'he Bciketofta grown tuliers

is not so far advanced cv
,

I'rf.-.- ii- in the ca.-e '.f tul)ers grown at Svalof

despite the sui)eriority in size of t >• 'oitiier.

A noteworthy exception <ii the uliove case was atVorded during the cold

wet vear of Hl07, when ulie yields ut i. -iv. -ofta were mUih more .seriously
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j'fTi>rt«'(l lliiin w<«if lliiiM- at Sviilof lUiil al (iinnlc'lKTBii ulicif tin* -^nilr* were

l)ett«'r (tuitpd to withstaiul t\w iiniilitii>n.>* iudicati-tl. riii- fiillowing lulilr

Kivof* tlie rp^ull- for thin yi'ur luul in M?lf-«'\plnn«tory:—

Yitldi of tub«ri and per ctnt ttarch cf dlfftrtat lorti irown en dIfftrMi Kilt lo tht

cold, w«t year (( 1907 34 p. X9i.

Nil. Ill Siirt

Sviiliif

(CliU Si .ill

(ii?<p|rliflKU

(ShiiiI .Siil)

IVtkHoflii

iVi'KctiiliU' Cluy)

UH9
IU39

lom
1031

1077

IHM
tlM
IIIH

in»
lOIS

Itl.^)

1151

1101

1072

1UH5

1112

inh»

1(170

KMO
1214

1014

TtiU'ix IVt rrnt |
Tut»r« ' Pit n-nl Tulipni

(Kilo. iktI Sliin-h (Kil. (ht Starrli Kiln, [kt

hertHn-) iM'ctiiri' l«*cti»n')

20,(17(1

2»1.:J,V)

24.s2(»

22.(11(1

22.1(KI

2(I..V(I

2(1,.'>4(»

2(1.12(1

2().(H>(I

'.0,2111

l't.21(i

l^,7(HI

lH..i;«)

17,1711

Iti.l.V)

l."i.(i40

14.'.M10

!:t.0-2()

12.410

rj. t(K)

10..(70

211
Kill

IIM
lU .'.

17 .•.

14 !»

I> 9

14

20 (i

14 :i

14

Id 7

is 1

l(i

14 N

20 (i

l.-. 2

10 I

1,-. 11

17 .-.

I (i 1

1

ll.:<.vi

2(l.0(>0

I,-. N|0

I t,(Hi(l

I7,:i40

l.'i.slO

1 1,
.•'•()

ls.>70

14.2NO

I7.0.VI

17, .110

i;i,,vio

l(l..'>40

14.H20

20.2:li

i:f.iMi

17.11HI

1 t.:t2o

l.Vl.ii*

12..'>MI

ll..v,o

is «i

10 1

Hi II

17 I

21-4

21 ()

22

21-0

21 S

17 2

21 1

17-0

10- 1

1,S 4

1(1-4

21 s

l(i 4

21 1

lK-2

20-7

isl

12,7,'.0

i:»,7lo

12,()7(>

0.52H

1 1,2H(>

i:i,o(N)

11,200

0. MKI

s.KK)

I...(140

12..VS0

11.220

12,110

S..iOO

i:i.7io

s.Klo

12.410

O.S HI

111, .-.10

12.410

s,(l70

I'cr ii'iit

,sturch

1(1 2

1(1(1

12-0

1(1

12 2

1(1 "I

12 .')

1.-. M

1.") 1

12

1(1 :i

1 10
17 (I

lt-2

Id-.-.

i:t(l

DfgencTntu.i The prolileiii of iii.tiito iini'ioveiiient l>y tin- .select ion of favoralile variu-
m pjiiUuei.

t^i(„^^ j. intimately linked wiili that of "d(>K(Mieration." Tliat (iitatoes

degenerate or "run out" naturally is an idea coniiiiouly held liy the great

mass of growers. Many Lielieve liiat this i> a natural iihenomenoii —soiiie-

thing to lie e.\|)ected and something which cannot U' a\nided. A new
variety comes into circulation, remains in the foremost.ianks for a few years

or until it reaches a f>eriod of old ape or "senility" and then gradually Ix'gins

to decline. Such is the generally accepted idea of the life of a iiotaW. sort.

That certain varieties do ajipear to act in this fiecidiar manner cannot lie

disputed. On the other hand. e.\j)eriencc shows that other sorts which have
liecn under cultivaUon a great many years do not apjK'ar to have lost in

vigor or in productive (pialities during this long space of time. A gi.od

example is aiforded by the Swedish .sort known as DaUt, commonly grown in

the province of Delecarlia (Dalarne). This jxitato is said to have Ix^en
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iiitrnilucctl nUiut l.Vl yi-iirx ngti, yet in xtill hup of llir lio^t sortf* rihiwii in tliiit

I'liivincc f.'iil, |>. '/s). Tin* ii|)iiiii>ii Iwlil iii Svnl<if ri>Knri|iiiK tlii:* iiii|Hirtarit

(luc-tlidii is th:it llictf is no /Hiiixl iij olit mje in fi vnviilif ></ /m/d/df.i.

TIh' tlrKi'iKTiitiun wliicli is (iftcii iKitircil is licli(>v«>il ti> lie liue In fcrlaiii

fin'tiiis which hiliilrr Ihr lioniiiil (ii'VclupriH'iil of the |ihint-< uml liilwrs nr

whirh invite (liM'iiff. I'utiiliM's rciich their hiuln'^t «tiitf iif vigor n 'nl ili'Vi'lnp-

liiciit iltiiirr riiol, riii'i^l coiulitiiiii.'-. S'ed IuIkts imxhlccd under ^^ll'•h eon-

ditions alino»t invariuMy give In-lter ii-suits tliuii do tliose Rrowti in hntlei

alicl drier regions, owitiK it i^ thciunl.i to tiieir jjreater vigor. Where |m' mIo

jji' wiliK i.« proseeiited in dir-tiii'ts whiih are unfavi.raliie to t'n' prodiletioii

(I >ti'oiiu viKoroUf f^eed luliers it is considered good practice to olitain seed

a' Iri'inienl intervals, from di»tricts uhicli are timre favoraliie to this crop.

U heie thi- practice is not I'oiiovved llie vigor nia_\' gradually U'ciuiie weakened

le-ulting in a <'orresponding .Icpreciation in >ielil and <|Uality Similar

iH'sults niay likewise follow neglect . even in the U'.>t districts, to discriminate

iK'twi'i'ii small. |H>oily de\e|o|«'d and -ound >^vin{ tuhers. Too often all

'he good sound tulHM's aie snld nr used for conking while the poor, discardeil

ami in luatiy 'a.ses di.sea.-e<l tulxMs are ke|)l fur planting. \\ here thi.s pra<'tice

i> followeil I here is hound to U' a falling otT in product ivei'ss. The evidence

al present av;iiial)h' seems to show tluit irhtrr siiiliihli- .siirts are iisiil iinil ivhirr

sintiihli' liihtrs i>J tlusc sinin nii' iililiznl fitr sriiliiii/ /)i/r/)(W(.>( fiirh i/air, Ihi

sliniilnril iif II niriiii/ miii^ln miiiiitniiiiil itiilifinitih) unilirnU Jurnnihli iiuiitiliinii

i)J Koil mill rliniiilf. Since some varieties are not adapted to certain condi-

tions it is quite possilile that their power to resist diseas- may iK-come giaduailv

reduced. This would seem to explain why certain varieties , iwti in coni-

|)arisiin with others and under similar coinlitions foi' a iiumlH'r of years seem

to he more susceptihle to hlight and other disease- than do neighlKiring

sorts. Oliviously, the nuiiii considerations are niiunh immi nj rii/Dr and
iiiiilriil oj <lis,ii-<r, and this implies very careful choice of secil tiiliers, careful

I'ultivation, spraying and rotation of crops. In Sweden sp4Tial emphasis is

laid iii>on the latter point. The need for care in 'Kis regard i- consiilereil

even greater with [lotatiK's than with the cereals.

The yield- anil starch content of the clilTerent potato sorts investigateil l{"<ulis

at Svaliif up ii. and iiiduiling l!(l(), have recently lieeii made puhlic in an ""'"'""' "'

excellent sinumary of the work in potat" breeding liy L'tiidU'ig rJI)

following tahles are taken from this puMication:—
Tnc

imliiln hri eil-

ing.
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f>iorts.

Gcheimrath Thicl..

.

Up to (latp

Mafoiuiii fSonuin. .

Apiclli

Kaiscrkroiie

1189, At hem' X Clio

2172, Goldlwll X Unira

1222, Miirokcr X I'nica

ins, JcwplxClio

2111, Maf^um Bonuiii X Unica.

Mariplunds

Gula Sormlanils. . .

Dala } Old Swcdi-^Ii Sorts,

Rdda Va.stg6ta (a)

" (b)

(Xot a cookinp potato).

(C"oii\mou comiHpri'ial sorts).

(Svalof Sorts).

Kilograms oi
;

Ppr

tul)prs ppr ci-nt.

lipetarp. Btarch.

33,136 IS-S

20,73f. 15-9

24,40S 16-2

23,940 IS-l

22,9:52 16 S

32,076 19

:W),r>oo 13S
:«),240 16-4

2S,1.56 IS.

2

27,396 \i, .",

21,492 i;- 9

19,044 Ifi s

IS, 504 16,1

17,74S 18-5

17,004 19-5

("omparison in yield and starch content of the five best Commercial, Sval6f and

Common Swedish potato sorts. Average from field trials at Svalof , 1906-1910 inclusive.

As will be seen in the above table the sort 11S9, produced from the

crossing Athene X Clio, is excelled in yield only by Geheimrath Thiel. The

latter, however, is not a cooking potato but is u-sed chiefly in the manufacture

of starch so is of little intere.st in this connection.

by L. H. N.

Fio. LX.—Two best pedigree potato sorts thus far (1910) produced at Svalof.

selected from No. 349 which in turn was taken from EUlorailit.

Both wpiv

In the breeding of jwtato sorts for cooking purposes great importance « .

.

is attached to the following points:—taste, mealiness, size, form, depth (^f
Q,uilitiea.

eye, fineness of skin, color of skin anil flesh. Last but not lea.st keeping

quality is regarded as of very great miportance. On the basis of the.se con-

siderations many sorts which have stood high in yield are compelled to occupy

a lower place.
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Tlio hrcodiiifj of ---Ciillpil "early" ixitatiifs lia^ iccoived consitlcniMc

iiltciilion at Svalijl'. Hy "early" pcitatdes is (iiimiiKUily iindcrstoiKl tlMise

Milts tlie loaves and stems of whi(d) wither down and indii-ate an apimiaidiing

maturity nf the tulier at a relatively early date. That such a (•(iiice|itic>n of an

earl\- potato sort may be ((uite luisleadiiif^ antl I'aidty has Ix'en dearly set

I'oitii liy T.iindl)er(T in the t'ollowiiij; talile:—

Sorts

NiiiuU'r of

il:iy> liiMii

phi'i.iiiK to

iriaturit V.

StamlitiK of tlic ilitTcrciit sort

II till- l>:i>is of ^izi' <il tiiluT, oil

ihitcs indicati'il.

Jiiiic :ill

Sljiirp - \ ictoi. .

Hcaiity of llrlii'oii

.liliir

Hovi'f

\'oo(iliury's W liit<

l^aily I'liiitaii. .

.

Alubastpr

Ro<osos.
Anicrican Rose.

Kaiserkrono

Altnond

I'lirplr anil (iold.

Low's Karly

(loldball. ."

I'aiilM-iis July..

.

SvalofsL'H-'. . .

:«)77. . .

• a»s!). . ,

• ;«)!)(. .

:M)4.

UNI

110

llti

li(i

IWi

l-.'O

IL'O

12.')

12.)

l-'.j

12.-)

i:?o

i:«)

Hit

i:i4

i:!.")

i;^)

i;;.-.

i:r.

i:i.-)

;{

1

10

4

C,

l.>

14

12

13

17

10

7

S

!»

IS

19

.Iiilv s

3

4

.)

15

2

14

17

i:i

16

IN

11

7

9

19

S

10

Hi'latioii IkIwi I'll tiiiu' of ri|X'ning and statr of duvclopiiicnt of IuIkts.

.\n examination of the above table will disclose the intercstiiis; fact that

the earliest maturing sorts do not nece.ssarily produce usable tul)ers at the

earliest date. Thus luiilij Puritan, which is ten days later than lieaufij oj

Hebron, is nevertheless shown to ])roduce a larger ])ro])ortion of usable

potatoes on the thirtieth of June than does the latter, although as time

advances ''> above condition gradually becomes reversed. The small

degree o .lonship vliich exists lietween tirie of maturity and the date on

which a given sort is large enough to Ije used for cooking purposes is excep-

tionally well illustrated in the 1)ehaviour of the sorts Roue and K<ii^erkrnne.

Although these two sorts mature at the same time the former oti-upies fourth

place as regards the usability of its tulier.s on June ;]Oth, while the latter

stands almr)st at the foot of the list, viz., fifteenth, at this date. Experience

at Svalof thus far seems to indicate that the i)roblem of producing early sorts

possessing desirable characters seems to be associated with greater diffiniltie-

than is the case with later sorts.



VIII. APPENDIX

As 111!" ;. noil in tho Prpfaco to tlii- |ni|K'r the liist o^^'titiiil in IncodinK

work is to knu'v l!.e pxuct coaditions ui soil uiul fliiiiutc wliicli <'liaiactprizc

the various rojiioiis which it ir dosigned to sprve. For thi- ipasoii a l>ripf

dpsrrii)tinii of tlipsp c mditions as tliey obtain 'n Swpdpn is aiii>pndpd hpic/^=

Tlic louniry of Swodpii oceupios the paslpvn and larmier section of the Gmgraphiral

Srdn'liniii'iiir} PcnhiKui-i which is situated in the noith-wp~t<Mii iiait «i jx,sii""i of

Euroiic. Tlip exact jins'tiou may I)P more definil. • -tated as hpin;; l.ptwM .1
">'""''

(IIP .V -.M" and •)")° '20' is" X. Lat. and l)Pt\vp"ii 1 1 o' 111" and 2V '.)' 1 1" !•:.

Lonsr. of (Irccnwi.'h. It will thprefore I«p seen that the southern extrcMiity

of Sweden is tartlier nortli than Athal)asca Landint;, Alberta. Canada. The

entirp country C(mspi|upntly lies farther north than the jirincipal cuUivated

areas of tlie Dominion, 1.")'
; of the wliole surface area imleed. lyinn within

the Polar Circle. Stockholm, the Cai)ital, i- situated 011 i)arallel .VP 21".

wliich is sli<;htly north of Fort Vermillion. Allierta, Canada, and south of

St. Petershiirfi. 11>p Cai)ital of Russia. Sweden i> Iniunded on the east, south

and partly on the we.st hy water, the only land iiouudaries heinij those

dividinsi it from Finland ami from Norway. The waters are: The Haitic

Sea with the Gulf of Hothiiia. the Orpsouml. the Kattesjat and the Ska<;era(di.

The length of Sweden from north to south is about l.tiOO kilometres or

W.i Knfilish miles. Its breadth is api)ro\imately oiie-fourth as peat a^ its

leiifrlli- The area, according to the most recent surveys, is jrivcii a-* I t.7Ml.-'-'7

hectares, or about lit) million acres. It is a little smaller than either France

or (rtM-many. but is almost half as large again as the British Isles. It may

therefore be regarded as one of the larger countries of Europe. Carrying the

comi)arison to Canada, the aiea <if Sweden re])respiits api)ro\inuitely T-V ;

of the total land area of the province of Ontario, Only about S.U; of the

surface area of Swpdpn is rpgardpd fit for agricultural inirpijses of which

area only about one-half or nine million acres is under cultivation. Of this

about si million acres is under f Id crops and the remainder under garden

and i)a-ture. Owing to the i)resence of e.\tensivp areas in the north whicli

cannot lie cultivated, the total per cent of agricultural land in Sweden i-

small. In Skane, the leading agric\iltural -trovince. not less than tid'
,

of

the entire area is under cuhivation; this province contains in fact 17'
i-
of the

agricultural land of all Swedpn,

Statistics of ISUS show tiiere to have Iwen about ;5:5l,3<)(t farms iu

Sweilen divided as follow:—

23% consisting of only •") acres.

t)0% consisting of between .'> and oO acres.

10% consisting of iietween 50 and 2")0 acres,

1% consisiiug of m<ire than 250 acres.

• This description has bMnobtaine.l fur the must part from the Sweili.sh pulilicalion eutitle.l >;.,,;„«

timi ocr. Folk:' 1904. G'n'l. rtinting B.ir»a-.i. .s»n-khi)lm. An Eaelish edition of thi» i.Ml.lir.-iiio,. m,iiiI, d

•Swedtn, il» Pmple and ilK Imluflry.' is also available.

MM^^^M'
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Pfli/xin-

Swcilcii is (lividcil into tlireo iimin soctidns, viz., Srcnlnnil. (lotnluitil aiul

Xorrhtnil. Tlu' fonncr district, r<iiiKlilys()«>akin)r. is comiHisod ni tlu' pvuviiiccs

lyiiiK Ix'twccii imiiillcls of latitudo ,'tU and (i2. This district is ]Mi|Mdarly

spoken of as Miil lie Sindin, altliouj;li strictly speaking it is not in the centre

of the country, hut ratlier toward the south. Giitahind comprises the district

soutli of Svealand, while Xorrhmd represents tlie nortlierii rejjion.

In physical features Sweden may !«• said to Ik- rather hmken, the greater

l)art of the country consisting of h)W granite hills covered witli pine and fir,

Imt not infro(|Uently inters|)ersed with fertile plains. Tlie U-st part of the

country from an agriculiuial standpoint , is found in the soutliern provinces.

The only mountains iuvSweden worthy of note are found along the Xorwegian

frt>ntier. The greatest elevations within Swedish territory are found on

the iieaks of Kelmekajse and Sarjektjocko, which attain a height of 7,1!»2

and ti.D'JO feet res|)ectively.

I'hoto by r,. II. \.

I'ld. I,XI.—Typical liuiilsciiiH
—"Plains of Skanc," Soutliern Sweden. (Uit. 5.)° A'.V.)

Preparing land for Aiitunm Wheat, .Iiily 14.

The very large number of lakes in Sweden forms a striking feature 'if

the cour.try, nearly one-twelfth ,if the whole surface being covered with

w'ater. The jirese-ice of so much water has an imi)ortant influence on

vegetation.

The geological formation of Sweden consists largely of granites, gneiss

and nu't vmorphic rocks broken through and overflowed by traj), the surface

l)eing covered with drift forniaticm and boulders. The "Plains of Skane
"

(See Fig. 01), which occupy the southernmost section of Sweden and which

are noted for their excellent agricultural soil, rest on a foundati(m of sedi-

mentary formation^. In general character these j>lain« are somewhat

variable. Thus in certain sections where there is a co/ering of recent marine
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tleposits, the siirfuro is iiliiuist uiiifoiiiily lt'v«'l; in otlu'r purls wo tiiul

uinluliitiiiK and sIuiUkw valley i)iiHins se]mnite(l liy low ninjrts of hills.

Owins to the fact tluit Sweilcn extends from north to soi.th for alnnist

l.tHX) miles, and that the soutiiern part is strictly maritime while the north Climate.

enjoys more continental conditions, the climate is exceedingly varialile.

The Scandinavian Peninsula is particularly fi rtunate, however, in Umiis in

the wake of the (iulf Stream which skirts the cou-t of Norway and moderates

• he temiH-ruture not only of that country, hut also of Sweden lyii
;
further

iidand. The clii. ite is therefore not so severe as the northern position of the

country would supsiest.

Tv other causes serve to actentuate the clinialif dilTereiices of Sweden.

The fir^ -s that the Northern jmrt of the country i> separated hy the north

Scandinavian Mountain Ranse from the warming etTccts of the South West

winds. The second is that Northern Sweden possesses a higher altituile

than does the Southern i)art. .\s a c<mse(iuence of this the average annual

tempt rature of the most Northern part is somewhat lielow freezing point

(32° V.j. while on the South West rn coast it is around 4.'>° F. .Vt Haparanda

north of I.ulea on parallel (i.")° .jO" almost opposite Ft. Yukon. .Uaska. and

just South of the Artie Circle, the average tem(K>r'.iture during Feliruary,

the coldest month of the year, is alx.ut 10° F. above zero, although it nuiy

drop to 40° l)elow for a short jHMiod. .Vt Stockholm the average tempera-

ture for the same month is only about (1° of frost, while at Svalof it is

only 2°

.luly is the warmest month in Sweden. The average temperature for

this month at Haparanda is .j!)° F.. l)eing oidy 4.7 degrees lower than Lindon.

England, and 1.3 degrees lower than at Stockholm. The absolute summer

nuixinuim is about S()° F. in most years and at the nuijority of the stations.

The winter minimum sinks from ")° to t° F. in the South, and from 22" to

40° F. in the .North. In the neighljorhood of the "centres of cold" the

mercury not infre(iuently freezes. The Swedish suiiuner. esi)ecially in the

.North, is a season of almost continuous daylight. The length of the summer

days together with their abundant sunlight counterbalances to a very con-

sideral)le extent, the shortness of the growing jx'riod. The doudlessness

of the skr in Sweden is a noted and important feature. Only .")()';; of the

sky is covered with clouds during .June, and 74' ; in Decend)er. By reason

of this fact the luxating effect of the sun's rays is relatively unimi)aired.

The length of the frostless season is a matter of very great im])ortance

to vegetation. The occurrence of night frosts in Sweden during the growing

jwriod* is one of the most serious climatic difficulties with which tlie farmer

has to contend. These frosts are not regulated by the geograi)hical i)osition

but rather by the ])hysical features of the country. Thus the juovince ot

Smaland in southern Sweden, which is higher and miu'h dis.sectcd by small

lakes, suffers consiilerably from frost as tlo also the provinces of I'piiland,

Jemtland and the inner highland parts of (iiitaland. At Karesuando. which

is situated in the extreme north— I.at. X. 08° 20'—the last s])ring frost occurs,

*The growing |)erioil in Sweden is regarded as beginning when spring seeding i- half completed, and

ending atwtit the beginning of potato harvest
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Precipita.

linn.

on an uvothko, on June ir.tli ttnd the first autumn froHt A ^uxt 27lh thu-
ther,- arc only 72 fro^tlesn day,-. at this point. In the ndghlx^.M,,! „f 8t.>ck-
holm there are 4J months without froMt, *-hile in Skane earlv night front, have
not to l« reckone.1 with. The .lamaginK ix.wer ..' front ,iei*n.ls more uj^.n
the condition (.f the en.p at the time when it occum than upon the actual
degrei-. In the North, vegetati..u dcwn not l)egiu until June hv which time
there is j)ractically no night, and therefore no frosts". The vegetation |K>ri„d
at this ,«,int. however, only lasts for aJn.ut UK) days so that earlv maturing
sorts are required.

The averajje precipitation for idl Sweden is 'm m.m (1!».73»), southern
Sweden obtaining considerably the greatest amount. Thus at Lund the
average is o^ m.m. 9 % of which is snow; at St<.ckholm 4S2 m m and at
Hapaianda 401 m.m., 36% of which is snow.

Photo by L. K.

Fio. LXII.-.Show;ng sheaves of barley put up on stakes to dry after having suffered from
three weeks of abnost continuous rain.

Ttie ea.st coast receives considerably le.SH rain than does the West, so
that dry weather in the former district during spring and early summer is
not uncommon. The rainy period commonly occurs in Sweden during grain
harvest, a fact which renders the satisfactory handling of crops very difficult.

The precipitation in Sweden is variable locally. Tuus the monthly
pre"ipitation at any one station may vary from zero to 300 m.m. Not
infrequently, droughts of several weeks' duration are followed by wet periods
of about the same length.

The maximum precipitation occura during the latter part of summer
m most districts, although in Skane a secondary maximum is reached in
July or August. p>om the end of winter to early summer there is wt v little

precipitation.
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