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FOREWORD 

.. 
This was a joint conference of wheat workers in the hard red 

winter and hard red spring wheat regions. Workers from the Western 
Region, the Eastern Soft Wheat Region, Canada, Mexico, and Argentina 
also participated. The conference involved researchers from state 
and federal agencies and the private sector of the wheat industry. 

The conference was jointly sponsored by the Hard Red Winter 
and the Hard Red Spring Wheat Improvement Committees. Both of these 
committees, as well as the National tolheat Improvement Committee, met 
during the conference. Also meeting prior to the conference was 
the North American Leaf Rust Research Workers Committee. 

Abstracts or full texts of most of the presentations are con­
tained herein. No attempt has been made to include the many ideas 
and comments voiced during the informal floor discussions. Since 
such informal discussions were encouraged rather than lengthy 
formal presentations, the material contained in this report does 
not adequately reflect the full treatment of the conference topics. 

Appreciation is expressed to B. C. Curtis, F. H. McNeal, 
K. A. Lucken and J. W. Schmidt for their leadership in organizing 
the main conference topics IfBarriers to the Improvement of Wheat" 
and "Hybrid Wheat If • A word of thanks is due also to the local 
arrangements committee at Kansas State University under the chair­
manship of E. G. Heyne. 

V. A. Johnson and K. L. Lebsock 
, Regional Wheat Improvement Leaders, 

Hard	 Winter and Hard Spring Wheat 
Regions, respectively 
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HOW SHOULD BREEDING;·SYSTEMS·~'BE~REV]SED.iTO!
 

DEVELOP VARIETIES WITH MAXIMUM GRAIN YIELDS?
 

... i%:)rfuari;E.~odaug, 
,.'j'~ ;':\,', ' : 

.~~." w 
It is my contention that progress in the development of higher
 

yielding wHeat ~atieties ',1s "'Oeirlg,iiS1owedpdntarUy.'by the extreme
 
'~on:servat:Ls'm dfmOst'wh~ab'breeders;' coupled with the' status' quo
 

attitudes of the grain and milling industries •
 

. "Most::'~heat'breed!ers'have:bec5otill~~!slaves to thEdlr own narrowly based 
gene pools. 'iTheyIhave ;iwft:h(btit,fe~··exceptions:, j;shortsighted1y organ­
ized their programs in such away that they have given disproportionate 
emphas:l.sat', the. expense ~j:if "'yi'e1d to:i:t:he' fo11oWing:'.i;w.o~pects of 

.var'!;efal 1niPro'v.emert.t:": ':, . , :;.~, ~. 

1 • Improvement in disease and insect resistance. 
.' ,J . , , ': '. ' , ~ , .' . ,~ 

. H',"" 2~jM.i1iita:tning'!staet1s,.quo (good 'dr<~cceptable) m:t11irig 
and:bak'ill'g, q'\iality, :wliile iimprdvemenis ar;e:being 'made'in, 
ci:ise:asea:nd~.iris'ect:r~Si$tance:.· . ,..' , 

.1·" 

.... .. Perhaps' 'lsomewhe1:'ebei~een70' ;ahd· 80perdentJ'r'C)f" 'th'eel1'tt.re' wheat 
breedirtgeffpr::e 1:n. :the :U.S.A. ':andCanada'in t1l:e:!p::as~, 30 y'ea,~s'hafi. been 

....! devoted 'primarily' to: develop'irig' newvar,i~ties,with;better,resfstance 
,to disesses f (especfa11y<t6' therustsand'smuts),a-nd' to insects (Hessian 
fly. and saw'fly).1 ; ., ..,', ; ',y '. .; 

,.'" 

As new races of rust, for example, have appeared,'ren<leringa 
formerly acceptable commercial variety, such as Thatch~r, susceptible, 
new'sources of 'r-es:f!stance have)·been~ fotirid "atrd. crossed..tinto dit. Sub­
sequently, ThatCherhasb'eenus'edas th'e'recurrent !paten.t 'in" J}on.'g. 

, backcI'~ss. progra~ s'O'as'to';assureithat boththephenotype'of:Thatcher 
.. "and lfs: niii11tig~rid baki.'ng'quallty' 'W'a:sre\covered 'd..n"the .progeny.' Un­

fortijrultely ithis ti1tfa,conse'rv'stive'system,"Which'> isadvanta'geous' and 
alniost ;foolproof from' botha!'.pl;antvp~tho1ogy:,and cer:eab.chemfstry: point 
of'v'iew has~ be'endisastrous whim: viewedfroill'the .s;tartdpa>int: of 'improve­

, 'ments· ,in .gt"ain, '\yieid,an'd isg ronotni-c' (Fype ." ., As' :product;i:o~ costs .mo~t 
and yields remain stagnant the farmer is stuck ina cost~p,rice .~squeeze. 

" .,', .1"" 

:One.or the firstlessonswhf..chiWe 1earnin."g~neti,~sis;that, maximum 
1eve1sofi.'he:terosis are. obtained when we .~ r.oss.: genet.ical1y ,di:stinct
 

. parents.'" Thisprinciplewep:romptiy,·ignore.>:in our: breeding programs
 

. in' se1f:-pbllinated,Pfants'.'. Xt·;has 'b.~enou.riexperien..ce that whea,t
 
"~':crc:>fllle'l' that: givt high . yielding .Frprogenyare, alsQ;li~el,Y'.,to .produce 

highyieL:ding-lines' i~ advanced· gene,rations that :wil1.exceedthe:grain 
yield .9f either parent. . 

.' ; ... 
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It is our contention that a crossing program designed to increase 
grain yieldG~n(\Wh~at;fsP~u1.~:~f:tllYQ1~~!(';:;r:IH·'i/Oil 

, .~..:,;.! J1ft y' s,:"LJ ~'h,~) ;.'~~' n~~(.E-;~;j\~.ji . c; ';"j r. T'~;' .I~7 {~~} . 11,j ~~ ;:~: . 
1.	 Crossing of unlike outstanding parental' ·t'ypes within 

i;.;.'::	 the spring wheat groups (that is, between the best commercial 
variety in onca zon~r;Q£'.'19fferit:J,~~';l'~d the .best varieties from 
aggressive spring wheat breeding p~ograms in other parts of 
the world) • 

.. .'~n ':j:, r LL.'t ~~~~~:·,~~~~.j.CI:lq -:;.E'(L~, U!).i1;rs,Jt;:L ..} ·~:r:r. ~_ . 
,', .,:::.~" ·';riZ. 'UJC~~~~Qg::r~n;L.~~~JQ.u~~~i.~f~g.r:,p·~¥~1t~:(. ~Y,B~-$!.'1 '~!~9.!~ ,the 

l.o.	 . w.:J,1ltet: W~caa~sg1;\OqD,l~J1Q1!) ~Q,Eh;W~£l.:~ ~x:;~~~t:J~~p:te.1;' W#!~~ ..b,;;~e4.~ng 
programs. .. .:~ ,:":~ ~ ~~H ~.:;~·;1 .t-.i"f! bnr, !,;-tr,J ;:~ ~.'HL1; '~.~j ..:~:.;:~I.J:J 'rj,~~:~:: 

• ". ';~j ;',rJ,;1!··3,. :!(li~o:~s~gg,,:9l,l~,ti:~a~4.'~!\3(,iP·~~nt{l;~,;;'J1~.:r;='f~g:)¥:h~~t:Jy'~l;ieties
 

;:;,,:) :/ U.~$ ~~;i:Q\J·~~~@<1:1.i.n.g.tP~~~t,at,,~i1)~~r; ~Q~a~ ,,;,,§l,pi~~.i,.~s ~ : ' ,I ':'"'; 'C'.i' !".i
 
'1".' •	 '. - "; .' ­

,_ .• :~.;	 !l~,,:"l:' ':./.~·'r;::')<i . J-S,'} ,.::1.''fifir·-:j:,-1,i 't:····t,:~ ~:~(.,,~ ~':' tr~,,:·(,·; :'~> ?_);_.,.",,~· •. ·t ~:_ ( ...:' ~··.:,,:.:'i'· 

" .::a~~Ei4~ng ~~o·r. ;~~lJ,e r~im~~~a~~9~;' ~:~t;:'~~~me~t~,i:h; :a;1ia~~ q'Yi~lc\:: ,~ilnproved 
Agronomic Type, Wider Adaptation, Bette~IDi,ss~e,.. ~s±$sanc~.and 
Improved Quality' 

.. ~:<)	 '·.j..~:~,~,;·.!:_·,.;.::)':r :,;'i;')('::'_~Li: .!..ifJG :.;j~~.r;~~.T' r~j jf!.~j~fi'.r:/(,;;~"~l/:;I ~ t 
The Mexican program uses a broad approach ,in its wheat breeding 

~iffQtt~, (I.tr "p>~e.$)C1):I:.b~$;t;Q.()~pt~,clJl;~1.t~:)~Yr J:9J!y,~~~~;'1cr<!E!;ses and, growing 
larg~'.FZiLend :,~3 ;}P,l()p.ttl,att(:),t.lBJd~'~;·ie;a.,<;h,',~;l~iS"~, '{,:l!~ J:c;?}1.F:~~;% (;t~~, progress 
in breeding lags because of laGkl:)c;l!i.:'fV:\lt:t'Ab:(;~:M€Y,.tit)jrs;est~,g~~i.:ngpopula­
tions. It also contends that too many of the world's wheat breeding 

, ~p!ro~r.atos; ,:Brei ')Cql'JrE51tJ;,~ "oiVe't'JS~~b..1$Jl\iMt.e,4~,~nd..:J.~J1.;<%e;~i;'A"J,1~;t~OlIisp;ipping 0 f . 
.'i gadae'ts;.: and(c91nf8ter~;" f1tmt~Gr,e.p,lae,ed '. ~,Q1I!DJOn""t?~~.a4~:$~9!!".e! ,prgency • 

'~":' ;t..tviing ·;sn'd·-.wo.r.k1iJg ...wi,tl1 ,t~i~he,a,ti 1?;l~li!jt:s.. !M!!;~~O,tq~:'~C?Y~~Cl,d~;.;~Jl.d ',pld­
,;:' : ' .;' ;:.fi$Sh~D.eA~c (.f~Yf1i:<:c(l:,WQ~kbr;EfWe.at·;}·:;.S1,lJ)i,;l q~ t:,.~:.;.~c!, ;~~}lii,~~j L'~P:-k~; a~oided 

and are considered undignified fora scientist. E.~c~e.~;;opf)ib:igl!!.:labor 
costs are too often used as an excuse to justify small poorly oriented 
b'r~edin~;fPtiPg,t:~!lmft(;qG , .. ;);~j ,:;:. '.1'o'! ,:'""T:' ",., '",:J~,<." '.'~:,:;. ;, 

;'.~ ;;(,·:"·~~~·.~r~'; ,,"r':.).ck)J'}l,rr'.~' -t::;J';	 L;-.:.td!Jf:)~fJ!~!()::'l .~'!J;,J.G"J(;~".'::··;Pi' \ .. ~:.t·.~,:.: .1;':.1 

·'·;;:n,~ .i.IlhelM.exiean f .p:t'.ogramt.!.$Jc4<. P~Q,p..bn.~~:t~.· Qti';Y:~l:4'AA;l.1:f,tty )~d..Lla~g~;;.~.l3egre­


. gllttng.. jPQPJJl..a:~p.QnS.;oF\ ;.l.;t'jad~vp;ca.t~Sj;t.h,e ~;I;';l:t~~4~ :AA.Q,~Q§no~~~j.};,qrnnen ts
 
'r'~:;' ': :Wlile~. Wh);$ ctP:> ,}J~let,t ls.~g:reg~t;;ln..g }PQPP.1:~t~p$;."U J,~j"!k$p; 44.:Y9AAP.~S.! the
 

.. ' '.: use, :o£~...th~ ·.Ptpp,~X'~s~c~£ietl~ng,t~$ ~$1,jfig1bg1i4kl\J,' JYjl~;l4·1t },(B9~~Ilt:~~1;:) ,\ ';.:
 
h ~f ,; a.gl"Qn.QJlli~:\typ~,: d1~!\I3~!;J:.~$:;li~~4Aq~;;'~1l4;:AQ~;l:fe~.~:I,p. ,·;~4~llY(Jg~~~~Ii.J~~9jlS
 

. ,.i c, '; (F-2-,,:iE:f 'a.nd:'OFfiV:\;~) 'When{;~~s'e: p~oA::e~!iq:'es f.e': i~o~fwe4:<;:±tii.co:nt.endsL,that
 
.;. ;1;:t! is; ptrss:f::t>ie, :.oro !:siintdtaneousil;y.i maker :f:mp'r~V'Sllle~~~t!~~T ~~~n!:YAe~. 

; ragTOrtaWfcl ty.pIe,,:·"lh!'e~~th\ 0f,!;;8~aPt.ait±Ql'r.~:: :~s.eas~)Jli.e:s4-stl8n~~ rand:>1dlling 
"";'/;:')[and :b~ng!<qua1rityi•.::~~' i.i. ':: ;j[C;;;;;': ;:,HT,; b "L,:il,q ie ~ ~;;, {;, 

To obtain and maintain adequate varia.b~~~;Y~i1:l!:~.~h.e lIn.:Pg_~~:£1:~ 
makes and grows more than 1,500 Fl crosses each year (two seasons). 

'1 ',TheS'E!; cr'os,ses'lrepresent,i:'Coinbinationsbetwe:eli'1 .the\ ;best. Mex:f:-caIl varieties 
.~ :ilhki) ;lfnesi~: 1antl:i ~b":e mastrp rom:frsiilg1wbeat.s::se:1e:ct.ed>£,roilnraggressivet pro­

;;':!::g~a.ms>: iti'r.o.th'e-r:! parts' ,'0£,3 :th"e!'.i07o+1la~f;(;mhe:",cros~~s::,ar~notr made:t~li'1ldly 

buti:With'Corts1rderab:J;ei knowledge ;C'Qi1~rning..: ::i:m~ttatr:t-tl1lWttabJte:> characters , 
:' :,:j;ttt:4ud1itg:'qua[i(tyjfof:~"e'aclf:'of:i~tber'pal'E!d'tIH':':Na:y.ert'hel~s:s::,,::iD()iEL:than half 

.~~; 'of;:the:c'iIewq::rbS-sesJ,are :d1(s'carde'd;':ili>':tbe~~1:' (tp.ll.all't)i .g~ra.ftibn .;;:: "~ 
.. ~·f·0·1Cq ~s ~ls ~ .. i ~~10.~.~ 

All F2 populations that are sown each year, generally from 500 to 
750, are grown at two locations in Mexico, as well as at two locations 

mailto:i:Q\J�~~~@<1:1.i.n.g.tP~~~t,at,,~i1)~~r
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in Argentina, India andPak!stan. A minimum of 2,000 plants is grown 
in -ea.ch F2 population a,t each location, when seed permiFs,. 

. . Every effort is made to co~tinu()uslymodIfy; 'x:eincorporate and 
increaSe va:riability. i~to the, bre~d;i..p,g,program.Freqti~nt',lydouble crosses 
are made between the' mos t outs tanding .bUt on11 remote~y' #.e~ated Fl crosses. 
New crosses are also constantly being made between outstanding F3 and 

,	 F4plantsfrom different crOSSeS) .and 'between ,tb.ese outstap.dingplants 
and the best ,advanced lines and conuuercial varieties. This.;type of 

.. 'l:'i.~	 ~~. . ';S - . " .' . 

recurrent .reselec'tion combined with vigorous recro!Jsing, ap.d employing
 
adequate. screening tes ts in early/seg.reg~tinggenerations,k,eeps the
 
Mexican program dynamic and has prevented its stagna~ion.
 

The' Use 'of the International S],jring, ,Wheat Yie,ld Nursety to Select 
Parents for Increasin;g Grain Yie14 . 

In recent years it has become increasingly clea'r that certain spring 
wheat varieties have outstanding yielding ability under a wide range of 
climatic,- soil, moisture,andd;i.$ease conditiop,s. (1,2,~,4,5,6,7,8,) 
The dat'a fr.o·m the Third Cooperative, InternatipnalSpring Wheat .Yield 
·N.u~s~~ ,;"_wh;i.ch'is your? data - .~ssuwmarized in. a;pl;'~liminarr manner 
in the attached .tables. From :these data it isc1ear thats.oflle varieties 
such as: l)Pitic 62, 2)Lerma Rojo 64, 3)Penjamo 62, 4)Nainari 60, 
5)Crespo .63, .. 6)Huel'quen,and})Trip,le Dirk, are high yielding at many 
l"ocations, both when ,grown. on ,fertilized an4 non-fertilizedso!l, and 
under irrigated andnon-irrigateq:condi;tions.., 

Several of the newer high yielding Mexican varieties (Table 1 and
 
Table 2A, Band C), i.e. 8156 (from PenjaDJ,o."S" x Gabo 55); INIA,66 and
 
Noroeste (both, derived from Sono~a 64AxLe~ Roj064A);CIANO (from
 
Pitic~Chrisx Sonora,.64) ;.Tobari 66.. ,(from Sono.ra6kA· x 'Tez~l1ios Pintos
 
Precoz); an4 J·aral. ,66/-from; Sonora 64X.(Tezanos Pinto~Pre.coz x
 
Nainari) I, were derived from c~osses' involving "tl1~aforementioned
 
high yielding parents. All of the latter are distinct improvements in
 
industrial quality,. diseaseresifltan.ce and agronomic type ,o.ver the
 
former group.; ,	 ." , , '".' 

Som~l"'of~hese,varieties, a~ well. as~thernewer e~perimenta1 lines, 
are as good in milling and baking characteristics as the best U.S.A. 
and Canadian·hard ired spripgwhe.a.t{ vari.etries .. Thisimpro'Vement indicated 

. clearly.·that simultaneous imprpvementfl' can be made. ill. yield,. adaptation, 
agronomic type,disease re.s:Lstance; .aJldqu~ity if w.e ~rganize our pro­
grams properly, and implement them vigorously. 

I maintain we all remain too conservative in our breeding programs. 
Our yearly advancements in increasing world grain yields via genetics on 
a per capita basis, is less than the population grotvth. We are losing 
ground! Most of the current increases in grain yield that the U.S. 
(arm~r i~_ejtploiting - fO stay in bU§iness and not go bankrupt with the 
current deflated prices - comes from improvements in cultural practices, 
i.e. fertilizer, better weed control, and better manipulation of soil
 
moisture - not from higher yielding varieties. When ~~ going !2.
 
change this? It appears to me that the time is late!
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Preliminary summary table of the Third International Spring Wheat Yield Nurs~ry,
 
196.6-6Z. Regipnal mean yield in kilos ,per hectare and r.ank. _ ....
 
TABLE L--INTERNATI014AL MAIZE AND wHEAT: IMPROVEMENT CENTER (CIMMYT)
 

, .... Overall meat N•America Africa Asia 
Var. 36 ..sta ... '.. - :1.4 sta. 1'0, 8ta. .12sta. 
No. Variety br strain Ori1tin" vie1dranR vie1d rank yield r~k vi'e1d 'rank 
32 Pitic 62 MeX.' 3600· 13977 1 3242 2'3872 2 
7LeI'ma Rojo 64A' Mex. 3532 2 3657'9 j138 4" i 41261
 

24 Pjsib xGb55 (red) Mex.3459 3 3663 8 3410 1 \ ·'37073
 
37 lriia 66 . Mex. .3412 ...' .4.. " '38432 3044 6. : ;369.64
 
21 Perij arno 62 Mex. 3323 537215 '. 3188 . '''> 3·, ':35'41 " '5
 
28 Pjsib x Gb55(w)' Mex. : '3305 6 (. '3810 3 2959 7.','346'7 .. 9
 
12 Mainari '60 Mex. '3'265 7 '3-759 '" :4: i725' 16" ,3506 7
 

1 N~r sib2,x PJ sib Chile 3162 ,; ,8 .':3,596 13 2798 l( 1'34748 
. 49 Tobari . 66'· .. '··Mex. .' "·3l·16 ~~:~,~,. ·~;7·04 6 2770 . :.. 13"<3ri7 16 
4b Noroes te '66 .. , ' Mex.· '3112 1P ...3'682 7 3090 '5' 3'512"6 
36 Cr~spo 63' Col. " 3110 11 ., 3623 10' 2768 14.1 ',3147 20 

. ~ !, .. " : {t" . ' . .. 

2 Napo 63 . Col. . 3089 12 .... '3438 15 2684 20'.: 343210 
•4 HUe1quen Chile ". 3,086 13 ' '3605 11 . 2542 '30' ;'3298 1~
 
19 .. Triple nt:rk AtIst., '3066 . -143161'21, .. 2812 10 '·316()·.l8
 
22 Baiio 66... Mex. '306.4 'is ~3433 16 2607'> 24"3409 12
 
42 P162-Chris sioxS64 Mex.3028 16 ""3599 '1'2 2598 26' "3272 14 
41 Roque 66'~ :, Mex .3008 17" '3.56'4 14 2681 21' '3053 2'4 
14 Sonora 64, Mex.,289'3 IS '3188 ;'19 2794 12. ,; 306123 
23 ·C:"j06 . ,India' 3'871· .19,,~ "2927 '28 .2607 25'~ 3418'11 
38 Jar~l 66", Me~. . 2:85:0 20 . '3343 ' 17 : 2524 33' '295'2 29' 
46 Nai"ino 59 Col. '2837 21 '. 2296 49 2388 393002 25 

; . ,~. '... ': (" c'.: {' .. 

35 Ta,c~ari Arg.' 2833 '22 3108 '22 2458 35' '3132 *~ 
33 Yaqui 50 , '\ 

M~. '2819 23 ,,'2900' 29 2584 2732j9 15 
·25 ·NP 881 , . ,India 2805 24 :"3243. i8 2552' . 29)'-, ::2907. 35 
29 P~lstan:5725' Pak. .' :.2769 25 :,:'2748 41 2927 9 3139 21 
15 ~-271 Pak. '276:2 26 '2873" 30 2701 18 ~'73168 11 
18 Carazinho B~azi12745 27 2809 35 2425 37': " 3160 ~9 

9 Giza 150' Egypt '~73)5 is:: :)046 25 2702 17 2765 40 
45· . Centrifen Chile "27'1:9 29' '3044 26' 2650. 22 ;.'2868. 39 

6 Mendos '. Au~t. . 27i6 30f762 40' 2936 8·· \' 2869 38 
30 T~ba '63 . Col. ','2724 31 '... 29,75 '27 2573 28 ~2952 30 
27 Bon~a 63' C~1. .271;6 32 '3~06' 23' 2437 36' i 281~ 42 
26 Giza 144 ..., E~YPt :,;?70~ 33 ,)172 ;20 2526 32"2:631 44 
13 Bo.i~~a 55 ". Col. ..···'269:1 34'3072 '24 2230 . 43" 2922 ., 33.... ', . ; ~ 

1.0 NP 832 India, J69t> 3:5:2'849 '32 2647 23~29~8 26 
5 NP824 Ind'ia " '2'674 362866 .31 2528 31 '29~J'3 27 

43 Gabo,to :" Arg. ,('26'62 372'83433 2407 38 2966 2~ 
34 GabQ Aust. . 2627 38 2815 '34 2748 15264] 43i 

1 7 .. qrizii U~·.S,.A·.- ',.' "25..89·· 3:9 ,.' ~i:7·95 38'· ·2326 ... ,40 ·2893 37 
39, NP .880 India 25,88 4627.38 42 2694 192161 41 
.3 C-273 Fak. '2568 412807 . 3'6 2288 422905 36 

20 C:-591 ., India '. ' iS59 42 '2796 '3'7 .. 2212 44 2924' 32, 
44 Klein PetlsoxRaf.· Arg. '254f) 432,655 43 ; 2291· 41 2,922 34 
16 C~5~8': . Ind.ia·2519 44" "aS26 " '47 2469 34 2927 ,31 
11 Chris U.S. A. ,Z:445 45 ~790 '39 2117 45'2561, 45 
48 E1Gaucho 

; 
Arg. ',,'~2,64 46'2633' "'45-, 1706 46251~, 4,6 

8 Justin U~ S.•A. 2024 47 '2563 46 \ 1513 4£ 2153 41 
·31"Selkirk 

" ,. Cariada . ~009 ·48 '26:~7 ." 44' 1627.47 . 191948 
47Th'at~her .... U.S.A. 1664 ,49 233549 '919 49 i , '1699 ... 49 

Stat;ion me.an yield· , , 2824 ". 3124 ,2564 . • ·3054 
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TABLE 1. (eontinued) 

Overql,l,meap P.S.A. Canada N. AInedea 
Vat. .... . ·36 ~.t,a~; ;" rainfed 5~ta~iain£~d 4sta.rafdfed9sta. 
No,•. Variety hr strainOriginvl.eldrank i vield'~r~nk'vield~ ';rank 'yield .rank 
32 .. Pitie 62 Mex. 3600 1 3361 1 3778T-----3546--~:T .-~ 

7 Lerma Rodo. 64A Mex. 3532 2 3233 5 3187 7 3212 5 
24Pjsib xGb 55 (red) .,%;!x. '3459. -'3. .. 3185 '6 31ai 8. 3183 6 
37 In:ta66' Hex. 3412 '4" 3177 7. 3145 9,.' "3163 7 
21 Penjamo 62 'Mex. 3323 5 2562 25 3108 10 2,804 15 
28 Pjsib x Gb 55(w) Mex. 3305 6 3116 8 3222 4· 3163 8 
12 Nainari60·.· ~ex.,32q5}' 3306 3 3376 3 3337 2 

1 J~ar sib~xPjSib Chil~ 31'62 8:, •2687 18 ,·2857 ',22 2763 17 
49 Tobari 66 . Mex. 3116 9 2973 12, 3683 12 3022 11 
40 Noroeste· 66 .... ,- : M~. 3112 10. C', 3008 10 .3190 6 3089 10 
36 Crespo 63 ": :cd·1.', 3110 11' t, 3321" 2' 3207 .5 3271 . 4 

2 Napo 63 : Col. "3089 12 2690' 17 2817 25 ;2746 21 
4 Hue1quen Chile 3086 13 3055 9 3604 2 . 3299 3 

19 Triple Dirk Aust. 3066 14 3249 4 299615 3137 9 
22 Baj:Lo66, ;Mex. "30:6415': 2262.. 39. .3060 :13 2617 25 
42 ,P162"'Chris sibxs64 Mex.302a. 16 243233 "2802262596 27 
41 Roque 66 Mex. 300817 2867' 13 3099 11· 2970 12 
14 • Sonora 64 Mex. 2893 18 2473 32 2766 27 2603 26 
23 C-30,q ." ,: India' 2871, 19.,2279 ,,37 . ,2522" 382400 39 
38 Jara1 66 Mex., 2850 20; 2613. '22 :2931 17 2754 18 
46 Narino 59, Col. 2837 21 3007 11 2823 24 2933 13 
35 Tacuari .'. Arg. 2833 22 2727 16 2894192801 16 
33 YaqUi 5(rMex~ 281923 25682:3;263.3 31'2594 28 
25 NP 881 'India 2805 '24 256226. ,2937 '16 , 2673 23 
29 . Pakistan 57.25 " PakL".2}69 25 2040 45 2056 492047 47 
15 C-::271 Pak. 2762 26 200346'22'90 .432131 46 
18 Carazinhp' BraziI2145.; ';27' "'25'O!'3J;, .3056 ;'. '142748 20 

9 Giza ISO 0' Egypt., 2735 :28",26~2,'20 '2.627' :32~624 24 
45 Centrifen Chile 2.729 29 2798 14 2284 442570 30 

6 M~ildos"r Aust'~2;726 30 2242 ,,40: 2643" 30 ,,242036 
30 Tibs 63 '<::01.27,24 :31 2364'.:34 ,2531 37 2438 35 
27 Bonza 63< Col.' 271632 ,2620 ,'tL.2887 19 '. 2738 ,22 
26 Giza 144. Egypt 2:704 33 2792 15' 2880 21 ·2,831, 14 
13 Bt>pza, 55 Col. ;2Mn' 34,266219286222. 2750 19 
10 NP 832'" India 2'690 ·35 • 17§4,,49 ,'2570 34 ''''. 2139 45 

5 NP 824 India 2674 36 1890';;;'48 .. 266'329 ,2233 44 
43 ,Gaboto Ar.g~2662'37'2568:,2'4 2541 ... 36.. 2556 31 
34 Gabo Aust. .2627 '38/2173,' '42 2899; '18 :2496 ,33 
17 Crim U.S.A. 2589 . 3~f .... '2279'38:'2560' 35 2404 37 
39 NP 880 India 2'588 40 2071 44' 2148 ,,48 210548 
3 C-273 ". • Pak. 2568 41 223341' 2223 ',~ ,46 2229 43 

20 C-591 India 2559 42. 2165 43 2388'· 42 2264 42 
44 Klein PetisoxRaf. Arg." 2549, A3: 23.05 .,' 36 2474 40 238041 
16 C-518 , India 251944 1899 47 2181.~ 47 2'024 49 
11 Chris U~S.A. ,244545 '2514 29 1 ,267328 2:5'85 '29 
48 E1Gaucho 'Arg.2264 46 . 25Q3' "3'0 227,8 45 2403 38 

8 Justf.n' U.S.A~2024 412530 ,"2824j4 41 248734 
31 Selkirk Canada 2009 A~, . ,2~~Q 27, 2573 .33 2553 32 
47 'Thatcher'; U~S~A. 1664' '49-' ,2306 35;25'14 '" 39 2398:' 40 

Station mean vie1d 2824 2594 2785 2678 



• 
p'reliininary report, of the Thfrdlriternationa1 Spring WheatYie"lti Nursery 1966-67. Locations and mean yieldTABLE 
in kilos! per hectare. Int~rnatiQna1 ~ze and Wheat Improvement Center (CIMMYt).2-A 

,,'Var-~ Variety<ot-,'- ~CUA";- ~- , ;MExlCO~ ,'" ,-,- -- ,-,-,, "U.S.'' A. 
No .", s t£~lifi J){)R ' (rciirifed),: ;:-, (:b:1::1. ~., :(irri '.) (1::ainfed)' 

Sta. :' San :CIAB: CIANO : Logan,Aberdeen, :St~ Paul Grand 'Casse1- Palmer, Davis 
Cata1i-:Martin:, , ,,: Utah ,Idaho :Ydri.n. Forks ton, Alaska Calif. 
"~n~ :l'::;,:,," :-,'.:;:'.:;:;.~-::'~:.~~.~,;: ._ ~._; .. " :": .Mii1n.'<.·N~.D·.'· >,: 

1 Narsib2x Pj sib 4011 2844 4955 43551" 4266 5721 2107 2361 2385 2240 434~:: • 
"2 " NapQ"66~ ;:;' ';;~~7~4:~ :2:8:\.1,4300' : ~9.&8 ':>:'46A7 :;54,1'2 . '2320'.. :2284'2~187; .' Z209:: '13-849,,:' 
'".):.: C:-~?, 3 f'::',," ,_, ,'34)7, ,:,: :t$~:i. :':'41~~, ,:: :.?~t,i '~4Q~4 i ::'4'~~6: ,1.5.l.3 " " i5t37" c,\905, :"" J.:-aa:l':: " 42~,F 
. ;. .• \. i-,. ,,"" ,._.-~ _,' _'.'.' ~ .... ,',' ',_",,~ ,' .. ,'" r· <-.'1.-0 ".',. .'," " _, .' ,'.- ~ . < ••• _,J,' ,~·~ •. _ ..• I,. "_,'.; ,. ".,.;"'..... , 

t	 .4 Hue~quen 4066 ;2322 3971 2055 5033 6176 2422 2397 4170 1957 43~0 
5 NP 824 4905 ;1011 344A2311 '4860 5869 1038 935 1007 1978 44~1 

6 ~en4~s~: -,~, ", ?~ 1?~,; :;' j1::~4..~~' ~1,2:2~' ,.. ~'1,~~ -,:~:.;4:s.'{~ ,:._3~l,5.-: ..J;.~:LP : ····~906::: ;':2;~85 ,1882-", ~6;j,c1 
7 Ler~ Rojo 64A 1351 ~095 326p 4666 4869 5610 23?0 3004 4173 . 1920 4617 

,8. Jus,~~Jl,:. ,.,,,) .. ,}91~ c it?l~!,;2~~i~ :) ~3~.7 ",·,-;~6,4? .. ,:~3~, -l,~~.~ '. :~~~!,:"2~61 .. ,, :W~~·, .:t3~6:' .. 
,>9'- ~~i,z.a;','lS0;~· ::,::::.:: ~~!. C;~7~~?'~~~?~f:;~:: ?:9Q.9 ::~ :;::;~~;~ ~~j~:~1~2" ~V4:3_:.:' J~q? ::2~~3.'_ . . ~~R6'··, ,'4..889';: 
'10'" NF'832' j' '5411 i'- ;1261' 35'lr;: 2066 n l.< 516'4"'5786 ~776 ." ,"; !-;798'; :'~1103 ;: 1'150":' 'i4l:43c i 

; 11 Chris i752 1894 2444 1617 3993 :4975 19181 " 263~' '29'25"'1 '''141U '35'60;:, 
,t2:;. ,Na;J,*~r~ ,60", " ,,2,48,9~ ,:;21~5--;3t31l" ': 3~88 537,7 I:, • ,'5561, _' ~~86 " _,31.~~j ':j~l,.Q-,.,. ?:-O,7l. 4731:'\' ~ 

:'13>' Bcihia 'S'5':' '.',;,,-.'> ""3'899' '''';1:4'83 '38'17' v· 200t. ,. 4188 v : " :5418'· 1721 "2582-' 2718 ' 1908 4379, . V1 

: •.1,).4.:.; Son~J;;a,.;:6~:.' . 3;2.1,:;,. ~;45.s. ,j3~22, 4,8~,;3v 4,(i7? .... 4570 ,', 2~9~9 . :2~?~< .,~40~" .l.5,~~t4'~12:,;:,:\ 
',cI5'C-i21:! ',':.-:, /,,::,4S'5~ c' ::=.76'.1':' '5D4?i~ ~.; 3"544':', ~~O,:::,;:4;)'(}~;{·: :9:1'6' ;:13,7,8. ,1?!5:~';',.'15',9· !4JZ7, 

. '16)C~5lf'8 t' ,') ,. y: 3850 1 i "~4iS31') '39'3g: j' 2'789"-'; 3'340 "', /4596",' "~4'5"n ," 'trot" 1577" '185'2" ""4018.:': ; 
17 ,Crik 130 1694 2689 2118' 39625402 2284 2614 2955 18864292:: ) 

:,la:" :Car~zf.nho: , , " ;839 ", . 85~~ 237;a~0~3~ A238. ~4~2. 2266:, ;~,19~5 3,),.94.: . .15.20 j591 
19': ''1'~~ple(:birk, ' '4$.O :!: J3~2': 1?~~ ,.. :30S5::; {"'~7,':(f9~Ot~ i';: ~013t:~ :): S2~7., 41~1 :.' '. ~?393; :. ;:'~647 

, 20' 'C~591 ., '3294 ;"")'05'4'117 -' '3'(rS-:S:: 430'7'li790:~'~: 1252'- ":' 1104::; 205-0';;" ~13-2O:' '4001
,	 . . , , 

21 Penl1amo 62 1654 3655 3789 4477 5400 ;5870 ~~26 28~8 2958: 1?Q3 13395 
i 22 Baj~o 66, 16172078 42~O 5044 4284 5639 ~483 20~9 2572,' 14.;1.5',2793 . "',

.. 23 C-3P6'~ , 3671 983 32(!)0 3333 50374716 ~404 177:3 l-e48.: 1947.,4425 
; 24 Pj ~ib Xc Gb55;(r) 660 1878 35?5 4166~, 50736038 g~27 289;7 3632 20.1JL5052 
. 25 NP ~881' ' 2943 2261 3900 2955 ,; 4651 ' 5300 2530<_. 28s..,· ,293~ ",--.!.529._ 

".. ;26 G~z'i-144, 1425 1433:.",29~4' .J]~l 1I, 56!8,' 5.861>,: 2017": ," 1~}?' 2,~40' 2535:' ,4491 
:27, .;B~~~:a 63, ','" 467} , _22.39, ',' 3:a22:, 2~33, '~. (4.13"::: ",5.1~,21 4134::,:;' 2Q3Q. 3194 .. " '_2821.,';.~319 

, ,,28"~', ;sib: X. ~5~ (w)~:;94J+, :2478, ~ 397.-7_:~800 54.09,-~6,18., .2:1;34, :.:. ,2~l;~ 327;.9 I:'; '. :+~~~ : '5~06 
·29':P",~ist:an 5725, . 3319"",,5.PO::: 490.0:' ,37.55" '44,S6~ ".36'2'8: 1:121:;;':: 938 : 1766'~:, - i22:03. ,,:4170 
3d 'i'i;bii: 6'3 ,., '4745 ·'2933' :'340'0 :2300';, 4297 4615l 

') ',i~606' 2491' ,-i 2933' ';:l'W82 ! '3907 

:;. :)\~ . "; "', .-'- I :,. ,.' i'::" "~; ::; " : ....:" _ ~:' . ", ' (~~~fi.~u;ed.~) 



(Continued from page 15) TABLE 2-A 
Var. Variety or ECUA- ; MEXICO 
No. strain DOR (rainfed) (irrig. )i 

Sta. l San CIAB CIANO 
Cata1ilMartitl 

na 

31 Selkirk 3233 1528 2789 800 
32 Pitic 62 4950 1755 3711 4033 
33 Yaqui 50 2468 225 4022 2500 
34 Gab0 586 1122 2544 2955 
35 Tacuari 3992 320 4311 2122 
36 Crespo 63 4960 2844 4877 2622 
37 Inia 66, 2061 2736 5244 5355 
38' Jara1' 66" ,,·3184 '2345 " ,4033 4033' 
39 -,NP 880 ' " ,3042 ' 2272 3677 2811, 
40"';'NQrQe~~e,,66 ',;1320 ' ' 4488 4255' 
41 Roque. 66.' 2567 

2622 
1678 5488 ,3855 

42 PI162~Chris .,". 

3455sip~;·S64, .' 2153 ' 5155 4344 
43 Gaboto, ' Z801 ' 922 3011 2289 
44. .Klein:'; :P.etis9~Raf •.1339 1672 2344 2011 
45 ,,' Centrifen .3807 ' 2033 4Z33 3099 
46 '" Narino 59 .. 5059 ; , ,3355 3222 27S9, 
47, That~he:r '. '. ,845 ' 

'".	 . ~ , 

1289 'l?l1 .,267 
48, in GauchQ ' ' . 1543 ' 3322 1633 
4,9., Tobari 66" ,4128 " 

.67a 
:,5588 3466 

50 'K1ein Rendidor* 2147' 
2403 

i06" 12022 ,867 
S'ta'tion mean yie1d2755 : 1745 . '3646 2939 , 

* local varieties have been substituted.
 
.....
 

(irrig.)
 
Logan ,Aberdeen,
 
Utah 

3975 
6272 
4524 
4892 
4438 
4937 
4370 

,4033 
3904. 
4514 
4638, 

.. 
4547 

'	 3922 
4099 
3765 
~36~09 
>3786 
3:888 
4.6}9. 
4828 
4526 

Idaho 

4514 
6269 
4758 
4151 
5877 
4588 
4904 

• 4837' 
4195·, 
5535' 
5132 

5505 
' 2017 

4523 
4457 
·5324· 
4803 
4790" 
57:9,6, 

.,4596 
'509'8 

u. S. A. 
(rainfed) 

St. Paul Grand Casse1­ Palmer, Davis 
Minn. Forks ton, Alaska Calif. 

Minn. N.D. 
2052 2564 2782 2067 3217 
2926 3407 3949 1908 4615 
2184 2050 2833 2170 3577 
1411 1803 1108 2150 4393 
2367 2461 3329 1868" 3609 
2763 2963 3717 2419 4744 
3016 2496 3485 2010 4878 

'3016 2478 ' 3050 1324 3199 ' 
:1795 4064 2223 800 3415 . 
'3260 2552. :3350 i743 4134 
,2749 2494, 3450 ';: 1764 3876, _ 

, , .. 

' 2715 2711 2560 1093 3083 .... 
0'\ 

2751 2751 30,06 1668 3395 
' 2005 2298 2491 1229 3502 
. 2751 2835 2320 2311 3773 
~'274 2723-, .301{), ·220l:h 3822;. , 
1662 2{+16 ;2112 2598 2740 
2440 2502 2>748 1517 3310 
2770 '2A16 36,23 2014 4941 

.'-_. 1702 3003 -­ 3-377 
2085 2278 2748 1893 3953 

'(Continued) 



(continued from page 16) TABLE 2-A 

Var. Variety or ECUA­ MEXICO 
No. strain DOR (rainfed) (irrig.) 

Sta. San CIAB CIANO 
Catali- Martir 

. '.,:. ~ ~ 'na')c: .:" ;";~} :' "~ 
. •• .. l,." •.•. -,J.. 

(irrig.) 
Logan,Aberdeen 
Utah Idaho 

U. S. A. 
(rainfed) 

St. Paul Grand Cassel- Palmer, Davis, 
Minn. Forks toti~~ t':M:aska;' Calif. 

Minn. N.D. 
, ~'I- ~~) \ ' "::: ;, .... :~~ 'j~i::: "5.. :' ­

~li.~d~\- ..~ .... :'.;~oJ;i~~~-"·-';l~~~:~-i i~o~~ ... i?1.~· .. "4'li4} .45o$~-- :45~'" 4>Cffl' . --41~:-- .6i~- .-'38-ON 
",M 'M'~tit,ude:'l ',.,;"' 305~i~~ ~6}~·tt ;t'i6.5;:tf 4~,: ~i59Jl ~icif 2~~ 294~' i76.~ 6",:-:: 1;6 'f '} 

~rri~~ ~t:;,:r.~infed ra~~,:; :r~;~ :i;~rig. i,~~ig. ~l;~g. ~r,:r.ig. ~~. ~a.*ri :r;~~1l; l'cdn ra-in 
,ertiU~Q;f .applied NPK ~ :.~ l~ ?i', ) ~i! Nl?;:\ ~.\ r' ~;:. \:1 Q('-2'­ ~,: ~.rr~; ~~ i-: d~.,~~~ 
Date:'$~,eded:" Mar.)6 ,,', ~une~ ; ','::'" ~c.,5 11~Y7Apr::~4 ~~yS Ap:~;~;25 ~~l:6 ~Yi~ .:r~~28
 

il-'3iCh'- '- :~:~ '(m~~.~'· ··.·~·:1· .~. "..~ ...::;~:nl"'- ~ . ._~~" i~~~;'
 

<	 ..r ", _ ..... . . '.' '.r 

~~::i::~;~j~~~~':~~~:',~,,~?(;;' -; ~~(, :"~:;:'--;:;l~ -"~~I'I; '-'-\'~~-': 
.~, ; "oJ ,

,'t'! '.c++,·
''; '.. ' ~, 

#T 1~}'- ~,,;~t!~ 

',\';' ';;,leaf rust +.' ,. .. +oS:; ·,.:t·:.\# '~":' ,: ",!
.-.

: ..~ ;"+.r :;.oh Jtt.l~! ::'~~'7'? }?~~~ 
"t • "f','''' "'\-	 t;;... j>s.~rj;p~<~ust +t:.:.~ iT+.:;: ::,+:;: ·t~Y\' \~t " ,:,tl::~~	 ~) ':>7:' jC0"J ~'3U;;':j ..

Otherdi~ease.sJ sept. ;-	 mildw. shatter 
~~~ 

..:;: ~'7~~;' .9~her:'fac:~~~s :\~: l: 77 ~ :;? I~ns~{:ts.j· ;:t.. ·	 ~~~.ting~,';~"; ggpb~rs 4~fscold '~',7'+ ~~~'~her 
1~1iQ"m2 -'~4"::'? ~~49,m2 " ~.~-~-lm2'~i~ji2 -"'-g::4~ni~' Z:~9'7m2" ...J 3.... ~¢~:;~;:m$.~~~t~~ 'ij~~~~ ';-;~t~~:;~~~- ---~~i~~	 2:0 ,269 0,.. 961 t:133
,)',; .... ,,; " ! •.1 ":.' ?~~~9 ~i~~,~3 t~g?5 1'!i'e\~9 ,:. :,.' ..•:' ~::. 

~. ".1.-' ,.,.~ .~ ." '\ ,-t ...•. , ': ... ~ i~; \ ~~ "", !}-~ >::, ... ; , '"": ~, . 
'''1, . .".." ..... - ,"~."	 "i': : :~!' ._~ r', T '":~\ ,; 

o-.-,,-,---:::r.:r-: i , r
~. '..	 - "',",.~'),", 
~ , :... -,: \;'.. ~'! r . \"', 1i~ ~-~ :~ ..~ ',,- ~ ,~. ,~J "\ ".:"-' ,~ ::.t :" ~::' ~)) ':: t.: ~r.' '~~,'	 1 •••' ~ •• : -< ~:~~'.\, .~~: .::.~ .." ... 

.., ' .. -~.- "1 .~ T ~ ~.; .....\ ..;." "\; 
• ~:_,.:. • A.' ' ~ .~.~ 2. '~:<1 .. .,. '-''''''- _.~.,#~:~~}.~~	 .'.'\:: " . 

, _."' ••• __ 

.. 7····'\· <. (.	 . . :~ ';~ 
~:) '."":; 

~ '-: 3.~) ,- '~t:; {J ,:.,~ .:: .. ' : '.~ ~.< ,;! :". .\ .. . ~~ v· 

. ~: .-:- ,.	 . "\."',
~~.~.... :'~""'!~	 ~} --: -:: .... ~ .~ \~ .i .~ ..i" _.~. r; ~.~	 ..1 ': j '.... j J '.; '.J !., ';.'. .J ?t:. 

-i :;-'~. ~	 .- .,;. ::.~.}, ': ::, ~... 2~~; "7 .;~ fi .' 'l;-:' .•..t (J :~: >~ ... " "'...	 ,;: ~ ; ,~ ,,: ~.~'.;' \;, v 
,~, '" 

.....	 ,.2:	 -0.: .. 1 .J ~~ . Ii, .. 2 .3".\ T~' +., ',:. i.::' ,) ~,. ~~ :~. ,~~; (? " ..1 'r' T. ,-,.~ 
" 

,
,
 

,,- ,.,

') .~.. ;' .'~. '.	 

,.- <,' ',' .,' ..':. '_t' "'j ... 
..,...J I Ct ~ . 3'~ \J . , ".~ ';	 "; ~; ",: ...''l.......: ~ .. ~
" :')': ' 

..... 
;';' .. .. ,....~ ~ ..:,	 "., ;~- :: 

'_.: c' c:' '(:: " 1"'. 
~ .... "': .. .., . " .:'., 

:" ... '.' '" ", ;.,	 . ;.':' \" I.:: .~ ~~; j.J'~ ~ . !.:.;;" .
/!'	 I j 

(..~··~;T.· ~\rI.'·	 " ,,. '.'';	 \ 

; ,_ •.- ..... " 
'.: ;:' '~.;.' ;:.. ' 
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TABLE 2B--Pre1iminary Report of the Third ,ln~ernationa1 Spring Wheat 
Yield Nursery 1966-67. Locations yield in kilos perheetare. 

'INTERNATIONAL MAIZE AND WHEAT IMPROVEMENT CENTER (CIMMYT)
 
; '~ , ; ,CANADA , S. i\.F:RIC£\ '
 

" " ' .Mac- Ste-Rlls- 'Rlvier-

Var.· ,Variety Or .",'. ',' Sas-: . , ," '. w'1:nni~donald'lieri'''::, ten-:-'$on­

'No. ,strain' .k~too~Re9::ina .... p~~ Col. bos'~hpii~g derend
 

. 1~~l',,~~b2xPJSib 3009 14'8); 37Q5" 3232 1645,;4,684,:' 2446 
, '2J~a,p'o'~'~ 2940 1263 3950· 3115 ,,;J:-3Q-!.,.j3'3)4;:>2lQO 

3 C-273 2550 11$3 '2417, 2740662'4611'980 
4liue1t,fuen ,,39,2'1 1750; 4078:3347 1785 4912,;.2216 

.5 ~P 824 2839 1461 2511 3841 802 ldsi'1600 
.' 6 '1-1ehd6s ..,. ',2712,' 1458 30,7tr 3325 1127' . 4374';;f40J6 
'7 Lerma 'Raja 64A ,3285, 1626) 4578,. 3258 2002 550~, ,2511 
8 Justin ' 2173, 1367 2830., 33651447" 2,889 .\224,6 
9 Giza >150 2599' 1576. 3388 3946,. .. f>11 A.805,' 2623 

l:Q:NP 832' ,',' '" 2520,' 1425; 245,0, 3901 697.4~87 '1761 
11 Chris .2986 155Q 3520. 2637 1520 338,3 ;~,36P 
12 Nainari 60 3582,. 1482, 4525 3916, 1138, .4837,~'944 
13 Bonza 55 2930 1573 3727 3216, .147,4.' 3799' 2204 
14 Sonora 64 2658 1204 3813 33,8i 1562:.;6004 1490 
15C-271 "", 2494 1341. 2091 3242 2~f1455.6 ,,13,75 
16 C-518 • .. 2476 1541 213? 2569 289 4838" 702 
17 Ctfm .2580 1612 ... 3430,2620 2J,~~ ;4147 27;26 
18·'Caraz.inho;; ;,3617 1445 37(1)" 3401 888, .3892 351,3 
:19 Tl"ip1epirk 28;35 1594' 3833': )720, 16664245 .388'2 
20 C-591 2503' 1353 2456'31'40604':4454 947 
21 Penj;:lJn9., 62 2948 1840 4364 3278 1419 5314 2,733 
22 Bajio 66 .2948 1344: 42,8'j, 3663 1487 "5'672 ' fS68 
23C~309, .. " " '2418, ' 1368' 2.81J;' 3609 665 4343 493 
24 Pj'sfbxGb55(red) 3i~9' 16'6"s':415Q 3680 1187 5105 3047 
25 NP 881 :2823 ]544;' '3915 3466,13Q24.32:7 1982 
26Giz~l44, . ..2385 148Q,,3479. 4174 7374112. ~548 
2'7'··:Bon·~a· 63 ". ' . . 1: .. 3' . . . .... ':2621 '1793.; 3:38',' 395 .·~5Q <~'Q04,,;~2118 

"28 Pj::sibxGb55(w):2730 1905·4320. 3831 1342A950 3204 
29'Pakistan57252908 :1523 2088' 1706 578 '5'479 'i03 
'30Tiba~63"1970 '1268 :3069 3815 1745,46,25,16'69 
31'" Selkirk -~-?" • 249.4 129,·3,,' 3536!-\ 2968 1405· 3.,331 ;x-·.19c97 
32 'Pit-fc62'" ': 39511821'5060~:4280" 1771'5.2.81"3232 
.'~3 ·Yaq·u:f 50 '":-:., ::" ;26,12: :1152, 37-65'. 3002 '156.3 }.'683" ·2Q18 
34Gab'o . 3115· 1594 29:10. 3976799'"52'66 2169 
35."Tac.uari ,27'48 1527·345;7· 3843 218440ia"3349 
'36<C:r~~I?9.63, ,", :29'5:5:174,9 ,4232 r' 3893 1832 4218.28,~1 
37;Inia66 ,,;,' "320'.5::":16113":46$']:'3103'1786 5557,:;3968 
38'Jar~i 66 2616' :1217, i4089: 3801 1424 ,4730.,;,1964 
39NP '80: :115'8 . ' 632 ,5) 295,~(' 3244 1668,4241',:2034 
4o"Noroeste'66 , ',2964 I i133t;-',!49Q2;; 3555 1987 502i",:,2~23 

,41 ,RQ<l~~~6 .' "' (3(1~;I:' J7c29>:i4228:,: 3355 1575 5~:7~~1498 
42 'Pi62'Chris j sibiS64, 2683" 1098\,3763:3062"1805 4·964.... 1'543 
43' Gabdeo '. ,24,51, 126:4;':: 3199, 3252 760 3806;,,3042 
44 Klein Peds'o xlta£ ~2159 12iS'8;-2i39Q8' f 2571 1104, 4324,2694 
45 'Centr-ifen' .2133'" 1(H9\' 3446,". 2478 9(],0;:45963122 

. , I •. ' 

(CoritinU:~ci) 
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"'.' ­ ". ";...'---_........._--~--~~:-=":"-----~::--~~----
'n CANADA S. AFRICA 

, ., ..... :! ,';.,~?r., ::·',V':: .. . i';Ma;e~!;' 'Stei"l/Rus;';'['/\Rivier­
.. ',Na;f:: :~at~~ty. Qr,.".-:,Sas...... _..!;::.:"i;~Wt~1:do.n~ld 11en- t~~~ . ~on-

. ;.,,',:,.J'- '~"JY~' '<~":'-'f'" ',.,_~:~.'.,-._.~ 

J~o; .. : 'str8r~ri' _ 'K.~t:oon Regina pes CoL bosch byrg derend 
'46 Narino 'S9'''' ,'J,b,··.:v 2'371\..'; 1633 '. 32a7>-" 4020 :1:664·,\.399'51989 

, ,.. "'47 Tha;i.teh~F ..:::: ... ):j:)··,·2641L... J.33f:,s::·3i35·::2,:g4.8· ...1348.."1936 ... .nJ:.~ 
48,E1.Gaucho 2630 1014 2346 3123 6192841 2075
 
;49 'Toba'ri' 66~'-: ' ':.1' ~52·&: 11j1,: 4595" 3476..: 1l12~ :4852: ",<;2j64
 
.50 K1e;j,)f fReri:ti$dor;:', ~;. 2503': 964:' 3450';,.- 222 :360'11,,:2616
 

. "":.i<.: " ,,'":~H# ~\r)y . Uf:~\>~.:i I ;~':;~ ',\'(:~JJ. .'/'.~.s: ' f~~:-~:-') L
 

...• "':Av~rige :: ';':; [ 'iSft7~t~;.j2· 14ti:f': 3S48;~'~ 3371 1265 '44:88'7'2256
 
• . • -, . - • \ :'-'~ ._) l " , • 

. ", ~ ,:,- >{~~ .;~: l "1 ) ~: .. £,"':-:"~' t ):.l ~:~. ,:,':,: :. .i. () t:~L . f2~: ~:L;l: /: <: ~.'\ 'ff j~[ ,~-; 

r.~~it~de ;;. ; <\·g2~N};: 5G~iM. soli' '. 4SoN 33°56' S;;~5HS}';e4fS 
Altitude ...(,,;:. U:> ~O~M-i' 565M; r. 225M c 28M ·'0 ,9PM,; n;:[230M.150M 
·Ir~~g~;~.r r#,l#ed r.i::" ~afn>S' raIn.! raiil'S rain irrig. 1;.X!ri.g,.'r~'i.n 
;,F~t:ti;i,iet- 4~p).ied'!·'2·( 1(),f.::C NP'·. J N+.F:U· NPK N+P ;N f •. d;N) 
D~.t·~ .' s~E!d.ed,:~:'-:i .., " ..' r5.l/!:r).'jL~~~!5j'f.~')~,?!5 12/296'/.2).'>5/1.1 
~,Lo.~gi~.&·~, :..:~<;. \;i,';~' i ~';.<j: ~i,:. -+;;i1" ,+ . (f'-~-""~' ;n-~.: 
'~,iseas'e:' ·stem"rust',J·,··· ; .. ~,':.':' .... ,i··i. late:. ++t.;.;..'.'+"'.: ":".. ; 
;" ~;i:'L~e~t;.,~ust:.<: \~.;' ,:;' .f; late;, ":" +,~. -'.';:., ;" ... 
..... .... .... stripe: rust·, .... ,.'"....... 0·' c:, - 0 G."'::,.,;·();, 'T.
 

~~e'i~~e~~f-~I{~~~: ;:::: ~": ~~id: ... ±.lle~tor• 
.J>,ther'p~Qb1~1Jl$. '·;':vj.dryldrodth .....< .. ;,: - - aphtfl'd:; ~ ,
 
·,I;.r.f#.a hat~est:~:d. . :::t:.!S6'ni'2:':2.9'Stti4 L:.n:'ii12 1. 70m2 3m~r,,3m~'[f,,::3m2L
 
~Corivets±oh f·~~t1or ''1.J8f4g1.11:'1''1 2i263' .1.984 1.,1111,\ l;;4J.:1r'ld11
 

.J :" r i _'~,;.. 

::'i~' ,;; i i; 0.: ',. 

SUDAN d:':'~:w 'EGYPT
 
.: .'.f,·"J(' . abat .SUfi Saklia 'Ed "J:~a.~hme[\:,G1...l:pa ;Pt~,a
 
vli:.t. .:y.arietY).~dr .r; f Mear: .' ; (iF Damer·.. ...... .
 
No' :Stt'aitP:·: . ·····;·]2:-,::-;'.. .:-' A'" S"':; ';-.\:,
 
;);J;~:Nat~ib ... l' s115\·(1:. ~2418t 48~;511S71i!' 1722 589 fe: ~~,')64~:3 .
 
"2' 'Na~~ ;:61 :".; I . i (-;' j11il'i~ 41$4'\ 1Sn:i 2150, ,j7$(it))w2S:9 i' J5~:Q.8 '
 
" ..j ,.c-~tf~,.· !~:! '~: !24~~'~ 36~~J 17,5J,r: 1128 .• ::86.8r;P3~;2.aj;(f66~ .
 
.. ·4.:Bue.J:-qU:en' , ......~2_8;Z1.t~~J. ~ ?l:7~g 1]28 ... 609 .. ··;)59,11;4511­
..'5:NP "824 . { ":: 12QtHF 36!xr 226'1;~: 1755··.. ·720 :;1~~5·lr~ 1)677
 
"6Mertdos:: •. \,I':,., '3liJ17i K' 4206,[ 253311;:2261 1085 ~:r) 1.43.' ?~.~:8
 
: 'fLefma:RoJo\"64A'· .• ;27QOi, 3103} 323:3, 2083 1118u 69!~~: P6~4
 

·8 ':Just'in c:;<u\ 'Ii 112,4q'.: 2]}i1-J 131S,: 2122 87 2"~ J.4~()
 
·9Gi~4.~,)1~0\::.:\ '··\~~::,t~,~(S.f. l~§?! liSO 1527.1313 l'i7.S3L'59.£2
 

1.10 'NP832' .' 1. L1\1: i. 12':t:t'4~06 X-2j~89' ':~-16'88·8'92.',)c·~.:s,a.Z;;i poOS
 
"ll'Chtis'- .' ' ';L::. ;20aOh 29I6H 200,:.5:[ 1150 711 .:~,('A3.1,4Q88
 
,j':i INa!ri:ari60'! .;;:~ '19:89\:· 396'2J 224.4(,' 1672 960' "162.8 ..52$8
 
'i3-\Borlz~;:S5"'.:ii;~ .;,:::. ;23'66<; 41'7.6\',156'5; 1467 763' 3;83~i44
 
·'l~:::So¥~a,.~4,,;:{. . .. ;':: ~: ;2~~ZL.J1~§;,...M:~?.~ ~.!~~.. .§~5!!.~ ..~~,9_Z ,.:.7~~5
 
15 'C-Z-71· C' { '" '. .' 1242-~-i\ 52'.871 .25Sllt 1389 682 i;,'l8~.s:b;5 ,6:4
 
·:l'6'C-Sl.:8';' (i).':;,,: ':i'),. '11339T jj,j4l.f '1883:~ 1'2S:S:di~OZW:fd:J80.3.!f pS,:7.:1
 
l'i·Cri'fu>· r('\ ;'?'",( 1311'2 1 '1\84:<1' 189'4: 383 . 310 (2~l.Q:~390J5·
 
ifS';'Ca'raiinh6 .)<' L Y';: ;''2, !1911?f. '3~6 i.2il] :::··il·J:;l x ',749\)(; 4;1.·3;;'; 86'1·
 
':'i9rTiiple\Ditlt~ 1;: ':.~3_~~~f·.. ~:4'3li, 1918s .167 1140fd:A6.'~,; /Jl8.8
 
20 C-:-591 '1222.' 1:76" 1855'1:33'9'''11'6'8'''«805' 3~S5
 

:'(."', . (Continued) 

~ M:0';: 
"'ci,:;r~RQC'tO :B.~I EG'mT.· 

',.i. __ . \'~1 ; {, ." .~~":<.I-_>::... ~ r ·;i·('~..t'~ : <' ,,~ r X :' ut.~, 
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, TABLE' 2-B ,(Continued) " " 
MO- , L¥;; I ,," i j 

ROCCO BrA, EGY,P'l ,SUDAN': EGYPT 
. :, Rab'at Siai Sakh~ Ed Kashtiier'G:[rba Giza 

Var'. variety or ,Mesri Damer 
No. strain, (,,' " AB, ,," 

,21 Penj amo 62 2511, 4~06 r 2594,1833 1057., ;. 700 7~43 
22 B~jio.;66 1955 4:33~ 806 1678, 604 ,.249 ,74~2 
23' C...306 277'8, 4591' 2355 1561 1575 ,9484816 
24 Pj sib~ x --Gb55 (red), 4022 4969 2305, 1222 1090 5,57',8377 
25' NP 881 " 2578 41776 ,2239; 1183 414 563, 4905 
26 Giz's,144 Z90Q, 3:740:' 202:8 1217 1172 t89S233 
27 Bonz,il',' 63 "243,3 502;1:;. 18;39,1128 750 3,9,2,' 4249 
28 Pj sib, x Gb55 (w) 3600, '3'62,8: 265,0' 1267 ' 1;269: .51i "5549 
29 Pakistan 5725 In~,; 529·5, 204.9 1827 1378 609, }583 
30 Tiba: 63:, 1989, 4:310.; 2239'1839 993 4835011 
31" Selkirk 2389, 2'947· '13:05 211 183 --,2283 
32,Pitic62 " 2689\' 5'650i'128.3· 1728 858'307,' <6149 
33,Yaqu150 " 'Z5Q04b?8,2922':1111 985, 406"4600 
34 Gabo 2911, 471'0 20~5' 2005 1080' '60'339)3 
35 Tacuari <2466 3288" 2122, 1255 821 524' '4272 
36 Crespo 63 3177 ,4339" 2533 1633 1076 63.7 4427 
371n1:a:' 66 " 255S 414720551894688 40?:~1~2 
38 Jara1 66 2255 ' 414,7;; "1228, 1355 422 144,6472 
39 NP 880: .: 28,5,5" 4SP' 27;16 1350 1235, 629: 4666 
40 Noroeste 66" 2311': 4:2:95: 3622 1805 1345. 287 6609 
41 Roque'''66: ,,;, , " " 216,9( ,4:5(~~, 11;:72' 1483 434 268: J3.~4 
42 Pl62",caris sibxS64'2889,' ,41,39;, 850 "367 739';' 238"q655 
43 GabOto " ;;,' 2433,:,' 3'19.2:,; 2072 ' 1900 702" 4:82',': 40~j 
44 K1etnPetiso: x Raf. 2011 ': 2ts:o.3' 2038 1472 851 15..7 4566 
45 Gentrifen; , " , 165S', 39Ql,; 27831400: 336,80 5888 
46 ',Narino, 5,9.'" ,2:466,. 441,3~, 24n, 1100957 358: 37r+4 
47 Thatcher, " ' ' lq89, "9.03 i' 861, 67 ' 62 ,"0 ,-~:64.4 
48E1 Gauchp 187~:>:339,1~: 18,83', 105 145 98. 2939 
49:;'Tobari 6.6 ',.2,n?,: 3880,.2072 1833 951·, '342"5916 
50'Klein '·Rend1.dor ,,2278 \ 2~O"l\, 2387 -1189 0 -- 5594 

',; , ,-, ,:;. . c ' 

.Average .2419, :39~~' ~2074, 1382 .... '808 ",,447 513~ 

. ' .' \ '. - ... 
Latitude ".: 34C?N', 32P1.'l, 310N,: ;1.7035 ~'N 150N, 15?;N' 3.1?N 
Altitud~, J25M '525M<:; 21M< \353M 440M 440~,t:,.~lM', 
I:rri.g.Jor.r~ihfed r.'ain;1t.rig~~rrigirrig.irrig.ir;!:'~g !irrig. 
Fertilizer, applied' ." NPK . .-:NP': ' ~'N+P'" ,. N' .'NP "'0,' N+P' 
Date seeded' 11/2,E U.fiC :11i!l(~12/6 12/1 J2i9. ).li30 
Lodging~ ,. +' " + ,+ - --' ,t+ 
l)isease: 'steuLrus t,· . - +, 0 - - -,. C+," 

." leaf rus't, , -' '++,:-,:;\ ,++ - - - +, 
. 'stripe r~t -+C::.: -" ... - - -­

Other d:tsease" -, mtJ,.d. - -,' - -., ­
Otner.Jj~6b:1em.~F " -., \.sha:t', birdf weeds sown seas. 

Ar.ea harvested " " 3m2,: ,2 ~ 2S~ 2 3~2~' 3m2 i" 3:~t . 3m~ 3m?,' 
conversion factor 1.111 [.481tl.111 1.111 1.111 l.i11 1:111 
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TABLE,2-C-:--Preliminary Yield..InfQ1J1latiQIl ~,rom: j:l1'~~' -t'hf:r4,:.Jtt~~at1ona1 
, SPfing Wheat Yield Nursery fo~l1966~67. ' International Maize and ' 

'[ ;'Wheat,.ItDP'rovement,.Cexit:~'ft(CI.Tif~:! :·~9~;~ 
;:,~, ,.,(1" :C'.1 LS:;i'r:';;:·,:" ,c', r""ii.:':: t., J)".J(~!cy,;.r,i JOR- IS­

i~;:;·j:TURKEY'~iii;:' !;l!RUS LEBANON '·"'DAN R11EL
 
Y~,t:,~ :Va!=iet.}t.;;:or.. '.:; .... -¥A'::' :. '. ,~Y1l~ .P~+.J:yJ;~~'.L;;:;.J,I~~!'._ .. ~~~~
 
'No. ; 's'train\-' '.: "p~ar1(~ liU:!::~ia$S~'::, Amara,', Alla'~')Duam
 
:'lN~t''S'ib~xPj'isib'' 03171:' ,~22;X h'3611q': f2947 3694 ~:'j26S; ,6119
 
,2' Nitp'o;'~3 C, :: ..:: C.) j4§i5~c, 21892' t~ ~lil:7\: ,,3137 3736 4'7'8' ,5999 '
 

... 3d·273;' t/!o:i_. ';:'C'.l ~6'4~;'~~ 1311.( ::~311C" 200k;\ 2494 ,1922, : 5483
 
,4 HttEiU{I.ten, ,LT:'., '., ;, r..275S'::':~lta\ ~<3Z1~l1r> 2226 2566 1122 i673'3 
:"S"Nl 824 '\1;, \1' ::260(i)::i5~*\'tL2g)';i,,'-2229-' :2~ii6·\2ri2~;j·46~j2' .....
 
"6'Merid'ds ')" t:\J...: 30\],qo..'~24'4L~666;;::2226 2628 .:l7'89':'391iO .'
 
"1' 'L~ima: Rojn(j'64A ':Y;,L Sd-32c' S 24:7&' .~ jt~'&;:, 3524;;,: i3~,94 .156'7 8129
 
'.' 8J~s;t'in ?\(:r ":J'~9~j:;:182~Si:~9S~'l'409220'22)1500);',1293
 
'9,ttia.::150 P,' ." ;,2'/ilS:~iOi!~i~Ji8:'t$(' 1:1492 2683 ,1211 (~ '459:3
 
;1() NP 832 .' .u: 2jg(Y:ri4'a~;<:30oci. ~2j49''jii6':2i55J;~~'246
 
lr'C;brj.:s", C<,' ,;.C,\ J.~5~2:'t119~'(l9'2'2h2,162' 2019 ,::1822:;:'4593
 
12,'~*iW~ri 6~::', .Li~},:L,34~~::~: ~&~r ,::b'1~( 'i57:1: 3283 125$5r:';i2SB
 
1:3:'13onz:a:,~ 55 ',. :" , 'i'_' i3:Jr~Y' 2t13\ ., ~060l~ ':2509 2422 1733',~~89-5
 
},4' ~6nhia,' 64L::;~;,~.. , ',::: [,j6Eia~ ~.iS[89; ': 21'ZS:\ :' 2..592 .. ,_ 2..911., .:311'·:' ..5~~~
 
,l5 C~2,1:1; ; \ ',: 1 t: ,;1 3355': ,1261<:':':l8SS': :2317 3411[:: ;21:55:::':5888
 
l()~::~-+5t~',' ;';",' ~":~~~77~8.::~Jl37?J ,j~299;:2692 2683 ~'11iL4796
 
lot C~i~:: :':,::' , ;,!;;, :24'7~~ ,: li9?~:' ': ~4?~," "3029 26 78 )lI!~O" i::4316
 
;t8".c~~~~tnho~;'~~: ~ ',',l,;~~' ~9~~~;~8~t ',:'~9~~~: ~ 2304 324~. 22a9 .'::54:6
 
l'~~~;t.'p~~, ..D;L~l":.; . ,',,' '..' ,;374:4~::;:Jr37.'&' ':;~2li" :,2,a59. ' ~349.4.... ·,~~i.:?~:).:7:2~9.~ 

l20':(:45'9'1" . i ;,; ~'~:':':'2t3~J.jJi55~'~23'ig):1721 2872 )il844po4846:. 

~l,'~~n~'am"j'.'0 6;2,':'~,'" '.':,;':\ ',' 2i,.7.7,':;;::'~"', Jf2r~" ;'~4};!;:,: ~:2694x~)3010l rlllil4q(jJ6829·

~t~:aj,!'~"'66, ,.I ': '; " ':'; : 27J~~'~ ~6~:+lc.~09§·: ~~ 2,~26 3844 .522{]£;69;7
 
23' C";'306J .' r~,'J :i.tj"'ji.

r 21tlO(1:, 2444t, '·3199 X3'35SJ ~j[7g8u·!4768
 

;?4~ *j,,:~·:LP.xGbS~"(red).C;~:: ~6(~3~..:~_~ ~.3,6~i~\ J:.~s.4.2.,.... ,J..990~1';}.~J~~~A,§~
 
25" Nii ;8"81 "; ,',"; : 2i46tl·<:; i766;~ !~a899:: ;>2437 2400E'16)l1:rr"51-19
 
~9;'Gi;za, 144' ~ \ '! .' 2P44,'''' ']15t)~ '. ~44'4i \.2426 1955 s11~,8f;i;~417
 

2t:aonzil 63~l,.i; ,;~nl: 2i966:~\I22:a9C:Z&11F[2925 2400nb86~" ..L3103
 
21(rj sibxGb5~{w)'f:~f ~9Y7.(:': :116%~' ;'*2~5 ;;2751 2466:: ,i 133dc584'4
 
29~.P.~ist:an,S 725,.~,~::;;l'.Z489~.~_~46:'i.: ~~l!3'2'2~ :;'2..7.1J,.!~5J;.~-3 ':~~1J!~,?J:~35~.
 
30 T:l.ba 63 . 2\744 lJ989 2'418· 26173450 478 4383
 
31' Sel1t1rk ,.,,' "~to '"i 2022U"]2::t·~;

f.~"': 
:.IDi:[y. 5.2159

. 
:)~4.4'J?2413
; ~ ~'l;(1. 

1928 
-.;~
 

~2'i;~~~_~2,;, '... . -~~"~~~;,,,~2~,~AP~~, ~,JJ]5.d,.3~19~.:?.o.,?,~, ....~?:?.3.,
 
. 33 Y~qu1.'·501-" v. 3!5~6,)tZ144;)C21787{"",,3262 3422' 11J;.lu:.;536.9: 

34 !(;apo\F" d.\,\:: ;':;C:: C:1~ 7'8;"; 186:'1i Sa6ilc S:3204 2150., 19,Qguj282~ 
35 ,Taeua-ri.1: ,.,.)~".t ";~ :'~:; 3~:7-VT~ 211..66- -12;766, :r2429:)20Blr :r21I:11. ::i9-89. 
36'C~sp(j 63 ::i~'~ ;. 29t1·H~~11:i'[JP.89(l12729b:;2Sij3,: 1322''::;J:2'Z,6,Q 
'37rtn~!f'66 ."',:: ':\':'28~21J21389~13i221J2507 3733;:,~:;1aO: Z4QQ 
38 ~'Ja~a1~'66 - 2P55.'·,~1617': 21300'1 2776 .2883 211d§20,9 
39NPi 880 2~22"; 1i355 21710" 1279' :,'3305,: J191:Lb,$509. 
40 No!roeste 66" _. 4244'r+2~66 +21721 2842,;'.'13433,~; .:.489 7486 
41'Roque'66' 2611-, 1989' 2622- 260!k'123~6c 5,233 6179 
42 P162-Ch.sibxS64"· 3444" 2044:"'3011' 2417 3100,L,:)389 "16,816, 

e43 Ga~oto'J':: ,;',i ,:!::; ;2~99;:i~189J 62~00~ 2681 2389, JZJ5:S; '15'3'29,,":, 

4~ Klein Pet ~'x Raf. 3044 ~~05, 294{+ 2018 2916 778 5423
 
45!.Cent:i:i~en::< ",'re 205SL 11789 S:2681' [25 76 26~4 ~,ll()61,d. 63,33
 
: !. , . ': i ,! '! i, LJ ,: J,:, J,' J..:: ""\ ,;,;-: ':', J.,. U L ' :, ':: n; ,:v<'t. ,;:,).h::,(,aontinued)
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TABLE 2-C {continued} " " . 

.. ; CY- JOR... ·IS..:. 
; ..•• TURKEY ., lPRUS' LEBANON DAN RAEL 

Var. Variety.or . ··i.\4a-Et>k,i$e·.··~¥n- Beirut, Te1:O~:lr Beit 
No. strain ; pazari hir 2rass Amarl:l- i Alia . Dagam 
46 NarinQ 59. "3633 '21222676;; '2242 "2439'::489' . 51:03 
47 Thatcher .' 2089 12~9 124f 2371· 1816. :'444, ,'1906 
48EIGaficho. . 2089 ~978 2187. 2212 1989 1!t.4,~4?20 
49 TPbad. 66, , 2700 '1650 25(78' 2801 .. ,2794 ,}.389 .,.70,79 t, 

50 Kle.in,· Rendic10r ',2266J,200 2'366y 2801' '3'122':'611':5353 
• . ," i 

Stati~n means~e1d:' ~94'2:;. ~ 775' 2p'Yi, 2619 2838, 1,3i8~f':5203 
.. ' ' r,·," "". :., :", ' ... ;Ie" ,", •. 

Latitude;':400 N36P45 N35()6,t~33o.s0'N9,3o.N 32°12: IN 320 N 
,'" , ' ~., '; ''; • >..' ~, '. " ';" ; ': "j ,'- .' ,~. ,:.•f'" • ' .•:, 

Alt'it'ude :,33M '78914 5014' 99514 950M.~70M,·28.M 
, ". . I··.. . ' ' , 

Irrig. orrainfecL 'ra:l,;n :tain raih" rain rain ~ft:rgra~n 
Fertilizer ap-pliejd ;(·NPK; . p. N+P' NP NPK O. 'N~, 

Date'seeded ':12/253/23 11/8 12/1 11/?1.213 
LOd~~ng ":.'t ., '+ ,~t, t +, +. 
Diseases':st'emrpst. t ,'t ... ,,· -H- + 

leAf r'rist· '# ! . + """+.: ....-1+*,'++... ,.. 
"'I' 

: Stripe Irust" + ,++ -H-l+ * 
Other dfseas'e' ';'., - ' ,-, mild. t"'., 

Othe'i:'p~ob1ems" \ ' 'L ... : • :'gnat we'eds - - ,qJ~dS",~ 
Area harvested' i3'm~ '3m2 3m?:: 2m2 3m2 " 3m.. '~yt 
Conversion fact·or .. ·t·. i111'Liil -1.:111, [~ 6661.IIlL,HI ~ U.1
* Data: not used becaus'e e:tf ,severe 1i1rd damag¢.:" .. 

,:' .. 
'; ;, 

\ \C,,; SAJlDL",' PAKIS::-' 
IRAN '. ;ARABIA IRAQ" ,. T~ INDIA 

Var. variei:f~r: ',Gorgan L '·1\hwaz" ii. Dirab Baghd~d' ~,Lyallpur Pusa 
,',>' ,,' ",No. ( ." sitt!§.io' : \' • i i,.' Biheer 

1 ;~~t" "262i2 ., '."4788' if189 3738"" 5136s'ibZx1ir ~ib 1778 
2 .Napo 63 ' , '342~- \.... '49,22.,': 836 i '3665'4753. 1889 

17223 C-~,73' . 3533 9255 2284 3142 3676 
4 Hue1quen '32n ;5922 '1315': 301? :- 3263 2444 

18335;N;P'824 "'. .z966,'··~288r::1868 3.427 36.83 
6 Mendos . 267!8"4722 t, 1119 3862 ,2662 2666 

32777Le~a Rojo,~4A . " '344;4 ,6011 ; ,1'223 4405 :·5026 J 

8',fustin ' , 24313'" 3266': "954 25'81: --'" 333 
9 (;if~150 274'4 5488' ],.2613625'-' 2486­ 2444 

10 NP' 832 \ .... 2966 5332: ' 1591 3692· ; 3680 2222 
11 Chris. 293'3 3844 1237 27813021;'~' 2499 
12 Nain~i 60 3233 6011 1617' "'3661' 'Z.564 ..':' 3277 
13 Bonza 55 3066 '4255 1780 . 4018 " 2675 1944 
14 SonOra 64 ,2889' 5033 . 713'.1; 33i5 H 4913 1667 
15 C-271 285S . 5011 1462 4413' " '3638 1555 
16 C-,518 3033 '5388" 2).39 31~O, 2964' 1944 
17 C f .~ m, . 29114666 1480 4026!,:2406!~ 2333 
18 Caradnho 31;1.9; 4788 i 1420 2621 ': ii' 2711;" 2444 
19 Triple Dirk 3255 4788 1578 4026 3523 3555 
20 C-591 3333 4822 1773 3625 3553 1944 

(Continued) 
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.. T~LE,2....c (Continued) ,""-",_"" (;,., .. 
, . . . , , ; ." : SAUDI 

T':: . " .. :.'.' 'J; ';~. i}';!.2:.3IRANX (,:,~[TARABIA 
.,;v#~; -lVa~:i1etyjotT"';)' porgant;'Anwaz ,"t>irab 
',JJQ'~ Jf;st~aih:~;.: ... ,j~:;.;,::.(;:i.i'/ )1';',:;,:
 

(~j,:P~nj~d, 62;.: ~~.~.; j30lJ~;~ ! ',5422 '. ;"688
 
~,~l·B~Lj~9.66·u. ;:\i:;: a2~9i ~\.)5017 ,:·.:1102
 
'23:' Q..306: i"';' J', ,,/39:29" i :)55·7 7 d~~9 8
 
'.2~\pb\~~b~Gb'5,tred)Li'::. W133"~ ;OS3,88 Cli232
i. 

, ·2'i:.' ·,.TbJ 8"'S"1 '('::<, [i):J,~~ !3~4'1J.S: i:}fil.tol.I.·;, ;",:11.') 

,~:",\ :>.,- " '" 
PAKIS­

IRAQ TAN 
Baghdad::':£ya11pur 

fill:.:' 
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USING MALE-STERILITY TO AID IN LOCATING SOURCES OF HIGH ytELD GENES 

(Abstract) 

R. W. Livers 

Techniques 'to aid in 4isaoveringparental wheat 'stO'cks:which can con­
tribute:genes,forincreasing'yieldswotild:be'useful'in any program of 
breeding,impr,Qvedvarieties' or hybrids., Performance of potential·parent 
,va,rietiesthemselves'has been the best guide -:in choosiI\8 which 'parents 
to us'e.,Nowthat,male~sterile'andfertilfty-restoritig'V'alfie,tiesare 
becoming ,available ,: we can begin to consider additionalinfdrmadon 
from field performance- ofFl'hylirids as a guide in' evaluation 'of'parental 
stocks. Furthermore, this gives us a means of detecting good yield poten­
tial in varieties which themselveg,'are 'not adapted in anT 'area. ' For example, 
Tascosa is not hardy enough to give good yields in central Kansas. How­
ever, data from Flhybrids 'suggests thatT'aScosa is ,a promising donor of 
yield genes in crosses with adapted Kansas varieties. 

We have: now the opportunity>to:growFr' sbetween 'adapted and non­
adapted wheats in the flield. ',Crossescanbe made in the greenhouse by 
pollinating adapted male-steriles with selected exotic strains. Growing
Fl 's,in~he field mightreveal',someFl's of,'exceptiona1':v1.gor, but these 
Fl's would, usually, ,be male-sterile"or:nearly '$0. ,: 

We can carry this idea one step farther. Suppose we cross a group 
of exotics On Bison male sterile',ln the :greenhouse in ,sufficient quantity 
to grow Fl plots in t~e field. Jnt~:r~plant:these: Flf:l;~ld plots (in an 
isolated area) with a fertility-restoring pollinator such as Cheyenne 
restor~r. Assuming the Fl ' s to b;e sterile the seed producti()n from them 
afterpollina.tio~ by, Cheyenn~, rest,orer, would _form" ~he: basis for a 
yield trial. On trial would be a series of 3-way,' 'crosses: (exotics x 
Bison) x Cheyenne. Genetically these would be 50% Cheyenne, 25% Bison 
and 25% 'exotic. A thr,ee-way crof3s ' with, high ~rf~)J;Jl1~cewou;Ld sugges t 
that the particular exotic inv()lye9 .i:;. ~9p.trib.uting,;something useful to 
yield. We would be seeing the effects of different exotic donors in a 
uniform genetic b,acltground, the 75%cont:ribution of' a.dap~e<ivarieties. 

:, , 

, .j 

:; .... ,., 
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BREEDING FOR YIELD IN WHEAT 

D. R. Knott 
. ~; 

In Canada we seem to have a particularly dif~icult tiae combi~ing 
, high ;yield,w:lth ::thigh 1tl1111ng f j8ll,d tbak:£ngJquality:o. .::J3othI,~e ,Tcoiiiplex in 
,. 1nb~l\1 tanc;e and.' are :~d1fficuLt\.·to t;tiieasu;t'etuntil :-f.air.ly.,ad\i~ee4;gener-

.; . " ".ation~;wh~n .:anaeet!1al·:;f;.ff :,r,easonabl,;_homo,zY8Q~S')a1thQugl:1·:ear~y,.,generation 
..tes.:t1ng ;Sh()ws. ,.some p.romse!; :.iUndier!,no~ b;reed:l:ng~:prQc'edures.,iby,the 

time.~testing;18 ".atarted.:rtlie. )jnutaberi...o£~lines: .has ~l beelli.reduced :;tD the. point 
wh.ere.. ,the JchanCEl"Jchat one:w.:!,l']; b.e QOt1a..:high,:.yieJ,.d:tl1'g i.anC:' I'h~gh,. q.uaJ;:i ty 

,.·i.s ·relaC:1vely··loW',~·· ;;,rQ,get aJ;ound:-itl1.iS twe:are:,~U1n.g '~a:~sY:s'~e1i1 ;as~'follows: 
-t ..' ~ c/,.-"3'" "j".) ·'.,~f:;';"~;;?·' :" ';~~j\.;'.,~"~'" l-:,:;.~.i.·,·,·.:~. t'·">,""t: : .. 1 w' .; ­ ,,;.", 

. ',' l.,-Make i:S: cross. Lin :Jt.he ~~reenhduse::ih.tb~.-:f,~ll.i.:,:. 'J . 

. J : L .• .:. _.: ", •., .:';~' ", r.r' :',:j) ':.-"/. ./ ~ ~--.~' '. :'~.' :':, ",' ".-.:r~.:": .... ; ." " .: ',,>:'i:: ~::.,. .;...: 

3. Grow the F2 population in th'e field. during the summer ap.~ 
- ',' ::select··for>the.: mo.reJhe:-r:leab#!.·:eharac~:eris,t~cs:s.uchi as.J

.' .•... ".',' ;hei~bt;,;. maturity t -plant ·ty.p'e andJ1i.se:ase :r.esist:ance·.); <;' .. 
,~:'.-~ .:.;~, - j".~:l./.· '~:,)~:.,;)~~-,~,; .. '":':J.\r,: ~:~~;;r·;~3:-;!:'~'~-,,-.0J'·,:~: .~:r:~'·.j'·! "",.r" _~ .~ . #:" 

,4,.,/ ;·T.akIe: iPn¢ ,oX',more. se:e~i's ~fromea-dt'F2}p'lant ianal plant·ver,. '; 
~ . ~ 

thickly in (the.1greenhouse,.tn".'the)~'f:a11,(tnenumber.· '0£: seedS 
. taken from one plant depends on the population desired.) 

"1 ..• " ~.:: ";:'.::':')(~'" \ ''',,; .; ,:..~. ~L r::_;"~'i2': ~ :',.n .',1')\.;','; "t.',:.' "1' \ .. ;._:.~.:<: i!i~"· '::~'/! 

· S•. :, {{ep~~t1,~ha; rpro~ess. 'bYit~n~ 0!1e ,seed fr.oill··ea:ch ;F3(plant.. ' 
and11)lai1t):i·n!·the;ig~e'i!i1nousefn' thespdng.· ',:1(. \ 'fV': 

'r' ':,_1:,;: ";:(;"~~; ·~·tj>' .... c >;:~',~. ~~,<.;.;:.:.~".<" ~:jl·i._r";>f:-Fj: .(\ i:,:,.", :~"'.-"._:.~' !j~:~";,-, ... ';:' 

" {fi. ': ~rc~t ,~s.' '~f~s: ri~, ~t~e :fi~~~:l, .. :[~. ,~~'~,~;.ea ~~r~~~e~t. ~~cks, :c~ 
·.. '. be planted··at1d:'yield lneasured... L Ajt'lnidalproteib"analysis 

.. -. ~ . · :." can:b'e:done' on tllec'see<t~ 3. . . :. "::2\ : ;~; . i. .-: .. ! .' 
" 

, ':i:"::;'):>: .:~i ':':"	 ; ': :",".' 

::7~ .AiA p'~l'iDdriary }t,i~ld!·test·::i's;;'thenriJ1:f1)na fair: numbe'r: of . 
. - . F "llne:B') the .fol'lowih~ year. ! .:)n. .<' ';:.' .;: 1,. r .... _.

6 
: ' ~~: " ~ , I 'I '. ~ L' . ~ j ; ~ • \ " ~ .•• 0 • ; , • 

"	 tfie,macet-ia1f! wilt" nO't' 81'Go1sysf' be etlblpl~tely;''un1form'but jfui"ther', puft. ­
fication can be done on the promising lines. 

Much of the difficulty in breeding for yield could be overcome if 
we could develop an accurate method for measuring the yield potential 
of early generation material, particularly F2 plants. Some years ago 
we tested the effectiveness of visual selection in F2 plants spaced a 
foot apart each way. YieldS were tested in the F3 and the regression 
of F3 plot yields on F2 plant yields calculated. IIGoodlf F2 plants did 
give higher yielding F3's than "poor" F2 plants did, but the F3 ranges 
were not greatly different. The regression values varied considerably 
but were 1IlOstly positive. For several crosses the F3 plot yields in­
creased about 1 gm. (on a mean of about 250 gms.) - not a very useful 
amount. 

Recent tests with various foreign varieties on the Canadian prairies 
have indicated that considerably higher yields ~re possible. Whether 
high quality wheats with the same high yield potenti81 can be produced 
is an open question at the moment. 
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" :' , cIS L,ACK.O:VEQUIP~., 

,WHEAT· .rMPROVEMEN~W 

. ., ., '.;. ~ 

:; .• "1 (; ~. '~'" , ' (Abstr~ct,) 

.• ,'".:;' .,' w> 

J. A. Wilson 
·.~\:i.:..: (~, :,)._.-;';::.:J.~" , ..': .' ~ 

j I', 
• '1" :: ~ j' ":''':'., ,", ':~:.;;' :~:·r.:.."r· ~~.:., !,;;~,;;"!.:":..:".:. '\", " 

"." ProP'lllbly 'ntOs.t !bree.ders;workingw:L.th,wb~at obs:ex:ve<some We.akt,nesses 
in -J:th~r p:roce<!U'res.tnat could be;co"rrectedol;,;allev);a:tep,· provided 
the "proper equipment" were available. The deficiencies may be in 

, t:he; slownessofh~d 'operB:tions.ortne,fficienCies' i,n l:the; eq;.uipment 
beip.g:.'us~d~;; .Equipment 'utilized.',:f;n, a:tempora~ manhar,some,time:s ·be­

. comes; a,'permanent feature iofa procedure,v Recurrent improv.ement of 
technic through adapting improved equipment ..s,hou1~ be. the ·,ph:i,lo~ophy 

of progressive wheat breeding programs. No one should feel that they 
have:the ulti,maee', inequipment,"b,ut";'rauharseek the 'best available 

'with :an"Q,pen-mind:'towards -change.;i 1, '" ",, ',' ii," . 
. i.' . f. ';.:; i '. <·'.i ;':,..- (.: );) ~". ~.'. . 

Early generation improvement methods should yield useful infor­
mation even though simplicity and speed are emphasized; yet, in later 
generations methodology must give more emphasis to accuracy. Generally, 
it is difficult to obtain both, and a compromise is inevitable. 

The need for acquiring equipment must be determined by flcos t ­
effectiveness-analyses". A new piece of equipment may do the same job 
more efficiently than 20 men or an out-of-date implement, and thereby, 
be economically justifiable. If the new equipment is only slightly 
better, it should be analyzed as to the number of years of savings 
required to pay back the extra or original investment. If its "pay­
out" time is lOyears or more, it may be a poor investment, especially 
of the expected life of the equipment is not long. 

Recognizing the' possibilities for improvement of equipment in a
 
procedure is the big step in making advancement in technic. The more
 
obvious simple needs have already been recognized and dealt with, but
 
the more complex problems have been overlooked or ignored.
 

With the advent of hybrid wheat breeding, bagging equipment and
 
procedures are required. Many procedures have been tried, but no
 
superior bagging method has been evolved for management of a large
 
field crossing program.
 

Small samples used in early generation quality analyses require
 
cleaning. The large numbers associated with this type of program re­

quires efficient cleaning equipment that is not now available. Also~
 

seeding procedures are made more efficient by thorough cleaning of
 
seed before planting.
 

Processing of head and plant selections through threshing to
 
packeting is largely done by hand methods. Automatic equipment that
 
thresh, treat and packet small head samples could be of great help in
 
the breeding effort. New machinery must be developed to achieve this
 
objective.
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Seeding rite \f:~t Lit\iTseilj'i::yJie·fd<pliOtsn!s! largely determined by 
weight or weight' based:on'·;S:~d:;hl1D1ber.;;x',~eedingon the basis of 
seed number would be more accurate, but some sort of seed counter 
which operates faster than (t.ihe.·· loo1tventional types should be developed 
in order to count out all the seed required for each nursery plot in 
the yield trial. 

Nursery seeders that space-plant could be valuable in breeding 
programs geared to plant selection or mass selection in bulk populations. 

-Some P~tress ~ti'.) ~ee.·ma~e.~wttfi.:·iieid""'!S':bzenplant:tng feqtU:pment, but 
. ieffo~t: .a~uld"~fm!ide OLid :de'Veloplng (81 cpra«~caJ;"jnUr$eql .seeder .,',: 
-1.,'. ','(' . ;;. ~':~.i~._.:n·:·-..~.t,,:~»:->L: '::,xi'r .~;.J{3:··~-:.j '··~f._. '···~:if··;·"Hi~-lt: .... :· ":.t':)qf..! ~ ~,:li~J 

, c .;c':.' :!iTomising ~e,lf-:e1e81Uing: Icombines:foTi:potb' .field ;;aDd;"mlrseT¥ plots 
- )'at'e>'[~~,;avatlable; £.1lOtl1 (Austria n'PAM.:.,lSO)j ;:.and(~WeJ:it)GermaJ'1Y;H(He8e,Plot 

.;: 'CombJ1n~l.:':.tHOlrev«r,''.:.6 sma;l:ler.~.stize r:i$ ~:8t111.rneede'd;fo~ :;~1ni1ng single 
... :~ ::·rmi.:~f'TOm:·tamobjJ~·8!eard(,nw~~>::;~ :-:''::]V{j''_.!.'~,::·j, :q~._'jf.. .. f:L; .~) ~;~'4~";:'- "'~ 

~.:-, "~.)' ~ .. :' ,"~ l'; f.?~/,,/ :~; ~>d.":'~ ,j::: ~ (:<:l,n~::"'.! ~,<)~t (i ~i;;.t.G :.\~·t~:" .:; j !,: -".' r:>; " .':.-;'/ ~ ;-~, ~l·l.~ ~ .,: 

., }I' ".AJj. ,";EClulpm~'nt:N~S1elt't~rlkpubl'tshedlev.er.Y,3rdr.:y.ear.:as' fa .~8upplement 
to The Wheat Newslettel' could be "usefUl <88' '4ifsource'of·'~.le'd."infor­
mation on new wheat breeding innovations. 

,i.~ - "';'.:'; j.:[".9';": bi.~J\_<i::~ ~~L<:l(i~~:,)rr~ j,'..': ... ·~?:···li .. ".' ~:t _;'J~~,:t ,~f!,-:~'" ·,f" ~ .. ,.' 
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IS LACK 'OF EQUIPYJENT A PROBLEM IN WHEAT IMP.ROVEMENT? 

(Abstract) 

Charles Hayward 

., . 'Nurseries' of commercial> programs. are becoming quite 'large;jmd in 
most areasreli.a:ble labor:ls difficult to. obtain... Of necessity, 
much ofth~.pla:n:t breeder's time. is devo.tedto routine tasksfwhen ' 
itcotildmore prOfitably, be·~utflizedtLriresearchareas arid!or 'in 
hand1.ingIllore materiaL . 

Iniproved'versions,·of present ,plot :andla:boratory equipment plus 
new moreefficlent types :0'£ 'eqt.iipmentare;needed. 

, .~;. 

The wheat br'eeder hasa. diStinctneed'forJquality~qud.pmeritand 
tests'whi:Ch'willal1ow him to Eivaluatematerials,at.ariearly,genera­
tion"bri sIllall amounts of seed. "This equipment and tests must give 
reliable 'and repeatableresultsdwhich will .be accepted by other plant 
breede1rs,cerealChemis ts, miller's 'and bakers.,' '. . 

'.,.,,' 

. i . 

....' 

',! 

: i 
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Walter L. Nelson 

:" "f ,:-) { .. ' 

The wheat breeding program at Washington State University is 
dependent upon our ability to handle large populations from many 

,.'crosses' of.'. Jd¢v~,rse;rgenett\Cl; hackgr,olipd$,.lY!tq,_ ,get ~~l:rn.l!f!!,~~osure to 
disEiase,.and i clitnatli.c:.hazardsi,,:onE£: ~:r :llfOI'e:' ;p.~~td,figs :9f;~~:t:J;;y ,g~t;ler­
at10n..;';lines:;,cate;zseeded),at/;,aB, many>ca'sl" e;iro:ti,1,90~ti,·qll!~," ,$,a$) n~:li:~ry 

sitE!.·1nciudes)::about,';70,O-,,:.of,:,theseJ'~~neai"p1.f~nted:f,Jk,dup),!caH~;".i,:andin 
adclit10n one or ,more plantings of late gen.el;I'A.tAQp,·;,~t~;J;::lak~{~q~:yield 
data under that specific disease and climatic environment". Each of 

.:these;],rocatipp.'s.f,invbliYes:..l :JzPi [~ :.acr,~;' r.p£i,1aP.:4,1 ::a,n.(l1;ho~\Q.}1<!Jl, of 
individual plots.,!varyi-ng-::,in :,S':L:~e,;f.J19lU ~one;~,l{pW1 Q:~-;::J,'9~1:l1;,O ,;~J;;9~"P~01=S 
up to 40 ft. long. Seedingcondltions var/ from ideai to extreme, 

'. , "often: 'requ1r.ing'[deep::Be.e.:di.-ng:::~9:aJ.4ep:1:h~iQf:,s~;1:-R! e.1:gh~ :l.<p'phes. Dis­

'. ·tance,:!to·.·sit.est:Var1e's1·~f~om
::iO:;I,t~\~pO:Jt4:~~~lW;fJyh; s.~J ~::l~e~; ~e.Q~::l.~ing 

a~; many~ as:fD:ur't:rips;tp~ncl.1.l.dl!.' dat~'p.t' ~~ee4d;!lgJJ(1;~.:f:~~!h-, ,,:Tl:les.~: ~ites 
,. care",in, a.ddition, to; o.ur .fteu] liegt1Uli:;:l'Q.~t~Qn.~\t"R·r;! r~giQ~;al>iaIl:g:jSt;ate 

yield nurseries, the.,·;large rp-QPulAt;JiQl)$ ,o,~r ':.~~!~J~4~~, ,~}i;~j!r,1~: ;at;, ',; 
Pullman and'Lind,' and the special nurseries for the extension service. 

The key to this program is two special planters, three specially 
eqUipped trucks, and cultivating and spraying equipment adapted to 
plot work. One eight-row planter was built and developed by Dr. O. A. 
Vogel. Using the same planter head, another 4-row deep furrow planter 
with adjustable row width was built at the Dry Land Research Unit. 
Each 4-row head of these planters has the capacity to seed 1000 to 
3000 rows per hour depending upon row length. Each plot can be a 
separate row or any combination of rows. Seed is put up and stored 
in plastic boxes ready for plantirig whenever seeding conditions are 
favorable for study of the particular disease or environmental re­
sponse, and can be planted by either planter. At two locations in 
1967, two plantings were made with each planter. 

Weed control is accomplished with a special 8-row roto tiller 
cultivator for the 8-row plantings and also with small roto-spade type 
garden tractors for grassy weeds. Spray application of Bromoxinil 
during the fall and 'early spring has been very effective for broad 
leaf weeds, especially those hard to kill with 2,4-D. These applica­
tions are put on by small sprayers designed for fast and efficient 
plot application. 

The mechanization of harvest has not been adequately solved. 
The Dry Land Research Unit has used a plot combine for ~en years. 
It has been satisfactory for the harvest of 4-row yield plots, but 
is lim! ted to about 300 plots per day. Dr. O. A. Vogel is working 
on a harvester that should add materially to the efficiency of 
plot harvest • 



Throug~ the use of highly mobile Sp,ec.ialequipment at Washington 
State University, we have been able 'to screen very large populations 
of breeding materials under natural disease and environmental con­
ditions in the field. At ,tl:l.(~PI'~sent t.ime a uniform set of entries 
was planted at locations permitting screening under natural infections 
of snow mold (TyPhula and Fusarium), Urocystis flag smut, Cerosporella 
roc;>t rqt:, Fusa.:rium.!:t'~qt;.rot",.;md ,(:epQalosporiumblightdis·ease. Next 
year :0tl:~.,.Ot; .;qlore pl~nt ings, ::~:f,1,lbe,.ma4e ,.in.Ophidh.,Q,lus·'iafected,soils • 
Close coo,peratipn, with.~he ;pla~1:;,patbolog:l.-I!!ts. is, "maintained r,fo~ ob­
taining 4e.slrabie li:ewbreeding;IQ.>?teria~s:; evaltJ.atiomtof s,egregating 
generations'," andt6 increase, improve or develop disease epidemacs. 

Oneoflthe 'lllosJ:;reward~iJlg,benefi.;tsfrOlllthisLprdgramis:' the dis-
i ,. ;., .. ' ",., .... .. '(' '. " . 

. Aq'ler ¥, pf 'ne!'l,~qH;rces oLresistJIDc.e~4or·n'eW:l.evel!s,;oft.olerance 

, ." ..toso1;lle dis~ases,~rom'crosses1llsde £ot": :Orther, purposes ~_: ·To. mention. 
'. s,9me ,'ou:rflagsml1t'"nurset:Yreve.aJ.ed h:l;.gh ,resis tailce' to 101anser',much 

.. petter'than:eithe.t ,parenhLS<:l),ue... of, J:he. .new,sho.ttt, strawed.i,varie.ties 
'show gOod .i.evel~\J)f tole~r~ce·;;t9:,r90t;rot,· whett"bo;bhparents' .were 
.highly ~usceptible,~ .', The··variety; :t.I.cCallLwasLreleased .,after'te;gts'.ln 
snow mold nur,seri.es indieatedbe.t';er:"tolerance. than"Sn equally. high 
yei,l.dii;\g sister ·s¢,iecd.on' w.ms~'I:~ .:Thisis.,the bonus .,.,e: get' ,from ." 
eJ:Cpos;l.9-g..;ll.e. un,~f9};'m .sets of pop~'at1Clnsito'many.;d1ffe,rent;d'i,se'as-e 
and climat~ccondit~ons. '. .'CO 

Th~ ,~~~c~s~'~'f, th~,Wll~?t'b;lieedi~~,:p;~gJ;a~:.. at .... wa~hi~g~~n~~tate 
University is' the result of close cooperation among State and Federal 
per~onn,~~ ~n.~gr0!l0my,'JPl,ant,Pat;llolqgy a{ld;:inthe 'Wheat. 'Quality 
Laborat0l::Y .. Equ.al,ly.itl\pot::tqnt. is ;t;h~ ,s~pp.Qrt.d.:fjthe .wheat industry 
of. the sta~~. wh:Lc1:lhas ,f.in~ced,w~ch,9f the cos tCl:f,the inew iequip­

.ment. and' pu,ts ab,o~tJ};QO,000 into;th~,:~heat. research pr,ogram .each ., 
year. ,",r',' 

,.' . Pi.. :. 
'. ", 

,..... ,- . 
", ( \ 

' .. '~" ,.,. 

"i'" " 
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..' .... ·,A~.tntilt:t'""~w,v.~~~«W.;.~~p~t~t~;:'S~ede!rrst1i'i;iib1~.;:fO£i~eecfittgt'Jheat 
:L.;kerile~s!::btdi ~~~~y:tp'~s;jb~n;(;'constrtiete(l;~Ir.~r'&.J£s-eeuei~un1'tsi 'wej:e 

- mounted on ;·tne:.:.lift sY;$ri-em'fd'ff:ja'~6ma!lt{~~~wliee!F'tri~9r(:<~ne;vikuulm . 
::. j j .Lope:ra~e(l\ sud ;;$~lie·cto-'t"s'i at~:f~tni!Lmat' ':'to' s'''ptot6tyPEi !'lfe'~lop'e(fhy;i.. c ~ 

SW'eet'.......... ;r'n'··N""'·. ~Ze-·~ra·n·· d',.. 'f(:' n".y··'·'·· ,,' .:..: ·i. j :,;.;;!; ;:,}," i)!"-. ':;!T' !.', .:... • ~.I;;' ,;...(jiji;W·~· .~ . ".,,' . • ..... 'i' 

. Th'e' ·see.d':seleietbr:(.I:~~:t-~::~o'b:s:rstsj)00£)';.a·C2l,;;.in~li;df~iiiet~t 'steel shaft' 
.;with' -edgh6 (h~tes' :d'r$l~ed'(rda$a1J:'Y;''t(f·la'ccbmada:t:ei ·£-tier":'loc. ·tiyp6d~':&1,c 
,needle; 'adap tors~i;q·;H¥po1ief1D1.df'beeQil;E!s1(ff' ·a:-:&Ui;t:abile:;:gtiak~" \wet'i{: 'shortened 
,to abo.ut;'114rin:ah;;:soj;~Jitat~ttfe;di~t~liflee 'from '·tlle:Lt'iP :efi thl{tleedfj:f to' 

i,. :the .shaft;:is;~a) 1S ttindkrd,7;lenlth.10 T,h@!)~elecco-r:;freeli:sliaf:t':~as:i"d~!~led . 
axially; ltCiJj fat::c01IIInOda.te:;;rCkbraslr'v·acrUU@;lfEfaa:'b~f' i-~ 'l/Z'-'iiieh.1d1-ame(fe'r.: . 
The:, v:acuum" heaQi! wasidriai~:e~tiIX;ta11y; ifdr:·vacuhmantrr~~$%s't:ife· 'coi,nti!'ctions 
.to, Q, .gr.oo;ve iaroundjthe~lfei'tbbmfe'relre'e Of:!fth~;: v~cuiJtti:;neat(r: : Tfie'g~o:Ove 
waSt;block~d> on<~:eacli alde:' 0fe; the pre$stJiit!cbnfte'etion·~·. The's!e~~etor .reel 
,t'eyolves:,; arQuntlLthe;sta't1one~;) i\ra~uum head, .;.A"'ke~e1 b~comel Ei#-ached 
to e;;1ch needle 'by vacuum as it revolves through; a:·see(r)hOpper-~.:"Each 
kernel is ejected from the needle into 'a seed tube as the n~e.dle passes 
over(.~the;, pre$sU:rl2edr:se~Ct~Qn~j:of\.)thedvaeuum-ptesjUre5::,~roijvefG: . 

" .:'::~ . • ~.,~:i '.:. n~J ·:}?c.X':,.. :i";:~tJ':~~) j .~."~\. ;,\:._" "',. 'Ii:;";} 

. '1 Th~L s'eedf;$~l.ct:o ~:'$(£hantsm;'was .' !mOili1t~d. orf;a:f1~xi;~le:"t~pt!'j:c8 rn 
plantet un£t \'!avciil~ble'f<:(511Ui1ercfUty•.;;';'fJie"'seed'{$~lec~()r' is ndr:f..v~# )from 
a ·;combinationJpie;ss f.{-'<1r~w,janEt-:guage-.:;wneel. ';::'5e~a "f$p-a~irigcaii :'b~ (i 

regulatedan<l v8Jliedf:.:lm'Ja :~1ide :iange:ibYi}{tarYf.iig}t1l'E!!~'spTo;Cke;F;camBinations 
of the drive system. ;" ,: 

A rotary type vacuum pump driven froIll the fan shaft of the 
tractor is used to supply vacuum. Exhaust from the vacuum pump 
supplies positive pressure for ejecting kernels from the needles and 
for cleaning the needles. 

The precision of plant spacing obtained with the seeder is not . 
perfect, and occasional doubles and misses occur. Precision of 
spacing is affected by the amount of vacuum, guage of needle, clean­
liness of seed, and position of the seed hopper. With clean seed 
and proper adjustment, the precision of plant spacing is adequate 
for most purposes. 



IS.BREEDINGFORMILLINGAND BAKING:"QUALITY
 
AN IMPEDIMENT TO IMPROVEMENTS IN OTHER AREAS?
 

E. G. Heyne 

..' ;;·We cart.saythat.:nearly all' characte1;'istjtcs, of a:plant"species 
being used fbrecbnomic[use ate or have' 'barrie,rs .:In',,relatioo·.to:other 
characttt!i:S in the improvement of the, species by ,breeding~J. In. fact 

. that is·theitask·at:hand'forthe plant breeder to overcome and ,should 
be·rlewed'·as acliall1enge~! Wecarlnoli consider<any'6tieJ,cha1;'acter ,with­
out cOrisiderationof either eharaci:ters~J 

In plant 5breedffig programsf'we ;&te not'fnterested:iin the status 
quo even though we use procedures that do not, 'effectively', allow us 
to transgress from the present model of the species under cultivation 
in' a"[oealarea·.,,:j\ minimUm objective<can be 'stated as: " The,. new 
ctiltival" should'be equalotr·iJ.early 'so in all" impQ'1;"tant:: charact.eris tics 
to the'one it:'is·· tbreplace artd exceed theoldcultivar in"one or 
·mOte·iinpotrtanteharacteristics'~· , ,; 

Aswe:·ffeed to(~c:0i1s1der the .,whole:' species;; there'is,bound;it~hbe 

someirtferferenc6; of '. 6necharscter,:"Tith ~!nother.,For,·example " to 
be ;of l 'praetica1:' value ,,:.8.'(:ultival' bred: for high: yield lllust: ,a.J,so· ,have 
a stHf or sttrOng.stalk•. Somecompansatibn ~or:both:chara~;te.trs.may 

. "be neces'satyifthe total obja'cti'Ve is, to: be: reached; rand :(.,trarely 
is the';f'irsttimeso<1nother: attempt"wilLneed '1foli>e·made.. Thus 
breeding' becomes a Step.,;,.wise·ma'imetrof ach~eving·the goa,l~ 

\,;' ., '.• ~. ;" ':, ". 'j ,r 
, . 

, ':l'Wheat'!s'\lsed p:t:'!marily for',food and. has.mapy qua~itie~ for 
this purpose; it>stotres eas:t:ly;artd',for':longpedods~;itc~!'lpe used 

. in anumbetr'of>diffihentway.s and 1;s 'a rela.tivelynutrit~oul"3 pl~mt 
food'with 3 above average protein content in relation ,to other ~e.real 
foods'. ' ", '" 

.. ',; 

Quality, iri)its·broad serise,shouldhave. the 'number Qne pr:(.ority 
for "the'Dreeding objectitres':ofwneat for the'Great;plains. uW:l.th proper 
equipment;and·llargeetiou~hpopullltions,.b.reeding.'· fo.r high ~ quality does 
not 'offer any nl.ore,iiinpediments to wheat·.btreeding objectives, than other 
characters in relatione to its importance. ' 

A safegtiardto breedfng arty species. is ,to inSist, on an ,integrated 
program where all the characteristics are carefully evaluated in re­
lation; to the 'whole. '. We·' sh6uld avoid one..;.level,· ,one-idea.,approaches 
to wneat:breeding'.' , The"idea:'of impediments] carl be lIiind~made stumbling­
bloCks and I believe that with proper genetic engineering we can develop 
a better wheat plant in relation to all important factors of the species. 
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L. D. Sibbitt 

Is breeding formill1ng and baking quality a barrier to wheat 
,. 'improvemeii~1J""PossiliJ1y tyes~)~':r to:;oa.i.degr:eeiO ":"':HoweYerjz:aSr:~we,;Junderstand, 

,-,;:-ithere"is>::no'lshsrtageIofdwbeati in ~.be worldjfnb'l:!t::,th~X:Q !L~;<a sP01itage 
ofq\1ali,ty;wheat.<AtL:the(!recellt}C.Q..;C:i'Wh~atHQ~a1i~y fi;q1)~~~en~e, 

'.\ i. ,:heid:- in'!!Minneapolis,<Dr'idGil1e~ pr.esented\a,rpape.r3fmt~.#le4i; "Wb~~t 
'.;,:.·...!QuaI1ty;~·bA.:;V1!tQ:LFact(!)rgd.nNal;'-kg~ing Upp~r::mgW,~s~ B~e".d·,}Wb.,ea~i;and 

Durum". :M,o§.tof the text 1s:rrelgVan~ ~o,:'tbi@oqY~H~U.qg~ra~~~nRf 
'course, time does not permit another presentation of th,is timely
 

, :.,article, i'however,. ,;I::wo~ld .1i:ke:,'J;ocquo;t;:e',:4 ,f~Vb'Pe~~1,t.J.~m.t;;:!Semltences
 
, 't8ketbfr0mvit:)wh:tch:;are(,asJfp.llow~c!. . - ~~:~j1'v'-:;'d ':"", ';,i,'
 

'. ", I' . '. , "."' . . , • ~ 

"3.';,J;.I'; J':.,<~,:';:.! .~.,i.) :~ ::':'.d'LJ -~ .<i .~t!.;: ..• ..:.~;'J{~~ :•.~1fJ .r;~(}~,-} ~,'::{:-::J;-:··l:r:dr:.?,,:~'.~> ~,)~~. 

-liThe'? tt.adit1.o~aL'marke·ts\ fQJ;,/ha;r;di:~ed"i~Pi~tlS Whelil.t!)~d.LrJY~\,lIl1'; PJ:'9­
'dncecL itL· ther:tJp'p~-r;:Gteatd?la1ns- rt~gl;olk:~ot~::~~'gQ:i~~~\~~~a!:~~;h~y~ 

". been"thedomes.t:t:c tna'Jikets bf:,:the IJnd. tedge"fateEiH, ~~~n4;: "~qasP.J,~ch, .. as 
per cap!ta consutnption of wheat !n;:tb~dhS~';ba$(LJjeltl~~n~cLt:~I~,~:t:yely 
constant for a number of years, the potential to sell increasing 

,; quantfities:.Of::,wheat'llies:,pd:marlly,·, :In'! tb~ '::~~POf;I·W-il~lie~~,. MA 11 Inmos t 
'of, the··countt"ies. Qf/Westtern.dturope:'Lthe y.ift.treOuE.hHO~gb-:fPf~t:e;n:: 
.cotmnon.)whel:ltts04t1(1r!!!J.utum,)wheat,:!haW5a£ceplt~l;>a.e]q·t141.i.5Yj,~p.rqp~~t!k 

'-productS dantio·tdber.produ.eed~'h·,.;gBec~usetl1~kcQnEip.~J:~ ~n ~b@:~ Go~on 
·':Ma·tketcounttfes.,:·preferpasta:.·pto'du~tsmade'if"tl)m:sem~~1n~j;~:,;f;~WQuid 

seem very;~;~ea~astic I tIhatt a,.';,su~st.1ntla1!imarkett:;f9X':t4urUJl1;whe4~s;;:wil1 
exis tin',Westetn~;E(rrope"J+ HThe,..importance.Go:6ll!Pt;\J;lg~)Whe~~l q\l%t.ty 
in'the export markets appears very sigriifican~, particularly when 
one 'eonsiderscur,rentdm~i1:ke~')ttends,\:f;~:::Eur()p~wb!a.re':,:ln~:r~~$ed local 

.:, "'production; 181:a(; tis!(;n,gndeterrenUc tQrI:Jit~.. eXpoftSJ 1 0~~oqQ§,~rv~S.i that 
; .'. dtn:ting't:he. t ~ur,rent\/mtl'rKeting.'year~J e~por.t:8 :)0£::b.4rd'·ire~:'}W~D.teJ;' wheat 

, " .rare doWn) about'" 50% :Y'( InJ the;same pe'liiod i { howeyer, ,yt!.lecle~portll! ,of 
har~ red spring in the European markets have increased by ~~p~~ 
35,000 tons over the previous year. It is the feeling o~ many that 

',thiS'Lis 'due'rprimarily~\tioL thei: i a~tp.tlb4t; 1;t1:le;qp~i~y' '9~;!th~'Jbard red 
., sp'i:~ng,:wheae)ctir1!entlYrbei1ilg.jdelive,re(h:,'i9. tb~;fl;:t1~pp~~(maJ;'1,(et~cQ.as 
','" de$irab:le;.qda1ity:~,characterllst;t¢$U:","'i1'h~qygh9\f~f";t;h~;wo'~4,,(;Yh~l:1:ts 

'f produce'd an' the ~pper,;,Gteat2ela1ns,.'f!a.gi;Qn::iq~JN9r.~Q~~r;C~}ar~f" 

prized fort;pe. quality an&quan1;;,UY,Q{ the~r~Pro~~!118" ~rr);~~rmy:\ 
'opinion, one of the quickest ways for .. the Upper Great Plains region 

': to lose its:;wheat marketi!will;be>, ~g ~9§e,.,~tght)0~'rJ;P~,;,I,1~@d:,£orquality". 
;' , ..~<~; . ~.' ;' ';. -~ > " "'~., ,--:; " ."~ .t:.~, J.'~ ~;.~:.·(;::1. 3- .!. ;',:" ,:) ':'.:;' i, ~.' <. ~.:·i:-", .. 4\...,'·-"~"t' ;:.. 

,- ;s:;NeedlessHzo; saY;Jthat'ja11oo.£ u$,;,ttt:"tbe ,.DeP,"I;t~t;.lOf:,C~J;~q~' 
.......,,' .
 .Chem:lstry"and lJJechnology.,:;a:tbNDSU· c()n~u1;;w~,~b t1;l~!=l~:l:Jt~1+elU~nt;s. >,. 

:J "-J " 
i 

.. .~~ 
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Other Barriers 
.	 .. . 
,.: .J 

Lack of exchange of material and information on the part of plant 
breeders with each 9ther and wi.th thecerea;J., technologd;stS. 

a. Potential new ,HRS.wl:te~t,·vp:J;'iet:l,es,fr(;),J:llo,th~:J;'states which 
have shown promise from a quality standpoint in preliminary 

. tests shoulc:i be in N. D. s·tation 'F,ie,ldPl()~s :tor ·at least 
,two years(ND proQuces over,· 50%, of the U.S~spring wheat 
crop) • 

b.	 Proper quality conclusions cannot be formulated on the basis 
. of ,()ne year's tes.t,. 

, .	 . 
c.	 A situation'might p:J;'ise if ',a neighp0ritJ.g, state were to 

release a variety and we (in the area where it would be 
grown to the greatest extent) would not have sufficient 
information to either recommend or reject it. 

d.	 The Uniform Regional Nurseries are ve:J;'y desirable plots. 
But they are still Nurseries. We would like to see plots 
where we could get about 5 lbs. of wheat for milling, baking, 
physical dough and biochemical tests. 

Lack of Personnel and lack of Equipment. 

a.	 These two usually go hand in hand - both are necessary for 
an expanded research program. 

b.	 New modern equipment. 

c.	 Updating old equipment. 

d.	 Newer processing techniques in quality evaluation. 

e.	 Need for trained people knowledgeable in Cereal Chemist:J;'y 
and Technology (more jobs than trained people at present 
time) • 

Lack of a good single determination for quality. 

a.	 Studies should be made to see if such a test can be devised. 

b.	 All laboratory tests will tell something about quality but 
none so far will give an adequate and reliable measure of 
overall quality. 

c.	 Possibly examine these tests: 
1.	 Flour Disk Reflectance as a measure of Breadmaking Quality 

(R.	 M. Johnson) 
2. Pelshinke Test (modification to suit HRS wheats) 



Early generation testing on a ."go" or "~o gC?1' basis.
 
-.1,r.. ::,,: i,.· ;.~ :,:: -';"< <:ri'~; ,n'~Ji ..~i~,:n',,:_(~'i:J·L~ b.:'j:" f.£....~.~ :-)'.~.~ ':-~'. ;:;:. <.<J)T::.i."'!·~)?~":i· :1'f'" .... ~
 

a': " 'Might.,''b'~''tled: 'ir.Hvi"'th·! p'f~~edi:iigt·t'~m ~ :i:.' '~~1 ;,.' ;, '! ,',; ·Y . 

.• l ..•. ;~:~ .:, .~~i~~:~~Llt:t~~~~:l1rt~:,'~~~~~·f~~eId.v~::n·:l!~~: ;:,: i';j); ': 

. /' c~R~co'gnft't:llofipfJth~jffiiCt,that lte b~ ~ffe:ctive}:~uality 
. ,;" ';~oi\tibi; de~ls:!:on;sChnistVbe:!frm~:lCj (Ge't 'rid) bf>the dogs) 

Use of Fertilizer and Irrigation Plots 
"'.", ~j ]:·:·5).~: ~':~-t'r-~(j'_~' ~:::.:'~ j(;nn;-:~'i ·::.f::(!!:~~~).? :-;~~-"j :.~ i ·~~::~\'f:,~'.'1i,'l'(I' 

a. Can we reduce 'the number of ie'3.:rsofHt~·$tint~iifJ during 
one year, wetes~ed under fertiliz~r conditions .or . 

. '" " ':ftriga~i0tl' <e~OO;t:td.ons:Jor a·L·eon£a.n~U0nj" of. bo_th".·. . ..: 
;, •. 
• } ,.:t j~" ·"-~'·c;:;d·.~ ~~!/'!~ ,::;'~/ ,-.r.L'· . ~ . :::~t.'· . '. :':-" 

- \_~r;er .. .. 

, _.~; ~,("; ., <' - i ; ~ 

.. , -. j.1 
. .

~~ /,',t t: "L;;,t ;('·r.~ . /. .f. ;;;. 
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WHEAT QUALITY: CONSIDEAATIONS,INBREE;DING PRO,GRAMSAND THE
 
.,USE: OF EARLY ,GEN:ERATIONSCREli:Nr:NG ,rESTS -,TO. IMPROVE ! '
 

PROGRAM EF:FICIENC¥
 
...." 

Evangelina Villegas, Norman E. Borlaug and Charles F. Krull 

'. ' "~. 

, rtis our'content±:on, ,th,atbre¢d;ing. for g()od mill!ng,'andbaklng
 
. quality'. need, !not· ne'cessarily:impede. ·~progress. in, the, develop~~n:t ,of
 
.higher .yeHd1.ng va·rieties. ." .. • .
 

. ~ .. ,.;-~ 

It c has ,a1re'ad~:been,p,ointe-d'Qut that: in.t.h~Mexican'program con­
current improvements are being made in developing higheryieldlng, 
brb·adly,· adapted variet:i.es 'with ",improved: .agronom!c.:.typ'(:!, "imp;roved 
disease resistance and improved milling and :b,<iking quali:tY.. .Ne.ver­
the-less, in the vast majority of the wheat breeding programs in 
the~¢riC'as' suchco.ncurrent:'.1.lllP'rovement .is ~ot, l>ei.ngaccp~plished. 

Iwpro,y:emtm~.s iI,l.g;rain yields. haVe:Ja'gged. Theiesul t:hasb-een that 
the wheat breeder too oftenun.justlY blames the cereal chemist for 
setting q~ality'standards hecannotattain:w~ilesimul~a~equsly in­
creasing gra,in:;yields: jand 'impro,ving ,otl}er i,mpo~iant c1?-~raeteri~tics. 

: T'oo oft1Eari;'breeders ·haver'esortedjto! ,the use o£'long '~ackcros;~.programs, 
to avoid problems with quality, but by so do~n,.g :they J~av~s:ilpl.l~taneously 
greatly reduced the possibility of increasing grain yield. 

Although we feel that the bree~;r~' aie.,in'Pli~tfjt1Stifiedin their 
criticism of the inflexibility in grain quality' standards, as explained 

, :inthe •following par.agraphs, :w~;neyerth.eless,feel ,t.h~t many of the 
.quality p'roble1;D,S :ertcountered·by-wbe~ti qr,~ec;l;c:!J;'~ ca,n be Circ~ven,ted 

. '.' .if'an adequate series,:. of :eaX'lYI genet"ation!screen~ng tes.ts,foi. quality 
are .employed ~' ., ,,'" ,," , . . .' 

" . 1 ~, ", ..., ~"'), ~" ",\ l'·' .'.: . ' ,", 

Before going into an explanation of some of ~he screening ,tests 
for quality that have been used successfully in the Mex:i~ari. prog'ram, 
we wish to call attention to som~"af; ~heo,veralLGoqsiderationsthat 
influence wheat grain quality and wheat' spres'ent' artd'possible future 
positioniri'competition'with'Qthel; ce~eal graiqs ,1,n b,oth, the domestic 
and the >internationalmarkets. j'~'" . " ., 

., . 

Certain factors,'affectfqggrai,n quality hav~ beena~,work in
 
thepastwhichhaveproV'ided~a,def~nit;el!.dyan~age
qualii:y~wiseand 

. marke~";'w:tse to,wheatsfrom::certainregi,qn§ .and ~otintries. '.·,We feel
 
that this:"status quo,C\dvant~ge',' isabQu~.tq be broken 'be~a!Jseof
 
breakthroughs ingenetic,imptovem~nt.,.If the 1l,e;~tofore "privileged
 
regions" (quality-wise), such as the Northern Spring Wheat Regions
 
of the ,U.S~A. 'arid 'Canada, remain:cqmpla,.~ent, they w1.ll lose their
 
unique market advantage. .' ""
 

, , ' , ~. -\ 

. ';Viewing' the cereal;,,' grain'marsket~ .1?l,"0~4iy, ..everyone, wprk1.ng ,in 
wheat research, wheatkproductiQn, .iw~e,a~ uti~i~ad.~n an~. ;~heatlH~ndling 
and industrialization, should be increasingly.,.goricerneq,,about wheat's 
position in the future •. Increasing competition from other' cereal 
grains in international markets is almost certainly forthcoming. 



,J!The '. disecivery:: of" the' (jpaque' ;'2;cgeneiwhich':~gre'atlyJ)lmp'to\7es the 
nutritional;'va.1ue)'of':co~ are~)~i1osssX:.one;Ctn'teat;,ahd,chS11engta~~What 
we doing about improving':,theL~nutfi[.ttolta1:<ij'alueof 'wheat through genetic 
manipulation? Very, little ,is being done up to the present time. Is 
the effort adequate? 

. ; ";" .....-~J ' .. [:1 ;'i1r-:- ","-!,"- ;·/L-:",:t-.r J ,l"'",',(,~)..;';~j"-:i,~ ;~ 
- .0 !. :. . :L,. .;. _,' .... ~ ~... ;... 

Recent research breakthroughs such as tlle development of high 
yielding, broadly adapted semi-dwarf rice varieties, lIt 8, (bred by 
the' lrit:em'stforfal" Ri'ce:Res'er.it:&i::lhseiftuteJ :iWiJJ1'tia!SO' f:brirng:wheat under 

:';greaferC:dmpetidoI1 1ri"th~ngra.in:m~rk:ets':of;·the world" nWhat.'are, we 
doing about this? Unless we increase yi:e!dsd~d maitlitfaitt,or,,1:ietter 
yet improve .wheatguality, wheat will p~ice itself out' of its' fair 

, sha~e'of f;t:be'e:kptinCfing wdtmd '\gta1n'~maTl<::e,ts':Withtt'1,::;1±he :neXt£two decades • 
. • ~..,/. :.. § .:-.!(\.: .. ~ .:':(~~d_., .. '!.i. ::~L':::'Vl ~.:;.~~.:>.?i·::<1.!? ~.Jf~:'''<:.·'·':;'t':';-:-:(f..;i-~· :~(i:~;".:~:!J~:~ 

, 'miat ·arewe~as·"~eat 'ls'd.entdtstS' ,:':going :Jto:'dO' ab.Q~t ,;t:hes:e:chal1enges
In' the ,ne,tt' ;two j1de'c,jdt!s'?> 'i i;, j L:, t,\',C ;" ',;', :, (:;', ::': ,';:;: :'j: ',!,r ,:',: : >, 

.' "':,:",~I~ ~'~: .~iU;;1 :i ~'~ ... ") ':ili;~ .~.~} -...:·J.L,j,() .. ~;~;~~./ .>.\~ .. il:, ,. ~_. -:":";:~J 

". , ; ';Compet:fti:toi¥ ~etwe~n 'iD1ffere-n:e1:Wlie'a'tnClasses;:,in Domesti:c. an:d 
'. -Xnt'efuiti!onaJ. ':M~rkets';:?and ,:b'sti-leen:"Wh'eati ['8!1dLOtheth.£etleals;1 

',."'.. ~.. .!.:~Y':'.·:.'j :)<,:; ~·>:-'.;_,;_I:i \/+L:~-.:'::'~·.f~LJ rS~.J;';:,J r:;;" ..;-;.... ;,\", .... ,:.. ;.r ·J.~·.. ;·fi.,:, .,', 

.<, ' "Tfii~'li~ra;cred,~pt1i!gj:t~E!~~ rNg:l;o~: ~'f,,·th~:~U~:S .:A~;aa9 ~ada.-have 
',' ':tradi'd:dria£1:y,,;ocCtipiedi';tavOr~'diFsi;,tioird.nr1ihe vdome$,t:i~nan:d.f$.nter-

;. ;'ti~t:i.'ona.1:' Wh.eat:~lulrk.ets;'O'f >the':<Jot,];d ~·:'Their,:,fiav.ored:'.po.si;ttQn bas' been 
", ,r: ""attitned'Jfj~'cE1us;e 6:f: ,;;, 'J; /,: :,,:.; • '!~ ; i., ":-'" \,' a,it"!'.: 'il L.t<;': ,.: 

, . E"!' ,.~>·t:t, ."'.(.)~. :.~.d::.~ \:; \.:~ r., .:::~~!.)._ ..:.;;;;. ;J ..ej)~.~L: ..:Li :)'1 . 

1., ,The outstanding1x ,good protein qualitx, :of' ·the pr1"ncipai 
'" '.'. "1'; 'CO~~~~iJ~~;~~~e~J~:~,','.',',,::'i·.i,;''.,.,i"rL .• :,'[j::; t;·,;,) ·,;'l. n,;;;.:'.','j'::,
 

.l i. : .. .. _ ~·J_t~~X).";.~ ~~j:~ ",'cl ;'!.) ::'tG '~';:J.: L.)j~:) ·:'·'i'·~
 

. ,... " Tli~v~ri~t :i~s~;Red ""Fif;e$Z)M8'rq(d:'s f eJ'D1:ratcher :anc!!:tbeir,:lderftvatives 
, ' .' ;w«re'}jred'and s~J:e8t:e'd"foi tlle':I!r 8'1Oce1ili$-tlt[;mtl1ing:')and:rb;~'ingr:qua1ity. 

The' iniu!iu~i'J c6iIib:li:istfbn::8f J§t!~ng W'elt~~ilanc:ed:; (excen.,ible):ngluten 
strength has been their' outstanding feat~re. This ,gene,tic;"s.up.edority 
has l?een main.tained for the past forty years by effective breeding 

,j ;'A~~~rr~~'~": 'z' ,::O~:;!,::!;: .I. :c ,;,,~; '; '~.~:'~'~~.~ :,1: ;" ~J:;!:,:'J!'1 ~'.(i (;~: f!;:, '~"';; .., .:;-[{~. 'e' ',::, ',' .. i 

:',;' , ';,:J>i;~<:,~i~~:;G~~~~:~,;~a~~~~,;!~~v~~: ii! {.:~' J;::J;i';:~~';:"L; ,',i"'.:,,(:J,;,. :';;::;~ :,': 

This j ifupdttant i~aavaiitage' i&Jtl1e;'-1"$s'Ule]of'tl\ednteractioQ, :~f 
climate and so11 conditions under wldoh:fthelNorthern"Htird,Red!'.Spring 
Wh~at Market class has been grown. Scie1;1tists, up to the present have 
contdbutea::ndthlri~ to; this advantage~:>',liLthec}future i.:,ho.wever, the 

. high:;pr-Ot~:1h" advatitage>of;"l1orihemg spl'lngowqeats!;tdllrlcome L und~r in­
; "cteasing.pressure ttiid cotnPet1ti6n'Jboth;;;in'jdomestficc;and,~intarnational 
,m.ar:Kef$.f:oits';ttieJ.'estilt=tof:·1itIGr@8sedg8:r:a1nbprot~in:Jcontent.i:l!n wheats 
frbril other;J!:eifoii~ jttd ather'jexportiIlg":COUrtb1d:es~:;, . .',';,;,,;';'r:·, ,''.",' 

:.:i: .. :;' ,·f :.'·-i\,·.i:r~·,1>·'I"'" "., •..•. "j(,.i··~•. ·,~,;,> ... ", -:,i,r ,',' ; ,''',.' 5j!'':'','''.",',~'.. . , . '\. i .;"./.1 . .- ~ ~. -. C':-,:, .. {~j ;'..i,;~ ('i) : ' :~ , ~ :', .~. l' ~ 

ltitet~nt years, it Jhasr:b'eenUshoWll ~hat.i;tbe:,Frondoza'jor:'Atlas 66 
high protein gene can increase grain prote;1n:l content :'iliyr,2 percent. 
Thi~ .action' isilldependentof grain yield. Theincorpor8tion of this 

, .- g~tiei'liito !liigW~\Yle1(l:i.ng<;oHlird:J 1Wa!'·Wit1.ter~,\ W1leat"varfet!.es ,,;wil1 nlake this 
, 'winter wheat region D1(?ts ,eolilpetieive,·with wheats prodnced 'dn:. the hard 
'.spririg,:wheat:regten: 1 

,: '(,.'",n:, " ;,.'J' ", ,.-,.,,,, i l ." ","; ,'" 

r'i,.· .. , ; ..~.'." ::l"::·"t "("',, ~ \';~.' ::\ ......\r.~~:~:;.r... ::)'J:::.I:· ..: "t\;.;:~··: .',:" ."' i. ;~.~";" 

, ,J ~._ ..:- .: . .•).- t . "'. ':' : 
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Aggr.es~ive agronomic.resear.ch·tJl.the~winter.wheat'reg·ion, which 
. is (}urrently largely' l:acking, designetLto',determine 'the :besft,timing, 
r~te.s" Jdnds : and .'methods, of nitrogenous' fertilizer ~ ap'pliJcat-ion 'w1ll 
proba~J.y;:c,()ll1=r:f,b;ut~,to' f.urther increasing; grain .protein' content in 

.t1;le. Jo.~~seeal>Je',future., ·.l'rogres.s. through; ::this approa:ch' will, further
 
. erp,de .th,e g:rai,~.proteip. ;cont~nt.adv,antage~ 'of, the.: hard red.spri'tlg
 

wheat class. .
 

. .,: ~~ep~;9~,ei,~'<l~s<li ty:'(~sP~ciallY-, s.~r~~~th)ad;:~ta~e~ 'of -sprifig 
wheats over winters will shrink,il'bthe' futu,re; lasnbreeding programs 
in the hard red winter wheat region increase their effort to correct 
prot~in,::9uali~Y1·~~.fects~.:' ,T9i,lil:. ef:fp,~~ t~;~,lr.eady,.t,1l1de;rw~y .:In,.a number 
of breediqg. PF9graYJS, :bP:th .hYl>:.~id.,~n,d ~()nV4an~J9nal ~ ....y ,+q.e.:· gl,pten'.; . 
stretlgth.()fJfe~1,9a~. ~p;,;ing>~he9~ y~ri,eties Jar~ 6(),.:'J:Qb,ar,i6g) ~ ,': 

. INIA,:.66;C~~O 67, ,~Jld ap. .. ,espe~iaJ:ly prQmising, Jine, ,;roml': t1;le ,cross 
I122429'~ '(Te?EmOS ~intos'~reco~";'~QriC?t:a 64A)(~e;t11la. ,Rojo 64A. x Tezanos 
Pintos Precoz":'Andes dwarf) are air~ady' being:inc~B>()rat~4 ~nt,ohard 
winter wheats in a number of different u.s. breeding programs. 

, . Eve~1;.~a1ly the genes c~~troli:f.n~"hig~'leVl~,ls '..of ;gfain.. prOtein 
andbet'terprot:eill.bakingqualitY(st:.r~ng#i.5wiiipotb,;be :incorporated 
into' high yield~nghard.W;itit~rwh,~ati~~arief1.es.~,Wb17~s\y:h va,r.!eties 

.ar~ groWn ·:u.n~ler prpfi:e,r .[erti;1i;aiiQll tp~yW'ill ,b~,fqlly' /comReti tive 
.'marketWfs,e-wi~~ 'tpe hard :re'd.spr~?i·:~h,eats., ":;. ' , > 

: '" "_'~ ",.:. ;;; ,1';'. , . ~<' '.,",. '", ',:'i i
f 
,-,,:' -rt ". ,!::~.,{ ,\~; ":.< ., ;.• .:';;": 

" ; . . ff¢:. hav~re~sonsto' beli~ve :~h:at i:mp;roV;laJllel1:~s, in .8l~te~: '(prQ~e,in) 
strength will'be forthcoming soon in French winter wheats. Similar 
illlP~ovellleI1u,~hropg~,~reeqi~&,,~r~.. uIld~~}Jay; ~o j.mp..rp;\7~ J:h~'protein 

.. ,q~af~ty,'Of eas t~.rn; J);utop~~..~nd: R9;s,~i,an~:l~terWll~afs ..; , ".. : ': 
,. "' , .: \ 

'Anothe~; change that will be forthcoming to furthei< :C911l:pl!.cl;lie:, 
the export position of Canadian and U.S. Hard Red Spring Wheats re­
lates to the. dev:elopllllant qf. high, y.ielding semi-dwarf ha,rd white spring 

'wnea't varieties. No sUch, V~rietyexists'at pr~sent::, ,.:. " ", .... ' 
..' . :. ,: ;, ~ : :.'. ~ ; :.. ~ , : . _ ' • _ •• ~ . '. _.. ) f. • 

. Hard wh:i'te:wlieatsw!th ~ stt'ong ~lut~n a're pref~ried; by' ali ~he~t 
consuming tduntdesfrom Morocco to :'India.: They":a'i'e;'e~pecially del 
sirable for use' inChapatt1s in 'the M:lddlf! Eitst':Jt(juiitHes~' ctirrenfly 
the development of semi-dwarf, hard white varieties, is well advanced 
in the Mexican, In:dfan and P~±Stan :'breeding ,'ptdgrams.' ", 

~' " , t ".: . i > ' ~; .;" , ':. • , • 

"., All" of ,theforemeri tfoned' 'pred,':b::ted changes 'from.' breeding .:;a~d' " 
agrorioniic r.esearooeffort's afreltd\Pltnderi1sy in th~; 'ti. S<A., 'arid in ' , 
other courit!rfes' will i:ndfre;ctlyiex~itpressureonthe' c:tirrerit'~'con()mic 
advant;age's; ot lia;-d;red .spring 'wheats .fnJth'e, wo-tld';'mirkets,~: :"Thi~ ;'1s 
no tillie' for: the hard red'spririgwh~a(progr~~fth:~U~S'. A~"a'Jli( 
Can'ac1l:1' tob'e .satiSfied ~ith,"'s;tl:ittIi~g'~o'q\i\alft~'ki:ftd:'gr'a1n'yi~i~". 

. ~ 'i . ,,~, ·."~JI.',,~. ~. J .,";" i :." .'. ',., :.;~. ·.1 ,~i,"" , . 

. the'Ut;e'of!··E,i'dY' Genera!t:f:ort'-:S'c.reetiing:Tt!st$'·fo'~Wb.e'algualitr: 
in Breed1:hg' ProgramS: ,;i , " .. " . ' •. , ..., ". ' ~,.:' . 

'. :~.. : ' • < : '. .~' '. 

Screeni!1g test,l;,~r~si]11ple t lasts"J:1,lat ~an be mader~pi~l:Y\ and
 
in"large, numbers 'on the' small' ght1.nS'~ples froin in~ivi.dual pl~ts
 
to elioiinate' undes'frable" 3I;td' wor~1tte.ss materl'al.:s from i' breedt.Ilg..
 
p',rogram.· 'Theya're: not:tes'ts'which are' t'obe used.fot choosing the
 
line that is to be inul tiplied as a new cammer'ciai' variety. .
 



' .. ~,.< . ,Th~: f;Lllal)cthoi.ce::1of c'af:supe1l'io1!'j;;1±m!;;whi"cl':l;'i;$, t6i·15e::::r(!lEfased as 
.a,' ,.~~w ~<:9J11t11e:1!'d.alr lvar1aty.(uwatj\aj)wa¥.s ~liff.ianade: b~~ .'li;' s~::t~, r~f, '~Et1.1:Con­

: ;~o:U-ed\ ,DI1.il'l~p<g ':and.b1akilig 'PeJ%f~Jrnlatl'ee.::ns:ts l.':':; ',In I!iU:c:1t: ':p~itfOe#lJ\8tice.· .
 
t:(!S.tadihe: prl>.m!s:lf"Jlg!ile~ a4v.anced) flinesTiar~:' aarefU);iY!'~mp~red~ 'to: ',the
 

' .. <;b,est;' c.Ptmnerdaf~ ,:yar:f:.abies~;o):detennt~~<tllei~":;:8tit,t.ab'i~f·:eyJ'fOri~$P~c-ific
 

cQnsumer product r (4.• e 0 i 'Pan?, 'ty.pe.<bread';!.lp48tfrtta'&f rerabk~t"." ;e~'d~}1:' 
• r;>F:" L,-", , 'c. c,:;'.. . 

. The purpose and proper application of these two very different
 
:. ,types' 'of <t~fl1:Sf!d.'IlJ.lbrtae-~'g'-tp<r0'8I:atn!pd:sr':f~e4ueh~1~
·~~i1rus'ed,:'bf, both
 
.::ce:r~al;: cq.e.in1s:tsd and pa:antubreedeirS oAL-,b ,;;:: U,.i, \J ~:'~':)Jl\j. \, '; ')'F~ :,:! :.' 'f'['
 

_ .• : ." . ';;'~t" : '> t::"l':~d·i.~ :.:<;:r;<·L:,,-~·.'E!:.:· ·'l,.::L:j!J~:\,.r.L:':J~~ ...,~;~:i:· .. ~~!'.?(~'J:,;'~·
 

.r i;· '~; ....B~e'eP'ing") ~:r6gramffJ Wbi'eh 1:eifi:l~i: qt1alfty" !ti!'s!tinkl:~r*~~J:1ldUt118 
and: b8kifig"per£ohuanl;en'tes\t$;~i WCi>wleve-r'ii gter~ly·'1irei~?£erf. tlle1'f'.efficiency , 
si1\C~·.;sucli~/tests(; dmaot geileraU.y ~et:!ifi~darrbe~6rlif;1:~:e~::~s.~an~~?t6;>eildosperm 

, getieiati6:Q;'~:,'-i ±hlslthe~~;:~i1~t';m~~:"i~~~~~Qf;·#&tFh~~s.~':l~~es:'a~~: c~rried 
""forward/'~ ~be::'progfam fot')~{~fi~~.wf{)6f·two·'yeais·~·',''rtils! i~ ·,i tf~$te' 

\,f :'trnie ;,:,~~~~i}i:{~~~;.~~li~~:.~. '::';:.;~:~~;:~f:, ;~":~ ;.:~:,:~".;:; ;~., '::" 1~';·:;:··L'. '.. ': ;':' 
'. !::f,veyears ago, aft~rtwo yea,rsof exploratQry ~'Yaluati~n, a 

s~rfes;~f .eiir.lY ·:gert.~'tati,o~ ';'$~crer~riing ::fl2sts>to,r ..q~~I~ttr~~3~4~pt;e,~ 
.• for~tiSe"irttlie t~ei:t'can \P'r08:.riIJii~)Thes~u£e8f8 ·e61nb'iil'~d'""Witb.Jtlie standard 
. Dall!ii'ig' atia: 'b.alHriig' t~'S~'S' :'fdthe "'~diVail~~d'j'g~rt'er~'tfohs-t~iafe.:b~~n: Wigllly 
:e'ffeCt·fve<·1n \.itilp.r6virlg ::du!'li\tali~yH:of ~:the' ~hew <wtr~~at~ '?#rr~i'f~l~ .F'~rging 
from the Mexican program~:;r"'l'~e~he'l;;er" vaBe:t':£t!~ !1NIff}66";':Tbb'ar'i~6;6°~;: 
CIANO 67, Azteca 67 and Bajio 67 and many other evenDl()re pro~sing 

. :' '11tieti:'1.li ''fliii~ll.B1:ageil·\f!b~t'(eryi1:hat~bn.;"atlet 'p~dit\tdtij)«ff~Jtlili·.s~ ui:~thq~~ 0 

" . ~_ ':;.:~;"~ ,t_'jL~;.:h;l ·'l'~'.~;·l~:.'r !~"J'f;-'::-~J'~ n;' SjC'::)','• . :_~ J':;':1r)···H·{ ..;:·.;.(?"~ J.l !.~!' L(" •. (.jii_:_'~"~.~",r; ..: 

:.:"., ;" r ·Tlie'qua1(ft}ill·te$ts<.i<±u,rnint:;1yrb:~i.rlgf °dse'(f: 'byl;·thel
, '~e;Kt~a~{pt:~~~· 

differ primarflt· 'ft6uifclios~.lb." '1iS'iii byl;ot'1f~r';p¥l;~r~fiiil '!Ii" Nbtth 1\fuet:l.ca 
in the way the plant materials at:e handl!!d in, the ea:r.1y segr.egating 
g~n~r~~7:~~S::';'; ';., ifF' t/~,,:;': L ~:n :\' 1 ' .•.•'" ?j,: ,r, i:).5:~ ~ :~'~'" :~, J: U, .~; ~'~'::~ '~:,i...·,::' \:"" y, 

. , . '. The"pre-limiilai}1'" s:cteeiil~;t~s't~'; fo~tqu,alttt~ ~:·ilr~('c~p.4~~Je:a· bit
 
grain from indi\1iau~u:rplantfF ii{ 'the:' 'r attd:'F4,~. enaospe~" 8~n~~setons
 
,~~:~en1rfY·, ~cf~~~~~J. ~e~·f~ ~~~L f~d?J~;J~'1 tb!h·~5 ,:;~~c!p'~pl!.~d8e~~~,'!tion.
 
Th~ ~~~RIf9~~.~s~~~e~t~g t«:~~!i, .. fO~l?lq~a~~p k}h~t~4..J~~)~I~~~gi.l~4:­

~~~~~'~ite~f~1'~~'1l3~e4;=~ ~6L~!~ ~~~c~~d~!8jg~,",~~aJ;!0~@;~ ""."} ,:,1 :" ... ' .,
 

,:'~,; r i">:''',' ::.3: :-jI)j',5 .\J:~1'":).·,J .:;.~.i;,i\·J fy:!::·o..-:i ~.l'Y;::n"Jb··,-.th:~:) ~;.u )::::,~[.·~(;.r. ..J>i..·-:}) '~i:'l:: 
.. ,.. Tfie'-tyPe ():fi'~t~~~ i:t~~~ '\C:~ db~!,,~~<l,.i;n'p'f,e:J.~¢1.:1~~f"l~.c;,e~iP-.:Ji~.~ 
governed by the siZe of the grain sample and the number Qf indiVidual 
pl~r~s::.~!1}t~,,:'7~;:~:~:l~.~l~~~~ ~.I!j~l!~::,~oLt,~.;!~H~e.~'~C;E!k.pe,r~,()dlq~,tween 
the:~a~~,s~f,O~,,~~!~iJ?-,ife;fg~!J~J.;~t~1,l;,)~~~;'~1!~t..i~'8~,9f,.,,:t¥:,~11.~J;',, 

•. }W,~~~)ry 7,·. ,..Ji±l p;r~l~w.WH~· ,:I;I;m:~E1l1m~ ~18,;t;$)·.\~,~ qe, rgo1;l~~G:~!4,J"n,~~·~ ~;
 
i~d~~~~;ua~ ,P;;~,tl:~l\l:I:l::4~i~1 ,PJ.!d'fr ~,~~,)~Q,P~~~,\~~J:),~ 1',~~c~,.'~I;an~J ItJ:':~~~~~,s.,';)!:"
 
from, ,9 ~9, 3P:.t~t;'itus:8! ::~fr~:~.b [,:t~1i!~frl,,$1~~1 ,R~ LS,9;~.;1,~~IP~JTjjc~~1:;en.~~,! .. .
 

::~J~l~::i:P~~o~~~d6B :ll~~;~gSb$~ih~i~~~~~q:f~~:~~~'~~;~~:tti~g~
 
a~, e,~,* :9£,. ~9;, l,~.~ ~;1()~~: icn'i~,.,4~lli~~q~~~~ifl~,·,.;) l\PPJ;P'~:f:.·..~t,;~fY ,~9P
 

,pl~~t:$.;~~-·~ev:at-p'ated:ea~Ch·: day:~"::<Generatly ·~-?';~P~~::f~i '"~~~4Jjl.~tiP~;lthe
 
individual plants that are analyzed are diseaii:fe'ao'~'·' "----"---'.:'-';:-'
 

c', ... t';. t;,~~ .. ::.i·~r~~. _.~- l':-'~' .' : .. ".1" ';. ~ 'J'7"~~t ':'~1!·.r·'r~-.~:' ~~:.~:-" ;.-;.';.:'"','.:lj ;J~·:.rl.:~.i~:'~·;.=_:;:,
 
..,... ;: In' "the" se"Conda" ., s'creen:Lhg,'test,a-bfi;tw.een~:30·O..·~o ...s.O,Q,; ,of '~~~, mO$t
 

proi#,~*g~t:iin~~:J~~ ~,~~~~P.¥~~ ',~,~~~!(~~~tl~iJ:~P:~;I;" '~~J'4:~~~~~~~;':.~t(~:': 
s8P1P.~es~ ~8AJ?,e '~~Y,:~i~,e;t ,~~~! d5lrc~ <..rp:r~e,;.JW9.9r~, 8,~.·9%';·sa.l.~'~., 
neededfo~·)b~s,~jei~~~~·, ~~ ,~:,s.~,f.J!' c'> [::, U:., L ! ,;: '.:' i ,.j, . .!) :,.,. ~ 

0 
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---_.._---_.__._-----­

Only those samples showing good promise in the secondary screening
 
tests ..and.in, the :finalmilling and baking performa.nce tests are ,in­

dicated in Table ill.. ,
 

The Implementation of Quality Tests in the Mexican Breeding Program 

Quality evaltia ticl'ns are' notoril"yused on lines under development 
.	 in the breeding'R:rograpl but alsofor.classifying the quality character­

istics of each potential parent. This is.' used as a guide in planning 
the new crosses that are to be made each season• 

. In early segregating generations of crosses - the F3 and F4 endosperm 
·genera.tion- the preliminary' screening tests are used exclusively. In
 
these tests major emphasis is given to grain clas~df.icationitests.and
 
to Pelshenke va~ues (Table #1). The: grain testselimin~te.all lines
 
that have poor kernel'characteristics, which are likeiyto r~sult in
 
low grain test weight, high flour a~J::t and low flour yi~ld~ :rlle grain
 
tests evaluate samples for grain size, plumpness, textur~,vitriousness
 

and color.
 

The Pelshenke tes.t is used in the preliminary scre~ning tests as
 
a crude measure of gluten strength. It will separate weak wheats
 
from strong wheats. It will not distinguish howeve.r.,the~~:r9ng
 

"bucky" types from the well balanced strong types. ..
 
. .... . 

Mexico generally grows soft wheats" .. hardwheats .arid .durum 
wheats in adj acent fields. There is no regional or geographic sepa­
ration of wheat production by market classes. It is tqerefore absolutely 
necessary to use the plZ'eliminary tests - both grainan,4I:'elshenke tests 
to identify the different market classes. The pla~t:s. (:t;nes) under 
study as potential soft wheat varieties must have large.soft textured 
kernels and weak ,elastic gluten characterized bY:t:0W:,Pe,lshenke values 
(Le. 30 to 45 minutes like Lerma Rojo 64). The plants that are saved 
for the potential development of hard wheat varieties must by.contrast 
have high Pelsherike values (120 to 180 minutes,li,keS911or~64, or 
INIA 66) plump, hard textured and medium sized kernels that are 
readily distinguishable from the soft wheats. 

Distinguishable kernel types associated with corresp~nding
 
gluten types are absolutely necessary" to avoid mixing between soft
 
and hard wheats in marketing.
 

Occasionally in outstanding crosses, involving. a, SO~t and a hard
 
wheat parent plants in the F endosperm generation wfth intermediate
3
Pelshenke values (i.e. 70 to 100 minutes) are kept. Such plants are
 
ge:nerally heterozygous, ,for.both .gr~i:n type,8JJ,cl glutell type • They
 
will segregalt~ in the next, g~nera'1:ion :i.nt9, hoth soft ap.d hard
 . . . 

wheat tYPes,,' 

The secondary screening test which is considered by us to be of
 
a greatest value for identifying outstandingly promising soft and
 
hard wheats is the Alveogram test. The Alveogram "W value" is a
 
general measure of gluten strength. Wheats with Wvalues above 400
 
are considered strong wheats, whereas wheats with less than 250 are
 
considered soft wheats.
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'Table ;,:#1. ' Quali:t:yTests'£Biirployed atici!.prop~rdes'S1!udi-ed£jliy;'Me'x:tcan 
Wheat Program in Different Endosperm GeneraUtins' ,;;,"!' t':';,:".', 

",<." . 

'" .. ;0".': . 

..'~ u 

j: i 

",' t " 

A. "Grafn'.P¥b'P,e'rf:lfes: 'i.'" ;j'J ii', "}' ;;,; 

, , :; 11'.' 'P!tumpness '.. 1:C,,) 'X,';C',· XC< { r :'xJ:)')~X; ..; '" ;', 
. :' "2~':SizeT.,"; 1 ;,' ,1,:: X'' < 'X,) .':.' ;';;'>':h, ,', '/X"r,,-,,',:xi "-" 

'3': 1iei:ture:" fcC'. t, rx> ~ .,,,;;J;' d';i}{:. Xi"" 
" , -"~" 4i~; ColO'r"·; , ;,:,,';;,'''X'';; ,X; ,. ," 'n:::X"'T'uX' :c. ""i.!'" 

5. Vitreousness X X	 X X ", ',.J" 
6. Test Weight X X X X 

',;1.~';Pre""tEd.n ',':'; "-; :;;~. n;, ')'.::'.C ~rx·' .;" X X 
.. ,~ , . 

B;/'Ch~fu1(ei-l alia, ,j
 

Physical
 
Properties.. .
 

, ' ; N 

l ", ­. '.	 ,,~. ,. :;1. L '~Pelshefike': (wheatL:::"V"'" ,','
 

1",tneaFfermeIl'tat!ofi) (:' ·i.:
 

,: ;.: test') .. , ";' ,X::, i.:: X>·, ". ;,
,j" 

... .' ~ \ .. ' ';2~:)'loUrrpr6te:tn:d':;"'" ;:~:,.J y .. 

",;,~.".;~:~~~r1m,:,~;;.. :'.;:, ,~.:;:~':"\~;x,'~,;.,';·'" ' 

'" ayJW"valde.",i 1, '," ", ';""l,i""; " ,X· f ' ,,:,X'." " "', X X 
";;}~'i'i, LOb)' P'/G':VS1i1e::' '- ,; _,,;ff:," :" 'X", "X	 'X' X 

X X/; /. r:"'::,~:< ~:~iI~a;tf~n",;:,':.},',,',,;,'"l'=' ,;;,~" (~ .' ~'<,' ",n':~ ;.~ ::" ,i"i.,, .. " X' X 
'.~' ~.' .::' '.:' _:~,- ---':,; ....)',;:: !;::",:. "","', Y:'.;:"i 1-... ,', (, ~ ! 

:" '.	 I 

c	 Milling &Baking
 
Performance Test
 
1p 'iM11t£ri~;' -, j..i 

X"Pfbper.tfes·' 
", "-". 

" ,~	 ". ~ .2. Water 
Absorption X X 

jy B~ibg" Test i '.' 
l.~'·~ .f:.<".J:JJ-, 

'X	 X 
'C' 

, . ." 
-.j \ ;.: '.. ; ,; " :. I <~_. ) :';~); •.' j ,.~ '., ... ~ _ : , ,', :' 

!/T~sts 'performed" wlteilevei-i li'lfe! ·is~):r:fts't.Y:CutF(in'bulk;':1u'mos:tc :c:ases 
this, ris 'iil 'the.: '6: 'ettdospermJ)geiiedit1oh:-'!! HoWever,"3lhoutstahding 
lines, after best plants have been selected individual1y~rdw'is 

cut in F4 ~ndosperm ge~erat~on. 
, •. ~ ": ,:;~ <Of! ;·;:'~·'.-'i··'~~::'::.~;: ~',i j;r)'.:T;;' :~': ~:. ~.:. ;.;. ',_ ',";;.:',:':~"'"'~ .~-:' 

• ~1 , .~: ;" • ", (	 ." j .f:::~ '",.- .: "." 

f '-"," 

X 
X 

~x 

'\ .:" "::<"'X.':-:'> , • 

!; r, 

;'c''::lC 'i' ",,;::X 

cL:Jt"i ;' ;'X':' " 
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TheAlv~ogram "PiG value" is the ratio between measured Clough tenacity 
(p) and; 'extensibility..(G) 0 The PIG andW values can be us;ec:1 as a guide 
to selectirtgwheats with ,'well balanc~c:1 g.~uten strength aridi:!xtensibility 
in both.so£t_,and ,hard wheats. 'Wheats: either sof t or>hard - which pos­
sess good balance wil1h(iv~ P Ie;; va~uesapproximating 1/100 ,.<;Jf the W 
value.' .Wheats. with ~IG valuesJ'ligher than 1/100 are' "bucky". 

The PIG and WAlveog:i:'alllvalu.e$;;~suppl~mentedby mixogra~tscores and
 
sedimenta:tlon values' determine ~hichlin~s are worthy of evaluation
 
in the standard milling and baking performance tests.
 

The correlations betw~~n various tests - both' prelimi~ary and secon­

dary screening tests and milling and baking qual;l.ty tests, -' together
 
with the multiple regression of loaf volume (with bromate)' ~8n 4 inde­

pendent variables for.a group of 25 w4eats varying from weak to strong
 
gluten are shown in Table fI2 ~. .
 

The data show that the Pelshenke value, which:is the meaSure of
 
gluten strength uSed·in the preliminary screening test, is highly
 
correlated with the Alveograms "w value", which is the prinCipal sec­

ondary screening .~est used for judging gluten quality. It':l.s also
 
highly associated with mixin~ time, sedimentation, mixograni:and pro­

tein. The Alveogram;W value' is in: tUrn highly correlated' wi'th loaf
 
volume (non-bromated). The correlation (relationship)'between
 
Pelshenke value and loaf volume as used in the Mexican program is
 
therefore an indirect one via the Alveogram W value. .
 

It is evident from the data in Table #2 that the sedimentation
 
value is bO.th dir~ctly and highly correlated with loaf voluke. There­

fore it could' also .be used successfully as a preiiminary screening
 
test. We, howeve.:r,'prefer to 'use' the Pelshenke t~st :'as the prelim­

.inary screening test since it both lends itself better to:.stfiall grain 
samples and permi ts .t:he analysis of from 3 to 4 times more' samples 
that can ,be~valuatec:1in;)a'givenpcH-iodof time with the ~;edimentation 
test. 

The multip~e regression involving loaf volume with brOmate and the
 
four iridepertdertt :Variables·indicated in Table fI2accdunts'f~r 18.1%
 , -" " . ~ .- .., .,... , . .. \ ,., 

'of the variability for loaf volume. That "is by combfningonly 
'alveograph (both PIG and W) with mixogram and wate~r a;bsorption, we 
. can predict .1,oaf volume on the, ~asiso,f the, preliminary tes~s. 

,.. ~ 

After five years of employing the aforementioned preliminary and
 
secondary screening tests for quality we are convinced that;these
 
tests greatly increase the efficiency of our breeding progr~~. They
 
alone. are not used for selecting the lines that will be r~leased as
 
commercial varieties. Standard milling and baking tests are used
 
to make this ,final choice.
 

In the light of these data and results why are preliminary and
 
secondary scre~iling t~sts not employed by most plantbreede~s, and
 
cereal chemists?
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pIG, mi~rb .~ '.' . ,.. ·.;'.5~~*·: ;:i;0}.:) .'.~5CiJ ; •.43*' L .~ .29:: .. \-.45"' ..,6~*~~:5a*~ .:- 'c' ·-:·l.:06e.2:,.i:; :6.b.t*~ 
W mic1"i,;: i ~~' :~ 16:: .::~,6'()*:ir :2Z· 1 '69**'~' 59**':' J~4**'" :'68*W ..' ::..:.2)'·6622'··..:;8 ~!l:B1)** , ::' '~;. ,~ ~~:. ~~' i.'~:. :.',' ~~. :::~ .~:. ;,: t.,.... i.c~ .. ~<,;, ':;~ •..• :_ •.- ~"'.' .',. t-~ e:,::: :;.:,:" ";:i' :~" ',. '~'~ ;~:'f; ;.~ 1."~" ~~~. :,~~ ~': ~::~ _:~.~' ~',;.~ >..,~ (')" ,.:' :',~j.., 

Mixo$:r~ ~~. ;,: ::;,,::0 " • ~;;- ::;:' :~,2? :,1, .::1-9.·~ ..• '82~*".. •64~*: :::i .?:1~*:. , .: '-::" :~ ;j,' .. (n~t ;s~gI!:i~:tcant) 
' "t .... i' . . ,.' 10 ' ._'t:.~.* ,~'" '15"'* 56*'*" -.. ',"" ''', "'.. ( "t" i' ·'i.c:;:-r )Sedi~l!,!t on" ,::,":,' ~:" ,:~3r...J;' o:d+'-:, ,:.i~ ? ;:~'<'" .~, ;' .;:~;. '," ~:: :" . :!. ne,; ;:~?~'" ~cant 

\i,. ""k' .... 02" 2~'" 15' z6fl" " , ... , 1"1: (. .. i' . .zfi . )e s&,&~Llf#:: ._,. ,,'. ...~..i~ ,'.' 'C ," ::; • U ,':, 6 <: . ";,' ,... ..: ".J.,.. n'?t .s ,gnL ,; qlntP 1 
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t- ~ ~.:.. ;..c.:. .< w. •."'\ t,,; 

* = Significant at the 5% level
 
** = Significant at the 1% level
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,DOES, ,THE ;LACK 'OF· KNOm-EDGE OF GENOTYPE-ENVIRONMENTAL
 
,',RELATIONSHIP HINDER ,WF1EAT 'IMPROVm·1ENT? .
 

(Abstract) 

K. B. Porter 
" Jc 

, , 

This 1s 'asimp'le 'ques tion witha' complextmsw-er.. We ri1ighf ~nswer 
it with a' simple yes or: no, :b·ut'the.answerl:l.-e~ in just'what;'do we 
know aboutgenotype-etiv:f.ronment' relationships'?' 1 suspect w-e know" 
moreahout'genotype' than'we know:,aoout' enviro~ment and. m6re about' 
each as 'separat~' idemHties than"their ·'relatIonship. "Our" faiiu~e' 
to adequately define" snd our iriability to plaee precISE/limits on 
environments adds to the complexity. , ,.We all are concerned with en­
vironments within. an' environment:. Drylandand'irrig'at:l.orlptoduction 
in a singl(!area represent two distinct env:tiqn:inents'w:ith~n an:envi­
ronment •while we all' arefaitiiiat 'with yeartoyear'envirdIlmental " 
variation at a given location. Not only are we unable' t:6 predict 
our local environment more than a short span of days in the future, 
we can't be too sure of changes in the Earth's climate. Just re­
cently meterologists reported that, since 1950, the average tempera­
ture of the earth has declined to the cold level of 1900 and forecast 
shorter summers because of air-pollution. On the other hand, weather 
control research may eventually permit us "to do something about the 
weather". Environments are not constant. Temperatures, humidity, 
light intensity, wind, rainfall, length of growing season and other 
climatic factors are variable, uncontrollable and not precisely pre­
dictable. However, soil type, soil fertility and with irrigation 
even soil moisture to a degree are stable, controllable, and pre­
dictable. Rate, date and plant spacing, and other cultural 
practices which could be included as integral parts of environment, 
may alter genotypic responses. 

What kind of a wheat plant do we want? Isn't it one or many geno­
types, sufficiently flexible to make a maximum response to favorable 
uncontrollable components of environment, insensitive to unfavorab~e 

components but with sufficient genotypic or phenotypic specialization 
to make maximum response to controlled high level production factors? 
Can we breed wheats with both general and specific adaptation? Pawnee, 
Scout, and spring wheats from Mexico suggest we can, within limits, 
do this. But must we rely on the empirical evaluation of genotypes 
over a wide range of environments or do we have enough knowledge to 
use more sophisticated methods? If so I should be able to answer 
such questions as: 

1.	 Can we develop winter wheats for August seeding and grazing 
and maintain the grain potential of genotypes specifically 
adapted to October seeding and grain production? 

2.	 Can we develop winter wheats sufficiently hardy for the 
extreme winters that have a maximum potential in years when 
survival is of no concern? 
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3. C~~e:;,~~l,eCb·~o,rir~~:~~t~anc.~:'·qa:der::heaVY:'lhist:'tn£eetiionand 
mainta1~ ..:y~~,±.q, (pp;t~ t;:tCi~,:i;l.1)Ci:t;h'e,l:'ab's.eneEf'iOf.ir.us tor do we fail 
to see the wheats because of all the rust spores? 

[ : :.", 0.";: ~J \?: ~.! /,:"'j
4. What is the relattonship between photo-period insensitivity, 

growth habit, winter hardiness and temperature response? 
•."" :'; ',.: • 1.'~' ~.,t 

There are a lot of quest1~ns'we ~ould ask ourselves! 

.... . •• VaYt:lqy~es c~~br9r"\~h~:) P9 ~:~n, t,~a,h fl,~~~;.w.~~?t;)p~~Jli1: g\Jit.c~e(:.~.eJ;l. First 
h~ ,~~l~,t,1~.'~Jl;lPU:$J1 '!:9rfit·/.tPz:r~~n~~.~ljl~ppe,a~s:r~O;,,9~c~; ~;~~e.;w:i~b" vCi,J;"letles 
w~1:ch ~~ej :re.1.]1J?~ra:F1 V't;rl ~J?fTC7f~!,~~d:';t 9,~~f~~;~:Le,~~,t..! ~p')~at)Y·., ~~o,~@g:Lcal 
type.~ .. theJ;'e' ~~h o~~~,fr~d,:'~;,:b1$b(; ~g~~~~ ..o~".feF:Cl~9g~,~~ljl?J,~s~*~·1:Y. ,>~d 
s~,c9~~rl¥ t.; ;.',Ifor· .th~b ~~~.~" 1.tpp~?~n~meH~f;9 f"'~~~~~irg;,a~:i.f1JI;le'.r g~~@.b7e"l:l ~g­
n;lJiS~9~J r~~t~·.!IJ. t.9~'p;1~u,mec;lJ USEhR~ '~9~ 'rR~l,trJ~¥~,rs!,~y".C?~, w~e.a~ • 
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DOES OUR LACK OF KNOtVLEDGE ON GENOTYPE-ENVIRONMENT 
RELATIONS HINDER WHEAT IMPROVE~..ENT? 

(AbS!:tract) 

I. M. Atkins 

I would, simply like to raise thepc>int' ~d ask 't~~ .. quest:Lori~ Are 
we growing t1).e bes,t type of wh~atplant f9r ourenyironmentl Could 
a more effi~ient type of plant be 'found qr,developedf' I do- not know 
the a~sW'ers but will cite ~ few. examples wherechang~shave brought
better yieids. . . '. .. ..' 

Carleton ,when he introduced the durum' wheats, was. S~lre . t1).at they 
would find a place in Kansas - but they did not. Kansas grew'spring 
wheats, durum wheats, soft~heatsandallwer~,unspti.~factqry.. Even 
though Kansas is now the number one wheat state, as late as 1889 a 
bulletin was published by the Kansas Experiment Station on "Arguments 
for and against growing wheat in Kansas". 

The introduction of the hard red winter wheats into Kansas by 
Mennonite settlers solved the immediate problem in Kansas and in the 
Southwest and established wheat as a successful crop. Today we 
essentially are growing the same type of plant that was introduced 
in the 1870's. Could this be improved in some way to make it even 
more successful, at least for specific areas? 

Orville Vogel led the way for most of us, and has been more suc­
cessful than most of us, in thinking of a different type of plant 
for the commercial wheat crop. This new type of plant has now also 
been unusually successful in Mexico and from there to other near­
tropical areas. 

A very striking example can be cited in rice. Texas grows more 
rice acreage than any state, yet light conditions along the Texas 
Coast are much poorer than in California and Arkansas. For many 
years average yields in Texas were the poorest in the United States. 
With horse drawn machinery, rice average yields in 1920 were only 
1,530 pounds per acre. With mechanization and increased fertilizers 
the yield had risen to 2,400 pounds in 1950. A team effort of re­
search people at our Rice Research Center at Beaumont from 1950 
to 1967 have laid the groundwork, extension people have carried the 
word; and an educated, high type of farmer has brought average 
yields to 2,400 in 1960, to 4,000 in 1965 and in the past year to 
5,004 pounds per acre. Texas yields in 1967 were 27% over 1966 
and greater than those of Japan and other intensively cultivated 
areas. 
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How has this been brought'abtiut? A steady stream of improved 
varieties which have solved many of the hazards of production; 
plus the most efficient fertilization~ weed control~ insecticides, 
fungicides, cultural methtias,:t"e tc: 'Plant breeders produced first 
improved standard varieties. The rice plant approaches a perennial 
ill~~bit.J}YBrod,ucingy~ry ~arly.varieti~~~ pfant breeder~ now 
llav~ "aaapt~fr'tYpe~;"that:': tan, be'ha~ves t~d in 'JuIY,. f~obaed •and, 
fert:l.1:f¢ed- {u\<r:a-(~ecOridctop"(har\TestJ:tn'-'Octo6erj ,They"'are"now" 
changing thep~1nt~typ~"t9ilbne"ikeW'eretttia.l:rowLle'aves'·whicH ," 
do not' Shad~F'eacht,i6ther;:and((:'tli~rE!rC)re inore effideiidY:;utilize':, 
the sunlight. They are also "taking apart the leav~s",(so·t6;speak 

,to.,find which color of leaf is more efficient in manufacturing 
,p'i~l1~~,:f~b~;~',~~ /8iiC'.;>"· :,'.:'!',~, '" ':,Y:t,-,' ; :r'j",' ,f;',.,"" 
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DOES OUR	 LACK OF KNOWLEDGE ON GENOTYPE-ENVIRONMENTAL
 
RELATIONS HINDER WHEAT IMPROVEMENT?
 

Charles F. Krull and Norman E.Borlaug 

As ,many know, our group does'nothave much respect for variety X 
location" interactions. ,Such interactions do exist and can be measured, 

, but we feel that varieties can also be developed' that are consistent 
in their performance. 

Such an opinion is not based ona few academic studies', but on
 
experience frommov:Lng large numbers ofbree'ding lines between'
 
countries as well' as from results of theinte'mational spring wheat
 
yield, trials. ' There are now data from '10 sets of international yield
 
tria.l:s. Of these, 4 ,trials were carried out: in the Americas' and 3
 
in the Near East. More recently these were combined into a world­

wide test of which some data are available fotthree consecutive
 
years. These trials combined represent over 150 yield tests in both
 
hemispheres ranging from 350S to 6loN., long day and short day con­

ditions, fertilized and unfertilized and irrigated as well as dryland
 
conditions. This undoubtedly represents the largest systematic yield
 
testing of genotypes that has been attempted in any crop.
 

Varieties have been found that tend to do well throughout the 
spring wheat regions of the world. Sites in which they do not per­
form well can usually be explained on the basis of disease suscep­
tibility rather than lack of adaptation. Pitic 62 has been the 
outstanding example of such varieties, but several other Mexican 
dwarfs show the same pattem. Pitic 62 not only has had the highest 
yield average over many sites and years, but is also among the highest 
yielders at the majority of sites. The consistent high yields of 
these varieties is further substantiated by the fact that between 
12 and 13 million acres of them are being grown on the other side of 
the world from where they were bred. 

Thatcher, Selkirk and other U.S. - Canadian wheats have also been 
consistent in their yield - they are almost invariably the lowest 
yielders. Such performance might be expected under short day, 
irrigated conditions, but these yields have generally been dis­
appointing in even those areas where these varieties are of commer­
cial importance. 

It is becoming increasingly clear that varieties that have been 
bred for optimum conditions - particularly as regards fertilizer 
use - also tend to be superior under sub-optimum conditions.' That 
is, varieties that do well with heavy fertilization tend to do at 
least as well as other varieties without fertilizers. Such perfor­
mance is not unique to the group of spring wheats included in the 
intemational yield trials, but seems to be a widespread and often 
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misunderstood plant breeding principle that applies to many crops. 
Examples in oth.~t rC11.0pS w;ould.:be:·thtLnew dwaI'firice varieties and 
new high yielding sorghum hybrids that are vastly superior with 
heavy fertilization and also yield as well as older types without 
ferti.li.~er~.~. rE;ven i'nrCorn: impr.Q;vementwhex:e ~,var:f,et~ X"locat:1on inter­

. 8;ct.ions ..l1av~ t!ecei;wed; s.Ol!)uc1l,att,entiQ1l, new qiroli:fdlc;hybrids: tihat 
. ;wer~.br~d, fO,r dens~,i:pp,p(11ati(j)ns: atldintens~ve .management arepr.oving 

to be superior under a wide range of conditions,;;,:r,,',., ," 

,In s11.1Il1lIaty, proa41~ ~d~p1;:e4!;,.b;l.gh::""Vi;eldirtg (vade,ties can~;' and 
h~yebeen -prp,duceq' :l;n,J~he:at ':::1 ,The,icoJ,l.Si$tently·h:Lgb·~performance) 

.,over:a.l>,ro.a4ar~a,·;i.n,e.r~~~$ ;;the,usefq1ne,9s. of:' varieties' and .facili ­
'; tates. the::e~,,*811ge,pf: g~;~.,l,asm_ 'b~tw;een '.c.rpp .. breeders:.,-. r·lt ..also! 

indi~aJ:~s.~at';gr:-e-ate:r:. e,tt;lc~ency,.w:11.l,;:iP~; achieved:-with s,trongc
., 

.... ,cooperative ;reg:l.on~ ,,an,cf, iJlte~at;L().na1j:programs 'in' ,eont1:~ast" to:; 
lo~al" .~p.coor:4in~ted eftorts,.. .... - , '.' . 
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. :.: .-~ ", i ," ~. :' . .: ... ,. !..~. ; ::: ' ..... :. 

THE USE OF REGRESSIONiANALYSES) TO MEASURE GENERAL 
ADAPTATION IN WHEAT 

(Abs traCt) 

o'T ,. ::.i~~ ~·.Ji' ..'\":;. -J .~'._ ..:;-"J'..\.' ;;'f \. ' . 

.' . . '" :.: " _ ,': •. '.'_- 'i-~ 1). "'.;1":" '. ~., ,:.,r. ~"{l ~ .. :- .... ;'.: . ',.' .~' :1 : ::. ",>.J;.~' r,,:,", ·}i:~·.~ 7' , ":: 

'. ,,' ,: "Th~ '~~Jje'r'~f.,ada,p,~.4tt:~~ ?t' "t;wej~{ ~~r4 .~e:4 :,wfn~·Etr ,,~h,~,a t:.~ari.~,ties 
" gt:()WU tq "tCag:f;C1n'aI'p'eff()1'IIJ@'~~,nt.p:;~~t:i.~S:!ilB.$,.~tll4;1ecl py "~egress,ion anal­

.. ~ ,.- •.,-.: . ,':' ':;':'" ~'. l :t',::-.-; t",,: ·;'_l~~;'. t.l~.... >•• ~;"·."'~.:uJf,.,'·f ... , ...•~ ... "',,' .t ..... 

: y,se~ ~." 'th~yields' of iridlvldual ::'rarie,ties ,JIJ., reISr·tio:l1 tp. ,nl1~s.eJ:Y mean 
••.• \ ~ I : '.I?·' >"'-:~'"'' ·•••... 1)· :~l' - (:; ,,, ••,~; •....• \-,'} T"'';: •.... ,"'L'",'! ,:.',', .. t.!· /., .. ...;_ ...... ,. ~ 

. ':y:reld waS ~\l'tl1ized"£QtcoJllP'q.:t:.a~!pn ,or .line.a·~:,regressipn ,cQef.fi~ients 
, ·i·,~ : ·: .• _·'.,·.r·;·::-~ ~;' •....; ","'.''-':-'';"J:> t'j.'·':' ;..1.,j" .••.•. , , -.' t. ~/' , ~. 

t:ollo~ing th'e' ~cheme, ·repor~e4. Qy".. F;f.!J~.aY~4,Wilk;1nsolti;f:n,19:p~.1! .The
 
, 'regres'siC)~~ .i·p~bnitted"~okp4i:J;sQJis:Q(.predj;c~~((.v~r;J.e~:ai, :peitopnance
 

over"a: :;rat1ge~ ot' ;e~ytrortm~nts::~St;i~ls~j,'cal'analys~'s' of'th.irty:years
 
.' • .: -< :' i , .. ', ,., . .. ~, ":., • ! : . } I; t•• ! ; . _J • ,: ~.' 1 " " -.: • ,J.; ;.j .' .' . ;." • f ~ • ': ,,' '.. . . • 

)t:,lr~?i()~~!aat}!'P!:~ri~; m~F~Q~.~~:~yU~FJJ;(:~d :~n the s~~~y,. , J~<. 
~, :' ,-\ '," '~\_" . _." ... ~, " ,,: .. L. c ,,;_ '., ,.. ;,. ;,·,r·,·t~· :,;-1: .:.,,; )., ,;... ~;;' :', t. ""'.':.';.• ,,'''j ~ 

.: .... ~h\~;. i>~rfObri~~~t:.qh:~r:~,~~.~#~S,t~·s~:;p(v~~~~~w.i. i~"tb:~; so~~h~~ re­
gional performance 'nursery indicated that some varieti~~: ,.~J:.e~e~atively 
better yielders in austere environments whereas others make their best 
re~~tiYea, per!~rm,a~c~; tn, pi~p., Xtet~~~:~L:i~;~~p~~pp:~i~El1i~x.ryi;?nments. 
Pa~~e<a~d, ~ar~f:: t~tae~1?Ul}· tllp~P~f}t~ ,~~.f~~stj ~r!?Rl? ,4pd, ~()~SJ)Cfhe 

... ~he seeond~ .,. ~p,mE! .n~~e; rya.rie~i~~ ,Jat,l, ;LJ.l.~9., a.c, tll~:r;d gr()upiJ1g,.; in:.[~hich 
V'atieties .ar~ ~uperi9r':f;p per;Q~.~n~~· Hv~r ,~he.~ntire:.::en~~gnlIlental 
'~aIise~ .This. 'gfo\1P:iqc.lu9~S.·: ~c~ur.~d,P9S.sl,~IY:'Gage J~nciiC~4d.o •• 

::~:, '\ <I.··· .:. " ". '.' <. ~_:_ .'... " -.~ ' •• ~ ..... , •.. ' ..... ~ - ".',,,••.~, • 

,,:' i.~__ ~. ":. ~' .. ,. U':::lt" ... : ',,_'~i ,.• (.:: ~~,- ;y~:,~;:;:; , . '". r;. '~"~ :,.",', .:' ~:-: ..}.
In, riorthern't¢g;~iialt,i~~$-¥ogo,appe.aX'8. ·1;0 b;~ .r~lat~vely .;~upedor 

t9:Che1enIie' and 'Wa.r,tior'whe,n ~lie :'gener~l jdeld.levef)s tess (ih~ 
's'txteeii bushels ';per -act~. ,.• ·':(t:is,r~l.it:iV~iy ~,'poo.re~ than £h~s,~{'varieties 
.in th;e;li:lghe:ry:t~fding ·;~ii~:i.rorime~ts • 'The .:y~r!:iet'y .LaIl~;er .i~$'.'s~perior 
to all other varieties with which it was ·co·mpared wll'en 'the'"ger;~ral 
y!,eld lev.el exceed~d tw.'eI1ty~five1?t,1~be;Ls per ,acr~. , . 

.. ' <;'.·i ._".~.; ' ,"_' ~': '~.'>.,f ~'.. ~.;'" •__ ""_ :..-~. . : - "'.~" ~l
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PERFORMANCE OF TALL AND SEMI-DWARF SPRING AND DURUM WHEATS
 
AT 5 RATES OF NITROGEN FERTILIZATION
 

UNDER DRYLAND ~~ IRRIGATED CONDITIONS
 

Vanrat Sompaew and ,D. G. Wells 
~L. 

Chris was, compared with two, red, seeded semi",:"dwarfs from Mexico 
:;.l';-~, .. - .i,) :~'-.'-, '~~'."',.~'~,:>~ ._~ .. 0 ._L"TC·~ __ ':A:;{!-'·:' .'

and Leeds was compared 'with tWo aurum semi'-CfWarfs at Ot 30 t 60, 90 
and 120// of N per acre at a constant level of 4011 of P per acre on 
d~l~d~n.d: ~l~~, _o~ .,pp~r,,~c~~; r~i~et: oiIT)~98:~f;~,~, J~~)~i~~,Fa,te was 
481lperacrefn'3 row 'plot's' 1i1!fh rows one ",foot ,aparf;,,8:Dd: ~8 ,ieet long.

• : ",', ., ,;on" ;'.,.~.:'~""~"., ••.~ .. "._,~ ")-':·Y(.).>···-!;f~ ').·~;·-:;;;r'r-t"{~}-.r."·~', . 0 !~;'._:-; 'J) '::". >,',,' I,

'Fertili:zer,was'bro'aaC:a'eft ','a~ct: pl)jl(ed. ,tip.~~I':~ .:,the;qr~g}.n~); level
.1', 

of 
, 'ferti:litY, at'!'B~ooki~gs'~~ttMfdr.Yi"akd·;s'i:t~~a~,y'e~~h~$~." 'Fqliage 
"'di~~~S;~s, ';~~~e':~d~~:t~~ied ,w~*~,,~~tif~:t~;~:i-~Thd :,'~f~~~t '~~~S ,~th~~:, 

insectici,de.; 'The' ,traits mea,suI'~d..'W~I'~,,~eeqs_,P~:J;;.p~~d; heads, with 
seed" ,f~i~~li:~i',: :~?"(igtn~k 'p~)t~~~¢'p~?,~~i~"w7~~~t~~f::?,t>9 ~eep~" 
s~ed yield, strawYi;eld'all?' p'I'atlt;h~iglit~.',Sta~as,.()f~,~~.d.li.~gs,were 
determfrtfja. "Sdmds :'Wei-e' irre'gti'ia:rdti~ tb·t~~~r 'gerlninaHdn'ot some 
entries. A late f,rost ,at Brookin.gs,r~dl1cedstandsof,2 of the semi­

, dWarfs~"', St'~hdsiiepr~s~£it~ci' '~e'<ial~~:c~1itg~lib'f' abciiJ,F2ilo' 33 lbs. 
i pe'r a,ere'. i"; , ;" ,'''"",,;',' :lEe,,;; """,;;',':",:.,,"0: r:::,C'""'" "..::",-,::..:,,;,,;,,:;;r; 

,~~,.:~r; """\~'I':" ;~.:.~::,~;,;... ;.::.... ,.... ;',j. 3.,'';!J.. j~~ .. 
. . " . . ".··.,.c"t .,&' _y....• <.-: 'I~r'~.. {-}<;'"'::~f:'t (';"".'.;: .-:tt -)'__. ".:~'~;)'!'."-:': .'~'~ ~1"/.,.· ',' ··..i

':" Thetestat'BtooRings'; s'ee'de~'Apr1-1'4":re'¢e'ived'!i4 ;r~in for. 
60 days so the plAnts:twe~e,$lUiite4'; :fait''&~a'" s~~~d~~r,f$'~ differ~ng 

, <'by' about '6"; 7eh:ds"t'iliered:'more"ihan th~.;~~!U~dwiirf~~'~lJt ,L~~ps
 
didnot'~ i 'jSeeas;iper;:il~a~"!er~'~~:i~~i~t"<f!>;~~;2~):'J~~r," al,l" en~r~es.
 
Penjamo'62;'excell:ed in seed"sJ:ztf:'i"Yields'6f-tne' semi-dwarfs'aIid
 
Chris ,we~e, ~imil8:r~, ~~nJ ~() ~2and,<:QJ..:.;s :,~y~t:?g~d. 29 ~U$~els, per
 
acre. dne'of,the dqrt,im"sstt\!7dwatfs).S'DI,6617 J,iicr,eased,iriiield:
 

'wi!thrates 'of' N,eXce'e(iirtg '!teedsbj io%"at' 120# perac:re 'ofN "due
 
';., : .:.: -.' < ;"'r'~ ',' ~""'f"/ "t'~ ~ "~; __ ',t't '/:-:~'.:'. '.:, ','" _.. 1.;~,~.:;,'.~.l :."..: '., .. ,:" 

", 'to' more' heads be~r~t;i~,scfed,~' 'T~e s:~f~~Atfsll7e~e'lqwe:~, ,;np,ro~~in
iliantne tall: 'varieties~:' \, , " ",\" "." .." f,;:> ,.,., <J" '.....,' , 

. <I"" f·;'>ti :'-,L.:,: i" .',.-f.·· .. 'wl.-· .. ~ ...! .~. 

''J:h~ test at Red£ield;, ;~eed~~f MaY ;8';~ ~al'i~dga:teQ tWic~ iriJuly. 
The semi-dwarfs were 12" to 15" shorter than the tall checks. No 
serious lodging occurred. Seeds per head across N rates ranged 
from 28 to 35. Penjamo 62 averaged 28% more grain yield over all 
N rates because of having larger seeds and more seeds per head than 
Chris while having fewer heads with seed. Mean squares for grain 
yield for varieties and varieties x rates were not significant for 
the durums while the rates mean square was significant. However, 
at the 120# rate of nitrogen, the semi-dwarf SDI66l7, (Y+54-Nl04 
xLD357)TC2' outyielded Leeds 71 to 58 bushels per acre due to more 
heads and more seeds per head. The durums averaged less yield than 
Leeds over all rates of N. Protein levels, increasing with N rates, 
were 1 to 2% lower for the red seeded semi-dwarfs than Chris but 
were similar for the 3 durums. 
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PROTEIN IN I'JHEAT - WHO WANTS IT? 

Louis P. Rei tz 

The major cereals provide:ov-er40 million tons of protein, annually 
to human'beings.' Wheat contributes' one-fifth of'the total world 
supply of protein or nearly 'as much as all animal products combined. 

In many countries wheat constitutes 70% or more ,of the die,t and
 
the protein balance is not maintained. This is especially critical
 
fo,rYoung children.," Arty increase in the amount of total, protein
 
or of theuio'st limiting essential amino acids (lysine ,an(j-theonine)
 

,would be an automatic means for improvement of, cere'al·;:diets. While 
the estimated cost forchemica£supplementation is 10~ (24 to 93¢ 

,per year per child ' for lysine), it is obvious that it .wouldbe more 
.desirable and more effective. todirec.tnatureto make the change 
than 'for man to do it. 

About one billion people in the world have a'diet high in content 
of high quality protein•. Do these people represent a market for high 
protein wheat? The answer is far from clear. However, we can look 
at the U.S. position in two ways although neither is free from com­
poundirigeffects: a) the range in protein desired, for' various wheat 
products, and 6) the protein premiums paid in the. marketplace. 

Soft wheats with more protein would meet trade opposition. This 
is especially true in the eastern states. Where heavy fertilization 
has contributed to higher levels of protein and where the Atlas wheats 
have been grown the trade has objected strenuously. In fact, lower 
protein has been requested and sought at premium prices. Soft 
wheats occupy about 20% of the U.S. acreage. 

Hard red spring and durum wheats are grown on 20% of the U.S.
 
acreage and provide some of our highest protein grain. The hard
 
red winter and hard white wheats, .grown on 60% of our acreage, are,
 
in general, marginal in protein for desired processing.
 

From 1949 to 1966 the average protein in Kansas wheat was just
 
over 12%. The highest year showed an average of 14.1% (1956) and
 
the lowest was 10.7% (1961). In North Dakota, the average is about
 
2 1/2% higher.
 

During the last three crop years the premium schedule for govern­

ment loan rates has been 3¢ per bushel for each percent of protein
 
above 12 with a maximum of l8¢ premium per busheL This is backed
 
up by open market bidding although the actual premium varies greatly
 
from time to time. In Minneapolis the average premium each year
 
from 1960 to 1965 ranged from 6to l7¢ per bushel for 15% protein
 
DNSover the base price. Montana spring wheat of 14% protein showed
 
a premium every year during a 22-year period at Great Falls; 16%
 
protein wheat had a premium ranging in amount from 1/20 to 1/2
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the base price.-At~ Ka:risas.City.~.No.l'Hard'of' 13% protein was 17, 
4 and 5¢ above the base price during a' month in the f all of 1965, 
1966 and 1967. 

. ~ - '. :.'.. 

There are many inconsistencies in price premiums 0 Local millers 
may have too much protein in the wheat' most readily available to 

',them andwilipayno Premium 'at"iall:..·>;Lhave:heardo;£ 'caseS where 
lowprotein~wheat for' ·bJ7ead"flou'r was' giv.en the-higher ,local price. 
Many buYers ,'es.peciaJJly .foreign b.tiy~'rs, :speci:fy','ordinary"protein 
and hope for the best. They complain nevertheless when the grain 

.. ',i.s'below their:'idea of what,they; ~r-ea11y; need'. . 
• , ",.> \ • '.1' ~. i' ,;.!~;' ,;:!!:'t!,jj: ,I.;~. ..:ilr i'.;- . ,. . (. .... 

,..H1s~to:ri'Caily:" .', economically", and, ·for' :best.nutr1t1on,a ,posit:ive
 
': 'app'l"oach cto'-the..' pro'tein 'problenLseeDlS.' e:p-tirely: valid.', : The. only
 

, " .....	 exc,epefon'is for: specialty'>goods,wherelow:_protein ;18 .required for 
the 'produetionof~.a'Ceeptablepr'odu¢ts;'by,·p;resentte'Chn'Oiogy. '. ' If 
more' 'effident1production.. isoto, 'be' 'achieve'd,:a dnore"e,ffec~ive:mechanism 
for converting nitrogen :fertilizer",and soil ,nutrients'<into grain is 
needed. . There is a great challenge and a ,:real',Qpportunity:. to: 

1 ,':'Breed;, wheats, ;withhigher 'piro·tein.and, ,good! yield. '.
 
2,""Breed:'wheat:s: wi;tl1.improved .-amino.:acid:<rat:io'S;rbut,,
 

" 'preserVe wheat"s ,unique'- 'gluten'...;: .I " " i i 
3 ... :Bree'd "whe-at's r wit:hmoi-e :e££icient-,photometapolism oJ 

4 -:-i Devise,managelI1ent ,system'S/to, increase .the" -efficiency: 
,of 'l1itr():gen use.", ..,. ;,'.,f; 

S - Protect plants fram nutrient-robbing effects of
 
", ·m:ierobesand;dt,seaSes·~ :C:' .: ';,;""
 

.c' + .. "
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YIELD AND PROTEIN CONTENT 

(Abstract) 

R. J. Baker 

It' is generally conceded that' there is a negative ;relati()nship 
between yield and protein content in wheat. Existing inform~tion 
would indicate that, while part of this negative relationshipfs 
due to the nature of the wheat plant, part is due to the repulsion 
linkage of genes for high protein with those for high yield., In 
fact, 'a negative genetic correlation should be expected when a high 
yielding variety is crossed with a high protein variety in hopes of 
proqucing a' line which' is high in both. ' 

Computer simulation of a ten locus model in which nine additive 
genes were' controlling yield and one additive g~ne was ~ontrolling 
protein showed that, even with linkage intensities of 30perceht 
between loci, substantial improvement of both traits is unlikely. 
It is suggested that more effort on breaking up linkage blocks and 
concentrating on the gradual imprOvement of both protein and yield 
would help Overcome the problems posed repulsion linkages. 

;;; " 
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RELATIONSHIPS BETWEEN GRAIN NITROGEN AND PLANT DEVELOPMENT 

(Abstract) 

, F. ,H.· .McNeal 
l.! ;, ~ '.'.2.. \:' 

".. , ,.. _r i. .~ 

We have sampled various 'plaiit" parts of several spring wheat 
varieties for nitrogen content over a 2-year period. As maturity 
approaches the ni trogen in ,$;tems, leaves, and head chaff de creases, 
indicating translocation to'th'e 'developing kernels. Percentages 
of total nitrogen in top growth that is ,translocated to kernels 

, hasvaried.f~QD1,a ~olo!, ~p~~~.3% ,~p., C~l., )36,36 ,1:lo,a,J~~g1),;of~c76.6% 
in Tha:tcheI<',Th.e iea~, 1Q,cad'Q,n-aIi'~' vax;i"~;t;y; .~~~m. 1:'<>:, inf1ue~ce' 

I' ., '. ,1 , • ' ., ~'.~; ... './ \ •...1. ~'". ~••._. ..il· •. _ ~.' • - • 

tran~location.. ,,'; .. ,'; .. ~. ""'(~:j 'j;,,::' ;",. 

tn 1966we,ob~~iIl~d,r.~a.i4~,~~t',an,:ii~;ri~aied"an4'a)dry1and 
tocation ,of O.'89'and" O~'92 ,re'spec:d.v'EdY, "':f()igraiIl iiitrogen'content 
va •. 'the.,' tpJ~:'§eig~t,:~'(\~p~' \T~p':l~; Ij'.:y~:~ai~09.9;tfl~ped r :;;alues 
of' o. 88' aiid"O"93betwe'ei1gra~,Jln~t,+qgen. perc~,l.1t ,aI;lP: the ;g~aiJ;l,to 
straw ratio. . "., '., ..,.. '.," . ,.,", , 

: ',' • i .. ~ '~;eg'~~:~~i,(),~' e~'~#:if:~iii" ~',~ .,:~k~i~l'~~\~ ~9; ~~~~ ;' ~'Q;: ~;·~dict;~t:~e
 
g:r~iJ;1".t:~~t;rog~~ 'c~~t~~~t8r; 7 Y~ri.~~i~~, ,tltH~i~s~. ~ p:'\T~;Lue gf .
 
O~ 91 was ~1? tafn~4 .by; .. (:or~e1~~~Jl~, tb~d?red~ 9t~d'j vs.1uet;l: Witp, those
 
actually ~~.tEiined.:'i~.:, :,': •. . "<' '. ,. ,
 

i'he'arltgt.Wt o~' to{:gib¥t.b:J~ .. ~~e,ol,t&~k~Ys"to:'Ilitr<?gei1.: ~o~tent. 
A large" amoiint:' of 'tdp'g'rawth'wfth"-a' smaJ1grain yield will usually 
result in grain with a high nitrogen content, assuming nitrogen 
availability. On the other hand, a grain yield that approaches the 
straw yield will usually be lower in nitrogen content. 

Table 1. Correlation coefficients at two Montana locations in 1966. 

Variable Irrigation Dry1and 
r r 

Grain N content with 
total top weight 0.89** 0.92** 

Grain N percent with 
grain to straw ratio 0.88** 0.93** 

** Significant at P = .01. 
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CAN 10m BRE.ED HIGHER PROTEIN IN WHEAT? 

(Abstract) 

v. A. Johnson,P. J. Mattern, and·J. W. Schmi~t 

Cooperative research by the Agricultural Research Service and
 
the Nebraska Agricultural Experiment Station has demonstrated the
 
feasibility of breeding higher protein hard winter wheat. We have
 
utilized Atlas 66 as a high protein source in crosses with hard wheats
 
from which a number of experimental lines have been selected that
 
possess 2-4 percent more protein in their grain than hard winter wheat
 
varieties. These protein increases could be achieved without re­

ductionin grain yield.
 

Our high protein selections possess several, but not all, of
 
the specific quality and agronomic traits necessary in commercial
 
varieties. We .believe that high protein is compatible with acceptable
 
milling and baking quality and that commercially acceptable high pro­

ein hard winter varieties can and will be developed.
 

The high protein trait from Atlas 66 is closely assoclated with
 
adult leaf rust resistance. With few exceptions, high protein selec­

tions from Atlas 66 crosseswithComancheandW1chita also possessed
 
the leaf rust resistance of the Atlas 66 parent. Other investigators
 
have made similar observations.
 

We have been unable to demonstrat.athat 'differential nitrogen 
uptake by the plant is involved in high grain protein~· Significant 
differences in the plant nitrogen content of varieties have· been 
demonstrated but in no case were such differences related to the 
protein of the grain'. We conclude that high grain protein in the 
Atlas 66 derived lines results mainly from more efficient and more 
complete translocation of nitrogen from the plant to its grain during 
kernel development. The superiority in grain nitrogen content of the 
Atlas 66-derived lines could be measured from the early stages of 
kernel development. 

We have been able to reduce significantly the protein content 
of the grain of varieties by removal of all leaf blades at heading 
time. The protein content of the high protein lines was more sharply 
reduced than the lower proteiti. varieties by leaf removal. This 
suggests a possible phynologic contribution of the leaf rust resistance 
of Atlas 66 in addition to the probable genetic linkage with a high 
protein gene. 

Amino acid analyses of the grain from high protein Atlas 66 x 
Comanche lines revealed substantial differences in the level of lysine, 
methionine, and threonine. Some lines possessed as much or more lysine 
and methionine than Comanche; others were lower in these two amino 
acids. Threonine was more frequently deficient in the lines than lysine 
or methionine. It does not appear that the high protein trait need 
be associated with a less favorable balance of essential amino acids. 
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GENETIC AND ENVIRONMENTAL CONTROL OF NITRATE REDUCTASE IN 
WHEA'r, AND ITS. INFLUENC,E .ONINCREA~ED ?:ROTEIN PRODUCTION 

(Abstract) 

L'•. L Croy 8Q.d E. L.~ Smith 

::"	 .' 

.In view of ,the •.current .interest :f;n';:world protein production . and 
the ;long-time ,interest in:higher(,wheatrprotein,',we 'bel1e~e it'1s 
important to vigorously study the nitrogen' reduct~oll systeIll.;in'wheat. 
We believe that study of this biochemical system in the plant should 
help us better <. understand, ,and. illcrease'protein 'product~ion'of wheat. 

.	 , • ' i 
!. ~ ,; ;	 . ~. 

'~ :. '., 

; Resea,rchto·;date 'indicate,s lthait ~thereisa:godd cor,rel'adon 
between the·:,NitI:ate.Reductaseacdvity,,: (NR): :and.'pro'tein production 
in wheat. Also ·!ne·reasing:the 'levelof·H:availab1.et ;:to the wheat 
plant is conducive to higher NR levels and higher grain protein•. 
In<:r~:ased :~eIliperature ab.'6vean optimum reduces; ,.NR ac.~fvity and a 
yar:le~Yi interactionc w;.tbtempeJ;ature has:;b.eenobserved.,o" J.trhe :In­

' .•..	 heritBJ1~ of;NR.:in "corn appearsto.be;simp.le". prob.ably controlled 
by two gene ;p.'airs:•. ,. 

We propose to conduct further search to identify wheat geno­
. ,types .hav:~~g,Jligh' NR. levels' and.', highpro;ted.n 1e",e18.;·AJ.sogenetic
 
.,stud:l.,es will ... be ,~onducted:.to de termiile,.:the' inheri'~ance ofNR· in" 
wheat,,,,, We will continue studiesA>n the effect'of tilting·:and levels 
of, n1 trpgell c. fertilber appl1:eation·.on. NR·,andgrain!protein~.' 
,En,;ir6~ent;a1 effe~ts; 'espeCially temperature; an~ moisture' le,;els, 
.wil1be'evaluated-furtherfor:theireffects:"on rNRand· grain protein 
. production. :'; '.' j( '., .. ' . ., '" .' 

",.' .,',. "	 ;' 

. .." 

.. .., 

: :> . 
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INCREASING THE PROTEIN CONTENT OF HARD RED WHEATS 

D. W. Sunderman 

' . . , , ,,: ~ ." . 

. l ',' . ," "., !... " ":" ". '. ,,'.r ,.1". .."": ," ". '. ":" -, .. ,"'" ,I, t:.,;· i:i'., "': ,", ': ,.. . ':"',,·L,.· ~'f "1 
"., 'Developing' wheats .Wi'th inc-re'asedprotein c6i1fent·ha.s·. been,'a., 

'm1ndraitho'~ 'plant bre:eder:s for' many' )"~~rs ~' Thei';1~i~e: p~O:t'~irt' 
-:content ·n~. been raised: slightly ~hiie, the, yleird~' of! va'ri~t1~'so .':. 
.... '. _ .. '.. ,-; "'1' . r " .. ". " ., " ~ .- ". ~ .. ! I" . i ; .,: • ," , ..... I.,': • ... i : .. 
hav'eincreased~·~onsiderably. .,'". -,' ',-. -' • '. - ­< .' ­

. ".', '. ~ r. ' . ..: i ' ..' :.~' :.~ '.'. <:"; '.~ •.i ("~' .l "~:' i ~" .. : :·f
• 

.	 ..... '. ," '-, ;' '., ; -., .':'''>' "~.,' .... ~ j'... ' ..'-. "';- "",- ~ ~' .",. ;" "'1 ~':

Reasons for the small' increase"!n'prot:ein-' 'con:tertt'are as .. ,
 
follows:
 

,	 i ", • . " ; .. < ~ ~ t ::. ~, ~ , r.· 'l ,'.', 
, . L' Tt1e i herltabilley'bf 'pfo':tiH.rttont~ht is ,vertlow~lt~l;lg 

,i;'eiectlon; for "high': pt6d~:1tr'ii\' e~tI~ gerietati~n,s" ra:~g~r,. ' 
unreliable. 

2. Vaiieti~tCwidih:igh pto~e1ii-cprit~nt,~'(A~fasi'66~nd~O) had 
.':manY-urtdes~tkble·~qtialiiy;6hetra¢t:~fi:~d~s';~:~o.me,associated 
withptotein~".mak+ng·~e~e~doi1·;r~ih~r>di~fi<iult.. 

'. ',: '" : ?"-/ - . } ~ ," ' .' .4 

3.	 High ~ro~ein ,~o~~e1J:~ ~~,hf.g9~~,c'?r,r~1~t:e~w~~hlarge loaf 
volume~ "\far1eties"e~h1bitirig'exceptionarly·.largeVolume 
ot6~ri'1iaVe; in'fertor'bre~idgra:rrt ahd,·~'eeittitit~·~rid are dis­
carded, since these charact~ristic;:"i~{:!genij'r~lly considered 
more important than protein count. 

4.	 Protein content is the least important factor considered 
when releasing a new variety. If the variety protein 
content is equal to that of current varieties, it 
is acceptable. 

5.	 Maintaining quality of varieties at the present level, 
while increasing yield, and disease resistance have 
been the primary objectives of plant breeders. 

Although protein content of new spring wheat varieties has not
 
increased, most of them produce more pounds of protein per acre as
 
shown by their performance in the 1967 International Spring Wheat
 
Yield Nursery grown under irrigation at Aberdeen, Idaho (Table 1).
 
Thatcher and Selkirk, though not appreciably different in protein
 
content produced less total protein per acre than Chris, Grim,
 
ND 824 and NP832.
 

The performance of these varieties has not been tested under
 
conditions of adequate moisture and limited protein. Tests will be
 
started in 1968 to determine if the yield-protein relationship will
 
remain the same when available nitrogen is limited.
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Table 2 shows protein-yeild-quality relationship of commercial 
I$la}W:,~i~{~r:1l!.e-~9~-.~«rf'M,'Sti~~!, :f:~;!red!tl$h.,d'~~;~~~·i~,~§lP(P!~c~lections• 
~~9~r,.::.f!ir.,en~~~ ~~~ ~'~~f~trr;A~tf8~e¥:~8i~~~J"e}~~,.,~0!1§ B1l9 ~jP.~~her 

~:;Qfr hi~~g~e~o ~~~ff~il~ti!:Ffc~~~'!~~W~~f~,;;J~~~!9~~~i~~; 
higher protein contents was lower, and "only one of the selections 
prodp:~e~;~:f~;)FPr.t.~1f'P~9~~n:"ifh~f~l~~~fY!J.uJ;; !.,,:J "u:;'} i'e" ;" :/l 

-:" ._~~ ~',l'(\ I.I c.: :1 

i:!1~3~P.~S$~in~1!f~;L~~ ~H~~fl~~ ~'i1~Y~J~dlBet5'f~t~;:.~9n~~r~~i e~fort 

i s)I-n'~J~~ tgrF,?95~~n~:,j,l'1'{~~F:;P~9t1!P.')89.Pt~mt!o .. ~) J.rr:~p.9(:,y~r; ;et es grown 
n uSnO are. . '.....l'j::..tJ:i.,.'.'..)· 

::r~:;.C0~:j ~:<~J :::~. '.Lu ~,'t:·.H-·~:j :·!.L~·'<;(·-i·(j
 

., '."~! ~:. .t"':~:t~:-V .i,·...':i.fi !" ;.!:'~ ~ I',:;;, - i:~. ;. 'rr:']·fi~~.;
 

';.f .. ,:, ·:-·4:-).';.J .":·J:r.EV :.: ~':(~': '~~';,IJ~ ~).\; ·.:'L~>f:{~i I)j .Li:~jJ.f/·' ~"'~ JL"·j:1.:~'ry) 

. ·~~·ldr):~: ":1'~,i ::,.: ~ ,'.. -.. 

? ., ;'~l':,; c;· J~ .j r>,:*" ~:; ",:,',::' (X' !~; 6~i. :: f:. ;,~~.:'j :;.1'; J:01, b~ ',i ~:'O l{j .:i: ~ ~':'~! !';. ,,'~ t.: J n: : ... Jn Yc>l " '.. 
.... .:·"<.f}:.{i ;}~)F!:~:.jI3,l"::r~Ft· ~:;t!n~~;:~·.tb r,Hi'::,. ·(Lt"·:~iX· :.~rr.t:··;t.~;)"f··.ii,'.L ::)JJd~'J 

.. p~.rti;'·b8~)~r:·~:}: Jf.l.t~,i./"r .~,n ;:~:J\!'1.:r·~,:!··~:~Ld'·') \<~~'i~!'t;i'::.·; '1~11 t1;)::;t1 

~'; ..: .:.",' C''[ ::1 t:. J j n(~~r.:,j~1 j.1t~ . ~.~ f i'~G '.t:) :;;'j ':1, '~ij'~, :J ( .. ~r·· :1~:. u('.i;.i . 
-;f.:i,'. ,~,:y"}dJ ::L::·.~ :j:l(..)~~ '1',~lq f:i~-l.~ :,'1,:;' ~{,f3:,'n'~i 

~,i.:_',v ·'f~. ~..:::r-!_l~J;J>:,·~f 'f':.i,'~~::,I</T,!:;"·;bJ:).i:\· Sii.:,r ~I;: ':i.;:~::··~".t~·:··:l·,;;:, '''':; e J. s..:.2 hj~I·_:·Jf'.'~;·~ 
";-~". ',.f :.)'::' •. ~;'. ~'.!cr· !::.:':~\';.' 



Table }." Yi~l~ ,and::qual~ty ?bta:f.n"ed on ,j'ar:leties ~ro'Wri.8:t 'Aberde~n> Idaho,' on irri.ga~ed land fertilized 
~4th 100· pounds 'df nitrogen. -." ' " . 

: :•. ,. " " c',' • ';' •. . ;,'•.. ;' Mi)t ­

Tes~"~t,.:;Y;1,eld, ,:Ptoteln ., . Fl,gur, Peak.' '. "ing LO\l~hll L~~{' ·,;Bread characteristics1/ 
Variety 1b~r/bu ::b'Q/A.· ';%,'lps:lA Sed:.}ri~ld Abs.':min'~1-1~'t.-:time typ¢ - V'oiuik" EX~.~: Grain "Texture: Color 

-. '.'.That~cher ~~1. I' "..: 7i~'3'~ :i~~.;· v;i9 42';:~'7~' ~;5 ' E4'~~'~."-;l()P:· .': ::"., ,~; ,~ •• < 

~.; :-~.: '1. 7 ,. ,.,Selk-irk' '5~l~8 g6:7~'O,' '11.0·, 683 48'-':~69. 64.', 5.• 0" 40~: 1.4 6 84Q~ ;-,5,' 7 5 
Aus';in' ,:, 60~ 6 .6'S •.1 ;'1T. S> '683 60" .~69 66 '.; : 6.5 ,80 . 1.4 6: 190: ::s' a 8' 5 
Chris': ,;: t;61'~3~: :. ',~ 73.'8 ~'li~O- .,,7Sj 50:;69. '- ~,6:< 5.5~. 60~' 1.5 6 SIS '5 .' 8 8 :. 5 
Critb; :-:... ', ;60~a-: .t· 80.-2 -i7;;42,8~7 54"c7i 6.7' S~~5:: :6Q'·.~ 1.9 6 BOC)': -5 :i' 7 7 5 
ND 82463.1 '.' 87.:1, 17.0--':888 58'}'69' 67,,: '.' 8.0," 20 " 2.6 9; 840' :5 . 7 7 ' .' 5 
NP 832. ;'62:5:: ,:g5~9 ..... li~,o '87~ 55: .'66' 6;6~, ,: 8:~0 '. liD 2.6 9 745·. .:' ·5 .' 7 }, 5 

1/ I{i~he: ·n~~~/in~i:~~:a::.b:~~e~~~ua1itY·. :~; ...: " . '...' 
" 

,- : :-',.. :~~hJ p __4.~' ~ I • ~~; ~~ ::; ~. 
('j '.~ (~ :~.:. ::~~. :~, ;­

..".J ~ ;., ;,
;.' c.... 

l"'"\, 
~ '. 

t ••~ ':",_ 

~~. 

_..•.~: :. _:_ ~.~ :~. ,'~, ..; '" .. ..• _ '," :' ~.: ~:.. "":::"." '. . :-: , h ... I . . ,
 

Tab:t;e '.~ .~: ;Yi(i!l:<i ~~~ ;q,tial,;ty ;data;o~taine~ Q~ ; winter, whla~t., grown: u~der irrig~tion at' AJ:>erdeen for 2 years and'
 

on :~!~~f ~~rttonr:;z::' _Test ~t. ;iel~ ••• '.p~cltei;o:- . . ~. }, .• 
Fi()~r Paj,k~

Variety' •. ;., . Cross no.. 1bs/bupu/A.' .% ,.1bs/A, 'Sed. YJe.1d ritip., '~.-
. '. ~. (.


1_:
 

:I rr:t!~ted' :~C; . ' . ,. ; ., "', . ""', • ". '.i 

Itali.a:x At,1a!'" -66:.:. ·'A5'8,N-13J7
. 62.2 .• ~]3.8 . 1~.3!513 t.: .47 6.7 .~ 4.3 . 

.: ~. ,. 11: ..~.. . ' '; :~135:' 61.6 . 75.f..··~·15.0676 .' 46 69.2 4.~ 
td 3'i 7Lee"'·i~ Cns' XAu:: ··A61.S....5-1 ~., 63.1, :76.i·14.:7 '67i' 55 69..:lr 5.S 
Tendoy~·: :~ !:", .:. ..,-- ":CI 1.34&6 61.9 ':1.0.6 .. 13.9 '589': 44 6~.9 '.' 4.a ',t;':

." !,: • '; <.:- ;'-;' .... . , . . ".. '. 
.-- ;i" 

• :':; ~A' . ". .<. ~~~~ 
.{ .. )Ory1and-.; .:;: ...' '.: -{ 5-··' 

I tana x Ati-as· 66 . 'A5'89A-133 62.6' ' 48.2'· . 13.1'379 :: 
-135 62.5 50.8 13.0 396 

Td 3x 7Lee 2x Cns x !!! A615-5-1 62.7 52.9 13.5 428 
Tendoy CI 13426 63.1 59.4 11. 7 417 
Itana 65 CI 13846 62.4 56.3 11.5 388 
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THE EFFECT OF INCREASING THE NUMBER OF CHARACTERS .,' 
UNDER SELECTION ON EXPECTED GENETIC GAIN 

FOR OTHER CHARACTERS' " 

·E. C. Gilmore 
. ';. ~.< " -.. 

1 would like to say at the outset that ideas express¢d in this 
paper are not original. 'Most breeders are aware of the.:dmplications 
of increasing the number 'bf charactersundersel'e;"c'tion.L:\ I would hope, 
however, that the e~ample';,set forth in this paper might lead us to 
think' anew 'of the relative importance of characters under·.selection 
and the consequences of adding new charact,e:fs' .t:O,~.he standard variety 
acceptabili ty. ' 

Expected gep,etic gaiiJ. (G) expresse~t ~a fU;Ilc,tion of·.heritabil ­
ity andthe"selecti2n difJerential is 

G ,; H (P - P) , s 

whereH,the heri'tabili!y~ i!, the regression of genotypi;c value 'on 
phenotypic value, and (Ps'- P), the sel~cfi~:~j:li£f.erenti,a1, is the 
difference betwee:tl,' ,,~he me~ns of the selections and the population 
::!rom whi,ch,they wet~ sele,Sted. When tr,upc~t·ion ,selection!.s pra:c­
ticed for a characi~r having a normal distdbutipri, :,(Ps '" '~) equals 
ko where, k, is a fUtlction,Of the proportion of the population saved, 

,:wh¥ch i~r [r¢.quently calleci the selec~ion intensity. As:~he percent 
of the population saved increases, k dec:teas'es;:,aDcf.the s~lection 

,differential decreaSes, reducing expected genetic gain. 

, When equal emphasis is placed on selectionof,)n'charac,ters
 
which have no genetic cor~elations and iis 'the 'pr6portion of the
 
population saved, the selection intensity for on~ character equals


,.;:.n, , x • ,>"',';' 
~ ('/ ,.) 

Let ~assume that milling and "baki~g;~ql(alJ;ty!'O'f a y-aJtiety can
 
be completely deU,J:led by, milling per¢ent'8.ge,X~lout·'ash c~mtent, inix­

ing time:,ioaf volume, and"crumb texture .. , r~~rtflinly,breeders a~d
 

.cereal·'chem:f.:sts wishquality were 60, easUi 4efit,led,. '" Let Us also
 
limit~e!ect!on fO! ,a,gr0!l:0¢c characters'tO" yield', test we1ight;. ~d
 
straw strength, which make,'a total o~ eight characters undeJ; selec­

tion. Let us also ass~' .there are rio geneUc,correlati0Ils' among
 
these eight characters •. If only one; out of,' !OO; l;l:tl,¢s; tes~e.d is _._
 
saved, the selection inten~ity for o~e character then becoJ1!es k .01
 
or 56% •.:Under the conditions we have described the selections for
 

. this character would be a random sample f.rQJtl the, upper 56% "of the 
distribution." and the mean; of these selec~iotls,would'be .70 stail:.. 
dard dev'iations higher t~~: the mean~;of the' distrib~tion. In c'om­
parison, if milling and ~a\ting quality were ignored, .the mean of the 

.selections would be 1.33: standard deviations higheI' than the mean -,of 
th~ ciistJ"ibu~ion.·The genetic advaD~e f~t ~aclf ¢haratterwould . 
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depend on the heritability of the character and the selection unit 
used, but the above changes in selection intensity illustrate the 
fact that addition of Characters being selected rapidly makes the 
mean of the selections for one character approach the mean of the 
population. 

Genetic correlations among characters complicate calculation 
of the effect of ,si1Jlul,taneou~.selection, and ,for .this, discussion 
it should be sufficient to point'out that desirable genetic corre­
lations tend to increase geneti~ advance and undesirable correla­
tions tend to decrease it. ' 

The question to which we, shquld,address ourselves is not 
"Is selection for milling and baking quality an impediment to im­
provement in other areas?". It could not be otherwise unless all 
milling and1:?aking ,charactersh~d a very 4igh d~s;l.rablecorJ:'elation 

with' agro~6mi,c, ep~racters'~ '" Rath~r,thequesti;on,;ls·"Wh.;lt ar~ ,proper 
reLadye we~ghts ,to p:!;ace on all' chaJ;~cte~s'UnderselecdoQ, so' " 
tha1:~he:.max1mum,beriefit to so~iety may" enl:!ue?n~ 'l'hat this.be'· 
dorie,' is of paramount imp.ortance it ,wheat improvement ;Ls' to rea'ch 
its 'pote,ntiaL , ,... . . . 

'",J 

.....'.' r 

.', ') :­
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'STUDIES' ()N.'QUAN'TIT'f'·ANrfQuAtJtt 0f'WHEAt P~()TEI~f.' :'" 
. ~ ;"_ )' ,1_; ... : l..~J. ',' ~ ...L3:' -,~, ~). ' 

.'.' ., .. (Ab'stract)"J;' , , ;"'.'\::',."r.:. :.." ...': 
. ~ •.~1' ::; :.. " 1,',: .>< ,;' • ~ ;.: {, t'1 :; .. , 

_ '4;':, :: (. ~ :'~ -i' 

;, .:' 

.. 
;,'! "",'" 

-. '-- .-:.­ ' 

';' ­ i" .:;.' 

,~.: . . 

..".... ',1:. 'J; , 

>....... ·.i ".J '\~: 

. ; ••., .. ':Random; ~ele~tlohs' ci{{Mii1n(~ ItJ5~~jO·. tfer~':' da~ frio ~Q~~h/ ~t~ 
, . (proteIn electrb 'b8r~t!eU;)att~n\::fjith':that"'·bt·;: 'oBa ,iaa11:t'': 'wheats' ,. . ." . '" ' P., < i r''.[ .' P., .. '.., ,."",·,t., 8 , ..q.j.. " ,.'""y , <­

and"alsQ to !atteml1~:.l..;o·· se1tH:t" a'v~tiatit Wi"thfn"thff"c)"U1ation':'i:hat 
',' ~',": .\ .• ii' ',;l":~' ,;'",{"-, :,.~ .:•. ~,.~"',':',:' '1~~:·~:,Pf.~.-'; ~'''~1~ ~ ...;, ­,\',,':,',l"";"''T'" ·c"

wu1dha*e' accep' table-l)stdnh "q'u81itv ; Prell1id:iiaYov 'data' sug"'s'e:sbf . 
··thai:the··ph~t~fri"ftBit{)the J 6tfgiiin~'itrtti' ;~~h~n' ~~~p~t~4 ~~iectJ:o~:~:; 
phoret.~ca1ly with oth~!,..l:ipes and var:l,eti~S, differ~ ·In .one.major 
protein band. It appears that a structural protein is .absent in 
II-54-30. A few selections have been identified as having an unusual 
level of protein. These selections are presently being evaluated 
to determine if the increased protein content is associated with 
an altered electrophoretic pattern. In addition, an M2 population 
of Chris that has been treated with ethyl methanesu1fonate is being 
screened for high and low levels of protein. Of the. 600 M2 plants 
examined, 58 have protein values higher than 18%. Sixteen have 
good seed characteristics and 5 are excellent in this regard. Two 
were noted as having 20% protein with good seed characteristics. 
The average protein content for the control pcpu1ation is approxi­
mately 15.5%. 
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WHEAT DISEASE$, AND QUALITY 

K. , F., Finney", 
.j'.' 

We have found th~t: ~o:i.l-borite:~osa:lc v'ir~~~ wh~at:'::str~ak';';mosaic 
,vi~u!:r, ,S!ild,.scab,~;,ep:J.sea~,esthat:atfect 1;}1~. qU,antitY"apd guality of 
wheat; p.rg.~ein. ': ", ,~,"" ", "'" r ", ' " :'; ;;,';;, 

," ".~'~;. .: : L .:.' .; , ':'; ''" .... , " ">'~" '. ';':"~ ", . 'if'.: ,'," ;" 
~V..:;i..:;;,~.:::;JJs;:;..:..;;':D:;,;:i;:;s;..;e;;.;::a::.;s...e~s~-Re!J1arks~b~;utFh~ twC?, ,yiil¥,!" dis~~~es"p:e,~tc3:fn to 

experiments reported by Finney and Si1iin Agronomy Journa1~',55:476-478, 

1963-. ,F;Lfty-six tes,ts ,repre~,ented several, wheat, yart.eties, several 
,loca,t!ons ,and 4 crop Ye.ars.. ., ," .,' " ":",', .' ., 

, Grain samples from wi~eat.,platlts,i~fectedby .soil-bor,~~,~tnOs~ic or 
wheat:-streaJ.c"tIlos~ic,Viips,~ad;~l~i~g, prope;rt~~S,.·~4'~:wer~ "~~~~;rior 

, , ; to,: protein qua3,i tyand mixfIJ-;g prope~~~e~ that .weree~~al" to, and 
water "abso;rptioJ;l. pr9tein ,content "SJ'l,d :",asrec¢,i~e,d" 'I~~f volume 

, , that ,were ~is,t:LnctiY6upe:rio-r,to th,qse of:i!ie por~~l'ip:dh'din~'.c~p:tro1s • 
Forage, s'amp1es,oJ'lo1inter ~heatvariet:i~~ sQ,s~epti'Qle'tci,and,i~fected 

, bYiwhe~t..,streak~n;osa:i.c vll:1Js, ~ere,s:Lgtiif1.,capi,ty ,J1;1gh,e,r(p.1% ;~eve1) 
inprote1,n c"nt,e:ntthap. those of healthy' cop.tro,ls 0 '. "''­

.. :., ..... ." . ,. , i.. ; 

,', Scab--Abo,ut'.15 pounds,ofs~ab' infect'ed ;H.: 'R.:l-t.:' wheat w~ 
separate,d Qyhan~ into, what appea~edto hi 'a "lOP% scabb'y:9art1P1e' and 
anor~J.:,q,"(bro~'s~mp1eof lo1he~t,~ ,: ~J!e,'~(;(~ai':'~bko~t,and.s~ab,bY 
whe~t ,samples we:re;present, i~; ~he ,or;lg~ncU,; ~xt..1,1r.e ill, the rado of 
4 ,parts of nprn\Sl;, .(brown)"to 1 p,art 9'£ scahby ,(wh:ite)" ' 

, . - ~ , . >.' . I !~. 

. . :.,' .,.',.:: . , " ~ ~ . '.. - . -.~':\ ; ,', .': .: .' . ;',; ;,: '" . . " ~ . -. ,:;' .....' . 

Prot~o~ytic act:ivity indicated that, t~e pr:own,'saJllll1e,w~s ' about 
16 days preripe, whereas the' scabby (whiie)' sample' repr'esent'ed a 
stage"of deV:~,lop~n~ofabout,22 days, ;pt:e~ipe. " In, a4d,i tion, the 
scabbY;iwheat,co:ntained a'Qo:ut :.ewice.the w:at,er-7so-1uh1e pr,qteln content 

-. • -, '. < .~, .,. ', •.' ~-~.' .''; /'.' \..1 .,.'. ,I.• :.. \.'l ,. ~~I"i .,' ;'••:~ '~;r~'~ 

of'theb,roWIlwbeato)J', Th~s,~ d~ta ,£p:f;~rote9;y~ic;.~~t~v;i;ty,,~Ijq"~ater-
solt1b1,e n1t,l'o,gen, t:l;ein consisteQ.t1y with, previous studies 'of ,t)le 
laboratory c()Ilcerni~g'~h~;ch~lIli:~~+'land ,~,alt~ng,prQP'e~~i~(;q:f~h,~,at 
har,ves~ed atvari.o,us, ,st~ges ," Of, ,~tu rit,Y;. :', ;;A,c,cp:rd:(rigIYi ,..it ,app~at.s 
that,the 100& $cab:bY,w,heat si1l)ply ,.was ,killed 'at's,s.uf£ie:fentlY·'early 
stage of maturity (22 days beforer:J.pe) before appreciab'le gltit'en 
protein sYnth,esis, had ,oc<;l1:rre~"l:he!ebY,~ccountingfqX; Jt~e; inability 

',ofthe,prot;ein iJn the,;f1quJ( ,mi11.~d fFom:10,q~scabby wheat to re,tain 
the carb,pnd;l.oxide 'Pr:odul;ec:l .41.1ri~g J~rm~Ilt~ti0J.?-:'; .Pr~vi?us, ~~Hdies 
have,shOWJ;l th~tbald.ng~~racteJ(~~tic~ usua11Y"are.ab~utnqrmal 
(c9mpcH:~d to ~:l.pe"s~mp1(!s), as ecu:;~y as i6 d~y:s, p,re'ripe, ,an4' ab~ve 

;norma110 ·to14 days:J>.:r:~rip~. """ 
. :';" "" ..;~. '.' -.," 

....:.';. 
.. : i. ,,. 

:\,;. ,', " ( ....:" ~' .. " 
Ie" . 

.', ~ .. 
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CAN AMINO ACID RATIOS BE ALTERED? HOW? WILL QUALITY SUFFER? 

I think we can start wi~hf;a;;po~itive statement that yes - the 
ratio of amino acids in wheat can be altered. Wheat is a biological 
system". an.<i. ~ll biological systemsc~ be altered. 

,~~l;·'·<., ' ·'-';··--"~·.1~~".!' ,.~',\ ...r"~)~"iJ .;L!:f.:~.;:"··.::r;~·)I)~"_i::··';": ...~.;' ..:~!:} t:(,;:",·,: . A:'-;' 

"i' " i i" At6~icitj 1il'~ipt-oti~ to" Mte'r'itig ;th~;'t'atlo:)weui'd:b4i:t~ f:l:'ft"df'4 
wheat with a more desirable andno acid ratio and th'e1t"usE!': ut"s";a 

;. pa,ffi!J!.t~,~, :p,r~~;di~$ .. r~og~a1tlfJ ,t, 'rhe ,dat~, al~hough so~ewhat:,lindted, 
<: '. ; . '" ~#gge~t.,~,J,l~t'~~'dc?·il ~be:at, lii~f #o't°jexiS~:'i:it 'ou1:';#resent:''Vat~et1es. 

'. L ':";.:•••• :.~ ~~.P;OJ~.·.:;'-:.'.. i.: "I.. .~.l (:. ; r f , ';:'--'{, '~.J'.t ,<c b.~J~~~· :.~ ... :, ~~.:J{t:Yf(·::· ,;. 

, . , "o' .,," Th:~: :ptbt~in$'i iti'lwhe,Sf.' ~tati: hi! 'dlVfdEiit l1il'i:'O~' twb': 'genetal clas~es, 
the endosperm and non-endosperm prote'1ns~~v 'This ·~epara-t:li(;ni::1~p '1Ilade 

. when wheat is milled into flour. The endosperm proteins contain 
:r' "c:'; '~~'~V2,~'~~ .~~iD~at~;d'J~~~ht.)le!·,4V4~~'1;~n~il{n1~the noh,.~n~osi>~tiD proteins. 

.. ';1htiS,.,!,~· ,~~~~: ,~¥{r~f~: ·~~g"~~1.S~~!i w~ea.tf;!~fXwe) ,s·i$i1tf::f:<:.antly' <r,atsed 
, 'the p'erceiitag~\'o.f jihe' rionj",tmd8speim"iDa~ter·:1.tiCwheat~ :rHovever<,""this 

: "j ;~~~~~r.,:M~~~~!~~~~'~~~~i~~~~~~~~~~~!ttfO~~,th~,:~~e;at l~d:wou1<l';not 
""" ,s.i:.ye ,~~. ~mo;r;tf A~J7..r.:(~~o~~, ~en~~s~~tm' ~ .. The"e~doSJ)erlIi'·p,rote.ins;.lalso 
:,'; ;~~ ..be':¥Vid~d:irieb"2'·gid:U[s:'/ it_!Yjfglutenf.lh:'o't~:ttt!Jrilnd; water":. 
;"anas81t-sdi\lisll '~jt~~~-Pus:.r ~,' 'The'Vliter;;r 'and) jsa:lb~s(j!ubaErprotei'iis 

are essentially;Jt-h~I'$~,iplr\dtein1gJfti'iHid? :fn,rthetj1tr~Wj:! aW.::tbus :don­

t~;l~; apo~~ ~ ~~% !}Y.'~1J~"~I" "r!.~~i 8,t:u~~q:.!pX:~~~i~, <;~nt~in~., ~n~! ,:~out 
"r'; l:.!l~,,~ysi;p~:~,~~" ,8~~~~~_p:ro~e~~s~:an:b1!~'ii~v:fd-ed"f~tO'·2.:'g'roups, 
, . ',.gU$dii1s ancfglut~ins': IhlJ;,.l.the'S"ei'~o :not' .iia~ tinfCbl i·!if iy:S'i~e'cbn-
;"'~~t .. '~e·:~~~i~,4~r:~~~1~i'~!{?lub~~:!~~ jg~u~erf,:prdf~lii; v~r:l!e~;;' In' 
. generar; ·t~,.p.~~~~~~.;,~f'~~~e'r~s~l~J;1:e, p,T~tah ~:1:S1"higlier'~at'th4:' 

lower prote'in"contents';' ,;. ihus!;' ~thi 10wer;'15lieI'l>rotec:bl' conten't"bf1' 

..i:' :\~i'" et"a.fJ ~h.. ,~b~g~.:;r:;i~~~g~5~ep;t~~\."~\~1l~~h~i~;·'f; l~,~i~ '~~~J,.~~.,taken . n ,0 account w~,en sea.,J;.Qi;a;ng J;or 'a "11;1,.8 - ...."s 'ne','var;j;fe~J'.j .', , 

",;, ,:::., ,~::~ }~JiJ~d ;:~: ;":";~ ~o;~~~\'~r~i '~~~~if:~' ;~~~:~;i:d~d;'}~~:~~' ~:~~~d a 
: 'r.' ~t~t';itt:iat ~.~:i.lfb'fdek EtheA~'yU'eti:iiS ;;o:f:'-o~e!tfr 'l)'O'th ~f'; ;the:(~luten 
.. ':"p,'fot~'l\t~;~'tit Jp~'riiift "ihe'syn\fi~Eti.\:r6f tlfe" t.tater~801u15Qer:p:rote'iDa • 

. J''.tb:is~~id~rlf1fJ:t~·lffiE! nidde' df Jact:t1'Sil'iOf the:No fmutJ8l1tfs; ili>Uuii'ze 
'4~~i~t~b~4 ibj:,"JXt;:ti~~tJ.~iirt.a~:8C?!~~~7~§~:lat;;'Pufd:tie~,q::T1le s~tll~$ifs, !of 

.,'zein~"w1iicn '~cori'eS'p'diids '. t<J 'gliadin 'in"wheat fi·l'i'asbb"een .retarded;
"while' th~ sjHithe~:ts L~f !:~i!ob':iJ:in·1itdtefIi§rb.·aS~(1)een ittcieas'ed: i. ;,! 
'.'J ~. , ':;~'.:~) ':,;::, ~:J~";'.~'.'~:<", :. ", ; ~."i :~,'J;):l:::~(i :", { ~\) \<-'}'",1;' :.:>.";; ~ "', ··~.:.M ~" 

. . i,,: Oti.; tit~':ba$is !"Bt::''ilhat' hiES' '6eetPliHiriitml:f~m ithe :;hiSh..lys:ine 
"tiiiiiz~ iiicf'Wha.t';wEf'kttbt.1iabaut ti;fi~itt"prbe~1n;i!i tnitik',~e,Qan::!postulate 
';' "$d~ .tti~fit~r'Sbout ';.:ftfgWmIY~iDe;"neat (;oDriil1edbiu('aLmaunel':' comparable 

,t,{'th.t·':fofi~;mai~e':'!';tt'.'#oiildJl1ave,:;ac:w~:litei";tiliilfkY,;i:1.'lon~treO'us 
("'i!rldoiiperm;nttow t~~t ~~iglit'{(due to a:~l:ow:1aenSft}t lteri'lelhDand 

probably a low yield when consideringiwCiigne",ahdi"!iot 'bulk,~£;<,If ;it 
was sent to a quality lab for evaluation, the report would read 
"Considering the protein content, this is one of the poorest 
varieties we have ever tested". Such mutants probably have 
occurred, but have not been recognized. 
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Another type of mutation could change the amino acid make-up 
within a specific protein. While this type likely does occur, its 
effect on the overall lysine content of wheat probably would not be 
significant. For exampleacha~ge 9ffrom 3 to 4 lysine residues 
per molecule of a gliadin proteln(50,000 molecular weight) would 
only change the lysine content of that protein from 0.8% to 1.1%. 
Based on such a change, the increase of lysine in the flour would 
be 0.04%. 

The effect of the .above change~ on quality would. dep~nd on 
whether the emphasi~~f? on bakl.!18 perfo'rmance o.~nutriti0I1' From 
a nuttition, standp'oint,the qua,l~tyiwouli;Lpe. g~e~~iy ~I)1Pfove'd.:, 
From the point of; view ot the' baklar tli~ qu>a.:I;itY,IJr'?1:>~~ly W01ll,d be 
poor. ~eprobably.w01,1ldlQse, the properties that l;IIake ,whe~t .so 
unique~ysuited for ;Leavened prQd\1ct:s~' . , ., ,.

"", ~ 

.;; 
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PROTEIN, FERTILIZATION.' YEAR, AND BAKING ABSORPTION 

w. C. Shuey 

.. There is evidence' to show that the' protein content of the wheat 
is inveI's~:J,.y propor:tional to yield for, speci~ic selecti(:>ns. This 
can be partially overcome by fertilization; however, varieties 
responddi'fferently,' ,to additional nitrogen, and the protein 
synthes'ized is of dif'ferent quality. 

Table I shows the response of 3 varieties to 3 levels of 
nitrogelland the effect on wheat protein and baking' absorption. 
Variety A - showed very little response to increased nitrogen 
in wheat protein content or baking absorption. Variety B ­
showed an increase in wheat protein content with an initial 
increase in baking absorption and then a decrease. Variety C ­
showed an increase in both protein content and absorption with 
increased amounts of nitrogen. The data show that not only 
did the varieties respond dif·ferently to the amounts of nitrogen 
applied, but the baking absorption capacity response was different. 

Table II shows the response of Variety A to fertilization 
at 2 locations and 2 c:rop years • Not only does variety play a 

. role in response, bbt'also yearand'iocation. ,. :'Cai'eful perusal 
.of the data reveais that a va:riety·:mayrespondslthilar.,to. :fl•. ,
 

different vari'ety grown at cone loeation when i.t is grown. at,i
 
several locations and in different crop years.
 

The' data presented show that: (1) .protein can be increased 
,by. breeding (Variety, A versus Varieties Band C), (2) amotin:t of 
nitrogen:~ location, and crop year ·can alter the amount of protein, 

,and (3)~heco~position of ,the prot~in must be altered under these 
conditions since the baking absorption responses were different. 
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SAME LOCATION, YEAR, AND METHOD OF APPLICATION
 

Treatment 
Variety A 
Wht. Bake 

Variety B 
Wht. Bake 

. Variety C 
Wht. Bake 

J:bs.- cof: N. I:':'> I .: .;, Pro:>'.! Abs.',-.' .iPro.J Ab:sv'~,:.i' Pro.J. (.(\bs ~j 

. ", ,.,,'':, . . ~. -i:. .·~·· .. ~.rL/»( .. xJ 1·J~-~-.: .. :3::.: .:-·.;·_.~'_~·:I. ,":,' .-,~r ~,v·~:'.;" . ..'t ..~ f _.'.l 

'0:,':;: 'n.i ;, r18. ,4;~~9i;:9.; .lrr, :'(':':.13.;-2·: 641.4;,(:: " :··,:Ll'3... 3.'64. 7. 
100 18.0 70. 6 ~,,;. '." J :'.14.;,]1'1.6171••'6.) :'< '.: !14:.A:66 >:6 
200 18.2 70.9 15.3 67.0 15.8 68.5 

.. ,'•• : .: ~ j 

, . 
~.>." :". ::. :~; 'j: .:) I"L; ."..1' ..; .\: .~ ..' .... ' 

. ~i '~:.' '-,.', .) .:: ,'~: .. I {: ~ , . . ':"·.i 

,", !: 

".):.. . 

< , r. j't ." r·· ,.' .' \!: ...,J ':.:.. ~ . :~: • .1 ••;.' ; 

. , c ' 

: '", 

" '-,Cf' t", f 

;,: ';', ,."i" ;v ':", 'Locatioo>:A .~Yfj"'-,/ ',"":':',; :, :.';~ rLo·cat±.on' B,: 
.:.~L,:: X:'·.<.:~966 . ,Crop:,"":'! I967·:"CrQP;,.lJf1.966' ,Cr9P'.lCj';'i96rj,..Crop 
Treat!~nt:';'fWht.~,;:!(B'8ke1.;~~Wht;~:xBake; :J ,Wht .·,LBake t,' Wilt.,,] BBke 
1bs;.;; o-f,;N: '( ,P.t'(j~r;; :,~ 'Abs .": iRro. ;,Abs .J: i',r~K' 'Ab,S.~l:;! .PrO,io:.ADS.'. . . 

SAME METHOD OF APPLICATION 
,. , 

". I;"". 

',..'YO,,;' . . ; :"18.4' ·'.1D.9( i) 15.0.·;.65.-.'];i:: :!18'.6.. !:70~9'.-.,; lL'9 59.0 
100':., \ :;! 1B'~0 :;;70~ 6 "i :lS:.4v/ 61'.:3:·f 21.(),,~ 70.9. ;16.8 .. \ 6~ 2 

, .. , ... ·.200' ;;18w2::.\ ,~€h,9' j;·16.:6:·:'61~;.fk· i19~.1,'".70:.9 ,1l.,:L66.3 

;. ~. ,! 
:;j ~., Ii ..", ': .. f.:. '.'" 

, . . 
.'~ .··!:c· L<_'''~·~:~,.:.;;;· :j~~ 
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LY~IN~ jPIFJrER$NCESIN ,THE WORLD WHEAT'.COLI:.ECTION 

(Abstract)" 

l;",;: ..• 

Lysine is usually considered the amino acid most likely to be 
limiting in wheat. If genetic sources with higher lysine contents 
could be identified it should be possible to make substantial im­
provements in the nutritional quality of wheat. 

".' ­
,.' :." ( .. j , ; .::;. . i ,.. "1;' i 

The Neb~a~kaExperi~ent Station in. ;co:operation.with-the Agri­
cultural Research Service is systematicallyanalyz;ng,.al.19fJ:;J:\e 
common wheafi;;::irt~ tne"t:1orld Collection maintained by the U. S. Depart­
ment af:, ~riciirture, t.o identify'. new sources of high prote:Ln,~nd 

high· ,1ys.ine. Tlte ,research i.;s'j peing supported,. by) the Agency for 
Inter.~ationalDevelopment,U.S.--State Department. 'More than 2000 
wheats from the Collection have, been analyzed to.. date. 

. ~'. ~.. I ' . . .. ,' . ~ ." 

Lysille is anaiyz¢d in an'- a'eid hydrolyzat.a"~:ith an am1n~,,~cid 
analyzer which hasl$een modif~ed'with four ~ho:rtcolunms for)asic 

. .' ' ': .'. 1 : . ',,", ,,' .

amino acids. Samp1~s are run'se,quentially. in l3.b9ut eight ~~utes. 
Protein 'i~ determiIled~by the Vdy ,dye-bind methad,~ These samp}.es 
which show promise,~r~ also reen~cked for prot~i~ by the Kjeld8hl
procedtire. ,', '. , 

The correlation of protein with lysine (expressed as percent 
of dry weight) over the entire range of protein encountered among 
2079 wheats was +0.• 81. However, the correlatiqn of,1.ysine,cwith

:' , , . '. '.' 1 . , .' '. ' , " 
protein within 2% p'rdtein increments is relatively modest - ranging 
from +0.46 in the 13.0-14.9% protein level to only +0.03 at the 
17.0-18.9% protein level. This would indicate that lysine variation 
within ,:J;"~stricted r~nges of protein is largely random. , , , , 

, t " ,'.' .. \. 

A .10w,.,negative ,-<!orrelation' of',-0.-48 was obtained when lysine 
as a percent of protein was correlated with p:rQtdn•. Xhecorlle:­
lations were even lower when correlations were based on samples 
within restricted protein ranges. 

Our data indicate that level of lysine is influenced by pro­
tein level but that protein can account for only a portion of the 
lysine variation we have encountered. Thus, it would seem that 
selection for high lysine in wheat may be feasible. 

The protein and lysine contents of selected wheats from the 
World Collection are shown in Table L The mean protein content 
of 2079 wheats from the World Collection was 13.6%. Lysine ex­
pressed as percent of protein averaged 3.04%. The lowest lysine 
encQuntered was 1.77% in a 14.3% protein wheat from Russia. Seven 
of the wheats included in Table 1 appear to have promise as possible 
sources of high lysine. None is abnormally low in protein and two 
are higher in protein than the average of the ~O'~1 wheats analyzed. 



Wh~ther" these:w}u!at§.'liave>lpron'iise; fb:t~',;bree(lirigIli1gher lysine 
will depend upon whether their high lysine values are real or only 
apparent. The effect of environment on lysine level is not known. 

We are optimistic that wheats with superior levels of lysine 
willJ)e founa. [,I~pra,ved;,lysine\;leve\lUcQmbtnedwi;tn' high 'protein 
would constitute a major step in the improvement of the nutritional 
value of wheat. 

Table 1. Protein and lysine content of selected wheats from 
:th,e WorldCQJklecpiion.;' ' 

Sample, ' . '
 
No. '\ •. ,Origin3:
 

22 , j i' Ar~bfA' 12.Y:; 0':44 '3:66 
15 USA , '..,' \,+2. 5 , Q~1t9 ' , , 3.6,? 

667 diiria "t,' ,: .. '., \, ' 12~ s' ;',(~,~A5' ., ;3.58, 
"610' ',iS4-~deri I,:, ,'li.3 0.47 a.57 

.j. ';. ,f., -,:',l 'I ':

')'20 Spain "15.1, 0.52 ~,~44, . 
:1335' , USA :t 14 ~1 0~'~7 3,.•,JJj
liM' uSA) , '1:3'.2' 6.44' 3.33­

.;",:n,: 

;· ,. r;,;;:. 

· x (2079 ;~fa:mple$f ' 
: ,. -.; ," 

·' r: 

229 

'0;'46. 
.:; ';, '.1 ' , ~ 

'" 
" i 

1.77 

'. " 

,. (. 

·:'i. 

._"iI,;'· 

, • ~'; 1" • 

", ,": l' ,.~ '\ 
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"WAT'rS-i~ IMt>OiqA!1CE. OF 'THE ItACE 'CONCEPT ANri'~N6W"SPEcItIC~;':' 
GENERALIZED AND HORIZONTAL':REsfs'tANcE 'v~f/spiciFIC:s'PECI~:i:ZED 
VERTICAL RESISTANCE, AS RELATED TO DISEASE AND INSECT RESISTANCE? 

:'~' i ~,,' :.!: ',:(Abstract) 
M:::"J 

E. L. Sharp 

Vertical specialized or specific resistance in a 'hO~t is> directed 
against~,some physiologic races of a pathogen but no,t-otheri:f.'l:,; In many 
cases genes for resistance in the host are known tohave'co'unterparts 
or:, c~1:re~pondingg~I.l.~s..for: y'i,.r.t.A~p.c;e i~th.epa,th()gen.~ The race con­
cept is founded on this type of resistance,. Vertical resistance re­
duces the initial-: ino~lum~; dtis' JreiatiV'ely eae,y: ,t(>'iwork: wirth, 
usually gives clear cut differences even in the host seedling stage 
and is often monogenic in inheritance. Vertical resistance has been 
most often used by plant breeders and has been combined intore­
sist~t'i va!iieties by"a',:D,umber bf:,:-p'athwaysreinC!udirtg:pairs of genes, 

-,multiple,genes; and~iinUltU_ineal,varieUes.'i;,-., ;'! '::.:' ,c;', 

"; .: . ~- ,:,; ~•.!j ,~:.~_\.:I..~'~_~ ': ..,~..:, ~~·.·>··: ...~l ••:. ",..; .~. ' ••• :;. 1'-' ,',' .,,:.. Jr. ;.):."1' 

( ,,\ ' ',!)Ho~izOntal,."p.on~spec1;£icior. generalized l1eslstB,nce,ope;,;ates
 
';,against., all'physiologic': races i'andrusually :t!!sults:dn ,a, :m.oderate
 
':degree.of' ,resistanc:e.:It•. reduces ;'theinfec£d:on ra1:e:,:is~pr()bably
 

.::' ·bes t, :exemplified\'in.l tbe,~ 'r/as1sl:ance (;0 f \' soine:';potat'o::;var1edes '. to late
 
, , '·.blight, -,buti~L)app11cable'-to~otherrhost"'!'path6gensystems iJ.1 Some
 
";,~"at~J;ibu1fes OD :horizonta!;;resistance.'are:d:L-fficiLlty iIi ,obtaining ­

infection, reduced sporulation, lengthenedC;irictibationiiipedod., '.s low 
growth of lesions and a shortened infectious period for infected 
tissue. The genetic nature for this type of resistance is not 
well known. It is probably polygenic and additive in action and 
single genes are difficult to identify. Field resistance tends 
to be horizontal resistance. 

Advocates of horizontal resistance view it as a longer lasting 
resistance and suggest that breeding for vertical resistance may 
lead to a multitude of races and reduction of horizontal resistance 
originally present in a plant host population. 

At Montana State, considerable study has been directed toward 
determining the genetic systems of the wheat variety P.I. 178383 
which condition resistance to Puccinia strliformis (stripe rust). 
The results are summarized in Table 1. 
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Table:, ;1.., ,;S~~ry":pf,,,~~:r:~pe .rlA~,F,1-nfe~ti911;~~~~l1': Fo~d;f.t.:j.onfi!i"'py 
,.m~jo~ ,and, ti!in<ir.;:gen~s·:Qf.~.l~e~i':·va~~~~y:p~r~ '{J;783~~., '. '.: ' 

. . ., ...... ." . • • _•. 1" I,.. .... '.~ " .', ., _, \ , .', ....n.. - ,. -,' ',' :~ ." /. .,. '".,' • 

•• ~<"'~ 

, .:',,", ;""'i.,.1} H',", _"'1..' 

No. and type ..', ,.. ' ." "Mean infection type 
of resistance genes .;. '::a'tiSI240 F. at 2/18oc 

,I', 

None 4 4 
one minor 2 3 

,two 1!d.AQr, 
three. minor",·,'; 
o,n,,~ 'rit~J~!: NY' 

.... ', "~." ~'i ~:~:' _. , ..,-.).51.:':' ~·;,.:.;,:·:.Y> . ....~.(: :;~i' ':~'! <_· .. .\1:t ,t,'; h~)::,,:.~_.··f.. ~ !._.. f 
'JY",Thelmajar"gene isv.epdst·atie to al1~.'1D!inor!genes~:.. h., .. , 

1(: • 

; j ;:: :1';:"-;""::,," <.,.~.: ~~',~'rr\ ~< " ~·.:i ·..~,i:jj ~.",,:, .~~ i;-', 

.j" P.L :1:78383:1.s; ne~rdi~ne,'toa::Boz.em~Ii isolatenof3stripe . 
rust. One major near, aoinin-an:t'·gene',tcoilditiohsi:,the'ireact~orh,.:In 
the absence of the major gene, 3 recessive additive genes conditioning 

.'rust ,reaction.:. can be,~: aeteeteq •.;,Thesej~noll'(lgeQ.es' alii;cofidi tion more 
'. resistanceJi at",: aJhigber '.temperature::,profi1~,;.L)D:1~£~reatgenotypes of 

". ,,~~ ,s~riifor1itis areJbeing eva1uated::'in"'an attempt.'todeteJ:mi.ne.!f the 
resistance~-,condt.tlLqned(;by·:the:Jminar"?geneSJisJ';vertfca!;orhor:b!ontal • 
.Astripe"r~t !!e~iS:tan,t;:rwheat:,~,var1ety':;..«(h,est);qdeve1oped, frp,m.'West­
mont X.,P,. I ~ .1;2 aB83' ~by i::conventiartal r:,me tnadSTjlCOnoaiiis only (;the .Jmajor 
'gene: frqmx'P,. 1 •. ,178383.,;<:,:: .' ~<:':' l' i . ; .":, : "";,1;> ': '·):j:.;!);,<r f.:C: '::' ',. '; 

l -I .,. r .' ~ - '; ,'" , 

, ",,"'; .... ,[ , 

" I 

.c.:,' . , .' ... ! \" ".1" ."J "j, 

' .• '. ~:. ,". (:-: 'f '. '''I 
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WHAT IS THE IMPORTANCE OF THE RACE CONCEPT TO WHEAT BREEDING? 

,L.E. Browder' 

The'iuiportance of the race concepttowheat'breed;(ng 'is'dependent 
upon'the' wheat breeders race concept • The 'concept that race is a 
stable, 'hard and fast, tilti:mat'e'meansofclassification negates its 

'usefulness"'cOinpletely. But ,if one' un:derstands 'race as ;:a 'term to be 
a flexible,arti::ficial meansof:categorizin:g 'certain combinations 
of genes for virulence, then the race concept may still:,be of; value. 
The North American Wheat Leaf Rust Workers' Committee has established 
,that 'races may ,be 'identified, eqtiallywellon' any set of differential 

, hostvarietiesi'f the irifoI'mationhas been publi'shed: 'so ' that' others 
may understan:a the ineari.i.ng ,'of: race numbers sndif'the I'set" 'is des­
ignatedin the race desigria:tions~ Thus; :'~e' mayhavelJN races', NA6l 
races, NA6S races, and othersaswellas;"Intemational' :Standard races, 
which are the classic races. 

:.' ... ";" 

'The gefie....fo'l'~gen.e ",'relationship is generally ,'accepted :to 'be the 
basis for~patho'gen:!clspecialization., As;;such,'this imposes certain 
limitations and implications on race identification studies. These 
studies are studies of the parasite race nomenclature and are based 
on pathogenicity to known host genes for resistance, or known host 
varieties. Infection-types of host:parasite interaction are observed 
and information concerning parasite is inferred. The accuracy of 
inferred information is directly related to accuracy of knowledge 
of host materials. 

The practical use of information concerning pathogenicity to host 
genes for resistance brings the question of how many genes for 
resistance can be successfully manipulated in combination in breeding 
programs. 

This is the number of genes for pathogenicity we need to consider 
and relate to one another in studies of pathogenic specialization. 
If we use only one gene for resistance only one parasite gene need 
be followed in a parasite population; if two or more are used, then 
all the corresponding genes for pathogenicity need to be studied, 
each independently and in association with one another. 

Studies of parasite populations known as race surveys have long 
been conducted; data obtained were translated into pathogenicity 
combinations including the entire differential set studied, or races. 
This treatment tends to obscure information concerning combinations 
involving less than the whole set, individual virulence gene fre­
quencies and association of pathogenicity to two or few genes for 
resistance. 
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There are three par~1l1El,ters .W;h:f,(~h these studies seek to estimate: 
1) virulence frequencies, 2) virulence associations, and 3) virulence 
distributions. These parameters can best be estimated directly, from 

,0~igina1 <data:,;ra.ther 'than.by~ext,;~acting:thel~", fJ.1om rac~ ,data~ The 
numbers q~ qOmbinat:f,911S lo!hich~e~dJ:C? be,,stlldied ,:may e,ve,ntua11y 
,lim!t tbe,p;a.ct:icali ty ofa.ss:i~:J.'Q.gJ;'ac~"Il¥mbers tq" them ata],l. 
'.this whq1ea.z:e,a.oflo1'ork::i:n whe,at ;"le,~f rust: ,w.Q,rk pJ;e~eIltly,i's in a 
state of transitioIl.,SOme,be,tt;er ,ways of ·Hr,e,~~ntiIlg,.data need to 
be found~ 

; .. .
 
,!w,ou1,d re.com~Ild, that ,we, .cpnsi:4e,r. pat;hq,genic· specialization
 

data in ,the :fo,Im which the !ph.e110~Il()~LJUIl,Ct;'iOI!:s'in
'}Il4ture~-i~ genes
 
for host re,actiQIl.8Il4 genes fq1! para~itep,ath:oge~:f,ci.ty, .and that we
 
use surveY~a.ta,to,4ecide:whic1l:.,gen,esfor. r.e,s1st,an.ce, to Use rather
 
t,han what., races ,tq .;breed ,agains t.
 

Finally, a word of caution, we should never assume to equate
 
a4u1t, plant; ,resi~tan-ce, to, rust ~:i"th:ge,ne;;a1izedr,e~i.st.ance. Such
< 

r,esi.stances:ha,vepr.oven to,b;e quite 'speci;1c in,~ey;er~ cas~s • 
. ;'"',,' :, 

.: .' 

':. . , ,", :~ 

: ; 1'. 
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.: REPOR'f'OF .THE 'SIXTH coNFtnti:NcE' OF;: 1Rll:': NORTH AMERICAN',:
 
.,' WHE~Td:AFRUST'RESEARCH t.ro~ERS COMMITtEE;': ::' 

•• ~ " ." < ~.. .' i I .> ", ~~.: ': • 

. -FebruarY' 4L.S. ;1968' 
.. , .... . . '.,~ 

Ii.··· ' .. .' .. '." ,"' 

Manhattan, Kansas :", '."' 

'The-:comhi tt;ee-'ahd \71s1tors', met' :f,nf'o'rmally' for:din:n:er and dis­
',.' 'ctlss1on'on' Febr't.i,ary'· 4 .iAnsgena~·il.ilis· s'et' !fo'i'the'"February'J 5'· meeting. 

. The' discussion; ceiltere(f~aro\11ld' gene~, which~'modify"the'~f fe'ct of 
other genes, the specific or non-sp~'c1ti-c;hature;of.' such':gen~sand 

. methods of demonstrating their specificity or non-specificity. 
~ ...... . " . : ~ :. ,'" '. . '.' . ." . ~ ~' . .; ; ; , ( .. ... 

".- _. ~.	 "( 

'.', '1'hecommiHe'e' c'onvened at- 8': 30 a.m.oniFebruary· 5~: Disblssion 
begat{ coit~eming'principles 'of; applyj.ng ~n'fo:rmAtion of specific 

. " h,~~;til'aras~Je rel~ti~~sh~,p~ to dis,ease~n~ro~andlthei'k~tl~s:bfhost 
matet:1:als' Which ~re'o'r,value irl. studyingparasitepopulai:':!ons~ The 

:: .general di~~go,r~es::of1hbst::li:n~s having:·..·,c::(l}i"Un:lvers.al'Reidstance", 
.	 (~r'kiiown' ~::i.ngle' gen:e's'for . resistance',~'f3.)' 'combli1irti'(t)D:s of known genes 

for resist~ce'/and (4) 'g~ne;s; fo~' ':adUlt'-' plant:: T~s~s-t-an~e\irere':consider­
ed. Increased knowledge of the resistance geno'types :6f" ho'st";materials 
increases the potential value of studying the North American differ­
ential se:.t:· ftir Plied.nia, recori(llt~-: f·.sp,~,i>tr1(t1:ci.• :;:The"decision was 
made to meld lines containing certain single genes:,'for,,:resistance 
from the International Standard Differential varieties with two 
i1nes~' eacl1 having' cirie' gene] from E'xcnange l!.'E", and" "L").,: and the 
variety Anivetsario,(o'f>unknown ~gen0tYP'e" for: res~s'tanceY'int'ol a 
North'Ame:ri-can 196'8: (NA68)' different:L-al' 'set'·.,:;:,.Arep'ort, des".crib1ng 
this set and a key for nomenc1atureof virulence combill-st!l:.ensl\will 
be puplished soon., All workers are encouraged to submit host materials 

, forci)nsicierat1onaa:',,:Csndldatesi , for :'theTestVai:iety' program of the 
. -.}' NA:c6mm1ttee~ 1'hiS~:itlay;~e dot1¢.: by' coil:tad::'ihg me;:' ;; :L;::'.,: 

.",' ; .' , ,.,.' , ".; ;',' :, ,<" L .. :.,:. :-: c: '! '" . "; .. :. . .". ~: '.> 

A statistical tool for evaluating'a~'sociationQf:pa-rasite genes 
for virulence and derivation of information about genotype of the 

<hos:t: '-i:i.:nes {from dataootcained' in'l$urveys was ;dis~iusSE!d as well as 
,the pbtential' value ":af, viru1enee;,assb~atibt:ldata-: in choice"of 

., sp~c:lfic;res:f;$t~n¢e,s"~ o~~d;l.:!'5_~se:eontro1..i',Improvements:_ :in methodology 
and equipment used in making s,urveys:' s'o asc top'rov1:de: b.etterf data 
more efficiently were discussed. '. 

Dr. E. G. Heyne met with the committee to discuss nomenclature 
!'~f· :genes' fO'r sp'e'eificle;af~r.g$t i'resis.taaee·; in.: wheat· and the: <S.ymbol­

.. izad.on o'fr;host::par:as:lrE!J ,.g~n()ty'pe, ant~-tact::Lc:ins ~ ,.f, The connnU:tee re­
solved to recognize Dr. Heyne as a ."cle.ar.ing.-nOuse,ll; 'for.: the assign­
ment of gene numbers in the LR sedes. All workers are urged to 
contact him before publishing new numbers for genes for leaf rust 
resistance. The need for designating "intangible" genes temporarily 
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in sopte ca,ses isrecogniz,ed. ,Symbols ol:he;rthan 'l1u~e7:s"should be 
used in th~s~:c:as~s •;,~,u~ifoi~· 'II1E!ans .~ f. d~.s:(~a~iLp.g 'host genes 
and alleles was deemed beneficial and such a designation system 
was agreed upon. A slightly, dl,.ffer~nt,system from that previously 
used was developed to accomodate expanding use of automatic data 
processing equipment., 

The group then toured the Wheat Leaf Rust Laboratory and ob­
served some equipment rec~ntly d~veloped for use in making surveys 
of pathogenic potential. 

·1'h~.·co~iJ:tee' 1tPeJ;\:r~cat:1ve:t,1ed;in cOllferel)C:~'~p;., diE;~l.:lsS . the 
yalue.8,J,1~",lJ~e, o.t ·n9n-sp~ci:fl,.ci!~Y;:Lp ,rust, c0t:1tr9f"o{, Pp.ss,;b.l~,I11~chanisms 

an,c;l .. ~he, ~ea's~r~1.l1et:1t. ;:tn.~udi9g ).e:~r1y, .t;ee.:til1$:i9f:.\ n.()n-!;lp~,c:l.f.~e:L,ty we·re 
the chief. topics, ~ns~.!fer~d. . 

"'.. '''' , 

The deposit of culture~ of P.rec~ndita·f. sp. triiid in the 
lllapt Rus t-C(»).J.ec tic;>:o 9fJ;he -At!JeF~c~ "Ty,P~ ,eu! t·~!.-e.;Collettion was 

. eop.si~er~4 jat:l~:Ae~:me;c;1lo~-.gre,~r;. iY1por~fUlc~;, t'? ~ut~"f~ ..s"f;~en:ti;st~ 
.,-; fo~ .c.pmpa~isp,l;ls ~~ ~~~:L -.~ ,P,:r9vi4:l.Ilg-r.E!!;l~.;rv~~J o.f .,~~?FY's .. wor!t(ing 

eult'\1res,~d ,v9!J.c:her(! ct,lltyres." f,or puplislt.E!d._rese~r,ch.. : .Al1 ,rust;
 
.:worker~ _, :~i"e ..:_e.9-cour~e(rl:p;~~e;.'\1Se; ofthi.~;. ·c.Q.+J.e~~l~n.~ ~:c;:u1.~.9res
 
,·may be ;~,pp:§J;,~.eici:~f1l ~';R~s t;r~iG.~.,~J': .and Il~e:p.}.~pe.l:' 'c~J t,ul;',es .wpere
 
their .c;liS:t;ributiop.. is. ca;reful1y-contrplledto,' avoid escap.e of:, 
dange.rous c.U1~·l1:~es. ':,:, ' . i;' . , , .' .,.. •,,- .' ., 

..
'. _.~, 

' " 

? ' <:, < • ;" ~ • ~- ~ 

,Some.!of the' p.revip.us' w:or,k, 91: ,~he· NA,i:,C()J;lIIJli tt~ej has.; bee,n .published
,in three, pap:e£s:·..·;·.... ',L" 

! __ ",1 ': :,' . :; 1:." .. ~:": : ,,~.~:" " (." ). L, 1._ ~. ~ ;; ~< ' .'. 

,1. A COMMITl'E;E OF;,iN,ORl'lI i~4EJ,UG.AN; ~~AT.~EAF,.RV$T RESEARCH 
.: WORKERS.• ,·1959;.- Apropo-s~4;·lI1()dift(:~t,;lon_'of.th.e.-sys~~~ of" wheat 
. leaf 'rus t.r?ceidentifieation'; and.' nomencl~~re.. P:J.liPt .. Dise?se Reptr • 

. ; 4:3:613':":615·. ';:: ,,' :' , \. ' ,.... . . .: _, , 
" '. J_ , • , • 

,2·. A:..COMMI'tTEE· OF,. lNPRTlt. A},:lERICAN·JijiEATL.~R;U.~T~~EARCH 

WORKERS. 1961.:':fhe' NQ.r:th. Am~r,;lc~tl ·196·J.>set~ ,of s~PpJ.jmle.ntal,differ­
ential wheat varieties for leaf rust race identification. Plant 
Dis~:as:'e . R~pt.r·'. J. ·:~.;4.sJ·:4:4.4.~4-4,6~~,. f·.:·":( 

. :-!;'~"~'" '\ ;", ,- ..:~, .'-) , \~,(-" , 

'3. YO-LUlg. 'lI•. ;:C:.-J·~·:'\f: :and . :L ... ·E. Btowder.1.9§:5.. . TJ1!,!Nor:th 
American, 1965 set :Q.fi .sil1Ppl'ement:a.k4if£er~ntial. wheftt;. -varieties 
for. identifi:catiot1; 0 f ,l"'aces>:oi., P:llccinia. reconditaf 0) sp,•..tritici .. 
Plant., Dis:e'ase.Reptr. 49: 308-311". ( :..,., 

.", : . ~ . 

Reprints of these papers are available through the secretary. 
: ' ..;. ,.;" 

Committee. '. membera; pre.s.ent~ .at. ·th~::$·ixth "eonfe.reJ'l.ce were w,'~"Q.: ;t,oegering t 

Chairman; :n~, J. S:amb9:t:std;; J .·-,F." S,cb;af,er;.,H,•. C.~ YQ.ung'i .],r.; ,and 
" L .•. Ih Browdl!!·r::.uS.eqr.et:at'Y~ 

'. ;­
'.T' 

http:S,cb;af,er;.,H,�
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BREEDING FOR RESISTANCE TO BARLEY YELLOW DWARF VIRUS IN WHEAT 

(Abstract) 

" .~, 

Pa~ J. Fitzger~ld and J.R. Thysell 

.',,, ,L,' : , 

BarJ,-ey yell()w ·dwarf studie~.at.l3rookings,ar~ directed'. toward 
· loc~¢~ng use~ulsourg.(;!s·of toler~lJ;lCe .erresistance: tOe the BYDV in 
wheat, ,the .develo'pment, of resistant br~l:!ding.l;l,~es,~nd.the study of 

·the,inh~ritanc~ ;of resist!1lnce,to .the. vil1Js •. 'Concurrent with':these 
ef~ort§"hav~,been:seyeral special studiesto.det~rmip.e(factors . 
af,f~cti,ng' sYJ;llptonr deye+opment ,a119 the effectc:>f the viius,:on yield 
and, qual:!-t;y., ·A,~.pe~iaistudy;Ls .in progress 1;om~a~ure the effects 

· of aphid number ;mdplant. ageQIJ. .the response of):L.ndividualplants 
· to.·infectionwith the BYDV. . . . '", " . . . "­

Screening of lines for resistance began in:a'modest: way. in 1963
 
in the greenhouse. The program has expanded to include field com­

parisons for all final evaluations. Evaluations in the greenhouse
 
based solely on foliar symptoms have not been effective in identifying
 
the most resistant or tolerant lines as measured by field performance.
 
Comparisons between control and inoculated plants at or near maturity
 
with regard to head size, height, and general vigor have been useful
 
in identifying sources of tolerance. More than a dozen lines tested
 
in 1964 greenhouse trials were considered to have some potential as
 
parental material. An additional 14 lines were selected from a
 
screening trial in field plots in 1965. Subsequent tests have reduced
 
the number of promising lines, but crosses have been made involving
 
many of these BYDV-tolerant lines and some of the current hard red
 
spring wheat varieties. Some of the crosses have produced progenies
 
that survived testing as F2 plants in the greenhouse, as F3 lines in
 
field plots, and as F4 lines in a replicated yield trial in 1967. The
 
yield trial also included several selections from the Rockefel1er­

Mexican Program. Summarized results are presented in Table 1. The
 
performance of some of these lines is encouraging when compared to
 
the 60-75% tolerance reported by H. C. Smith from the best New Zealand
 
wheats. The disturbing note is that Crim and Chris have shown much
 
poorer performance in several previous trials in other years. Addi­

tional testing will be required to determine the level of tolerance
 
the lines will exhibit under different environmental stresses.
 

A different approach to breeding for resistance to the BYDV 
has been undertaken by utilizing adapted varieties that have compliment­
ing reactions to infection with BYDV with regard to their yield com­
ponents. Two hard red spring wheats in the 1965 BYD trials were 
selected because of the following reactions: 

Kernels/head 1000-kerne1 weight - g
Variety Control Inoculated Control Inoculated 

Minn **-54-30 26.7 26.3 30.17 27.86 

ND 456 28.5 17.5 28.14 28.09 



79
 

,. 
, ,''''" 

These varieties were crossed and their progeny was advanced to the 
'3 generationbef~~e ~esting. ,p'~rent~~,li~e~ and the F3 progeny 
were heavily:f!nfestedt>1n,the'>seeal~n8·rstagewith viruliferous 
Rhopalosiphum padi aphids. Approximately 100 primary tillers from 
each parent and 500. from the '3 proge~y w~re harvested from infested 
and~, control plt)tSforG:£rta.iVidltaP~beadt'analy'sis1" \.Preiil'ninary 
~"ana1yses(;su~est,a:::e1o~E!apprC)Jtimadon<:to:ra't!oiin8l:'dis(r!but:1on 
cutve.::.'rA pardaJ.::'sa_tY of{"tilese'da~a':lis';:preSl!iltea'ln ,'tab'le 2. 
Tlte llnol'e~;cd:ttc41 analys'is: ;:In··)1961':£ndi~ates.tli:af~~tlie'.!fiareri:t~i1 

,lines: d1<l:not'respond"ih,:the :mktier as'1:iF·the'1965';ceitiaPfroin which 
they.·wete .seleCted;<?lteiS :;en.cOurasing; '''116~evet;·itliat:'f8ever~1 lines 

.... '. fronlJ theHpJiogeny exceed:,: the :mean'<6f f thet:"ptogEln9': coi1tf61"for~!seed 
numbe]:": aria oseed' we:fjght ~'f Ifljd1r£-'ferences (obkewei'''':are heritaDle 
rather than chance variation or ·escapei'of';':lthf'-ee·tid'n~ptospeets 
seem good that BYDV-tolerant lines may.be d~veloped from adapted 

, : 'varietzi:eS.'.orrc,select:tc.us ~)'. <:''', ::.'. j ··>c" :;;H: . },' ':, ,.. ' .. ·c, .. ;': 

~ ;. . 

• ; i" 

..~. ," 

;l ·r • 

<.'. 

.,.: . 
' .....' 

. ". :.' :'.~ 

. :..; .•.L ~.
", I r'" 

• .j. •••• 

" • ~. ,. . ~\ :', ~ ! .. 

',')' {..... ',.":"('fj 
. ; ~ " I • 
. .:.:: 

;".,,'. ;.' i ~~. ;.' C:.~ . 

. ~'.- ~. ".' , 

:. ~. .' . 

., ~'nc 1... . J 

r, 
- "t' 

. \' 

( . , J' ; :_ ..' .~ < ':~ , .:', .,'.. , .; ..~. ':, ~ 

::j ~.:' .. ; ... ::. r . 

. ('" 

, 
~ . ,.; 

.J :>' ::,~ ;.. ':.', ,::; . ": "\: ";i I,.. : ~'~'.':.J:' ,~~ ,: ';:' ..:" ;2~ >. t ;. • i :.>:.::' ::' . .:':L.", .;,. :'.' 
.. ;·,i \I::,.L·' :" ,. 

:' : 

'.~ I. 

, '. ,\ 

" L 

'i ' :/ 

; f 

J t 

... :,,' r.: 

:. ":': ... ' '-' 

;·-.·l 

.f' ,1 . \-'. 

: '.' ~'" ;, ", .;, ,:.' '!'-:" 

• '>~ • 

<~ '::, ." .' ~: . .; : . 

~. ~ . 
+,' •. ... ~ _. _~_ ,..' i ~l::; ,. r", . , .....

:j' , .:.:.':' 

;.. ~:: : . t:"· ,- ",~ 

'..: ,.' 
.... ! I .. .,' . ~ ; 

, ~ ( , 

,'.·1 
.: ,.1 . .'",,' ...: ",'--' 

.... 
., 

r~· . 



80
.:' . 

Table 1. Performance of selected spring selectionsifnoculated with 
barley yellow dwarf virus in field plots at ,'Brook$ngs, S~D. 1967. 

Selection 
Yiel~ in bushels/acre 
Control "Inocula~ed 

,-, 

Percent' 
, ',contro~ t 

Standard errorl/ 
(adjusted t) -

From Brookings Program 

6526A-23 

Crim 

34.2 

38.~ 

29.6 

32.2 
'" 

, 
·86.:5: 

" 

.. ,. ; 

;8'3:.0: 

: ~N8 

NS 

Chris 

65l6A-13 

65l6D-12 

30.6 

38.4 

30.2 

' , 24~8; 

30.6 
, . 
: 24'~0, 

'.." 
,8L2 
; 

7~. 7' ' 

.79.5.. \.: .. 

,NS 

~:NS 

.NS 

524A-20 33.8 
" ... 26.:2 ,17 .S: * 

6529A-22 30.6 23.:4 76.5' 
i", 

NS 

6524A-22 36.0 27:.2:" 75~'6 
.. 
* 

6531A-24 34.6 25.8 
: ... 74.6 ". NS 

65l6D(SB) 33.2 24~6 74.1:;: * 

From RF-Mexican Program: 
" 

84027 
S398l 

30.4 
26.0 

33.2 
24!0" 

109.9' 
:92~3 

NS 
NS 

Mex 30 30.~ 27.6 
;' , ," 

90.8 .,NS 

83987 25.6 22:.8, 89.1 NS 

T2PP-An64 24.0 21.2' 8a.3 , NS 

Penjamo 30.6 26.4 . 86.3 
co. 

,iNS 

1/ * = Treatment means are dif ferent at the .05 lev.el of- significance. 
- N8 = No signi£icant·difference:~between treatment means. ..... . .', ;. '; :. .' .... ,.'...." '. ~~; . ;: ,t: 



Table ~.--Partia1 summary of individual head analyses 'from hard red spring wheat paren.tal and 'F ' 3
pr()genyp1ants infested with viruliferous aphids. ' 

Variety Number of kernels Weight of kernels mean of control ana ' Tobu , Total Range <'Mean :No.of Weight :of Iloth kernel no. 
Gene'ration Treatment ,he~ds Range Mean, heads' g .', g ," kernels kernel~-g and kernel wt. 

Minn~II-54-30 Control 87 17-51 33.1 87 0.451-1.750 1.066 41 36 33 
PI,':: I Inoculated 84 2-49 25.7 84 0.050-1.600 0.624 12 3 3 

ND456 ' 

p 2,! . 

Control ", 

1,11.0cu;late4 
86 
7,8 ' 

21-46 
4-38 

33.7 
20.1 

86 
78 

0.701-1.700 
0.101-1.500 

!'." 

1.313 
0.551 

46 
5' 

40'., 
'2 

35 
2 00 .... 

66514 " 
(PIXP.2) 

Control 463 
Inoculated 469 

14-68 
1-56 

36.4 
25.0 

456 
481 

0.140-3.570 
0.019-1.711 

1.261 
0.565 

194 
29 

226 
21: ' 

151 
9 

F3, 

-, " 



SEEDLING AND ADULT PLAlfr RESISTANCE TO STEM RUST 

j, : ~.:' .. ': •... ::., . ) ! ~.'. '·'1;- :~ "~:'L.; : :~:w..... i~.l\.L~, ~':.: 

D. R. Knott 

I have tended to be skeptical about the importance of adult 
resistance, partly becauset;here h'ave been so few good studies that 
tested both seedling and adult plant resistance. Hope and H44 are 
considered to be good examples of varieties having adult plant and 

.. .. . perhaps ...bo·r!zont·al:resis.tance, ! but. uumy ~:~u9~e~I 911 th~R1.rwere done 
only: inthe>fte1d.• , i I beg:ana,.,s·tudY .Ql J:be,se! tW9 v.ar;l,~t;1~~,rRecause 

..·LwaS.interestedj,both..,in::..their gene$(:.fpl"~ re$~s:t~ri,ce ~d·.·~1j~:irelation-

. ship. ofr .the genes;:; Ito :,adul;t.;plant'!r.es;1s.t:ance.~;; ' .. " " ,. ,. ,. 

", ;~. ,~.; '. ~'acltt~oss~~')~~ b;,t~" ~a~~ie ties .to"'*~~~\1t~~" ~~ier.;s:tu4i:~s,~ ';;; For 
seedling resistance to race 56 each.,V'sJ'~4M:y,(b~,,:.,a s:!-llgl:.e dC?~nant 
gene on chromosome 2B (XIII). A line carrying only this gene, Sr 1, 

'. f 
\. 

was': not;' as,res1s;tant ~s, ijop~ @p,;H"'4~;.,,:·;;;t~, t~~dy~e$ts.·w1th race 56, 
;Sri l' prwed:to ,condltton! UlQ.de~a.~e ;..:t'es~~,t,~:c,e, -: lI(;)l~~yer;jj )~:s\~c;:ond 

" gene.~· ~','w:a.s j¢le$!ltly. segreg~Ul}.g(.·:~:MPP.,8::;;t~ P1;O.Vj.~: ,tIl9~~,r.ate 

":resis:t:ancer,tora.ce :5,6.: ;.>()liI;ty; £aJ:l4.J.te~~egJ'eMt~~gfJ9r£ POt;!:t'iE.!...1. and 
:.' Sr , ·2.. :hadr1plants :;tha:t we.J'e·,~.i X'e;;i~t;~.t,:as; JI.9,p:e,., ~df; H;::-4.4:! .. l,'p.~ gene 

.. ; S;Ti 2ih:adl DQ:' det.e,ct·~ble aff~c:.t ~1Jdl~ed"ing~~ "J;!Qwe¥er~~t:;j:~~\. seed­
ing stage also it was found tha.t.·"9-A1Y,;J~,l.~§~eg.r~B~t~p.g;\9r both 
Sr 1 and Sr 2 contained plants as resistant as the parent. Thus 

(. 'i' I :iiiS"ee.d:;Liags :Sr ·.·.~.i ~d;l.f.;l.e$ .tlle ·t~13i.~.~.,~~e:;99n~;l.i~,~ppe~JJ;)X Sr 1 
•'•..whil.e. a.tfth.et: adul.t,; p~ant ,S,1:ase;, the,. ,t:wo:: .8!MleSii ~~. ~p.AependeJl~J.Y but 

,their:~ffeets ,are:la9ditive,~';,..: 'oL/Y,;"" i.,'.!:; :, f: .. j 

.' .~-; 1; '.'.~.• :,:;. i" ,~:';" :~ .. l~ r;J'.,t ,.:·.r~:,;::,' ..~,.··: ~' ":'," f :;·.,r;,~:·.~·;,:~·.,"I.:·~~' :.~:':~':"; -·~.L .
 
; : .
 

,,' .j B,()th:, YaI':ietie~~k: a!:13o.;C'st':;ry·; a::(rec~S$;tv~,g~l1~ ';~h!~~ Lcon9,;:t,~qns 
good resistance to r-.ace, l~B:-",;n...It!',JloCl1~i,ol1:h~ .~9(~;y;et.J~~en 
determined. . . '.' 

.; .. 

L ~ ;i': .':~•. :~~~::~~su:i'~'~,: ~h~;J,:~~;~l~s.i~;l;'"t~~t.;~qp~~;~~~. ii~4~~, :4~3 ~~v~ adult 
.. ; . piant'.,res~s t'anee. i", r;; ,It: ;:l,~h4.nb.e'l'ilt~d..rin/;~ j n9l':~~"t;~S.\119Pj :~~.~t ,,;l.t is 

reasonable to assume ~£ori yiru­that there, 'ililya';,c.oil\'fe~pOJl;.~ng-;.geper
lence in the pathogen. The rather broad resistance of these' two 
varieties is probably due to the number of genes that they carry ­
at least three genes in addition to genes they obtained from Marquis. 
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QUANTATlVE LEVELS	 OF RESISTANCE TO STRIPE RUST 

(Abstract) 

'. ~ .. . :,'".. 11 , 

I • . •".. J	 .'., 

:J., t'.,: ,"": 

;. ·The:fl.e~·Var1ed.es Chetenne :(-res .;)iiHt1$S4t'(res;~) t>Id:aid (res.) t 
, . Comanche (Jnt ~) and;. wlilte" 'club';,"(sus:. )'1will; p,rodu-ce' ;'add!tive, ,re­
o s1s'tanC'e' in' alIi ,i::ombittations·;,bY:; t:W"D' s. ::.nte:'hig1rly, 's1,!,~~epdb,ie 
; t~mhl '62Lf\inic:tions~.'E1l:P 'amisS,L'D!g: ing.tediefi:t Wilth made'rately,res1s­

;., :t:ant b~ldeni'produelng:hl:ghly;tesiStalrt':;detd.v.atives.(,tha;t;p~r~:isted 
.: fU1:'ther Ft' 'plaiiis _~~ 196J7:~td tli; ~:dditio~~1.1:}:re:sist~tlder~vatives 

'at tnelddd x Otn,;gr·c;ebilibli1ration;~: l}J. " ',;,'•.' .: . '.'.' . .,' 

":; ,l":,;·..)~",,·;, .. ·:\ ':~~:;' ';' '".:.,:':....._'.~, 

Man}r~highly;J(tes<:Ls'tant:'ta.tieties,:are:lmt11~j;:J.gf;ne::;silth'}as .ubhen­
,hei~'t)wh()'s'e reisis·t~an:Cec;;eou1Jd!no:t", be malnta1ileFdG iwdl £>as't[ backcross 
to the fully susceptible Lemli. Inj'ce;tlt1t:ast:in abaCkeross';of re­
sistant Cheyenne to Hobenheimer t it has been easy to mainta1n a 
'h1gh~rthanr.'Cheyenne·t·l'evel'o£r', reswtan.c~':· b~'\ina:inta!nin:g: presumably 

, only 'a.p'at'tol' thef·Hob'ertheiiner·· 'res!i:s-tail"Ce~ '1' ..... ' ... .' ",,',' '. 

All highly resistant wheats including those wi th very dominant 
genes' haVe"hdi:lr •mo're )iban ;one:gen~; ·f:OTc re-s(wtancer~:'!:}Dom1nant and 
reces!sive.' d:'esls·t'ancEf:have i b~:eil.i d'isd.ngh1shed only'; 'by:~'Segregat1on. 

.. patterna':andUltot"bYJpbeno'type.:::u<:1 ;;:' ii ."'I r:,}:,"!'.:· ;;;.; ',; .. 'J. 

~,' ~ ... " '~<).".: •• r; . .-1­ .r:.:,:.";i:, :;1,"~ .., 

;' '''~ ;", ',; (: ~:.~. 
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PHOTO SYNTHETIC ,AND:YIELD,RESPONS:ES i.OF"-GAINES AND 
HADDEN WHEATS TO INFECTION BY SEPTORIA NODORUM. 

." j	 .. . :": .~ " : ... .1 .,' .1 ; ~~. !.'" (Abst,ract)'·· " '.':>", .., 
( If:' 

:) •• ; .•"'- .• ' \: I", .. 
.,A. 'L o·,'S.c1:lat:en.:: 

", -. . ....... ".,
 . . :: ~ : .:	 ;; ~ , : :". t' I.·
" ",:I.J 

, ! 

',' ., ;;Photosyntthesis;. "measureda~, C02 absorpt!:on ~ :was,me~su+ed in 
". '·:·:'1ieads and::;fla:g·lea:ves·;ofGaines and' Haadeil;~lieats •..The effect of 

.: irifectio.tFbY.S~ptoiianQdortim on ':·rates 'o.f "'photrisynthes,is: was>:de­
! '..!:' ". ··:t:~:hnfneid "daily,for;;2 .' Weeks Jaft.'tii"i'noculatiart at. . die 'fl;.(:)l~~J::~lig
 

stage. Yield was measured and ':fEilatt'ed ',·to:diseasesymp,toms':and
 
photosynthesis. Heads and flag leaves of Gaines absorbed C02
 

, <at "'an average '.:ora'toe 'of'5. 98tilg'"pe:r'hotlZT d'tiring the 'tes tc'period. 
, ~' "Severe<infect fori· 'reddted ':photdsynth~sf~'b}H46.% ::arid y,ield '·'by':lS.7% • 

'" .. ' f>C;jHeads. im8 flag ]eavE!'~;(jf Had~n~)ab'8Q:rb~ed· CO2 '~at ::an;,aver~gei .rate 
".~Qf 2 ~;&2 ,ll1g:-per'hour •. : M6'der'at'eii'nfeotidDi:ttedticed'phot'osynth~sis 

,,:.'.' ':bf:14~ and yie1!d"'bY'<23%~: "/r: iT; ,in.; :'.'/i " :} ::)'", 
~I r,) '.-' ... ,,"'~"; ';., '.' .. {:~~ ,,' j :.> :':)'¥~}":"'''\''~'F'''''' ,.... 

. :: :i.r·1tigh r.rate'oi~hot:~:syt'itlies1~:ii~~.cha'r~cte·t'is'ricOf ',:high;'" 
,..' .'yielding ·vari'eti'~s'. :'CharlgEfit inpho tiosyhth¢'t'!:I!6: lability '{9£·:,J, '. 
.,. fvai'i'etfe'$ 'wheriinfecf.ed '·bY):S 6; i'nod'orlimwere oQ:JiiJ;,e:lIated -!.With':.:·:· 

the seed yield of those varieties. Measurement of ;'pho'to.,;;:';'" 
'" syn~hetic ability may be useful in selecting lines with high 
" 'yiel'ding p'(%Emti'sl'::in 'bfeeding'prograJiiS" j . 'Mcl1ntenance)()£' 
," 'photea.ynthet:ic ..8o:il:Lty j"hd c6tl9~Cftienfily y:fi~ldin:g a:tiil'iity;,O'in 

"":."	 ;:s~'ite'6f irife'ctiolfb,y~:,p'athogen ,riiay~bE!;he'lp'f;Ul:)in' ;selectd.ng"i
 
.: lines'witli"resistanc'e 'oiL~t6'lefancei,t() ,:ce'tt!a1n':di~ases •.':,:;,,' ".'
 

, .. :; 
• .1 ..<" 

','} 

"" ""'.. , .~.;. " < •'., 
. ;:.~ :}	 ,!f:: . 

,', i . ;: ~" ': 

.~. I ~ ~ ,.~.:" 

.... :) ,	 ; \..
,
:,:

, 
.'. : .:.• J. :.~ ',', _: .:.j r .l 

,. . !i'''.~~ 

.; : . 
. .	 .'' 

" ,:': 
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INHERITANCE OF STEM RUST RESISTANCE 
IN SEVERAL' VARIETIES OF WHEAT 

F.J ~ Gough 'andN. D~ Wil1fams.!~I' 
'l' '("I. > \~",:i;. I • 

We have worked at Fargo, -North Dakota on the culture (genotype)­
specific form of resistance of Triticum to Puccinia graminis f. sp. 
tritici Eriks. & E. Henn. Culture 111-552 of race 111, the most 
widely avirulent race kndWIl,,,was.used as the standard test culture. 
In every variety previously studied as many, and usually more, genes 
for resistance were indicated by the use of culture 111-552 than had 
been indicateddl:Y.;tl.hemise, of a',mare ,td:dely;",virulentc culture. How­
ever, culture!111'~S&2didnot indicate.·all·'of.:t~e'genes fQr'iresistance 

. which some:,v:a'rleUres ·,poss.essed:.,·,For·e~ampl~j:qSr.5, alld.agen~ in T. 
dicoccum i5cb'ub1.. ':Khapli.',,;,·be:k:f.ev~d ·tQ,·b.e·1~S·r··l4·.,;:weI'e ':IlQ,t·.• discernible 
with,theuse·.,o.f:ctiltureill1~SS2i,::::, . i, .:V.I ';,; '/ ",f' 

~':-.;'-.:.,:,'. '.;~'; :-:':'_""",-. :;;L... ~; .. '~ 

. ' .!. '.,Objectiv;es of: ,the prQgr~cwe:r,e:', ,a) :tto:cle,D}Ons~~a,~, the ,p,resence 
:or,abaenceof ;"a ?gene"jfor~,gene; ·~~e1.a.tio~sbip ,:r'"b ) ,:,~od.~~~19J1" ,. a:s.eries 

.. of wheat,line.s ;T,:e~ehJ!lon:Q'ge;ni,c;ii:f,Ql)r;~lt c:li.£{~I'ellt; selle ~l?,r re,~i,81tance, 
i. to, be ',us.ed :1;0 :'"<U.ffe.t1.en.;t:tqt.e'~t!l~·';H:eS,,;G.J:fr !~ ·,gr.ami'llis :fi • :,:~p.~ tr,itici 
and as sources of resistance in breed:f,ng ::prQ,g~~ms ,: ~.st d: to· ()Select 
tester cultures of !. graminis f. sp. tritfci which would dfffer­
en1:;tat'e "gel'\Q~YPe:£L':Q,f, ,~b,e:a1'-.·'ya~!e:~es ~:,,~,~+e'c;tion!'J'f ;.~n~~1,}Yjbrids. 

Ideally;~ :the ,te~t.~~e:s.;~Q\1.J.;d.;pav:ed,;,~.~~,:p~nt ,~.ipg~~ .;ge:n~l:1 ,: ;q,~.' avirulence 
each' "c,QQ-espQn4:!;q·g t;q ....a, cliff.er,e.nt ::ge:~e~:i~;the:. seri.es ,p.f,monogenic 
wheat,l:f;;ltesi": .", . .... ;", ';' . 

".':. ; I';: f,', ,':'" .; ~ ; " ': ,'-,. : :,' ';- , ~";' ~~. .r :; . ,J . 

The "fi~st'o,1;de'ctive.:h,a,~(1?,eel\ :Cl9,gQmp+~;sh~d.~,,<~lle.se,c:ond,wi1l
 
ne.ve1",be: .to. o~r : full ~$:~:tl;l;f~c.t::J;P.l'\ sJJi1C~ \~~mo~i~ /:1,11 ,;Ya,r;i;e.t:f.e~ :'are
 
rj;!s:f;stant; to. ,cttl,1~:,,\I'e. rll,;~"'~f),2., (~~4:,b,e.~a\1.s~new·s.~ur~es·C?fres.istance
 
useful ,$n b:re.e..4ill!g:,P,1\'Qg.I'C},1!lS :,Qc:C~l!!G!Aa:4ly s1:>.ec,oJ!],e,~va;J:llb.le;. ,The
 
third objective has received no concentrated effort.
 

From crosses of !. aestivum ssp. vulgare (ViII., Host) Mac Key
 
'Marquis', 'Reliance', and 'Kota' with T. aest1vum ssp. compactum
 
(Host) Mac Key 'Little Club', three, three, and four lines, respec­

tively, were isolated. Each line was believed to have a single
 
gene for resistance. Subsequent crosses of each line with Little
 
Club confirmed that all except one derived from Kota (Kt-A) had a
 
single gene for resistance. Kt-A had two genes for resistance. The
 
derived lines were intercrossed and those from Marquis and Reliance
 
were crossed with lines having the genes for resistance from substi ­
tution lines Hope ID, Red Egyptian 2B, and Thatcher 2B. The lines 

af The authors gratefully acknowledge the many contributions to
 
- this work by the late Dr. Mario Rondon, Dr. L. A. Berg,
 

Mr. Hossein I<aveh, and Hr. Melvern Anderson.
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derived from the substitution lines were deITeloped by Dr. W. Q. 
Loegering. Relationships among the genes for resistance are shown 
iil"Table 1. 

Several varieties. 'of ,T'!: durum ~ Desi., two ofT.. , dfcoccum, and 
one selection of. T." timopheevi ·~huk. .we're crossed with<!.. durum 
'Marrocos 96Z3' •. Subsequent segregating generations were tested 
to determine the number of genes which conditioned resistance 
culture ll1":SS2, and,to isolate lines wit:h single genes for re­
sistance (Table, 2)., . The most apparent feature of .the data in 
Table 2 is the,nuJ;Dberof times that three genes for resistance 
were indicatedhy culture 111-SS2.0ne possible explanation is 
that the culture had three genes' for. avirulence which corresponded 
to three loci in the host varieties. However, this hypothesis 
weakene'd by' the data obtai-ned from Marquis, Reliance, and Kota 
which indicated that these: three varieties may possess as many as 
six non-allelic genes for resistance. 

,..' 

'.r-; '" 

' .. j.' 
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Table 1. The relation of genes for resistance to culture: 111-SS2 
of Pu~cinia graminis f. sp. tritici in lines derived from Marquis 

. artd;R~l(~ncet'o" thos~Yin::KQ't~ a:nd in·,cl.tLlles'uaerive(h"f-rom substitution 
lines'nope·lD.' Re·d~)Egyp·ti&i_2.~j'.'a.~~'~Xha~lilier 2,B~,;·' .' 

. . ", ~. 

. ,:,~ ~. ... 

,: "l" . : 

. ,.', j .. ~ , , t .• 

·.··c· .; Gene'.re1at!f.onship,·· 

.f­ '.' 

. '.; ~ : " , ~::., j .:', ..;. ;.' .. '} 

:. : . 

" . '_." ';. 

..
 
Mq-k"Rl~A ,:-Kt-.B'-.and'·Hop·e ID·,·,"Sing1e,gene in ,common , .- ..
, .. ' .,... . ", .," .' '.' . . . 

.,.. .:., .... 
.Mq~B"'= . ,', . '.: ",'.;)y:. rS!:lbgl.e.:;gene" prob·ably,·..l-1.n1t~d with 
'"" ',i: i~ . ' ~,J, <.':';" .".'i;· .i': .r.! ')~i,~!Sr.9a·(on::;Red 'EgY.p:~;J.;a.n' 2,:8"-" 

R1-B and Thatcher 2B	 Single gene in common, Sr 16 

Mq-C and Rl-C	 Single gene in common, not linked 
with or allelic to genes in other 
derived lines 

Kt-A	 Two genes, one may be the same as 
the one in Mq-C and Rl-C. Neither 
gene allelic to Sr 9a nor the gene 
in Hope 1D. The cross between Kt-A 
and Rl-B not obtained. 

Kt-C	 Single gene, not linked with or 
allelic to genes in other derived 
lines 

Kt-D	 Single gene, cross not obtained
 
with Rl-B, not linked with or
 
allelic to genes in other derived
 
lines
 

a/ Mq-A, Mq-B, and Mq-C were derived from Marquis. Rl-A, Rl-B, and 
- Rl-C were derived from Reliance. Kt-A, Kt-B, Kt-C and Kt-D were 

derived from Kota. 
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Table 2. The number of genes in durum, emmer, and timopheevi 
wheats:wl1~ch "condition;r~si£)~ance'to c':l:!turel,H.~S,S2 of 
Puccinia graminis ~,,~ sp., t~itic;i. . 

.. ,' ~~~'" o( $enes: 'for resistance 

" .T.,. ~:pr,um 

.. ~. ,.: . ' \. . ~ ~ : .. ,~ ,~: f'(,: '-. " " ", .":

"Ac~~ '. ',i,'" 'c·:3 ,,' .c' "'J. . . d 
;,ArI\8utka· " .' , 

".' ....
,Beladi '116c" . , - .- ~. '.. :~ , ' ',' :3[' ' 
C . I ..7' 8'0"'5'd," . ',. -,~ -1,.-, ..•.. _. , . >';, 

.' C.);,. ;8t5s8. (""." .3. "
 
. : Iumillo ,", ) ri I,,' .. t "~' .-.C
 '" :3:" 

'·Kubank8b ;. " :';,' '.' : 1,. "i. ", 
1, ,_, .-' 

Mind\imB,':,;;"." '. '., ,,(3 ..... 
, p .I..,94-79·;I:~;, ',; " .' ,,3 ... , 

,.', . '·.i;: 
, -" ....... i .P.1.: 19.21688 ' .. ,),
 

. :spellnafia,,: ,}
,",", 

..•. St.464.:,: :" - ..:.,1 , ;., ~ " '0" . : r',.j .~~ ., 

Tre.mez pretod 
.1. .... '.... :;' 

Tremez rijoC 2 
:"; -, ',:: . ' ~:' ~ . '."
 

,T •• dicoccum . :'. '. ~.
. .~~ ; 

.; r·- .. ! .. .. "3. i ,"Khapli8
 

.' Ver.nalb; i': ' "
 " ,1 ,+2 mOQ~f,iers 

'l"i .. , .::;, '} 

T. timo:ph~evi~ 
"....:. 

a Selected single gene lines intercrossedand crossed with 
susceptible T. durum 'Marrocos 9623'. 

b Single gene lines selected from F4 and backcross-F3' 

c F2 and backcross-Fl tested. 

d Cross made but segregating generations not tested. 
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IttACT:tON' OF CElITAtN WHEAT' VARIETIESi,'AND' SELl!:CTIONS 
TO LEAF RUST''''~OKLAHOMA; 1967' ' 

H. C. Y0:tJIlg, Jr., T. A. Kucharek,
 
J .;M~Prescott and L. L. Singleton,
 

Seeding reaction tests of 82 wheat varieties and:selections 
plus 30 differential varieties and selections were made 'with 21 
isolates of Puccinia recondita f sp tritici during February and 
March, 1967. The tests were made in the greenbolise'atapproxi­
mately 200 C. The tests with individual cult:i1:res were not made 
concurrently and, therefore, a certain amountofYvariation in 
reaction was expected due to light and tempera~ure fluctuations. 
In all cases, the number of plants with off-type'reac'tions was 
noted. Those vai-ieties or selections with off;';"type:reactions 
were considered mixed or segregating for reaction'tO',one or more 
cultures. Approximately 15 to 20 seedlings ~ere'.tested with 
each culture and the reaction listed was the'~eaction expressed 
by the majority of plants. If a variety or selection"was segre­
gating, a false 'reaction' might have been indicated ~ith such a 
small number of plants. 

The response of most of these same varieties' artd selections 
to leaf rust in the field also was recorded. No ar:~1ficialin­
oculations were ,made on the field plantings. 

These data have been assembled and distributed with the 
thought that they would be of interest to other.path~logists 

and breeders con'cemed with leaf rust problem in wheat. ,; , 

.'O, ·n . ~,~';., ; 

.' ...•. 



-----Reaction to Leaf Rust Culture 

,Entry 'Variety ., C.!. or Source '2-NA65- 5-NA65- 6""NA65";
 
No. 'or Cross Se1. No. 9 27 27 3 19 19 27 3 19 19 25 27 28
 

1. MA /1~898 LR INT 0' 0-0' 0' 4 4 4 4 4, 4 4 4 4 4 
2. CI -3756 DIFF 0'-1 0'-1 0" 0'-2 0'-1 0'~2 0''':'2 X 2-4 X 3-4 2-4 X
 

-3. BV 3778" 0' 0'-2 0'-2 0'-1 0''':'1 0'-2 X 4 4 3-4 4 4' 3-4
 
',4. WST 3780 ". 0' 0'~1 0' 0'-1 0'-1 0'-1 0'-2 0'-2 0' 0'-1 0'-1 0" 0'-1
 
5~ LS 3779" 0" 0'~2 0'-2 0" 0'-1 0'-1 0'-2 3-4 4 3-4 3-4 4' 3":,4 
6. MI 3332 II 4 4 4 4 4' 4 4" 4 4 4 4 4 . 4 
7. HS 4843 11 2-4 3-4 3-4 3-4 3-4 4 3.;.4 4 4 X'. 4 3-4 4 
8. DO 3384 II 4 4 4 4 4 4 ' , 4 3-4 4 4 4 4 4 
9.. DLR 13373 NA SUP 0' -1 2-4 2":'4 0' -2 2-4 3:'4 2-4 0' -3 4 3-4 2-4 2-4 2-4 " 

10. LEE ; 12488 DIFF 3-4 3-4 2-4 0':"'1 0'-20':"242 0'-2 0'':''2 2-4 2-4 3-4 
11. WBN 12992 11'0' 0' 0' '0' '0.;.0' 0" 0' 0' 0' 0' 0' 0'0' 
12. SVL . .. 12595" 0" 3-4' 4- 4' 4 4 4 4 4 4 0 ' 4 4 
13. ECH 12635 j, 0' 0'-2 0'-1 0'-1 0' 0' 0'-1 0'-10' 0'0' 0'-2 2-4 ,~ 
14. ARs 13228 NA UR 0' 0' 0' 0' 0' 0' 0-0' 0-0' 0' 0' 0-0' 0' 0' 
15. AG 13523 110'':''2 0" 0'-1 '0':"'1 0' 0'-2 0' 0' 0'-2 0' 0'0' 0'-2 
16. AIV "12578 0'-2 0'-2 0'-2 0''':'2 0'-1 0'-2 0'-2 0'-2 0'':''30'-2 2;"3 0'-2 2-3II 

17. LCO 14047" 0' 0'-1 0'0'-10' 0'-1 0'-20'-1 0'-1 Ot-2 0'0' 0'-2 
18. TF: i3483 0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0 '0-0' 0-0' 0-0' 0-0'II 

19. WK13659 11 0' 0'-2 0' 0-0' 0-0' 0' 0'-1 0'-1 0,' 0'-1 0' 0' 0' 
20. WD2 13628' , NA TV 0' 0-0'0'0-0' 0' 0'-1 4 0' 0'-1 0" 0' 0' 0' 
21. WENt 14018 110'0'0' '0-0" 0-0' 0' 0-0'0-0' 0" 0'0-0' 0,' 0' 

1122. WK2 14049 0' 0'0' 0-0' 0-0' 0' 0'-2 0-0' 0'-1 0' 0'-1 0' 0' 
23. L.R. 13651 II .(), X 0' 0'-10'-1 0'-3 X 3":'4 3-4 :3-4 0'-4 4 ~ 
24. LAN! 14021 II 0'-1 0'-1 0'-20'-1 0' 0'-2 '0'-1 0'0'-2 0':"'2 0'-2 0' '0'-2 
25. iF 14022 II 0' 0'-2 0'-2 0'0'-2 0'-3 0"":'2 0' 0' 0' 0' 0' 0'-1 
26.ANEX, 14020 "0' 0'-1 0'-3 0' 0' 0' 0'-1 0' 0' 0' 0' 0' 0' 
27. FREX '14019 II()' 0'0'-1 '0' 0'-2 0' 0' 0' 0' 0' 0' '0' 0' 
28. wTR.' :': 12110 OK TV 4 4 3-4 0 1 -1 0' -2 3-4 X 4 3-40" -2 4 4 3-4 
29. WSL : .13090 i

' 2-4 3-4 2-4 3-4 2.,.4 2-4 2-4 4, 2-4 X 2-4,3-4".
30. TP 14154 0' 0' 0'-10' 0' 0' 0-0' 0' 0' 0' 0' 0' 0'II 

l1lontinued-­



Entry Variety C.I. or Source 2-NA65- 5-NA65- -- - 6.::NA65­
zit6. or Cross Sel. No.' 9' 27 27 . 3 19 19, 27 3. 19 19 25, 27 28
 
31. KRlHF S63R5003 OK TV 0'-'9";'0' 0' 0'. 0" 0' 0" 0' 0'-1 0' . 0" 0" 0' 
32. sWi/TF 13853; Ii . 0' 0:"0' 0'" 0-0'" 0:"0" 0' 0:"0' 0-0' 0:':0' 0-0' 0-0' 0-0' 0-0' 

. ·33~ LB:~J/TF s60R7919'" . 0' ,0-0' 0':"0' 0-0' 0':"0' 0' 0-0' 0-0' 0-0' 0:"0' 0-0' O~O' 0-0' 
.34 ~ CN~'8'885'· CK 4 4 .' 4 4 4· 4 4 . 4 4 4 4 4 4 
·35> ;CCH 12517" 3-4 ,4, .. 4> 0' ..2 X· X' X-4' , 4 X· X ,4 4 4 
,36. ttl, 1195'2 3-4' 4· . 4 " 4 . 4· 4 . 4' 4· 4 3;,..4 4 4 4II 

.' ji. TMP;" 121-32" . 3''-4 4 4 . 4 4 4',·' Ii 3':"Z. 4' 4'··'.4 ;. 4 4 
38. BS!i '1:251'8' IJ 4' 4· 3-4 4' , 4 .." .4· 4'" .,' 4' 4' ;. 4' 4 ,'4 . 4 
39: r*spjA*E2/PN .13026 " 0" 0'-1 6"-2 '0':'':'1 0 ';"'1 0"-1 0" Oi, .. 0' 6"'-2 0:' 6' 0'-1 
40'•. MQL/20R02/TM4/T*SP/A*E2/PN3/PNC 8589663" 0'-1 2:"4' 0' 6'':'1: 0"'-2 0''':'2 0"-1 0" 0'-1.0'-1 0' 0' 0'-1 
41.' KV2/FZ/HG3/W38/WBS2/FF4/3TB P5396A.4;';;~ IND 0'0'" o~, 0', 0':0' 0" 0' .0"'" 0' OC':'] 0" 0" 0' 

.; ;' 2-!HOPE/HS5/ARS 11.;;4,' , , .. .;-,. c:' (
 
42~ (t':JNl<NOWN) /2 P5517B5-5-1i';':j~1' II 0"-1 X' ... ' 2-4 6"-2 X, X' ,. X, " X ..' X ,y 6"";'1 6'-2 0"-4 X'
 
43. (UNKNOWN) /'2 P5824.Af·~i':3 II 0';,: - 0'" ..•• 6"';Oi 0:-0' 0" 0"; 0..00' 6-0' 0..00'" ~" ,. 0':"0' 6"'· 0' . 
44~ WBS/A.B2/AIV132i7" 0'-1 0"-2 0'''' 0';';;2 0' 0"":'2 X .. 0'-1 3·' 2:-3 0':-2 61

, 0'':''3 
45. ArV/2PNC S62RS530 OK 0':-2 0 "-1 0.'· 0"'-2 0' 0'-1 0'':'3 0'" 3'_4 2-3 0' ~1: 0" 2;,..3 . . , '. .... ., . '. .. ." ., ..... " ,.., . \0 
46. Bi/CCH2/ATN T590773 TEX 0' 0'':2 0"';';'2 () '.... : 0' 0' -3 0 '':'2 0"" 0" 0" 0' x: ' 0" • .... 
47~ ATL50/FW1123 2/SUWON92/NRN66 S61R85'29" 0-0' 0':0' 0'-1 0-0' 0-0' 0' 0' 0' 0' 0-0' 0' X 0' 
48. PSK lid53 OK 0'. 0" 0"-1 0\"-1 6""· 0"-1 0' 0' 0"-2 0"-1 0:' 0' 0'-1 
49. MQL/OR02/PN3/FTN S61~853~ 0''';'0' 0:', 9'~2 o',.;,i 0':"1 0'-:2 0'-1 0' 6':"2 0',;,;1 0' ,,' 0'" O'~2II 

50. BP PI2030~ FOR INT 0" 2':"4. X-::4 x' . 0'; x...:4 X 0'· 0'-2 J(' 0' X' \ 0' 
51. (UNKNO'WN) /2 S61R854'i IND 0-0' 0·0' 0-0' 0-0' 0' 0-0' d' 0':'0' 0-0' 0' -1 0-0' 0' 0-0' 
52. 2TMP2/T*SP{X*E S646395 OK' 0"" 0'':''1 0'<' 0''':'2 0"" 0' O,T 0' 6',-1 O~-1 0' or 0'-1 
53.' " S646408" ()t-1 0'-1 0'-1 0'-1 0'-1 0'-1 ()'-1 0' 0'-1 0'-2 0' 0'-1 0'-1 
54~ KA"'!3/TMP2!T1iSP/ATlsE S646253 d'-l 0,'':':1. 6' ., 0'-1 0" O'-J. 0": 01 0'-1 0'-:;;:1 q' . 0' Q':"ltI 

55. 64I<RANSADOR ..' ":'., FOR 1NT 4, 2-4" 2':'4, 4 2-42.:.4 ; X" 4 : ',4 4 .', ", 0':"3 2-4 4" 
56~ 2TMP2/T*SP/A*E SC60123-9":3i i OK ()I-I o~,;,;io": 0'':'1 o';;:.i o'.:.io' 0'. o'-ld":':'1 0' 0' 0'-1 
57. W14/(WI3/T*SP/A*E2!PN)F1XR S64C984 ,. o'.:.i o'.:.! 0'-1 0'-2 0'-1 0'':''1 o'.:.i 0' 0'-1 0' 0',' 0' 0'-1 
58~ ,., rr S64Cio28 il 0'-1 0'~20' 0'-1 0' 0' 0' 0' 0' 0' 0' a' 0'-2 
59.ML13369 TEX 3-4 4 ".0'..,2 4 2-3 2-4 2-4 2-4 2-4 X ' 0'-2 X 2..,4 
60. (UNKNOWN)!2' P568B6-2-3:P-2'IND4- .4 4'. 4 ,4' 0' 4; i ,2l 4X-4 4: 4 ; x'· 
6L(UNKNOWN)/ZP568C3..,5 ~ INJr: .3-4, 3~4 4 0' ,'~l~~'4 4 4 4 X', 2-4 0'-4 4 
62. (UNKNOWN)/2 P5752.Al..,lp:..i 100 2-4 4 4 3-4 4 ,4 4 4 4 X-4 3-4 4 X 

Continued - ­



Entry Variety C.I.or 2-NA65- 5-NA65- 6-NA65­
No. or Cross Se1.No. Source 9 27 27 3 19 19 27 3 19 19 25 27 28 
63. IVCL(12034)/CMN2/PN3/CCH K63322 KAN 3-4 2-4 X-4 4 0' 0' 0'-3 4 0'-2 X X 3-4-2-4­
64. II K63326" 0'-2 0'-2 0'-2 0'-1 0'-2 0' 0'-2 2-4 0'-2 0'-2 0'-4 X x-4 
65. 38MAB0427 PIl16015 FOR INT 0'-1 2-4 3-4 4 seg. 4 4 3-4 3-4 2-4 X 4 X 
66. ARGENTINA C9556 PIl17490 4 4 4 4 4 4 4 4 4 4 0'-4 4 XII 

67. RIETTE/QUALITY PI225157" 0'-1 0'-3 0'-2 3-4 X 2-4 0'-2 Y 2-4 X 0'-1 x-4 X 
68. OTT2/SVL/2PN K62234 KAN 4 X-4 4 2-4 X X X 2-4 X-4 X-4 0'-2 0'-4 X-4 
69. (UNKNOWN)/2 Pll13954 FOR INT 4 4 4 4 4 4 4 - 4 4 - 4 4 
70. TF3/T*SP/S*C2/FW815X2 GA2892 GA 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 
71. BC3896/62 \,~, " 2-4 2"'-4 2"'-42:;4 ..' 2~4., 3-4 2~4 3-4. 3-:""4 3~4 2.,..4 - 2.,..4 
72~ DANNE SEL"C-129-16 S431 OK 4 4 4' 4', 3-4 .44 . ,44.'4. 4 4, 4 
'73. ' CClr'\ 12517 CK 4 4 4, '. O'.,..l" O.'.·X X~4 4' X-4X.' 4·\ 4 ,.' 4 
"74':~ SDY· 13684 CK 3-4 4 4 3-4 4 4- 4 4 4 4 0" -4 4, 4 
75~ SuT' . 13546 CK 3-4 3-4 4 4' 3"'-4 4 4 4 2':4 2:-'4 0,' -4 4" 2:"4 
f6:~' ODD 13536" 4 . 3~4 3~4 4' 3.,.4 3-4 4 . 4" 4 4 4. 2-4 4 ~ 

77.' KAW61 : 12871" 4· 4 20;.4 4 4, 2-4 3...4 3:-4 4" . 4 4 3-4 4' N 

78~' PKR'" . 13285" 3-42:"4 X:"4 0'.,..10' 0" 0'-24 ",2-4 X' ,2.,..4 4~" 3-4' 
79. DANNB-' SEL C-145B4 SIll OK 4' 4, 4.': 4 4 ' 4' . 4 - 4 4 . 4 ' .' . 4· ' 4' 4'j 

80~ DANNE'SEL C-146-4 S118" 4 4, 4 ," 4 4. . 4:· 4·· 4 4= 4 4: 4 4, 
aE'DANNE SEL C-141-2 5:116 " 4, 4' 4:-·, 4;' 4 4" 4 4 4., 4 4. 4 4 
82. DANNESEt· C~204\ ,,~ '/: S31" 4 4 4 4 4 4 4 4 4 4 4 4 4 
83: DANNE' \SEL·':t":5~f34";8 '.' , .... ,- . ~S5:O' " 3-,4' 4 4 3:-4 4··: 4 4 4 4, 4· 4 . 4 . 4 
84~ Nl¢X61chisoo 2/KAW K63155 " 4 3-4 3.;....4· 4: 2~:4; X:~4 X 4 4 4,; 4- ~;-4' 4,',: 
85. DANNE SEL C-140-E S307" 4 4 4 4 3-4 4 4 4 4 4 4 Ii 4 
86. DANNE·'S£L· '(:·455...i2 ;; ;:::S157 " 4, 4 4 4 4;· 4: 4 4 4 4:, 4 4 4, .. 
8J:~' DANNE SEl:;' C"'-132-8 ;S186" 4 4 4 " 4, 4,4 4 4 3-4 4' 4 4 4' 
88'; SANDO HYBRID :556;84\ II; 4' 3-4 4 0'-1 0'-1 Q'-2 26-4 4 X X 4 4 3-4 
89. sANb() HYBRID 8S4149 ". 3-4 3-4 4 0' -2 0' 0' -2 X-4 4 0' -2 x... 4' 3-4 X.,..4 
90. DANNE SEL C-61-19-1 S1219 3-4 4 4 4 4 4 4 4 4 3-4 4 4 4II 

91. iMP/AG····· 5646307" 0' "0':>0' 0'-10' 0' 0' 0' 0' 0' 0' 0' 0' 
92. KA.W)iG·, .;" , S646255" 0-0 '0' -2 0' -1 0' -1 0' O,!·,:"l 0" 0' 0' 0' -2 0' .. : 0' 0'-2 
93. DANNESEL C;;'170-6 , 'S770"::2-4 4'4',-' 4 . 4 4: 4" 4 4" If '4': ':4'4' 

.. ~ . '. ; , '. COAt.ei::iuied"'--· 

... 



~t:l~ry .... Y_~iet¥. C.I.or 2-NA65-.. 5-NA65- 6~NA6~:": 
,No.···:·:':orCross,·,'i. "Sel~No.,~Source9·;,'27 27 3· ~9 l-9 ?7 3 19 1.9 25 27 28 
94. dTT1'ClT2/CCH/KAW3/TMP . S648735 OK 4-; 4, -::: 4,""; 4;· 4 3~4, seg.4, 4. 4· 0'-4 44 .
 
95'. l~B'~jlcm2/TF3/I.B.J/CMN2/ 56'4'8-1'88 ~~ segregating,·, . .... , .', :-.' .

""TfCOli/TMP .' -0': ...., .....~. ", . '.'
 

~~'. ':TOLLE ,,:~;." FOR INT 3~4 3-44 /; -. 4 .4 .. <:; .4 .. ~.~ .4~:44 4. ,3~4(,j; C 

'97". i'iMP'64 :sm./': .S6531:70K·4 4"4 :4 ·4 .. ,4., l~··· 4 '4'43-4 4 4.' 
:g:s. 'TMP'64Sm. c·,· iy;', £3679 ,~I '443-4 ·44 ,4' 4'.4 '3".4,4.4 ).4' 
'99'. 1:"·ii~iJICMN2/'W)tI\B.J/CMN2/T*O S6ltSa13" :·3-444 4 3-4 ,3-4 ~4 "3-4 :3-4 'x ,4 .3-4 
:> 'r-;' ,. ,; ~"/!MP ~:: ,.~,~;r ' ~; _.. .1" '...:' n~·:i:': ~i .~ : ~ :.:' ._, <)\- / <. " ., ~ -1 :"! .•~, \~: 

ioo.SAi(nb,.iDVBRlbi ~:\;: ..'" l~tSSt13'6 11·,4 4,' 3-4 ,0'-2 :0':.-1 ~0.'.-3 >X-4 'ftx ,x ·3-4 A ·.';3-4 
f:Oi. ·I:~;p,~;·JlCMN2/TF3lI~i,;.J/CMN2/T*O S6439'6:6" :O"~1 IX 'x :1-:, \0'-2:X .~ .;X xx ,0'-1'2-40'-2 

. '," ·'·1"··W'~' ~.~.. ~.,_. "" ~.'.... _ ' 'I; , • 

d -4/0YrldP.T2-!CGlf/KAW ... '{ ':.' ":." ',' ':i .., 
.....,-., '·",~",)'T'~'~ ',.,.",., "", ~":,,'r .' '. - II .' ",0 o.

102. ':,:,~. ,~'~" . --."0'; 86490334 ',2-4 :X-4 ':4 \X-4 ',0 -4 ..:X-4',4 ,~-4;X-4 ".XX X 
1o::Llri!::WST'AJ:A: ·j··;:::·"':L·· FOR INT ;'0' -;.'3-4 \2-4 -:4 :3-42-4,3-4;,3-4 ,:3-4.4 ~X ;2-4 ',4 
io4. -LS161?D;" ':, y,../.:.' (, 'eAN'- ·0'-2'0'-2\O'0'-1,O'-1,..,X ·4 ;'3-4 :X-4~4A ~.3-4 
16's.7TC/WST :«> II ) .. -. :1)' ".0-" CO'·' !O' ;'.0' :Q'-1".O'-10~'-2\0'-lO~ .. :o' \. 

.!J" 
, 

\0 

106.j'?~e}APRICA43. f:;::',; "~II 5-:4 \2~4 ,0'-24 'd,,~ j~ "'2~ :::0'-2\;0'-1::'2' ~~"04 ~Or-2 w 
"...~'1'0'7 i 6""C/DO ' ,', 'c'" '. "4·" ...·3·4 "4 '-4" ,4 ··4 4 ·3 4 X 4 .4 .. :;...~ .' L ' -' . -.' ': .~~' ~ ') " ' . . . 1:'" .... ':';' -: " ~ ... ~"" ~4 

i6'8 ••:'6TC/M. E'··'~!- .4,' ·3-4 ,~4 :3~4',4 ."4"4 .'4:4... ,:.4'i .4' .:4, . 
l:09.;6T-e/CTR '-',: ,"X:4 ,4 ;:4' ,4;4 ,·2-4 ,·;X·~4\ ;;4 '<, .~4 <4(It 

110. f'6TC/ECHLfS" --'1 \.'- \4'2-4 :'0'''''1,"Q' ':X ~X\ .)-4 ~X ::X ;~;4' ,"4 ,4 
ifi.:iGTC/Ecn;'E·····;·)--·;::· :~':::::;' c'~ ,:'- ';'2-4 }2-4 ,,2-3 :0,,'-3',0'-3 0'-3.0'-2,rO'-2,:2-4 .)-4 ..';.2-4 ,'3-4 
112. AFRICA43/6TC "~,-" ::;X'<iO~-2;)3'74 ::O,:~-2'}X;X"i2~4;4:A;r4, ,.4 \4 

j ,0 •. ,.:",' (,,',', ,'·'.\":··'··:i:;<·"{'\:·<::·-:~:::;<·'i:~,7;;,~'.",'::. :;'.;~]{",:':J ::-u, ';--C' , ;.:,~:, i , •• \; ;',' ••r","', 

t.:;' ...: :5 j::~ ';': , " :~".o .~t ':, </'.~ '_,.' .. 0_): o.~ .:'_< _.~.\ \ 
.,--, - "..i.:~i. :\'J. :.: ": ;'::;:" '{,~ J'I . ~~: r· - T \., ~ r; ~ .- .,. .~ ." I \ ,.. .i ­

('!: ~ ~.:":--<-
~~.:. i i.';L~,.. ': ~ .' 7~! ;.~ 

f! "; ..J • ,.:"0;' ", T, . ' ' , . 
~ ) - ::.i' \( r~" :: ~ 'j' 

r:, . OJ \ 

,; .' 
.: ~'.~; ~ :~. ~.~ 1'­o. :( . .__ .;.'-.';,c:. .(. ..... .... ~ :".c···'··:·~ .\ ........­-. .,: : .. ' : .•• o' c., ;~;' , 

t'~,' ,~. ; iU i ;' > . 
"~ ....;.; ~- .: /'. ~ r ;.. ~ 

\ .. 



-----Reaction to Leaf Rust Culture 

Entry 
N() •. 1 1 

9-NA65­
1 1; 7 7 

13-NA65­
13 23 

Off 
Type.3/ 

1967 Field Response
R S P 

L 4 4 4 4 4 4 4 4 0 
2. 3";'4 2";'4 3-4 3-4 3-4 4 4 2-4 0 
3. 3-4 2-4 3-4 2-4 3 3"":4 3-4 2-4 0 
4. 4 4 4 4 4 4 4' 3-4 0 
5. 4 4 4 3-4 '4 3-4 4 4 0 
6. Q' 0'-1 0'-1 0' 3-4 3-4 4 4 O' 
7. 2-4 3-4 4 2-4 2-4 2-4 0'-2 ~-4 0 
8. 0' Oi-1 0'-1 0' 4 4 4 4 0 
9. 0'-1 0'-2 0'-2 0'-3 0'-2 0'-2 0' ' 2~4 0 4 tt 100 

10. 0'-1 0' <)", -1 0'-2 0' 0'-2 4 0' O' 
1L 0' 0' 0-0' 0' 4 4 4 4 4 '4 tr 100 
12. 0' 0' 0-0' 0' 4 3-4 0' 3-4 0 - - ' -
13. 
14•. 

0'-1 
0-0' 

0' 
0' 

0' 
0-0' 

0' 
0:"0' 

0' 
0' 

0'-1 
'0 ' 

0' 
0-0' 

0-0' 
0'" 

0 
0 0 0 0 

\C 
.p-

IS. 0' 0''';'1 0' 0' 0'-2 0'':'2 0' 0' 0 0 0 0 
16. 0'-1 0':-1 0' 0'-2 0'-2 '0"-2 0':"2 0'-2 0 4 tr 100 
17. 9'-2 0"';..1 O'~l 0'-1 0'-1 0'-1 0' 0'-2 0 O·, , tr 100 
18. 0-0' 0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' O. 
19. 
20. 
2L 

0' 
0'-2 
0' 

0' 
3:"4 
9' 

0-0' 
3:"4 
0:"'0' 

0' 
3-4 
0' 

0'-2 
0'-1
:4 

0'-2 
0'-1 
4 

0' 
.):-4 
3-4 

0'-2 
X 
4 

20 
3 
4 ' 

segregating 
4 tr 
4 3 

tr 
100 

22. 
23. 

0' 
X 

0'-1 
3-4 

O~O' 
'X 

0-0' 
2-4 

'0'-1 
0.' :-1 

0'-:1 
0'-2 

0'-1 
0'-2 

0'-2 
2-4 

17 
0 

segregating 

24. 
25. 

0' 
0' 

0' 
0'-1 

0'-1 
0' 

0' 
0'-1 

0' 
0'-2 

0'-1 
0' 

0'-1 
0-0' 

0'-2 
0' 

5 
0 

0; 
0 

tr 
0 

100 
0 

26. 
27 • 

.0' 
0.' 

0' 
•0' 

0' 
0' 

0' 
0' 

,0' 
0'-:-1 

0' 
0'., 

0' 
0' 

0' 
0' 

~. 
38 

0; 
0 

tr 
0 

100 
0 

2$. 0' 3-4 3-4 4 0'':'2 Z-4 4 Z-4 0 4 70 100 
29~ 0'-2 2-4 3-4 3-4 X 2-4 X 2-4 0 4' 70 ·100­
30. 
. ". 

0' 0'-1 0-0' .' 0,,:,0' . Q' 0' 0-0' 0' -0 0 0 0 

Continued 



Ent,ry
No •. 1· 

9-NA65­
1 l' i' 7 t 13: 

13-NA65­
23 

Off 
Type31 

1967 Field Response 
R: S, p 

3i. 0'· 0' .... 
.) , '. , ;, '. 

32 • 0:-0 O. 
33 .. 0:-0 ' 0'':0 ' 
j4. 4" 4 ....' 
35. X' 4
36. 4 Ii " 
37~ 4 4,', 
38. 4 4' 
39. 0 '-2· 0' -2 
40. 0.' 0" 
41. 0' . 0";0'
42. X '... Jt.. 
43. 0":'0' 0.:.0' 
44. 0':4 d" 
45. 0':-3 0':'1 
46. Q'~? X 
47. X-4 2":'4 
48. o! 0'-2 
49. 0'-1 0'-2 
50. X X 
5-1. 3";4 4; 
52. (j' . 0':'1 
53. Q' 0'~1 
54. 0'-1 0':'2 
5~. 0'-4 6' 
56. 0' , 0'.,.1 
51. 0'; Oij-1 
58. Q': 0':::'2 
59 ~ . 0'-1" 0'-1 

: ~O.X-4.4··., 
61. X 0'-4 
62. 2-4 X 

... 

0' ...1
" 

O. 
0" . 
4'·; 
4 
4.
r'",
4., ' 
0' 
fl' : 
0'-1
X' " 
O..l.ot: 
0"-1 
0'-1 
Q'~2 
2..;4 
0':' 
0' .. 
'2~4 
2..:.4~: 
0' ... 
0-0.' 
0'" 
'0' 
0-0'; 
0:'0' 
0" 
'0' 
4 
X 
0' 

0' 
0,..0' 
0,'
4: 
3";4 
4". 
4,: 
4. 
0" 
0"'-' 
0:' .;1
: :,.,.t; ,o ";;1 
0..;.0',· 
a'.:::i 
0"
Qr ;: 
0'-2 
0'-1 
:0'
ol.:.i 
4 
0' 
0' 
0' 
Q'
0' 
aT' 
0'.:..1 
0'~2 

.. 0'.:..4 
X 
4 

0' 
0-0' 
0-0' 
4 
0' 
3:'4. 
4
':;' ... 

4.'" 
Q'-:l 
0'-1­
6;'-1
0'" . 

0' 
0" 
Q' 
0" 
0"-1 
0'-1 
0'-2 
9'-2 
4 
0',:,:1 
0'-1 
.0'':::'2 
3-4 
'0'-1 
0'-2 
Q'~l 

2-4 
4. 
3-4 
X 

0'..,1 
0:":'0' 
0' 
4' 
0,'
4;
i: .... 
0'-1' 
0.' c'! 
O~O' 
0'';';1 

" . " 

0.-0·· 
o"":i 
0'':'2 
0'-1 
t 
0'~2 

0'-1 
~,: : 
0' ...1 
0'.~2 
O'~l4 ,< 

0'",,1 
O'~l 
0'-:1 

·3-4·· 
4 
4' 

.3-4 

0' 
o 
0:"'"0' 
4 
4 
4'4\ 
4 
0'.0:' .' 

0' 
0.' 
t"::4. 
Q""::l' 
2-4 
0'" 
0' 
0' 
Q' 
0-0' 
~"'-4 
0' 
Q' ' 
0'-1 
3-4 
Q' 
0"':'1 
0'-1 
3-4 
X 
4 

.2-4 

o~, .. 
0" 
0' 
3..:.4 
X~4 
4· .... 
4 
4, 
0,'-1 
0'-1
0"-"­.:, .. ,1
0',:,:2
0" .... 

0'-2 
X 
0"-2 
Ol'_! 
0':":'1 
0'-2 
Q'~l 
3~4 

0' 
0'i1 
0' 
;. 
0' _ 
0'-1 
0' 
'2-4 
X 
4 
.X 

1 
'I 
o 
Q 
o 
o 
1 
1 
'8 

41 
'I 

1 
31 
"·2 
'I 
:4 
14 
'2 
i1 
'7 
"7 
;1 
a 

':0 
.1 
'1 
o 
o 

;0· 
"0 
o 
2 

o 0' -"0 
(j 00 
o 0 0, 
4', 50'· 100 
4 50· 100 
4. 10, 100. 
4 "0 .; 100' 
4 50 ,'. 100 
(j 0' (); 
0; .: tr, .. ' 100' 
0.0 0 
o . 0 0 
00 0 
O· tr 100.'
O' tr 100. . 

0; tr 100' 
Segregadng 
0; ~f 1.00 
d 0 ;0 
2-4 tr 100 
4 tr 25 
000 
o 0 o' 
000 
000 
000 
000 
'0 0 0 
4. 5 100 
4 1 100 
2':'4' .' .. 3 100 
000 

\0 
\II 

Continued -



Entry 9-NA65­ 13-NA65­ Off 1967 Field Response 
No. 1 1 1 1 7 7 13 23 Type31 R S P 

63. 0' 0'-1 0' 0' 0' X 3-4 X 6 4 1 1QO 
64. 0'-1 0' 0'-1 0'-1 0' X 4 X 14 4 5 100 
65. 4 X-4 2-4 'X 3-4 4 . 0''''1 X 6 .. 0; tr 50 
66. 3-4 2-4 2-4 2-4 2-4 4 X 3-4 0 4 5 100 
67. 
68. 

··0 ' 
X 

X 
0'-1 

1-2 
X 

0'-2 
6'-1 

'. 
X 
4' 

X 
4 

X· 
X-:4 

X 
X 

0 
3 

4 
O·, 

5 
tr 

100 
100 

69. 4 4 - X 3-4 4 2-4 4 0 4 30 100 
70. 0' 0' 0' 0' 0-0' 0-0' 0-0' 0' 0 0 0 0 
71. 
72. 

0'-3 
3-4 

2-4 
4 

0'-2 
4 

X 
4 

X 
3-4 

3...4 
4 

X-4 
4 

2-4·' 
4 

P
,0 

4 30 ,100 

. 73. 0'-4 4 4 4 0' X 4 X 0 -. 
74. 4 3-4 0'-4 4 3-4 4 3-4 4 0 
'75. 0'-4 X 4 4 4 4, 3-4 4 0 
76. 
77. 

4 
2-4 

3-4 
4 

4 
4 

4 
3-'4 

4 
4 

4 
4 

2-4 
4 

4 
4 

0 
1 

- - - \0 
a­

78. 0'-2 3-4 2-4 3...4 0' X 3-4 2-4 0 
79. 3-4 4 4' 4 4 4' 4 4 2 
80. 4 4' 4 4 4 4 3-4 4 0 
81. 4 4 4 4 '4 4 4 4 ° 82. 4 4 4 4 4 4 "3-4 4 1 
83. 3-4 '4 4 4 3-4 4 2-4 4 0 
84. : 2'-4 4 4 4 4 4 3-4 '4 0 
85. .4 4 3-4 4 4 4 ' 3-4 4 1 
86. 4 4 4 4 4 4 4 4 0 

,87. 
88. 

4 
,X 

4 
4 

4 
4 

4 
'4 

4 
. 0' 

··•. 4, 
.' X 

,4 
·4 

4 
X 

.0 
,0 

89. . 0'-4 4 4 4 . 0' X 4 X-4 8 
90. 4 4 4 4 4 4 ·4 4 0 
91. 0' . 0' 0-0' 0' 0'-1 0' 0'-1 0' 0 
'92. 0' , 0' 0'-1 0' 0'-1 0' 0-0' 0' 0 
93. 4 4 4 4 4 4· 3-4 4 1 

Con:tinued -­



Entry 9-NA65- 13-NA65- Off 1967 Field Response
 
No. 1 1· 1 1 7 7 . 13, 23 T~e31 R S p.
 

, 4 ,; 4 :. 2
94 •. 4 4 '. ' 4' . 4 4 '..	 4·•..	 89 .Segregating95 ;.'
96 •. 4 •.' 4 -; 4 4 4' 4 4 4. 0
 
97 ;> 4'" 4" 4 4 4' 4 .' 4 4 .... 0
 

4,	 14' 3-4 4	 4 4 :.98 4 4 
4;	 199. 3~4 4' 0'~4 X-4 3-.'4 3~4 4 

100~··· 0':-4 4 4 4 0' 0'; 3-4 xc4 2 :' 
4 :;X~'4 0';';2' x· X 0'.· X;101­ X, x 

102:~ . X';';4· 0'-4 0'-4 2':'4 X4 1"f4 X-;4:. 2~ 0, 
2,0;;4 X·103~.i . X 0" 0"-1 O~'o' 0'~1	 4 7" 

4 :5	 4,,; -.: .... -•...104 •. 4 4 .. 4	 4 0 
3;;;'4 4:::	 3..,4 0 ..105~;:' 4 '. 4 4 - -'.: 

3;"4 ~;. ""~ 0:,'-2 0106•. 3-.4 0"-3 0'-2 2-4 ­ _.0" .r: 3';';4	 3...4 2,10'1. 0'....;1 0',. <ft-1 _.. ( ..	 \0108•. ­ 4. ...., 3-4 4 2~1J - 4 0"	 .....j';1J' ...:	 .... 2-4 0105'f•. 4 4 4 4
 
4, . j;~4 X - -., 2-4
:llO. Q' .." 4. -..	 ~ , 

~, ... ,. 
~2;';4	 3-4 2-4 0111. 0'-2 2-4 2 

~:.-.4 4'	 2-4 3~4 0112. 4 4	 ­
;/1	 Abbreviations used wer~ made according to rules adopted by the National wheat Improvement Committee as
 
.- amejlded by ~ONZAK. :"Se~ Agron. J. 52:613, 19'60, U.S~: ·Dept. Of:Agr. Tech. Bull. 1278, p. 131, 1963.and
 

Wherit Newsletter 19~5.'.: " . . ,:, ',' '
 

I! Variety nam,e. or cro~s·unknoWn.to us' at thist1me.	 ": ' 0q'; 

13 Number of plants wi~h off-typta reactions. -1I,l general, over 10 plants with off-type reactions
 
- indicates th~' varietY: or line is segregating for reaction to one or more cultures •
 

" 
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ARE OUR VARIETIES OF OATS TOO RESISTANT TO DISEASE? 

.J. M.Poehlmari·· 

In breeding for resistance to disease, protection :may..be 
conferred by (a) single (or complementary) major genes, (b) 
combinations ,of· Several. major.genes,· (c) combinations of minor 

"genes,or (d) combinations of both majorandndnor genes. ,;J:t 
is suggested that resistance, to highly.speci~ized diseases", 

: .suchas crown rust (Puccinia coronata avenae Erika and :B. Henn.) 
.may be short-lived invarieties.protectedby.single or~comple­
mentary major genes. :,'Vatieties which .have· a moderate or' inter­

. mediate· type of tesistance conferred::byagroup of geries., e~ch 
of which contributes,:if only~n'a:mino~ way:, to the.defense.: 
of the host plant, may retain their protective qualities over 
a much longer period. Breeding for the mo~erate type of re­
sistance. thus might give. more stability'to disease: resistance 
and permit greater concentration on bre.edfngforneeded. :f:.m- . 
.provements·in agronomic qualities:.' Comparisons' of. the resis~ 
tance of: the:Marion 'variety with varieties carrying.:Victoria , 

. and Bond'resistarice genes are cited. ' . 

.;'" 
',: 1 

',: ," 

. .' '-; 
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INHERITANCE OF BLUE ALEURONE AND
 
PURPLE PERICARP IN HEXAPLOID WHEAT
 

(Abstract)
 

A study of blue aleuronthand. purple pericarp characters in hexa­
ploid wheat included cytological observations, gamete transmission 
studies, genetic analyses, histological observations, and pigment 
cliaracterization..~ . , '.~'.' ' 

.... ' .,",.".. ',; 

Two'.,bllie',aleurone'.,lines·*·nlue· <a. I;.. ~ l2025)::,and·Pugsley',s Male 
Steri1e/Blue·Baartr~(PBB}'.ieXhibit:ed"significant dlffe~ences..'in trans­
mission:frequency;througlbthe male;and:;femaler,.gametes'.of the. chromo­
somes cbn.troIl1i1g·bloe;.:aleurone'~'PBB·,exhibited xenia but Blue did 

.not~PBB pfgduced' :a>~daJr:ker'blue;,seed~~color;t!han-Blue-., . It· was con­
'.: c1udedi.that·,blue aleul'ontL·wcts contro~led by:;.;a':·~ubst1tut:ed:pair of 
: alien chrpmosomes:.1niB~ueLandnan':'alien:add1tioi1(,(d~~elocentric 
chromOsOme) .. in'Pblr.. ' NO'Romalogy';was observed.;:between, :the;alien 
chromosomes·in Blue ,and·1n,PBB. :(i' :, 

• J. . •.,' -." ~.:,:.,,~ _. ".' , ~ i ," ~~:' _~ ..". . ._ ::; <.:~ ~ ~ ",' J -~. ~~,_:;~ _,' .', "'-'. !I' 

,·:!he.,purple-seeded chexaploid,'ND2•.. c~:mtai,ns two' genes' (P~ and p2) 
for:':purple 'per1tca~.;on~FJof"whleh·,ie i1dependen tl:on. the.rc01l!plementary 
action o.e:ia·~ th:1rd';8ene'~S) controlling tne.purpledltempcharaeter. Two 
putple"seeded-;~tetl'aplC)id: l1nes~ :NY1:iand'·NY3,:.'wete;)Q6nverted:(:0 hexa­
ploids by backcrossing to, Wicll:itaFC•.]).:,J;1952•. ;a.'common',hexaploid 
variety. NYI contains a single gene for purple pericarp which is the 
same as the p2 in ND2. NY3 contains a third gene (p3) for purple 
pericarp. The three genes, pI, p2 and p3, are incompletely dominant 
and show additive gene action. When all three genes are combined in 
crosses with parents, each of which has purple stem, they segregate 
independently and the combination of six factors for purple pericarp 
produces a very dark purple seed. The purple pericarp factors were 
found to be inherited independently of factors for brown and black 
glume of the non-purple seeded parent. 

The purple pigments are located in the cross cell layer of the 
pericarp whereas the blue pigments are in the aleurone layer. The 
red color of common wheat was also present in the testa of both the 
blue aleurone and purple pericarp parents. The combination of two 
genes for purple pericarp and a substituted chromosome for the blue 
aleurone, along with the tannish-red testa produces a bluish-purple 
to grayish-black seed color. Three distinct seed color lines were 
developed which are phenotypically different from the common red and 
white wheats. 

The pigments of the aleurone and pericarp producing the blue and 
purple colors were characterized as anthocyanins, although positive 
identification of the glycones and aglycones was inconclusive. 
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GENETIC MALE STERILITY IN HEXAPLOID l~EAT 

L. ~~. Briggle' 

Seed of a stock segregating for male sterility was obtained
 
from C.A. Sunesonwho in turn had received it from A. T. Pugsley
 

'of Austra1ia~ This' proved to be a very heterogeneous population 
for various plant and seed characters when grown in the Beltsville 
greenhouse during the winter of 1962-63. Several plants were male 
sterile or partially fertile. Some plants which appeared to be 
male sterile produced 1 o,r 2 seeds per spike - presumably selfs. 
Seed from this latter class (lor 2 seeds per spike) was saved and 
the plants grown in the greenhouse in 1963-64. 

One vigorous plant from a selfed (1) seed was completely male
 
sterile and produced several spikes. Pollen from 'Chancellor' was
 
sifted over the exposed stigmas and a very good seed set obtained.
 

F plants were fertile. The F2 population segregated for male 
sterility, but did not fit a logical pattern. Spikes on male sterile 
'F2 plants were bagged and some pollinated with 'Chancellcir. Those 
bagged and not pollinated did not set seed. 

Backcr~ss plants (from male sterile F2 plantsbackcrossed to 
Chancellor~ were fertile, andcorre,sponded to an Fl generation. 
The F2 segregated for male sterility. 'Each F2 population was very 
small (15-20 plants) but about 50 F2 populations were grown. Male 
sterile 'plants numbered f.roin l,in, an F2 population to'7'in another 
F2. Male sterile F2 plapts were baggeCl and some backcrossed again 
to Chancellor,. Plants in 8 F2 families set seed on "ll1ale sterile" 
plants which had been bagged but not pollinated. ' These families 
were discarded. ' 

The second backcross population '(equivalent, to, an Fl)'was 
fertile. Again the F2segregated. Partially fertile plants occurred 
in someF2 families"and very few male sterile' plants in others. 
Still other families had normal 3:1 ratios of fertile to male sterile 
plants. Again individualF2 populations were rather small, but 
many were tested. ThiS procedure was used in preference to growing 
one o~a ,veryf~w large ~2'~ in an att,empt to select stableF2 pop­
ulations approaching 3:1 segregation patterns for further backcrossing. 

Ratios obtained from some second backcross F2 families are as follows: 

Fertile Sterile
 
W66-67 33A 49 19-­

" 33B 17 6
 
" 33E 18 3
 
" 33G 18 7
 
" 33M 71 20
 
" 33P 19 7
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Twelve fertile second backcross F2 plants, chosen at random, 
were used as male parents in .another backcross to Chancellor. Some 
of the twelve were expected to 'be 'h'eterozygous for the male-sterility 
gene, so that when used as the male parent one could determine 

.	 whether tpe. .. male s.teril~ characteristic. was. f,:ran!1Jmitte4 QY male 
gametes. '. Male.. ste~i1e;'piant;sdlp occlir :In,spme. ~t"the"F2 ,pppulations 
grown.' P~pU1a,tionEl,again were s~ll, b~t:' segregat~onratic:>s were 
as follows':" ". '. "., ,.. 

! "r ~ .,: "': I.	 i._ . • .' 

~4A 

,34D' ,
 
,34G', ..
 
34L
 

; 34N;
 
34p··


,·,34v.
.' 34CC
 
, 34EE.
 

~~,; 
12
12' 

B 
i4 
8 ,

; . 

13 
12 

"'. ~,i 

; " 

~... > .; 

.. ~he~~, re~,~l~s :in~ica,te; 'thkt:,r~; geri;e., '(~), 3 q~ AlalE!' s t:~.r:Lli f,:y is 
involved,' rather' tiian.cyt~pla$l#.C:"male: ,st~r~11 ty •. "j Th~fac:t;tp.at 
Fl populations are always fertile' and' ellSt: segregation o'ccurs' in 
F2 is. also; il1-4~cat;iv.e of; gene. ma,le st~rtl:Lty.~~e., ~te!ility 
~ppe,ars' to' b.e cpndit:L()*~a,~y'a ,~ing:;Le' rec~s.s·ive J~~ii~~.l>uF, la;r$er 
popU1ations' are' needed 'before definite conclusions Can be made • 

.' . '. ' "'i' " ~ " : ,. , ' '. I ',' , .' • '•. ' ~ ••' .: ":, .' :",.'.' ,. .:: '.... ' . i, C' I ' ~ • .. ,;.' ... :, ' , •~; • .i. 

. '-'Chan'cellor' seem~'t:o:haV'e'a compa~ible;gene1:ic!)bacl<groimd:for 
. the tidlle St:~:i'il~<gep.¢: tp P~' ~Jip'J;"e~s~4,~,:A- ilymb~r.; Of, t\tir,4 D8ckcross 

. F2 fa~lies(~pr~sen,t!Y':gt9V~J;l$. i,n, the ':B~lt~y~11e gr~e~hous~ haye 
.' eS$,e~d~l~i'the ~l!ljlf cii~ri1cj;ef,i$t~c~'dof; mtanc~~lor' ~nd 'I hope 
will' segregate 'iri' a 3: 1 ratio for fertility" andiDale' sterili~y'. 

Expression of male sterility in the original stock; recEd.ved trom 
S~eson .4pp~ren.Uy."r~s.,aff~cteclr b,y mocl~~y,ing., $ene~~ ' ..'P~:rbaps these 
modifiers',hClv~ be~n ~efu9ved by. Q~~crossiiig" ~c) ·Chancellor,._ which 

._ ..' "'.'.. :",' ",' ',.., :<', ..." .. - ... ', ", ~ ",," " .. ' ..... .. ,'" ," ,r:: ) .. ' .:" ~'': . ',__ .. :. , 

. in:effectifs~ tra~:uJf~rr~Iig;tl1e1Jlale stetile gene 11l1;:o a' ~l1ancellor 
'line~, '.' ,,' .. ,.. .. .'. " '.' ,., .' , ;., -: .. ,.,..... 

," ;: ,., . I : __	 •. ~.} • 

;' ,Fh,rth~~"pa~kc~o#!i?Irii/tq:qh~ii'7~~lo~,~~.c~nte@p~at~d.~':al¢~g;
 
-wi,th .rigid' se1ectlon'" for stable expresslop. Qf' ~le" s te~lli ty •.
 
At tht!'s~e:dm~ further" genetic stud:f.eswlil'be conducted. . ­

. .' .~. ,.' - • • ~ ::'. / :". .. ". _. ' • .. c. . 

, .
',",r,';, .:i:.' 
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, POLLEN RESTORATION FROM THE WORLD WHEAT COLLECTION 

K.	 P. Porter and T. G. Wright 

Restoration from the·World Wheat Composite: 

Restoration research at the Southwestern Great Plains Research 
Center has included a search for additional sources of'restoration 
in the World Collection of Common Wheats. Crosses of male-sterile 
Bison x"a composite of the World Wheat Collection CW. {~.C.) were 
made in:iso1ated field crossing blocks in 1964 and 196~. , Forty 
fertile or partially fertile ,FI's were selected from ato~al of 
5000 Fl'S in 1965 and 1966.Tlie fact that 99 percentof the Fl's 
set a negligible amount of seed is evidence that seed set on the 
s,elected plants resulted from'self- rather than from 'cross-pollination • 

. ""Detailed data~~re nott~ke~ on' ll.FI' ~ select,edin i965. 
'HoWever" th,e'avei:ag~iiU:mb,er of seed produc~d on o,penpollinated 
s'pikesof their Fz pr~ge~y varie,c;1 from't5.9'fort,h,e:least.~f~rti+e 
to 32.7 for the most fertile F2 population. It was obvious the 
populatippsseg:regated for pollen"",fertili,ty. 

Seed set data were taken on 29 F1 's :s~iected in'.i~66, Table 1. 

,Table, 1. Mean number pf tillers and see,d set on selecFec:l Fl 
plants,< male-sterile Bixonx~9r~d Wh¢atCollection 1/ 

, Plant 
character 

Mean. of 
29 plants Range 

Tillei:s!plt. 20.6 2 - 41 

Wt. of seed/pIt, gram 15.3 2 - 35 

Wt. of ,seed/spike, gram .76 A -; 1.2 

No. ,s~e91~pike .23.3 11 -34 ; '·r' 

1/	 Fertile or partially fertile:plants selected from, 2500Fl 
plants in 1966. 

, , ) 

Many of. the selected pl,antswere highly fertile. 

The F2 Populations of the 29 FI'plants were g'roWn in the field 
in 1967., 'About, 75spikeso.f se1ect.edpopulationsarid of fertile~ 

Bison were <,bagged prior toflowe1'ing .:Mean percent seed set on 
bagged and expose'd 'spikes ~ of each populations 'are ·shown lriTab1e 2. 



" : ! 1 

. '.:' " . ,:; .': \ '" :...­ .;: ,'. 

' 
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Table 2.' "~E!alr,percent.! seed:set'.on cspi.keS:of:,F·2::P·opuliafi:bns, male­
sterile Bison x W.W.C. and on spikes of Bison. 

, -'. i ~ . "', 

F2 Mean Percent Seed Set 
Row No. Bagged S~ikes ~posed Spikes 

<' .. ; i • : ... ' 

;:'.. , .~ .. '. . .. ' .~' ..t'~ ~:., .. ·r;.,. ••,'·! ~." • : ; 

~::.. , .•; .. :.~ ". {~(,i '" .• '" ;';' .:_~-~fJ-:.J::·.j.r:; .~'(; r"': .':...\..:.J.. •;.'. ,;~::::.~ .. ,;,: _-ii.,"" . .: :.. ..., d~\ 

1';-","",~, ~'-;. }-~., .. ,::.' •.-:: ......' :.~ • ',--:r' , •..-;...:....,::--'<:.; .... '; -:."~"

No conclusion was" attempted' from these-'datacon'c-eming the mode 
of inheritance of restoration. The data indicate that useful genes 

, a,re;1nvol1}ecf.r: :. ;::; ::.. " ';... . . , "" . <,:;, : "):;.; Lc .. 

,~:Plartts::from'seed of;; thbifuost'f~tt11~ ba.~ged neads are:'b~1ng 
grown for testerossesI'iti ithe"greenhous~.:J,tn'·addihon,:;iHghtyof 
~!te.,.morefe~tiJ.,e,of l09Q~3.9.e~d .:r;,oWE! ,(Qrj.gi,pj!1;;f.ng ..ft.:Qm.,.~be.ll~ ...~l 's 
selected in 1965) are being:ittcreased and evaluated in the field. 

" .I, c' .'. '..: ,~. ":,,, 
.~ .;... ~ - ~....' " . 

~eed ?,f a composite f~~m the F2 and F3 populati~~s~. ~9~7,are 
availa'61e fliom J. C. CraddocK, Beltsville. Seed of individUal "pop­
u1ations should be available in 1968. 

'," . 
, ' 

Lines from Nebraska Lot 1, Deka1b's T. T1mophe~vix ~arquis3, 
'Kansas' (T. Timopheevi i Marq~is3) x Bison: 'fertileF2:;F3~' plants 
of MS Bison ~ W. W. C., and ll':l:mepi have been intercros~~4f!n .,severa1 
ways in'ari effort to combine"'restoration genes fronfseveral'·~s6tit·ces• 

Frequency distributions in percent seed set ~lal:lses ,of both 
baggea: and, ~'xpoSt!d spike,s:' fof' the;1east: anjfitlos1:" 'fe'rtlli: 'F2 population 
and':fot '·Bi.son':ai"e' :shown:':tn; t:tgrire.1~ ,·populati'Oii:.'2a6~'waS's~$'r~gating 

"fromamberto:dark:'red' ~~ed' col'or';~','{Tf:"::;,>;::,'::;,' :,' '; ". 

.... ,.: 

Hairy chaff was a characteristic of some Fl's. It appeared 
that some hairy cll~fJ Jihes·ts --PQSsessed:go,od testor.ation:genes;"'A 
number of hairy chaff types from our W.W.C. were test crossed to 
;~a1e-~it~:r;,1~,J3.i~<?ll-.but,QDJ;y; one :g8ve~:partial1y,cfert1,l~<.\Fl~S;. To 
!Il~e...a .C0tW l..~,t,e •$~~!gh·,:r..se~c;1. ~pf :'8.11. hairy:,>cheff ·:types):(700)'were 
ob,t,ained.;.rpm ,{•.:.c..;, ~~,49-~ck. '; ~T;o "dat,e ,c :~tes,t,c%'o.s~~1J -'of"ma1e:"!' 

" steJ;:L:le :L~~j'fm~ ,.'4I1g.~~. ip.'l.at:!~ sele,c·e10ns ;~l;':pm; ,,149'ha~:J:y:ch~ff<spring 
... wheats .have been grown. -­
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Figure 1. Frequency distributions of bagged and exposed spikes in seed set 
classes of 2 F2 populations and Bison grown in field. 
Bushland, Texas, 1967. 
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. ' 

The'F 's were rated for f~t~~lity as shown in Table 3. More 
than 1/3 at the Fl's were partially fertile while a few approached 
the fertility of fertile wheat, Tables 3 and 4. 

Table 3.. Seed set rating of 149 Fl plants,' male;;'s'terile Lee x, 
hairy Chaff spring wheats. 

Seed Set Rating' Number of Plants 

Tip sterile 
Top 1/3 - 1/2 sterile 
Top 2/3 sterile 
Sterile" 

"-'-.,. 

13 
36 
18 
82 

Table 4. Seed produce,<l;gef, ~pf,~~ };>n ~?e more fertile F1 ' s, male­
sterile Lee x hairydhaff spring wheats, 1967. 

Hybrid No.' 
, Seed/Spike 
, F'" ,.

'l~ . 
P.I. No. 

Pollen Parent 1/ 
Seed/Spike 
Pollen Parent 

X67A406 18.9 178717 28.6 
X67A4l4 26.2 192459 18.6 
X67A426 18.9 171031 18.7 
X67A429 15.5 181427 '13.0 
X67A442 16.1 4315 16.0 

"_,X67A455-.. :: 26.3 .......· .. .4910," 24.4' ' 
X67A471 25.6 170994 26.0 
X67A478 18.8 172534 24.7 
X67A496 13.1 178769 12.6 . 
X67A5ll 23'~4 ,4544 ,23.6 
X67A554 
X67A557 

22.5 
15.0 

166718 /
919551 

'26.9 

1/ A single plant selection from bulk seed of indicated P.I. number. 

!/ A white durum. 

,The.F2 populatio~ of these hybrids will be eval~ated and pollen 
parents increased in the field in 1968. 

, ' 

No implication of linkage or association of h~iry chaff and 
restoration is necessarily implied, but results of/test crosses 
grown indicate this group of wheats may be a good source of 
res taration gen.es. ~vaJ,~at;iCln of thi§ :~rou,pW:ill cron tinl,1,e • 

".> 
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,
Restoration from tprimepi': 

'Primepi', as reported by Oehler and Ingold Ii appears to have 
good restoration potential. Results of test crosses grown at Bushland 
supports ,-their; findings;' Tab:le 5. "1 .' 

., :.'••• M .' " •, 
. 'Tsble·'·5.,Meanseed s'et:on' Primep! nybridsgro14ri: in'gre'enhouse,

1967. '.' ,., '.~.t 

." •• ,.~ ~ :(. : '{~; . j' ! ! 

.....' 

.':, ,;, Hybrld: . ".y . ~ r ' 

or 
Parent 

. ~. ! .. 

Number 
of 

Plants 

P"e·,rcent·;:'··J:No. of! :;';' 
" :Seed" Set"'c . Seea'iif ',: (, 

Latera·l' ,~'-: ·"'Celit'r,al:·~;: 

Florets Florets 

;':a:h3";·::,
, . . I 

Caddo'xPtimepi: 10""" 
MS (;addo :x PrimePi 

.: 'Prim~pi'x; Caddo" 
MS Tascosa x Prim~pi 
Caddo 

. Tascosa
 
Primepi
 

9' 
7 

10 
4 

·5 
2 

81.3:' . 2k'1";'\ 
82SO'····· "Ls"· 

. 2'~3';' " 81.1 
77.8 2.0 
87.6 '.:':, "4~2 

8LO l'os:': , 

-.,. '-~',.' " ., 
) '.' I 

1/Oehler~ E~, and 'M'.Iftgciid~1966,~, New 'cases of:·:maie.;i 
sterility 'anahew:testOretJsourceiri:T'~aestivum:;' Wheat 

'. :Information Service No .22 }t23~ ".; ;, .l .:,' 

..... ''i' ... 

~' ' .. 
. ;.' 

. .~ 

'f .; 

Of .• r' 
, , 

. t" .: " 

...~"} .' .j' 

'·r'"· ., :.: , 'j 

'.' ~ 

',; ;.' .... 
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',.:"
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MALE-FERTILITY RESTORATION PROBLEMS Ul HYBRID WHEAT 
" 

;. ~ .t (':<::"1J: },~; :.;. . '.:"...f. :>~ :- ~. ':r-~ ',:, " .-..' ,:.. ~. 

s. S. Maan and K. ·.A~"--'Luckeii· "~'.-. ~.~ 

:... 
: '~'i, ;.'.::'~:';·..i::'''L.·' :-~r;~.;:<:i ~:::) ~:~ j l..:.::.~.:"> ..r._:·.-{:::(i~.. .J~·):I ::->':!i;.:.t~:~·~J(~~ ~··".:'t>· "; .:.<-'rj 

Our hybrid wheat investi~ejQ,J)sri~).,~de7.i!ls.ea.~chfD.r';I1~w,and more 
suitable cytoplasmic male-sterility-fertility restoration systems, and 

··::'u,~~~~~~~I:~9;i~~Pt@'V:!!:,l~e- Jllli.~e,t-f'er:~il~1:y!t!~$tQ.~atJon.;~f~) ~Q1J1Uion wheat with
1.. timopheevi cytoplasm.. \ ::;;'.: 

The cytoplasmpf!. zhukovskyi has l>roduced male sterile common 
wheat~(;··-: ~.;neif·wJ;~ijlj'J.e~feffnltY--res-torlrig·factoi·{sr~from T. zhukovskyi 
app~r p~qgdsing,~o~:j.a!lther~rs,t~j anther shape, anth~,J:':f¢'~:trusion, and 
abund~9-~~,·C)f pol;b~ri~:~f"I .. , -c.' 

j:)~·_·,')~.i:,~' . • ~~{.j·:~)·~t.>L _ ,_.:.;~.tt(;:~~i.-;. . _ ._.! •. ::.';?. 

- "-'TIle c:Y-topIasmof~f:wo'diploId wheats'!; moiiococcumand T. boeotieum 
has p,);oduced male,.,.~ierile. durCJJ!1 plants. Lipe$,',Jf,h:h:-<;~'ilIl;l'c,:fertility 
restoJ~pg factor(~)r.Jrom diploid wheats~~:~~4.ng ;~~~:f;~d:~:'i' One addition 
line ~~~h mst-COI1llllo~.:;wheat +. c;l chromosome Pl};i~·,Jr.Qm.):t~F:bQeoticum is 
about" ,79% fertile." '} ',_~ yfl ;':>:'.;' >;:' .;;~;: 

() :.' I, ' ..<:) (".I; L~,'~·,:·_>, 

'~e possibl~ e~fect of 1. araraticum cytoplasJ1l:,;9Jl:-~J\1a1e-sterility 
is be~~g investig~~ed. ',~- : 

'-"Si~iidies or the 'T~"-tlmopheeVi'ma1e"sterII:Lty=ferHlity system in­
clude chromosomal location of male-fertility restoring genes in several 
a-lines, and the development of 'single genet or chromosome substitu­
tion lines in the genetic background of the-varlety-Cb-as'~' For this 
a ma!-~'rs~er1:.l"Eb~01l9I!lom;9dl;(let Qfjtn~-v~~i~~y 9b~i'il:.,;l$;ibein~ used. We 
1l9P~ tl:t~,\J~e,d?f ~~:-mfHe~§~~,'t~1!;111QJ,j9~q~g,[s~HL.an4l: !~~g.gle gene' lines 
will allow"'i:ftiidy of dose, ~f£~I;t;s ,Qf. ~~litoJ,j@rng~g.e.G~)ii (;and also the 
evaluation of individual chromosomes of R- and B-lines for their in­
fluenceon male-fertility restoration. If dose eff~cts are favorable, 
increase of restorer g~ne dose may be possible by the SB-method (trans­
fer to a homeologous chromosome) or by a system of compensating nulli­
tetras invol\7ipg ditelocentrics such as: 19" lA" IDo !AL" IDS" or 
19" !A" lBo !AL" IBS", assuming the gene is on lAL. On the other 
hand, if a chromosome arm has an inhibiting effect on the expression 
of a gene for male-fertility, easy-to-restore compensating nulli­
tetra di..telo~ntri§ female lines may be a possibility, such as: , 
19" 7AD 7Do 7D "7A , if short arm of 70 has an inhibiting influence 
on male fertility restoration. 

If male-fertility promoting or inhibiting effects of individual 
chromosomes in a R-line or a B-line can be ascertained, then cyto­
genetic methods can be used to develop desirable chromosome combina­
tions in male and female lines for completely fertile hybrid wheats. 

mailto:litoJ,j@rng~g.e.G~)ii
mailto:u,~~~~~~~I:~9;i~~Pt@'V:!!:,l~e-Jllli.~e,t-f'er:~il~1:y!t!~$tQ.~atJon
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GENETICS OF FERTILITY RESTORATION IN VARIOUS
 
MALE-STERILE CYTOPLASMS
 

Primepi was a popular variety in France about 20 years ago. It 
is a descendent of the old variety Bon Fermier which descended from Noe. 

"

We received Prim~pi during the summer of 1966 with the report 
that it contained a single dominant gene for complete restoration. 
Primepi;ha!;!;been,:¢I'~ssedJw1thr:33"male..,sterilE':spting',:,wheats, ofmost 
these~re'~ardr~d spring:wheats'.frolil the1:United States arid 'a ,few 
from,t;1:l~L~xi~an ,b;I'e~4i.ng ,p,r(lgr;aIP.~' , The ':Ei',siwera'.iplanted 'and 'observed 
for ferti.l1ty,:Lnthe,g;r~~llh(),\ls~(and,mQst.:0.£ them were:found.to:be as 
fe:rtile.l;ts. ,tl;1e s~n,darcl ,parent,y.afie.tieEh,Adup11date, :planting was 
made ,:I,n.,tJ:i,~.,£.,:i;eldbut, it was :p'l.an,t;e.4 so,1ate :,tbat'~the'data,obt:ained 
was. n9treliabl~. ,.. , . .. ,,' i.J '" ~ 

- ",'~ .~;'; . i_J';/'" '") .'.~ "., ".: . 

The '2's were planted in the greenhouse during the fall of 1967 
wit,h f~rtili~Y:'r.ea~Jlgsbetn8~tak~J1:·t:l"n ·J·81'i.ua.ry ;,196.8.1 Wei ~get some 
sterili,tyiJlth~ gree.~qus~ ~t·tb~iS. ·,t,imeof,yeat due, tod:i:ghtcen­
d1t.1qn~, pqweyer,. thef~rt1,.l.i\ty:re.:ad:1ngs:o.n .the::F2.'s ''lindicatedthat 
the. restora,t.~o~ 'JIl:as :d1Je:tP;,~ .sin,gl~, ,40mina.nt· gerte.·- [These.' ar.e>:.pre­
liuiina'ry data based on ;a"smal.l·numbe:r '0.£: plants 0': Thfs;:s1mple: ty'pe 
of inheritance agrees with the report of M. Ingold at the Eucarpia 
m~eti.ngs,he+d:,in Swit;:te,rla.nd,inj::::1967;.'· ' 

~ :~:. : .. ;,,':~', ,....: : .. "~:.':'.: ..,: ;-: ... ~."."~';;.:-: ,. ~.:.; .,:'._.) ::~" ..; ."~:- ..2;. :.'1.' 

Primepi was crossed with 23 winter wheat male-sterile varieties, 
11 hard red, 6 soft red, and 6 foreign varieties. The fertility of 
the Fl's of all of these crosses was as good or better than the 
standard parent varieties when grown in the greenhouse. The anthers 
and pollen shedding was excellent with the exception of I or 2 

;­
varieties. Primepi crosses with Scout, Gage, and Kaw male-steriles 
were the best pollen shedders with good anther extrusion and large 
anthers. Primipi has given us better restoration of the soft red 
winter wheats than any of our other restorers. 

We will be glad to supply a limited amount of seed from the 
Fl or '2 plants to anyone interested. Address inquiries to Northrup, 
King & Co., 1500 Jackson St. N.E., Minneapolis, Minnesota 55413, 
attention Mr. WID. Althaus. 
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ENVIRON~m'AL EFFEcr ON MALE FERTIL;ITl,RESTORATION 

(Abstract) 
, " 

'.' ..' ; 

... "/ '~ " ­

, Peter Sal,m 
; , 

:._.: .. ,·.··f.' .'~nr:: ~.; .'~,~, :':::'~ 

•The ;effect,,!.:of'envi.l.'o~tilent:;on l :fert11:i:ty.:restorat;td,n!)1ere" 
e~ti~ated:bY'\lfii£or1i1yield trisls,',ofi:re~tored FI :hybr:f!ds ::at ' ' 

, '. 'sever,allocatioflS"in ~1967~·:'Lat:tt{fd~:had":the:·m6'stprott'ouneed' 

effect.;(onfertili.t'~I:iSteri1JitY·'in6t'etis:ed'W:hen:jgoi.ng'£ioni~" " 
south "to .;north;'· trne "northern ,'lrocat'idilS"are 'oftf-eii' charactet!zed ; 

. by ,cool, .temperltt,ttlteG;;1 r:tong dayS"' ;;ari'd :t'apid, plari,t'development • ' . 
One or all of these factors may be contributing ,to Tt:he:greater" 
sterility levels observed in the hybrids. . 

<L_;.f'~';:-'~ .. '." ;_:,l;~ .. L~~·· ..,)~·. . ,!~~ .' :.: I;,'; "' 

,This '·tyiie.;of: ',unifd·rm !tir;ta~f;;'-'ut11izlng::a\:pa:rtfal :test:drer : 
andA~ li'nes of '.dif'fe·rentre'sitorat,i6n 1?eCftiiretrient " offers an ',' . . 
,e:ffective,.nieans~of;'inoI11:tot'lrig the 's,tdd!litY1evel'''b£;''a 'region.',' i' 
Lo~tio11$ '200 ':':300,' mJiies; apart' ;haVe 'show':gigri1ficantdifferences 
in res~arat-ion requrlreineritsinJ:rthesie':test.s. '" """,." , 

. ;"'. r. " .~ . ~ () '.J .,':.<':' ,,', ! '. 1 t·" .~. < _ •.~ ;'): ~ ,. .'"..t 

A hypothetical model i,ridfcating:ster:tlity; level!S;;bylb'ca'tf:on, 
and the number of restoration genes required is prop~sed. 

"...' _.: ': . I: ,~:' '._ .: .\ ' [ : ,. r- . . ...,. " ... 'r , : .'::':) 

,'; 

-'. .. 
~ J ... 

" , 
'i " . 

'" J.. 

:; --: " . 
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ENVIRONMENTAL EFFECTS ON MALE STERILITY AND
 
MALE FERTILITY RESTORATION
 

(Abstract) 

Gregory Vazquez 

Relat1velylarge differences in the number 'of days to flower­
ing areobsetvedin' materialS' sensitive to day length, whereas" 
nonsens'itive .materials' show only,slightvariations in flowering 
when grown in areas> of varying day lengths. :The:variiatidns'in' 
the vegetative period seem to be associated with varying levels' 
of restoration of fertility, especially 'in 'uiat~rialssensi:tive. 
'to day .length • Thete is a general tendency for less restoration 
of fei:'tility as the n\lmberof days to 'flowering Ciecreases.. The 
high'fertility'stCiudad Obregon, Mexico may be due to longer' 
stigma' and pollen viability" where:as;this characteristic may. 
be muchre:duced' in areas having'short'igrowing seasons such,. as, . 
Casselton, North Dakota. 

The. environmentsofCiudad:Obregon, Mex'!co, .Toluca,l Mexico 
'and CaSselton,' NO'rth Dako:ts.aresomewhat<different,. The-environ­
ments of obregonartd Casselton 'are commonly characterized by , 

'having contrasting temperatures' and relative humiditYt parti.cu­
larly: during the flowering period . . However, observations conducted 
dudng the, last few seasons: indicate, that: the average high 'and. J 

lowtemperatur~sandrelative hum:idit;.yinCuida4 Obrego~ and .'. 
Casselton are very similar, with Toluca being a little cooler and 
wetiter than the othe17 ·two.. Nevert:hE!;less,· restoration iappears to 

.. be much easier in .CuidadObregon: than in Cas,selton wi,:thToluca 
being sQmewhat intermediate •. 

It may be' suggested. thatunle.ssminor climaticclifferences 
are responsible, fO:rthese Ftremeqdousvar1ations, of" levels. o·f 
restoration' observed; there ,exi~t~l'the ,possipilitiesthat ,these. 
differences maybe due ·to thelength'ofthe:growing period of . 
day length sensitive materials gx:own at vad.ablelatitudes. 
There is also the possibility that modifier genes acting: differ­
ently control these variation~. An extensive reciprocal recurrent 
selection ,program for restoration within groups and: among groups 
planted at different 10catio'Ils',1llight eventUally. unite suffi.dent 
modi.fierge1'l.es that are capable. of restoring under any set·of.·· " 
environmental conditions. 

,'; :.',: 

... ".; 
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ENVIRONMENT;A.L: "1EF:.I~:I3Q1:S" :,Q~ F~RTJ:LITY 

RESTORATION IN WHEAT• 

. ~ . 
E. L. Smith and W. L. McCuistion 

Variation in fertility're,storation resulting £~o'~ environ­
••·.mental dd:ffetenc.es. ,;1$' no~ tmiq.ue;(;t,owh~l:Jit.·:·::J;hiS !phenoll1~Jlon has 
be~: jrepprte~l·ill ~;n"'·~Q~g1l:um'1,,~d'ISe~e:o~~.1:,q,~he'l""c~,OP,8,.,."Jrrom: 
ob~eJ;Va;td:o~s ma4~: :i.;lt. it;he,;qJ(l~~bpm~ rStat$qp ;~ 'a'pp.e~.rs,;t1:la,~;J~;:ta;l.n 
met,e~qlp'g::t~~al.;CQJl!:liticm~,99:,:t!in:i, q:he :f19~~~~ng.:pe,.~iQ4. a~,co,WJ.ti,J'pr'
 
a,con-s,i4e~a~,le' ~Ot:JIlt;."qf,Jt.JUk¥,a~~~t~:O~k;Q,b,8~,1i:Me,d,:in\P,e~centsel!d
 
se~o~restor~r(+1:.~~es,~c:1rc;r~sl:Jes<pe~8~~~W1~,~!l.ill: ;q,~r" by'br~d" .
 

,wheat .' ~ro,gr am.; .;~,eJI!Pe~a.tq,~e.~, ilk:p'1i,rg,+as~:, gt~~phouse ·9.;1~e \q~c~;ion­
ally e,~~eed~d.,,9.~O,'i:F•. jd~1ng:theL£lo.wer:in~,:perd.j).d.;, FQ11Qwing these 
periods ia:sharp: increase.'in,p,eI.'-centage. of.;; ,S£e.r1;le ·,fl,or~t.s:has,,· 
been ,noted'.::' <J{a,ther;.modemte,.,.temptiratur.e~t.and,.' b!I;gh: ;;r~lativeJ:h~d,i ty 
appear: to. ber> desir~le,;,.f~,it' ,:maximum; :expre.s's;l,n·g :.~f :.ferti.lity,reetor­
ation •. · , ';":" ••. .....C'· ..... ' , 

" . '. 
; .. ·'I,n:a (study):jlust: cQmp;!;e,ted :at:cStilhtat~r.t·rthe,degree· of fertility 

-restoratlf;bn w.as, "no~d ':()u'"res.torer.-mat.erd..all der-~Ned£r~m :NebraSk-a 
.. 542431s;tock''';:)F1be:ma~erliaiL,was::ev.aluated.~f()r;,two),yearslund,e,rth~ 

following '06nv!Danments:: ;;J:}, glassocg,reenhQ!Jse, ,2)1 :£ib.eTgl.asS!, :green­
. house, ·andJ3)?'£i.eld~urs;eqtlon 'the•.·Ag1l'onomy:c£'arm.;;, The:ma.terfal',
 
c6ns1st~: o£,6,t.ot L,nd'Ji: LotZi.Jre!st:ore.)i,·selec:tionsLanCl the>.Fl .,
 
hybrids rbetweeneaeh,of :these:·'seltect·i'oIts' :mtd 'male)'ste'td.~eB'ison.
 

!.;": ". . :- :.' /; ;.'~, (,~[.~ ;. ':: ..,.'/1' .... ',~ ~ '.:.i ,.' ~: . ~ ;;:'.;' ";':I;~ ':.;C,~'; :::"~;'. 

'During;· thiS··study'thei'-e'·waS-'rtb notice;ab~e, envi;Onllien:t,di '"'' .
 

effec't'bn : the :stOOt'ile:,sys(teIli'~:!; B:t$~nfitiS fremaLhed- completely,s tex-ile
 
in' the three environments. There was;howe\lE:!r·,;:~tgt'e~t;'d,eal 'o'f' '
 
variation in fertility ~estoration of the restorer s~lections and
 
:te'stctosses :a$: "tIleasure-dby l1e.ricent' iseed''Sa:t''(Tsbl'esl;an& 2).. There
 
waslit:tle,;,associaubn-',!in;··-percent'>))seea·'$etiLfI'.onf dne:locationto:
 
ano~ther~.'; , i Fot'!."the::.giiassi '~Iid ..':"fib~tigl'ae;Sj "greenhouses!' the-L'r.esponsff
 
in ''fertiility ;'l1es·toratioh:",4s'a:amewhat, s:l.ui:l,J.ar ::£:i:om~"on~;yea1I'" 'to' the
 
next.· .':H()Weveri~,th±s"W'.asnot:th~c4;lse:·;:fo.r:·th-e:. -m.a~erial \ grown 'in:.
 
the·f$eld'~'.::,., <;,','< '1.:0;) 'f::.'.:" :;,') ';.. '.' ":.:6;. ';.', ';; . ,,',' ," 

i""," L ":.}'T·;' .•"... ;.;"·i ; ··::r::<·-f;·~.;.· .. .~ ~:. ", .;.. J :. '.::.~ ..; \'; ... "' .• ,." 

,;., .. , Considering: (the! '):'eact'10n ;ofhdl're'storer 'mat.erf~;(involved
 
iin; ,this: ;$ttidy'~': the'. rfib'el,\glass,greenhob'Se/W8s1the.' :iI:lb'st :ar£U.cal·:;
 
enVlronllient'for;imeasurl.n~'
:fertilitY'jreS'tCf:t'-ation,::and."1hada·fa~r.>·
 

degree of correlation from one year to the·i:xeiCt·~·:oOlthe·three·'
 
environments, the fiberglass greenhouse appears to be the most
 
suitable for the early phases of restorer line development.
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TABLE 1.--CORRELATION COEFFICIENTS (r) OF SEED SET 

I' ':i,_ .. ,\"', -, 

ChecksLocation 

Correlation ;Between~Years 

1965 vs. 1966 Field 0.33 0.35 0.88** 
1965 vs 1966 Glass ~'GI:J.,se,.;" o•92*~; ,0,Q,7i 0.58* 
1965 VB 1966 Fiberglass Ghse. 0.81* 0.76* 0.86** 

• . ',<. 
" -: 

COJ;reJ;~~~on BeOye~Il Lo~atioris,,).966, " J,' 

. ,.~ . 

, ~~e:i,d\vs.• ,G,liiss: Ghs~~ ,'~;:';'<~9·.59',;' O.l~,>, O.64'!t*'; j" 

',Fi~ld vs",)ri,be,;gJ.~~s :(}hse.i. '" ", p.,34 ',: 0 .~4; Q.24" '.:~
i 

Glass. Ghs(!,~:Vs~,~:Fi1?ergl~~~:9h~~:. ,P:",30 ":' 0.52, O.83~~ ,',:< ' 

-_.," J.', ;, 
, , , 
c" ••" I .,;. ;.. i~ . . . . -. 

",'. ; ... "'. :" 

TABL~' i.,-:""P;ERCENT, SEE;D~~TOF 5 MS, x,.RTE~~~R.q·S~E~ ,I~ ~H#E,:,.,i" 
ENVI:RONMENTS , .. " ',.., : . , , 

" l' I 

. "r 

"G1a~s., "F:ibe.~g,las's 
Testcross Field Ghse. Ghse. 

, ' ,
 
"-' .[.+.; ,,',.' tl' 

~.. \ " ..' ' .•....
 

5892-2~ Fl.':.. .81,·9 " ", ' .91.4, ' ,]9.0 " 
5893,~l?: F1,' 74. it:;;:" ,~5~.6 ' 7~.6L 
5892-7 F1 ,68.~8 if j f$4.,3, . . {+2 .• ;7" 
5892-9 Fl, 67.2 61.1 83.0 
5892-2 F1 57.1 55.3 55.9 
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,PROBLEMS .,iNVOLVEDIN, TRANSFEROF,.FERTILITY ,RESTORING, 
GEliE:S'INTIfLINESOF,COMMON WHEAT", ' , 

'(Abstract)" ",'­

Max 'A. Urich; W. R. Grace: & Co~:' 
, , 

Selectionsfrom" the 'Kansas'an:dNeb"iciska' sources of fertility 
,r~storation were used as base material in our program for the 
cleJVelopment of comon wheat tines with fertility restorer genes. 
Tne F). plants of m()st crosEies' (restorer ::se~ecf~~ilrX c<>lIIltton wh'eat 
line) showed 60 to' '90% fertility as; £tn~a:surea: ',by seed' set { Large 

..	 APIPopulations ofall crosses were grown "in",a. fiberglass green-
li~use during the fall of 1967. In most populations it was impossible 

, "t.o find any plants with over 50f{; fertility. ' Some populations were 
completely sterile. This indicates (1) an extremely sterile en­
vironme,nt ,in ,our ~ibE!r.glass, gr~~nhouse~, (~).. the ,ci~Jf~<7~lt~~s,en,'" 
countered ina backcross program for fe'rtl:1ity': re~~d,f~~~:~nt':and,' 
(3) some type of complex interaction involving Triticum timt>pheevi 
cytoplasm, restoration genes, genes from the common wheat recurrent 
parent, ,.and the environment which causes., .an.., apparent .breakdown 
of fertility" res toration 

Varying degrees of fertility have been noted in two of our 
male' sterile lines 'after showing good sterility for severa:l.. ", ~.' , 
geJleradons. This again indicates,the complexity of ,the'mate"·· ' 
ster1.1ity ... environmental interaction. ." 

, ,~ 

( :,'. 

... '.;::':; 
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,SUMMARY OF tfflEATHYBRID ,PERFORMANCE TRIAbS, IN K~SAS' 

'5' 

R. W. Livers ' 

, .. Afiye~y·ea.:r,Kansa$ experiment, which",ili bE1 com,p+~ted in 1968, 
is concerned with field pel:'formance of hard red,winte,x: wheat Jiybrids 
compared with their parents. Data the first year were obtained on 
eighteep. hyp;r.i:4.s ' involving sevenp'a;rents. In ;s.ucceec;1ing years there 

l>, have ;been)6;hybrids" ~+l\ poss;i'b~le .single-cro"sses, of Ilipep~X'e.ntal 
. v:ariet:f,es. ' Th~se h~vebeen ,growu:infour replications ··at.Hay_s: .. ~rom 
.ha,nd'":':c.rqssE;!d seedp+,anted ,at the ra,·t.eoffor~y..,five,pounds',pel",a,cre 

. in~ing+E!-row p10ts\~4.ree·.feetip leng,thbo~deredon a],l sic;1es:by a 
f1J11s.tat),<l 'Qfwheat:. ,.Inaddit;Lo:nto .-thisexperime.,nt.a five-va.l"iety 
dial1~1 trial has .been, grown since 1965: at Hays,. lJ,Q·tchinsonand: 
Manhattan with the same plot arrangement. 

, , .. Tpere .are' ·sE;!veral.questions'· "lhich are being, answered by the infor­
mation whieh is accumulating. In ·.the fi;r.:stplace, there cap [be no 
doubt that there is a substantial amount of hybrid vigor in grain 
yield when 'the.·hest ,.avai1able hard: red wint.etwheat.'varieties are 
intercrossed. In the four crops to date the average of all hybrids 
at:. Hays has b'ee~ 37b.ushe1sper acre, 32% more than the parent vari ­
ety average. The best hybrid has averaged about 43 bushels, a 31% 
advant.a,ge: over the blast varietY. .. 

,.' . i 

:rnmaturj,ty the .hybrids have been c:J;oseto: t4~ m.~dparell_t ;."7a1ue, 
'but witQ a de.finitetrend toward earlines~,. ,.. T:l1ey l!.aye,av~~~gecl about 
1/2 day earlier than the midparent, suggesting partial dominance of 
earliness.. Eat.:liness has h:a.d :little or no effec'~l up(),I1, yielci'except 
in the stem t:~t year, 196~., when ear1iness~aso,f some benefit;,. 

Height "seeds pe:r head, ~eed weight and pounds', I>.er1:?ush~l ,are 
characters which have consistently exceeded the midparent value in 
hybrids.. Sometimes this appea;rs. to be,adominance.ef.fect.:from the 
betterparen~~d;sometimes there has b~en.aminor,.,h.eteroticeffect. 

There has been striking heterosis for number of heads per plot, 
straw yield and grain yield. Measured from the midparent values 
these have been 120%, 126% and 132% respectively. Head number has 
been strongly and positively associated with yield in three years 
out of four; and straw yield has been closely related to grain yield 
in two years but appeared unrelated in the other two years. 

Correlations between midparent and hybrid values for yield from 
1964 to 1967 have been -.23, .83, .66 and .28. These correlations 
are not homogeneous, and they suggest that sometimes parent.yie1d 
is a good predictor of hybrid performance, but that often it is not. 
Parent-hybrid correlations for some characters including maturity, 
height, seed weight and bushel weight have been quite high. 

From the 1964 and 1965 crops mixogram data were secured. There 
was close and consistent relationship between hybrids and midparent 
values for mixing time and mixing tolerance. 



. . . . . 
Y1eldd~.ita :)frdm iF{~6p1i;flrt:fbns ;are;fLavM'1;~bl'e' for'?/t:btiiparison wi th 

Fl's from the Hays crop of 1966 and 1967. In 1966 yields were very 
low. The Fl hybrids exhibited the usual 30% increase, but the F2' s 
were almost exactly equal·:t'cVthe ·parents. In 1967 the yield level 
was quite high. The average of 36 F2' s was 7% better than the yield 
of parent varieties. This compar~s to an advantage of 35%'for the 

. ~,.~. " '~Fl~"hYDTjjdeff ':Iri>·~~f~etr·y~iJ.r·,was;~~n't·FZ' S!fgl1i'ficirilf~Y\b'etteT t~an
 
. ~he ·'bes.t' var'iety e' ':"'.;. 'L') ,<:x,;>"', "':. ;,',C; ..\ . ',,,:,),;::t>,'::.· t''''
 

., -.', "?·~:;".~,,"-i ... :.~::.~.':: ··~i·· __ · 1'•. r··.·.L . .": r.·.:.:..::. ~ ~ .-:.;: f ;.~'.: >~;~:.::.' i<J'··~'.,·1
'./ 

". .". . 'Iil 'the" hyb:rt:d:~tudyUinvolYihgthree',Kansasid"c~atibas"'the:te' has 
.' .....:.ib.een fa ". moderate; '~8inOunt';Of,f,fnt~aEttOrirbe&eeri 3:geh'otyPes::and '. stations , 

,,; i:aIidbetweeIir~e'n6:tYp:es' an'd~yeli.:refel:':However ;,:,"th~ •eCJn~is tehi::1piitformance 
'. :.bf.·hybtids'1Iii\1dif:f:e'tertt 'site~;1arid,:"yea:r~'·.$!f:~::mote';tthptes"§i'l7e.';feature 
'Pf'elfe eXpet1ment'fg'L'than ;b'~'eas'i()tiai: :int&t.7ti¢t:i~tis-; ..L:; Gertei¥alll~' :'ep~aldng, 

"::the;·-twti :;add:t't1:oria1:~tatl.1o~t;'give),Q;#~l£WJjiCh ·agre~s ;'w~tnlfHays:Jd1ata 
. bot-hitt :d~g1iee; of 'hete'tos!s-:artd (:th· supe'r1cJrft'of· ce:r,tain:: 'llYlrrid 

combinations. ';;,:;,;' ,:" '; "'. ·'t:·'"i '::i'.',.,,: :):i:: ,: ..:"1'1'.:".:.:'.',:' 

'.: ',,:Dltt~con geneial;.l and' speclf:tc,~obibi-tfing;:'ab1ntY'f:tO'ni:;diallel 
, ~1ill1yses/ -;a:re not' ;,yet -.avai,.la1>l'e·~t the' jt1infe.;',of :Jt-hiS- wtjjting;~-· l J r:. ," 

. ';'~:.,.:J''!.":';.; ~. : hi":r.,·j J~:.r '::C·>; :i7l'-' ,:>~,.;:::~~_:! .~>(H.n~ ;.~;' C::'.' ,.'~':.:.~J .:i_·.. ~.[,:·i :::'I:~J''':~'\ 

'.:..' ": . '. " ,. ·.'4"Y,EAlt'.RESlJI.oo"TS;:~l'lilr~mErAT: Hy,lJ~['OS: -,'AT :HAYS ;:,1Q\NSAS 
. "'; ..• ,:.. ~,.,.\ ,-.: "' .. -.' ...? ~.~. -~:~,~~·~;··"":,,>;~::L; ·.;o..I)' '~:~:i·()·,·.···:·:n,:.)·:~· :_j:'i':~ .i~l ,h:~::;;·~_;·~}:·.. ·~~··~·!:·i:~ 

. '." 
. " 

AVERAGE YIELD OF ALL HYBRIDS 37;;;3:"" 4:8;::;1:';12 ;9'~\;:) 5(},;.9', :;,37;. 3 
AVERAGE YIELD, PARENT VARIETI~S 31.0 35.1 9.4 37.7 28.3 

. ',; ): ' 'DIFFERENCEgr:aUSHEI)S i·PEIFAC:JlW ij , ~;'~::6 ~;:3 t·'l:J]{j. 0' j ~ J ":3.'$1," .i Ll3; '2 9 .0 
i.'" %"WVANTAGE£OFliY"BiuDS :>". l ; ':. ')"'20%~;iTE:~31% ,;j.t'j7%,1.'~ ,.. 3SZ\j '::12% 

::, <YIEt:tiqjR BEST:' Itt'Bltt))'>' :I', :'!:,' \45;£05 :',57 i'!"" 5Li16 ~91 ·6'2;B ;:>., 4'Z. 8 * 
'YiELIfOF 'BE:ST 'iVARIE·TY;;.( ; ..... ····'::34.,O>·:!c_t44~'2 ... '~ ~3'~!3 :i"4'6:.0::·· 3'2.6 ** 
DIFFERENCE, BUSHELS PER ACRE 11.0' 12.9 3.6 16.8 10.2 

'!,~ 'AD'VANTKGFJ q~':llYBRi:n; . i ';"Y33%!""i 29% ;'~b'2'7%' :jj';,37-%i . 31% 
'!.i ;~;\' .';.-.'.; r;.: ~'.<t; L.'.:!:~.:'-J.<~.~·;;::; ..... L ;:·r::··:;;:.:j-;::~r;·(~.'.; "~i'J.:.:,!"; !·».~·i!\;·,' r:~·:·:, .. '·'.,r .,(··n') 

r ;j ::"*_' .:A\te'ra'g'el.'o£ ::bjbfid,(ty.:fth 'Des't' i4-y~'at· y'f€':rdp;effortti~c~~~<:: 
-' '.. . .' '**' ,.Avi!5rag~1.;of !:V~1:':fety·wi thO :be'st"4..lyeai' y:i!e1qcperfo~man'ce';: 

.. ,. .. .,. :"', .,". \. . :. .. :.­ -, ' ~ ."::' {~~ .:~ .. 
.; to .\ •• , 

.... .i 'j. 'I~; i" :.: '.\ t 

. ,.' '­ ~ 

.....f.'- -:.i".: . " . , ~") ',;,'.,~' <' .: 1;':;.:.'" 

;- i'; '[!, > · .. i'.• c·' ';.::~ ..-j:.' .,":.:'\. ~;·'!:i·;:'::':·:,.~.r:· .' ~.·.~·i.::" :)~ 

•• c.::••' ...:.••. ,' J 



116 

PERFORMANCE OF HYBRIDS IN PERCENT OF MID-PARENT VALUES 

1964 1965 1966 1967 MEAN 

DATE HEADED 99% 97% 100% 88% 96% 

HEIGHT 104% 102% 104% 105% 104% 

HEADS . PER PLOT 109% 126% '124% 122% 120% 

SEEDS PER HEAD' .... 105% . '101% ·.... 101%· 104% 103% 

SEED WEIGHT 106% 107% 102% 107% 105% 

LBS~ PER BU. '100% 102% 101% 101% 101% 

" .
STRAW YIELD 117% 130% 128% 128%' 126% 

GRAIN YIELD 122% 137% 129% 138% ' 132% 

Simple correlations between grain yield and other ch.aracters 
observed in wheat hybrids' grown at Hays, Kansas. '" 

1964' 1965 1966 1967 

DATE HEADED .07 -.35* .21 -.03 

HEIGHT .22 -.34* .39* .• 71** 

HEADS PER PLOT .52** .25 .43** .78** 

SEEDS PER' HEAD ...• 34* -.26 .73** .50** 

SEED WEIGHT ~ 24 .62** .09 .21 

. LBS. PER BU. .13 .83** .49** .19 

STRAW YIELD .82** .03 .26 .80** 
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,. ','" 
".,',. 

..'. :;. 
. ~ 

.':, 3-yeClr ~verage, yield.s of 9. parents & 36 wheat hYb.ri.Qs~t a.aY·~'J Kansas. 
~ ..., .:'. : .. -, . " . .:.1.. .:.' .:" ., , '..',; . _ ,.'--' "....'., 

'nnP., Pkr: c, Su~ .. ';res Cch Ot Pn c." Bsn· .Cnn 
..'•. ' ·,c ••"A,. :-,'i . 

.... Triull1J>h. ---- 34.0: .. 33.3 ,34.1 31. 9 35.2 34. 9 ~,4.f~?~:~c?-

·.farker 34.(),.,34•.8 40.3 34.9 38.1 38.3.37.7,,38.• 4 
" ;_: 

~eou~., 33:.} 34~i8: ----. 43.2 37.7 35.3 38.3 4~,.1 .39.? 

itascosl1 .3.~t~/ 40.3.43.2~:_7'--- 35.6 38.7 40.3 I}?~~ ,.:39;7 

Concho 31.9 34.9 37.7 35.6 37.1 36.4 31.9 36.5 

OttatJa·:3S~f·':38;.t·) c35~'3" 38::7Y'::37~ l':;"~~~·'.3.(;'~]- '382 :r~ 36.0 
........,~'.::.~._:... ;..i-.'. :·~'... ,f •. ~4, .. ~.~-,~/,I';:',.;. :-:.:!)~;~"'.-:':':~j~ .]:., ../:"';.,} t·.. ;;::,"":' 'Y~
 

Pawnee 38.3 .. 38.3 40.3 36.4 36.7 37.7 36.334"j~' ; 
'" 

...•:. .. .. 

34 •.4 37,~ 7 44.7.-. 37.8 31.9 38.3 37.7 --,..- 38.3 
.. " .: I I ~;' .. : . \.: ~ 

Cheyenne 36.. 7 38.4 39.S.· 39.7 36.5 36.0 36.3 ,.~.8.3,. 
, -::7- : .:..: .'.,:: . 

Av~~ase ~~.3 37.~ 3B,.4. 38.7 35.3 36.9rr~7.• 4'~~1~,~:," 37.7 
," " :. " ~ I, 

Parent 2?0 ... 28~0 32 •. ~ ... ~ .. -
23.5 28.5 29.6. 26.•9, 28.3,. 

I : .'. " : ~. " .. ' '. : ,.' •• 

27.6 

: :·t 

.. ·"'i·:" '.; 
.:.' I.

'I,: , 
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HETEROSIS OF YIELD AND SEED WEIGHT IN 44 SPRING WHEAT
 
CROSSES IN 1965 and 1967
 

C. L.~ay and D. ,G. l.]ells 

... .­

Yield and kernel weights were studied of hand made crosses of
 
22 s,pring *heat,s with Lee and Rushmore ,in 196,5 and 19,6;7. The F2

gl:!nerations also w~re s,t,udied"in 1~67. ,F1,and parental seed was
 
produced, ,in the greenhouse and was, up:ifQ·riil,1.y, ,plump.. F2 :S,eed came
 
from th~fiel,d and was plump. A split,: pl,ot design in: 4 replicates
 
wasus~d~ In 1965 whole plots were of one, row170cm long:divided
 

" into' subplots 20' cm long separated by oat hills in 5 cm,long spaces. 
Rows were 31 cm apart. In 1967 two rows were added to a whole plot, 
one. row ,for each,F2.,. Plotswe~e·overseededand,thinned to a rate of 
30 kg/ha (27/1/acre).· Diseases were chemically controlled. 'Rainfall 
was abundant in 1965. In 1967 there was drouth stress broken by one 
irrigation and then natural rainfall. 

For yield in 1965 and 1967, the Fl's for Lee crosses in relation 
to the high parents ranged respectively from -18 to +108% and -14 to 
+61%. For seed weight in 1965 and 1967, the Fl's in relation to the 
high parent ranged respectively from -13 to +10% and -3 to +13%. 
F2 yields in relation to the high parents ranged from -36 to +15%. 
F2 kernel weights ranged from -9 to +7% in relation to the high 
parent. 

For yield in 1965 and 1967, the Fl's for Rushmore crosses in 
relation to the high parents ranged respectively from -19 to +62% 
and -30 to +23%. For seed weight in 1965 and 1967, the Fl's in re­
lation to the high parent ranged respectively from -9 to +10% and 
-7 to +5%. F2 yields in relation to the high parents ranged from 
-42% to -9% while seed weights ranged from -7% to +5%. 

The 2 testers in hybrids differed significantly only for kernel 
weight in 1967. For kernel weight in 1965 and yield both years, they 
were similar. The 22 tested entries differed in GCA for both trials 
both years. There were SCA differences in yield but not kernel 
weight in 1965. No SCA differences were found in 1967. Tested 
lines in both years for both traits were significantly different 
at the 1% level of P. Testers for both traits were similar in 1965 
and significantly different in 1967. Rushmore in 1967 averaged 
23% higher in yield than Lee. In 1965 Lee and Rushmore yielded 
2021 and 1989 kg/ha. In 1967 the yields were 3296 and 4287 kg/ha 
respectively. 



",·;'·t·! .' '. I' . \ ':'·.".Le 

.' ' 

The highest yl~tding:Fi frif' 1965 was' 66% over Chris, the 
best commercial variety in the test. In 1967, Canthatch yei1ded 
a little more than Ch!is. The best F1 ~as 3~% over:C~~thatch. 

~:.:i:·"·: ..; ,~.;(~:,r::,~':'fI:::;~,~ :,:';".~ ...l}~;~}.r;,~",·j~:~;. :::~.':t:~j':~. :;~ ..;!;,.--~,L"~"':.: ";'~"~"'~~~~~':: '1.. J·,r:t': .':'\, .~."'.: ~ ,. II"' 

., .'Ther dortel!iltlon~~f(fr::1965lYetWeE!it~ields: :9.f·'thit ~W:o' s'ets 
,'of, hyb'r.1ds.r;of" y'iel.:ds 0'£:) Rbsh~die ", lana'" Qf' tee':' hy'bri'!fs: Uith 'their 
se'ed~eigh'U';{md\~Jj'atiie~;s~edweight's"o'f~'th'e ·~o j~_et;s~::Of)tct.~sses 

"~.'·e·re a1:1: 11;:L$1111) $.i:ghif~h~.~.·: f~o~~,?,£di~·:~1ier~i. ~a~.:: ho ,fs:~~ni'f~\cant 
"eotrelation betweelt' yields' ofth'e lii'gft~)parents 'and t~e' hyb'r';lds

:in ,bothserie'SLof":crosse~.\·/';:,):··<",r,::. f:" ;:J( .""i...·.::'.'. 
I' :':' ••/ ,''-' '. ~', ',":J ,(, -':, f!) '..~~ -.t,·5>· :;::' ;;} ..LI". ·;·f.:i :\: ­

" , ..'{ ,.', Co,rrelatd.ons'JW'e'X"e:::n(;)·tr.;s:ign1fic:'aiiit bett;,eijn"'yea'ts 'in'tne 
" '. .,syieJ:d,s.c0 f.i cros$.es:'. involving)!.lee}or:)'RtlshmQre~) "\\': :, J ,. ii' '.,' , ',e 

~:.,: !", .: .' " .•• 

T t· 
0'" . ,.> '_ 

.;.; 1 t; t 
:~ .. ,. ... . ; ~: ..~ .. ".,' \ . 

, ; ,; ,., .,- t, ,i: .:t: ..:..' '1 " ':< :..1 f;'~: 
, :' '­

.~ . :"·~.:.L .... ,;'" . 

t. 

,; . .~i .3 j~') ,I . 

'\ ,.I. . ...' ­

.,',' .)--. 

:.1-' ...... '.:. .... 

; L,-· I :~' ~'~ ; . .i:;) 
.•.. ;, :11 . ,; .... 

(' 1"" 
r. :..•..• , 

:. :-. 
"~' 

:'~~.i '~.:U .. ' , .. , . 
~ 

". <: 

. _. ~.-' -.1 ;.. ' 

. ~ _·.4 .~. _.' .\ ~~.. ! : .L;·' J.of r•. : , "" ••. : " ~ 

'1. • ~ • ,', .
" .' J" :,. i .,_ . " 

" ~ , '. .; " ... " ': ~ : ' :'.
 

,';,,',
 
" .
 " lj . 

'<" . 



120
 

THEPROSPEC'tS FOR 'litBRID WHEAT IN SASKAtCHEWAN 

In some' eariie'r work at Saskatoon 7 Fl hybrids t'l1ere tes ted and 
, thema:ximum'increase ,in yield over the better parent was 11%. The 
'best hybrid also tieJ:ded 11% mol-e th,an Thatcher. ' 

More recently diallel crosses were made among 6 v~rieties of 
fairly diverse' origHl but' all basically hard redspr:1ng wheats. 

'The varieties were 'chosen so as to providea'goodml:Hisure'bf the 
'inheritmtce of' yield, tnattnrity, rust resistance and quality ,in Fl 
hybrids~ Enough"seedwssproduced" to 'test the hyb~ids in short 

211t" 'rows~ith,seedsplarited apart.' Of the 15 hybrids~ the plants 
,,', " jof ,orte,;develdped :p'rogressive'necrosis arid 'died' and the plants of a 

seCondshot\7ed'moderatechlorbs:i.:s.The :latter cross was, therefore, 
eliminatedfrom'coilsideratfon." , 

The ,yield of the 13'rematning hybrids ranged from 4% below 
to 24% above the be-t!ter parent. The only two ,~ignificsnt increases 
above the better parent occurred for crosses where the parents had 
lower yields than expected. The best hybrid was o'nly6% above 
the best parent • " ' 

IrtheaQingthe: hyb:t?icls ;"b;\nde'd' ·:to'beiriea-rer 'to theft: ~a,rlier 
p,arent,than'to the':f.r lcfterparerit. ,', Hybrl,ds involving' the' early 
v~riety ,:Garnetall headed ,within a day' 'of Garriet~ : ' ' 
, : " ,.: . .":, , ) : ,\ : r ,'. ", ,~ '. ".' , i ',~, 

The protein content of the hybrids tended to be near or even 
below' 'that :of the' l~wer parent' with a couple of except'ions. 
'.'; ,l" '., . , • ~ " ' . ...' .. I- ': > 

,) 'Rust 'resistance:behaved: as·expec'ted.; 
."'~ .. . .~ 

, The hybrids were :tested in" Fi, both to s'e~" if, s': u~eftil'degree 
,of' heterosis was present and' also to give a' pre-di'cUonof the degree 
of heterosis in Fl. The average yield of the F2 's was exactly equal 
to the average of the parents. 

Correlations between midparent values and Fl and F2 values 
were highly significant for weight per 1,000 kernels, days to head 
and height were significant for protein and yield. The yield cor­
relation between the mid-parent Fl values would have been much better 
except for the unexpectedly low yields obtained for two of the parents, 
Garnet and Manitou. This resulted in low mid-parent values. It 
appears, therefore, that a pretty good idea of Fl performance can 
be obtained by looking at the parent values,. Estimates of general 
combining ability were much greater than for specific combining 
ability. ' 

Our attempts to produce good restorer lines has convinced me 
that the present genes are not adequate. None of the Fl's we have 
tried are fully fertile. 
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J. N. Wi~er<~~:K,.;,l L. Lebsock 

': :, A':en,p.~:t'eJ:,lt, di'~l:l~,,~.Cl.~', ;~01!l.9uc~ca4 ·~tj .~9;r 1-Qe:atlRnsin North 
Daf0t~,d~~~~g'i1?9:? !,,'! H~1;~r()~,;l~ pefCeIlit::ageB.c;:r:apgec);;,f:r,Oin-.,184%, to 81% 
of the higher, lie+p~n&:pc~re~~!~, ;,r!l~ Mg'bes·l: ~~~,J,.ding; ~~b-ri,d outyielded 

.' its higher parent by 30% and' the standard v~riety .Wells by~6%. 

, ~. I" >.:"l:; ;.:.~ :;".' ;. ::,:·>-;'-I:.: 1.1£.:j.1; :y" .. -,,_:,:,,{ ::):.':. ~. 

", .' EsH~~t~£! fO~: g~n~Fa~.)a~d-:fsp~~if;1c c;~~~~ig.g-.,~bi)1i~y,; wel"e ob­
t~dnecl,;R~, .tll~{~§ll~;ls,4E1s!sn?~ec;l:.by;G~1.;gf~~;.l8:E!.::;~de1.:,;r,;, Method 4. 

;N\1mbe~ ,~f; ~:q~~r.~/?i~~~t;'~Elrn~!,tJWAA,<g(jl,Q:;~er.neJ,..weight,~':.ndgrain 
:y!.e1d ~~lJU~c:l h~gh+y,;~igq,i~1..§~t:tnea.I\,.;sq~@te,!!~~}J~s~Qr.':ge~¢ra1 com­
.', ~;lni.n$ ~~!!i~}{·~.·. :'~Qn1:Y ;2QQ k~~~l~e!gpt ~~~4~;ad;1i,gh1y:;sign:1f,1cant 

! .ujea~, ,sq1,1~r~,ya!~~j'Jgl;LsB~C;;f:f.,C:;'JcgJ!l9J.\,1,i;g.~,:)a~:l.~:l.~y,i ':vthe:,ipercent gen­
:' .' ;~l'a1 t::ospec,i,.~iq:c;o,YJ!l?i~;'1tg~b:~l~t.Y),T~or~:,~\1~$.,~h>~a:taeter:ts.tics as 

c~culated from the variance cQ~,o.t.l~,l)t~ ,@,r,e,~a~,::fol1ows;, < j r· 
.: 1 • 

. , , 

, ;,'" :~):>": .':' ,..... c} :>~ ;,,;,';:,..G,C;A:' ':',:~'iL~ :~::,'., [ .•'1%,',:',,:s.c.,,~,.•. IJ'J' f' 

'J '.-.,. :,~ 1'< ,., : '! •• - "."',/; .:" • ).:~,._.:; ;",1" ,.:,'" ,..,".'j. ~'i: ~'.:~ \ ;; <.~ .:.", :',~' .. -. ':'." .­

,"C:I' :ri1~et'~/.?;::"" 'j', " .<:t >42:~,4c;.:: ';:'-1 ·:i··', ,:2.7:,":i (":;':: 
':£$:em:e~s't~~.flcL( :.ii:.~ 'A:41.>~.',;i:)U':'::' nr.,',: 16,.:5,;; ',' 
200' kernel weight 48.1 ,1'~2i9:.o::p ) ,<: ,'. 
Gra~n Yield 23.3 24.6 

, ',' ;,;':, ·:rh~;'.F~FjmAt.~~,~f.l:ge~p~j9.~·,fP.9}llb,.~~~g~{~b;U:'~~~d:{ff$.cts:,indicate 
~~-1~9. t;p, b.~:rJ.1l~~!&h~s,1;i in. g~~~;r~.l:r~o~~b1niJlB1abil;f:tYJ•..:·Thisl parent
 

." was also' invo),Y~~:Jn ,~h~:'j:J;'9SS.~fJ:~1l~~:iIP;t:Qd1.t~~d:thei;h.:!8!teS!t:,yie1ding
 
" hybrid'~d the,highest increase i~'heterosis abo~ the higher parent.
 

", ", .... ~. ':'; > :" ·<jj:.·_:'~<··.;i .c··.~'1·.) ~to ·:~!:'~,I·J!t(.i/j n.;-',-}':i<;'},{" :"<'i'­''''A 

.." ·th~. f~r,re:~atfp,~)~~effi:~;1~n~,J;t,=r ';o,lplL b~t~e~~ :y,1.elcl::,O£:i.the mid­
parent and the hybrid indicates parental yields do not safely predict 
the yield of the hyb:r;'~~.Tcc;~9e.;~hi~p.~~!~Jari.~d::J.:pgi:~ypr~~;J.nthis study 
came' from. a craBS of Langdon and 61-130 which railked 4.th .and 9th re­

'~ " spe~;t~v~,~Y!. i*, yi,~JA~: ~;~~ l~e~t y;e+4~ng.r!tyb,ri~,.Q~~:';f.i'om a, cross 
.,' ';9f : W711s .. ~:d; ~9::-;45 wp.-~c:ll ~ ~n~~c;1.: l~,t, ~~" ?,t~:j r~,spe(:tj,.,v~,ty';. tn~ yield.

i 

: ... " . 
•;. ~', ' ('..i.' j ~ , 

~:.~. ;,,:'i'~~.;~.; ~_.>:' •••! 

'. .' : \; . ­ .. r'; ,'.:'! ,., " 
...~. " , ' 

~, .' .. ,-.';' . ~;.:' r'·· .::: : ... t: :" .. 

; .~ ; :.. ~.' ,,~: !~ , : .; . " .' ,. ,:.'; 
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DIALLEL ANALYSIS 'IN DURUM WHEAT - 1965'
 

" EStlMATE$ , OF 
, ~, 

, ' 
' PARENTAL:YIELD Fi y';IELD , F,'YIELD," 'GENERAL COMBINING 

PARENTAL LINES' G!PLOl' • ' ' G!PLOT* , G7{)LOT* ",~ ABILITY EFFECTS 

" 
'.' 

61:";'130 147 (9) 
J,.; 

192 (9) , 245' , 10.6, 

. ,LEEDS' 
I •.•• '­ : , ,217 (2) .~ 218:(1) , 244 .• 9.9 

., 
'," 

'.-,­

WELLS 240 (1) 209 (2) , .. 243' It6 

AKMOLIm<A 139 (10) 19'5'(7) 2.40 5.l 
,;.. " 

60-120' 
: ..,; . ~ 

217 (3) 204'(3) 237. ': 2:.6. "­
,~ 

LA!iGDON 199 (4) 204(4) . 2,36 1.1 
,~ ." 

;... 

TKIIUACMi 164 (7) '197 :(6) , 234 '-l.t 
.. 

,RAMSEY'
'. 

•. 178 (6): ',' .192, (10) 233 
. " 

,-2.6 

" 

-',' 

CAPP,ELLI·· 157 (8) 197', (5) ,', 2,29 -6.:4 
' .. 

60'-45 182 (5) ,·195 ,(8) 211 ~27.1 

.,. . '. '". '. 

'*:MEA1'LOF FIVE REPLICATIONS. 

"'" 
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METHODS OF	 EVALUATING COMBINING ABILITY 
POSS:ljBLE·PROCEDURES 

·E. L. Smith, W. O. McIlrath, and C. R. Glover 

A number of wheat workers have demonstrated th~tgenetal com­
bining ability variances are more important than ~p~~i,ftC combining 
abilit:y Vc~riap.ces~.for~yie;Ld a~ wel;t as~. otller ~gronomi~~ cbaracters. 
This sugge;sts:":.,t~a1:,~;,)~ho~;J.d J.po~;·.'.fir$:t: ~Qr h:l;gh :gen~ral';co;mbining 
ability il'1 our hybrid lwheat material. Howevei"~ speei:f1c':.combining 
ability effects should not be ignored. In the f1:nal'~a:tysis we 
will have to make use of these non-additive effec:ts'.1.n. selecting 
parental combinations which give rise to superior: hybrids. 

A combining ability study involving adapted and foreign varieties 
was recently conducted at the Oklahoma Station. trn this study'gen­
eral combining ability variances for yield were spme 12 timesg~eater 
than specific combining ability variances. For t1llef$/plant, , 
kernels/plant, 1000 kernel weight, heading date, and:plant height, 
general combin·ing·abiU.ty~variance,s we·re also well in fixces~ ;0£', 

.......specif:1c c()111blnin~ ab-Ud.tY:"vaH.anees. ;:';;HoWever; it i8··..of consider­
able interest to note that i~2'll characters examined, variances 
associated with specific combining ability, altho~gh relatively 
small, were s~atistically,significant. . ;,' '" 

Extr~~Ol~'~in~~ frait firidin'gs iIi otlier:~rops', ~e cari; assame' that 
general c6¢in~ng;ab'irity;~ill::be .:relativeiy mare! impor~ant ' than 
specific combining ability' in 'material"preViously: UIiselected for com­
bining ability. Specific combining ability will become more im;;. 
portant in material which' has been previously selected Jor general 
combining ability. Considering this as well as the nature of the 
problems enco~tered in A- and R-Hne development. the:follqwing 
proCedures might be useful in evaluating hybrid wheat, niater~al .". 
for combiningabi1!lty. ,"' " 

-."	 ~. 

:Preliminary general combining'r:abilityesdmates ·Jsh.ouldbe 
obta~ned crt v~tiet1.es :1md iexperimentali;':lines b~fote or~'conclirrent 
with:thE!1r conversion-to A- and R"';lines•. This can.· be .accomplished 
through the use of hand-madee:rosses involving two or three :high­
perfo'rm1ng adapted varieties as testers. Diallelor'·partial 
dial1el crossing system can also be used. .In most programs,' pre­
liminary estimates of .general comb~·ning ability have,already been 
obtained for many co_rc1cd v~rie:ties and promis:l:ng,:lines. ; 

,. _,' '. • .••. J '~.'" ' ..•' -	 '. . , • '_ ; 

-It: appeal'~: that ~,11ue's c.i~n b~ dev~lo~ed JIlOre r~pidly than 
R-lines~ Thet~for.e, mo:re A-lines than~;:R-lineswill be available, 
at least initially. With this situation we can employ a partial 
dialle1 mating system for a more extensive evaluation of general 

., and. specific combining,ability effects. With this method (Table 1) 
four or five R-lines will seriV~, as testers for 10 or so A-lines. 
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In addition to general combining ability, we will also evaluate 
for specific'effects and search for promising A-line X R-1ine 
combinations. As 'more R~lines become available the model can be 
reversed so that four or five A-lines are used as testers for a 
larger number of R-1ines. 

This type of mating system has been used with sorghum and 
other crops and appears to be well suited for work with wheat. 
Also this model provides a means of obtaining additional infor­
mation on variance components. 

Tab1e1.-~'PARTIAL DIALLEL'MATING SYSTEM 

A-Lines "'R-Lines 
W X Y Z 

1 Wl~ Xl Y1 Zl 
Y2 .. I2 W2 ' X2 

3 W3 . X3'
 
4 .. W4 
5 W5 
6 W6 
7 ·W7 
8 WB 
9 W9 

L

,I 
I 

I

t 

'"
10 W10 X10 Y10 . ZlD 
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:~ '.. ' .J ' 

; 'JPOLLEN,..PRODUCTION,:ANDPOLllEN :'SHED])ING :, 
'.' ·OE"SPRlNG' ..AND.'DURUM WHEATS . 

. ; . .. .. ' 

(Abstract) .. ';' 
, 

,.: :.t '/ ,,' ",,:::l ...;..~~'f.;i.' \ .. J 

The amount of seed set by cytoplasmic male sterile lines of 
wheat is dErt,El.'t'minedhby'am.o'Wit. df,'sV'a1l1ab-1e Jp()Jrleri, relative flower­
ing date of the male and female lines and a~ea of stigma exposed 
by the female. The present study was.de.s:t.gned t,o,i:nvestigate the 
relat:fve pollen'sheddlng"abfiityorvarfe'ties of spring and durum 
wheats and the re1ationshtp:s ~'between po11en'shedding and other 
varietal characteristics. 

The varieties "c:tlffered ill amount of' pollen shed, number of 
pollen grainslanther,% anthers extruded, tillers/plot, fertile 
florets/plot, ferti1ef10rets.ltil1er;:·yie1d and kernel weight. 
The amount of, pollen shed waS.>positively correlated with % 
anthers extruded and tillers/plot but'·negatively correlated 
with fertile' florets/, tiller., ' ~, 

Path coefficient analysis indicated % anther extrusion had 
the largest direct effect on ];>ollen shedding. ; Pollen shedding 
ability ofa,variety.¢an be ~~edicted/on the basis of fertile 
florets/J110t,;,pollen;~'grains/antherand' % anthet'; extrusion. 
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THE EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY
 
ON THE VIABILITY OF HARD RED tVINTER WHEAT POLLEN
 

(Abstract) 

R. E.' Watkins 

, Three varieties of hard red winte~ wheat - 'Warrior', 
'Wichita', and 'Trltiinph' '-:, were:groW1i'flfcolitrolh~d etlviron­

"mentchambers atfqut,temp'erat'Ures' eaqh: at three'l:evels 'of' 
, relativ~ humidity todeferinfnethe'e#ects oftemperattires 
, andhumia:fty, on po'llen' 'viabilitY-and longevity:, "Thetemp-:' 
, 'eI'atures were "65,75, 85, '~d9.5~~\ antl'the:'rel;atlve hulnidi­
ties were 20, SO and'80%'~' Ppllenviabi:lity was det'ermiried 
'through the use' of thevii:Sl "stain,' tet~azol:i1:im btOIid.de',in 
a':su:g~r-gelatih ndxture.' ' " 

The results fndicate that both temperature: and huniidity
 
have an important effe~t on the longevity and viability of
 

"wheat polien:: "ApP'roxim~tely 15% of the pollen gr'ain~ were
 
, 'sdll viable a:ft'et40in;Lriutes~f'exp'osuteat"650F'and50%, , 

relative humidity.' While: only about 18% were'viableafter 
5 minutes at 950 and 50% humidity. At a constant temperature 
the pollen longevity was greater at the higher relative humid­
ities. This study indicates that relatively low temperatures 
and high humidities are necessary for extended longevity of 
wheat pollen. 
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! r :, >,1>'": ,.,.~ 1 

. ~} ~', ',~.:~:i ;'A<}~" 

(Abstract) 

: . : ~ ~ i:. 

E. G. Heyne 

. ···f:"._;,:~·.~:;~·.·:.~i ,.- ::"~'\:'~':' .... ',:1.:..' .l_;,.. ",' ~ .....,:~ ;~;-.\-.!·:r; '~-'(~ ~:-,.)-:'~:: .~'J~'.:.r ',,' . 
_,', ," "P·91J"AA ,#~p'e~s~n,.W~,4!Sq~~(i., QY K;t~~Col,l;inssp.ore :traps

.. - ...• "-.."";."-','- . ,l..,i-, :.~~. ~4 .. ·~··t.r' " ..' .... ". ;~·· ..L!..· .. ~.-,.. ..•_.. ,~.' ; ..: .... 

apd ;!>x,g;'-'a~~,;-:';?~6: fj.I!~~>~~1:~¥, ;J?~lf~9:;:~Put~,pt9;ve ;if;~;~,e~~F ~~Q9! fee t. 
Hplo1~:Vp1'!~7 \Pr~~etE;t <~~~-;~~~~;Jq~l!~:;g~~~~eG<:\~:n: i~ne, }~p~~W~p4 ,side 
Qj~,t1:l:~ r;SP!urc,e.{.;:Md,:~k#l~H-lq:~~~,t~;.:rE!~~:?t~~1.]f~$:·,a,'+~.r:P,~n~,~,~environ-

. ;meAta,l c,<?!Y!Lt:lf>1!~j }1et,'~; po?r,:fq;J;L~h,~:~t ,p'q.ll.~t1a~;top.: ~~, ,1D~~~um 
8,:ja~~l ,se~J ;wa~: ,gAly !~~~?;r",,·. 2; ,Ae,~~ ,8:llpe:~l',' '.;tq., f~~ ,~wo rpealt,t!, ~JQ;t, ,ppllen 
·4isp~.:r$;L~ib~~~ ~Y,?:A~~f!t~Pt~;,~J:\t~~~"mqffi:i.~.'b~~()1!17r'):~·\:,pO··~~m., 
and again in the afternoon when air "t~JlIP.~1:at~r~s;,4~~t~,ase4. 
Ve~ high correlations were obtainect'b'etWeen'porl~nper'cubic 

,.,:~ot:per :c1ay',-~p..4·t:q.~,~~v~~e:~~#:~t !~~,z 4~.t:Ek,qfl e~osure. 
:l .",.. ~:.~._:.:.r.!':~'.; i_:r-;.(~ "l.~.;:'·'''~~f~~~.L :~:-,~ •. ~. ;"; .. :, ~.,:;.,,!'-;:~; :~;:-.<~:J .. ".;#r:,; .'i'J~':, "'.~~",_"" 

,: :,,.: Wh~~~ ;P~,~,",~'{flfs :aJ>P(e~~e.4 ~~ ,Mr,~!~l!,~""~P.f ..fUIl~~:P"R~ po:l.~~n 
p~r::~t;1}e r:': ,; J.~ ,l9Jl\~,,~.c~~'. ,~l~;V',a~~, .t~~t(iIi.~d ..,~;ro~ "ah~~r ~~OO, <,to 
~6~ ;;per ,~t;he,r: fr()l!1, ;the, ,~11.d4;~'.(~pik,~iL~t~.: ;:. i',' ::::;,... ., 

,; .' ;;..... '. :.'·r:· . .".. ~'.~ ." , . 

" . " . 
; J .•. ; . 

,~,l "'ii.;J·!·­ ., /J I.'L ... ",:, J. :', 

; ..; ~ 

L· ... , '_~ '. I 
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./.".- bWfIMIZING :CROSS·POLLIN:ATION:·· 

(Ab:st-raet) 

.. I ."As i.ea'rlyas .19~5 we .ex·pressed',copf:l:dence . that" a, satisfactory 
:.i: i. _,:J.evel,p£.::,~ro$spol.+1nationcpu,ld ):ferobit;'a1ned in ·dr:llL·~strtps up 

tq.16 :te~t:1nw1dth'; ;using :\a r,a;tio: of ,1 :roale :to2 females. . To 
, . 

. ". date; .(we: ~av~ iseen notlt.:t.ng,:t~,...chan.g~. cthi,s:opinton.;. ~ Our dat~a 

',i ;"' sbow~ that. WEt; have! ·obtain,eO: .8G%. ,cross ;p.cl!:l:l)ation .on ...at. field 
average bas.is;, 'tbough" ~es~lt's. hav~ sQme,times\been;~diff1cul.t to 
duplicate. . 

.~:' .1," ". (" 

'f· iProbably:.the 'mQ:s:t:l:tnportf'ant" f;act.or .:\f:.n,obta!ning '8· satis­
f.ac::.tory :1:evel tof~cross;:.pol1inat:lotl is ::the ~Iprope,r' t1min'g'o£: )the 

'J blo4udng of male:artd·Jfemale.'[, :Best: res.ults:have been ,Obtained 
:i,,'f ··';wherethest;erlle:.bloomsabout'tWQ days earlier<.than: :the, i' 

, ,pollinator.. .Howe-ver;. :eXp,osing the unfertililzed s t!,gmas;;for­
, .. , .seve,ral':,:hours.ar ·days, maycreat~ ,.sotUe:dise'aae·problems.J .The 
'~,', ~< 'mdsrtser.:Lous .that;,.wehave: ·eucountiered d's,.;the,format1:on ~.of':· 

, C), '"'. lergo:t·bo.d1:esat ,the:morenor,thernly' Uni,ted ,S.tates' locations:. 
..' : .;.";: \.' ,. .. r; 

We are attempting to study the amount of isolation required 
,.; fa:r ,;Fl iicro'ssing fields .,:,'Resuits., fromi196:1, ,sbowed ins1gnificant 

'.:; .. lev.els !of~ros:S1ngat·distan'Ces: of: 25(Lyards: to,i 300) ;yards, from 
, 0'"', ·";~L.the ,vollen,·source.", ;1': ,.. '.i , .. ,:~""'" IJ',·~:.·.i· , ,~:;') , :,'." '..,' 

, 
.i . ,',' ::Ji> , I, >:. 

;. ~. ;
'. .:' . I :.,~. :'., .;." I 



MINlMUMrSEEDING ',RATES :,INWINTElt WHEAT 

'" - '; One of .thebciS:ll"c:proolems "'associatedw~th',hybrid 'wheat is the 
rhighcdst 'e'f 'seed';: 'I1O'tJ'oRly ;f.ro1il the 7faritJier'!,saspe;ct'but's.l'so the 
producerl~. .'As: 'a 'po'S's:i!bfe' 1Il1i~S" o"f:creducing: ,thee'seed' expenditure, 
'aseedingrate>s!tud:Y:lo1ascondue-t~ed CO>.1:1'ins, Colorado, in 1967.-at' ':F,t.. 
',Two '. adapted} ihigh .yielding :var:tetlies, ~Slcou:t"::ahd,\,Lancer;'. ~e're tes ted 
under .4tatesof:s'eed:tng: (3/1,: 6/t",9.fk, ah.cl)fa.5iJl.Ac~:).i 

'\ \ ., .-.:, .: 

The yields of Scout ranged from 54.7 bu/Ac at the 3 lb lAc 
'ra'te up ',to·1L4i',bilfAc>.st':the 15t'ilb;/AC -;rate.';; Lance,r' ,,:yields ranged 

from .5.7. ...2bll!:Ae'·'a,tthe "31b'lAc :tiate,(~p'·:ttQ;'.:63:.,1 ibu/l4:c \,at'<the 
6,'lb!Acrate• .eThercawasl no:sign:f:f:f:carl1= ;diff.erenc'e' i,;nl;yield' of 
Scout at either: !the 907:: 15'lb·/Ac'·rate'$,,3hbw.e~er;ithe:'31band6 lb/Ac 
rates' ,were :sign:l1f:lican£l-yr 10wer~:in,'~eldO:i ".The'1yie1d:'OfLancer did 
'not dif£er:,sign1ficnmtlYl:at ',.the:',6.,9:., orJ.i5 ';:lbfA:c-.,rates'pthowever, 
the 3 riD/Acrate"again Jdecrease:d;·,yieldi. ",Wheni"the'grnn :.y-ields of 
the, .two'.Vlsrieties 'were!'av~raged;Ino'signifiicant ;,d:1if:ferenc~ occurred 
between the 6, 9, and 15 lb/Ac seeding rates. 

, .~:. { . . , ' 
, -', .,," .. , . ~;'.::.~l.>:~,.... ;.."l,:i"·' ".; 

. '.This' tes-t,,;indieates.:.ihatlinaximum ;or':ne'ar~lriaximum&aelds can 
be,mai~flUned, at<.see,~irijf r'ates,,·that,are' 'mu~ ;lower ~;than ,the': 30 to 
50 lb/Ac seeding rates commonly used in this:area.<,jUeldcbmponent 
studies showed that the yield levels are maintained at the lower 
seeding rates mainly by an increased number of tillers per plant 
and larger head size. 
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IMPROVED SEEDING PRACTICES FOR HYBRID WHEAT 

(Abstract) 

There is general agreement,<that seeding rates will be reduced 
with hybrids because of higher seed costs. However, it is still 
not known whether rates will be sufficiently reduced to require 
new concepts of seed metering,and'other changes in planting equip­
ment design. 

Thereds much ;exper:1ri1ental datadndicatingZthat: (fhe prevailing 
'rates·.in,·most:;loca1ities··ean:'b~.reduced:'without:,materia1ly raffecting 
:yi~ld.:;However; ~'there :.are;·impolltant· "sideissues"-'toe:tthe' ;seeding 

..	 rate':.que:stion;.:(parti~tilar1yiri.'the: Hard;.Red Winter: andl$oft Red 
Winter:areas) that"may I'imit the extentl,'of reduciti6n.»nlese are: 

,.; i" •_~ ,! .'	 ,"'..", 

. ~:,' '. . , ,-, ~ '..,..', ~t . " f i .
) " 

~ 2,•. Wind "'and water: erosion·ptobfems.'~isingfromincomplete 
.'.~ .,ground :c()ver .J' .. ~:,. " : ~:, ';:..' •. 'j ~ . '.. ' ".. .' '.: '.• 

., .....: 
, ! ,3. ;~The ,lies ire' to:'p'ssture tlre,wh~at'du;r:ffri:g,·tlle: £;a11 "ab:d
 

winter.• :', . ,'~ ',. .".. ,.­

4.	 Delayed maturity of the crop. 

5.	 Less winter survival, presumably because of less 
material protection. 

These are not insurmountable problems, but they are factors 
to consider in assessing the future needs for planting equipment. 
Although unit-planters may meet the planting requirementsof'the 
plant breeder and/or seedsman, they are not the answer for the 
commercial wheat grower. 

More uniform seed distribution and improved fertilizer application 
practices may help capitalize on the increased tillering capacity 
of hybrids. 
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SYSTEMIC ANDLNONMERCURIAL FUNGICIDES 
IN RELATION TO HYBRID WHEAT 

J' )( (Abstract)·,, 
:", . 

,. ,,'
 
; i:,r
 

J ,Earl, D.Hansing . 

,About7()% iof,the.'·wheat seed·,in:Kansas.is now:0treated with
 
mer.curia1-:£ungicides bbenore planting. ',With',I,the., eventuaL change
 
toh'Ybr.~d:'w.b~a t :,1itHe Qr-Do:seedwill',be,t reated .,with; merc.urial
 
fungfcide& •. ;,Sy;sterili'c·ftingicides \~likely::'twill:beused'i;duringde­

.vel'opment ;ofthe llybr±ds ~.~ Vitavax75 ;'~.an 'oxathiin fungfcid'e 
applied as a seed treatment, will control loose smut, bunt, and 

..	 spme:~eedJ;'Qt~" and. }seedl:flng :;blight8.~ '.··,Then ei,ther:'11onmercurial 
fungicides or combinations of them with systemic fungicides will 
be,)UJ;!~ed·.for seed,dis.t,r:ltbutedt()'farmers 0, They 'ate' more expensive 
but also more effective than mercurial fungicides for control of 
seed rots and seedling blights. Since seed will be more expensive 
.the;gJ:'pwe:r:",w~l1:',;want;;,'&;O'jhav:e it ..treetted: with, the ;best,fungicides 
so as to obtain maximum stand of plants and ,yield 0 

., 'r .... j'.. '., 

"'" ' 

. ~.. ~" ..., .' 

- .. ' -. "'., ' '!' - ", f 
, , :, ~. . 

,i) . 

'~~ ;, . 
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HYBRID WINTERHARDINESS NURSERY 

v. A. Johnson 

The winter surVival or 16 winter wheat hybrids ~as~~valuated in 
replicated rows at' s:lxlocEttions in' the harc;l winter wheat: .region in 
1967. Eight of the hybrids were non-restored msBison as a conunon 
parent. The other eight hybrids involved NB 3547 or TX 1055 as a 
fertility restorer parent, cross~d with A-line versions of winter 
wheat varieties ranging inwinterhardiness from Parker to Omaha. 

Differential winterkilling occurred only at Laramie, Wyoming 
and Brookings, .SouthDakota~ The average winter survival of non­
restoted hybrids was slightly less than the least hardy parents. 
Restored hybrids survived sotliewhatbetter on the average than either 
parent at Laramie but were only equal to the least hardy parent at 
Brookings ,where the winter was more s~vere. ..' 

" Heads were bagged in restored hybrid rows prior to anthesis to 
permit measurement of degree of restoration. The data appear in 
Table 1. 'Restoration was clearly the m,ost complete at Laramie 
where there was little difference in degree of restoration pro­
videdby NB3547 and TXI055. Overall restoration provided by NB3547 
was next at Bushland followed by Brookings, Lethbridge, and Mocassin 
in that order. Restoration provided byTXI055 ~asapproXimately 
half as effective as NB3547 at Bushland and even less so at the other 
locations. 

Table 1. 

% seed set .on bagged ,heads 

Hybrid 

Gage x 3547 100 77 74 74 54 
Scout x 3547 95 75 68 64 57 
Bison x 3547 72 90 67 53 38 
Parke·r·x3547 79 74· 70 38 44 
Omaha x 3547 62 67 51 55 33 
Wichita x 3547 82 83 69 55 54 
Bison x 1055 64 28 2 2 6 
Wichita x 1055 95 49 3 19 16 



.,'" ••• ; _.. • < " _, 

-. ,,,. 

'133
 

Grain yields were taken at Mead, Mocassin and Lethbridge 
where all hybrids surviv~d,tJ;1e winter without loss of stand. 
Performance of restored 'hybdds'in' relation to the parents is 
shown in Table 2. Less-than-comp1ete restoration at these 10ca­

" " ", tiona, ~4o~1?~~fP.Y,ha,4 "del?re~~ing e~~~c;:t;.on"t~1! ~erformance of 
hybrids', , a1t~o.ug~, seed set f;rom" cross .pg11~nat1pn proba~;Ly, 
'lessened: the. effect. "', ,.' ,'.', . ,c" - '.'" ' ' , 

• .. ,.".' :,r,: ~.~" ".~"': ,/~..., ~.. ', .. ' •.' ~~.:', " • : ~ 

. "~.' . 

. • 1 

c.,: HXtij:~p ~~r~ormancei'~:;~,.,of"p.Cli:e~t, ~8Il(above 
'.' .. 1lYb,i;}~ 1: ;:': .. '. :'l{~~l'a,nd ;b~! rP,!e1;l~:~~(b~~2'f·!.'line)~ >, "' 

Mead,: .:»QCa8.~s:r.y., .. ", :, Lethbridge.
~ . ,"' , ; 

, ,. • t. ,. _' '. '~"" _," 

116
·r, 

-'­111 

Parker x 3547 97 112 
87 111 

111.~ Omah.a. ·...,··.x, ~5. 4,.7,.,". '.'.>
~; 1 (;.; . ~ : ~ , , 

110, ;...~ -; I·~.JX /'.. : .;. I" "j 

.iofWichita X,3547 94._"- . : ... ' 

.85 " '92 
). ~ . ; I", 

t," 

""'= .. •i: j 

\ ..• ;..... ',." ; 
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WINTERHARDINESS .IN HYBRID .WHEAT. 

oJ .M. Poehlman. 

Winterhardinessinwhe~tisa complex problem with su~viv~l 
depending upon the interaction of the genotype and the envirqn~ 

ment.· Inherent survival wil1 differ with the class ·of wheat arld 
the variety within. the class. .Surviva.;L,.:willbe. ~ffectedby·th~ 

minimum. temperatures, duration ofexp()sure ,moisture. content qf 
the soil, alternate freezing and thawing,.snow cover, crop residue 
on the surface, plant .spacing,soil fertilityal\ld texture; plant 
and root ·development, prehardening" ,disease Qr insect. injury, and 
other factors. In general the hard to1inter wheats have 'greater. 
resistance than the soft winter wheats to low temperature and 
drought while the soft wheats. have. the greater. resistance to . 
heaving. This is a basic dif ference in the ,adaptation of' sot't 
wheats to the Eastern U. S. and the hard wheats to the Great 
Plains. 

The inherent hardiness ,of hybrid wheats willdependupon-. 
the inhetenthardir.ess~of the parent strains., .It would be:. ex~ , 
pectedthat the low temperature hardiness of a .particularhybrid 
would be intermediate to that of the parent lines•.Hardiness, 
particularly to heaving, might be increased over, the midparent 
by greater seedling vigor and growth' in the ·hybridline • 

.',;. 
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HARD RED. WINTER WHEAT REGIONAL PROGRAM 

Uniform Quality Series 
The purpose and organization of the Uniform Quality Series were dis­

cussed. A motion t6~:di!scontrnuethe;Quality'Set1fesafter the 1968 crop 
year was ;approved. Karl Finney of the Hard Wi~ter Wheat Quality Laboratory 
will evaluate varieties in the 19~8;Quality Series as composites only. 
Cooperating stations are u~ged(to ([suomi t advanced linel:l and varieties for 
quality evaluation as. "special samples". Five pounds of seed would be 
adequate 'for full evaluation of special samples. 
",1:.	 ,~, '·'.·:,.~-... 1', . ' ..;~' ~ . -:.~'.:: ".', '.;.. :.: ~~'~::~.f"'J_"~., 

Southern aegion<jill"'P~tfoJnnanceNurseti	 ':~,~ .... '~-: 
. ", ' "'rhere:were:i1oJr~cdttDiienaado:b:s :.for chatiges;·'irt;;thednursery.· Cooperators 
wete·~rged·bY'the,;regiO'nat>.teaderto','sliip':iSeedJof:new';entt:te~rby parcel 
post :ot·:D1otOr'~frElI1ght·~·t'It(jwas}pofnted,outthatLn~r~h-southmovementof 
'railway' express';shlpments;:lrs '!VerY" sJ;oW. :',W~lter ·\Nelson. of·tpe'ILind, 
. Wa.shington·S.tatfon<expressed i1titer@st::·itF~obtaining~eed·of.entJiiesin the 

:sout.he,m c arld"northern<treg1ona1' 'performanc;e "nurs~r:tes.for;observation and 
yield'testing at',the t:Ltid,:Stadon;,r; . ", ',:.. , 

.; ~ . .. .::.. '; 

Nortlie:rn;'ReSionabPerformarieel~ursery .,' ;'; , ,. ..
 
'" :·No':chan·gesqrecoinmended~<"i';";:;;"
 ~.", •.L . 

J:', .'~ - t:'-'- ;~:.'~.·.r\:'!·	 ", ~'".,.' 

Uniform Winterhardiness Nursery " .
 
It was suggested by the North Dakota cooperators that· the northem
 

and ·sotithern;'materialssectiori~'~ofthe:nutsery,
should :,be, grown at 
Will1ston1or 'D1ekinsoIF,instead':of' at.· Fargo·{where;.: the ',winterkilling is 
usually. too,'h1gh for"differentiall "ratings', j This change .will:be affected 
for the> 1969 nursery. ' . '. " ;., '. ' ; 

, " 
'.!.,: 

Soil-borne:Mosaic.:.Nursery :'" .. ':'
 

No changes recommended.
 

Uniform Rust Nursery
 
Organization and the policy governing the management of the nursery
 

was diScussed by R. A. Kilpatrick.
 

Regional Report 
No changes were recommended for the report except the suggestion
 

that data in 1968 be reported in metric as well as English units in
 
anticipation of eventual conversion to the metric system entirely.
 

C.I.Number Assignments 
Cooperators were urged to consider requesting C.I. numbers for
 

regional nursery ent ries. Numbers are assigned only upon request or
 
at the time of release to growers. If C.I. numbers have not already
 
been assigned, this certainly should be considered by the originator
 
at the time an experimental variety is withdrawn from the nursery.
 
Failure to assign numbers could result in the eventual loss of valuable
 
germ plasm.
 

Data	 Retrieval Systems 
Computerized retrieval of regional data was discussed by F. B. McNeal. 

C. F. Konzak discussed a world germ plasm record system. 

mailto:i1titer@st::�itF~obtaining~eed�of.entJiiesin
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tOWARD A WORLD PLANT GERM PLASM RECORD SYSTEM 

C. F. Konzak 

.A program to develop an 'internationallycoordinated system 
adapted to the storage~ retr~eval and processing of records and 
data by computers is nearing the stage of initial- field action. 
The studies involved are being conducted by a working group on 
international standardization in crop research data recording. 
This working group was established on the recommendation of a 
group of scientists assembled at IAEA he~dquarters in Vienna in 
December, 1965, a~ the invitation of the Directors General of 
FAO and IAEA.!/ Since then the·working group has investigated 
the possibilities for standardization of data recording procedures 
and is developing a model system for records on accessions of 
food, feed and fiber plants as. a part of these investigations. 

Studies of-s trial system for storage and retrieval of records 
by computers were suc.cessfully completed in Febru~ry, 1967. by the 
coordinator andcolJeagues with. the guidance and assistance of 
other working group membe.'rs pnd. the IAEAcomputerstaff. Prelim­
inary recommendations on data recording procedures have been 
extensively reviewed. Development and review of the format for 
records is now in the process of final review prior to the launch­
ing of field tests. As part of the International Biological 
program, some standardized procedures have been proposed for 
records on new germ plasm obtained from plant explorations, 
from induced mutation research and from hybridization or selection 
programs as well as for records on existing collection of germ 
plasm being maintained at stations allover the world. 

II	 Members of the Working Group are: T. T. Chang, Geneticist, 
International Rice Research Institute, Manila, Philippines; 
K. W. Finlay ,Reader, Waite Agricultural Institute, Glen
 
Osmond, South Australia; E. G. Heyne, Professor of Agronomy,
 
Kansas State University, Manhattan, Kansas, USA; A. F. Kelly»
 
National Institute of Agricultural Botany, Cambridge, U.K.;
 
C. F. Krull, Agronomist, Rockefeller Foundation Programme,
 
Mexico City, Mexico.' Advisory members of the Working Group in­

clude: S. Borojevic, Institute for Agricultural Research,
 
Novi Sad, Yugoslavia; E. H. Everson, r1ichigan State University,
 
East Lansing, Michigan, USA: J. MacKey, Department of Genetics
 
and Plant Breeding, Royal Agricultural College of Norway,
 
Vollebekk, Norway; C. A. Watscn, Agricultural Experiment
 
Station, College of Agriculture, Montana State University,
 
Bozeman, Montana, USA; andP. R. Jennings, International
 
Rice Research Institute, Manila, Philippines.
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The organization and integration of internationally standarized 
. records, haS been proposed by 'flay of la c~ordinated world plant germ 
plasm record sys!teni.'· FAlrheadquarters 'at 'Rome is the' logical loca­
tion for the 'cbordih,adrigce#.te£ahdceri:tra,l record£ile ... Wide 

/ scalefiel'd;tests of the' 'proposed 'system are being plarined~ Holders 
of,a riumber of the [nia}0t\iW6rlp-'cdilect:£ons;of' kheat'serm plasm 

, stocks: will" be'asked to 'parti.dp~ate fni'the'se tests.;: 'The system
 
will also be used in plant'ex~loration and adaptation projects of
 
IBP 'arid in programs:coordlnated by'~AO>and FAO/lAEA. A project
 
on ageJ;'ni plasm' .recotas'ystein:has·been;lnCl~d~d'among'the u.s.
 
projects: par'ti'cfpatingi':1n.. :the ::IBP.' ;'~. ' , '/ "
 

. In preparation 'for: the' ,planned all !O~t;' e·ffart: on ge1"ll1' plasm 
re,gistration, U.S. W'orke,rl? ;could:!be'g.1n :to: standardize their records 
in at least three ways that should be compatible with their present 
W'ork:, .access;fon number. systems' can bee est:ablishea,' ,designations 
applied,to' varietie$~,andnseleett(l)nscou1dbe!made:.~omp'atible for 
length;' ·(23 sp~ce's;):, and::co~lete','pedi:grees;fo'r;,:,aceess1:ons')could 

,, be recetded'\ a:c'cordin~';'to'the!)standardized:, system pX'oposed' by 
,,Purdy et al. " ,"'C,' ')'(">:,' ,.. ",,:' f ' 'u,.. ,,,,, : ,;:" " ,_' ,:,,' 'c, 

. ' .. :".:. :l: 

'.J. " .., .... . \ '. ~ ...' -' ,;. : 

; ,j . *-:; ,:'; 

', .. ~ .. 
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Regional Committee Reports 
These were made by K. L. Lebsock, Secretary, Hard Red Spring 

Wheat Regional Committee, and V. A. Johnson, Secretary, Hard Red 
Winter Wheat Committee. Germ plasm release policies were discussed 
at length by the state and federal workers attending the regional 
programs-session. 

RESOLUTIONS 

Thefo11o~ing resolutions were adopted unanimously by the conference 
participants. 

REPORT OF THE SPRING WHEAT 'RESOLUTIONS"COMMITTEE 

Be it resolved that the members of the Eleventh Spring Wheat 
Workers Conference, February:, 1968; express their appreciation to 
the fo11dli1ing people and organizations: First, to the local arrang­
ment comfulttee and various Departments of the Kansas' State University 
for arrangements, accomodations, and hospitality; seconq, to the 
Chai~en of the various sections for the arrangement of the program; 
third, to the Ka.nsas-State.University for their promotional activity, 
and fourth,to 'the Hard Red Winter Wheat, Conference for·their 
:lnvitationto meet jointly~Beit, also resolved that we. go on 
record as favoring future joint conferences .:Beit furt"her re­
solved that we express our appreciation to our neighbors in Canada 
and Mexico for their participation and interest in our conference. 
Finally, ~ wish to thank those representing commercial interests 
in 'spring wheat research. We hereby also direct the Secretary 
of this Conference to express our appreciation by letter to the 
appropriate leaders of the organizations mentioned and enter 
these resolutions in the official record of this Conference. 

Committee:	 Norman Williams 
John Schmidt 
Paul J. Fitzgerald, 

Chairman 



139 

, ···i : .": • :'r ' 

" ., 
" ; 

~ 1\' 
,"." '.:' ".' ''; . ~ .i 1. i~. t: >" ,... 

, f ~,' ~ . : : ,,'~,' ! ,\; ".. , . . } i.;', 

• • ;'~ : l'. ~;',: ,.~>···'t .,' ,! . ;' :,., ~ C:..<' . I#', 

'REPORT OF THE ImSOLUTIONS CO~IITTS.E ;Oi>TlI&' ' 
HARD RED WINTER WHEAT WORKERS: 

Be it resolved that:"~t1iei.;HaTd·Red Winter Wheat Workers express 
their appreciation to the administration of Kansas State Univer­
sity, its Conference Coordinator, and the local arrangements 
committee~'."especially,,:i;ts.chairman,:Dt;"E •. 5G •.rUeyt:l~,tfor the 
use of the"ir facilities, their excellent plann1.ng.a,n4 ,their 
hospitality as the host of this conference. 

··Be it <.fur,thet'j·x:esQlved· :tllat theH~rd. Rec;i 'Win~er Wheat Workers 
express their pleasure in having met jointly with the Hard Red 
Spring Wheat Workers in a fruitful and successful conference. 

". .," .:. ~ LY , "'.; ;i~.· !";'; r .' .'. 

Be:· it: further, .reso.llled; that .the ,-Hard .RedWi~terWheat Workers . 1: '. _.·f .' . ...... " .:" . .". _,_. , ..... ,,' . " .f. ,".>. " . 

. . -'ekpress·tbetr: i.'ecogn:Ltion 9.f:~1)~ 's.\Jl;>~tiSJ;\~;J,a~:t~cl;,s~~..]nuJ..,~ting con­
• ,J ~ ;, ,,. . ". tribtition:'Of .,p,riYate: 'resea~ph; W;QJ'kers p~;ti~~P.~~J~g; in this 

~onference.:i,' ],::... ..",. '0 "._ .:; '., 

,...... ..! ' ....., -.". ", '.• ,;: .. '.'.; s·:· C( .. .'. "
 
, ;
 . Beitfurther-re~olved -that. the(, Hardr:J.e(tJo1j.n~~r,iWh~aJ: Workers 

.,'express: 'their''Sppreciation:to L~. :ErO'" ,G.,:aeyn~ .M4 ;p~;~ D'.:, R. Knott 
fortheh-' ~unselfish:!contributi.Ot.1pf; .t;im.e>and;~~~9,r;t:lJl. d"eveloping 
;th-e Wlieat,';Newslett'er'into ':an'~ffectiv:e:me:ans-ofc,o~:;L~ation 
among·wheat:.·lo1orkers. .. ,- ',- ..I! 

... :. : ,i':: ' ~.. ',," ~ ). ,. . 
. " .,...-, \~::. -~. : J' CQJ11I!dttee::;r 1~~:.;q •• Gilmore 

~ ( .... ", .. .: . ·~J{~E,Flnkner 

. ;_; 1,:. :W,. ,Livers 
, .: .:[ , .", ', . 

. ,. , ,J'; " )" - ~ " ',~ .•' 1 ~ 1 

; I· 



140
 

PARTICIPANTS iN ELEvENTH HARD RED WINTER' '#HEAT: .cONFERENCE 
.... ' .. 

Allison, James 
" Fannin D:tive " 

TUlia, Texas 

Althous, William 
1500 Jackson: St .,NE, 

, Mitirieapolis';:' Minnesota 

Amaya, Alfonso: Arnolda ' 
Agronomy Department 
North Dakota State Univ. 
Fargo,No~th ,Dakota 

Anderson, Melvern 
" ,Agronomy' Department 

North Dakota State" Univ. 
Fargo', North Dakota 

Anderson, Virgil 
69 l8th'Street'North 
Fargo, North Dakota 

Atkins, 1. M. 
Texas A& MUniver!;ity 
College Station; Texas 

Ausemus, Elmer 
1500 Jackson St. NE 
Minneapolis ~Mimlesota 

Bajwa, Manzur Ahmad 
46 Bison Court' 
Fargo ,'North Dakofil 

,	 .' . 

Baker, R. J. 
2'5 ,DaFoe' Road 
Wfnnipeg, 'Man.i'toba, 
Canada 

Bauer, Ken 
John Deere Horican Wotks 

, Hor!con,Wisconsill 

Beck, Glenn H. 
Kansas State University" 
Manhat tan"Kartl3as " 

Beckstrom, Kenneth 
1225 North 44th, 
Lincoln,' Nebraska" 

'Bequette, Robert
 
1831 Woodrow
 
Wichita', Kansas'
 

, • ~ • • 1 • 

"Berger,Gebrge A. 
Dept. of Agronomy 
University of Missouri 

'C01U111bia,'Missouri 

, Bohneriblust, K~nneth E.
 
University of Wyoming
 
P.O. Box 3;354" 
Laramie, Wyoming 

Bolte,	 Lerance, ARS, USDA
 
1959 Ll'rtcolnOrive
 
Manhattan, . Kansas
 - .', . 

Brakke, Myr~n~ARS, USDA 
3Q4 Plant ~ndustry Bldg. 
University cif Nebraska 
Lincolrt'"Neb raska 

Browder, L. E. ARS" USPA 
Kanslis State'University 
Manhattan ,Kansas 

Buchenau, George' 
Plant Pathology Dept. 
South 'Dakota University 
Br6okin~s~'South Dakota 

Borlaug, Norman E. ,
 
Rockefeller Fo'urtdation
 

", Lonchoes"40
 
'Mexico'6 n: F, Mexico
 .....,,',;' 

Calpouzos, Lucas
 
Plantyathologr,Dept.
 
Univers'! ty., of 'Mi'nnesota
 

~ 'St'. 'paut,'Mipnesota 
.. : t., "	 .' 

Campbell, Barry , , 
, Canad~ Dep~~ of Agriculture 

Research 'State, 25 DeFoe Rd. 
, winn:ipeg~ Manitoba, Canada 

Carter, Jack F ~ » 

Ag~onomy Department 
No'rthDako ta:' State Univ. 
,FargO~ . North Dakota 



'141
 

Chada'i·B., L."·,,ARS.USDA··; i •..:, .. ·. 
,.. J . .I. j • . , ;. ~,'. 'J :.' . e-. ~., . I I.·., ,' .•,., 

Entomology Department 
Oklahoma State Un~versity 

Stil,lw~t,er, f*1ahP.ma 
I ~': • :' (" ;.~ .' 

C\!.rtis~ . BYr.4· .:.' 
"'1909' Osage 'Street, , 

FO,:t:t :CpJJiJ;1s, .C9}.()rado 

'.' .. CroY,:Lavoy.)::~".,
 
., ..' ,D~p~''',9(Agronomy
 

"Okl'abomaState, Univ.
 
Stillwater"Qkl~~a• J." _, . J..... . ,.'. 

. ,.:,,' 

Dalt.o~~ 1:." G:,: ,C,; . 

, . . Bpx ·7$.8:~" .~ 
, .. ·Pi.8inview~ Texas 

;'D~e;;;;'Wa~~';G~," .', , 
,.... ,Plant. '~c1.~~~ Dept. 
, " " Utah St'atE!"University 

, Logan, .Jlt$ . , 
" ~ ': I.,' ..: 'j • I,' '.. : t .• ; 

. ,,' ',': ' I» 
.. :Picke,r~QJ;1,,l. O~t~~ J. 

':RaiuJ8$; Stat~ University 
.:" ~(anhattan','Kansas 

: ~.:. .'. .' >: '/", . ' ,,:. . .:~ 1­'J!: 

'])r~iet;' !', ".{\.ugps~ ,.~ • . ". , .. ', neap ~., Q1iAgronomy 
. , , UniversItY"of Nebraska 

L!llcoln"Ne1:>,r~~a,. 
'. . .• ;1-." . 

• .p ". 

,. l~~:ti~~k 
, ,l)y~, ',~.~. ':i,~' J:':;:.' .. :i;; 

.... Cana:da,:Dep~t,~: of Agr. 
~ese~~ch,Si~tion, 25 Dafoe 
'Wirinipeg~ Man! toba, 
Canad,a.." ",

"::" ':.:,... '.' . 

, " .' . :'·t<;~h~i~~ Ji~. :':r' • 
'", , , ':2S0S ~wane'Drive 

. 'Fort Collin's', Colo. 

Edwards, :'t~~:l.k:a..:"'~·,i'i, 
.... '. pept~:::,pi:'Asrpnomy 

'., '.' Pkiah?ma; :~t~Fe Univ. 
, . Stirlwater~ Oklahoma 

.? . 

Fa~~~+~ ~ ,~~ .i~:": :,,': . 
.• " ;':. l!F~;1J;1~~~~e~C:~ & Indus try 
. 'K~S~fJ' S.t:at:~,. University 
Manhattart~Kansas 

'ig.l<,ne.~:,B:alp}l:i\;'c--,',;' 
Route 112 
Clovis, New Mexico ... ' . 

. ,, ­ ... ' 
", ,~,.J' :. 

, " 

F1tzgerald,··.,P;~,u;L;Jj.it':;~' USDA 
Northe:rDd~~~nIJJs~cts Res. Lab 
Brookings, South D~ota 

F~o~p'~rg, ~:~a_~~·c.>!. 
;, .I uA.g1;().1l,(;)Jny,p~p~~:~lIle1l,~ 

North Dakota State Univ. 
Fal'go.,NoI1tll;~~Qt~ 

'1 • , : ' . : ~ , '.; ';:. • 

~~llun,~ ~9b~.rt'.•'~.IUSDA 
,~~r.a1~ Rou~e.i 119 ,,:.Bp;JC 70 
W. LaFayette, Indiana 

,{,: . 

Ger19f,f," ~ld'.!l>niD., ..·~, USDA 
/ j ,)U1,)1.v~X's,~:ty,;$1= a~t.:l.Cf)O: , 

Bro()~1ng~·.,:.$outh, pakota 

Giles, K. A.' >;j,j')' ... ';:.-: .• :; 

:rP~p~.:()f' Cer~aa.,Ch~mistry and 
''r~cI)n~J.()gy ,::,.,":_ ,: 

Fargo, North Dakota 
'. I .'! '"' 

GPl!lo:r~," ~4r~<::. i '.J -' 

'. Texl;lli,,~;§! ,M Un~V~J:'sity 
College Station, Texas 

-. ~ :.. ~: .~- .'.; 

Glenn,;. llw$g!l~". ': ...;'. '. ;;:. 
,~~~~ jWo9d!:~(i;:. 
Wichita, Kansal:l 

~'. ,~-';;~. :'~. -r·· ... : ,,1'1 I.' ./ ~ i. 

Glover, .Ch~J:'1.~s:. .': '.' 
aZ9,·,ijQrth. :,lCno'b1oq~t· 11244 
Stillwater, Okl8homa 

,... ."'~. 

Goertzen, ~rs.: & J1r~: K.enneth 
~QQ.t:l.~r Hybr.i;.<fsLlnc. 
Box 366 ' .cn::; 
Scott City, KanslJS 

, ~ ..... 
:,GougJ1,,,:~.:J~", '~;,T U~DA 

Te.~~,A:;~'M ,tJ.IJ.iMe.r$ity 
College Station, T~a$ 

~ '" 
;",.: '~.J '.i .. .,! ". 

Gr~Qc:>~~1.p' })h,t;lj~' ;, .... " . 
160],: :~$$t'~DII~ j . 

North Platte, N,ebraska 
. . .

r', d' .,~. ,-~ (}: '_ "­

Grant, M.,;Jlh ,:qd:: . ,( '. 
Ca~a,Q~' .J)e.p~ •,;91:6 . Agriculture 
Research Station 
Lethbridge, Alberta, Canada 



142
 

Greenley, Kermit L. ," 
.:'." -' , Midwest Research Associates 

, 631 West' P'acific Box IIJ 
,Dassel, Minnesota 

Greer, Eldon 
913. South Oklahoma 
Chero~ee, Oklahoma 

Greer, Gary
 
1831 ,Woodrow
 
Wichita, Kansas
 

Gustafson, Carl 
Texas A '& •.M'. Univer$ity 
College Station, Texas 

Hamdn,g, 'E~ri 1). 
Kansas State University 
Manhattan", Kansas., 

HaydfPn~ E•. B;,: 
Crop Quality Council 
828 Midl~d Ba~k:BlQg. 

Minneapolis, Minnesota 

Hayward, Charles F. 
W. R. G~ace,a~d Co. 

" RFD 112 > " 

Hutchinson, Kansas 

Heiner, Robert, ARS, USDA 
694 West 6th Rd~ ':s.. 2 
St. P~ui,Minnesota 

Hess, Delbert C.
 
Acco Seed
 
Box 1630
 
Plainview,. ,Texas
 

Heyne, E. G. 
Kansas State Unive1;'sity 
Manhattan, ,Kansas 

Holden, Ronald
 
Box 2706
 
Des Moines; Iowa
 

,,' 

Ho;lland, •R. F. 
DeKalb Agric. Assn., Inc. 
Sycamore 'Rosp. 

" DeK,alp',--IlIi~ois 

" Hoover, (William 
KanSas, State University 
Manhattan', Kansas 

Hoseney, R. Carl, ,ARS ,USDA
 
Grain~Sc,ience;"'
 

,,Ka~sas 'State University
 
Manhattan, Kansas
 

Hubbard" John D.,'ARS, USDA
 
'Kans'as, ,State' University
 
Manhattan, Kansas
 

Ilyas, Tunio. M.'" 
Department of ,Agronomy 
North Dakota State University 
Fargo, North Dakota 

Johnson, John A.'
 
Kansas State University
 
Manhattan, Kansas
 

, . 

Johnson, VirgiL A~, ARS, USDA
 
Agronomy Department
 
University of Nebraska
 
Lincoln/' Nebraska,
 

Jo}mstotl,,' Dav.fd
 
1409 Summit View Drive
 
Fort ," Coll:f.ns, :Colorado
 

Jones,Dexter.
 
401 North Michigan
 
Chicago, :UIinois
 

Joppa, Leonard;ARS~ USDA
 
Walster"Hall,:
 
State University Station
 
Fargo, North Dakota,
 

, 'Justus,Norman ,R~, 

Columbia, Missouri 

Kaveh j' _H~ ,
 
12 'Bison· Court
 
Fargo, North Dakota
 

Ke'ith, :George
 
, ,508 SOUith~ Broadway
 

urbana, Illinois
 

" . 
;1 " ,1' 



.. 143 

Ki1patrick.~:R.(;:A. ,.'ARS>;~ USDA Leis1e', :.Ilk "
" 

,.
 
'..piantln:dustry.)Station.·<'.~~.:.' ." !'Ccina'da:oept~of Agriculture
 
, ;Beltsviile,,;Ma'rY1and ,-r .;Rese,arich :'Station, 25 DaFoe Rd.
 

lWinhipeg; 'Man-lit'oba, Canada
 
...... Klatt., Art·
 

·626S.t·.ua'tt if i'i. -... Livers, Ronal<f·
 
: Fo'rt;~or111ns'" Cb10rad . FtofHays'LBranch Exp. Station
 

:Hays;~ Karis'as ":
 
Knott, D. B~
 

.. Universltty acfSaskatoon Loegering,'W ~'Q'~' '
 
. Saskatoon,.LCanada P1ant:-~P:atliblogy
 

.. """ , 
. .t; __ :' 0 ~ university ·0£' :Missouri .. 

Konzak, C. F. Columbia" Mlssouri 
, "/": , ; ' .. :. ~Washington. State. Vrilv.
 

'. Pullman,. W8sh~:ltgton \ :.~ tuck-t!ri~; !Car:!' '.. ", ... ' '.
 
f", ' .~ '. ~.' " lior't-hDakot'a'iSt'ate University
 

Krull,: Charles Agronomf Department
 
Londres 40, FargO, North 'Dakota
 

.; ,.
\:j , : ',-' " ~.Mexico6,,'D•. F.::Mexico
 

Maari~,fS. S,.· ..• ,
 
'. LaFever,'Howa't'd:~"""i; 1425 North 10th Street
 

Ohio Agr. Research & Dev. Fargo, North 'DakOta:
 
, ..... -Center;;'" '. ",."". '.~;:, j~:~<) '~J:' i"_ ..:::> .. ;"1
'w 

,-,Woos~et,tOh1:oi ;.fatterntp.:~uiJ:;: <", .'. 
. ,.; ~ I •• < •• \.' • :.," .. ":,1420· 'Nol'th:;'3'7'th'
 

Lancaster,:;D~ ..... , ' Lincoln, Nebraska
 
~,' 'i"- ' i':: .3849 Orchard 
. " 

Linco1:n\"Neb'1"8Ska ;-, i., MeBean,,r, D:~';:S." , ..'. 
, ;".: Canada Agr\'- Research Station 

'..Lange't1berg~:Wll1iamj ARS, USDA ',SWift. 'Cur·tertt:r'Saskatcbewan,
 
304 Plant Industry Bldg. Canada
 
Lincoln, ,Nebraska!,··.. "
 

. "'.\.;~.~ .•.~.. : ";'~';'. .~.:.-\ McCain:. J:ames';A:i 
Lawless ~ '~J(j)hn; ':}}Kansd St!atE~ Urd.versity
 

Colby Branch Exp. Sta. Manhattan, Kansas
 
,". ," .. ·r .. (;.:Box. ,488',' .J"'; 
. . 

Colby ~ cRansas (:{ McKenzie, Hugh" :,' .. 
" ....... ; ", '. Canada D~pt •. of Agriculture 

Lay,.:e-.: L.~l '... ,':;":;. ',' 'R.esearen·Station 
Agronomy Department Lethbridge!' Alberta" Canada 

',:Brookings".South . Dakota
 
',:J ':MCNe~i;J F; rR~, ARS:; : USDA
 

Liang, George 'Mofttana'State"University
 
Kansas State: .u~i'versrity Bozeman, Montana
 

Of"~:Manhattan,- ,1{ans:as
 
McVey J DonaldV~'"
 

Lebsock, Kenneth, ARB, USDA Coop Rust' 3·L'ab :.' ,.'
 
State Un~v.e~$it~'Sta£ion University of Minnesota
 

.,Fa,rgo.·,; N~rth: pakota St. Pau11, 'M1.nnesota H
 

: tT .~ 

Leininger,t. N.··, Menge, Pauli",::' ,,'
 
Miller Seed Company 1500:·jJa~ksori·:St'.' N. E.
 
1540 Cornhusker Highway Minneapolis, Minnesota
 
Lincoln, Nebraska
 



144 

,c MEfrkHr;i.O•. G. ,'ARS,. USDA 
: 303 Bolton College Station 

, College Station; Texas 

Mills, Richard
 
1137 North 37th
 
,Lincoln, ,Nebraska
 

Morris, Rosalind : 
iDeptartmentof Agronomy 
,'University of Nebraska 
Lincoln,Nebraska 

Nelson, Walter 
,,' Dryland Research Unit 
Lind,; Washington 

Nestor, GuillerMochad 
:CargillS~, A. ' 
Reconquisto 365 
Buenos Aires, Argentina 

Niernberge.r,: ,Floyd.'
 
Ag iEconomi'cs :.KSU
 

, Manhattan, Kansas
 

Nordquist,Pau1', 
150,?,East: D.Street 
North, Platte; 'Nebraska 

Olson, R. V.­
Agronomy: Department 
Kan~as State University 
Manhattan, Kansas 

.' • ,.1 

Ortega,." '.Jacobd' ,
 
320 Church 'Street
 
Salinas, California
 

Ortman, EldoIiE., 'ARS, : USDA 
, ,No. Grain Insects Res. 

Brookings, South Dakota 

Pass, Btll 
" ' 21'27 West:. University 

Stillwater,: Oklahoma 

Painter, Reginald ' , , 
Entomology Department 
Kansas State University 
Manhattan, Kansas 

Paulsen,,:Gary M 
Agronomy Department 
Kansas State· University 
Manhattan, Kansas 

. , . :- " ~Peck, Raymond
 
Panhandle, State': College
 

, Agr.· Exp •. Station
 
Goodwell, Oklahoma
 

Poehlman; J. M.
 
Department of 'Agronomy
 
Cdlut'nbia;: :MIssouri
 

Polich, Gerald
 
Kansas State University
 
Manhatt an:, Kana as
 

Pomeranz, Y., '~S ,. ~SDA
 
Dept;; of Grain Science
 

:KansasStateU'nfversity
 
Manhattan, Kansas
 

Pope ,Warren'.'.K. ' 
: Department "of 'Pl.ant Science 
Moscow ,Idaho" 

Porter, Kenneth B.
 
Texas AgrL Exp.' Station
 

., 'Bushland, Texas
 

Pres co tt, Jon M.
 
'393 Hi'ghway 8 .
 
St~Paul, .Mfnnesota
 

. ) : 

Quinby, J .R.. " 
Pioneer SOrghum Company 

, ·.'~'.:;Box i788 ' " 
Plainview, Texas 

Quinones, Marco A. 
": 'PlaD:t Sd.ence Department 

Wimdpegi
;; Manitoba, Canada 

Reitz, Louis P.,.ARS, USDA
 
Plant Industry Station
 
Beltsvi.lie," Maryland
 

, " i ' , ' .~ 

Rinke, Ernest 
, . '1500 Jacks'db 

Minneapolis, Minnesota 
i-. , . 

Roberts, BillJ. 
Londres "40 " ' 

, .'Mexico 6 D. F. Mexico 

Roberts, Tom C. 
Kansas Wheat Association 
404 HUmboldt 
Manhattan, Kansas 



"145 

Robertso~, L~rry :',' .} 'shogren;: .M. D. ,~ARS ;~USDA 

',F.unk. ]3ros ~ S.~e4{, Company ,.', .' .' :·Kans'as·:State Uiitl.versity 
·,130q,We~,1::,Wash~p.gton :',,' Manhattan"Kans~s . 
.B1oQ~ingtQn, ". I1J...inois 

Shuey, William: c.~, ARS.,:USDA 
Roe1fs, A.P ~ ;' ~,USI>4 North Dakota:State University 
. '. .' ~06 A,g ! t ]3~¥. B~:f.1ding . Fargo,:;N9rth~\Dakota 

St~ .,)?,au;L,. Mi1U1esota 
Sibbitt,i.:,Leonard ,d.OJ .~'. 

Romig, R. W!, ARS, .USDA'" .,Cereal:Technology 
3g8 Ag,~ )~ot,., ,B\l~lding . '; ':North Dakota"State University 

·.5.t •.fau~ Jo,Mi~~esota j Fargo, ·North.Uakota 

Saim~ Peter, , , Sill, Webstet
 
. 22i3,:lstAve~\l~ ,North '. , :U.28,Wreatn, 4~eJ;1ue
 

. ';' ',~a~g~;;~N()r1:~'D~ota ~nhatt.an~ ~aq~as
 

Samborski, .' D.i. SiJ;1gh, ,S~.,~~,: ,.'" :< •...• " ... 

Canada;Dep,t~:,of 4g~. Rocke,f~l;:let'.iF;0 lmdation 
,Researc\l',S't~~,:'~25 DeFoe Rd. LQltdres ~;40 ,:' .' . 

:',.;.; 

Winnelleg,""M~i taba, · .. MexicQ'i6'D .'E.~Jr;Mexico
Canada' ' .. , 

: ~', . Smith, ;E~ward ,L.;.; J u 
Scb,afer,. JOhn,;, ; :1725:·t:1rida.Lan~', 

, KansaS St~te')j~~versity ,:S.t-il1w~ter," :Okl~oma 
Manhatta~,'Kan$as 

Smith, FioydW.; ',,',' "" 
Scharen" 'A1b,~;:t';'iAii,"~U~rDA ,~',KansaS: StateUnivel'S i ty 

:P1~~ tD.eius.t,ryStation I; ';',Mannat;t81l';: Kansas 
Beltsviile, Maryland .. 

Smith, Rex L.," ./'. . -
Schmidt t. ·,J()Q.n J{,. r, .... ' '.' ~ :' Univex-si ty; of.. 'l\rkansas 

, , Departuien~, :.pfAg;ron~my ," "." ,.Eayettevi11e,.,Arkansas 
Universi tYl ,J;~ .Nebraska 
Lincoln, 'Nebraska Somsen, Harry W., ARS, USDA 

~ntomoiogy'Dep.artmerit 
Sebesta,li:,.E.,/, .~s; uS!>A Kans..asState.1 University 

· 9?4: S.t.an1~Yii r. '. : ;,.' :Ma.rtha,ttan",Kah'sas 
Stillwater, Oklahoma 

, .. .soren$on" OIl.l0 :;[
Shands~. H~n~' ~'~ .. ., .',> ~n$as State: Universityn 

DeJ{al'bA8;r;l.·Ass~, Inc. ,;.; Manhattan, Kansas 
1211 Cumtierlaluf Ave. , 

Box D",:" Stegmeier, WilUant ,;. o' ••••• 

West ,J.,afayet te,'; Indiana Gard.en.' City Experiment Stationi 
j". 1.,,', ,". . ' ... 

:. :~r4~n,: City,: Kansas 
Sharp~' !. L. 

Dept • .pf. Botany. an,<i Stewart ,;V:eT!\; R~ 
Micro,blo~Ogy,', ' . . ... ".N.~Jf .. ;MoJ;lt~'B-r .:Station 

,Montana State Url:l.versity ,Kalispell) MOntana 
.. ' 13ozemaD~ .Montana 

Stickler, F,. C. 
She~lenberg~~;J. A~ ." Deere and.' Company' 

. .,. Gr.un :Sc~ence .', ;'3300 0 l:bier :.Dr)1ve',• 

Kansa$" State .Q'q,ivers i ty .'M61i1ne~,'.Illinois. ~ 

Mai'l1iatdm,l{Snss's . :<, '·.i. .J 



146
 

.,

Stroike, Jim 
1812 North 58th 
Lincoln, Nebraska 

Sunderman, Donald, ARS, USDA 
Box 99 
Aberdeen, Idaho 

Swinbank, J. C. 
2835 North 56th 
Lincoln, Nebraska 

Ta1aat, E1ham H. 
Department of Agronomy 
Fargo, North Dakota 

Taylor, Allen G. 
828 Midland Bank Bldg. 
Minneapolis, Minnesota 

Thyse11, J. R., ARS, USDA 
Northern Grain Insects 

Research Lab. 
Brookings, South Dakota 

Toler, RObert W. 
Texas A &M University 
College Station, Texas 

Tu1een, Neal A. 
Texas A &MUniversity 
College Station, Texas 

Urich, Max A. 
RFD /12 
Hutchinson, Kansas 

Vasquez, Greg 
1831 Woodrow 
Wichita, Kansas 

Villegas, Evange1ina 
Londres 40 3er piso 
Mexico 6 D. F., Mexico 

Walberg, M. E. 
Box 512 
Milwaukee, Wisconsin 

Walter, Ted L. 
D~partment of Agronomy 
Kansas State University 
Manhattan, Kansas 

Ward, A. B. 
Dept. Grain Science & Ind. 
Kansas State University 
Manhattan, Kansas 

Watkins, Richard E. 
1305 Springfield 
Fort Collins, Colorado 

Wells, D. G. 
Agronomy Department 
Brookings, South Dakota 

Whited, Dean 
North nakota'State University 
-Fargo, North D"akota 

Widner, Jimmy 
Department of Agronomy 
Fargo, North Dakota 

Wihrheim, Sven E. 
North Dakota University 
Fargo, North Dakota 

Williams, Norman D., ARS, USDA 
State University Station 
Fargo, North Dakota 

Wilson, James A. 
DeKa1b Agr. Assn. Inc. 
1831 Woodrow 
Wichita, Kansas 

Wise, Martin 
Aberdeen, Idaho 

Wood, E. A., Jr., ARS, USDA 
Oklahoma State University 
Stillwater, Oklahoma 

Yi1dirim, Metin 
311 A North Duncan 
Stillwater, Oklahoma 

Young, Harry C. 
Oklahoma State University 
Stillwater, Oklahoma 

Zi11insky, Frank J. 
Londres 40, Mexico City, Mexico 

Zuzens, Didzus 
20 Kings Drive 
Winnipeg, Manitoba, Canada 



: ~ . ! ..,.. 

..
 

, " 




