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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 lard Red Spring Wheat Improvement Committees. Both of these
committees, as well as the National Wheat 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 ''Barriers to the Improvement of Wheat"
and "Hybrid Wheat'. 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. Joknson and K. L. Lebsock

Regional Wheat Improvement Leaders,

Hard Winter and Hard Spring Wheat
Regions, respectively
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© - DEVELOP VAMEIIES_WITH mlm CRATN YIELDS?

e “NorméﬁfE.fBorlaug“”"~yx wten

w v

" ft is my contention that progress in the development of higher

: yielding wheat varieties is being)slowed primarily by the extreme
“'consétvatisii of most ‘wheat breéders, coupled with' the status quo

attitudes of the grain and milling industries. RE :

wM’ost—wﬁeat'breeders ‘have ‘beome-slaves to théir own narrowly based
gene pools. They lave, -with but Few-ekceptionsy shortsightedly organ-
ized their programs in such a way that they have given disproportionate
' emphasis at'.the: expense of yield to the following ;wo aSpects of |
- varietal improvement: ': = 7. nld A P

,1' Improvement in disease and insect resistance.” |
AR Méintaining Status’ quo’ (good or* acceptable) milling
- dnd- baking quality, ‘while imprdvements are- being made in ;
- disease and 1nsect resiStance.‘i : ' , ,
sl fPerhaps somewhere betWeen 70 and 80 percent»of the entire wheat
breeding efforf in the U.S.A. ‘and ‘Canadain the past 30 years has. been
+ devoted primarily to developing new: varieties with ‘better.resistance
‘to diseases (especially to the rusts and smuts) and to insects (Hessian
fly and sawfly) i LI WORET L s ,
As new races of rust for example, have appeared rendering ‘a
formerly acceptable commercial variety, such as Thatcher, susceptible,

"1 new dources of ‘redistance have been found:and crossed:into 4t, Sub-

sequently, Thatcher has ‘been used -as thé recurrent parent ‘in:.long.
backcross programs so‘as ‘to’assure ‘that both the ‘phenotypeiof Thatcher
“and 1ts milling and baking ‘quadlity was recovered in:the progeny. Un-
‘“‘fortunately ‘this ultra conservative system; which is ‘advantageous: and

" almost .foolproof from both a-plant.pathology: and cereal: schemistry point
of wiew has been-disastrous whéen: viewed from: the . standpoint; of improve-
‘ ments. in grain‘yield and: dgronomic type. - As ‘production: costs mount

and yields remain stagnant the farmer is stuck in a cost=price squeeze.

Increasing Grain Yield

S ey . S

. ,'One of the first lessons which e’ learn in genetics is that maximnm
- levels of: heterosis are obtained when we cross. genetically .distinct

. pareats. .~ This principle we promptly-ignore.in. our:breeding programs
cin- self-pollinated plants.’ It-has been our: experience that wheat:
~croB4éd that: givé high yielding Fy.progeny are also; likely to produce
high yielding- lines:in advanced: generations that will: exceed the grain
yield of either parent.

IR




It is our contention that a crossing program designed to increase
grain yieldﬁinFWheatfshau1¢¢~‘ |

1. Crossing of unlike outstanding parental types within
.-z the spring wheat groups (that is, between the best commercial
varjety in one zongiof:-operation;and the best varieties from
aggressive spring wheat breeding programs in other parts of
the world)

;Br,eeeliﬂg ,ﬁor :ﬁhe x'S;!,mul,i:&m‘ac'agus;; flmkrovement in Gsrlagiﬁ':"iielé JImproved
Agronomic Typel Wider Adaptation, Bettex aDiseiase Resisuance and
Improved Quality

i O Gamend Lrn pe 7;‘".'-5"; b dirugm (
The Mexican program uses a broad approack; in its wheat breeding
effort.. (I{ - prescribes ;o'-lgoth;,_making many, idlverse crogses and- growing
large :Fy.iand ;F5 -populations: ach . ontends that progress
in breeding 1ags because of lack.of. ,vari«abi];i,ty iin;segregating popula-
tions. It also contends that too many of the world's wheat breeding
- .progrdws: are:- cunrentﬂ,y ovensophisticated-and-that. "the worshipping of

: gadgets and computexs’ rhav eplaced common:sense and-.a.senge -of urgency.
,-:x;Living and -working with sthe.wheat: plants -ha, b,ecome -011'1&1110d ;and 0ld~
-.fashioneds -Physical workj sweat,-suni: dusty .and -m e, avoided
and are considered undignified for a scientist. Excuse , -0 . higlr J1abor
costs are too often used as an excuse to just:ify small poorly oriented
breeding programa v

L 1:';}
nd, large segre-
enyironments

sﬂo advoeates‘ the

agranon;ic cype, disease
‘Fﬂi»:f By and B

*rand bakd:ng quality. donn oaioe

To obtain and maintain adequate varlability: in.:the program:.it
makes and grows more than 1,500 Fy crosses each year (two seasons)
~These' crosses represent. combinations between .the best: Mexican varieties
Canid lines, an'd‘the: most: promising ‘wheats: selected> fromuaggressive pro-
grams inrother! parts-ofe the: worldy v The crosses: ‘are not’ made:blindly
but: with: consdderable: knowledgé concerning:: mporram¢Mritab1e characters,
im:ludin‘g qualikty ofeach of the; paretits:. Néverthelessy moré. tfhan half
+'of: 'the mew: ‘crosses: ate discardedsig: the: By (p?l.ant) generation.‘ 7ot

dort £ ,

All Fy populations that are sown each year, generally from 500 to
750, are grown at two locations in Mexico, as well as at two locations
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in Argentina, India and Pakistan. A'minimum of 2,000 plants is grown
in;eacthz population at each location, when‘seed permits,:'

, Every effort is made to continuously modify, reincorporate and
increase variability into the breeding program. Frequently double trosses
are made between the most outstanding but only remotely related F1 crosses.
New crosses are also constantly being made between outstanding F3 and

F4 plants from different crosses, and between these outstanding plants
and the best :advanced lines and commercial varieties. This. type of
recurrent reselection combined with. vigorous recrossing, and employing
adequate: screening tests in early segregating generations, keeps the
Mexican program dynamic and has prevented its stagnation. .

The Use:;of the International Spring Wheat Yield Nursery to .Select
Parents for . Increasing Grain Yield « S

In recent years itrhas become.increasingly clear-thatfcertain spring
wheat varieties have outstanding yielding ability under a wide range of
climatic, soil, moisture, and disease conditions. (1,2,3,4,5,6,7,8,)

' The data from the  Third Cooperative, International Spring Wheat Yield
'Nursery - which 1s your,data - is supmarized in a preliminary manner

in the attached tables. From these data it is clear ‘that some varieties
such as: 1)Pitic 62, 2)Lerma Rojo 64, 3)Penjamo 62, 4)Nainari 60,
5)Crespo’ 63,. 6)Huelquen, and 7)Triple Dirk, are high yielding at many
locations, both when grown on fertilized and non-fertilized soil, and
under irrigated and. non—irrigated conditions. i :

Several of the newer high yielding Mexican varieties (Table 1 and
Table 2A, B and C), i.e. 8156 (from Penjamo . 's" x Gabo 55); INIA 66 and
Noroeste (both\derived from Sonora 64A x Lerma Rojo 64A), CIANO (from
Pitic~Chris x Sonora 6%); Tobari 66 (from Sonora 64A x Tezanos Pintos
Precoz); and Jaral 66/ from: Sonora 64 X . (Tezanos Pintos Precoz x
Nainari) /, were derived from crosses involving ‘the aforementioned
high yielding parents. All of the latter are distinct improvements in
-industrial quality, disease resistance and agrenomic type over the
former group.- : I : -

Some of these varieties, as. weli as. other newer experimental lines,
are as good in milling and baking characteristics as the best U.S.A.

- and Canadian hard red spring wheat: ‘varieties.. This improvement indicated
. clearly. that simultaneous impr0vements can be. made in.yileld, adaptation,

agronomic. type, disease resistance, and quality if we organize 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, i1s less than the population growth. We are losing -
ground! Most of the current increases in grain yield that the U.S.
farmer 15 exploiting - to stay in buginess 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 are we going to
change this? It appears to me that the time is late!




o

‘ Literature’Cited ;‘i?

1. Bbrlﬁuégiﬁz £.)" Ortega, J.;”and Garcid, AL (compiled by) Preliminary
3“report of the results of the first ¢y cooperative inter~American

“nter for Maize and
?;-sV“Spring 1964, '

Mexico;, Dv F.'"

- report of the third (3) »;_
grown during 1962-63. 'International Center for Maize and Wheat
’fImproVement Misbellanebus Report:No, 3. Sprin341964 exico, D. F.,

y

L _Lspring ﬁheat yiel‘, _rsery.- International Center for Maize_and Wheat
’?'*Improvement Miscel’fneous ‘Report:Nos 4. Spring 1964 Mexico, D. F.

5.-*Bor1aug,» ', -and Rodriguezsz (compiled by) Preliminary
' ‘report of'’ ‘the ‘deconid 2) cooperative Near:East+=Américan wheat yield
nursery grown during 1962<63. - Intérnational: Center for Maize and
1Wheat Imprdvement Miscellaneous Report No. 5. Spring 1964

"‘Ef.;" R P

"*dgexico,vb

- 7. Kruri, s F.,‘Narvaéz, I:;-Berl%u ----- N."E., 0rtega, f., Vasquez, G.,
Rodriguez, R., and Meza, C. ReSultS of the Fourth. (4) Inter-American
. __spring wheat yield nursery, 1963-64. International Maize and Wheat
'“ﬁImprovement”Ce'ter Reeearch Bulletin Nous 7 ~"M’zaa:ch, 1967 Mexico D. F.




12
Preliminary summary table of the Third International Spring Wheat Yi&ld Nursery,
~ 1966-67. Regional mean yield in kilos per hectare and rank. .. U

TABLE 1. —-INTERNATIONAL MAIZE AND WHEAT IMPROVEMENT CENTER (CIMMYT)

: -7 77 Over ‘all mearﬁN America Africa Asia -

“Var. -~ - ,ifu*_;. 0 36-stas: g4 sta. . . 10-sta. . 12 sta.

No. Variety or strain Origin- yield‘rank yield rank yield rank yield ‘rank

32 Pitic 62 T Mex. - 3600 -1 §3977 1 3242 2 3872 2
"7 Lerma Rojo 64A  Mex. - 3532 -2 ‘3657 9 3138 4 14126 1
24  Pisib x GbSS(red) Mex. - 3459 3 3663 8 3410 1°' 3707 3
37 ‘Inia. 66 . Mex. ° 34124 " §3843 2. 3044 6 13696 4

21 _ Perjamo 62 Mex. - 3323 5 13721 5 3188 -3+ -3541 ‘5 .
28 Pjsib x Gb55(w) =~ Mex. ~ 3305 6 3810 3 2959 7 "U3467 -9
12  Nainari 60 © Mex. 3265 7 ‘[3759 %« -4* 2725 : 16 3506 7
1 Nar sib? Py sib Chile 3162 8 13596 13 2798 11 3474 8
49 Tobari 66 - - ~Mex. /3116 -'9- {3704 6 2770 .“13° 3177 16
40 Noroeste 66 'N:i_ Mex. 3112 10 §3682 -7 3090 5 3512 6
36 Crespo 63 Col. = 3110 11 '[3623 10 2768 14 ' 3147 20
2  Napo 63 . Col. 3089 12 |3438 15 2684 20 3432 10
4 Huelquen ~ Chile 3086 13 '}3605 11 2542 “30° °3298 13
19 - Triple Dirk - Aust. ' 3066 --14- |3161 21: .2812 10 - : 3160 - 18
22 Bajio 66  Mex. 3064 15 13433 16 2607 24 3409 12

42 P162-Chris sibe64 Mex. 3028 16 3599 ‘12 2598 26 = 3272 14 .
41  Roque 66 " Mex. ~ 3008 17 “]3564 14 2681 21 3053 24
14 Sonora 64 Mex. 2893 18 13188 °°19 2794 12 3061 23
23 €-306 - - India - 3871..19..:§2927 28 .2607 . 25  -3418 11

38  Jaral 66 Mex. 2850 20 43343 17 2524 33 2952 29
46  Narifio 59~ Col. " 2837 21 '}2296 49" 2388 39 3002 25
35 Tacuari | L Arg. 2833 22 '§3108 22" 2458 35 ° ‘3132 22
33 Yaqui so .. Mex. 2819 23 ]2900 29 2584 27 3239 15
.25 NP 881 . 0. .Indla 2805 24 .|'3243. 18 2552 -.29.°'2907... 35
29  Pakistan 5725 " Pak. 2769 25 12748 41 2927 9 3139 21
15 Cc-271 [ Pak. 2762 26 |2873°°°30- 2701 18 7 3168 17
18 Carazinho ~ Brazil 2745 27 2809 35 2425 37° - 3160 19

"9 Giza 150" ... Egypt 2735 28 }3046 - 25 2702 17 2765 40
45 - Centrifen - . - Chile - 2729 29  *|3044 . 26~ 2650. 22 2868 39

6 Mendos . Aust. 2726 30 ['2762 40 2936 8 > 2869 38
30 Tiba 63 _ Col. = 2724 31 2975 27 2573 28 2952 30
27 Bonza 63  Col. 2716 32 |3106 ''23' 2437 36 - 2818 42
26 Giza 144 .;_:_ Egypt . 2704 33 {3172 20 2526 32 2631 44
13 Bonza: 55j - . Col.-— '2691 34 3072 ‘24 . .2230 .43 2922 .33

10 NP 832 ' - India 2690 35 2849 32 2647 23 °2998 26

5 NP 824 . India 2674 36 | 2866 31 2528 31 2993 27
43 Gaboto . . Arg. 2662 37 2834 33 2407 38 2966 28

34  Galbog S Aust. (2627 38 12815 34 2748 15 2647 43
17 - Crdm - - o - U,S.Ac 2589 39 - 712795 38 . 2326--.40 - 2893 37
39 NP 880 . .- India 2588 40 ]2738 42 2694 19 2761 41
3 c-273 _'”“ Pak. 2568 41 12807 36 2288 42 2905 36
20 Cc-591 .. India 2559 42 {2796 37 2212 ' 44 2924 32
44 Klein PetisoxRaf Arg. 2549 43 2655 43 2291 41 2922 34
16 €518 - . - - India --2519 44 |'2526-47 . 2469 34 2927 31
11 _ Chris ' _U.S.A. 2645 45 {2790 39 - 2117 457 2561 45
48 ElGaucho ~ Arg. 2264 46 12633 45 1706 46 - 2515 46
8 Justin . U.S.AL 2024 47 ['2563 - 46 ' 1513 48 2153 47
31" Selkirk . - Canada 2009 48 - }2637 - 44 . 1627 .47 1919 48

47 Thatcher - & U.S.A. 1664 .49 2335 .49 919 . 497 71699. 49
Station mean yleld . 2824 . §3124 2564 . . .. 3054
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- TABLE.1. . (continued) w.&gﬁl.fxfxtgﬁa'm?gﬁ &??dé 353 By

No. -

Variety or strain

LERY et

.vbirrig.*j sta 'ir}ig.
yield rank .

yield ramk

© N. America
3. irrig.5 sta.
yield . rank

2o 32

7
37
21

~Pitic 62, ..
" Lerma Rojo 64A
Pisib x: GbSS(red)
Inta 66 - S

Penjamo 62

1&

6275, .d -
5239

10
5556.; 6
4637n
5635

30

g4408 LB
S 41017 14
r4142 13

4522
\l

- 28
R

1
- A9
40

Pisib x Gb55(w)

Nainari 60~
Nar sib x Py sib
Tobari 66. e
Noroeste 66

6014

22 :‘

’ﬁll

}7
.8

36

"Napo 63

Cxespo 63

Huelquen
Triple Dirk PR
Bajio 66 ,: et

P162-Chris sibx864
Roque 66" -
Sonora 64
C-306
Jaral 66

““Tacuari

Narifto 59

Yaqui 50“.
NP 881 . aos
Pakistan:5725:

'“Carazinhb

C~271

Giza 150 .
Centrifen
Mendos ..

ypt 273
Chile ;2729
Aust. - .2726

““Bonza 63)\

Tiba 63 .

Giza 144 - L
Bonza 55 a?i;
NP .-832 R

Cd]z . T

Col. Zn2124 ﬂ; ‘?

Egypt §n27o4 3
India o

_,Gabotoy.;ﬁ”wm,w'"

NP .824 v[L

Gabo C e
Crim 5; w
NP-B8O . ...

u»..mArg .

India , 2674
AUSt. il
US.A. ;2
India .

C-273

- G459 -

Klein PetisoxRaf.
C~518 gy

El—Gauchox

“Justin -

Selkirk ’fi ;ﬂ;g
Thatcher

Station mean yield

) ."~

'¥*Inc1uded Toluca summer. station through error'(seriously damagéd by flonding)
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TABLE 1. (continued)

» : C ‘ Over all mean{ U.S.A. Canada . America
Var. . . L0 ?36 sta, | rainfed S5sta. rainfed 4sta. rainfed9sta.
No. . Variety or straiﬁ'“fOrigin yield rank" yield ‘rank yield. rank yield rank
32 Pitic 62 Mex. 3600 3361 1 3778 3546 1

3212 5
3183 6
3163 7

2804 15
3163 8

3337 . 2
2763 17
3022 11

3089 10
3271 4
2746 21
-3299 3
3137 9
2617 25

7 . Lerma Rojo.64A . Mex.. 3532 2
24 Pisib x Gb 55(red) Mex. = 3459 3~ 3185 |
37 Inia 66 C Mex. o - 3412 43177 . 7. 3145

1
2 13233 5 3187
3
4
21  Penjamo 62 ‘Mex. 3323 5 12562 25 3108
6
7
8
9

|3185 - 6 318l

=

28 Pjsib x Gb 55(w)  Mex. 3305 3116 8 3222
12 Nainari 60° © Mex. 3265 '7- 13306~ 3. 3376
1 Nar sib2xPj sib ' Chile . 3162 #12687 18 . 2857 -
49  Tobari 66 ‘Mex. 3116 2973 12, 3083
40  Noroeste 66 . - Mex. 3112 10..J3008 10 3190
36 Crespo 63 . = Col.. 3110 11 /}3321" ~ 2 3207
2 Napo 63 ' " col.”’ 3089 12 {2690 17 - 2817
4  Huelquen Chile 3086 13 |} 3055 9. 3604
19 Triple Dirk  Aust. 3066 14 }3249 4 2996
22 Bajio 66 . ~Méx. . 3064 15° <|2262. 39 3060 -

e ,
o B ulo BN w &5 0 o~ i

N .

e
w L

Y
R

72596 27
© 2970 12
- 2603 - 26
© 2400 39
2754 18
2933 . 13
2801 16
© 2594 - 28
2673 23
2047 47

42 P16-Chris sibkS64 Mex. . 3028 16 | 2432 733 2802
41 . Roque 66 . ' Mex. 3008 17 }2867 13 3099
14 ' Sonora 64 - Mex. 2893 18 2473 320 2766

23 | C~-306 ‘}b:.\ a 'India’»‘287li 19, 12279 37 - 2522~
38 Jaral 66 Mex. . 2850 20 12613 22 2931
46  Narino 59 Col. 2837 21 }3007 11 2823
35 . Tacuari. . " Arg. 2833 22 }2727 16 2894
33 Yaqui. 50 : Mex, - 2819 23 [2568 -23i 2633 "
25 NP 881 . India 2805 24 2562 26 . 2937
29 Pakistan 5725 ... . . Pak, . 2769 25 }2040 45 2056

N W N
FINOO N

S W
VoY

w

15 ¢€=271  ~ Pak. 2762 26 |2003 46 2290
18 i'Carazinho «f* - Brazil 2745.27 7} 25017 731 ©3056
9 Giza 150 ¢ Egypt.: 2735 (28 "}.2622. :20.." -2627 .
45 Centrifen - Chile 2729 29 2798 14 2284
6 Mendos® .- Aust: - 2726 30 12242, 40 . 2643
30 Tiba-63. - - -Col.- 2724 31 - }2364.034. 2531
27 Bonza 63~ - Col. ‘- 2716 -32. {2620 2L 2887
26 .Giza 144 . Egypt 2704 33 {2792 15 2880
13 Bonza 55 . Col. 2691 34 12662 19' i2862~ ;
10 NP 832°° . - ~ India 26904»35u97.1194 49 - .'2570 . ¢

3131 46
2748 20
. 2624 24
2570 30
24200 36
- 2438. 35
2738 - .22
2831 14
12750 19 -
©2139 45

W W
OFN &

W N W
ENRE YN

)
©

2233 44
2556 31
2496 © 33
- 2404 37
2105 48
2229 43
2264 ¢ 42
2380 - 41
2024 49
2585 29
240338
2487 © 34

5 NP 824 “India 2674 36 }1890 48 7 2663
43  Gaboto -~ © - Argyc T 2662° 37 {2568 .24 .. 2541 ..
34 Gabo . ., . Aust. 2627 38  |2173. 42 ’239914‘
17 Crim ; U.S.A. 2589 39 '2279 38 2560 ¢
39 NP 880 N ~India 2588 40 2071 44 2148 ..

3 ¢-273 i . Pak. 2568 41 [2233 41 2223 -
20 C-591 ) India 2559 42 12165 43 2388
44  Klein PetisoxRaf. ' Arg.” 2549 43 }2305 /36 2474
16 C-518° * India 2519 ‘44 {1899 47 "2181 _
11 . Chris. - . - . U.S.A. 2445 45 12514 - 29! .. 2673 .
48  ElGaucho . 7 Arg. = 2264 46 {2503 30 vzzzs )

8 ~Justin " U.S.A, 2024 47 }2530 28 . 2434
31 = Selkirk : . - Canada. 2009_,43,LM¢2536',_27, 2573 2553 " 32
47 -~Thatcher' ' -~ - “° 'U.8:A. 1664 49~ --| 2306 35 2514 2398 40

W W
RVRR-N

(RN
ONO N

W w S
© Q=0

Station mean yvield » 2824 2594 2785 2678




TABLE

2-A

Preliminary report of the Third International Spring Wheat Yield Nursery 1966-67.

in kilos per hectare. Intetnational Maize and Wheat Improvgment Center (CIMMYT)

‘Locations and mean yield

Var~Variety or

“”No.

ECUAr

strain - . .DOR

MEXICO -

‘ (rainfed)

(iffig jﬂi

(irrig.) -

Us

(rainfed)

Sta.

) Catali— Martin.l
S ina -

s San CIAB

3 rmE

s .

: CIANO |

H .
: .

Logan Aberdeen,.St Paul Grahd
- Idaho

e
Y oe.

| Utah

Minn.

~Forks

‘Cassel-
ton,

Minn. N.D.

Palmer,EDavis
Alaska Calif.

.. Napo* 63 e
n‘ffC-2]3 £
Y Huelquen

Nar s152x Pj sib 4011
.Y !

NP 824

94 12811
1370 {1811 -
2322

2844 4955

3977

4300¥;;L:‘ T;mﬂM;.'“"

2107

‘A1513;»4“

2422
1038

~ 2284

12397

2361 2240

2385
2787, -
4170
1007

1587 <.

935 1978

~:ZZQ9§,;f?
.. 1881 . &
1957

N " Menidos

_,f‘Justin e
3 Giza 150
0~ NI 832"

Lerma Rojo 6&A

oo f1418 o o
2390

1906

. 23%, 2961

90672385 - -
3004 4173 1920

T 18827 G

1928 . 3336 .

Chris

12 Nainari 60.. . . 2289 .
§ Bohza 35' B A T X
14 SOnggaweé .

= C~27%

19 !

. Crim

3" ‘Carazinho .,
. ‘Triple Dirk
ge591 -

Penjamo 62
Bajio 66.
c-306 ,
Pj sib x'GbSS(r)
NP 881

-»ﬁ?jBonza 63 -

128 P} 8ib.x. Gb55(w)

29° Pakistan 5725
:'Tiba63 o

Giza 144




(Continued from page 1%)

* iocal &ariefie; ﬁéﬁéibééh>éﬁbégifuted.hb

2748

-(Continued)

3953

91

TABLE 2-A
Var. Variety or ECUA- | MEXICO Uu. 8. A.
No. strain DOR | (rainfed) (dirrig.) (irrig.) (rainfed)
Sta. é San { CIAB | CIANO { Logan,Aberdeen, St. Paul Grand Cassel- Palmer, Davis
Catali+Martin Utah Idaho { Minnm. Forks ton, Alaska Calif.
na _ ] Minn. N.D.
31 Selkirk 3233 1528 | 2789 800 3975 4514 2052 2564 2782 2067 3217
32 Pitic 62 4950 {1755 | 3711 4033 6272 6269 2926 3407 3949 1908 4615
33 Yaqui 50 2468 225 | 4022 2500 4524 4758 2184 2050 2833 2170 3577
34 Gabo 586 1122 | 2544 2955 4892 4151 1411 1803 1108 2150 4393
35 Tacuari 3992 320 | 4311 2122 4438 5877 2367 2461 3329 1868 . 3609
36 Crespo 63 4960 2844 | 4877 2622 4937 4588 2763 2963 3717 2419 4744
37 1Inia 66 - 2061 12736 { 5244 5355 4370 4904 3016 2496 3485 2010 4878
38 - Jaral 66 ~-3184- 12345 | 4033 4033 | 4033 4837 | 3016 ~2478 ~ 3050 © - 1324 3199 -
39 NP 880 . . ...3042 12272 |'3677. 2811 | 3902 4195. |'1795 2064 2223 800 3475
40-.Noroeste .66 - 1320 112622 t 4488 4255 | 4574 5535 | 3260 - 2552... 3350 1743 4134
41 Roque: 66 2567 11678 | 5488 3855 | 4638 .- 5132 | 2749 2494 - 3450.:: 1764 3876 .
42 PI162-Chyis - . - - . SN P SRR .
sib x:S64: .. 2153 " }3455 | 5155 4344 | 4547 5505 - ' 2715 2711 2560 1093 3083
43 Gaboto. . - 2801 '} 922 {3011 2289 | 3922 2017 § 2751 2751 3006 1668 3395
44 Klein PetisoxRaf.1339 11672 | 2344 2011 4099 4523 | 2005 2298 2491 1229 3502
45 Centrifen 3807 . 12033 | 4233 3099 3765 4457 | 2751 2835 2320 2311 3773
46 :Narino 59 .---5059 ;13355 | 3222 2789 | 3600 5324 3274 2723- . 3016; 2200 3822- .
47 Thatcher..:. .. d,3845§ 1289 11211 267 3786 4803 | 1662 2416 2112 2598 2740
48 - E1 Gaucho ... 1543 | 678 | 3322 1633 -] 3888 4790 } 2440 2502 2748 1517 3310
49. Tobari 66 14128 . 12403 |} 5588 3466 4670 5796 | 2770 2416 3623 2014 4041
50 ‘Klein Rendidor* 2147 | 106° i 2022 867 4828 . 4596 | -= 1702 3003 == 3377
Station mean yield 2755 §1745 :J 3646 2939 4526 5098 2085 2278 1893



(continued from page 16)

TABLE 2-A

ECUA:
DOR

Var. Variety or
strain

No. (rain

MEXICO

fed) (drrig.)

(irrig.)

U. S.

~

A.

{(rainfed)

Sta.
- Catali-f

San

,,,,,,

Martin'

CIAB CIANO

et e w
f o«

Logan,Aberdeen,
Utah Idaho

St. Paul Grand
Minn. Forks
Minn.

Cassel~

ton;, "

N.D.

Palmer,
Ataska’

Davis,
Calif.

' Irrig. ar réinfed raﬂn
Eertilize; applied NPK‘ww

siripe rust ++
Other. diseases sept.

rvested, 2,700 |13l
on factor 1. 23 Wt

v 2o°n
2675,M
rain

279&
;165 M4t
irrig. irrig.
NB-. NP.. |

f‘41'45 ASQSﬁu

r erusting ‘r' <

mildw.

shatter

gophers dryé&cold -
e ) »‘:_9";2m2 - 1 1.‘. .' g - - >—<

e a3
-
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TABLE 2B~-Preliminary Report of the Third International Spring Wheat
Yield Nursery 1966-67 Locatlons yleld in kilos per hectare.

INTERNATIONAL MAIZE AND WHEAI IMPROVEMENT CENTER (CIMMYT)

P .~.CANADA S. AFRICA _

B ' o, fMae- Ste- “Rus~- Rivier—
Var. .Variety or Sas-?“‘ Sy Wipni-donald 11en-*ten-‘ son-

No. . strain katoon Regina»~4pe_v Col. bosch burg derend

3232 b ,J;2446
3115 ..1307,. 3374 ..
3347
3841
3325
3258
3365 ;. .1447 .
394Qeﬂﬂvg

3901

2637
13916... 1
3216, 1474
3387, 1562

3242
2569

2620

13401 888 3
3720 160 '
3240
3278
3663
3609
3680
3466 .
4174
3395 78
3831

1706

3815

2968

4280
3002 1
3976
3843

3705 |
3950
2417 %}
4078
2511
3078 :
4578
2830 .
3388
2450, ]
3520
4525
3727
3813
2091 .

145-83‘“;
1263
1183
1750 ¢
1461
1458
1626::
1367 .
1576 -
1425
1550
1482
1573
1204
1341
1541 2137
1612 . 3430
1445 3761
1594 3833 |
1353 2456 |
T 1840 4364
2 2948 1344 4283
- 23 C=306 i 2418 1368 2811
24 P> sibxGbSS(red)v.j3229 1665 4150 ;
25 NP 881 02823 1544 3915
.26 Gizg 144 2385 1480 3479
27 Boriza 63 .t i2621° 179313738
28 P§ sibxGbSS(w) 7727307 19054320 .
29 Pakistan 5725 2908 1523 .2088
30 Tiba63 © 1970 1268 3069
31 SelkKirk fﬁf 724941293, 3536,
32Pitde 627 73951 1821 '5060°
33 Yaqui 50" 0026120 1152, 3765
34 -Gabo . 31157 15942910
35 ‘Tacuari 2748 15273457
'36'Crespo 63 .- . ‘2955 1749 42323893
37Inta 66 ‘. i '3205 16134657 {3103
'38°Jaral 66 - 26167 1217.14089 [3801
39 ‘NP°80 211758 ¢ 63252956} 3244

' 3009;
- 2940
2550
3921
2839
2712
. 3285
- 2173,
2599
= 2520. -
.29 86
3582 .
2930.
2658
. 2494
i - 2476
2580
. 3617 .
2835
2503
..2948

‘1 Nar. sibzxpj sib
"Napo 63 . -
c-273
‘Huelquen

NP 824
‘Mendos .
Leérma Rojo 64A
- Justin | -

- Giza 150 -
10.-NP 832 -

1l Chris:

12- Nainari 60
13 Bonza 55

14 Sonora 64
“15-C~-271

16 C-518

17 Crim
_18+Carazinho v
'119-Ir1p1e.pirk
20 C-591

21 Penjamo 62
22 Bajio 66

w<b~fctu-p§w|6

40’

Noroeste 66

“£12964f'?-

-1 3555

41
42

b4

Roquebb .

}*Gaboto

> ‘309‘1 N ¥
P162 Chris sibxS64 2683.

. 2451
‘Klein Petiso x ‘Raf.2159. |

3.} 3355
M_E er1

13252

w‘,_2571
. 12478

.45

fCeﬁtrifen” :

2133

(Continued)
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L S. AFRICA
..Maic=" Ste~ " 'Rus~ Rivier-
inni~donald llen- ten- son-
peg_ Col. bosch burg derend

CANADA

toon R Regina

,;;f46'Nafino 5
"47- Thatcher

.48 El Gaucho
‘49 ‘Tobari 661

3267 - 4020 1664
3135 2948, 1348 1
2346 3123 619
\ 4595/ 347611772

2371~ 1633
264111332
2630 1014

2841

+13995
1936

4852: =

1989
3212
2075
2364

3450 222

550 Klein Reud 3601

1412676

:?j{mwé 51 3548 13371 1265 -
*5@N4?N%%6&2%J@3
£ 2250 28M -.90M : ~:1230M 150M
“rain’t rain irrig. Irrig.rain
£ N+P GO Nggis
12/29 6/2

”Latitude
fAltitude ’
Irrig. or'rdfﬁfed

LFertilizer applied

3322261 1085:h 743 [
3-/2083 11187 69;mu
78712122 87 28..
55011527 1313 ;753452
11688 ~ 892 X
51150 711
44711672 960 : 628..}
65:|1467 763 383¢#
1794 655:::292 {7155
3011389 682" r,£$5 51
83 71235510 2L £ 13803 53
8944 383 310

‘wal

F19 Iriple Dirk
20 €591

5 13955
(Continued)
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- TABLE:- 2—B (Continued)

Var. Variety or
No. -  strain '

Mo-‘jfLyg;

ROCCOj - BIA:

EGYPT}

‘\éUﬁANL

“. |zever

Rabat]{ Sidi

Sakha Ed Kashmel Girbal

Damer
A .. . B

Giza

.21 Penjamo 62
22:Bajio’66
23°C-306"

24P sib’ x Gb55(red).

25 NP 881

ZSllu_4606r
- .19551 4332 ¢
- 2778} 4591
4022“,4969
2578 | 4776

2594
806
-2355

2305..
2239

1833 1057 ;. 700
1678 . 604 . 249
1561 1575 948
1222 1090 557
1183 414 . 563,

7243
7432

14816
8377

4905

26 Giza.l44 -

27 Bonza 63 . -
28 Pj sib.x Gb55(w)
29 Pakistan 5725
30:Tiba: 63

2900 | 3740:
2433 ] 50210
- 3600_| 3628;

17224 5295:
© 1989 { 4310

2028-

11839
2650

2049,
2239,

$1827 1378 609

1217 1172 789
1128 750 392"
1267 - 1269: - 513,

1839 993 483

5233

4249
5549

7583
5011

.31 Selkirk

32. Pitic 62
33 Yaqui- 50
34 Gabo =
35 Tacuari

2389, 2947
126897} 56507}
2500 | 4028 |
2011 | 4710
~2466:1 3288}

1305,
3283 [

2922

12055+
2122’

211 183 —
1728 858 307
-1111 985 . 406,

2005 1080 , 603
1255 821 . 524

2283
6149

4600

3933
4272

36 Crespo 63
37 Inia’ 66

38 Jaral 66

39 NP 880:
403Noroeste 66

‘-3177 f433?#’
.72555%:4147?
: 2255 “4147;“
.. 2855} 4517
. 2311 29!

2533

2055
1228}
12716
| 3622

‘1633 1076 637
1894 688 407
1355 422 144
1350 1235 629,
1805 1345 . 287

4427

6472

4666

6600

41 Roque- 66 -

43 Gaboto

44 Klein Eétiéo:x Raf.2011:? 503,
1655} 3

45 Centrifen

“ 2166:{ 4539,
42 Pi62: Chris sibe64 28891 41

24334 316

1172-

9:1- 850
2.1 2072
03 | 2038 .

1483 434 268
7367 7393 238,
1900 702 . 482.
‘1472 851 157
1400 336 .80

71394

6655

4033
4566

5888

46 Narino: 59
47 Thatcher .
48 El Gaucho
49: Tobari 66
50 Klein Rendidor -

2466 ] 4413-}
~ 4o} 903 |
187843391,
2722‘_3880}
2278 1 2607

: 2472}
i 861

18831
2072
: 2387.

1100 957 358

105 145 . 98
1833 951 - 342
1189 - -0 . =—.

67 62 - . Oij
2939
5916
‘5594

3744

"644

Average' »

2419° {395??

2074

1382808 "~ 447

5139

Latitude 9:‘
Altitude

,.Ifrig.éqfiraihEEd Cod

Fertilizér applied

Date seeded*fii

Lodging '~

Disease stem rust
’ : leaf rust

- stripe rust

Other diSease
Other préblems

_ ”WArea harvested
..:Conversion factor

©oo11/28

B o
L025M 1 25M:
rainfirrig,

NPK ¥

B .
- +'
*1 o ++

B3 DT
“1.111 H. 481

. Imild."

1

310N.
21M:.

‘irrig,
e
*.711/2C

blrdg weeds ‘sown seas

3m2

17635 "N 1508 150W
i353M 440M 440M |

. N NP
12/6 12/1 12/9

»;:"'Ot,.~'
3m2  3mé  3m? .

fl“i{ti}fi

111

31°N
21M

irrig irrig irrig.irrig
0.

N+B©
11/30

3m2

1,111 1.111 1.111{1.111
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. TABLE . 2=C~~Preliminary Yield.lnqumacion from the ‘Third: rncérnational
o _Spring Wheat Yield Nursery for' 196 International Maize and "
5 Wheat Imprbvement Centé& (CPMM! '

Ry . N
RGN O '

JOR- 1S~
LEBANON wioEDAN RAEL
TeL T D8Iy __Belt .
*a58 - a’] Alla~:Dagam
77 r2947 3694 |'+265 -6119

Yaver o ::

Var.' Variety. or
No. : gtrain -
~1 Nar*sib‘x?j sib

o2 Napo~ 63 7713137 3736 | 478 -5999
$3Ce273 13} 20041 2494 | 1922 : 5483
. 4 Bbelquen * 3279°}.2226 2566 | 1122 16733
-'5-NP_824 ~; 128774 2229 2916 P2022::4672 -
"6 Mendos - W5 26662226 2628 | 1789~ 3940
f7~LérhatRoj“ ‘“3266~ .3524:.:113694 |:1567 l8129‘
8 Jhs'tin 1953114092 2022
'9.6iza’ 150 18784 ,2492 2683 11
10'NP_832 *:ob@- 12349 3116 | 238
11" Chris 1192274 2162" 2019 38224593
12" Naipari 60 2133339 2571 3283 ['2585r:5258
13 Bénza 55 2509 2422 | 1733754895

-2 i £f3°§99.

2911 | :311-:5253
3411121555888
12692 2683 | 171174796
39 3029 2678 ['1800=4316
89 2304 3244 | 2289 ¢ 5476
113:2859 3494 F22
11721 2872 P! 3
960 ‘.-'.;;3010“”3:1443 6829A
3844 g
335511
- ... 1900:4: 147 8¢
2437 24009 161
45412426 1955 | —1728513417
8997 28114112925 2400741867 :3103
: 422751 2466} 73845844
42717 8516:4 X111l 5356

o

76 Giza 144
27-Bonza 63 'f' I
28 P} sibxGb55(w) ' 12

33

-295APakis tan..5725... A2 o 042 132294:2/17 330103 4LlLls 33506
30 Tiba 63 2744 1989 | 24781 2617 3450 | 478 4383
31 Selkirk - © zozz"lzaﬂ "1367-1°2159 1928 | +744~-2413
3z,p1¢ic 52 . 4921 3175 .3616.) 2055 2923

'2787:%.3262 3422 | 111115369
34 1Gabol £167855 667453204 2150.} 1900::2820
35~Tébuér1 347yf 2156512766“;2429 :,2083:4:2711 . 5989
36 Crespo 63 °-  © 2977+ 2011773189%427295:.2883:] 1322:1276Q
37 Inil 66 U 112892 2389*~3§22i£2507 3733 17QQ.: 7409
38 Jaral"66 - © 205571617 23001 2776 2883 | 211-:6209
39 'NP! 880 - ~ 2722% 13551 2710 1279 /3305419115509
40 ‘Noroeste 66° ~ 4244*?2266“'2721~ 28425@3433,_-489 7486
41 Roque 66 - T 2611 1989 2622 2609:-:23664: 233 6179
42 P162-Ch. sibe64 v 3h44* 2044473011 2417 3100ﬁ ;5389 6816
43 Gaboto”s © 2899 1gsaznzyooﬂ 2681 2389:§12355 5329
44 Klein Petiix Raf. 3044 1605 | 294412018 2916 778 5423
45 Centrifen e 2055< 1789 32687:52576 26943:1067 6333

NN S e LiD ﬁﬂ?ﬁﬁﬁ'ﬁoiHEGGﬁﬁﬁinued)



' Var. Variety.or i

' Area harvested':

- TABLE 2-C (continued)

.. 'TURKEY - ].PRUS |

oY

LEBANON DAN | RAEL

No. strain pazari

' Ada-Eskise] Syn-

hir {grass

Beirut Tel { Deir|] Beit
Amara . Alla"Dagam

o 46 Narino 59 -, - 3633
~ 47 Thatcher -~ © =~ 2089

48 E1 Gaucho ;3_ ; 2089

. 49 Tobarl 66 ' £:2700 -
. 50 Klein Rendidor _ 2266 22

T2122] 2678
11239 1244°
1978] 2187,

1650 2578
2366.

2242 ° 2439 |74
2371. 1816.], 4! )

2212 1989

2801 2794 | 13
2801 3122} ¢

Station mean yield 2942

11775 2577i

2619 2838“7,3“

Latitude e ‘40°N
Altitude ; e 5 33M

Irrig. or rainfed rainm

Fertilizer applieﬁ i NPK
Date seeded - - !
Lodging ‘ .
Diseases: stem rust q? t*
' leaf rust - ++T

! Strlpe rust +\

Other diSeaSe SRR
Other: problems :

Conversion factor

789M1 SOM
“¥ain} rain:
LR N+P: .

412/25 3/23) | 11/8 12/13

1.111 1111 b0

6945 N35°6“ﬁ“3556N33°NQ~{§MM
995M 950M | ~70M-|.
‘rain ‘rain [l"”
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21 3m

t
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EOOERS &
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H T A
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. 13m2
H.666 1.11111,117 0,111

* Data not used-because of -severe bird damage... .. -

TABLE 2-C

IRAN;:"_

o f‘fw;PAKIséa'
IRAQ

.TAN © | INDIA

Var. f Varieffjbr

';fGorgan Ahwéz

?Dirab Baghdad]:

Lyallpur Pusa
Biheer

T4788 f1189 3738 -
4922} 836 .| 3665 .
4255 | 2284 | 3142 |
‘5922 ‘b1315 0} 3017 -}
528811868 | 3427

5136 §‘~ 1778
475377 | 1889
3676 1722
3263 2444
3683 | 1833

No. strain
1 Nar sibly xPJ ‘51b fgzgz; L
2 Napo 63 - ~ - 3422 -
. 3¢-273 . . 3533
4 Huelquen - *3277
6 Mendos T ';f2678”“"
7 Lérma Rojo 64A L 344s
8 Justin . 2433 %77
9.-‘Giza 150 ... | ,.,2‘2744

10NP'832 ' “"'2966

11119 3862
41223 | 4405
_ ¥ 954 | 2581 ¢ -
© 5488 11261 | 3625° ‘-

5332 11591 3692 -}

12662 | 2666

5026" i | 3277
—iw b 333
2486 | 2444
3680 - | 2222

.~ 11 Chris ) 12933

12 Nainari 60 © 3233
13 Bonza 55 : /3066
14 Sonora 64 A .2889

15 c-271 . 2855 .

T 3844 | 1237 | 2781
. 6011 |1617 "]~ 3661 °
" 4255 Ll780‘f;:4018

5033 | 7131 3315°

5011 {1462 | 4413'

30217 | 2499
45644 | 3277
2675 | 1944
4913 | 1667
13638 | 1555

16 c-518 - 3033
17 Cpdm . . 12911
‘18 Carazinho 73119

19 Triple Dirk 3255
20 C-591 3333

75388 | 2139 | 3130
4666 | 1480 | 4026
4788 1420 | 2621°

4788 1578 4026
4822 {1773 3625

A“;2964“*V- 1944
2406+ 2333
Sremiae | 2444

3523 | 3555
3553 1944

(Continued)
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- TABLE 2-C (Continued) ...

PAKIS~
IRAQ TAN INDIA
Baghdad}{~Lyallpur| Pusa
o uirgLn 1.+ 1 Biheer
3499
2222
2389
2889
2333
2833
2389
2000
29 2050
30° T4b4' 63 1555
‘31 Selkitk 833
, 32°Pitic 62 3333
33 Yaqui ' s0¢" 2222
34 Gabo' ! 3110
© 35 Tacugrd i 2778
36 Crespo 63 {2722
37 Inia' 66 ¢ ] 3666
38 Jaral 66 1778
39 NP880 . . 2222
40’ Norodste 66 2666
~ BT Roque 66| "+ - 2333
42 .P162-Ch . s1bx56! § 1944
43 Gaboto : 2333
 .-44 Klein Pet. X R@f. 3400 3633 2333
. g {2111
2222
.1 167
: ' ; " i 1889
' 49 Tobari 66, <+ 2333
| 50 g;ein Renﬂider 2666
2272
: it 25059 'N
f Altitudeg, , 165M
. Irrig. or rainfed irrig
i Fertilizer applied NPK
| Date seeded . 12/18
Lodging 0
Diseases. stem. rust -
‘ I leaf, rust +
o Other disease L -
" Othex., problems birds
’ Aregharvesti 3m2
1.111
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USING MALE-STERILITY TO AID IN LOCATING SOURCES OF HIGH YIELD GENES

(Abstract)
R. W. Livers

.. Techniques to aid in discovering parental wheat ‘stocks which-can con-
‘tribute:genes for increasing yields would :be ‘useful in any program of
breeding .improved -varieties or hybrids.  Performance of potential parent
varieties themselves has been the best guide :in choosing: which parents
to use. Now that male-sterile and fertility-restoring:varieties are
‘Becoming:available, we can begin to consider additional information
from field performance of Fj 'hybrids as a guide in‘evaluation-of parental
stocks. Furthermore, this gives us a means of detecting good yield poten-
tial in varieties which themselves are not adapted in an’area. For example,
Tascosa 1s not hardy enough to give good yields in central Kansas. How=-
ever, data from F; hybrids suggests that Tascosa is a promising donor of
yield genes in crosses with adapted Kansas varieties.

We have now the opportunity to- grow Fl s between adapted and non-
adapted wheats in the field. :Crosses can be made in the greenhouse by
pollinating adapted male-steriles with selected exotic strains. Growing
F,'s.in the field might reveal some Fl's of: exceptional vigor, but these
Fl s would uSually be male—sterile .or" nearly ‘80, .

We can carry this idea one step farther. Suppose we cross a group

of exotics on: Bison male sterile .in the .greenhouse in sufficient quantity
to grow Fy plots in the field. Inter-plant these: F1 field plots (in an

isolated area) with a fertility—restoring pollinator such as Cheyenne
restorer. Assuming the F;'s to be sterile the seed production from them
after pollination by Cheyenne restorer would form. the basis for a

yield trial. On trial would be a series of 3—waywcrosses, (exotics x
Bison) x Cheyenne. Genetically these would be 50% Cheyenne, 25% Bison
and 25% exotic. A three-way crogs with high performance would suggest
that the particular exotic involved is: contributing . something useful to
yield. We would be seeing the effects of different exotic donors in a
-uniform genetic background,- the .75% contribution of- adapted,varieties.

<.
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BREEDING FOR YIELD o WERAT

D. R. Knott.
In Canada we seem to have a particularly difficult time combining

. high yield with-high milling and :baking:quality. -Both. arecomplex in
- inheritance and'are:difficdlt. to!measureiuntil-fairly.advaneced gener-

;a-~-;ations;whenAmatenial;iaaueasonehly;homozygouexalthough~early;generetion
+ . testing shows . some promise; :Under.normali breeding:pracedures, :by the

time testing: is-started stlhi¢ muimber:of ‘Iines -has:been ;rediiced :to the point
where the ichanee ithat one will be both “high: yielding andrhigh quality
/wuis relamively low. <Ta: get around;this we are trying a~system as follows.
t e arn e : L R

l.Q:Heke i cross; n.the.greenhause ih the fall

“Cuéll;erow the F1 plantsrin the greenhOuse in,the spring.

3. Grow the Fz population in the field during the Summer and
. Lxselect for:-the: more heritable -characteristics: such: as '
o ,:height, maturity, plant type and. disease resistance. b

- A}mnTahesOne or,more seeds from;each'fé plant and.plant very
thickly in <the. greenhouse in: the: fall- (the numbdr of seeds
“ taken from one plant depends on the population desired )

i1

“i;,@;5;~{Repeat the'process by taking oue sebd from each Fsr”f
e and plant 1n the Ly

S %;*’Grow F tows-ih the field. If desired frequent checks can
.0 e Cbes planted ahd yield measuredii An initial ptoteiﬁ analysis
i g can be{done on the seed.» R

‘“*-7&"A preuiminary yield test isithen run On a fair number of
Fb lines the felloﬁing year.'w~ »H# a S LT

2 The material will ‘not - always“be coMpletely uniform but further puri-
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 yileld potential
of early generation material, particularly Fy plants. Some years ago
we tested the effectiveness of visual selection in Fo plants spaced a
foot apart each way. Yields were tested in the F3 and the regression
of F3 plot yields on F, plant ylelds calculated. "Good" Fy plants did
give higher yielding F3's than "poor" Fy plants did, but the F; ranges
were not greatly different. The regression values varied considerably
but were mostly positive., For several crosses the F, plot yilelds in-
creased about 1 gm. (on a mean of about 250 gme.) - not a very useful
amount.

Recent tests with various foreign varieties on the Canadian prairies
have indicated that considerably higher yields are possible. Whether
high quality wheats with the same high yield potential can be produced
is an open question at the moment.
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i gse_ve .- 1S LACK OF EQUIPMENT-A-PROBLEM IN. -
L . WHEAT- IMPROVEMENT,. e

<y (Abstract)
| EPS .’.?

J. A. Wilson o .

-.-Probably -most breeders working with wheat. observe some weaknesses
in-thedr procedures that could be; coxrected or.alleviated provided
the 'proper equipment" were available. The deficiencies may be in
- the.slowness of ‘hand operations or inefficiencies in itlie.equipment

‘_ﬁfbeingfused;upﬁquipment-utilized;in;agtemporary manner sometimes be-
. - comes :apermanent. feature . of a procedure. - Recurrent improvement of

technic through adapting improved equipment .should be the -philosophy
of progressive wheat breeding programs. No one should feel that they
.+ +have the ultimate in equipment;: but-rather -seek the best available

. with lan.open-mind:-towards change.n P EIUE S S L L

a. . STy

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 ''cost-
effectiveness-analyses'. A new plece 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 10 years 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 bilg 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 for nursery yield plots'is largely determined by
weight or weight based ‘on' geed numbér: :-Seeding on the basis of
seed number would be more accurate, but some sort of seed counter
which operates faster than {the 'dsriventional types should be developed
in order to count out all the seed required for each nursery plot in
the yield trial.

Nursery seedexs that space-plant could be valuable in breeding
programs geared to plant selection or mass selection in bulk populations,
Smue ptogress ‘has Beexg ma‘de «Wi.th f:l.eld-fsi:ze plam::tng equipﬁtent .but

Lk, IRSEI SaL )

Ptomisiug. self-cleanings combines for *both fielad andz nursery plots

- s are: ndw vailable: fmm Ausﬂrian(PAM:'ISO) andvWest Germauy f(Hege Plot

ublished Lev:em Brd *yeér a&- 1a supplement
to The Wheat Newsletter could be ‘useful :as & aource fofncompile*d infor-

mation on new wheat breeding innovations.
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‘IS LACK 'OF EQUIPMENT A PROBLEM IN WHEAT IMPROVEMENT?

(abstract)
Charles Hayward

- 'Nurseries of commercial:programs. are becoming quite ‘large: and in
'mostvareas5reliable”1abor'is difficult to obtain. ' Of necessity,
much of the plant breeder's- time is devoted to- routine tasks: when -

-~ it ‘could more profitably be utilized in research -areas and/or in
3 handling more material. : e : “ :

Improved versions of present plot and laboratory equipment plus

'f*new more efficient types of equipment ‘are; needed.

The wheat breeder has a. diStinct need for*quality equipment and
tests’ whlch will allow him to evaluate materials at.an early. genera-
tionon small amounts of seed. - This equipment and tests must give

“reliable ‘and repeatable’ results:: swhich will be accepted by other plant
) breeders, cereal chemists, millers and bakers.wx :

KR
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' USE"'OF-EQUIPMENT. TO- EXPAND WHEAT BREEDING. PROGRAM

Walteruﬁ}wﬁélson

LB Y

The wheat breeding program at Washington State University is
dependent upon our ability to handle large populations from many
.‘crosses of :diverse genetic: backgrounds.: . To.get ‘maximum exposure to
disease: and ‘élimatic hazards,:one Or more:plantings .of .early gener-
ation lines-are: seeded-at-as many.as; eight.-locations, Each, nursery
site includes;about::700:0f these lines, plented ‘in duplicat
addition one or more plantings of late genera;io”ﬁmaterialhvfo; yield
data under that specific disease and climatic environment. Each of

. :ithese: locations: involvés:-1 to 4 acres .0f;;1and,; and: thousands of

individual plots varying: in gize: frgm'one, ow: 8'long gp:é;;pwhplots
up to 40 ft. lomg. Seeding ‘conditions vary from ideal to extreme,

.. of ten’ requiring deep: ‘Beeding -to a; depth:.of -six to; elght inches. Dis-

. ~-tange’ito-sites: varies: - from :50.:to..250. miles

1, some; sites; requiring
These: sites

W 'ds many. as four: trips:to include date.of ‘seeding trialg..

0 Tarerdin addition to. out ‘ten: regular:-locations: for regional and=state

yleld nurseries, the -large 'populations of: breeding. maggrial 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 bullt 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 planting 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 ten years.
It has been satisfactory for the harvest of 4~row yleld plots, but
is limited to about 300 plots per day. Dr. 0. A. Vogel is working
on a harvester that should add materially to the efficiency of
plot harvest.
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Through the use of highly mobile special ‘equipment 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.the present time a uniform set of entries
was planted at locations permitting screening under natural infectioms
of smow mold (Typhula and Fusarium), Urocystis flag smut, Cerosporella
. root rot, Fusarium root. rot,.and:Cephalosporium blight disedse. Next
year one or.more plantings Will be. made in . Ophiobolus iinfected soils.
Close. cooperation with the plant pachologists is maintained-for ob~
'taining desirable new . breeding materials; evaluations :of Segregating
generations, and to increase, improve or develop disease epidemics.

One of the most rewarding benefits from:this program: 1§ the dis-
ficovery of ‘new.sources of, resistance .and -or -new levels.of tolerance

.. to some diseases £rom crosses made. for«other purposes,: To. mention

. some, -our. flag smut nursery revealed high resistance to Wanser;, much
1better than either ,parent.: . Some; of the. new. short. strawed: varieties
- show good levels of tolerance-to’ root: rot, when:both parents' were
- highly susceptible. .The. variety McCall:was' released after:-tests.in

" snow mold nurseries indicated better tolerance: than:-an equally. high

» yeilding sister seélection Wansexr; This is.the bonus we.get:from: -
exposing the uniform sets of pOpulations to- many different disease

"i,and climatic conditions.:, -

y,,.

; The success of the wheat breeding program at Washington State
University is the result of close cooperation among State and Federal
. personnel in Agronomy, Plant Pathology and;in the:'Wheat Quality
'vLaboratory.. ‘Equally:important is:the .suppert of.ithe whéat industry
‘of ;the state which has financed-much of the éost .of - the inew requip-
'ment and’ puts abOut $100 000 into the: wheat research program each
year. R O TR T
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,needle adapters. y .87
« to about:'l/4~inch: Bo that the dibtance frOm‘the~tip '0f' the needie’ to’

. the. shaft:is a*standérd"iength.u‘The seleétbf”teel shaft*was drilled

re&olvess;reuhﬂltheasmaﬁidnaﬁyi&ﬁ%ﬁﬁm Béédﬁ- "k écomes atta
to each needle by vacuum as it revolves throiigh’a ‘seed hopper:. -Each
kernel is ejected from the needle into ‘a seed tube as the needle passes

R

' over«the pressuriﬁed see%io’.df tﬁe 'vag ‘umrpressure

of the drive system.

A rotary type vacuum pump driven from 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 1s 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.
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IS BREEDING FOR MILLING AND BAKING QUALITY
AN IMPEDIMENT TO IMPROVEMENIS IN OTHER AREAS?

E. G. Heyne

' 'We . can-.say that ‘nearly all:characteristics-of a’plant.species

" being used for economic’use are or have barriers.in=relation:to:other

characteds in- ‘the 1mprovement of ‘the:species by .breeding.: In fact

~ “that is. ‘the ‘task -at “hand:for 'the plant breeder to:-overcome:and .ghould

- be'viewed-4s a challenge.' We ¢anno¥ consider any -onief: character with—
out consideration of other characters. T SRR S

o & plant breeding programs‘we are not interested in the status
quo even though we use procedufes. that do not: effectively allow. us
to transgress from the present model of the species under cultivation
in a"local area. A minimum objective:can be:stated. as: . The.new
cultivar should’ be aqual ‘or nearly so-in all.important:characteristics
“to’ the‘one itis to replace and exceed the old cultivar in.one-or
#more important characteristics. » Sy G ,

As we' need to consider the whole‘species there is bound tp be
some interference of one character with another. For‘example, to

a stiff of strong stalk. Some compensation for both characters may
“be necessary if theitotal objective is.to:be:reached;; and it -rarely

- 'is the first time:so-another’ attempt.willineed to.be; made. Thus

ﬁbreeding becomes a step-wise manner of achieving the goal.

R :‘Wheat is used primarily for food and has many qualities for

- this purpose; it'stores easily:and-for'long periods; it can be used
'in a number of: différent ways and is-a relatively:nutritious plant
food ‘with- above average protein content in: relation to other cereal
fOOdS. s - - R L

Quality, in its broad sense, should have the number one priority

: for the’ breeding objectives -of ‘wheat for ‘the Great- Plains.. - “With proper
'equipment ‘and* large enough populations: ‘breeding for high: quality does
not ‘offer any more ‘impediments to wheat-breeding objectives than other
characters in relatiOn to its importance. SRR D

A safeguard to breeding any - species is to insist on an. integrated
program where all the characteristics are carefully evaluated in re-
lation 'to the whole. We shéuld avoid one-level, .one-idea.approaches
to wheat breeding.  The 'ideaof impediments. car be mind-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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07 'BARRIERS 70" THE :IMPROVEMENT-.0

Rt S S

L. D. Sibbitt

I8 breeding for milling and baking quality a barrier to wheat
inmprovement? ‘Poesibly iyesw:td a.degrée: - However,: .as;wegunderstand,
~.;uthere. is:no:shortage: ofnwheat in the world;:but:there is.a shortage

- ~0f qualityiwheat.. At:the:recent:C.Q:Cs Wheaw,Quality Ganference,

« . heldr ine Minneapolis, Dr¢‘Gilles presented- a:ipaper:entitled; "Wheat
*ZeQuality s AVital ;:Factor:in Marketing Upp Midwest Bread Wheat and

~ Durum", Mbst of the text is-televant to:t r=zBut, of

. course, time does not permit another presentation of this timely

+tarticle,: however;.I-iwould like.to.quote:a

.“iare down-about-50%.> In/the:same périody however, the:

i~taken fromvituwhich axe;as;follow

duuum pro-

"The traditional markets for?hard,red sprﬂng whea;naqd
. 'ducéed:in. therUpper:Gteat Plains’ region -of:-the Uhited States:have -
“been-the doméstic markets of:the United:states d
per capita consumption of wheat in:the-UsS§: ‘has; remained relatively
“'constant for a number of years, the potential to sell increasing
'quantities-of :whéatrlies: primarily: in- the- :export markess.t: "In most
-of . the countries.of Western: -Europe; : the vitreous,“highwpgetein
©+. i common ‘wheats sand-‘darum-wheat ‘have: acceptable quali§y~£orzpesta
*’ products ¢anriot-be.prodaceds": X
- “Matket countti refér pasta: produgts fhade from Sem01ina, it would
seem very 'realistic. that a-substantial market:foridurum; wheats -will
exist in"Westérn:Europe's :!The:importanceof spring;wheat: quality
in the export markets appears very significant, particularly when
- onme cofisgiders current: marketstirends. ‘i -Europe where-ingreased local
:production: is:a: tising déterrent: toiUsB: exports;: Gneqnbgerves that
- 'duringthé-éurrent-marketing:year; exports.of hard:red.winter wheat
exports .of
hard red spring in the European markets have increased by about
35,000 tons over the previous year. It is the feeling of many that

“ ~thissis duerprimdrily-to: the fact-that: the:quality of:the bard red

<= desirableé qudality:characteristics!ls v;"ThrqughQ

siir producediin: the Upper:Great:Plains. regionﬁvg

- gpring-wheat' currently ibeing: deliveredgto therEuropean .markets-has
the: world,. Wheats
:North America~are
~ prized for the quality and:quantity.of their proteins", .. In. my,

‘opinion, one of the quickest ways for.the Upper Great Plains region

[0}

"w:;to 1ose itsawheat market will ‘be. to lose gight:of the need for quality".

T * $ .‘21, :

.of us . dn he Depa:iﬁent of Cereal
these:. statements.. e

’~;JgNeed1ess to say‘that al
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Other Barriers

Lack of exchauge of material andlinfofmatiou 6u:tﬁe"ﬁatt“of biéﬁc
breeders with each other and with the cereal. technologists.

a. Potential new HRS wheat:varieties from other states which
have shown promise from a quality standpoint in preliminary
: , . tests should be in N.. D. station Field Plots for .at least
- two years (ND. produces over. 50%.of the U.S, spring wheat
crop).

b. Proper quality conclusions ‘cannot be formulated on the basis
~. of one year s test. » .

c. A situation might arise if a neighboring state were to
release a varlety 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 very 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 Chemistry
and Technology (more jobs than trained people at present
time).

Lack of a good single determination for quality.

a. Studies shculd 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)
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Early generation testing on a '"'go" or "no’go" basis:m

‘a. Can we reduce the number of years offteSting -‘if, during
one year, we tested under fertilizer conditions or,

LRy mer g vere sumv s
Gu ULIEILOeT o
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~WHEAT- QUALITY. CONSIDERATIONS .IN BREEDING PROGRAMS AND. THE
USE OF EARLY . GENERATION SCREENING .TESTS .TO IMPRDVE
PROGRAM EFFICIENCY ‘

, _Evangelina Villegas, Norman E. Borlaug and-Charles F. Kfﬁil"

“It is our contention that breeding for good milling and baking
- quality .need ‘mot necessarily impede progress in the. development of
;.higher yeilding varieties. SRR : :

It has already been pointed out that in the Mexican program con-
current improvements are being made in developing higher yielding,
- ‘broadlyadapted varieties-with:improved agronomic.type, .improved
disease resistance and improved milling and:baking. quality., Never-
the-less, in the vast majority of the wheat breeding programs in
the Américas such conéurrent:improvement is not. being accomplished.
Improvements in grain yields have: lagged. The result has been that
the wheat breeder too often unjustly blames the ceréal ¢hemist for
. 'setting quality standards he c¢annot attain while simultaneously in-
- 'creasing grain.yilelds:and ‘improving other important characteristics.
* Too oftién:breeders-have resorted:to.the use of long backcross programs,
to avoid problems with quality, but by so doing they have simultaneously
greatly reduced the possibility of 1ncreasing grain yield.

Although we feel that the breeders are in‘part Justified in their
criticism of the inflexibility in grain quality standards, as explained
¢ in -the"following paragraphs, we nevertheless feel .that many of the

"quality problems encountered by wheat breeders can be circumvented
.:.1f "an adequate series. of early generation screening tests for quality
- are. employed T FCE N TR S PO , .- )

Before going into an. explanation of some of the screening tests
for quality that have been used successfully in the Mexican program,
we wish to call attention to some--of the.overall .considerations that
influence wheat grain quality and wheat's present and possible future
‘position’ in-competition with-other cereal grains in both .the domestic

. and the international markets. TTARTIE

Certain factors affecting grain quality have been at work in
the past which have provided a:definite . advantage quality-wise and
" market-wise to.wheats from. certain regions .and countries., -We. feel
- that this. '"status quo.advantage'' is about to be broken because of
breakthroughs in genetic improvement. . If the heretofore "privileged
regions" (quality-wise), such as the Northern Spring Wheat Regions
of the -U.S:A, -afid:-Canadd, remain complacent, they will lose their
'lunique market advantage., . e

Viewing the cereal grain markets broadly, everyone working in
" wheat -research, wheat.production, wheat utilization and .wheat handling
and industrialization, should be increasingly concerned about wheat's
position in the future. - Increasing competition from other cereal
grains in international markets is almost certainly forthcoming.
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“'The discovery of ‘the' Opaque 2igeneCWhich gréatly: imp¥oves the
nutritiondl’value’iof ‘corn 'p one:l t.and .challengél What are
we doing about improving' ‘thel nut¥dtional ‘Walue of wheat through genetic
manipulation? Very. little is being done up to the present time. Is
the effort adequate?

LT SO N

Recent research breakthroughs such as the deVelopment of high
yielding, broadly adapted semi-dwarf rice varieties IR 8, (bred by
‘ thé Internaticnal Ricé ‘Resedteh Thetiitute) willcalso bring wheat under
‘‘gréater competition in-the grain markets -of: the: world;. ::What ‘are we .
doing about this? Unless we increase yields‘and maintaiw, or better |
yet improve wheat quality, wheat will price itself out of its fair |
C share of”the expanding world grai'*markets within the next-two decades. |

B SO S AR S I 11T

What are'we ‘g8 wﬁeat scientust ‘e

oingltc do about . these challenges
in the next two’deesdes% St o

} (traditionally occupied a’ faVOred position in ﬁhe domestieuand inter-
o dational wheat markets: of thettiot1d Their fevared positton has been
attained Because of ' ditaow e

Griil

; . S
l% The Outstandingly‘good protein quality\of the principal

- commercial vatieties oo dandd

. R O Y I T ol ot 4T
. The'varieties ‘Red” FiféérMarQGis,?Thatqher and theirxderﬂvatives
g were’ Bred and félected £6¢ thelr excellent:milling:and-baking-quality.
The "unusual’ comibinatfon '6f 'stvong wéll«balancéd (extengible) gluten
strength has been their outstanding featyre. This genetic:superiority
. has been maintained for the past forty years by effective breeding

r o ! £ 4y tT o9 o

“THis importan }aavantege ie'the~result of: the,inberaction«of
climate and soil conditions under whiohftheiNorthern Hard Red: Spring
Wheat Market class has been grown. Scilentists up to the present have
contributed: ‘n6thing to’this advantagei. -In:the-futire;:-however, the
_ high’ protein advaitage of ‘northern spring:wheats.will icome.under in-
creasing pressure and eompetition ‘both::inidomestic and-international
- markets“as’ theﬁre5ult ‘of: ﬂneréaseddgrainaproteinscontent in wheats

ns and other*exporting countnieSs' T T SRR

In ‘tecent years itJhas beenushown that the Frondozalor Atlas 66
high protein gene can increase grain protein:icongent by.2 percent.
This action is independent of grain yield. The incorporation of this
gene into high“yielding Hard Red”Winter Wheat varieties will make this

spring wheat region.
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- . Aggressive agronomic .research in the winter ‘wheat region, which
.. 1s currently largely' lacking, designed to .determine the:best -timing,
rates,. kinds:and methods- of nitrogenous fertilizer rapplication will
. probably .contribute- to- further: increasing: grain protein’ content 'in

. the foreseeable:future., -Progress-through:this approach’ will: further
erode. the grain. protein .content-advantage of. the' hard red spring:
wheat class.

o The protein quaiity (especially strength) advantages of spring
wheats over winters will shrink, in.the: futuré; assbreeding programs
in the hard red winter wheat region increase their effort to correct
. .protein. guality defects.; Thig. effort is: already underway in a number
of breeding prograums, both hybrid and. conventional.‘vThe gluten
_etrength of Mexican, spring wheat varieties Jaral 66, Tobari 66,

. INIA 66, CIANO 67, and an. especially promising line from the cross

j1122429 (Tezanos Pintos Precoz-Sonora 64A) (Lerma Rojo 64A x Tezanos
Pintos Precoz-Andes dwarf) are already being incorporated into hard
winter wheats in a number of different U.S. breeding programs.

Eventually the genes controlling high levels of grain protein
and better . protein baking quality (strength) will both be -incorporated
‘into high yielding hard winter wheat varieties. When such varieties
. are grown under proper fertilization they w1ll be fully competitiVe

ﬂﬂufmarket wise-with the hard red spring wheats.il.

.........

" Another change that will be forthcoming to further complicate
the export position of Canadian and U.S. Hard.Red Spring Wheats re-
lates to the development of high yielding semi-dwarf hard white spring
wheat varieties No such variety exists at present.;‘” s

‘Hard white wheats with strong gluten are preferred by all wheat

' consuming countries ‘from Moroces to ‘India. They ‘are’ eSpecially de-

sirable for use in Chapattis in-thé Middlé East“tountries. Currently

the developmert of semi-dwarf, hard white varieties is well advanced
in the Mexican, Indian and Pakistan breeding programs.. N

All of the forementioued predicted changes from breeding and
agronomic résearch ‘efforts already underway in the'U. S.A. ‘and in ],
other countries will indirectly éxert’ pressure ‘on the current economic
advantages: of hard red spring ‘wheats in the world markets.. This‘is
no time for the hard red ‘spring- wheat programs of the U.S, A. and
Canada to be satisfied with "s us'‘quo quality and grain yield"

Screening tests are s1mple tests that can be made rapidly and
in*large nimbers on ‘the’ ‘small” grain samples from’ individual plants
to eliminate- undesgirable” and’ worthiess materials from a breeding
program.” 'They are not teésts-which are to’ be used for choosing the
line that is to be multiplied as a new commercial variety. ’ '
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i -The: £inal..cholce: of .asuperior:line which ts to be-reldased as
_.a new commercial' variety aust: always be:made by* ‘a; serieg of we’ll ‘con=
. trolled . milling -and biakizg performante :testsy:.iIn iguch: petformance
tests: the. promising new; advanced lines-are: carefukly" dbmpaxbd~to ‘the
- best: commercialsvarieties to déeterming thelr suitahilitnyar specific
consumer producti (4.e.:pan;type bread;i pastries}: ctadkers, et A 2R

. The purpose and proper application of these two very different
~types of tests:dnibréedingprogrhms iss feruently toﬁfhéed by.both
cereal chemists and planttbreedems L YDA

BRI i,"\:).'§1u‘,,.’_~‘::‘... fif

RSO - eat Sl oré“the ¥ w d :,1:" éudosperm
Thiélﬁeiﬁs“that*méﬂyfiﬁ wof;hiess Iines are~carried

the* "gfam forjarmiﬁi : ,.P

Five years ago, after two years of exploratory eyaluation, a
series of edrly “géneration dcréen ing tedts “fo¥ ualftyqéaé adapted
7 h 3

Ny

ot - use 1& %he beiéén‘proéram;‘

effectibe AR improving the Yualft ‘: - rte ly emerging
from the Mexlcan program. " Thé Hewér varietiés INIA 66, ‘Tobari 66,

" Tha: quality teSts“ j’ d o Mexii pro, am’
differ primaril¥ From ‘thosd 1% usd’ by otHer: pfégraﬁs”in North America
in the way the plant paterials are handled 1p the_eatly Begregating
generatiohs. TSHALT DT Qi T W2 LT

S
[

"-The' preiiminary screening tests for* quali"f;

grain from individual’plants’ it the F3 and” FZ en&osperm generations.
secondary screeni?g tests are added 1n th Fs endpapemngeneration.
The seconda;y screeging tegta gomplemegged by standard milling;

xaﬂd

The type o teat that can be.used in pteliminqrynscreening‘ia
governed by the sizé of the grain sample and the number of individual
plants that can _be -analyzed in,the two;to three week period between
the‘harvest of the win"en(generatggp‘ nd rep%aqting of .the .summer ..

’ ,fJAJI prqliminary screenipg tests must be ;conducted on .am .
' ant,baais Uny et@our_condit;qps each»plant nxoéucesa»
Th :aqs of | sampAeipre;@uxrently

used in the prei’minaxy reening | ; The remainder is nsed.: for
replatiting.” From 5,000 ‘to 7,000 ndtvidual plants sre cvsluated
at each of .two, locgtions in gach“gener don, - Approxiqately 300
_plantsare” evaiuated~each ‘day. - Generally 65 tp‘ "péft§ﬂ~ the

i,ug >, Pi3s b qa‘ % Kt i
samples can_ be analyzed eﬁch day,éawﬁﬁvﬁiax« :
neaded’ for these aeriee of tests. - Lgx,”$did,:“}§gx
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Only those samples showing good promise in the secondary screening
tests..and in the final milling and. baking performance tests :are -in-
dicated in Table #1. : o : o

The Implementation of Quality Tests in the Mexican Breeding Program

o ‘Quality evaluations are not.only used on lines under development
‘in .the breeding program but also. for .classifying the quality character-

i istics of each potential parent. This 1s: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 F;, endosperm
"genération = the preliminary screening tests are used exclusively. In
these tests major emphasis is given to grain classification tests and
to Pelshenke values (Table #1). The grain tests eliminate all lines
that have poor kernel characteristics, which are likely to result in
low grain test weight, high flour ash and low flour yield: The grain
tests evaluate samples for grain size plumpness, texture, vitriousness
and color. . s

. The Pelshenke test is used in the preliminary screening tests as
a crude measure of gluten strength. It will separate weak wheats
from strong wheats. It will not distinguish however, the strong
"bucky'" types from the well balanced strong types. S

Mexico generally grows soft wheats, hard wheats and durum
wheats in adjacent fields. There is no regional or.geographic sepa-
ration of wheat production by market classes. It is therefore absolutely
necessary to use the preliminary tests - both grain_ and Pelshenke tests
to identify the different market classes. The plants. (@%Des) under
study as potential soft wheat varieties must have large soft textured
kernels and weak elastic gluten characterized by.low Pelshenke values
(1.e. 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 Pelshenke values (120 to 180 minutes like Somora 64 or
INIA 66) plump, hard textured and medium sized kernels that are
readily distinguishable from the soft wheats. o

Distinguishable kernel types assoclated with eorrésponding
gluten types are absolutely necessary to avoid mixing between soft
and hard wheats in marketing. :

Occasionally in outstanding crosses, involving. a soft and a hard
wheat parent plants in the F, endosperm generation with intermediate
Pelshenke values (i.e. 70 to 100 minutes) are kept. Such plants are
.generally heterozygous..for both. grain type and gluten type. They
will segregate in. the next, generation into. both soft and hard
wheat types. - SRS f e LT -

The secondary screening test which is considered by us to be of
a greatest value for identifying outstandingly promising soft and
hard wheats 1s the Alveogram test. The Alveogram "W value" is a
general measure of gluten strength, Wheats with W values above 400
are considered strong wheats, whereas wheats with less than 250 are
considered soft wheats.
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:Tablé'#l. Quality Tests Employed and'Properties Sﬁudie&"by thican
Wheat Program in Different Endosperm Generationms * &7

?egformance
‘Milling &

5. Vitreousness X
6. Test Weight — -
.. i P R I \:-‘\5::;, ,‘ e gy s b

B”Chémicél and i e
Physical i
Progertiesw o

Pelsheﬂke (wheat

"

'Flour protein
AIVeogram
f’Tests i
ay'w value
*B) P/G<value

MiXOgram M
Sediﬁent tion

PR MM

c Milliqg;& Baking

Performance Test ,
v Properties P G T
2. Water
Absorption :
S Bf’fal{i?gf Test/ -+

this is in the Fgféndosperm generation.~ "HOWEver, in outstanding
lines, after best plants have been selected individually, row'is
cut in Fy endosperm generation.
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The Alveogram "P/G. value" is the ratio between measured dough tenacity
(P) and extensibility . (G). The P/G and W values can be used as a guide
to selecting wheats with well balanced gluten strength and ‘extensibility
in both soft.and hard whéats. Wheats either soft or hard - which pos-
sess good balance will have P/G values approximating 1/100 of the W
value. Wheats with P/G values higher than 1/100 are "bucky".

The P/G and W Alveogram values, supplemented by mix0gram scores and
sedimentation values determine which lines are worthy of evaluation
in the standard milling and baking performance tests. !

The correlations between various tests ~ both'preliminary and secon-
dary screening tests and milling and baking quality tests - together
with the multiple regression of loaf volume (with bromate) on 4 inde-
pendent variables for.a group of 25 wheats varying from weak to strong
gluten are shown in Table #2.° . .

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 test used for judging gluten quality. It is also
highly associated with mixing time, sedimentation, mixogram and pro-
tein. The Alveogram:W value is' in turn highly correlated with 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 both directly and highly correlated with loaf volume. There-
' fore it could’ also be used successfully as a preliminary screening
test. We,: hoWever, prefer to ‘use the Pelshenke tést ‘as the- prelim—

. inary screening test since it both lends itself better to: small grain
. samples and permits the analysis of from 3 to 4 times more’ samples

" that can be:evaluated in'a ‘given’ périod of time with the sedimentation
test. : 1ot

‘ The multiple regression involving loaf volume with bromate and the
four indépendent va¥iables indicated in Table #2 accounts: for 78.1%
-of the variability for loaf volume. That “is by combining ‘only

© . alveograph (both P/G and W) with mixogram and water absorption, we
" can predict loaf volume on the basis of the preliminary tests.

After “five years of employing the aforementloned preliminary and
secondary screening tests for quality we are convinced that ‘these
tests greatly increase the efficiency of our breeding program. They
alone are not used for selecting the lines that will be released as
commercial varieties. Standard milling and baking tests are: used
to make this final chodce.

In the light of these data and results why are preliminary and
secondary" screening tests not employed by most plant breeders and
cereal chemists? g

AR
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_"DOES . THE :LACK OF KNOWLEDGE 'OF GENOTYPE-ENVIRONMENTAL
RELAIIONSHIP HINDER WHEAT IMPROVEME\IT7 -
(Abstract)

K. B. Porter ,

‘This is a 5imple Guestion with a complex amswer. We iight answer

it with a' simple yes" or no, ‘but ‘the answer lies in just what do we

know about genotype—environment relationships’ I suspect we know
moxe .about’ genotype than“we know'about environment and more about™
each as séparate identities than 'their ‘rélationship. Our failure

to adequatély define and our inability to place precise 1fmits on
environments adds to the complexity. We all are concerned with en-
vironments within ‘an- environment.” Dryland and irrigation production
in a single area repreéent two distinct environments ‘within an’ envi—
ronment’ While we all are familar with year to year envirdnmental
variation at a given location. Not only are we unable to 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, soll fertility and with irxrigation
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 unfavorable
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?



3. Can ‘We. select. for,resistance under heawy rust infection and

to see the wheats 1 because of all the rust spores?

- 4, What is the relationship:between photo-period insensitivity,
growth habit, winter hardiness and temperature response?
There are a lot of questions we could ask ourselves.

Vavilov describeg the otential of the wheat.plant quite.well. First
. . plant with.varieties
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DOES OUR LACK OF KNOWLEDGE ON GENOTYPE-ENVIRONMENT
RELATIONS HINDER WHEAT IMPROVEMENT?

- (Abstract) ..
1. M. Atkins

I would simply 1ike to raise the point and ask the question' Are
we growing the best type of wheat plant for our. environment? Could
a more efficient type of plant be found or, developed7 ‘I.do. not know
the answers but will cite a few examples where changes have brought
(better yields. . : :

' Carleton, when he introduced the durum wheats, was sure .that they
would find a place in Kansas - but they did not. Kansas grew spring
wheats, durum wheats, soft. wheats and all were. unsatisfactory.. 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 commerclal 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 iIn 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 ylelds 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,




" do not shadé”

47

How has this been brought®#bout? 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 methods, ete. '‘Plant breeders produced first
improved standard varieties. The rice plant approaches a perennial
in habit. By producing very early varieties plant breeders now
-éd’ typés” that can be' harvested in July, flooded and

T

éach”other’and théréfore mofe efficiently utiliZe
the sunlight. They are also "taking apart the leaves" so-t6 speak
to. find whlch color of leaf is more efficient in manufacturing
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DOES OUR LACK OF KNOWLEDGE ON GENOTYPE-ENVIRONMENTAL
RELATIONS HINDER WHEAT IMPROVEMENT?

‘w Charles F. Krull and Nofman E. Borlaug

As_many know, our group does not:-have 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 on a few academic studies, but on
experience from moving large numbers of breeding lines betweeén -
countries as: well as from results of the ‘international spring wheat
yield trials. There are now data from 10 sets of international yield
trials. 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 for three consecutive
years. These trials combined represent over 150 yield tests in both
hemispheres ranging from 35 oS to 61°N., 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 pattern. Pitic 62 not only has had the highest
yleld 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
international 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 other -cvops would ‘be-the inew dwarfiricé varieties and
new high yielding sorghum hybrids that are vastly superior with
heavy fertilization and also yileld as well as older types without

- fertilizer. -Even in..corn:improvement where wariety X location inter-
. actlons have received so¢ much attention, new: prolific hybrids that

. ..were .bred for demse populations and intensdve. management are: proving
to be superior under a wide range of conditions.: .. -~ " .

.-+ In summary, broadly adapted;. high~ylelding varieties can;' and
have been produced in wheat.., The .consistently high performance:
..over -a broad area.increases ‘the.usefulness. of: varieties-and facili-~

.. tates_the.exghange. of. germplasm between .crop. breeders..: it .also:
- indicates that greater efficiency: will be, achieved: with strong

...cooperative regional .and international, programs in contrast to
loeal, uncoordinated efforts. Sl i oew o :
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THE USE OF REGRESSION ANALYSES' TO MEASURE GENERAL
ADAPTATION IN WHEAT

(Abstract)

gional performance nursery indicated that some Varieties are relatively
better yielders in austere environments whereas others make their best
relative performance in high yielding in .more. optimal, environments.
_Pawnee and Early'Blackbull illustrate the first group and Comanqhe

.8 et r varietie

to’ Cheyenne and Warrior when the general yield level is less, than
fsixteen bushels per,acre.; It is relatively poorer than these varieties
“-4n the highet yielding ‘énvironments. The variety Lancer was . superior
to all other varieties with which it was compared when the general
”yield level exceeded twenty-five bushels per Jaecre. .. ..o 0



mailto:tCag:f;C1n'aI'p'eff()1'IIJ@'~~,nt.p:;~~t:i.~S:!ilB.$,.~tll4;1ecl

‘. 'to more heads bearing’s

- 51

PERFORMANCE OF TALL AND SEMI-DWARF SPRING AND DURUM WHEATS
AT 5 RATES OF NITROGEN FERTILIZATION
UNDER DRYLAND AND IRRIGATED CONDITIONS

Vanrat Sompaew and D. G. Wells

Chris was compared with two red seeded semi-dwarfs from Mexico
and Leeds was compafed with two durum ‘semi~dwarfs at o, 30, 60, 90
and 120# of N per acre at a constant level of 40# of P per acre on
dryland and 110# of P per acre under irrigation. Seedin _rate was

'ffértility ét'Brookings on the
- diseasés were controiied'with Ma
' insecticide. The traits»me

¥

, gﬁ with an.-.

h d, heads with
geed yield, straw~yie1d*
determinéd.-
entries.
‘g?dwarfs. - Sta
‘”vper acre. b

”-*by about 6"

' did not.‘ -Seeds: per ‘head“ie 0 .

Penjamo ‘62 éxcelled in Seed- ‘Bize " Yields 'of the seml-dwarfs and

Chris were similar. Penjamo 62 and Chris. averaged 29 bughels per

~-acre. One ‘of ‘thé durum”semi-d
-with rates of N, excéédiﬁg

The test at'Rédfiéld;“séédéH:Méy”Bfiﬁaé irrigated twice in July.
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 287 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 SDI6617, (Y+54-N104
xLD357)Tcy, 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 27 lower for the red seeded semi-dwarfs than Chris but
were similar for the 3 durums.
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PROTEIN IN WHEAT - WHO WANTS IT? .
Louis P. Reitz

The major cereals providegover.éo million.tons of proteih;ennually
to human beings. Wheat contributes one-fifth of’ the total world
supply of protein or. nearly ‘a8 much as all. animal products -combined.

In many countries wheat constitutes 704 or more of the diet and
the protein balance is not maintained. This is especially critical
for young children. " Any increase in the amount of total protein
or of the most limiting essential amino acids. (lysine :and -theonine)
. would: be -an .automatic means for improvement of cereal..diets. While
the estimated cost for chemical- supplementation is low (24 to 93¢
.per year per child for lysine), it is -obvious that it would be more
-desirable and more effective to direct nature to 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-
pounding effects: 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 207 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%Z 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-
went loan rates has been 3¢ per bushel for each percent of protein
above 12 with a maximum of 18¢ 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 6 to 17¢ per bushel for 15% protein
DNS . over 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




the base price.’ At Kansds .City, No. 1 Hard of 13% protein was 17,
4 and 5¢ above the base price during a month in the fall of 1965,
1966 and 1967.

.. There are many inconsistencies in price premiums. Local millers
may have too much protein in the wheat most readily available to
“them and will pay no. premium at:all. I have heard of caseés where

- low protein wheat for bread:flolir was given the: higher Jocal price.
'“Many buyers, especially foréign buyers, specify: "ordinary" protein

and hope for the best. They complain nevertheless when the grain

'@-..is below their idea of what they really need.;

NAETTRY e :
i Historically, economically, and for best nutrition A positive
““approach :to: ‘the' protein problem ‘seens. entirely valid. . The only

' exception”1is for specialty-goods.where low protein is .required for

" the production of: acceptable products: by present techuology. ' If

- more ‘efficient! productien.is: to be:achieved, a fore .effective: mechanism

for- converting nitrogen fertilizer-and soll nutrients-into grain is
needed. There is a great challenge and a real :opportunity.to:

1= Breed wheats. with highér protein. and. good yield. . .. .

. 2 =.Breed wheats: with improved -amina. acid ratiosybut o

.7 preserve wheat's .unigue: ‘glutenm.:c-. . - IR

‘3 <. Breed wheats with more efficient. photometabolism. S

4 = Devise management: systems to: increase the efficiencyp.
-of mitrogen use.: v . .. el L Cee

5 - Protect plants from nutrient-robbing effects of
B microbes and-diseases.;cs. N N I

S S P S S

Sy "
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YIELD AND PROTEIN CONTENT

(abstract)
R. J. Baker

it is generally conceded that there is a negative relationship
between yield and protein content in wheat. Existing information
would indicate that, while part of this negative relationship is
due to the nature of the wheat plant, part is due to the repulsion
1inkage of genes for high protein with those for high yield. In
fact, 'a negative genetic correlation should be expected when a high
ylelding variety is crossed with a high protein variety in hopes of
producing 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 g2ne was controlling
protein showedthat, even with linkage intensities of 30 percent.
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)
i Fa My McNeal . ..

We have sampled various plant parts of several spring wheat
varieties for nitrogen content over a 2~year period. As maturity
approaches the nitrogen in stems, leaves, and head chaff decreases,
indicating translocation to the developing kernels. Percentages
of total nitrogen in top growth that is translocated to kernels
. has varied from a low .of 56.3% in C.I. 13636 to a high of.:76.6%

in Thatcher." ie year, location i v “iety seem to influence
’jtranslocation. ; : S

" 'In 1966 we obtainedlr:
'location of O 89" and’ 0. 5] ‘ .
vs. the total’ weight ‘of tops (Table l),'
" of '0.88 and’0.93 between grain nitrogen percent and the grain to
straw ratio.

ies stgdies. An r value of
0:91° was obtained by correlaging“the predicted values with those
M;actually obtained._“ - T T e B

'The ‘amoufit of top ‘growth 1s. one'of the keys to. nitrogen content.
A large amount of top growth ‘with a small grain 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 Trrigation Dryland
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 WE BREED HIGHER PROTEIN IN WHEAT?

(Abstract)
V. A. Johnson, P. J. Mattern, and J. W. Schmidt

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
varleties:. These protein increases could be achieved without re-
" duction: in grain yield. ~

- Our high protein selections possess several, but not all, of

the specific quality and agronomic tralts 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 1s closely associated with
adult leaf rust resistance. With few exceptions, high protein selec-~
tions from Atlas 66 crosses with Comanche and Wichita also possessed
the leaf rust resistance of the Atlas 66 parent. Other investigators
have made similar observations.

We have been unable to demonstrate that 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 protein 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 acilds.
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GENETIC AND ENVIRONMENTAL CONTROL OF NITRATE REDUCTASE IN
WHEAT . AND . ITS: INFLUENCE ON. INCREASED PROTEIN PRODUCTION

(Abstract)
L. I. Croy and Ei Li Smith

. In view of the. gurrent interest in.world protein production and
the long-time irnterest in higher:wheat protein,: .we believe it:is
important to vigorously study the nitrogen'reduction system:in’wheat.
We belileve that study of this bilochemical system in the plant should
help us- better Understand and increase protein production of wheat.

o Research to date indicates that there is a . good correlation
between the. Nitrate Reductase activity (NR):and protein production
in wheat. Also increasing ‘the 'level of: N 'available':to the wheat
plant is conducive to higher NR levels and higher grain protein.
Increased..temperature abdéve an optimum reduces: NR activity and a
... - variety; interaction: with: temperature has:been observed.  :The in-
.. heritance of: NR.in icorn appears to- be simpleJ probably controlled
by two gene;pairs. .. oy o S o Dot T

We-propose to conduct further search to identify wheat geno-
.»types -having:high NR levels: and high protein levels.: Also genetic
..studies will be conducted to determine the-inheritance of NR in-
wheat.. We. will continue studies.on the effect of timing and levels
of nitrogen fertilizer application-.on.NR:and grain'protein..‘.
Environmental effects; ‘especially. temperdture’ and moisture levels,

- will be evaluated- further for their effects on NR and grain protein
production. - s R S S L L S
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INCREASING THE PROTEIN CONTENT OF HARD RED WHEATS

D. W. Sunderman

“have increased considerablY-:A U

Reasons for the small® increase in protein ‘content ‘arée as
follows _ L
l. The" heritability of protein COntﬁ”f‘is very Tow making
" -gelection” for high' protein il earIy'generations rather 1
unreliable.

2.__Varieties with high protein cpnteipﬂ(e}las 66 ‘and 50) had
-*many undesirable qualitylcharacteri‘tiés, some “associated
with' protein, making selection rather difficult.

3. High protein content is highly correlated with large loaf
volume, Varieties exhibiting exceptionally large volume
often have “inferior bread grain and: te ‘uré and are dis-
carded, since these charactéristics’ are‘generally 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, Crim,

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 yleld-protein relationship will
remain the same when available nitrogen is limited.
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Table 2 shows protein-yeild-duality relationshib'of commercial
Idaho"wintgr wpeg; varig;ies andﬁthxeeﬁh}gh.pxotein daho, selections.
Under irrigatior te nitrogen,, the selections had a,higher

nde on with adeguate 1
yeild, protein content and total protein, than; Tendoy, .Op dryland,
where’ nltrogen was a limiting factor, eld gf(sgle@ ign§ny1th the
higher protein contents was lower, and" only one of the selections

produced more ;otalppgqggin than .

I,

) Ques;ion§ which QHgt be gngyered bef9;§[§ goncgrted effort
is'made t i:‘ gaﬁﬁ wh eat p:?tgiw cdntgnt,ofﬁdry;gné, arieties grown
in Tdané are: :

e

) a
qsg avafIaBie qitrogen
srieties?

-t } -

a4
as..v,zel




Table 1 - Yield and quality obtained on vaxieties grown at Aberdeen Idaho,ton irrigated 1and fertilized

with 100 pounds of nitrOgen.fa,_v : : T , . .
JUR Test wt. Yield . Protein n\'Flour oo Peak , 1ng boughll Leaf fiBtéad characteristicsl/

Variet& lbs/bu bu/A . ?Zy 1bs[A Sed. yield Abs. min.‘M T. time type volume" ExQ.E Grain Texture’: Color

Thatcher ‘61 1 3 %~7}
Selkirk .. "59.8. . =67
Austin . 60.6 - ' 65.
Chris . '61.3 . .73
Criﬁ;:“f,ZGO 8"?1,;805
ND 824" - 63,1 ;- 87
NP 832 :62 S 85;

f‘16 st 719 42_ ’72 7 65 4 q; 1oo
°17.0. 683 48- 769, 64  5.00 407 1
. 17.5 683 60. 69 66 .-6.5 .80 1
17,0753 507 269. - 66 _ 5.5 . 60“' 1
©5.5! 1
8.0 2
8.0 2

840 5.

790: = 5. -

g15 5.

8000 57
5 =
5

17:4, 837 54~ 7L 67 60
. 17.07 :888 58 69 Y 90 -

.17.0 ';876 68" 66 ﬁO :

L MO ON
NN N

CONNN 0 0N
muununuun

:';':f;;. T 'Z', k L e LA

Table 2. Yield and quality data obtaineg on; wintet wheat grown under irrigation at Aberdeen for 2 years and
on dryland at Tetonia in 1967.- Tl Dt ks _.:. -

3 C 1..or ~ Test wt. Y1e1d~ P}dteiﬂ”kfi} Flour
5 Cross 9. lbs/bu Ebu/A A lbs/A ~ Sed. yield

‘f._;A589A~133’ 62.2 . ©.-73.8. 15,3 613%a1fe47 67.8

., © =135 61.6. . 75.1..715.0 676 = - 46 69.2
¢A615-5 -1 .. 63.1, " 76.1 . 14.7 671 - -~ 55 69..1
~c1 13426 © 61.9. °70.6. .13.9 589 : 44 69.9

Itana X Atlas 66 B 'A589A~133 62.6 48.2° 13.1 379

T -135 62.5 50.8 13.0 396
Td 3x 7Lee 2x Cns x Au  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

09
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THE EFFECT OF INCREASING THE NUMBER OF CHARACTERS -
UNDER SELECTION ON EXPECTED CENETIC GAIN .
FOR OTHER CHARACTERS* :

-E. C. Gilmore

I would like to say:at the outset that ideas expressed in this
paper are not original. Most breeders are aware of the; implications
of increasing the number- of characters ‘unider selection.i: I would hope,
however, that the example -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 characters ‘to; the standard variety
acceptability.

‘Expected genetic gain (G) expressed as-a function of heritabil-
ity and:the ‘selection differential is g .
G=H (P - P)
where - H the heritabili_y, is the regression of genotypic value on
phenotypic value, and (Pg ~ P), the seléction differential, is the
difference between:the means of the selectiéns and the population
- «from which they were selected When truncation.selection is prac-
 ticed for a character having a normal distribution, : (P - P) equals
ko,, where. k' 1s a function of the proportion of the population saved,
;whgch is  frequently called the selection intensity. As the percent
of the population saved increases, k decreases; and’ the selection
. differential decreases, reducing expected genetic gain.

When equal emphasis is placed on selection of:n- characters
which have no genetic correlations and x is thé proportion of the
population saved, the selection intensity forvone;character equals

*‘E./ X . E ‘ g . o ‘ x"ﬂ' ; .

‘ Let us assume that milling and’ baking ‘quality of a variety can
. ‘be completely defined by milling per¢entage, “flour ash content, mix-
'ing time, loaf volume, and‘crumb texture. . Certainly breeders and
‘cereal-chemists wish quality were so easily defined. . Let us also
limit selection for agronomic characters' to yield, test weight, and
straw strength, which make -a total of eight characters under selec-
tion. Let us also assume there are no genetic. ‘correlations among
these eight characters. ‘If only one:out of, 100 lines tested is
saved, the selection intensity for one character then becomes‘£/ 01
or 56%. .Under the conditions we have described the selections for
' this character would be a random sample. from the. upper 56% of the
distribution; and the mean; of these selections ,would 'be .70. stan-‘
dard deviations higher than the mean‘of the" distribution.~ In com-
parison, 1if milling and baking quality were ignored, the mean of the
-selections would be 1.33 standard deviations higher- than the mean of
the distribution. The genetic advance for each character would
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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 simultaneous selection, and for this discussion
it should be sufficiént to point out that desirable genetic corre-
lations tend to increase genetic advance and undesirable correla-
tions tend to decrease it.

The question to which we should 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 and baking characters-had a very high desirable correlation
with agronomic characters., Rather, the question is "What are _proper
relative weights fo place on all characters under selection so-
that the maximum benefit to soclety may ensue?"[ That this be'"
done 1is of paramount importance if. wheat improvement 1is to reach
its potential. TR



ept qz 1 na .
'that the- prOtéin “From” the’briginalyline, “wheén' compargd electro-n;
phoretically with other lines and varieties, differs in oné. 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 assoclated with
an altered electrophoretic pattern. In addition, an My population
of Chris that has been treated with ethyl methanesulfonate is being
screened for high and low levels of protein. Of the 600 My 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 pcpulation is approxi~

mately 15.57.
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WHEAT DISEASES AND QUALITY
. K..F. Finney

We have found'thatﬁsoil¥borne;mhsaic'virusd wheat<streak-mosaic
virus, and . scab_are diseases that affect the quantity and quality of
«wheat protein. R {5A aot :

Virus Diseases-—Remarks about the two virus diSeases pertain to
experiments reported by Finney and sii1 in Agronomy Journal, 55:476-478,
.+ 1963, Fifty-six tests represented several .wheat varieties, several

.locations, -and 4 crop years.g_ . :

Grain samples from wheat plants infected by soil4borne—mosaic or
wheat-streak—mosaic virus had milling properties that were inferior

.- "to, - protein quality and mixing properties that were equal to, and

water.absorption, protein .content, and ''as received",loaf volume
- that were distinctly superior Lo, those of the corresp nding controls.
Forage samples of winter wheat varieties susceptible to and infected
‘ by,wheat-streak-mosaic virus were significantly higher (0 1A 1evel)
_in protein content than those of healthy controls. ;,
Scab-—About 15 pounds of scab infected H. R. W; wheat was
separated by hand into what appeared to. be a 100/ scabby sample and
a normal or brown sample of wheat, The normal’ (brown) and 8cabby
wheat samples vere present in the original mixture in, the ratio of
4. parts of normal (brown) to 1 part of scabby (white)

ProteoLytic activity indicated that the brown sample was about

16 days preripe, whereas the scabby (white) sample fepresented a
. ~stage of development of about 22 days. preripe.é In addition, the

- scabby..wheat contained about twice the wate -soluble protein content
of :the brown wheat.,- These data for proteolytic activity and water—
soluble nitrogen. tie in consistently with, previous studies of the
. laboratory concerning the . chemical and, baking properti s of wheat
harvested at wvarious stages of maturity. ccordingly t, appears
that: the 100% scabby wheat simply .was killed ‘at a sufficiently early
stage of maturity (22 days before ripe) before appréciable gluten
protein synthesis had occurred, thereby accounting for the inability
.of the: proteiniin the flour milled from 1007 scabby whéat to retain
-the carbon dioxide- produced during fermentation. Previous studies
have .shown. that baking characteristics usually are. about normal
(compared to ripe samples) as early as. 16 days preripe, and above
»rnormal 10 ‘to. 14 days preripe. R . :

P g e, L
DR RPIPENAS SN Lo

.‘\‘w :
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CAN AMINO ACID RATIOS BE ALTERED? HOW? WILL QUALITY SUFFER?

I think we can start with'a positive statement that yes - the
ratio of amino acids in wheat can be altered. Wheat is a biological
system, and all biological Systems can be altered.,

A logical approach to éutering the YFatio® weuid be té f:l.'nvd’
wheat with a more desirable amino acid ratio and then>use: itiadva
.parent in breeding Programs._ The data, although somewhat limited,
' suggest' that édcﬁ"“‘ ﬁheat xhéy xfot’:"’exist 1n [ in‘ yresent 'arieties.

* Thé proteins’ fi’ wheat' ‘can bé d:lvidé”d iﬁto two gehe al cl ses,
the endosperm and non-endosperm proteins:”’ This separation is:made
,. When wheat is milled into flour. The endosperm proteins contain
ab. ut "2.2% _comparéd t “the &%y 1ys:1ne “in’the noh'endosperm proteins.
5 quld have' d high-1y: wheht"'1f' ve' significantly ralsed

the' 5n~éhdosperm wattef dd wheat: - HoWever,  this
1d e;‘ the milling quality 'of! the: wheai ‘‘and would mot
Mot utritious ospérm,  The’ ‘endospérhproteins:: ‘also
.. .Gan be div: roups 1y ‘gluten’proteits and water~:
*"and ‘salt-solubl 'protefns. ‘The Water~' and’ sdlt~sclible proteins
are essentially't‘h same’ proteins £ound’ #ii ‘the' bréti,;” an'd-thus -don-
tain about 4, M J.yg;l.ne. . The gluten/ protein contains only about
. L. 14 1 si; ' The, ;i‘ Pro eins’ can bé ”divided iﬂtd "2'’groups,

. bu ‘thesé! do not’ Vary mitéh’ 14 Iysine con-
3 e ratio atex; lubieto ‘gluteén’ Protéin’ varieés, ' In

' general, the per nt’ pf water-soiub*le Pprotein A8 highe¥ at ‘the -
lower proteiri contentd: * Thus', ‘the lowdr ‘thé ‘protein’ conterit of
wheat the higher ,ghe percentage of lysine. This must be taken

......

n searchtng £ h gh-1y$ine varieeyJ

d scribed bg _‘Df : :
Zein, _,whichiéorfesfgonds r.d glfaqin‘in "wheat ,"

sbout ‘a higH&Iysine 'wheat obr&ineédﬁ“a ‘manner: comparable
to ‘”ai&ef‘ 1t vould Have’a white ;' éhalky, ‘nom=vitreous
"'endoéperm,ﬁa“low tést wéight"(dué to a—low’denstty kerniel), “and
probably a low yield when considering wéight ahd ot ‘bulki:-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

accurred, 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 example a change of from 3 to 4 lysine residues
per molecule of a gliadin protein (50,000 molecular weight) would
only change the lysine content of that protein from 0.8% to 1.1%Z.
Based on such a change, the increase of lysine in the flour would
be 0.04%.

The effect of the above changes on quality would depend on
whether the emphasis is on baking performance or nutrition.v From
a nutrition standpoint, the quality would be greatly improved.f y
From the point of view of the’ baker the quality probably would be
poor. We probably would lose the properties that make wheat so
uniquely suited for leavened products.,gl , ‘
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clent high'protein lines with’suitable hard vheat milling and -
baking properties can be obtained. Selections with 1-2 per-
cent more protein than Kaw were isolated that had good milling

properties and baking properties that were equal or better
than Kaw,
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PROTEIN, FERTILIZATION, YEAR, AND BAKING ABSORPTION
W. C. Shuey

. There 1s evidence: to 'show that the protein content of thée wheat
is inversely proportional to yield for specific selections. This
can be partially overcome by fertilization, however, varieties
respond differently to additional nitrogen, and the protein
synthesized is of different quality. - ‘

N Table I shows the response of 3 varieties to 3 levels of
nitrogen and 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 differently 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 crop years. Not only- does variety play a
- role in response, but also year and 1location. ' Careful perusal
.of the data reveals that a variety may respond similar. to a.
dif ferent variety grown at. one location when it is grown: atqh
several locations and in different crop years.

‘ The ‘data presented show that: . (1) protein can be increased
.by.breeding (Variety. A versiis Varieties B and C), (2) amount of
nitrogen, location, and crop year can alter the amount of protein,
cand (3) the composition of the protein must be altered under these
conditions since the baking absorption responses'were different.
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i GTABLECTL AT GiunnT Ut
SAME, LOCATION, YEAR, AND METHOD OF APPLICATION

Variety Ak | Varietz B "Varilety C
Treatment Wht. Bake Wht. Bake Wht. Bake

neii e Proet Ab®sahi 0. - Prowi Abs,

DY i Ty Cimd oot e
SAME METHOD OF APPLICATION
AL " e .’;Location A . ;. Location B, -

.:Crop. .t 1967 1.Crop = £:1966: Crop:q-:1967 - Crop
el xBakce o Whities & AWht. IBake: «:Wht..:Bake

P Prar._ ‘Abs%iz s Prow. . 'Abs.

e, R . . - P Y el
[REN BRI - I S ted S R TS LA D S R T i S A s

Treatment:. &
1bgw: o/ N i

i 18.5.:70,9 - ].-'*]'_.{".'9 59.0
3¢ 21.0:270.9 ;1648 168.2
£ *19“ 5704 9:‘;::.; J.7 2 66 3
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LYSINE . DIFFERENCES IN. THE WDRLD WHEAT COLLECTION

(Abstract)

_P. J. Mattern, D.. A. Whited, V.-A. Johnson; and J. W. Schmidt

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. )

' The Nebraska Experiment Station in.cooperation with the Agri—
cultural Research Service 1is systematically analyzing all of the
" common wheats in-thé World Collection maintained by the U. S. Depart-
" mént of;Agriculture,to identify new sources of high protein'.and
high lysine. The research is:being supported:by:the Agency for
International Development, U. S.-State Department. -More than 2000
wheats from the Collection have been analyzed.to.date.

Lysine is anaIyzed in an’ acid hydrolyzate with an amino\acid
analyzer- which has Been modified with four short columns for basic
amino acids. Samples are run’ sequentially in’ about eight minutes.
Protein is determined by the Udy -dye-bind method These samples
which show promise are also rechecked for protein by the Kjeldahl
procedure.

The correlation of protein with lysine (expressed as percent
of dry weight) over the entire range of protein encountered among
2079 wheats was +0.8l. However, the correlation of lysine .with
protein within 2% protein increments 1is 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 restricted ranges of protein is largely random. S

. A low.negative correlation of-—-0.48 was obtained when lysine
as a percent of protein was correlated with protein. The corre-
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 1. 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
encountered was 1.77%Z 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 39797 wheats analyzed.
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Whether these whestsd. have ipromise for-breeding ‘Higher 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
will be found.:.Improved:lysine'level ‘combined with 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
the Wbrld Collection, S U O ,

NOT. e vl Orig'inJ IS

22 “C ArabiaT
: 15 .
'?133571
1180 ¢

V/E'(2079 samples)

o - . s A W iael
. . v C e [ P P e

1/ Dy welghe baste.
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WHAT IS THE IMPORIANCE OF THE RACE CONCEPT AND NON—SPECIFIC,

v:multiple genes and»multilineal varieties.j,iw TR

GENERALIZED AND HORIZONTAL RESISTANCE V&.  SPECIFIC SPECIALIZED
VERTICAL RESISTANCE, AS RELATED TO DISEASE AND INSECT RESISTANCE?

.,é;wnj:' (Abstract)

.W‘E; £1.Sﬁé£p«rmi.“..". :

Vertical specialized or specific resistance in a host is directed
against some physiologic races of a pathogen but not’others. ' In many
cases genes for resistance in the host are known to- ‘have ¢ounterparts
or corresponding genes for virulence in the pathogen. The race con-
cept is founded on this type of resistance. Vertical resistance re-
duces the initial:inocélumi: It 1is* relatively easy: to:work’ with,
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 into re-
sistant’ivarieties byra:number df pathways: incluﬂing pairs of genes,

: ';é-:~HorizOntal, non-Specific or. generalized resistance operates
-~against all-physdiologlc’ races sand:usually results:in.a modérate
“degree .of .resistance. .It.reduces: the infection rate, :1s.probably .
’best: exemplified -in’the resistance«of some-potato.varieties -to late

.ﬂsblight -but "is .applicable-to other: ‘host-pathogen systems.:;Some

.. .attributes of  horizontaliresistance-are:difficulty in.obtaining

infection, reduced sporulation, lengthened/incubation:period, slow
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 striiformis (stripe rust).
The results are summarized in Table 1.
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Table. l,, Summary of . stripe xust infection ; Lypes . conditioned by
major and minor’genes of 8 : DRI

iy

No. and type e .Mean infection type
of resistance genes SR 15/24°F. at 2;,8°C
None :

one minor

b

e e . . o T
v " P I. 178383 is nearfimmune to a Bozeman isolaterof stripe,
rust. One major near.dominant-geéne:cénditions: the: ireaction.: In
the absence of the major gene, 3 recessive additive genes conditioning

. rust reactionican be:detected. :: Thesé minor:genés all cotidition more
~reslstance:.at:a’higher: temperature-profiles: Differént genotypes of

By sgriiformis avé:being evaluated in‘an attemptito:détermine if the

resistance:.conditioned-by” the.minat :genes :isivertical:or horizontal.

A gtripe rust resistant:wheat:variety.(Crest) devéloped, from West-

»mont X P. I 128383 by conventianalfmethods“canbains anly thegmajor
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WHAT IS THE IMPORTANCE OF THE RACE CONCEPT TO WHEAT BREEDING?
" 'L. E. "Browd‘er.:' o

The “importance of the race -concept-to wheat breeding is dependent
upon ' thé wheat breeders race conéept. The ‘concept that race is a
- stable, 'hard and fast, ultimate ‘means of classification negates its
usefulness completely. But Af one imdérstands race ‘as:-a‘term to be
a flexible; artificial means of ‘categorizing &ertain 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 equally well on any set of differential
" host varieties 1f thé information has been published ‘so that odthers
" may understand the mearing -of race numbers and-if the “set" 'is des-
ignated in' the race désignations. Thus, Wwe may havé UN races, NA61
races, NA65 races, and others as well as Intérnational Standard races,
which are the classic races.

The gene-for-gene relationship is generally accepted to be the
‘basis for pathogenic -specialization. ' 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 parameters which these studies seek to estimate:

1) virulence frequencies, 2) virulence associations, and 3) virulence
distributions. These parameters can best be estimated directly, from
.original .data;rather ‘than by extracting-them from race.data. The
numbers of combinations which need.to be.studied may eventually
limit the :practicality of assigning race numbers to.them at all.

This whole area.of work in wheat :leaf rust work. presently 4s in a
‘state of transition.,_Some,. better.ways of presenting data need to
be found. o PR T -
_ I would recommend that we con51der pathogenic specialization
. data in the. foxm which -the phenomenon .functions in - nature--ie genes
for host.reaction.-and genes. for parasite gathogenicity, and that we
use survey:data to. dec1de which .genes for resistance to use rather
»than what. races to breed ;against. : e -

Finally, a word of caution, we should never assume to equate
- adult plant resistance to rust with :generalized resistance.’ Such
- . reslstances have proven to . be quite specific in seVeral cases.
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~ 'REPORT 'OF THE SIXTH CONFERENCE OF THE NORTH AMERICAN *
- VHEAT LEAF RUST RESEARCH WORKERS COMMITIEE

L

'"*fiFebruarYJZVSQ 1968F“;’> _*f T'?

Manhattan, Kansas -~ AR

The cohmittee and Visitors: met' informally: for dinner and dis-

"cussion on- February 4.’ An ‘agenda: was set for the' February'5 meeting.

' The'discussion’ centered around genes which modify" the-effect of
other genes, the specific or non-specific nature of' such ‘genes and
,,'methods of demonstrating their specificity or non-specificity.

The committee convened at’ 8:30 a.m. on' February 5 Discussion
began concerning principles of appl¥ing- information of specific
'fhost.parasite relationships to diséase control and the 'kinds of host

. materials which are’ of’value in studying parasite pOpulations. The
‘general categbries of host"lines’ having: (1) "Universal Resistance",
~(2)*'kniown single genes for resistance, 3): ‘combinations of known genes
for resistance, and %) genes’ ' for' ‘adult” plant résistance Wwere- consider-
ed. Increased knowledge of the resistance génotypes of host: materials
increases the potential value of studying the North American differ-

 ‘entialset: for Puécinia recondita. f: spiitriticl., The-decision was

made to meld lines containing certain single genes:for:resistance

from the International Standard Differential varieties with two
“Iines, each having one gené’ from Exchiange (YE". and "L"),’ and the
‘variety Anivetrsario ‘(of unknown genotype’ for' resdstance) 1ntd. a

North American 1968 (NA68)" differential’ set..:A report destribing

this set and a key for nomenclature of virulence combinations’ will

be published soon. All workers are encouraged to submit host materials

Loy

435NA committee. This may Be done by contacting me.~ P

A statistical tool for evaluating aSSOCiation of parasite genes
for virulence and derivation of information about genotype of the
“'host lines from data obtalned insurveys was discusséd as well as
the potential value:of: virulence.assbclation data’in choice.of
- specific resistances for' disease: control.L - Improvements. in methodology
and equipment used in making surveys: so’ as- to provide better data
more efficiently were discussed.

Dr. E G. Heyne met with the committee to discuss nomenclature
. -of ‘genes for specific leaf rustiresistance:in: whéat and the:symbol-

“ization of host:parasite  génotype. interactions.. . The committée re-
solved to recognize Dr. Heyne as a "clearing-hbuse!. for'thé assign-
ment of gene numbers in the LR series. 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 some cases is recognized.. Symbols other than numbers.should be
used in these cases. - A. uniform means of designating ‘host genes
and alleles was deemed ‘beneficial and such a designation system
was agreed upon. A slightly-different 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 recently developed for use in making surveys
of pathogenic potential.

. The- committee:then reconvened. in conference:to digcuss. the
. value, and use. of non-specificity. in rust contro ossible mechanisms
. and, the measurement. including, early testing of non—specificity were
the chief topics considered. L S , C

The deposit of cultures of P recondita f. sp. tritici in the

. Plant Rust-Collection of the- American .Type Culture Collection was
. considered and. deemedvof great importance to, future scientists

- for. comparisons as.well as providing. reserves ‘of today 8 working
cultures and vouche cultures for published research All rust
_.workers, are»encOuraged to; make use of. this collection. Cultures
¥ deposited as "Restricted" and "Red. Label" cultures vhere

- their distributiOn is.. carefully controlled to avoid escape of

.. dangerous cultures. e e B T

- Some of the previous work of the N JCommittee has been published
-guin three papers.i' EEU e . L -y

f

ik 1.‘ A COMMITTEE OF NORTH AMERICAN WHEAI LEAF RUST RESEARCH
- WORKERS, :-1959. .. A propesed. modification of .the system of. wheat
: leaf xust: race identification and nomenclature. ,Plant“Disease Reptr.

i 43: 6l3~615

. 2 A.COMMITTEE_OF NORIH AMERICAN WﬂEAI LEAF RUST RESEARCH
WORKERS. 1961. The:North American 1961.set: of supplemental differ-
ential wheat varieties for leaf rust race identification. Plant
o Disease Reptr. >45 444—446. HRRRTR h e T Coon .

'

......

: 3 Young, H C, Jrn, and L E. Browder.,;1955.ﬂ‘1he-North
American 1965 set of: supplemental differential wheat.varieties
‘for identification.of races-of:Puccinia: recondita f sp. tritici
- Plant. Disease. Reptr.: 49: 308—311.;w:;:@ 3 P

( Lo ,‘

Reprints of these papers are available through the secretary.

'1>Committee membere present—at the sixth conference were W.-Q.>Loegering,
. Chalrman; D::J. Samborskij J..F.: Schafer, H. €. Youngr, Jr., and
L. Ei Browdery Secretary.' o B T L e
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BREEDING FOR RESISTANCE TO BARLEY YELLOW DWARF VIRUS IN WHEAT

(Abstract)
" Paul J. Fitzgersld and J. R. Thysell

. Barley yellow dwarf studies' .at Brookings-are directed: toward
. locating useful sources-of tolerance or resistance to:the:BYDV in
wheat, the development, of resistant breeding:lines, and.the :study of
-the. inheritance .of resistance: to the virus. :Concurrent with:these
efforts. have ‘been: several special studies to.determipe: factors
affecting symptom: development :and the effect of the virus -on yield
. and.quality. A special study is in.progress to measure: the effects
.of aphid number. and plant. age .on: the response of. individual plants
-to.. infection with the BYDV. Lo - S

Screening of lines for resistance began in 8- 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 F, plants in the greenhouse, as F3 lines in
field plots, and as F; lines in a replicated yield trial in 1967. The
yield trial also included several selections from the Rockefeller-~
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-kernel 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
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These varieties were crossed and their progeny was advanced to the
F3 generation before testing. Parental lines and the F3 progeny
were heavily!infested in- the:seédling stage with viruliferous
Rhopalosiphum padi aphids. Approximately 100 primary tillers from
each parent and 500 from the F3 progeny were harvested from infested
“..and’.contrel plots” fof“inﬁividual’héadfanalysis. “Preliminary
-analyses-suggest-a“elose apptOximatibn ‘o a’ Aormal” distribution
© curve.:'A partial sdmmary of théseidata: ST présented” in Table 2.
" THé ‘moresceiticdl anslysis: in '1967: indicates that-the’ parental
. 1ines :did not :réspond inithe ‘manfer as: i the 1965+ trial fiom which
they were selectedroiIt fg: encdutaging,*hbWever, ‘that'déveral lines
. froms’ theuprogeny éxceed ‘the ‘mean’ of’the»progeny contfél for''seed
*'numbet . and '$eed- welght . r If :différénces ‘obbetved are heritable
rather than chance variation or escapéTof ‘Infeéticn, prospeéts
seem good that BYDV-tolerant lines may be developed from adapted
:'varienies orfselecttons.==~ e
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Table 1. Performance of selected spring selections inoculated with
barley yellow dwarf virus in field plots at- Brookings, S. D. 1967.

Yield in bushels/acre Percent‘ — ~ Standard errorl/
Selection Control ‘Ioculated - control ! (adjusted t)

From Brookings Program

65264-23 3.2 - 29.6 - Qsé{Sf s
Crin 38.8 s é%;og ;fi _~fﬁs
Chris 0.6 o268 o sz s
6516A-13 38.4 0.6 o ?Zél??ff ?f NS
6516D-12 .2 ol 95N
5244-20 B8 e w5 s
6529A-22 30.6 U234 - T76.5;”‘ 5; ) {Ns
65244-22 %.0 . 2m2. 756 Cx
65314-24 %6 258 746 . D N

6516D(SB) 33.2 24060 T4 s

From RF-Mexican Program: -

$4027 30.4 33.2 109.9° .1 NS
53981 26.0 2,00 o923 U ows

Mex 30 30.4 2756 - 90.8 '+ . NS
$3987 25.6 Coads o sea1 © s
TaPP-An6d 240 G212 U 883 7 ns

Penjamo .  30.6 26.4 - 8.3  ns

1/ * = Treatment means are different at the .05 level of significance.
NS = No signlficant difference between treatment means.:x



Table 2 —-Partial summary of individual head analyses from hard red spring wheat parental and F3
progeny plants infested with viruliferous aphids.

Variety o ~ Number of kermels Weight of kermels mean of cont;ol

and S ‘Total " Total Range  "'Mean No. of Weight of Both kernel no.
Generation -~ Treatment - heads’ Range Mean .heads - g .© '~ g kernels kernels—g and kernel wt.
Minn.II-54-30 Control 87 17-51 33.1 87  0.451-1.750 1.066 41 36 .33

Py Inoculated 84 2-49 25.7 84 0.050~-1.600 0.624 12 -3 o 3
ND456 *. Control _ 86  21-46 33.7 86  0.701-1.700 1.313 46 s 3

P,. . Inoculated 78 . 4-38 20.1 78  0.101-1.500 0.551 ~ 5 2 -2
6651A . Control 463  14-68 36.4 456  0.140-3.570 1.261 194 226, 151

(PleZ‘) Inoculated 469 1-56 25.0 481 0.019-1.711 0.565 29 21 _ 9

18



SEEDLING AND ADULT PLANT RESISTANCE TO STEM RUST
D.: N R.» KnOtt< RV TP o

I have tended to be skeptical about the importance of adult
resistance, partly because: there have 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

S only in the field. HE § began a study of these]two varieties because
. I.was: interested»both .in:their genes- for: resistance and the: relation—-
ship of the genes to. adult plant resistance,~ T

o o ot
Baokcrosses of both varieties to Marquis were studiesn - For

seedling resistance to race 56 each. variety had.a single. dominant
gene on chromosome 2B (XIII). A line carrying only this gene, Sr 1,
was:hot’ as..resistant as Hope and-H-44...In field tests with race e 56,
8r. 1 proved to .-condition moderate: resistance. However, a.second
- geney ST Sr. 2, wasi¢learly segregating. :dlene.it:provided. querate
' Yesistance.to race 56.:,0nly: families segregating. for:both.Sr 1 and
2 8r. 2 :hadiplants: that were, asxresistant as; Hope: and,. H—44 Ihe gene
82 Sr: 2 had; no: detectable affect in: seedlings. However, at the:seed—
ing stage also it was found that-only familieg segregating fgr both
Sr 1 and Sr 2 contained plants as resistant as the parent. Thus

w'in seedlings Sr. 2. modifies the resistance:gonditipmed by Sr 1
;while at the:adult: -plant sfage: the . two.genes; act independently but
their-effects are: additive.p .

Both variEtieSvalso carry as recessive“gene that,conditions
good resistance to race. 15B~1L.- . Its location has not yet, been
determined.

_ Thexresults show conelusively that Hope and H-Aﬁ«doqhave adult
plant resistance..»Itiis: inherited in;a:normal- fashiop; and it is
reasonable to assume that there, isia,correspopding‘genedfor viru-
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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QUANTATIVE LEVELS OF RESISTANCE TO STRIPE RUST

{Abstract)

WY KicPope
“ Wheat Selections and: populations as* observednunder stripe rust
1"(ggp¢inia striiformis) ét Mogcow; Idaho since’ 1960:show many :com-

“'“binations where- crosses: of susceptibleiorimoderately.iresistant

wheats produce segregates: more:trésisfant than:the bést:parent.
These genes act by dosage, are relatively ineffective alone, but
" produce additive: inetrements-of: resistance in most, but not all

:;"vnon-allelic recombinations.it» SEIpa T oevomen pamy il

i‘ . . ’E .

The* five arieties Cheyenne (res ) Husser (res ), Idaid (res.),

~"-:Comanche (Int:) andiwhite-elubs(suss )”will ‘produce’-additive; re-

. recessive

“sistance’ 1n ‘411" combihations: by two's. . The highly. susteptible

© Lemhi 62 functions™ as’a tissing ingredient with moderately’ resis-
! tant bolden“producing highly resistant:derivatives: that persisted
‘»“*further Fj -plants in 1967-with" additionally resistant«derivatives
s fof the Idaid % Oma omhina%ion.'zf‘ﬁ“: il . :

3

Many highly“resistant»varieties areﬂmultigene such ‘a8 Hshen-
:heimer whose resistahce cpuldinot be maintained:iaia fasti backcross
to the fully susceptible Lemli. In-éénttrast:in a backeross:of re-
sistant Cheyemne to Hohenheimer, it has been easy to maintain a
ihigher than” Cheyénne level -of  régigtance: by~ maintaining presumably
* only a part of the’Hohehheimer résistance: =* ... o

All highly resistant wheats including those with very dominant
genes" ‘havehad ‘more ‘than ' one’ gehe: for: residtancé:: ~Domltant and
- sistanice have: been’ disminguished Only by‘segregation
”'~~patterns and not: by phenotype pgmnd o ornet ;
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PHOTO SYNTHETIC .AND:YIELD-RESPONSES OF-GAINES AND
HADDEN WHEATS TO INFECTION BY SEPTORIA NODORUM.

=z (Abstract) =

o 1, Photosynthesls, ‘measured as GOZ,absenpttﬁn,ywas;meéSure& in
“~.Heads and:flag léavés -of Gaines and Haddén wheats. . The effect of
" infection:by. Séptoria modorum on:-rates: of ‘photosynthesis:-was-de-

"~ términied daily for 2 weeks’aftér-inoculation at.the flowering

stage. Yield was measured and “relatéd: to .disease symptoms . and
photosynthesis. Heads and flag leaves of Gaines absorbed COy
' :‘at"an avefdge ¥ate'of '5.98 mg per-hour duridg the :testcperiod.

U Sevepe iﬁfection redd ced photosynthesis by 46%-and yield by:57%.
‘Heéads and flag léaves ‘of Hadden absorbed €04 “at -an ‘average rate
if 262 ﬁg<per hour Moderate infection~reduced photosynthesis
: -by 144 and yieId"by 234 25 L

e e >
BRSSP B

Lo Higﬁ tate’ f?photosynthesis aré: characteristic ofih gh-%
—“f“yieIding varieties.< Changés in- photosyntheﬁﬂc igbildty “of noh
i .yariétiés ‘when ‘infected ‘by: ‘S /'nodorum wetre &6rrelated wit
the seed yileld of those: varieties. Measutement of ‘photo=: =
.., synthetic ability may be useful in selecting lines with high
E-"‘y'ieldi»ng pbtential “fn‘bfeeding’ programs. = Malnteriance -of
*-photesynthetic ability; and cénsequénely'yielding ability ;dn
W ‘spite ‘of infe€tion by "4 pathogén -may bBe helpful in 'sélecting:
“:Iine§ with resistance or”‘olerance te cerﬂainjdiseases :
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INHERITANCE OF STEM RUST RESISTANCE
IN SEVERAL VARIETIES OF WHEAT

. F. J. Gough and N. D. Williamisa/

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-SS2 of race 111, the most
widely avirulent race known, -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 111-8S2 than had

v been indicated by the dSe of a'more widely virulenthulture. - How-

- which-some: varieties possessed. ~For: example, 5 and - a gene in T.
dicoccum:Schubl. 'Khapli'; believed to be St 14 ‘were not. ‘discernible
,with the use- of culture Lll-SSZf;n o R T

TN ah oy

Objectives of the program were.a a)gto demonstnate the presence
‘“tor absence of ;.aigene<for-gene- lationship,“b) to develop -a.series
..of wheat lines ; each monogenicfor.a different gene for resistance,
:to:be-used. to: diffexentiate cultures, .of P, graminis .. f 8p. tritici
and as sources of resistance in breeding:programs, and ¢) .to select
tester cultures of P. graminis f. sp. tritici which would differ-
entiate genotypes-of wheat- varieties, selections, and hybrids.
Ideally, ‘the ‘eultures:would have different single. genes for..avirulence
each :corresponding te. a different gen n the series-of monogenic
wheat lines.w ;g,x,{ﬂ,w L e - . -

The first objective has been accamplished.d- 1€
never be to our;full sauisfaction since-almost all, varieties .are
resistant to culture 11L—SSZ,,and because new ‘sources of resistance
useful .in breeding programs -occasionally - become available. .The
third objective has received no concentrated effort.

From crosses of T. aestivum ssp. vulgare (Vill., Host) Mac Key
'Marquis', 'Reliance', and 'Kota' with T. aestivum 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 1D, Red Egyptian 2B, and Thatcher 2B. The lines

a/ The authors gratefully acknowledge the many contributions to
this work by the late Dr. Mario Rondon, Dr. L. A. Berg,
Mr. Hossein Kaveh, and Mr. Melvern Anderson.




- 86

derived from the substitution lines were developed by Dr. W. Q.
Loegering. Relationships among the genes for resistance are shown
in Table. l. . S S e

Several varieties of T durum Desf., two of T dicoccum, and
one selection of T.. timogheev1 Zhuk - were crossed with, T. durum
Marrocos 9623' Subsequent segregating generations were tested
to determine the number of genes which conditioned resistance
culture 111-SS2, and to isolate lines with single genes for re-
sistance (Table 2). ' The most apparent feature of the data in
Table 2 is the number of times that three genes for resistance
were indicated by culture 111-SS2. One possible explanation is
that the. culturé had three genes’ for avirulence which corresponded
to three loci in the host varietles. However, this hypothesis
weakened by the data obtained from Marquis, Reliance, and Kota
which indicated that these three varieties may possess as many as
six non-allelic genes for resistance.
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Table 1. The relation of genes for resistance to culture'111-SS2
of Puccinia graminis £. sp. triticl in lines derived from Marquis
.* " and'Reliance to’ thosesin Kota and in:linesi:derived- from substitution
R lines Hope 1D, RedJEgyptian 2B;" any .

Derived 1ineﬁ§fffu?i'*-*”“"-‘vf +

R1-B and Thatcher 2B - “~'Sing1e gene in common; Sr 16

Mg-C and R1-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 R1-C. Neither
gene allelic to Sr 9a nor the gene
in Hope 1D. The cross between Kt-A
and R1-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 R1-B, not linked with or
allelic to genes in other derived
lines

a/ Mq-A, Mg-B, and Mq-C were derived from Marquis. R1-A, R1-B, and
R1-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:which condition: resistance to-culture 111-552 of
Puccinia graminis f. sp._tritici :

Specles and vaiiéﬁ&,ﬂzb

... No. of_genes for resistance

@*,T dqum

‘\f-QArnautkad
Beladi 116c
7805

s issa Ll
‘:.Iumilloh¢:;;~.:> G

2“Kubanka
J~ﬂMinduma P
“&QpP It 9470la
o wPe Lk 19ZlGSa

. ‘Spelma g

. St 464"

- Tremez pretod

Tremez rijoc

T. dicoccum D

Khaplia
Vernalb

T. timozp.heevi-.d

N W W W W W G

"'.é';s‘, PR -
wiEer . \..1 +2 ‘de.jzfeiers

a Selected single gene lines intercrossed and crossed with
susceptible T. durum 'Marrocos 9623'.

b Single gene lines selected from F4 and backcross-Fs.

¢ Fy and backcross-F; tested.

d Cross made but segregating generations not tested.
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REACTION OF CERTAIN WHEAI VARIETIES‘AND SELECTIONS
TO LEAF RUST - OKLAHOMA, 1967 o

H. C Young, 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 greenhoiise 'at approxi-
mately 20° C. The tests with individual cultuies were not made
concurrently and, therefore, a certain amount of variation in
reaction was expected due to light and temperature fluctuations.
In all cases, the number of plants with off—type reactions was
noted. Those varieties or selections with off—type Teactions
were considered mixed or segregating for reaction to'one or more
cultures, Approximately 15 to 20 seedlings were-tested with
each culture and the reaction listed was the' reaction expressed
by the majority of plants. If a variety or selection was segre-
gating, a false ‘reaction might have been indicated with such a
small number of plants. . :

The response of most of these same varietieS‘and selections
to leaf rust in the field also was recorded. No artificial'in-
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 pathologists
and breeders concerned with leaf rust problem in wheat.~- '




Reaction to Leaf Rust Culture
Entry ~  Variety - C.I. or Source - 2-NA65- - 5-NA65- ‘  6=NA65-
No. or Cross - Sel. No. - 9 27 27 3 19 19 27 3 19 19 25 27 28
1. MA /1 L . 4898 LR INT O0' 0-0'0' & 4 4 4 4 & & 4 4 4
2, ¢ o o " 3756 DIFF 0'-10'-10'" 0'-20'-10'-20'-2 X 2-4 X | 3-4 2-4 X
-3, BV o 3778 ™ ~0' 0'-20'-20'-10'-10'-2X 4 4 3-4 4 4 34
"4, WST - - o 3780 " - 0' 0'-10' 0'-10'-10'-10'-20'-20' 0'-10'-10'" 0'-1
'5. LS - : 3779 M 0' 0'-20'-20"'" 0'-10'-10'-23-4 & 3<4 3-4 &4 . 3-4
6. ML - 3332 4 4 4 4 & 4 4 4 4 4 4 b &
7. 48 . 4843 " 2-4 3-4 3-4 3-4 3-4 4 34 4 & X. 4 3-4 4
8. DO - 338 " 4 4 4 & 4 4 4 -4 4 4 & & 4
9. DLR N 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 24
10. LEE o - 112488 DIFF  3-4 3-4 2-4 0'-10'-20'-24 2  0'-20'-2 2-4 2-4 3-4
11. WBN , o - 12992 v o' o' o' ©0'-0-0'O" O' O o' O O0' 0 0"
12, svL -~ - e 12595 " 0'  3-4 & 4 4 4 4 4 4 & 0" & &
13. ECH 12635 o' 0'-20'-10'-10" 0" 0'-10'-10' ©O' 0' 0'-212-4
14, ARS' 13228 NAUR O' 0' O0' O' O0' o' 0-0'O0-0'O'" O' 0-0'O' Q'
15. A6~ N 13523 " 0'-2 0' ~ 0'-1 0'-10' o0'-20' O0O' O0'-20' O' 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 2-3
17. Lco © - L4047 0' 0'-10' ©0'-10' 0'-10'-20'-10'-10'-20' 0O' 0'-2
18, TF -~ - - , 13483 " 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'
19. WK s - 13659 " o' o0'-20' 0-0'0-0'0O' O0'-10'-10' 0'-10' O' '
20, wp2 © .7 o : 13628 NATV 0' 0-0'0' 0-0'O' O0'-14 o' o0'-10'- 0' 0" o'
21. WBN2' - 14018 " o' o' 0* 0-0'0-0'O' 0-0'O0-0'O' 0O' 0-0'O'
22, WK2 14049 " o' o' o' o0-0'0-0'O' 0'-20-0'0'-10'" O0'-10" ('
23, L.R. 13651 " 0' X 0' 0'-10'-10'-3X 3-4 3-4 3-4 0'-4 4 &
24, LANI 14021 " 0'-10'-1 0'-20'-1 0' 0'-20'-10' 0'-20'-20'-20"' {'-2
25. LF 14022 " 0' 0'-20'-20' 0'-20'-30'-20' o0' o0' O0' O0O' ¢0'-1
26, ANEX 14020 " o' o0'-10'-30' o0' o' oO'-LO0' oO' ©O' o0' o' 0"
27. FREX' 14019 9' o' 0'-10' o0'-20' 0" oO' o0 o0 0" o' ¢
28, WIR - . 12110 OK TV & 4 3-4 0'-10'-2 3-4 X 4 3-4 0'-2 4 4 4
29, WSL ° : . .13090. ' 2-4 3-4 . 2-4 3-4 .2-4 2-4 2-4 4 . 2-4 X = 2=4 34 6‘
30. TP 14154 " o' o' o0'-10' oO' o0 o0-0'O' o' o' O' 0° ¢

gontinued--




»4

Continued -—-

Entry Variety C.I. or Source __ 2-NA65- 5-NA65- 6~NA65-
No. or Cross Sel. No." 9 27 27 "3 19 19 27 3 19. 19 25 27 28
31. KR/HF S63R5003 OK TV O’ 6-0'0' 0' 0" o' oO' o' 0'-10' O'" 0" 0O
32 SWI/TF 13853 " - 01 0_0' 0' 0_0' 0_0!07 0_0! o_o' 0_0! 0_0' 0_0' 0?0' 0_0'
33, L.B.J/TF S60R7919" 0' 0-0' 0-0' 0-0' 0-0' 0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0' 0-0'
34, CNN- ' . 8885 - CK 4 4 4 & 4 & &4 4 & 4 4 4 4
35, CCH 12517 " 34 4. 4 0'-2X X X4 4 X X 4 4 4
36, WL 11952 344 4 " 4 4 4 4 & 4 3-44 -4 4
(37, ™M 12132 " 34 4 4 - 4 4 4 & 3-4 & - 4 6 4 4
' 38, BSN 12518 4 4 34 &4 4 4 & -4 & 4 &4 4
39. T#SP/A%E2/PN 13020 " 0" 0'-10'-20'-1:.0'-10'-10" 0"  0' 0'-20" :0' 0'-1
40, . MQL/20R02/TM4/T*SP /A*E2/BPN3/PNC S589063" 0'-12-4 0" 0'-:0"-20"<20'-10' 0'-10'-10" 0' 0'-1
41 KV2/Fz/HG3/W38/WBS2/FF4/3TB P5396A4~ IND 0* 0' 0% 0' .0<0"0* O0' o' 0 o%"“ o' 0% o'
~ 2/HOPR/HMS5/ARS 114 N Co T e e e
42 (ONKNOWN) /2 P5517B5-5-1P=3<1 0'-1 X " 2-4 02X X X X X “0'10'-20'-4X -
43. (UNKNOWN) /2 P5824A1-1-3 " 0%~ 0' " 0=0"0-0"' 0" ' Q' ' 0-0' 0~0' 0-0" 0" -~ 0-0' 0' 0"
44, WBS/A.B2/AIV 13227 0'-1 0*-2 0" 0'<2 0" 0'-2X 0'-13 - 3-3 0'-20" 0'-3
45. AIV/2PNC S62R8530 OK 0%-2 0%-1 0" 0'-2 0' 0'-10'-30" 3-4 2-3 0'-10' 2- 3
46. BI/CCH2/ATN T59€773 TEX 0' 0'-20'2 0" - 0" 0'-30'-20' 0" 0" 0' X O
47. ATL50/FW1123 2/SUWON92/NRN66 S61R8529 w 0-0' 0-0' 0'~1 0-0' 0-0' o' 0' 0' 0' 0-0'"0" X o'
48. PSK : 14153 OK 0' 0' ¢'-10'-10" " 0'-10' 0' 0'-20'-10" 0" 0'-1
49, MQL/OROZ/PNB/FTN S61R8538 " 0-0' o' 0'<2 0'-2 0*-1 0'-2 0'-1 0" 0'<2 9'-10'° 0" 0'-2
50, BP PI203084 FOR INT O'  2-4. X-4 X ~0'° X=4 X 0' 0'-2%X" 0 X 0"
51, (UNKNOWN) /2 S61R8541 IND  0-Q' 0-0' G-0' 0-0' 0' 0-0' 6' 0-0' G-0' 0'-1 0-0' O' 0-0'
52, 2TMP2/T*SP/A#E $646395 OK °~  0'" "@'<10'" 0'-20'" Q' ©O'° 06' 0'-10'-10' 0" 0'-1
53. $646408 " 0'-10'-10'-1 0'-1 0'-1 0'-1 o'-1 ' 0'-10'-20' 0'-10'-1
54. KAW3/TMP2/THSP/AME 8646253 " g'-1 0'-1 0' 0'~1 0" - 0'-1 0" 0" 0'-1 0'-1 o' 0' Q'-1
55. 64KRANSADOR FOR INT &4 24 2-4. 4 2-4 24" X & & 4 - 0'-32-4 &4
56. 2TMP2/T*SP/A*E scs0123-9~3-2 OK 0'-10'-1 0" 0'-1 0'-1 0'-1 0' 0" Q'-l‘d'-l 0' 0' o0'-1
57. WI4/(WI3/T*SP/A%E2/PN)F1XR $64C984 ' 0'-1 0'-1 0'-1 0'-2 0'-1 0'-1 0'<1 0' - 0'-1 0' ©0' 0' 0'-1
58. 564c1028 " 0'-10'-20' 0'-10" 0" O' ©O0' O0' ©' o' 0' 0'-2
59, ML S 13369 TEX .. 3-4 4 ..0'-24 2-3. 2-4 2-4 2-4 2-4 X . 0'-2X  2-4
60. (UNKNOWN)/Z' ' P568B6~2-3P-2 "IND = 4.. .4 41 4 & . 0' 4 X 2¢4 X-4 4. & X-
61. (UNKNOWN)/Z P568C3-5 IND . 3-4 3=4 4 0' ‘3-4 4 4 - 4 4 X7 2-4 0'-4 4
62. (UNKNOWN)/2 P5752Al-1P-2 I, -4 4 3-4 4 4 4 4 4 X-4 3-4 4 X




Entry Variety Cc.l.or 2-NA65- 5-NA65— 6-NA65-

No. or_Cross Sel.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'-34 0'-2x X 3-4 2-4
64. o K63326 " 0'-2 0'-2 0'-2 0'-1 0'-2 0' 0'-2 2-4 0'-20'-20'-4 X X-4
65. 38MABO427 PI116015 FOR INT 0'-1 2-4 3-4 4 seg. 4 4 3-4 3-4 2-4 X 4 X
66. ARGENTINA C9556 PI117490 " 4 4 4 4 4 4 4 4 4 4 0'-4 4 X
67. RIETTE/QUALITY PI225157 ™ 0'-1 0'-30'-2 3-4 X 2-4 0'-2Y 2-4 X 0'-1 x4 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 P1113954 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 2-4 254 2-4. 3-4 2-4 3-h 3-4 3=4 2-4 - 2-4
72% DANNE- SEL C-129-16 S431 OK b by b4 b 3=4-4 4 4 b b 4 A4
73. CCHv 12517 CK 4- 4 4 - 0'-170' X: X-4 4. . X4 X 4, 44
74. SDY 13684 (K 3~4 4 & 34 & 4 4 4 4 4. 0'-4 4. 4
;75;.SUT‘% o 13546 CK 3-4 3-4 4 4 34 4 4 4 - 2<4 2-4 0'-4 4  2-4
76:_CDD;;i“ 13536 " 4- 3«4 34 4 3-4 3-4 4 & 4 4 4 2-4 4 o
77.'KAW61 L 12871 " b & 224 & - 4 2=h 3wh  3-4 4. 4 & 3=4. 4
78. PKR" 13285 " 3-4 24 X=4 0'-10' Q' 0'-24 2-4.X  -2-4 & = 3~4
79. DANNE- SEL C-145B4 S111 OK ™ b & 4 4 b0 & 4 & & & 4 b4 4
80. DANNE-SEL C-146-4 s118 . . 4 b 4o 4 b: 4 & b4 4 4 4 4 4
81. DARNE SEL C-141-2 281160 M 4 & b b b & 4 b 4o b b 4 4
82. DANNE SEL C-204'" s31 " 4 4 4 4 4 4 4 4 4 4 4 4 4
83." DANNE: SEL ~5-134 8124“55*f9~ - 850" " 3~4 4 & 34 4 -4 4 4 R
‘84% NRN167CT12500 2/KAW K63155 " & 34 34 4 24X~ X - 4 4 4 & 34 b ..
85. DANNE SEL C-140-E s307 " 4 4 4 4 3-4 4 4 4 4 4 4 4 4
86. DANNE-SEL C~155~2 % ' @ i%io’ 007§157 " A 4 & 4 G 4 4 A .
87. DANNE SEL C-132-8 5286 4 4 b & & & 4 4 3-4 & 4 4 4
88. SANDO HYBRID '§8684 M. 4 3-4 & 0'-10'-10Q'-2 X4 4 X X 4., 4 3-4
89. SANDO- HYBRID SS4149 " - 3-4 3-4 4 0'-20' 0'-2 X-4 4 0'-2 X. & 3-4 X-4
90. DANNE SEL C-61-19-1 S1219 " - 3~4 4 4 4 4 & 4 4 4 3-4 4 4 4
91. TMP/AG-- CT S646307 o* -~ Q*.«c0' 0'-10' O o0' O0' O0' oOo' oO' o' O
92. RAW/AG f'fﬁi;?*?”'~; .. S646255 " 0-0' 0'-2 0'-1 0'-1 0" 0!'-10'> 0" O0' 0'-20'...0' 0'-2
93. DAWNE SEL c-17o s e T R i T R R N e R




Entry

. Variety

C.1.or 2-NA65-_ 5-NA65-

No.

- or Cross¢ ©
0TT/C1‘T2fCCH/KAW3/TMP :

_ Sel.No. Source 9.+ 27 27 3 19

94,

$648735 OK 4— b & &4, A
95,

se4gjgs segregating S

i B:.J/CMNZ/TFB/I B. J/CMNZ/
T*%/IMP

4_

496 FOR INT 3-4 3-4 4

365317
13679

 97
. 98. 1
-:99.f1

'nl.

R : »55736
J/cmz"f'rmlx.n J/CMN2/T*0 5643966
/CITZ/CGH/KAW

100,
11)1.

102
103. BEZOSTAJA :
104. LS/6PD"
105. 7TIC/WST
106. “7T6/AFRICA43
+ 107. “6rC/D0

108, “6TC/M.E

109 “6TC/CTR
110 "6TC/ECH L

S649033 :

-OK

K]
11

FOR INT

" CAN
"
“
'.\Il
M
("
~n

4 4

4
3=
4
Q'
4
0

-0'

4
4 4

4 '3-4
iX X~

-4 X-b 4
Beb 2-4 &
0'-2-0"-20"

4 ‘4.1...;:‘
4 b b b
34 4 4 &
4 b 3403

0'-2 0'-1 0'-3x
0'-2 X -_x
X~4 0'-4 X—4
34 2-4 3-4
0'-1:0'-1.X
0' 0! . 0' sD'

2-h 0'=2.4 3=4 3eh

B=b b He b4 b
& 3_4 \ 4 A
S A

Bk 4 4
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B4 34 4 X
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3"‘4 (X ‘.-'X -JI 4
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i " 2-4 4 ‘,‘;.4;__; 4 E ,_4

113, 7VAERICA§3/6'¥9 .
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Reaction to Leaf Rust Culture

30.

.Ov

>Continued -

Entry , 9-NA65- : 13-NA65- Off 1967 Field Response
No. 1 1 1 1 7 7 13 23 Type3/ R S P
1. 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. 0’ 0'-1 o'-1 o' 34 3-4 4 4 0 - - -
7. 2-4 3-4° 4 2-4 2-4 2-4 0'-2 2-4 0" - - -
"8. 0 0'-1 o'-1 o' 4 4 4 4 0 - - -
9. o'-1  o0'-2 0'-2 0'-3 0'-2 0'-2 0" 2-4 0 4 tr 100
10. 0'~1 0' 0'-1 0'-2 o' 0'-2 4 o' 0 - - -
11. o' 0' 0-0' o' 4 4 4 4 4 4 tr 100
12, 0’ 0 0-0' o' 4 3-4 0’ 3-4 0 - - -
13, 0.1 o' 0 0t 0" 0=l o  0-0 0 - - - o
14. 0-0' o' 0-0' 0-0" o' o' 0-0' o 0 0 0 0 TS
15. o' 0'~1 0' o' . 0'-2 0'-2 0' o' 0 0 0 ‘0 :
16. 0'-1 0'-1 o' 0'-2 0'-2 0'-2 0'-2 0'-2 0 4 tr 100
17. 0'-2 0'-1 0'-1 0'-1 0'-1 0'-1 0' 0'-2 0 0; tr 100
18. 0-0' 0! 0-0' 0-0" 0-0' 0-0' 0-0' 0-0"' 0. - - -
19. o' o' 0-0' o' 0'-2 0'-2 o' 0'-2 20 segregating ,
20. 0'-2  3-4 3= 3-4 0'-1  0'-1  3-4 X 3 4 tr tr
21, o' o' 0-0' 0’ 4 4 3-4 4 4. 4 3 100
22, o' 0'-1 0-0' 0-0' 0'-1 0'-1 0'-1 0'-2 17 segregating N
23. X 3-4 X 2-4 0'-1 0'-2 0'-2 2-4 0 - - ~
24, 0’ 0’ o'-1 0 o' 0'-1 0'-1 0'-2 5 0; tr 100
25. o' 0'-1 o' 0'-1  0'-2 0 0-0' 0" 0 0 0 0
26 . o' o' o' 0' o' o' o' o' 2. 0; tr 100
27. o' o' o' o' 0'-1 0'. o' 0' 38 0 0 0
28, o' 3-4 3-4. 4 0'-2 2-4 4 2-4 0 4 70 100
29, 0'=2 2-4 3~4 3~4 X 2-4 X 2-4 -0 4 70 - 100-
0' 0'-1 0-0' 0=0' .0 o’ 0-0' 0 0 0 0



Entry 9-NAGS- 13WAGS- Off 1967 Field Response
No.. 1. 1. 1. 1. 7 7 137 23 Typed/ R 5. P

31. o' o' 0o'<1 Q' o' o'-1 o 0. 0 )
32. 0-0' o' o' 0-0' 0-0'- 0-0' 0. o' 0. 0.
33. 0-0' 0-0* G". or 0-0' o' 0-0' o' 0 0.
34, 4 4 Y S L. 3-4 50° 100
35. X 4 ' ‘ : 50 100
36. 4 4 - 70, 100-

4

4

R

37. 4 - 70 .- 1000
38. 4 4 ,» - . . A 50 - 100
39. 0'-2 0'=2 0', 0" 0'-1 0'-1 0'. 0'-1 (1) 0
40. o o' o' . 0t 3 -1 3 D' -1 . te - 100
41. o' 0-0' 0'-1 Q'=1 0'-1 0-0" O0'. 0'-1 0 0
42. ¥x . X X _ o1 o 0'-1 o' 0'-2 0 0
43, 00" 00" 0%0* 00" o' 0-0' 2-4 0" o 0
44. 0'-4 o' 0'-1 0Q'=2 0' 0L 0'1 0'2 tr 100
45. 0'-3 0'-1 o0'-1 0" o'~ 0'-2 24 X tr 100
46. 0'-2 X% 0'-2. o' 0O o'-1 0" 0Q'-2 tr 100
47. X-4 244 2-4, 0'-2 Q'-1 X o' 0'-1 gregating '
48. 0’ 0'-2 0'. 0'-1 0'-1 0'=2 0 0'-1 t¥ 100
49_ Ol_l Q'_z ol Ol Q"‘Z ol_l O' Q"'z 0 Ly
50. X X~ 2¢4, 0'-1 0'-2 X 00" 0'-1 tr 100
51. 3-4 4 . 247 4 7 4 &' 34 3-4 :

52. 0 0'-1  0' " o' Q'-1  0'-1 0' Q'
53. Q! 0o'-1  0-0' O' 0'-1 0'-2 0Q'" 0'-1
54. 0'-1 0'-2 0"+ O 0'=2 Q0'«1 0'-1 Q'
55. 0'-4 0 0* oY 3-4 4" ‘

R o i
e
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i
o
1
&~
O OO O
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o
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~e

we

000000 OrPANSAROOQ
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] et

R L T e T

I‘Q 0O 0Nno
~

56,  0'.  0'-1 0-0's 0'  0'-1 0's1 Q' 0"
57. o' o'-1  0-0" oY 0'-2  0'-1 0'-1 0'-1
58. Q' o'-=2 o . 0'-<1 o0'-1 0'-1 0'-1 O
59;. ovfl«h.or.lum-plf" - 0%=2 T 2-4 . - 3-4- - 3-4 . 2-4
- 60.. X4 & .. & . _ T N Sh o
8l. - X - . 04 X U X. = 3~ 4 - c4 4

62. 2-4 X o' 4 X .34 . 2-4 . X

ONSPOODOOOO
CWHULWOOOOOOOH

NO O

56
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Entry 9-NA65~ 13-NA65- Off 1967 Field Response
No. 1 1 1 1 7 7 13 23 Type3/ R s P
63. o' 0'-1 o' o' o' X 3-4 X 6 4 1 100
64. 0'-1 o' 0'-1  0'-1 o' 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. . .0" X 1-2 0'-2 X X X X 0 4 - 5 100
68. X 0'-1 X 0'-1 "4 - 4 X-4 X 3 0; tr 100
69. 4 4 - X 3-4 4 2-4 4 0 4 30 100
70. o' o' o' o' 0-0' 0-0' 0-0' o' 0 0 0 0
71. 0'-3 2-4 0'-2 X ‘X 3<4 X=4 2-4 0 : 4 - .30 . 100
72. 3=-4 4 4 4 © 3=4 4 4. 4 ~0 . - - -
. 73. 0'-4 4 4 4 o' 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, 4 3-4 4 4 4 4 - 2-4 4 0 - - -
77. 2-4 4 4 3-4 4 4 4 4 - 1 - -
78. 0'-2 3-4 2=4 3-4 o' X 3-4 2-4 0 - -
- 79, 3-4 4 4 4 4 4 4 4 2 - - -
80.. 4 & 4 4 4 4 3-4 4 0 - - -
8L, 4 4 4 4 "4 4 4 4 0 - - -
. 82, 4 T4 4 4 4 "4 - 3=4 4 1 - - -
83, 3-4 4 4 & ' 3-4 4 2-4 4 0 - - -
84. . 2=4 4 4 4 4 4 C3-4 "4 0 - - -
. 85. -4 4 3-4 4 -4 4 ©3-4 4 1 - - -
. 86. 4 4 4 4 4 C 4 4 4 0 - - -
.. 87. 4 4 - 4 4 4 s 4 4 .0 - - -
- 88. X 4 4 4 .0 "X - 4 X . Q - - -
-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' o' 0'-1 0 0'-1 o' 0 - - -
92, o' o' o'-1 - o' ~0'-1 0 0-0' o' 0 - - -
4 4 4 _ 4 ' 4 . 4 1. - - -

. Continued —-
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Entry 9-NA65- 13-NA65- Of £ 1967 Field Response

No. - 1 1 1 1 7 7. 13 23 Type3/ R S P
9%, 4 4 4 1 4 4 4 - 4o, & 2 - - =
95, . Segregating . : R : 89 -
96, .. 4 & 4 4 - 4 4 4 4 0- - - -
97, . 4 4 4 4 - 4 4 4 : 4 . 0. - - -
98 4 4 4" 3-4 4 4 . 4 . 4 - 1. - - -
99, 3~4 4 - 0'-4 4" X~4 3<4 3-4 4 1 - - -
100. . 0'-4 4 4 & 0" oY 3-4 X4 2. - - -
101.- X. X-4 0'-2 X" X" X o' X 4 - - - -
102, X<4- 0'-4 0'-4 244 X4 14 X4 2-4 0. - - -
103. . X o 0'-1 0-0' 0'=1 24 X- 4 7- - - -
104, .. 4. 4 4 47 : 47 - 4 0: - - -
105. 4, 4 4 3=4 - bz - 3-4 0. - - -
106. - 3-4 0*-3 0'-2 2-4 ~ 3-4 —-it 0'-2 0 - -
107.. 0'-1  0° o'-1 0 < 3-4 - 3-4 2 - - -
108. .. 4 3-4 4 2= < 4 - 4. 0 - - -
109. " 4 4 4 3-4 < 4 - 2-4 0 - - -
110. o' . 4 - 4 3-4 = X - 2-4 2 - - -
111. 0'-2  2-4 2 2-4 - 3-4 - 2-4 0 - - -
112, 4 . 4 4 4 - 2-4 = 34 0 - - -

/}._ Abbreviations used were made according to rules adopted by the National Wheat Improvement Committee as
e amended by KONZAK “See Agron. J. 52 613, 1960 U. S. Dept. of Agr. Tech, Bull. 1278, P. 131 1963. and
’ Wheat Newsletter 1965. o : o

2 Variety name: or cross unknown to us’ at this time

/; Number of plants with off-type reactions In general over:- 10 plants with off-type reactions
: indicates the variety or line is segregating for reaction to one or more cultures. -

L6
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ARE OUR VARIETIES OF OATS -TOO. RESISTANT TO DISEASE?
.'J. M. Poehlman-

In breeding for resistance to disease, protection.may be
conferred by (a) single (or complementary) major genes, (b)
combinations:.of sevéral major genes, (c) combinations -of minor

~genes, or (d) combinations of both major and minor genes.. It

' 1s suggested that resistance.to highly .specialized diseases,..

:such as crown rust (Puccinia coronata avende Eriks and :B. Henn.)

_.may be short-lived in varieties:protected by: single or .comple-
mentary major genes. uVarieties which have a moderate or inter-

"mediate type of reéistance.conferred:by'a-group of genes, each

- of 'which contributes, :if only in’a'minor way, to the defense:

of the host plant, may retain their protective qualities over

a much longer period. Breeding for the moderate type of re-

sistance thus might give. more stability'to disease resistance

- and permit greater concentration on breeding for needed im-.

. provements in: agronomic qualities.' Comparisons of the resis-

- ~tance of the.Marion variety with varieties: carrying ‘Victoria
.and Bond reszstance genes ‘are cited..- 2 N
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INHERITANCE OF BLUE ALEURONE AND
PURPLE PERICARP IN HEXAPLOID WHEAT

(Abstract)
.- F{:E:iBoltoiiand:B, {C. Cartis:s .

A study of blue aleurone:.and.purple pericarp characters in hexa-
plold wheat included cytological observations, gamete transmission
studies, genetic analyses, histological observations, and plgment
characterizationr S A N R

SEeT e nm (oo

Two bilae: aleurone lines,‘Blue:{c.Is:lZOZS)oand~Pugsléyls Male
Sterile/Blue Baart::(PBB);: exhibited:significant dif ferences.in trans-
mission'freQuenCy'througﬁ'the male and:female:gametes-of the chromo~
- .somes  controlling’blue;aleurone: .PBB.exhibited xenia but :Blue did
‘not.:- PBB produced a: darker blue :seed:color:than-Bluex ~It.was con-
:cluded: that+blue aleurone.wds controlled by:.a:substituted pair of
~alien chromosomes: . in: Biue! and::an:alien-addttion- (ditelocentric

chromosome) :in:Pbb. No:-homology:was observed hetween the alien
chromosomes in Blue and in PBB. ity o :

The purple-seeded hexaploid NDZ ¢entains two genes (Pl and P2)
for purple ‘pericarp; ‘ona-of "which is:dependent:on-thé complementary
action ofia’third~gene(S) controlling the purple:stemrcharacter. Two
purple-seeded-tetraploid: l1ines;  NYk:iand-NY3, 'weresdonverted-to hexa-
ploids by backcrossing to Wichita,; C.I.>11952; :a’ common:hekaploid
variety. NY1 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, Pl, 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 WHEAT
L. W. Briggle

Seed of a stock Segregating for male sterility was obtained

~ from C. A. Suneson’ ‘who in turn had received it from A. T. Pugsley

‘of Australia. 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 or 2 seeds per spike - presumably selfs.
Seed from this latter class (1 or 2 seeds per spike) was saved and
the plants grown in the greenhouse in 1963-64

One vigorous plant from a selfed (?) 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.

plants were fertile. The Fy population segregated for male
sterillty, but did not fit a logical pattern. Spikes on male sterile
Fy plants were bagged and” some pollinated with: Chancellor. Those
1’bagged and not- pollinated did not set seed. ' '

Backcross plants (from male sterile F plants backérossed to
' Chancellor) were fertile, and corresponded to an F1 generation.

The F2 segregated for male sterility. "Each F2 population was very
.small (15-20 plants) but about 50 F, populations were grown. Male

sterile plants numbered from 1 in an F population to 7 in another
Fo. Male sterile Fp plants were baggeg and some backcrossed again

to Chancellor. Plants in 8 Fy families set seed on "male sterile"
plants which had been bagged but not pollinated. These families
'were diSCarded ‘ .

~ The second’ backcross p0pulation (equivalent to an Fl) ‘was
fertile. Again the" FZ segregated. Partially fertile ‘Plants’ ‘occurred
in some Fy families, and very few male sterile plants in others,
Still other families had normal 3:1 ratios of fertile to male sterile
plants. Again individual F, populations were rather small, but
many were tested. This _procedure was ‘used in preference to growing
one or a yery few large F,'s in an attempt to select stable Fy pop-
ulations approaching 3:1 segregation patterns for further backcrossing.

Ratios obtained from some second backcross Fy families are as follows:

Fextile Sterile
W66-67 33A 49 19
" 33B 17 6
" ' 33E ‘ 18 : 3
" 33G 18 7
"o 33M 71 20

" 33p 19 7
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Twelve fertile second backcross F, plants, chosen at random,
were used as male parents, in another backcross to Chancellor. Some
of the twelve were expected to be heterozygous for the male-sterility
gene, so that when used as the male parent one could determine
. .whether the male sterile characteristic was. transmitted by male
ganetes. Male. sterile piants did occur in _some_ of ‘the FZ populations
~ grown. - Populations again were small but segregation ratios were
as follows._, , . . :

W66-67 . 34A ;:‘,14_ ;_,;Ii. 3
. .. 3D . 18 3
346 12 T
YLy eieie g3
;a8 . 8 . N
3P ) W °5
1 A - R
3cc T 13 1
(34EE . . ;. 12\_t,e.,fw, L2

o These results indicate that n gene (s) for male sterility is
involved, rather than cytoplasmic male sterility. .The fact that
Fj populations are always fertile and that segregation occurs in
 Fp 1s.also, indicative of . gene male sterility.. Male sterility
_appears to be conditioned by a single recessive gene, but larger
\populations are needed before definite conclusions can be made.

Chancellor seems to have a compatible genetic background for
Lthe male sterile gene to be' ‘expressed. ;A number’ of third backcross
. Fo. families presently'g’ g“in the” Beltsville greenhouse have
,,essentially the, plant ‘characteristics of Chancellor and ‘I hope
‘will segfegate in a 3:1 ratio for fertility and male sterility.
Expression of male sterility in the original stock’ ‘teceived from
Suneson gpparently was affected by modifying genes. Perhaps these
~ modifiers have been removed by, backcrossing to Chancellor, which
. in effect is transferring the male sterile gene into a Chancellor
line. o ) . . T

L

e Further backcrossing to Chancellor is contemplated, along
with rigid seléction for stablé éxpression of male’ ‘sterility.
At the same time further genetic studies will be conducted.»ﬂ



102
- POLLEN RESTORATION FROM THE WORLD WHEAT COLLECTION

K. P. Porter and T. G. Wright

Restorationbfrom'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 (W.W.C.) were
made in .isolated field crossing blocks in 1964 and 1965. Forty
fertile or partially fertile F,'s were selected from a total of
5000 F,'s in 1965 and 1966. - The fact that 99 percent of the Fi's
set a negligible amount of seed 1s evidence that seed set on the
selected plants resulted from self~ rather than from cross—pollination.

Spikes of their F2 progeny varied from 15 9 for the least fertile
to 32,7 for the most fertile Fz population. It was obvious the
_ populations segregated for pollen—fertility.

Seed set data were taken on 29 Fl s selected in 1966 Table 1.

Table 1. Mean number of tillers and seed set on selected. Fl
plants male-sterile Bixon x World Wheat Collection l/

jPlant :3 ; .  - 1‘, ».: ’v f, Mean of = i .
character ‘ ‘ 29 plants Range
,Tillers/plt. ) L ) h: 20.6 o N 2 ] 41 o
Wt. of seed/plt, gram o 15.3“ S 2 - 35 n
'Wt. 5fnseéd/$§iké,,gramﬂ'}‘TVif.jv ;v.7o”;f f' ‘f,‘ 4 . 1 2
No.'.;seed/spikej S 233 -3

1/ Fertile or partially fertile: ‘plants selected from 2500 Fyo
plants in 1966 ' .

s T

fmany of the selected plants were highly fertile.

The F2 populations of the 29 Fy plants were grown in the field
in 1967. . ‘About. 75 spikes.of selected populations and of" fertile
Bison were: bagged prior to flowering. ‘Mean percent ‘seed ‘set on
“bagged and exposed 'spikes ‘of each populations are shown in Table 2.
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Table 2;{jMQanﬁpercentfseed?SetfbngspikeéﬁafﬁFé:pbﬁﬁlgfibns, male-
sterlile Bison x W.W.C. and on spikes of Bison.

Fy ‘ Mean Percent Seed Set

Row No. Bagged Spikes Exposed Spikes
2843 . . 44
2854 Lo N 40- .
2858 53 R
- 2860 ¢ 68 T
- oggsT e u " g3 3
L2878 wh e “56‘
U Bison -

B R

No conclusion was‘attempted from theseé data’ concerning the mode
of inheritance of restoration.‘ The data indicate that useful genes
- 8re inv01ved. fL A TS A PR SCE AT S A

"Plants- from séeéd of ‘the host fertile bagged heads are being
grown fof test.crosses in thé greenhouse. ' In“addition, éighty of
_the more fertile of 1000 F, head rows (originating from. the 11 Fy's

selected in 1965) are being increased and evaluated in the field.

Seed of a composite from the F2 and F3 populations, 1967 are
available from J. C. Craddock, Beltsville. ~“Seed of individual: pop-
ulations should be available in 1968.

Lines from Nebraska Lot 1, Dekalb s T, Timopheevi x Marquis3
'Kansas" (T. Timopheevi X Marquis ) x Bison, fertile F2, F3, plants
of MS Bison x W.W.C., and Primépi have been intercrossed in several
ways in'afi éffort to combine-restoration genes from several sdurces.

Restoration from Hairy Chafﬂ Types.,;;s

Hairy chaff was a characteristic of some Fy's. It appeared
that some hairy chaff wheats possessed good restoration genes: A
number of hairy chaff types from our W.W.C. were test crossed to
male-sterile. Bison.but. only one:gave partiakly - fertile Fy's. To
make .a complete search,..seed of :all hairy.chaff ‘types (700) were
obtained from J...C.. Craddock. To-date ; test .crosges of-male- ..
a-sterile Lee and single plant . selections from-149 -hairy :chaff -spring

" " wheats have been grown.
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Figure 1. Frequency distributions of bagged and exposed spikes in seed set

classes of 2 F, populations and Bison grown in field.
Bushland, Texas, 1967.
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The F,'s were rated for fertility as shown in Table 3. ﬁore
than 1/3 o% the F's were partially fertile while a few approached
the fertility of fertile wheat, Tables 3 and 4, :

Table 3. Seed set rating of 149 Fp plants, male-sterile Lee x
hairy chaff spring wheats. . )

Seed Set Rating - Number of Plauts

Tip sterile o _ _ 13

Top 1/3 - 1/2 sterile R 36

Top 2/3 sterile ST . ..A8
Sterile. o . . . - St gy

1

Table 4. Seed produced. per. spike on the more fertile Fl s, male-
sterile Lee x hairy ‘chaff sPring wheats, 1967.

_ Seed/Spike P.I. No. Seed/Spike -

‘Hybrid No.. i CFp Pollen Parent 1/ Pollen Parent
X67A406 18.9 178717 28.6
X67A414 : 26.2 - 192459 18.6
X67A426 18.9 S 171031 18.7
X67A429 15.5 181427 - 13.0
X67A442 - 1641 4315 16.0
X674455.. . . . 2603 o 4QLO e 2% .4
X67A471 25.6 ‘ 170994 26.0
X67A478 18.8 172534 24.7
X67A496 13.1 178769 12.6
X67A511 234 o 4544 23.6
X67A554 22.5 166778 : ;26.9
X67A557 15.0 919552/ o

1/ A single plant selection from bulk seed of indicated P.I. number.

2/ A white durum.

The Fp population of these hybrids will be evaluated and pollen
parents increased in the field in 1968. .

. No implication of linkage or association of hairy chaff and
restoration is necessarily implied, but results of:test crosses
grown indicate this group of wheats may be a good source of
restoration genes. Evalgatiqn=of.thigggrpqpjwill_eentinne.
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Restoration from ’Primepi'° o

"Primépi', as reported by Oehler and Ingold 1{ appears to have
good restoration potential. Results of test crosses grown at Bushland
-.supports their findings, Table 5 . : _
Table 5 ’JMean seed set on- Primepi hybrids grown in greenhouse,
1967.

.". e ,l" Sk RN e L P"e‘rcent r.«..b,

i+ Hybrid . . ¢ ¢ Number - SeedSet”

or of Lateral *“ -Cefitral™:
Parent Plants Florets Florets

r»:gl 3§.v1,.?,r2}
81.1- - ' 2.
2
4
1

DRI

L
NUVEONYO

- .Caddox ‘Primépi<-
o onis MS-Caddo x Primépi -
©o oo Primépi xiCadde”
MS Tascosa x Primépi
Caddo
-+ Tasedsa -+~ 7
Primépi

77.8 ,
A% BN AN
81:0 - ¢

1/ Oehler, E., and ‘M. Ingold. ‘1966: Néw ‘cases of ‘male< *
sterility -and ‘néw -restorer'source’ in I aestivum.v Wheat
Information Service No 22;1-3.: P NIRRT s
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MALE~FERTILITY RESTORATION PROBLEMS IN HYBRID WHEAT

¢ 11‘1 !

Our hybrid wheat investigationslinelude-a‘search for\new and more
suitable cytoplasmic male—sterility~fertility restoration systems, and

'eugattempts,to dmprove, the melebfertility*restoration of- tommion wheat with

 T. timopheevi cytoplasm. ol

The cytoplasm of T. zhukovskyl has produced male sterile common
wheats, Lines withﬁmale-fertility restoring factor(s) from T. zhukovskyi
appear promising fo;Janther size, anther shape, anther‘extrusion, and

Tﬁe cytoplasm of”two diploid wheats T. Tonococcun and T. boeoticum
has produced male~sterile durgm plants. Lines with.male. fertility
restoring factor(s):from diploid wheats arée. being tested: i One addition
line with mst-common .wheat + a chromosome pgir from geoticum is
about 70£ fertile.q{; o Ll L ano :

2 Al
The possible eﬁfect of T. araraticum cytoplas male-sterility
is being investigated. Lot b

~Stid{es of the T. timogheevi male sterility-fertility system in-

clude chromosomal location of male-fertility restoring genes in several
R-lines, and the development of 'single gene' or chromosome substitu-
tion lines in the genetic background of the variety Chris. For this

a male. sterileggonqsomigdset of ;the variety Chris- is;being used. We
‘hope the f aymalensterile monosemic set.and;'single gene' lines
will allow study of dose effects of restorer“gene(s), -and also the
evaluation of individual chromosomes of R~ and B-lines for their in-
fluence on male~fertility restoration. If dose effects are favorable,
increase of restorer gene dose may be possible by the 5B-method (trans-
fer to a homeologous chromosome) or by a system of compensating nulli—
tetras involving ditelocentrics such as: 19" lA" 1p° 1Al 1p3"

19" 1A" 1B° 1AL" 1BS", assuming the gene is on 1AL. 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-telocfntrig female lines may be a possibility, such as: _
19" 7A® 7D° 7D s 1f short arm of 7D 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.
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GENETICS OF FERTILITY RESTORATION IN VARIOUS
MALE-STERILE CYTOPLASMS

P.:Menge; E. R. Ausemus, W. H: Althaus' "

Primébi 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 Primépi during the summer of 1966 with the report
that it contained a single dominant gene for complete restorationm.
Primépi has:been- crosséd with:-33-male-sterilé spring:whedts, most of
these are hard red spring wheats from theiUnitedetates?andﬂawfew
from: the Mexican breeding:program. .. The 'B;'s were planted and observed
for fertility An . the greenhouse :and most .0f them were found to'be as
fertile as the standard.parent varieties. .A. duplicate planting was
made in- the field but, it was planted S0:- late :that - the- data obtained
was . not reliable.,idz_ﬂ:i\ R O BTN TV S S R :

The F2 s were planted in the greenhouse during the fall of 1967
with fertility -readings being:taken-in-January, 1968.; Weiget some
sterility in the greenhouse-at this time of, year due. to.-light con-
ditions, however, the fertility readings. on the.F2 8. dndicated -that
..the restoration was ‘due to.a .single dominant geie, (These are pre-
liminary data based on .a small.-number of plants.: This :simple type
of inheritance agrees with the report of M. Ingold at the Eucarpia
.. meetings. held in Switzerland An: 1967.- S e :

Primepi was crossed with 23 winter wheat male-sterile varieties,
11 hard red, 6 soft red, and 6 foreign varieties. The fertility of
the Fi'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 1 or 2
varieties. Primepi crosses with Scout, Gage, and Kaw male-steriles
were the best pollen shedders with good anther extrusion and large
anthers. Primépi 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

F1 or Fj plants to anyone interested. Address inquiries to Northrup,
King & Co., 1500 Jackson St. N.E., Minneapolis, Minnesota 55413,
attention Mr. Wm. Althaus.
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ENVIRONMENTAL EFFECT ON MALE FERTILITY :RESTORATION

(Abstract)

4~~Peter Saln

. The effects of environment*on fertility restoratiOn were
estimated by uwniform yleld trials.of:restored F1 hybrids at
_several locations in’ 1967. "Latitiide ‘had:the: iost pronounced

effect:on fertility: iSterildty dncredsed when: going from:
-south ~to.north.  The northern lécations “aré’ often characterized

-+ by cool. temperatﬁﬁes, Tong days dnd ‘rapid plant’ development.

One or all of these factors may be contributing -to’ thefgreater
sterility levels observed in the hybrids. _

This type'of uniform trial”“utilizin"‘a“partial restorer
and Arlines of idifferent restoration requirement, ‘offérs an
0 *a‘region.
Locations. 200 ~:300: miles apart : haVe shown significant differences
An restoration requirements i : T . )

EYs

A hypothetical model indicating sterility levels by 1ocation,
and the number of restoration genes required is propoeed.
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ENVIRONMENTAL EFFECTS ON MALE STERILITY AND
MALE FERTILITY RESTORATION

(Abstract)
Gregory Vazquez

. Relatively large differences in the number of days to flower-
ing are observed in materials sensitive 'to day length, whereas
nonsensitive materials show only slight variations in flowering
when grown in areas of varying day ‘lengths. The variations in -
the vegetative period seem to be associated with varying levels
of restoration of fertility, especially 'in- materials sensitive -
' to day ‘length. There 1s a general tendéncy for less restoration
of fertility as the number of days to flowering decreases. The
high fertility -at Ciudad Obregon, Mexico may be due to longer: :
" stigma and pollen viability, whereas, this characteristic may -:
be much ‘reduced in areas having-short growing seasons such:as."
Casselton, North Dakota.

The environments of Ciudad ‘Obregon; Mexico, Toluca, Mexico
‘and Casselton, North Dakota:are somewhat different.. The environ-
ments of Obregon. .and Casselton are commonly chatacterized by
- having contrasting temperatures and relative humidity, particu-
larly: during the flowering period. - However, observations conducted
during the. last few seasons: indicate that: the .average high ‘and. .
low temperatures and relative humidity:in Cuidad Obregon and -
Casselton are very similar, with Toluca being a little cooler and
wetter than the other two. Nevertheless, restoration appears to
- be much:-easier in Cuidad Obregon. than in CaSSelton with Toluca .
being somewhat intermediate.- : S \

It may be suggested that unless minor climatlc dlfferences
are responsible for these :tremendous variations. of. levels. of
restoration observed; there exists the .possibilities that these.
‘differences may be due to the:length -of the growing period of =
day length sensitive materials grown at variable latitudes.

There is also the possibility that modifier genes acting differ-
ently control these variations. An extensive reciprocal recurrent
selection program for restoration within groups and:.among groups
planted -at different locations, might eventually: unite. sufficient
modifier genes that are capable of restoring under any set.of -
environmental conditions. : , o :

Ses Puy
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ENVIRONMENTAL EFFECTS .ON FERTILITY N
RESTORATION IN WHEAT.

E. L. Smith and W. L. McCuistion

T N R S MY

Variation in fertility restoration resulting from environ-
~~mental. differences ds: not unique to wheat.. -This phenomenon has
been: reported -in; corn,: soxrghum,; and ;several op:her CTOpS. - -Fi
observations made jat the Oklahoma Station it :appears.that ce:;tain
meterological sconditions;: uning the ‘flowering period account.. for

a considerable amount..of ithe. variation .observed .in.percent. seed .
set. of restorer lines -and; CTOSSes. being evaluated in.our, hybrid
-wheat program..: Tempe,ratures in.our glass g):ee_rxhouse have Loccasion- .
ally exceeded. 90° :F.. - during the :flowering perind.. Following these
perlods :a-sharp: increase in percentage: of sterile florets has -
been:noted.:: :Rather: moderate: temperatures .and high :relative;: humidity
appear: to berdesirable: for maximum expressing of fertility reator-
ation.. . N R IS IS KIS P

P In -a 'study. Just: completed .at.-Stillwater; the degree of fertility
-:restoration was:.-noted ‘on:restorer -material derived from Nebraska

+. 342437 stock.:::The material.-was:evaluated for two years ‘under the
following environments:. . .il): gkass::greenhouse, 2) fiberglass« green-

- house, ‘and :3)- field nursery' on:the Agronomy.farm.:: The-miterial.
consisted of 6 Lot liand. % Lot 2 .zestorer. selections. and: the - Fl ’

hybrids between each of these eelections and male aterile Bistm.

During this study there was o noticeable environmental
effect on' the ‘sterile systeny': Bison' iis ‘remained completely-sterile
in the thiree environments. There was-However, ‘a- great deal of
variation in fertility restoration of the restorer selections and
‘tegtcrosses -as nmeasured by ?'e-p‘c’e'nt‘ ‘seed Bet (Tables 1. and- 2) . There
was '?Ifitt"le ‘association in'percentrgeed wet  from one location to
another.  : For:the gliass and ‘fiberglags greenhivuses’ the rasponse:
in fertility ‘retoratioh was' somiewhat: simildar :fromone. ‘year to the
next..’ HGWever" t:his mas not the case f:for t:he materia]a grown in
t:he field I ! Loy .

Considering the' reaction of 811 restorer 'material involved
f'in this study; the'fibenglass. greenhouse:was the most critical
environment for:measuring fertility'irestoration’and:kad a falr
degree of correlation from one year to the tieXti . Of the 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

Locatioﬁ' - 1:~‘; -a' =  n~:;det}1;F~sﬁdt:2= .Cﬁecks

Correlation Between Years

1965 vs. 1966 Field 0.33 0.35 0.88%*
1965 vs 1966 Glass -Ghse.. . .« 0.92%% 0,67 0.58%
1965 vs 1966 Fiberglass Ghse. 0.81%  0.76% 0.86%*

Correlation Between Locations, 1966 ﬁ””. .
"Field vs. Glass Ghse. . R “'f -0.59. "~ 0.13.. ‘f; 0.64%% .,

“Fleld vs.iFiberglass chsé. ‘,ﬁ' 036 0.3 . oi24.
: 0 30 ='.»',5 0'52 DR o.f 83** "

TABLE 2.—-PERCENT SEED:SET oF 5 MS X R TESTCROSSES w THREE,L .
- ENVIRONMENTS y o R O

. Glass . . _ Fiberglass.
TestcroSs Field Chse. ) Chse.

5892-25 Pl o5 oo ,;;_;81 oi-,_,u;J'.;91 b, .. :.79.0 ..
5893"2:-? Frioo ve v - 14, 4‘;:‘:;-",1 v -.55.6 . . 79.6.. .
5892-7 F]_ » . 68.8. ooy 84 3.-,; 4207
5892-9 Fy 67.2 61.1 _ 83.0
5892-2 W 57.1 55.3 55.9
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PROBLEMS .INVOLVED IN. TRANSFER.OF.FERTILITY . RESTORING
. .GENES INTO LINES OF. COMMON WHEAT . :

(Abstract) ol
Max ‘A. Urich, W. R. Graeé‘&yCo;jni‘"J-t

Selections' from'the ‘Kansas ‘ahd Nebraska sources of fertility
restoration were used as base material in our program for the
development of c0mmon wheat lines with fertility restorer genes.
The F) plants of most crosses (restorer’ selec‘fon'x common wheat
line) ‘showed 60 to ‘90% fertility as' 'médsiiréd by seed seti - Large’

: BClpOpulations of all crosses were grown.in.a fiberglass green-

hpuse during the fall of 1967. In most populations it was impossible

.40 find any plants with over 50% fertility. Some populations were
completely sterile. This indicates (1) an extremely sterile en-
vironment in our fiberglass greenhouse, (2) the difficulties en-
countered in'‘a backeross progranm for fertiiity restoration, ‘and -

. {3) some type of complex interaction involving Triticum timopheevi
cytoplasm, restoration genes, genes from the common wheat recurrent

- parent, .and the environment which causes. an.apparent Jbreakdown .

- of fertility restoration

Varying degrees of fertility have been noted in two of our
male sterile lines after showing good sterility for several
generations. This ‘again indicates the complexity of the male
sterility - environmental interaction. i :
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-.SUMMARY OF WHEAT HYBRID PERFORMANCE TRIALS.IN KANSAS:

., A five-yeax Kansas experiment, which will be completed in 1968
is concerned with field performance of hard red winter wheat . hybrids
compared with their parents. Data the first year were obtained on
. eighteen hybrids involving seven parents. In succeeding years there
have ‘been 36 -hybrids,, all possible- single-crosses, of nine parental
_varieties. ‘These have been .grown in four. replications -at .Hays.-from
‘hand-crossed seed planted at the rate of forty-five pounds per acre
.in~singlefrow.plotsvthreeufeet_in length bordered on: all sides by a

',;full stand ‘of wheat. --In addition to -this experiment a five-variety

diallel trial has been. grown since 1965. at Hays,. Hutchinson and
Manhattan with the same plot arrangement. :

. . There are ‘'several; questions which are being- answered by the infor-
mation which is ‘accumulating. In.the first place, there canbe no
doubt that there is a substantial amount of hybrid vigor in grain
yield when ‘the best available hard red wintetr wheat. varleties are
intercrossed. In the four crops to date the average of all hybrids
- at, Hays has beén 37 bushels per acre, 32% more than the parent vari-

ety average. The best hybrid has averaged about 43 bushels, a 31/
: advantage over the best variety. ' R
In maturity the hybrids have been close to the midparent value,
‘but with a definite ‘trend toward earliness.m They have averaged about
1/2 day earlier than the midparent, suggesting partial dominance of
- earliness. Earliness has had :little or no effect upon yleld except
in the stem rust year, 1965 when earliness was of some benefit.

Height, seeds per head, seed weight and pounds per bushel are
characters which have consistently exceeded the midparent value in
hybrids.. Sometimes this appears to be a dominance effect.from the
better. parent and sometimes there has been a minor heterotic effect.

There has been striking heterosis for number of heads per plot,
straw yield and grain-yileld. Measured from the midparent values
these have been 120%, 1267% and 1327 respectively. Head number has
been strongly and positively associated with yileld in three years
out of four; and straw yleld 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 yileld from
1964 to 1967 have been -.23, .83, .66 and .28. These correlations
are not homogeneous, and they suggest that sometimes parent yield
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.
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Yield ‘data ‘frod F, -populations areavallable for'tomparison with
Fi's from the Hays crop of 1966 and 1967. In 1966 yields were very
low. The F; hybrids exhibited the usual 30% increase, but the Fy's
were almost exactly equal ‘to ‘the parents. In 1967 the yield level
was quite high. The average of 36 F;'s was 7% better than the yleld
_ . of parent varieties. This compares to an advantage of 35% for the
o Pyp-hybridsy In’neifher year was”any‘Fz signifidhntly ‘better than
:”*~’the best vériety. SR :

: In the* hybrid stud «iﬁvolving thréewKansas locatibﬂe there has
-%zbeen a moderate ‘amourt of.f interaetion?betWeen genotypes “and ‘stations,
_ “netypes’and yedrs.’ However; -the - cdnsistenﬁ-bérformance
'ﬁfeof hybrids dn-différent sites ‘and yedrs i ofe impressive feature
: bf thie: experiméntsithan e‘cadiOnal iﬂteﬁaétidnsf"Generall? speaking,
©'ghe-two . additiohal\statfo 3
'both in ‘degreé of heteros
combinations. “-3“~ﬁwf?:*-”“"

.\ ‘Dita-on gemeral and speciffc conbiming abikity from: diallel
‘ nalyses/are‘not yeteavailable at the’time:of thiS‘wtiting ST

AVERAGE YIELD OF ALL HYBRIDS S 3730 48
. AVERAGE YIELD, PARENT VARIETIES 31.0
24 DLFFERENCE}: BUSHEES ° PEIif?ACRE*“‘ EONE Pec
e z ADVANTAGE 01«‘ HYBRIDS £

12 9\ ! 50.9' -737;.
37.7 2

H5 -‘YIELD- R BEST HYBRID 6.9 6278 42,8 *
YIELD OF BEST SVARTETY ' 34,0443 7 134 3 UG.0% 32,6 W

. DIFFERENCE, BUSHELS PER ACRE _ ] 3.6 16.8 10.2

LR ADVANTAGE‘ 0F° HY‘BRID e howogggeesd ggg 2higgg . 37z - 31%
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PERFORMANCE OF HYBRIDS IN PERCENT OF MID-PARENT VALUES

DATE HEADED
HEIGHT

HEADS PER PLOT

_SEEDS PER HEAD

SEED WEIGHT -
LES. PER BU.
STRAW YIELD

GRAIN YIELD

1964 1965 1966 1967 MEAN
99%  97% 1007  88%  96%
104% 102% 104% 105%  104%
1097 1267 124% 1227 120%
. 105% . 101% . 101% 1047  103%
' 106%  107%7  102% 107%  105%
1007 102%  101% 101%  101%
1177 130% 1287 1287 126%
1227 137%  129%  138%  132%

. Simple correlations between grain yield and. other characters

observed in wheat hybrids grown at Hays, Kansas.

DATE HEADED
HEIGHT
HEADS PER PLOT |
SEEDS PER HEAD
SEED WEIGHT

' LBS. PER BU.

STRAW YIELD

1064

1966

1967

1965
.07 -.35% .21 -.03
22 -k 39k 71k
2K 25 43 L7gek
34k =26 73 50k
26 .62%% .09 .21
13 .83%k L49%% 19
82%% 03 .26 .80%*
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... J-year. average yields of 9 parents & 36 wheat hybrids at Hays, Kansas.

Tmp. . Pkr . .Sut . Tes Cch Ot Pn . Bsn. Con

. Triuwph. ~--—- 34,0, 33.3 34.1 31.9 35.2 34.9 34,4 36,7
..Parker  34.0 --—-- 34.8 40.3 34.9 38.1 38.3 37.7. 38,4
. Scout . 33.3, 34.8 ---- 43.2 37.7 35.3 38.3 44.7 39.5
4a%?asc9§?; 34,1, 40.3 .43.2 ---- 35.6 38.7 40.3 37.8 39.7
Concho  31.9 34.9 37.7 35.6 ~--~- 37.1 36.4 31.9 36.5

Octawa 35.2738.1°'35:5 58.77737.1 == 56,7, /38,3 36.0

Pavnee . 34.9. 38,§€,38.3_:40.3 36.4 36.7 --— 37.7 36.3
Blson, 344 37,7 44.7, 37.8 31.9 38.3 37,7 --r-, 38.3
Cheyenne 36,7 38.4 39.5. 39.7 36.5 36.0 36.3 .38,3 -
hverage 34.3 37.1 38,4 38.7 35.3 36.9, 37.4. 37,6 37.7

Parent .22.0 28.0 32,1.23.5 28.5 29.6 26.9. 28.3. 27.6

EEOEE SN
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HETEROSIS OF YIELD AND SEED WEIGHT IN 44 SPRING WHEAT
CROSSES IN 1965 and 1967

C. L. Lay and D. G. Wells .

" Yield and kernel weights were studied of hand made crosses of

22 spring wheats with Lee and Rushmore in 1965 .and 1967. The F,
generations also were studied An 1967. Fl and parental seed was
produced. in the greenhouse and was.uniformly plump. Fy seed came
from the field and was plump.. A split plot design in/ 4 replicates
‘kwas used. In 1965 whole plots were of one row 170 cm 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.F,,  Plots were overseeded and thinned to a rate of
30 kg/ha (27#/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 F;'s for Lee crosses in relation
to the high parents ranged respectively from -18 to +108%Z and -14 to
+61%. For seed weight in 1965 and 1967, the F;'s in relation to the
high parent ranged respectively from -13 to +10% and -3 to +13%.

Fy yields in relation to the high parents ranged from -36 to +15Z.
F2 kernel weights ranged from -9 to +7% in relation to the high
parent.

For yield in 1965 and 1967, the F;'s for Rushmore crosses in
relation to the high parents ranged respectively from =19 to +62%
and =30 to +23%Z. For seed weight in 1965 and 1967, the Fl's in re-
lation to the high parent ranged respectively from -9 to +10%Z and
-7 to +5%. Fy yields in relation to the high parents ranged from
=427 to =-9% while seed weights ranged from =77 to +5Z%.

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 yileld than Lee. In 1965 Lee and Rushmore yielded
2021 and 1989 kg/ha. In 1967 the yields were 3296 and 4287 kg/ha
respectively., ' '




The highest yi&lding Fj T# 1965 was 66% over Chris, the
best commercial variety in the test.
a little more than Chris.

In 1967, Canthatch yeilded
The best Fl vas 36% over, Canthatch

The'dorrelatidns

9;~1965 ‘between yields\of theltwg“sets
of hybrids, of yields.o Rushmore ahd of Lee hybrids
-were all highly sighificant.’

Howevér thér 1 fic
correlation between’ yields of the higﬁ"parents and the%hybrids
,‘in both series of’crobses.'” N

y_



fairly diverse’ origin but - all basically hard red spring wheats. |
.~ "The. varieties wéré chosen’ so as to provide ‘a’'good méasure ‘of the
' ~inheritance of yield, maturity, rust resistance and quality in Fj
: hybrids. Enough ‘seed was produced to test the hybrids in short
i :rows with :seéds planted 2" apart. Of the 15 hybrids, the plants
i,.0f one. ‘developed ‘progréssive- necrosis’ “and" ‘died’ and the plants of a
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THE PROSPECTS FOR HYBRID WHEAT IN SASKATCHEWAN
‘D."R. Knott

-In some earlier work at- Saskatoon 7 Fq hybrids were tested and

* the ‘maximum increase ‘in yield over the better parent was llé. The
'~best hybrid also yielded 11/ more than Thatcher. '

More recently diallel crosses were made among 6 varieties of

second showed moderate chlorosis. The latter croSS‘was, therefore,
eliminated from: consideration. '

The yield of the 13: remaining hybrids ranged from 4% below
to 247 above the better parent. The only two significant increases
above the better parent occurred for crosses where thé parents had
lower yields than expected. The best hybrid was only 6% above
the best parent. S

In heading ‘the hybrids' ténded: to bel nearér to’ their earlier

- parent than to their ldter parefit.” Hybrids involving the early
‘stvariety Garnet all headed within ‘a- day of Garnet. f»‘

The protein content of the hybrids tended to be near or even
below that of the lower parent with a couple of exceptions.

Rust resistance behaved as’ expected._g“ '“‘

The hybrids were" tested in FZ both to see if a* useful degree

of heterosis was present and also to give a’ prediction of the degree

of heterosis in Fl' The average yield of the F2 8 was exactly equal
to the average of the parents.

Correlations between midparent values and Fy and Fp 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 Fy 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 F; 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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.. COMBINING ABILITY STUDIES ‘IN DURUM. WHEAT:'*

A ten parent diallel was.conducted -at; two., locatiens in North

h:Dakota during 1965.aneterosis percentages: ranged: from.184%: to 81%
of the higher. ylelding parent.. The highest yilelding hybyid outyielded
:its higher parent by 30% and the standard variety We115 by 16%.

I H

Estimates of general and specific

‘;mbihing ability were ob-

" 'tained by, the. analysis. designated. by Griffing.as.Model. I, Method 4.

1:Number of. tillers/Z feet,. kernels/head, 200 kernel weight» .and grain
yield all had highly. significant .mean.. square'valnes for.general com-

. bining ability._ -Only .200 kernel weight -had.a:highly significant

’ ;mean square. valuejfar specific cembining)abiliqy. . The pergent gen-

...eral to specific .combining ability for. theeencharacteristics as
”calculated from the variance components -are-as. ﬁOllOWS.Aﬁzft

g o.fGGAf-f Lomdr ’%SCA'J ’

424

~ e : 4/‘”;41 5 19
200 kernel weight 48.1 2915
Grain Yield . 23.3 24.6

" 'The; estimates of, general combindng.. ability;effects indicate

"[61-130 to. be the highest;in general combiming sbility. . This; parent

" was also’ involved dn the crosses: that.produced the highest:yielding
’ hybrid and the highest increase in heterosis above the higher parent.

s o restann e

_ The correlation coefficient Lx. = ,16): between yield‘of sthe mid-
parent and ‘the hybrid indicates parental yields do not safely predict
the yield of the hybrids.. The highest ylelding:bybrid:.in this study
came from a cross of Langdon and 61~130 which ranked 4th and 9th re-

-, spectively in yileld.. The:lowest yielding, hybrid. came: from a.cross
“:*of Wells and‘60 ,5_which ranked lst and Sth,respectively in yield.
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© PARENTAL LINES: -

DIALLEL ANALYSIS IN DURUM WHEAT - 1965

 PARENTAL YIELD
G/PLOT -

 Fy YIELD
~ -G/PLOT*

C F YIELD.
- G/PLOT*

- ESTIMATES OF -
"GENERAL COMBINING
- ABILITY EFFECTS
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- 10.6-
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% MEAN. OF FIVE REPLICATIONS. ~ . .

.
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METHODS OF EVALUATING COMBINING ABILITY
POSSIBLE PROCEDURES

'E. L. Smith, W. 0. McIlrath, and C. R. Glover

A number of wheat workers have demonstrated that general com—~
bining ability variances are more important than specific combining
ability variances. for yield as. well as, other agronomic characters.
This suggests:.. that we; should 1pok first for high general icombining
ability in our hybrid ‘wheat material. However, speé¢ific combining
ability effects should not bé ignored. Ia the final.analysis we
will have to make use of these non-additive effects in 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. In this study gen-
eral combining ability variances for yield were some 12 times greater
than specific combining ability varlances. For tillers/plant,.
kernels/plant, 1000 kernel weight, heading date, and- plant height,
general combining.ability varlances were also well in éxcess of:
..specific combining ability’ variances.i .However, it is of consider—
able interest to note that i%“all characters examined, variances
associated with specific combining ability, although relatively
small, were statistically significant.

Extrapolating from findings in other crops, we can assume that
general combining ability ‘will be. relatively more  important than
specific combining ability in mateérial’ previously unselected for com-
bining ability. Specific combining ability will become more inm-
portant in material which has been previously selected for general
combining sbility. Considering this as well as the nature of the
problems encountered in A~ and R-Iine development, the following
procedures might be useful in evaluating hybrid wheat material
for combining ability. - L -

Preliminary general combining ability estimates should ‘be
obtained on varieties and experimental ‘lines before or iconcurrent
" with:their conversion to A- and R-lines. This can be. accomplished
through the use of hand-made crosses involving two or three ‘high-
performing adapted varieties as testers. Diallel or' partial
diallel crossing gystem can also be used. In most programa, pre~
liminary estimates of general combining ability have, already been
obtained for many commercial varieties and promising lines.?

It appears that Arlines can be developed more rapidly than
R-1ines. Therefore, more A-lines than:R-lines- will be available,
at least initially. With this situation we can employ a partial
diallel 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 serwe! 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~line
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-lines. -

This type of mating system has been used with sorghum and
other crops and appears.to be well suilted for work with wheat.
Also this model provides a means of obtaining additional infor-
mation on variance components.

Table l. = PARIIAL DIALLEL MATING SYSTEM

- A-Lines . ReLines

W X X Z
1 - WL - X1 o Y1 0 Z1
2. w2 X2 0 Y2 oy
N - W3 - X3 :
4 we - -}
5 W5
6 Wé
8 w8 - o o b ok
9 w4 L4
10.

wi0 X10 - Y10 - Z10
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.t /POLLEN-PRODUCTION AND POLLEN:SHEDDING = .
:' OF SPRING'AND DURUM WHEATS -

(Abstract)

o Le R Joppa, “F. H. McNeal ,andM. A; Berg :

The amount of seed set by cytoplasmic male sterile lines of
wheat is:determined: by dmount of available pollen, relative flower-
ing date of the male and female lines and area of stigma exposed
by the female. The present study was designed to investigate the
relative pollen shedding ability of varieties of spring and durum
wheats and the relationships between pollen ‘shedding and other
varietal dharacteristics.

The varieties differed in amount of pollen shed, number of
pollen grains/anther, % anthers extruded, tillers/plot, fertile
florets/plot, fertile florets/tiller; yield and kernel weight.
The amount of pollen shed was positivély correélated with Z
anthers extruded and tillers/plot but' negatively correlated
with fertile florets/ tiller. o

Path coefficient analysis indicated 4 anther extrusion had
the largest direct effect on pollen shedding.  Pollen shedding
ability of a wvarilety can be predicted i’ on the basis of fertile
florets/plot; pollen:gralns/anther and % anther extrusion.
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THE EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY
ON THE VIABILITY OF HARD RED WINTER WHEAT POLLER

(Abstract)
R. E. Watkins

N - Three varieties of hard red winter wheat - 'Warrior ,
" Y'Wichita , and 'Triumph' < were grown in controlled environ-
iment ‘chambers at four' temperatures ‘each’ at three levels ‘of

" relative humidity to ‘determine’ the effects of" temperatures

© and’ humidlty on pollen viabillty and longevity. ‘The temp-
_eratures were 65, 75, 85, and 95°F, ahd ‘the relative humidi-
ties were 20, 50 and" 80%. - Pollen’ viability was determined
"through ‘the use of the vital® stain; tetrazolium bromdde, in
.a sugar—gelatin mixture. R ‘

The results indicate that both ‘temperature’ and humidity
have an important effect on the longevity and viability of
‘wheat pollen. Approximately 15% of the pollen grains were
’still viable after 40 minutes of exposure - at “65°F -and 50% .
relative humidity. While only about 18% were viable after
5 minutes at 95° 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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" POLLEN DISPERSAL

‘(abstract)

"B, G. Hé);he

. Qa}L ,somptimg in t:he7 mo;;nirgg befox,‘g X ‘
and again in the afternoon when air Ltemperatures d_ecreased.
Very high correlations were obtained between pollen per cubic
o £00t per day and the. avenage seed set per date “qf exposure.
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s MAXTMIZING CROSS "POLLINATION .

(Abstract)

». . .. As ‘early -as. 1965 we expressed' -confidence.that. a,satisfactory
.wkevel .of .cross .pollination could be obtained in drill.-strips up

4?;;:thulﬁgfeét¢1n~width;Ausing}a.ratio;ofrlmmale:to;Z females.  To
- datey we have iseen nothing to.change :this:opinion. -:Our data

ibvshows that we: have obtaingd 80%-cross pollination-on a field
average basls; ‘though results have sometimes been:difficult to
duplicate.

+ & . = ,~$v, L T o A "- P i,
N e RS PR Y A

, Probably the most important iactor in obtaining a satis-
factory ‘kevel ‘of -cross:pollination is .the proper- timing of ithe
.. blooming of male ‘and femalefw Best: results have been obtdined
~where the sterile bhlooms. -about’ ‘two days earlier than :the: ;-
» :'pollinatdr.  However, exposing the unfertilized stigmas for
- - geveral hours .dr .days: may create_some:diseaSeaprobleﬂs;/.The
;- most -serious’ that'we have erncountered :1s..the: formation .of
.. «ergot -boddes at the more northernly United States: 1ocations.
,,,,, r‘ Y
We are attempting to study the amount of isolation required
- for iFy icrossing filelds.: <Results..from 1967 :showed insignificant

".ai‘levels of crossing: at distances: of: 250 yarda »bOuBDO :yards- from

s the pollen BOULCR S, : i Lo wiras bohog

. f:;f,’f- ARG U R B AR

Ao
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MINIMUMSEEDING RATES: IN WINTER WHEAT

(Abstract)
Arthur Klatt

" 1.One of the:basfc problems .agsociated with hybrid wheat is the
“high ‘cost of ‘seed; not only from the farmer's aspect but:also the

' producer.. 'As a‘possible means of: reducing the ‘seed expenditure,
‘a-seeding rate studyiwas conducted at' Fe. Collins; Colorado in 1967.
‘Two - adapted; ‘high yielding varieties, ‘Scoutvand’ Lancer; were tested

" under -4 *ates of seeding (3#, 6#, 9#; and15#/Aci ) SEEREE R

The yields of Scout ranged from 54.7 bu/Ac at the 3 lb/Ac

* rfate up to:71l.4i'bufAc at ‘the 15 1b/Ac rate.: Lanceryields ranged

© from 57.2 bu/Ae-at the 3 1b/Ac ‘rdte up 0 :63.1 bu/lc vatthe

. 6:1b/Ac rate.. There was: no:significart  difference: in yield of

" Scout. at either the 9 or 15 1bf/Ac rate; however, the:i3 :1b.and 6 1b/Ac
rates were signifiicantly: lower:in yield:. The .yield of Lancer did
not dtﬁﬁétisignificéﬁtlyaatathex&,aQy-orxlS:1bﬁmcxrhtes;mhowever,

the :3 :1b/Ac ‘rate:.again :decreased:yield. : Wheni the grain yields of
the. two varieties were: averaged,: no ‘signifficant :difference occurred
between the 6 9 and 15 lb/Ac seeding rates.

This test”indicates thatwmaximum or neat*maximum yields can

- be. maintained at:geeding rates.-that:.are much :lower " ‘than -the. 30 to

50 1b/Ac seeding rates commonly used in this:area. :Xield component
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 PRACIICES 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,

".. There:is much-expérimental data:indicating'that the prevailing

_:fates;infmostxlocalitiesweanwbe.redﬁced&withouthﬁateriallyfaffecting
" “yield.:  However; :there .are: important “side issues" ito-the seeding

rate: question ‘(particularly in ‘the:Hard 'Red Winter: and Soft Red

Winter areas) that may limit the extent of reduction.v These are:

v R

”JQg; 1: .Reduced ability of thin stauds to compete with weeds.

'24f.Wind and water erosion problems arising from incomplete
: ;;@ground cover.=,f:”~ 2T

§;3;;fThe desire to pasture the wheau durin {the fall ahd
winter, . - Vaonmrrell Do :

4. Delayed maturity of the ctOp.

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 requirements of "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 AND;NONMERCURIAL FUNGICIDES
IN RELATION TO HYBRID WHEAT

EELE 14 (AbstfaCt)*" S AR

; ,‘ EarlD.Hansing B :

- About -70% iof ;the :wheat seed in-Kansas'is now:tréated with
_mercurial:fungicides:before planting.. :With’the: eventual.change

- funglcides, : Systemic -fungicides :likely will ‘be wused:during de-

. .velopment of the hybrids.: Vitavax 75,7an-oxathiin fungicide
applied as a seed treatment, will control loose smut, bunt, and
-gome ‘'seed -rots- and :seedling blights. .Thén either.momnmercurial
fungicides or combinations of them with systemic fungicides will
. :be-uged for seed-distributed to farmers.: They: are more expensive
but also more effective than mercurial fungicldes .for control of
seed rots and seedling blights. Since seed will be more expensive
.the .growex will want:to-have it treated with.the 'best fungicides
s0 as to obtain maximum stand of plants and yield.:

"""""
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HYBRID WINTERHARDINESS NURSERY
V,'A. Johnson

- The winter surv1va1 of 16 winter wheat hybrids was evaluated in
replicated rows at six locations in the hard winter wheat- region in
1967. Eight of the hybrids were non-restored ms Bison as a common
parent. The other eight hybrids involved NB 3547 or TX 1055 as a
fertility restorer parent, crossed with A-line versions of winter
wheat varieties ranging in winterhardiness from Parker to Omsha.

Differential winterkilling occurred only at Laramie, Wyoming
and Brookings,,South ‘Dakota.” The average winter survival of non-
restored hybrids was slightly léss than the least hardy parents.
Restored hybrids survived somewhat better on the  average than either
parent at Laramie but were only equal to the least haxdy parent at
Brookings where the winter was more severe.

- - 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 most complete at Laramie
where there was little difference in degree of restoration pro~-
-yided by NB3547 and TX1055. Overall restoration provided by NB3547
was next at Bushland followed by Brookings, Lethbridge, and Mocassin
in that order. Restoration provided by T%1055 was ‘approximately
half as effective as NB3547 at Bushland and even less so at the other
locations. : T

'Iable 1.

. % seed set on bagged heads

:Laramie : "'Bushland :Brookings:Lethbridge :Mocassin

Hybrid :Wyoming : Texas :S0. Dak. :Alberta :Montana
Gage x 3547 100 77 74 74 54
Scout x 3547 95 75 68 ' 646 -~ 57
Bison x 3547 72 90 67 53 38
- -Parker-x 3547 - 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
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Grain yields were taken at Mead, Mocassin and Lethbridge
where all hybrids survived the winter without loss of stand.
Performance of restored hybrids in relation to the parents is
shown in Table 2, Less-than-complete restoration at these loca~-
.., tions undoubtedly had a depressing effect on. the performance of
", hybrids,. although seed set from cross pqllination probably

'f:lessened theleffect.m?W1, B T . -

B

Hybrid performance as z of parent mean (above
11ne) and best pgrent (belqw 1ine).’

'vlfﬁ?ﬁfié'j;;f;“

MEad Z’ chassin . Lethbridge‘:”v

" el IISRTS 23

122 0 s T T T TEn”

ERSEN ST G EOEE e M St 2oa

CGage x 3547, Mol jea o

BRI TR,

. Bisonx 3547 1. 101

Parker x 3547 27 097 112
8 .3 LT n<v'8‘

 Wichita x 3547 94 B ISR - R
' ~ 85 L8 92
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... WINTERHARDINESS IN HYBRID WHEAT
J. M. Poehlman . - cor - :1A.i.h;

Winterhardiness in wheat is a complex problem with survival
depending upon the interaction of the genotype:and the environ-
ment. - Inherent survival will differ with the class -of wheat and
‘the. variety within the class. Survival.will be affected by the
minimum. temperatures, duration of -exposure, moisture content of
the soil, alternate freezing and thawing, snow cover, crop residue
on the surface, plant spacing, soll fertility and texture, plant

- and root development, prehardening,..disease.or insect. injury, and

other factors. In general the hard winter wheats have:greater.
resistance than the soft winter wheats to low temperature and
drought while the soft whedts.have the greater resistance to.
heaving. This is a basic difference in. the.adaptation of soft
wheats to the Eastern U. S. and the hard wheats to the Great
Plains. : PR o

.The inherent hardiness.of hybrid wheats will depend -upon-.,
the inherent hardiress: of the parent strains.: It would be'ex=-.
pected that the low temperature hardiness of a particular hybrid
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 -hybrid line. . .-~
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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 to ‘discontinue the'Quality ‘Series after the 1968 crop

_ year was approved. Karl Finney of the Hard Winter Wheat Quality Lsaboratory

will evaluate varieties in the 1968 Quality Series as composites only.

Cooperating stations are urged to“submit advanced lines and varieties for

quality evaluation as "special samples". Five pounds of seed would be

.adequate for full evaluation of special samples._

Southern Regional Performance Nursery co SELI I SR
‘ ‘“There: weye no: “té comtendations -for changes in theunursery. Cooperators
were urged’ by ‘the: regional leadér to:ship:sSeediof .nmewientries: by parcel
post of motor-frédght. Itwas} ‘pointedout that .north-south movement of
- -ratlway expregs : :shiptents 18 very slow.. Walter- Nelson of ~the~Lind,
Washingtor-Stationexptressed :interest -in:obtaining séed -of -entries in the
... southern: and -morthern reglonal: :performance. nurseries for: observation and
yield Cesting at the Lind Sthtion.nr e TN IR

Northern Regional Performance Nurserg
“-No*: changes;recommEnded. R

o v
Uniform Winterhardiness Nursery R

" It was suggested by the North Dakota cooperators that the northern
and southern matérials sectionsof the nursery.should:be. grown at
vw11118ton’or ‘Dickinson-instead:of at. Fargo:whete. the wintetrkilling is
“usually too high for- differential ratings. This ohange will be affected
for the 1969 nursery. ER : .

Soil—borne Mbsaic Nursery . rer';A7[9 }f}:;1~;—1;I;£:i -
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 entries. 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. H. McNeal.
C. F. Konzak discussed a world germ plasm record system.
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TOWARD A WORLD PLANT GERM PLASM RECORD SYSTEM

C. F. Konzak

" A program to develop an -internationally coordinated system -
adapted to the storage, retrieval 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 headquarters in Vienna in
 December, . 1965, at the invitation of the Directors General of

FAO and IAEA-l/ 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 a trial system for storage and retrieval of records
by computers were successfully completed in February, 1967 by the
coordinator and colleagues with. the guidance and assistance of
other working group members and the IAEA computer staff. 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 all over the world.

1/ 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, Michigan 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; and .P. R. Jennings, International
Rice Research Institute, Manila, Philippines.
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The organization and integration of internationally standarized

“records has been proposed by way of a coordinated world plant germ
plasm record system.’~ FAO headquarters ‘at ‘Rome 18 the’ logical loca-
‘tion for the’ coordinating center ahd central record file. -'Wide

- scale ‘field tests of the’ proposed'system are being planned. Holders

of a number  of the major’world coilections ‘of wheat- ‘germ plasm

~ stocks’ will be' asked to’ participate in ‘these tests,” The system

- will also be used- in’ plant exbloration ‘and adaptation projects of
IBP-and in progtams-coordinated’ by FAO® and- FAO/IAEA. A project

" on-a-germ plasm’ record syStem‘has been included among the v.s.

projects participating in the IBP

In preparation for the planned all out: effort~on germ plasm

-registration, U.S. workers .could:begin to: standardize their records

in at least three ways that should be compatible with their present
works:. . accession number.systems.can be’ established;-designations
applied: to varieties-and:selections could be made: ¢ompatible for

- lemgth: (23 spaces) and:completé pedigrees for: accessions could
. .>be recorded- accordin”"to the standardized system proposed by
f.Purdy et al. T R vl e
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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 policles were discussed
at length by the state and federal workers attending the regional
programs session. : -

RESOLUTIONS

The following resolutions were adopted unanimously by the conference
- partieipants. » ‘ :

REPORT OF THE SPRING WHEAT BESOLUTIONS“COMMITTEE

Be it resolved that the members of the Eleventh Spring Wheat
‘Workers Conference, February, 1968, express their appreciation to
~the. following people and organizations: First, to the local arrang-
- ‘ment committee  and.various Departments of the Kansas-State University
for arrangements, accomodations, and hospitality; second, to the
Chairmen of the various sections for the arrangement of the program;
third, to the Kansas State University for: their promotional activity,
‘and fourth, to ‘the Hard Red Winter Wheat.Conference for -their
invitation to meet jointly. -Be it-also resolved that we. go on
record as favoring future joint conferences. Be it further re-
solved that we express our appreciation to our neighbors in Canada
and Mexico for their participation and interest in our conference.
Finally, we 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
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'REPORT OF THE RESOLUTIONS COMMITIEE OF THE -
" HARD RED WINTER WHEAT WORKERS:

Be it resolved that'thié Hard Red Winter Wheat Workers express
thelir appreciation to the administration of Kansas State Univer-
sity, its Conference Coordinator, and the local arrangements
committee, especially ‘its .chairman, Dr. . E.G. Heyne,;for ‘the

vvvvv

hospitality as the host of this conference.

" Be 1it.furtlieriresolved that-the Hard Red Winter Wheat Workers
express thelr pleasure in having met jointly with the Hard Red
Spring Wheat Workers in a fruitful and successful conference.

: Be it further resolved that the Hard Red Winter Wheat Workers
. express their: ¥ecognition of thetsubstantial and stimulating con-
. tribution:of. private researph workers. particip ,ing in this

"Be it further resolved that the»Hard Red-Winter Wheat Workers
.]D. R. Knott
for their wnselfish: icontribution of time. and. effort in developing
. -‘the Wheat’ Newsletter into an effective means:- of communication

o among wheat WOrkers. R N NI e

‘2 Committee "!i: |G etlpore
B o Ro E' Finkner
W. Livers
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