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SUMMARY 

Twenty-nine alfalfa clones from breeding pro
grams at the Agricultural Experiment Stations of In
diana, Iowa, Kan as, Minnesota, Nebraska, and South 
Dakota were vegetative! y propagated and replicated 
in space-planted nurseries established in those six 
North Central states and California and Idaho. Meas
ured were 1 plant characteristics in the North Cen
tral tests and seed yields in the western states. Open 
pollinated seed from California and Idaho was used to 
sow seed yield trials in those state a well a multiple 
row forage yield trials in Iowa, Kansas, Nebra ka, and 
South Dakota. Agronomic data other than yield were 
obtained from the progeny plantings. The experi
ments were to determine if associations among char
acters existed strongly enough to predict seed yield in 
the western states' commercial seed producing region 
and forage yield in North Central states, using knowl
edge of plant morphology of clones and of progenie 
in the North Central seed consuming area. 

No one character or group of clonal characters 
could be used uniformly in predictive equations. Con
sidering predictive value and cost and difficulty of 
measuring, we selected five ( date of initial bloom, 
flower color score, growth habit score, percentage of 
fertile, open-pollinated florets and number of coils 
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per pod) as being best suited to indicate progeny seed 
yield potential in California and Idaho. Percentage of 
fertile, open-pollinated florets and number of coils 
per pod predicted seed yield better than other traits. 
The five variables selected proved suitable for predict
ing average forage yield of open-pollinated progenies 
in the North Central States. 

Forage yield was the only North Central Region 
progeny trait average that correlated significantly 
with average seed yield in the Western states ( r==.40). 
Highe t coefficient of determination was .87, which 
was obtained from 19 independent clonal variables 
measured in Kansas and used to predict progeny seed 
yield in Idaho. Progeny traits did not precisely predict 
seed yields but the results were encouraging. Charac
ters like forage yield, stand, rate of recovery, and fall 
growth habit are either routinely measured in alfalfa 
breeding programs or can be easily measured. Com
bining both clonal and progeny trait information was 
more valuable for predicting forage than seed yields. 

We conclude that genotypes sufficiently winter 
hardy to maintain stand and vigor and capable of 
rapid recovery after cutting provide both maximum 
forage and maximum seed yields. 



Predicting Seed and Forage Yields of 

Alfalfa Open-Pollinated Progenies 

By 
M. D. Rumbaugh, W. R. Kehr, E. L. Sorensen, I. T. Carlson, 

J. D. Axtell and L. J. Elling' 

INTRODUCTION 

Bree<ling alfalfa ( M edicago sativa L., M. f ale at a 
L., and their hybrids) in the United States is compli
cated because geographic centers for eed and forage 
production are widely separated. The dome tic seed 
production is concentrated in western states ( Cali
fornia, Oregon, Washington, and Idaho). More than 
half the country's alfalfa forage acreage is in 12 tates 
in the North Central Region. The two areas differ cli
matically. Clone and cultivars well adapted to one re
gion and purpose are not necessarily well adapted to 
the other region or to other purpose . 

Selecting traits measured in orth Central Region 
nurseries ha contributed to agronomically superior 
cultivars for forage production in the region, but not 
all of them have the genetic capacity for high seed 
yield in the western states. Seeds of such cultivars have 
been more expensive than seed of more prolific culti
vars. Simultaneous election for increased forage and 
seed yields by traits that can be measured rapidly and 
inexpensively in North Central states is desired. That 
will be possible only if such traits are highly heritable 
and also are genetically correlated with yield attri
butes. For those reason experiments were initiated in 
1966 to determine: (a) whether a sociations between 
seed production potential and morphological- or 
physiological-plant characteristics exist, and (b) if 
such associations can be used to identify plants with 
both forage and seed production potentials. 

REVIEW OF LITERATURE 

In alfalfa breeding programs, germplasm normal
ly i examined and plants or clones with superior 
agronomic characteristics are selected in spaced nurs
erie before solid-stand progeny trials are u ed to 
measure seed or forage yield . Therefore, population 
density's effects on plant morphology is important. 
Plant height, plant wi<lth, stem number, and stem 
length accounted for 93% of dry matter forage yield 
variation in noncompetitive space-planted experi
ments by Frakes et al. (2), but the relationships of 
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crown width, stem number, and stem length to plant 
forage weight changed as plant spacing changed ( 10). 
Experiments in the North Central Region have shown 
that data from spaced planting do not reliably indi
cate forage yield potential in solid seeded stands ( 1, 8, 
10, 12, 13). 

Miller et al. (7) reviewed several earlier reports of 
correlations between various forage yield components 
and forage yield of alfalfa in olid seedings. They 
were determining predictors of individual plant 
yield and its components in a solid seeded stand 
with varying distance among neighboring plants an<l 
irregular orientation of plants in field environments. 
Total dry matter yield of a plant and its number of 
stems could be predicted more reliably than could 
weight per stem, u ing five independent variables: (a) 
spring crown area of the plant, (b) dry weight of the 
previous harvest, ( c) di tance to nearest neighbor, ( d) 
potential area of plant, and ( e) nearest neighbor's 
number of stems. In their studies effects of the inde
pendent variables varied for different harvests of a 
variety and for different varieties. Crown area and 
yield of the previous harvest were the most important 
influence on yield. Potential area of a plant was sig
nificant on a seasonal basis but not an important pre
dictor of individual harvest yields. Nearest neighbor's 
number of stems predicted plant yield and its compo
nents better than distance to the neighbor did. 

'Contribution from cooperative investigators of South Dakota State Uni
versity, Univer ity of Nebra ka, Kansas State Univer ity, Iowa State 
University, Univer ity of Minnesota and the Plant Science Research Divi
~ion, Agricultural Research Service, U. S. Department of Agriculture 
under the auspices of the NC-83 Technical Committee, " eed Produc
tion of Breeding Line of Insect Pollinated Legumes." 

2Professor of Plant Science, outh Dakota State University; Research 
Agronomi t, Plant cience Research Division, ARS, USDA, University 
of Nebraska; Research Agronomist, Plant Science Research Division, 
ARS, USDA, Kansas State University ; Associate Professor of Agronomy, 
Iowa tate Univer~ity; Assistant Professo r of Agronomy, Purdue Univer
ity; and Profe sor of Agronomy, Univer~ity of Minnesota. The authors 
gratefully acknowledge the assistance of R. E. Stucker, University of 
Minnesota , and of G. L. Posler, formerly of Iowa State University, for 
obtaining . ome of the data. The authon give special recognition to the 
late C. P. Wilsie, Iowa State Univer~ity , for his effort in planning and 
in itiating this research and for obtaining ome of the data. 



Several morphological and environmental varia
bles have been correlated with alfalfa seed yield 
(Rumbaugh et al., 11) by relating 18 plant character
i tics in spaced nurseries in the North Central Region 
to seed yields of the same clones in California and 
Idaho. No independent variable was sufficiently a so
ciated with seed yields to satisfactorily predict seed 
yield potential in the western states. Independent vari
ables that consistently generated relatively high stand
ardized partial regression coefficients for predicting 
seed yield were: (a) number of racemes per plant, (b) 
flower color score, ( c) number of stems per plant, ( d) 
wet forage weight per plant, ( e) percentage of fertile 
selfed florets, (f) number of open pollinated seeds per 
pod, and (g) number of coil per pod. The relative 
importance of ome traits in equations for predicting 
second-year seed yields differed from those for the 
fir t year when propagules were transplanted. 

Fryer (3) successfully u ed maternal line selection 
procedures to simultaneously select for forage and 
seed yields. His program u ed a continuous sequence 
of 4-year stands, each containing about O fifty-plant 
progenies from which he selected the mo t highly fer
tile and vegetatively superior plants. Applying that 
method 10 years, he developed a stock that produced 
significantly more seed than controls with no loss in 
hay yields. 

Pedersen (9) noted that neither cross- nor self
fertility of 17 parental alfalfa clones indicated hay 
production of progenies. However, progeny seed pro
duction correlated with both cross-fertility and seed 
production of parents. Over 3 years, 9 selections based 
on maternal seed production were 39°/o superior in 
seed production to the average of 6 controls. Heinrichs 
( 4) found no association between seed yield of paren
tal clonal lines and their polycross progenies in differ
ent years or at two test locations in Saskatchewan . 
However, he developed an eight clone synthetic pre
dicted to yield more seed at both locations than the 
source population while maintaining forage yield and 
winter hardiness of the source population. 

Melton ( 6) polycrossed and intercrossed nine se
lected alfalfa clones in a diallel series under cage with 
honeybees. His progeny trials were with single row 
plots 2.43 m long with 0.61 m between rows. Forage 
and seed yields were not measured the same years. 
Most crosses yielded less than the pol ycross progeny of 
'the parental clones. However, at least one cross in a 
group of crosses involving a given parent produced 
more seed or more forage than its corresponding prog
enies, particularly more seed. The correlation between 
progeny seed and forage yields was highly significant, 
r==0.54. The correlation between self-fertility of par
ent clones and forage yields of polycross progeny was 
not significant (-0.42) but that for eed yields was 
(-0.69). 
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MA TE RIALS AND METHODS 
We established propagules of 30 alfalfa clones in 

multiple plant plot in replicated spaced nurseries 
near Lafayette, Ind.; Ames, la.; Manhattan, Kan.; 
Ro emount, Minn.; Lincoln, Neb.; Brookings, S. D. ; 
and Fresno, Cal., in 1966, and near Caldwell, Idaho, in 
1967 ( 11). Plants in California were pollinated by 
honey bees ( A pis mellif era L.) ; those in Idaho, by leaf 
cutter bees ( M egachile rotundata Fabricius). Open 
pollinated seed was harvested from each plot both the 
first and second years in both California and Idaho.a 

Clonal progeny te ts were planted in California, 
Iowa, Kan as, Nebra ka, and South Dakota in 1968 
and in Idaho in 1969. Seed for the 1968 trials was ob
tained by bulking equal quantitie of the 1967 Cali
fornia oprn pollinated seed from each replication for 
each parental clone. Similarly, eed for the Idaho trial 
was from open pollinated seed produced in Idaho in 
196 , with three gram from each of four replication 
bulked for each parental clone. Control varietie 
grown in the North Central Region were Atlantic, 
Buffalo, Dawson, Narragansett, Ranger, and Vernal. 
Only the la t two were evaluated in California and 
Idaho. 

Pre-plant herbicide was applied at all locations ex
cept Kansas to control weed . Each test was spring 
sown with equipment customarily used at each loca
tion for forage or seed trials (Table 1). 

Traits measured at one or more location in the 
North Central Region included forage yield ( oven 
dry tons/ A), stand, spring growth habit, fall growth 
habit, rate of recovery after cutting, downy mildew 
( Peronospora trifoliorum de Bary) injury, leafhopper 
( Empoasca fabae Harris) injury, plant height, and 
winter injury. Stand was measured by counting either 
four- or six-inch interval with no alfalfa plants in 
rows and converting to percentage of harvested row 
length (5). Spring and fall growth habits, rate of re
covery after cutting, and downy mildew and leafhop
per injury were scored on a one to nine scale as sug
gested by the "Report of the Committee on Genetics 
and Breeding Nomenclature," Report of the Nine
teenth Alfalfa Improvement Conference, 1964 (Table 
2). 

Interpretations of the data were aided by analysis 
of variance and by simple and multiple correlation 
and regre ion of entry means for each location. For
ward step-wi e procedure were u ed when evaluating 
the predictive importance of two or more independent 
variables. The equation u ing all those variables is 
called the 'complete' equation in our discussion and 

3The author, appreciate the cooperation of L. E. Arnold and H. L. Carna
han, Arnold -Thomas Seed ervice, and of R. R. Kalton an<l D. E. 
Brown, Lane.I O'Lakes, Inc., who made the California and Idaho trials 
possible. 



table . The equation for which the coefficient of multi
ple determination R2 most closely approximated 0.80 
is called the "terminal" equation, which corresponds 
with our earlier arbitrary usage of "terminal" to indi
cate an equation with sufficient predictive value to be 
of practical use in a breeding program. In some in-
tances, inclusion of all available independent vari

ables did not result in Rt o large as 0.80. Complete 

and terminal equations then were identical. All cor
relations and regressions were computed with data for 
29 clones and their progenies when possible. Informa
tion for the control cultivars and for one of the Indi
ana clones was not used because they were not uni
formly included in all plantings all years. Winter 
mortality in the South Dakota, space-planted nursery 
limited computations involving 1967 clonal data to 20 
of the parents or their progenies for that state. 

Table 1. Summary of progeny forage and seed yield trials. 

Number Number Seed 
of of rows planted Dryland 

repli- per per or 
Location cations Plot size Elot Elot (g) irrigated 

Iowa 3 30" X 15 1 3 6.7 Dryland 

Kansas 3 30" X 14' 3 6.7 Irrigated 

Nebraska 3 27" X 15' 3 6.7 Irrigated 

South Dakota 3 48" X 20 1 4 6.7 Dryland 

California 4 40" X 16 1 1 1.0 Irrigated 

Idaho 4 36" x 12' 2 1.0 Irrigated 

RES UL TS AND DISCUSSION 

Progeny Trait Means and Simple Correlations 

Initial stands in all progeny trials were excellent. 
Fir t year forage yield were measured in Iowa, Kan
sa , and South Dakota. Irregular winter injury and 
stand loss during 1968-69 precluded valid yield com
parisons in Nebraska. Seed yields were obtained in the 
first and econd years in both western states. Other 
agronomic information collected is listed in Table 2. 
Information on each characteristic for each open pol
linated progeny and control variety was pooled by 
averaging the data over locations and years (Tables 3 
and 4). 

7 

Seed yields ranged from 2 8 to 589 pounds per 
acre. Ranger, known by seed growers to be productive, 
yielded highest. Differences among test entries in seed 
yield were significant (P<0.05). Forage yields ranged 
from 4.62 to 5.49 tons per acre, not significantly differ
ent on the basis of entry location-year averages. 
Means for other traits are shown for each entry but the 
data were not subjected to analysis of variance. 

Simple correlations of yield averages of open pollin
ated progenies and their other traits are shown in Ta
ble 5. Data for control varieties were not included. 
Nine of the 14 traits were significantly associated with 



Table 2. Locations and times traits of open po l linated progenies were 
measured. 

Trait State 

Seed yield (lb/acre) California 

Idaho 

Forage yield (ton/acre) Iowa 

Stand (%) 

Spring growth habit 

(score) 

Rate of recovery (score) 

Fall growth habit 

(score) 

Plant height (in.) 

Winter Injury(%) 

Downy mildew (score) 

Leafhopper injury (score) 

Kansas 

South Dakota 

Iowa 

Kansas 

Nebraska 

South Dakota 

Kansas 

Nebraska 

South Dakota 

Iowa 

Kansas 

Nebraska 

South Dakota 

Iowa 

Nebraska 

South Dakota 

Kansas 

Iowa 

Kansas 

South Dakota 
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Dates 

1968, 1969 

1969, 1970 

1968, 1969, 1970 

1968, 1969, 1970 

1968, 1969, 1970 

6-13-69, 6-16-70 

11-22-68, 10-1-69, 11-18-70 

6-6-69 

8-18-69, 5-6-69, 5-19-70 

4-19-69, 4-28-70 

4- 27-70 

5-6-69, S-19-70 

1969 Cuts 1-3, 6-16-70 

6-7-69, 7-15-69, 8-26-69, 

10-1-69, 6-9-70, 7-9-70 , 

8-15-70, 9-18-70 

7-7-70 

8-8-70, 8-2-70 

10-14-69 

10-1-69, 10-25-70 

9-15-69, 9-18-70 

6-24-68 , 9-24-68 

4-29-70 

6-24-68 

9-10-68 



Table 3. Yields, growth hab its, ands and of open pollinated progenies and 
varieties averaged over locatio ns and years. 

·---------- Spring Fall 
Oven dry growth growth 

Maternal clone Seed yield forage yield Stand habit habit 
or varie t v (lb/acre) (ton/acre) (%) (sc.9re) (score) 

Ind. 62-235 412 4.80 91. 4 4 
Ind. 62-237 294 5.01 93 3 3 
Ind. 48-55 324 4.87 89 5 4 
Ind. 62-247 458 4.71 94 4 4 
Ind. 62-267 399 4.85 88 '• 3 

Ia. 918-2 316 5.16 93 3 3 
Ia. 918-3 403 5.14 94 4 4 
Ia. 46-1 358 4.90 91 4 4 
Ia. 1317 460 5.00 91 3 3 
Ia. ]516 37 3 4.96 93 5 6 

Kans. 2313 401 5.16 87 4 3 
Kans. 2314 558 5.25 94 3 2 
Kans. 2315 371 5.11 93 4 3 
Kans. 2316 497 5.49 93 3 3 
Kans. 2311 485 4. 71 89 5 2 

Minn. 247 485 4.67 87 5 6 
Minn. 559 431 5.31 93 3 4 
Mi nn. 589 481 5.22 96 2 3 
Mi nn. 1166 363 '•. 70 93 4 5 
Minn. 1221 481 4.83 89 4 5 

. eb r. 661 4lJ6 '•. 97 95 4 4 
Nebr. 66 2 528 5.07 94 3 3 
Nebr. 663 557 5.26 95 4 '• 
Nebr. 664 288 5.27 95 2 3 
Nebr. 665 492 5.16 94 3 2 

s. D. 1108 462 5.01 95 5 5 
s. D. H2-8 456 5.05 94 3 3 
s. D. H2-7 309 4.62 92 5 5 
s. D. CK 25-1 398 4.66 90 4 5 
s. D. CK 27-1 322 4.76 91 4 4 

Atlantic 4.97 94 3 2 
Buffalo 4.89 92 3 3 
Dawson 5.03 91 3 3 
Narragansett 5.03 96 4 3 
Ranger 589 4.81 93 3 3 
Vernal 544 4.88 92 '• 4 

Nean 432 4 .98 92 4 4 

w(0.05) 119 N.S. 

c.v., % 21 15 

9 



Table 4. Rate of recovery after cutting, plant height, and injury traits of 
open pollinated progenies and varieties. Recovery and height values 
are averages over times and/or locations. 

Rate of Plant Winter Downy Leaf 
Maternal clone recovery height injury mildew hopper 

or varieti (score~ (in} (%} (score) (score} 

Ind. 62-235 5 16.4 70 5 4 
Ind. 62-237 5 16.5 52 5 3 
Ind. 48-55 5 16.2 83 4 3 
Ind. 62-247 5 15.6 50 3 3 
Ind. 62-267 4 17.8 72 4 4 

Ia. 918-2 5 16.6 60 4 3 
Ia. 918-3 6 15.6 57 2 4 
Ia. 46-1 4 16.8 77 3 6 
Ia. 1317 5 17.8 72 2 4 
Ia. 1516 7 15.5 68 2 3 

Kans. 2313 3 17.5 75 5 3 
Kans. 2314 4 17.8 52 5 3 
Kans. 2315 4 17.0 62 2 3 
Kans. 2316 3 18.0 63 4 3 
Kans. 2311 4 16.5 86 6 8 

Minn. 247 6 15.6 83 5 5 
Minn. 559 5 15.4 67 3 3 
Minn. 589 3 16 .8 38 4 3 
Minn. 1166 6 12.6 55 5 7 
Minn. 1221 6 16.4 83 4 5 

Nebr. 661 5 16.8 27 3 2 
Nebr. 662 5 17.0 45 4 3 
Nebr. 663 5 16.7 33 2 3 
Nebr. 664 4 17.0 40 3 2 
Nebr. 665 3 17.2 53 5 4 

S.D. 1108 6 15.4 23 3 3 
S.D. H2-8 4 16.3 50 5 5 
S.D. H2-7 5 15.4 53 4 4 
S.D. CK25-l 6 15.5 70 2 3 
S.D. CK27-l 5 16.2 67 4 5 

Atlantic 3 17.2 42 5 5 
Buffalo 3 17.8 68 4 4 
Dawson 4 16.3 60 5 4 
Narragansett 4 17.2 32 2 4 
Ranger 3 17.5 62 5 4 
Vernal 5 16.3 58 4 3 

Mean 5 16.5 59 4 4 
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forage yield. Highest coefficient was for pring 
growth habit-forage yield, r= -.66. Rate of recov
ery score after cutting one and two were next with 
-.61 and - .63 respectively. 

Forage yield was the only North Central Region 
progeny trait significantly related to progeny seed 
yield . Although the coefficient of determination wa 
not great ( r 2=.l6), it was positive, which upported 
the optimistic view that selecting for higher forage 
yield in the North Central Region might also indi
rectly give higher eed yields in western states. An
other encouraging aspect was complete agreement in 
sign of all 14 pairs of correlation coefficients for forage 
and eed yields (Table 5) . Negative signs result from 
as igning the most favorable a pect of a character the 
lowest score. 

Forage and seed yield of progenies of the nine al
falfa clone tested in New Mexico were more closely 
a ociated than those in the North Central Region 
(Melton, 6). Melton's correlation coefficient was high
ly significant (P< 0.01) 0.54 with a corresponding co
efficient of determination of 0.29. His closer a socia
tion may have come from measuring both forage and 
seed yields in the same test in different year . His wid
er paced rows (0.61 m) also may have influenced the 
results. The data from both investigations suggest that 
alfalfa forage and seed yields can be improved simul
taneously. 

Predicting Progeny Seed Yield 

1. From clonal traits. The relationships of seed 
yields from clone measured in each North Central 
Region t st to seed yields of their open pollinated 
progenie measured in the western tests is described 
by simple correlation and linear regression (Table 6). 
The association were not close, with only 6 of 36 cor
relation coefficients ignificant. The six were for Min
nesota and Nebraska data. The highest coefficient was 
too low to have major value in selection programs 
( r 2= .24). Of correlations that differed significantly 
from zero, the four involving Nebraska were positive, 
wherea the two involving Minnesota were negative. 
A location effect is apparent, but the biological basis 
for the difference in sign i not understood. The re
sults support those of Heinrich ( 4) who found no as
sociation between eed yield of parental clones and 
their pol ycro s progenies, which is further substantiat
ed by lack of strong association in the western states 
(Table 7). All of the eight simple correlation coeffi 
cients for California and Idaho were lower than those 
for Minnesota and Nebraska clonal data. None differ
ed significantly from zero but six of the eight were 
positive. 

Some coefficient ( r) of yearly averages for all 
traits measured in the North Central Region clonal 
nurseries and of average open pollinated progeny seed 
yields in the western states were ignificant (Table 8) : 

Table 5. Simple correl ations (r) of North Central Region progeny trait means 
with average progeny forage and seed yields. 

Progeny trait 

Stand (%) 
Spring growth ha~it score 
Rate of recovery score - cut 1 
Rate of recovery score - cut 2 
Rate of recovery score - cut 3 
Rate of recovery score - cut 4 
Fall growth habit score 
1968 South Dakota leaf hopper score 
6-24-68 Kansas plant height (in) 
9-24-68 Kansas plant height (in) 
1970 Iowa winter injury(%) 
1968 Kansas downy mildew score 
North Central forage yield (dry t/a) 
Western states seed yield (lbs/a) 

* P <0.05 
** P <0.01 
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Progeny yields 
Forage Seed 

.46** 
-.66** 
-.61** 
-.63** 
-.51** 
-.31 
-.51** 
-.54** 

.30 

.48** 
-.35 
-.14 
1.00** 

.40* 

.11 
-.18 
-.18 
-.25 
-.20 
-.20 
-.20 
-.20 

.17 

.25 
-.20 
-.13 

.40* 
1.00** 



Table 6. Simple correlation and regression relationships of seed yields of 
29 clones in 5 North Central states and their open pollinated 
progeny yields in 2 western states. 

Tests 
Clone Progeny y = a+ b X 

(s/2lant} ~lb/acre} r a b S.E.E. 1 

1966 Kans. 1968 Calif. .03 495 1. 75 87 
1969 Calif. .18 390 8.95 65 
1969 Idaho .24 492 19 .92 105 
1970 Idaho .12 325 5.46 61 

1966 Minn. 1968 Calif. -.08 513 - 6.39 86 
1969 Calif. .17 377 9.55 65 
1969 Idaho .05 503 5 .11 108 
1970 Idaho -.09 344 - 4. 71 61 

1966 Neb. 1968 Calif. .18 474 6.22 85 
1969 Calif. .25 376 6.65 64 
1969 Idaho .49** 434 21.90 95 
1970 Idaho .41* 394 10.20 56 

1966 S.D. 1968 Calif. .03 495 16.25 87 
1969 Calif. .OS 398 20.15 66 
1969 Idaho .30 491 203.94 104 
1970 Idaho .OS 329 18.90 61 

1967 Ind. 1968 Calif. -.26 521 -24.26 85 
1969 Calif. -.30 425 -21.66 63 
1969 Idaho .01 512 1.69 110 
1970 Idaho -.03 334 - 2.16 62 

1967 Kans. 1968 Calif. -.oo 498 .08 87 
1969 Calif. .05 394 1.45 66 
1969 Idaho -.06 529 - 2.73 108 
1970 Idaho .06 326 1.28 61 

1967 Minn. 1968 Calif. -.37* 548 - 7. 72 81 
1969 Calif. -.19 421 - 3.10 65 
1969 Idaho -.04 523 - 1.05 108 
1970 Idaho -.37* 368 - 5.49 57 

196 7 Neb. 1968 Calif. .17 476 4.57 86 
1969 Calif. • 28 374 5.70 63 
1969 Idaho .39* 456 13.05 100 
1970 Idaho .38* 299 7.08 57 

1967 s.n. 2 1968 Calif. .05 491 3.75 75 
1969 Calif. -.08 404 - 5.38 70 
1969 Idaho .12 491 12.61 105 
1970 Idaho .05 332 3.23 66 

1 Standard error of estimate 
2 Based on 20 clones that survived the 1966-67 winter 

* p < 0.05 
12 

** p < 0.01 



Table 7. Simple correlation and regression relationships of seed yields of 
29 clones and their open pollinated progenies in 2 western states. 

Tests 
Clone Progeny y = a+ b X 

(s/Elant) ~lb/acre) r a b S.E.E. 

1966 Calif. 1968 Calif. .16 475 1.08 86 
1969 Calif. .28 370 1.45 64 

1967 Calif. 1968 Calif. .19 472 1.10 85 
1969 Calif. .29 370 1.27 63 

1967 Idaho 1969 Idaho .11 482 1.16 108 
1970 Idaho -.16 358 - .89 60 

1968 Idaho 1969 Idaho .10 489 1.35 108 
1970 Idaho -.07 342 - .51 61 

1 Standard error of estimate 

Table 8. Simple correlations (r) of 1966 and 1967 North Central Region clonal 
trait means with average progeny seed yields. 

Clonal trait 

Date initial bloom 
Number racemes per plant 
Raceme length (mm) 
Raceme width (mm) 
Number florets per raceme 
Flower color score 
Number stems per plant 
Length longest stem (mm) 
Growth habit score 
X. alfalfae damage score 
Wet forage weight per plant (g) 
Dry forage weight per plant (g) 
Fertile o.p. florets(%) 
Fertile selfed florets (io) 
Number o.p. seeds per pod 
Number coils per pod 
Seed weight per plant (g) 

1966 

-.35 
.51** 
.10 
.02 
.04 

-.46* 
• 35 
.07 

-.19 
.20 

-.19 
-.08 
-.24 
-.31 

• 36 
.54** 
.09 

* r differs significantly from zero (P < 0.05) 
** r differs significantly from zero (P < 0.01) 
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r 
1967 

-.35 
-.21 
-.07 
-.01 

.07 
-.36 
-.46* 
- .19 
-.16 

-.40* 
-.43* 
-.58** 
-.59** 

.26 

.43* 
-.06 

1 



fir t-year number of raceme per plant and fir t- and 
second-year number of coils per pod were positive; 
first-year Bower color, second-year number of stems 
per plant, wet forage weight per plant, dry forage 
weight per plant, p ercentage of fertile open pollinated 
floret and percentage off rtile elfed florets were all 
negative. The la tone in 1967 wa more clo ely a o
ciated with progeny seed yields than any other clonal 
trait averages but the coefficient of determination wa 
low, r2==.35. 

Number of raceme per plant, Bower color score, 
number of stems per plant percentage of fertile open 
pollinated floret , and number of coil per pod signifi
cant! y correlated with eed yield of tho e ame clone 
in California and Idaho ( 11) . Percentag of fertil e 

pen pollinated florets corr lated positively for the 
clone-clone relationship but negatively for the clone 
-progeny relation hip. Percentage of fertile elfed 
floret was not igni.ficantl y related to eed yield of the 
29 clones, but the 1967 fertilitie wer related to eed 
yield of open pollinated progenie of the same 29 
clones (Table ) . Rumbaugh et al. ( 11), using the 

ame germplasm, reported an average of 2 percent 
fertile elfed florets. Peder en (9) found 6 percent 
cro sand 35 p ~rcent elf ferti lity with the 17 clone he 
investigated. Cross, but not self, fer tili ty of parental 
clone was igni.ficantl y correlated with eed yield of 
their progeni in hi experiment. Hi as ociation of 
cro fertility of clone with eed yield of progenies 
was po itive ( r==.4 ) . The as ociation was negative 
for both year we gathere l clonal data. 

A positive as ociation of cro s ferti lity and seed 
yield of progenies seems more logical than a negative 
as ociation, but the relationship may depend on the 

ermplasm or th environm ent used . 
Forward tep-wi e multiple regres ion was u ed to 

predict eed yield in each of the first and econd years 
of growth in California and Idaho and for each of the 
.five North Central location for which clonal data 
were available. Twenty-nine clones and their prog
enie were involved . Only 20 don sand their progen
ies were u ed in South Dakota becau e of mortality in 
the paced nur ery during 1966-67. Coefficients of mul
tiple determination ( R2

) for both the complete and 
the terminal regres ion ar hown in T able 9. 

Table 9. Summary of R2 values for the complete and terminal equations 
predicting open pollinated-progeny seed yield from parental clone 
characteristics. 

Source of 
independent 
variable data 

Indiana 
Iowa 
Kansas 
Minnesota 
Nebraska 
South Dakota 

Indiana 
Iowa 
Kansas 
Minnesota 
Nebraska 
South Dakota 

ComElete 

• 94 (23) l 
.49 (12) 
.86 (24) 
.84 (15) 
• 71 (29) 
• 7 3 (24) 

Complete 

.89 (23) 

.51 (12) 

.87 (24) 
• 77 (15) 
.73 (29) 
.65 (24) 

1 Numbers in parentheses are 
1966 and 1967 and included 

Year and location of seed yield predicted 

California 
1968 1969 

Terminal ComElete Terminal 

. 63 ( 5) .85 (23) .64 ( 7) 

.49 (12) .55 (12) .55 (12) 

.66 ( 8) .94 (24) .66 ( 8) 

.70 ( 7) .68 (15) . 63 (10) 

.64 (12) • 71 (29) .64 (10) 

.64 ( 7) .65 (24) .63 (16) 

Idaho 
1969 1970 

Terminal Complete Terminal 

. 63 ( 5) .92 (23) .64 ( 7) 

.51 (12) .46 (12) .46 (12) 

.63 ( 5) .87 (24) .64 ( 6) 

.63 ( 6) .57 (15) .5 7 (15) 

.63 ( 9) .61 (29) . 61 (29) 

.64 (14) .60 (24) .60 (24) 

the number of independent variables measured in 
in the equation. 
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Maximum correlation was found when predicting 
196 California eed yi ld from Indiana clonal data 
and 1 69 California seed yield from Kan as clonal 
data. The Indiana function involved 23 independent 
variables and the Kan as function 24. As shown for 
terminal equation many of the variables could be de
leted with little lo of information. However, · n no 
ca e did an equation with fewer than five independent 
variables meet the arbitrary requirement for a termin
al equation (0. 0). The inadequacy of orth entral 
clonal data for predicting eed yield was apparent 
from the number of independent variable u ed in 
ome equation and the low value for R' (Table 9) . 

For example, including both 1966 and 1967 clonal 
data, 29 independent ariables from ebra ka were 
u ed to predict 1970 Idaho open pollinated progeny 
eed yield, with a coefficient of multiple determina

tion equal to only 0.61. 
The individual tep-wise regressions showed that 

only one or a few independent variables alone contrib
uted ignificantly toward adequate pre lictive capabil
ity for four orth entral tat , judged by whether 
or not adding a clonal trait significantly reduced resi
dual variance. The four state were Indiana, Iowa, 
Kan a , and Minne ota. In everal equation for tho e 
tate , only one independent variable wa ignificant. 

Th.e maximum significant number wa six for Kansas 
data u ed to predict 1 69 Idaho eed yields with R 2== 
.69. In contra t outh akota and e pecially ebras
ka data required more variables to be fitted, before 
adding another variable did not significantly reduce 
residual variance. The maximum number wa 11 Ne
braska clonal trait to predict 1969 Idaho seed yields 
with R2==.67. 

No one character or group of clonal character was 
uniform in all equation . Trait mo t strongly corre
lated with seed yields and the number of time they 
were included as step 1 in the 24 pr dictive equations 
in bracket follow: flower color core [ 4 ], percentage 
of fertile open pollinated florets I 41 number of race
me per plant [ 31, length of longe t tern [31, wet for
age weight per plant [31, date of initial bloom [2 J, 
number of stem per plant l 21, rac me width l l ], 
number of coil per pod 111, and ed weight per plant 
fl,. 

All available information obtained for each clonal 
trait during the year plant were e tabli hed ( 1966) 
was averaged and then u ed to predict mean we tern 
state seed yields of the progenies (Table 10). Number 
of coils per pod, percentage of fertile open pollinated 
floret , and growth habit core each explained a ig
nificant amount of variation in progeny eed yield . 

Table 10. Summary of step-wise regression for predicting average California 
and Idaho progeny seed yields from means of clonal traits measured 
in the North Central Region in 1966. 

Step 
No. Variable entered R R2 

1 Number coils per pod .53 .30 
2 Fertile o. p. florets (%) .63 .40 
3 Growth habit score .76 .5 7 

--------------------------~---------------------------------------------------* 
4 Wet forage weight per plant (g) .79 .62 
5 Raceme width (mm) .81 .66 
6 Raceme length (mm) .83 .68 
7 Number racemes per plant .84 • 71 
8 Number florets per raceme .85 .73 
9 _!. alfalfae damage score • 87 .76 

10 Number o. p. seeds per pod .91 .83 
11 Dry forage weight per plant (g) .91 .83 
12 Date initial bloom • 9 2 .84 
13 Seed weight per plant (g) • 92 .84 
14 Flower color score • 9 2 .85 
15 Fertile selfed florets(%) • 9 2 .85 
16 Number sterns per plant • 9 2 .85 
17 Length longest stem (mm) • 9 2 • 85 

* No trait below the dashed line when considered alone significantly (P < 0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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Table 11. Sununary of step-wise regression for predicting average California and 
Idaho progeny seed yields from means of clonal traits measured in the 
North Central Region in 1967. 

Step 
No. Variable entered R 

1 Fertile selfed florets (%) .59 • 35 
2 Number stems per plant .70 .49 
3 Number o. p. seeds per pod .80 .64 
4 Fertile o. p. florets (%) • 87 • 76 

-------------------------------------------------------------------------------* 
5 Flower color score . 88 • 78 
6 Growth habit score . 90 • 81 
7 Number coils per pod .91 .83 
8 Dry forage weight per plant (g) .92 .84 
9 Raceme length (mm) . 9 2 • 86 

10 Date initial bloom .93 .86 
11 Wet forage weight per plant (g) .93 .86 
12 Length longest stem (mm) • 9 3 • 87 
13 Raceme width (mm) .. 9 3 • 87 
14 Number florets per raceme .93 .87 
15 Seed weight per plant (g) • 94 • 87 
16 Number racemes per plant .94 .87 

* No trait below the dashed line when considered al one significantly (P < 0.05) 
reduced the residual sum of squares in the re gression analysis of variance. 

W hen all 17 independent traits were included in the 
predictive equation, 15 percent of the seed yield vari
ance remained unexplained. The same proces was 
followed with the 1967 orth entral clonal data 
(Table 11). Each of four independent variables igni
ficantly reduced re idual variance. Percentage of fer
tile open pollinated floret ranked fourth as a predict
or and none of the other three characters was the ame 
a the more important trait indicated by analy i of 
1966 data. U ing the 15 independent variables listed in 
Table 11, 13 percent of the variation in progeny seed 
yield was due to deviation from level expected on 
the ba i of complete multiple regre ion. 

Comparing information in Tables 10 and 11 is 
both disturbing and reas uring. For example, percent
age of fertile, open-pollinated florets was important in 
both analyses, yet percentage of fertile elfed floret 
.wa incorporated into the function a tep 15 or 17 
for the 1966 data but a step 1 of 16 for the 1967 data. 
Biological ba e for uch wide variance are not under-
tood. Con idering all available predictive informa

tion and empirical knowledge of the relative difficulty 
and costs of mea uring variables, we concluded that 
progeny seed yield in the west rn tate may be pre
dicted best from orth Central paced clonal nur ery 
data on date initial bloom, flower color core, growth 
habit score, percentage of fertile, open-pollinated flor-
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ets, and number of coil per pod. Considering those 5 
trait in step-wise regression with 1966 data alone, 1967 
data alone, and then with data combined for both 
year ( 10 ind pendent variable ) , we obtained R.t val
ue of 0.59, 0.52, and 0.73, re pectively, for the 3 com
plete quations. In each case, percentage of fertile, 
open-pollinated floret and number of coil per pod 
were included in the fir t two step of the process, i.e., 
they were better predictors of progeny seed yield than 
other trait . 

2. From progeny traits. The only North Central 
progeny trait av ra e significantly corr lated with 
average ed yield in the we tern tates wa forage 
yield ( r==.40, Table 5). Data fr m each of th four 
progeny trial locations were examined individually to 
predict eed yield mea ure l in each year and location 
in the two we tern tate . Coefficients of multiple de
termination and the number of independent variables 
entering complete and terminal equations are present
ed in Table 12. The range of R2 for the complet equa
tions was from 0.87, u ing 19 Kansas variables to pre
dict 1969 Idaho seed yield, to 0.15, using 6 Nebraska 
variable to predict 196 California seed yi ld. Becau e 
forage yield data were not available from the ebras
ka te t a tand wer lo t, the four complete equa
tion for that location were expected to give lower R2 

values than data from the other three tests. 



Table 12. Summary of R2 values for the complete and terminal equations predicting 
open pollinated progeny seed yield from progeny vegetative charac
teristics. 

Source of 
independent 
variable data 

Year and location of seed 

California 
1968 

yield production 

1969 
Complete 

.42 (11) 1 

.81 (19) 

.15 ( 6) 

.49 (12) 

Terminal Complete Terminal 

Iowa 
Kansas 
Nebraska 
South Dakota 

1969 

.42 

.6 7 

.15 

.49 

(11) 
( 7) 
( 6) 
(12) 

Idaho 

.44 (11) .44 (11) 

.73 (19) .64 ( 8) 

.21 ( 6) .21 ( 6) 

.62 (12) .62 (12) 

1970 
Complete Terminal Complete Terminal 

Iowa 
Kansas 
Nebraska 
South Dakota 

.28 (11) 
• 87 (19) 
.27 ( 6) 
.4 7 (12) 

.28 (11) 

.68 ( 6) 

.2 7 ( 6) 

.47 (12) 

.54 (11) .54 

.78 (19) .66 

.28 ( 6) .28 

.30 (12) .30 

1 Numbers in parentheses are the number of independent variables measured in 
1968, 1969, and 1970 and included in the equation. 

(11) 
( 9) 
( 6) 
(12) 

Table 13. Swnmary of step-wise regression for predicting average California 
and Idaho progeny seed yields from means of progeny traits measured 
in the North Central Region. 

Step 
No. Variable entered R 

1 Forage yield (dry tons/acre) .40 .16 

-------------------------------------------------------------------------------* 
2 Spring growth habit score .42 .18 
3 Rate of recovery score - cut 4 .43 .19 
4 Rate of recovery score - cut 1 .46 .21 
5 1970 Iowa winter injury (%) .46 .21 
6 9-24-68 Kansas plant height (in) .48 .23 
7 1968 Kansas downy mildew score .49 .24 
8 Stand (%) • 49 • 24 
9 1968 South Dakota leaf hopper score .50 .25 

10 Rate of recovery score - cut 3 .SO .25 
11 6-24-68 Kansas plant height (in) .SO .25 
12 Fall growth habit score .SO .25 
13 Rate of recovery score - cut 2 .50 .25 

* No trait below the dashed line when considered alone significantly (P < 0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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Table 14. Simple correlations (r) of 1966 and 1967 North Central Region 
clonal trait means with average progeny forage yields. 

r 
Clonal traits 1966 1967 

Date initial bloom -.46* -.20 
Number racemes per plant .43* .03 
Raceme length (nun) -.10 .16 
Raceme width (mm) .11 .15 
Number florets per raceme -.12 .11 
Flower color score -.17 -.20 
Number stems per plant .64** -.05 
Length longest stem (mm) .09 .06 
Growth habit score -.38* -.46* 
X. alfalfae damage score .08 
Wet forage weight per plant {g) .10 .00 
Dry forage weight per plant (g) .31 -.32 
Fertile o.p. florets (%) -.43* - .39* 
Fertile selfed florets(%) -.21 -.58** 
Number o.p. seeds per pod .09 .20 
Number coils per pod .40* .40* 
Seed weight per plant (g) .12 .13 

* r differs significantly from zero (P < 0.05) 
** r differs significantly from zero (P < 0.01) 

Forage yield expressed a · dry tons per acre was the 
best predictor in 5 of the 16 North Central tate equa
tions for western tate-year seed yield . In tep one of 
the remaining equation three included 1969 fall 
growth habit, three included rate of recovery, and 
three included stand percentage. No ingle variable 
mea ured in Iowa significantly correlated with 1969 
Idaho seed yield . Similarly, no single variable meas
ured in South Dakota significantly correlated with 
1970 Idaho eed yield . In the five in tances that prog
eny forage yield wa the be t available predictor trait, 
all used 196 data an<l four u eel Kan as data. The fifth 
involved 196 forage yield from outh Dakota. Ex
pression of vegetative vigor the year plots were estab
lished in the North Central Region, may therefore be 
one of the better criteria for assessing potential per
formance of alfalfa germpla m for eed production. 
That interpretation was trengthened when means of 
progeny trait were entered in stepwi e regression to 
predict eed yiel I (Table 13). Forage yield wa the 
only trait that, con idered alone, significantly reduced 
the re idual um of squares. 

Although th progeny traits measured in the 
North Central Region did not preci ely predict eed 
yields in the we tern states, the results were encourag
ing. Forage yield, stand, rate of recovery, and fall 
growth habit score all are either routinely mea ured 
on progenie in alfalfa breeding program or can be 
incorporated readily into the procedure . E entially. 
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it appears that genotypes sufficiently winter hardy to 
maintain tarn! and vigor, recover rapidly after cut
ting, and produce high forage yields and al o are in
herently capable of maximum eed yield . 

3. From clonal and progeny traits. Progeny infor
mation wa combined first with 1966 clonal trait 
means and then with 1967 clonal trait mean in multi
ple regression equations predicting average progeny 
seed yields. Little advantage was apparent over using 
only clonal independent variable . R for the complete 
equation includin 1966 data wa .97 compared with 
.92 (Table 10) . R was al o .97 for the 1967 equation 
compared with .94 (Table 11). Furthermore, no vari
abl s other than those in Tables 10 and 11 ignificant
ly reduced the residual variance. Therefore, we con
clude that clonal data are sufficient to predict western 
tate seed yield of alfalfa progenies. Preci ion was in

crea eel little by incorporating open-pollinated prog
eny data from the North entral Region with the 
clonal information. 

Predicting Progeny Forage Yields 
1. From clonal traits. Simple correlation coeffi

cients for 1966 and 1967 clonal trait mean with aver
age progeny forage yield in the orth Central Region 
are listed in Table 14. Difference in associations with 
yield and traits measured during the two years are 
readily apparent. The mailer size and varied develop
ment of clonal propagule tran planted to the field in 
1966 undoubtedly increased phenotypic variance 



Table 15. Simple correlation and regression relationships of forage yields 
of 29 clones and their open pollinated progenies in 3 North Central 
Stat es. 

Tests 
Clonel Progeny 

(g/plant) (Tons/acre) 

1966 Kans. 1968 Kans. 
1969 Kans. 
1970 Kans. 

1966 S.D. 1968 S.D. 
1969 S.D. 
1970 S.D. 

1967 Iowa 1968 Iowa 
1969 Iowa 
1970 Iowa 

1967 Kans. 1968 Kans . 
1969 Kans. 
1970 Kans. 

1967 s.n.3 1968 S .D. 
1969 S.D. 
1970 S.D. 

1 1966 Clone - dry grams/plant 
1967 Clone - wet grams/plant 

2 Standard error of estimate. 

r 

. 34 
-.04 
-.10 

.17 

.24 

.11 

.32 
-.09 

.28 

-.07 
-.26 
-.26 

-.16 
.22 

-.31 

y = a+ b X 
a b 2 S.E.E. 

5.3 .01 .47 
10.0 -.00 .68 
9.6 -.00 .59 

1.0 .oo .10 
5.4 .00 .31 
4.1 .00 .28 

2.3 .oo .13 
4.1 -.00 .30 
2.1 .oo .38 

6.0 -.00 .so 
10.5 -.oo .66 
9.9 -.00 .57 

1.1 -.oo .12 
5.5 .00 .31 
4.3 -.00 .25 

3 Based on 20 clones that survived the 1966-67 winter. 

among clones that year. The 1967 coefficients are more 
representative of well e tablished clonal nurseries, a 
previou ly di cu se<l (11) . Growth habit score, per
centage of fertile, open-pollinated florets, and number 
of coils per pod measured both year were sio-nificant
ly a sociated with open-pollinated progeny, forage 
yields of the clones. Forage weight of propagules did 
not correlate with forage yield of progenies; the co
efficient wa negative for the 1967 data. Fertility of 
both open and self pollinated florets in ] 967 was sig
nificantly and negatively correlated with forage yield 
of progenies. The association with number of coils per 
pod was positive. Coefficients for clonal seed produc
tion in the North Central Region did not differ signifi
cantly from zero. 

Simple linear regression and correlation statistics 
based on clone and proo-eny top growth each year in 
each state are in Table 15. In no case did the correla
tion differ significantly from zero but of the 15 cases 
were negative. This substantiates earlier investigations 
in which data from spaced plantings did not reliably 
indicate forage yield potential in solid seeded stands 
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( 1, 8, 10, 12, 13). Our coefficients of multiple deter
mination using all clonal information from each state 
in step-wise regre sions with annual forage yields in 
the same tates of pogenie for three test years are in 
Table 16. Kansas data were more reliable than those of 
South Dakota or Iowa. Ri values for K ansas data for 
the complete equations were larger and the number of 
independent variables required for terminal equations 
were fewer than for Iowa or South Dakota. Relative 
importance of independent variable shifted from 
year to year using Kan as eq uations for example, three 
independent clonal variables individually reduced re
sidual variance significantly when predicting progeny 
forage yields in 1968 in Kansas. The three, in order of 
importance were : 1966 number of raceme per plant, 
1967 number of coil per pod, and 1966 percentage of 
fertile, open-pollinated florets. When regressing the 
1969 forage yields, comparable independent variables 
were: 1966 percentage of fertile, open-pollinated flor
ets and 1967 date of initial bloom. For 1970 forage 
yield, the variables were : 1967 percentage of fertile, 
open-pollinated florets, 1967 wet forage weight per 



Table 16. Summary of R2 values for the complete and terminal equations predicting open pollinated progeny 
forage yields in three states from parental clone characteristics in the same locations. 

Source of independent Year of progeny test 
and dependent 1968 1969 1970 
variable data Complete Terminal Complete Terminal Complete Terminal 

Iowa .26 (12) 1 .26 (12) .49 (12) .49 (12) .72 (12) .64 ( 9) 

Kansas .96 (24) .74 ( 3) .91 (24) .65 ( 5) .94 (24) .65 ( 3) 

South Dakota .75 (24) .64 ( 5) .69 (24) .64 (10) .51 (24) .51 (24) 

1 Numbers in parentheses are the number of independent variables measured and included in the equation. 

Table 17. Summary of step-wise regression for predicting average North Central 
Region progeny forage yields from means of clonal traits measured 
in 1966. 

Step 
No. Variable entered R 

1 Number of stems per plant .64 .41 
2 Fertile o. p. florets (%) • 71 . 50 
3 Flower color score .75 .56 
4 Numb er coils per pod . 82 • 6 7 

-------------------------------------------------------------------------------* 
5 Number florets per raceme .85 .72 
6 Number o.p. seeds per pod .87 .76 
7 Number racemes per plant .88 .77 
8 Dry forage weight per plant (g) . 89 . 79 
9 Date initial bloom .91 .83 

10 Growth habit score .92 .84 
11 Wet forage weight per plant (g) .92 . 84 
12 Raceme width (mm) • 9 2 • 85 
13 Length longest stem (mm) .92 .85 
14 Seed weight per plant ( g) • 9 2 • 85 
15 Fertile selfed florets ( %) • 9 2 • 86 
16 X. alfalfae damage score .92 .86 
17 Raceme length (nnn) .92 .86 

* No trait below the dashed line when considered alone significantly (P < 0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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plant, and 1966 number of open-pollinated seeds per 
pod. The mo t con i tent clonal trait in the three cases 
was percentage of fertile, open-pollinated florets al
though it varied by order of entry and by year ( 1966 or 
1967). A location effect was obviou becau e percen t
age of fertile, open-pollinated florets was less impor
tant in all three South Dakota predictive ituations 
and in two of three in Iowa. Other research in Utah 
provided evidence that neither cro s nor elf fertility 
of parent clones significantly correlated with hay yield 
of their progenies (9). 

All available information obtained for each clonal 
trait during the year clones were e tablished ( 1966) 
wa averaged and then u ed to predict the mean 

orth Central Region forage yield of the progenies 
(Table 17) . The maximum value of R 1 for the com
plete equation with 17 independent variable was 0.86. 
Each of the variable ignificantly reduced residual 
variance. The same computations with 1967 clonal in
formation were les successful (Table 1 ) . R1 for the 
complete equation wa lower than for 1966 independ
ent variable data, R1==.67, and only two of the varia
bles alone significantly reduced error variance. The 
more important character in the two predictive situa
tions did not correspond. 

Better agreement came from comparing re ult of 
clonal data to predict seed yield and then predicting 
forage yield. Number of coil per pod and percentage 
of fertile, open-pollinated florets in 1966 were among 
the significant independent variable in both cases 
(Table 10 and 17). Likewi e, 1967 percentage of fer
tile elfed floret wa the ingle mo t valuable predic
tive trait for both western state progeny seed yield and 
North Central progeny forage yield (Table 11 and 
18). The five clonal traits previou ly suggested as suit
ed for predicting progeny seed yield, used to predict 

orth Central progeny forage yield, gave R 2 values 
for 1966 data of 0.51; for 1967 data, 0.50; and for both 
years ( 10 indepen dent variables), 0.73. The e values 
agree well with those for seed yield equations. Orders 
of entry for eed yi Id and forage yield did not a ree. 
However, the character ( date initial bloom, flower 
color core, growth habit core, percent fertile open 
pollinated florets, and number of coils per pod) are 
relatively easy and inexpen ive to measure. They are 
among the more important paced-plant clonal traits 
for predicting both progeny forage and progeny eed 
yield , so using them hould prove beneficial in alfalfa 
breeding programs. 

Table 18. Summary of step-wise regression for predicting average North Central 
Region progeny forage yields from means of clonal traits measured in 
1967. 

Step 
No. 

1 
2 

Variable entered 

Fertile selfed florets(%) 
Growth habit score 

R 

.58 

.68 
.33 
.46 

-------------------------------------------------------------------------------* 
3 Date inital bloom . 73 .53 
4 Number o.p. seeds per pod .75 .56 
5 Raceme width (nun) . 7 5 . 5 7 
6 Fertile o.p. florets(%) .76 .58 
7 Number florets per raceme .77 .59 
8 Wet forage weight per plant (g) .78 .61 
9 Raceme length (mm) .79 .62 

10 Seed weight per plant (g) .80 .63 
11 Flower color score .80 .64 
12 Number racemes per plant .81 .66 
13 Number stems per plant .82 .67 
14 Length longest stem (mm) .82 .67 
15 Number coils per pod .82 .67 
16 Dry forage weight per plant (g) .82 .67 

* No trait below the dashed line when considered alone significantly (P < 0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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2. From progeny traits. Progeny characteristics 
other than forage yield were used to predict forage 
yield for each test year. Data were obtained in Iowa, 
Kansas, and South Dakota. Coefficients of multiple 
determination and numbers of independent variables 
used in the complete and terminal equations are in 
Table 19. The most efficient equation was the one 
with Iowa data used to predict 1970 progeny yield in 
Iowa. With only one independent variable, 1970 stand 
percen tage, r2= .79. Two additional variables ac
counted for significant variation among entry yields: 
1970 rate of recovery following fir t cut and 1970 win
ter injury percentage. Other characteri tics important 
in at least one of the step-wi e regre ions were spring 
growth habit core, fa ll growth habit score, rate of 
recovery following fourth harvest, and plant height in 
September. 

Results from averaging all avai lable information 
for each attribute of the progenies and conducting 
step-wi e regre ion analysis are a ummarized in 
Table 20. R 2 for the complete equation with 12 inde
pendent variables was 0.73. Only the first three step 
included variables that by themselves significantly re
duced the error m ean square. The first two ( spring 
growth habit score and rate of recovery after the first 
cut) were expected to be included becau e they had 
been important in previou analy es (T able 19). The 
next tep ( 19q . South D akota leaf hopper damage) 
was not anticipated. That character wa included in 
step 10 when predicting the 1968 South Dakota prog
eny forage yield , in step S for 1969 yields, and in step 
4 for 1970 yields. In no in tance did it alone explain 
a significant proportion of the variance in yield of en
tries in South Dakota. Correlations of leaf hopper 

damage with average forage yields were -0.71 for 
Iowa, -0.30 for Kansas, and-0.39 for South Dakota. 
Leaf hopper damage being step three of the regression 
resulted primarily from its strong association with 
yield in Iowa. The biotic factors for the relationship 
are not known. 

Average forage yields of the 29 progenies in each 
of the three tates did not correlate well. Coefficients 
were ( a) lowa-Kansa , r=.42, (b) Iowa-South Dako
ta, r= .41, and ( c) K ansas-South Dakota, r=.09. Be
cause of the relatively low coefficients of multiple 
determination and lack of agreement on the impor
tance of th e independent variables in the predictive 
equations for each of the three orth Central states 
where yield tria ls were cond ucted, we conclude that 
there is no adequate substitution for forage yield trials 
to estim ate forage productivity at the locations. In ad
dition, alfalfa yields at one location do not reliably 
predict potential yields at another location. 

3. From clonal and progeny traits: Using both 
clone and progeny independent variables to predict 
average forage yield was m ore precise than using eith
er one alone. The 1966 clonal data, plus progeny infor
mation, resulted in R= .99 in contrast to R= .92 for 
the clonal traits alone (Table 17) and R= . S for prog
eny traits alone (Table 20) . Similarly, 1967 clonal 
data, plus progeny variables, resulted in R= .9 ; 
while clonal traits alone gave R= . 2 (Table 18). In 
both equations using the two sources of information 
to predict progeny forage yields, progeny m ean 
spring-growth-habit score was mo t important and 
clonal mean date of initial bloom, the next most im
portant. 

Table 19. 
2 Summary of R values for the complete and terminal equations predicting open pollinated progeny 

forage yields in three states from progeny characteristics other than yield. 

Source of independent Year of progeny test 
and dependent 1968 1969 1970 
variable data Complete Terminal Complete Terminal Complete Terminal 

Iowa .37 ( 7) 1 .37 ( 7) .62 ( 7) .62 ( 7) .86 ( 7) .79 ( 1) 

Kansas .70 (16) .64 ( 5) .76 (16) .63 ( 2) .62 (16) .62 (16) 

South Dakota .67 (10) .64 ( 8) .53 (10) .53 (10) .57 (10) .57 (10) 

1 Numbers in parentheses are the number of independent variables measured and included in the equation. 
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Table 20. Summary of step-wise regression for predicting average North Central 
Region progeny forage yields from means of progeny traits other than 
yield. 

Step 
No. Variable entered R 

1 Spring growth habit score .66 .43 
2 Rate of recovery score - cut 1 .73 .54 
3 1968 South Dakota leaf hopper score .80 .64 

-~----------------------------------------------------------------------------* 
4 Rate of recovery score - cut 2 .82 .66 
5 Stand(%) .82 .68 
6 9-24-68 Kansas plant height (in) .83 .69 
7 Fall growth habit score .84 .70 
8 1968 Kansas downy mildew score .84 .71 
9 1970 Iowa winter injury(%) .85 .72 

10 Rate of recovery score - cut 3 .85 .72 
11 6-24-68 Kansas plant height (in) .85 .72 
12 Rate of recovery score - cut 4 .85 .73 

* No trait below the dashed line when considered alone significantly (P < 0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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Table 21. Means of characters measured in 1968 on the 
open pollinated progenies and control varieties 
grown in Iowa. 

Maternal clone 
or variety 

Ind. 62-235 
Ind. 62-237 
Ind. 48-55 
Ind. 62-247 
Ind. 62-267 

Ia. 918-2 
Ia. 918-3 
Ia. 46-1 
Ia. 1317 
Ia. 1516 

Kans. 2313 
Kans. 2314 
Kans. 2315 
Kans. 2316 
Kans. 2311 

Minn. 247 
Minn. 559 
Minn. 589 
Minn. 1166 
Minn. 1221 

Nebr. 661 
Nebr. 662 
Nebr. 663 
Nebr. 664 
Nebr. 665 

S .D. 1108 
s.n. H2-8 
S.D. H2-7 
s.n. CK25-1 
S.D. CK27-1 

Atlantic 
Buffalo 
Dawson 
Narragansett 
Ranger 
Vernal 

Mean 

w.05 

c.v., % 

26 

Oven dry 
forage yield 

2 cuts 

2.36 
2.30 
2.29 
2.51 
2.40 

2.64 
2.49 
2.22 
2. 71 
2. 72 

2.38 
2.50 
2. 36 
2.62 
2.12 

2.48 
2.57 
2.27 
2. 39 
2.50 

2.49 
2.57 
2.36 
2.47 
2.48 

2.52 
2.38 
2.50 
2.37 
2.43 

2.07 
2.17 
2.29 
2.48 
2.41 
2 .39 

2.42 

.24 

6 



Table 22. Means of characters measured in 1969 on the open pollinated progenies 
and control varieties grown in Iowa. 

Recovery I Fall growthZ Oven dry 
Maternal clone Stand rate habit forage iield 

or varieti 6-13-69 Cut 1 Cut 2 Cut 3 10-14-69 4 cuts 

(%) (score) (score) (t/a) 

Ind. 62-235 95 4 4 5 4 4.11 
Ind. 62-237 95 4 4 5 3 4.00 
Ind. 48-55 99 6 5 5 4 4.10 
Ind. 62-247 96 4 5 6 3 4.03 
Ind. 62-26 7 94 2 2 3 2 4.04 

Ia. 918-2 97 4 4 5 3 4.16 
Ia. 918-3 95 4 6 6 4 4.09 
Ia. 46-1 97 6 4 5 4 3.67 
Ia. 1317 95 5 5 5 3 3.89 
Ia. 1516 96 6 6 8 4 4.30 

Kans. 2313 97 2 2 3 2 4.35 
Kans. 2314 97 2 2 3 2 4.61 
Kans. 2315 99 4 2 4 2 4 .41 
Kans. 2316 96 2 2 2 2 4.43 
Kans. 2311 94 4 4 4 3 3.39 

Minn. 247 91 6 6 7 5 3.82 
Minn. 559 98 4 4 4 3 4.18 
Minn. 589 99 4 2 4 3 4.18 
Minn. 1166 97 6 7 6 5 3.79 
Minn. 1221 97 5 6 7 4 3.68 

Nebr. 661 96 3 2 4 4 3.78 
Nebr. 662 97 6 4 5 4 3.67 
Nebr. 663 97 2 2 4 3 4.22 
Nebr. 664 98 4 2 2 2 4.40 
Nebr. 665 98 3 2 2 1 4.38 

S.D. 1108 97 4 6 6 3 3.97 
S.D. H2-8 97 4 3 4 2 4.36 
S.D. H2-7 95 6 4 6 5 3.73 
S.D. CK25-l 94 6 6 6 4 3.65 
S.D. CK27-l 94 5 5 6 3 3.94 

Atlantic 96 1 1 1 1 4.32 
Huffalo ~8 '.l 3 4 3 4.40 
Dawson 96 2 2 2 3 3.99 
Narragansett 99 2 3 3 2 4.54 
Ranger 96 4 2 4 3 4.00 
Vernal 98 4 4 6 3 4.07 

Mean 96 4 4 5 3 4.08 

W(0.05) 7 4 4 3 2 .33 

c.v., % 2 30 32 24 22 5 

1 1 = rapid recovery; 9 • slow recovery 
2 1 = upright; 9 = postrate 27 



Table 23a. Means of characters measured in 1970 on the open pollinated progenies 
and control varieties grown in Iowa. 

Maternal clone 
or variety 

Indiana 62-235 
Indiana 62-237 
Indiana 48-55 
Indiana 6 2-24 7 
Indiana 6 2- 26 7 

Iowa 918-2 
Iowa 918-3 
Iowa 46-1 
Iowa 1317 
Iowa 1516 

Kansas 2313 
Kansas 2314 
Kansas 2315 
Kansas 2316 
Kansas 2311 

Minnesota 247 
Minnesota 559 
Minnesota 589 
Minnesota 1166 
Minnesota 1221 

Nebraska 661 
Nebraska 662 
Nebraska 66 3 
Nebraska 664 
Nebraska 665 

South Dakota 1108 
South Dakota H2-8 
South Dakota H2-7 
South Dakota CK25-l 
South Dakota CK27-1 

Atlantic 
Buffalo 
Dawson 
Narragansett 
Ranger 
Vernal 

Experiment mean 

L.S.D. (0.05) 
(0.01) 

c.v., % 

% 
Winter injuryl 

4-29 

70.0 
51. 7 
83.3 
so.a 
71. 7 

60.0 
56.7 
76.7 
71. 7 
68.3 

75.0 
51. 7 
61. 7 
63.3 
86. 3 

83.3 
66.7 
38.3 
55.0 
83.3 

26.7 
45.0 
33.3 
40.0 
53.3 

23.3 
50.0 
53.3 
70.0 
66.7 

41. 7 
68.3 
60.0 
31. 7 
61. 7 
58.3 

58.6 

% 
Stand2 

6-16 

66.0 
62.0 
49.0 
68.7 
47.7 

56.7 
67.7 
50.0 
50.0 
64.3 

42.0 
72 .o 
75.0 
64.7 
31. 3 

44.7 
58.3 
82.7 
63.3 
49.7 

81.0 
68.7 
85.0 
72. 7 
79.7 

81. 7 
73.0 
67.3 
53.3 
58.0 

73.0 
57.0 
70.0 
81.3 
67.7 
64.0 

63.9 

17.6 
23.4 

16 .9 

Recovery 
rating 

6-16 

4.3 
5.0 
7.7 
5.3 
6.3 

6.0 
5.2 
4.3 
6.3 
9.0 

4.0 
3.7 
4.3 
3.3 
6.3 

6.0 
5.7 
3.3 
6.0 
7.0 

4.3 
6.3 
5.0 
4.3 
3.0 

3.7 
3.0 
5.7 
5.3 
5.0 

2.3 
3.7 
3.3 
1. 7 
4.3 
5.0 

4.9 

2.7 
3.5 

33.6 

1 Visual estimate that reflects both loss of plants and reduced vigor. 
2 Some stand loss may have occurred the previous summer. 

Stand percentage was determined by measuring gaps greater than 4 inches. 
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Table 23b. Means of characters measured in 1970 on the open pollinated progenies 
and control varieties grown in Iowa. 

Maternal clone 
or variety 

Indiana 62-235 
Indiana 62-237 
Indiana 48-55 
Indiana 62-247 
Indiana 62-267 

Iowa 918-2 
Iowa 918-3 
Iowa 46-1 
Iowa 1317 
Iowa 1516 

Kansas 2313 
Kansas 2314 
Kansas 2315 
Kansas 2316 
Kansas 2311 

Minnesota 247 
Minnesota 559 
Minnesota 589 
Minnesota 1166 
Minnesota 1221 

Nebraska 661 
Nebraska 662 
Nebraska 663 
Nebraska 664 
Nebraska 665 

South Dakota 1108 
South Dakota H2-8 
South Dakota H2-7 
South Dakota CK2~-l 
South Dakota CK27-1 

Atlantic 
Buffalo 
Dawson 
Narragansett 
Ranger 
Vernal 

Experiment mean 

L.S.D. (0.05) 
(0. 01) 

c.v., % 

6-4 

.96 
1.07 

• 71 
1.23 

.84 

1.10 
1.26 

• 97 
.95 
.86 

.78 

.91 
1.08 

• 98 
.68 

.78 
1.06 
1.29 

.94 

.81 

1.24 
1.04 
1.37 
1.14 
1.14 

1.36 
1.11 
1.15 

.88 
• 92 

1.07 
.82 

1.01 
1.28 
1.06 

• 97 

1.02 

.32 

.42 

19.2 

Yield of Dry Matter (T/A) 
7-2 8-11 9-22 

.33 

.34 

.21 

.37 

.30 

.32 

.38 

.26 

.26 

.19 

.28 

.33 

.39 

.38 

.18 

.23 

.31 

.36 

.23 

.23 

.45 

.32 

.43 

.35 

.43 

.52 

.41 

.33 

.27 

.29 

.35 

.28 

.36 

.44 

.32 

.31 

.33 

.12 

.17 

23.3 

29 

.55 

.58 

.49 

.61 

.54 

.59 

.59 

.58 

.56 

.so 

.57 

.61 

.66 

.70 

.46 

.51 

.59 

.62 

.54 

.51 

.69 

.58 

.66 

.62 

.66 

.75 

.65 

.54 

.51 

.53 

.64 

.57 

.66 

.75 

.53 

.59 

.59 

.13 

.17 

13. 7 

.47 

.48 

.39 

.49 

.42 

.48 

.48 

.46 

.46 

.36 

.45 

.61 

.62 

.61 

.30 

• 39 
.47 
.56 
.40 
.44 

.58 

.50 

.65 

.65 

.63 

.60 

.63 

.so 

.44 

.48 

.60 

.54 

.52 

.64 

.50 

.47 

.51 

.13 

.17 

15.5 

Total 

2.31 
2.46 
1.80 
2.70 
2.10 

2.49 
2.72 
2.27 
2.23 
1.92 

2.07 
2.46 
2.76 
2.68 
1.58 

1.92 
2 .43 
2.82 
2.11 
1.99 

2.96 
2.45 
3.11 
2.76 
2.86 

3.23 
2.80 
2.53 
2.10 
2.22 

2.66 
2.22 
2.55 
3.12 
2.41 
2.32 

2.45 

.61 

.81 

30.6 



Table 24. Means of characters measured in 1968 on the open pollinated progenies 
and control varieties grown in Kansas. 

Maternal clone Stand Downy Height Oven dri forage iield 
or varietx 1968 Mildewl 6-24 9-24 Cut 1 Cut 2 Cut 3 Cut 4 Total 

(%) (score) (inches) ( t/ a) 

Ind. 62-235 99 4.7 22.7 10.0 1.55 1.58 1.38 0.93 5.44 
Ind. 62-237 99 5.0 23.0 10.0 1.43 1.67 1.24 0 .96 5.30 
Ind. 48-55 99 4.0 22.3 10.0 1. 73 1.82 1.49 1.07 6 .11 
Ind. 62-247 100 2.7 23.3 8.0 1.55 1.66 1.20 0.80 5 .21 
Ind. 62-26 7 100 3.7 24.0 11. 7 1.57 1.83 1.28 1.08 5.76 

Iowa 918-2 100 4.0 23.0 10.3 1.63 1.98 1.51 1.06 6.18 
Iowa 918-3 99 2.0 23.0 8.3 1. 79 1.84 1.33 0.91 5.87 
Iowa 46-1 99 2.7 23.0 10.7 1.58 1. 71 1.51 1.06 5 .86 
Iowa 1317 100 2.3 25.0 10. 7 1.91 1.96 1.48 1.11 6.46 
Iowa 1516 99 2.0 23.3 7.7 1. 76 1.89 1.34 0.87 5 .86 

Kans. 2313 98 4.7 23.3 11. 7 1.53 1.64 1.48 1.29 5.94 
Kans. 2314 98 5.0 23.3 12.3 1.80 1.91 1.68 1.32 6. 71 
Kans. 2315 99 2.3 24.7 9.3 1.80 2.00 1.58 1.10 6.48 
Kans. 2316 99 4.0 24.7 11.3 1. 79 1.86 1.71 1.26 6.62 
Kans. 2311 100 6.0 21.3 11. 7 1.49 1. 72 1.54 1.26 6.01 

Minn. 247 98 5.0 23.0 8.3 1.40 1.62 1.13 0.80 4.95 
Minn. 559 100 3.3 21.0 9.7 1.87 2.03 1.52 1.08 6.50 
Minn. 589 100 4.0 22.7 11.0 1.63 1. 78 1.61 1.01 6.03 
Minn. 1166 99 5.0 17.0 8.3 1.58 1.81 1.30 0.80 5.49 
Minn. 1221 100 4.0 24.0 8.7 1. 71 1.83 1.37 0.80 5. 71 

Nebr. 661 100 3.0 24.7 9.0 1.90 1. 81 1.36 0 .93 6.00 
Nebr. 662 100 3.7 24.3 9.7 1.97 1.98 1.49 1.09 6.53 
Nebr. 663 99 2.3 23.7 9.7 1. 74 1.89 1.46 1.05 6.14 
Nebr. 664 99 3.3 24.0 10.0 1.92 1.89 1.62 1.17 6.60 
Nebr. 665 100 4.7 23.3 11.0 1.54 1.60 1.42 1.03 5.59 

S.D. 1108 100 3.0 23.0 7.7 1.58 1.86 1.37 0.75 5.56 
S.D. H2-8 99 5.0 23.3 9.3 1.68 1.85 1.32 0.90 5.75 
S.D. H2-7 98 4.0 22.7 8.0 1.52 1.68 1.24 0.80 5.24 
S.D. CK25-l 100 2.3 23.0 8.0 1. 73 1. 75 1.22 0.80 5.50 
S.D. CK27-l 99 4.0 24.0 8.3 1.45 1.61 1.26 0 .86 5.18 

Atlantic 100 5.3 24.0 10.3 1.61 1.85 1.42 1.04 5 .92 
Buffalo 100 4.3 23.3 12.3 1.49 1. 72 1.67 1.11 5.99 
Dawson 99 5.3 23.3 9.3 1. 70 1. 75 1.45 0.90 5.80 
Narragansett 100 2.3 24.0 10.3 1. 71 1.81 1.36 0.94 5.82 
Ranger 100 5.3 24.0 11.0 1.60 1.63 1.43 1.01 5.67 
Vernal 100 3.7 23.3 9.3 1.63 1.82 1.39 0.95 5.79 

L.S.D. at 0.05 0.50 
L.S.D. at 0.01 0.66 
c.v., % 5.23 

l Rated as 1 = no damage to 9 = severe damage. 
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Table 25a. Means of characters measured in 1969 on the open pollinated progenies 
and control varieties grown in Kansas. 

Spring growth 
Recovery ratel Maternal clone habit 

or variet}:'.: 4-19 6-7 7-15 8-26 10-1 

Ind. 62-235 4.3 5.7 5.3 5.7 5.7 
Ind. 62-237 3.6 5.3 5.7 5.3 5.7 
Ind. 48-55 5.3 5.0 5.7 4.3 5.7 
Ind. 62-247 5.0 5.3 5.7 6.3 6.7 
Ind. 62-267 4.3 3.7 4.3 4.3 3.3 

Iowa 918-2 3.3 4.7 4.0 4.7 6.0 
Iowa 918-3 4.7 5.7 5.3 5.7 5.7 
Iowa 46-1 5.0 4.7 4.0 4.0 4.7 
Iowa 1317 4.7 4.3 5.0 4.3 4.7 
Iowa 1516 6.0 6.0 6.0 7.0 7.0 

Kans. 2313 4.7 4.3 3.7 4.3 3.7 
Kans 2314 4.3 4.7 4.0 4.7 3.7 
Kans. 2315 4.7 4.7 4.3 5.7 6.0 
Kans. 2316 4.0 3.3 3.7 3.7 4.0 
Kans. 2311 5.7 4.7 3.7 3.7 3.3 

Minn. 247 4.7 4.7 4.7 5.3 5.7 
Minn. 559 4.0 4.7 5.0 4.3 6.0 
Minn. 589 3.0 3.7 4.3 3.7 4.3 
Minn. 1166 5.0 6.0 5.7 6.0 6.3 
Minn. 1221 5.3 5.7 5.3 5.7 6.7 

Nebr. 661 5.7 5.3 5.7 5.7 6.7 
Nebr. 662 4.7 6.0 5.3 6.0 5.7 
Nebr. 663 5.0 6.0 5.7 4.7 5.3 
Nebr. 664 3.0 5. 3' 6.0 5.3 5.3 
Nebr. 665 3.7 4.0 3.3 3.7 4.7 

S.D. ll08 6.0 6.0 6.0 6.3 7.0 
S.D. H2-8 4.7 4.7 4.0 4.3 5.7 
S.D. H2-7 5.7 5.3 5.3 5.7 5.7 
S.D. CK25-1 5.0 5.7 6.0 6.0 6.3 
S.D. CK27-1 5.7 5.7 4.7 5.3 5.7 

Atlantic 3.7 4.3 4.0 3.7 5.0 
Buffalo 3.0 3.3 3.3 3.7 3.3 
Dawson 3.3 4.7 5.3 5.7 6.7 
Narragansett 5.0 5.3 5.3 6.0 5.7 
Ranger 3.7 4.0 4.3 4.3 5.3 
Vernal 4.3 5.7 5.3 5.3 7.0 

L.S.D. at 0.05 0.8 0.7 0.7 0.8 0.8 
L.S.D. at 0.01 1.1 1.0 1.0 1.0 1.1 
C. V., % 10.8 9.2 9.1 9.0 9.4 

1 Rated as 1 = rapid to 9 = slow 
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Table 25b. Means of characters measured in 1969 on the open pollinated progenies 
and control varieties grown in Kansas. 

Oven drl forage iield 
Maternal clone Stand 1969 1968 1968-69 

or varieti 10-1-69 Cut 1 Cut 2 Cut 3 Cut 4 Total 4 cuts Average 

(%) (t/a) ( t/a) 

Ind. 62-235 98 3.60 2.42 2.01 1.61 9.64 5.44 7.54 
Ind. 62-237 97 3.65 2.56 2.26 1.81 10 .28 5.30 7.79 
Ind. 48-55 98 3.67 2.54 2.33 1. 78 10.32 6 .11 8.22 
Ind. 62-247 96 3.27 2.21 2.09 1.66 9.23 5 .21 7.22 
Ind. 62-267 99 3.29 2.48 2.53 1.82 10.12 5.76 7.94 

Iowa 918-2 98 3.70 2.67 2.29 1. 72 10.38 6.18 8.28 
Iowa 918-3 96 3.68 2.48 2.32 1. 73 10.21 5.87 8.04 
Iowa 46-1 96 3.34 2.55 2.34 1.88 10.11 5.86 7.99 
Iowa 1317 100 3.05 2.38 2.29 1. 70 9.42 6.46 7 .94 
Iowa 1516 98 3.53 2.16 2.13 1.54 9 .36 5.86 7.61 

Kans. 2313 97 3.76 2.81 2.49 2.14 11.20 5.94 8.57 
Kans. 2314 97 3.83 2.60 2.38 1.93 10.74 6. 71 8.73 
Kans. 2315 99 3.68 2.52 2.26 1.67 10.13 6.48 8.31 
Kans. 2316 100 3.91 2.83 2.56 1.80 11.10 6.62 8.86 
Kans. 2311 100 3.28 2.26 2.61 1.81 9.96 6.01 7.99 

Minn. 247 87 3.31 2.21 2.17 1.65 9 .34 4.95 7.15 
Minn. 559 100 4.03 2.60 2.43 1. 76 10 .82 6.50 8.66 
Minn. 589 100 3.67 2.60 2.55 1.89 10. 71 6.03 8.37 
Minn. 1166 99 3.23 2.14 2.24 1. 73 9 .34 5.49 7.42 
Minn. 1221 97 3.56 2.27 2.12 1.59 9.54 5. 71 7 .63 

Nebr. 661 99 2 .95 2.53 2.20 1.60 9.28 6.00 7.64 
Nebr. 662 98 3.67 2.34 2.22 1.80 10.03 6.53 8.28 
Nebr. 663 99 3.73 2.65 2.22 1.82 10.42 6.14 8.28 
Nebr. 664 99 3.73 2.54 2.32 1. 73 10. 32 6.60 8.46 
Nebr. 665 100 3.96 2.73 2.35 1.88 10.92 5.59 8.26 

S.D. 1108 100 3.29 2.22 2.28 1. 75 9.54 5.56 7.55 
S.D. H2-8 97 3.02 2.51 2. 30 1.69 9.52 5.75 7.64 
S.D. H2-7 96 3.01 2.29 2.15 1.52 8.97 5.24 7.11 
S.D. CK25-l 86 3.35 1.93 1.80 1.62 8.70 5.50 7.10 
S .D. CK27-1 98 3.13 2.27 2.27 1.62 9.29 5.18 7.24 

Atlantic 99 3.45 2.73 2.38 1. 74 10.30 5.92 8.11 
Buffalo 99 3.24 2.51 2.51 1. 77 10.03 5.99 8.01 
Dawson 98 3.84 2. 72 2.49 1. 70 10.75 5.80 8.28 
Narragansett 100 3.46 2.51 2.09 1. 70 9.76 5.82 7.79 
Ranger 98 3.34 2.47 2.35 1. 75 9.91 5.67 7.79 
Vernal 98 3.50 2.45 2.01 1.60 9.56 5.79 7.68 

L.S.D. at 0.05 0.43 0.50 
L.S.D. at 0.01 0.57 0.66 
c.v., % 2.64 5.23 
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Table 26a. Means of characters measured in 1970 on the open pollinated progenies 
and control varieties grown in Kansas. 

Maternal Percent 
clone or Recoveri in sEring and after cutting stand 
varieti 4-28 6-9 7-9 8-15 9-18 11-18-70 

Ind. 62-235 5.7 5.3 5.3 5.7 7.0 96 
Ind. 62-237 3.3 5.3 5.7 5.3 5.3 95 
Ind. 62-239 6.7 6.7 5.7 5.7 5.3 96 
Ind. 62-247 4.7 6.3 6.3 6.7 7.0 95 
Ind. 62-267 5.3 5.3 5.0 4.3 5.0 96 

Iowa 918-2 5.0 5.3 5.3 4.3 5.3 97 
Iowa 918-3 5.3 6.3 6.3 6.3 6.7 98 
Iowa 46-1 4.7 5.3 4.3 4.7 5.0 95 
Iowa 1317 3.3 5.0 4.7 4.0 5.3 98 
Iowa 1516 7.3 6.7 7.3 6.7 7.3 93 

Kans. 2313 3.7 4.3 3.3 3.0 4.3 97 
Kans. 2314 3.3 6.0 5.0 3.7 5.3 97 
Kans. 2315 4.3 5.7 4.7 3.7 5.0 98 
Kans. 2316 3.0 3.0 3.0 3.0 3.3 99 
Kans. 2311 6.3 4.7 6.0 5.0 5.0 97 

Minn. 247 5.0 5.3 5.3 4.7 6.3 87 
Minn. 559 5.3 6.0 5.7 5.7 6.0 98 
Minn. 589 3.0 4.3 3.7 3.0 3.3 100 
Minn. 1166 4.3 5.7 6.0 6.7 6.3 99 
Minn. 1221 5.3 5.3 6.3 6.0 6.3 94 

Nebr. 661 5.3 6.7 6.7 6.3 6.7 97 
Nebr. 662 3.7 7.0 6.3 6.0 5.7 95 
Nebr. 663 3.3 6.0 5.7 5.7 6.0 99 
Nebr. 664 3.3 6.0 4.3 4.3 5.3 98 
Nebr. 665 3.7 4.7 4.3 4.0 4.3 99 

S.D. 1108 5.0 6.7 5.7 6.7 7.0 97 
S.D. H2-8 3.7 5.3 5.7 3.7 5.3 97 
S.D. H2-7 5.3 6.0 5.3 5.3 5.3 93 
S.D. CK25-l 5.3 5.7 6.3 3.3 5.7 80 
S.D. CK27-l 5.0 5.7 5.3 5.3 5.3 98 

Atlantic 3.7 4.3 5.3 4.3 5.3 98 
Buffalo 3.7 3.7 3.0 3.3 3.0 98 
Dawson 3.3 5.3 5.7 5.7 6.7 99 
Narragansett 5.3 5.3 5.7 5.7 6.0 98 
Ranger 3.7 4.3 4.3 3.7 5.0 99 
Vernal 5.3 6.0 4.3 6.3 6.0 94 

Mean 4.5 5.4 5.2 4.9 5.5 96 
L.S.D. at 0.05 0.8 0.8 0.8 0.8 0.8 
c.v., % 11. 7 9.6 9.7 10 .o 8.1 

33 



Table 26b. Means of characters measured in 1970 on the open pollinated 
progenies and control varieties grown in Kansas. 

Maternal clone Yield (tons/acre 2 dry weight) 
or variety Cut 1 Cut 2 Cut 3 Cut 4 Total 

Ind. 62-235 3.03 1.80 2.23 1.85 8.91 
Ind. 62-237 3.34 1. 76 2.43 2.14 9.67 
Ind. 62-239 2. 92 1. 78 2.29 1.88 8.87 
Ind. 62-247 3.02 1.52 2.27 1.89 8.70 
Ind 62-267 2. 72 1.85 2.44 1.98 8.99 

Iowa 918-2 3.27 1.91 2.40 2.03 9.61 
Iowa 918-3 3.25 1.63 2.50 2.10 9.48 
Iowa 46-1 3.00 1.80 2.27 1.96 9.03 
Iowa 1317 2.77 2.03 2.34 1.91 9.05 
Iowa 1516 2.78 1.48 2.36 2.20 8.82 

Kans. 2313 3.52 2 .16 2. 77 2.26 10. 71 
Kans. 2314 3.45 1. 73 2.57 2.11 9 .86 
Kans. 2315 3.22 1. 75 2.42 2.05 9.44 
Kans. 2316 3.60 2.42 2.62 2.20 10.84 
Kans. 2311 3.05 1. 73 2. 77 2.04 9.59 

Minn. 247 2.95 1. 70 2.26 1.87 8.78 
Minn. 559 3.45 1.81 2.62 2.12 10.00 
Minn. 589 3.70 2.11 2.48 2.01 10.30 
Minn. 1166 2.99 1.66 2.55 1.84 9.04 
Minn. 1221 3.18 1. 75 2.28 1.94 9 .15 

Nebr. 661 3.15 1.83 2.27 1.80 9.05 
Nebr. 662 3.40 1.69 2.46 2.00 9.55 
Nebr. 663 3.45 1. 76 2.43 1.95 9.59 
Nebr. 664 3.26 1. 73 2.53 2.16 9.68 
Nebr. 665 3.17 2.05 2.47 1.99 9.68 

S.D. 1108 3.01 1. 79 2.38 2.04 9.22 
S.D. H2-8 3.16 2.04 2.33 1.93 9.46 
S.D. H2-7 2.83 1.45 2.14 1.81 8.23 
S.D. CK25-l 2.81 1. 70 2.44 1.90 8.85 
S.D. CK27-l 3.15 1.69 2.44 2.06 9. 34 

Atlantic 3.07 2.15 2.48 1.89 9.59 
Buffalo 2 .93 1.95 2.32 1.87 9.07 
Dawson 3.52 1.93 2.38 1.95 9.78 
Narragansett 2 .94 1. 77 2 .21 1. 76 8.68 
Ranger 3.09 1.88 2.24 1.87 9.08 
Vernal 2.74 1. 77 2.39 1.92 8.82 

Mean 3.14 1.82 2.41 1.98 9.35 

L.S.D. at 0.05 0.67 
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Table 27. Means of characters measured in 1969 and 1970 on the open pollinated 
progenies and control varieties grown in Nebraska. 

Spring 
growthl Recovery2 

growth habitl Maternal clone Stand habit rate Fall 
or varieti 6-6-69 4-27-70 7-7-70 10-1-69 10-25-70 Mean 

(%) (score) (score) (score) (score) (score) 

Ind. 62-235 96 5 3 6 4 5 
Ind. 62-237 97 4 4 5 3 4 
Ind. 48-55 86 6 5 5 4 4 
Ind. 62-247 95 4 4 6 4 5 
Ind. 62-26 7 84 4 3 5 4 4 

Iowa 918-2 95 4 4 5 3 4 
Iowa 918-3 98 5 4 5 4 4 
Iowa 46-1 93 5 3 5 4 4 
Iowa 1317 89 5 4 5 3 4 
Iowa 1516 94 6 6 7 5 6 

Kans. 2313 76 5 3 4 5 4 
Kans. 2314 94 4 3 3 3 3 
Kans. 2315 89 4 4 4 4 4 
Kans. 2316 89 4 3 4 3 4 
Kans. 2311 94 3 3 3 2 2 

Minn. 247 88 6 5 7 5 6 
Minn. 559 95 4 4 5 4 4 
Minn. 589 94 4 4 5 4 4 
Minn. 1166 93 5 4 6 6 6 
Minn. 1221 79 5 4 6 4 5 

Nebr. 661 92 5 4 6 6 6 
Nebr. 662 97 3 4 5 3 4 
Nebr. 663 92 5 4 5 4 4 
Nebr. 664 95 2 4 4 3 4 
Nebr. 665 95 4 3 5 3 4 

S.D. 1108 94 6 5 6 6 6 
S.D. H2-8 92 4 3 5 4 4 
S.D. H2-7 95 6 5 6 6 6 
S.D. CK25-l 98 6 5 7 4 6 
S.D. CK27-l 92 4 4 5 4 4 

Atlantic 95 3 2 2 3 2 
Buffalo 97 2 2 5 2 4 
Dawson 87 4 3 4 4 4 
Narragansett 97 4 4 4 5 4 
Ranger 95 2 2 3 3 3 
Vernal 94 4 4 5 4 4 

Mean 92 4 4 5 4 4 
W(0.05) N.S. 3 3 3 3 
c.v., % 12 20 25 19 23 

1 1 = upright, 9 = prostrate 
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Table 28. Means of characters measured in 1968 on the open pollinated progenies 
and control varieties grown in South Dakota. 

Leaf hopper! Oven dry 
Maternal clone Stand injury forage iield 

or varieti 8-18-68 9-10-68 1 cut 
(%) (score) (t/a) 

Ind. 62-235 96 4 .95 
Ind. 62-237 95 3 .96 
Ind. 48-55 94 3 .97 
Ind. 62-247 93 3 .90 
Ind. 62-267 91 4 • 92 

Iowa 918-2 93 3 1.05 
Iowa 918-3 95 4 1.21 
Iowa 46-1 95 6 1.00 
Iowa 1317 92 4 1.13 
Iowa 1516 96 3 1.24 

Kans. 2313 92 3 . 94 
Kans. 2314 94 3 1.08 
Kans. 2315 94 3 1.00 
Kans. 2316 95 3 1.04 
Kans. 2311 91 8 1.04 

Minn. 247 93 5 1.16 
Minn. 559 93 3 • 91 
Minn. 589 96 3 • 97 
Minn. 1166 93 7 1.01 
Minn. 1221 97 5 1.07 

Nebr. 661 93 2 1.00 
Nebr. 662 93 3 .96 
Nebr. 663 93 3 1.10 
Nebr. 664 94 2 1.06 
Nebr. 665 81 4 • 77 

S.D. 1108 94 3 1.10 
S.D. H2-8 94 5 1.08 
S.D. H2-7 94 4 • 98 
S.D. CK25-1 94 3 1.09 
S.D. CK27-1 92 5 .88 

Atlantic 94 5 . 92 
Buffalo 92 4 .82 
Dawson 92 4 . 91 
Narragansett 95 4 • 95 
Ranger 91 4 .88 
Vernal 94 3 .96 

Mean 93 4 1.00 
W(Q.05) N .S. 2 .22 
c.v., % 6 21 14 

l 1 = little injury, 9 = severe injury 
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Table 29. Means of characters measured in 1969 on the open pollinated progenies 
and control varieties grown in South Dakota. 

Spring Fall 
growth 1 Recovery2 growthl Oven dry 

Maternal clone Stand habit rate rate forage ;t:ield 
or variet;t: 5-6-69 5-6-69 8-8-69 9-15-69 3 cuts 

(%) (score) (score) (score) ( t/ a) 

Ind. 62-235 98 3 3 3 5.41 
Ind. 62-237 97 2 4 3 5.96 
Ind. 48-55 98 3 3 4 5.40 
Ind. 62-247 99 3 3 5 5.16 
Ind. 52-267 93 3 3 2 5.33 

Iowa 918-2 99 3 2 3 5.91 
Iowa 918-3 98 3 4 5 6.03 
Iowa 46-1 99 3 2 4 5. 77 
Iowa 1317 98 3 3 2 5.76 
Iowa 1516 99 2 7 7 6.22 

Kans. 2313 98 3 1 3 4.97 
Kans. 2314 99 3 1 2 5.40 
Kans. 2315 96 3 2 3 5.18 
Kans. 2316 99 2 1 2 5.70 
Kans. 2311 99 4 2 2 5.21 

Minn. 247 97 4 8 6 5.79 
Minn. 559 98 2 2 3 5.89 
Minn. 589 98 1 2 2 5. 35 
Minn. 1166 97 3 4 4 5.22 
Minn. 1221 98 3 5 5 5.66 

Nebr. 661 98 2 2 3 5.56 
Nebr. 662 95 2 2 3 5.61 
Nebr. 663 98 3 2 3 5.74 
Nebr. 664 97 2 2 3 5. 77 
Nebr. 665 96 2 2 2 5.30 

S.D. 1108 98 3 3 5 5.82 
S.D. H2-8 99 2 2 3 5.56 
s.D. H2-7 96 4 5 7 5.48 
s.D. CK25-l 98 3 5 6 6.02 
S.D. CK27-1 96 4 4 4 5.42 

Atlantic 95 2 2 2 4.90 
Buffalo 98 3 3 3 5.18 
Dawson 97 2 3 2 5.36 
Narragansett 96 3 3 3 5.84 
Ranger 96 3 2 3 5.02 
Vernal 98 2 4 3 5.88 

Mean 97 3 3 3 5.55 
W(0.05) 5 2 3 3 1.11 
c.v. (%) 2 27 33 29 7 

l 1 = upright, 9 = prostrate 
2 1 = rapid recovery, 9 = slow recovery 
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Table 30. Means of characters measured in 1970 on the open pollinated 
progenies and control varieties grown in South Dakota. 

Spring growth Rate of Fall growth % Oven dry, 
habit recoveri habit stand tons/A 

Entrx 5-19-70 8-2-70 9-18-70 5-19-70 3 cuts 

Ind. 62-235 2 3 4 97 4.04 
Ind. 62-237 2 3 3 99 4 .19 
Ind. 48-55 3 4 4 95 3.97 
Ind. 62-247 2 3 4 97 3.91 
Ind. 62-267 2 3 2 95 3.99 

Ia. 918-2 2 3 3 96 4.03 
Ia. 918-3 4 4 4 97 4.18 
Ia. 46-1 3 2 3 97 4.17 
Ia. 1317 1 2 1 95 4.37 
Ia. 1516 6 5 6 97 4.19 

Kans. 2313 2 2 3 95 3.86 
Kans. 2314 2 1 1 95 3.90 
Kans. 2315 2 2 2 96 4.19 
Kans. 2316 2 1 4 97 4.38 
Kans. 2311 4 3 2 94 3.49 

Minn. 247 4 5 5 94 3.78 
Minn. 559 2 2 3 97 4.45 
Minn. 589 1 1 2 98 4.31 
Minn. 1166 2 3 3 97 3.91 
Minn. 1221 3 4 4 97 4.18 

Nebr. 661 2 2 2 98 4.62 
Nebr. 662 2 2 2 95 4.26 
Nebr. 663 2 2 3 95 4.65 
Nebr. 664 1 2 2 97 4.33 
Nebr. 665 2 2 1 95 4.45 

S.D. 1108 3 3 4 94 4.14 
S.D. H2-8 2 2 2 97 4.51 
S.D. H2-7 4 4 3 95 3.91 
S.D. CK25-l 3 6 6 97 3.62 
S.D. CK27-l 3 3 2 94 4.15 

Dawson 1 2 3 94 4.03 
Atlantic 2 3 2 95 4.11 
Buffalo 1 1 1 96 3.81 
Narragansett 2 2 2 97 4.06 
Ranger 2 2 2 96 3.94 
Vernal 2 2 4 97 4.07 

Mean 2 3 3 96 4.11 
L.S.D. (0.05) 2 3 3 N .S. N.S. 
c.v., % 28 34 39 2 10 
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Table 31. Means of seed yield measured in 1968 and 1969 on the open 
pollinated progenies and control varieties grown in California. 

Maternal clone Seed yield 
or variety 1968 1969 Mean 

(lb/ A) (lb/A) (lb/A) 

Ind. 62-235 458 377 420 
Ind. 62-237 412 372 392 
Ind. 48-55 512 407 460 
Ind. 62-247 487 369 428 
Ind. 62-267 635 576 606 

Iowa 918-2 502 426 464 
Iowa 918-3 449 365 407 
Iowa 46-1 341 382 362 
Iowa 1317 591 384 488 
Iowa 1516 523 342 432 

Kans. 2313 434 349 392 
Kans. 2314 575 411 493 
Kans. 2315 609 416 512 
Kans. 2316 742 553 648 
Kans. 2311 461 406 434 

Minn. 247 399 312 356 
Minn. 559 453 419 436 
Minn. 589 459 430 444 
Minn. 1166 506 482 494 
Minn. 1221 542 427 484 

Nebr. 661 551 370 460 
Nebr. 662 553 498 526 
Nebr. 663 575 463 519 
Nebr. 664 503 362 432 
Nebr. 665 379 395 387 

S.D. 1108 450 385 418 
S.D. H2-8 471 379 425 
S.D. H2-7 423 306 364 
S.D. CK25-l 517 351 434 
S.D. CK27-1 424 307 366 

Ranger 596 458 527 
Vernal 477 375 426 

Mean 500 402 451 
W(0.05) 191 203 188 
c.v., % 15 19 14 
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Table 32. Means of seed yield measured in 1969 and 1970 on the open pollinated 
progenies and control varieties grown in Idaho. 

Maternal clone 1969 Seed yield 2 lbs/A 
or variety Stand 2 % 1969 1970 Mean 

(%) 

Ind. 62-235 81 393 296 344 
Ind. 62-237 88 419 265 342 
Ind. 48-55 89 480 290 385 
Ind. 62-247 88 339 252 296 
Ind. 62-267 84 385 285 335 

Iowa 918-2 95 509 310 410 
Iowa 918-3 91 481 275 378 
Iowa 46-1 93 416 225 320 
Iowa 1317 95 555 312 434 
Iowa 1516 88 584 336 460 

Kans. 2313 93 563 350 456 
Kans. 2314 94 717 352 534 
Kans. 2315 86 580 399 490 
Kans. 2316 95 627 388 508 
Kans. 2311 92 627 296 462 

Minn. 247 84 383 254 318 
Minn. 559 90 422 351 386 
Minn. 589 90 615 287 451 
Minn. 1166 90 467 443 455 
Minn. 1221 90 627 450 538 

Nebr. 661 86 538 365 452 
Nebr. 662 97 652 431 542 
Nebr. 663 93 649 364 506 
Nebr. 664 85 414 346 380 
Nebr. 665 89 427 357 392 

s.o. 1108 90 566 396 481 
S.D. H2-8 90 437 299 368 
S.D. H2-7 93 423 277 350 
S.D. CK25-1 90 688 381 534 
s.o. CK27-1 85 458 281 370 

Ranger 95 545 391 468 
Vernal 89 665 367 516 

Mean 90 520 331 427 
W(0.05) 15 254 197 181 
c.v., % 6 19 22 23 
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Table 33. Means of seed yield measured in the first and second years of test 
on the open pollinated progenies and control varieties grown in 
California and Idaho. 

Seed yield (lb/ A) 
Entry Year 1 Year 2 Mean 

Ind. 62-235 387 337 412 
Ind. 62-237 270 319 294 
Ind. 48-55 300 349 324 
Ind. 62-247 605 311 458 
Ind. 62-267 368 431 399 

Iowa 918-2 265 368 316 
Iowa 918-3 486 320 403 
Iowa 46-1 413 304 358 
Iowa 1317 533 348 460 
Iowa 1516 407 339 373 

Kans. 2313 452 350 401 
Kans. 2314 734 382 558 
Kans. 2315 335 408 371 
Kans. 2316 524 471 497 
Kans. 2311 619 351 485 

Minn. 247 687 283 485 
Minn. 559 476 385 431 
Minn. 589 603 359 481 
Minn. 1166 264 463 363 
Minn. 1221 524 439 481 

Nebr. 661 524 368 446 
Nebr. 662 591 465 528 
Nebr. 663 700 414 557 
Nebr. 664 222 354 288 
Nebr. 665 609 376 492 

S.D. 1108 533 391 462 
S.D. H2-8 574 339 456 
S.D. H2-7 327 292 309 
S.D. CK25-1 429 366 398 
S.D. CK27-1 349 294 322 

Ranger 753 425 589 
Vernal 718 371 544 

Mean 496 368 432 
w(0.05) 119 
c.v., % 21 
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Table 34. Summary of step-wise regression for predicting California and 
Idaho o.p. progeny seed yield means from North Central clonal 
trait means measured in 1966 and North Central o.p. progeny 
trait means. 

Step 
number Variable entered R 

1 Number coils per pod . 53 • 30 
2 Fertile o.p. florets (%) .63 .40 
3 Growth habit score . 76 • 5 7 

-------------------------------------------------------------------------------* 
4 Wet forage weight per plant (g) .79 .62 
5 Raceme width (mm) .81 .66 
6 Spring growth habit score • 84 . 70 
7 Forage yield (dry tons per acre) .85 .73 
8 Number o. p. seeds per pod • 86 • 74 
9 Number florets per raceme .87 .76 

10 Flower color score . 89 • 79 
11 Number racemes per plant .90 .82 
12 Date initial bloom . 9 2 • 85 
13 Stand (%) • 94 • 87 
14 Rate of recovery score - cut 1 .94 .89 
15 Rate of recovery score - cut 3 . 95 • 90 
16 Raceme length (mm) • 96 . Y 2 
17 Number stems per plant .96 .92 
18 Rate of recovery score - cut 2 .96 .93 
19 Dry forage weight per plant (g) .97 .94 
20 Fall growth habit score . 97 • 94 
21 Rate of recovery score - cut 4 .97 .94 
22 Fertile selfed florets (%) • 97 • 94 
23 Length longest stem (mm) .97 .94 
24 Seed weight per plant (g) .97 .94 

* No trait below the dashed line when considered significantly (P < 0.05) reduced 
the residual sum of squares in the regression analysis of variance. 
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Table 35. Summary of step-wise regression for predicting California and Idaho 
seed yields from clonal trait means measured in the North Central 
Region in 1967 and o.p. progeny trait means measured in the North 
Central Region. 

Step 
number Variable entered R 

1 Fertile selfed florets {%) .59 .35 
2 Number stems per plant .70 .49 
3 Number o.p. seeds per pod .80 .64 
4 Fertile o.p. florets{%) .87 .76 

-~----------------------------------------------------------------------------* 
5 Flower color score .89 .78 
6 Rate of recovery score - cut 3 .90 .81 
7 Date initial bloom .91 .83 
8 Stand(%) .92 .85 
9 Forage yield (Dry tons per acre) .93 .87 

10 Raceme length (mm) .94 .88 
11 Dry forage weight per plant (g) .95 .91 
12 Number coils per pod .96 .91 
13 Length longest stem (mm) .96 .92 
14 Rate of recovery score - cut 4 .96 .92 
15 Seed weight per plant (g) .96 .93 
16 Rate of recovery score - cut 2 .96 .93 
17 Spring growth habit score .97 .93 
18 Raceme width (mm) .97 .94 
19 Number racemes per plant .97 .94 
20 Number florets per raceme .97 .94 
21 Wet forage weight per plant (g) .97 .94 
22 Rate of recovery score - cut 1 .97 .94 
23 Fall growth habit score .97 .94 
24 Growth habit score .97 .95 

* No trait below the dashed line when considered alone significantly (P <0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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Table 36. Summary of step-wise regression for predicting average North Central 
Region progeny forage yields from means of clonal traits measured 

Step 
number 

in the North Central Region in 1966 and progeny traits other than 
yield. 

Variable entered R 

1 Spring growth habit score .66 .43 
2 Data initial bloom . 75 .55 
3 Flower color score .82 .67 
4 Number stems per plant • 86 . 74 
5 Rate of recovery score - cut 2 .89 .80 

-~----~----------------------------------------------------------------------* 
6 Numb er coils per pod • 91 . 82 
7 Fertile o.p. florets (%) .92 .86 
8 Growth habit score .94 .88 
9 Number racemes per plant .95 .89 

10 Rate of recovery score - cut 4 .96 .92 
11 Number o.p. seeds per pod .96 .93 
12 Fall growth habit score .97 .94 
13 Stand ( %) • 9 8 . 9 5 
14 Number florets per raceme .98 .96 
15 Rate of recovery score - cut 3 .98 .97 
16 Wet forage weight per plant (g) .99 .97 
17 Raceme width (mm) .99 .97 
18 Dry forage weight per plant (g) .99 .97 
19 Rate of recovery score - cut 1 .99 .97 
20 Seed weight per plant (g) .99 .98 
21 Length longest stem (nun) .99 .98 
22 Fertile selfed florets (%) .99 .98 
23 Raceme length (mm) .99 .98 

* No trait below the dashed line when considered alone significantly (P < 0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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Table 37. Summary of step-wise regression for predicting North Central Region 
progeny forage yields from clonal traits measured in the North Central 
Region in 1967 and o.p. progeny traits other than forage yield. 

Step 
number Variable entered R 

1 Spring growth habit score .66 .43 
2 Date initial bloom .81 .66 
3 Dry forage weight per plant (g) .85 • 73 

-------------------------------------------------------------------------------* 
4 Rate of recovery score - cut 2 .87 .75 
5 Rate of recovery score - cut 4 .88 .79 
6 Fertile selfed florets (%) .90 .81 
7 Flower color score .91 .83 
8 Wet forage weight per plant (g) .9 2 .84 
9 Rate of recovery score - cut 1 .93 .86 

10 Number florets per raceme • 94 .88 
11 Fertile o.p. florets(%) • 95 .90 
12 Number coils per pod .95 .90 
13 Stand (%) • 95 .90 
14 Raceme length (mm) • 9 5 .91 
15 Seed weight per plant (g) .96 • 93 
16 Nwnber o.p. seeds per pod . 96 • 93 
17 Fall growth habit score • 97 .94 
18 Growth habit score • 97 .94 
19 Rate of recovery score - cut 3 .97 • 95 
20 Number stems per plant .98 • 95 
21 Length longest stem (nnn) .98 • 95 
22 Raceme width (mm) .98 • 95 
23 Number racemes per plant .98 • 95 

* No trait below the dashed line when considered alone significantly (P < 0.05) 
reduced the residual sum of squares in the regression analysis of variance. 
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