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THE COMPONENTS AND ASSOCIATED VARIABLES 
OF SEED YIELD IN ALFALFA, Medicago sativa, L. 

'1IfWìt)_j 

The goal of plant breeders is to develop high yield- 

ing, good quality varieties that bring the maximum income 

to the grower. To izìprove the agronomìc traits of crops, 

the breeder must select plants that transmit desirable 

characteristics to their progeny. Field tests, which 

permit the breeder to exercise his ability to evaluate 

experimental material, are a reliable means of estimating 

breeding potential. Information on the inheritance and 

gene action controlling the transmission of desirable 

characters are prerequisites to field evaluation. Pre- 

liminary research, such as that herein reported, furnishes 

plant breeders with the kind of basic information necessary 

to develop breeding programs that will, select superior 

plants. 
Forages are unique field crops because their main 

economic value lies in their ability to produce large 

quantities of vegetation rather than in their ability to 

reproduce prolifically. Most forages, however, must be 

grown from seed annually, biennually or every four to 

six years depending upon the species. It is essential 
that the forage breeder apply a portion of his efforts 
to the development of forage varieties which can produce 

large economic returns for seed producers as well as 

forage producers. 



The demand for certified alfalfa seed has increased 

substantially since 1945. To meet this demand, the quan- 

tity of seed produced in the Far Western states has 

multiplied rapidly. Most of the seed produced in this 

area is marketed iii the Central or Eastern states and 

must therefore be well adapted to diimatic conditions 

which exist in diverse geographic locations. Since seed 

cannot be grown economically in the Central or Eastern 

states, the varieties which are now being increased in 

the West are varìeties developed in the Central or Eastern 

United States specifically for theîr ability to yield a 

maximum of forage. 1f these varieties also produce well 

in seed fields, it is likely only a chance occurrence. 

Observable characteristics of. living organisms are 

a result of a) the genotype of the organism, b) the 

environment in which the organism is located, and c) the 

interactions of the genotype with the environment. Seed 

yields of alfalfa are influenced by the location of the 

seed field, the management practices performed and by 

the ability of the genotype to express itself in this 

environment. Improvement of management practices are 

primarily responsible for the recent increase of seed 

yields from 150 pounds of seed per acre to 1500 pounds 

per acre in some localities. Efforts to improve seed 
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yield by genetic selection of potentially high-production 
clones have been meager. 

Before alfalfa breeders may effectively utilize 
the genetic potential for seed yield, information on the 

heritability, gene action and the. inter-relationships 
of the characters affecting seed yield iiust be obtained. 
Such information for seed yield of alfalfa has not been 

reported. 

This study was initiated to provide information 
needed by plant breeders if alfalfa seed yields are to 
be increased by genetic selection. Certain morphological 

characters, such a the nuztiber of seeds per pod, number 

of pods per raceme, number of racemes per stem, number 

of stems por plant, and seed weight, are responsible 
for determining seed yields. The direct and indirect 
effects of each of these components on yield must be 

determined if effective selections are to be made. 

Other morphological characters may have direct and indirect 
effects on these components. These associated variables 
should be determined and their practical use as indicators 
of yield ascertained. The effect of the genotype on the 
expression of both the components and associated variables 
should be known. 

The information obtained from this study, and later 
studies on the gene actIon of yield components and 
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associated variables, should provide alfalfa breeders with 

information which will aid in developing breeding programs 

to increase seed yield, The simultaneous selection of 

breeding material that will produce varieties having 

maximum seed yield and maximum forage yield should be 

possible at any geographic location. 
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REVIEW OF LITERATURE 

The acreage of certified alfalfa varîeties to be used 

as forage increased phenomenally during the 1950's. As 

the acreage of certified varieties increased, the produc- 

tion of certified seed enlarged proportionately. Recent 

technological advances in seed production have enabled a 

nearly constant acreage alloted to seed production to 

meet the ever-increasing needs. Many new alfalfa varieties 
are now being released for which large quantities of seed 

will need to be produced. Seed producers are reluctant 
to grow these new varieties unless they will produce as 

well or better thaî present varieties. Most of these 

varieties are being released because of their superior 

forage producing ability and irrespective of their seed 

production potential. If high forage-producing plants 
are also high seed-producing plants, such selection 
practices are feasible; however, if seed production is 
independent of or even opposed to forage production due 

to the physiological limits of the plant, additional 
selection for desirable seed production is necessary.. 

Murneek (14, p. 48-50) reported a striking retarda- 
tion of vegetative growth of tomatoes when a maximum crop 

of fruits was set. His observations indicated that the 

presence of flowers exerted no influence on vegetative 
growth. Vegetative growth proceeded uninhibited if the 
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flowers were removed. Once terminai growth had been 

stopped by the onset of fruiting, it could be restored 

by removing the fruits. Murneek concluded that vegetative 

growth was controlled by two major factors: (1) the 

number of fruits present and their proximity to the 

growing point, and (2) the supply of nitrogen available 

at the time of fruiting. 

If alfalfa were to respond in a manner similar to 

that reported by Murneek for tomatoes, selection for high 

forage-producing lines would be selecting aga that lines 

high in seed production. This would indicate that a 

physiological limit was present which would permit either 

the selection of high forage-producing lines or high 

seed-producing lines, but not both in the same lines. 

It is not apparent from other research workers if 

this physiological limit exists for alfalfa. Tysdal 

et al,, (19, p. 5 and 17) concluded from summarizing 

previous research that plants which produce greater 

forage are not necessarily deficient in seed production. 

However, data presented showed one F1 hybrid that 

averaged 97percent seed yield of the checks and 96 

percent of forage yield of the same check varieties but 

the top ten seed yielders averaged 169 percent as much 

seed as the checks, whereas the top ten forage yielders 

averaged only 52 percent as much seed yield as the checks. 
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The performance of hybrids in general was from 60 percent 

to 139 percent of the checks or groen forage and from 12 

percent to 257 percent of the checks for seed yield. 

1n the suno stidy, the correlation coefficients for 

seed yield with forage yield in 1938 was r .20 when 

n 109 and in 1940 was r .G3 with n i2i4. The 

correlation of seed yields over three years ranged from 

r .2152 with n 301 to r .5200 with n 639. A 

greater consistency in the production of forage yield 
than in seed yield was observed over the three-year 

period. Canson (2, p. 507-509) reported that differences 

in genotype could account for the range of seed yields 

from 37 pounds per acre to 441 pounds per acre. Large 

plants tended to produce more seed; Canson attributed 
this to the greater abundance of flowers that could be 

produced on the larger plants. 

The maternal line selection method as applied by 

Fryer (7, p. 139) resulted in considerable improvement 

in seed yielding ability. in a throe-year test at the 
University o! Alberta, selections made over a ten-year 
period showed decided superiority over the varieties 

Grimm, Ladak and Cossack. N reduction in hay yield 

accompanied this selection for high seed-setting capacity. 
A unique method of scoring from zero to five for observable 
pod deiisity was used in estimating the seed-producing 
value of lines. 



Sone of the hybrids reported by Tysdal (18, p. 533) 

outytelded standard varieties by 40 percent, A decrease 

in seed production on two July dates was atribted to a 

lack of tripping and riot to an inherent change in the 

plant. Studies conducted by Tysdal (18, p. 519) and 

Monke (13, p. 13) on the necessity of tripping for seed 

setting in alfalfa show that little seed is set without 

tripping by insects or mechanical means. Cooper and Brink 

(4 p. 453-4S) made a detailed study on pollination and 

ovule development in which they concluded that much more 

seed was obtained from cross-pollination than from 

self-po11ination. Two factors wore cited as being 

responsible for this phenomenon: (i) a lack of pollen 

tube growth due to partial or complete seif-incompati- 

bility, and (2) the collapse of fertilized ovules. 

The ovary of alfalfa was found to contain ten to 

twelve ovules on the average 
; 
however, the average number 

of seeds per pod harvested ranged from 2.7 to 5.92. Seven 

plants in the experiment averaged 10.5 ovules per ovary 

but only 4,5 seeds per pod. Of 314 ovules fertilized by 

selfing and 1211 fertilized by cross-pollination, 34 

percent of the self-fertilized ovules collapsed but only 

seven percent of the cross-fertilized ovule3 collapsed. 

A uniform gradient in -fertility of ovules was found from 

the stigmatic end downward. Ninety-eight percent of the 



losses between the potential and a&;ual fertility of the 

selfed ovaries can be accounted for by the lack of 

fortilization and collapse of fertilized ovules, whereas 

only 7 percent of the losos in cross-p<ilthation can be 

attributed to the same causes. 

Utnaerus and Akerberg (20, p. 157) reported that seed 

set in alfalfa is influenced by the nuìber of plants per 

unit area, the number of flowers per plant, 1000 seed 

weight and by the effects of pollination on the percentage 

of pods, i.e. , pod number compared with flower number and 

the seed setting percentage. The estimated potential 

yield was 1333-1777 pounds per acre, but actual yield was 

22-44 pounds per acre. The variety fluPuits was reported 

to have a high amount of automatic tripping Knowles 

(il, p. 32) stated that 52.9 percent oflowers tripped 

set pods which averaged 31 seeds per pod or only 0.82 

seeds wore produced per flower. This was considered a 

result of partial tripping, partial pod set. and incomplete 

pod filling. Less than ten percent of the full potential 

of seed producing ability of these plants was being 

realized. 

Differences in seed production observed by Medler 

(12, p. 729) were in direct relation to the number of 

viable flowers on a raceie. The source of wide variations 

observed in seed production was attributed to differences 



in pod counts. Inherent differences with regard to good, 

medium or poor seed production were reported, but the 

influence of the environment during different growth 

periods and different years was considered to be the 

predominant factor causing the observed differences. 

The tripping of alfalfa flowers is probably foremost 

among the environmental factors which have important 

effects on seed yields. The amount of tripping is depend- 

ent upon the population and type of pollinating insects 

present in the vicinity of the seed field. The alkali 

bee has contributed substantially to the increased seed 

yields in Oregon. Stephen (16, p. 12) reported an increase 

in seed yields from 300 pounds per acre to 1200 pounds per 

acre by the construction of artificial bee nesting sites. 

Stephen (15, p. 992) also obtained excellent pollination 

by the leaf-cutter bee, whose habitat is less critical 

than the alkali bee. The leaf-cutter readily accepts 

nesting sites which approximate its size. Two artificial 

sites have proven to be very successful for this bee. A 

wooden board with many holes of the proper size is readily 

accepted and can be conveniently located near seed fields 

and is easy to transport. Drinking straws packed into a 

milk carton are as effective as the wooden boards and 

provide excellent nesting sites for the bees. The greater 



effectiveness of these 

percentage of tripping 
Honeybees are reported 

of the flowers visited 
percent of the flowers 

93 percent. 

Another important 
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bees is readily seen in the higher 

obtained when flowers are visited. 
to trip from one to three percent 

the alkali bee trips above 90 

visited and the leaf-cutter over 

factor of the environment was 

shown to be proper irrigation by Taylor et al., (17 p. 

360). Maximum alfalfa seed production can be expected 

if the mean soil moisture suction is not allowed to 

exceed two bars until after full bloom. An irrigation 
at the time of early bloom sufficient to restore moisture 

to the root zone appears to provide enough water to 

mature the crop. The authors recommended keeping the 

soil continuously moist at all times from the initiation 
of early spring growth until blossoming, then withholding 

water until the seed is harvested. Yields were reduced 

if water was applied during blossoming or if water was 

withheld from the plants too early. 
Seed weight in orchardgrass was shown by Christie 



Long fruiting periode late maturity, heavy seed and 

resistance to shattering were reported to be highly asso- 
ciated with yield in two F3 soybean lines by Johnson et a1, 
(10, p. 477). The heritbi1ity of the number of branches 

on these plants was twice that of yield; this character 
might therefore be useful as an indicator of yield. The 

authors concluded that if such indicator characters are 
of general occurrence in segregating populations, breeders 
could easily and effectively improve yield by selecting 
for these characters in early generations. High correla- 

tiens were obtained between the number of pods por plant 
and each of the following characters: number of seeds 

per plant, number of seeds per node and number of ovules 
per plant. The number of seeds per plant was highly 
correlated with the number of ovules per plant. It was 

expected that selection for long fruiting period and 

high seed weight would be as effective as selection for 
yield ïtself. 

Graf ius (8, p. 422) concluded that yield in oats 
may be interpreted as a geometric figure having three 
sides represented by the number of panicles per unit 
area, the number of kernels per panicle, and kernel weight. 
1f each component were represented as a percentage of the 
population mean, an increase in any side while holding 
the other two constant would increase yield. Using this 



model, Grafius (9, p 36].) 1ter showed yield in corn could 

be expressed as ear number per plant, kernels per rows 

rows por ear and kernel weight. These components were 

independent and therefore must be controlled by different 
sets of genes. Yield does not result fron genes which 

directly control its expression but rather each component 

has a set of genes which control it, and the summation 

of the expression of each component is yield. Heritability 
and gene action must refer to the components of yield and 

do not directly determine yield (9, p. 361). 

The correlation and path-coefficient analysis reported 
by Dewey and Lu (5, p. 516) provided an effective means 

of separating the direct and indirect effects of the 

components of seed production in Crested wheatgrass. 

This analysis permits a critical examination of the 

specific forces acting to produce a given correlation, 
and measures the relative importance of each causual 
factor. It was shown in this study that high seed 

production and high forage production were incompatible. 

Fertility and plant size were shown to be the most 

important characters affecting seed yield but they 

exerted opposity influences. 
Frakes (6, p. 34) used path-coefficients to analyze 

the direct and indirect effects of plant width, plant 
height, length of stem and stem number on forage yield 
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in alfalfa. The data Indicated t .. at well over one-half 

of the associations of plant heigt, length of stein and 

stern number were indirect, whereas the effect of plant 

width on yield was mostly direct, It was also shown in 

this study that a partial regression predictive equation 

based on plant height, plant width and length of stem was 

ari effective means of predicting dry matter yield. 

Heritability in the broad sense, genetic coefficients 

of variation and the expected gain from selection, as used 

by Burton and DeVane (1, p. 478) in replicated clonai 

material of Tall Fescue, provided an estimate of the 

advance ta be expected by selecting the upper five n . 

ercent 

of the population. Seed yield was not correlated with 

any of the other characters studied; however, the plants 

producing the highest seed yields were only average in 

forage production and the highest forage producers were 

below average in seed yield. It was concluded from these 

data that maximum forage yield and maximum seed yield 

could not be obtained in Tall Fescue because opposite 

forces were controlling their expression. 



Fifteen clones selected for apparent diversity of 

seed yields and other agronomic characters were used in 

this study. Twenty propagules of each clone were planted 

at the Hyslop Agronomy Farm in September, 1960, in a 

randomized block design with four replications. Each 

replication contained one row of five plants of each 
entry for a total of 300 plants which were spaced two 

feet between plants in the row and two feet between rows. 

Appendix Table i gives the identiuication of each clone. 
Transplanting survival of one clone was low; therefore, 

it was not used in the analysis of the data. 

A fifth replication composed of an unrelated single 
cross was used to obtain an estimation of forage yield. 
By measuring plant height, plant width and length of 

stem on all replications; the harvesting of the fifth 

replication provided a predictive equation which estimated 
the forage yield of the first four replications without 
harvesting them. Seed yields and an estimated forage 

yield for each plant could thus be obtained in the same 

growing season from the same plants. 

Overhead irrigation was applied to the nursery on 
June 14 and August 16. Two other irrigations, on June 30 

and July 13, were made by flooding the plot. Cultivation 
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by roto-ti3lering and hoeing was rsed to control weeds. 

An infestation of pea aphids was controlled by an appli- 

cation of flisyston on June 30 followed with Dibrom on 

July 10. another application of Dibrom was made on 

August 30. 

A 30 feet by 40 feet plastic-screen cage was 

erected over the four replications of the nursery. 

Natural alfalfa pollinating bees were introduced into 

the cage in late June. In order to have the blossoming 

time coincide with alkali bee emergence it was necessary 
to cut the plots in May so blossoms on the regrowth were 

just mature when the bees were introduced. The alkali 

bees were obtained after they had returned to their 

nesting sites by driving an aluminum tube six inches in 

diameter and one foot long into the bee bed. At least 

five nesting sites were obtained in each core. The bees 

were then transported from the bee bed near Adrian, Oregon 

to Corvallis before they emerged the next morning. A 

second species of alfalfa pollinators, the leaf-cutter 

bee, was placed in the cage on August 8. 

The Collection of Data 

Seed yields were obtained by collecting in an 

envelope all racemes that had one or more developed pods. 

The pods were pulled from the racemes and the total 
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number of rcemes and pods wa recorded for each plant. 

The pode were then threshed, the seed weighed on an 

electric scale, and total weight was recorded as yield. 

A 100-seed sample was taken freni each plant and weighed 

t) the nearest onethousandth gram on the electric scale 

to determino the average seed weight. The number of 

stems was counted for each plant. One stem was marked 

with a steel-rimmed tag for counting characters from a 

single stem. 

The data for estimating the potential of each plant 

were obtained by counting the various morphological 

characters. The stem was divided into three sections: 

the branch section included all nodes which bore only 

vegetative branches; the intermediate section included 

those nodes having both flower branches and vegetative 

branches and the terminal section had only flowering 

branches. The number of racemes for each section, and 

the total racemes per stoni were recorded. It was noticed 
that the terminal racernes usually had more florets than 

the branch racemes. A count of the number of ovules per 

floret was obtained by harvesting two racemes from each 

plant when in ful]. f loom and keeping them refrigerated in 

a small wooden box. When it was possible to examine the 

florets on these racemes, the petals and anther sheath were 



stripped away after the f 1owe' ha been soaked In alcohol 

for 30 minutes. Ovule counts were rade with a stereoscopic 

ìiicroscope after gently drawing a needle across the ovary 

to remove the pubescence. 

The data for the associated variables were obtained 

by measuring or counting the appropriate morphological 

characters on each plant. Ratings were made by visual 

observations with a scale of 1-best and 9-poorest. Dry 

weight of forage was measured by harvesting each plant 

by hand, placing the green forage in a Kraft paper bag 

and placing the material in an oven to dry for five days. 

Dry weight was measured to the nearest gram on a Toledo 

sca le. 

The variables measured and the dates the observations 

were made are given In Table 1. From these variables, 

certain pertinent calculations wore made for the conven- 

lence of comparing potential and actual yields. These 

calculation9 are shown in Table 2. 



Table 1. A list of variables and the dates observations 
were recorded, 19.. 

- 
!1nits of Date 

Code Variable measure Mo. Day 

Harvest Data 

i Seed yield 1* gma. 9 19 
X 
2 Seed yield 2* gma. 10 14 

X 
3 Iveight of 100 seeds gma. 1]. 28 

X 
4 Number of sterns per plant 1 7 8 

X 
5 Number of stems per plant 2 9 7 

X 
C; Nurnbr o racemes harvested 9 19 

per plant i 

7 Number of racemes harvested 10 14 
per plant 2 

X 
Number of pods per plant i 9 19 

X 
9 Nunber of pods .er pIar t 2 10 14 

X 
1_0 Nu:nbor of racernes er stem 9 19 

Ptontial Data 
X 
2G Number of ovules per florot 7 18 

X 
27 Number of floreta per raceme - 7 25 

terminal stem 
X 
28 Number of floreta per raceme - 

branches 7 25 
X 
29 Number of racemes per stem 7 21 

X 
30 Number of branch racernes 7 21 

X 

31 Number of intermediate racemes 7 22 
X 
32 Number of stems per plant 7 8 

(sanie as x4) 



Table I, (Continued) 

Units of Date 
Code Variable measure Mo, Day 

Potential Data (Continued) 

33 Number of intermediate and 7 21 
triLna i rcemes 

Associated Variables Data 
X 

2 Forage yield i gins. 6 1 
X 
43 Forage yield 2 gins. 10 13 

X 
44 Plant height 1 5 21 

X 
45 Plant height 2 6 28 

X 
46 Plant width 1 5 21 

X 
47 Plant width 2 6 28 

X 
48 Length of stem 1 5 21 

y 

49 Length of stem 2 6 28 

50 Tagged stem length 1 7 8 

X 
Si Tagged stem length 2 9 7 

X 
52 Number of nodes per stein 7 21 

X 
53 Internode length 7 21 

X 
54 Maturity 6 14 

X 
55 Flower branch length 7 11 

X 
56 Peduncle length 7 11 

X 
57 Number of vegetative branches 7 22 

per stem 
X 
58 Number of intermediate nodes 7 22 

per stem 



Table i, (Continued) 

Thtts 
Code Variable measure Mo. Day 

Associated Variables Data (Continued) 

59 Number of nodes on vegetative 7 22 
branches ì,er stem 

X 
60 tafthess ating** 8 23 

X 
$1 Density Eatth 8 23 

X 
62 (rowth habit ?atin 6 

63 flecover3' Rating $ 11 
X 
64 Percent flowers tripped 9 11 

X 
5 Percent pods formed on 10 7 

tripped flowers 

* I ndcates data obtained for characters prior to 
the initiation of secondary stem growth; 2 indicates 
data obtained after thth tt!ne. 

** Ratings were rnade with 1best and 9poorest. 



Table 2. A list of the calculated variables and their 
method of computation. 

Method of 
Code Variables calculated computation 

Harvest Data 
X *x X 
11 Total seed yield i -f 2 

X X X 
12 Total number of seeds per plant il 3 

X X X 
13 Number of seeds per plant i i 3 

X X X 
14 Number of seeds per plant 2 2 -- 3 

X X X 
15 Average number of racemes 6 - 4 

per stem i 

X X X 
16 Average number of racemes 7 5 

per stem 2 
X X X 
17 Total number of racemes per plant 6 + 7 

X X X 
18 Total number of pods per plant 8 + 9 

X X X 
19 Average number of pods per raceme 1 8 6 

X X X 
20 Average number of pods per raceme 2 9 7 

X X X 
21 Average number of pods per raceme 18 17 

total 
X X X 

22 Average number of racemes per stem 17 + 5 
total 

X X X 
23 Average number of seeds per pod total 12 18 

X X X 
24 Average number of seeds per pod 1 13 8 

X X X 
25 Average number of seeds per pod 2 14 9 

Potential Data 
X X X 
34 Number of terminal racemes 33 - 31 

X X X 
35 Number of f brota on terminal stem 33 27 
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Table 2. (Continued) 

Method of 
Code Variables calculated computation 

Potential Data (Continued) 
X X 

36 Number of f ]orets on branches 30 28 
X X X 
37 Total number of f lorets per stem 35 36 

X X X 
38 Average number of f lorets per 37 29 

raceme total 
X X X X 
39 Average number of racemes per ( 30 33) 32 

stem 

X X X X 
40 Total number of ovules per plant 26 37 32 

X X 
41 Yield in grams 38 .0022 

Associated Variables Data 
X 
66 Number of nodes below terminal 58 59 

X X X 
67 Number of terminal nodes 52 - 66 

X X X 
68 Total number of nodes per stem 66 67 

X X X 
69 Leafiness rating 68 61 

X X X 
70 Number of nodes per branch 59 57 

X X X 
71 Difference in stem length 51 - 50 

X X X 
72 Raceme length 55 - 56 

X 
73 Predicted forage yield ** 

* See Table i for explanation of observed variables. 

** Calculated from measurements of plant height, plant 
width and length of a long stem by method shown in the 
analysis of data. 



The Analysis of Data 

The potential genetic improvement in this population 

of plants can be discovered by the use of heritability 
estimates and selection differentials. Each character 
can be expressed only to the limits of its environmental 

effects and genetic effects which are measured by the 

analysis of variance. The derivation of the genetic 

constants nd the potential genetic improvement are shown 

in Table 3, 

All possible correlations between the characters 
from the harvest data and the potential data were used 

in the development of the direct and indirect effects 
of each character on seed yield and on each of the 

characters of harvest and potential yields respectively. 
From these direct and indirect associations, path-coeff i- 
dent analyses demonstrated the direction of the effects 

of each character on seed yield. The method of computation 

of the path-coefficients is shown in Table 4. 

A predictive equation derived from the simultaneous 

solution of a group of partial regression equations based 

on multiple associations of characters affecting seed 

yield was used in estimating the yields of the material 
in this study. The general predictive equation is shown 

below. 



y= a b1x + b2x2 bnxn 

y = predicted yield 
a = a constant 
b = partial regression coefficient 
x = variable 

Table 3. Calculation of genetic constants and potential 
genetic improvement from the analysis of 
variance of a randomized block design with 
four replications and fourteen entries. 

Environmental variance (Ve) error mean square 

Total genetic variance (Vg) z (entry mean square - error 
mean square) 4 

Genetic coefficient of variation (GCV) square root of 
(Vg ) 100 

Broad sense heritability estimate (Hbs) Vg Vg + Ve 

p p 
Selection differential (SD) 1. + 2 - 

2 

Genetic potential in units of measure (GP) SD x Hbs 

Genetic potential in percent of the population mean 
(GP % x) z (GP ) 100 



Table 4. Calculation of path coefficients (be) with two 
independent variables (x1 and z2) and one 
dependent variable (y) using all possible 
correlation coefficients (r). 

b' + b' r r( y) 
I 112 1 

b'r +b' r(y) 
212 2 2 

b' direct effect of z with y 
1 1 

b' direct effect of x with y 
2 2 

r( y) correlation coefficient of x with y 
1 1 

r( y) correlation coefficient of z with y 
2 2 

r correlation coefficient of x with z 
12 1 2 

b' r indirect effect of x with y through x 
112 2 

b' r indirect effect of z with y through x 
212 1 2 

Flaw diagram: 

b' 

y 

b' 
12 

2 



RESULTS AND DISCUSSION 

Theoret lea i Considera t ions 

Yield should be a summation of the effects of a 

number of major morphological components acting independ- 

ently of, or in association with, other components. The 

variations observed in seed yields should be accounted 

for by the differences In these morphological components. 

The major components may be determined by other characters 

associated with yield but which exhibit their effects on 

the major components rather than yield itself. A given 

plant may produce we].i if it has a desirable combination 

of the components affecting yield and the effects of the 

associated variables are favorable. 

The aboveground portion of the alfalfa plant is 

composed of a number of stems arising from the crown. 

The stem may be pictured as an alternating series of 

nodes and internodes. Each node produces one or more 

trifoliate loaves and either a vegetative branch, a 

shortened vegetative branch and a raceme, or only a 

raceme, depending upon the location of the node. The 

lower nodes of the stem produce vegetative branches, the 

nodes intermediate between the branch nodes and terminal 

nodes produce both shortened branches and racemes; and 

the terminal nodes produce racemes but no branches, The 



brariches a10 consist of nodes and internodes having the 

same characteristics as the nodes and internodes of the 

stem. All the racemes, whether arising from branch nodes, 

intermediate nodes, or terminal nodes have a number of 

typical legume flowers and a number of ovules contained 

inside the single ovary of the flower. 

The yields of seed fields are measured in pounds 



uui1y have fewer flowers than the racemes at the te . minal 

end of the stem The number of racemes per plant is de- 

pendent upon the number of nodes on the stem above the 

branch nodes and the number of nodes on the branches that 

produce racemes. The number of nodes that produce racemea 

is limited by the number of nodes per stem and the number 

of stems per plant. The number of stems per plant is 

assumed to be independent of the other characters. 

There appear to be two factors which can account for 
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The asocùtions of the potential and harvested 

seed yields with their corresponding components are 

represented grphica1iy in Table 5. The associations of 

the components of either potential or actual seed yields 

U be subjected to the path coefficIent analysis The 

reltionsh1p between potential nd harvested yield may 

be discovered and an estimate of the expected yield 

obtained by measurthg the potential characters. 

If yield is an expression of the number of seeds 

pendent of other ¡norphological characters of the plant. 

The measurement of these characters should give an 

accurate eritthffite of the potential characters and are, 

in many instances, easier to measure. Table 6 illustrates 

the proposed association between the number of racemes 

per stem and three variables, the number of racemes on 



Table 5. sac,atîon of coriponei't chrcters for poten'- tial and harvested seed yields of alfalfa, 

(A) 

ie i d 

(B) 

Symbol Harvested seed yield 
A Seeds per plant 

Weight of i')O seeds 

C Seeds per pod 
D Pods per raceine 
E Pacemes per stem 
F *Stems per plant 

(C) 

(E) 

(F) 

Potential seed yield 

Ovu]e8 per plant 
.002 (average seed 

weight) 
Ovules per ovary 
Florete per raceme 
ìacemes per stem 

*Stems per plant 

* ter! plant 13 the same for harvested and potential 
seed yields. 





Table 6. The proposed association of the number of 
racemes per stem with the number of branch 
racemes, the number of intermediate raceines 
and the number of terminal racemes in the 
analysis of components of alfalfa seed yield, 
1961. 

(B) 

(A) (C) 

(D) 

Symbol Variable 

3') 

A Number of racemes per stem 
B Number of racemes on branches 
C Number of racemes on Intermediate nodes 
D Number of racemes on terminal nodes 



Table 7, Path coefficient analysis of total seeds per 

The two harvests made from the nursery, one on 

September 19 and the second on October 14, and the total 
number of ovules produced by the plant were analyzed 

by path-coefficients (Table 8). Most of the effect of 

the first harvest was direct and since this variable 
accounts for 80 percent (R2) of the variation in seed 

yield, the first harvest could be used to estimate total 
y leid. 



Table 8. Path coefficient analysis of correlation 
coefficients of total seed yield with ovules 
per plant, first harvest yield and second 
harvest yield, 1961. (n 233) 

Variable associated b'r 
Total yield and ovules per plant 

Direct effect .000 
Indirect via first harvest .122 
Indirect via second harvest .038 
Total .160 

Total yield and first harvest 
Direct effect .850 
Indirect via second harvest .000 
Indirect via ovules per plant .096 
Total .946 

Total yield and second harvest 
Direct .338 
Indirect via ovules per plant .000 
Indirect via first harvest .242 
Total .580 

R2 .000 + .804 + .195 
Residual .001 

The association of the three factors obtained through 

harvest data, the number of seeds per plant, the number of 

pods per plant and the number of racenies per plant, is 
tabulated in Table 9. Nearly all of the effects of pods 

per plant and racemes per plant were indirect through 

seeds per plant. Most of the effect of seeds per plant 
was direct. This association tends to substantiate the 

theoretical expectations for the effects of these variables 
on yield. It is biologically sound to suppose that an 

increase in the number of racemes harvested would increase 
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the number of pods harvested. An increase in either 
factor should result in more seeds per plant and a 

greater yield. 

Table 9. Path coefficient analysis of correlation 
coefficients of total seed yield with seeds 
per plant, pods per plant and racemes per 
plant, 1961. (n 233) 

Total yield and seeds per plant 
Direct effect .893 
Indirect via pods per plant .070 
Indirect via racemes per plant .025 
Total .988 

Total yield and pods per plant 
Direct .076 
Indirect via seeds per plant .822 
Indirect via racemes per plant .030 
Total .928 

Total yield and raceines per plant 
DIrect .032 
Indirect via seeds per plant .701 
Indirect via pods per plant .070 
Total .803 

The association of average values calculated from 

the harvest data using the four components of yield with 

seeds per plant are tabulated in Table 10. The effect of 

pods per plant on seeds per plant was direct but this 
effect was influenced by the large indirect effect (1.219) 

of racemes per plant. Stems per plant was shown to have 



little effect on seeds per pLnt. An increase in the 

Table 10, Path coefficient analysis of correlation 
coefficients of first harvest number of seeds 
per plant and pods per plant, racenies per 
plant and stems per plant. (n 233) 

Seeds per plant and pads per plant 
Direct 1.304 
Indirect via racemes per plant .364 
Indirect via stems per plant .002 
Total .942 

Seeds per plant and racemes per plant 
Direct « 389 
Indirect via pods per plant 1.219 
Indirect via racenies per plant .002 
Total .832 

Seeds per plant and stems per plant 
Direct .014 
Indirect via pads per plant .201 
Indirect via raceines per plant . 060 
Total .155 

The path coefficients of the components of the two 



piflt in the first harvest wai Indirect via rcemes per 

stem but over one-third of the effect of racemos per stem 

was indirect through pods por raceme. This indirect 

association of pods per racerne and racemes harvested per 

stem might be expected since only racemes with pods were 

harvested but the indirect effect of pods per raceme 

with raceme per stem s is not so apparent. The R2 value 

of the r .. rst harvest yield is of sufficient magnitude 

to be useful in the prediction of yield by the variables 

used in Table 11. Seventy-four percent of the variation 

in seeds per plant may be accounted for by the variation 

of the four components, seeds per pod, pods per raceme, 

racemes per stem and stems per plant. 
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Table il. Path coefficient analysis of correlation 
coefficient8 of total seeds per plant and its 
components of first harvest seeds per plant 
and its components, and second harvest seeds 
per plant and its components, 1961 (n 233) 

'Itai First $eónd 
Variables associated yield harvest harvest 

Seeds per plant and seeds per pod 
Direct .296 .183 .136 
Indirect via pods per raceme .071 .050 .041 
Indirect via racemes per stem -.032 .033 -.064 Indirect via sterns per plant -.021 -.016 -.004 
Total 314 .250 .129 

Seeds per plant and pods per raceme 
Direct .399 .366 .407 
Indirect via seeds per pod .052 .025 .016 Indirect via racemes per stern .129 .294 .018 IndIrect via stems per plant .004 .016 .042 Total .584 .701 .483 

Seeds per plant and racernes 
per stern 

Direct 
Indirect v:$ seeds per pod 
Indirect via pods per raceme 
Indirect via stems per plant 
Total 

Seeds per plant and stems per plant 

.551 .553 .667 

.093 .011 -.015 
-.017 .195 .011 
-.005 -.026 -.071 
.622 .733 .592 

Direct .194 .208 .266 
Indirect via seeds per pod -.032 -.014 - .002 Indirect via pods per racerne .009 .029 .065 Indirect via racenies per stem -.015 -.069 -.177 Total .156 .154 .152 

2 .. .699 .740 .651 esid al .301 .260 .349 

Data collected for estimating potential seed yields 

were taken previous to the first harvest. It is appropri- 

ate to associate these characters with first harvest yield 

as was done in Table 12. All of the associat us are quite 
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1.,w, the highest association being florets per raceme 

and first harvet yield with r 3i3 with a .301 direct 

effect. The 2 
value of . 113 is extremely low and there- 

fore little of the variation in yield could be accounted 

for by the variables of Table 12. The low populations 

of bees are probably responsible for thts lack of asso- 

dation since tripping is so necessary for the setting 

o- seed in alfalfa (Tyscial 18, p. 519). The association 

of these variab1e and yield would be expected to be 

much larger than this if a sufficient population of 

pollinating insects were maintained during the flowering 

period. The potentitl yield would approach the actual 

yield as naximum desirable environmental conditions for 
setd production were obtained. Under the conditions of 

this experirnent a satisfactory estimation of yield could 

not be developed from the potential yield components. 



Table 12. Path coefficient analysis of correlation 
coefficients of first harvest yield and 
potential characters, ovules per f loret, 
f lorets per raceme, racemes per stem and 
stems per plant, 1961. (n 233) 

Variables associated b' b'r r 

First harvest yield and ovules per 
f loret 

Direct 
Indirect via f lorets per raceme 
Indirect via racemes per stem 
Indirect via stems per plant 
Total 

First harvest yield and f lorets 
per raceme 

Direct 
Indirect via ovules per f loret 
Indirect via racemes per stem 
Indirect via stems per plant 
Total 

First harvest yield and racemes 
per stem 

Direct 
Indirect via ovules per floret 
Indirect via florets per raceme 
Indirect via stems per plant 
Total 

First harvest yield and stems per 
plant 

Direct 
Indirect via ovules per f loret 
Indirect via f lorets per raceme 
Indirect via racemes per stem 
Total 

R2 .008 + .094 + .001 + .009 
Residual .887 

41 

105 
- 017 
- 004 
- 009 

.074 

.301 
- 006 
- 001 
.016 

.313 

.033 
- 013 
.015 
.007 

. 043 

.075 
- .013 
.066 
.003 

131 
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It is not possible to measure exactly the potential 
seed yield of alfalfa; therefore, a means of estimating 
potential yield was developed from the theoretical 
associations of seed yield characters. These four 

characters are shown to be independent by a lack of 

indirect effects among any of the variables of Table 13. 

Nearly a].l (R2 .828) of the variation accounted for by 

these variables was through racemes per stem. Most of 

the variation in ovules per plant could be traced to the 

variation of racemes per stem. Floreta per raconte 

exerted a small effect on ovules per plant but ovules 

per floret and stems per plant had no correlated effects 
on the determination of the number of ovules per plant. 
A small increase in the number of ovules per plant would 

be expected to occur if the number of f brota per raconte 

were increased; however, a much greater increase would 

be expected if the number of racontes per stein were 

increased. The R2 value (.96) indicates that nearly all 
the variation in ovules per plant is accounted for by 

the variables of Table 13. 



Table 13. Path coefficient analysis of correlation 
coefficients of potential seeds per plant and 
its components, ovules per f loret, f lorets 
per raceme, racemes per stem and stems per 
plant, 1961. (n 233) 

_______________ 
- 

Potential seeds per plant and ovules 
per f brot 

D irec t 
Indirect via f lorets per raceme 
Indirect via racemes per stem 
Indirect via stems per plant 
Total 

Potential seeds per plant and f lorets 
per raceme 

D i rec t 
Indirect via ovules per f loret 
Indirect via racemes per stem 
Indirect via stems per plant 
Total 

Potential seeds per plant and racemes 
per stem 

Direct 
Indirect via ovules per floret 
Indirect via f lorets per raceme 
Indirect via stems per plant 
Total 

Potential seeds per plant and stems 
per plant 

Direct 
Indirect via ovules per f loret 
Indirect via fborets per raceme 
Indirect via racemes per stem 
Total 

- 019 
-. 119 

. 000 
054 

33l 
- Oli 

.047 
- 000 

.368 

.914 
. 025 

- 017 
.000 

. 906 

. 0004 
-.024 

.073 

.094 
142 
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The association o potertia1 yield and its component 

characters is not greatly different from the association 
of first harvest yield and its components as may be seen 

Table 14. Comparison of the associations of yield 
components with first harvest yield and of 
the association of potential yield components 
and potential yield, 1961. (n 233) 

Character b' r 

Seeds per pod 1* .183 .250 
Ovules per floret 2** .192 .054 

Pods per raceme i .366 .701 
Florets per raceme 2 .331 .368 

Racemes per stem 1 .553 .733 
Racemes per stem 2 .914 .906 

* First harvest data wi.tli an R2 of .740 

** Potential data with an R2 of .960 

The effects of seeds per pod and ovules per f ].oret 

(Table 14) are of insufficient magnitude to affect yields. 
Although the direct effect of pods per raceme and f lorets 
per raceme have nearly the same direct effects, the asso- 
dation of pods per raceme with harvest yield is much 

greater than the corresponding association of f lorets 
per racenme with potential yield. The increased association 
of pods was due to the positive correlation of pods per 
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racerne with racernes per stem. Racenos per stern for both 

sets of data have nearly the saine correlation with yield, 
but the potential racernes per stern has a much larger 
direct effect. 

Variation in the number of racemos per stem is 
entirely dependent upon the three variables, racemes on 

branch nodes, raceines on intermediate nodes, and racemes 

on terminal nodes. Little of the effect of these variables 
is directed through the terminal nodes, almost 20 percent 

of the variation is measured by the number of racemes on 

intermediate nodes and the roma ining 80 percent is 
accounted for by the racemes on branches. This perform- 

ance is not surprising since many more nodes are produced 

on the branch section of the stem than are produced on 

the intermediate and terminal sections combined. It is 
important to recognize that these data refer to the 

potential characters for yield and that it wo'1.d be most 

difficult to project this same relationship to harvest 
data. Table 15 illustrates the paths of relationship 
of these variables with racemes per stem. 



Table 15. Path coefficient analysis of correlation 
coefficients for the number of racemes per 
stem and racemes on branch nodes, racemos on 
intermediate nodes and racemes on terminal 
nodes, 1961. (n 233) 

______ - 

Racemes per stem and racemes on 
branch nodes 

Direct 
Indirect via racemes on 
interriedite nodes 

Indirect via racemes on 
terminal nodes 

Total 

Racemes per stem and racemes on 
terminal nodes 

Direct 
Indirect vìa raceines on branch 
nodes 

Indirect via racemes on 
iitermediate nodes 

Total 

43 

081 

.015 
.939 

.366 

187 

- 
. 047 

506 

167 

. 073 

-. 102 
138 



An equation to predict the number of seeds per plant 

from the four variables, seeds per pod pods per 

raceme (x2), raceines per stem (x3) and stems per plant 

(x4), is shown below. 

y a ± bx1 + bx2 + bx3 + bx4 

y - -1478 + 164.55 X1 + 282.08 + 32.43 + 

This equation predicted the number of seeds per 

plant for seven entries with errors from one percent to 

8.6 percent, but the remaining seven entries could not be 

estimated with sufficient accuracy to warrant the use of 

the equation. This discrepancy was probably a result 

of the large deviations of the distribution of entry 

means from the mean of the population for the characters 
used in the equation (Appendix Table 4). 

Genetic Constants 

The harvest yield genetic constants are helpful in 

determining the expected gain from selecting the top 14 

percent of the entries. The constants listed in Table 

16 aro data obtained from Appendix Table 7 that were 

calculated from the first harvest of seed. The constants 
for seed yield (z1) and number of seeds per plant (x13) 

closely parallel one another and indicate an expected 

improvement by selection of 27 percent to 30 percent of 



the mean for these variables. In units of measure, this 

would be an increase of .33 grams and 168 seeds respec- 

tively. If vegetative cuttings from a plant which 

represented the mean of this population were spaced as 

in the nursery of this study over an entire acre and 

environmental conditions were identical, the yield 

would be expected to approximate 30 pounds of seed per 

acre. If the top two plants were selected, yields of 

forty pounds per acre would be expected. The small 

yield of 30 pounds per acre is probably a result of two 

factors: 1) insufficient numbers of pollinating insects 
and 2) e lack of growth of the plants in the nursery. 

The second factor is emphasized by the dry matter yield 

data which shows an estimated range from 22.4 grams to 

5.6 grams at the time of flowering in June to a range 

from 56.6 grams to 11.8 grams (for the same plants) at 

harvest in October. It is logical to expect smaller 

plants to produce less seed than if the same plants had been 

grown under a more desirable environment which would have 

encouraged larger growth and consequently largor numbers 

of the components of yield. 



Table 16. Genetic constants for first harvest seed 
yield and its components from Appendix Table 
7, 1961. 

Variable i GP GP% i 

I 
Three of the components of seeds per plant have 

genetic potentials near those of yield and seeds per 
plant: i.e., seeds per pod GP 27.7% i. Stems per 

plant had a low GP i of l27 percent. If the gene 

action for these characters were all additive, selection 
of the top 14 percent of the population would increase 
the number of seeds per pod from 2.18 to 2.79; the 
number of pods per raceme from 2.49 to 3.21; the number 

of racemes per stem from 12.67 to 16.92 and the number 

of stems per plant from 6.65 to 7.50. If these components 

were independent, a substantial increase in seeds per 

plant would be realized if plants superior in these four 

characteristícs could be selected. The correlation 
coefficients and path-analysis indicate the components 

are not independent. Those components which were depend- 

ont upon others for their effects would only exhibit 
the indirect effects of improvement of other components 

rather than an improvement in themselves. 



The potential seed yields have been shown to be 

Table 17. GenetIc constants for potential seed yield 
and its components from Appendix Table 7, 
1961. 

il Variable jE GP GP% * 

Potential yield x41 21.568 3.058 14.18 
Ovules per floret x 

6 
10 422 1 219 11 70 

Florets per raceme 14.529 1.134 7.81 
Racemes per stem x29 64.955 11.793 18.16 
Stems per plant z32 6.694 .818 12.22 

The average harvested seed yield for the first 

harvest was 1.24 grams per plant, yet the average potential 
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of racemes per stem are given in Table 18. It is of 

interest to note that the number of racernes per stem 

would be expected to be increased by 1L8 racemes by 

selection of the top two entries from the population 

studied. The number of racemes on branch nodes could be 

increased only R . 2 racemes, whereas the racemes on 

intermediate nodes could be increased by 10.9 racemes. 

More of the total racemes (64.96) are on the branches 

(44.9) than are on the intermediate nodes (16.17); 

therefore, the total improvement would be expected to be 

substantially less than the combined branch and 



Table 18. Genetic constants for racemes per stem and 
its components, 1961. 

Variable i GP GP% i 

Racemes per stem x29 64.96 11.79 18,16 

Racemes on branches z30 44.90 8.24 18.36 

Racomes on intermediate nodes z31 16.17 10,87 6490 

Racemes on terminal nodes x34 388 .57 14.57 

The theoretical components of yield have been shown 

to be an effective method of accounting for the variation 

- 

were not closely associated with harvest yields which 



would emphasize tIte importance of maintaining an optimum 

environment if moro of the potentiì1 is to be realized. 

In this study, a lack of tripping ws probably responsible 

for riost of the difference observed between the potential 

and the actual yields. Because of differences in polli- 

nation, this data does not appear to coincide with the 

data of Johnson et al. (10) for soybeans in which the 

number of seeds per plant was highly correlated with 

ovules per plant. 

The mast iniportant character in the determination 

regardless of the number of floreta per raceme. 

The data f or the number of ovules per f loret in 

the population of this research compare favorably with 

those of Cooper and Brink (4). This character, however, 



was not highly associated with yield by any of the 

analyses. Even if the number of ovules por f loret could 

be increased by 1.2 ovules, this would have little effect 
on yields. An increase in the number of stems per plant 

would likewise have little effect on yields, but increases 

in either f brota per raceme or racemes per stem would 

tend to increase yields. 
It is suggested that research on these character- 

istics should be enlarged to include estimates of gene 

action on the variables associated with yield. Special 

emphasis should be placed on the number of racemes 

produced per plant for yield potential and on the number 

of racenies with pods on harvest yield. If the breeder 

can be supplied with information on the gene action and 

the genetic potentials of these variables he may develop 

breeding programs that will make maximum use of the infor- 
mation available. Different programs would have to be 

developed for a given character if it responded primarily 

in an additive manner than if its increased expression 

were primarily due to heterosis. 
Further analyses on the associations of measurable 

variables of this research are expected to elaborato on 

the biological relationship between morphological charac- 

ters contributing to seed yields as well as the relation- 
ship between forage and seed yields. 



SUMMARY AND CONCLUSIONS 

Fourteen clones selected for their differential 
ability to set seed in the greenhouse and for other 
agronomically desirable characters were evaluated in 

a field nursery in 1961 for differences in seed yield. 
The possibility that differences in certain morphological 

components were responsible for variation in the seed 

yielding ability of these clones was investigated. A 

hypothetical relationship among these components and 

between these components and yield was developed and 

the validity of the relationships tested by path-coeff i- 
dent analysis. The genetic potential of the components 

was measured and evaluated for their usefulness in 

selection. The value of further research with these 
variables was discussed particularly in respect to 

research on gene action. 
Total yield was obtained by pooling data from two 

harvest dates. First harvest yield was more highly 
associated with total yield than second harvest yield 

or total ovules per plant. The number of racemes 

harvested, the number of pods harvested and number of 

seeds harvested were then analyzed for their effects on 

y le ld. 

Seeds per plant exhibited the greatest direct effect 
on yield, but the indirect effects of pods per plant 



and racemes per plant were of sufficient magnitude as to 

indicate the effect of seeds per plant was obtained from 

these characters, Racemes per plant had a large effect 

on seeds per plant but was Indirect through pods per 

plant (ber : 1.219). These results tend to support the 
theoretical association among seed yield characters. 

Total seeds per plant was highly associated with 
yields differences in seed weight were unimportant. 

Seeds per plant and the four hypothetical components of 

yield, seeds per pod, pods per raceme, racemes per stem 

and stems per plant, were shown to fit the theoretical 

associations. The R2 value of the associations of the 

components with seeds per plant was .7k0. A predictive 

equation based on these components could predict only 

oneha1f the population within an error of ten percent; 
therefore, efforts to predict seed yields from the data 

of this experiment were discontinued. 

Potential yield was effectively estimated by using 
the four potential yield components which correspond 

to the harvest components: i.e., ovules per f loret, 

f lorets per raceme, racemes per stem and stems per plant. 

The R2 value for these components with ovules per plant 

was .96. No association was found between potential yield 
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suggest that considerable variation is present in the 

population o this investigation and that a substantial 
improvement in harvest yield, potential yield and their 
respective components could be expected i! the top 14 

percent of the population wore selected for use in a 

breeding program and if the gene action were entirely 
additive. lt was suggested that further studies on the 

gene action of the components of seed yield in alfalfa 
be undertaken before breeding techniques for improvement 

of yielding ability are attempted. 
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Apendir T3hle 1. Tdenttficaton of c1ne9ned in 

components of alfalfa seed yield 
nursery, Corv1l. Oregon, 19CO. 

ode tescrii,tin 

48-Il Pseudopeziza leafspot resistant seleôtion from 
CosackLadak. Tesitant to wilt. Good general 
combining abIlity. 

*48_23 Pseudopezi.za resistant selection from Cossack. 
flesistant to bacterial wilt component of Culver. 

48-47 -- Selection from Hardigan variety. Component of 
Culver. Anti to spittlebugs. 

48-59 Select10 frï TFrdign. Some spittlebug, leaf- 
spot, and wilt resistance. Components of Culver. 

48-56 - Wilt resistant clone. Tolerance to spittlebugs. 
Traces to Lada'-. M. r?utinasa germplasti. 

48-73 . Selection from P ,. P progeny of Cossack and 
Ladak, to wilt and Pseudopeziza. 

48-80 Selection from Cossack. Pseudopeziza leafspot 
and wilt resistant. 

48-86 - Psoudopeziza resistant selection from cross 
Cs(Ladak) x Cb. 

48-116 - Selection from Buffalo. Resistant to Pseudopeziza 
leafspot and bacterial wilt. 

48-136 - Selection from Rantzer. Resistant to wilt and 
Pseudopeziza lea ispot. 

54-16 - Selection from Ranger Resistance to wilt, 
Pseudopeziza, and leafhoppers. 

54-386 - Selected from old barnyard in Indiana. flesistant 
to Pseudopeziza and leafhoppers. Not tested for 
wilt. 

55-52 - Selected from Ohio breeding nursery. Resistant 
to wilt and Pseudopeziza. 



Apperdi Table i. (Contl.nued) 

de Dcscripton 

35-89 - Selected from Ohio breeding nursery, Pethtant 
to wilt and Pseudopeziza. 

dO - Conference clone. F1 of a cross between (selec- 
tion from an old Turkistan field x Ladal!) x 54 
selectIon from Kansa8 Common. 

* Clone 423 was not used in the calculation of data due 
to poor establishment ater transplanting. 
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Appendix Table 2. Field plan of components of alfalfa 
seed yield planted September, 1960 at 
Corvallis, Oregon. 

RepIiation 
2 3 4 5 Ïw Row Row Row 

T 48-116 5T 48-86 3 55-52 r 48-23 P11* 
48-56 48-73 ClO 48-11 
48-11 48-55 55-89 48-56 
ClO 48-80 48-86 48-73 
54-16 54-16 48-73 ClO 

48-80 48-47 48-136 48-55 
48-47 55-52 48-55 55-52 
48-136 54-386 54-16 48-116 
48-73 48-116 54-386 48-136 
55-89 48-11 48-56 54-16 

54-386 48-23 48-80 48-47 
48-86 48-56 48-116 48-80 
48-23 55-89 48-11 55-89 
55-52 48-136 48-47 48-86 
48-55 C10 31 48-23 46 54-386 

* Single cross in replication 5 was used to estimate 
forage yield over replications 1-4. 



Appendix Table 3. A list of variables studied in 1961. 

X 
6 Number of harvested racemes per plant i 

X 
7 Number of harvested racemes per plant 2 

X 
8 Number o pods per plant i 

X 
9 Number of pods per plant 2 

X 
10 Number of racemes harcïested froni marked stem 

gms 



Appendix Table 3, (Continued) 

X 
31 Number racemes on intermediate nodes 

X 
32 Number stems per plant (same as x4) i 

X 
33 Number racemes on nodes above branch nodes 

X 
34 Number racemes on termInal nodes 

X 
35 Number f lorets on nodes above branch nodes 
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Appendix Table 3. (Continued) 

Code Variab1e Units 
X 

41 Estimated potential seed yield guis. 
X 

42 Forage yield i guis. 
X 

43 Forage yield 2 gma. 
X 

44 Plant height 1 cm. 
X 

45 Plant height 2 cm. 

X 
46 Plant width 1 cm. 

X 
47 Plant width 2 cm. 

X 
48 Length of long stem 1. cm. 

X 
49 Length o long stem 2 cm. 

X 
50 Length of tagged stem 1 cm. 

X 
51 Length of tagged stem 2 cm. 

X 
52 Number of nodes per stern 

X 
53 Length of internodes mm. 

X 
54 Maturity Days after 

June 14 
X 

55 Raceme length mm. 
X 

56 Length of peduncle mm. 
X 

57 Number of branches per stem mm. 
X 

58 Number of intermediate nodes 
X 

59 Number of nodes on branches per stem 
X 

60 Leafiness I best, 
9 poorest 



Appendic Tb1e 3. (Continued) 

11n its 
X 

61 Leaf densIty 1 most leaves, 
9 fewest leaves 

X 
62 Growth habit 1 upright, 

9 prostrate 
X 

63 Recovery after clipping 1. best, 
9 poorest 

X 
64 Percent flowers tripped 

X 
65 Percent pods formed after tripping 

X 
66 Nuniber nodes below intermediate 

nodes 
X 

67 Number of terminal and intermediate 
nodes 

X 
*38 Total number of nodes per stem 

X 
69 Calculated leafiness rating 

X 
70 Number of nodes per branch 



Appendix Table 4. Entry means for actual seed yield characters, 1961. See 
Appendix Table 3 for identification of characters. 

ii-i;-: - Entries 
acter 2 3 4 5 6 7 8 

X 
i .251 .550 .434 .501 2245 .573 1.516 

X 
2 .496 .733 .843 .737 .793 .842 .154 

X 
3 .207 .225 .219 .206 .212 .265 .227 

X 
4 6.150 6.950 8.200 6.404 6.250 6.350 7.600 

X 
5 37.800 41.700 35.800 39.375 34.138 37.075 38.000 

X 
6 24.40 50.350 36.50 40.021 86.288 48.063 144.800 

X 
7 34,40 40.800 53.15 48.829 31.175 93.338 19.350 

X 
8 57.30 115.200 97.75 103.908 377,850 110.488 418.900 

X 
9 134.80 178.250 209.20 203.921 149.425 221.175 40.350 

X 
10 5.80 75fl 4.50 10.863 11.425 4.825 22.350 

11 .747 1.283 1.276 1,238 3.038 1.414 1.670 

12 350.671 570.340 557.647 595.083 1380.864 531.183 730.665 



Appendix Table 4 (Continued) 

iiï:- 
acter 

Entries 
2 3 _______________ T 5 6 7 8 

13 il434O 243.210 184.778 233.999 1007.032 212.664 663.070 
X 
14 236.331 327.030 372.870 361.084 373.831 318.518 67.595 

X 
15 3.876 8.251 4.620 6.464 13.004 7.490 20.555 

X 
16 1.073 1.036 1.452 1.783 .885 2.770 .564 

S! 

17 58.800 91.150 89.650 88.850 118.063 141.400 164.150 

18 192.100 293.450 306.950 307.829 527.275 331.663 459.250 
X 
19 1.778 2.318 2.258 2.407 3.948 2125 2.747 

X 
20 3.674 4.192 4.012 3.889 4.617 2.385 2.246 

21 2 876 3 173 3 '+09 3 361 4 233 2 328 2 694 

22 1.792 2.384 2.379 3.007 3.231 4.124 4.492 
X 
23 2.036 1.917 1.733 2.009 2.421 1.569 1.554 

o 



Appendix Table 4 (Continued) 



Appendix Table 4. (Continued) 

Char- Entries 
acter 9 1O i'F 12 13 14 15 
X 
1 1.697 1.670 1.721 2.597 1.151 .425 .194 

X 
2 1.342 .867 .599 .795 .003 .049 .538 

X 
3 .211 .246 .199 .213 .188 .207 .266 

X 
4 7.100 6.350 5.488 725O 7.575 5.258 6.450 

X 
5 44.500 31.450 22.975 38.550 43.500 21.363 28.950 

X 
6 139.375 141.850 71.963 107.250 93.675 25.242 18.450 

X 
7 87.925 95.850 38.613 35.950 .950 4.513 52.700 

X 
8 369.088 409.400 233.513 474.000 237.813 66.567 33.150 

X 
9 310.738 354.250 130.988 208.450 1.100 13.750 121.850 

X 
10 14.475 26.800 10.225 14.000 17.775 7.900 3.300 

X 
11 3.039 2.536 2.326 3.392 1.155 .474 .732 

X 
12 1444.734 1032.987 1159.376 1595.299 625.144 229.985 277.045 



Appendix Table 4. (Continued) 

Char- Entries 
acter 9 10 11 12 13 14 15 
X 
13 810.510 680.508 859.927 1222.487 623.474 205.965 73.530 

X 
14 634.224 352.479 299.449 372.811 1.670 24.021 203.515 

X 
15 20.247 22.372 13.668 14.586 12.654 4.942 3.078 

X 
16 1.971 3.080 1.673 .937 .023 .202 2.065 

X 
17 227.300 237.700 110.575 143.200 94.625 29.754 2.518 

X 
18 679.825 763.650 364.500 682.450 238.913 80.317 1.839 

X 
19 2.635 2.871 3.081 4.166 2.430 2.563 1.652 

X 
20 3.488 3.645 3.563 5.754 .793 2.596 2.187 

X 
21 2.953 3.188 3.250 4.692 2.410 2.407 2.065 

X 
22 5.092 7.648 4.724 3.756 2.180 1.352 2.518 

X 
23 2.100 1.330 3.072 2.198 2.449 2.843 1.839 



Appendix Table 4. (Continued) 



Appendix Thble 5. Entry means for potential seed yield characters, 1961. 
See Appendix Table 3 for identification of characters. 

Eai- - Entries 
acter 2 3 4 5 6 7 8_ 
X 
26 10.470 11.95 9.885 8.697 10.485 10.369 8.985 

X 
27 20.79 23.35 20.53 22.296 19.483 18.14 22.415 

X 
28 12.60 11.87 12,51 12.624 11.495 10.89 11.93 

X 
29 86.25 84.10 55.60 88.413 42.425 52.10 71.90 

X 
30 67.90 65.00 38.90 63.908 32.175 43.20 43.80 

X 
31 15.40 16.10 12.75 18.042 2.950 5.91 22.40 

X 
32 6.15 6.95 8.20 6.404 6.250 6.35 7.60 

X 
33 18.35 18.90 16.70 24.504 10.30 8.95 28.10 

X 
34 2.95 2.80 3.95 6.463 7.35 3.038 5.70 

X 
35 39]. 37 442 296 343 938 562 084 206 870 164 412 645 645 

X 
36 927.428 781.144 494.144 809.007 376.323 474.686 527.932 

X 
37 1318.798 1223.44 838.082 1371.091 583.192 639.098 1173.577 



Appendix Thble 5. (Continued) 

char- Entries 
ctex 

_______________ 
2 

__________ 
4 5 6 7 8 

X 
38 14.488 14.44 14.970 15.545 13.618 12.156 16.033 

X 
39 13.973 12.588 6.981 14.586 6.820 8.188 9.795 

X 
40 13656.094 14677.751 8235.483 11935.082 6180.024 6626.126 10506.882 

X 
41 30.043 32.291 18.118 26.257 13.596 14.577 23.12 



Appendix Tb1e 5. (Continued) 

'h8r- - -------- -- - 7EntFies _________________ ___________ icter 9 10 fl 12 13 14 15 
X 

2G 11.653 10.910 10.758 10.135 9.648 11.716 10.265 
X 

27 22.713 20.980 19.844 24.63 19.338 18.75 15.545 
X 

28 11.338 10.930 11.695 10.89 8.285 11,845 9.07 
X 

29 57.73 60.750 50.763 52.50 92.275 34.283 76.25 
X 

30 34.538 32.90 34.70 29.90 51.613 23.013 64.95 

X 
31 19.463 23.60 14.188 17.00 37.238 9.375 9.35 

X 
32 7.10 6.35 5.488 7.25 7.575 5.258 6.45 

X 
33 23.188 27.85 16.063 22.60 40.663 11.271 11.30 

X 
34 3.725 4.25 1.875 5.60 3.425 1.896 1.95 

X 
35 526.840 585.084 316.002 557.00 789.056 218.464 183.105 

X 
36 390.261 367.606 408.082 325.804 428.562 286.381 594.886 

X 
37 917.101 952.69 724.084 882.804 1217.618 504.845 777.991 

-1 
1 



Appendix Thble 5. (Continued) 

hr- Entries 
n o te r 1T 12 T 14 13 
X 
38 15.920 15.685 14.276 1.982 13.245 14.173 10.043 

X 
39 8.228 9.758 9.935 7.457 12.219 6.733 12.370 

X 
40 10676.410 10414.382 7773.772 8956.451 11756.798 5906.769 7969.685 

X 
41 23.488 22.912 17.102 19.704 25.865 12.995 17.533 



Appendix Table 6. Entry means for variables associated with seed yield, 1961. 
See Appendix Table 3 for identIfication of characters. 

iTai Entries 
acter 2 3 4 5 6 7 8 
X 
42 5.30 6.1 20,8 5.308 6675 7.475 9.2 

X 
43 40.250 41.35 56.6 39.145 34.275 51.137 36.65 

X 
44 27.350 22.6 33.95 20.191 20.525 30.062 13.20 

X 
45 42.20 42.45 60.45 39.437 40.70 47.350 26.8 

X 
46 49.40 36.85 75.5 45.354 52.187 68.275 62.65 

X 
47 69.30 60,15 73.85 65.558 66.112 82.0 72.85 

X 
48 43.650 31.95 61.8 37.537 40.462 56.275 38.25 

X 
49 56.30 53.2 71.55 56.487 50.950 67.575 51.40 

X 
50 66.50 60.85 84.35 66.350 59.450 79.762 58.95 

X 
51 81.850 72.0 92.7 82.133 70.950 97.912 71.65 

X 
52 21.10 21.5 19.5 21.920 19.025 17.050 22.30 

X 
53 46 84 43 91 66 96 47 591 44 210 64 392 42 205 



ir- Entries 
acter 2 3 ________4 5 6 7 8 
X 
54 11.75 14.90 14.10 11.216 17,50 15612 9.3 

X 
55 51.15 4645 46.10 45.025 3&70 39275 46.45 

X 
56 27.55 24.65 23.40 23.862 20.837 22.125 22.50 

X 
57 835 8.25 8.70 8.187 8.512 8.987 7.15 

X 
58 375 4.40 3.50 4.183 1.30 1.937 5.0 

X 
59 253.25 356.30 383.30 265.087 123.012 245.837 215.60 

X 
60 8.125 3.25 4.25 5.250 3.75 7.125 4.875 

X 
6]. 2.75 5.25 5.375 5.750 6.5 3.75 7.0 

X 
62 5.625 4.125 3.75 6.250 6.0 4.5 8.75 

X 
63 4.90 4.375 2.85 4.760 5.418 4.356 4.675 

X 
64 35.45 34.550 50.10 27.262 9.787 21.15 6.60 

X 
65 1.50 3.10 2.60 3.475 1.425 4.225 1.60 



n;) rmi 
Char- Entries 
a c ter ---r -r--- 7 8 
X 
66 1LlO 12.65 12.20 1237O 9812 10.925 12.15 

X 
67 9.0 8.85 730 9.550 9.212 6.125 10.15 

X 
68 274.35 377.8 402.80 287.008 142037 262.887 237.90 

X 
69 970.95 202215 2179.35 1775133 955.381 1042.506 1629.35 

X 
70 30.44 43.902 44.034 32.180 14.977 27.268 30.168 

X 
71 15.35 11.15 8.35 15.783 11.50 18.15 12.70 

X 
72 23.6 21.8 22.70 21.162 17.862 17.15 23.95 

X 
73 16.929 14.034 22.367 15.322 15.403 22.304 15.019 



Appendix Table 6. (Continued) 

ffjjj;-::--- ------ -----.--- Entries 
acter 1g ___i- 11 12 13 14 15 

ç 

42 7825 6.05 4.725 5.1 15162 1.595 6.85 
X 
43 45.45 26.55 19,587 30.15 28.962 11.804 39.25 

X 
44 22,587 29.60 30.062 31.9 17.662 17.112 25.7 

X 
45 42.812 47.60 41.337 48.3 21.625 32.745 41.35 

X 
46 40.412 30.75 28.562 45.6 78.812 18.454 49.4 

X 
47 59.812 47.45 40.487 66.1 73.3 40.337 55.05 

X 
48 34.05 38.30 37.362 43.85 54.562 20.254 45.1 

X 
49 51.825 51.65 47.162 58.0 50.875 39.425 50.9 

X 
50 58.15 61.60 59.4 66.75 61.3 45.879 55.95 

X 
51 74.525 75.20 73.15 77.5 72.625 52.908 67.75 

'C 

52 22.125 23.90 18.975 21.75 21.887 18.308 16.85 
X 
53 40.60 42.89 48.887 50.895 46.068 33.669 40,155 



Appendix Table 6. (Continued) 

X 
56 25.475 19.90 23.275 24.1 19.95 19.737 25.9 

X 
57 7.987 7.45 7.95 6.9 5.975 7.591 8.6 

X 
58 5.05 6.20 4.275 4.9 7.312 325 2.45 

X 
59 480.50 384.10 135.737 326.2 46.587 105.875 214.85 

X 
60 2.875 3.50 5.750 4.375 2.375 5.5 45 

X 
61 6.625 6.75 5.250 6.125 8.750 7.0 5.5 

X 
62 2.875 2.91 4.445 4.125 8.5 5.375 4.5 

X 
63 4.156 4.925 6.581 4.575 4.712 6.71 4.65 

X 
64 52.237 37.85 17.375 43.4 1.00 20.2 31.1 

X 
65 3,862 2.85 1.6 3.55 0.00 2.462 .75 



Char- ------ --- --- Entries 
acter 9 10 fl 12 1.3 14 15_ 
X 
66 13.037 13.65 12.225 1L8 13.287 10841 11.05 

X 
ç 9.087 10.25 675 9.95 8.6 7.466 5.8 

X 
68 502.625 408.0 154.712 347.95 68.475 124.183 231.7 

X 
69 3524.025 2646.025 792.925 2134.125 597.9 867.075 1353.25 

X 
70 58 782 52 435 17 093 47 162 7 832 12 721 25 904 



Appendix Table 7. Genetic constants for components of actual and potential 
yields in 1961. See Appendix Table 3 for identification of 
characters. 

Viri- - Genetic Constants 
ables ï ¡lBS SD GP GP% * v Gv 
X 
I 1.238 28.20 1.183 .334 26.98 38.45 55.89 

X 
2 .701 44.57 .403 .180 25.68 1.005 15.96 

x 
3 .224 83.33 .041 .034 15.18 .001 10.19 

X 
4 6.652 67.60 1.248 .844 12.69 .308 8.31 

X 
5 35.820 30.31 8.18 2.479 6.92 31.23 15.80 

X 
6 80.923 48.89 61.16 29.901 36.95 1661.74 55.50 

X 
7 51.103 64.45 44.99 28.996 56.74 781.84 61.34 

X 
8 248.077 40.99 198.38 81.316 32.78 18320.36 61.03 

X 
9 182.318 53.55 150.17 80.416 44.11 8541.9 56.79 

X 
10 12.584 37.59 12.00 4.511 35.85 34.53 50.87 

X 
11 1.939 30.83 1.277 .392 20.22 .582 43.93 

X 
12 875.752 33.86 644.265 218.148 24.91 135.899 46.57 



X 
16 1.580 44.79 1.345 .602 38.03 .802 64.84 

X 
17 132.026 50.03 100.730 50.395 38.17 3083.8 46.56 

X 
18 430.395 45.19 291.343 131.658 30.59 33793.8 47.81 

X 
19 2.485 46.65 1.547 .722 29.05 .397 23.85 

X 
20 3.458 77.17 1.728 .619 17.91 1.501 35.43 

X 
21 3.303 61.67 1.433 .884 29.17 .458 22.02 

X 
22 3.880 37.58 2.490 .936 24.12 1.942 40.06 

X 
23 2.005 66.15 .953 .630 31.42 .215 22.35 

X 
24 2.183 51.62 1.172 .605 27.71 .258 22.45 

X 
25 1.855 .802 .799 



Appendix Table 7. (Continued) 

Vari- Genetic Constants 
ables * HBS SD GP GP% j V GCV 
X 
26 10.422 86.37 1.411 1.219 11.70 .881 9.01 

X 
27 20 712 49 85 3 278 1 638 7 9]. 4.642 10 43 

X 
28 11.277 50.12 1.333 ,668 5.92 1.322 10,19 

X 
29 64.955 46.45 25.389 11.793 18.16 263.87 25.12 

X 
30 44.896 38.25 2L554 8.244 18.36 171.74 29.29 

X 
31 16.175 76.34 14.244 10.874 64.90 67.201 51.29 

X 
32 6.694 67.60 1.210 .818 12.22 .308 8.31 

X 
33 20.052 78.27 14.330 11.216 55.93 71.512 42.47 

X 
34 3.877 18.64 3.030 .565 14.57 1.464 30.82 

X 
35 432.657 71.48 284.693 203.499 47.03 34269.75 43.69 

X 
36 516.543 54.15 351.675 190.432 36.87 31.707 34.66 

X 
37 949.201 37.46 395.744 148.246 15.62 56202.5 25.29 



Appendix Table 7. (Continued) 

Vari- Genetic Constants 
ables * - IoeS SD GP GP% * V GCV 
X 
38 14.529 57.31 1.979 1.134 781 2657 11.61 

X 
39 10.640 28.36 3.640 1.032 9.70 4.571 21.44 

X 
40 9803.709 31.94 4363.214 1393.611 14.22 4887.132 22.88 

X 
41 21.568 31.86 9.599 3.058 14.18 23626 22.87 

X 
42 7.726 49.52 10.255 5.078 65.73 22.52 61.48 

X 
43 35.797 37.34 18.072 6.748 18.85 99.74 27.91 

X 
44 24.464 69.66 8.461 5.894 24.09 35.53 24.36 

X 
45 41 083 77 29 13 292 10.273 25 01 83 84 22 27 

X 
46 48.728 58.78 28.428 16.710 34.29 267.589 33.57 

X 
47 62.31 63.93 15.615 9.983 16.02 140.507 19.02 

X 
48 41.672 59.44 17.366 10.322 24.77 97.026 23.63 

X 
49 54.086 71.58 15.477 11.078 20.48 57.73 14.05 



Appendix Table 7. (Continued) 

Vari- --- - GetÌcitants ________ 
ables BSS SD GP GP% * V CCV 
X 
50 63232 7547 18.824 14.206 22.47 83.79 14.47 

X 
51 75 918 65 94 19 388 12 784 16 84 103 37 13 40 

X 
52 20.44 54.30 266 1.444 7.06 3.80 9.54 

X 
53 47 091 85 99 18 585 15 981 33 94 77 13 18 65 

X 
54 12.563 55.36 3.997 2.213 17.62 10.00 25.24 

X 
55 43.956 34.11 6.369 2.172 4.94 10.26 7.30 

X 
56 23.090 36.04 3.423 1.234 5.34 4.01 8.71 

X 
57 7.899 52.41 .945 .495 6.27 .544 9.37 

X 
58 4.107 69.28 2.649 1.835 44.68 233 37.22 

X 
59 252.588 26.18 179.712 47.049 18.63 9019,75 3.76 

X 
60 4.679 46.72 2.946 1.376 29.41 1.99 30.13 

X 
61 5.884 50.86 1.991 1.013 17.22 1.74 22.45 

X 
62 5.124 56.14 3.501 1.965 38.35 2.70 32.03 



Appendix Table 7. (Continued) 

Vari- _____________________ Genetic Constants 
a bies - i HB SD GP P% i Vg GCV 
X 

63 4.816 32.92 1.830 .602 12.50 .607 16.18 
X 

64 27.719 55.51 23.450 13.017 46.96 208.72 52.09 
X 

65 2.357 34.16 1.493 .510 21.64 1.048 43.22 
X 

66 12.007 40.36 1.462 .590 4.91 .814 7.55 
X 

67 8.506 46.46 1.694 .787 9.25 1.712 15.40 
X 

68 273.031 26.67 167.182 44.587 16.33 9243.75 35.22 
X 

69 1606.439 23.23 1478.636 343.487 21.38 379.152 12.12 
X 

70 31.778 26.52 23.831 6.320 19.89 144.677 37.85 
X 

71 12.615 11.21 4.648 .521 4.13 3.247 14.26 
X 

72 20.866 33.03 3.809 1.258 6.03 3.988 9.54 
X 

73 14.497 65.77 7.839 5.156 35.57 19.304 30.34 



91 

'C 

6 8,384.57 1,737.59 20.841 
X 
7 3,558.65 431.304 10.386 

X 
8 99,653.2 26,370.7 81.197 

X 
9 41,575.78 7,408.17 43.035 

X 
10 194.010 56.916 3.774 

X 
11 3.635 1.306 .572 

X 
12 809,066, 265,472. 257.7 

X 
13 558,103.8 203,087.6 225.32 

X 
14 111,766.1 23,743.8 77.04 

X 
15 176,408.9 37,200.4 96.5 

X 
16 3.150 .742 .431 

X 
17 14,164.6 2,829.5 26.60 

X 
18 176,154.9 40,979.9 101.22 

X 
19 2.041 .454 .337 



Appendix Table 8. (Continued) 

Char- Entry Error 
acter mean square mean square 
X 
20 6.447 .444 .334 

X 
21 2.113 .284 .267 

X 
22 10.993 3.226 .898 

X 
23 .968 .110 .166 

X 
24 1,260 .239 .245 

X 
25 347* 1.146 .54 

X 
26 3.663 .139 .187 

x 
27 23.237 4.670 1.081 

X 
28 6.355 1.067 .517 

X 
29 1,359.67 304.20 .872 

X 
30 923.87 236.91 7.698 

X 
31 289.630 20.827 2.283 

X 
32 2,704 1.474 .608 

X 
33 304.515 18.469 2.149 

X 
34 12.230* 6.383 1.264 

X 
35 150,754, 13,675. 58.475 

X 
36 153,673. 26,845, 82.04 

X 
37 318,655. 93,845. 153.17 

X 
38 12,608 1.979 .702 

X 
39 29.827 11.544 1.699 

X 
40 29,963,092. 10,414,564. 1,613.6 



Appendix Table 8. (Continued) 

Char- 
acter 

Entr y 
mean square mean square 

X 
41 145.022 50.530 3.554 

x 
42 92.619 2.528 .80 

X 
43 566.351 167.392 6.47 

x 
44 157.584 15.474 1.97 

X 
45 360.00 24.641 2.48 

X 
46 1,258.00 187.641 6.85 

X 
47 641,308 79.28 4.45 

X 
48 454.308 66,205 4.07 

X 
49 253.846 22,923 2.40 

X 
50 362.385 27.231 2.61 

X 
51 466.846 53.198 .89 

X 
52 18.397 3.198 .89 

X 
53 321.077 12.564 1.77 

X 
54 48.079 8.065 1.42 

X 
55 60.846 19.821 2.23 

X 
56 23.164 7.117 1.34 

X 
57 2.668 .494 .352 

X 
58 10.355 1.033 .508 

X 
59 61,507. 25,428. 79.73 

X 
60 10.218 2.269 .753 



Char Enty 
acter mean square mean square 
X 
6]. 8,629 1.681 .65 

X 
62 12916 2.109 .73 

X 
63 3.664 1,237 .56 

X 
64 1,002.09 167,228 6.47 

X 
65 6.210 2.020 .71 

X 
66 4.457 1.203 .55 

X 
67 8.821 1.973 .70 

X 
68 62,387.38 25,412 79.70 

X 
69 2,769,789, 1,253,178. 177.00 

X 
70 979.596 400.889 10.01 

X 
71 38.700* 25.713 2.54 

X 
72 24036 8.086 1.42 

X 
73 87 262 10 046 1.59 

Not significant at either the five percent or one 
percent level A].]. other variables were significant 
at either the five percent level, F 2.01, or the one 
percent level, F 2.66. 



Appendix Table 9. Correlation coefficients for harvested yîeld data, 1961. See 
Appendix Table 3 for identification of characters. 

Variables 
Vari- X X X X X X X X X X X X _l 2 3 4 5 6 7 8 9 10 11 12 
X 

I 
X 

2 .253 
X 

3 .Ol7 .079 
X 

4 .16]. .079 -.068 
X 

5 .190 .139 -.049 .480 
X 

6 .833 .258 .013 155 .208 
X 

7 .123 .769 .255 .095 .036 .245 
X 

8 .942 .252 -.018 .154 .209 .935 .173 
X 

9 .211 .910 .102 .077 .109 .289 .858 .250 
X 

10 .578 .164 .039 -. 106 .090 .731 .162 .693 .236 
X 

11 .947 .549 .011 .166 .2i1 .805 .361 .897 .483 .553 
X 

12 .937 .542 -.087 .156 .219 .800 .328 .896 .470 .548 .988 
X 

13 .991 .252 -.087 .154 .197 .832 .103 .942 .204 .57(3 .939 .948 



L[ 

Var:Lables 
Vari- x x X X x X X z X X X X 
able i 2 3 4 5 6 7 8 9 10 11 12 
X 
14 .259 .986 -.037 O74 .151 .259 .725 .259 .896 .162 .549 .561 

X 
15 .725 .234 .020 -.124 106 .906 .224 .839 .267 .795 .704 .708 

X 
16 .008 .644 .278 -.087 -.266 .106 .901 .041 .734 .088 .220 .183 

X 
17 .725 .536 .119 .166 .183 .911 .623 .827 .599 .659 .803 .785 

X 
18 845 596 030 156 215 873 509 909 632 657 927 920 

X 
19 .683 .210 -. 069 .079 .131 .520 .036 .702 .184 .469 .659 .677 

X 
20 239 447 - 127 058 160 139 082 .215 451 1t3 355 375 

X 
21 Á74 .450 -.2i9 .023 .101 .289 .116 .468 .437 .295 .558 .585 

X 
22 .572 .471 .167 -.027 -.172 .759 .641 .667 .564 .614 .650 .622 

X 
23 .297 .030 -.406 -.108 -.073. .067 -.243 .147 -.165 .032 .267 .314 

X 
24 .220 .008 -.322 -.077 -.041 .022 -. 113 .070 -.069 -.008 .194 .229 

X 
25 137 .110 - 149 -.209 - 015 089 - 108 143 - 082 087 156 169 



Appendix Table 9. (Continued) 

Variables 
Vari- x x x x x z x X X X X 
able 13 14 15 16 17 18 19 20 21 22 23 24 
X 
14 .268 

X 
15 .733 .237 

X 
16 -.015 .593 .072 

X 
17 .715 .518 .889 .470 

X 
18 .842 .594 .861 349 .921 

X 
19 .702 .224 .532 -.042 .435 .641 

X 
20 .250 .483 .147 O27 .147 .367 .373 

X 
21 .493 .488 .305 .060 .282 .563 .721 .774 

X 
22 .556 .439 .731 .663 .885 .777 .369 .088 .234 

X 
23 .336 .074 .121 -.215 -.050 .047 .244 .088 .177 -.058 

X 
24 .250 .043 .060 -.081 -.030 .026 .137 .081 .099 -.012 .765 

X 
25 147 .129 102 - 096 026 080 124 101 120 015 312 127 

n = zii 
r significant at 5% .132 
r significant at 1% .170 



Appendix Table 10. Correlation coefficients for potential yield dati, 1961. 
See Apondx Table 3 for identification of characters 

Var jables 
Vari- x x x x x x x x z 
able i 2 il 26 27 28 29 30 31 
X 
2 .285 

X 
11 .946 .580 

X 
26 .074 .200 .131 

X 
27 .339 .151 .339 .043 

X 
28 .161 .195 .203 -.022 .455 

X 
29 .043 .009 .040 -.130 .239 .130 

X 
30 -.033 .022 -.021 -.063 .134 .146 .939 

X 
31 .104 -.023 .080 -.197 .243 .018 .506 .222 

X 
32 .131 .054 .129 -.127 .224 .105 .103 .038 .134 

X 
33 .200 -.025 .161 -.218 .351 .019 .513 .268 .893 

X 
34 .199 .003 .170 -.035 .218 .001 .138 .087 -.280 

X 
35 .251 .014 .218 -.194 .544 .126 .586 .286 .840 



_t,II1 II1 

Var la bies 
Vari- x z x x x z x ic x 
able i 2_ ii 26 27 28 29 30_ 31 
X 
36 -.008 O91 .024 .O64 .255 .432 .862 924 .185 

X 
37 .121 .073 .128 -.145 .462 .379 .926 .820 .561 

X 
38 .313 .151 .317 -.057 .778 .678 .052 -.127 .368 

X 
39 .001 .019 -.006 -.049 .103 .048 .779 .760 .355 

X 
40 .144 .111 .160 .054 .481 .377 .906 .814 .525 

X 
41 .144 .111 .160 .054 .481 .377 .906 .814 .525 



Appendix Ta ble IO. (Continued) 

Variables 
Vari- x x x x x z x x x 
able 32 33 34 35 36 37 38 39 40 
X 
33 .195 

X 
34 .125 .181 

X 
35 .227 .966 .225 

X 
36 .069 .231 .088 .284 

X 
37 .165 .658 .178 .714 .874 

X 
38 .219 .444 .144 .581 .115 .378 

X 
39 -.440 .390 .056 .382 .659 .674 -.070 

X 
40 .142 .615 .166 .678 .865 .975 .368 .671 

X 
41 .142 .615 .166 .678 .865 .975 .368 .671 1.00 

n 233 
r significant at 5% .132 
r significant at 1% .170 


