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In the last 30 years, birdsfoot trefoil (Lotus corniculatus L. )

has been recognized as a great potential source of forage. Since the

1930's, many studies have been reported in relation to birdsfoot

trefoil characteristics, including some directly related with the

association between seed yield and its components.

The purpose of this study was to evaluate six seed yield

components on 26 genotypes of birdsfoot trefoil. This information was

used to estimate the seed yield based on measurement of the

components, to study associations among the characteristics, to

determine variability in seed yield, and to estimate the usefulness of

each characteristic in improving seed yield potential. Seed yield

components measured in this experiment were number of clusters

per plant, number of flowers per cluster, number of pods per cluster,



number of seeds per pod, seed weight, number of barren stalks per

plant, and seed yield.

The experiment consisted of a randomized block design with

three replications. Each replication contained two plants of each

genotype.

Based on the previously measured components, theoretical

yields were calculated in order to evaluate the sampling techniques

employed and the selection of characteristics. The degree of

association among the characteristics was measured by means of

simple correlation coefficients. Variability of seed yield due to

variations in its components was analyzed by regression analysis.

With the simple regression coefficients obtained in this analysis,

two predictive methods of estimating seed yield were calculated and

compared against the actual seed yield. The usefulness of each seed

yield component for future breeding programs involving seed yield

improvement was considered.

From the data presented in this study it is concluded that seed

yield of individual clones can be estimated by the use of its compo-

nents. Theoretical yields calculated from these estimates were not

significantly different from the actual seed yield. Associations

between characteristics and seed yield were significant for number of

clusters per plant and number of pods per cluster at the 1 percent

level of probability and for number of seeds per pod at the 5 percent



level of probability. Clusters per plant and pods per cluster showed

the greatest influence on seed yield, accounting for 60.49 percent of

the variation in seed yield when these two characteristics were

considered together. Both characteristics were equally useful in

predicting seed yield. Predicted yield based on clusters per plant

and pods per cluster did not show significant differences with har-

vested seed yield.
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THE EXAMINATION OF SEED YIELD POTENTIAL
IN CERTAIN GENOTYPES OF BIRDSFOOT TREFOIL

(LOTUS CORNICULATUS L. )

INTRODUCTION

Birdsfoot trefoil (Lotus corniculatus L.) is a forage legume used

as a source of forage since the 1700's. In the United States it has been

grown since 1885, but has gained more attention as a potential forage

in the last 30 years. In this period, its use has been widespread

across the northern United States and the Pacific Coast. Along with its

acreage increase, there has been a growing demand for certified

seed. To meet this demand, western growers have increased birdsfoot

trefoil seed field establishment. Quality seed can be grown more

economically in the west than in central and eastern parts of the

country.

Birdsfoot trefoil is a forage crop which can be grown in areas

unsuitable for the production of alfalfa, red clover, or white clover.

However, inadequate seed supply, relatively low forage yields, lack of

seedling vigor, and a rather difficult seed harvest have limited its

popularity.

This study was planned to provide some information to plant

breeders about the plant characteristics affecting the seed yield. To

achieve this goal, it is necessary to study the relationship among seed

yield components and seed yield.
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The characteristics considered in this experiment were number

of clusters per plant, number of flowers per cluster, number of pods

per cluster, number of seeds per pod, seed weight, number of barren

flower stalks, and seed yield.

The investigation reported here was designed with the following

purposes:

1. to estimate the actual seed yield based on variables

measured.

2. to study the association between each of seven variables and

seed yield.

3. to determine how much of the variation in seed yield can be

accounted for by variation in the independent variables.

4. to establish a reliable method for the early prediction of

seed yield.

5. to estimate the usefulness of each variable in improving

seed yield potential.
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LITERATURE REVIEW

Birdsfoot trefoil (Lotus corniculatus L. ) was first described in

English in Gerad's Herbel in 1597 (20, p. 5). It was listed as a valuable

plant in Britain by Ellis in 1744 (9, p. 187). It is not native in the

Americas, but in Europe it has been one of the most common and most

widely distributed of the native wild plants. Stebler and Schroeter (35,

p. 5) in 1889 wrote that the variety vulgaris Koch. is indigenous to

Europe, except Lab land and northern Russia, and is largely an alpine

plant in southern Europe. They reported its occurrence also in

Africa, Asia, and Australia, and its absence in America. The first

occurrence in America was reported by Weigand and Eames (39, p.

275) in 1885 when they found some specimens appearing in the turf on

the campus ground of Cornell University. In New York, where the

plant was found mainly along the Hudson River, the nucleus of distribu-

tion was apparently ballast dumps and impurities in imported seed. In

Oregon and California, imported seed is thought to be the source of

distribution.

Today, in the United States, this species ranges east of the Great

Plains from the eastern parts of Kansas, Nebraska, and the Dakotas

to the Atlantic Coast, and south to the Ohio River. There is also

considerable acreage in California and Oregon (14, p. 188).

McDonald (20, p. 8) made the first extensive work in relation to

plant characters in birdsfoot trefoil and their relations to development
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and yield. Since then, many workers have reported similar studies in

many different crops. Cereals and grasses account for a number of

these studies.

Sastry et al. (28, p. 39) working with rice, studied the relation-

ships between different characters in relation to yield. The most

important characters considered were plant height, number of ear

bearing tillers, mean panicle length, sterile grain number, and 100 -

grain weight. Phenotypic correlations showed that number of ear-

bearing tillers had the greatest influence on yield.

Lewis (18, p. 247) working with meadow fescue found that seed

yield and such characters as time of flowering, plant height and dry-

matter production of spaced plants in October and at the time of

anthesis were closely associated. Further analyses also indicate the

importance of fertile tiller numbers and fertility as major factors

related to seed yield. Bonin and Goplen (4, p. 55) studying clones of

reed canarygrass found no correlation between seed yield and number

of panicles per plant. However, theoretical seed yield per plant and

actual seed yield were positively correlated at the one percent level of

significance. This indicates that it is possible to use methods for

calculating theoretical yields. They indicate the feasibility of improv-

ing seed yield by selecting for low-shattering and high seed weight per

panicle.

In flax, Kasim (16, p. 2719) reports three components of the
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seed yield: number of bolls per unit area, seeds per boll, and seed

size. Also, he found positive genetic correlations between seed yield

and number of bolls and between seed yield and seeds per boll.

Schaaf et al. (31, p. 70) reported data from clones of crested

wheatgrass indicating a great potential for increasing seed yield and

a lesser potential for increasing culm height and seed weight.

Heritabilities were of similar magnitudes. Culm height and seed

weight were subject to only slight modification by variations of the

micro-environment. Schaaf (29, p. 646) also showed that spaced-plant

selection for high spike number in crested wheatgrass decreased

progeny seed size and selection for low spike number increased progeny

seed size.

Thomas (38, 3759-B) studied two groups of tall fescue clones

during three consecutive years. Through correlations and path-

coefficient analyses for both groups, tiller number had the largest

direct effect on seed yield in the first year, while seed number was

most important in the second year and both were equally important in

the third year. Seed weight, another estimated component, had

relatively small effects all three years. Indirect effects were

reported of minor importance in both groups.

Correlation coefficients have been widely used in studying

associations between yield components. Atkins et al. (3, p. 518),

working with sorghum populations, calculated correlation coefficients
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among several agronomic characters. The significant correlations

obtained in this study were: grain yield versus seeds /head; seeds /

head versus 100-seed weight; and seeds /head versus head/plant.

Kneebone (17, p. 9), working with yield components in burmudagrass,

found significant correlations between seed yield and heads per plot

and percentage of seed set.

Agronomic characters influencing seed yield are different

depending upon the families, however, species within families are

usually closely related. Rice (28, p. 20) and wheat (15, p. 440) are

examples among cereals as well as alfalfa (24, p. 3) and birdsfoot

trefoil (1, p. 355) among legumes. In wheat, Johnson et al. (15, p.

440) concluded that "yield of grain is the product of number of

spikes, number of kernels per spike, and kernel weight. " They

remark that

any gain in a single yield component offset by decreases
in one or both of the other components would produce no
gain in total yield. However, an advance in one component
with the others remaining constant produces an equal advance
in total yield. It can be argued that individual yield com-
ponents are merely indicators of the complex metabolic
and physiologic processes of the wheat plant as is yield
itself and, therefore, have little usefulness to the breeder
that yield itself does not provide. But, since yield is the
product of the yield components, it provides little specific
information about the favorable and unfavorable component
relationships on which it depends other than the fact of their
existence. As yields are pushed higher, new levels of
productivity become increasingly difficult to attain.
Attention to expression of individual components of yield
could provide a better basis for selection of parents and for
evaluation of their progenies than yield itself.
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Selections are complicated because most of the times while-increasing

one component another will decrease.

Many times, selection for seed yield in grasses affects

vegetative production. Griffiths (10, p. 525) in studies including rye-

grass, meadow fescue, timothy, and tall fescue, reported that

improvement in seed yielding capacity can be achieved by selection

without seriously affecting their vegetative performance.

In legumes, similarities are found among species. Studies have

been made over a wide selection of plants including such as guar

(Cyamopsis tetragonoloba) in India, where Sanghi and Shrama (27, 13.

284) reported that seed yield was significantly correlated with

clusters per plant, pods per plant, branches per plant, and 100-seed

weight. The first three variables accounted for 90% of the variability

in yield, thus it would be reliable to consider selection in these

characters for further improvement in yield ability.

Taylor, Dade and Garrison (37, p. 537) reported that in red

clover, number of heads per plant was the primary factor in governing

seed yield. Number of seeds per head and seed weight were of less

importance. They also mention that high yielding progenies were

earlier than average to flower. But Hawkins (13, p. 245), in England,

reported that factors affecting seed yield of red clover appear to be

number of seeds set per head, size of seeds, number of heads, and

resistance to disease. Seed set, seed size, and number of heads are



so closely linked that according to Hawkins differences in yield are

indicated by differences in any one of these characters. Seed set has

much to commend it for this purpose and when it is used to indicate

potential yields it is not affected, like the actual yield, by losses in

harvesting the crop. In view of the importance of seed set as an

indication of potential seed yield, Hawkins studied the following factors

likely to affect its length of corolla tube, number of pollinators,

and size of head as indicated by the number of florets. A negative

correlation was found between number of heads in the varieties studied

and both size of seed and number of seed sets. However, it is said

that number of heads in the field is not an easy character to record.

The most decisive aspect, according to Hawkins, in relation to

seed set in red clover seems to be the length of the corolla tube.

This morphological character determines whether or not honey
bees could reach the nectar at the bottom of the floret. If
honey bees are not able to reach the nectar, they abandon to
visit the flowers, allowing other species of bees, far less
effective, to pollinate the flowers. It would seem, therefore,
that attempts to breed a variety of red clover with a shorter
corolla tube would be accompanied by a deterioration in
persistency and vigour.

In alfalfa, Pedersen and Nye (24, p. 14) reported in studies

involving three varieties that seed yield was highest for Uinta with 859

pounds of clean seed per acre, followed by Ranger with 510 and

Lahontan with 380 pounds per acre. Seed yield components were

measured for the three varieties; Uinta had 8.0 pods per raceme,

Ranger had 7.4, and Lahontan gave 6.7. In number of seed per pod,
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Uinta again was the higher with 4.1 seeds, Ranger had 4.0, and

Lahontan, 3.6. These results agree with the actual yield obtained,

giving confidence in saying that these two characters are truly

associated with seed yield. As with other legumes, in alfalfa the

number of flowers per raceme is not significantly associated with seed

yield. This can be expected since most of forage legumes are cross-

pollinated introducing other factors such as pollinators and the

environment in affecting plant behavior.

In most forage species a knowledge of relationships among

characters that affect forage and seed yield is necessary if selection

for the simultaneous improvement of forage and seed yield is to be the

most effective. Liang and Riedl (19, p. 396) studied both situations in

alfalfa clones. By simple correlation coefficients, plant height,

number of leaves, number of internodes, and number of stems were

positively correlated with forage yield. Plant height, seed size,

fertility, and number of stems were positively correlated with seed

yield. According to this study, plant height and fertility seemed to be

the most important factors affecting seed yield. However, Porceddu

reports that green matter yield in alfalfa is mainly determined by

height and leafiness (25, p. 582).

In many crops, plant density influences several plant character-

istics. Shakudo (33, p. 118) reported that in Ladino clover

density-genotype interaction was observed in stolon number,
internode length, and flower-head number. Results suggested
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that the interaction in these characters at different densities
was due to changes in genetic variance.

Albrechtsen et al. (1, p. 358) examined 20 clones of birdsfoot

trefoil to determine components of seed yield. Four characters were

reported: number of umbels setting seed, number of pods per umbel,

seed size, and number of seeds per pod. In three different nurseries

results indicated significant correlation for number of umbels setting

seed and number of pods per umbel. In one nursery (clonal) the

coefficient of determination was relatively high, 89%, accounted for by

the direct and indirect effect of the four components. In the other two

nurseries (progenies) the coefficient of determination was 69% and

71%. These values for progeny nurseries could be slightly higher since

they include only three variables (number of seeds per pod was not

considered).

Draper (8, p. 2716) considers that seed size or weight not only

has no major effect on yield but also does not produce differences in

seedling vigor of the new crop. No statistical differences were found

between seedling vigor of three varieties of birdsfoot trefoil seeded

with large, medium and small seed sizes.

Indirect factors influencing seed yields are important to be

considered. Sometimes factors such as seed shattering can become

very important (11, p. 324).

Fertility in forage legumes may become a key factor in relation
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to seed yields. Self-fertility in birdsfoot trefoil differs from genotype

to genotype and is also conditioned by environmental factors (21, p.

416; 20, p. 43). Hansen (12, p. 518, 569) found in birdsfoot trefoil an

average of 59 ovules per ovary but only 19 seeds per pod. Later,

Bubar (5, p. 67) reported 49.0 ovules per ovary and an average of

18.2 seeds per pod. In this study involving several Lotus species,

birdsfoot trefoil did not show any degree of self-fertility except when

self-fertilization was induced by mechanical means. Bubar stated that

the first step in the evolution of self-incompatibility in a Lotus
species may be that the stigmatic membrane loses its ability
to break automatically when the ovules mature. This makes
the plants dependent upon insects to break the membrane and
at the same time to apply cross-pollen.

Therefore, pollinators, especially honey bees, play an important role

in the fertilization of Lotus species. Specific pollinators, other than

honey bees, have not been reported for birdsfoot trefoil as they are for

alfalfa (7, p. 554). Seaney (32, p. 441) concluded that "for genetic and

breeding studies, emasculation should be used to insure that crosses

are obtained. "

Wide differences were observed by Peacock and Wilsie (23, p.

324) in seed production among clones of trefoil and they found from

path coefficients and environmental, genetic, and phenotypic

correlations presented for various progeny characters that the relative

importance of the genotype and the environment varied for the different

characteristics (growth habit and seed production scores). However,
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performance of open pollination progenies proved to be good indicators

on which to base selections. This is also emphasized by Schaaf (30,

p. 17) working with crested wheatgrass.



MATERIALS AND METHODS

Source of Material

13

The source of 26 genotypes of bridsfoot trefoil (Lotus cornic-

ulatus L.) used in this study are listed in Table 1. This table includes

the genotype number, the source of the plants, and the identification of

each genotype.

Establishment

The clones were received from the various sources in Novem-

ber, 1968, and placed in a greenhouse. In December, 50 propagules

were obtained from each genotype, using sections of well-developed

stems. According to Ostazeski and Henson (22, p. 253), "morphology

and vigor of a vegetatively propagated birdsfoot trefoil plant can be

determined by the type of cutting from which it originates. " A simple

method was used in obtaining the propagules: stems of the original

plants were cut just above a node bearing leaflets; about one and one-

half inch downward the other cut was made leaving a second node above

the bottom of the cutting. This system agrees to a method proposed by

Ostazeski and Henson. These authors report that this method allows one

to obtain cuttings with superior vigor and regenerative capacity.

The propagules obtained were inoculated before placing them in

a sterile medium (Per lite) for rooting. When primary roots and a few
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Table 1. Source and identification of 26 genotypes used in
this study.

Genotype
No. Source Identification

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Miss ouri
I I

I I

I I

I I

I I

I I

I I

Illinois
,I

I I

I I

I I

I I

I I

I I

I I

Minnesota
I I

Iowa
I I

Mo. 9

Mo. 17

Mo. 20

Mo. 25

Mo. 41
Mo. 73

Mo. 143

Mo. 173

Mo. 180

Ill. 9

Ill. 13

Ill. 38

Ill. 41

Ill. 42

Mt. 23

Mt. 26

Mt. 31

Mt. 44

Mt. 59

Mt. 142

Mt. 201

Mt. 202

Ill. 10

Ill. 28

E 12-1

E 20-15
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leaflets were formed, each new plant was placed in pots containing a

mixture of soil and sand. They were maintained under greenhouse

conditions until March 27, 1969. On that date the plants were taken to

the field and planted at Hyslop Agronomy Farm.

The experiment consisted of a randomized block design with four

replications. During the development of the present study, one

replication was severely damaged by flooding, thus not considered for

later statistical analysis.

Each replication contained two plants of each genotype, using a

four-foot center distribution. This type of distribution allows the

maximum seed yields because of a better interception and distribution

of solar radiation (34, 446-B) and avoids competition for nutrients

and water.

The experiment was clipped on June 19, looking for a uniform

start in the growth and development of the plants. Sprinkler irrigation

was used five times during the growing season. Spacing was sufficient

to permit adequate cultivation and maintenance throughout the

experimental period. Honey bee population was maintained at an

acceptable level through the flowering season.

Measurements

To achieve the objectives of this study, the following character-

istics were measured:
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a. Number of clusters per plant

b. Number of florets per cluster

c. Number of pods per cluster

d. Number of seeds per pod

e. Seed weight

f . Number of barren flower stalks per plant

g. Seed yield

Each characteristic was measured as follows:

a. Clusters per plant: This measurement was taken before the

plants reached full bloom, counting all clusters carrying

florets and buds in each plant.

b. Florets per cluster: Ten clusters were selected at random

in each plant. Tags were placed in each selected cluster

indicating the number of florets found in each one. Counting

was done at the peak flowering time. Since there were two

plants per genotype per replication, 20 measurements were

used to estimate the average number of florets per cluster

in each clone.

c. Pods per cluster: The number of pods developed in each

selected cluster was recorded. This measurement was

taken when maximum number of pods were light green to

light brown in color. This stage of development was

selected to avoid pod dehiscence (2, p. 487).
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d. Seeds per pod: Each tagged cluster was harvested

separately. When pods reached their maximum stage of

maturity inside the containers used to collect them, seeds

fell free in the container. Seeds were counted to obtain the

average number of seeds formed in each pod.

e. Seed weight: The weight in grams of 100 seeds was used as

the measure of seed weight. Three samples of 100 seeds,

each taken at random from the total seeds produced by each

plant were used to estimate the 100-seed weight per plant.

Weights were obtained at Oregon State University Seed

Laboratory.

f Barren flower stalks per plant: This measurement was taken

at maturity, by recording the number of naked stalks found

in each plant.

g. Seed yield: Weight in grams of the total number of seeds

produced by a single plant was used to represent seed yield.

Statistical Analyses

Analyses of variance were calculated for each characteristic.

The LSD (Least Significant Difference) was used for testing differences

among entries for each characteristic.

To obtain information of association between variables, simple

correlation coefficients were determined. Regression analyses were
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calculated to get the amount of variation in the dependent variable

(seed yield) accounted for by variation in the independent variables

(clusters per plant, flowers per cluster, pods per cluster, seeds per

pod, seed weight, and barren stalks).

T-tests were used to detect significant differences between

actual yield and theoretical yields.
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RESULTS AND DISCUSSION

Theoretical Considerations

Seed yield is the end result of the interrelationships of many

component factors and the environment. Morphologically speaking,

Lotus corniculatus L. (12, p. 569) is a perennial legume with ascend-

ing or decumbent stems which may reach a length of two or more feet.

The leaves are alternate. The first two leaves of the seedling plant

are trifoliate, whereas the other leaves normally bear five leaflets.

The root consists of a large taproot with numerous branches. Nodules

are usually abundant on the roots of field-grown plants. The

inflorescence consists of a group of pediceled flowers borne at the

apex of a long peduncle. Flowers are closely clustered in a number of

two to eight. The ovary is a cylindrical tube consisting of a single

carpel; the style is attached to the ovary at an angle of about 45

degrees. The stigma is a flattened terminal knob. The fruit is a

typical legume; the appearance of the spreading cluster of pods at the

end of a long peduncle has given rise to the common name, birdsfoot

trefoil. When ripe, the pod splits along both sutures, and the two

valves spring apart and become twisted spirally. Each pod usually

contains from two to 35 seeds. Seeds are small, about one and one-

half millimeters long.

From this description, it is possible to select some
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characteristics representing components of the seed yield. The first

character should be the number of stems in a single plant. This

character does not contribute much if it is not associated with the

number of clusters or umbels bearing florets. Some workers consider

the number of stems separately from the number of clusters. In this

way the number of stems per plant should be counted first and then the

number of clusters per stem, to develop an estimate of the total

number of clusters per plant. If the plants are old, this measurement

is difficult to determine.

Each cluster possesses a variable number of flowers. The

number of flowers varies from cluster to cluster and from plant to

plant. The number of flowers per cluster represents another major

component of the seed yield.

Theoretically, each flower should be able to produce one pod.

Bubar (5, p. 65) showed the self-fertility in birdsfoot trefoil was low.

It has been observed that the number of pods formed in a given

cluster only occasionally corresponds to the same number of flowers

per cluster. This variability is important to consider in studies

concerning seed yield components.

A variable number of ovules are formed within each ovary.

Hansen (12, p. 578) found an average of 59 ovules and Bubar (5, p.

67) reported 49 ovules per ovary. However, no more than an average

of 20 seeds per pod has been reported. This indicates that large
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differences in seed set might be found among plants due to fertilization.

Since number of seeds per pod is one of the characters affecting seed

yielc, large variations in this character will certainly affect the seed

yield of the plants.

The seed yield of a single plant is the product of the total number

of seeds and the average seed weight. The number of seeds is

determined by the number of clusters per plant, the number of

flowers per cluster, the number of pods per cluster, and the number

of seeds per pod. The accurate measurement of all these components

should then represent yield. The seed yield also can be influenced by

the presence of barren flower stalks. Taking this factor into consider-

ation, a predictive equation can be calculated and a potential yield can

be estimated. If differences between potential and harvested yield are

not significantly different, yield may be estimated by the use of its

components.

The characteristics measured are reported in Table 2. The

measurements were taken during the 1969 summer season and the

results obtained are shown in Table 3. Least significant difference

L. S. D.) and coefficient of variation (C. V.) were calculated for each

seed yield component.

Clusters per plant (x1), barren stalks per plant ( 6), and seed

yield (x7) represent the average value of six measurements (two plants

per replication in three replications).
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Table 2. Components of seed yield in birdsfoot trefoil (Lotus
corniculatus Lm) and their units of measurement.

Code Characteristic Units

x2

x3

x4

x5

x6

x7

Clusters per plant

Flowers per cluster

Pods per cluster

Seeds per pod

100-seed weight

Barren stalks per plant

Seed yield

number

number

numb er

number

grams

number

grams



Table 3. Average across three replications of seven plant characteristics for 26 genotypes c
birdsfoot trefoil (Lotus corniculatus L. )0

Clusters Flowers Pods Seeds Weight Barren Seed
per per per per per stalks yield

plant cluster cluster pod 100 seeds
Entries (x

1
(x2)) (x3) (x4) (x5) (x6) (x7)

(genotypes) No. No. No. No. g No. g

1 145.00 4.95 2.98 18.62 0.116 28.2 4.30
2 106.67 5.25 3.75 12.79 0.134 27.7 4.32
3 132.33 4.90 3.82 18.71 0.092 23.2 3.58
4 152.33 5.03 3.82 12.13 0.137 27.3 2.90
5 74.67 4.55 2.25 9.72 0.107 36.0 1.76

6 133.17 4.22 2.75 11.32 0.123 37.3 2.50
7 88.50 5.13 1.18 6.45 0.122 40.0 0.66
8 192.67 4.72 3.68 8.35 0.108 39.5 4.20
9 72.83 5.35 1.82 7.35 0.136 25.5 0.35

10 144.33 4.88 3.53 10.43 0.161 32.5 4.28

11 102.83 4.68 3.50 8.40 0.156 32.5 3.48
12 181.67 4.58 3.78 13.39 0.162 30.7 12.44
13 164.00 4.78 0.28 1.22 0.148 92.3 0.14
14 170.17 4.95 3.43 13.24 0.138 26.3 7.75
15 152.33 4.53 3.67 9.76 0.151 35.8 9.50

(Continued on next page)



Table 3. (Continued)

Entries
(genotypes)

Clusters
per

plant
(xl)

No.

Flowers
per

cluster
(x2)

No.

Pods
per

cluster
(x3)

No.

Seeds
per
pod
(X 4)

No.

Weight
per

100 seeds
(x5)

g

Barren
stalks

(x6)

No.

Seed
yield

(x7)

16 148.00 4.98 3.95 14.31 0.125 29.5 5.16
17 205.17 5.67 3.95 10.00 0.140 58.3 15.60
18 182.33 4.80 4.28 17.28 0.132 28.3 13.72
19 142.50 4.78 3.95 6.64 0.149 32.0 3.35
20 175.83 5.55 4.13 10.36 0.126 36.3 8,40

21 179.00 5.47 4.25 10.72 0.129 33.3 5.80
22 161.50 3.70 3.02 11.51 0.135 31.3 4.10
23 199.17 5.08 3.20 11.43 0.153 37.7 7.26
24 162.17 4.43 0.65 2.42 0.139 51.3 0.54
25 124.50 5.60 4.17 15.10 0.170 31.7 6.68
26 128.17 4.38 2.92 5.64 0.186 34.2 2.14

L. S. D. . 05 47.26 0.23 0.73 2.83 0.020 12.01 2,83
L. S. D. .01 62. 65 0.60 0.98 3.78 0.026 16.04 3.76
C. V. 19. 97% 5.79% 14.05% 16.38% 8. 75% 20.29% 33.52%
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Flowers per cluster (x2), pods per cluster (x3), and seeds per

pod (x4) represent the average value of 60 measurements (ten tagged

clue .L.rs per plant, two plants per replication in three replications).

One hundred-seed weight (x5) is the averaged result of 18

measurements (three samples per plant, two plants per replication in

three replications).

Least significant differences (L. S. D. ) at five and one percent

levels were calculated. Significant differences among genotypes were

found for each character.

The coefficients of variation (C. V. ) were relatively high for each

character except flowers per cluster (x2) and seed weight (x
5

). Seed

yield ( 7) had the largest coefficient of variation (33.52%) due to large

differences in seed yield ability among genotypes. This variation in

seed yield, expressed as a percentage of the seed yield mean (Table

4), is the largest for the characteristics measured. The seed yield

range is from 2.70% (0. 14 g) for entry 13 to 300.58% (15. 60 g) for

entry 17. Number of flowers per cluster and seed weight have the

least variation among entries. Very little variation is shown among

plants in relation to the number of flowers per cluster, indicating that

the total number of flowers per plant depends to a great extent upon the

number of clusters on that plant. Within entries close associations

can be seen between pods per cluster and seeds per pod and between

number of clusters per plant and seed yield unless a large number of



Table 4. Characteristic performance (%) for each genotype in relation to the average of all genotypes.

Flowers Pods Weight Barren
Clusters per per Seeds per 100 Stalks Seed

Entries per plant Cluster % Cluster % per Pod % Seeds % per plant % yield %
(x

1
) (x2) (X3) (X4) (X5) (x6) (X7)

1. 141.00 96.79 4.95 101.43 2.98 93.71 18.62 176.66 0.116 84.67 28.2 78.12 4.30 82.85
2 106.67 73.22 5.25 107.58 3.75 117.92 12.79 121.35 0.134 97.81 27.7 76.73 4.32 83.24
3 132.33 90.84 4.90 100.41 3.82 120.12 18.71 177.51 0.092 67.15 23.2 64.26 3.58 68.98
4 152.33 104.56 5.03 103.07 3.82 120.12 12.13 115.08 0.137 100.00 27.3 75.62 2.90 55.88
5 74.67 51.26 4,55 93. 24 2.25 70. 75 9.72 92.22 0.107 78.10 36.0 99. 72 1.76 33.91
6 133.17 91.41 4.22 86.47 2.75 86.48 11.32 107.40 0.123 89.78 37.3 103.32 2.50 48.17
7 88.50 60.75 5.13 105.12 1.18 37.11 6.45 61.19 0.122 89.05 40.0 110.80 0.66 12.72
8 192.67 1 32. 25 4.72 96.72 3.68 115.72 8.35 79. 22 0.108 78.83 39.5 109.42 4.20 80.92
9 72.83 49.99 5.35 109.63 1.82 57.23 7.35 69.73 0.136 99.27 25.5 70.64 0.35 6.74

10 114.33 78.48 4.88 100.00 3.53 111.01 10.43 98.96 0.161 117.52 32.5 90.03 4.28 82.47
11 102.83 70.59 4.68 95.90 3.50 110.06 8.40 79.70 0.156 113.87 32.5 90.03 3.48 67.05
12 181.67 124.70 4.58 93.85 3.78 118.87 13.39 127.04 0.162 118.25 30.7 85.04 12.44 239.69
13 164.00 112.57 4.78 97.95 0.28 8.80 1.22 11.57 0.148 108.03 92.3 255.68 0.14 2.70
14 170.17 116.81 4.95 101.43 3.43 107.86 13.24 125.62 0.138 100.73 26.3 72.85 7.75 149.32
15 152.33.'` 104.56 4.53 92.83 3.67 115.41 9.76 92.60 0.151 110.22 35.8 99.17 9.50 183.04
16 1 48. 00 101.59 4.98 102.05 3.95 124.21 14.31 135.77 0.125 91.24 29.5 81.72 5.16 99.42
17 205.17 140.84 5.67 116.19 3.95 124.21 10.00 94.88 0.140 102.19 58.3 161.49 15.60 300.58
18 182.33 125.16 4.80 98.36 4.28 134.59 17.28 163.95 0.132 96.35 28.3 78.39 13.72 264.35
19 142.50 97.82 4.78 97.95 3.95 124.21 6.64 63.00 0.149 108.76 32.0 88.64 3.35 64.55
20 175.83 120.70 5.55 113.73 4.13 129.87 10.36 98.29 0.126 91.97 36.3 100.55 8.40 161.85
21 179.00 122.87 5.47 112.09 4.25 133.65 10.72 101.71 0.129 94.16 33.3 92.24 5.80 111.75
22 161.50 110.86 3.70 75.82 3.02 94.97 11.51 109.20 0.135 98.54 31.3 86.70 4.10 79.00
23 199.17 136.72 5.08 104.10 3.20 100.63 11.43 108.44 0.153 111.68 37.7 104.43 7.26 139.88
24 162.17 111.32 4.43 90.78 0.65 20.44 2.42 22.96 0.139 101.46 51.3 142.10 0.54 10.40
25 124.50 85.46 5.60 114.75 4.17 131.13 15.10 1 43. 26 0.170 124.09 31.7 87.81 6.68 128.71
26 128.17 87.99 4.38 89.75 2.92 91.82 5.64 53.51 0.186 135.77 34.2 94.74 2.14 41.23

Means 1 45. 68 100.00 4.88 100.00 3.18 100.00 10.60 100.00 0.137 100.00 36.1 100.00 5.19 100.00
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barren stalks is present. Apparently the number of barren stalks had

no direct relationship with seed yield since the second highest value

(58.3) corresponds to the highest yielding genotype (17). However, if

this characteristic is associated with number of clusters per plant,

both have a notorious influence on seed yield.

All genotypes performed as expected since the largest variations

within characteristics corresponded to number of clusters per plant,

mainly due to differences in size and vigor of the clones; number of

seeds per pod associated with fertility, and seed yield due to differ-

ences within each component.

The measurement of seed yield components permits the calcula-

tion of theoretical yields based on the components. Comparison of

calculated yields with actual yields would, among other things,

reveal the adequacy of the sampling technique employed" (15, p. 440).

Theoretical yields were calculated using different combinations

of individual components. One method represents the product of

number of clusters per plant, flowers per cluster, seedS per pod, and

seed weight, minus a correction factor that includes the number of

barren stalks. This method provides an estimation of the seed yield

based upon the total number of flowers produced by each plant.

A second method considers the same seed yield components but

the variable, number of flowers per cluster, is replaced by number

of pods per cluster. The estimation of yield then is based upon the
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total number of pods formed by a plant. The correction factor shown

below is used.

The theoretical yield is normally used to compare the accuracy

of the measurements taken, the reliability of the seed yield components

chosen and the practicability of making seed yield predictions.

The two methods used were:

I. (clusters /plant x flowers /cluster x seeds /pod x seed weight)

minus

(barren stalks /plant x. flowers /cluster x seeds /pod x seed weight)

II. (clusters /plant x pods /cluster x seeds /pod x seed weight)

minus

(barren stalks /plant x pods /cluster x seeds /pod x seed weight)

Comparisons between calculated theoretical yields versus actual

yields are given in Tables 5 and 6.

The results indicate no significant differences between calculated

yield (theoretical II) and actual seed yield. This supports the sampling

techniques used in the experiment as well as the choice of the variables

affecting the seed yield of the clones.

Analyses of variance were calculated in each variable in the

experiment. A summary of the analyses with mean squares for

sources of variation is reported in Table 7.

The mean and standard deviation for each characteristic are
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Table 5. Comparison between calculated theoretical yield (I) based on
flower production and actual yield of 26 clones of birdsfoot
trefoil (Lotus corniculatus L. ),

Entries Theoretical
g

Actual Difference
g g

1 12.06 4.30 +7.76
2 7.10 4.32 +2.78
3 9.20 3.58 +5.62
4 10.45 2.90 +7.55
5 3.36 1.76 +1.60

6 5.64 2.50 +3.14
7 2.42 0.66 +1.76
8 6.52 4.20 +2.32
9 2.53 0.35 +2.18

10 6.70 4.28 +2.42

11 4.31 3.48 +0.83
12 14.99 12.44 +2.55
13 0.62 0.14 +0.48
14 13.01 7.75 +5.26
15 7.78 9.50 -1.72

16 10.55 5.16 +5.39
17 11.67 15.60 -3.93
18 16.86 13.72 +3.14
19 5.23 3.35 +1.88
20 10.10 8.40 +1.70

21 11.01 5.80 +5.21
22 7.49 4.10 +3.39
23 14.35 7.26 +7.09
24 1.66 0.54 +1.12
25 13.34 6.68 +6.66
26 4.31 2.14 +2.17

8.20 5.19 3.01 **

Significant at . 01 level.



30

Table 6. Comparison between calculated theoretical yield (II) based on
pod production and actual yield of 26 clones of birdsfoot
trefoil (Lotus corniculatus L. ).

Entries Theoretical Actual Difference
g g g

1 7.26 4.30 +2.96
2 5.08 4.32 +0.76
3 7.17 3.58 +3.59
4 7.94 2.90 +5.04
5 0.91 1.76 -0.85

6 3.68 2.50 +1.18
7 0.45 0.66 -0.21
8 5.09 4.20 +0.89
9 0.86 0.35 +0,51

10 4.85 4.28 +0.57

11 3.23 3.48 -0.25
12 12.38 12.44 -0.06
13 0.03 0.14 -0.11
14 9.02 7,75 +1.27
15 6.30 9.50 -3.20

16 8.37 5.16 +3.21
17 8.13 15.60 -7.47
18 15.03 13.72 +1.31
19 4.32 3.35 +0.97
20 7.52 8.40 -0.88

21 8.56 5.80 +2.76
22 6.10 4.10 +2.00
23 9.04 7.26 +1.78
24 0.25 0.54 -0,29
25 9.93 6.68 +3,25
26 2.87 2.14 +0.73

5.94 5.19 0.75 n. s.



Table 7. Sources of variation, degrees of freedom and mean square values for seven plant
characteristics.

d. f.

Mean squares'
Clusters

per
plant
(x

1)

Flowers
per

cluster
(xz )

Pods
per

cluster
(x3)

Seeds
per
pod
(x4)

Seed
weight
(x5)

Barren
stalks
(x )

6

Seed
yield

(x
7

)

Replications 2 7,093.0 0.09 0.25 4.64 0.00005 512.2 6.3

Entries 25 3,271.1 0.61 3.61 54.47 0.00129 568.2 49.7

Exp. Error 50 846.8 0.08 0.20 2.98 0.00015 53.6 3.0

Total 77

'Entries mean squares are significant at . 01 level for all the characteristics.
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reported in Table 8.

Table 8. Means and standard deviations of the seven
components of the seed yield.

Variables Mean Std. Dev.

Clusters per plant (x
1)

145.686154 29.09932

Flowers per cluster )
(x2 4.882307 0.28281

Pods per cluster (x3) 3.181153 0.44719

Seeds per pod (x4) 10.66500 1.72627

Seed weight (x5) 0.137500 0.01225

Barren stalks (x6) 36.103846 7.32461

Seed yield (x7) 5.188846 1.74356

To study the association of these characteristics with seed

yield, correlation coefficients were calculated for each variable in

relation to seed yield. These are shown in Table 9. As it is defined

by Steel (36, p. 183), "correlation is a measure of the degree to

which variables vary together or a measure of the intensity of

association, " being a useful statistic when the primary purpose is to

know the effect of different seed yield components upon seed yield.

Significant associations of each variable with seed yield are indicated.

Simple correlation coefficients for number of clusters per plant

(x
1
) and seed yield (x7), per

(x3
), and between number of pods er cluster (x3)

and seed yield (x7) are significant at the .01 level. Number of seeds



Table 9. Simple correlation coefficients (r) between seed
yield and other characters.

Characteristics Associated
with Seed Yield Correlation

Number of clusters per plant (x
1)

0.63**

Number of flowers per cluster (x ) 0.28

Number of pods per cluster (x3) 0.64**

Number of seeds per pod (x4) 0. 47*

Seed weight (x5) 0.02

Number of barren stalks (x6) -0.11

,1
Significant at the .05 level
Significant at the .01 level
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per pod (x4) is significantly correlated with seed yield (x7) at the .05

level. The rest of the variables are not significantly correlated with

seed yield.

Thus, a definite relation exists between variables of number of

clusters per plant, number of pods per cluster, number of seeds per

pod and the seed yield. However, if the primary interest is the pre-

diction of the value of seed yield from knowledge of several other

characters, multiple regression and correlation give the combined

effect of those variables on the seed yield.

A multiple regression analysis is reported in. Table 10.

As would be expected from the simple correlations, number of

pods per cluster (x3) is the first variable selected in the stepwise
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Table 10. Multiple regression analysis between six seed yield
components and the actual seed yield.

Variable
Added

Partial
Regression
Coefficients

Pods per
cluster

(x3
) b

3
= 2.37

Clusters per b = 0.05
1plant (x1) b
3

= 1.81

Flowers per b = 0.05
plant (x2) b 1

2
= 1.16

b
3

= 1.67

Seeds per b = 0.05
b

1 = 1.19pod (x4)
2

b = 1.22
b3

4
= 0.16

Barren stalks b = 0.04
1per plant (x6) b
2

= 0.81
b =1.69
b3 = 0.23
b

6

4 = 0.06

Seed weight b = 0.04
b2= 0. 1

2
(x5)

b = 1.60
b 3 = 0.28
b

5

4 = 0.14
b

6
= 0.07

Standard
Deviation
of Yield

d. f.
Coefficient of
Determination

3.19 24 0.409275

2.67 23 0.604906

2.67 22 0.620167

2.68 21 0.635502

2.69 20 0.650505

2.74 19 0.654654
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regression because it reduces yield variation more than any other

independent variable. The standard deviation of yield is 4.07; by

adding the x3 variable the standard deviation is reduced to 3.19 and

accounts for 40.92 percent of the variation in yield.

The second variable selected is number of clusters per plant

(x1); it reduces the yield variation from 3.19 to 2.67 and accounts for

a total of 60.49 percent of the variation when included with the x

variable.

The addition of further independent variables does little to

reduce the variation of yield.

Clusters per plant (x
1)

and pods per cluster (x3) account for

60.49 percent of the variation and when all variables are considered

there is an increase of only 4.98 percent. Therefore the data suggest

the convenience of calculating the standard partial regression

coefficient for these two variables (x
1

and x3) in order to see the

usefulness of x
1

and x3 in estimating or predicting seed yield (Y).

The predictive equation would be:

3

Seed yield

-""

4131

4884

Clusters per plant (x1)

r13 =.32

Pods per cluster (x3)

Residual 1 - .6049 = .3951 (39.51%)

Solving for standardized partial regression coefficients (b'):



and

ry-r y r
1 3 r13b' - = .4737

1 1 - r4
13

r y-r y r
3 1b' -

3 1 - /2
13 .4884

13
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It can be seen from the b' values that both independent variables

involved (clusters per plant (x
1)

and pods per cluster (x3) ) are equally

useful in predicting seed yield.

Considering the regression coefficients (b) obtained in the

regression analysis and also the effect of clusters per plant (x1) and

pods per cluster (x3) on seed yield, it is possible to obtain a potential

seed yield based on these two variables. This is calculated by the

formula:

where

Y = a + blxl + b3 x3

a = constant

b
1

= regression coefficient of x1 with y

b
3

= regression coefficient of x3 with y

x
1

= number of clusters per plant

x3 = number of pods per cluster

Comparisons of this potential yield with the actual yield for

each clone are reported in Table 11.

Paired t-test for the difference between potential and actual seed
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Table 11. Actual yield versus predicted yield in grams calculated by
using regression coefficients' and measured values of
number of clusters per plant and number of pods per
cluster.

Entries Predicted'
g

Actual
g

Difference
g

1 4.34 4.30 +0.04
2 4.02 4.32 -0.30
3 5.43 3.58 +1.85
4 6.43 2.90 +3.53
5 -0.30 1.76 -2.06

6 3.54 2.50 +1.04
7 -1.54 0.66 -2.20
8 8.19 4.20 +3.99
9 -1.17 0.35 -1.52

10 4.01 4.28 -0.27

11 3.37 3.48 -0.11
12 7.82 12.44 -4.62
13 0.61 0.14 +0.47
14 6.62 7.75 -1.13
15 6.16 9.50 -3.34

16 6.45 5.16 +1.29
17 9.31 15.60 -6.29
18 8.77 13.72 -4.95
19 6.17 3.35 +2.82
20 8.17 8.40 -0.23

21 8.54 5.80 +2.74
22 5.44 4.10 +1.34
23 7.65 7.26 +0.39
24 1.19 0.54 +0.65
25 5.67 6.68 -1.01
26 3.60 2.14 +1.46

4.94 5.19 0.25 no s.

1 y = -8.10 + . 05(x1) + 1.81(x3)
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yields is not significant. It means that actual seed yield can be

estimated by using only two components, number of clusters per plant

and number of pods per cluster. Similar results were obtained when

all the seed yield components were involved. These are reported in

Table 12. In this table, predicted or potential yield was calculated

by the formula:

Y = a + bixi + b2x2 + b3x3 + b4x4 + b5x5 + b6x6

where

a = constant

b1, b2, b3, b
4,

b5, b
6

= partial regression coefficients of
x1, x2, x3, x4, x5, x6 with Y

x1, x2, x3, x4, x5, x6 = mean values of the components
of seed yield.

Paired t-test gave no significance for the differences between

predicted and actual yield. Therefore, any of the two predicted yields,

based either on two or six variables, is equally good in giving a

correct estimation of the actual yield. However, the use of the first

method, considering only two variables, has greater advantage

because it is not necessary to measure all the characteristics being

studied. Essentially, this method is a time saver that could be very

useful to plant breeders, providing an adequate and accurate

measurement of the components involved. Also, it is important to

consider that all characteristics accounted for 65 percent of the

variation in yield. Still there is 35 percent not accounted for by direct
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Table 12. Actual yield versus predicted
)
yield in grams calculated by

using regression coefficients and measured values of all
six components of the seed yield.

Entries Predicted'
g

Actual
g

Difference
g

1 6.09 4.30 +1.79
2 4.70 4.32 +0.38
3 6.35 3.58 +2.77
4 6.49 2.90 +3.49
5 -0.28 1.76 -2.04

6 3.49 2.50 +0.99
7 -1.36 0.66 -2.02
8 6.99 4.20 +2.79
9 -1.39 0.35 -1.74

10 4.44 4.28 +0.16

11 3.10 3.48 -0.38
12 8.15 12.44 -4.29
13 2,. 74 0.14 +2.60
14 6.70 7.75 -1.05
15 5.88 9.50 -3.62

16 6.97 5.16 +1.81
17 11.00 15.60 -4.60
18 9.65 13.72 -4.07
19 4.94 3.35 +1.59
20 8.38 8.40 -0.12

21 8.47 5.80 +2.67
22 4.49 4.10 +0.39
23 8.18 7.26 +0.92
24 0.24 0.54 -0.30
25 7.87 6.68 +1.19
26 2.77 2.14 +0.63

5.19 5.19 0.002 n. s.

1 y = -17.60 + 0. 04(x) + 0.81(x2) + 1.60(x3) + 0.28(x
0.07(x

6)

+ 0.14(x5) +
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effects, including factors such as environmental effects, of great

importance in working with cross-pollinated species.

Genetic variation (heritability in the broad sense) for those

significant components of seed yield can also be considered. To

arrive at such values, it is necessary to determine first the genetic

variance of each variable involved. The estimation of this variance is

obtained by:

2 Entries MS - Error MS
3

The values for genetic variance are given in Table 13, as well as

broad sense heritability (Hb) values for each variable, calculated by

the equation:

H

2
o-g

b 2 20 +
e g

From the regression analysis it was established that number of

clusters per plant and number of pods per cluster together accounted

for 60.49 percent of the variation in seed yield, representing the

largest effect since adding another four independent variables, the

coefficient of determination was only 65.46 percent. When standard-

ized partial regression coefficients were calculated, both variables

resulted in similar values being equally useful in predicting seed

yield. From the data presented in Table 13, it can be seen that

heritability values for clusters per plant (x ) and pods per cluster
1 (x3)
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Table 13. Genetic variance and broad sense heritability values cal-
culated for six seed yield components and the actual seed
yield.

Character
Measured Mean Genetic

Variance Heritability

Clusters per plant (x1) 145.69 808.11 0.49

Flowers per cluster (x
2

) 4.88 0.18 0.69

Pods per cluster (x3) 3.18 1.14 0.85

Seeds per pod (x4) 10.66 17.16 0.85

100-seed weight (x5) 0.137 0.00038 0.72

Barren stalks (x6) 36.10 171.53 0.76

Seed yield (x7) 5.19 5.19 0.84

were 0.49 and 0.85, respectively. This difference is important if

selection is considered based on these two characters. The larger

value of x3 converts this variable to the first objective in a breeding

program for seed yield improvement. The value of heritability

estimates is emphasized by Burton asserting that "heritability is in

reality a measure of the efficiency of a selection system in separating

genotypes" (6, p. 479).
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SUMMARY AND CONCLUSIONS

Twenty-six clones of birdsfoot trefoil were evaluated to

determine relationships between seed yield and its components. The

experiment was carried out in the field during spring and summer of

1969. It consisted of a randomized block design with three replica-

tions,

Seed yield components were measured. From these data,

theoretical yields were calculated and compared with actual yields

obtained in the field. The relationship between components and seed

yield was examined by means of simple correlation coefficients.

Variations in seed yield accounted for by variation in the character-

istics measured were calculated by stepwise regression analysis.

Predictive equations for the estimation of seed yield based on regres-

sion coefficients were calculated and evaluated for their usefulness.

Heritability values were calculated for each seed yield component.

Data collected led to the following conclusions:

a. Components of seed yield can be thoroughly measured using

marked umbels or clusters selected at random in each plant.

b. Calculation of a theoretical yield based on the components

was not significantly different from the actual seed yield

supporting the sample technique employed and the selection

of characteristics.

c. Simple correlation coefficients for number of clusters per
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plant (x
1)

and seed yield (x
7
), and between number of pods

per cluster (x3) and seed yield (x7) were significant at the

.01 level. Number of seeds per pod (x4) was significantly

correlated with seed yield (x7) at the .05 level.

d. Results from the regression analysis showed that number of

clusters per plant and number of pods per cluster had the

greatest influence on seed yield. Analysis indicated when

both variables were acting together, they accounted for

60.49 percent of the variation in seed yield.

e. When standardized partial regression coefficients were

obtained for number of clusters per plant and number of

pods per cluster in a given system of relationship (Y, x
1

and x2) both variables were equally useful in predicting seed

yield.

f . Predicted yields based on regression coefficients did not

show significant differences with harvested seed yield. The

first predictive equation considered only two variables,

number of clusters per plant (x
1)

and number of pods per

cluster
(x3

). This system has advantages over the second

predictive method in which all six components were included.

g. The heritability value was highest for number of pods per

cluster
(x3

), 0.85. However, selections should not be made

considering this variable alone, because the effect on seed
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yield shows up only when the combined effect of clusters per

plant (x
1 (x3
) and pods per cluster (x3) is present.

h. Data suggest that further research is needed before an

intensive selection program is initiated.
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