INFORMATION TO USERS

This was produced from a copy of a document sent to us for microfilming. While the
most advanced technological means to photograph and reproduce this document
have been used, the quality is heavily dependent upon the quality of the material
submitted.
The following explanation of techniques is provided to help you understand
markings or notations which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document
photographed is "Missing Page(s)". If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting through an image and duplicating
adjacent pages to assure you of complete continuity.
2. When an image on the film is obliterated with a round black mark it is an
indication that the film inspector noticed either blurred copy because of
movement during exposure, or duplicate copy. Unless we meant to delete
copyrighted materials that should not have been filmed, you will find a good
image of the page in the adjacent frame. If copyrighted materials were
deleted you will find a target note listing the pages in the adjacent frame.
3. When a map, drawing or chart, etc., is part of the material being photo
graphed the photographer has followed a definite method in "sectioning"
the material. It is customary to begin filming at the upper left hand corner of
a large sheet and to continue from left to right in equal sections with small
overlaps. If necessary, sectioning is continued again—beginning below the
first row and continuing on until complete.
4. For any illustrations that cannot be reproduced satisfactorily by xerography,
photographic prints can be purchased at additional cost and tipped into your
xerographic copy. Requests can be made to our Dissertations Customer
Services Department.
5. Some pages in any document may have indistinct print. In all cases we have
filmed the best available copy.

University
Microfilms
International
300 N. ZEEB RD„ ANN ARBOR. Ml 48106

8207903

Younes, Mohamed Hamdy

THE CHARACTERIZATION OF A DAYLENGTH-NEUTRAL TRAIT IN
SOYBEANS (GLYCINE MAX (L.) MERRILL)

The University of Arizona

University
Microfilms
International

PH.D. 1981

300 N. Zeeb Road, Ann Arbor, MI 48106

THE CHARACTERIZATION OF A
DAYLENGTH-NEUTRAL TRAIT IN SOYBEANS
(GLYCINE MAX (L.) MERRILL)

by
Mohamed Hamdy Younes

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF PLANT SCIENCES
In Partial Fulfillment of the Requirements
For the Degree of
DOCTOR. OF PHILOSOPHY
WITH A MAJOR IN AGRONOMY AND PLANT GENETICS
In the Graduate College
THE UNIVERSITY. OF ARIZONA

19 8 1

THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE

As members of the Final Examination Committee, we certify that we have read
the dissertation prepared by
entitled

Mohamed Hamdy Younes

The Characterization of a Daylength - neutral Trait in
Soybeans (Glycine max (L.) Merr.)

and recommend that it be accepted as fulfilling the dissertation requirement
for the Degree of

Doctor of Philosophy

Date

• !

Date

! ocf-

Date

Date

I

/ d/1/J'l
~ •

Final approval and acceptance of this dissertation is contingent upo n the
candidate's submission of the final copy of the dissertation to the Graduate
College.

I hereby certify that I have read this dissertation prepared under my
direction and recommend that it be accepted as fulfilling the dissertation
requirement.

Date I

'

STATEMENT BY AUTHOR

This dissertation has
fillment of requirements for
Univeristy of Arizona and is
Library to be made available
the Library.

been submitted in partial ful
an advanced degree at The
deposited in the University
to borrowers under rules of

Brief quotations from this dissertation are allow
able without special permission, provided that accurate
acknowledgment of source is made. Requests for permission
for extended quotation from or reproduction of this manu
script in whole or in part may be granted by the head of
the major department or the Dean of the Graduate College
when in his judgment the proposed use of the material is
in the interests of scholarship. In all other instances,
however, permission must be obtained from the author.

SIGNED

ACKNOWLEDGMENTS
I. wish to express' my thanks and gratitude to my
major advisor, Dr. David ,D. Rubis, and to my dissertations
director, Dr. Duane L. Johnson/- who encouraged me, counseled
with me, offered generously of .their personal time and pro
fessional expertise, and were sincere friends during my
doctoral program.

Also, the financial support under which

this research was conducted was provided solely through
their efforts.
I also, wish to extend thanks to my dissertation
committee, Dr. William P. Bemis, Dr. Albert K. Dobrenz, Dr.
Robert T. Ramage, and Dr. Melvin H. Schonhorst, for their
guidance and effort during my graduate program.
I would like also to thank the personnel and con
sultants of the University of Arizona Computer Center for
their assistance in analyzing the data of this manuscript.
My warmest thanks and sincere appreciation, go to my
wife, Nagwa, whose loving support and constant encouragement
made my graduate study possible,
. To my dear parents,, who. share, a special place in en
couraging my desire to- learn.
. Finally, I thank God. for- preserving our- lives, and
who. is always with me. when I need; him.
iii

TABLE OF CONTENTS
Page
LIST. OF. TABLES
ABSTRACT

.. ...

• •

.

vi
viii

INTROPUCTION

1

LITERATURE REVIEW

4

Response to 'photoperiod
Response to temperature
Day-neutrality in soybeans ..........
Genetic studies
MATERIALS AND METHODS

4
12
17
22

............ . . .

25

Study 1: Field Evaluation ... . . . ....
A. Field design . . . . . . . . . . . . .
B. Sources of materials . . . . . . ...
C. Variables measured ..........
D. Statistical Analysis ....... . .
Study 2: Greenhouse experiments .......
Experiment 1: Determination of
daylength requirements .......
Experiment 2: Evaluation of frequency
distributions of the F2 segregating
populations . . . . .
Experiment 3: Heritability study on
daylength-neutral traits in
segregating populations of soybeans .

25
25
26
27
29
30

RESULTS

.

31
32
33
35

Study 1: Field Evaluation
35
Character Evaluation
. 39
1. Days to Flower (DTF) .
39
2. Days to Pod Set (DTP)
41
3. Days to Maturity (DTM)
. 43
4. . Fruiting Period (FTM)
45
5. Plant Heights at Flowering (PHF) ...... 47
. ',6. . Plant Heights at Maturity (PHM)
49
7 . : Grade of the Stand (GRD)
.51
8. : Percent Shattering
..... . . 57
iv

V

TABLE. OF CONTENTS—Continued
Page
Study 2: Greenhouse experiments .......
57
Experiment 1: Determination of daylength requirements.
57
Experiment 2: Evaluation of frequency
distributions of F~ segregating
"populations
.61
Days to flower
61
Days, to pod set
65
Experiment 3: Heritability study on
dayleng.th-neutral trait in segregating
populations of soybeans
68
DISCUSSIONS
!

Study 1:
Study 2:
Summary

Field Evaluation
Greenhouse Experiments

69
75
80

APPENDIX A. Line description and origin of the short
day (SDP) and daylength-neutral parents used in
the inheritance study

83

APPENDIX B. Entries and line description of three
selected soybean clusters grown in the field
nursery in. Tucson, Arizona during 1978 and 1979

84

LIST OF REFERENCES

86

LIST. OF TABLES
Table
1.

2.

3.

4.

5.

Page

Planting dates of different soybean lines
grown in the field, nursery in. Tucson, Arizona,
during 1978 and 1979 . . . . . .... . ....

26 '

Effect of planting dates on the- characters, DTF,
DTP, DTM, PHF, PHM,. GRD,: and SH2, of. three soy
bean populations grown in the field nursery in
Tucson, Arizona, during 1978 and. 1979 . . . . .

37

Effect of planting dates on number of days to
flower (DTF) of three field-grown soybean popu
lations (1978 and 1979) . . .. ... . . . . .

40

Effect of planting dates on number of days to pod
set (DTP) of three field-grown soybean popula
tions (1978 and 1979) \... . . . . . . . . . . .

42

Effect of planting dates on number of days to
maturity (DTM) of three field-grown soybean.
populations (1978 and 1979) . . . . . . . . . .

44

6.

Effect of planting dates on fruiting period (FTM)
of three field-grown, soybean populations (1978 and
1979). . . . . . . . . . . . . . . . . . . . . .
46

7.

Effect of planting dates on plant heights, at
flowering (PHF) of three field-grown soybean
populations (1978 and 1979) . . . . . . . . . .

48

Effect of planting dates on plant heights, at
maturity (PHM) of three field-grown soybean
populations (1978 and 1979) . . . . • . . . . .

50

9. . Effect of planting dates on the grade of the
stand (GRD) of three, field-grown soybean popula
tions (1978 and 1979)., . . .. . . , . . . ... ., ... .

52

8.

10..

Effect of planting dates on percent shattering
(SH2) of three, field-grown soybean populations
(1-978 and 1979)..
. . . . . . . .; . ,. . . . .
vi-

53

vii

LIST. OF TABLES—Continued
Table
11.

12.

13.

Correlation coefficient (r) matrix between the
variables, date of planting(DT), days to
flower (DTF), days: to maturity (DTM), fruiting
period (FTM), plant, heights at maturity (PHM)
of three field-grown: soybean populations during
1978 and 1979 . . . . . . . . . . . . . . . . .
Effect on days to flower (DTF), days to pod set
(DTP), and days to maturity (DTM) of greenhousegrown soybean lines under, variable day length .
Effect of variable day length on days to flower
(DTF) of greenhouse-grown soybean lines, during
fall 1979

14.

Parental evaluation, under extended photoperiod
(18 hours) for number of days to flowering . .

15.

Frequency distribution, mean and phenotypic
variances for number of days to flower of seven
F2 soybean populations . . . . . . . . . . . .

16.

Parental evaluation under extended photoperiod
(18 hours) for number of days to pod set ...

17.

18.

Frequency distributions, means and phenotypic
variances for number of days to pod set of
seven -F2 soybean populations . . .......

Page

5 5

58

60

66

67

Heritability estimates, calculated from offspringparent regressions, for. number of days to pod set
(DTP ) o f . f i v e s o y b e a n c r o s s e s . . . . . . . . . 68

ABSTRACT
In effort to breed for daylength-neutral (DNP) soy
bean germplasms (Glycine max (L.) Merrill), selected longday
cultivars.(LDP) from Maturity Group 00 were crossed to local
adapted shortday cultivars (DP) from Maturity Group VI.

In

the segregating populations there were many new hybrid com
binations, some of which flowered and set pod as early as
the Group 00 parents, however, they were larger in size and
matured normally.

These lines were considered daylength-

neutral plants (DNP), and were evaluated in the field nur
sery in biweekly date of planting experiments from early May
to late July during 1978 and 1979.

Selected LDP and local

adapted SDP cultivars were utilized as check lines.
It was observed that LDP cultivars flowered and set
pods normally.

However, they did not mature normally; the

pods ripened and shattered while the stem and leaves remained
green and these plants were short and unproductive.
Local SDP were the most sensitive plants in response to
the change in planting date and daylength.

Number of days

to flowering, pod setting, and maturity as well as plant
heights had decreased sharply in response to the decrease
in daylength of later planting dates.

In contrast, DNP

lines flowered, set pod and matured normally on large
viii

vigorous plants in approximately the same period of time
regardless of planting date or the daylength during the
growing season.
To study the inheritance of the daylength-neutral
trait in soybeans, crosses were made between DNP lines
and local SDP cultivars.
crosses.

These were extremely wide

Segregating populations from these crosses

were tested under three light treatments of 12, 18 and 24
hours.

Only DNP plants flowered and set pod normally

under the long photoperiod treatments of 18 and 24 hours.
The magnitude and continuous nature of the frequency distri
bution of the segregating populations as well as the low
heritability estimates of each trait imply that this
response is under polygenic control.

INTRODUCTION
From north to south most soybean cultivars
(Glycine max (L.) Merrill) have a very narrow range in
latitude in which they will mature properly and produce
satisfying yields.

Cultivars adapted to higher latitudes

flower and mature more rapidly in lower latitudes because
minimum light length requirements have been met.

Flower

ing and maturity of cultivars adapted to lower latitudes
are delayed if they are grown in higher latitudes, since
minimal night length can not be met until late in the
growing season.
One of the objectives of some crop improvement
programs is the elimination of photoperiod sensitivity, a
factor which may limit wide utility and north-south adapta
tion of new selections.

The development of soybeans less

sensitive to photoperiodism could be very important to all
areas of soybean production.

Such genetic material could

be of particular value in terms of broadening the range of
adaptation and increasing the ease of germplasm exchange
in soybeans (Poison, 1972).
In southern Arizona, the growing season is long,
and consequently, soybean cultivars could be planted from
early April to late July.

Full season, adapted cultivars
1
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from Maturity Group VI, must be planted early in the
season for maximum production.

These cultivars either do

not flower or flower and abort during the high summer
temperatures and it is late August or September before
normal flowering and pod setting occur (Rubis, 1976).
These locally adapted cultivars usually mature in November,
or after five to six months from planting date.

When full

season cultivars planted late in the season under shorter
day length conditions, flowering and maturity occur before
adequate growth is obtained, causing a marked reduction in
vegetative development.
For these reasons, soybean production with con
ventional cultivars in a double cropping system is not eco
nomical for irrigated agriculture in southern Arizona.
To overcome this problem, efforts were undertaken in the
soybean breeding project at the University of Arizona
during the early 70's, toward the development of daylengthneutral germplasm which would contribute to more efficient
soybean growth and production under Arizona conditions
(Rubis, 1976).
The objectives of this project were:
1.

Characterize daylength-neutral soybeans in a date of
planting, study utilizing, various maturity groups and
local cultivars;
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2.

Study the mode of inheritance of daylength-neutral
characteristics in soybean strains.

LITERATURE REVIEW
Response to Photoperiod
The soybean (Glycine max (L.) Merrill) was first
recognized as a short day plant by Garner and Allard,
(1920). Its sensitivity to photoperiod is the most important
single factor that influences the adaptation of different
genotypes to different latitudes and planting dates
(Blyth, 1976).

The length of the dark period is the con

trolling factor in eliciting photoperiodic responses
(Whigham and Minor, 1978).
As a short day plant, an adapted, variety develops
vegetatively until the photoperiod shortens to below a
"critical duration" and then it flowers (Major, 1980).
Reproduction and maturation also take place when the photo
period is decreasing in duration (Minor, 1976).

Under

these conditions, the response of a soybean variety to
photoperiod determines the range of latitude over which it
will be adapted.

Soybean cultivars have been divided into

12 maturity groups, 00 to X:, based on their north-south
zone of adaptation.

As a variety is moved to lower lati

tudes, shorter photoperiods are encountered during the
summer.

Consequently, the. variety flowers earlier than in

its zone of adaptation, and vegetative growth is reduced.
4
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Conversely, as a variety is moved to a latitude higher
than that to which it is adapted, longer photoperiods are
encountered, and the plant remains, vegetative until day
length shortens to less than the critical photoperiod of
the variety.

Relative to a full season, variety adapted to

an area, a variety from a higher latitude will flower
earlier, and one from a lower latitude will flower later
when all are grown at the same location (Minor, 1976).
In practice, the most important influence of photoperiod involves the induction and initiation of flowering.
The phenomenon has been studied by many researchers and
reviewed by Howell (1963) and more recently by Hicks
(1978).

Cultivars differ in their response to day length.

Differences in day length result in responses in terms of
the number of days to flower, the number of days to matur
ity, plant height, seed weight, and others (Whigham and
Minor, 1978).

Late maturing cultivars are more sensitive

to photoperiod than early maturing cultivars.

Studies

with the earliest maturing lines, those adapted to the
northern-most production areas in the United States, indi
cate that the number of days to flower for the most of
these strains is unaffected by day length (Johnson et al.,
1960; Criswell and Hume, 1972).

Variation in days to

flower at different dates of planting occur largely in
response to temperature differences during the pre-flowering

6

stage (Lawn and Byth, 1973).

The number of days to flower

for most cultivars of later maturity groups is increased
by longer photoperiods (Pandey et al., 1977; Lawn and
Byth, 1973).
Garner and Allard (1930) found that early planting
of four different maturing varieties (very early to very
late flowering types) under (10-12 hour) flowered at the
same time, namely, 20 to 25 days after germination.
behaved as early varieties.

All

In field planting of varying

dates, Garner and Allard (1930), observed that the vegeta
tive period of the. very early variety "Mandarin" (Group 0)
made during the months of June and July did not change
materially, while in other, varieties there was a progres
sive shortening of the. vegetative period as the season ad
vanced.

Their tentative conclusion was tt£:t under field

conditions the differences in behavior of soybean varieties
with respect to time of flowering are due primarily to
length of day, while the relatively low temperatures of
late spring and early fall exercise a retarding influence
on the flowering stage in both the very early and the. very
late plantings of all varieties.
Borthwick and Parker (1939) studied floral differ
entiation of 13 varieties of soybeans of different maturity
groups grown in nine different photoperiods including con
tinuous light.

They observed the initiation of flower
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primordia in some varieties under continuous light indicating darkness was not essential for floral initiation
in them.

They also reported on the relationship between

earliness of maturity and length of photoperiod on which
flower primordia can be initiated.

In general, the earlier

the. variety matures the longer the photoperiod on which
initiation can occur.
Johnson, Borthwick and Leffel (1960) evaluated the
effects of photoperiod on rates of development of the
soybean at various stages of development.

They indicated

that the gradually changing photoperiods induced differences
in the period from emergence to maturity, but most of the
differences were established during the period from emer
gence to flowering.

However, shortening the photoperiod

after floral initiation caused a reduction in the number of
days to maturity.

Johnson et al.., (1960). suggested that an

adequate characterization of the photoperiodic requirements
of a variety should include not only the day length for
flowering but for latter stages of development as well.
Lawn and Byth (1973) indicated that genetic late
ness of maturity among soybean cultivars was associated
with increasing sensitivity to photoperiod during all
phases of development.

The pre-flowering, flowering, and

post-flowering phases of later cultivars were considerably
extended for those planting dates which involved the
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occurrence of these phases during the periods of longest
day length.

In contrast, early cultivars showed only a

slight response to day length during each phase of develop
ment, and the total growth period likewise varied relatively
little with different planting dates.

Such variation was

largely associated with temperature change during the
season.
Constable (1977) observed all development phases
of soybean cultivars up to the end of flowering.

Each

phase was lengthened for longer day lengths within a cultivar, with latter maturing cultivars having increasing
sensitivity to day length.
Shanmugasundaram and Tsou (1978) used a photoperiod sensitive soybean line and a photoperiod insensitive
line to determine which growth stage most effected flower
ing.

They also sought to determine the length of exposure

to a given photoperiod required to influence the flowering
of soybean.

Their results showed soybeans to have a juven

ile phase during which they are insensitive to photoperiod.
They also observed that the required length of inductive
period was longer for the day length sensitive line.

The

day length insensitive line was day neutral for photoperiod
up to 16-hour day with respect to days to flower, but plant
height, and days to maturity, were influenced by photo
period.
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Huxley, Summerfield and Hughes (1974) studied the
effect of summer photoperiod on development of soybean
and cowpea cultivars.

Genotypic differences in response

to photoperiodic delay of flowering were clearly dis
tinguished.

Their extensive results for soybean cultivars

suggested a pattern of development of four successive
phases:
Phase 1.

Juvenile:

Phase 2.

Inductive:

flowers not induced by short days.
flowers induced by a minimum number

of short days; terminated if induction is
delayed.
Phase 3.

Regulation:

increase in number of flowers occurs

if inductive conditions continue, a greater seed
yield is obtained, especially if induction has
been delayed? if returned to non-inductive con
ditions before the end of the regulatory period,
pollen is infertile, young pods may abort and
older pods may not fill; and
Phase 4.

Post-regulation:

no further affects of day

length.
Minor (1976) observed that in short-day environ
ments, most improved, soybean, varieties developed in higher
latitudes show little response to the fluctuation in photoperiod encountered and have a relatively constant,
shortened life cycle.

These results agree with those of
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Criswell and Hume (1972) and Major, et al. (1975b), which
indicated that the most obvious differences among soybean
genotypes was found for sensitivity to day length in the
flowering period, late maturing cultivars were more sensi
tive than early cultivars.
Shibles, et al. (1975) stated that natural photoperiod has little effect in determining the time of flower
ing in soybeans, but the interaction between natural
photoperiod and photoperiodic characteristics of a partic
ular cultivar regulates the rate at which reproduction is
allowed and thereby determines its time of maturity.
Seasonal changes also affect day length; therefore,
at a given location, the planting date determines whether
the soybean cultivar will be developing in short or long
days (Whigham and Minor, 1978).

As planting is delayed

during the summer season, time to maturity is shortened
(Lawn and Byth, 1973; Minor, 1976; Garner and Allard,
1930; Constable, 1977).

Normally the life cycle duration

of late varieties is reduced more than early, varieties
(Minor, 1976).

The reduction in number of days from

emergence to maturity as planting is delayed represents an
accumulation of differences from one or more stages of
development of the plant.

Abel (1961) observed that the

time from planting to flowering, was reduced more for later
soybean, varieties than for earlier, varieties with
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successive delays in planting.

In contrast, the time from

flowering to maturity was reduced more for earlier than
for later varieties.
Studying the influence of planting date on yield
and other characteristics of soybeans' growth in southeast
Missouri, Feaster (1949) showed that early maturity can be
obtained by planting only early maturing varieties at an
early date; whereas early planting of full season, varieties
resulted in only slightly advancing the maturity date.
Torrie and Briggs (1955) observed that maturity
date for all soybean varities, early and late maturity,
was retarded approximately one day for each two days1
delay in planting.

Maximum plant height occurred at the

first planting date and decreased consistently for all
varieties with later plantings.
Carter and Boerma (1979) investigated the impli
cations of genotype x planting date interaction in soybean
development.

They found, significant results for the geno

type x planting date interactions for flowering date, plant
height at flowering, and maturity over year.

They also

observed that planting soybeans after mid-June has been
shown to decrease plant height, number of nodes and
branching in both determinate and indeterminate genotypes.
Flowering and maturity were delayed in late planting.
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Tanner and Hume (1978), indicated that in the
southern United States, despite the fact that soil temp
eratures are adequate, planting is normally delayed until
mid-May in order to meet the proper day length conditions
for the southern type soybeans, which flower on shorter
days than northerntypes.

If early planting takes place,

it is possible to have sufficient growth for the plants
to be photo-induced by the short, but increasing, day
lengths of the spring.

When early planting results in this

premature flowering, plant size and yield will be reduced.
Under mid-May plantings, the plants, will not flower until
induced by shorter photoperiods in July.

Plantings made

at this time will produce normal, full-sized plants, with
good yields.

Later plantings will be photo-induced before

adequate vegetative growth is achieved, resulting in
shorter plants with reduced yields.
Response to Temperature
The soybean plant is perhaps the most responsive
to its environment of the major agriculture plants (Parks,
Livingston, and. Overton, 1974).

Its sensitivity to photo-

period is the most important factor influencing the adapta
tion of different genotypes to both latitude and planting
date.

Adaptation, however, is not only controlled by

photoperiod.

Day and night temperature also influence the

time required to reach floral differentiation, floral
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expression, and subsequent reproductive stages under in
ductive photoperiods.

For induction, the major effect is

attributed to night temperature of the leaves (Parker and
Borthwick, 1943).

Successive reproductive stages seem to

have narrower temperature limits (Van Schaik and Probst,
1958).
Literature on soybean response to temperature has
been reviewed recently by Shibles, Anderson and Gibson
(1975).

They reported that where soybeans are planted

during a cold spring at latitudes greater than 40°, the
length of time between emergence and flowering for adapted
cultivars is mainly a function of accumulated temperature
and is little influenced by natural photoperiod.

At lower

latitudes with warmer spring temperatures, planting usually
is delayed until approximately a month before the longest
day of the year, particularly for early cultivars, so that
plants are not greatly affected by premature photoinduction.
This suggests that the rate of reproductive development of
cultivars adapted to lower latitudes is controlled mainly
by their response to changes of the natural photoperiod.
Roberts and Struckmeyer (1938) found that the
flowering of two soybean cultivars was inhibited by low
temperatures.

Garner and Allard (1930) attributed year-

to-year. variation in the number of days from planting to
flowering at any one planting date to variations in
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temperature during the pre-flowering phase.

Flowering

was consistently delayed by low temperatures at the begin
ning and end of the season.
Under tropical environmental conditions, Huxley
and Summerfield (1974a) indicated that time to first
flower is determined by genotypically controlled responses
to both photoperiod and night temperature, whereas the rate
of vegetative growth appears far more dependent upon night
temperature.

Moreover, Huxley and Summerfield (1974a)

described these, vegetative components as the "phenological
potential" for seed production, which may not utilize its
full potential because of adverse effects of warm, day
temperatures on flower and pod abortion.
Investigating the effect of night temperature and
photoperiod on the reproductive ontogeny of soybean cultivars selected for the wet tropics, Huxley, Summerfield and
Hughes (1974b) observed that many, varieties flowered
earlier during the shorter of the two day lengths (11 hours
40 minutes compared with 13 hours 20 minutes), but during
warmer nights (24°c) sensitive cultivars such as Improve^.
Pelican (Group VIII) flowered by as much as 20 days sooner
than during cooler nights (19°c).

They concluded that night

temperature differences of the tropics can have profound
effects on reproductive ontogeny especially when coupled
with photoperiodic effects.
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In another study, Summerfield and Minchin (1976)
showed that the two environmental factors, day length and
night temperature, affect, sensitive but not insensitive
soybean varities.

Warmer night temperatures cause only

a small decrease (1-4 days) in number of days to first
flower in temperature-insensitive varieties.

The greater

day-night temperature differences gave more protracted
vegetative period in day length sensitive cultivars under
the longer day length.
Warrington, et al. (1977) studies the growth and
physiological responses of soybean under various thermoperiods.

They indicated that soybean plants grown under

different day-night temperatures having the same mean do
not differ greatly in growth rate, in rates of physiologi
cal processes measured, or in the diurnal courses of these
processes.
Lawn and Byth (1973) reported on the influence of
photoperiod and temperature on phasic development patterns
of soybean cultivars.

They observed temperature effects

were apparent only in the absence of a strong photoperiodic
response.

Longer pre-flowering phases for early plantings

of early-maturing cultivars. were associated, with lower
daily temperatures early in the season.

Similarly, ex

tended post-flowering periods and delayed maturity for late
plantings of late-maturing cultivars were associated with
lower daily temperatures late in the season.
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Major, et al. (1975a) used thermal unit methods for
predicting soybean development.

They stated that prediction

of flowering was more accurate for early cultivars than
for later cultivars.

They suggested that another factor,

day length, also influenced flowering and had its greatest
effect on the later maturing cultivars.

In another report,

Major et al. (1975b) stated that hastening effects of
short days on maturity were greater than delaying effects
of cool autumn temperatures.
Recently, Whigham and Minor (1978) reviewed the
literature on the responses of soybeans to day length and
temperature.

They reported that cultivars differ greatly

in their photoperiod sensitivity, and temperature signifi
cantly influences those cultivars least sensitive to
photoperiod.

Early maturing cultivars respond more to

changes in temperature than to day length and late matur
ing cultivars respond more to changes in day length than
to temperature.

In the temperate regions, cool temperatures

and longer day length are additive in delaying flowering,
however, short days are more important than cool tempera
tures for altering the number of days to maturity*

The

shedding of flowers and pods is increased by long photoperiods and temperatures of 32°C or higher.

In high temp

erature, long day environments, the rate of growth: and
final plant height are greater than in other environments.
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Martineu, Williams, and Specht (1979) evaluated
segregating. soybean

pop~:lations

for temperature tolerance.

Their results . showed that genetic. variability. for heat
tolerance exists in. soybeatis.

Heritability estimates ob-

tained from their data were. re:latively high. and. indicated
selec.t ion for heat tolerance. would be effective.

Day...:Neu.t ra:li.t y: in Soybeans
.

North~south

range of adaptation of. soybean. varieties

is limited by differences: in critical day length (Borthwick
and Parker, 1939; Garner and Allard, 1920).

This neces-

sitates the breeding of. varieties, adapted to different
latitudes.

In addition, the interchange of germplasm from

southern and northern areas is only accomplished. with
special effort · (Polson, 1972).

Photoperiod sensitivity

may be a factor which limits wide utility and
adaptation of new selections.

north~south

If soybean genotypes lacking

photoperiod requirements could be found, problems of
limited adaptabilities and limited germplasm interchange
could possibly be reduced.
From observations on the flowering pattern of
tobacco (Nicotiana tabacum) , Garner and Allard (1920)
showed that plants can be separated into several classes
according to their response. to

d~y

length.

Recall. that

the most striking· effect of day length, or photoperiod, . is
the shift from. vegetative growth to reproductive growth.
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Plants that flower following required exposure to short
days are termed short-day plants, while those that flower
after an exposure to long days are called long-day plants.
Plants that flower regardless of the length of photoperiod
are termed day-»neutral plants.
Since the early observations of Garner and Allard
(1920), a vast amount of research has been carried out on
photoperiodism.

In 1963 Salisbury further divided plants

of the day-neutral group into different sub-classes
according to their response to temperature as follows:
1.

Day-neutral plants, no causative temperature effect;
These are the plants with the least response to their
environment as far as their flowering goes.

They

flower at about the same time under virtually all
conditions.
2.

Day-neutral, quantitative promotion by low temperatures;
These plants will flower, virtually under any con
ditions, but they flower sooner if they receive a low
temperature treatment.

3.

Day-neutral, promotion by high temperature.

4.

Day-neutral, promotion by temperature alternation
(thermoperiodism).
Day neutrality has been reported in crops such as

corn (Zea mays L.), rice (Oryza sativa) and millet
(Pennisetum typhoidum) by Frances et al., (1969);
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Bhardwajand and Webster (1971); Yu and Yao (1969), respect
ively.

Poison (1972) stated it would be surprising if day-

neutrality did not exist in soybean.
Shanmugasundaram (1976) observed two distinct types
of rice cultivars, the date-fixed or season-fixed type,
which exhibits a marked sowing day effect, and the periodfixed type, whose sowing to heading interval is relatively
unaffected by sowing date.

He indicated that similarly in

soybeans, there are cultivars whose duration to flowering
is relatively unaffected by planting date, period-fixed
or duration-fixed type, where other cultivars are season,
as well as location, specific.

He concluded that, if

duration-fixed cultivars are available, specific types can
be selected for any particular duration requirement, re
gardless of location or time of planting.

Such cultivars

should fit in well with various multiple cropping schemes.
Garner and Allard (1930) observed that the. vege
tative period of planting the variety Mandarin (now
Maturity Group 0) in the field during the month of June and
July did not change materially, while in other varieties
there was a progressive shortening of the vegetative period
as the season advanced.

In their study on photoperiodic

responses of several varieties of soybeans, Borthwick and
Parker (1939) stated that, since the range of photoperiods
under which the soybeans, would flower was obviously wide,
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it seemed possible that varieties might be found that could
initiate flower primordia on long daily photoperiods or
even in continuous illumination.

They observed seven of

the twelve varieties investigated were capable of initiating
flower primordia with continuous illumination, suggesting
that darkness was not a necessary condition for floral
initiation in them.
Lawn and Byth (1973) showed the earliest maturing
soybean cultivars were effectively day-neutral in the
photoperiodic range of the test environment.

These culti

vars showed only a slight response to day length during
all stages of development.
Huxley et al. (1974b), studying the effect of
photoperiod on development of soybean cultivars, found
that the European soybean cultivar Fiskeby 5 was photoperiodically insensitive, daylength-neutral, in terms of
time-to-flower, but was taller and produced more pods and
seeds when grown initially in non-inductive days.
Nissly, Passbal, Hittle, and Bernard (1976) evalu
ated day length sensitivity in Maturity Group III soybean
germ plasm.

They screened different soybean cultivars

from Maturity Group III grown in the field at two locations,
Urbana, Illinois (40° n. latitude) and at Isabela, Puerto
Rico (18° n. latitude), under both natural day lengths and
day lengths artificially extended by 150-watt incandescent.
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Their study identified one line, P.I. 317334B, possessing
unique photoperiod insensitive properties.

This line ex

hibited strong photoperiod. insensitive tendencies in both
locations.

It flowered two days and matured three days

earlier under extended, compared with natural, day lengths
at Urbana, where under continuous light at Isabela, flower
ing was delayed three days and maturity 11 days.
Criswell and Hume (1972) evaluated the variation
in sensitivity to photoperiod among early maturing soybean
strains.

The purpose of their study was to identify strains

of soybeans that are nonsensitive to photoperiod for
possible use as parental lines in a breeding program to
develop new varieties. . One hundred eleven strains from
Maturity Group 00 were grown in a controlled environment
room at periods of 12, 22, 23 and 24 hours.

Their results

showed that in approximately 70% of these strains the
length of time from planting to flowering was unaffected
by photoperiod.

Among these, strains were the varieties

Acme, Norman and Portage.

In another study, Guthrie (1972)

grew 20 cultivars in the field at Ames, Iowa (42° n. lati
tude) under different light treatments from 12 to 24-hour
photoperiod.

He reported that the cultivar Shinsei, from

Maturity Group 00, was day neutral for all vegetative and
reproductive attributes.
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In search for soybean genotypes having a dayneutral photoperiod response with respect to anthesis,
Poison (1972) screened about 400 strains from the U.S.
world collection of soybeans of maturity groups 00 and 0
by growing the plants under various photoperiods in both
the greenhouse and the field.

He identified a large number

of strains in maturity group 00 and 0 that vary little in
flowering date, regardless of the photoperiod in both
field and greenhouse conditions.

This suggested that ex

tremely early strains may have no photoperiod requirement.
He also observed that those lines that were day-neutral,
however, were generally heat insensitive.
In an effort to breed for daylength-neutral soybean
cultivars, Rubis (1976) crossed certain cultivars from
Maturity Group 00 with locally adapted cultivars from
Maturity Group. VI.

Segregating populations from these

crosses were evaluated in dates of planting study and
under field light treatments.

Using this technique, Rubis

was able to identify and select for some daylength-neutral
soybean lines.
Genetic Studies
Bernard (1971) observed the time of flowering and
the time of maturity (i.e. pod ripening) in soybeans are
generally considered to be quantitatively inherited, and
the continuous, variation usually observed would justify
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this conclusion.

Bernard (1971) identified two independent

gene pairs affecting the. time of flowering and maturity in
soybeans.

The gene Ei, of the line T175 (Group IV), when

substituted by backcrossing for e-^ in the variety Clark
(Group IV), caused a delay of an average of 23 days in
flowering and 18 days in maturity.

This gene occurs in

most southern U.S. varieties (Bernard, 1971), where its
allele e, is common in northern U.S. varieties.

The gene

&2I °f the line T245 (Maturity Group III) when substituted
for E2 in Clark background, hastened flowering by an average
of seven days and maturity by 14 days.

Bernard (1971)

reported that both late alleles, E-^ and E2/ appear to be
partially dominant, since in most combinations with the
other locus the heterozygotes flowered and matured more
closely to the late homozygote.

The two loci showed about

equal effect on maturity, and the E2E-^e2e2 recombinant had
nearly the same maturity as the original Clark genotype
elelE2E2*

However, the E^ locus had a much greater effect

on flowering date than the e2 locus.

The EjLE^e2e2 genotype,

in contrast to its nearly equal maturity, flowered nine
days later than Clark.
Buzzel (1971) reported a third gene, e^, which has
a major effect on time of flowering and maturity when grown
under fluorescent light, with no other light or with a
short sunlight photoperiod.

The e3 plants are unaffected
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by the photoperiod of fluorescent, where, the E3 plants
will be much delayed in flowering if grown under a long
fluorescent photoperiod. : Buzzel indicated that the
variety Blackhawk (Maturity Group I) was insensitive when
grown in the greenhouse with natural day length extended
to 20 hours with cool-white fluorescent light, where, the
variety Harosoy 63 (Maturity Group II) flowered 28 days
later on the average under, the same conditions.

Buzzel

stated that e^ could be either a. structural, regulator, or
operator gene requiring a different intensity of spectral
light than E^.
Studying the genetics of photoperiodism in Phaseolus. Vulgaris L. varieties, Coyne (1966) reported that the
effect of photoperiod on time of flowering was inherited
quantitatively, but in one cross, qualitative genes af
fected by modifying genes were involved.

He indicated

that a complex trait like photoperiodism would be con
trolled by many genes.

However, some, varieties may exhibit

variation in regard to this response at only one or two
loci while other varieties may differ at many loci.

MATERIALS AND METHODS
Study 1: Field Evaluation
Experiments were conducted at the University of
Arizona's Casa Grande Highway Farm, Tucson, Arizona, from
June to December, 1978, and from May to December, 1979.
A date of planting study was employed in order to charac
terize the growth and development of daylength-neutral
soybean germplasm when grown under different arrays of
day length.

Other cultivars from"different maturity groups

(00-VI) including locally adapted cultivars were' utilized
as check lines.
A.

Field Design
The soil (43% sand, 36% silt, 20% clay, 1% organic

matter) was shaped in beds with 101.6 cm centers.

Eight

beds, 135-156 m long were used for each planting date.
Triflurolin was applied (at the rate of 0.83 kg/ha) and
incorporated into the soil as a pre-plant herbicide-..

Weed

control after planting was generally accomplished by 2-3
cultivations early in the season and hand hoeing through
out the rest of the growing season.

Plots were single

rows, 100.6 cm apart, one row at the center of each bed.
In 1978, plots were 396 cm long with an alley approximately
122 cm between plots.

In 1979, plots were 305 cm long
25
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with approximately 91 cm alley between plots.

Planting

rates were 75 seed per plot (19 seed/m) in 1978, and 60
seed per plot (20 seed/m). in 1979.

Planting depth was

1.5-2.0 cm at the center of each row.

Furrow irrigation

was applied following planting and as required during the
growing season.

There were five dates of planting during

1978, and six dates of planting during 1979 (Table 1).
TABLE 1
Planting dates of different soybean lines grown in the
field nursery in Tucson, Arizona, during 1978 and 1979.

Dates

1

Years

2

3

4

5

6

1978

June 1 June 16 July 3 July 17 July 31

1979

May 15 June 1 June 15 July 2 July 16 July 30

B.

Source of Materials
A total of one hundred thirty six lines of soybeans

of different day length requirements were used in each
planting date.

The majority of these lines were selected

plants in the Fg and F^q generations (in 1978 and 1979,
respectively), derived from the F2 segregating populations
by D. Rubis, from four crosses between daylength-sensitive
and daylength-insensitive cultivars.

These crosses
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produced four populations for more intensive study.

The

four populations consisted of 27 lines from the cross
'Acme' x 'Kino', 20 lines, from the cross 'Acme' x 'A 161',
14 lines from the cross 'Rillito'x 'Portage', and 47 lines
from the cross 'A 161' x 'Portage'.

The parental cultivars

Acme and Portage were the daylength-insensitive parents
(Maturity Group 00), where the cultivars Kino, Rillito,
and A 161 represented the local daylengthr-sensitive parents
(Maturity Group. VI).

Cultivars and locally adapted strains

representing different maturity groups (00-VI) were also
included.
C. . Variables Measured
Observations were made on each plot at two-three
day intervals.

Records of the following plant character

istics were observed:
1.

Days to flower (DTF) were the number of days from
planting to the date when 50% of the plants in the
plot were flowering.

2.

Days to pod set (DTP) were estimated as the number of
days from planting to the date when 50% of the plants
in.v the plot had at least one pod 2 cm in length or
longer.

3.

Days to maturity (DTM) were the number of days from
planting to the date, when approximately 95% of the
pods of each plot were combined harvestable (beans
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were £14% moisture with few' remaining leaves on the
plants).

The majority of the longday-cultivars (LDP)

had green leaves and. stems at maturity.

These (LDP)

cultivars were considered matured when the pods were
ripened and the beans were dry (less than 14% moisture),
regardless of the leaves and stems conditions.
Fruiting period (FTM). was estimated as the number of
days between flowering date and maturity date.
Plant heights at flowering (PHF). were measured as the
average distance of five plants typifying each plot,
from the ground to the tip of the stem (in centimeters)
during flowering initiation.
Plant heights at maturity (PHM) were calculated as
the average distance of the plants of each plot from
the ground to the tip of the stem (in centimeters) at
the time of maturity.
Stand scores (GRD) were grades given to the stand of
each plot from zero (0 to 3 plants/m), 1 (4 to 7
plants/m), 2 (8 to 11 plants/m), and 4 (more than 15
plants/m).
Shattering scores (SH2) were estimated as the percent
of pod. shattering two weeks after maturity date of each
plot.

Scores of shattering percentage, were given on

a scale from 0-9.

Where; 0 = no pod shatter, and 9 =

over 45% of the pods shatteir.
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D.

Statistical Analysis
Data were analyzed at the. University of Arizona

Computer Center.

Block clustering analysis techniques

(Edwards and Cavalli-Sforza, 1965; Hartigan, 1975, 1979?
Gates and Bilbro, 1978), were utilized to partition soybean
lines into optimally homogenous populations on the basis of
empirical measures of similarity among lines within each
population with respect to all characters in this study.
Using this technique, three soybean populations were se
lected for further evaluation.

Cultivars of population 1

were long-day plants (LDP) from Maturity Group 00.

Popula

tion 2 cultivars were locally adapted short day plants (SDP)
from Maturity Group VI.

The daylength neutral character

istic (DNP) was observed in population 3 plants.
A randomized complete block design with two replica
tions nested, within years was used to study the effect of
different planting dates on the three soybean populations
(clusters) with respect to each of the characters under in
vestigation.

In 1978, some entries had only one replication

per planting date due to a seed shortage.
Duncan* s new multiple range mean separation test
wa,s: used, for every soybean, population to separate the effect
of different planting dates on. the mean performance of each
character: under consideration in' this study.
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A phenotypic correlation coefficient matrix, was
obtained between all the. variables in this study according
to a procedure described by Steel and Torrie (1960).
Study 2:

Greenhouse Experiments

The parental lines for the daylength-neutral in
heritance. study were selected upon, their response to
different day length from dates of planting tests and
field light treatments conducted during the period 1974 to
1977.

Four daylength-neutral lines were selected as the DNP

parents in this study.

For simplicity, these lines A4661,

A4678, A4691b and A4691S will be designated DNP1, DNP2,
DNP3, and DNP4 respectively.

The other parents were local

daylength sensitive cultivars adapted to short day condi
tions (SDP).

The SDP cultivars, Rillito, Cabrillo and A1034

will be designated SDP1, SDP2, and SDP3, respectively.
Appendix A shows the name, line description and the origin
of each of these seven parental lines.
Crosses between DNP. and SDP lines were made in. the
greenhouse during the spring and fall of 1978.
F^ seed, were planted in the spring of 1979.

Parents and

Some back-

crosses were made, spring 1979, between the F^ plants and
their parents, but were unsuccessful due to the high rate
of floral and bud; abortion.
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Experiment 1; Determination of daylength requirement.
Parents, F^ and. Fj. seeds, were greenhouse planted
September 14, 1979.

Three light treatments were used to

evaluate the response of these lines to different photoperiods.

The greenhouse, was partitioned into three rooms

with four mil black polythlene plastic suspended from the
roof.

The black plastic was left in place day and night

throughout the experiment.

The day length treatments

were natural day length, 18 and 24 hours of photoperiod.
The natural day length during this period range from 10 to
12% hours.

Variable photoperiods were achieved by extend

ing the day length in the evening by regulating a mounted
timer independently wired to incandescent lamps (100 and
150 watts).

Greenhouse temperatures generally varied from

18+3 to 28+3° (night and day, respectively).
The soybean lines were grown in randomly arranged
13 dm plastic pots contain 1:1:1 mixture of loam, soil,
sand, and peat.

Two seeds, were planted per pot.

The

entries within each photoperiod consisted of 4 DNP lines,
3 SDP cultivars, 6 different

crosses and 9

Pots were, watered twice daily.

A complete nutrient solu

tion was applied two to three times per week.

families.

Observations

were made two to three times per week on individual plant
basis.

Data were recorded on number of days from planting

to first open flower (DTF), stage Rl, number of days from

32

planting to pod set (DTP), stage R4, and number of days
from planting, to physiological' maturity (DTM)

stage R7,

(Fehr and Caviness, 1977).
A randomized complete black design with two rep
lications was utilized to evaluate the effect different
day length had on flowering, pod set, and maturity of
different soybean lines.

Duncan New Multiple Range Tests

were used to separate soybean lines within each day length
treatment, at the 5% probability level.
Experiment 2; Evaluation Of the frequency digtributicins
of the Fq segregating populations.
Parents and seven F2 segregating populations of
soybean were planted in flat in the greenhouse on June 14,
1979.

Seedling were transplanted to the field nursery by

hand under field light treatments on July 2, 1979.

The

field lights interrupted the dark period, creating an
effective day length treatment of approximately 18-20
hours (Rubis, 1975).
same as in study 1.

Soil type and field design were the
Unfortunately, severe weather con

ditions followed transplanting of soybean seedling,
causing loss of most of these plants, and the experiment
was terminated thereafter.
On January 21, 1980, other groups of parents and
F2 seed were greenhouse planted under 18 hours photoperiod.
Soil type irrigation, nutrient application, and method of
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extending the day length, were the same as reported in
experiment 1.

The entry' consisted of four daylength-

neutral (DNP) lines, three, short day cultivars (SDP) and
seven F2 segregating populations.
per pot.

Four seeds were planted

There were, four pots of each of the seven parents.

Number of pots used for each of the segregating populations
were 50,' 25, 20, 50, 35, 35, and 20 of populations 1 to
7, respectively.

Observations, were made at two to three

day intervals on day from planting to first flower open
(Stage Rl) and days from planting to pod set (Stage R4).
Frequency distributions, means and phenotypic
variances of the parental lines and the seven

popula

tions were obtained for the traits day to flower (DTF).
Duncan New Multiple Range Tests were used to separate
populations means for each of the two traits at the 5%
probability level.
Experiment 3: Heritability Study on daylength-neutral traits
in segregating populations c>f soybeans.
Parents, F2 and F^ seeds were planted in the green
house under 18 hours photoperiod, on February 6, 1981.
Soil mixture, irrigation and nutrient application were the
same: as in experiment 1.

The entries consisted of 4 DNP,

3 SDP, 7 different F£ populations, and 95 F^ families.
Four seeds were planted per pot.

There were two pots per

entry. . Observations were made at two to three day intervals
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on individual plant basis, within each pot.

Data, were

taken on number of days, from planting to stage Rl and
from planting to stage R4.
Estimates of heritability in the narrow sense as
the ratio of the additive genetia variance to the total
variance were obtained for the two attributes, days to
flower (DTF) and days to pod set (DTP).

Heritabilities

were estimated by the. regression of F^ progeny mean values
on their parent values in the F2 generation.

The procedure

was described by Lush (1949) and Falconer (1960), and has
been used by many investigators, among them Weber and
Moorthy (1951) and Bartly and Weber (1952).

RESULTS
Study 1; Field Evaluation (Tucson, Arizona)
Three soybean populations (clusters) were selected
from the block cluster analysis.

These three populations

were of particular interest for the present study.
lation 1 was at one end of the cluster.
at the other extreme end of the cluster.

Popu

Population 2 lay
Cultivars of

population 1 were long day plants (LDP) from Maturity
Group 00.

Population 2 cultivars were locally adapted

short day plants (SDP) from Maturity Group VI.

The day-

length neutral characteristic (DNP) was observed in soy
bean lines of population 3 (cluster 3).

Soybean entries

and their line descriptions of the three clusters are
shown in Appendix B.
Table 2 shows the analysis of. variances of the
characters; days to flower (DTF), days to pod set (DTP),
days to maturity (DTM), period from flowering to maturity
(FTM), plant heights at flowering (PHF), plant height at
maturity (PHM), grade of the stand (GRD), and percent
shattering scored two weeks after maturity (SH2), of three
soybean populations (longday, shortday, and daylengthneutral cultivars).
Highly significant differences (.01 level) were
observed for the effect of different planting dates, and
between soybean populations for all the traits.
35

The

36

effects of years were highly significant for DTF, DTP,
DTM, FTM, and PHF.

No significant differences between

years were observed for PHM, GRD and SH2.

Highly signifi

cant differences between replications were observed for
DTP and FTM and a significant difference (.05 level) was
reported for PHF, DTF, DTM, PHM, GRD and SH2 were indepen
dent from replication effect.

An interaction between soy

bean populations and dates of planting were observed for
all traits except PHM.
The effect of different planting dates with differ
ent arrays of day length, were futher evaluated in the
three soybean populations of primary interest in this
study (Tables 3-10).

Population 1 represented long day

cultivars (LDP), from Maturity Group 00.

Population 2

consisted of locally adapted short day cultivars (SDP)
from Maturity Group VI.

Lines of population 3 were con

sidered daylength-neutral lines (DNP) derived from inter
crosses of cultivars within population 1 and 2 (Rubis,
1976).

TABLE 2
Effect of planting dates on the characters, DTF, DTP, DTM, PHF, PHM, GRD, and SH2,
of three soybean populations grown in the field nursery in Tucson, Arizona, during
1978 and 1979.
Source of
variation
Main Effects
Year (Yr)
Reps (Rp)
Dates (Dt)
Populations
(Pop)

'

DTF

MEAN SQUARES
DTM
DTP

FTM

PHF

PHM
/

1
1
5
2

381. 8
902.
3952. 8** 1615. 6** 2968. 5**
498. 1**
170. 2*
238. 2**
1.9
13. 8
3 1 5 . 4**
73. 2
4 5 6 . 8 * * 5 6 3 6 . 9**
2 3 3 3 . 2 * * 5 6 4 3 . 6 * * 4 5 7 4 . 9** 9 1 6 . 9**
2 4 9 8 0 . 6 * * 4 0 0 2 0 . g** 5 0 0 7 0 . 5 * * 4 0 4 3 . 2 * * 2 5 4 2 7 . 5 * * 1 5 2 6 2 . 6 * *

137. g**
113. 7**
234. 5**
25. 0
48. 9
6 5 9 . 2**

Error

563

19. 9

Total

596

13. 6**
17.
5 . 9**
1.6
6
6**
19. 3

127. 0*
686. 6**
85. 9**
2 0 7 . 7**
35. 8
1 0 7 . g**

16. 7
593. 5**
33. 8
1 4 5 . g**
29. 5
846. 7**

313. 8**
742. 8**
132. 3**
19. 7
909. 8**

25. 5

30. 2

32. 6

*Significant at the 5% probability level.
**Significant at the 1% probability level.
(continued)

•

1
4
2
5
2
10

OC

2-Way Inter
action
Yr x Rp
Yr x Dt
Yr x Pop
Rp x Dt
Rp x Pop
Dt x Pop

dif.

100. 1 '
796. 7**
154.0
213. 9
194. 8
115. 0

Table 2—Continued
Effect of planting dates on the characters, DTF, DTP, DTM, PHF, PHM, GRD, and SH2,
of three soybean populations grown in the field nursery in Tucson, Arizona, during
1978 and 1979.

Source of variation
Main Effects
Year (Yr)
Reps (Rp)
Dates (Dt)
Populations
(Pop)
2-Way Inter
action
Yr x Rp
Yr x Dt
Yr x Pop
Rp x Dt
Rp x Pop
Dt x Pop

dif.
1
1
5
2

1
4
2
5
2
10

Error

563

Total

596

MEAN SQUARES
GRD
SH2
.02
.16
2.08**
10.66**

1.15
.30
.94
1.97*
1.03*
.54

6.67
7.48
110.50**
214.42**

2.36
2.81
1.41
9.61
36.28**
4.23

*Significant at the 5% probability level.
**Significant at the 1% probability level.
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Character Evaluation
1.

Days to Flower (DTF)
DTF means of three field-grown soybean populations

in five and six dates of planting during 1978 and 1979 are
shown in Table 3.

Within population 1, DTF ranges from 29

to 35 days over the six dates of planting.

No significant

differences were observed between the means of the six
dates of planting.

The average DTF over the six planting

dates and their coefficient of variability were approximately
32 days and 7%, respectively.
In contrast, DTF means of the SDP (population 2)
range from 83 days (planting date 1) to 47 days (planting
date 6).

There was an average of 37 days difference be

tween the May 15 and July 30 planting dates.

Means of DTF

had decreased sharply with each successive planting date.
Significant differences, were observed between each of the
DTF means for the different dates of planting (.05 level).
The average DTF mean and the coefficient of variability over
the six dates of planting were approximately 62 days and
21%, respectively.
DTF means of DNP (population 3) range from 44 to
35 days, with an average of 39 days over all planting dates
and coefficient of. variability of 9%.

No significant

differences, were observed between DTF means of dates 1 and
2,4 and 5, or 5 and. 6.

The average difference in DTF

40

TABLE 3
Effect of planting dates on. number of days to flower (DTF)
of three field-grown soybean populations (1978 and 1979).

Population
Date

1
N

3

2
X

+

N

N

X

X

1

4

35,.0a

12

83,.4a

52

44,.3a

2

7

33,.3a

21

75,.3 b

83

43,.la

3

7

32..4a

22

64,.0

82

39,.5 b

4

7

29..3a

21

59.,0

83

37,. 2

c

5

5

30..2a

21

53..3

82

36.. 3

cd

6

6

30.. 2a

20

47..2

f 80

35..4

d

X
C.V-.

31.,6
6.,97

62.,3
20.,63

c
d
e

39.,0
9.,16

+ Means followed by the same letter within each popula
tion do not differ at the 5% probability level
(Duncan Multiple Range Test).
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between early planting and late planting was less than nine
days.
2.

Days to Pod Set (DTP)
The effect of planting dates on number of days to

pod set (DTP) of three field-grown soybean populations
(1978 and 1979) are shown in Table 4.

The DTP of popula

tion 1 averaged from 49 days of planting date 2 to 40 days
of planting dates 5 and; 6.

The latter four planting dates

were significantly different from the first two.
Population 2 (SDP) ranged in DTP values from 117
days (planting date 1) to 60 days (planting date 6) with
an average of 84 days and coefficient of variability of
23.6% over the six dates of planting.

Significant differ

ences were observed between all DTP means of the six
planting dates.

There was a sharp decrease in DTP with

each successive planting date.
Population 3 (DNP) varied in DTP from 64 days for
planting date 1 to 50 days for planting date 6, with an
average of 55 days and coefficient of variability of 9.5%
over:aIl planting dates.

Significant differences in DTP

were observed for all planting dates except dates 1 and 2.
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TABLE 4
Effect of planting dates on number of days to pod set (DTP)
of three field-grown soybean populations (1978 and 1979).

Population
Date
x
N

1

2
N

+

3
N

X

X

1

4

47.Oab

12

117.1a

52

63.6a

2

7

49.3a

21

101.8 b

82

60.4a

3

7

42.5 be

22

87.3

82

56.4 b

4

7

43.4 be

21

81.0

83

52.7

5

5

40.2

c

21

68.7

82

50.7

6

6

40.3

c

20

59.8

80

50.1

X

c.v.

43.8
8.48

83.8
23.61

c
d
e
f

c
d
e

55.1
9.49

+Means followed by the same letter within each population
do not differ at the 5% probability level.
(Duncan Multiple Range Test)
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3.

Days to. MaturitY· (DTM)
Long day cultivars· of .Population 1 did not mature

normally.

In such ·c ul.t ivars: .t he pod ripened. and usually

shattered. while the. stem. and most of the leaves remained
green. ·. C:u1tivars of pop:u'lat·i on 2 : (SDP) . and· lines· of populat·i on 3 (DNP) matured normal'ly throughout all planting
dat~s.

Table 5 shows. the effect of dates of planting on

number of days. to maturity of three field-grown soybean
populations. during 1978· and 1979. · Mean DTM of population
1 ranges from 113 days : (planting. date 1) to 83 days

(planting date 5) . with an average of 96 days and coefficient of variability· of

10%

over al'l planting dates.

Significant differences in DTM were observed for all
planting dates except dates 3 and 6.
Mean DTM of population 2 ranges from 182 days to
112

d~ys

(planting dates

1~6,

respectively).

Significant

difference in DTM were observed for all dates of planting.
The average DTM· decreases. sharply. with each successive
planting date.

The average difference in DTM between early

planting and late planting was about 70 days.
The average DTM of population 3 ranges from 119
days · (planting date 1) to 104

d~ys ·

(pl~nting

date . 6) with

a mean of 108 days· and· coefficient of. variabili.t y value
of 4%· over all planting·

dat~s

. . No :significant differences

. were observed. in DTM be.tween planting dates 2, · 3, 4 and 5.
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TABLE. 5
Effect of planting dates on. number of days to maturity
(DTM) of three field-grown soybean populations (1978-1979).

Population 1
Date
x +
N

2
. N

3

5

N

X

1

4

113.3a

12

181.7a

52

118.5a

2

6

100.8 b

21

157.2 b

80

107.4 b

3

6

95.3

17

145.5

81

108.7 b

4

7

89.0

17

134.5

83

106.7 b

5

5

83.0

21

125.0

81

107.9 b

6

6

96.2

20

112.2

81

103.7

X

c. V.

95.5
9.87

c
d
e
c

139.9
16.87

c
d
e
f

c

108.2 b
4.13

+Means followed by the same letter, within each population
do not differ at the 5% probability level.
(Duncan Multiple Range Test)
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Dates 2, 3, 4 and 5 were significantly different from
planting dates 1 and. 6.

Wi.th the exception of May 15

planting, DTM of population 3 were about the. same regard
less of planting date or day length.
A comparison of the1 coefficient of variability
values over all planting dates of the three soybean popu
lations shows that the: average DTM of population 3 lines
(DNP) are more consistent over all planting dates than
those of population 1 (LDP), or population 2 (SDP) cultivars.
4.

Fruiting Period (FTM)
The effect of planting dates on the period from

flowering to maturity (FTM) of three field-grown soybean
populations during 1978 and 1979 are shown in Table 6.
The average FTM of population 1 ranges from 78 to
53 days (planting dates 1 and 5, respectively) with a mean
of 63 days and coefficient of variability of 12% over the
six dates of planting.

With the exception of planting

date 6, there was a gradual decrease in FTM with each
successive planting date.
FTM of population 2, range from 98 to 65 days
(planting dates 1 and 6, respectively) with a mean of 78
days and coefficient of. variability of 1.4% over all
planting dateis.

Significant differences in FTM were

observed between all planting dates except dates 2 and 3.
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TABLE 6
Effect of planting dates' on. fruiting period (FTM) of
three field-grown soybean populations (1978 and 1979).

Population 12
uate
5
N
N
x +

3
N

X

1

4

78.3a

12

98.3a

52

74.3a

2

6

67.8ab

21

81.9 b

80

64.2

3

6

63.3 be

17

83.4 b

81

69.2 be

4

7

59.7 be

17

76.. 3

83

69.5 be

5

5

53.4

c

21

71.7

81

71.5 b

6

6

61.0 be

20

65.0

81

68.7

X

c. y .

63.3

77.9

12.14

13.78

c
d
e

d

c

69.3 b
4.59

+Means followed by the same letter within each population
do not differ at the 5% probability level.
(Duncan Multiple Range Test)
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FTM means of population 3 ranges from 74 days
(planting date 1) to; 64 days (planting date 2) with an
average of 69 days and a coefficient of variability of
4.6% over all dates of planting.

The difference in FTM

did not exceed 10 days over: all planting dates.

In com

parison with populations 1 and 2, FTM means of population
3 were more consistent over all planting dates as indicated
by the magnitude of the coefficient of. variability value
of each of the 3 populations.
5;

Plant Heights at Flow^irig (PHF)
The effect of planting dates on plant heights at

flowering (PHF) of three field-grown soybean populations
during 1978 and 1979 are shown in Table 7.
Little significant difference was observed in PHF
between planting dates of population 1.

The average plant

height at flowering over all planting dates was 19 days
with 9.35% coefficient of variability.
PHF means of population 2 range from 87 cm to 39
cm (planting dates lr-6 respectively) with an average, value
of 63 cm over all planting dates and a high coefficient
of variability of 28.2%.

There was a continuous decrease

of approximately 8-11 cm in plant height for each succes
sive planting date, with respect to PHF.

Plant heights at

flowering of late planting date, was less than half the
heights of the plants of early planting date.
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TABLE 7
Effect of planting dates on plant heights at flowering
(PHF) of three field-grown soybean populations (1978 and
1979).

Population 1
Date
x +
N

3

2
N

5'

N

X

1

4

20.Oab

12

87.1a

52

29.7a

2

7

18.6ab

21

79.8a

83

30.2a

3

7

19.3ab

22

69.8 b

82

30.0a

4

7

17.8ab

21

61.4 b

83

29.4a

5

5

22.0 b

21

49.3

82

31.3a

6

6

16.7a

20

38.8

80

26.1 b

X
C. V.

18.9a
9.35

62.9
28.21

c
d

c

29.5 b
6.2

Means followed by the same letter within each population
do not differ at the. 5% probability level.
(Duncan Multiple Range Test)
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PHF means of population 3 show no significant dif
ferences between the first, five planting dates.

The aver

age PHF value over all planting dates was approximately
30 cm with 6.2% coefficient of variability.
6.

Plant Height at Maturity (PHM)
The effect of planting dates on plant heights at

maturity (PHM) of three field-grown soybean populations
during 1978 and 1979 are shown in Table 8.
PHM means of population 1 show little significant
differences between planting dates.

Dates 2 and 3 were

significantly different from dates 4,5 and 6.

Planting

date 1 was not significantly different from the rest.
The average PHM over all planting dates, was approximately
37 cm with a coefficient of variability of 14.0%.
The average PHM of population 2 had decreased sig
nificantly with later planting dates.

PHM mean of late

planting date was less than one half of the average PHM of
early planting.

High coefficient of variability value of

2.4%. was observed between PHM means of different planting
dates.
PHM means of population 3. range from approximately
68 cm to 45 cm (planting dates 2^6, respectively) with an
average of 57 cm and coefficient of. variability of 15.1%
over all planting dates.

Significant differences in PHM
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TABLE 8
Effect of planting dates on plant heights at maturity (PHM)
of three field-grown soybean populations (1978 and 1979).

Population
Date

1

3

2

N

X +

N

x

N

X

1

4

35.Oab

12

102.5a

52

63.6 b

2

7

42.1 b

21

93.6 b

82

67.5a

3

7

42.1 b

22

87.3

82

63.1 b

4

7

34.3a

21

81.2

83

54.6

5

5

34.0a

21

70.7

82

51.6

6

6

30.0a

20

47.3

81

45.4

X
C.V.

36.7a

79.1

14.08

24.14

c
d
e
f

c

c
d
e

57.3b
15.07

+Means followed by the. same letter within each population
do not differ at the 5% probability level.
(Duncan Multiple Range Test)
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means were observed between all planting dates with: the
exception of dates 1 and 3.
7.

Grade of The Stand (GRD)
. Table 9

(

shows the effect of planting dates on the

grade of the stand (GRD) of three field-grown soybean popu
lations during 1978 and 1979.
No or little significant differences, were found
of the effect of different planting dates on the stand of
each of the three soybean populations.

On the average

over all planting dates no significant difference was ob
served between the stand of populations 2 and 3.

Popula

tion 1 was significantly different from populations 2 and
3.
8.

Percent Shattering (SH2)
The effect of planting dates on percent of pod

shattering of three field-grown soybean populations (1978
and 1979) are shown in Table 10.
No significant difference was observed between the
SH2 means of different planting dates of population 1 or 2.
In population 3, SH2 of planting dates 2 and 3 were signifi
cantly different from SH2 of planting dates 1, 4 and. 5.
The average SH2 of planting date 6 was significantly
different from the earlier planting dates.

On the average
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TABLE 9
Effect of planting dates on the grade of the stand (GRD)
of three field-grown soybean populations (1978 and 1979).

Population 1
uate
it +
N

2

3

N

X

N

X

1

4

2.00a

12

3.58a

52

3.40ab

2

7

2.29a

21

3.33a

83

3.46ab

3

7

2.71a

22

3.41a

82

3.54 b

4

7

2.71a

21

3.71a

83

3.24a

.5

5

2.20a

21

3.57a

81

3.31ab

6

6

1.50a

21

3.19a

81

3.28ab

X

c.v.

2.28a
20.84

3.46 b

3.37 b

5.70

3.48

+Means followed by the same letter, within each population
do not differ at the 5% probability .level.
(Duncan Multiple Range Test)

53

TABLE 10
Effect of planting dates on percent shattering (SH2) of
three field-grown soybean populations (1978 and 1979).

Population
Date

1

3

2

N

x +

N

X

N

X

1

1

9.0

5

.60a

52

2.54 b

2

6

7.8a

15

.33a

81

.91a

3

5

5.6a

14

.50a

81

1.13a

4

7

5.1a

13

.00a

83

3.18 b

5

3

6.7a

11

.09a

82

2.64 b

6

4

4.3a

9

.00a

80

7.21

X

s.d.

6.4
1.76

c

.24a

2.54 b

.248

2.16

c

+Means followed by the same letter within each population
do not differ at the 5% probability level.
(Duncan Multiple Range Test)
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over all planting dates, SH2 of population 2 was less than
1% of the total pods.
proximately 12-13%.

SH2 value of population 3 was ap

Population 1 had the highest SH2

value of more than 30% of the total pods.
Table 11 shows the' correlation coefficients be
tween the variables; dates of planting (DT), days to
flower (DTF), days to pod. set (DTP), days to maturity (DTM),
fruiting period (FTM), plant heights at flowering (PHF)
and plant heights at maturity (PHM) of three field-grown
soybean populations during 1978 and 1979.
In population 1 (LDP), delaying planting dates was
negatively correlated with DTP, DTM, FTM, and PHM (at the
1% probability).

DTP was positively correlated with DTM

(1% level) and negatively correlated with PHM (5% level).
High positive correlations were shown between DTM and FTM,
and between PHF and PHM (1% level).
In population 2 (SDP), high negative correlations
(1% level) were observed between delaying planting dates
and all the variables in the correlation matrix.

DTP, DTM,

FTM, PHF and PHM were positively correlated, with DTF (1%
level).

DTM,. FTM, PHF and PHM were positively correlated

with DTP (1% level).

DTM were highly correlated with FTM,

PHF and PHM (1% level).

Positive correlations were observed

between PHF and FTM (1% level), PHM and FTM (5% level), and
PHM and PHF (1% level).
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TABLE 11
Correlation coefficient (r) matrix between the. variables,
dates of planting (DT), days to flower (DTF), days to pod
set (DTP), days to maturity (DTM), fruiting period (FTM),
plant heights at flowering (PHF) and plant heights at
maturity (PHM) of three field-grown soybean populations
during 1978 and 1979.

DTF

+

DT

1
2
3

DTF 1
2
3
DTP 1
2
3
DTM 1
2
3
FTM 1
2
3
PHF 1
2
3

.06
.87**
.56**

DTP

DTM

FTM

PHF

PHM

.60**
.95**
_.63**

.64**
.95**
.39**

.42**
.41**
_.24**

.11
.72**
_-12

.45**
.66**
_.60**

.07
.93**
.70**

.14
.93**
.37**

.14
.31**
.33**

.26
.81**
.40**

.22
.69**
.33**

.51**
.96**
.44**

.05
.28**
_.41**

.14
.80**
.26**

.29*
.72**
.40**

.88**
.54**
.56**

.20
.79**
.27**

.19
.70**
.35**

.01
.24**
.01

.12
.18**
_.06
.48**
.78*
.36**

+Number of cases, were 36, 118 and 462 of the three
soybean populations 1, 2 and 3, respectively.
•Significant at the 5% probability level.
**Significant at the 1% probability level.
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In population 3 (DNP), delaying planting dates were
negatively correlated, with DTP, DTP, DTM and PHM (1% level).
FTM was positively correlated, with delaying planting dates
(1% level).

DTP, DTM, PHF, and PHM were positively cor

related with DTF (1% level).
correlation was
FTM and DTP.

Highly significant negative

observed between FTM and DTF, and between

DTM, PHF and PHM were positively correlated

with DTP (1% level).

Highly significant positive correla

tions were observed between FTM, PHF, PHM and DTM, and be
tween PHM and PHF.
Comparing the magnitude and directions of the cor
relation coefficient, values of the three soybean popula
tions are of particular interest, especially with respect
to the variables days to maturity and fruiting period.
Delaying planting dates was negatively correlated (1% level)
with days to maturity in the three soybean populations.
However, the r value of population 3 (-.39) was much less
than that of population 1 (-.64), or population 2 (-.95).
The period from flowering to maturity had decreased
with delaying planting date in population 1 and 2.

In

contrast, FTM of population 3. was positively correlated
with the delay in planting (r = .24).
Plant heights at flowering was greatly, reduced by
delaying planting dates in population 2.

In population 1

and 3 there was no significiant correlation between planting
dates and plant heights at flowering.
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Study II: Greenhouse Evaluation
Exper'lmeint 1; Determination of day length requirements.
The effect of variable day length on days to flower
(DTF), days to pod set (DTP), and days to maturity (DTM)
of greenhouse-grown soybean lines during the fall of 1979
are shown in Table 12.

A highly significant difference

(P = .01) was observed between the effect of light treat
ments on number of days to flower.

Light treatments did

not have significant effect on days to pod set or days to
maturity.

Highly significant differences were observed

between soybean lines for all the traits studied.

The

interactions of soybean lines with different day length
treatments were also highly significant for DTF, DTP, and
DTM.
Floral initiation 'was the most critical stage to
the change in day length as indicated by the highly sig
nificant difference between light treatments on number of
days to flower.

All soybean lines flowered, set pod and

matured under the natural day length.

Under the 18 and 24

hour photoperiods, only those soybean plants that were
considered insensitive to day length initiated flower and
set pod normally.

Day sensitive parental lines and day

sensitive offspring plants did not flower and consequently
did not set pod under the long photoperiod treatments.
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. TABLE 12
Effect on days to flower. (DTF), days to pod set (DTP),
and days to maturity (DTM) of greenhouse-grown soybean
lines under variable day length.

df

Source

MEAN SOUARES
DTF •
DTP

DTM

Replications (R)

1

Photoperiods (P>)

2

327.2**

(L)

22

1012.6**

1041.9**

680.1**

Lines

12.9

33.5

61.6

109.9

8.2

(R) x (P)

2

21.9

59.0

54.3

(R) x (L)

19

50.5

65.9

27.2

(P) x (L)

33

154.0**

(R) x (P) x (L)

26

33.6

60.1

71.3*

Residual

131

49.9

49.9

39.1

Total

236

. *Significant at the 5% level.
**Significant at the 1% level.

209.1**

120.7**
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These results agree, with those of Garner and
Allard (1930), Poison (1972), Huxley et a!l. (1974), and
Major et al. (1975), which indicated that the most obvious
differences among soybean genotypes was found for sensi
tivity to day length in the. flowering period.
DTF means of parents,

and F2 generations of

soybean lines grown under three photoperiods are shown in
Table 13.

Under natural day length, all soybean lines

initiated flower within two to three weeks' period.

A

significant difference in DTF was observed between short
day parents (SDP) and daylength-neutral parents (DNP),
F^ and F2 lines.

Little or no significant differences

were observed between DNP, F^ and Fj lines.

No significant

difference was observed between SDP lines.
SDP did not flower under the long day length treat
ments of 18 and 24 hours.

This shows that the critical

day length for flower initiation of the SDP group is less
than 18 hours.

DNP, F^ and F2 soybean plants that initiated

flower under the 18 hour photoperiod were also capable of
initiating flower under the 24 hour photoperiod in about
the same period of time.

No significant difference was

observed in DTF between DNP parents 2,3 and 4.

DTF of

DNPl were significantly different from DTF of DNP2, DNP3
and DNP4 under the 18 and 24 hour photoperiod.
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TABLE 13
Effect of variable day length' on days to flower (DTF) of
greenhouse-grown soybean lines, during fall 1979.

Entry

Line
Description

Days to Flower
Natural + 18 hours +

24 hours +

Pls

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

DNPl
DNP2
DNP3
DNP4
F,:
1
DNP4XSDP1
DNP1XSDP2
DNP1XSDP3
DNP3xSDP3
DNP4xSDP2
DNP4XSDP3
F2:
DNP4xSDPl
DNP1XSDP2
DNP2xSDP2
DNP4xSDP2
DNP2XSDP3
DNP3XSDP2
DNP3xSDP3
DNPlxSDP3
DNP4xSDP3
P-,:
2
SDPl
SDP2
SDP3

62.Oab
60,5'ab
58.5a
63.Oab

63.0 cde
46.5ab
51.Oab
52.Oabc

70.0 cde
45.0a
51„5ab
50.5ab

61'.Oab
68.Oabc
62.Oab
62.Oab
63.Oab
71.0 be

49.0 a
74.0
efg
77.0
efg
77.0
efg
57.OabccI

49.0a
71.0 cde
77.0
de

——

49.0a
75.0

62.4ab
76.3 c
60.8ab
69.3abc
63.7ab
69.8abc

65.1 cde
73.0
ef
46.4a
60.3 bed
54.3abc
69.3
de
75.4
efg
83.4
g
80.4
fg

64.0 c
80.0
e
56.5ab
66.4 cd
50.7ab
64.6 c
68.2 cd
91.6
f
62.5 be

—
—

——

78.0
78.0
89.0

cd
cd
d

110.0
110.0
110.0

—

h 110.0
h 110.0
h 110.0

de

g
g
g

+Value followed by the same letter within each photoperiod
do not differ at the 5% probability level.
(Duncan Multiple Range)
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Experintent 2; Evaluation df the frequency distributions of
segregating populations.
The purpose of this experiment was to study the
inheritance of daylength-neutral characteristics in the
segregating F2 populations of different crosses between
daylength-neutral lines (DNP), and local short day cultivars (SDP) of soybeans.

Frequency distributions, means

and phenotypic. variances of the parental lines and F2
populations were evaluated for the traits days to flower
(DTF), and days to pod set (DTP).
Days to flower.
The mean, range and phenotypic variance for each
DNP and SDP parental line for number of days to flower
(under 18 hours photoperiod) are given in Table 14.

The

average number of days to flower of the DNP parents ranges
from approximately 41 days of DNP2 to 59 days of DNPl.
SDP cultivars did not flower during the duration of the
experiment.
Seven F2 population frequency distributions, means
and phenotypic variances for DTF are presented in Table 13.
DTF mean of the segregating population of each cross ex
ceeded that of its DNP parent by amounts ranging from six
to 17 days.

Transgressive segregation was observed for

early flowering in the segregating populations of the
crosses 2 and 6.

All F2 plants from the seven crosses

TABLE 14
Parental evaluation under extended photoperiod (18 hours) for number of days to
flowering.

Parent
Statistics

X

Range
2
u
n

Short day cultivars

Daylength-neutral lines

(SDP1)+

(SDP2)+ •

(SDP3)+

(DNPl)

(DNP2)

(DNP3)

(DNP4)

58.8

40.8

46.9

47.4

—

—

54-62

38-42

43-50

43-52

—

—

15.9

—

—

16

16

7.94

2.07

4.80

16 '

16

16

16

+Did not initiate flower during the experimental period.

16
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TABLE 15
Frequency distribution, mean and phenotypic. variances for
number of days to f lower of. seven. F^ soybean populations.
Popu1
1ation"DNP1
D tp
x
*
SDP4
32-33
34-35
36-37
38-39
40-41
42-43
44-45
46-47
48-49
50-51
52-53
54-55
56-57
58-59
60-61
62-63
64-65
66-67
68-69
70-71
72-73
74-75
76-77
78-79
80^-81
n

2
DNP2
x
SDP3

3
DNP3
X
SDP3

4
DNP3
X
SDP.4

5
DNP4
x
SDPl

6
DNP4
x
SDP3

7
DNP4
x
SDP4

6

6

1
3
5
8

2
2
3
2
3
4
10
25
16
13
1
4

40
70
26
7
2
10
6

4
1
1
5
19

2
2
3
15
33

14
8
4
4
2
3

2
6
5
3
11
6
3

2

2
1

1

4

21

4
3

4

4
6
8
22
9
13
10
7
14
2
4
4

2
30
4
4
8
13
19
20
5
7

2

4
3

5
3
1

127

132

70

17
4
27
3

1
179

91

; 62

91

64.6d 49.7a 57.2b. 57.4b 61.6c 62.4c 6 3.7cd
2_;
•
2
tr- 18.85 48.33. 61.69 47.32 60.32 73.19 58.46
X

Total

6
2
4
4
12
6
22
88
3
57
68
31
53
62
107
97
43
26
22
15
13
4
1
752
60.:
71.41

+Means followed by the same letter do not differ at the 5%
probability level.
(Duneah Multiple Range)
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flowered during the duration of: the experiment.

DTF

ranged from 50 to 81 days in population 1 and from 32 to
61 days in population 2.

DTF mean of population 1 did

not differ from DTF mean of population. 6, but was signifi
cantly different from DTF means of populations 2 , 3 , 4 , 5
and 6 (DMR).

The average DTF of population 2. was. signifi

cantly different from those of the other six populations.
No significant differences were observed between DTF means
of populations 3 and 4, or populations 5,6 and 7.

DTF,

of populations 3 and 4 ranged from 44 to 77 days, and
from 36 to 79 days for populations. 5,6 and 7.
None of the

plants from the seven crosses was

similar to its SDP parent with respect to flower initiation
and no transgressive segregation for lateness of flowering
was observed.

With the exception of population 1, the

variances of the F^ segregating populations approached one
another in magnitude.
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Days to pod, set.
Days to pod. set (DTP) means, ranges and phenotypic
variances of the daylength-neutral lines (DNP) and the
short day cultivars (SDP) of soybeans are given in Table
15.

SDP cultivars did not initiate flowers under the 18

hour photoperiod and consequently, no pod set data was
obtained during the duration of the experiment.

DTP of

the DNP lines ranged from 50 days of line DNP2 to 79 days
of line DNP 1.
Frequency distributions, means and phenotypic
variances for DTP in the seven F^ populations from the
crosses DNP x SDP are shown in Table 13.

The average DTP

value of each of seven populations exceeded that of its
DNP parent value by amount ranging from six to 13 days.
There was an indication for transgressive segregations for
early pod set in populations 1, 2 and 4.

DTP means of

populations 1 and 2 were significantly different from each
other and from the other five segregating populations.
DTP of population 1 ranged from. 66 to 100 days with a mean
of 86 days.

In population 2, DTP ranged from 45 to 78

days, with an average, value of. 62 days.

No significant

differences in DTP was observed between the means of the
segregating populations 3, 4,: 5, 6 and 7.
populations ranged from. 57 to 92 days.

DTP of these

All F2 plants

within each population, set pods during the duration of
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the experiment.

Six of the seven segregating populations

had similar, variance.
. TABLE 16
Parental evaluation under: extended photoperiod (18 hours)
for number of days to pod set.

Parent

Daylength-neutral lines

Statistxcs . DNP1

DNP2

DNP3 .

DNP4

x

76.1

55.8

69.5

63.3

Range

73V79

50-58

66-72

60-67

4.48

7.44

3.76

5.19

16

16

16

16

T3—1
nV

short day cultivars
SDP1+ SDE2+ SDP3+

16

16

16

+did not initiate flower or set pod during the duration of
the experiment
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. TABLE 17
Frequency distributions, means: and phenotypic. variances
for number of days to pod set of seven F2 soybean popula
tions.

45
48
51
54
57
60
63
66
69
72
75
78
81
84
87
90
93
96
99
102

47
50
53
56
59
62
65
68
71
74
77
80
83
86
89
92
95
98
101
104

n

1
1
3
25
11
62
27
38
8
2
1

179

2
DNP2

3
DNP3

X

SDP3
6
1
1
7
8
20
23
17
4
4

4
DNP3

X

SDP3

1
. 5
11
10
10
15
5

5
DNP4

X

SDP4

5
1
6
18
6
17
18
8
12

6
DNP4
X

X

SDPl

SDP3

62

91

X

SDP4

11
18
25
12
24
18
8
8

2
4
5
22
13
28
15
17
6
11
9

1
3
7
1
13
6
20
8
2
2
6
1

127

132

70

3

5

91

7
DNP4
0
r+

1
Popu
lation DNPl
DTP
X
SDP4

x 85.94c 62.38a 76.15b 75.37b 76.17b 74.02b 74.44b
2
25.67
52.08 44.84 42.23 40.15 52.89
55.16

6
1
1
7
11
36
36
63
74
78
78
111
45
100
50
44
8
2
1

752
76.19
89.4

+Means followed by. the same letter do not differ at the
5% probability level.
(Duncan Multiple Range)
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Experiment 3: Herltability study on daylength-neutral
trait in segregating populations of soybeans.
Heritabilities. were estimated from the regression
of F2 progeny mean on F2 plants of different crosses be
tween daylength-neutral lines (DNP). and local short day
cultivars (SDP).

Table 18 shows heritability estimates

for days to flower (DTF) and days to pod set (DTP) of five
soybean crosses grown in the F2 and F3 generations in 1979
and 1980, respectively.

Estimated heritabilities for days

to flower ranged from .34 of population 6 to .60 of popu
lation 3.

Heritability estimates of days to pod set

ranged from .30 of population 1 to .65 of population 5.
No F^ data was available for populations 4 and 7.
TABLE 1ST
Heritability estimates, calculated from offspring-parent
regressions for number of days.to flower (DTF) and number
of days to pod set (DTP) of five soybean crosses.

Population

Line
Description

Heritability estimates
DTF
DTP

Number of F,
Families

1

DNPlxSDP4

.504

.299

IS

2

DNP2XSDP3

.429

.327

19

3

DNP3xSDP3

.596

.300

15

5

DNP.4xSDPl

.410

.654

24

6

DNP.4xSDPl

.341

.313

21

DISCUSSIONS
The purpose of the. field study was to evaluate the
growth and development, stages of daylength-neutral soybean
lines (DNP) in a date of planting experiment, with different
arrays of day length.

Long day and local adapted short

day cultivars were used as check lines.
The block cluster analysis technique was useful in
separating, soybean lines and cultivars into homogenous
populations on the basis of empirical measures of similar
ity within each population (cluster) and differences be
tween populations (clusters).

The three soybean popula

tions selected from the block cluster analysis differ
significantly in their growth habit and their response to
different photoperiod (Table 2).

Populations 1 (LDP) and

2 (SDP) were at the extreme end from each other in the
cluster.

Lines of population 3 (DNP) were in the Fg and

F1q (1978 and 1979, respectively), selected from the F2
segregating populations from crosses between daylengthinsensitive and daylength-sensitive cultivars by Dr. D.
Rubis.
Long day cultivars (LDP) of population 2 showed
little response to the' change in planting dates and the
accompanied change in day length.

They flowered, set pod

and matured earlier than cultivars and lines of population
2 and 3 over all planting dates (Tables 3, 4 and 5).
69
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Based upon, visual observations, long

day cultivars of

population 1 were greatly reduced in size and had. very
few pods.

These plants, were, short with no branches and

generally unproductive under Arizona conditions of hotdry growing season.
normally.

These plants flowered and set pod

During maturity, however, the pods ripened and

shattered while the stems and leaves remained green.

This

result is in agreement, with those of Garner and Allard
(1930), Lawn and Byth (1973), and Minor (1976) which in
dicated that long day cultivars when grown in short day
conditions usually flower and set pods before the plants
have adequate, vegetative growth.

These cultivars had a

relatively constant, although shortened, life cycle.
Local adapted short day cultivars (SDP) of popu
lation 2 were the most, sensitive in their response to the
change in planting dates and day length.

There were sharp

decreases in DTF, DTP, DTM, FTM, PHF and PHM in response to
the decrease in day length of later planting dates (Tables
3-8).

Highly significant negative correlations were ob

served between those characteristics and delaying planting
date (Table 11).

These results are in agreement with those

of Abel (1961), and Constable (1977), which: showed that as
planting of late maturing soybean cultivars. was delayed
during the summer season, time to maturity was shortened
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rapidly.

The current study also observed that the life

cycle duration of late planted: short day cultivars (SDP)
was reduced more than early long day cultivars (LDP).
The day length neutral lines (DNP) of population
3 responded differently to the delay in planting date and
the accompanied decrease in day length during the growing
season than those cultivars of population 1 or 2 (Tables
3-1.1).

Days to flower were on the average one week later

than in population 1 and: approximately 23 days earlier than
those observed in population 2 (Table 3).

Days to pod set

were on the average 12 days more than those reported for
population 1 and 39 days less than those observed for
population 2 (Table 4).
The actual length of the growing season of the
three soybean populations was determined from the data on
days to maturity.

The average days to maturity of the

daylength-neutral population was 108 days over all planting
dates.

DTM of population 3 had the lowest coefficient of

variability over all planting dates (Table 5), and the
lowest correlation coefficient value with delaying dates
of planting (Table 11), of the three soybean populations
in this study.

These results show that the DNP soybean

lines were, very consistent in number of days, they required
to reach maturity regardless of planting date or the
day length during the growing: season.

The period from
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beginning flowering to maturity (FTM) of population 3 did
not also change much over all planting dates in contrast
to those of populations 1 and 2 (Table 6, 11).

This result

shows that DNP soybean lines planted at different dates
require approximately the same number of days for the
period in which flower initiation, pod setting, pod filling
and maturity takes place, regardless of the day length
during the growing season.

It is worth noting here that

the DNP lines were derived, from the crosses, Acme x Kino,
A 161 x Portage,: and Rillito x Portage.

In those crosses

Acme and Portage were the longday insensitive cultivars
from Maturity Group 00.

Under Arizona conditions, the

cultivars Acme and Portage flowered and set pod. very early
in the season before the plants had adequate vegetative
growth.

These plants remained green for considerable

periods after pods and seeds had fully developed, and
normal leaf abscission did not occur.
short and carried few pods.

These plants were

In contrast, the daylength-

neutral soybean lines flowered, set pod and matured
normally on large size plants.

Based upon, visual observa

tions and upon plant heights at flowering and maturity
date (Tables 7, 8), the DNP plants had maintained good
growth with many branches and seed pods over the different
planting dates.
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The results of the current study suggest that the
daylength-neutral soybean lines used in this experiment
might have great advantage over the local adapted culti
vars during early planting dates.

On the average, the

DNP lines will mature in approximately 30-63 days earlier
than the SDP.

DNP lines planted in early May could be

harvested in late August or early September.

Such culti

vars could have an advantage of hitting the market earlier
than the regular harvest in the soybean belt.

Since the

DNP used in this study matured in approximately the same
period of time over a wide range of planting dates, they
could be termed "duration-fixed" soybean cultivars
(Shanmugasundaram, 1976).
Local adapted cultivars with indeterminate growth
habit such as Rillito might be of better advantage during
late planting dates, than DNP.

Rillito matured on the

average 8-18 days later than DNP lines, however, it had
better growth and good shattering resistance.
Relative to the local adapted cultivars, daylengthneutral lines had high pod shattering percentage.

It is

worth noting here that data on percent shattering, was
taken two. weeks after the plants were ready to be harvested.
Some of the DNP lines had. very low shattering percentage
at maturity, however, percent shattering had increased
under hot-dry conditions; after maturity.

Variation within
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DNP lines and between planting dates with respect to per
cent pod. shattering may. indicate that selection for DNP
lines with no or low pod shattering percentage is feasible.
Also, transfer of the shattering resistant characteristic
from local lines, such as A 161 and A 1034 to selected DNP
lines could be accomplished through an appropriate breeding
program.
Data on the growth: and development stages of each
individual soybean line in this study is available for
further selection and/or breeding programs.

It would be

of a great benefit to conduct and carry out an experiment
to evaluate the agronomic characteristics of the daylengthneutral soybean lines reported in this experiment, such as
yield, oil and protein percentage at different row spacing
(i.e., 100.6 cm vs. 50.3 cm), and different locations.
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DISCUSSION
The soybean parental lines used in the crosses of
the present study were extremely different with respect
to all the traits under consideration.

The daylength-

neutral parents (DNP) were selected from the Fg generation
of crosses between the cultivar Portage (Maturity Group
00) and locally adapted cultivars, Rillito and A 161
(Maturity Group. VI).

In dates of planting tests and under

field light treatments (Rubis, 1976), DNP lines flowered,
set pod and matured normally in about the same period of
time regardless of the planting date or the day length.
The short day parent (SDP) were locally adapted cultivars
from Maturity Group. VI.

Flowering and maturity of these

SDP plants were, significantly affected by the change in
planting date or day length.
The primary objective of the greenhouse experiments
was to evaluate the segregating populations from the
crosses between the DNP lines and the SDP cultivars grown
under, various photoperiods.

A second objective was to

study the mode of inheritance of the daylength-neutral
trait in soybeans.
The use of different photoperiods (experiment 1)
was successful in screening, for daylength-neutral plants.
Under the 12 hour photoperiod, all soybean plants flowered,
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set pods and matured normally.

Under the long photoperiod

treatments of 18 and' 24 hours, SDP did not initiate flower
during the experimental period: indicating the critical
photoperiod requirements for anthesis of these plants is
between 12 and 18 hours. . Only those soybean plants that
were insensitive to the day length flowered and matured
normally under the long photoperiod treatments.
Analysis of the lines evaluated show no or little
difference between the 18 and 24 hour photoperiod, effect
on days to flower and pod set of the daylength insensitive
lines.

Those soybean plants, which flowered and set pods

under the 18 hour photoperiod were considered capable of
initiating flower and set pods under the 24 hour photo
period.

This suggests that these plants may have no photo

period requirements for anthesis.

Poison (1972) indicated

that extremely early soybean strains may have no photo
period requirements for anthesis.

Criswell and Hume (1972)

had observed that the cultivar Portage was among the
strains in which the length of time from planting to
flowering was unaffected by photoperiod.

In the current

study the cultivar Portage was one of the original parents
of the DNP lines.
Experimients 2 and 3 were concerned mainly with the
distributions and heritabilities, respectively, of the
segregating populations for days to flower and days to

77

set pod. when grown under: an 18 hour photoperiod.

The

magnitude and continuous, variation, within each of the F2
populations for each trait- (Tables 14, 16) imply that
both are quantitatively inherited.

Three independent gene

pairs have been identified that affect time of flowering
and maturity in soybeans.

Bernard (1971) identified two

gene pairs, a gene for- lateness (E^) and a gene for
earliness (e^)•

Buzzel (1971) identified a third gene

(e^) that was unaffected by fluorescent photoperiod.
Bernard (1971) and Buzzel (1971) used soybean parental
cultivars. with a. very narrow genetic base in their genetic
study.

Bernard (1971) employed cultivars from Maturity

Groups III and VI, where Buzzel (1971) used cultivars from
Maturity Groups I and II.

In the present study, parental

lines of each cross were extremely different with respect
to the traits evaluated under long photoperiods.

The con

tinuous nature of the frequency distribution of each
segregating population of the current study indicates the
response to long photoperiods is under polygenic control.
Number of

plants of the seven segregating populations

ranged from 62 (population 3) to 179 plants (population 1).
All F2 plants from the: seven crosses flowered during the
duration of the experiment (Table 14).

None of the F2

plants were similar to: its SDP parent with respect to
flower initiation under long photoperiods (18 hours).
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This suggests that there, would be more than three genes
controlling photoperiodic response for flower initiation
in soybeans.
Coyne (1966),. studying the photoperiodic response
for time of flowering in PhaSeolus vulgaris L., stated
that a complex trait like photoperiodism would be con
trolled by many genes.

Some, varieties may exhibit vari

ation in regard to this response of only one or two loci
where other, varieties may differ: at many loci.

The

results of the present study, and that of Bernard (1971)
and Buzzel (1971) would suggest a similar pattern of re
sponse to photoperiod in soybeans as that suggested by
Coyne (1966) in Phaseolus vulgaris L.
The size of the segregating populations of the
present study was not sufficient enough to detect the in
volvement of more than three genes in controlling photo
periodic response in soybeans.

In order to obtain a better

estimate of number of genes involved, the current study
would recommend the use of large size segregating popula
tions.

These populations should be planted early (May to

mid-June) in the field or under extended lights in order
to discriminate for the daylength-neutral plants.
Heritability estimates of the present study for
days to. flower were lower than those reported by Kwon and
Torrie (1964), Anand and Torrie (1963), and Johnson et al.
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(1955).

Kwon and Torria (1964) estimated heritability in

broad sense for days to. flower; in two soybean populations.
Their heritability. values, were .75 and .76 for the crosses
Norchief (Group 0) x Harosoy (Group II) and Norchief x
Clark (Group IV), respectively.

Anand and Torrie (1963)

computed heritability from the. regression of F4 and F3
generation of three soybean populations for the trait days
to flower.
65.

Their heritability percentages were 49, 51 and

Johnson et al. (1955) found heritability estimates

for days to flower of two soybean populations to be 84
and 89%.
The lower heritability estimates of the current
study are probably due to the extremely wide differences
between the parental lines of each cross with respect to
the traits under study.

SUMMARY
. The date of planting experiments, were successful in
characterizing the growth and development of the daylengthneutral soybean linies (DNP) when, grown under* different ar
rays of daylength.

In contrast, to local, adapted short day

cultivars (SDP) from Maturity Group, VI and long day cultivars
(LDP) from Maturity Group 00, DNP lines required approximate
ly the same number of days for flower initiation, pod set
ting, pod filling, and maturity regardless of planting date
or the day length during the growing season.

The DNP had

produced many seed pods on large, vigorous plants during all
planting dates.
The results of field experiment suggest that DNP
lines might have great, advantage over local SDP cultivars
during early planting dates.

Local SDP cultivars, when

planted in May or. June for maximum, production, they usually
mature in late. November or early December, or after five, to
six months from planting date.

The; average, number of days

from planting to harvest of the DNP lines, was 108. days.
DNP lines planted in early May could be harvested in. late
August or early September.

Such cultivars could have an ad

vantage of. hitting, the market earlier than the. regular, har
vest in the soybean, belt.
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The, large, variability, within the DNP lines, with
respect, to percent of pod shattering may indicate that
selection for DNP lines', wi.th. no- or low pod shattering per
centage is feasible.
. The purpose of the •.greenhouse experimients. were to
evaluate, the segregating populations from the crosses be
tween DNP lines, and SDP cultivars grown under, various photoperiods, and to study the mode of inheritance of the daylength-neutral trait in., soybeans.

The results showed that

the use of different photoperiod treatments was successful
in. screening for daylength-neutral plants. . Under the 12hour photoperiod, all parents, F^ and F2 soybean plants
flowered, set pods, and matured normally.

However, under

the long photoperiod treatments of 18 and 24 hours, only
those soybean plants that were insensitive to daylength
flowered and set pod normally.

The SDP did not initiate

flower during the experimental duration indicating, that the
critical photoperiod. requirements for anthesis of these
plants is between. 12: and 18. hours.
The data, also show that soybean lines, which, flowered
and. set pods under the 18. hours photoperiod were, .also- capable
of initiating flower and. set pods under the 24 tiours photo
period. .. This suggests .that these plants may have, no photo
period. requirements for. anthesis. .
Parental, lines- of each cross, were extremely differ
ent with respect to the traits days to. flower (DTF) and days
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to pods set (DTP).

The magnitude, and continuous nature

of the frequency distribution of each of the. segregating
populations as well as the; low heritability estimates of
DTF and DTP imply tha.t- the response to long photoperiod is
under polygenic control.: • It. is. suggested that: a complex
trait, like photoperiodism. would, be controlled by many genes.
Some, varieties' may exhibit! variation in regard to
this response at only .one- or two, loci, where other, varieties
may differ at many loci.

APPENDIX' A
Line description and origin: of the. short day (SDP) and daylength-neutral parents used in the inheritance study.

Parent
Symbol

Line
Description

SDP1

Rillito

Selection from the cross Clark x
D49-249++

SDP2

Cabrillo

Selection from the cross A161 x Kino++

SDP3

A 1034

Fg of the cross Bellatti x A 161

DNP1+

A76-4661

Fg of the cross Rillito x Portage

DNP2+

A76-4678

Fg of the cross Rillito x Portage

DNP3#

A76-4691b

Fg of the cross A 161 x Portage

DNP4#

A76-4691s

F- of the cross A 161 x Portage

Origin

+DNP1 and DNP2 were traced back to the same F^ plant.
#DNP3 and DNP4 were traced back to the same F^ plant.
+Released by The Arizona Agricultural Experiment Station,
1974.
++Released by The Arizona Agricultural Experiment Station,
1979.
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APPENDIX: B
Entries and line description of three selected soybean
clusters grown in the field nursery in Tucson,: Arizona,
during 1978 and 1979.

Cluster

Entry

Line Description

1
1

3009
3139

Acme
Portage

LDP
LDP

2
2
2
2
2
2

3002
3003
3010
3041
3042
3048

A161
Rillito
Kino
Cabrillo
A3046E
A1034

SDP
SDP
SDP
SDP
SDP
SDP

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
•3
3
3
3
3
3
3

3015
3017
3018
3020
3083
3088
3039
3040
3103
3136
3051
3052
3053
3063
3104
3105
3106
3107
3108
3109
3111
' 3112
" 3133
' 3145

Acme x Kino
Acme, x Kino
Acme x Kino
Acme x Kino
Acme x Kino
Acme, x Kino
Rillito x Portage
Rillito x Portage
Rillito x Portage
Rillito x Portage
A161 x Portage
A161 x Portage
A161 x Portage
A161. x Portage
A161. x Portage
A161.. x Portage
A161. x Portage
A161 x Portage
A161-. x Portage
A161. x Portage
A161'. x Portage
A161. X Portage
A161 x Portage
A161 x Portage

DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
DNP
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Daylength response

APPENDIX B.—Continued
3
3

3146
3147

Al'61. x. Portage
A161. x Portage

# LDP; Long-day plants,
SDP; Short-day plants,
DNP; Daylength-neutral
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DNP
DNP

LIST OF REFERENCES
Abel, George H., Jr., 1961. Response of. soybeans to date
of planting in. the Imperial. Valley of California.
Aqrori. J. 53:95-98.
Anand, S.C., and J.H. Torrie, 1963. Heritability of yield
and other traits and interrelationships among traits
in the F3 and F4 generations of three soybean crosses.
Crop Sci. 3:508-511.
Bartley, B.G., and C.R. Weber, 1952. Heritable and nonheritable relationships and. variability of agronomic
characters in successive generations of soybean crosses.
Aqron. J. 44:487-493.
. Bernard, R.L., 1971. Two major genes for time of flowering
and maturity in soybeans. Crop Sci. 11:242-244.
Bhardwaj, B.D., and O.J. Webster, 1971. Studies of F^
hybrids between photoperiod sensitive and non-sensitive
Pennisetum millets. Crop SCi. 11:289-291.
Borthwick, H.A., and M.W..Parker, 1939. Photoperiodic
response of several varieties of soybeans. Bot. Gaz.
101:341-365.
Brim, C.A., 1974. Soybean varietal development.
Production, Marketing and Use.

In Soybean

Buzzell, R.I., 1971. Inheritance of a soybean flowering
response to fluorescent-day length conditions.
Can. J. Geinet. Cytol. 13:703-707.
Byth, D.E., 1976. Some concepts of soybean improvement in
the lower latitudes, p.18-25 in R.M. Goodman (ed.)
Expanding the use of soybeans. INTSOY series number 10.
Carter, T.E., and H.R. Boerma, 1979. Implications of geno
type x planting date and row spacing interactions in
doubled-cropped soybean cultivar development. Crop.
Sci. 19:607-610.
Constable, G.A., 1977. Effect of planting date on soybeans
in the Namoi. Valley, New South Wales. Aust. J. of
Exp. Agric. and Anim. Hus. 17:148-155.
Coyne, Dermot P., 1966. . The genetics of photoperiodism and
the effect of temperature on the photoperiodic response
for time of flowering in Phaseolus vulgaris L. " Amer.
Soc. for Hort.. SCi. 89:350-360.
86

87
Criswell, J.G., and D.J. Hume, 1972. Variation in sensi
tivity to photoperiod among early maturing soybean
strains. Crop Sci. 12:657-660.
Edwards, A.W., and L.L. Cavalli-Sforza, 1965. A method
for cluster analysis. . Biomet. 21:362-375.
Falconer, D.S., 1960. Introduction to Quantitative Genetics.
Ronald Press, New York.
Feaster, C.V., 1949. Influence of planting date on yield
and other characteristics of soybeans grown in south
east Missouri. Agrdri. J. 41:57-62.
Fehr, W.R., and C.E. Caviness, 1977. Stages of soybean
development. iowai State Univ. Sci. and T£ch. 80:1-12.
Francis, C.A., C.O. Grogan, and D.W. Sperling, 1969.
Identification of photoperiod insensitive strains of
maize (Zea mays L.) Crop Sci. 9:675-677.
Garner, W.W., and H.A. Allard, 1920. Effect of relative
length of day and night and other factors of the
environment on growth and reproduction in plants.
J. AqriC. Res. 18:553-606.
,
, 1930. Photoperiodic response of soybeans
in relation to temperature and other environmental
factors. J. Aqric. Res. 41:719-731.
Gates, C.E., and J.D. Bilbro, 1978. Illustration of a
theater analysis method for mean separation. Agron. J.
70:462-465.
Guthrie, M.L., 1972. Soybean response to photoperiodic ex
tension under field conditions. M.S. Thesis. Iowa
State Univ. Lib., Ameis.
Hartigan, J.A., 1975. Clustering Algorithms.
and Sons, New York, N.Y.

J. Wiley

Hicks, D.R., 1978. Growth and development, p. 17-44. In
A.G. Norman (ed.) Soybean Physiology, Agronomy and
Utilization. Academic Press, New York, San. Francisco,
London.
Howell, R.W., 1963. Physiology of the soybean, p.- 75-125.
In A.G. Norman (ed.) The Soybean, Academic Press,
New York, London.

88

Huxley, P.A., and R.J. Summerfield, 1974. Effect of night
temperature and photoperiod on the reproductive onto
geny of cultivars and' cowpeas and of soybeans selected
for the wet tropics. . Plant Sci. Letters. 3:11-17.
—-,
—, and A.P. Hughes, 1974. The effect of photoperiod on development of soybean and cowpea cultivars
grown in the U.K. in: sunimer. ' Exp. Agric. 10:225-239.
Johnson, H.W., H.A. Borthwick, and R.C. Leffel, 1960.
Effects of photoperiod and time of planting on rates
of development of the soybean in various stages of
the life cycle. Bot. Gaz. 122:77-95.
, H.F. Robinson, and R.E. Comstock, 1955. Estimates
of genetics and environmental variability in soybeans.
Agrori. J. 47:314-319.
Johnson, Stephen C., 1967. Hierarchical clustering schemes.
PSyChOmetrika. 32(3)241-254.
Kwon, S.H., and J.H. Torrie, 1964. Heritability of an
interrelationships among traits of two soybean popu
lations. Crop Sci. 4:196-198.
Lawn, R.J., and D.E. Byth, 1973. Response of soybeans to
planting date in southeastern Queensland. 1. Influence
of photoperiod and temperature on phasic developmental
patterns. Aust. J. Agric. Rels. 24:67-80.
Lush, J.L., 1949. Heritability of quantitative characters
in farm animals. HereditaS, SUppl. Vol., p. 356-375.
Major, D.J., D.R. Johnson, and V.D. Luedders, 1975.
Evaluation of eleven thermal unit methods for predicting
soybean development. Crop Sci. 15:172-174.
. —

—

,
-, J.W. Tanner, and I.C. Anderson, 1975.
Effects of daylength and temperature on soybean develop
ment. Crop Sci. 15:174-179.
1980. Photoperiod response characteristic control
ling flowering of nine crop species. Canad. J. of
PI. Sci. . 601777-7.84.

Martineau, J.R., J.H. Williams, and. J.E. Spe.cht, 1979.
Temperature tolerance in soybeans. II. Evaluation of
segregating populations for membrane thermostability.
Crop Sci. 19:79-81.

89

Minor, H.C., 1976. Planting date and plant, spacing in
soybean production, p.56-62. In R.M., Goodman (ed.)
Expanding the use of soybeans. INTSOY series number 10.
Nissly, C.R., E.H. Paschall II, C.N. Hittle, and R.L.
Bernard, 1976. Daylength sensitivity in maturity
group III soybean germplasm., p. 195-198 in R.M.
Goodman (ed.) Expanding the use of soybeans. INTSOY
series number 10.
Pandey, R.K., E.R. Leng, and J.A. Jackobs, 1977. Pathcoefficient analysis' of flowering time in diverse
genotypes of soybean as influenced by temperature and
daylength. Indian J. Aqric. Sci. 47:498-502.
Parker, M.W., and H.A. Borthwick, 1943. Influence of temp
erature on photoperiodic reactions in leaf blades of
Beloxi soybean. Bot. Gaz. 104:612r-619.
Parks, W.L., S. Livingston, and J.. Overton, 1974. Effect
of water and.light.on.soybean yield, p. 33-38 in
Soybean Production, Marketing 'and Use. Tennessee
Valley Authority.
Poison, D.E., 1972.
12:773-776.

Day-neutrality in soybeans.

Crop Sci.

Roberts, R.H., and B.E. Struckmeyer, 1938. The effects of
temperature and other environmental factors upon the
photoperiodic responses of some of the higher plants.
J. Aqric. Reis. 56:633-678.
Rubis, D.D., 1974. Daylenqthr-Neutral Soybeans. Proceeding,
fourth safflower and other oilseed research conference.
Fresno, Calif., p. 69-70.
, 1975. Breeding soybeans adapted for production in
the southwest. Unpublished paper.
—, 1976. Soybean research. University of Arizona,
Tucson. Unpublished report.
Salisbury, F.B., 1963.
New York.

The. Flowering Process.

Pergaman/

Scott, A.J., and M. Knott, 1974. A cluster.analysis method
for grouping means; in the analysis of. variance.
Biometrics. 30(3)507-512.

90

Shanmugasundaram, S., 1976. Important considerations for
the development of a soybean classification system in
the tropics., p. 191-195. In R.M. Goodman (ed.) Ex
panding the use of soybeans. INTSOY series number 10.
—-:

, and S.C.S. Tsou, 1978. Photoperiod and critical
curation for flower induction in soybean. Crop Sci.
18:598-601.

Shibles, R., I.C. Anderson,.and A.H. Gibson, 1975. Soybean,
p. 151-189. In L.T. Evans (ed.) Crop Physiology.
Cambridge University Press,. New York.
Steel, R.G.D., and J.H. Torrie, 1960. Principles and
Procedures of Statistics. McGraw-Hill, New York.
Summerfield, R.J., and F.R. Minchin, 1976. An integrated
strategy for daylength and temperatures-sensitive
screening of potentially tropic adapted soybeans,
p. 186-191 in R.M. Goodman (eid.) Expanding the use of
soybeans. INTSOY series number 10.
Tanner, J.W., and D.J. Hume, 1978. Management and produc
tion, p. 158-218, in A.G. Norman (ed.) Soybean, Physio
logy, Agronomy, and Utilization. Academic Press, New
York.
Torrie. James H., and George M. Briggs, 1955. Effect of
planting date on yield and other characteristics of
soybeans. Aqron. J. 47:210-212.
Van Schaik, P.H., and A.H. Probst, 1958. Effects of some
environmental factors on flower production and repro
ductive efficiency in soybeans. Agrori. J. 50:192-197.
Warrington, I.J., M. Peet, D.T. Patterson, J. Bunce, R.M.
Haslemore, and H. Hellmers, 1977. Growth and physio
logical response of soybean under, various thermoperiods. AUSt. J. Plant Physiol. 4(3)371:380.
Weber, C.R., and B.R. Moorthy, 1951. Heritable and nonheritable relationships and. variability of oil content
and agronomic characters in. the F2 generation of soy
bean crosses. Agrori. J. 43:202-209.
Whigham, D.W., and H.C. Minor, 1978. Agronomic character
istics and environmental stress, p. 77-118 in A.G.
. Norman. Academic: Press,! New York.

91
Williams, W.A., C.Q. Qualset, and S. Geng, 1979. Ridge
regression for extracting, soybean yield, factors.
Crop Sci. 19:869-873.
Yu, C.J., and Y.T. Yao, 1969. Photoperiodic studies on
rice. V. The index of daylength sensitiveness of
certain varieties of rice. Bot. Bull. Acad. Sinica.
10:51-74.

