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INTRODUCT ION

Lespedeza cuneata Don, commonly known ae sericea lespedeza or
sericea, is adapted to the Southeastern United States and thrives well
on soils where more desirable perennial legumes are not asdapted. It
makes excellent growth and provides sbundant forage during the summer
months., It grows well on infertile scile of this region and has been
referred to by many growers as "poor land alfalfa”. If grazed or cut
at an early stage of growth, it provides very leafy forage with a high
protein percentage.

Even though this legume appears to have great promise in the
Southeastern United States as a hay, pasture and silage crop; there
have been conflicting reports of its value. ¥hile some farmers and
research workers report very good results from serices, the majority
of reportes have indicated poor consumption of this plant by livestook.

The poor palatability of [espedeza cuneata has generaslly been

related to its relatively high tannin content. 8ome plants have been
found to contein as high as 22 percent tannin in their leaves during
July as determined by the formaldehyde-hydrochloric eeid precipitate
method of analysis. Even though tannin content i known to very with
geagon of year, light intensity, esoil type, and soil fertility; previ-
ous investigations indicate thet there are differences in ranges of
variability among strains.

8inee previous studiee (2%) have indicated that tannin content is
ipherited, breeding programs are being initisted at several locatione
in an effort to produce low tamnin streins of this species. Such
breeding programs might well be accelerated by some knowledge of the

inheritance of thie tannin complex. Information such as distribution



of plants for tannin content in the generations following hybridization,
number of genes involved, heritability of tnis characte: ~:d relatios-
ship of taunin countent to other charaeters should prove vary useful in
& breeding program designed to produee lines with lower tannin gontent.
Other cnerscters thet might prove to be of interest in s hreeding pro-
gram are plent height, meturity, plent color, flower eolcr, seed color
and seed 8ize. ‘the inheritenee of these cheracters wae studicd and
similar informstion was obtesined as mentloned above for tawunin content,

Frogrees of 8 breeding program with lLospedeza guneats might be

sccelerated by srowing two generations each year; one in the field and
one in the greenhouse. In many csees both clelistogemous and chasmoga-
mous flowers ere desired in the greenhouse population. uxperience
indicates that this species is very sensitive to phetoPeriodie treat-
mente, and asppears to require & rather narrow range of li.ht to produce
both types of flowers., There have been several indicetions that dif-
ferent strains behave differently when exposed to the esme photoperiod.
It is zlso possible that plants plaeed under a piven photoperiod at
different stages of growth will respond differently. Ia this study the
effects of various photopericds on plent growth, total seed production,
proportion of seed produced by cleistogamous and chasmozemous flowers,
date of blooming, =snd tannin content of ths iesves were determined.

In & breeding progrem coneerned with tannin content of sericea
lespedega & relatively short method of tannin esnelyeis is needed., It
ig desirable to use a method with which e relatively larze number of
gsall esumples can be anelyzed, 3ince the tannin in lespedeza is alwost

entirsly of the catechol clase, the formsldehyde-hydroghloric seid

precipitate wethud described by Clarke, Frey and Hyland (3) appears



to he a relisble msthod. The fast must be kept in mind, hovever, that
thie métﬁod §1e1ds oﬁnciﬁténﬂly higher results than the effieiﬁl hide
powder method of tennin analysis.

Extraction of the:tannin is very difficult when ueing emall
sanmples, Stittl indicated satisfastory extrastions of tanrnin from

Lespedeza cuneata by refluxing one-gram samplee in Smalley extrametion

tubes for sixteen hours with 100 ml., of hot water. Under ocur condi-
tions this method produced varying results. Variatione of such feetors
a8 circulation of water through the sample, rate of percolation, tem-
perature of extracetion water, and prolonged heating of the extraet
solution were believed to affect the azcunt of tannin extracted from
the semple. The effecte of these factors, along with various methods

of tannin extraction, were investigated.

1 This method wae desoribed by Dr. R, B, 8titt, Assos. Agronumiset
of the Montana Agricultural ixperiment- Gtation, Bogzeman, Montana, by
eorrespondence of Hay 9, 1950.



REVIEW OF LITERATURE

Inheritance Studies

The value of serices lespedeza for feeding livesetock hes received
conslderable attention and resuite of varioue trials have eonflicted,
In 1935 Pietere (22) steted: "It is clear that hay from Lespedeza
pericea 1s palatable but how the feeding vaiue will compare with alfal-
fa we do not yet know.' He reported thet cattle snd eheep grazed
sericea resdily, though in a few instancees ecattle refused to graze the
plante early but grezed them lster in the sesson.

Since thet time triasls have shown that sericea hay end pasture is
not as desirable as some other species for feeding livestock. during
preliminery triale in North Carolina, Grinnels (8) found that cattle
fed sericees lespedeza hay lost conelderable weight, and cows fed
alfalfe hay produced 18,3 percent more milk snd butter than those fed
sericea hay. He coneluded, however, that ite low lime requirement and
ite ability to withetsnd drought are two cullurel churagteristice that
favor eericea in eo:petition with other legumes in that state.

Wylie and Hinton (30) reported that cows consumed less Bericea
hey than mixed alfalfas hay snd produced slighily less milk snd butter
fat, fhe cowe did not seem to relish or #al ae much sericea hay as wase
expected. Hest gains with serices were obtained wien it was fed alone.
idwarde (6) concluded that cericea hay is somewhat unpalatable to ani-
male not aecustomed to it. He pointed out thst the tarnin econtent is
rather high and incresses rapidly ae the plant metures. e est .mated
thst 744 pounds of total digestible nutrisntes were reguired to produce

100 pounds gein in weight for lambs fed sericea lempedeza as compared



to 654 pounds required for those receiving cowpea hay. fthe lambs con-
sumed the hay readily and showed no bad effects as regards health,
appstites, or bowel sction.

Heneon, et al, (12) compared serices lespedeza pasture with per-
manent grass mixture, In 1941 and 1742 aversge beef gaine per sore
were 43 pounds for serices and 104 for permanent grasses. sericea pro-
duced 2,099 pounds of dry forage per acre compared to %0l pounds pro-
ducged Ly the permanent pasture. After four yearse they concluded that
serices by iteelf is not a sslisfactory grasing erop.

Marshell (18) experienced somewhat more favorabie resulis. He
found that large heifere averaged 1,11 and .66 pounds gain daily per
animal in 1945 end 1946 rospectivoiya The difference was atitributed to
unfavorable moisture econditions in 1946,

Unpublished date obtained by Wilkine, et al., of the Bareau of
Plant Industry end Agrieultural - seearcnh Uenter, Sellsville, Maryland,
showed that during a short trial sheep ate over 200 percent more green
forage from a low-tannin strain than from a high-tannin strain of
Lespedeza cuneata.

The poor paletability of sericea has generslly been related to the
high tannin eontent of this species. 1n 19%3 Helm and utheridze (11)
reported that sericea lespedeza containe from 5 to ¥ percent teannin,
which they believed may partly explain why enimsls do not readily graze

the plant, 1In 1936 Ogden (21) stated, "there is an astringent quality
thought to be asscciated with the high tannin content in sericea.” e
fourd from 2.2 to 10.0 percent tannin in plants se determined by a
colorimetrie tsst., In 1939 Clarce, Frey, and Hyland (5 steted, "It is

" evident that sometimes something is present in jespedeza sericea in




sufficlent quantity to lower its palatabllity end interfere with diges-
tion by livestock. Une constituent that might be responsible for these
objectional features is tannin, since it is distasteful and astringent.”
These authors reported that sericea leaves conlained as high as 22 por~~
cent tannin during July, se determined by the formsidehyde-~hydrochlorile
acid preeipitate method of analysis.

The tannin content of serices lespedeza has been found to very
within a single plant when expoged to different envirommentasl condi-
tions. COpden (21) reported that time of year, time of day, and amount
end character of light affeet tennin content. Stitt and Olarke (26)
found that tennin e¢ontent of serigea leaves inereased up to June 30,
then gradually decreased until Septomber £2. 3titt, iyland, and keKee
(28) repvrted thet tannin cénaent varied significantly with soil type.
They aleo suygested differences due to different lizht intensitiee.
Manley and Clson (1?) found that & complete fertilizer decremsed tannin
gontent from 6,7 to 4.> percent. (npubiished results from H. .
Bennett, “issiselppi Agricultural Zxperiment 3tation, aleo show a de-
erease in tennin eontent with fertilization, particularly so with heavy
applications of phosphorus and potsssium.

wven though tannin content of sericea leespedega nas been found to
vary with geveral environmentel fectors, sufficlent evidence has been
obtained to indicate that there are imherent differences present.

Ftitt (€5, reported inherent differences among six ieepedeza cuneata

clonse. ilie coneluded that enough vaeristion wae found in tannin content

80 that selection of clones from different seed sources could be very

effective in isolating clones lower in tannin., Tannin content wase

found to be poeitively correlated with plent height, and, in soume



cases, negatively correlated with leafiness of the plant. sStitt's re-
sults also indicated inherent differences in plant height, number of

shoots, leafiness, dry metter, and yield., Stitt end Hyland (27) found
that tannin content was negstively correlated with protein econtent of

the plant.

Photoperiodic iesponse

fxperimental data concernin: the response of sericea lespedeza to
photoperiod is meager. Pieters, et al. (23) reported that during a one-
month period three plants of the same original size produced 17 inches
of growth under a long deay, 9 inches under & normal day, and 6 inches
under an 8-hour day. No other reeord could be found of photoperiodie
response of this speecies.

lHeKee and idylend (19) pointed out thet length of day or amount of
light available during the flowering sesson way be an important fector
in determining the type of flower produced. 7This wae indicated by the
fact that in the greenhouse during winter months snd shorter days only
apetalous (cleistogamous) flowers were formed, while under longer days
with artificial light some petaliferous (chasmogamous) flowers were
forued.

titt, dylend, and wcKee (208), while conducting a soil type study
in relation to the tannin content of sericea lespedeza, concluded that
variztious in li _ht might have considerable effect on tannin content
of this species.

Two different photoperiod studies have been reported with

wespedeza stipulaeea and .. striata. The first wes conducted by Smith

(24), who found a greast photoperiodie respcnse within both species.

After 57 daye all plants under 7 hours of light had set seed.



Plexts under 17 hours of light had no flowers after 217 deys. uc at-
tompt wes made to determine the eritical photoperiod for these species.
the seoond study concerning these two cpoolies was uwade by dekata (20).
He found that 42 deys after planting ail plants from hoth spucles ex-
posed to 10 and 12 hours of 1lizht set meture seed from cleistoysmous
floware, while plants exposed teo 14 and 16 hours of light were zrowing
vegetetively without sny signe of flowering efter 90 daye. Further
study indicated that the eritical photspariedvfor flowering is approxi-
metely 13.75 houre and photoperiods ;reater than lé.haura will not result
in flowering.

while studylny cleistogamy and development of the embryo sae in

Lespedeza stipulacea, Henson (9) concluded that day length is probably

one fagtor in determining whether the flower ig cleletogamous or chas-

BOZABOUS.

Determination of Tannin Jongent
Atkins and Thompson (2) deseribed a larze number of tests for
tannin, and stated thst ail catechol tearins are precipitated with
formaldehyle in the prssence of hydrochloric seid., (larke, Frey, and

Hylerd (%) showed thet tannin in lespedese cuneata belonge to the

catechol elass by the feet thst it gives an olive-green color with
iron-alum solution and a preeipitate with bromine water, It was eou~
pletely precipitated by hydrochlorie seid and formaldehyde. The method
ased by theee authore involved boiling 50 ml. of extrsot solution with
5 ml, of coneentrated hydrochloriec seld and 10 ml. of 40-percent for-

zaldehyde for 50 minutes under & reflux condenser.



In correepondence, J. S. hogers, :dead of iides, Tannin Jetlerials
and Leatlher Divielon of the fureau of Agriculiural and Indusirial
Chemistry, .. 3. Department of i riculture, discussed briefly e number
of short metihods of tannin enzlysis. iHe pointed out several objectional
features of various colorimetric methods, but said little concerning
the formmldehyde-hydrochloric acid method. iie etated: "Your first
problem will be extraction of tannin., We heve done sune work on a
short extraction method but have no suugestions et present. Boiling
with water removes sbout two-thirds of the tennin as a rule.”

d. H, 3titt of the ontana A.ricultural Lxperiment tetiocrn dis-
cussed by correspondence the extraction method he used after several

years of study with Lespedeza cuneata. Hie msthod eonsisted of placing

5 grams, or as much materisl as available, in & glass Smalley extrae-
tion tube and refluxing for 16 houre with 100 ml, of water.

Several studlies of tennio extrscotion from comercial sources of
tannin have been reported. Bravo (3; was able to show that tannins are
axtracted by s simple solution process, controlled by volume of liquid,
time, teumpersture, and the bulk of msterial to be extracted. Lilbert
(13), working with chestnut wood, oak bar:, Quebracho, and hemlock bark,
concluded thet volume of extraction water, temperature of extraetion
water, and time or durstion of extraetion muet be understood, coordi-
nated, and scientifically controlled for efficient extrsection of tannin.
e pointed out th=t optimum extraetion conditione ere different for
different taunin msterisls, Prolonged heating resulted in a loss of
either tannin or coloring materisl. e found that 85 to 90 percent of

tre tannin was extracted in the first two hours of extraction.
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luvisi end Clarke (14) pointed out tiat each material has an
optimum temperature at which more tannin is extraocted than at eny other
temperature. (avisi and Hogers {(1%5) found that the e.tresction of

tennin from umex hymencsepalus was inoreased by the use of acetone-

water mixturse and emaller particle eize of the sample, but was not
affected by the amnunm'of:ﬁxﬁractive_iol;egtod. The best results were
obtninad with a 50 perecent scetone-water mixture.

In 1928 9“rey and Heed (7) presented s practical glase extractor
for extracting tannin snd stated that raw msterials and similaer pro-
duets often prove troubleecne to extract because ofswelling end clog-
ging of the meterial. A proposed method of tannin extraction was pre-
sented by the American Lesther (hemist's Asscclation (1). Enough
Semple is required to produce 4,00 .25 greme of tannin per liter of
extract solution., The colleetion of two liters of extract in 7 hours
is reg¢ommended. A disgram of the extrasetion tube, along with details

of the method, ies inecluded.



i1

HATERIALS AND ETHODS

Inheritance 3Jtudies

bParentel sMaterial. During the summer of 1951 five plants were

selected from a large spaced planting of seed from various sources.
I'ne five plants were chosen Lu repressnt extremes in several charsc-
ters. The plants eelected to be parental plants along witi brief

descriptions of the cheracteristics sre ss follows:

Plant Grame Percent

heisht - Boed per chasmog~
Plant Tewmnin in Flower B8Seed FPlant matur- 1000 anmous
number content inches color color codor ity seed seed
1-10=-14  low 24 eream green green late 1.18 7.7
5381 high 14 eream purple green early 1.67 6.1
1-10-20 ?g:i““ 27 eream green green medium 1,38 2.6

5-30-7 high 15 purple green purple late 1.57 23,6

1A-62 high 15 cream purple green early 1,68 Q0.8

[OIRSR T

The five plente origineted as single-plant selectione from variocuse

sources. S5eed lote from which each plant wae selected are as follows:

Parent Accession Rumber Origin

1-10-14 P.C. 22986 Commereial seed stock

1-10-20 F.C., 22986 Qommerecial eeed stock

5-30-7 F.C. 17291-p A leafy, purple-flowered selagtion
5-28-1 ¥.C. 23908 Selection from P, T, 32437

1a-62 F.0. 23308 Solesticn from P,I, B2437
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Crossing Technique. 7The crusees were made by hand pollination.

Yo emasculation was used. The wetiwod used was deseribed by Hanson (10),

who worked with Lespedezs stipulacea. In L. cunealm young buds 4 to

6 mm. in len:th were geloected on the female parent, Usually thie ie
one or twe daye before anthesis. 7The corolle of the bud wae eplit with
8 dissecting reedle ard the polien from the male parent dusted on the
stigma. The flowers secleeted for pollen from the male parente were
ccllgeted from 9330 A.%, to 12100 M., dependin; upon the amount of dew
end sunshine. Fresh pollen was collected each day.

A list of the crosses made along with the number of pollinaticns,

nuabers of esed produced, and number of F; plante oibtained is es

follows:
Number of Kumbers Number
Crosses pollinations  of seed  of plants
A - 1-10-14 x 5-33-1 282 93 35
B - 1-10-20 x 530-7 278 58 16
o - 14-62 x 5-30-7 73 14 x

Data were obtained for emch charecter listed above from the Fy
populationa of two of the above erosses, The erosses involving each

character are us foliows:
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Character A B ¢

Tannin content X x

Plent height x x

Flowsr golor x x
Seed color x x
Plant goler x - x
Seed maturity X x
% Clasmogsmous seed x x
Weizht of 1000 seed x x

Methods of Growing Populstions. The Fl soeds were collected,

hulled, 2nd the seed cost of each seed pungtured with a diseecting
medle. Seed “rom crosses A end B were placed in soil in G-inch pots
in the greenhouse Uetober 26, 1351, Because of late maturity of the
female parent the seed of crogs ¢ were planted November 1l2. At the
time the P; eeed were planted mbout 200 self-pollinated seed from each
parent were mlso plented. The first group of Fl and 8, plants were
transferred individually to 3~ or 4-inch pots November 21, The second
group were traneplanted December 4, Cne hundred 81 plante from each
parent ware grown in the greenhouse along with the Fl plante., These
progenies were divided into five replicetions.

Each pot wae fertilized with an equal amount of 5-10-5 fertilizer
January 18 and the plants were clipped off to sbout six inches of
height about a week later. In an sffort to initiste blooming, the
plante were placed under an &-hour day February 6. About one month

later cleistogamous seed were formed, 3Jeed production was scanty,

resulting in rather small # populations.
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All Fp seed were harvested by June 1, at which time the Fy plants
were cut back and transplanted to the field for further study. They
were placed in the fleld in five replicatlons in & randomized bloek
deeign in the same order as they were in the ireenhouse.

The Fy seed and ebout 400 Sy seed or as many as aveilable from each
81 line were seeded in pots sbout June 1. Wnen they reached a height of
one to two inches they were transplanted to individusl thumb pots. They
rexained in the greenmhouse until June 25, at which time they were trans-
planted to the field. ‘They were divided into five replications with
equal numbers in each replication. Plants were spaced two feet apart
in 40-inch rows,

The number of plants in each 8, and Fp population were ee followss
(1-10-14) 250, (1-10-20) 200, (5-38-1) 130, (5-30-7) 250, (1A-62) 250,
(1-10-14) x 5-38-1) 167, (1~10-20 x 5-30-7) 110, and (1A-62 x 5-30-7) 65.
These were smell numbers for F; populatione; however, it is felt that
they definitely give an indication of the type of inheritance involved.
8ince in the case of every charaster studlied hoih extremes were obtained
in the respective Fp population, it is belisved that distributions,
gene number estimations, ete. are sufficiently indicative of sach cross
to warrent consideration. PFigure 1 shows eome of the 8y and F2 plants

growing in the field.



15

Figure 1* A section of the spaced 2 and % plants of
Lespedeza cuneata. The picture was taken September 16,
just before plants began flowering.

Method® of Evaluating Charaetera. 1. Tannin content, fannin
content was evaluated for individual plant® by use of ferric ammonium
citrate. Small stripe of coarse white filter' paper were treated with
a 2.5 percent solution of the compound# On© or two leave© were placed
between the folded strip of treated paper and squeezed with a pair of
smooth-jawed pliers. A piece of nontreated paper of about the same
size was folded inside the strip of treated paper before squeezingto
act as a strainer for chlorophyll and pieces of leaf material. The
juice produces a gray to black spot on the treated paper* the darkness
depending upon the tannin content of the leaves squeezed. The spots
were rated from 1 to 10 by the uses of the ©hart shown in figure 2,

The figures from 1 to 10 do not denote the percent of tarmin but are

merely relative rating®.
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Figure 2. relative densities of ©oloring on filter paper treated with
ferric Ammonium citrate used for evaluating the tarmin content of
Lespadasa cuneata.

This aethod showed a significant correlation with the formaldehyde-
hydrochloric acid and the official hide powder method of tannin analyses*
When used on the same plants grown in the greenhouse and in the field,
highly significant correlation coefficients were obtained between the
two environments. More information is given in the resuitsof this paper,
under Determination of Tannin Content.

2, Plant height. Plant height was recorded in the F* and popu-
lations twice in the greenhouse and twice in the field. The greenhouse
measurements were in millimeters and the field measurements were in
Inches* The Fg and Sg plants were measured only once and were recorded
in inches.

5% Flower color. Flower color was rated from 1 to 5# with 1 being
cream flower® and 5 being purple flowers* Intermediate scores refer to

intermediate flower color. Figure 5 shows small portions of flowering

branches from plants rated fro® 1 to %



Figure JFF Flowering breaches from fir# Laspsdesa
euneata plants shoving reage of flower eolor and
ratings used.

4. Shied eeler. Seed eolor was rated froa 1 to ~ with 1 being
all green seed and $ being all purple seed. Intermediate seores refer
to intermediate proportpions of g.;ee.n and purple seed*

A.Planteolor. Plant color ess also rated froa I tji % with 1
being green plants and 5 being purple piante. Intermediate seores re-
fer to intermediate plant colors. Differencea in plant eolor beearns
evident under cooler temperatures in October*

6% Seed maturity# On Cetober 16 the early maturing parents had
almost entirely matured seed, whereas the late maturing parents had all
green seed and some plants were still blooming# On this day all the

F* plants from both erosses involving this aharaster were intermediate,
having some immature seed and some mature seed in about equal quanti-
ties# The Fg plants showed variations from one extreme to the other)

therefore they were rated from 1 to J on October 16 for seed maturity,

with 1 being all immature seed and § being all mature seed#



7+ Seed #ize. GSeed size was determined by weiphing 300 eleistoge~
mous seeds from sach ¥ and Fy plant. Welights were reported ln yraus
per 1000 gpeeds.

8, Fercent of seed produced from ehaesmogawmous flowers. Approxi-
mataly 500 seed from each plant were examined for eeed produced from
chagmogzamous flowers. The chasmogemous seed were counted and the per-
centage determined.

Methods of Anmlysing Deta. 1., Zetimation of the number of genes

involved., Gene number wae estimated by the use of one of Wright's
formules which was used by pBurton (4) in quantitative inheritance
studies with pearl millet. The formula is as follows:

ge= 229(10-hgh?) PP

g2 _ g2
L3 51
whoeres
h = H-9
P2 - P
9 : .52"};1

Py} = mean of szallest parent

tt

wean of largest parent

-
"

mean of Fl populetion

Fp = wmean of F, population
This formula will furnish an estimstion of the minimum number of
genes controlling the expresslon of & single character if certain
assumptions apply. These saseunptions as outlined by Burton are ss
follows:

a., No linkage existe betwesn pertinent genes.
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b, C(ne parent supplics only plus feotore and the other only minue
factors among those in which they differ.

Ge All genes are equally important.

d. The degree cf dominance of all plus factore ie the same for all.,

6. Mo intersotion exists between pertinent nonallelic genes.

2, Estimation ofAheritnbility. A number of wethode have been used
for scalsulating neritability. They all ar&ldoaignad to estimate the
amount of variztion bresenﬁ dus to genotype of the plants, For the eal-
culetions in this study the formula presented by Mahmud end Kramer (16)

was used. The formaula is as followsi

drz - {P ! d,P
E = 2 21 2 x 100
d
2
vwhere:

o2 = variance of one parent

B
dfz = veriance of other perent

"2
d;? = variance of the F, population

2

%. Correlations. Goffelatien eoef'ficients were calculated between
all cherachere studled in each cross.

4, Frequency distributions. Bar grapus were constructed showing
the percent of plante found in esch ¢lass or rating of the charecters

studied in ths F& poepulations,



Photoperiodic Hesponsee

Ihe triel wae set up to deterxzine tuc beuavier of [espedeza guneata

plants unier the following photoperiods: O hours, 10 hours, 12 hours,
13 hours, 14 houre, 1% hours, and normel day plue ¥ hours at sbout mid-
night, during ihe duralion of this study ilhe natuvel dsy lenytih ranged
from 13.% to 15.1 hours in the latitude of Beltsville, Maryland. Plante
under the firel six photoperiods remsined under natural light for eight
houre each day., The sdditional lighi was furnished by lncandescent
bulbe which produced Irom 100 to 200 foot-candles oi' light on the plants.
Temperature uuring the study ranged f{rom 60° to 900 F.

wight straine were exposed to the different photoperiods. Flants
of seven straine were oblzinsd from S; eeed of single plants selected
st Belteville in 1951, Plarnts of ge. 135 were from cleistogamcus seed
Frowm ¥re J. Be Glrod of the Georgle Lxperiment JZtation, Zxperiument,
Georgila.

A brief description of each strain is as followss

1-10-14 -~ Late maturity, vigorous yrowth, exceiient seed pro-
ducer, low tannin content.
1-10-20 -~ dedium to late weturity, very viorous growth, execel-

lent seed producer, medium low tannin content.

1-25-12 -~ Medium maturity, blooms for a lonz pericd of time,
zed dum vigor, medium tannin content.

5-%0-7 -~ Late maturity, blooms for a leng period of tims, good
vigor, high tannin content,

5~%28-1 -- Barly meturity, poor seed producer, blooms for a short

period of time, fair vigor, high tannin soutent,



1A-62 -~ Very siallar to L-38-1.
Bz24%% -~ ledium maturity, feir eesé producer, good viger,
nigh tannin content.
Ga., 15 -~ late amsturity, good eeed produesr, fair to good
vigor, wedium to low tennin content.
the charecteristics ¢f esch plent were determined under fleld conditions
st Beltsvilie, laryland. It ie possible that some sireins would behave
differontly st other loecaticas.

3ix plernts of esoh sirein were plased in each photopesriod {exeept
the mormal dey plus % hours of light ab night) et & inches, 12 inches,
and 20 inches of growth, which gave & total of 1,008 plants in the
trial. The selfed seed were placed in L-inch pots in the greeuhc.se on
April 15, 1952, and resultant esedlings were transplented singly t¢ in-
dividual 4~insh pots April 30. The piants were allcowed to remsin under
noroel day until iley 5, et wnich time the Z~inch proup was plaged under
the different photoperiode. The li~inch and Z0-inch ;roups wers pluaced
under the diflerent photoperiods June % and June €7 respectively. The
plents were pleged on heud curts snd rolled into and out of eix dark
chembers. Bach chamber wes oquipped with a time swilch sel to govern
the lengih of e given photoupsriod.

Jate occlleeted insluded records of plant height, number of days
from planting to the time chasmogpmous flowere and vlelstogamous seed
first agyaared, total seod érodﬁéti@n per plant, and tannin content of
leaves from plants under selected photoperiods.

Tannin ocontent wae datermined by the ermaldahydu—hydroahlori¢
acid precipitate method. Thie method was briefly diacuesed by Clarke,

Prey, and iiyland (), and gives consistently higher values than the



official hide powder method. It is considersd, however, to make pos-
sible very reliable comparisons among s number of samples. Aecording
to the authors, results may be obteined which are usually about 1.25
times those obtained using the officlal hide powder method. In the
present study tannin was extreacted by the use of sn extraetor described

in the resulte ¢f this thesis. Duplicate l-gram samplee were extracted

and analyeed.

Determination of Tannin Content

Qorreletion of Analytical Methods. Correlation studies among the

ferric ammonium c¢itrate, formaldehyde-hydrochloric eeid, and hide pow-
der methods of snalysis were made. [eafl pamples were tmken similarly
for the various methods st the same time and from the same plante.

Gorrslation coeffisients were cslculated for tannin gontent of
plante grown inm the greenhouse compared with the same plante after
being transferred to the field. Two forms of ferric ammonium eitrate
were tried.

Methods of Extraeting Tannin., Host of the extraction studies were

conducted with lLespedeza cunecate samples harvested during the growing
seasons of 1950 and 1952, For comperison leef eamples from plants of

Lotus corniculstus and Coronilla veria harvested in 1950 and 1932

respectively were analysed. The samples were zround through a 30-mesh
socreen and mixed in a umechanieal mixer.

The methods of tannin extraetion lnvestigated are as follows:

1. Hefluxing the semple in a glass Smalley extrastion tube for 16
hours with 100 ml. of water. Several types of extrestion thimbles were

compared, including alundum thimble, coarse glass thimble, very coarse
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glese thi:ble, and glass thimble with a perfurated plate. in an effort
to control the temperature of the extrastion water, Loth water conden~
sers and air condensers were used. (omparisons were uade belween .D,
l, and 2 gram samples.

2, ﬁnfluxing the samples suepended in s glass thimble with perfo-
reted plste botiom by wire ineide the boiling flask, Une hundred mi.
of water were used. This method wes tried in an effort to maintain the
tempsrature of the ssmple at 100° C. during extraetion. The extraction
timee varied from .5, 1, 2, 5, 8, 16, and 25 hours. Aes in the preced-
ing method, .5, 1, and 2 grem samples were compared.

%, Bolling the sazple in water for 4 and 16 hours. Comparisons
were made of the three sample sizes mentioned sbove, and 4-hour versus
the 16-hour extrastion. In order to avoid splashing of the sample, it
was enclosed in a elosely woven cloth bag.

b, Delivering the extrset solution from the extraction tube by the
use of the official extrastor or by e similarly designed tube. water
wae boliled beneath the extractiontube, which conteined the sample and
which was fitted with either an alr or water condenser. Temperature of
the eample while extrasting, emcunt of water passed through the sesmple,
and filtretion of water through the ssmple were varled, snd the effescts
noted,

The extract solutions obtained by all methods mentioned above were
precipitated with 5 ml. hydrochloric aecid and 10 ml. of 40-percent

formaldehyde. Aliquots of 200 ml. each were precipitated, since very
little difference was found between 50, 100, and 200 millileter por-

tions. The precipitates were boiled for 30 minutes, allowed to cool,
filtered through a fritted-glass crueible, washed with 2-percent H(L

solution, end dried at 110° O, for four hours.



EXPERIMENTAL RESULTS

inheritance Studies

Tannin Content. Two crosses were mede in which plants with a

relatively low tannin gontent were eroseed with plante with a high
tennin eontent. In sross A leavee from the fewale and male plants
eontained 5,3 and 9.0 pereent tannin respeciively asccording to the
official hide powder method of tannin enslysis. In orose B leaves
from the female and male plente contained 6.6 snd 12.0 pereent tennin
respectively. Due to the impossibility of anslyszing ail the Fy plents
by the offiscial method, or even by the hydrochlorie¢ acid-forneldehyde
methed, the plants were given relative retings of their tennin sontent
bassd on the use of ferries smmonium sitrate peper, This method is
degaribed in the materisle and methods seetion of this paper.

Pigures 4 and 5 show the distribution of Py plants for tannin
sontsnt as scored by the ferric ammonium citrate method. Nore varia-
tion wae found in the P, populations for tannin content than in the
selfed or !i populations. By comparing the distributionof the verious
populations, one will notice that the majority of the F; and Fy popu-
latione of both corosses lie between the selfed populstions of the
parental plants. Of the 167 F, plants in eross &4 7, 50, 92 and 15
were scorved 5, 6, 7 and & respeotively; while in e¢ross B, which had
110 plante in the Fp, 6, 29, 60 snd 15 were scored 5, 6, 7 end 8
respectively.

The evalustions for tannin content were made just before the
plants began blooming. The same type of tannin rating was made on

700 plants when they were in the seedling stage (6-8 inches tall)
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prebloom stage (18-22 inches tall), and blooming stage. Simple corre-
lation coefficlents between these three stages were all significant at
the .05 level, indicating that the relestive tannin content of different
plants is very nearly the same at different stages of growth. As re-
ported before, tannin content of a given plent wes found to inecrease
during the season L0 mid-esason and then decrease sgain. J{bservations
made during the course of this study indicate thet the tannin content
of some straine increased more during the season tnan that of other
streineg. In moet cases tanninemwbent was lower in plants tnet were
stunted and growing very slowly. This was especially true in eeedling
plants., In general the young leaves of & given plant were a little
higher in tennin than older leaves. Chlorophyll in the older leaves
interfered with the tennin teet in some cases; therefore, the younger
leaves were used for this test. The terminal bude appeared to contain
more tannin than any other part of the plant.

Even thouzh seversal environmental factors are kmown to influence
tannin eontent there is no doubt thet it is slso eontroiled to some
extent by hereditary fastors. The estimeted heritability as determined
by using the F, population was 43,0 percent for eross A and 34,0 percent
for eross B, The nuamber of genes involved in tannin inheritaunce was
estimaeted tc be 24 for eroes A and 19 for eroes B. A comparison of the
haritability and gene number for teannln content with that for other
gharacters is given in tables 1 and 2 respectively. Tannin eontent of
plants in the Fy population wes positively correlated with seed color
in oross A. This correlation did not exist in cross B. Ko epparent

relationship existed bhetween tannin content and plant height, maturity,



flower color, plant color, seed size, or percent of chasmogamous seed,
Table 3 gives the correlstion goeffiecients between the varicus charse-

ters studied in L. cuneats.

TABLE 1, Heritability for seven charasters in lLeespedesa cuneata.

Gross*

Character
A B a
Plant height 53.8 59.8
Tannin content 43,0 24,0
Maturity 1.2 89.8
Flower color 93.0 91.7
Plant color 91.% 89.9
Weight of 1000 seeda g1.2 75.3
Percent chasmogemous seed 25.1 36.6

sCroesess A = 1-10-14 x 5-38-1; B = 1-10-20 x 5-50-7; C = 1A~62 x 5-30-7.

TABLE 2. Estimated number of genes involved in the icheritance of

oight characters in Lespedeze cuneats.

Orose*
Character
A B 4]
Plant height 34 13
Tannin eontent 24 19
Meturity 22 10
Flower color 11 8
Plant color 16 12
Seed color 1 1
Weight of 1000 seeds 4
Pereent chasmogamoue sesd 02 58

*0rossess A = 1-10-14 x 5-38-1; B = 1-10-2 x 5-30-T3 © = 1A-62 x 5-30-7.



TABLE J.
populations of Lespedezs cunesta.

Oorrelation coeffleients betwsen several charasters in ¥

GCharaster Groes d
A B g

Tennin content and meturity « 1473 2502
Tannin eontent snd flower oolor JOU39 L1124
Tennin content end plant color . 0824 . 1068
Tannin content and seed color 28644 . 0583
Tannin contendt and weight of 1000 seeds « 0006 1376
Pannin eontent and percent chesmogamous seed .1126 0534
Plant height and tannin content 0565 -.0281
Plant height and maturity 0057 - 5019%
Plant height end flower coler - 0900 -,2429
Plant height and plant eclor .0021 -,0141
Plant height and seed color -« 0176 -.1182
Plant height and weight of 1000 seeds 0348 -.2g22n
Plant height and percent cheemogamous seed 0769  ~.11%
Maturity and flower color 0314
Maturity and plant color -.229%
Maturity and seed color + 53505 AB5Ex*
Maturity and weight of 1000 seeds 252889  Sh2B
Haturity and percent ehasmogamous seed 0719 « 1897
Flower color and plant color L7685%%  ,6379%«
Flowsr ¢olor and ssed color +298%%
Flower golor and weight of 1000 seeds -0409 -.18%6
Flower color and percent chasmogamous seed . 0089 + 0497
Plant color and seed color . 0592
Plant color and weight of 1000 seeds -.2118
Plent color and persent chasmogamous seed 0913 L2962
Seed color end weight of 1000 seeds 2264
Seed color and peroent ghasmogamous seed -.0416 -e2192
Weight of 1000 seeds and percent

chasmogamous esed -.0168 1515

A/Groacoas A= 1-10-14 x 5-38-1; B = 1-10-20 x 5-30-73 ¢ = 1lA-62 x 5-30-7,
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Plant Height. The distributions of Fp plants for pleat height in
erosses A and B ere shown in figures & and 7, The patterns of distri-
bution for the two crosses are very similar. Height measurements were
made in the field while the plants were blooming. The plaunis were
measured from the ground to their highest point without straightening
them. Of the 167 Fg plants in eroes A 4, 12, 34, 68, 43, and § mea~
sured -10, 1i-15, 15-20, 21-25, 26-30, and 304 inches respectively,

In cross B, whieh had 110 Py plants, 5, 13, 22, 39, 27, and 4 meaeured
-10, 11-15, 15-20, 21-25, and 304 inches respectively.

In the field F; plants from oross A were intermediate in growih
type, but were more like the female; in faet, the uean height of the
F, population was greater than the mean helght of the 81 population of
the female parent. In the greemhcuse the sgane ?1 plants, before they
wers transplanted to the fiesld, had growth habits wmueh like the male
parent. Figure 8 shows two representative plants from the F; popala-
tion of cross A. Two plants from esech of the parental lines are shown
with the hybride. It is evident that the 3‘1 plante were very simlilar
to the male plants. All plants in the F, population were very unifora
in type of growih,

After the plants had been cut back end transplanted teo the field,
regrowth of the Fl plants was very similar to thaet of the femsle perent.
Figure 9 showe a typleal !‘1 plant from oross A with a plant from essh
parental line, It is epperent that the hybrid has a coarse main stem
and a branching pstitern much like the female parent. The plant from
the paternal line does not have & single main axis but insteed esends

up numercus branches from the base of the plant.
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In eross B plants of the maternal and paternal lines were very
similer in the greenmhouse. The male parent, however, had larger snd
darker green leaflets. PFigure 10 shows that the F, plents of eross B
are more like the femmle, After these plante wers transplanted 1o the
field they eontinued to resemble the female varent. 1In the field, how-
ever, there was e great difference between the femsle snd nmele perents.

In the Py population of both crosses, when grown to maturity in
the field, segregates were reecovered which appeared identisal to each
parsnt involved. MNost of the progenies, however, were intermediste in
their growth habit and plent height. In the gresnhouse seadling plante
of eross A in the P, populstion alsc showed segregation. Some progenies
were very similar to easch of the parents, while the wmajorily were inter-
wedlate.

The estimated heritability for plant height was 53.8 pereent for
eross A and 59.8 percent for cross B. The estimsted number of genes
involved was 34 for crose A and 13 for crose B. These values are given
in tables 1 and 2, Plant height was not eorrclatqd with any of the
other characters in these two erceses. In a third coross, however,
{(orose C) plant height was negatively correlated with maturity snd seed
gize. In eross C the differsnce in plant height between ths two par-
ents wae small; therefore, the variaticn in the !hrpopulatian was not
studied extensively., The difference appeared to be due primarily to
environmental factors. (orrelation coefficients between plant height
and the other charscters studied are given in table 3.

Maturity. The distributions of Py plante of erosses A and O for

maturity are shown in figure 11. Of 167 F, plants in cross A 43, 47,
50, 18, and 19 were scored 1, 2, 3, 4, and % respeetively; while in
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sross C, which had only 65 Py plante, 28, 13,13, 7 and & were ecored

1, 2, 3, 4, and 5 respsctively. It is evident that in erose ¢ nearly
half of the plants were late to mature, very simllar to the male parent.
In eross A the percentage of plents in clesses 1, 2 and 3 are nearly
squal; however, the majority of the plants tended to be late in metur-
ity. In both crosses plants of Lhe uwalerual, paternsl, and F, popula-
tions were very uniform for meturity. (n Getober 16 the plants seored
5 contained all maturs seed whlle the plante reted 1 had all green

ssed and were still flowering.

HAather high heritability valuee of 91.2 and 8%.8 percent were
obteined for crosses A and ¢ respectively. The number of genes involved
in inheritance of maturity was estimeted to be 22 in ¢rose A end 10 in
eross O. Meturily wes positively reisted to seed coclor and seed sigze
in both cases, and negatively ecorrelated with plant height in eross (.
Katurity wae not correlated with tennin content, filower eolor, plant
color, or percentage of chesmogamous seed.

Flover Oolor. The distributions of F, plants for flower color are

shown in figure 12, Of 103 Fy plents in croes B which were eveluated
for flower color 22, 24, 32, 18, and 7 were seored 1, 2, 3, 4, ard 5
respestively. 1n eroes O, of 48 plants thet flowered 21, 10, 8, 6,
end 3 were scored 1, 2, 3, 4, and 5 respectively. Cross C has & die-
tribvution for flower color very similar to ite distribution for maturity.
The Fi plants of eroes O had flowers that were darker purple than those
of cross B.

The heritability value for flower color was $5.0 percent for
eross B and 91.7 percent for eroes C. This charaster had the highest

percent heritability of the eight sheraeters studied., The number of
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genee involved in inheritanes of flower color waw calcoulated to be 1l
for oross B and 8 for ecrose {. Flower ¢oclor was highly eorrelated with
plent coler in both erosses. In moet oeses the plants with purple
flowers siso developed & purple eolor in their leaves and steme during
periods of low temperature, A positive sorrelstion exieted between
flower solor and esed color in erose O, This reletionehip gould not
exist in oross B since both parents hed green meed. There was no re-
letionship between flower eolor snd tannin content, plant height, ma-
turity, seed sise, or percent chaswogamous seed.

Plant Golor. This charaeter refers to a purple eolor produced in
the leaves and stems of some planta under certain conditions. Figurs B
showe the distributions of F, plants in e¢rceses B and C for this cher-
agter. The distributions are similar for both crosses, with e few wmore
plants in cross ¢ tending toward the femele type. COf 110 plants in
eroes B 14, 24, 46, 19, end 7 were scored 1, 2, 3, 4, and % respectively.

Figure 14 shows & row of 8; plants of 5-30-7 (eenter of pisture)
which turned purple late in the season. The same plante also turned
purple for a short psriod after they were transplanted toc the field,
In the pieture the plants appear to be mature; however, they were not,
It is really a purple sclor that was produced. B&very 8y and 8; plent
of this line, as well as all F; plants where it was used ae a parent,

turned: purple.
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Figure 15* Frequency distribution* of fg plants for plant ecolor
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Figure 14. Bj plants of >50-7 among other
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brownish color appears to be more mature than

other strains* but actually the plant* are still
blooming, and they are a reddish-purple color*
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In the Ik* populations plants were present with various gradations
of eolor, ranging fro® solid green to solid purple, figure 1? shows
two Fg, plants from cross B with different degrees of th© purple color.
In this picture th© shadows have a purplish east; however, some differ-
ence can he seen. By compering the variation in the Fg population with
the variation In the parental lines, plant color was fbund to be con-
trolled about 91.5 percent in cross s and 89.9 percent in cross 0 by
heritable factors. The number of genes controlling this character was

estimated to be 16 for cross 8 and 12 for cross 0,

Figure 1% fwo plants from cross 8
that showed different amounts of
purple color.

Plant color was positively correlated with flower color in both
crosses. It was positively correlated with percentage of ehaemogamous
seed in cross 0. Mo relationship existed between plant color and
tannin content, plant height, maturity, seed color, or seed else.

Seed Color. In orosses A and 0 plants with solid purple seed were

crossed with plants producing solid green seeds. In th© 8" population
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of the purple-secded parents all the seed were purple. In the 85 popu-
latione of the sexne parents, however, some greosn seed wers present.
The 8; plants were older and produced seed earlier in the season than
the 3; plents, The green seed frow the S plants of the -urple-eseded
parents sre probably due to immaturity of the plante. Whon seed pro-
duced by a single 8y plent were ssparsted before hulling into immeture
seed, pertly matured eeed, and well matured seed it was found thet seed
from immature eeed were green, partly matured seed had e purplieh east,
and the well matured seed were dark purple., When seed of some F2 plants
wore peparated in the same wanner the esme scrt of segregatlion existed.
In other Py plants, however, all the sesd were green. The number of F2
pleants in croes A with some purple seed was 102, while the number with
all green ssed was 47. In eroes O thess numbers were 38 and 10 respee~
tively. If plents with any purple seed are considered to carry the
genotype for sclid purple sesd, the failure for all the seed to be
purple may be attributed to lack of meturity of suech eeeda. If seed on
the plante were immsture, it is possible that sowe of the plants which
had all green seed might have possessed genee for purple seed.

Heritability for seed color was not ssloulated since the effect of
maturity was ec pronounced. The number of plants witn some purple seed
wae roughly thres limes the number of plante with all green seed.
In thie caee the genctyps for seed color would be controlied by a
single pair of gzenas,

iIn addition to maturity, seed color was positivaly corrslated with
tannin econtent in croes A and with flower coler in e¢rose C. Ko rela-
tionship existed between seed color end plant hei,nt, plant color,

seed size, or percentege of chasmogeamcus seed.
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Seed Size. Seed size ls expressed by the weight of 1000 cleistog-
amous seed in grams. Figure 16 shows the distribution of seed from Fy
plants for seed weight in crosees A snd C. There was a great difference
in seed size between parente in erces A, but very little difference in
erose 0. Of 148 Fy plants in cross A which formed seed 3, 22, 73, 44,
and 6 produced seed which weighed 1.0-1.2, 1.2-1.4, 1.4-1.6, 1.6-1.8,
and 1.8-2,0 grams per 1000 seeds respectively. In cross G, of 49 Iy
plante O, 10, 22, 15, and 2 produced seed which weighed 1.0-1.2, 1.2-1.4,
1.4-1.6, 1.6-1.8, and 1.8-2,0 respeetively.,

The heritability values of 91.2 pergent for cross A and 75.3 per-
cent for acrose U were obtained. In crose A the estimated gene number
involved wes 4. The number of genes involved in ¢ross ¢ wes not deter-
mined since the difference between parenis was very saell., In both
erosses seed size was positively correlated with maturity., In groes ¢
it ves negatively correlated with plant height. There was no correla-
tion between seed size and the other charasters.

Percentsge of Zeed Produced from Chasmogamous Flowers. 'The dis-

tributions of Fy plente for percentage of chasmogamous seed are shown

in figure 17. 0Of 95 P, plants in erose B, which produced seed, 47, 18,
13, 11, and 6 produced seed whioh conteined -2, 2-4, 4.6, 6-8, and 84
percent chasmogamous seed respectively., Of 51 plante in eross ¢

18, 12, 10, 6, end 5 produced seed which contained -2, 2-4, 4-6, 6-8,

and 8.4 percent chasmogemous seed respectively. In both ercsses B and ¢
the plants had relatively few chasmogamoue seed. This is probably becauss
the planis were transplanted toc the fieid late in the sesson and vere

late in setting seed. At the time the plants were settin; seed, the dey

length was short and the temperature was relstively low. These are two



sonditions which favor esed production from eleistogemous flowers
rather than from chesmogamous flowers. As shown in figure 17 there
was a great difference between the mean percentesge of chasmogamous
seed produced by the meternal and peternal lines of both erosses. It
is felt that the distributions would not have been skewed toward the
femsnle perent as much if the plants had produced seed earlier in the
season.

The percent heritability for thie charaeter was calculated to be
35,1 for cross B and 36,5 for crose 0. An estimated jene number of
102 and 58 were involved in the two crosses respectively. Percentage
of chasmogemous seed was poeitively correlated with plant color in
gross ¢, but wes not correlsted with tennin content, plant height,

maturity, flower golor, or seed size.

Photoperiodie Responses
Plant Growth. The effeet of photopericds of different daily dura-

tions on plent growth was determined by plant heizht mesmsuremente 73
deys sfter planting, Only the 2-inch and l2-ineh groups were measured
since the 20-inch group hed just been placed under different photoper-
iods and showed very little difference emong photoperiodic treatments.
At the time the measuremenis were made, the Z-inch group had been under
the different photopericds for 52 days, while the 12-inech group had been
under different day lengths for 24 days. Table 4 shows the mean plant

height in inches for each strain under each photoperiod.
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TABLE 4. Mean plant heights for eight etrains of [espedesa cunsate

after growing under various photoperiods.*

Plemt height under different lengthe of light pericde

Straine ‘ .
8 hr. 10 hr. 12 hr, 13 hr, 14 hr. 15 hr. Heans
Inches Inches Inghes Inches Inches  Inches Inches
1-10-14 7+5 8.0 10.5% 14,0 14.0 13.5 11,2
1-10-20 23 a3 10.8 15.8 18.% 173 13.5
1-25-12 9.8 7.8 10,3 14,0 15.8 15.% 12.3
5“50"7 8-8 8.5 11.0 l§n§ 1709 15.0 1306
5281 8.3 8.5 9.5 12, % 15.3 155 11.7
1A-62 7.5 T3 T35 10.5 4.5 16.0 10.5
82433 8.3 6.0 2.0 12,5 15.8 14.5 11.9
Ga. 13 7.8 140 8.5 15.% 15.5 15.5 11.7
Heans | &c# 7.3 9.6 15.9 1:}'9 1505 11'7
LeB.D, fors 7 1’
Fhotopericd means 1.0 iff
Strain means 1.2 1.8

* Aversze of plants placed under photoperiods when 2 inches and 12 inches
of helght.
Av incresse of light from 12 to 13 hours had the greatest effect on
growth of the plents. By comparing the means, it is noticed that the
and Ig - Aowi
8~hourltreatments produced similar effects while the l4-hour and 15~hour
treatments produced similar effects. Plents under the other two photo-
periods behaved differently. Wwhen individual strains are considered cone
will find that moet of the strains responded similarly to the means.
Pigure 18 shows the responee of strain 1-10-20 to the different photo-

periode. The planta were placed in the respective photoperiods et

approximately 2 inches of growth.
A very striking difference was seen amony pluuts grown under 12 and
13 hours of light if they were placed under the pholopericds at 2 incuhes

of growth. Thie difference was not so great whem the plants were placed
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under the photoperiods at 12 inches or 20 inches of growth, in & fen
cases strains behaved differently under a given photoperiodj however,

the same trend was noticed in all strains as shown for 1-10-20.

NATURAL

Figure 18. Plants of strain 1-10-20 of Leapedsee cuneata after remain-
ing under seven different photoperiods far 90 days. Plants were placed
under photoperiods at 2 inches of height.



The growth of different strains under two photoperiods ere shown
in figures 19 and 20, The plantO0 were placed under both photoperlode
at 2 inches of growth* The greatest interaction of strains as a result
of a one-hour change in light appeared to be between 15 and 14 hours*
These two pictures of the 15- and 14-hour photoperiods point out the
fact that certain strains behaved differently when placed under differ-
ent daily durations of light* Plante of strain 5-50-1 the smallest

under 15 hours while a plant of the same strain was one of the largest

figure 19* Hants of eight strains of fcsspcdssa suneata placed under
15-hour photoperiod, after 90 days of growth* Plants placed under
photoperiod at 2 inches of growth*
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Figure 20, Plants of eight strains of Lsapedesa cunaata after remain-
ing under a l4-hour photoperiod for 90 days. Plante sere placed under
the photoperiod at 2 inehes of growth.

under 14 hours. Plants of strains 5-30-7 **& 1-25-12 were about the
tallest under 15 hours, but were much shorter in comparison to plants of
the regaining strains under 14 hours. It is very likely that other fac-
tors such as temperature, moisture and soil fertility may also affect
some strains of bespedesa ouaoata much more than they do others.

Plants in the 2-insh, 12-inch, and 20-inch groj.p behaved very dif-

ferently as expected®* ThO differences became smaller ae the daily dura-
tion of light increased. Figure 21 shows some of the differences that

occurred among age groups of plants of strain 5-50-7.
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Figure 21. Plants of strain >-50-7 0" I»**psdeaa ounaata placed under
12-# 1>-| and 14-hour photoperiods at 2# ia" am £d inches of growth
(from left to right under eaoh photoperiod)*

Table > summarizes the effeot of stage of growth when the plants
were placed in the various photoperiods. £faefc value represents the
average of all strains. The number of days that plants of the 2-inch,
12-ineh, and 20-inch age groups remained under the different photoperiods

was 66, ho, and 14 respectively at the time measurements were made.



TABLE 5. Hean plant height of Lespedeza cunsate plants placed under

six photopericds st 2 inches, 12 inches, and 20 inches of

height.*

Photoperiod Plant height when placed in photoperiod
(Houre of 1ight per dey) 2 inches 12 inchee 20 inches

8 2.7 ZeD 20,6

10 2.8 12.% 21.4

12 4.9 14,2 22,1

13 11.3 16.4 22.%

14 14,8 16.8 22,4

15 14,1 16.8 22,8

Mean 8.4 15.0 2.9

* Average of eight strains.

It le apparent thet the eritiesl daily duration of light for flower-

ing is botween 13 and 14 houre., Figure 22 illustrates the striking dif-
ference between plante grown under these two day lengths, The trueck of
plants c¢n the left was exposed to 13 houre of light, while the truck on
the right was exposed to 14 hours. The plants on the bench in the baek-

ground received matural light plue 3 hours of ertifisial light during the

widdle of the night.

Pigure 22 also indicates how the plants were handled in the green-
house. The trueke were left in the greerhouse each day end sach oven-
ing were pushed into various derk chambers equipped with lamps and
eleotrie time switches to supply the additionsl lipght needed to furnish

8 given day length,



Oat# eg Bloomlns, of fcloosing was affected wry greatly fey
different day lengths. Sow "i»im f la aortain i»««i, 414 not felon*
at »U, and only under on* phoioperlod la o”njunotioa iritis on* a**
group 414 they all felooa, table 6 present* the nfinfeer of 4*/* aft«r

planting that shaaeeganou* fle**r* first appeared on th* plants.

figure 22, A eenperieoR of plant* on th* loft
trunk groan under 15-hour photoperiod with plants
on the right trunk grata under 14-hour pheteper*
lode* Plant* sere planed under both pheteperled*
at 12 laehes of height* Plants on the fennels w -
saalanA under natural day* with 5 hours of light
at midnight*
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TABLE 6. Fumber of deye after planting required for first chasmoga-
nous flowere to appeer on plante of eight strains of

Leepedeze guneata under four photoperiods.*

8 hours 10 hours 12 hours 13 hours

Straln —2— 320 2 12 20 2 12 & 2 12 2

inch inch ineh inéh inch inch 4dnch insh ineh  inch ingh inch
1-10-144 x x93 x x 93 x x 9 118 x 18
1-10-20 x x 95 x x 9 x 79 95 73 79 104
1-25-12 «x x x x x x x x 10% 73 8% 10k
>-30-7 x X X x x 9 x 79 95 7 79 101
Se58=1 x x x x x x x x x 118 x x
1A-62 x x x x x x X X x 118 x X
82433 x x 9% x X x x X x 118 x 118
ga. 13 x x 9% x x x x 96 107 118 9% 118

* Plants were plaeod under tﬁo reaspective photoperiod at 2 inches,
12 inches, and 20 inches of height.
x Indicates no flower formstion.

Thie table shows that the majority of chasmogamous flowers were
produced under 13 hours of light. &train 1-10-20 was the moet consist-
ent in producing chasmogamous flowers, followed by strains 5-30-7 and
Ga. 13. GStreins 5-38-1 and 1A-62 produced flowers only under 13 hours
of 1lizht, when started st 2 inches of srowth. The photoperiods of
14 nours, 15 hours, and naturel day plus 3 hours hed not produced
chasmogemous flowers at the close of thie tiiml, 148 deye after seeding,

Cleistogamous fruits were produced about the swume time or siightly
after chaswogamous flowsrs were produced. In soeveral ecases, however,
cleistogamous fruite were produced even though no chasmogamous flowers
were formed. Table 7 shows the conditioms ¢f photoperivd end initial

plent height and number of days required to produce cleistogemous fruit,



TASLE 7. MNumber of daye sfter plsnting required for sleistogamous
fruit to be formed on plants of eight straines of iespedeza

suncata under four photoperiods.®

8 hours 10 houra 12 hours 1% hours

Stradn =TT 207 2 12 20 2 12 20 2 12 20
i.mh inch ineh in¢h inch ineh ineh ineh h}eh j.nch inech mph

1-10-14 =x 83 96 x 8% 96 x 79 104 8 118 118
1-10-20 x 79 96 x 79 96 x 77 9% I3 9 118
1-25-12 x 79 101 x 79 109 x 7% 104 73 9% 118
5=30-7 x 79 95 x 73 96 x 717 96 7 9 118
3.%8.1 x 79 101 x 79 101 x &8 101 73 86 118
1A-62 x 8% 101 x x 101 x 8% 104 77 90 118
82433 x &5 96 x 90 109 x 86 101 $ 90 118
Ge. 13 x 95 96 x 86 101 x 79 101 93 101 118

* Plants were placed under the respective photopericd at 2 inches,
12 inches, and 20 inches in height.
x Indicates no seed formation.

From this teble it is spparent that when the plants were placed
under light periods of 8, 10, 12, or 13 houre at 12 or 20 inches of
growth, ocleistogamous fruit were formed. There were no great differ-
ences smong strains as wes the case in formation of chasmogamous flowers.
At the end of 140 days plants under 14 hours of light and those under
natural day plus D hours of light at night hed produced no cleistoge-
nous seed.

Totml Seed Production. All strains showed great difference in seed

production in response to photoperiodie treatments. Table 8 shows that
most sesds were produced under 13 hours of light, with no great differ-
ences among 8, 10, and 12 hours, gome sirmins produced considersbly
more seed than others. Ge. 13 showed the largest wean yleld, while
1-25-12 and 1A-62 had the smellest. After 148 days no seeds were pro-

duged on plants under 14 hours snd netural day plus 3 hours of l1ight.
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TABLE 8. Total eeed production in grame per plant from eight strains

of lLespedeza cunesata under four photepericde.®

8 nours 10 hours 12 houre 1% hours

Streln —om"2 20 2 12 20 2 12 20 & 12 ao |owne
, inch inch inch inch insh h:;ah ingh ineh {nch ineh inch ineh

1-10-14 x .06 213 x .013 .176 x .08% .187 .00% .553 642 ,209
1-10-20 x ,028 ,178 x ,033 ,152 x .08 .347 (110 .537 .78@ 247
1-25-12 x .00% .031 x .00% .028 x ,032 .032 042 .245 ,542 .106
5—50"? X 0020 0155 x 0055 0252 X 0061 05% 0676 c650 .575 0596
5“'5&"1 x 004 ,021 X .OO‘I' .024 X .00;’5 .088 ‘72!; .028 n251 0125
1A-62 x .001 .031 x x .08% x ,00% .012 .178 .140 .468 .09%
82&55 x x n150 x .00@ ,108 X .QOS -129 0&90 0215 0755 204
Ga. 13 x L0003 -§20 x 007 o}-TR x 177 287 .%28 1.4 1.0% 9457
Means  x .009 .162 x .012 117 x .053 .180 .319 .472 .509
LeBels for:s 5% 1%

Strains 170 .2%0

Paotoperiod x age group .180 ,240

% Plants were placed under the raspective photoperiod at 2 inches,
12 inches, end 20 inches in height,

x Denotes no seed production.

Proportion of Cleistogemous and Chasmogamous Seed. Very few if eny

chasmogamous flowers on any of the plants produced seeds. G&ven the plants
with meny showy flowers produced very fow seed from them. The ohasmoga-
mous flowers dropped off without produeing sesd, The reeson for Pailure
of these flowers to develop into seed is not known; however, seed produc~
tion by chasmogamous flowsers is frequently low under greenhouse conditions.

fennin Content of Leaves. Tannin determinstions were made in dupli-

cate for each composite sample of leaves from six plants. Leaf samples
were taken from the plants August 8, The formaldehyde-hydrochlorie ecid
method of analysie wes used. Table J shows the uean persentage ol tannin
for each strain under light periods of 8, 13, and natural day plus

3 hours.



Ta3iE 9. Fercenteges of tannin in eight strains of iespedess cuneats
srown under taree photoperiods, ss determined by the

hydrochloric agid-formalaehyde methed of analysie.

Hormal dey

Strain 8 nar, 1} hr. plus 3 hr. Kean
1-10-14 2,96 5.5% 8451 5493
1-10-20 Te3% 10,60 12,15 10,05
1-25-12 6468 - 8.67 11,32 8.89
5"’50"7 9095 7&5‘5 120¢ 10.96
5-39-1 756 6,15 15,25 8.98
14-62 5«20 7.93 11.83 8,11
824%% 5.95 10.351 725 8.8%
go, 13 6.78 9.29 15.%4 9.57
Hean 6‘6? Bo§§ 11.50 3.&&
LeZuits fors §§ ‘ 1}%

Strains 2.72 5.?8

Fhotoperiods 1.52 2.12

Betersination of Tennin Qontent

Lorrelation of Analytical kethods. The ofiicial method of extraet-

ing and deterzining the tennin combnt of plente used for somuergisl
sourcoe of tannin requires from 24 to 48 houre. A quantity of meterial
is required which will yleld 4.00 .25 grams of tennin per iiter of

extract, 4ibout 50 to 80 grems of [espedess cuneaia leaves are needed

per determination of thie type. In the isheritance etudy reported in
this paper, nsither tise por plant meterial was evailable for use of
the offieial procedure.

A comparstively short method of teunin englysie has besn used whieh
involves the use of hydroehloris acid and 40 peresnt formaidehyde solu-

tion. A precipitate is produced by thie method which is very steble eund
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probably scontains coupounds from the plant other than tennin. This
method is described in the literature review of this psper. ihie
method, as wes modified, involved a 7-hour weter exitraction and as
little as one graz of plant meterlal was used. The meihod gave con~
stantly higher values than the official method. Un the average tlhe
valuee oblained by the formaldehyde method were 1.72 times lurger than
values obtained from the same samples by the oifficial method. A number
of samples of leaves were taken during the 195¢ growing season and
analyzed by the two methods, The correlation cocefficient obtained be-
tween the two methods was r = .7929. With 15 degrees of freedom this
value is highly sigunifieant. Table 10 presents the values obtained
from 12 of the samples Lhat were analyzed by the two methods, as well

a9 rated by a third method.

TABLE 10. Vealue obtained for tannin content of twelve leafl samples
as determined by the official hide powder method and
formaldehyde-hydrochlorie scid method of analysis as well
a8 @& relative rating by using ferric ammonium eitrate.

ML 5 STV I TR A A SIS SR RN Do 0 2 A 0 SRR Y PR e

Nethod of evaluating tennin eontent

Forualdehyde~
Strain Date Cfficdal  hydrochlorie amcid Tarrie ammonium
sampled method wethod eitrate rating
4A 6/9/52 2.0 14,6 8
20A . 10.0 il.1 8
225 b 8.7 10.9 7
24119 5/11/52 1046 10.2 3
121119 . 3.9 2.1 3
1-30-14 8/13/92 Jed 2.1 2
1“'1“@ " 60} 905 6
5e30-T b 12,0 1543 9
5-38-1 b 8.4 12.4 -]
1A-62 " 5.9 14.7 8
PA-3 * 7.9 9.9 7
Ga. 35 " 8

8,8 1109

&
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Even though the formeldehyde method is much shorter and requires
only a few grame of plant material, about 9 samples per day were all
that eould be snalyzed. GSinee the number of plants to be evaluated for
tannin in the inheritance study was very large, another methed was
tried., It waes not intended to give the actusl percentage of tannin in
the plants, but to give only relative ratinge emong the plantas. Thils
method involved tresting small stripe of paper with & 2.5 percent
solution of ferric ammonium citrate, allowing it to dry and squeezing
e leaf beiween the folded paper. The darkness of the epot produced on
the paper depends upon the tannin content of the leaf. Hatings of some
samples are shown in table 1O0. A correlation gosffieisnt between these
retings and the values obtained by the official method was r = .95238,
which ie highly eignificent with 10 degrees of freedom. The correla~
tion cosfficient between these retings and values obisined by the for-
maldehyde method was also highly significant.

During the inheritance study the problem of whether tennin con-
tent of plants could be mecurstely evaluated in the gresnhouse was
encountered. Two different eorrelation coefficients were obtained

between greenhouse and field grown plents. The plants were grown in
the greenhouse, evaluated for tennin content, and later traneplented
in the fleld; so thet the values were on the same plants. Table 11

gives the correlation coefficlents obtained as well as several other

corralation goefflisiente.
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TABLE 11. Qorrelation ecoefficients betlween several nmethods of

evaluat ing tannin eontent of Lespedeza suneats.

Methode or conditions r
Ride powder ard formaldshyde wethod W T72g%»
Hide powder and ferrie azmonium citrate rating + G258

Formaldehyde method and ferrie ammonium citrate rating (1951) .6600s+
Formeldehyde method and ferric smmonium citrate reting (1952) .8763+%+

Green and brown form of ferric ammonium eitrate o Thl2en
Greenhouse and fleld (ferric emmonium citrate method) 75697
Greenhouse and field (formaldehyde method) By8Ge=

b

“* Highly significent.

Extragtion of Tannin. Six determinstione, using the method de-

scribed on pege 8 under Materiale and Kethods, gave formaldehyde

precipitate values ranging from 6.58 to 6.93 for sample 1-10-20., fThie

range was sonseidered too wide for duplisste determinstions to be ¢on~
sidered asourate. (ne obvious difference among «wo 9ix l-gram semples
during extraction wes the rate of filtration of water through the
samples. In order to deterwine if this had any effect, different type
extraction thimbles and different sized samples were compared.

The resulis obtained are given in table 12.



TABLE 12, ufrecte of differsat extrastion thixbles and different
sizod gamples on ths extrsction of tennin from sample

224-9 of Lespedess cunesbs.

ﬁ forualdshyde precipitate

Type of thimble from o 2-gras sample of 22a-9
Aluwmdus 6458
glese, with coarese fritied glass plate 4,50
Glase, wits gerforated plate 929
LBl Bt L0% lovel 5405
% forseldebyde procipitate
3lse ol ssuple 7 7 @lass thimble, perforated plate
Cu5 grem 11.79
1.0 gram 16,59
2,0 grama P29
LeSielse 8% +05 level 92

From the veluse presented in table 12, it gppesre that 0,%-grem
savples in glase tisiubles with & sevforsted plate ssives tbe prodlea
of extrection. hen six O.9-grem sanples of another sourse (i) were
extrsoted in the glaes thiubles with perforated plates, however, &
rangs of value from £.32 to 14,32 was obtained, Jose other sourse of
varistics eseund Lo s heving en effest. Since the oonstruetion of
the Znalley sstrastion Lube ailows entrancge of stesm caly sl the top,
above Lhe sasple, the sasple tempersture duriug extreotion is well below
100° ¢, In en effurt to weintein the tenpersture of the saspie during
sxtractisn aesr 100° C., the eample was suspended by e wire into the
bolling flask.

Thie mothod is deseribed un page 15 under Materials and Hethods.
The samples vers troated with beiling water before they were plaged inte



the thimbles in an effort to prevent swelliny and formation of air
poskets in the eample during extraciion. Thie eliminsted usost of the
swelling. Different sizes of samples and different lengths of extrae-
tion were coupared in thies meilhcd. The results are presented in

tabie 13.

TABLE 13. COomparisons of different sised samples and different
lengthe of extraction on the amount of tennin extrasted

from cample 4A of Lespedesza cuneata.

LRI i Va0 S TN

% fornaldehyde precipitate

Sise of sample | i6-hour extrestion
0. 5 gren 15' o1
1.0 gram 12,39
2,0 grews 13.18

AR TR A PR U T S e ¥ » - e

% formsldehyde precipitate

iength of extrasction l-gram semple

PO ” Y A e o

05 hr. 7 0#5

1 br. 1.00

2 hr. 10.

5 hr. 1&065

8 nr. 10.86
16 hr. i1 a85
25 hr. 12, 37

LeSoB. at u05 level &025

A e

The velues given in the eige of sample comparison are grester than
thoee given for the sixteen-hour extrastion in the seeond comparison
begzuge in the first group fresh water was pleced in the boiling flasks
after two houre of extraction, This gives slightly higher values.

Three-hour extractiocns from e [otue corniculeatus and & lespedessa

sunesta sample on which hide powder anslyses had been mads gave 4.74

end 7.24 pereent respestively. The hide powder values wers .50 and



10.57 poreent respestively. 8ix 3-hour extractions from sample 224
geve velues ranging from 7.26 to 5,24 percent. Six l6-hour extractions
gave valuee from 10.87 te 14,10 psreent. In a comparison of water con-
densers with air condensers, whlle extracting sample 4A for 16 hours,
wmean valass of 12.75 and 14.53 percent respestively were obtained.

The achems of hoiling the sample in water as described in number ¥
on page 15 under Haterlials and Methods gave very low valuss., O(ne-gram
sarples of waterial that analyszed 5.50 and 10.57 pereent by the hide
powder method gave mean values of 2,18 and 4,12 respectively when boiled
loose in waeter for 16 hours. when the samples were enclosed in elosely
woven cloth bags, these values were increesed to 2,27 and 6.96 pergent
respestively, Because of the very low values obtained, thie nmethod was
not studied further.

Extraction with scetone-water mixtures as described on pegep3 under
Kateriale and Nethods was tried with several samples,

A method us described on page 23 under Haterials and Methods where-
by the extreset solution was delivered from the extraction tube to pre-
vent refluxing wes tried with air eondensers. In this method the
teumperature of the easmple during extraction seemed to affect the com-
pletenees of the extraction. FPour slightly different extrsetion tubee
were coustructed to allow the sample temperatures to vary while the
heater teuperatures were the same. The effects of different tempers-

tures on the extraction efficiency are esncwn in table 14.
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TABLE lh. Effects of sample temperatures during extraction on amounts
of tannin extracted from a ssmple that was determined to be

10.57 persent of tennin by the hide powder method.

Temperature Hls. of water passed % formsldehyde
of sample through sample » ~ precipitate
78° 0. ko 7.90
88° ¢. 4%0 12,65
93° ¢. 450 13.20
100° g. 350 14,76
Le8.D. at .05 level 1.45

Bossuse of the sonstruction of the tubes some of the water sol-
legted was sondensed outside of the extraction thimble at the three
lowest temperatures and did not paes through the sample. It is felt,
however, that at least 350 ml. passed through each sample. Table 15
shows that volume of water had little effeet when the semple tempera-

ture was maintained at 100° O.

TABLE 15. Lffeetl of volume of extraction water on extrmetion of tannin
from a sample which conteined 10.57 pereent tannin when

analyzed by the official hide powder method.

Volume of water padsed % formaldehyde
through ssmple precipitate
390 ml. 14.76
430 wl. 14,90
500 ml. 14,40
520 ml. 14,28
570 nl. 1‘@¢?0

670 ml. 14.99




This method gave by far the higheet and most uniform results of
the methods investigated. An extraction tube was eonstructed which is
similar to the official tannin extraetor exeept thst it is smaller and
better adespted tc szall samples. In comparing the small extrector with
the lerge officlal extraetor, duplicate detemminsiicns in each type of
tube of ssmplee from 13 sourves gave mean tannin perscentages of 9,16
for the official tube and 9,15 for the small tube. These very similar
values were obtained by using l-gram essmples., Larger samples were
tried in the cfficial extractor, but results were unsstisfactory. Omne
liter of water was passed through 25 greme of msterial containing
approximately 15 percent tannin, and a value of 12,28 percent was
obtained. Two liters of water paseed through 50 grems of the same me-

terial resulted in & velue of 11.52 percent. The small extrastor using

l-grem samples gave a mean percentage of 15.09 for the same material.
A pleture of the small extractor is shown in figure 23.

¥ean percentages for esmple 4A ss determined by e aumber of the
modified methods, along with the range of veristions for each are pre-

sented in teble 16,



4 - h#at%> 1 - boiling flash, a - resolving flask, 0 - tfaiabls awl
dallvary tuba of small a*traator, ft - sample rolled in eottoa, ft -
jaskot of oxtractor, and § - air ooadansojr.

FAgure J# Tho apparatus that gov# bast extraction of tannin fro*
1"".padw saaasl.
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TABLE 16. Mean and range of tannin percentages obtained from sauple
4A by seversl methods cf extraction. Extract was anslyzed

by the hydroshlorie¢ asid-formaldehyde method.

Hean fange of

Method pereentage percentages
Reflux, Smslley tube, .5 gm. 10.42 8.22 to 12,32
feflux, sample in steam, 1 gm. 3 hr. 10.55 .0k to 11.48
Reflux, sample in steam, 1 gm., 16 hr. 12.73 11.92 to 14,10
Reflux, esme as above, air condensers 14,55 14.00 to 15,06
Boil sample loose in water for & hr. 11.07 10,46 to 11.60
Boil eample in e¢loth bag for 16 hr. 9,07 8:79 to 9.17
Official extrector, 25 or 50 gm. 11.76 11.%5 to 12.28
¢fficial extractor, 1 gm. sample 14,04 .44 to 15.04
8mwall extraetor, 1 gn., sample 15.85 15.22 to 16.20

LeS.0. at 005 level 1.85

el 2



DISCUBSION

Inheritance Btudies

The inheritsnce studies of several charzeters of iespedezs cuneats

gave soveral indieations of what miyht be expeeted in a breeding pro-
grem with this spoeles. Prodably the most important charaecter studied
was tannin content. This work leaves no doubt thet plante san be seleét-
od whigh ere lower in tieir tannin eortent than the averasge tannin eon~
tont of commercial seed stocks. It was also ludloated thst this
caaracter ean be traceferred by hybrldizetion, and that plante of
varyin; %annin content ean be sslected Trom segregating populstions
following the sroes, It wae slso apparent tnal the inheritance of
tannin content is complex and that genetlis fastors, in sone cases, do
not account for as much varistion as environmental factors. The geanetie
factore iavolved in the inheritance of tennin eontent do not appear %o
be strongly linked with genes controlling other characters studied. The
only evidencse of linkege wiih tannin content was in the ease of seed
color, 1In the Fg populeilon, plants evntaining the least tannin hed
green ssed while plantes higher in tannin had purple sead. Thors were
sone exeepiions to thias, however, and no doubt plante with low tannin
content could be selested which alse have purple seed. This type of
combination might be deeirable for plsoing & marker of eeed color ocn e
low tamnin variety. A few plants wore recoversd in the Py populations

that appeared to have e tannin eonmtent just as low or even lower than

the lower parent. This indieates that the hybridisation of two plante
relatively low in tannin mizht yield new genstic combimations in the

ssgregating generstions thet would have a still lower tannin content.



Plant height appesred te be heriteble in the two erosees studied.
The effocts of non-heritsble factors, however, were quite large. The
heritebility percentages obtained for the two crosses (53.8 end 59.8
parcent ) sagree very well with heritebility veluss obtained for the
seme charscter in soybesns by Weber and ¥oorthy (29). Come evideuce
ef hybrid vigor was preeent in one oroes; however, tule was not true in
the other cross. In the F; populstion following both erosses plants
were present which did not resemble either parent end soue appeared to
be & more desirable type then either parent., %his study indicates that
such characters &s ler;e lesves and inecreased leafiness ean be eombined
with Tine stems to give & more deslrable plant type. From this study
it appeera that by & baeckeross program plant height and growth type
could be combined with any of the other characters studied. The only
slgne of linkege involving plant heizht wes with =zsturity snd seed sisze.
Both ¢f theee czses were in orose ¢ where the differsnce in plant helght
between the psrente wae nol very greet.

Variation of maturity in plente of the W populstions was Cfound to
be priwerily due to herltable faotors. Nelther of the segregating pop-

ulations showed @ norzel distribution. There wers definitely more late
meaturing plarts. The late transplenting of plante to the field probably
explaine why the Py digtributions were skewed toward lste maturity,

Thie skewrees wus much gore pronounced in ercss . &Even thouzh tre
inheritance of maturity appeare to be rather complex, it appears quite
evident from this study that meturity dete esn be trensferred from one

strain to another in Lespedesa guneata. The only charscters closely

related to maturity were seed sise and seed color. These relationships

probably existed becauee on the late plants many seed were immeture whem
the seed were harvested.
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Distributiouns for flower eolor im the Fp populctions were much
like theose for meturity, Plower color does not apreer to be affested
by the age of the plant at lowering time; therefore, the skewness of
thege dietributions are not due to the late treneplenting of the plante
to the fisld. From the Fp distributions cne might thimk that the
greater frequeney of cream flowers wae due to domisence., In the F
gencration, howsver, the flowers were purple, indicating thal purple
is dominant, The inheritance of flower color d4id mod appear 4o be as
complex as zoet of the other onmracters studied end uad the aighest
perceutuge of heritabllity, with the possillc exception cf seed color,
Flower c¢olor wae strongly assoclated with plant color, znd ths inde-
pendent transfer of flower ccler withoul plant color would probably
require largs populstions in generaticns following a cross.

Plapt color varlstions showed up only in early seasom just after
the plants were fransplanted to ihe ficid and in late season whiie the
plaute were bloominge. 1t is guite possible that in reglons wnare seri-
¢sa lespodeza i3 betier adaptéd thig ¢naracteristic sizht nol becous
ovident, In areas wilh a loager growing seeson the plants mi:ht be
mature befors the tomperaturs bscaws low encugh Yo cause foramstion of
the pigment. 7This color was not correlated with tennin content or
growih type and probabiy would have no importange in the use of serices
lespedeza.

Beed color appeared to be conbrolied by one or two gene pairs.
Due to the late maturity of meny Fh plants, it le possible that some
plants had a genotype for purple sesd but tiue phenotype was green be-

cause 2ll ths sesd on ths plant were immature. In the Fy populations

the number of plante with all green seed were about one-third the



number with some purple seed, indicatimg that perhaps one peir of genes
is involved in the inheritance. The purple color referred to is a

solid deep purple. In Leepedezs cuneate seeds are alec preeent which

heve purple mottled seed coats. In the Fy populations of these two
erosses noné of this mottling wae found, indicating thaet perheps thie

is & different set of genetie fastors. Due to the lack of time and the
unimportance of the mottling character its inheritance was not studied
further. The solid purple eolor might be desirable as a marker in an
improved variety of sericea., Thers was some evidence of linkage betweem
seead color and tennin content., In general the plante with purple seed
had a relstively high tannin content; however, there were some excep-
tions, and probably this charascier could be combined in & low tannin
strain.

Seed size is considered e rather important character from the pois
of view that increased seed size will result in increased seedling vigor.
This hes been indicated with serices seesdlinis in the greenhouse. In
general ths seedling vigor of this species is very poor and the estab-
lighment ie very slow. Very little if any uee is nade of the firset
year's growth due to the slow rate of establishment. This study of the
inheritanca of seed size indicates that this character ies sgontrolled
largely by genstie fastors end that the inheritance is rather simple,
involving ebout four paire of genes. There apoears to be no linkage
between seed size end tannin cortent or growth habit., By hybridization
one should be sble to transfer this character to low-tannin lines of
sorlees lespedeza. In this study seed of the large-seeded parent

weighed about 1.7 zrams per 1000 eeeds. Some individual plants have
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beeon seleeted which produce seed that weigh over 2 grams per 1000 seeds.
The weight of an average lot of seed is about 1.4 to 1.5 grams per

1000 seeds.

A character in lespedesa cuneata that is probably not important

egronomically, but which might have some importance in a breeding pro-
gram ie the proportion of seed produced from chasmogemous end cleistog-
amous flowers. In a breedinmg progream gleistogamous flowers provide an
easy way of obtaining selfed seed, while if hybridizetion is precticed
a rather high proportion of chesmogamous flowers are desired. Jeveral
workers have indicated that the proportion of these two types of flow-
ers occurring on a plant is controlled by s number of environmental
faetors. During this study temperature and day length was found to
greatly affect this charseter. ¥hen peversl strains wére grown under
the same conditions a zreat difference in the proportion of the two
tyves of flowsre existed. 3ince two crosses involved parente with
sxtremas of this charaster, sn effort was xsde to determine whether the
charascter ls ipherited. This study indicetes that the proportion of
seed produced by chasmogemoue and cleistogamoue flowers is inherited,
but the inheritsnce is very complex. The heritable portion of the

variation comprised only about onewthird of the total variation.

Fhotoperiodie Hesponse

Lewpedeza cuneate is extremsly sensitive to photoperiocdie treat-

ments. The resulte of this study show mueh varistion in plant growth,
date of blooming, seed production, and tamnin content due to different
longths of day. Plant growth was almoet irhibited by placing plants

under an S-hour day. Very little ineremse in growth was sade with

184507
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10 end 12 hoare of light, In gowe strains plexts under e 13-hour dey
made considerable growih, while plants of olher sirains grew very slowly.
when some of these slow-zrowing strains were given an additional hour

of li-ht the,; grew very rapidly., The differsuce in response of the
different elrainas indiecates that sirains eculd probably be developed
that ere better adapted to & given location., The fact that eome siraine
mede good growth under several photopericds indicates that some sirains
wizht have a wider range of adaptation thaen others.

This study indioates that lespedeza guneata produces chasmogamous

(ehowy ) flowers under about a 13¥-hour dey. GSone straine behave differ-
eatly, but in gereral most streins will probably bloowm under this photo-
period. Likewise, the 1J-hour day seems to faver production of cleie-
togamous flowers of all strsins. Total seed production was also greater
under this day length. There were large differeunces in the ability of
straine to flower end produse seed. These studies were under greenhouse
eonditions, and whether the sawe relative amounts of seed would be pro-
duced under field eonditions is not known.

Tennin content appesared to be affected greatly by different day
lengthe, FPlante grown under three different photoperiode were analysed
for tannin. The mean percentage of tennin in leaves of the eight strains
under 8 hours, 13 houre, snd normal dey plus three hours of light at mid-
night was 6.7, 8.4, and 11,5 respectively. All strains did not beheve the
same under the three photoperiods. By an increase in the day length,
some streins were affected much more than others. This intersstion be-
tween straine and photoperiods indicates thet low-tannin lines might have
to be developed in the area in whigh they are to be used, and also that

palatable linss may be developed more successfully in esome areas than
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in others. ieny other envirommental fsetors will enter into determin-

ing ths tannin cuntent of & glven field of sericea lespedeza.

Dstermination of Tunnin Content

No very accurate shorbt methods nave been deviged for the deter-
minstion of tunnin content in plant meterisl. To date probably the best
method to use j'or single plant selections frow a8 large, veriable popula-
tion ie the relative teet with filler paper treater with ferrie ammonium
eitrate. 1Ihs use of Lhis method could very well be supplemented with
the hydrochloric-acid, formaldehyde wmethod for checiing varioue seleo-
tions aend differences among strains. The ferric sumonium citrate method
dees not give the actuasl peroents e of tannin im & plant but merely the
amount in comparison to other planta. The hydroghloric asid-formalidehyde
method does give a fairly good estimation of the taunin content if the
fact ie wept in mind that It ylelde slightly higher values than the hide
powder wmetihod., If a few samples of the materlal being etudied are ana-
lyzed by the hide powder method & ccnversion faetor can easily be obtained
There ie need for a wore accurate and gonvenlent method of tannin enalysis
with rether small seamples of plaat material. iore informetion is also
needed on the compounds involved in the tannin complex and factors affect-
ing the formation snd breai-down of thie complex.

Une problem ensountered in the hydroshleoric acld-formeldehyde msthod
wae the extraction of tennin from small ssmples of herbaeeous usterial.
Too mueh varistion ocesurred smony seversl detsrminations of the same
sample. hste of percolstion, cireculation of water through the sample,

and temperature of the sample and exirsction water appesred to account



for most of the variation. A emall extrastor wes made that resembles
the official tannin extrastor, except it is better adapted to small
samples. ¥With this extractor veriation smong a number of determina-
tions of the pame sample was redused greatly. Sometimes, however,
there was mere variation than et others. The extrastion of tannin from
suall samples was very erratic but merits improvement.

The determination of tannin eontent of plants growing in the
greenhouse under long deys and rather high temperatures appears to give
& good indieation of the relative tannin content of the plants when
grown under field conditions. Tannin content mppears to remein rela-
tively the same in different straine at different stages of growth.

In a breeding progrem involving tenmnin content of Lespedesa cunsata

the sereening out of high teannin planmts in the greenhouse, while the
plante are 12 to 14 inches of height, before they are transplanted to
the fleld seems to be cne method of ineremsing the number of plante

evaluated,
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SUMMARY

Three crosses were zade between individual plants of jespedesa
¢unaata. Parcnts were selected so that some indigation eould be ob-
tained of inhe inheritance of eijt characters in two different crosses.
In cross A tannin content, plant heignt, maturity, seed color, and seed
sise were involved., In oross B tannin ¢ontemt, plant heignt, flower
golor, plant color and proportion of seed produced from ehassogamous
flowers were studied, J{ross ¢ involved maturity, flower celeor, plent
solor, seed size, and proportion of sead produced [rom chasmogemous
flowers.

The ?h distributions for each character ars given along with the
estimated heritabllity and gene number., Jorrelation cosfficients were
celculated between all characters. Tamauin gontent appears to be inher-
ited with the nuaber of gene pairs involved being about 20 to 25,
Approxizately 40 percent of the variation im the ¥, populations was
aggounted for by heriteble factors. In one eross tennin sontent was
assoslated with seed color., This wes the only indication of linkege
involving tannin eontent. Plant height of mature plants was controlled
by about 34 gene pairs in crose A, while crose B involved about 13
pairs. About 55 to 60 peroent of the variation in the P, was due to
genetie factors. 1In crose C, plant height was negatively correlsted
with maturity end seed size. There was no indication of linkege between
plant height and any of the other e¢harasters. Approximately 90 percent
of the maturity veriation in the Fy populations was sccounted for by

heritable fagtors. The estimated gene number in eroes A was 22 while
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in eross ¢ it was only ten. There was some evidensce of linkege between
waturity and tannin content, seed eolor, and seed size. Inheritance of
color appeared tc invelve about ten pesirs of genes, and ebout 92 to

93 percent of the variation was due to genetic factors. Flower color
was rather strongly linked with plant color, and showed some evidence
of linkege with eeecd c¢olor., Flant color was also correlated with perecent-
age of seed produced from chasmogsmous flowers in ¢ross C. The herite~
bility for plent color was estimsted to be eabout 90 percent, while the
nuaber of gene pairs involved in the inheritance of thie character
appeared to be 12 to 16. The solid purple seed color appeared to be
slmply inherited. HNo plants were found in the P, with a flecked seed

coat which is often present in Lespedesa cuneats. 7Thie indicates that

the solid purple and flecking colors might be controlled by different
gonetic factors. Seed size appeared to be rather simply inherited,
with about four gene paire involved. The heritebility veliues for seed
size were 91 end 75 pereent. The proportion of seed from chasmogamous
flowers was very complex in its inheritanse, with the number of gene
pairs being 10 and 58 for the two crosses. Only sbout 36 percent of
the variation in the Py populations was due to genetic fastors. The
difference in the estimated gene number involved in some of the chareg-
ters between the two crosses indicates that in thie species a given
csharaster might be eontrolled by different sets of genetic faetors,
depending upon the plant material being ecrossed.

lespedesa cuneats was extremely seneitive to various phutoperiods.
Very little plant growth wes obtained under photoperiods under 1% houre.

The 13-hour day gave fair growth and brought about the most flowering



and seed production., The 135-hour photoperiod wee the only trestment

which resulted in the production of chasmogsmous flowers by all elght
strains. Very few, if any,seed were produced by chasmogamous flowers.
The ineresse in day length caused an increase in tannin content of the
leaves. Under 8 hourse, 1% houre and natural day plus 3 houre at mid-
night the mean percentages of tannin in the leaves were 5.7, 8.4, and

11.% pereent respectively. The strains of lespedese cuneate behaved

differently under different photoperiocds.

In a breeding program where a large number of individual plants
are to bo evaluated for tamnin content, the ferric emmonium citrate
method of rating the plante eppesrs to be a desirable method to use.
Another method such as the hydrochloric acid-formaldehyde technique
could very well be used for evelusting strains and varieties. In thie
method the tannin extraction eppears to be the greatest prnbism. In
order to reduce variastion in extrsetion such factors a® psroclation of
extrasction water, temperature of weter and sample, and filtration of
water through the sample miet be kept constant. In an effort to achieve
this goel a szall extractor was developed which greatly reduced this
variation.

From thie study it appeare that plants can be accurately evaluasted
for tennin scontent in the greenhouse. The tannin content is lower under
greenhouse conditions, but appears to remain relatively the same among

plante when grown under field conditions.
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