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INTRODUCTION

X^epedeza cuneata  Don, commonly known ae s e r ie e a  lespedeza o r 

s e r ie e a ,  i s  adapted to  th e  S o u th easte rn  United S ta te s  and th r iv e s  w ell 

on s o i l s  where more d e s ir a b le  p e ren n ia l legumes a re  not adap ted . I t  

makes e x c e lle n t  growth and p ro v id es  abundant fo rage  d u ring  th e  summer 

months. I t  grows w ell on i n f e r t i l e  s o i l s  o f  t h i s  reg ion  and has been 

re fe r re d  to  by many growers a s  Bpoor land a 1 fa  1 f a ,f. I f  grazed o r  cu t 

a t  an e a r ly  s tag e  o f  grow th, i t  p ro v id es  very  le a fy  fo rage  w ith a high 

p ro te in  pe rcen tag e .

Even though t h i s  legume appears  to  have g re a t  promise in  th e  

S o u th easte rn  United S ta te s  a s  a hay , p a s tu re  and s i la g e  crop; th e re  

have been c o n f l ic t in g  re p o r ts  o f  i t s  v a lu e . W*lile some farm ers and 

re sea rch  w orkers re p o rt very  good r e s u l t s  from s e r ie e a ,  th e  m a jo rity  

o f  re p o r ts  have in d ic a te d  poor consumption o f  t h i s  p la n t by liv e s to c k .

The poor p a l a t a b i l i t y  o f  begpedeza cuneata has g e n e ra lly  been 

re la te d  to  i t s  r e la t iv e ly  h igh  ta n n in  c o n te n t. Some p la n ts  have been 

found to  c o n ta in  a s  high a s  2,2 p e rcen t ta n n in  in  t h e i r  leav es  during  

Ju ly  a s  determ ined by th e  form aldehyde-hydroch loric  ac id  p re c ip i ta te  

method o f  a n a ly s is .  Even though ta n n in  co n ten t i s  known to  very  w ith  

season  o f  y e a r ,  l ig h t  in te n s i ty ,  s o i l  ty p e , and s o i l  f e r t i l i t y ;  p re v i­

ous in v e s t ig a t io n s  in d ic a te  th a t  th e re  a re  d if f e r e n c e s  in  ranges o f  

v a r i a b i l i t y  among s t r a in s .

Since p rev ious s tu d ie s  (2*>) have in d ic a ted  th a t  ta n n in  co n ten t i s  

in h e r i te d ,  b reed ing  programs a re  being  i n i t i a t e d  a t  sev e ra l lo c a t io n s  

in  an e f f o r t  to  produce low ta n n in  s t r a in s  o f  t h i s  sp e c ie s . Such 

b reed ing  programs might w ell be a c c e le ra te d  by some knowledge o f  th e  

in h e r ita n c e  o f  t h i s  ta n n in  complex. In fo rm ation  such as d i s t r ib u t io n



o f  p la n ts  fo r  ta n n in  co n ten t in  th e  g e n e ra tio n s  fo llow ing  h y b r id iz a tio n , 

number o f  genes invo lved , h e r i t a b l l i t y  o f  t h i s  ch a rac te r • -.d re la tio n --  

sh ip  o f  ta n n in  oon ten t to  o th e r  c h a ra s te rs  should prove vary u se fu l in  

a b reed ing  program designed to  produee l in e s  w ith lower ta n n in  o o n ten t. 

O ther c h a re c te ra  th a t  s ig h t  prove to  be o f  in te r e s t  in  a breeding  pro­

gram ar© p la n t h e ig h t ,  m a tu rity , p la n t c o lo r , flow er c o lo r , seed c o lo r  

and seed S ize. the in h e r ita n c e  o f  th e se  c h a ra c te rs  was s tu d ied  and 

s im ila r  in fo rm ation  was ob ta ined  as mentioned above fo r ta n n in  c o n ten t.

P rogress o f  a breading  program w ith Lespedeza cuneata  might be 

a c c e le ra te d  by growing two g e n e ra tio n s  each ye&rj one in  th e  f i e ld  and 

one in  th e  greenhouse. In many cases  both eleistogiBBQus and chasmoga- 

moue flow ers ar© d e s ire d  in  th e  greenhouse p o p u la tio n . Ljcperiene© 

in d ic a te s  th a t  t h i s  sp ec ie s  i s  very  s e n s i t iv e  to  p h o to p e rio d ic  t r e a t ­

m ents, and appears to  re q u ire  a r a th e r  narrow range o f  l ig h t  to  produce 

both ty p es  o f  flo w ers . There have been sev e ra l in d ic a tio n s  th a t  d i f ­

fe re n t  s t r a in s  behave d i f f e r e n t ly  when exposed to  th e  seme pho toperiod . 

I t  i s  a lso  p o ss ib le  th a t  p la n ts  p laced  under a g iven  photoperiod  a t  

d i f f e r e n t  s ta g e s  o f  growth w il l  respond d i f f e r e n t ly .  In  t h i s  study th e  

e f f e c t s  o f  v a rio u s  p h o toperiods on p la n t grow th, t o t a l  seed p ro d u c tio n , 

p ro p o r tio n  o f  seed produced by e leistogam ous and chasmogaaous flo w ers , 

d a te  o f  blooming, and ta n n in  co n ten t o f  th e  leaves were determ ined .

In a breeding program concerned w ith ta n n in  co n ten t o f  s e r ie e a  

lespedeza  a r e l a t iv e ly  sh o rt method o f  ta n n in  a n a ly s is  i s  needed. I t  

ie  d e s ira b le  to  use a method w ith  which a r e la t iv e ly  la rg e  number o f  

sm all samples can be analyzed . Since th e  ta n n in  in  lespedeza  i s  alm ost 

e n t i r e ly  o f  th e  c a tech o l c la s s ,  th e  form sIdehyde-hydroeh loric  acid  

p r e c ip i ta te  method d escribed  by Clarice, Frey and Hyland (y ) appears
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t o  be ft r e l i a b le  method* fhft f a c t  must bft kept in  mind, however, th a t  

th i®  method yield®  c o n s is te n t ly  h ig h e r resu lt®  th a n  th e  o f f i e i a l  h id e  

powder method o f  ta n n in  an a ly s is*

E x tra c tio n  o f  th e  ta n n in  i s  very  d i f f i c u l t  when u sin g  email 

sam ples. S t i t t *  in d ic a ted  s a t i s f a c to r y  e x tr a c t io n s  o f  ta n n in  from 

bespedesa cuneata  by re f lu x in g  one-gram samples in  Smalley e x tr a c t io n  

tu b e s  fo r  s ix te e n  hours w ith  100 ml. o f  h o t w a ter. Under ou r condi­

tion®  t h i s  method produced vary ing  r e s u l t s ,  v a r ia t io n s  o f  such f a c to r s  

a s  c i r c u la t io n  o f  w ater th rough  th e  sample, r a te  o f  p e rc o la t io n , tem­

p e ra tu re  o f  e x tra c t io n  w a te r , and prolonged h e a tin g  o f  th e  e x tr a c t  

s o lu t io n  were b e liev ed  to  a f f e c t  th e  amount o f  ta n n in  e x tra c te d  from 

th e  sample. The e f f e c t s  o f  th e se  f a c to r s ,  along w ith v a rio u s  methods 

o f  ta n n in  e x tr a c t io n ,  were in v e s t ig a te d .

* T his method was d e sc rib ed  by fir. 1 . 1 . S t i t t ,  Assoc. Agronomist 
o f  th e  Montaim A g r ic u ltu ra l Experiment 3 ta t io n ,  Bozeman, Montana, by 
correspondence o f  May 9* 1950.
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agvisw o f  un& M Sum

In h e rita n c e  S tu d ies  

The value  o f  s e r ie e a  lespedeza  fo r  feed ing  l iv e s to c k  has received  

co n sid e rab le  a t t e n t io n  and r e s u l t s  o f  v a r io u s  t r ia l®  have c o n f l ic te d .

In  1955 P ie te r s  (22) s ta te d t  MI t  ia  c le a r  th a t  hay from Lespedeza 

s e r ie e a  i s  p a la ta b le  but how th e  feed ing  va lu e  w il l  compare w ith a l f a l ­

fa  we do no t y e t know.H He rep o rted  th a t  c a t t l e  and sheep grazed 

s e r ie e a  re a d ily , though in  a few in s ta n c e s  c a t t l e  refused  to  g raze  th e  

p la n ts  e a r ly  but grazed them l a t e r  in  th e  season.

Since th a t  tim e t r i a l s  have shown th a t  s e r ie e a  hay and p a s tu re  i© 

not a s  d e s ira b le  as  some o th e r  specie® fo r feed ing  l iv e s to c k . During 

p re lim in a ry  t r i a l s  in  North C aro lin a , G rinne ls  (&) found th a t  c a t t l e  

fed s e r ie e a  leepedeza hay lo s t  c o n s id e ra b le  w eight, and cows fed 

a l f a l f a  hay produced 15. J  p e rcen t more m ilk and b u t te r  th an  th o se  fed 

s e r ie e a  hay. He concluded, however, th a t  i t s  low lim e requirem ent and 

i t s  a b i l i t y  to  w ith stand  drought a re  two c u l tu ra l  c h a ra c te r is t ic ©  th a t  

fhvor s e r ie e a  in  ©o p e t i t io n  w ith o th e r  legume® in  th a t  s t a t e .

$yli® and H inton (JO) re p o rte d  th a t  cows consumed le s s  s e r ie e a  

hay th an  mixed a l f a l f a  hay and produced © lig h tly  le s s  m ilk and b u t te r  

f a t .  The cows did no t seem to  r e l i s h  o r  e a t  a s  much s e r ie e a  hay as was 

expected . Best g a in s  w ith s e r ie e a  were ob ta ined  when i t  was fed a lo n e . 

Edwards (6 ) concluded th a t  s e r ie e a  hay is  somewhat u n p a la tab le  to  a n i­

m als not accustomed to  it*  He po in ted  ou t th a t  th e  ta n n in  co n ten t i s  

r a th e r  high and in c re a se s  ra p id ly  as  th e  p la n t matures* He e s t  mated 

th a t  “/44 pounds o f  t o t a l  d ig e s t ib le  nu trien t©  were requ ired  to  produce 

100 pounds g a in  in  weight fo r  iambs fed s e r ie e a  lespedeza  as  compared



5

to  6^4 pound© req u ire d  fo r  th o se  re e e iv in g  cowpea hay. The lambs con­

sumed th© hay re a d ily  and showed no bad e f f e c t s  a® reg a rd s  h e a lth , 

ap p e tite® , o r bowel action*

Henson, ©t a l .  (12) compared s e r ie e a  lespedeza  p a s tu re  w ith per­

manent g ra ss  m ix tu re . In 19^1 and 1942 average b e e f g a in s  per ac re  

were pounds fo r  s e r ie e a  and 104 fo r  permanent g ra s se s . S erieea  pro­

duced 2 ,099 pound® o f  dry  fo rage  per a c re  compared to  901 pounas p ro­

duced by th© permanent p a s tu re . A fte r fo u r years  th ey  concluded th a t  

s e r ie e a  by i t s e l f  i s  no t a s a t i s f a c to r y  gracing crop.

M arshall (10 ) experienced somewhat more fav o rab le  r e s u l t s .  He 

lb and th a t  la rg e  h e i f e r s  averaged 1,11 and .66 pounds g a in  d a ily  per 

anim al in  194-5 and 1946 re s p e c tiv e ly , The d if fe re n c e  wa® a t t r ib u te d  to  

unfavo rab le  m o istu re  condition®  in  1946.

Unpublished d a ta  ob ta ined  by Wilkin®, e t  a t , ,  o f  th e  Bureau o f  

P la n t In d u stry  and A g ric u ltu ra l He search  C en ter, i e l t a v i l l e ,  M aryland, 

showed th a t  du rin g  a sh o rt t r i a l  sheep a te  ev e r 200 p e rcen t more green  

fo rage  from a lo w -tann in  s t r a in  th an  from a h ig h -ta n n in  s t r a in  o f  

tespedeza  cun e a ta .

The poor p a la ta h ility  o f  s e r ie e a  has g e n e ra lly  been re la te d  to  th e  

h igh  ta n n in  co n ten t o f  t h i s  species* In 1955 Helm and &theridge (11) 

rep o rted  th a t  s e r ie e a  lespedeza  c o n ta in s  from p to  9 p e rcen t ta n n in , 

which th ey  b e liev ed  may p a r t ly  e x p la in  why animal® do not re a d ily  g raze  

the p la n t .  In 1956 Ogden (21) s ta te d ,  '‘There i® an a s tr in g e n t  q u a li ty  

though t to  b© a s s o c ia te d  w ith  th e  high tannin co n ten t in  s e r i e e a .“ He 

found from 2 ,2  to  10 .0  p e rcen t ta n n in  in  plant®  aa determ ined by a 

c o lo r im e tr ic  te s t#  In 1959 C la rk e , Frey, and Hyland (5 ) s ta te d ,  HI t  is  

e v id en t th a t  sometimes something i s  p re sen t in  lespedeza  s e r ie e a  in



s u f f ic ie n t  q u a n tity  to  lower i t s  p & ia ta b il i ty  and in te r f e r e  w ith  d ig e s­

t i o n  by l iv e s to c k . One c o n s t i tu e n t  th a t  might be re sp o n s ib le  fo r  th e se  

o b je c t io n a l  f e a tu re s  i s  ta n n in , s in ce  i t  i s  d i s t a s t e f u l  and a s tr in g e n t*

These a u th o rs  rep o rted  th a t  s e r ie e a  leav es  con tained  a s  h igh  as  22 per­

cen t ta n n in  during J u ly , a s  determ ined by th e  fo rm aldehyde-hydroch loric  

a c id  p r e c ip i ta te  method o f  an a ly s is*

The ta n n in  co n ten t o f  s e r ie e a  le sp ed esa  has been found to  vary  

w ith in  a s in g le  p la n t when exposed to  d i f f e r e n t  environm ental condi­

tio n s*  Ogden (21) rep o rted  t h a t  tim e o f  y e a r , tim e o f  day, and amount 

and c h a ra c te r  o f  l ig h t  a f f e c t  ta n n in  c o n ten t. S t i t t  and C larke (26) 

found th a t  ta n n in  co n ten t o f  s e r ie e a  leav es  in c reased  up to  June JQ, 

th e n  g rad u a lly  decreased  u n t i l  September 22. S t i t t ,  Hyland, and McKee 

(28) rep o rted  t h a t  ta n n in  co n ten t v a r ie d  s ig n i f ic a n t ly  w ith s o i l  ty p e . 

They a lso  suggested  d i f f e r  m e e t  due to  d i f f e r e n t  l i g h t  i n t e n s i t i e s .  

Manley-and Cleon (1?) found th a t  a com plete f e r t i l i z e r  decreased  ta n n in  

c o n ten t from 6 .7  to  4 .y  p e rc e n t, Unpublished r e s u l t s  from  H. tf. 

B ennett, M iss is s ip p i A g r ic u ltu ra l  Experiment S ta t io n , a lso  show a de­

c rease  in  ta n n in  co n ten t w ith  f e r t i l i s a t i o n ,  p a r t i c u la r ly  so w ith heavy 

a p p l ic a t io n s  o f  phosphorus and potassium*

uven though ta n n in  co n ten t o f  s e r ie e a  leepedesa  has been found to  

vary  w ith s ev e ra l environm ental fac to r© , s u f f ic ie n t  ev idence has been 

o b ta in ed  to  in d ic a te  th a t  th e re  a re  in h e ren t d if f e r e n c e s  p re se n t.

S t i t t  ( 2 5 ) rep o rted  in h e ren t d if f e re n c e s  among s ix  hegpedeaa cuneata  

c lo n e s . Be concluded th a t  enough v a r ia t io n  was found in  ta n n in  con ten t 

so t h a t  s e le c t io n  o f  c lo n es  from d i f f e r e n t  seed sources could be very 

e f f e c t iv e  in  I s o la t in g  c lones low er in  ta n n in . Tannin co n ten t was 

found to  be p o s i t iv e ly  c o r re la te d  w ith  p la n t h e ig h t ,  and, in  some
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c a se s , n e g a tiv e ly  c o rre la te d  w ith le a f in e s s  o f  th e  p la n t .  S t i t t ' s  r e ­

s u l t s  a lso  in d ic a ted  in h e ren t d if f e r e n c e s  in  p la n t h e ig h t, number o f  

sh o o ts , le a f in e s s ,  dry  m a tte r , and y ie ld *  S t i t t  and Hyland (27) found 

th a t  ta n n in  co n ten t was n e g a tiv e ly  c o r re la te d  w ith  p ro te in  co n ten t o f  

th e  p la n t .

P h o to p erio d ie  Response 

Experim ental da ta  concerning th e  response o f  s e r ie e a  lespedeza  to  

photoperiod  i s  meager. P ie te r s ,  e t  a l .  (2^) rep o rted  th a t  du ring  a one- 

month period  th re e  p la n ts  o f  th e  same o r ig in a l  s iz e  produced 17 inches 

o f  growth under a long day, 9 inches under a normal day, and 6 inches 

under an 8-hour day. No o th e r  record  could be found o f  p h o to p e rio d ic  

response o f  t h i s  species*

McKee and Hyland (19) po in ted  o u t th a t  len g th  o f  day o r amount o f  

l ig h t  a v a ila b le  d u rin g  th e  flo w erin g  season may be an im portant f a c to r  

in  determ in ing  th e  type  o f  flow er produced. This was in d ic a ted  by th e  

f a c t  th a t  in  th e  greenhouse d u ring  w in te r  months end s h o r te r  days only 

apetalou©  (c le is to g am o u e) flow ers were formed, w hile under longer days 

w ith  a r t i f i c i a l  l ig h t  some p e ta l i f e r o u s  ( ehaemogaeaous; flow ers were 

formed.

S t i t t ,  Hyland, and McKee (2 8 ) , w hile conducting a s o i l  type study 

in  r e la t io n  to  th e  ta n n in  co n ten t o f  s e r ie e a  le sp ed eza , concluded th a t  

v a r ia t io n s  in  l i , h t  might have co n sid e ra b le  e f f e c t  on ta n n in  co n ten t 

o f  t h i s  sp e c ie s .

Two d i f f e r e n t  photoperiod s tu d ie s  have been rep o rted  w ith 

Lespedeza s t ip u la c e a  and ^  s t r i a t a . The f i r s t  was conducted by Smith 

(2 4 ) , who found a g re a t p h o to p e rio d ic  response w ith in  both sp e c ie s .

A fte r 57 days a l l  p la n ts  under 7 hours o f  l i g h t  had s e t  seed.
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Plant® under I f  boars o f  l ig h t  had m  flow ers  A fter 217 days, m  At­

tem pt was made to  determ ine th e  c r i t i c a l  photoperiod fo r  theee species* 

The second study concerning theee two sp ec ie s  w a s  made by HafcAta (2 o ) .

He found th a t  42 days A fte r  p lanting a i l  p lan ts from both sp e c ie s  ex­

posed to  10 and 12 hours o f  l i g h t  s e t  m ature seed from oleistogam oue  

f lo w ers , w hile p la n ts  exposed to  14 and 16 hours o f  l ig h t  were growing 

v e g e ta t iv e ly  w ithou t any sign*  o f  flow ering  a f t e r  days* F u rth er 

s tudy  in d ic a ted  th a t  th e  c r i t i c a l  pho toperiod  fo r  flowering i s  ap p rox i­

m ately  15 * 7 5  hours and photoperiod# g re a te r  than 14 hour© w ill  no t r e s u lt  

in  flow o r  inn*

While s tudying  © leistogasty and developm ent o f  th e  embryo sac in  

Leapodeza s t lp u ia e e a , Hanson (9 )  concluded th a t  day len g th  i s  probably  

one fa c to r  in  de term in ing  w hether th e  flow er i s  eleietogam ous o r chas- 

mogamoue.

D eterm ination  o f  fa n n in  Concent

A tkins and Thompson (2 ) d esc rib ed  a la rg e  number o f  t e s t s  fo r  

ta n n in ,  and s ta te d  th a t  a l l  c a te c h o l tannine a re  p recip ita ted  w ith 

formaldehyde in the presence o f  h y d ro ch lo ric  said* Gierke, Frey, and 

Hyland (5 ) showed th a t  tannin  in  bespedeaa cuneata belong® to  th e  

c a te c h o l c la s s  by th e  f a c t  t h a t  i t  give® an o liv e -g reen  co lo r w ith  

lron-alum s o lu tio n  and a p r e c ip i ta te  w ith  bromine w ater. I t  was eom* 

p la te ly  p rec ip ita ted  by h y d ro c h lo ric  ac id  and form aldehyde, th e  method 

used by th e se  author® Involved b o ilin g  5® ml. o f  extraot so lu tio n  w ith 

5 ml. o f  co n cen tra ted  h y d ro c h lo ric  ac id  and 10 ml* o f  40-pereent for­

maldehyde fo r 50 m inutes under s. reflux, condenser.
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In correspondence, J .  S. nogers, Head o f  H ides, Tannin M a te r ia ls  

and L eather D iv is io n  o f  th e  Bureau o f  A g r ic u ltu ra l and In d u s tr ia l  

C hem istry , j ,  3. Department o f  A g ric u ltu re , d iscu ssed  b r ie f ly  a number 

o f  sh o rt methods o f  ta n n in  a n a ly s is .  He p o in ted  ou t se v e ra l o b je c t io n a l 

fe a tu re s  o f  v a rio u s  c o lo r im e tr ic  methods, but sa id  l i t t l e  concerning 

th e  fo rm aldehyde-hydrochloric  acid  method. He s ta ted *  wfou r f i r s t  

problem w il l  be e x tr a c t io n  o f  ta n n in . We have done some work on a 

sh o r t e x tr a c t io n  method but have no su g g estio n s  a t  p re se n t. B o iling  

w ith  w ater removes about tw o - th ird s  o f  th e  ta n n in  a s  a ru le .*

H. S. S t i t t  o f  th e  /ontana A g ric u ltu ra l Experiment S ta tio n  d i s ­

cussed by correspondence th e  e x tra c t io n  method he used a f t e r  s e v e ra l 

y e a rs  o f  study  w ith  Lespedeza cu n ea ta . Hie method co n sis ted  o f  p lac in g  

5 grams, o r as much m a te ria l a s  a v a i la b le ,  in  a g la s s  Smalley e x tra c ­

t io n  tube  and re f lu x in g  fo r 16 hours w ith  100 ml, o f  w ater.

S evera l s tu d ie s  o f  ta n n in  e x tr a c t io n  from commercial sources o f  

ta n n in  have been re p o rte d . Bravo ( J ) was ab le  to  show th a t  ta n n in s  a re  

e x tra c te d  by a sim ple s o lu t io n  p ro cess , c o n tro lle d  by volume o f  l iq u id ,  

tim e , tem p e ra tu re , and th e  bulk  o f  m a te r ia l to  be e x tra c te d . H ilb e r t  

(1 5 ) , working w ith c h es tn u t wood, oak bard:, Quebracho, and hemlock bark , 

concluded th a t  volume o f  e x tra c t io n  w ater, tem p era tu re  o f  e x tra c t io n  

w a te r , and tim e o r d u ra tio n  o f  e x tra c t io n  must be understood , c o o rd i­

n a ted , and s c i e n t i f i c a l l y  c o n tro lle d  fo r  e f f i c i e n t  e x tra c t io n  o f  ta n n in . 

H.e po in ted  out th a t  optimum e x tra c t io n  co n d itio n s  a re  d i f f e r e n t  fo r  

d i f f e r e n t  ta n n in  m a te r ia ls . Prolonged h e a tin g  re s u lte d  in  a lo s s  o f  

e i t h e r  ta n n in  o r c o lo rin g  m a te r ia l .  ie found th a t  85 to  90 p e rcen t o f  

th e  ta n n in  was e x tra c te d  in  th e  f i r s t  two hours o f  e x tra c t io n .
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L uv lsl snd 01ark.e ( l4 )  p o in ted  out t h a t  each m a te r ia l ha a an 

optimum tem peratu re  a t  which more ta n n in  la  e x tra c te d  th a n  a t  any o th e r  

tem p e ra tu re , L uvisi and Hager* ( 15) found th a t  th e  e x tra c t io n  o f  

ta n n in  from Husex hymeno sep a l us was in creased  by th e  use o f  ace to n e - 

w a ter m ix tu res  and sm alle r p a r t i c l e  e ls e  o f  th e  cample, but was n o t 

'a ffected  by th e  amount o f  e x t r a c t iv e  c o l le c te d .  The b est r e s u l t s  were 

o b ta in ed  w ith a 'jO p ercen t sce to n e -w a te r m ix ture.

l a  1923 s’rey  and heed ( 7 ) p resen ted  a p r a c t ic a l  g la s s  e x t r a c to r  

fo r  e x tra c t in g  ta n n in  and s ta te d  th a t  raw m a te r ia ls  and s im ila r  p ro ­

d u c ts  o f te n  prove troublesom e to  e x tr a c t  because o fsw e llin g  and c lo g ­

g ing  o f  th e  m a te r ia l .  A proposed method o f  ta n n in  e x tr a c t io n  was p re ­

sen ted  by th e  American L eather Chemist* s A sso c ia tio n  (1 ) .  Enough 

Sample I s  req u ired  to  produce 4*00 £  *25 grams o f  ta n n in  per l i t e r  o f  

e x t r a c t  s o lu tio n . The c o l le c t io n  o f  two l i t e r s  o f  e x t r a c t  in  7 hours 

is  recommended. A diagram  o f  th e  e x tra c t io n  tu b e , along w ith  d e t a i l s  

o f  th e  method; i s  Inc luded .
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MATERIALS A m  KSTHOOS

In h e rita n c e  S tu d ies

P a re n ta l M a te r ia l♦ During tb s  summer o f  19pl f i r s  p la n ts  were 

© elected from a la rg e  ©paced p la n tin g  o f  seed from v a rio u s  so u rces . 

The f iv e  p la n ts  were chosen to  re p re se n t extrem es in  s e v e ra l ch arac­

te rs *  The p la n ts  se le c te d  to  be p a re n ta l  p la n ts  along w ith b r i e f  

d@ script ions o f  th e  c h a r a c te r i s t i c s  ar® a s  fo llow s!

P lan t
number

P la n t 
h e ig h t 

Tannin in  Flower 
oon ten t in ches c o lo r

■u:,8eed 
Seed P la n t m atur- 
c o lo r  c o lo r  i ty

Crams
per
1000
eeed

P ercen t
ehaemog-
amous
seed

1-10-14 low 24 cream g reen  g reen  l a t e 1.18 7 .7

5-58*1 high  14 cream p u rp le  g reen  e a r ly 1.67 6 .1

1-10-20 medium ****** low ' cream g reen  g reen  medium 1.58 2 .6

9-50-7 h igh  15 p u rp le g reen  p u rp le  l a t e 1.57 2% 6

1A-62 h ig h  15 eream p u rp le  g reen  e a r ly 1.68 0 .8

The f iv e  p la n ts  o r ig in a te d as s in g le -p la n t  s e le c t io n s  from v a rio u s

so u rces . Seed lo t s  from which each p la n t was s e le c te d a re  as f o l l O W S t

P aren t A ccession Number O rig in

1-10-14 P.O. 22956 Commercial seed s tock

1-10-20 P.O. 22986 Commercial eeed stock

5- 50-7 P.O. 17291-P A le a fy , pu rp le -flo w ered  e e la c tio n

5-56-1 P.O. 25908 B e lec tio n  from p , 1. 82457

1A-62 P.O. 25908 S e le c tio n  from P . I , 82457
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C rossing Technique. The c ro sse s  were made by hand p o l l in a t io n .

Ko em ascu lation  was used* The m ethod'usad was d esc rib ed  by Hanson (10), 

who worked w ith begpadsga a t ip u la o e a . In  L* cuneata  young buds 4 to  

6 mm. in  leng th  ware s e le e te d  on th e  fem ale p a re n t. U sually  t h i s  i® 

on# or  two day® b efo re  an th esie*  The c o ro lla  o f  th e  bud wa® s p l i t  w ith 

a d is s e c t in g  need le  a id  th e  p o lle n  from th e  sal® p a re n t dusted  on th e  

s tigm a. The flo w ers  s e le c te d  fo r  p o lle n  fro® th e  male p a re n ts  were 

c o lle c te d  fro® 9*5® A.M. to  12*00 M., depending upon th e  amount o f  dew 

and sunshine* Fresh p o lle n  was c o lle c te d  each day.

A l i s t  o f  th e  c ro sse s  made along w ith  th e  number o f  p o llin a tio n s*  

numbers o f  seed produced, and number o f  plant®  ob ta ined  i s  a s  

follow s*

C rosses Humber o f  
p o l l in a t io n s

lum bers - 
o f  seed

Humber 
o f  p la n ts

A -  1-10-14 X  > 3 6 -1 262 95 55
g -  1- 10-20 x > 50-7 276 5§ 16

0 -  U -6 2  X  > 5 0 -7 75 14 5

Data were ob ta ined  fo r  each c h a ra c te r  l i s t e d  above fro® th e  Fg 

p o p u la tio n s  o f  two o f  th e  above c ro s se s . The c ro sse s  in v o lv in g  each 

c h a ra c te r  a re  a s  follow s*
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O h araste r A I 0

Tannin co n ten t X X

P la n t h e ig h t X X

Flower c o lo r X X

Seed e o lo r X X

P la n t c o lo r X X

Seed m a tu rity X X

% Olasiaogemous seed X X

Weight o f  1000 eeed X X

Methods o f  growing P o p u la tio n s . The seeds were c o l le c te d ,

h u l le d ,  and th e  seed c o s t o f  each seed punctured w ith a d is s e c t in g

needle . Seed from c ro sse s  A and d were p laced in  s o i l  in  6- in c h  p o ts

in  th e  greenhouse O ctober 26, 1951* Because o f  l a t e  m a tu rity  o f  th e

female p a ren t th e  seed o f  c ro s s  0 were p lan ted  Sovember 12. At th e

tim e th e  seed were p la n te d  about 200 s e l f - p o l l in a te d  seed from each 

p a re n t were a lso  p la n te d . The f i r s t  group o f  F^ and plant®  were 

t r a n s f e r r e d  in d iv id u a lly  to  5“ o r  4 -in ch  pot® November 21. The second 

group were tra n s p la n te d  December 4 . One hundred plant©  from each 

p a re n t were grown in  th e  greenhouse along  w ith th e  p la n ts .  These 

p ro g en ies  were d iv ided  in to  f iv e  r e p l ic a t io n s .

Each po t was f e r t i l i z e d  w ith  an equal amount o f  >-10-5 f e r t i l i z e r

January  18 and th e  p la n ts  were c lip p ed  o f f  to  about s ix  inches o f

h e ig h t about a week l a t e r .  In an e f f o r t  to  i n i t i a t e  blooming, th e

p la n ts  were p laced  under an 8-h o u r day February 6 . About on® month

l a t e r  c leistogaraous eeed were formed* Seed p ro d u c tio n  was scan ty , 

r e s u l t in g  in  r a th e r  sm all p o p u la tio n s .
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A ll Fg eeed were h a rv ested  by June 1, a t  which tim e th e  p la n ts

were cu t back and tra n sp la n te d  to  th e  f i e ld  fo r  f u r th e r  s tudy . They 

were placed  in th e  f i e ld  in  f iv e  r e p l ic a t io n s  in  a  randomised block, 

d e s ig n  in  th e  same o rd e r a s  th ey  were In  th e  greenhouse.

The Pg seed and about 400 Sg seed o r  a s  many a s  a v a ila b le  from each 

BX l in e  were seeded In  p o ts  about June 1. When th e y  reached a h e ig h t o f  

on® to  two inches they  were tra n s p la n te d  to  in d iv id u a l thumb p o ts . They 

remained in  th e  greenhouse u n t i l  June 25 , a t  which tim e they  were t r a n s ­

p la n te d  to  th e  f i e ld .  They were d iv id ed  in to  f iv e  r e p l ic a t io n s  w ith 

equal numbers in  each r e p l ic a t io n .  P la n ts  were spaced two fe e t  a p a r t  

in  4 0 -in eh  rows.

The number o f  p la n ts  in  eaeh Sg and Fg p o p u la tio n  were a s  fo llow s t 

(1 -1 0 -1 4 ) 2^0, (1 -10 -20 ) 200, (5 -3 6 -1 ) 150, (3 -5 0 -? )  ^ 0 ,  (1A-62) 2>0, 

(1 -1 0 -1 4 ) x 5 -58 -1 ) 167, (1 -10-20  x 5 -5 0 -7 ) 110, and (1A-62 x > 3 0 - 7 )  65 . 

These were small numbers fo r  Fg p opu la tions}  however, i t  i® f e l t  th e t  

th e y  d e f in i t e ly  g ive  an  in d ic a t io n  o f  th e  type  o f  in h e r ita n c e  invo lved . 

S ince in  th e  case  o f  every  c h a ra c te r  s tu d led  both extrem es were ob ta ined  

in  th e  re s p e c tiv e  Fg p o p u la tio n , i t  ia  b e liev ed  th a t  d i s t r ib u t io n s ,  

gene number e s tim a tio n s , e tc .  a re  s u f f ic ie n t ly  in d ic a t iv e  o f  each c ro ss  

to  w arran t c o n s id e ra tio n . F igure 1 shows some o f  th e  Sg and 1*2 p la n ts  

growing in  th e  f i e l d .
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Figure 1* A s e c tio n  o f  th e  spaced F2 and %  p la n ts  o f
Lespedeza cu n ea ta . The p ic tu re  was tak en  September 16,
ju s t  befo re  p la n ts  began flo w erin g .

Method® o f  E va lu a tin g  C h arae te ra . 1. Tannin c o n te n t, fan n in  

c o n ten t was ev a lu a ted  fo r  in d iv id u a l plant®  by use o f  f e r r i c  ammonium 

c i t r a t e .  Small s t r ip e  o f  coarse  w hite  f i l t e r '  paper were t r e a te d  w ith  

a  2 .5  p e rcen t s o lu tio n  o f  th e  compound# On© o r two leave© were p laced  

between th e  fo lded  s t r i p  o f  t r e a te d  paper and squeezed w ith a  p a ir  o f  

smooth-jawed p l i e r s .  A p iece  o f  n o n trea ted  paper o f  about th e  same

s iz e  was fo lded  in s id e  th e  s t r i p  o f  t r e a te d  paper befo re  squeezing to

a c t  a s  a s t r a in e r  fo r  ch lo ro p h y ll and p ie c e s  o f  l e a f  m a te r ia l .  The 

ju ic e  produces a gray to  b lack  spo t on th e  t r e a te d  paper* th e  d a rk n ess  

depending upon th e  ta n n in  co n ten t o f  th e  leav es  squeezed. The sp o ts  

were ra te d  from 1 to  10 by th e  uses o f  th e  ©hart shown in  f ig u re  2 ,

The f ig u re s  from 1 to  10 do n o t denote th e  p e rcen t o f  tarm  in  but a re  

m erely r e l a t iv e  ra ting® .
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F igure  2 . r e la t iv e  d e n s i t ie s  o f  © oloring on f i l t e r  paper t r e a te d  w ith  
f e r r i c  Ammonium c i t r a t e  used f or  e v a lu a tin g  th e  tarm  in  co n ten t o f  
Lespadasa cu n ea ta .

T his aethod showed a s ig n i f ic a n t  c o r r e la t io n  w ith  th e  form aldehyde- 

h y d ro c h lo ric  a c id  and th e  o f f i c i a l  h id e  powder method o f  ta n n in  analyses*  

When used on th e  same p la n ts  grown in  th e  greenhouse and in  th e  f i e l d ,  

h ig h ly  s ig n i f ic a n t  c o r r e la t io n  c o e f f ic ie n ts  were ob ta ined  between th e  

two environm ents. More in fo rm atio n  i s  g iven  in  th e  r e s u i t s o f  t h i s  p ap er, 

under D eterm ination  o f  Tannin C ontent.

2 , P la n t h e ig h t .  P la n t h e ig h t was recorded in  th e  F  ̂ and popu­

la t io n s  tw ice  in  th e  greenhouse and tw ice  in  th e  f i e l d .  The greenhouse 

m easurements were in  m illim e te rs  and th e  f i e ld  measurements were in  

Inches* The Fg and Sg p la n ts  were measured on ly  once and were recorded  

in  in ch es .

5* Flower c o lo r . Flower c o lo r  was ra te d  from 1 to  5# w ith 1 being 

cream flower® and 5 being  p u rp le  flow ers* In te rm ed ia te  sco res  r e f e r  to  

in te rm e d ia te  flow er c o lo r . F igure 5 shows sm all p o r tio n s  o f  flow ering  

branches from p la n ts  ra te d  fro® 1 to  %
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Figure JJ* Flowering breaches from fir#  Laspsdesa 
euneata plants shoving reage o f  flower eolor and 
ratings used.

4 . Shied e e le r . Seed eo lor  was rated froa  1 to  ^  with 1 being

a l l  green seed and $ being a l l  purple seed . Interm ediate seores re fer
'

p.. ■ .... .

to  interm ediate proportions o f  green and purple seed*

^ .P la n t e o lo r .  Plant co lor  e s s  a lso  rated froa  I tji %  with 1 

being green p lan ts and 5 being purple p ian te . Interm ediate seores re­

fe r  to  interm ediate p lant c o lo rs . D ifferencea in  p lant eo lor  beearns 

ev id en t under coo ler  temperatures in  October*

6* Seed maturity# On Cetober 16 th e ea r ly  maturing parents had 

alm ost e n t ir e ly  matured seed , whereas th e la te  maturing parents had a l l  

green seed and some p lan ts  were s t i l l  blooming# On t h i s  day a l l  the  

F̂  p lan ts  from both ero sses  involv ing t h is  aha ra ster  were in term ediate, 

having some immature seed and some mature seed in  about equal quanti­

t ie s #  The Fg p la n ts  showed v a r ia tio n s  from one extreme to  th e  other) 

th erefo re  they were rated from 1 to  J on October 16 for  seed m aturity, 

with 1 being a l l  immature seed and §  being a l l  mature seed#
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7« Seed s iz e .  Seed e lse  was determ ined by w eighing JOQ e le i s to g a -  

mous 8eede from each F^ and Fj p la n t .  Weight® were rep o rted  in  grams 

p e r 1000 seeds*

8* Percen t o f  seed produced from ehaemogamous f lo w e rs . Approxi­

m ately >00 seed from each p la n t were examined fo r  seed produced from 

ehasmogaiBOue flo w ers . The chasraogaraou® seed were counted and th e  p e r­

cen tage determ ined .

Methods o f  A nalysing D ata. I* E s tim a tio n  o f  th e  number o f  genes

invo lved . Gene number was estim ated  by th e  use o f  one o f  W right’ s
>

form ulas whieta was used by Burton (4 ) in  q u a n t i ta t iv e  in h e rita n c e  

s tu d ie s  w ith  p e a r l m i l le t .  The form ula i s  a s  follows*

it = (-7 3  ~ h - / - h 2 ) D2
<f * .  <f 2 

h  h

where*

h = h  ~ P1
i Btigy

D = >2 - * x

* mean o f  sm a lle s t p a ren t

P'2 -  of* la r g e s t  p a ren t

-  mean o f  F  ̂ p o p u la tio n

Fg = mean o f  Fg p o p u la tio n  

This formula w i l l  fu rn ish  an e s tim a tio n  o f  th e  minimum number o f  

genes c o n tro l l in g  th e  ex p re ss io n  o f  a s in g le  c h a ra c te r  i f  c e r ta in  

assum ptions app ly . These assum ptions a s  o u tlin e d  by Burton a re  as 

follow s*

a .  Mo lin k ag e  e x i s t s  between p e r t in e n t  genes.
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b . One p a ren t su p p lie s  only p lu s  f a c to r s  end th e  o th e r  only  minus 

fa& tors among th o se  in  which th ey  d i f f e r .

a* A ll genes a re  eq u a lly  im portan t.

d . The degree o f  dominance o f  a l l  p lu s  f a c to r s  i s  th e  same fo r  a l l*

e . So in te r a c t io n  e x i s t s  between p e r t in e n t  n o n a l le l ic  genes.

2 . E stim atio n  o f  h e r i t a b i l i t y .  A number o f  methods have been used 

fo r  c a lc u la t in g  h e r i t a b i l i ty *  they  a l l  a re  designed t© e s tim a te  th e  

amount o f  v a r ia t io n  p re sen t da® to  genotype o f  th e  p la n ts .  For th e  c a l ­

c u la t io n s  in  t h i s  study th e  form ula p resen ted  by Mahmud and Kramer (16) 

was used. The form ula i s  a s  follows*

where *
o

s  v a rian ce  o f  one p a ren t
h
o

of -  v a rian ce  o f  o th e r  p a re n t 
%

•  v arian ce  o f  th e  Pg p o p u la tio n
h

5* C orre la tion® . C o rre la tio n  c o e f f ic ie n ts  were c a lc u la te d  between 

a l l  c h a ra c te rs  s tu d ie d  in  each c ro s s .

4. Frequency d i s t r ib u t io n s .  Bar graphs were co n stru c ted  showing 

th e  p e rcen t o f  p la n ts  found in  each c la s s  o r r a t in g  o f  th e  c h a ra c te rs  

s tu d ie d  in  th e  p o p u la tio n s .



photoperiod  1c Response 

The t r i a l  was s e t up to  determ ine the  behavior o f  tospedeaa cuncata  

p la n ts  under th e  fo llow ing  p h o to perioda t 8 h o u rs , 10 h o u rs , 12 hou rs ,

15 hour®, 14 h o u rs , I s? h o u rs , and norra&l d a / p lue  5 hours a t  about mid­

n ig h t ,  During th e  d u ra tio n  o f  t h i s  s tu d / th e  n a tu ra l  day len g th  ranged 

from 1 * 0  to  15*1 hours in  th e  l a t i tu d e  o f  S e l t s v i l l e ,  M aryland, P la n ts  

under th e  f i r s t  s ix  pho toperiods remained under n a tu ra l  l i g h t  fo r  e ig h t 

hour© each day. The a d d it io n a l  l ig h t  was fu rn ish ed  by incandescen t 

bulb© which produced from 100 to  200 foot**candles o f  l ig h t  on th e  p la n ts .
Q OTem perature uuring  th e  study ranged from 80 to  90 F,

Eight s tra in ©  were exposed t o  th e  d i f f e r e n t  p h o to p e rio d s . P la n ts  

o f  seven s t r a in s  w e r e  ob ta ined  f r o m  s e e d  o f  s in g le  p la n ts  s e le c te d  

a t  B e i ts v i l i e  in  1951• P la n ts  o f  Ga. 15 w e r e  from cleistogam cus seed 

f r o m  M r. j ,  a .  E l r o d  o f  th e  Georgia Experiment S ta t io n , Experim ent, 

G eorgia.

A b r i e f  d e s c r ip t io n  o f  each s t r a i n  i s  a s  follows*

1-10-14 — Late m a tu rity , v igorous grow th, e x c e lle n t  seed pro­

d u ce r , low ta n n in  c o n ten t.

1-10-20 — Medium to  i&t© m a tu r ity , very v ig o rous grow th, e x c e l­

le n t  seed producer, medium low ta n n in  c o n ten t.

1-25-12 — Medium m a tu r ity , blooms fo r  a long period  o f  tim e , 

medium v ig o r , medium ta n n in  c o n ten t,

5-50-7 — Late m a tu rity , bloom® fo r  a  long period  o f  tim e , good

v ig o r , high ta n n in  c o n te n t,

5-58-1 — E arly  m a tu rity , poor seed p roducer, blooms fo r  a sh o rt

p eriod  o f  tim e , f a i r  v ig o r , high ta n n in  c o n ten t,
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1A-62 — Very s im ila r  to  >~J3-1.

62^55 — lied iua m a tu rity ! f a i r  seed p roducer, good r ig o r ,

high ta n n in  c o n te n t.

a&. 15 — Late m a tu r ity , good seed p ro d u cer, f a i r  to  good

v ig o r , &©dius to  low ta n n in  c o n ten t.

The c h a r a c te r i s t i c s  o f  each p la n t ware determ ined uraier f ie ld  cond ition s  

a t  d e i t s v i i l c ,  lia ry lan d . I t  i s  p o s s ib le  th a t  soma s t r a in s  would behave 

d if fe r e n t ly  a t  o th e r  lo c a t io n s .

Six p la n ts  o f  each s t r a in  were p laeed  in  each photoperiod  (ex cep t 

th e  normal day p lu s  J hours o f  l i g h t  a t  n ig h t)  a t  2 inch#®, 12 inches! 

and 20 inches o f  grow th, which gave & t o t a l  o f  1,006 p la n ts  in  th e  

t r ia l*  fh© sexfed seed were placed in  6 - inch p o ts  in  th e  greenhouse on 

A p ril 15, 19^2, and r e s u l ta n t  seed lin g *  were tra n s p la n te d  s in g ly  to  in ­

d iv id u a l 4 - inch p o ts  A p ril JO* The p la n ts  were allow ed to  rem ain under 

normal day u n t i l  Hay J ,  a t  which t in e  th e  2 -in ch  group was placed under 

th e  d i f f e r e n t  pho toperioda . The 1 2 -inch and 2 0 - inch groups were p laced  

under th e  d i f f e r e n t  p h o toperiods dun© J  and June 27 re sp ec tiv e ly *  The 

p la n ts  were p laced  on hand c a r t s  and ro lle d  in to  and ou t o f  s ix  dark  

chambers. Seeh chamber.was equipped w ith  a  tim e sw itch  s e t  to  govern 

th e  len g th  o f  a  g iven  p h o to p e rio d .

Data o o lie c te d  included reco rd s  o f  p la n t  h e ig h t ,  number o f  days 

from p la n tin g  to  th e  tim e ohasHt©gaaous flow ers and eleisiogamou® seed 

f i r s t  appeared , t o t a l  seed p ro d u c tio n  p e r p la n t ,  and ta n n in  co n ten t o f  

le av e s  from p la n ts  under se le c te d  p h o to p erio d s .

Tannin co n ten t was determ ined b y  t h e  form aldehyde-hydroch loric  

a c id  p r e c ip i ta te  m e t h o d .  T his m e th o d  was b r ie f ly  d iscu ssed  by C l a r k e ,  

P rey , and Hyland { j ) ,  and g iv es  c o n s is te n t ly  h ig h e r v a lu e s  th an  th e
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o f f i c i a l  h id*  powder method. I t  ie  co n s id e red , however, to  make pos­

s ib le  vary  r e l i a b le  com parisons among a  number o f  sam ples. According 

to  th e  a u th o rs , r e s u l t s  may be o b ta in ed  which a re  u su a lly  about 1*25 

tim es  th o se  o b ta in ed  using  th e  o f f i c i a l  h id e  powder method. In  th e  

p re se n t study ta n n in  was e x tra c te d  by th e  use o f  an e x tr a c to r  d e sc rib ed  

in  th e  r e s u l t s  o f  t h i s  t h e s i s .  D up lica te  1-gram samples were e x tra c te d  

and an a ly sed .

D eterm ination  o f  Tannin Content 

C o rre la tio n  o f  Analy t ic a l  Methods. C o rre la tio n  s tu d ie s  among th e  

f e r r i c  ammonium c i t r a t e ,  fo rm aldehyde-hydroch loric  a c id , and h id e  pow­

d e r  methods o f  a n a ly s is  were made. Leaf samples were tak en  s im ila r ly  

fo r  th e  v a r io u s  methods a t  th e  same tim e and from th e  same p lan ts*  

C o rre la tio n  c o e f f ic ie n ts  were c a lc u la te d  fo r  ta n n in  co n ten t o f  

p la n ts  grown in  th e  greenhouse compared w ith th e  same p la n ts  a f t e r  

being  t r a n s f e r r e d  to  th e  f i e l d .  Two forms o f  f e r r i c  ammonium c i t r a t e  

were t r i e d .

Methods o f  E x tra c tin g  Tannin* Most o f  th e  e x tra c t io n  s tu d ie s  were 

conducted w ith  Leepedeza cuneata  sam ples h a rv ested  during  th e  growing 

seasons o f  1950 and 1952* f o r  com parison l e a f  samples f ro a  p la n ts  o f  

Lotus o o ra ic u la tu a  and Q o ro n illa  v a r la  h a rv ested  in  19pG and 19P2 

re s p e c tiv e ly  were an a ly sed . The samples were ground th rough  a  JO-mesh 

sc ree n  and mixed in  a  m echanical m ixer.

The methods o f  ta n n in  e x tr a c t io n  In v e s tig a te d  a re  a s  fo llo w st 

1. d e flu x in g  th e  sample in  a  g la s s  Smalley e x tr a c t io n  tu b e  fo r  16 

hou rs w ith  100 ml. o f  w a te r . S evera l ty p e s  o f  e x t r a c t io n  th im b les  were 

compared, In c lu d in g  alandurn th im b le , coarse  g la s s  th im b le , very co arse
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g la s s  th im b le , arid g la s s  th im b le  w ith  & p e rfo ra te d  p la t# *  In  an e f f o r t  

to  c o n tro l th e  tem p era tu re  o f  th e  e x tra c t io n  w a te r , both w ater conden­

se  re  and a i r  condensers were used. Comparisons were made between o ,

1, and 2 gram sam ples.

2,  to f lu x in g  th e  sam ples suspended in  a g la s s  th im b le  w ith  p e rfo ­

ra te d  p la te  bottom by w ire in s id e  th e  b o ilin g  f la s k .  One hundred ml. 

o f  w a ter were used, t h i s  method was t r i e d  in  an e f f o r t  to  m a in ta in  th e  

tem p era tu re  o f  th e  sample a t  100® 0. d u rin g  e x tra c tio n *  The e x tr a c t io n  

tim es  v a rie d  from • J ,  1, 2 , J ,  8 ,  16, and 2^ h o u rs . As in  th e  preced­

ing  method, . J ,  1 , and 2 gram sam ples were compared.

J .  f e l l in g  th e  sample in  w a ter fo r  4 and 16 hours* Comparisons 

were made o f  th #  th re e  sample s iz e s  mentioned above, and 4 -hour v e rsu s  

th e  16-hour e x tra c tio n *  In o rd e r  to  avoid  sp la sh in g  o f  th e  sam ple, i t  

was enclosed  in  a  c lo s e ly  woven c lo th  bag.

4. D eliv erin g  th e  e x tr a c t  s o lu tio n  from th e  e x tr a c t io n  tube  by th e  

use o f  th e  o f f i c i a l  e x t r a c to r  o r  by a s im ila r ly  designed tu b e . Water 

was b o iled  beneath  th e  e x tra c t io n tu b e , which con tained  th e  sample and 

which was f i t t e d  w ith  e i t h e r  an a i r  ©r w ater condenser* tem peratu re  o f  

th© sample w hile  e x t r a c t in g ,  amount o f  w ater passed th rough  th© sample, 

and f i l t r a t i o n  o f  w a ter through th e  sample were v a r ie d , and the  e f f e c t s  

n o ted .

The e x tr a c t  s o lu tio n s  o b ta in ed  by a l l  methods mentioned above were 

p re c ip i ta te d  w ith  J  ml* h y d ro ch lo ric  a c id  and 10 ml. o f  4 0 -p e rcen t

form aldehyde. A liq u o ts  o f  200 m l. each were p r e c ip i ta te d ,  s in ce  very 

l i t t l e  d if f e re n c e  was found between JG, 100, and 200 m i lU l s t e r  por­

t i o n s .  The p r e c ip i ta te s  were b o ile d  fo r  JO m inutes., allow ed to  c o o l, 

f i l t e r e d  through a f r i t t e d - g l a s s  c ru c ib le , washed w ith  2 - p ercen t HOI 

s o lu t io n , and d r ie d  a t  110® 0* fo r  fo u r hours*
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w g B X K sm L  m m h tB  

In h e rita n c e  S tu d io s

Tan n in  C on ten t. Two c ro s se s  were mods i a  which p la n ts  w ith  a  

r e l a t iv e ly  low ta n n in  co n ten t woro c ro ssed  w ith  p la n ts  w ith  a high 

ta n n in  c o n ten t. In  c ro s s  A leav ee  from th e  fow l®  and male p la n ts  

con ta ined  5*5 and 9*0 p ercen t ta n n in  re s p e c tiv e ly  acco rd ing  to  th e  

o f f i c i a l  h id e  powder method o f  ta n n in  an a ly s is*  In  c ro ss  S le av es  

from th e  fem ale and male p la n ts  con ta ined  6 .6  and 12.0 p e rcen t ta n n in  

re sp e c tiv e ly *  Due to  th e  im p o s s ib i l i ty  o f  arm lysing  a l l  th e  F«g p la n ts  

by th e  o f f i c i a l  method, o r  even by th e  h y d ro ch lo ric  acid-form aldehyde 

method, th e  p la n ts  were g iven  r e l a t i v e  r a t in g s  o f  t h e i r  ta n n in  co n ten t 

based on th e  use o f  f e r r i c  ammonium c i t r a t e  paper* T his method i s  

d e se rib e d  in  th e  m a te r ia ls  and methods s e c t io n  o f  t h i s  paper.

F igu res 4  and show th e  d i s t r i b u t io n  o f  P,g p la n ts  fo r  ta n n in  

co n ten t a s  scored by th e  f e r r i c  ammonium c i t r a t e  m e th o d . More v a r ia ­

t i o n  was found in  th e  Fg p o p u la tio n s  fo r  ta n n in  co n ten t th a n  in  th e  

s e lfe d  o r  F | p o p u la tio n s . By comparing th© d l s t r i b u t i o n o f  th e  v a rio u s  

p o p u la tio n s , one w i l l  n o tic e  t h a t  t h e  m a jo rity  o f  t h e  F^ and Fg popu­

la t io n s  o f  both c ro s se s  l i e  between th e  s e lfe d  p o p u la tio n s  o f  th e  

p a re n ta l  p la n ts .  Of th e  167 %  p la n ts  in  c ro s s  A, 7 , ^0 , 9& and 15 

were scored 6* T and $ re s p e c tiv e ly !  w hile in  c ro s s  i ,  which had 

110 p la n ts  in  t h e  F g ,  6 ,  29, 60 and 15 were scored  %  6 , 7  and 3 

re s p e c t iv e ly .

The e v a lu a tio n s  fo r  ta n n in  co n ten t were made ju s t  b e fo re  th e  

p la n ts  began blooming. The same ty p e  o f  ta n n in  r a t in g  was made on 

700 p la n ts  when th ey  were in  th e  see d lin g  s tag e  (6-8  in ch es  t a l l )
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prebloom s tag e  (13-22 in ches t a l l ) ,  and blooming s ta g e . Simple c o rre ­

la t i o n  c o e f f ic ie n ts  between th e s e  th re e  s ta g e s  were a l l  s ig n i f ic a n t  a t  

th e  .0 3  le v e l ,  in d ic a t in g  th a t  th© r e la t iv e  ta n n in  co n ten t o f  d i f f e r e n t  

p la n ts  i s  very  n e a r ly  th© ease a t  d i f f e r e n t  s ta g e s  o f  grow th. As r e ­

p o rted  b e fo re , ta n n in  co n ten t o f  a g iven  p la n t was found to  in c re a se  

du rin g  th e  season to  m id-season and th en  decrease  ag a in . O bserva tions 

made d u ring  th e  course  o f  t h i s  s tudy  in d ic a te  th a t  th e  ta n n in  co n ten t 

o f  some s t r a in s  in c reased  nacre during  th e  season th a n  th a t  o f  o th e r  

s t r a in s .  In  most c a se s  ta n n in o n e ten t was lower in  p la n ts  th a t  were 

s tu n te d  and growing very  slow ly . T his was e s p e c ia l ly  t ru e  in  se e d lin g  

p la n t s .  In  g en e ra l th e  young le av e s  o f  a  g iv en  p la n t were a l i t t l e  

h ig h e r  In  ta n n in  th a n  o ld e r  le a v e s . C hlorophyll in  th e  o ld e r  le av e s  

in te r f e r e d  w ith  th e  ta n n in  t e s t  in  some e a se s ; th e re fo re ,  th e  younger 

le a v e s  were used fo r  t h i s  t e s t .  The te rm in a l buds appeared to  c o n ta in  

more ta n n in  th a n  any o th e r  p a r t  o f  th© p la n t .

Even though se v e ra l environm ental f a c to r s  a re  known to  in flu en c e  

ta n n in  co n ten t th e re  i s  no doubt th a t  i t  i s  a lso  c o n tro lle d  to  some 

e x te n t by h e re d ita ry  f& eto rs . The estim ated  h e r i t a b i l i t y  a s  determ ined 

by using  th e  Fg p o p u la tio n  was 43*0 p e rc en t fo r  c ro s s  A and 3 ^ .0  p e rc en t 

f o r  c ro ss  3. The number o f  genes involved in  ta n n in  in h e r ita n c e  was 

e s tim a te d  to  be 24 fo r  c ro s s  A and 19 fo r  c ro ss  3. A com parison o f  th e  

h e r i t a b i l i t y  and gene number fo r  ta n n in  co n ten t w ith  th a t  fo r  o th e r  

c h a ra c te rs  i s  g iven  in  t a b le s  1 and 2 re s p e c tiv e ly . Tannin co n ten t o f  

p la n ts  in  th e  F2 p o p u la tio n  was p o s i t iv e ly  c o r re la te d  w ith  seed c o lo r  

in  c ro s s  A. T his c o r r e la t io n  did n o t e x i s t  in  c ro s s  3. fto ap p aren t 

r e la t io n s h ip  e x is te d  between ta n n in  co n ten t and p la n t h e ig h t, m a tu rity ,
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flo w er c o lo r ,  p la n t  c o lo r ,  Med e l s e ,  o r  p e rcen t o f  ehasmog&jaoue seed* 

Table 5 g iv e s  th e  c o r r e la t io n  c o e f f ic ie n ts  between th e  v a rio u s  ch arac ­

t e r s  s tu d ie d  in  cu n ea ta .

TABLE 1* H e r i t a b i l i ty  fo r  seven c h a ra c te rs  in  heepede&a e u aa a ia .

O harae te r d ross*

P la n t h e ig h t 2 9 3
Tannin co n ten t 45 .0 5 4 .0
M atu rity 91 .2 0 9 .0
Flower c o lo r 95*0 91.7
P la n t c o lo r 9 1 .5 09*9
Weight o f  1000 seeds 91.2
P ercen t ©hasmogaaou# seed 5 % l 56 .6

♦O roseesi A « 1-10-14 x  > 5 3 - l j  B a 1-10-20 x  > 5 0 - ? !  0 - 1A-62 x > 5 0 -

TABLE 2 . Estim ated number o f  genes involved in  th e  in h e r ita n c e  o f  

e ig h t  c h a ra c te rs  in  le sp ed eaa  e u n sa ta *

Gross*
O h arae ter --------------------------- ---------—  —. -   .

A 1 0

P la n t h e ig h t 54 12
Tannin co n ten t 24 19
M atu rity 22 10
Flower e o lo r 11 8
P la n t c o lo r 16 12
Seed c o lo r 1 1
Weight o f  1000 seeds 4
P ercen t chasmogamoue seed 102 58

♦G rosses! A -  1-10-14 x > 5 8 -1  j B * 1-10-2 X > 50-7! 0 » 1A-62 x ;
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TABLS 5« O o rre la tio n  c o e f f ic ie n ts  between se v e ra l o h a ra s te rs  in  Fg 

p o p u la tio n s  o f  je sp sd s sa  eu n ea ta .

O h arae te r Croe. ^
A 8 0

Tannin co n ten t and m a tu rity a4?5 .2502
Tannin co n ten t and flow er c o lo r .0*5? .1124
Tannin co n ten t and p la n t  c o lo r .0824 .1068
Tannin co n ten t and seed c o lo r •2864** .0983
Tannin co n ten t and w eight o f  1000 eeeds .0006 .1376
Tannin co n ten t and p e rcen t chasmogamou© seed .1126 .0534
P la n t h e ig h t and ta n n in  co n ten t .0565 -.0231
P la n t h e ig h t and m a tu rity .0057 -.3019*
P la n t h e ig h t and flow er c o lo r -,0?00 -.242?
P la n t h e ig h t and p la n t  c o lo r .0021 -.0141
P la n t h e ig h t and seed c o lo r -.0 1 7 6

.0546
-.1182

P la n t h e ig h t and w eight o f  1000 seeds -.2922*
P la n t h e ig h t and p e rcen t chasmogamous seed 
M atu rity  and flow er c o lo r  
M atu rity  and p la n t  c o lo r

.07 6? -.1134
.0314

-.2293
M atu rity  and seed c o lo r . 5505** .4853**
M atu rity  and w eight o f  1000 seeds .252a** .3423*
M atu rity  and p e rcen t ehaamogamous seed .0719 .1897
Flower c o lo r  and p la n t  co lo r 
Flower c o lo r  and seed c o lo r

.7685** .6379**
.2983*

Flower c o lo r  and w eight o f  1000 seeds -.0409 -.1856
Flower c o lo r  and p e rcen t ch&smogaaous seed
P la n t c o lo r  and seed c o lo r
p la n t  c o lo r  and w eight o f  1000 eeeds

.0089 .0497
•0592

-.2118
P la n t c o lo r  and p e rcen t chasmogamous seed 
Seed c o lo r  and w eight o f  1000 seeds

.0913 .2962*
.2264

Seed c o lo r  and p e rcen t chasmogamous seed 
Weight o f  1000 seeds and p e rcen t

-.0416 -.2192

ehasasogaaous seed -.0 1 6 6 .1515

J /o ro s s e s s  A * 1-10-14 x 5 -5 6 - l j  B » 1-10-20 x 5 -JO-71 0 = 1A-62 x 5 -5 0 -7 .
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P lan t H e ig h t. The d i s t r ib u t io n s  o f  plant®  fo r  p la n t  h e ig h t in  

c ro s se s  A and 8 a re  shown in  f ig u re s  6 and 7* 'i'he p a t te r n s  o f  d i s t r i ­

b u tio n  f o r  th e  two c ro s se s  a re  very  s im ila r*  H eight measurements were 

made in  th #  f ie ld  w hile  th e  p la n te  were blooming* The p la n ts  were 

measured from th e  ground to  t h e i r  h ig h e s t p o in t w ithou t s t ra ig h te n in g  

them. Of th e  167 %  p la n ts  in  c ro s s  A 4 , 12, >4, 68 ,  45# and 6 mea­

sured  - 10, 11-1%  15-20, 21- 25 , 26 -50 , and 50/  in ches re sp ec tiv e ly *

In  c ro s s  B, which had 110 tg  p la n ts ,  5» i 5# 27 , and 4  measured

-1 0 , 11- 15, 16- 20 , 21- 25 , and 50/  in ch es  re sp ec tiv e ly *

In  th e  f i e ld  F^ p la n ts  from c ro s s  A were in te rm e d ia te  in  growth 

ty p e , but were more l ik e  th e  fem ale 1 in  f a c t ,  th e  mean h e ig h t o f  th e

h  >>o‘> uU ti0n  *“  *r e a t , r  th a n  th e  h # l«h t  o f  th * h  » t
th e  fem ale parent*  In  th e  greenhouse th® m m  F^ p la n ts ,  b e fo re  they  

were tra n s p la n te d  to  th® f i e l d ,  had growth h a b i ts  much I  th e  th® male 

parent*  F igure 8 shows two re p re s e n ta t iv e  p la n ts  from th® F^ popula­

t i o n  o f  c ro ss  A* two p la n ts  from each o f  th e  p a re n ta l  l in e s  a re  shown 

w ith  th e  hybrids* I t  i s  e v id en t th a t  th© F^ p la n ts  were very  s im ila r  

to  th e  male p la n ts .  A ll p la n ts  in  th e  F^ p o p u la tio n  were very  uniform  

in  ty p e  o f  growth*

A fte r  th e  p lant®  had been c u t back and t ra n s p la n te d  to  th e  f i e ld ,  

regrow th o f  th e  p la n ts  was very  s im ila r  to  t h a t  o f  th e  fem ale p a re n t. 

F igure  9 shows & ty p ic a l  F^ p la n t from c ro ss  A w ith  a  p la n t  f ro a  each 

p a re n ta l  l in e .  I t  i s  ap p aren t th a t  th e  hy b rid  has a  co arse  main stem 

and a branching p a t te r n  much l ik e  th e  female p a re n t. The p la n t  f ro a  

th e  p a te rn a l l in e  does no t have a  s in g le  main a x is  but in s te ad  sends 

up numerous branches from th e  base  o f  th e  p la n t .
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H I G H  T A N N I N

P A R E N T  - cT

f ig u re  8 . Grown P1 p ro gen ies o f  Lespedeza euneata from c ro ss  A between 
two p la n ts  o f  each p a re n ta l  3^ l i n e .



tlg& n  9. A grvm»j progeny of fejn&flU *  irnm ««>•• A *»t»a*n a p la n t  of aaeh 
p a re n ta l lln#„
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In  c ro s s  B p la n ts  o f  th e  m aternal and p a te rn a l l in e s  were very  

s im ila r  in  th e  greenhouse# the male p a re n t, however, had la rg e r  and 

d a rk e r  g reen  le a f le ts #  F igure 10 shows th a t  th e  F^ p la n ts  o f  e re a s  B 

a re  more l ik e  th e  female* A fte r  th e s e  p la n ts  were tra n s p la n te d  to  th e  

f i e l d  th ey  eontinued  to  resem ble th e  female p a re n t. In th e  f i e l d ,  how­

e v e r , th e re  was a g re a t  d if f e re n c e  between the  fem ale and male p a re n ts .

In  th e  Fg p o p u la tio n  ©f both crosses, when grown to  m a tu rity  in  

th e  f i e l d ,  seg reg a te s  were recovered which appeared id e n t ic a l  to  each 

p a re n t invo lved . Most o f  th e  p ro g e n ie s , however, were in te rm e d ia te  in  

t h e i r  growth h a b it  and p la n t  heigh t*  In  th e  greenhouse see d lin g  p la n ts  

o f  c ro ss  A in  th© p o p u la tio n  a lso  showed segregation*  Some p rog en ies  

were very  s im ila r  to  each o f  th e  p a re n ts ,  w h ile  th e  m a jo rity  were i n t e r ­

m ediate*

The estim ated  h e r i t a b i l i t y  fo r  p la n t h e ig h t was 35*® p e rcen t fo r  

c ro s s  A and 39*8 p ercen t fo r  c ro ss  8. The estim ated  number o f  genes 

involved  was 3^ fo r  c ro ss  A and 13 fo r  c ro ss  B. These v a lu e s  a re  g iv en  

in  ta b le s  I  and 2 * P la n t h e ig h t was n o t c o r re la te d  w ith  any o f  th e  

o th e r  c h a ra c te rs  in  th e se  two crosses*  In a th i r d  c ro s s ,  however,

(c ro s s  0 }  p la n t h e ig h t was n e g a t i v e l y  c o r re la te d  w ith  m a tu rity  and seed 

aisse. In  c ro s s  0 th e  d if fe re n c e  in  p la n t h e ig h t between th e  two p a r­

e n ts  was sm alli th e r e f o r e ,  th e  v a r ia t io n  in  th© f |  p o p u la tio n  was not 

s tu d ied  ex ten siv e ly #  The d if f e r e n c e  appeared to  be due p rim a rily  to  

environm ental fa c to rs*  C o rre la tio n  c o e f f ic ie n ts  between p la n t h e ig h t 

and th e  o th e r  c h a ra c te rs  s tu d ied  a re  g iven  in  ta b le  3 *

M a tu rity * The d i s t r ib u t io n s  o f  F$ p la n ts  o f  c ro s se s  A and 0 fo r

m a tu rity  a re  shown in  f ig u re  11. Of 16? Fg p la n ts  in  c ro ss  A 43 , 47 , 

30 , 18, and 19 were scored 1, 2 , 5 , 4 , and 3 re s p e c tiv e ly !  w hile  in
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H I G H  T A N N I N

P A R E N T  -  c f

F igure 10* Srona f* p ro g en ies  from c ro ss  £ between two p le a te  o f  te ch  
p a re n ta l  Sj, line*



c ro s s  0 , which had only  65 Ijg p la n ts ,  26 , 1 3 ,1 3  * 7 and 4 ware ©cored 

1, 2 , 5 , 4 , and 5 re sp ec tiv e ly *  I t  i s  ev id en t th a t  in  c ro ss  0 n e a rly  

h a l f  o f  th e  p la n ts  were l a te  to  m ature, very  s im ila r  to  th e  male p a re n t. 

In c ro s s  A th e  percen tag e  o f  p la n ts  in  c la s s e s  1 , 2 and J  a re  n e a rly  

e q u a lj however, th e  m a jo rity  o f  th e  p la n ts  tended to  he l a t e  in  m atur­

ity *  in  both c ro s se s  p la n ts  o f  th e  m ate rn a l, p a te r n a l ,  and popula­

t io n s  were very  uniform  fo r  m a tu rity . 0a O ctober 16 th e  p la n ts  scored 

5 con tained  a l l  m ature seed w hile  th e  p la n ts  ra te d  1 had a l l  g reen  

seed and were s t i l l  flo w erin g .

iia ther high h e r i t a b i l i t y  v a lu e s  o f  91*2 and 8 9 .8  p e rcen t were 

o b ta in ed  fo r  c ro s se s  A and G re sp ec tiv e ly *  The number o f  genes involved 

in  in h e r ita n c e  o f  m a tu rity  was e stim a ted  to  be 22 in  c ro ss  A and 10 in  

c ro s s  0. M atu rity  was p o s i t iv e ly  re la te d  to  seed c o lo r  and seed e ls e  

in  both  e a se s , and n e g a tiv e ly  c o rre la te d  w ith p la n t h e ig h t in  c ro ss  0. 

M atu rity  was not c o r re la te d  w ith  ta n n in  c o n te n t, flow er c o lo r , p la n t  

c o lo r ,  o r  percen tage  o f  chasmogamous seed.

Flower Q olar. The d i s t r ib u t io n s  o f  Fg p la n ts  fo r  flow er c o lo r  a re  

shown in  f ig u re  12. Of 10J Fg p la n ts  in  c ro ss  B which were ev a lu a ted  

fo r  flow er c o lo r  22 , 24 , $2, 18, and 7 were scored 1, 2 , 4 , and 5

re sp ec tiv e ly *  In c ro ss  0 , o f  48 p la n ts  th a t  flow ered 21 , 10, 8 , 6 , 

and 5 were scored 1, 2 , 5 , 4 , and 5 re s p e c tiv e ly . Cross C has a  d i s ­

t r i b u t i o n  fo r  flow er c o lo r  very  s im ila r  to  i t s  d i s t r i b u t io n  fo r  m aturity*  

The Fj, p la n ts  o f  c ro s s  0 had flow ers th a t  were d a rk e r pu rp le  th a n  th o se  

o f  c ro ss  8.

The h e r i t a b i l i t y  value fo r  flow er e o lo r  was 95*$ p e rc e n t fo r  

c ro s s  B and 91*7 p e rc en t fo r  c ro s s  0* This c h a ra c te r  had th e  h ig h e s t 

p e rc e n t h e r i t a b i l i t y  o f  th e  e ig h t e h a ra e te re  s tu d ie d . The number o f



PE
R 

CE
NT

 
OF

 
PL

AN
TS

 
PE

R 
CE

NT
 

OF
 

P
L

A
N

T
S

5$

lOOr

8 0

6 0

4 0

2 0

CROSS-A

SCORE 
? - I-LATE 
R - 3-lNTERM. 
Ct  - 5 - EARLY

CROSS- C

SCORE 
° S’- |- LATE 
R - 3- INTERM. 

^  - 5 -EARLY

3 4
MATURITY SCORE

Figure II* Frequency distributions o f  Ijg plants for maturity in eroesee
A (1-10-14 * 5-38-1) and 0 (1A-62 x J3-3JO-7) cuneata.

100

8 0

6 0

CROSS-B

SCORE 
2  - I- CREAM 
FT - 3 - INTERM. 
Cf - 5-PURPLE

CR O SS-C

SCORE 
9 - I- CREAM 
F - 4 - PURPLISH 
Cf- 5-PURPLE

4 0  -

20  "

1 2 3 4 5  1 2 3 4  5

FLOWER COLOR SCORE

Figure 12, Frequency distributions o f  % plants for flower eolor in  
e ro see a  3 (1 -1 0 -2 0  x 5 - 3 0 -7 )  and 0  (1A -82 x 5 - 3 0 -7 )  o f  M e M j f M  
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genes involved in  in h e r ita n c e  o f  flow er c o lo r  wee c a lc u la te d  to  be 11 

f o r  c ro ss  B and 8 fo r  ©rose 0* flow er c o lo r  was h ig h ly  c o r re la te d  w ith 

p la n t c o lo r  in  both  c ro s se s . In  most eases  th e  p la n ts  w ith  p u rp le  

flo w ers  a lso  developed a p u rp le  e o lo r  in  t h e i r  le av e s  and stem s d u ring  

p e rio d s  o f  low tem p era tu re , A p o s i t iv e  c o r r e la t io n  e x is te d  between 

flo w er co lo r  and seed c o lo r  in  c ro s s  0 . This r e la t io n s h ip  could not 

e x i s t  in  c ro ss  B s in ce  both p a re n ts  had g reen  seed . There was no re ­

la t io n s h ip  between flow er c o lo r  and ta n n in  c o n te n t, p la n t h e ig h t ,  ma­

t u r i t y ,  seed e ls e ,  o r  p e rcen t chasm© gateaus seed.

P la n t G olor. T h is  c h a ra c te r  r e f e r s  to  a  p u rp le  c o lo r  produced in  

th e  le av es  and stem s o f  some p la n ts  under c e r ta in  c o n d itio n s . F igure I  

shows th e  d is t r ib u t io n s  o f  F^ p la n ts  in  c ro s se s  3 and 0 fo r  t h i s  ch ar­

a c t e r .  The d i s t r ib u t io n s  a re  s im ila r  fo r  both c ro s s e s , w ith  a  few more 

p la n ts  in  c ro ss  0 ten d in g  toward th e  fem ale ty p e . Of 110 p la n ts  in  

c ro s s  3 14, 24 , 46 , 19, and 7 were scored  1, 2 , J ,  4 , and ^ re s p e c tiv e ly .

F igure 14 shows a row o f  p la n ts  o f  9-^ 0-7  (c e n te r  o f  p ic tu r e )

which tu rned  p u rp le  l a te  in  th e  season . The ease p la n ts  a lso  tu rn ed  

p u rp le  fo r  a sh o r t  p e rio d  a f t e r  th e y  were tra n s p la n te d  to  th e  f i e ld .

In  th e  p ic tu re  th e  p la n ts  appear to  be m ature; however, th ey  were n o t.

I t  1 . M .U y  .  p u rp l .  .o l o r  th * t  . a .  p ro d « « d . ® r.ry  8X and 82 p lw *

o f  t h i s  l i n e ,  a s  w ell a s  a l l  p la n ts  where i t  was u s e d  a s  a  p a re n t, 

turned* p u rp le .
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o th e r  s tra in s *  but a c tu a l ly  th e  p la n t*  a re  s t i l l  
bloom ing, an d  t h e y  a re  a re d d ish -p u rp le  color*
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I n  t h e  Ik* p o p u l a t i o n s  p l a n t s  w e r e  p r e s e n t  w i t h  v a r i o u s  g r a d a t i o n s  

o f  e o l o r ,  r a n g in g  f r o ®  s o l i d  g r e e n  t o  s o l i d  p u r p l e ,  f i g u r e  1?  s h o w s  

t w o  Fg, p l a n t s  fr o m  c r o s s  B w it h  d i f f e r e n t  d e g r e e s  o f  th ©  p u r p le  c o l o r .  

I n  t h i s  p i c t u r e  th ©  sh a d o w s  h a v e  a  p u r p l i s h  e a s t ;  h o w e v e r ,  som e d i f f e r ­

e n c e  c a n  h e  s e e n .  By c o m p e r in g  t h e  v a r i a t i o n  i n  t h e  Fg p o p u l a t i o n  w i t h  

t h e  v a r i a t i o n  in  t h e  p a r e n t a l  l i n e s ,  p l a n t  c o l o r  w a s  fb u n d  t o  b e  c o n ­

t r o l l e d  a b o u t  9 1 .5  p e r c e n t  i n  c r o s s  8  an d  8 9 .9  p e r c e n t  i n  c r o s s  0  b y  

h e r i t a b l e  f a c t o r s .  T h e  n u m b er o f  g e n e s  c o n t r o l l i n g  t h i s  c h a r a c t e r  w a s  

e s t i m a t e d  t o  b e  16 f o r  c r o s s  8  an d  1 2  f o r  c r o s s  0 ,

F ig u r e  I %  fw o  p l a n t s  fr o m  c r o s s  8  
t h a t  sh o w ed  d i f f e r e n t  a m o u n ts  o f  
p u r p l e  c o l o r .

P l a n t  c o l o r  w a s  p o s i t i v e l y  c o r re la te d  w ith  f l o w e r  c o l o r  in  b o th  

c r o s s e s .  I t  w a s  p o s i t i v e l y  c o r r e l a t e d  w i t h  p e r c e n t a g e  o f  eh a em o g a m o u s  

s e e d  i n  c r o s s  0 .  M o  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  p l a n t  c o l o r  and  

ta n n in  c o n t e n t ,  p l a n t  h e i g h t ,  m a t u r i t y ,  seed c o l o r ,  o r  s e e d  e l s e .

S e e d  C o l o r . I n  o r o s s e s  A a n d  0  p l a n t s  w i t h  s o l i d  p u r p l e  s e e d  w e r e  

c r o s s e d  w i t h  p l a n t s  p r o d u c in g  s o l i d  g r e e n  s e e d s .  I n  th ©  8^ p o p u l a t i o n



4o

Of th® purp le-seaded  paron to  a i l  th #  seed were p u rp le . la  th© Sg popu­

la tion®  o f  th© same p a re n t# , however, some green  seed were p re s e n t, 

th e  p la n ts  were o ld e r  and produced seed e a r l i e r  in  th e  season th a n  

th e  $2 p lan ts#  th e ' g reen  seed from th e  §g plant®  o f  th e  purple-*seeded 

p a re n ts  a re  probably  due to  im m aturity  o f  th e  p la n ts .  Whon seed pro­

duced by a s in g le  $g p la n t  were sep a ra ted  b efo re  h u ll in g  in to  immature 

seed , p a r t ly  m atured seed , and w ell matured seed i t  was found th a t  seed 

from immature seed were g reen , p a r t ly  matured seed had a p u rp lish  e a s t ,  

and th e  w ell matured seed were dark: p u rp le . When seed o f  some %  p la n t#  

were sep ara ted  in  th e  same manner th e  seme s o r t  o f  s eg reg a tio n  e x is te d . 

In  o th e r  Fg p la n ts ,  however, a l l  th e  seed were green* The number o f  

p la n ts  in  c ro ss  A w ith  some p u rp le  seed was 102, w hile  th e  number w ith  

a l l  g reen  seed was 47. In  e ro s s  0 th e se  numbers were 58 and 10 re sp ec ­

t i v e l y .  I f  p la n ts  w ith  any p u rp le  eeed a re  considered  to  c a rry  th e  

genotype fo r  so lid  p u rp le  seed , th© f a i l u r e  fo r  a l l  th e  seed to  be 

p u rp le  may be a t t r ib u te d  to  la c k  o f  m a tu rity  o f  such seed s . I f  eeed on 

th e  p la n t#  were immature, i t  i#  p©ssibl© th a t  some o f  th e  p la n t#  wnich 

had a l l  g reen  eeed s ig h t  have possessed  gene® fo r  p u rp le  seed.

H e r i t a b i l i ty  fo r  eeed c o lo r  was n o t c a lc u la te d  s in ce  th e  e f f e c t  o f  

m a tu rity  was so pronounced. The number o f  p la n ts  w ith  some p u rp le  seed 

was roughly  th re e  tim es th e  number o f  p la n ts  w ith  a l l  g reen  seed.

In  t h i s  case th© genotype fo r  seed eo lo r would be c o n tro lle d  by a 

s in g le  p a i r  o f  genes.

In  a d d it io n  to  m a tu rity , seed c o lo r  was p o s i t iv e ly  c o rre la te d  w ith  

ta n n in  co n ten t in  c ro s s  A and w ith  flow er co lo r in  c ro ss  Q. l i©  r e l a ­

t io n s h ip  e x is te d  between seed c o lo r  and p la n t  h e ig h t, p la n t c o lo r , 

seed e ls e ,  ©r percen tage  o f  ehesnogameas seed .
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Seed S iz e . Seed s iz e  i s  expressed  by th e  w eight o f  1000 c le i s to g -  

amous seed in  gram#. F igure 16 show# th e  d i s t r ib u t io n  o f  seed from fj$ 

plant®  fo r  seed w eight in  c ro s se s  A and 0* There was a  g re a t  d if f e re n c e  

in  seed ©ice between parent® in  c ro s s  A, but v e ry  l i t t l e  d if f e re n c e  In  

c ro s s  0 . Of 148 F^ plant®  in  a ro se  A which formed seed 5* 22* 75* 44 ,

and 6 produced seed which weighed I , 0- 1. 2 , I , 2 -1 ,4 ,  1 ,4 -1 ,6 , 1*6- 1, 8 , 

and 1 ,8 -2 ,0  gram® p e r  1000 seeds r e s p e c tiv e ly . In  c ro s s  0 , o f  49 %  

p la n ts  0 , 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  r e s p e c tiv e ly .

The h e r i t a b i l i t y  v a lu es  o f  91,2 p e rc en t f o r  c ro s s  A and 72*2 p e r­

cen t fo r  c ro ss  0 were o b ta in ed . In  c ro ss  A th e  e stim ated  gene number 

involved was 4 . The number o f  genes involved in  c ro ss  C was n o t d e te r ­

mined s in ce  th e  d if fe re n c e  between p a re n ts  was very sm all. In  both 

c ro s se s  seed e ls e  was p o s i t iv e ly  c o r re la te d  w ith  m a tu r ity , In  c ro s s  0 

i t  was n e g a tiv e ly  c o r re la te d  w ith  p la n t h e ig h t .  There was no c o r re la ­

t io n  between seed s iz e  and th e  o th e r  c h a ra c te rs .

Percentage o f  Seed Produced  f rom qha smogamous Flowers. The d At­

tributions o f  Pg p la n ts  fo r  p ercen tage  o f  efeastsogaaous seed a re  shown 

in  f ig u re  17. Of 93 Fg Pian ^® c ro ss  8,  which produced seed , 47 , 13,

13, 11, and 6 produced seed which contained - 2 , 2 -4 , 4 -6 , 6-8, and 8 /  

percent eh a sso g a m o u ®  seed respectively. Of 51 plants in cross 0 

13, 12, 10, 6, and 5 produced seed which contained -2 , 2 -4 , 4 -6 , 6-8 , 

and 8-/ percent chasmogamous seed respectively. In both crosses 8 and C 

the plants had re la tive ly  few chasmogamous seed. This i s  probably because 

the plants were transplanted to the f ie ld  la te  in the season and were 

la te  in setting  seed. At the time the plants were setting seed, the day 

length was short and the temperature was rela tively  low. These are two
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c o n d itio n s  which fav o r seed p ro d u c tio n  from © leisiogam ous flow ers 

r a th e r  th a n  from chasmogamoue f lo w ers . As shown in  f ig u re  17 th e re  

was a. g re a t d if fe re n c e  between th e  mean percen tage  o f  ehasmogamous 

seed produced by th e  m aternal and p a te rn a l l in e s  o f  both c ro s se s . I t  

i s  f e l t  th a t  th e  d is tr ib u tio n ®  would n o t have been skewed toward th e  

fem ale p a ren t a s  much i f  th e  p la n ts  had produced seed e a r l i e r  in  th e  

season .

The p e rcen t h e r i t a b i l i t y  fo r  t h i s  c h a ra c te r  was c a lc u la te d  to  be 

55*1 fo r  c ro ss  i  and. 56*5 fo r  c ro s s  0. An estim ated  gene number o f  

102 and 5& were involved  in  th e  two c ro sse s  r e s p e c tiv e ly . P ercen tage  

o f  ehaeaogaaous seed was p o s i t iv e ly  c o r re la te d  w ith  p la n t c o lo r  in  

cross Of but was n o t c o r re la te d  w ith  ta n n in  c o n te n t, p la n t h e ig h t, 

m a tu r ity , flow er c o lo r ,  o r seed s iz e .

P h o to p e rio d is  heeponses 

P la n t f re w tb . The e f f e c t  o f  pho toperiods o f  d i f f e r e n t  d a i ly  dura­

t io n s  on p la n t growth was determ ined by p la n t h e ig h t measurements 75 

days a f t e r  p la n tin g . Only th e  2 - inch and 1 2 - inch groups were measured 

s in c e  th e  2 0 -inch  group had ju s t  been p laced  under d i f f e r e n t  pho toper­

io d s  and showed very  l i t t l e  d if f e r e n c e  among p h o to p e rio d ic  tre a tm e n ts .

At th e  tim e th e  measurements were made, th e  2 - Inch group had been under 

th e  d i f f e r e n t  p ho toperiods f o r  $2 days, w hile  th e  12-inch group had been 

under d i f f e r e n t  day le n g th s  fo r  24 days* Table 4 shows th e  mean p la n t 

h e ig h t in  in ches fo r  cash s t r a i n  under sash  pho toperiod .
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fABlii 4 . Mean p la n t  h e ig h ts  fb r  e ig h t  s t r a in s  o f  tcspedesa eunea ta  

a l t a r  growing under v a rio u s  p h e to p erlo d s.*

P la n t h e ig h t under d f f e r e n t  le n g th s  o f  l i g h t  p e rio d s
f t r a in s

8 hr. 10 hr. 12 hr. 15 hr. 14 hr. 15  hr. le a n s

Inches Inches Inches Inches inches Inches Inches

i - io - 1 4 7 .5 8 .0 10.5 14.0 14.0 15.5 11.2
1-10-20 9 .5 9 .5 10.8 1 5 * 6 I8 . 5 17.5 15 .5
1 -2 > 1 2 9 .8 7*8 10.5 14.0 1 5 .8 16.5 12.5
5-50-7 a .8 8 . 5 11 ,0 15.5 1 7 .0 15 .0 12.6
5-56-1 8 . 5 8 . 5 9*5 12*5 16.5 15*5 11.7
U -6 2 7 .5 7*5 7*5 1 0 .5 14*5 16 .0 10.5
82455 8 . 5 6 .0 9*0 1 2 .5 1 5 .8 14.5 11.0
2a. 15 7 .6 7*0 8 , 5 16.5 15.5 15.5 11.?

Means 8 .4 7 .8 9 .6 1 5 .9 15*9 15.5 11.7

h .S .D . fori
Fhotoperiod means 
S tra in  means

J3S
1 . 0
1 .2

I*
u t
1.6

* Average o f  p la n ts  p laced  under pho toperiods when 2 inches and 12 inches 
o f  h e ig h t.

An in c re ase  o f  l i g h t  from 12 to  1$ hours had th e  g r e a te s t  e f f e c t  on 

growth o f  th e  p la n ts .  By comparing th© swans, i t  i s  n o tic e d  th a t  th e  

8 -h o u rh tre a ta e n ts  produced s im ila r  e f f e c t s  w hile th® 14-hour and i>~hour 

tre a tm e n ts  produced s im ila r  e f f e c t s .  P la n ts  under th e  o th e r  two photo­

p e r io d s  behaved d i f f e r e n t ly .  When in d iv id u a l s t r a in s  a re  considered  one 

w i l l  f in d  th a t  most o f  th e  s t r a i n s  responded s im ila r ly  to  th e  means. 

F igure  18 shows th e  response o f  s t r a i n  1-10-20 to  th e  d i f f e r e n t  photo­

p e r io d s . Th® p la n ts  were p laced  in  th e  re sp e c tiv e  pho toperiods a t

approx im ate ly  2 inches o f  grow th.

A very  s t r ik in g  d if fe re n c e  was seen among plant* grown under 12 and 

15 hours ©f l ig h t  i f  th ey  were p laced  under th e  p h o toperiods a t  2 inches

o f  grow th. This d if f e re n c e  was n o t so g re a t  when th e  plant®  were p laced
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under th e  pho toperiods a t  12 inches o r  20 inches o f  grow th, in  & fen 

case s  s t r a in s  behaved d i f f e r e n t ly  under a g iven  pho toperiod j however, 

th e  same tre n d  was n o ticed  in  a l l  s t r a i n s  a s  shown fo r  1-10-20.

N ATU R AL

F igure 18. P la n ts  o f  s t r a in  1-10-20 o f  Leapedsee cuneata a f t e r  rem ain­
ing under seven d i f f e r e n t  p h o to p erio d s  f a r  90 days. P la n ts  were p laced  
under pho toperiods a t  2 inches o f  h e ig h t.



The growth o f  d i f f e r e n t  s t r a in s  under two pho toperiods e r e  shown 

in  f ig u re s  19 and 20, The p la n t0 were p laced  under both pho toperlode 

a t  2 inches o f  growth* The g r e a te s t  in te r a c t io n  o f  s t r a in s  a s  a  r e s u l t  

o f  a  one-hour change in  l ig h t  appeared to  be between 15 and 14 hours* 

These two p ic tu re s  o f  th e  15- and 14-hour pho toperiods p o in t o u t th e  

f a c t  th a t  c e r ta in  s t r a in s  behaved d i f f e r e n t ly  when placed under d i f f e r ­

e n t  d a i ly  d u ra tio n s  o f  lig h t*  P la n te  o f  s t r a i n  5-50-1  th e  sm a lle s t 

under 15 hours w hile  a p la n t  o f  th e  same s t r a i n  was one o f  th e  la r g e s t

f ig u re  19* H a n ts  o f  e ig h t  s t r a i n s  o f  fcsspcdssa su n ea ta  p laced  under 
15-hour p h o to p e rio d , a f t e r  9 0  days o f  growth* P la n ts  p laced  under 
pho toperiod  a t  2 in ch es  o f  growth*
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F igure  20 , P la n ts  o f  e ig h t s t r a i n s  o f  Lsapedesa cunaata  a f t e r  rem ain­
ing  under a  l4 -h o u r photoperiod  f o r  90 days. P la n te  s e re  p laced  under 
th e  photoperiod  a t  2 inehes o f  grow th.

under 14 h o u rs . P la n ts  o f  s t r a i n s  5-30-7  ***& 1-25-12 were about th e  

t a l l e s t  under 15 h o u rs , but were much s h o r te r  in  com parison to  p la n ts  o f  

th e  re g a in in g  s t r a in s  under 14 h o u rs . I t  i s  very  l ik e ly  t h a t  o th e r  fa c ­

to r s  such a s  te m p e ra tu re , m o istu re  and s o i l  f e r t i l i t y  may a lso  a f f e c t  

some s t r a i n s  o f  bespedesa ouaoata  much more th a n  th ey  do o th e rs .

P la n ts  in  th e  2 - in s h ,  12- in c h , and 2 0 -inch  groj.p behaved very  d i f ­

fe r e n t ly  a s  expected* Th© d if f e r e n c e s  became sm alle r ae th e  d a i ly  du ra­

t i o n  o f  l ig h t  in c re a se d . F igure  21 shows some o f  th e  d if fe re n c e s  th a t  

occurred  among age groups o f  p la n ts  o f  s t r a in  ‘5- 50- 7 .
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F igure  21 . P la n ts  o f  s t r a i n  >-50-7 0 ̂  l»**psdeaa ounaata  p laced  under 
12 -# 1> -| and 14-hour p h o to p erio d s  a t  2# ia'^' a m  £d in ches o f  growth 
(from  l e f t  t o  r ig h t  under eaoh photoperiod)*

Table > summarizes th e  e f f e o t  o f  s tag e  o f  growth when th e  p la n ts  

were p laced  in  th e  v a rio u s  p h o to p e rio d s . £aefc v a lu e  re p re se n ts  th e  

average  o f  a l l  s t r a i n s .  The number o f  days th a t  p la n ts  o f  th e  2 - in ch , 

1 2 -in e h , and 2 0 -inch age groups remained under th e  d i f f e r e n t  pho to p erio d s 

was 66 , ho , and 14 re s p e c tiv e ly  a t  th e  tim e measurements were made.
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tkBlM  5* Mean p la n t h e ig h t o f  heapedc&a cun©ata p la n ts  p laced  under 

s ix  pho to p erio d s  a t  2 in c h e s f 12 in ch es , and 20 inches o f

h e ig h t .111

fh o to p e rio d
( lo u r s  o f  l ig h t  p e r day)

P la n t h e ig h t when p laced in  phot©period

2 Inches 12 inches 20 inches

8 2 .7 15*5 20 .6
10 2 .8 12.5 21 .4
12 4 . f 14.2 22 .1
15 11*5 16.4 22 .5
14 14*8 16.S 22 .4
15 14.1 16.8 22 .8

Mean 8 .4 15*© Z U 9

* Average o f  e ig h t  s t r a in s .

I t  I s  ap p aren t t h a t  th e  c r i t i c a l  d a i ly  d u ra tio n  o f  l ig h t  fo r  flow er­

ing  I s  between 15 and 14 h o u rs . F igure  22 i l l u s t r a t e s  th e  s t r ik in g  d i f ­

fe ren ce  between p la n ts  grown under th e se  two day le n g th s . The tru c k  o f  

p la n ts  on th© l e f t  was exposed to  15 hours o f  l i g h t ,  w hile th e  tru c k  on 

th e  r ig h t  was exposed to  14 h o a rs . Th© p la n ts  on th e  bench in  th© back­

ground received  n a tu ra l  l i g h t  p lu s  5 hours o f  a r t i f i c i a l  l i g h t  du ring  th e  

m iddle o f  th e  n ig h t .

F igure 22 a lso  in d ic a te s  how th e  p la n ts  were handled in  th e  green­

house. The tru c k s  were l e f t  In  th e  greenhouse each day and each even­

ing  were pushed In to  v a rio u s  dark  chambers equipped w ith  lamps and 

e l e c t r i c  tim e sw itches to  supply th® a d d it io n a l  l i g h t  needed to  fu rn ish  

a g iven  day le n g th .
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Oat# eg  BloomIns, o f  fcloosing was a f fe c te d  w r y  g re a t ly  fey

d iffe r e n t day le n g th s . Sow  ^ i » i m f l a  aorta in  i» « « i ,  414 no t felon* 

a t  » U ,  and only  under on* phoioperlod l a  o ^n ju n o tio a  iritis on* a** 

group 414 th e y  a l l  felooa, ta b le  6 p re sen t*  th e  nftnfeer o f  4* /*  a f t« r  

p la n tin g  th a t  shaaeeganou* fle * * r*  f i r s t  appeared on th*  p la n ts .

f ig u re  22 , A eenperieoR  o f  p la n t*  on th *  l o f t
tru n k  groan  under 15-hour photoperiod  w ith  p la n ts  
on th e  r ig h t  tru n k  g ra ta  under 14-hour pheteper*  
lode* Plant* sere planed under both pheteperled* 
a t  12 la eh es  o f  he igh t*  P la n ts  on th e  fennels w -
saalanA u n d e r  n a t u r a l  d a y *  w i t h  5  h o u r s  o f  l i g h t  
a t midnight*
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TA81& 6 , Humber o f  days a f t e r  p la n tin g  re q u ire d  fo r  f i r s t  efaasmoga- 

saous flow ers t© appear on p la n ts  o f  s ig h t  s t r a in s  o f  

bespedesa sunoata  under fo u r p h o to p e rio d s .*

S t r a in
8 ho u rs 10 hours I t  hours 15 hours

2
inch

12
inch

to
inch

2
inch

I t
Inch

20
inch

2
inch

12
inch.

20
inch

2
inch

12
Inch

20
inch

1—10—14 X X 95 X X 95 X X 95 1 1 3 X 113
1-10-20 X X 95 X X 95 X 79 9 5 75 79 104
1- 25-12 X X X X X X X X 105 75 35 104
5-20-7 X X X X X 95 X 79 95 75 79 101
5-53*1 X X X X X X X X X 118 X X
1A-62 X X X X X X X X X 1 1 3 X X
82455 X X 95 X X X X X X 113 X 118
0a* 15 X X 95 X X X X 90 107 113 95 113

* P la n ts  wars p laced  under th e  respec tis©  photoperiod  a t  2 in ch es , 
12 in ch es , and 20 inches o f  h e ig h t, 

x  In d ic a te s  m  flow er fo rm ation .

This ta b le  shows th a t  th e  m a jo rity  o f  chaercogamus flow ers were 

produced under 15 h o u rs  o f  l i g h t .  S t r a in  1-10-20 was th e  most c o n s is t ­

e n t in  producing eh&smogaiaous f lo w e rs , follow ed by s t r a in s  >-50-7 and 

3a , 15* S tra in s  5- 58-1  and 1A-62 produced flow ers only  under 15 hours 

o f  l i g h t ,  when s ta r te d  a t  2 in ch es  o f  grow th. The pho toperiods o f  

14 h o u rs , 15 h o u rs , and n a tu ra l  day p lu s  5 hour® had no t produced 

ehasaogenous flo w ers  a t  th e  c lo se  o f  thi©  t l i a l ,  148 days a f t e r  seed ing .

O ieistogam ous f r u i t s  were produced about th e  same tim e o r s l i g h t ly  

a f t e r  ehasmognmous flo w ers  were produced. In  se v e ra l e a se s , however, 

c leietogaraous f r u i t s  were produced even though m  ohasmogamous flo w ers  

were formed. Table J shows th e  c o n d itio n s  o f  photoperiod  and i n i t i a l  

p la n t h e ig h t and number o f  days req u ired  to  produce e le ls to g a a o u e  f r u i t*
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TASL& 7* dumber o f  day® a f t e r  p la n tin g  req u ired  fo r  ©leistogam ous

f r u i t  to  be formed on p la n ts  o f  e ig h t  a t r a in s  o f  beapedeza 

ouneata under Ib u r p h o to p e rio d s .*

S tra in
3 h o u rs 10 hours 12 hours 15 hours

i
inch

12
inch

20
inch

2
Inch

12
inch

20
inch

2
inch

12
inch

20
inch

2
inch

12
inch

20
inch

1-10-14 a $5 96 X 85 96 X T9 104 m 118 118
1-10-20 X 79 96 X 79 96 X TT 96 75 95 118
1- 25-12 X 79 101 X 79 139 X T9 104 75 95 118
5-50-7 X 79 95 X T9 98 X TT 96 75 95 118
5- 56-1 X 79 101 X T9 101 X 85 101 75 86 118
1A-62 X 3 5 101 X X 101 X 85 104 7? 90 118
82455 X 85 93 X 90 109 X 88 101 95 90 118
d a . 15 X 95 96 X 86 101 X 79 101 95 101 113

* P lan ts were placed under th© re sp e c tiv e  pho toperiod  a t  2 in ch es , 
12 in ch es , and 20 inches in  height*  

x In d ic a te s  no seed fo rm ation .

From t h i s  ta b le  i t  i s  ap p aren t t h a t  when th e  p la n ts  were p laced  

under l ig h t  p e rio d s  o f  8 , 10, 12, o r  15 hours a t  12 o r  20 in ches o f  

grow th, o le is to g aa o u s  f r u i t  were formed. There were no g re a t  d i f f e r ­

en ces  among stra in®  as was th e  case  in  fo rm ation  o f  ehassogattous flo w ers . 

At th e  end o f  148 days p la n ts  under 14 hours o f  l i g h t  and th o se  under 

n a tu ra l  day p lu s  5 hours o f  l i g h t  a t  n ig h t had produced no e le i s to g a -  

mo us seed .

T o ta l Seed P ro d u ctio n . A ll s t r a in s  showed g re a t d if f e re n c e  in  seed 

p ro d u c tio n  in  response to  p h o to p e rio d ic  tre a tm e n ts . Table 8 shows th a t  

most seeds were produced under 1$ hours o f  l i g h t ,  w ith  no g re a t d i f f e r ­

ences among 5 , 10, and 12 h o u rs , So me s t r a in s  produced co n sid e rab ly  

more seed th an  o th e r s .  Qa. 15 showed th e  la rg e s t  mean y ie ld ,  w hile  

1-25-12 and 1A-62 had th e  sm alles t*  A fte r  148 days no seeds were pro­

duced on p la n ts  under 14 hou rs and n a tu ra l  day p lu s  5 ho u rs  o f  l i g h t .
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TAB IS  8 . T o ta l see*I p roduct ion  in  grams p ar p la n t  from s ig h t  s t r a in s  

o f  heapedeaa cuneata undsr fo u r photoperiods**

8 ho u rs  10 hou rs 12 hours 15 hours
S tr a in —*»*- --------

12
inch

20 2 12 
inch inch inch

20
inch

M«*n*
2

inch
12

inch
20

inch
2

inch
12

inch
20

inch
2

inch

1- 10-14 x .016 .215 X .015 .176 X .083 .16? .003 .533 .642 .209
1- 10-20 X .026 .178 X *055 .152 X .056 .547 .110  .^37 .782 .347
I - 2 5 -12 X .005 .051 X .003 .028 X ,052 .032 ,042 .245 © .106
5- 50-7 X .020 .155 X .055 ,252 X .061 .356 .676 .650 .573 .306
5- 58- i X .004 .021 X .004 .024 X .003 .086 ,724 ,026 .231 .125
1A-62 X .001 .031 X X ,023 X .003 .012 .178 ,140 .463 .095
62455 X X .150 X .002 .106 X .005 .129 ,490 .215 .735 .204
Oa. 15 X ,005 .520 X ,00? .172 X .177 .287 .328 i . 4 l  1 .05 .437

Means X .009 .162 X .012 .117 X .053 ,180  .519 .472 - • m
L.3*3 . fort %  1%

S tr a in s  .170 *250
Photoperiod x age group .160 *240

* P la n ts  were p laced  under th e  re sp e c tiv e  photoperiod  a t  2 in ch es , 
12 inches 1 and 20 inches in  h e ig h t.

x Denotes no seed production*

P ro p o rtio n  o f  Qlslstogam oua and Ohasaogamoug Seed. Very few i f  any 

ehasmogamous flow ers on any o f  th e  p la n ts  produced seeds* &v©n th e  p la n ts  

w ith  many showy flow ers produced very  few seed from them. The ohascaoga- 

mous flo w ers  dropped o f f  w ithou t producing seed* The reaso n  fo r  f a i l u r e  

o f  th e se  flow ers to  develop in to  seed i s  n o t knownj however, seed produc­

t io n  by ©haemogaiaoue flow ers i s  f re q u e n tly  low under greenhouse c o n d itio n s .

Tannin Conte n t  o f  Leaves* Tannin d e te rm in a tio n s  were made in  d u p l i­

c a te  fo r  each com posite sample o f  le av e s  from s ix  p la n ts .  Leaf sam ples 

were ta k en  from th e  p la n ts  August 6 , Th© form aIdehyde-hydrochlori©  ae id  

method o f  a n a ly s is  was used. Table 9 shows th© mean percen tage  o f  ta n n in  

fo r  each s t r a in  under l ig h t  p e rio d s  o f  6 , 15, and n a tu ra l  day p lu s  

5 h o u rs .
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Tk$iM 9* P ercen tages o f  ta n n in  in  e ig h t  s t r a in s  ©f frespedeaa e aa a a ta  

grown under tare© p h o to p e rio d s , &• d o te  ra in ed  by th e  

h y d ro ch lo ric  a© id-form alaehyde method g f  an a ly s is*

day
S tr a in 8 h r . 15 h r . p lu s  5 h r . Mean

1-10-14 2 .98 6.55 6 ,5 1 5 .9 5
l-io-ao 7 .5 ? 10.80 12.15 10.05
1- 25-12 6 .8 0 8 .87 11.52 8 .8 9
5- 50-7 9 .95 7*55 12.9s 10.06
5 - m - i 7 .5« 6 .1 5 15.25 §*f§
u - 6 2 5 .2 0 7.91 11.25 a * i i
82455 6.95 10.51 S>*t$ s*a$
a * . 15 8 .7 8 9 .» 9 15.S* 9.S?

Dm d 6 .8 7 8 .5 5 11*^0 a*s4

1 » . 3 < fOFi % m
S tra in s 2 .7 2 % n
Pho toperiods 1.52 2*12

Set© ruination ©f fa im ia  0©ni«nt

C orrelattea  o f  A n a ly tic a l Method©, fh® o f f i c i a l  method o f  ex tra ct­

ing and de term in ing  th e  tannin cozdmt o f  p la n ts  uteed fo r  eesm eretal 

so u rces  o f  ta n n in  requires from 24 to  4d hour®* a  quantity o f  m a te r ia l  

la  r e t i r e d  which w i l l  y ie ld  4*00 ^ * 2 ^  grams o f  ta n n in  p e r l i t e r  o f  

e x t r a c t ,  About 60 to  SO gras.® o f  jLccpedoc ©une&ta le av e s  a re  needed 

per d e te rm in a tio n  o f  t h i s  type* in  th e  in h e r ita n c e  study rep o rted  in  

t h i s  paper, n e i th e r  tim e n o r p la n t  m aterial was a v a ila b le  fo r  use o f  

th e  o f f i c i a l  p rocedu re ,

A eoaparatively  sh o rt method o f  tannin  a n a ly s is  has been used which 

ia v e iv ee  th e  use o f  h y d ro c h lo ric  a c id  and 40 p e re en t formaldehyde so lu ­

t i o n .  A p r e c ip i ta te  i s  pro#used by t h i s  .method which i s  very  s ta b le  and
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probab ly  c o n ta in s  eoopouads from th® p la n t o th e r  th a n  ta n n in . This 

mathod i s  d esc rib ed  in  th e  l i t e r a t u r e  review  o f  t h i s  paper* i'h ie  

method, a s  was m o d ified , involved a  7 -hour w ater e x tr a c t io n  and a s  

l i t t l e  a s  on® gram o f  p la n t m a te r ia l was used* The method gave con­

s ta n t ly  h ig h e r v a lu e s  th a n  th e  o f f i o i a l  method. Cn th e  average th e  

value® o b ta in ed  by th e  form aldehyde method were 1*5^ time® la rg e r  th an  

v a lu e s  o b ta ined  from th© same sample® by th e  o f f i c i a l  method. A number 

o f  samples o f  le av es  were ta k e n  d u ring  th e  195^ growing season and 

analysed  by th© two methods* The c o r r e la t io n  c o e f f ic ie n t  o b ta ined  be­

tw een th e  two methods wee r  * *79%9* With 13 deg rees o f  freedom t h i s  

v a lu e  i s  h ig h ly  s ig n if ic a n t*  fa b le  10 present®  th e  v a lu e s  ob tained  

from 12 o f  th e  samples th a t  were analysed  by th e  two m ethods, a s  w e ll 

a s  ra te d  by a  th i r d  method*

TABLS 10* Value ob ta in ed  f o r  ta n n in  co n ten t o f  tw elve l e a f  samples 

a s  determ ined by th® o f f i c i a l  h id e  powder method and 

fo rm aldehyde-hydroch lo ric  ac id  method o f  a n a ly s is  a s  w ell 

a s  a  r e l a t i v e  r a t in g  by u sing  f e r r i c  ammonium c i t r a t e .

Method ©f e v a lu a tin g  ta n n in  con ten t

S tr a in  Bate O ffic ia l
form aldehyde-
h y d ro ch lo ric  a c id  farric ammonium

sampled method method c i t r a t e  r a t in g

4a  6 /9 /m 9*0 14.8 8
2GA * 10 .0 11.1 a
224 • a ,7 10 .9 7
24119 6/n/m 10 .9 10.2 a
121119 • 3*9 2 .1 3
1-10-14 a /1 3 /3 2 5*5 3 .7 5
1-10-20 * 6*3 9*3 6
5-50-7  • 12 .0 15*1 9
5-58-1  ? 8 .4 12.4 a
1A-62 ? 8*9 14.7 a
9A-3 * 7*9 9*9 7
Oa. 55 * 8 .8 12.9 a
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Sven though th® formaldehyde method i s  much s h o r te r  end require®  

on ly  a few grams o f  p la n t  m a te r ia l ,  about 9 samples p e r  day were a l l  

t h a t  could be a n a ly se d . Sine® th e  number o f  p la n ts  to  be ev a lu a ted  fo r  

ta n n in  in  th© in h e r ita n c e  s tudy  was v e ry  la rg e ,  an o th er method was 

t r ie d *  I t  was n o t in tended to  g ive  th e  a c tu a l  p ercen tage  o f  ta n n in  in  

th e  p la n t s ,  bu t to  g iv e  on ly  relative r a t in g s  among th e  p lan ts*  T his 

method involved  t r e a t in g  sm all s t r i p s  o f  paper w ith  a  £**> p e rcen t 

s o lu t io n  o f  f e r r i c  ammonium c i t r a t e ,  a llow ing  i t  to  d ry  and squeesing  

a  l e a f  between th© fo lded  p ap er. The darkness o f  th e  spo t produced on 

th e  paper depends upon th e  ta n n in  co n ten t o f  th e  leaf*  Bating® o f  some 

sam ples a re  shown in  ta b le  10. A c o r r e la t io n  c o e f f ic ie n t  between th e se  

r a t in g s  and th e  v a lu e s  ob ta in ed  by th e  o f f i c i a l  method was r  * *9A£ft, 

which i s  h ig h ly  s ig n i f ic a n t  w ith  10 deg rees  o f  freedom. The c o r r e la ­

t i o n  c o e f f ic ie n t  between th e se  r a t in g s  and v a lu es  o b ta ined  by th e  fo r ­

maldehyde method was ale© h ig h ly  s ig n i f ic a n t .

During th e  in h e r ita n c e  study  th e  problem o f  w hether ta n n in  con­

t e n t  o f  p la n ts  could  be a c c u ra te ly  ev a lu a ted  in  th© greenhouse was 

encountered* Two d i f f e r e n t  c o r r e la t io n  c o e f f ic ie n ts  were o b ta ined  

between greenhouse and f i e ld  grown p lan ts*  The p la n ts  were grown in

th e  greenhouse, ev a lu a ted  fo r  ta n n in  c o n te n t , and l a t e r  tra n s p la n te d  

in  th e  f i e l d j  so t h a t  th e  v a lu e s  were on th e  same p lan ts*  Table 11 

g iv e s  th e  c o r r e la t io n  c o e f f ic ie n t s  o b ta in ed  a s  w e ll a s  s e v e ra l o th e r  

c o r r e la t io n  c o e f f ic ie n ts *
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th e  th im b les  In  an e f f o r t  to  p reven t w e l l in g  and fo m a t  ion  o f  a i r  

pockets  in  th e  tem ple d u rin g  ex traction .*  T h is  e lim in a ted  most o f  th e  

s w e llin g . D iffe re n t e ls e a  o f  sam ples and d i f f e r e n t  le n g th s  o f  e x t r a c ­

t i o n  were compared in  t h i s  method, th e  r e s u l t s  a re  p resen ted  in  

ta b le  15*

fASLS 15* Comparisons o f  d i f f e r e n t  s ise d  sam ples and d i f f e r e n t

le n g th s  o f  e x t r a c t  ion  on th e  amount o f  ta n n in  e x t re s te d  

fro® sample 4a o f  tespedc&a c tm cata ,

S i te  o f  sample

O .J g ra s  
1*0 gram
2 ,0  grams

Length o f  e x tr a c t  ion

#9 h r .
1 h r .
2 h r .
9 h r . 
ft h r .

16 h r .  
t 9  h r .

L*S*B. a t  .0 9  le v e l

% form aldehyde p r e c ip i ta te  
16-h o u r e x t r e s t io n

19.01 
12.59  
19.1ft

% form aldehyde p r e c ip i ta te  
1-gram sample

7 .49
7*00

10.4ft
10.69
10.86
11*69
1^.97

4 .2 9
r i * W  • P i - n p y t W P r t -  . r f ' r t r t W T *  # * * . ' • *

th e  v a lu e s  g iv en  in  th e  e ls e  o f  sample com parison a re  g r e a te r  th a n  

th o se  g iven  f o r  th e  s ix te e n -h o u r e x tr a c t io n  in  th e  second comparison 

because in  th e  f i r s t  group f re s h  w ater was p laced  in  th e  b o il in g  f la s k s  

a f t e r  two hours o f  e x tra c tio n *  t h i s  g iv e s  s l i g h t l y  h ig h e r v a lu e s , 

th re e -h o u r  e x tra c t io n s  from  a  lo tu s  e o rn lo u la tu s  and a

o u n sa ta  sample on which h id e  powder a n a ly se s  had been made gave 4 .7 4  

and 7*24 p e rc en t re s p e c t iv e ly ,  th e  h ide  powder v a lu e s  were 9*90 and
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10.57 p ercen t re s p e c tiv e ly . Six J -h o u r e x tra c t io n a  from sample 22a 

gave v a lu e s  ranging  from 7*26 to  9*24 percent#  S ix  16-hour e x tra c tio n #  

gave value#  from 10*87 to  14.10 p e rc e n t. In  a  com parison o f  w ater con­

denser#  w ith  a i r  condensers, w hile e x tra c t in g  sample 4a f o r  16 h o u rs , 

mean v a lu e s  o f  12*75 and 14.55 p e rcen t r e s p e c tiv e ly  were o b ta in e d .

Th® scheme o f  b o ilin g  th e  sample in  w ater a s  d esc rib ed  in  number J  

on page 15 under M aterial®  and Methods gave very low v a lu es . One-gram 

sample® o f  m a te r ia l th a t  analysed  5*5® and 10*57 p e rcen t by th e  h id e  

powder method gave mean value® o f  2 .1 8  and 4 .12  re s p e c tiv e ly  when b o ile d  

lo o se  in  w a ter fo r  16 hour®* when th e  sample® were enclosed  in  c lo s e ly  

woven c lo th  bag#, th e se  value® were in c reased  to  2 .27  and 6 .9 6  p e rcen t 

r e s p e c t iv e ly .  Because o f  th e  v e ry  low v a lu es  o b ta in e d , t h i s  method was 

n o t s tu d ied  fu r th e r .

E x trac tio n  w ith ace to n e -w ate r mixture® a® d esc rib ed  on page23 under 

M a te r ia ls  and Method# was t r i e d  w ith  s e v e ra l ' sample#*.

k  method a® d esc rib ed  on peg# 2 3  under M a te r ia ls  and Methods where­

by th e  e x tr a c t  s o lu tio n  was d e liv e re d  from th e  e x t r a c t io n  tu b e  to  p re ­

v e n t re  f lu x in g  was t r i e d  w ith  a i r  condensers. In  t h i s  method th e  

tem p era tu re  o f  th e  sample d u rin g  e x tr a c t io n  seemed to  a f f e c t  th e  com­

p le te n e s s  o f  th e  e x tr a c t io n ,  fo u r s l i g h t ly  d i f f e r e n t  e x t r a c t io n  tu b e s  

were c o n s tru c te d  to  a llo w  th e  sample tem pera tu re#  to  vary  w hile  th e  

h e a te r  tem p era tu res  were th e  same. The e f f e c t s  o f  d i f f e r e n t  tem pera­

tu r e s  on  th e  e x tr a c t io n  e f f ic ie n c y  a re  shown in  ta b le  l4 .
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TABUS 14, Effect©  o f  sample tem p era tu res  d u rin g  e x tr a c t io n  an amounts 

o f  ta n n in  e x tra c te d  from a  sample t h a t  vaa d a ta  m in ed  to  ha

10.57 pereem t o f  ta n n in  by th e  h id e  powder method,

Tem perature Mia. o f  e a te r  passed ^  formaldehyda
o f  aampla th rough  sample p r e c ip i ta te

76°  a . 410 7 .9 0
58° 0. 450 1 2 .0
93° 0 . 430 13.20

100° 0 . 330 14.76

L.3.D. at .09 ler.l 1.45

Beaauea o f  th® e o n e tru c tio n  o f  th e  tu b e s  m m  o f  th #  w ater c o l­

le c te d  was condensed o u ts id e  o f  th e  e x tr a c t io n  th im b le  a t  th© th re e  

low est tem p era tu res  and d id  no t pass th rough  th e  sample. I t  i s  f e l t ,  

however, th a t  a t  l e a s t  550 m l. passed through each sam ple. Table 15 

shows th a t  volume o f  w ater had l i t t l e  e f f e c t  when th e  sample tem pera­

tu r e  was m ain tained  a t  100° 0 .

f&Bl»E 15* E ffe c t o f  volume o f  e x tr a c t io n  w ater on e x tr a c t io n  o f  ta n n in  

from a  sample which con tained  10*57 p e rcen t ta n n in  when 

analysed  by th e  o f f i c i a l  h ide  powder method.

Volume o f  w a ter p a ised  % form aldehyde
through sample p r e c ip i ta te

55® *1. 14*7<5
0 0  m l. 14*90
500 ml. 14.40
520 ml. 14.28
570 ml* 14.70
670 ml. 14.99
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T his method g a rs  by f a r  th e  h ig h e s t and most uniform  r e s u l t s  o f  

th e  methods in v es tig a ted *  An e x tr a c tI o n  tu b e  was co n s tru c te d  which i s  

s im i la r  to  th e  o f f i c i a l  ta n n in  e x t r a c to r  ex cep t t h a t  i t  i s  sm a lle r and 

b e t t e r  adapted  to  sm all sam ples. In  comparing th e  sm all e x tr a c to r  w ith  

th e  la rg e  o f f i c i a l  e x t r a c to r ,  d u p lic a te  d e te rm in a tio n s  in  each ty p e  o f  

tu b e  o f  sam ples from 15 soureee gave mean ta n n in  p e rcen tag es  o f  9*15 

f o r  th e  o f f i c i a l  tu b e  and 9*15 f o r  th e  sm all tube* These very  s im ila r  

v a lu e s  were o b ta in ed  by using  l-gram  samples* Larger camples were 

t r i e d  in  th e  o f f i c i a l  e x t r a c to r ,  bu t r e s u l t s  were u n sa tis fa c to ry *  One 

l i t e r  o f  w a ter was passed th rough  25 grams o f  m a te r ia l co n ta in in g  

approxim ately  15 p e rcen t ta n n in , and a v a lu e  o f  12,28 p e rcen t was 

o b ta in e d . Two l i t e r s  o f  w ater passed th rough  grams o f  th e  same ma­

t e r i a l  r e s u lte d  in  a  v a lu e  o f  11*52 p e rc e n t. The sm all e x t r a c to r  u s in g  

1-gram sam ples gave a mean p ercen tage  o f  15*05 fo r  th e  same m a te r ia l .

A p ic tu re  o f  th e  sm all e x tr a c to r  i s  shown in  f ig u re  2 5 .

Mean p e rcen tag es  f o r  sample 4a a s  determ ined by a  number o f  th e  

m odified  m ethods, a long  w ith  th e  range o f  v a r ia t io n s  fo r  each a re  p re ­

sen ted  in  ta b le  15*
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4 -  h # a t%t> 1 -  b o ilin g  f la s h , a  -  re so lv in g  f la s k , 0  -  tfaiabls awl 
da11vary tuba o f  sm all a* traator , ft -  sample ro lled  in  eo tto a , ft -  
jaskot o f  o x tra cto r , and §  -  a ir  ooadansojr.

F ig u re  2J# Tho apparatus th a t gov# bast e x tra c tio n  o f  tannin fro*  î .padw saaasi.



64

TAIL! 16. Mean And rang# o f  ta n n in  p e rcen tag es  o b ta ined  from sample 

4a by sev e ra l methods o f  e x tr a c t io n .  E x trac t was analysed  

by th e  h y d ro ch lo ric  acid -form aldehyde method.

Mean Range o f
Method percentage percentages

H eflux, Smalley tu b e , .5  g®. 10*42 a. 22 to 12. 52
R eflux , sample in  steam , 1 gm* 5 h r . 10.55 9 .,04 to 11. 46
R eflux , cample in  steam , 1 gen 16 h r . 12.75 11*,92 to 14, 10
R eflux , same a s  above, a i r  condensers 14*55 14..00 to 15*06
B oil sample loose  in  e a t e r  fo r  4 h r . i i .07 10. 46 to 11. 60
B oil sample in  c lo th  bag f o r  16 h r . 9*0? a*79 to 9*17
O f f i c i a l  e x t r a c to r ,  25 o r  *K3 gm. 11.76 11. to 12.28
O f f i c i a l  e x t r a c to r ,  1 ga. sample 14.04 15.,44 to 1% 04
Small e x t r a c to r ,  1 gm. sample 15*®5 15.,22 to 16. 20

L.S.O . a t  .0 5  le v e l 1*65
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DISCmSXOH

In h eritsa c s  Studies  

th e  in h e r ita n c e  s tu d ie s  o f  severa l c h a ra c te rs  o f  leap e^esa  cuneata 

gave sev e ra l in d ic a t io n s  o f  what m ir h tb e  expected in  a b reed ing  pro­

gram w ith t h i s  specie** Probably  th e  most im portan t c h a ra c te r  s tu d ied  

was ta n n in  c o n te n t. T h is  work le av es  no doubt t h a t  p la n ts  can be s e le c t ­

ed which a re  lower in  t n e i r  ta n n in  co n ten t th a n  th© average ta n n in  con­

te n t  o f  eomfaercial seed s to ck s . I t  was a lso  in d ic a ted  t h a t  t h i s  

c h a ra c te r  ©an be t r a n s f e r r e d  by h y b r id is a t io n ,  and. t h a t  p la n ts  o f  

v a ry in g  ta n n in  co n ten t ©an be s e le c te d  from seg reg a tin g  p o p u la tio n s  

fo llo w in g  th e  cross*  I t  was a ls o  ap p aren t th a t  th e  in h e r ita n c e  o f  

ta n n in  co n ten t 1© complex and t h a t  g e n e tic  fac to r® , in  sons c a se s , do 

n o t account fo r  a s  much v a r ia t io n  a s  environm ental f a c to r s ,  The g e n e tic  

factor©  involved in  th® in h e r ita n c e  o f  ta n n in  co n ten t do no t appear to  

be s tro n g ly  lin k ed  w ith  genes c o n tro l l in g  o th e r  c h a ra c te rs  s tu d ie d . The 

o n ly  evidence o f  lin k ag e  w ith  ta n n in  co n ten t was in  th® ease  o f  seed 

c o lo r .  In th® fg  p o p u la tio n , p la n ts  contain ing th e  l e a s t  ta n n in  had 

g reen  seed w hile  p la n ts  h ig h e r  in  ta n n in  had p u rp le  seed . There were 

some ex cep tio n s  to  t h i s ,  however, and. no doubt p la n ts  w ith  low ta n n in  

c o n ten t could be s e le c te d  which a le e  have p u rp le  seed . T his ty p e  o f  

com bination might be d e s ir a b le  f o r  p la c in g  a m arker o f  seed c o lo r  on a 

low ta im la  v a r ie ty .  4 few p la n ts  war® recovered in  th© tg  p o p u la tio n s

t h a t  appeared to  have a  ta n n in  content j u s t  as  low o r  even lower th a n  

th e  low er p a re n t. T h is  in d ie a ts s  t h a t  th e  h y b r id is a t io n  ©f two p la n ts

r e l a t iv e ly  low in  ta n n in  m ight y ie ld  new g e n e tic  com binations in  th e

se g re g a tin g  g e n e ra tio n s  th a t  would have a s t i l l  low er ta n n in  c o n te n t.
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Plant height appear©! t© be heritable in  the two crosses studied. 

The effect® o f  no&~her liab le factor®, however, were quite large* The

h e r l i a b i l i t y  percentage®  o b ta in ed  fo r  th e  two c ro sse s  (^ 5 .8  and ?9*S 

p e rc e n t ) agree  very w ell w ith  h e r i t a b i l i t y  value® ob ta in ed  fo r  th e  

mm® c h a ra c te r  in  soybean® by Weber and Moorthy (29}. so®® evidence 

o f  h y b rid  v ig o r w&® p re sen t In one © rossi however, t h i s  was n o t t r u e  in

th e  o th e r  a ro se . In  th e  JPg p o p u la tio n  fa llo w in g  both cross®a p la n ts

were p re se n t which d id  no t resem ble e i th e r  p a re n t and same appeared to  

be a more d e s ir a b le  type  th an  e i t h e r  p a re n t. T his study in d ic a te s  th a t  

such character®  a s  la rg e  leaves and in c reased  le a f in s a s  ©an be eombined 

w ith  f in e  stem® to  g ive  a more d e s ira b le  p la n t ty p e , fro® t h i s  study 

i t  ap pears  th a t  by a back©rose program p la n t h e ig h t and growth ty p e  

cou ld  fee combined w ith  any o f  th© o th e r  character®  s tu d ie d . The only  

eigne o f  lin k ag e  in vo lv ing  p la n t h e ig h t was w ith m a tu rity  and seed sise* 

lo th  o f  thee® esse® were in  c ro ss  0 where th e  d if fe re n c e  in  p la n t h e ig h t

between th e  p a re n ts  was not very  g r e a t .

V a ria tio n  o f  m a tu rity  in  p la n ts  o f  th® tg  p o p u la tio n s  was found to  

be p r im a rily  due to  h e r i t a b le  fa c to rs*  n e i th e r  o f  th® seg reg a tin g  pop­

u la t io n s  showed a normal d i s t r ib u t io n .  There were d e f in i te ly  more l a t e  

m atu ring  p la n ts .  The la te  transplanting o f  plant®  to  th e  f i e ld  probably 

explain®  why th e  tg  d i s t r ib u t io n s  were skewed toward l a t e  m a tu rity .

This ekevree® was much fore pronounced in  c ro ss  C. iSfen though th e  

inheritance o f  m a tu rity  appears  to  be rather complex, i t  appear® q u ite  

e v id e n t from th is  study that m a tu rity  date ta n  be transferred from one 

strain  to another in Lespedeaa emaeata. the only characters closely  

related to  m a tu rity  were seed si*e and seed color* These relationships

probably existed because on the la te  plants many seed were immature when 

the seed were harvested*
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D is tr ib u t io n 8 fo r flow er c o lo r  in  th e  Fg p o p u la tio n s  were mush 

l ik e  th o se  fo r  m a tu rity . Flower c o lo r  does no t appear to  be a f fe c te d  

by th e  age o f  th e  p la n t a t  flow ering  time} th e re fo r® , th e  skewness o f  

th e s e  d is t r ib u t io n s  a re  not due to  th e  l a t e  t r a n s p la n t in g  o f  th e  p la n t*  

to  th e  f i e l d .  From th e  ?g d i s t r ib u t io n s  one m ight th in k  th a t  th e  

g r e a te r  frequency o f  cream flo w ers  was due t© dominance, l a  th® Pj 

g e n e ra tio n , however, th e  flo w ers  were p u rp le , in d ic a t in g  th a t  pu rp le  

i® dom inant, fh e  in h e r ita n c e  o f  flow er c o lo r  d id  no t appear to  m  a® 

complex a s  most o f  th e  o th e r  character®  s tu d ied  and had th e  h ig h e s t 

p e rcen tag e  o f  h e r i t a b i l i t y ,  w ith  th® p o s s ib le  ex cep tio n  o f  seed c o lo r . 

Flower c o lo r was s tro n g ly  a s so c ia te d  w ith p la n t c o lo r , and th e  inde­

pendent t r a n s f e r  o f  flow er c o lo r  w ithout p la n t c o lo r  would probably 

re q u ire  la rg e  .population® in  generation©  fo llow ing  a c ro s s .

P la n t c o lo r  v a ria tio n * ., showed up on ly  in  e a r ly  season J u s t  a f t e r  

th e  plant®  were tra n s p la n te d  to  the  f i e ld  and in  l a te  season  w hile the  

plant® were blooming. I t  i s  q u ite  p o s s ib le  t h a t  in  reg io n s  where s e r i ­

es® lespodesa i s  b e t te r  adapted t h i s  c h a r a c te r i s t i c  might not become 

e v id e n t . In  a re a s  w ith  a  lo n g e r grow leg season th® p la n ts  tai.jht be 

m ature b e fo re  th® tem perature' bscaaia low enough to  cause form ation  o f  

th® pigm ent, f n is  c o lo r  was n o t c o r re la te d  w ith  ta n n in  co n ten t o r 

growth type  and probably  would have no im portance in  th® use o f  © orices 

ie sp ed eza .

Seed co lo r appeared to  be c o n tro lle d  by one o r two gene pair® .

Due to  the  l a te  m a tu rity  o f  eany F^ p la n ts ,  i t  i t  p o ss ib le  th a t  some 

p la n ts  had a  genotype fo r  p u rp le  seed but th e  phenotype was g reen  be­

cause a l l  th e  seed on th e  p la n t were immature. In  th e  Fg p o p u la tio n s  

th e  number ©f p la n ts  with, a l l  g reen  seed were about o n e - th ird  th e
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number with m m  purple seed, indicating that perhaps on® pair o f gone# 

is  involved in the inheritance. the purple color referred to i s  a 

solid  deep purple. In ieepedeza oancata seeds are also present which 

have purple mottled seed coats* la  the Pg populations o f these two 

crosses none o f th is  mottling was found, indicating that perhaps th is  

is  a different set o f  genetis factors. Qua to the lack o f  time and the 

unimportance o f  the a©tiling character i t s  inheritance was not studied 

further* Hie solid  purple color might be desirable as a marker in an 

improved variety o f  sericea* there was seme evidence of linkage between 

seed color and tannin content* In general the plants with purple seed 

had a relatively  high tannin content! however, there were some excep­

tio n s, and probably th is  character could be combined in a low tannin 

strain.

Seed size is  considered a rather important character from the poiit 

o f  view that increased seed size w ill result in increased seedling vigor. 

This has been indicated with sericea seedlings in the greenhouse* In 

general the seedling vigor o f th is  species i s  very poor and the estab­

lishment is  very slow, fery l i t t l e  i f  any use i s  made o f the f ir s t  

year* s growth due to the slow rate o f  establishment. This study o f the 

inheritance o f seed size  indicates that th is  character is  controlled 

largely by genetic factors and that the inheritance is  rather simple, 

involving about four pairs o f genes. There appears to be no linkage 

between seed size and tannin content or growth habit* By hybridization 

one should be able to  transfer th is  character to low-t&rmin lin es o f  

sericea lespedeaa. In th is  study seed of the large-seeded parent 

weighed about 1.7 grams per 1000 seeds. Some Individual plants have
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been s e le c te d  whieh produce seed th a t  weigh over 2 grama p er iOOO seeds. 

The w eight o f  an average lo t  o f  eeed i s  about 1*4 to  1 .?  grams p e r 

1000 seeds.

A o h a ra e te r  in  ic sp ed ssa  cuneata  th a t  i s  probably  n o t im portan t 

agronom ical ly ,  but which might have m m  im portance in  a  b reed ing  pro­

gram i s  th e  p ro p o rtio n  o f  seed produced from ehasnogaaous and c le i s to g -  

•moue f lo w ers . In  a  b reed ing  program e le i* toga»eu s flow ers p rov ide  an 

easy  way o f  o b ta in in g  s e lfe d  eeed , w hile  I f  h y b r id is a t io n  i s  p ra c tic e d  

a  r a th e r  h igh  p ro p o r tio n  o f  ohasmogaaoue flow ers a re  d e s ire d . S everal 

w orkers have in d ic a te d  th a t  th e  p ro p o rtio n  o f  thee® two ty p e s  o f  flow ­

e r s  o c cu rrin g  on a p la n t i s  c o n tro lle d  by a number o f  environm ental 

f a c to r s .  Baring t h i s  study tem p era tu re  and day len g th  was found to  

g re a t ly  a f f e c t  t h i s  c h a ra c te r .  When s e v e ra l s t r a i n s  were grown under 

th e  same c o n d itio n s  a g re a t d if f e re n c e  in  th e  p ro p o rtio n  o f  th e  two 

ty p e s  o f  flow ers e x is te d . Since two c ro sse s  involved p a re n ts  w ith  

extrem es o f  t h i s  c h a ra c te r ,  an  e f f o r t  was made to  determ ine w hether th e  

c h a ra c te r  i s  in h e r i te d ,  t h i s  s tu d y  indicate®  th a t  th© p ro p o rtio n  o f  

seed produced by chasmogamous sod oleistog&mous flower® i s  In h e r i te d , 

b u t th© in h e r ita n c e  i s  very  complex. The h e r i ta b le  p o r tio n  o f  th e  

v a r ia t io n  comprised on ly  about onew thlrd o f  th e  t o t a l  v a r ia t io n .

B iotope H od i s  $®spouse

teep ed esa  euneata  i® ex trem ely  s e n s i t iv e  to  p h o to p e r io d it t r e a t ­

ments* The resu lt©  o f  t h i s  s tudy  show mush v a r ia t io n  in  p la n t  grow th, 

d a te  o f  blooming, seed p ro d u c tio n , and ta n n in  co n ten t due to  d i f f e r e n t  

le n g th s  o f  day. P la n t growth was alm ost in h ib i te d  by p la c in g  p la n ts  

under an  8 -hour day. Very l i t t l e  in c re a se  in  growth was made w ith

184507
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1 0  a n d  1 2  h o a r®  o f  l i g h t ,  i n  m m  s t r a i n s  p l a n t s  u n d e r  a  l j - h o u r  d a y  

mad® e o n s i i e r a b l ©  g r o w t h ,  w h i l e  p la n t ®  o f  o t h e r  s t r a i n s  g r e w  v e r y  s lo w ly * '  

ifithen some o f  th e se  s l o w - g r o w i n g  s t r a i n s  w e r e  g i v e n  a n  a d d i t i o n a l  h o u r  

o f  l i g h t  t h e y  g r e w  v e r y  r a p i d l y .  The d i f f e r e n c e  i n  r e s p o n s e  o f  t h e  

d i f f e r e n t  s t r a i n s  i n d i c a t e s  t h a t  s t r a i n s  c o u ld  p r o b a b ly  b e  d e v e l o p e d  

t h a t  a r e  b e t t e r  a d a p t e d  t o  a g i v e n  l o c a t i o n ,  T he f a c t  t h a t  som e s t r a i n ®  

snade g o o d  g r o w th  u n d e r  s e v e r a l  p h o t o p e r io d ®  i n d i c a t e ®  t h a t  som e s t r a i n s  

m ig h t  h a v e  a  w id e r  r a n g e  o f  a d a p t a t i o n  t h a n  o t h e r s .

T his study in d ic a te s  th a t  he spades®, cuneata  produces chasiaogamous 

(showy) flow ers under about a 15-hoar day, Seme © trains behave d i f f e r ­

e n tly , b u t  in  g en e ra l most s tra in®  w il l  p robably  bloom under t h i s  photo- 

p e r io d . L ikew ise, th #  15-hour day seems to  fa v o r  p ro d u c tio n  o f  e la te *  

togamous flow ers o f  a i l  s tra in s*  T o ta l seed p ro d u c tio n  was a lso  g re a te r  

under t h i s  day le n g th . There were la rg e  d if f e r e n c e s  in  th e  a b i l i t y  o f  

s t r a in s  to  flow er and produce seed* These s tu d ie s  were under greenhouse 

c o n d itio n s , and w hether th e  same r e l a t iv e  amounts o f  seed would be pro­

duced under f ie ld  c o n d itio n s  i s  n o t known*

Tannin c o n t e n t  appeared to  be a f fe c te d  g r e a t ly  by d i f f e r e n t  day 

leng ths*  P la n ts  grown under th r e e  d i f f e r e n t  p h o to p erio d s  were analysed  

f o r  ta n n in . The mean percen tag e  o f  ta n n in  in  leav es  o f  th e  e ig h t s t r a in s  

under 6 h o u rs , 15 h o u rs , and normal day p lu s  th r e e  h o u rs  o f  l ig h t  a t  mid­

n ig h t was 6*7# 6*4, and 11*5 re s p e c tiv e ly . A ll s t r a in s  d id  n o t behave th e  

same under th e  th re e  p h o to p erio d s , ay an In c rease  in  th© day le n g th , 

some s t r a in s  were a f fe c te d  much more th a n  o th e r s .  T his in te r a c t io n  be­

tw een s t r a in s  and p h o to p erio d s  in d ic a te s  th a t  low -tan n in  l in e s  m ight have 

to  be developed in  th e  a re a  in  which th ey  a re  to  be used , and a lso  th a t  

p a la ta b le  l in e s  may be developed more su c c e s s fu lly  in  some a re a s  th a n



71

in  o th e rs*  Many o th e r  e<xvirocm®at&1 fa c to re  w il l  e n te r  in to  determ in­

ing t h e  t a n n i n  c o n t e n t  o f  a  g iven  f i e l d  o f  s e r ic e a  lespedetza.

O eterm ination  o f  Tannin Content

Ho very a c c u ra te  sh o rt methods have been devised  fo r  th e  d e te r -  

a ix iu itio ti'o f ta n n in  co n ten t in  p la n t  m ate ria l*  To d a te  probably th e  b e s t 

method to  use fo r  s in g le  p la n t s e le c t io n s  from a la rg e , v a r ia b le  popula­

t i o n  i s  th e  r e l a t iv e  t e s t  w ith f i l t e r  paper t r e a t e r  w ith f e r r i c  ammonium 

t i t r a t e *  fhs use o f  t h i s  method oould very  w ell be supplemented w ith 

th e  h y d ro c h lo r ic -a c id , formaldehyde method fo r  checking v a rio u s  s e le c ­

t io n s  ana d if fe re n c e s  among s t r a in s .  The f e r r i c  ammonium c i t r a t e  method 

does no t g ive  th e  a c tu a l  percen tage  o f ta n n in  in  a p la n t  bu t merely th e  

amount in  comparison to  o th e r  p la n ts .  The h y d ro ch lo ric  acid -form aldehyde 

method does g ive  a f a i r l y  good e s tim a tio n  o f th e  ta n n in  co n ten t i f  th e  

f a c t  i s  kept in  mind t h a t  i t  y ie ld s  s l ig h t ly  h ig h e r v a lu es  than  th e  h id e  

powder method. I f  a few samples o f  th e  m a te r ia l being  s tu d ied  a re  ana­

ly sed  by th e  h ide powder method a  conversion  f a c to r  can e a s i ly  be o b ta in ed  

There i s  need fo r a more a c c u ra te  and conven ien t method o f  ta n n in  a n a ly s is  

w ith  r a th e r  sm all sam ples o f  p la n t  m a te ria l*  Mere in fo rm atio n  i s  a lso  

needed on th e  compounds involved in  th e  ta n n in  complex and fa c to r s  a f f e c t ­

ing  th® form ation  and break-down o f  t h i s  eoaaplex*

One problem encountered  in  th e  h y d ro c h lo ric  acid-form aldehyde method 

was th e  e x t r a c t io n  o f  ta n n in  from sm all sam ples o f  herbaceous m ateria l*  

fe e  much v a r ia t io n  occurred  among se v e ra l d e te rm in a tio n s  o f  the  same 

sample* h a te  o f  p e rc o la t io n , c i r c u la t io n  o f  w ater through th e  sam ple, 

and tem pera tu re  o f  th e  sample and e x tr a c t io n  w ater appeared to  account
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f o r  moot o f  th#  v a r ia t io n ,  h  sm all e x t r a c to r  was mad# th a t  resem bles 

th e  o f f i c i a l  ta n n in  e x t r a c to r ,  except i t  i#  h o t te r  adapted  to  em ail 

samples* With t h i s  e x t r a c to r  v a r ia t io n  among a  number o f  de term ina­

t io n s  o f  th e  ease sample was reduced g r e a t ly .  Sometimes, however, 

th e re  was more v a r ia t io n  th a n  a t  o th e r s .  The e x tr a e t io n  o f  ta n n in  from 

sm all sam ples was very  e r r a t i c  b u t m e r its  improvement.

The d e te rm in a tio n  o f  ta n n in  co n ten t o f  p la n ts  growing in  th e  

greenhouse under long days and r a th e r  h igh  tem p era tu res  appears  to  g iv e  

a  good in d ic a t io n  o f  th e  r e l a t iv e  ta n n in  co n ten t o f  th e  p la n ts  when 

grown under f ie ld  con d itio n s*  Tannin co n ten t appears  to  rem ain r e l a ­

t i v e l y  th e  same in  d i f f e r e n t  s t r a in s  a t  d i f f e r e n t  s ta g e s  o f  growth* 

in  a  b reed ing  program in v o lv in g  ta n n in  co n ten t o f  te sp cd eaa  cuncata  

th e  sc reen in g  o u t o f  h igh  ta n n in  p la n ts  in  th e  g reenhouse, w h ile  th e  

p la n ts  a re  12 to  lb  in ch es  o f  h e ig h t ,  b e fo re  th ey  a re  tra n s p la n te d  to  

the f i e ld  seems to  be one method o f  in c re a s in g  th® number o f  p la n ts  

evaluated*
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Three c ro s se s  were made between in d iv id u a l p la n t#  o f  i^.tpedfUft 

c u n ea ta . P a re n ts  were ae leo ted  eo t h a t  00ae in d ie a tio n  gould be ob­

ta in e d  o f  th e  in h e r ita n c e  o f  e ig t  c h a ra c te rs  in  two d i f f e r e n t  c ro sse e .

In  c ro ss  A ta n n in  c o n te n t, p la n t h e ig h t ,  m a tu r ity , seed c o lo r ,  and seed 

s is #  were invo lved . In  c ro s s  3 ta n n in  c o n te n t, p la n t  h e ig h t, flow er 

c o lo r ,  p la n t c o lo r and p ro p o rtio n  o f  seed produced from chaamogaiaous 

flow ers were s tu d ie d , g ro ss  0 involved m a tu r ity , flow er c o lo r ,  p la n t 

c o lo r ,  seed e ls e ,  an d  p ro p o r tio n  o f  seed produced from chaesogaiaoue 

flo w ers .

The fg d i s t r ib u t io n s  fo r  each c h a ra c te r  a re  g iven  along w ith th e  

e s tim a ted  h e r i t a b i l i t /  and gene number. C o rre la tio n  c o e f f ic ie n ts  were 

c a lc u la te d  between a l l  c h a ra c te rs .  Tannin c o n ten t ap p ears  to  be in h er­

i te d  w ith  th e  number o f gene p a i r s  involved being about 20 to  2j>. 

A pproxim ately 40 p e rc en t o f  th e  v a r ia t io n  in  th e  p o p u la tio n s  was 

accounted fb r  by h e r i ta b le  fa c to rs*  In  one g ro ss  ta n n in  co n ten t was 

a s s o c ia te d  w ith seed c o lo r .  T h is  was th e  on ly  in d ic a t io n  o f  lin k ag e  

In v o lv in g  ta n n in  c o n te n t. P la n t h e ig h t o f  m ature p la n t#  was c o n tro lle d  

by about gene p a i r s  in  c ro s s  A, w hile c ro s s  3 involved about 1$ 

p a i r s .  About y?  to  60  p e rcen t o f  th e  v a r ia t io n  in  th® was due to  

g e n e tic  f a c to r s .  In  c ro s s  0 , p la n t h e ig h t was n e g a tiv e ly  c o r re la te d  

w ith  m a tu rity  and seed s le e .  There was no in d ie a t io n  o f  lin k ag e  between 

p la n t  h e ig h t and any o f  th e  o th e r  c h a ra c te r s .  Approxim ately 90 p e rcen t 

o f  th e  m a tu rity  v a r ia t io n  in  th® Fg p o p u la tio n s  was accounted fo r  by 

h e r i t a b le  f a c to r s ,  th e  e s tim ated  gene number in  c ro s s  A was 22 w hile
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in  c ro s s  0 i t  was only  ta n .  There was some evidence o f  lin k ag e  between 

m a tu r ity  and ta n n in  e o n te n t, seed c o lo r ,  and seed s iz e .  In h e rita n c e  o f  

c o lo r  appeared to  involve about te n  p a i r s  o f  genes, and about 92 to  

95 p e rcen t o f  th e  v a r ia t io n  was due to  g e n e tic  fa c to rs*  flow er c o lo r 

was r a th e r  s tro n g ly  lin k ed  w ith  p la n t c o lo r ,  and showed some evidence 

of lin k ag e  w ith  seed c o lo r .  P la n t c o lo r  was a lso  c o rre la te d  w ith  p e rcen t­

age o f  seed produced from chasmogamous flo w ers  in  c ro s s  0 . The h e r i t a -  

b i l i t y  fo r  p la n t c o lo r  was estim ated  to  be about 90 p e rc e n t , w hile th e  

number o f  gens p a i r s  involved in  th e  in h e r ita n c e  o f  t h i s  c h a ra c te r  

appeared  to  be 12 to  16. The s o lid  p u rp le  seed c o lo r  appeared to  be 

sim ply in h e r i te d .  M& p la n ts  were found in  th e  Pg w ith  a  fleck ed  seed 

co a t which i s  o f te n  p re se n t in  leaped—a cu n ea ta . T h is In d ic a te s  t h a t  

th e  s o l id  p u rp le  and fle c k in g  c o lo r s  m ight be c o n tro lle d  by d i f f e r e n t  

g e n e tic  f a c to r s .  Seed e ls e  appeared to  be r a th e r  sim ply in h e r i te d ,  

w ith  about four gene p a i r s  invo lved . The h e r i t a b i l i t y  v a lu e s  fo r  seed 

e ls e  were 91 and 75 p e rc e n t. The p ro p o rtio n  o f  seed from chasm©gameus 

flo w ers  was very  complex in  i t s  in h e r i ta n c e ,  w ith  th e  number o f  gene 

p a i r s  being  102 and ^3  fo r  th e  two c ro sse s . Only about %  p e rcen t o f  

th e  v a r ia t io n  in  th e  p o p u la tio n s  was due to  g e n e tic  fa c to rs*  The 

d if f e r e n c e  in  th e  e s tim ated  gene number involved in  some o f  th e  ch arac ­

t e r s  between th© two c ro sse s  in d ic a te s  th a t  in  t h i s  sp e c ie s  a g iven  

c h a ra c te r  might be c o n tro lle d  by d i f f e r e n t  s e t s  o f  g e n e tic  f a c to r s ,  

depending upon th e  p la n t m a te r ia l  being c ro ssed .

Lespedesa  cuneata  was ex trem ely  s e n s i t iv e  to  v a r io u s  phu to p erlo d s . 

fe ry  l i t t l e  p la n t growth was o b ta ined  under p ho toperiods under 1J hours, 

The 15-hour day gave f a i r  growth and brought about th e  most flow ering



and seed p ro d u c tio n . Th© 15-hour photo period  was th e  on ly  tre a tm e n t 

which re su lte d  in  th® p ro d u c tio n  o f  ehasmogamous flow ers fey a l l  e ig h t 

s t r a i n s ,  fe ry  few, i f  any, seed ware produced fey ehaeffiogasous flow er* ,

th e  in c re a se  in  day le n g th  caused an in c re a se  in  ta n n in  co n ten t o f  th e

le a v e s . Under 6 h o u rs , 15 hours and n a tu ra l  day p lu s  5 ho u rs  a t  a id -

n ig h t  th© mean p e rcen tag es  o f  ta n n in  in  th e  le av es  were 6 ,7 ,  6,*f, and

11 .5  p e rcen t r e s p e c tiv e ly , th e  s t r a in s  o f  beepede&a cuneata  behaved 

d i f f e r e n t ly  under d i f f e r e n t  photoperiod® .

In  a  b reed ing  program where a  la rg e  number o f  in d iv id u a l p la n ts  

a re  to  fee ev a lu a ted  fo r  ta n n in  c o n te n t, th© f e r r i c  ammonium c i t r a t e  

method o f  r a t in g  th e  p la n ts  ap p ears  to  fee a  d e s ira b le  method to  use* 

A nother method such a s  th e  h y d ro ch lo ric  aeid-form aldehyde tech n iq u e  

could very  w ell fee used fo r  e v a lu a tin g  s t r a in s  and v a r i e t i e s .  In  t h i s  

method th e  ta n n in  e x tr a c t io n  appears to  fee th e  g r e a te s t  problem . In 

o rd e r  to  reduce v a r ia t io n  in  e x tr a c t io n  such f a c to r s  a s  p e rc o la tio n  o f  

e x t r a c t io n  w a te r , tem p era tu re  o f  w ater and sample, and f i l t r a t i o n  o f  

w a ter through th© sample m ist fee kept c o n s ta n t. In  an e f f o r t  to  ach ieve  

t h i s  goal a  sm all e x t r a c to r  was developed which g re a t ly  reduced t h i s  

v a r ia t io n .

From t h i s  s tudy  i t  appears th a t  p la n ts  can fee a c c u ra te ly  ev a lu a ted  

fo r  ta n n in  co n ten t in  th e  greenhouse. The ta rrn ln  co n ten t i s  lower under 

greenhouse c o n d itio n s , bu t ap p ears  to  remain r e l a t iv e ly  th e  same among 

p la n ts  when grown under f i e ld  c o n d itio n s .
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