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Abstract:
A study was initiated to evaluate the potential of sainfoin for production in Montana.

A search of the literature revealed sainfoin to be a deep-rooted, long-lived, tetrapoid, perennial legume
particularly adapted to dry, well-drained calcareous soils. It is reported not to cause bloat and
outyield-ed all other legumes at the Montana Experiment Station when harvested for only one cutting
of hay.

Research was undertaken to evaluate the seedling emergence as affected by seeding depth, the protein
quality of the seed, and the comparative seasonal chemical composition of sainfoin to other legumes
including estrogenic activity.

The experiment on seeding depth indicated that sainfoin will allow a higher percentage of seedling
emergence than alfalfa from a depth of three inches or less.

The protein quality of sainfoin seed is similar to that of soybean oil meal and warrants consideration as
a source of supplemental protein for livestock feeding.

The seasonal protein content of sainfoin was found to decrease with advancing maturity and dry matter
percentage increases. A high negative correlation (-.89) was calculated for protein as related to dry
matter percentage in legumes which could lead to a quick, comparative method of calculating crude
protein content of legume forages. Sainfoin matures at about the same rate as alfalfa. It has a higher
leaf to stem ratio than alfalfa and is lower in crude fiber and protein. Sainfoin has a high percentage of
nitrogen free extract in comparison to other legumes which, coupled to its lower protein content, makes
it worthy of consideration as a silage crop.

All three stages of red clover and the regrowth stage of alfalfa produced a significantly higher
estrogenic response than any of the other legumes. Sainfoin did not exhibit a measurable amount of
estrogenic activity at any stage of growth.

Sainfoin possesses potential for both forage and send production in Montana, especially in dryland
areas where one cutting of hay is harvested, or on irrigated land where a high-yielding silage crop is
desired. 
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ABSTRACT

A s tu d y  was i n i t i a t e d  t o  e v a l u a t e  t h e  p o t e n t i a l  o f  s a i n f o i n  fo r  p ro ­
d u c t io n .  i n  Montana.

A s e a r c h  of  th e  l i t e r a t u r e  r e v e a l e d  s a i n f o i n  to  be a d e e p - r o o t e d ,  
l o n g - l i v e d ,  t e t r a p o i d j  p e r e n n i a l  legume p a r t i c u l a r l y  adap ted to  d r y ,  w e l l -  
d r a in e d  c a l c a r e o u s  s o i l s .  I t  i s  r e p o r t e d  not  to  cause b l o a t  and o u t y i e l d -  
ed a l l  o t h e r  legumes a t  th e  Montana Experiment S t a t i o n  when h a rv e s t e d  f o r  
o n ly  one c u t t i n g  o f  hay.

Research  was under taken  t o  e v a l u a t e  t h e  s e e d l i n g  emergence as a f f e c t ­
ed by seed ing  d e p t h ,  t h e  p r o t e i n  q u a l i t y  of  the  seed ,  and the  comparat ive 
s e a s o n a l  chem ical  com pos i t ion  of  s a i n f o i n  to  o t h e r  legumes in c lu d in g  e s t r o  
gen ic  a c t i v i t y ^

The exper iment  on seed ing  dep th  i n d i c a t e d  t h a t  s a i n f o i n  w i l l  al low 
a h ig h e r  p e r c e n ta g e  o f  s e e d l i n g  emergence th a n  a l f a l f a  from a dep th  of  
t h r e e  inc hes  or  l e s s .

The p r o t e i n  q u a l i t y  of  s a i n f o i n  seed i s  s i m i l a r  t o  t h a t  of  soybean 
o i l  meal and w a r r a n t s  c o n s i d e r a t i o n  as a source  of  supp lem enta l  p r o t e i n  
f o r  l i v e s t o c k  f e e d i rig. '

The s e a s o n a l  p r o t e i n  c o n t e n t  of  s a i n f o i n  was found t o  d e c re a se  w i th  
advancing m a t u r i t y  and d ry  m a t t e r  p e r c e n ta g e  i n c r e a s e s .  A h igh  n e g a t iv e  
c o r r e l a t i o n  ( - . 8 9 )  was c a l c u l a t e d  f o r  p r o t e i n  as r e l a t e d  t o  d r y  m a t t e r  
p e r c e n ta g e  in  legumes which could le ad  t o  a q u ic k ,  compara t ive  method o f ' ,  
c a l c u l a t i n g  crude p r o t e i n  c o n t e n t  of  legume f o r a g e s .  S a i n f o i n  matures  a t  
about  th e  same r a t e  as a l f a l f a .  I t  has a h ig h e r  l e a f  t o  s tem r a t i o  than- 
a l f a l f a  and i s  lower in  crude f i b e r  and pro te in- .  S a i n f o i n  has a h igh p e r ­
cen tage  o f  n i t r o g e n  f r e e  e x t r a c t  in  comparison to  o t h e r  legumes which,  
coupled  to  i t s  lower p r o t e i n  c o n t e n t , makes i t  wor thy  of  c o n s i d e r a t i o n  as • 
a s i l a g e  c ro p .

All  t h r e e  s t a g e s  of  r ed  c l o v e r  and the  regrowth  s t a g e  o f  a l f a l f a  pro*- 
duced a s i g n i f i c a n t l y  h ig h e r  e s t r o g e n i c  re sponse  than  any o f  the  o th e r  
legumes.  S a i n f o i n  d id  not  e x h i b i t  a measurab le  amo.unt o f  e s t r o g e n i c  a c t i v  
i t y  a t  any s t a g e  of  growth.

S a i n f o i n  p o s s e s s e s  p o t e n t i a l  f o r  bo th  fo rage  and send p ro d u c t io n  in 
Montana,  e s p e c i a l l y  in  d ry la n d  a rea s  where one c u t t i n g  of  hay i s  h a r v e s t e d  
or  on i r r i g a t e d  land where a h ighW yie ld ing s i l a g e  crop  i s  d e s i r e d .



INTRODUCTION

Dr= R= G= S t a p l e d o n s famous B r i t i s h  g r a s s  s p e c i a l i s t s has s a i d ,  "No 

g r a s s l a n d  i s  w or thy  of  t h e  name and h a r d l y  worth  b o t h e r i n g  w i th  u n le s s  a 

legume i s  a t  work= Find o r  b reed  th e  r i g h t  legume f o r  e v e ry  co rne r  o f  the '  

world  and you have developed  good g r a s s l a n d  i n  eve ry  c o rn e r  of  the  world=" 

The " r i g h t "  legume f o r  Montana would combine the  c h a r a c t e r i s t i c s  of  

h igh  n u t r i e n t  p r o d u c t i o n ,  n o n - b l o a t i n g ,  p a l a t a b i l i t y ,  co m p e t i t iv e  a b i l i t y ,  

s e e d l i n g  v i g o r ,  ample seed p r o d u c t i o n ,  long l i f e ,  d i s e a s e  and d rought  r e ­

s i s t a n c e ,  w i n t e r  h a r d i n e s s ,  arid a d a p t a b i l i t y  to  our s o i l s =  Our p resen t '  

legumes have some o f  t h e s e  a t t r i b u t e s  bu t  n o t  a l l = B i r d s f o o t  t r e f o i l  i s  

l o n g - l i v e d ,  s e m i -w in te rh a rd y ,  sometimes h igh  y i e l d i n g ,  somewhat drought 

r e s i s t a n t ,  a l k a l i  t o l e r a n t  and has been r e p o r t e d  not  t o  cause  b loa t=  How­

e v e r ,  i t  i s  v e ry  slow to  e s t a b l i s h ,  may be somewhat l a c k i n g  in  p a l a t a b i l ­

i t y ,  and w i l l  no t  w i th s t a n d  g r a z i n g  under d rough t  c o n d i t ions=  Red c l o v e r  

arid a l s i k e  c l o v e r  are s h o r t - l i v e d  and no t  d rought  r e s i s t a n t =  White c l o v e r  

i s  lew y i e l d i n g  and i t s  c l o s e  r e l a t i v e ,  Lad ino , l a c k s  w i n t e r h a r d i n e s s ,  and 

has  h igh  m o i s tu r e  and f e r t i l i t y  requ i rem en ts=  The s w e e tc lo v e r s  are b i e n ­

n i a l ,  s u s c e p t i b l e  to  th e  s w e e tc lo v e r  w eev i l  and c o n t a in  t h e  u n d e s i r a b l e  

compound coumarin= A l f a l f a  i s  good from almost  a l l  s t a n d p o i n t s  except  

t h a t  i t  may r e p r e s e n t  a s e r i o u s  b l o a t  haza rd  in  pas tu re ' s  =

S a i n f o i n  (Onobrvchis  v i c i a e f o l i a ) i s  a d e e p - r o o t e d ,  l o n g - l i v e d ,  t e t r a  

po i d ,  p e r e n n i a l  legume in t ro d u c e d  from Europe which comes c losq  to  p o s s e s s  

ing  a l l  t h e  d e s i r e d  c h a r a c t e r i s t i c s  of  a legume fo r  Montana= I t  -is p a r ­

t i c u l a r l y  adap ted t o  d r y  c a l c a r e o u s  s o i l s =  P ip e r  and M ansf ie ld  s t a t e ,
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•!'■that s a i n f o i n  has never  been known-to cause  b l o a t ° "  I t s  common name 

s a i n f o i n ,  French f o r  ! 'hea l thy  hay"', and th e  L a t in  s p e c i e s  hah$ On.bbjrychis, 

meaning " t h a t  f o r  which a s s e s  b r a y " ,  may a p t l y  d e s c r i b e  i t s  fo rage  q u a l ­

i t i e s .

These f a c t o r s  were th o u g h t  to  make s a i n f o i n  worthy o f  more d e t a i l e d  

e v a l u a t i o n  as a p o s s i b l e  legume f o r  p ro d u c t i o n  in  Montana.



LITERATURE REVIEW

The s a i n f o i n  p l a n t  c o n s i s t s  of  3 t o  32' s t o u t ,  e r e c t  s tems which 

a r i s e  from a branched crown (40)„ ''The l e a v e s  are o d d -p in n a t e  w i th  13 to  

15 l e a f l e t s o The r o s e  c o lo re d  ( r a r e l y  w h i t e )  f low ers  a re  in  an e r e c t ,  

c l o s e  raceme 2 to  5 in c h es  Io n g 0 The r o o t s  are Repor ted t o  r e a c h  a d i ­

ameter  o f  2 inc hes  and ex tend  t o  a d e p th  o f  20 f e e t  or  more« The c u l t u r e  

o f  s a i n f o i n  p ro b a b ly  d a t e s  back about  400 y e a r s .  I t  was f i r s t  c u l t i v a t e d  

i n  F rance ;  th e  f i r s t  d e f i n i t e  r e c o rd  acco rd ing  to  Vianne was in  1582 ."(34)  

At p r e s e n t  s a i n f o i n  i s  commonly grown in  p a r t s  o f  England and F rance .  

S a in f o i n  (Onobrvchis  a l t i s s i m a ) comes from the  Near E a s t e rn  Center  of  O r i ­

g i n .  S e v e ra l  s p e c i e s  occur  w i ld  in  t h a t  a rea  and in  t h e  so u th e rn  h a l f  of  

Europe and ex tend  eas tw ard  toward R u ss ia  where e x t e n s i v e  r e s e a r c h  i s  b e ­

ing  done on s a i n f o i n  f o r  fo rage  (2 5 ) ,  (34 ) .

In Ehgland , i n fo rm a t io n  o b ta in e d  from p ro d u c t io n  o f  s a i n f o i n  hay,, 

which i s  h i g h l y  p r i z e d  by r a c i n g  s t a b l e s  f o r  feed in g  brood mares and c o l t s ,  

has led  t o  i t s  use on much d r y  c a l c a r e o u s  l a n d ,  which p r e v i o u s l y  had been 

n e a r l y  v a l u e l e s s  (34 ) .

Numerous p o p u la r  a r t i c l e s  have been p u b l i sh e d  in  the  United S t a t e s  on 

s a i n f o i n ' s  va lue  as a bee fo rag e  ( l ) ,  ( l l ) ,  (24 ) ,  ( 2 5 ) ,  (31) arid po te n ­

t i a l  f o r  l i v e s t o c k  u t i l i z a t i o n  (3) bu t  v e ry  l i t t l e  s a i n f o i n  i s  be ing  

grown a t  p r e s e n t .

The two v a r i e t i e s  o f  s a i n f o i n  grown i n  England,  common arid g i a n t ,  

may have p o s s i b i l i t i e s  f o r  p ro d u c t i o n  i n  Montana. They a re  p a r t i c u l a r l y  

w e l l  adapted  t o  d r y ,  w e l l - d r a i n e d  c a l c a r e o u s  s o i l s  w i th  a low w a te r  t a b l e

i'
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( 2 6 ) o P e l l e t 9 (3 1 ) ,  r e p o r t e d  them e x t re m e ly  d rough t  and co ld  r e s i s t a n t .  

Common d i f f e r s  from g i a n t  s a i n f o i n  in  having  f i n e r  s tem s,  a more p r o s ­

t r a t e  growth h a b i t ,  g r e a t e r  p e r s i s t e n c y  o f  s t a n d ,  and i n a b i l i t y  to  f lower  

tw ice  a season  ( 1 8 ) .  The f i r s t  c u t t i n g  of  g i a n t  i s  u s u a l l y  taken  fo r  hay 

and the  second l e f t  f o r  seed p ro d u c t i o n  ( 3 ) .  Giant  i s  u s u a l l y  seeded as 

a s h o r t  r o t a t i o n  c rop ,  2 to  3 years ' ,  and common as a long r o t a t i o n  c rop ,

4 t o  7 y e a r s .  A f te r  7 o r  8 y e a r s  of  s a i n f o i n  p r o d u c t i o n ,  good s o i l s  be ­

come s i c k  in  a manner annalogous  to  -"clover . s i ck"  s o i l s  anti must be r e ­

seeded t o  an o th e r  c rop ;  however, t h i s  d o e s n ’t  occur  on the  d r y e r ,  l e s s  

f e r t i l e  s o i l s  ( 3 4 ) .  E s l i c k  (15) r e p o r t e d  a s tand  a t  H a l l ,  Montana, which 

has been in  e x i s t e n c e  s i n ’ce 1898= Both g i a n t  and common s a i n f o i n  are r e ­

p o r t e d  to  be s i m i l a r  to  a l f a l f a  in  t h e i r  a b i l i t y  to  w i th s t a n d  f r e q u e n t  

c l o s e  g r a z i n g  or  c l i p p i n g  (16 ) .

S a i n f o i n  i s  a d a p ta b le  t o  good i r r i g a t e d  s o i l s  ( 3 4 ) .  Research by 

Cooper (10) a t  th e  Montana A g r i c u l t u r a l  Experiment S t a t i o n  showed t h a t  

s a i n f o i n  o u t y i e l d e d  a l l  o t h e r  legume s p e c i e s  when compared w i th  f i r s t  c u t ­

t i n g  hay y i e l d s .

The n u t r i t i v e  c o n t e n t  o f  a p l a n t ,  w i t h i n  l i m i t s ,  i s  th e  f i n a l  d e t e r ­

mining f a c t o r  in  i t s  v a lu e  as a fo rag e  c ro p .  Norton (29) s t a t e s ,  "There 

are two f a c t o r s  which g r e a t l y  i n f l u e n c e  th e  f eed ing  v a lu e  o f  a l f a l f a  hay;  

namely,  the  p r o p o r t i o n  o f  l e a v e s  to  stems and th e  crude p r o t e i n  c o n t e n t . "  

M o r r i s o n ' s  Feeds and Feeding  (27) d o e s n ' t  l i s t  the  chem ical  compos it ion  

o f  s a i n f o i n .  Baker ( 4 ) ,  i n  England,  found t h a t  l i k e  most f o r a g e s ,
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sa in fo i 'n  has  3 lower crude p r o t e i n  c o n t e n t ,  and a h ig h e r  crude f i b e r  con­

t e n t  as th e  p l a n t  advances toward m a t u r i t y .  The' .mineral  c o n t e n t  was found 

t o  be somewhat v a r i a b l e , The r a t i o  o f  l e a f  d r y  m a t t e r  to  t o t a l  d ry  mat­

t e r  d e c r e a s e s  w i th  m a t u r i t y  o f  the  p l a n t  ( 4 ) ,  The l e a f  com posi t ion  i s  

f a i r l y  c o n s t a n t  i r r e s p e c t i v e  of  growth s t a g e , number o f  c u t t i n g s  and s e a ­

son; w i th  l e a f  f i b e r  c o n t e n t  be ing  rem arkab ly  c o n s t a n t  in  c o n t r a s t  to  

t h a t  of  s tem, where i t  i n c r e a s e s  w i th  m a t u r i t y  of  the  p l a n t .  The l e a f  

c o n t a in s  more crude p r o t e i n ,  e t h e r  e x t r a c t ,  and m in e ra l  m a t t e r ,  p a r t i c u ­

l a r l y  ca lc ium ,  th a n  th e  stem, (4) Changes which occur  in'  the  compos it ion 

o f  s a i n f o i n  are p o s t u l a t e d  t o  be due t o  v a r i a t i o n  in  stem composi t ion  and 

l e a f - s t e m  r a t i o .  S a in f o i n  i s  no t  co n s id e re d  to  be a p a r t i c u l a r l y  r i c h  

source  of  b e t a - c a r o t e n e  ( 4 ) ,  Baker (4 ) l i s t s  th e  fo l l o w in g  as the  a v e r ­

age com posi t ion  o f  35 samples o f  s a i n f o i n  hay grown Tn England,  For com­

p a r i s o n ,  d a t a  on a l f a l f a  from Morr ison (27) i s  g ive n .

Composit ion o f  Dry M at te r

C o n s t i t u e n t S a i n f o i n
%

A l f a l f a
%

M ois tu re 0 . 0 9 .5
Crude P r o t e i n 15.0 15.3
E th e r  E x t r a c t 1 ,8 1.9
Crude F ib e r 30 .8 28.6
N, Free  E x t r a c t 45 .5 36.7
T o t a l  Ash 6 .9 8 .0
S i l i c a 0 . 8 — =,  =  =  =

Calcium 1.84 1.47
Phosphorous 0 .63 0.24
Potass ium 1.52 1.97
C hlor ides ' 0 .53 =  =  =  =  =

Norton (29) r e p o r t s  4 0 ,4  as t h e  average  l e a f  p e r c e n ta g e  of  f i r s t



“ 6 “

c u t t i n g  a l f a l f a  hay in  comparison to  32 .3  as th e  average l e a f  pe rce n tag e  

o f  s a i n f o i n  hay g iven  by Baker (4 ) .

In r e c e n t  y e a r s  t h e  e s t r o g e n i c  a c t i v i t y  o f  f o r a g e s  has  r e c e iv e d  

c o n s i d e r a t i o n  in  e v a l u a t i n g  f o r a g e s .

The te rm " e s t r o g e n "  can be d e f in e d  as any compound or  subs tance  

which i s  capab le  of  c aus ing  sex u a l  development  in  the  female? i n c lu d in g  

changes in  the' v a g i n a l  e p i t h e l i u m ,  h y p e r t ro p h y  of  the  u t e r u s  and mammary 

g l a n d s ,  and th e  development of  female secondary  sex c h a r a c t e r i s t i c s  (44) ;  

E s t r o g e n i c  s u b s t a n c e s  were f i r s t  d i s c o v e r e d  in  p l a n t s  in  1926 by Loewe 

(3 8 ) .  S ince  t h a t  t ime app ro x im a te ly  50 s p e c i e s  of  p l a n t s  have been shown 

t o  p o s se s s  v a r y in g  d eg ree s  o f  e s t r o g e n i c  a c t i v i t y  (32 ) ;  I n t e r e s t  in  f o r ­

age e s t r o g e n s  was renewed in  1941 when widespread  b reed ing  d i s o r d e r s  of  

sheep in  Western A u s t r a l i a  were found to  be caused by t h e  h igh  e s t r o g e n i c  

c o n t e n t  of  s u b t e r r a n e a n  c l o v e r  (T r i f o l i u m  s u b t e r r a n e a n ) . 1 S ince  t h a t  t im e ,  

o t h e r  fo rag e  p l a n t s  which have been found t o  p o s se s s  e s t r o g e n i c  compounds 

o f  v a ry in g  a c t i v i t y  are r ed  c l o v e r  fT r i fo l i u m  p r e t e n s e ) ,  a l f a l f a  (Medi- 

c ago s a t i v a ) , whitfe c l o v e r  (T r l fo l ium  r e p e n s ) $ s t r a w b e r r y  c l o v e r  (Trl fo. -  

I ium f r a g e f e r u m ) ,  Ladino c l o v e r  (T r i f o l i u m  r e p e n s ,  l a t u m ) ,  and b i r d s f o o t  

t r e f o i l  (Lotus c o rn rou la tuS ' ) 1 3 8 ) .  Soybean o i l  meal i s  a l s o  r e p o r t e d  to  

c o n t a in  e s t r o g e n i c  ^qmppunds (38 ) .  R ed -c love r  i s  most c o n s i s t e n t l y  r e p o r t ­

ed as having  e s t r o g e n i c  a c t i v i t y  a t  a l l  s t a g e s  of  growth;  I t  has caused 

b reed in g  d i s o r d e r s  in  sheep in  Ohio and Oregon ( 9 ) .  A l f a l f a  v a r i e t i e s  are 

r e p o r t e d  t o  have w i d e . d i f f e r e n c e s  i n  e s t r o g e n  c o n t e n t  ( 3 2 ) .  Youngman (44) 

r e p o r t s  Ladak a l f a l f a  in  Washington t o  have i n c r e a s i n g  e s t r o g e n i c  a c t i v i t y
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w i th  m a t u r i t y o Hay samples of  a l f a l f a ,  a l s i k e  c l o v e r ? w h i te  c l o v e r  and 

r ed  c l o v e r  have been r e p o r t e d  to  p o s s e s s  e s t r o g e n i c  a c t i v i t y  (38)° A l f a l f a  

s i l a g e  has been found t o  p o s s e s s  s i g n i f i c a n t l y  g r e a t e r  e s t r o g e n i c  a c t i v i t y  

th a n  f r e s h  a l f a l f a  or  a l f a l f a  hay (32)-,- ( 4 4 ) /  White c l o v e r ,  b i r d s f o o t  

t r e f o i l s arid a l f a l f a  have been r e p o r t e d  to  be h i g h e s t  in  e s t r o g e n  c o n te n t  

d u r in g  e a r l y  s p r i n g  growth (3 8 ) .  The e s t r o g e n i c  a c t i v i t y  o f  fo ra g e s  seems 

t o  v a ry  w i th  v a r i e t y ,  s t a g e  o f  growth ,  number of  c u t t i n g s  and e n v i ro n ­

ment ( 3 2 ) ,  ( 4 4 ) .

Var ious  c o n f l i c t i n g  t h e o r i e s  e x i s t  as t o  the  s i t e  of  p r o d u c t io n  o f  

e s t r o g e n s  in  p l a n t s .  E s t rogens  occur  e a r l i e s t  in  the  c h l o r o p l a s t  f r a c t i o n ' ,  

so t h i s  would seem the  most l i k e l y  s i t e  of  p ro d u c t io n  (2 3 ) .

The e s t r o g e n i c  compounds which have been i s o l a t e d  and i d e n t i f i e d  are 

t h e  f l a v i n o i d s ,  g e n i s t e i n ,  i t s  g ly c o s id e  g e n i s t e n ,  d ia d z e in , -  i t s  g ly c o s i d e  

d i a d z i n ,  fo rm onone t in ,  b io c h a n in  A and a coumafi n - l i k e  compound, c oum es t ro l .  

These a l l  have s i m i l a r  chemica l  s t r u c t u r e s  which d i f f e r  m a in ly  in  number 

and l o c a t i o n  of  hydroxyl  and methoxyl groups  (38 ) .  Coumest ro l ,  which has 

been i s o l a t e d  in  a l l  legumes t e s t e d ,  p o s s e s s e s  a h ig h e r  e s t r o g e n i c  a c t i ­

v i t y  than  any of  th e  o t h e r  compounds (9),.

Q u a n t i t a t i v e  and q u a l i t a t i v e  d e t e r m i n a t i o n  of  e s t r o g e n s  in  p l a n t  and 

animal m a t e r i a l  can be accomplished by chemical  methods and b io - a s s a y  

p r o c e d u r e s .  Chemical p ro ced u res  are t ime consuming,  e s p e c i a l l y  w ith  p l a n t  

m a t e r i a l s ,  s in c e  ch romatrography  and a c c u r a t e  a n a l y t i c a l  methods are n e c e s ­

sary'.- When th e  chemical  and p h y s i c a l  p r o p e r t i e s  of  e s t r o g e n s  are not

- 7 -
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d e s i r e d ,  a g ro s s  q u a n t i t a t i v e  e s t i m a t e  o f  t h e  e s t r o g e n i c  a c t i v i t y  can be 

o b ta in e d  by use of  b i o - a s s a y  t e c h n iq u e s  (38 ) .  With f o r a g e s ,  t h i s  in v o lv es  

e x t r a c t i o n  o f  th e  e s t r o g e n  w i th  a s o l v e n t  and th e n  adding the  e x t r a c t  to  

a c o n t r o l  r a t i o n  which i s  fed  t o  immature female mice o r  r a t s .  There i s  

no d i f f e r e n c e  in  r e l i a b i l i t y  of  r e s u l t s ,  b u t  mice are l e s s  ex p en s iv e .  The 

an imals  a re  fed  from t h r e e  to  t e n  days and then  s a c r i f i c e d .  The r e s u l t a n t  

u t e r i n e  w e igh t  i n c r e a s e  i s  used as a m e a s u re . o f  e s t r o g e n i c  a c t i v i t y .  The 

r e s u l t s  are u s u a l l y  s t a t e d  as e q u i v a l e n t  to  t h e  amount o f  d i e t h y l s t i I b e s -  

t r o l  which would cause th e  same u t e r i n e  r e sponse  (38 ) .  B i c k o f f ' e t  al>' (8) 

found t h a t  acetone-,  a l c o h o l , o r  a 2 :1  b e n z e n e -a lc o h o l  m ix tu re  are e q u a l l y  

e f f e c t i v e  in  e x t r a c t i n g  e s t r o g e n i c  compounds from f r e s h  or  d r i e d  Ladino 

c l o v e r . Drying a fo rage  can cause up to  a 75% l o s s  in  e s t r o g e n i c  a c t i v i t y .  

E s t ro g e n ic  compounds a re  f a i r l y  s t a b l e  a f t e r  e x t r a c t i o n  ( 9 ) .

In a d d i t i o n  to  a f f e c t i n g  r e p r o d u c t i o n ,  p l a n t  e s t r o g e n s  have been ob­

se rved  t o  a f f e c t  t h e  com pos i t ion  and p r o d u c t i o n  of  mi lk  and t o  s t im u la t e  

growth in  c a s t r a t e d  male an imals  (9)°  B ic k o f f  (9) s t a t e s ,  " I t  now appears  

t h a t  we may need two s e p a r a t e  ty p e s  o f  f o r a g e s .  One o f  t h e s e  would be a 

l o w -e s t ro g e n  fo rage  f o r  b re e d in g  s t o c k ,  because  the  n a t u r a l l y - o c c u r r i n g  

e s t r o g e n s  are no t  d e s i r a b l e  h e r e .  The second type  would be a h ig h - e s t r o g e n  

fo rage  f o r  f a t t e n i n g  s t e e r s ,  w e the rs  and p o u l t r y . "  Data has no t  been pub­

l i s h e d  c once rn ing  th e  e s t r o g e n i c  a c t i v i t y  o f  s a i n f o i n  or  s a i n f o i n  seed .

E f f i c i e n t  p ro d u c t i o n  of  legume fo r a g e s  i s  dependent  upon s u c c e s s f u l

s tand  e s t a b l i s h m e n t .  Among f a c t o r s  i n f l u e n c i n g  e s t a b l i s h m e n t  are seed 

s i z e ,  seed v i a b i l i t y ,  r a t e  of  s e e d in g ,  d e p th  of  seed ing  and v a r i e t y .
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S a i n f o i n  seed i s  produced by th e  p l a n t  in  one-seeded  pods which are 

d e s c r i b e d  by P ip e r  (34) as be ing  "brown, i n d e h i s c e n t ,  l e n t i c u l a r ,  arid r e ­

t i c u l a t e d  on the  s u r f a c e . "  A c t u a l l y ,  th e  pod i s  bean-shaped  and b i l a t e r ­

a l l y  com pressedo I t  has  a rough n e t  ve ined  appea rance ,  and i s  sometimes 

r e f e r r e d  t o  as a "cockshead"• when i t  has s p in e s  p r o t r u d i n g  from the  v e n t r a l  

edge or  k e e l .  Evidence i n d i c a t e s  t h a t  th e  sp ined  c h a r a c t e r i s t i c  i s  con­

t r o l l e d  by orie p a i r  of  genes  w i th  s p in y  dominant  to  s p i n e l e s s  (40 ) ,

S a i n f o i n  grown f o r  seed p ro d u c t i o n  may produce  25 to  30 bushe ls  of  

seed in  the  pod p e r  acre  ( 3 ) ,  Like a l f a l f a ,  i t  i s  en tomophalous ,  r e q u i r ­

ing  i n s e c t  c r o s s - p o l l i n a t i o n  f o r  maximum seed s e t  (15 ) ,  The podded seed 

weighs about  30 pounds p e r  bushel., '  o f  which o n e - t h i r d ,  by w e ig h t ,  i s  pod 

arid s h r i v e l e d  seeds  (4 0 ) .  S a i n f o i n  seed remains v i a b l e  under h igh d r y ­

ing  te m p e ra tu r e s  a f t e r  h a r v e s t .  I t  i s  s a f e  t o  s t o r e  a t  12% m ois tu re  and 

i s  r e p o r t e d  in  England t o  lo s e  i t s  v i a b i l i t y  a f t e r  t h r e e  y e a r s  s to r a g e  (3 0 ) .  

S a i n f o i n  seed i s  so ld  com merc ia l ly  i n  two forms,  m i l l e d  and unm i l led .

M il led  seed has th e  pod removed and i s  k idney -shaped ,  v a ry in g  from ye l low ­

i s h  g reen  to  da rk  brown in  c o l o r .  S a i n f o i n  seed in  the  pod weighs 23 

grams p e r  1000 and m i l l e d  seed weighs 15 grams pe r  1000 (3 9 ) .  In compar­

i s o n  a l f a l f a  seed weighs 2 grams pe r  1000 (37 ) .  G ermina tion  i s  more u n i ­

form from m i l l e d  seed due t o  r e d u c t i o n  o f  hard seeds d u r i n g  m i l l i n g  and 

removal  of  the  seed pod which has been proved to  p rov ide  mechanica l  r e s i s ­

ta n c e  t o  r a d i c l e  emergence (40 ) .  U nb i l l ed  seed r e t a i n s  i t s  v i a b i l i t y  f o r  

a longer  p e r io d  (39 ) .
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The recommended s e e d in g  r a t e  f o r  a l f a l f a  and s a i n f o i n  in  England i s  

22 and 40 pounds o f  m i l l e d  seed p e r  a c r e , r e s p e c t i v e l y  (30)„ In Montana 

the  recommended s eed in g  r a t e  f o r  a l f a l f a  i s  10 to  12 pounds p e r  a c re .

P ip e r  (34) s t a t e s  t h a t  s a i n f o i n  should be seeded a t  a dep th  of  one-  

h a l f  inch  o r  more . The most s a t i s f a c t o r y  seed ing  dep th  f o r  small  seeded 

legumes and g r a s s e s  in  t h i s  c o u n t ry  i s  0 .5  inch  (5 ) .  Two inches  i s  the  i

recommended s eed ing  dep th  f o r  soybeans(28)>6 Er ickson  (13) found t h a t  as 

dep th  o f  s eed ing  i n c r e a s e d ,  t h e  advantage  of  l a r g e  seed over  smal l  seed !

in  s tand  e s t a b l i s h m e n t  of  a l f a l f a  became i n c r e a s i n g l y  a p p a r e n t .  This  

would' cause  one t o  wonder j u s t  what the  optimum s eed ing  d e p th  f o r  s a i n ­

f o i n  might  be .  S a i n f o i n  seed r e q u i r e s  i n b c u l a t i o n  f o r  p ro p e r  n i t r o g e n  

f i x a t i o n  and growth on s o i l s -  which had no t  p r e v i o u s l y  grown s a i n f o i n  ( I ) .

P ip e r  (34) recommends s p r in g  seeding,-  s in c e  f a l l  seed ings  are more ap t  to  1

w i n t e r k i l l .

Woodman (42) g iv e s  t h e  chem ical  com pos i t ion  of  s a i n f o i n  seed as
:!

fo l low s  5 I
Unmilied seed M il led  seed

% %

M ois ture 12.01 8 .98
Crude P r o t e i n 26.38 36 = 63
E th e r  E x t r a c t 5 = 96 7 .28
N= Free  E x t r a c t 33 .74 34.06
Crude F ib e r 17.86 9.46
Ash 4.05 3 .58
Calcium 1.02 .24
Phosphorous .91 1.15
C h lo r id e s .11 .11

For a long t ime p r o t e i n  has been the  most expens ive  i n g r e d i e n t  and a
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l i m i t i n g  f a c t o r  o f  l i v e s t o c k  r a t i o n s .  Soybean' o i l  meal i s  commonly used 

as a p r o t e i n  supplement  in  l i v e s t o c k  r a t i o n s ,  i n c lu d in g  dog and c a t  foods ,  

because of  i t s  h igh  p r o t e i n  c o n t e n t  and e s s e n t i a l  amino ac id  ba lance  in  

r e l a t i o n  to  c e r e a l  g r a i n s .  Recent  r e s e a r c h  i n d i c a t e s  t h a t  the  l i m i t i n g  

amino ac id  f o r  soybean o i l  meal i s  m e th io n in e ,  bu t  even w i th o u t  the  ad­

d i t i o n  o f  m e t h i o n i n e ,  i t  i s  one of  the  b e s t  q u a l i t y  p l a n t  p r o t e i n s  a v a i l ­

ab le  f o r  l i v e s t o c k  f e e d in g  ( 2 ) .  Soybean o i l  meal i s  l i s t e d  by Morrison 

(27) as b e in g  about  44 % crude  p r o t e i n .  M i l led  s a i n f o i n  seed  compares 

f a v o r a b l y  t o  soybean o i l  meal i n  p r o t e i n  p e r c e n ta g e ,  and might  be con­

s i d e r e d  f o r  commercial  p ro d u c t i o n  i f  i t  was equa l  to  soybean o i l  meal in  

amino ac id  b a l a n c e .  Soybean o i l  meal s e l l s  commercia l ly  a t  the  p r e s e n t  

t ime f o r  $83 a t o n .  Woodman (42) i n d i c a t e d  t h a t  lambs d id  v e ry  wel l  on 

unm i l led  s a i n f o i n  seed as a p r o t e i n  supplement  and would have equaled  

g a i n s  o f  lambs on lu c e rn e  and c l o v e r  seed i f  the  pod had been removedi

The s e a r c h  of  l i t e r a t u r e  on s a i n f o i n  i n d i c a t e d  t h a t  i n fo rm a t io n  was 

l a c k in g  in  the  a r e a s  o f  recommended s e e d in g  depth,-  p r o t e i n  q u a l i t y  of  

th e  seed ,  arid com para t ive  se a s o n a l  chemical  com posi t ion  i n c lu d in g  e s t r o ­

gen ic  a c t i v i t y .  Research  was under taken  to  e v a l u a t e  t h e s e  q u a l i t i e s  of

s a i n f o i n .



SEEDING DEPTH

M a t e r i a l s  and Methods

Because o f  t h e  e x c e p t i o n a l l y  l a r g e  s i z e  of  s a i n f o i n  seed and la c k  of  

i n f o r m a t io n  r e g a r d i n g  p ro p e r  s eed ing  d e p t h ,  an exper iment  was des igned  to  

e v a l u a t e  t h e  e f f e c t  of  s eed in g  dep th  on the  r e s u l t i n g  s e e d l i n g  emergence 

o f  s a i n f o i n .

One hundred a l f a l f a  seeds  and an equa l  number o f  s a i n f o i n  seeds were' 

p l a n t e d  a t  e i g h t  d i f f e r e n t  d e p t h s ,  s t a r t i n g  a t  o n e - h a l f  inch  and i n c r e a s ­

ing  in  o n e - h a l f  inch  inc rem en ts  t o  fou r  inches.,  i n  so i l ,  on a bench in  the  

g reenhouse .  A s p l i t - p l o t  e x p e r im e n ta l  d e s ig n  was used w i th  seed ing  d ep th s  

a s s ig n ed  a t  random to  the  main p l o t s  and s p e c i e  a t o  su;hplotsv Three r e p ­

l i c a t i o n s  were p l a n t e d .  ' Germina tion  p e r c e n t a g e . o f  the  seed was ob ta ined  

b e fo re  p l a n t i n g .  R e l a t i v e '  r a t e  o f  emergence, was noted  and r e s u l t s  were 

compiled as p e r c e n ta g e  o f  v i a b l e  seed emerging. .  A l f a l f a ,  was in c luded  i n  

t h e  exper im en t  as a check.

R e s u l t s  and D is c u s s io n

The g e rm in a t io n  p e r c e n ta g e  o f  s a i n f o i n  seed and a l f a l f a  seed was 78 

and 95 r e s p e c t i v e l y .  The s a i n f o i n  seed had been s to r e d  f o r  t h r e e  yea r s  

which r e f u t e s  d a t a  by Owen (30) t h a t  i n d i c a t e d  s a i n f o i n  seed  lo s e s  i t s  

v i a b i l i t y  d u r in g  t h a t  p e r io d  o f  t im e .

The a l f a l f a  s e e d l i n g s  emerged a day e a r l i e r  than  th e  s a i n f o i n  s eed ­

l i n g s  a t  d e p th s  of  seed ing  t o  two in c h e s .  S a in f o i n  a t  g r e a t e r  dep th s  had 

t h e  f a s t e r  emergence.  The s a i n f o i n  s e e d l i n g s  emerged w i th  th e  hypoco ty l  

pushing  th e  c o ty le d o n s  s t r a i g h t  up th rough  the  s o i l  as d id  a l f a l f a .  This
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Table 1» P e rcen tag e  o f  v i a b l e  s a i n f o i n  and a l f a l f a  seeds  which germinated  
and emerged from v a r io u s  seed ing  d e p t h s ,  l /

r -  ■■ ■_ r—  -  ■ n , . - ,  L —

Seeding P e r c e n t  age of P e r c e n t  age of
d e p th  in s a i n f o i n  seeds a l f a l f a  seeds
inches emerging emerging

.5 88.5  a b 6 0 .2  a

1 .0 97 .0  a 5 7 . 9  a ■

1.5 76.9  a b 5 6 .3  a

2 . 0 88;. 9 a b 37 .2  a b .

2 .5 63.7  b c '■ 2 2 .8  b c

3 .0 38.9  c 17.6 b c

3 .5 9 . 4  d 1.1 C

4 . 0 1.-3 d 1 .4  c

l /  Values u n d e r l i n e d  w i t h i n a seed ing  d e p th  are s i g n i f i c a n t l y  d i f f e r e n t '
a t  P — o 05 o.
Values w i t h i n  th e  legume fo l lowed by th e  same l e t t e r  a re  no t  s i g n i f i ­
c a n t l y  d i f f e r e n t  a t  P = .05 (12 ) .
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i s  d i f f e r e n t  from some legumes, such as b e a n s , in  .which the  hypoco ty l  i s  

s h a r p l y  b en t  arid p u l l s  th e  c o ty le d o n s  t o  the  s o i l  s u r f a c e .

The r e s u l t s  o f  the  exper im en t  a re  shown i n  Table I as p e rce n tag e  of  

v i a b l e  seeds  which emerged from th e  s o i l  as s e e d l i n g s .

A l f a l f a  had an emergence of  6 0 .2  %  from th e  O'.5 in'ch seed ing  dep th  

which is .  comparable to  f i e l d  emergence.  Sa in fo i r i  e x h i b i t e d  good emergence 

from th e  f i r s t  fo u r  s eed ing  depths- , f a i r  emergence in  the  2 .5  and 3 inch  

seeding,  d e p th s  and poor  in  the  3 .5  and 4 inch  d e p t h s .  . In compar ison ,  a l ­

f a l f a  had good emergence in  the  f i r s t  t h r e e  ^seeding dep thsy  f a i r  emergence 

in  t h e  2> 2^5 and 3 inch  seed ing  d e p th s  and poor in  th e  3 .5  and 4 inch  

d e p t h s .

The exper im en t  was d es ig n ed  t o  p la c e  maximum p r e t i s i o n  in  s t a t i s t i c a l  

a n a l y s i s  on the.  send ing  d e p th  by legume i n t e r a c t i o n .  A s i g n i f i c a n t  d i f ­

fe re n c e  g r e a t e r  t h a n  P = .05 e x i s t e d  between legumes. Seeding dep th  d i f ­

f e r e n c e s  were s i g n i f i c a n t  a t  P = .01 w i th  t h e  i n t e r a c t i o n  having s i g n i f i ­

cance g r e a t e r  t h a n  P = .0 5 .  '

This  exper im en t  i n d i c a t e s  t h a t  s a i n f o i n  i s  s u p e r i o r  t o  a l f a l f a  in  

s e e d l i n g  emergence and w i l l  produce  a g r e a t e r  p e r c e n ta g e  o f  s e e d l i n g s  than  

a l f a l f a  from a seed ing  dep th  o f  3 inc hes  or  l e s s .

I



PROTEIN QUALITY OF SAINFOIN SEED 

M a t e r i a l s  and Methods

The exper im en t  h e r e i n  d e s c r i b e d  was d es igned  to  compare the  p r o t e i n  

q u a l i t y  ( e s s e n t i a l  amino ac id  b a l a n c e )  o f  s a i n f o i n  seed (On1ObrvCh is  

v i o i a e f o l i a ) and pigweed seed (Amaranthus r e t r o f l e x u s ) w i th  t h a t  of  soy­

bean o i l  meal (Glycine max) and to  measure i t s  e f f e c t  on r a t  growth and 

feed  consumpt iono

F i f t e e n  th r e e - w e e k - o ld  female w h i te  r a t s  were d iv i d e d  i n t o  t h r e e  

equa l  w eight  groups o f  f i v e  r a t s  each=

R a t io n s  were fo rm u la ted  to  c o n t a i n  10% crude p r o t e i n ,  on the  b a s i s  

o f  work by Rama Rao et_ al_» (35) which i n d i c a t e d  t h a t  th e  minimum r a t  r e ­

qu i rem en t  o f  p r o t e i n  f o r  maximum n i t r o g e n  r e t e n t i o n  i s  10% and the  .mini-
v

mum r e q u i r e m e n t  f o r  maximum growth i s  8=8%= Crude p r o t e i n  c o n t e n t s  of

unhu l l ed  s a i n f o i n  seed ,  soybean o i l  meal and pigweed seed used in  the

r a t i o n s  were 24=6%, 42.0% and 15=0% r e s p e c t i v e l y =

Table I I  shows th e  r a t i o n s  used f o r  the  exper im en t .

Table II= Composit ion  of  r a t i o n s  used t o  e v a l u a t e  p r o t e i n  q u a l i t y  of  
s a i n f o i n  seed meal .

I n g r e d i e n t s
Pigweed seed 
meal r a t i o n

S a in f o i n  seed 
meal r a t i o n  

%

Soybean o i l  
meal r a t i o n  

■ ■ ’ %
Vitamin premix O 1 = 0 1 .0

U=S=P= 14 s a l t  mix 4 = 0 4 = 0 4 .0
Alpha c e l l u l o s e 5 . 0 5 = 0 5 .0
Corn o i l 10.0 10 = 0 10.0

Corn S ta r c h 13 .3 39 .3 56.2
P r o t e i n  source 67=7 ' • 40,7 23.8.
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Each group of  r a t s  was fed ad l i b i t u m  f o r  28 days .  Weights  were 

t a k e n  a t  about  10 day  i n t e r v a l s  d u r in g  th e  feed in g  t r i a l  and feed con­

sumption was no te d .

R e s u l t s  and D is c u s s io n

The soybean o i l  meal r a t i o n  and s a i n f o i n  seed meal r a t i o n  produced 

s i g n i f i c a n t l y  (P = .05)  g r e a t e r  r a t  g a i n s  than  the  pigweed seed meal r a ­

t i o n  d u r in g  th e  l a s t  I 7 days of  the  f e e d in g  t r i a l  (Table I I I ) .  There was 

no s i g n i f i c a n t  d i f f e r e n c e  between w eight  g a in s  of  r a t s  fed  thb  s a i n f o i n  

and pigweed r a t i o n s  d u r in g  th e  f i r s t  I l  days of  the  exper im en t?  nor be ­

tween w e igh t  g a in s  from th e  s a i n f o i n  and soybean r a t i o n s  th roughou t  the  

t r i a l .

Table  I I I .  Average r a t  w e igh t  g a in s  and feed e f f i c i e n c y  d u r in g  a feed
t r i a l  conducted u s in g  pigweed seed meal ,  s a i n f o i n  seed meal 
and soybean o i l  meal, as p r o t e i n  s o u r c e s . l /

Trea tment I n t . 
w t .

11 day 
g a in

Weights  
11-21 
r day 
ga in

ta k en  
21-28  
( day ■ 
ga in

in- grams 
F in a l  
wt.

T o t a l
ga in

Avg. 
d a i l y

G r s . 
feed  
per  
100

■ • ■
grs-.
g a i n

Soybean o i l  
meal r a t i o n 56 .2 38.6a 28 .1 a 14.2a 136,7 80'. 5 a 2 .88a 39.6
S a i n f o i n  seed 
meal r a t i o n 55 .9 31 .5ab 301.4a 10.5a 128.3 7 2 .4 a 2.59a 460
Pigweed seed 
meal r a t i o n 57.1 20'. 3b 11.0b 3.3b 91.7 34 .-6 b 1.24b 643

I /  D i f f e r e n c e s  among r a t i o n s  are s i g n i f i c a n t  a t  P =  .05 i f  n o t . f o l l o w e d  
by th e  same l e t t e r  ( 1 2 ) .

Kumpta and Harper (22) s t a t e d  t h a t ,  "A f a l l  in  food i n t a k e  can u s u a l ­

l y  be d e t e c t e d  w i t h i n  a s h o r t  time a f t e r  an animal has been fed ad l i b i t u m  s
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a d i e t  in  which an amino ac id  imbalance has  b e e n .c r e a t e d ° ” This occur red  

w i th  t h e  r a t s  on the  pigweed seed r a t i o n .  They a te  a t o t a l  of  1112 grams 

o f  f e e d  compared t o  1595 grams of  feed  f o r  the  r a t s  on soybean and 1664 

grams o f  feed  f o r  th e  r a t s  on s a i n f o i n .  They were a l s o  more nervous arid 

i r r i t a b l e  th a n  th e  ra t ' s  i n  t h e  o t h e r  two g roups .  This  ag rees  w i th  p re v io u s  

r e s e a r c h  by Young and Dunn (43 ) .

The h i g h e r  feed  consumption and lower feed  e f f i c i e n c y  of  th e  r a t s  on 

s a i n f o i n  as compared t o  th o s e  on soybean may have been due to  the  pods on 

t h e  s a i n f o i n  seed which were ground w i th  t h e  seed and mixed as p a r t  of  

t h e  r a t i o n .  These pods were u n p a l a t a b l e  and th e  r a t s  was ted p a r t  of  them. 

The pods are  h igh  i n  f i b e r  (42) and should  c o n t a in  l e s s  ene rgy  thari an 

equa l  amount i n  weigh t  o f  corn s t a r c h  which was t h e i r  c o u n t e r p a r t  in  the  

soybean o i l  meal r a t i o n .

The a u th o r  s u rm is e s ,  as d id  Woodman arid Evans (4 2 ) ,  t h a t  m i l l e d  s a i n ­

f o i n  seed w i th  th e  pods removed would compare much more f a v o r a b l y  to  soy­

bean o i l  meal w i th  r e s p e c t  t o  p r o t e i n  q u a l i t y .

In England,  s a i n f o i n  i s  r e p o r t e d  to  produce about  600 pounds of  m i l l e d  

seed pe r  ac re  ( 3 ) .  Compared t o  th e  p r e s e n t  p r i c e  of  soybean o i l  meal ,  t h i s  

would be w o r th  abodt  $24 p e r  a c r e . S a i n f o i n  seed could be h a rv e s te d  ev e ry  

y e a r .  The va lue  o f  two y e a r s '  p ro d u c t i o n  o f  s a i n f o i n  seed  would be equa l  

t o  a 24 bushe l  wheat  crop  in  an a l t e r n a t e  year  -  summer ^al-Iow cropping 

system.

The v a lu e  o f  t h e  seed as a p r o t e i n  supplement f o r  t h e  l i v e s t o c k



i n d u s t r y  p lu s  t h e  f o r etge p ro d u c t i o n  o f  th e  p l a n t  makes s a i n f o i n  wor thy  

o f  c o n s i d e r a t i o h  f o r  p ro d u c t i o n  in  Montana.



SEASONAL CHEMICAL COMPOSITION 

M a t e r i a l s  and Methods

In o r d e r  t o  o b t a i n  a comparison  o f  s a i n f o i n  w i th  o t h e r  fo rage  l e ­

gumes, weekly  h a r v e s t s  were made from e i g h t  legumes and one g r a s s  grown 

in  p l o t s  l o c a t e d  app ro x im a te ly  f i v e  m i l e s  west  of  Bozeman oh th e  Montana 

A g r i c u l t u r a l  Experiment S t a t i o n ,  Crops and S o i l s  F i e l d  Research  L ab o ra to ry .  

The fo r a g e s  compared were s a i n f o i n  fO nobrvch is -v i c i a e f o l i a ) . Ladak a l f a l f a  

(Medicago s a t i v a ) ,  t e t r a p o i d  al sik 'e  c l o v e r  (T r i f o l i u m  h v b r id iu m ) ,  Kenland 

r e d  c l o v e r  (T r i f o l i u m  p r a t e n s e  L . ) .  Ladino c l o v e r  (T r i fo l i u m  r e p e n s )■,' Tana ,  

b i r d s f o o t  t r e f o i l  (Lotus, c o r n i c u l a t u s ) , c i c e r  mil 'kvetch (A s t ra q u lu s  d lc & f ).  

s i c k l e  m i lk v e t c h  (A s t ra q u lu s  f a l c a t u s ) and o f c h a rd g ra s s  (D a c t v l i s  glom- 

e ra - t a ) =

The h a r v e s t s  were made on F r id a y  a f t e rn o o n  each week. The h e i g h t  of  

c u t t i n g  was 2 i n c h e s .  Height^and s t a g e  o f  m a t u r i t y  were noted a t  t ime of  

harvest. - '  ' The samples were s e l e c t e d  a t  random frotn the  p l o t s ,  p laced  in  

paper  bags and oven d r i e d  in  th e  fo rag e  d r y e r  a t  about  68° C f o r  t h r e e  

d ay s .  Leaf and stem s e p a r a t i o n s  were made a t  the  bay s t a g e .  Ladino c l o ­

ve r  was no t  in c lu d e d  i n  th e  comparison u n t i l  August 3,  when samples were'
. i -

t a k e n  on reg row th  from th e  hay c u t t i n g .  Dry m a t t e r  p e r c e n ta g e  was d e t e r ­

mined and samples ground th ro u g h  a 1 /32  inch  sc reen  in  a Wiley m i l l  f o r  

crude p r o t e i n  d e t e r m i n a t i o n  by th e  K je ld ah l  method.  Samples o f  l e a f  and 

stem s e p a r a t i o n  from a l f a l f a  and s a i n f o i n  were analyzed by th e  Chemistry  

Research L ab o ra to ry  f o r  crude f i b e r ,  e t h e r  e x t r a c t ,  and t o t a l  ash .  N i t r o ­

gen f r e e  e x t r a c t  was c a l c u l a t e d  us ing  th e  o t h e r  v a l u e s .
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R e s u l t s  and D is c u s s io n

The r e l a t i v e  r a t e  o f  m a t u r i t y  o f  s a i n f o i n  in  r e l a t i o n  t o  o t h e r  l e ­

gumes and o r c h a r d g r a s s  i s  shown in  Table IV= S a in f o i n  r eached  th e  hay 

s t a g e  one day e a r l i e r  th a n  a l f a l f a .  I t  d id  no t  e x h i b i t  l e a f  l o s s  in  com­

p a r i s o n  to  a l f a l f a  which,  a t  Bozeman, no rm al ly  l o s e s  some o f  i t s  lower 

l e a v e s  b e fo re  r e a c h in g  th e  hay  s t a g e .  S a i n f o i n  and th e  two m i lkve tches  

were l e s s  a f f e c t e d  by f r o s t  in  the  f a i l  th a n  th e  o t h e r  legumes.  S a in f o i n  

was the  t a l l e s t  o f  a l l  legumes d u r in g  th e  development o f  th e  f i r s t  c u t ­

t i n g ,  Tab le V.

Comparat ive s e a s o n a l  v a r i a t i o n  in  d r y  m a t t e r  i s  shown in  Table VI= 

V a r i a t i o n s  from normal f o r  some d a t e s  may be a t t r i b u t e d  to  r a i n  and m o is -  • 

t u r e  on the fo rage  when th e  samples were h a r v e s t e d .  S a i n f o i n  d id  not  ex­

h i b i t  as h igh  a d r y  m a t t e r  p e r c e n ta g e  as might  be expec ted  c o n s id e r i n g  i t s  

h e i g h t  and l a r g e ,  r ank  growing s tems.

The p r o t e i n  c o n t e n t  o f  s i c k l e  m i lk v e t c h  was c o n s i d e r a b l y  h ig h e r  th a n  

th e  o t h e r  legumes th ro u g h o u t  th e  e x p e r im en t ,  Table VII .  S a in f o i n  and 

a l f a l f a  had a lower p r o t e i n  c o n t e n t  than  p r e v i o u s l y  r e p o r t e d  ( 4 ) ,  (27 ) .

T h i s  could have been due to  e n v i ro n m e n ta l ,  v a r i e t y ,  or  i n o c u l a t i o n  e f f e c t s .  

The t r e f o i l  p l a n t s  were ye l low  and appeared t o  be s u f f e r i n g  from improper 

i n o c u l a t i o n  or  a l a c k  o f  n i t r o g e n .  Th i s  could  account  f o r  i t s  r a p id  d e c l i n e  

-in p r o t e i n  c o n t e n t .

The p r o t e i n  and d ry  m a t t e r  comparisons  were not  s t a t i s t i c a l l y  analyzed 

because  j u s t  one sample was t a k en  in  the  f i e l d  to  o b t a i n  th e  d a t a  of



Table' IV. Growth s ta g e s  o f  8 legumes and o rc h a rd g ra s s  on v a r io u s  h a r v e s t  d a te s  a t  Bozeman
in  1962 .1 / .

A ls ike Birdsfoof C ice r
-.rc, ,c „ ^
Red S ic k l e Ladino Orchard-

Date of A l f a l f a Clover T r e f o i l Milk- Clover Milk- S a in f o i n Clover g r a s s
Harvest---. /- . ■ v e t c h  ' v e tch

F i r s t  Cro D Growth
5-18 veg.  * veg. veg. veg. veg. veg. veg. DDG veg.
5-25 veg. veg. veg. veg. veg. veg. veg. veg.
6-1 veg .• veg. 1s t  buds veg. veg. veg. veg. --— boot
6-8 veg. veg. 1s t  bloom veg. veg. 1 s t  buds veg. ™ ““ heading
6-15 1 s t  l e a f  lo s s 1 s t  bud 30% blooir veg. 1 s t  bloom adv.  bud 1 s t  buds heading
6-20 ===. = = = 75% bloom = = = = C= C= <= = = p r e -bloom
6-22 1 s t  buds 1 s t  bloom Fullbloom 1 s t  bud 20% bloom pre-bloom 1 s t  bloom blooming
O Ag
6-27 5% bloom = ==., CO «==- a sea «= C=€= cods form C= C= CC blooming
6-29 35% bloom 75% bloom 75% pods adv.bud fullbloom 50% pods 75% bloom ™ = - blooming
7-2 = = = fu l lb loom = = - = G™ ™=- <== = fullbloom ' ™=™*
7-5 = = — — = = = 50% bloom C==C= = = = = = = = C=C=
7-6 65% bloom 15% d .f .* 35% pods 50% bloom 40% d . f . 100% podE 75% d .f . s . f . *
7-14 5% pods 50% d . f . 100% pods 15% pods 80% d . f . s . f . 90% pods = = •= s . f .
7-20 ■ 25% pods 75% d . f . s . f . 75% pods 90% d . f . s . f . s . f . s . f .
7 -27 50% pods 95% d . f . s . f . 100% pods s . f . s . f . s . f . S . f  O

Req rowth Aft e r  C u t t i r
8-3  ' . veg." veg. 25% bloom veg. 5% bloom veg. veg.. 10% bloom veg.
8-10 veg.' 5% bloom 40% pods veg. 15% bloom veg. veg. 20% bloom veg.
8-17 ; i5% bloom 10%. bloom 90% pods veg. 50% bloom ' veg. 10% bloom 35% bloom veg.  .
8-24 40% bloom 20% bloom 100% pods veg. 70% bloom ! veg.  ;20% bloom 50% bloom veg.
8-31 50% bloom 15% d . f . s . f . veg. 30% d . f . veg. 35% bloom 100%bloom veg.
9-7 " . 5.6% d , f . 75% d . f . s . f . veg. 60% d . f . veg. 60% d i f . 45% d .f . veg.
9-14 . 65% d . f .  - 95% d . f . s . f . veg. 85% d . f . I  veg. 90% d . f . 90% d .f . veg.
9-21 f r o s t e d  . s . f . .s. f . . .  ■ v e q ■ 95% d.f . . D . f . * - 90% d . f... - :vea-o -
T7 Underscored s t a g e s  i n d i c a t e  d a t e s  and s t a g e s  c ons ide re d  to  be c o r r e c t  fo r  haying;

samples f o r  l e a f - s t e m ■s e p a r a t i o n s  were t a k en  on th e s e  d a t e s .
* veg.  = v e g e t a t i v e  s t a g e . d . f  = = d r i e d  f low ers  a f t e r - b lo o m i n g ,  s . f .  -■= seeds forming,  

p . f .  = pods forming.



Date o f  A ls ike  B i r d s f o o t  C ic e r  Red S i c k l e  Ladino Orchard=
H arves t ’ - AlfaTfa-. Clover  T r e f o i l  ' M i lk v e t c h -,Clover M ilkve tch  S a in f o i n  Glover "grass

Table V° H eigh t in  in c h es  o f  8 legumes and o rc h a rd g ra s s  on v a r io u s  h a r v e s t  d a t e s  a t
■ ... Bozeman in  1 9 6 2 o l / - , ~  . ■ ' ■ , , ,

i n . . ' i n . i n .
F i r s t

i n .
Crop Growth 
i n .  i n . i n . in . i n .

5-8 12 4 5 5 8 6 8 - 12
5-25 16 9 9 7 9 10 12 - 14
6=1 19 12 12 11 15 15 16 =' 19
6-8 22 14 14 15 19 20 20 - 24
6=15 25 20 17 16 22 21 23 = 30
6-20 - - 20 - - - -
6-22 29 24 21 21 24 27 33 -■ 44
6-26 “ - - - - 34 _ -
6-27 32 - £- - - 29 -  ~ - 47
6-29 32 24 22 22 £4 30 36 = 48
7-2 = 24 - = - = 14 -
7-5 = = - 24 - = - -
746 34 24 24 25 29 33 38 -  . '48
7-14 36 24 24 26 29 33 38 - 48
7-20 36 24 .24 26 29 33 38 - 48
7-27 36 24 24 26 29 33 38 - 48

8-3 14 7 13
Regrowth

2
i a f t e r  c u t t i n g  

16 5 9 7 7
8-10 16 9 13 4 20. 7 12 10 12
8-17 21 11 13 . 6 24 9 17 10 13
8-24 . 22 10 14 8 24 10 18 12 14
8-31 21 . 10 • 14 6 24 10 22 11 13
9=7 18 10 13 8 24 10. 20 10 13
9-14 18 9 13 8 23 9 20 10 13
9-21 16 9 13 9 23 11 19, 9 12

/. iV •' ‘ '• 'i'.

l /  Values u n d e r l i n e d  are  h e i g h t s  a t  hay s t a g e .

&
I



T a b l e .VI legumes and o r c h a r d g r a s s  on v a r i o u s  h a r v e s t  d a t e s

% • % % % % % % ■ % %
F i r s t  crop  growth

5 “ 18 16.8 17.1 15.5 10.1 18.0 23.7 ■ 16.0. 21.6
5=25 ■ 14 o S 15.0 14.3 14 .4 15.8 17.8 14.3 - - = C = C = 14.7
6“1 15.9 12.9 14 .4 1 3 .7 13.-7 15.9 1475 19.2
6-"8 17.. 0 . 13.3 16.1 14.2 14.4 . 17.6 15.3 19.5
6-15 18.9 11.9 16.3 13.7 18.2 1815 16.4 24.3
6-20 __ ■=*■ ™ = 18.5 -™L _ _ _ _

6-22 23;9 15.5 19.1 16.2 22.9 2317 20.9 29,5
6-26 —  — —— =  =  — 27.3' ■ .r'-V_
6-27 28 .4 ---- — —  —  = — 33.2 —  — —  — 39.1
6-29 31.2 18.2

COi—lCM 20.9 2 7 .2 23,0 29-. 0 36.0
7;-2 = = = = 21 .9 r̂ = = - ™—- - —™ — ™ ----- - 23.-6
7-5 =  = ™ « 23.. 8 — = =  =
7-6 33.2 22 .0 23.3 24.9 28,1 26;6 34.4 — — 48,2
7-14 31.5 22.5 23.2 27;3 27 .3 30.0 37.-5 38.9
7-20 31;9 24.5 23.6 27.4 30.5 31.3 33.3 33.7
7-27 30.3 2 4 ,3 25.4 26.3 30.5 42.3. 34.7 49.1

Regrowth a f t e r  c u t t i n g
8—3 21.1 16.0 . 24.6 22 .8 19,3 27..0 20.9 17.-4.. 27.4
1S-IQ- 24.4 17.-7 2 5 .0  ' 17.-2 19.7 23..-9' 20 .0 20.6 24,8
$-17 24 .8 18.4 26 .3 14.9 21 .3 23 ,0 20,9 16.6 28,9

'8-24 29,6 22.7 .  29.0 22;0 25 .5 28 .0 2612 1915 33.0
8“ 3l -  29.3 21.9 23.8 18.3 27.0 25 .0 24; 0 17.5 29.6
947- 35.5 27,5 28U3 26.3 27.9 27.3 26 ,5 24 .6 30.9
9-14 . ' 38 .0 26.7 28.5 24 .0  . 28.-4 27.5 29 .4 25,9 35.1
9^21 45 .0 32.5 29,3 26.6 35.6 31.2 31.2 24.7 32.2

. • ' ■ = • ’ r ' - - ■ i ”  •

l /  Values u n d e r l i n e d  a t e  d r y  m a t t e r  p e rc e n ta g e  a t  hay s t a g e ,

AGO
I

/



Table VII-, Crude’ p r o t e i n  c o n te n t  o f  8 legumes and o r c h a rd g ra s s  on v a r io u s  h a rv e s t
d a t e s  at. Bozeman.in 1962°l /

Date o f  A ls ike  B i r d s f o o t  C ic e r  Red S i c k l e  Ladino Orchard-
Harvest- A l f a l f a Clover T r e f o i l M ilkve tch  Clover Milkve tch  S a in f o i n  Clover q r a s s

' % % % % %
F i r s t  crop

%
growth

% % %

5-18 26.3 22 .8 21.9 31 .8 21.3 33.3 23.5 19.7
5-25 23.5 22.6 18 .0 29.6 22 .0 30.7 21.9 14.9
6-1 20.2 22 .8 16.9 22 .5 20.0 27.9 18.9 — — — — 12.3
6-8 22.2 21.5 13.4 23.7 20.6 25.0 15.4 9 .7
6-15 18.6 19.5 12.3 17.6 19.1 20 .2 14.9 8 .8
6-20 11.5 = =■ —— -------— — “  — — —

6-22 14.3 16.7 8 .3 14.7 13.4 15.8 13.4 7 .7
6-26 — c= — ™ =  — ™  — =■ —— — ™ — ™ — 12.3 — C= — — —

6-27 14b5 ■--- 19.2 . ------ 6 .9
6-29 8 .8 14.9 7 .9 14 .0 T l . 4 20 .2 9 .2 8.1
7-2 =  -  =  - 14.6 ™ “ “ --- ----------- ~  a — —

7-5 — — — — ™ — ™ * =™ — 13.3 =  e= ,=  ™

7-6 9 .9 15 .4 7 .0 10.8 12.5 17.6 9 .4 ™ — — — 6 .8
7-14 12.9 14.5 6 .8 10.3 10.5 16.2 7 .7 7 .0
7-20 11.0 12.9 6 .1 11.0 1 2 a 16.7 9 .2 9 .2
7-27 11.4 13.6 6 . 1 11 .2  12.5 16.7

Regrowth a f t e r  c u t t i n g

6 .6 6 .6

8-3 22.4 23.9 9 .9 27 .4 19.5 31.8 21.9 21.3 16.2
8-10 20 .2 22,6 7 .5 27.6 14.5 28.5 18.2 20.4 14.7
8-17 18.9 22.6 6 .8 25 .0 17.3 29:6 15.8 21.5 14.0
'8-24 19.7 20.6 8.1 22 .2 15.8 27.4 15.8 19.5 12.7
8-31 17.1 20.2 8.6 22 .2 16.5 24.6 15.6 18.2 14.0
9-7 17.1 18.0 6 .8 19.5 16.5 25.5 13.6 19.5 12.5
9-14 16.5 18.0 6 .6 17.6 15.8 25.5 12.1 17.6 11.6
9-21 12.5 15.8 6 . 4 17.3 14.3 23.5 11.0 16.9 9 .9

\ J  Values u n d e r l i n e d  are p r o t e i n  p e r c e n ta g e s  a t  hay s t a g e .

iro
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Tables  VI and VII .  A c o r r e l a t i o n  c o e f f i c i e n t  of  - . 8 9  was c a l c u l a t e d  fo r  

t h e  r e l a t i o n  o f  p r o t e i n  c o n t e n t  t o  d r y  m a t t e r  p e r c e n t a g e .  All  p r o t e i n ’ 

v a l u e s  having  a c o r re s p o n d in g  d r y  m a t t e r  p e r c e n ta g e  o f  20 o r  more were 

used in  t h i s  a n a l y s i s .  This  ag rees  w i th  p re v io u s  r e s e a r c h  which has 

shown t h a t  p r o t e i n  c o n t e n t  d e c r e a s e s  and d r y  m a t t e r  p e r c e n ta g e  i n c r e a s e s  

w i th  p l a n t  m a t u r i t y  ( 4 ) ,  ( 1 9 ) ,  ( 3 3 ) ,  ( 3 6 ) .  The h igh  c o r r e l a t i o n  of  p r o ­

t e i n  c o n t e n t  to  d r y  m a t t e r  p e r c e n ta g e  i n d i c a t e s  t h a t  the  p r o t e i n  c o n te n t  

o f  legume fo r a g e s  might  be a c c u r a t e l y  p r e d i c t e d  from d ry  m a t t e r  p e rc e n ta g e  

when th e  d r y  m a t t e r  p e r c e n ta g e  exceeds 20'.

Leaf and stem com pos i t ions  of  f o r a g e s  in  th e  hay s t a g e  are shown in  

Table V I I I .  Ladirio c l o v e r  was no t  in c lu d e d  because  i t  i s  almost  a l l  l e a v e s  

i f  t h e  p e t i o l e  i s  c o n s id e r e d  p a r t  o f  th e  l e a f  f r a c t i o n  as i t  was w i th  the  

o t h e r  f o r a g e s .  S i c k l e  miIkVetch had a h i g h e r  p e r c e n ta g e  o f  l e av es  than  

any o f  t h e  o t h e r  f o r a g e s .  M ilkve tch  l e a v e s  a l so  c o n t a i n  a h ig h e r  p e r c e n t ­

age o f  t o t a l  p l a n t  p r o t e i n  th a n  any o f  t h e  o t h e r  fo ra g e  l e a v e s .  The l e a f  

p e r c e n ta g e  o f  s a i n f o i n  i s  h ig h e r  th a n  i n d i c a t e d  in  p re v io u s  r e s e a r c h ,  43 .8  

as compared t o  32 .3  as r e p o r t e d  by Baker ( 4 ) .  Th is  might  be accounted  f o r  

by h i s  i n c l u s i o n  of  th e  i n f l o r e s c e n c e  in  th e  stem p o r t i o n ,  whereas i t  was 

inc luded  i n  the  l e a f  p o r t i o n  in  t h i s  exper im en t .  The a l f a l f a  l e a f  p e r ­

cen tage  was n e a r l y  the  same as shown in  p re v io u s  r e s e a r c h ,  39.1 as compared 

t o  40 .4  r e p o r t e d  by Norton (29 ) .

The n u t r i e n t  c o n t e n t  of  s a i n f o i n  hay and i t s  l e a f  and stem s e p a r a ­

t i o n s ,  as compared t o  c o r re spond ing  a l f a l f a  v a l u e s , i s  r e p o r t e d  ip  Table IX.



Table V I I I .  Leaf-Stem comparison o f  7 legumes and o r c h a rd g ra s s  a t  hay s t a t e  a t  BOzeman 
. i n  1962.

Ledume

V
A l f a l f a Als ike

Clover
B i r d s f o o t

T r e f o i l
C ice r

Milkve tch
Red

Clover
S ick l e

Milkve tch
Sain ­
f o in

Orchard-
g ra s s

Date o f  h a r v e s t 6-27 7-2 6-20 7-5 6=29 6-27 6-26 6-27
Stage o f  growth 5% F u l l 75% 50% F u l l Pods 50% Bloom

Bloom Bloom Bloom Bloom Bloom Forming Bloom Stage

Height 32 24 20 24 24 29 34 48

Leaf p r o t e i n  % , 23 .7 21.3 18.2 18.6 18.0 26.1 20.2 9 .4
Stem p r o t e i n  % 8.6 7 .0 6 .6 6.6 6 .4 9 .4 6 . 1 4.1
T o ta l  p r o t e i n  % 14.5 14.6 11.5 13.3 11.4 19.2 12.2 6 .9
Leaf d r y  m a t t e r  % 27 .2 25 .3 18 .4 23.8 28.1 35.9 28.3 41.5
Stem d r y  m a t t e r  % 29.1 18.1 18.6 23.7 26 ;4 29.4 27.3 36.4
T o ta l  d ry  m a t t e r  % 28.3 21.9 18.5 23.7 27 .2 33.2 27.3 39.1
% l e a v e s  by weight 39.1 53 .2 42.5 56.1 46,2 58.6 43 .8 53.6
% t o t a l  p r o t e i n  
in  l eaves 63.9 77.6 67.2 78.5 72,9 79.7 72.5 73 .0
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Table IXo N u t r i e n t  com pos i t ion  o f  I q a f  and sje'ni s e p a r a t i o n s  o f  a l f q l f a  
and s a i h f e i n  bays grown sit Bozeman ' in 1^62.

Lqaves
• A l f a l f a  1 S a i n f o i n

% ■ ' "  % : -
Crude P r o t e i n 22.9 1,9^0
E the r  E x t r a c t 2 .9 . 2 . 3
Crude F ib e r 16.2 15 .0
No' F ree  E x t r a c t 41 .6 5 0 .4
T o ta l  Ash 10.4 6 .9

Stems
A l f a l f a S a in f o i n

% . %

Crude P r o t e i n 8 .6 5 .7
E th e r  E x t r a c t 1 .1  • 1 .0
Crude F ib e r 43 .5 34.3
No Free  E x t r a c t ■ 35.1 47.9
T o t a l  Ash 6 . 0 5 .7

T o ta l
A l f a l f a S a i n f o i n

% %

Crude P r o t e i n 14.2 11.5
E th e r  E x t r a c t 1 .8 1.6
Crude F ib e r 32 o 8 25 .8
N; Free  E x t r a c t 37.6 49 .0
T o ta l  Ash 7 .7 6 . 2

■ '_, ■
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S a i n f o i n  had a lower p r o t e i n  and crude f i b e r  c o n t e n t  than  a l f a l f a  which 

r e s u l t e d  in  a h i g h e r  n i t r o g e n  f r e e  e x t r a c t  v a lu e  f o r  s a i n f o i n .  These 

r e s u l t s  agree  w i th  th o s e  r e p o r t e d  by Baker (4)  and Morr ison (27) ;  and 

i n d i c a t e  t h a t  s a i n f o i n  might  have p o s s i b i l i t i e s  as a s i l a g e  legume, due 

t o  i t s  w ider  c a r b o h y d r a t e - p r o t e i n  r a t i o .  This  a l so  p l a c e s  a h ig h e r  va lue  

on s a i n f o i n  hay which e v i d e n t l y  c o n t a i n s  more n u t r i e n t s  t h a n  i t s  l a r g e ,  

rough ,  stemy appearance  i n d i c a t e s .

The d a t a  o b t a in e d  comparing th e  se a s o n a l  chemica l  com posi t ion  of  

s a i n f o i n  t o  o t h e r  legumes grown in  Montana i n d i c a t e s  t h a t  s a i n f o i n  may be 

o f  s i m i l a r  n u t r i e n t  v a l u b .



I

ESTROGENIC ACTIVITY.

M a t e r i a l s  and Methods

The fo rage  s p e c i e s  used f o r  t h i s  exper im en t  were th e  same as t h o s e '  

used f o r  s e a s o n a l  chemical  composit ion=

Three h a r v e s t s  were made from th e  same p l o t s  on thd  exp e r im en ta l

farm:

I o V e g e ta t iv e  -  h a r v e s t e d  a t  a c o n s t a n t  d a t e  -= June 20'=

2= Hay stage.  -  h a r v e s t e d  as s p e c ie  matured t o  p ro p e r  s tage
f o r  hay=

3= Regrowth s tage=  h a r v e s t e d  a t  a c o n s t a n t  d a t e  August 15=

The samples were c o l l e c t e d  in  p l a s t i c  bags and f r e s h  f ro z e n  as soon 

as p o s s i b l e  t o  p r e v e n t  a l t e r a t i o n  o f  e s t r o g e n i c  compounds w i t h i n  the  

p l a n t s .  They were s t o r e d  in  a f ro z e n  s t a t e  a t  app rox im a te ly  -20b C. u n t i l  

used f o r  b i o - a s s a y  in  Jan u a ry ,

Female mice ,  19 t o  21 days  old  were o b ta in e d  from the  V e te r i n a r y  Re= 

sea rch  L abo ra to ry  and used as th e  b i o - a s s a y  animal f o r  d e t e rm in in g  the .  ;

e s t r o g e n i c  a c t i v i t y  o f  th e  f o r a g e s .

The b a s i c  mouse r a t i o n  c o n s i s t e d  o f :  ■

1=5% v i t a m in  premix I

4.0% U=S=P= 14 s a l t  mix 

5.0% a lpha  c e l l u l o s e
'I

10=0% corn  o i l  j

20.0% mi lk  c a s e i n  ;

i59.5% corn s t a r c h  I
I

None of  t h e s e  i n g r e d i e n t s  were r e p o r t e d  t o  p o s se s s  e s t r o g e n i c  j
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a c t i v i t y =  A p r e t r i a l  u s in g  v a ry in g  l e v e l s  of  d i e t h y l s t i l b e s t r o l  i n d i c a t e d  

t h a t  th e  maximum v a r i a t i o n  in  i n i t i a l  w e igh t s  o f  mice which w i l l  produce 

a c c u r a t e  d a t a  i s  3 grams.  A 7 day f e e d in g  p e r io d  was found to  be n e c e s ­

s a r y  to  o b t a i n  a m easurab le  u t e r i n e  growth from an e s t r o g e n i c  f eed .  This  

i s  in  c o n f l i c t  w i th  d a t a  by S w i e r s t r a  ( 3 8 ) ,  which i n d i c a t e d  t h a t  maximum 

u t e r i n e  growth could  be o b ta in e d  in. a 3 day p e r i o d .  S t r a i n s  of  mice may 

d i f f e r  in  t h e i r  r e s p o n s e  to  e s t r o g e n i c  s t i m u l a t i o n  and th e  r a t e  of  r e ­

sponse must  be de te rm ined  b e f o r e  r e l i a b l e  r e s u l t s  can be o b t a in e d .  This 

s t r a i n  o f  mice r e q u i r e d  60 grams o f  mouse r a t i o n  to  feed f i v e  mice 7 days 

i n  comparison to  50 grams o f  c o n t r o l  r a t i o n  used by B ic k o f f  (6)  f o r  the  

same p e r i o d .

In th e  fo l l o w in g  e x p e r im e n t s ,  t h e  mice were weighed t o  th e  n e a r e s t  

o n e - h a l f  gram and s e p a r a t e d  i n t o  groups  of  equa l  body w e ig h t .  A two-gram 

v a r i a t i o n  in  i n i t i a l  weigh t  was al lowed in  t r e a tm e n t  g roups .  Each t r e a t ­

ment was a l l o t t e d  f i v e  mice .  The mice were s e l e c t e d  a t  random from the  

d e s i r e d  w e igh t  g roups  and d i s t r i b u t e d  among. .t reatment groups  so t h a t  th e  

i n i t i a l  weigh t  of  each t r e a t m e n t  group was as n e a r l y  e q u a l  as p o s s i b l e .  

Each group o f  f i v e  mice was housed t o g e t h e r  in  wire l a b o r a t o r y  cages f o r  

t h e  d u r a t i o n  of  th e  s i x  t o  seven day f e e d in g  p e r i o d .  The mice were fed 

th e  t e s t  d i e t  in  equa l  inc rem en ts  each  day  u n t i l  60 grams o f  the  t e s t  

d i e t  were consumed by th e  f i v e  mice= Chloroform was used t o  s a c r i f i c e  

t h e  mice and th e  f r e s h l y . e x c i s e d  u t e r i  were tr immed, b l o t t e d  on t i s s u e  

paper  and weighed on a R o l l e r -S m i t h  b a l a n c e .

.I



The f i r s t  group o f  feed  t r e a t m e n t s  was p rep a red  w i th  i n c r e a s i n g  

l e v e l s  of  a d i e ' t h y l s t i l b e s t r o l  (DoE=S. ) to  e s t a b l i s h  a u t e r i n e  dose r e ­

sponse curve f o r  t h e  s t r a i n  of  mice used .  A s to c k  s o l u t i o n  of  d i e t h y l -  

S t i l b ^ s t r o l  was made by mixing 5 mg. o f  t h e  drug with  500 ml.  o f  9 5 %  

e t h a n o l .  One ml.  o f  t h i s  s o l u t i o n  when added t o  100 grams of  mouse.' r a t i o n -  

g iv e s  a Ool u g / g r .  c o n c e n t r a t i o n  of  d i e ' t h y l s t i l b e s t r o l  =

The s t i l b e s t r o l  r a t i o n s  were p rep a red  by p i p e t t i n g  th e  d e s i r e d  amount 

of  d i e t h y l s t i l b e s t r o l  s to c k  s o l u t i o n  i n t o  20 ml.  of  95% e th a n o l  and mix­

ing  t h i s  w i th  60 grams of  mouse r a t i o n .  The r a t i o n s  were d r i e d  in  open 

a i r  a t  room te m p e ra tu r e  f o r  48 hours  and th e n  fed to  t h e  mice .  The mouse 

r a t i o n s  fed  i n  t h i s  t r i a l  c o n ta in ed  th e  fo l l o w in g  micrograms of  d i e t h y l =  

s t i l b e s t r o l  p e r  gram o f  r a t i o n :  .02 ,  . 0 4 ,  . 06 ,  = 08, and 0 .1  and the  con­

t r o l  r a t i o n  was t r e a t e d  w i th  p l a i n  e t h a n o l .

An exper im en t  was d es igned  to  de te rm ine  i f  i n c l u s i o n  o f  a c t u a l  fo rage  

i n  th e  r a t i o n  would produce a u t e r i n e  r e sponse  i n d i c a t i n g  e s t r o g e n i c  a c t i v ­

i t y .  The r a t i o n  c o n s i s t e d  of  20 grams o f  d r i e d  ground fo ra g e  mixed w i th  

40 grams o f  mouse r a t i o n .  Three s t a g e s  ( v e g e t a t i v e ,  hay and regrowth)  of  

a l f a l f a  were fed  w i th  two methods of  s t o r a g e .  One gfoup of  s t a g e s  was 

d r i e d  when c o l l e c t e d  arid th e n  s t o r e d .  The o t h e r  group.was  d r i e d  in  Febru­

a ry  a f t e r  s t o r a g e  i n  a f ro z e n  s t a t e . S a i n f o i n  seed was in c lu d ed  in  t h i s  

exper im en t  to  see i f  i t  would e x h i b i t  e s t r o g e n i c  a c t i v i t y  i n  the  n a t u r a l  

form. This  exper im en t  produced n o n - s i g n i f i c a n t  r e s u l t s  and demonst ra ted  

t h e  need f o r  use of  s o l v e n t  e x t r a c t i o n  q e t ^ o d s .

=■31 -

I
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The f i r s t  e x t r a c t i o n  p rocedure  used was a method d e s c r i b e d  by Bick-  

o f f  e t ' a l .  (6) f o r  e x t r a c t i n g  e s t r o g e n i c  compounds from f r e s h  fo rage  =

F resh  f ro z e n  fo rag e  was ground th rough  th e  sausage g r i n d e r  in  the  

Meats L a b o ra to ry .  A 400-gram p o r t i o n  was removed f o r  m o i s tu r e  d e t e rm in a ­

t i o n  and 100 grams were e x t r a c t e d .  The e s t r o g e n i c  e x t r a c t  was p repared  

by m a c e ra t i n g  th e  100 grams o f  ground p l a n t  t i s s u e  w i th  350 ml.  of  ace tone  

i n  a Waring commercial  b l e n d e r  f o r  two m in u te s .  The e n t i r e  c o n t e n t s  of  

th e  b l e n d e r  bowl were p la ced  i n  a Buchner funne l  and s u c t i o n  f i l t e r e d  

th rough  Whatman No. I f i l t e r  p a p e r .  The f i l t e r  cake was washed w i th  ah 

a d d i t i o n a l  100 ml.  o f  ace tone  and th e  combined f i l t r a t e  was c o n c e n t r a te d  

over  low h e a t  to  a volume o f  about  30 ml.  Th is  aqueous c o n c e n t r a t e  was 

t r a n s f e r r e d  to  a s e p a r a t o r y  funne l  and e x t r a c t e d  tw ice  w i th  50 ml. of  

e t h y l  e t h e r .  The e t h e r  e x t r a c t s  were p u t  i n  120 ml.  b o t t l e s  and al lowed 

to  e v a p o ra te  under a hood w i th  a s u c t i o n  f a n .  The b o t t l e s  were corked and 

p u t  i n  a f r e e z e r  u n t i l  a d d i t i o n  to  t h e  mouse b i o - a s s a y  r a t i o n .  The r e s i d u e  

i n s i d e  t h e  b o t t l e  was d i s s o l v e d  in  100 ml.  of  95% e t h a n o l  and added to  th e  

mouse r a t i o n  a t  th e  d e s i r e d  l e v e l .

An exper im en t  was des igned  t o  e s t a b l i s h  a dose r e s p o n s e  curve w i th  

v a ry in g  l e v e l s  of  e x t r a c t  from red  c l o v e r  and a l f a l f a  i n  th e  v e g e t a t i v e  

s t a g e .  The r a t i o n s  were p rep a red  by adding th e  d e s i r e d  amount o f  e x t r a c t  

t o  20 ml.  of  95% e th a n o l  and mixing th o ro u g h ly  with  60 grams of  r a t i o n .

The m ix tu re  was al lowed t o  d r y  f o r  48 hours  in  open a i r  and fed  to  the  

mice .  B ic k o f f  et.  a l .  (.6) recommended a l e v e l  of  8 to  10 grams of  fo rage
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e x t r a c t  p e r  100 grams of  mouse r a t i o n ' .  Leve ls  of  e x t r a c t  from 5 ,  10, 15, 

20,  40 and 80 grams o f  fo rage  p e r  100 grams of  mouse r a t i o n  were f e d . 

N o n - s i g n i f i c a n t  r e s u l t s  were o b ta in e d  from t h i s  exper im en t ;  so a m o d i f i ­

c a t i o n  o f  the  e x t r a c t i o n  p rocedure  used by S w i e r s t r a  (38) was used in  

subsequen t  t r i a l s ,  h e r e a f t e r  r e f e r r e d  t o  as th e  Canadiah Method -and i s  

d e s c r i b e d  below.

Samples o f  f ro z e n  fo rage  were d r i e d  in  the  fo rag e  d r y e r  a t  68° '6. 

f o r  t h r e e  day s .  M ois tu re  p e r c e n ta g e s  were c a l c u l a t e d  arid t h e  d r i e d  Varh- 

p l e s  ground th rough  th e  I / 3 2  inch  s c re e n  i n  the  Wiley m i l l .

S i x t y  gfams o f  ground fo rag e  were mixed w i th  200 ml.  o f  ace tone and 

150 ml.  o f  95% e t h a n o l .  Th is  was r e f l u x e d  over  low h e a t  i n  a iBOO ml-, 

beaker  f o r  one hour and s u c t i o n  f i l t e r e d  th rough  Whatman No. I pape r  in  

- a  Buchner f u n n e l .  The f i l t e r  cake r e s i d u e  was mixed w i th  150 ml.  of  

ace tone  and 150 ml.  of  95% e t h a n o l  and r e f l u x e d  f o r  one more hour .  Th is  

was s u c t i o n  f i l t e r e d  by th e  same p rocedu re  as above . The f i l t r a t e s  were 

combined and e v ap o ra ted  over  low h e a t  to  approx im ate ly  30 ml.  Th is  e x t r a c t  

was mixed w i th  60 grams of  mouse r a t i o n  and d r i e d  f o r  48 hours  before  be ing  

fed to  the  m i c e . Th is  method produced measurable  r e s u l t s  when used in  an 

exper im ent  w i th  t h r e e  s t a g e s  of  a l f a l f a .  The hay s t a g e  of  a l f a l f a  which 

had been s t o r e d  in  a d r y  form from h a r v e s t  u n t i l  e x t r a c t i o n  was inc luded  

in  th e  above exper im en t  t o  check the  e f f e c t  of  s to r a g e  on e s t r o g e n i c  a c t i ­

v i t y .

E x t r a c t s  o f  a l l  legume fo rage  s t a g e s  p lu s  s a i n f o i n  seed  were mixed 

i n t o  mouse r a t i o n s .  O rcha rdg ras s  e x t r a c t  was not  in c lu d ed  because of  a
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s h o r ta g e  o f  mice .  The r a t i o n s  were d iv i d e d  accord ing  t o  fo rag e  growth 

s t a g e s  and fed  to  mice w i t h i n  a two-gram"weight  group .  A d i e t h y l s t i l b e s -  

t r o l  c o n t r o l  r a t i o n  of  .0067 u g / g r .  o f  mouse r a t i o n  was fed. d u r in g  t h i s  

exper im ent  as a check a g a i n s t  th e  p r e v i o u s l y  e s t a b l i s h e d  d i e t h y l s t i I b e s -  

t r o l  r e sponse  curve =

The hay s t a g e s  of  a l l  n ine  foracjes were a l so  t e s t e d  u s in g  the  Bick-  

o f f  e t  aT. e x t r a c t i o n  method ( 6 ) .  . The r a t i o n s  were prepared ,  having a 

l e v e l  o f  27 .75  grams o f  e x t r a c t  p e r  100 grams o f  r a t i o n .  This  gave a 

comparison o f  th e  B ic k o f f  and Canadian p ro ced u res  f o r  o b t a i n i n g  e s t r o g e n i c  ■ 

e x t r a c t s  from f o r a g e s .

The r e s u l t s  of  t h e s e  exper im en ts  where a p p l i c a b l e ^  were s t a t i s t i c a l l y  

ana lyzed  u s in g  Duncan’s m u l t i p l e  range  t e s t  (12 ) .  C o r r e l a t i o n s  were d e ­

te rm ined  on th e  r e l a t i o n  o f  mouse body w eight  to  u t e r i n e  weigh t  in  e s t r o -  

g e n i c a l l y  s t i m u l a t e d  and u n s t im u la t e d  mice.

E s t ro g e n i c  a c t i v i t y  o f  f o r a g e s  where a p p l i c a b l e  was c a l c u l a t e d  by 

r e g r e s s i o n  as e q u i v a l e n t  t o  the  micrograms o f  d i e t h y l s t i l b e s t r o l  p e r  pound 

o f  d r y  m a t t e r  r e q u i r e d  t o  produce  an e q u a l  re sponse  in  th e  b i o - a s s a y  

a n i m a l s .

R e s u l t s  arid D is cu s s io n

A t a b l e  of  r e s u l t s  i s  no t  p r e s e n t e d  f o r  the  p r e t r i a l .  However-, v a l ­

uab le  ex p e r i e n c e  and in fo rm a t io n  f o r  succeed ing  t r i a l s  was ob ta ined  from 

i t .  The range  in  i n i t i a l  w e igh t  o f  the  mice was too  wide to  g ive  r e l i a b l e  

d a t a .  E r ro r  in  f o r m u l a t in g  l e v e l s  of  d i e t h y l s t i l b e s t r o l  f o r  the  r a t i o n
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a l s o  d e c re ase d  th e  acc u racy  o f  th e  experiment= The d a t a  d id  i n d i c a t e  t h a t  

t h r e e  grams was th e  maximum v a r i a t i o n  in  i n i t i a l  w e igh ts  o f  mice w i t h i n  

an exper im en t  which would give  r e l i a b l e  r e s u l t s =  Seven days yrere r e q u i r e d  

f o r  a m easurab le  amount o f  u t e r i n e  growth= The mice r e q u i r e d  12 grams of  

feed  each f o r  a seven-day  f e e d in g  p e r io d  = This  knowledge was e s s e n t i a l  

to  p ro p e r  c onduc t ion  o f  f o l l o w in g  t r i a l s =

A dose r e s p o n s e  curve was e s t a b l i s h e d  us ing  i n c r e a s i n g  l e v e l s  of  

d i e t h y l s t i l b e s t r o I  (F igu re  I=)= The u t e r i n e  w e igh ts  i n c r e a s e d  up to  the  

=06 ug/gr= o f  c o n t r o l  r a t i o n  l e v e l  and s t a r t e d  t o  d e c l i n e  i n  the  two h i g h ­

e r  l e v e l s  fed  (Table X) = A c o r r e l a t i o n  was c a l c u l a t e d  on th e  r e l a t i o n  of  

i n i t i a l  we igh t  o f  mice t o  th e  r e s u l t a n t  u t e r i n e  w e igh t  a f t e r  t rea tm ent=  

There was no s i g n i f i c a n t  r e l a t i o n s h i p  of  body weight  to  u t e r i n e  weight  

o f  mice on c o n t r o l  r a t i o n s  c o n t a i n i n g  no e s t r o g e n i c  s t im u la t io n =  A s i g ­

n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t  of  =44 ( s i g n i f i c a n t  a t  P = =05) 

was c a l c u l a t e d  f o r  r e l a t i o n  of  body w e igh t  t o  u t e r i n e  w e igh t  of  mice on 

r a t i o n s ' c o n t a i n i n g  d i e t h y l s t i l b e s t r o l = The r e g r e s s i o n  l i n e  f o r  t h i s  i s  

shown in  F igu re  1° Al l  f o l l o w in g  d a t a  was s t a t i s t i c a l l y  a n a ly z e d .u s in g  

u t e r i n e  w e igh t  as p e rc e n ta g e  of  body w eigh t  which was c o n s id e re d  the  

most  a c c u r a t e  i n d i c a t i o n  o f  the  e s t r o g e n i c  a c t i v i t y  o f  a t rea tm ent=

The exper im en t  having  a c t u a l  ground fo rage  as p a r t  o f  th e  mouse r a ­

t i o n  d id  no t  produce  any s i g n i f i c a n t  e s t r o g e n i c  s t i m u l a t i o n  (Table Xl)= 

There could have been an a l t e r a t i o n  o f  e s t r o g e n i c  a c t i v i t y  due to  the  

d i f f e r e n c e  in  methods of  d r y in g  whicft had been used on th e  a l f a l f a  but  

none occurred= S a in f o i n  seed was n o t  s i g n i f i c a n t l y  d i f f e r e n t  in  e s t r o g e n i c



-3 6 -

U te r in e  weigh t  as 

p e r c e n ta g e  of  

body weight

dose
response
curve

r e g r e s s i o n

Micrograms of  DcE=S= p e r  gram of  c o n t r o l  r a t i o n

F igure  1= D i e t h y l s t i l b e s t r o l  dose r e sponse  curve and r e g r e s s i o n  of  
u t e r i n e  w eight  as p e r c e n ta g e  o f  body w eight  on micrograms 
of  d i e t h y l s t i l b e s t r o l  in  feed  a t  l e v e l s  o f  O to  =06 micro-  
grams p e r  gram of  feed=
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Table Xo E s t ro g e n i c  a c t i v i t y  o f  v a r i o u s  l e v e l s  of  D i e t h y l s t i l b e s t r o l  
added t o  a c o n t r o l  r a t i o n =

Mic r o grams 
Do-Eo-So pe r  

gram o f  r a t i o n

Con tro l

.02

.04

Actual  No. o f  mice Average Average u t e r i n e  
Amount o f  p e r  u t e r i n e  wt.  w e igh t  as p e r -

DoE=So i n  feed  Trea tm ent i n  m i l l i g r a m s  cen tage  of  body
- we Iq h t

.0 
o 12

.24

5

5

5

11.7

48.42

53.34

.09740

.34000

.37857

06

<oCO 5 81.40 .57115

08

00 5 69.08 .54719

01 .60 5 54.0 .40005
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Table'  XIo E s t r o g e n i c  a c t i v i t y  of  t h r e e  s t a g e s  of  a l f a l f a  w i th  d i f f e r e n t  • 
s t o r a g e  p ro ced u res  and s a i n f o i n  seed when fed  w i th o u t  e x t r a c ­
t i o n  as p a r t  o f  th e  mouse r a t i o n =

Trea tment Actual  grams of  
Dry M a t te r  in  

Fe-ed

Number of  
Mice pe r  

Trea tment

Average Average
U te r ine  Weight U te r ine  Weight 
in  M il l ig ram s  as Percentage

A l f a l f a  f r o z e n , s t o r e d  and then d r i e d

■ ' of Body Wt=

Veg= s t a g e 20 5 10 = 32 =07381

Hay s t a g e 20 5 9.92 =06815
Regrowth s t a g e  20

A l f a l f a  d r i e d  im media te ly  a f t e r  
and s to r e d

5

h a r v e s t

11 = 24 = 07497

Veg= s t a g e 20 5 10 = 54 .06522
Hay s t a g e 20 5 11 = 74 .07535
Regrowth s t a g e 20 5 10 = 56 =07273

S a i n f o i n  seed 20 5 11 = 76 =08885

Contro l 0 5 11 = 48 =08234

l /  D i f f e r e n c e s between t r e a t m e n t s  were not s i g n i f i c a n t  a t  P = .05 .
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a c t i v i t y  from any o f . t h e  a l f a l f a  t r ea tm e n ts=  The mice wasted a l a rg e  

amount o f  th e  f i b r o u s  m a t e r i a l  in  t h e  r a t i o n s  which would te nd  to  reduce  

th e  accuracy  of  th e  d e t e r m i n a t i o n  even i f  e s t r o g e n i c  a c t i v i t y  had been 

observed .

No s i g n i f i c a n t  d i f f e r e n c e s  in  u t e r i n e  r e s p o n s e  between legumes or  

t r e a t m e n t  l e v e l s  o ccu r red  when s i x  d i f f e r e n t  l e v e l s  o f  v e g e t a t i v e  s t a g e s  

of  a l f a l f a  and r ed  c l o v e r  were t e s t e d  us ing  the  B ic ko f f  e x t r a c t i o n  p r o ­

cedure (6) as p a r t  o f  t h e  mouse r a t i o n ,  Table XII .  B ic ko f f  ejt aT. (6) 

recommends t h a t  the  e x t r a c t  from 8 to  10 grams of  fo rage  -be added to  each 

100 grams of  r a t i o n .  Leve ls  of  e x t r a c t  ranged  from 5 grams p e r  100 grams 

o f  r a t i o n  t o  80 grams p e r  100 grams o f  r a t i o n  w i th o u t  p roduc ing  an i n d i c a ­

t i o n  of  e s t r o g e n i c  a c t i v i t y .  Red c l o v e r  in  the  v e g e t a t i v e  s t a g e  was l a t e r  

shown to  have th e  h i g h e s t  e s t r o g e n i c  a c t i v i t y  o f  a l l  t h e  s t a g e s  of  f o r a g e s  

(Table XIV). The f a i l u r e  o f  th e  B ic k o f f  e x t r a c t i o n  p rocedure  (6)  could 

have been due to  many f a c t o r s .  E s t ro g e n ic  compounds occur  as minute quan­

t i t i e s  in  fo rage  even though t h e i r  e f f e c t  on animals i s  sometimes q u i t e  

im p o r t a n t .  E s t ro g en s  are e a s i l y  d e s t r o y e d  by h e a t  and t h i s  could have 

occu r red  d u r in g  e x t r a c t i o n .  The h e a t  was -kept as low as p o s s i b l e  to  p r o ­

duce e v a p o r a t io n  of  th e  ace tone  and a l c o h o l , b u t  may have been too  high  

a t  t i m e s .  E x t r a c t s  from t h r e e  s e p a r a t e  e x t r a c t i o n s  o f  r e d  c l o v e r  were used 

i n  t r y i n g  t o  e s t a b l i s h  a dose l e v e l  f o r  t h e  B ic k o f f  e x t r a c t i o n  procedure 

(6)  and none of  them produced a r e sponse  i n d i c a t i n g  th e  p re sen ce  o f  e s t r o ­

gen ic  a c t i v i t y .  At l e a s t  one of  t h e s e  , e x t r a c t s  should have had a smal l

amount o f  e s t r o g e n i c  a c t i v i t y  when compared to  th e  r e s u l t s  o b ta in ed  from
- / •  -
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Table XIIo E s t r o g e n i c  a c t i v i t y  o f  i n c r e a s i n g  l e v e l s  of  e x t r a c t  from 
v e g e t a t i o n  s t a g e s  of  a l f a l f a  and r ed  c l o v e r  us ing  Bickoff  
F re sh  Forage E x t r a c t i o n  Method.l /

Level  of  e x t r a c t Actua l  grams Number of Average Average u t e r -
fed  p e r  100 g r s . o f  d r y  m a t t e r p i c e  p e r u t e r i n e  wt. ine  wt.. as
o f  c o n t r o l  r a t i o n e x t r a c t  ',in feed t r e a t m e n t in  m i l l i g r a m s p e rce n tag e  of  

bodv weight

A l f a l f a ■

5 grams 00.88 5 10.48 o 07527

10 grams I o 75 5 11.12 .08184

15 grams 2 .6 3 , 5 14.04 .10373

20 grams 3.50 5 11.52 .08372

40 grams 7 .0 0 5 11.22 .07985

80 grams 14.00 4 11.70 .08526

Red Clover

5 grams 00.75 5 16.30 .10249

10 grams 1.50 5 12.38 .09206
15 grams 2.25 5 10.84 .08534

20 grams 3.00' 5 11.42 .07885

40 grams 6 .00 5 12.80 .09306
80 grams 12.00 5 12.04 .08605

C on tro l  R a t ion 0 5 11.70 .09740

l /  D i f f e r e n c e s between c ro p s , crops  and c o n t r o l , o r  t r e a t m e n t  l e v e l s
were no t  s i g n i f i c a n t  a t  P = .05 .
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th e  Canadian e x t r a c t i o n  method (38) which i s  a much l e s s  r e f i n e d  tech - '  • 

n iq u e .  These r e s u l t s  w i l l  be d i s c u s s e d  l a t e r .

Two s e p a r a t e  t r i a l s  were run  w i th  t h r e e  s t a g e s  o f  a l f a l f a  us ing  th e  

Canadian e x t r a c t i o n  p rocedure  (3 8 ) .  S i g n i f i c a n t  d i f f e r e n c e s  in  e s t r o g e n i c  

a c t i v i t y  were produced both  t im es  showing th e  regrowth  stage,  of  a l f a l f a  to  

be h igh  in  e s t r o g e n i c  a c t i v i t y  (Table X I I I ) .  No s i g n i f i c a n t  d i f f e r e n c e s  

occur red  between th e  two methods o f  s t o r a g e  used on the  hay s t a g e .

The r e p e a t a b i l i t y  of" a p r o p e r l y  conducted  b i o - a s s a y  p rocedure  i s  

shown i n  Table  X I I I .

The nex t  exper im en t  c o n t a i n i n g  e i g h t  legutne fo r a g e s  a t  t h r e e  s t a g e s  

o f  growth ( v e g e t a t i v e ,  hay and r eg row th )  and s a i n f o i n  seed e x t r a c t e d  by 

th e  Canadian method (38) a l s o  produced p o s i t i v e  r e s u l t s  (Table  XIV). The 

t h r e e  growth s t a g e s  o f  r ed  c l o v e r  ( v e g e t a t i v e ,  hay and r eg row th )  and a l ­

f a l f a  in  the  reg row th  s t a g e  produced s i g n i f i c a n t  d i f f e r e n c e s  in  e s t r o g e n i c  

a c t i v i t y .  Red c l o v e r  in  th e  v e g e t a t i v e  s t a g e  was s i g n i f i c a n t l y  more e s t r o ­

gen ic  t h a n  th e  o t h e r  two s t a g e s  o f  r ed  Clover  o r  th e  a l f a l f a  regrowth  s t a g e .  

S a i n f o i n  fo rage  e x t r a c t  in  any of  the  t h r e e  s t a g e s  and s a i n f o i n  seed d id  

no t  show a s i g n i f i c a n t  r e s p o n s e .  Al l  th e  mice on th e  v e g e t a t i v e  and r e -  

growth s t a g e s  of  s i c k l e  m i lk v e t c h  d i e d  w h i le  on exper im en t .  This  was due 

t o  an undetermined  s ubs tance  in  the  s i c k l e  m i lkve tch  e x t r a c t .

S i g n i f i c a n t  d i f f e r e n c e s  r e s u l t e d  from th e  exper iment c o n t a in in g  the  

n ine  fo r a g e s  in  th e  hay s t a g e  us ing  th e  B ic k o f f  e x t r a c t i o n  method (6)

(Table XV) .  However, th e s e  were no t  r e l i a b l e  when.compared t o  th e  same 

fo rag e  u s in g  th e  Canadian e x t r a c t i o n  p rocedure  (38) .  Red c l o v e r  shows
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Table XIII= E s t ro g e n ic  a c t i v i t y  o f  t h r e e  s t a g e s  of  a l f a l f a  d u r in g  tiW 
t r i a l s  u s i n g . t h e  Canadian E x t r a c t i o n  Method=!/

Actua l  grams
Trea tmeht of  d r y  m a t t e r

e x t r a c t 'In) feed

Number o f  
mice p e r  
t r e a t m e n t

Average 
u t e r i n e  wt= 
in  m i l l i g r a m s  ,

Average u t e r ­
ine  wt .  as 
p e rce n tag e  of

. body weight

A l f a l f a
T r i a l

I—
1|

I

. *

Veg= s t a g e 60 5 8.74 = 06455 b

Hay s tag e 60 5 10=14 .07969 b
Regrowth s tag e 60 5 19 = 46 =13977 a

Con tro l 0 5 11 = 48 =08234 b

Hay s tage  
(summer d r i e d ) 60 5 9 = 84 =07590 b

■Trial No=- 2

A l f a l f a

Veg., s t a g e 60 5 11 = 48 =08834 b

■Hay s tag e 60 5 10 = 94 .07643 b
''R'egm&wth s t a g e 60 5 15 = 54 =11341 a

l /  Values fo l low ed  by same T e t f e r  are no t  s i g n i f i c a n t  a t  P = =05="



Table XIV° E s t ro g e n ic  a c t i v i t y  o f  - three s t a g e s  o f  legumes and s a i n f g i n  seed us ing  the  
Canadian E x t r a c t i o n  Method.%/ . . . . . . .

Date of Stage o f  Dry M at te r Number of Mice1 Average U te f - Average Uter -
Trea tment Harves t Growth Percen tage Per  Trea tment in e  Wt. in ine  Wt= as Per -

M il l ig ram s centage  of  Body
. Weight

Red c l o v e r 6-11-62 veg. 13 .8 5 22.34 .20845 a
A l f a l f a 6-11-62 veg. 17 .8 5 11.48 .08834 b
C ic e r  mv. 6=h -62 veg. 15.5 5 7.98 .06594 b
Ladino c l o v e r 6=11-62 veg. 11.5 5 7.36 .06179 b
Als ike  c l o v e r 6=11-62 veg. 12 .0 5 7.74 .06057 b
S a in f o i n 6=11-62 veg. 17.1 5 7 .64 .05682 b
B. t r e f o i l 6 -11-62 veg. 14.1 5 6.20 .05000 b
S ic k l e  mv. 6-11-62 veg. 20 .3 Mice a l l d ie d —-  = = =

Red c l o v e r 6=29-62 f u l l  bloom 30.8 5 18.20 .12257 a
S a in f o i n  seed — C= = =— — — ™ — — — — — 5 12.68 .08176 b
A l f a l f a 6=27-62 5% bloom 33:3 5 10.94 .07643 b
C ic e r  my. 7-5-62 50% bloom 2 4 .4 5 11.46 .07253 b
Ladino c lo v e r 7-3=62 f u l l  bloom 23.6 5 10.86 .07032 b
B. t r e f o i l 6-20-62 75% bloom 18.6 4 9.48 .06975 b
S i c k l e  mv. 6-27-62 pod forming 27 .2 5 7.56 .06697 b
A ls ike  c lo v e r 7-2=62 f u l l  bloom 22.1 5 9.58 .06657 b
S a in f o i n 6-26=62 50% bloom 28 .8 5 9.84 .06650 b
.0067 D.E.S. c o n t r o l r a t i o n 5 17.50 .15735

A l f a l f a 8-21-62 15% bloom 27 .2 5 15.54 .11341 a
Red c l o v e r 8-21-62 50% bloom 22.3 5 13.84 .11273 a
S a in f o i n 8-21-62 10% bloom 22.1 5 10.54 .07972 b
B. t r e f o i l 8-21-62 90% pods 25 .3 5 9.18 .06883 b
A ls ike  c lo v e r 8-21-62 10% bloom 2 0 .7 5 9.22 .06875 b
C ic e r  mv. 8-21-62 veg. 19.2 5 9.10 .06533 b
Ladino c l o v e r 8-21-62 35% bloom 17.8 5 8.00 >05965 b
S ic k l e  mv.

. 7
8-21-62 veg. .25 .0 Mice a l l d ie d = = = =

17 Values w i th i n  a growth s t a g e  fo l lowed  by th e  same l e t t e r  are no t  s i g n i f i c a n t  a t  P = .05 .  
Values u n d e r l i n e d  are s i g n i f i c a n t  t o  P = .05 w i th i n  t h e i r  p a r t i c u l a r  le g im e .

1
6
1.
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Table XV, E s t r o g e n i c  a c t i v i t y  compar ison o f  B ic ko f f  F re sh  Forage 
E x t r a c t i o n  Method w i th  Canadian Dry Forage E x t r a c t i o n  
Method on hay fo rag e  s t a g e  o f  v a r i o u s  l e gum es . l /

Actua l  grams Number o f  Average. ' Average u t e r -  
Trea tment o f  d r y  m a t t e r  mice p e r  u t e r i n e  wt.  ine  wt .  as

e x t r a c t i o n  feed  t r e a t m e n t  in  m i l l i g r a m s  p e rc e n ta g e  of
body weight.. .

BiCkoff  E x t r a c t i o n  Method 
27 .75 grams o f  fo rag e  per  
100 grams o f  c o n t r o l  r a t i o n  •

A l f a l f a 5 .25 5 10.76 .08772 a

C on t ro l  ■ O 5 11.48 .08234 a b

S a in f o i n 4 .63 5 7 .88 .07099 a b c
Ladino c l o v e r 4 .1 0 5 9.06 .06908 a b c

B, t r e f o i l 2 .87 4 .9 .4 3 = 06714 b c

S ic k l e  mv. 4 .42 5 9.18 .06487 b c

O rchardgrass 6 .43 5 8.48 i 06445 b c

C ic e r  my. 3-. 88 5 7.98 .06273 c

Red c lo v e r 4 .79 5 8.48 .06264 c

A ls ike  c l o v e r 3 .54 5 7 .50 .05670 c

Canadian Drv E x t r a c t i o n  Method

Red c l o v e r 60 5 18.20 .12257 a

A l f a l f a 60 5 10,94 .07643 b

C ic e r  mv. 60 5 11.46 .07253 b

Ladino c l o v e r  ■ 60 5 10.86 .07032 b

B. t r e f o i l 60 5 9.48 .06975 b
S ic k l e  mv. 60 5 7.56 .06697 b

A ls ike  c l o v e r 60 5 9.58 .06657 b

S a i n f o i n 60 5 9.84 .06650 b

I /  Values fo l lowed by same l e t t e r . a re  not s i g n i f i c a n t a t  P = .05 T
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no e s t r o g e n i c  a c t i v i t y  i n  th e  f i r s t  p rocedu re  and e x h i b i t e d  s i g n i f i c a n t  

a c t i v i t y  i n  t h e  second (Canadian)  procedure= The a u tho r  would recommend 

use o f  th e  Canadian method i f  f u r t h e r  r e s e a r c h  i s  conducted w i th  fo rage  

e s t r o g e n s  as i t  r e q u i r e s  l e s s  p r e c i s e  chemical  methods.

The e s t i m a t e d  d i e t h y l s t i l b e s t r o l  e q u i v a l e n t  po te ncy  o f  the  e s t r o g e n i c  

p roduc ing  fo r a g e s  was c a l c u l a t e d  by r e g r e s s i o n  (F igure  I ) ,  The r e g r e s s i o n  

l i n e  was c a l c u l a t e d  u s in g  th e  r e s u l t s  of  t h e  f i r s t  t h r e e  l e v e l s  of  d i e t h y l -  

s t i l b e s t r o l  on the  dose r e s p o n s e  curve  and th e  c o n t r o l  r a t i o n .  The d i ­

e t h y l s t i  l b e s t r o  I check used in  the  exper im en t  w i th  a l l  s t a g e s  of  fo rages  

was compared t o  t h i s  l i n e  and th e n  was used as p a r t  o f  the  r e g r e s s i o n  

formula  to  c a l c u l a t e  th e  e s t i m a t e d  micrograms of  d i e t h y l s t i l b e s t r o I pe r  

pound of  feed  needed to  produce  th e  same response  as produced by the  f o r ­

age (Table XVl)= Red c l o v e r  in  th e  v e g e t a t i v e  s tag e  e x p re s s e d  a s i g n i f i ­

c a n t l y  h ig h e r  e q u i v a l e n t  in  micrograms o f  d i e t h y l s t i l b e s t r o I p e r  pound of  

d r y  m a t t e r  t h a n  any of  th e  o t h e r  fo rage  s t a g e s  which p o s s e s s e d  e s t r o g e n i c  

a c t i v i t y .  These v a l u e s . a r e  s i m i l a r  to  th o s e  o b ta in ed  in  o t h e r  r e s e a r c h  

(2 1 ), (3 2 ), (3 8 ).

S a i n f o i n  seed and fo rag e  in  t h r e e  growth s t a g e s  d id  n o t  show any 

s i g n i f i c a n t  e s t r o g e n i c  a c t i v i t y  when compared w i th  the  o t h e r  legumes.
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Table XVI= Es t im a ted  d i e t h y l s t l l b e s t r o I  e q u iv a le n c y  o f  r ed  c l o v e r  
a n d , . a l f a l f a . i n  micrograms p e r . pound of  d r y  m a t t e r . l /

S tage  o f  growth Es t im a ted  po tency  in  micrograms
■ and legume per.  pound o f  d r y  m a t t e r

Red c l o v e r  veg = 6 = 78 a

A l f a l f a  reg row th  2=12 b ■

, Red c l o v e r  hay 1=87 b

Red c l o v e r  regrow th  1=31 b

l /  Values fo l low ed  by same l e t t e r  a re  n o t  s i g n i f i c a n t  a t  P -  =05.



SUMMARY

S a i n f o i n  i s  a d e e p - r o o t e d ,  l o n g - l i v e d ,  t e t r a p o i n d  p e r e n n i a l  legume 

p a r t i c u l a r l y  adapted  t o  d r y ,  w e l l - d r a i n e d  c a l c a r e o u s  s o i l s .  I t  i s  r e p o r t e d  

n o t  to  cause b l o a t  and o u t y i e ld e d  a l l  o t h e r  legumes a t  the  Montana A g r i c u l ­

t u r a l  Experiment S t a t i o n  when h a r v e s t e d  f o r  o n ly  one c u t t i n g  of  hay.

An exper im en t  was conducted comparing s a i n f o i n  and a l f a l f a  s e e d l i n g  

emergence from e i g h t  d i f f e r e n t  s eed ing  d e p t h s . S a in f o i n  was found to  p r o ­

duce a s i g n i f i c a n t l y  h ig h e r  p e r c e n ta g e  of  s e e d l i n g s  than  a l f a l f a  from a 

seed ing  d e p th  o f  t h r e e  inc hes  or  l e s s . Seed l ing  emergence of  bo th  s p e c i e s  

s i g n i f i c a n t l y  d e c re a s e d  from a s eed in g  dep th  of  two in ches  o r  more.  The 

v a r i e t y  by s eed ing  dep th  i n t e r a c t i o n  exceeded P -  .05 .

Three -week-o ld  female w h i te  r a t s  were used i n  a f e e d in g  t r i a l  to  e v a l ­

u a t e  th e  p r o t e i n  q u a l i t y  o f  s a i n f o i n  seed .  S a in f o i n  seed meal was found 

t o  be comparable in  p r o t e i n  q u a l i t y  t o  soybean o i l  meal and th u s  w a r r a n t s  

c o n s i d e r a t i o n  as a source  o f  supp lem enta l  p r o t e i n  fo r  l i v e s t o c k  f e e d i n g .

An exper im en t  was c a r r i e d  ou t  to  compare the  s e a s o n a l  chemica l  compo­

s i t i o n  o f  s a i n f o i n  w i th  Ladak a l f a l f a ,  t e t r a p o i d  a l s i k e  c l o v e r ,  Tana b i r d s =  

f o o t  t r e f o i l ,  c i c e r  m i lk v e t c h ,  Ladino c l o v e r ,  r ed  c l o v e r ,  s i c k l e  m i lk v e t c h  

and o r c h a r d g r a s s . The d a t a  was c o l l e c t e d  from weekly samples of  fo rage  

t a k e n  from p l o t s  a t  th e  Montana A g r i c u l t u r a l  Experiment S t a t i o n ,  Crops and 

S o i l  F i e l d  Research  L ab o ra to ry .  The s e a s o n a l  p r o t e i n  c o n t e n t  of  s a i n f o i n  

was found t o  d e c r e a s e  w i th  advancing m a t u r i t y  a t  about th e  same !,ate as 

the  o t h e r  c r o p s .  Dry m a t t e r  p e r c e n ta g e  in c r e a s e d  as p r o t e i n  p e rcen tage  

d e c r e a s e d .  A h igh  n e g a t iv e  c o r r e l a t i o n  ( - . 8 9 )  was c a l c u l a t e d  f o r  the



\
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r e l a t i o n  o f  p r o t e i n  to  d r y  m a t t e r  p e r c e n t a g e .  Th is  could le ad  to  a q u ic k ,  

com para t ive  method o f  e s t i m a t i n g  crude  p r o t e i n  c o n t e n t  o f  legume f o r a g e s .  

S a i n f o i n  m a tu res  a t  about  th e  same r a t e  as a l f a l f a .  I t  has a h ig h e r  l e a f  

t o  stem r a t i o  th a n  a l f a l f a  and i s  lower in  crude f i b e r  and p r o t e i n .  S a in ­

f o i n  has a h igh  p e rc e n ta g e  of  n i t r o g e n  f r e e  e x t r a c t  in  comparison to  a l -  ' 

f a l f a  which,  coupled  w i th  i t s  lower p r o t e i n  c o n t e n t  and h igh  y i e l d ,  makes 

i t  wor thy of  c o n s i d e r a t i o n  as a s i l a g e  c rop .

A b i o - a s s a y  f o r  e s t r o g e n i c  a c t i v i t y  us ing  immature female white  mice 

was conducted w i th  t h r e e  growth s t a g e s  ( v e g e t a t i v e ,  hay ,  and reg row th)  of  

t h e  same legumes used f o r  compar isons  o f  s e a s o n a l  chem ical  com posi t ion .

The fo rage  samples were c o l l e c t e d  and s t o r e d  in  a f ro z e n  s t a t e  u n t i l  ex'- • 

t r a c t i o n .  Two methods of  e x t r a c t i o n  were used .  The e x t r a c t s  were added " 

t o  a c o n t r o l  r a t i o n  and fed  t o  the  mice f o r  seven day s .  The Canadian 

method of  E x t r a c t i o n  proved t o  be more r e l i a b l e  than  th e  B ic k o f f  method 

f o r  e x t r a c t i n g  f r e s h  f o r a g e .  All  t h r e e  s t a g e s  of  r ed  c l o v e r  and th e  r e ­

growth s t a g e  o f  a l f a l f a  produced a s i g n i f i c a n t l y  h ig h e r  e s t r o g e n i c  r e sponse  

t h a n  any o f  t h e  o t h e r  legumes . S a i n f o i n  d id  no t  e x h i b i t  a measurable  a -  

mount o f  e s t r o g e n i c  a c t i v i t y  i n  any s t a g e  of  growth.

S a i n f o i n  p o s s e s s e s  p o t e n t i a l  f o r  bo th  fo rage  and seed p ro d u c t io n  in  

Montana,  e s p e c i a l l y  in  d ry la n d  a r e a s  where one c u t t i n g  of  hay i s  h a rv e s t e d  

o r  on i r r i g a t e d  land where a h i g h - y i e l d i n g  s i l a g e  crop i s  d e s i r e d .
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