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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 study was initiated to evaluate the potential of sainfoin for pro=-
duction. in Montanas

A search of the literature revealed sainfoin to be a deep-rootedy
long-lived, tetrapoid; perennial legume particularly adapted to dryy 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 affect=
ed by seeding depth, the protein quality of the séed, and the comparative
seasonal chemical composition of sainfoin to other legumes including estro-
genic activitys ’

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
0il meal and warrants consideration as a source of supplemental protein
for 'livestock feedirg.

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 thans
alfalfa and is lower in crude fiber and protein: Sainfoin has a high per-.
centage 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 pro-
“duced a significantly higher estrogenic response than any of the other
legumes. Sainfoin did not exhibit a measurable amount of estrogenic activ=
ity at any stage of growth.

Sainfoin possesses potential for both forage and seed production in

Montana, especially in dryland aréas where one cutting of hay is harvestedy °

or on irrigated land where a high=yielding silage crop is desired.
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INTRODUYCTION

Dr. R. G. Stapledon, famous British grass specialist, has said, "No
grassland is worthy of the name and hardly worth bothering with unless a
lggumé is at work. Find or bréedAthe right legume for every corner of the
world and you have developed good Qrassland in every corner of the world."

The "right" leéume for Montana would combiné the characteristics of
high nutrient production, non=bloating, palatability, competitive ability,
seedling vigor, ample seed production, long life9 disease and drought re=
sistance, winter haidiness, and adagtqbility to ouf soils. Our.present
legumes have some of these attributes but not all. Birdsfoot trefoil is
long-lived, semi-winterhardy, sometimes high yielding, somewhat drought
resistant; alkali tolerané and has been reported not to céuse bloat. How=
ever, it is very slow to establish, may be somewhat lacking in palatabil-
ity, and will not withstand graziné under drought conditions. Red clover
and alsike clover are short-lived and not drought-resistant° White clover
is lew yielding and its close relative, Ladino, lacks winterhardiness, and
has high moisture and fertility requirements. The sweetclovers are bien-
nial, susceptible to the sweetclover weevil and cohtain the undesirablé
compound coumarin. Alfalfa is good from almost all standpoints except
that it may represent a serious bloat hazard in pastﬁresg

Sainfoin (Onobrychis viciaefolia) is a deep=rooted, long-lived, tetra-

poid; perennial legume introduced from Europe which comes close to possess=
ing all the desired characteristics of a legume for Montana. It is par-

ticularly adapted to dry calcareous soils. Piper and Mansfield state,
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"that sainfoin has never been known-to cause blOa?oﬁ Its common name
sainfoin, French for "healthy hay", and the Latin:épeéigs hamé Oqébyxchis,
meaning "that for which asses bray",.may aptly désciipg.;ts ?orqge'qyalh'
ities. “
The$e'fac£ors.were thought to make sainfoin worthy .of more detailed

évaluation as é-poésible legume for production in Montqna;
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LITERATURE REVIEW

The sainfoin plant consisfs of 3 to 32 stout, erect stems which
“arise from a branched crown (40). "The leaves are odd=-pinnate with 13 to
15 leaflets. The rose colored (rarely white) flowers are in an erect,
close raceme 2 to 5 inches long. The roots are ﬁepofted to reach a di-
.ameter of 2 ihches and extend to a depth of 20 feet or more. The culture
of sainfoin probably dates back about 400 years. It was first cultivated
in Francé; the first definite record gccording'to Vianne wés in 1582.%(34) :

At present sainfoin is commonly grown in parts of England and France.

Sainfoin (QOnobrychis altissima) comes from the Near Easte;n Center of Ori-

gin. Several species occur wild in that area and in the southern half of
Europe and extend eastward toward Russia where exténsive research is be-
ing done on sainfoin for forage (25), (34):

In England, information obtqined from production of sainfoin hay?
which is highly prized by racing stables for feeding brood mares and colts,
has led to its use on much dry caloareous‘land, which previously had been
nearly valueless'(34)°

Numerous popular articles have been published in the United States on
sainfoin's value as a bee forage (1), (11), (24)s (25), (31) and pofén=
tial for livestock utilization (3) but very little sainfoin is being
grown at present. |

The two varieties of sainfoin grown in England, common and giant,
© may ha?e ﬁéssibilities for production in Montana. They are particularly

well adapted to dry, wéll=drained calcareous soils with a low water table
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(26), Pellet, (31), reported them ‘extremely drought and cold resistant.
Common differs from giant §ainfoin in having finer stems, a more pros-=
trate growth habit, éréater persistency of stand, and inability to flower
twice ‘a season (18), ‘The first cutting 6f giént is usually taken for hay
and the second lef£ for seed production (3)° Giant is'usually seeded as
a short rotation crob9 2 to 3 years, and common as a long rotation crop,
4 to % years. After 7 or 8 years of sainfoin production, good soils be-
come sick in a manner annalogous to "clover sick" soils and must be re<
seeded to'another crop; however, this doesn't occur on the dryer, léss
fertile soils (34). Eslick (15) reported a stand at Hall, Montana, which
has been in existence since 1898o' Both giant and common sainfoin are re=
ported to be similar ‘to alfalfa in their ability to withstand frequent
close grazing or clipping'(16)°

Sainfoin is adaptable to good irrigated soils (34). Research by
Cooper (10) at the Montana Agricultural E#periment Statién showed that
sainfoin outyielded all other legume species when compared with first cu£=
ting hay yields.

The nutritive content of a plant, within limits, is the final deter-
mining factor in its value as a forage crop. Norton (29) states, "There
are two factors which greatly influence the feeding value of alfalfa hays
namely, the proportion of leaves to stems and the crude protein content.!

Morrison's Feeds and Feeding,(27) doesn’t list the chemical composition

of sainfoin. Baker (4), in England, found that like most forages,
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sainfoin has a lower crude profein content, and a higher crude fiber con-

tent as the plant advances toward maturity. The mineral content was found

to be somewhat variable. The

ratio of leaf dry matter to total dry mat-

ter decreases with maturity of the plant (4). The leaf composition is

fairly constant irrespective of growth stage, number of cuttings and sea=

§

soh; with leaf fiber content beéing remarkably constant in contrast to

that of stem, where it increases with maturity of the plant. The leaf

contains more crude protein, ether extract, and mineral matter, particu-

larly calcium, than the stem:
of sainfoin are postulated to
leaf-stem ratio. Sainfoin is
source of beta=carotene (4).

age composition of 35 samples

parison, data on alfalfa from:

(4) Changeé which occur in the composition
be due to variation in stem composition and
not considered to be a particularly rich
Baker (4) lists the following as the aver=
of sainfoin hay grown in England. For com-

Morrison (27) is given.

Composition of Dry Matter

Constituent

Moisture
Crude Protein
Ether Extract
Crude Fiber

N. Free Extract

~ Total Ash
- Silica
Calcium
Phosphorous
Potassium
Chlorides

Sainfoin Alfalfa
% %
0.0 9.5
15.0 15.3
1.8 1.9
30.8 28.6
45,5 36.7
6.9 8.0
0.8  =====
1.84 1.47
0.63 0.24
1.52 1.97
0.53 = =====

Norton (29) reports 40.4 aslthe average leaf percentage of first
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cutting alfalfa hay in comparison to 32.3 as the average ;eaf percentagé
of sainfoin hay given by Baker (4).

In recent years the estrogenic activity of forages has reteived
consideration in evaluating forages.

The term Ues%rogen“ can be defined as any compound or substance
which is capable of causing sexual development in the female, including
changes in the vaginal epithelium, hypertrophy of the uterus and mammary
glands, and the development of female secondary sex characteristics (44):
Estrogenic substances were first discovered in plants in 1926 by Loewe
(38). Since that time approximately 50 species of plants have been shown

to possess varying degrees of estrogenic activity (32)s Interest in for-

age estrogens was renewed in 1941 when widespread breeding disorders of

" sheép in Western Australia were found to be caused by the high estrogenic

content of subterranean clover (Trifolium subterranean). Since that time,

other forage plants which have been found to possess estrogenic compounds

of varying activity are red clover (Ixifolium pratense), alfalfa (Medi-~

cago sativa), white clover (Trifolium repens); strawberry clover (Trifo-

lium frageferum), Ladino clover (Trifolium repens, latum), and birdsfoot

trefoil (Lotus corniculatus) (38). Soybean oil meal is also reported to

contain estrogenic ~compounds (38). Red-clover is most consistently report- -

ed as having estrogenic activity at all stages of growth. It has caused

breeding disorders in sheep in Chio and Oregon (9). Alfalfa varieties are

reported to have wide differences in estrogen contéent (32). Youngman (44)

reports Ladak alfalfa in Washington to have increasing estrogenic activity
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" with maturityo' Hay samples of alfalfa, alsike clover, white cloVé; and

ced clover have been.reported to possess estrogenié activity (38). Alfalfa
silage has been found to possess signifibantly greater estrogenic adtivity
than fresh alfalfa or alfalfa hay (32)s, (44)s White clover, birdsfoot
trefoi;, and alfalfa have been reported to be highest in estrogen content
ddring early spring growth (38). The estrogenic activity bf'forages seems
to vary with variety, stége of growthy, number of cuttings and environ-

ment (32), (44).

‘Various conflicting theories exis£ as to the site of ﬁroductioh‘of
estrogens in plants. Estrogens occur earliest in the chloroplast fraétioh,
so this would seem the most likely site of production (23).

The estrogenic bompouﬁds which’haVe been isolated and identified are
the flavinoids, genistein, its glycoside genisten, diadzeiny its glycoside
diadzin, formononetin, biochanin A and a coumarin=like compounds coumestrol.
These all have similar chemical structures which differ mainly in number
and location of hydroxyl and methoxyl groups (38). COUmegtrol, which has
beén isolated‘in all 1egume§ tested, possesses a higher estrogenic acti-
vity than any of the other compounds (9).

Quantitative and qualitative determination of estrpgens in plant and
animal material can be accomplished by chemical methods and bio-assay.
procedures. Chemical procedures are time consuming, especially with plant
materialsy since chromatrography and accurate analytical méthods are neces-
sary. When the chemical and physical propérties of estrogens are not
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desired, a gross quantitative estimate of fhe estrogenic activity'can be
obtainéd by use of bio~assay techniques (38). With forages, this involves
extraction of the estrogen with a solvent and then adding the extract to
a control raﬁion which is fed to immature female mice or rats. There is
no difference in reliability of results, but mice are léss expensive., The
animals are fed from three té ten days and then sacrificed. The resultant
uterine weight increase is used as a measure.of estrogenic activity. The
Tesults are usuaily stated as equivalent to the amount of diethylstilbes=
trol which would cause the same uterine response (38). Bickoff et al. (8)
found that acetohe, alcohol, or a 2:1 benzene=alcohol mixture are equally
effective_inAextracting estrogenic cOmpbunds from fresh-or dried Ladino
clover. Drying a forage can cause up to a 75% loss in éstrogeﬁic activity.
Estrogenic compounds are fairly stable after extraction (9).

In addition to afféctihg reproduction, planf estrogens have been ob-
served to afféct the composition and production of milk and to stimulate
growth in castrated male animals (9). Bickoff (9) states, "It now appears '
that we may need two separate types of forages. One of these would be a
iow=estrogen forage for breeding stock, because the naturally=occurring
estrogens are not desirable here. The second type Would be a high-estrogen
forage for fattening steers, wethers and poultry.! Data has not been pub-
lished concerning the estrogenic activity of sainfoin or sainfoin seed.

Efficient production of legume forages is dependent upon successful

stand establishment. Among factors influencing establishment are seed

size, seed viabillity, rate of seeding, depth of seeding and variety.
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Sainfoin seed is produced by the plant in one-seeded pods which are
described by Piper (34) as being "brown, indehiscent, lenticular, and re-<
ticulated on the surface." Actually, the pod is bean-shaped and bilater-
ally compressed. It has a rough net veined appearance, and is sometimes
referred to as a "cockshead" when it has spines protruding from the ventral
édge or keels Evidence indicates that the spined characteristic is con-=
trolled by one pair of genes with spiny dominant to spineless (40).
Sainfoin grown for seed production may produce 25 to 30 bushels of
seed in the pod per acre (3). Like alfalfa, it is entomophalous, requir-
ing insect ‘cross=-pollination for maximum seed set (15). The podded seed
weighs about 30 pounds per bushels of which one=-third, by weight, is pod
and shriveled seeds (40). Sainfoin seed remains viable undér high dry-
ing temperatures after harvest. It is safe to store at 12% moisture and
is reported in England to lose its viability after three years storage (30).
Sainfoin seed is sold commercially in two forms, milled and unmilled.
Milled seed has the pod removed and is kidney=shaped, varying from yellow-
ish green to dark brown in color. Sainfoin seed in the pod weighs 23
grams per 1000 and milled seed weighs 15 grams per 1000 (39). In compar=
ison alfalfa seed weighs 2 grams per 1000 (37). Germination is more uni=-
form from milled seed due to reduction of hard seeds during milling and
removal of the seed pod which has been proved to provide mechanical resis-
tance to radicle emergence (40). Unmilled seed retains its viability for

a ionger period (39)-
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The récommended seeding rate for alfalfa and sainfoih in England is
22 and 40 pounds of milled seed pér acre, respectivély (30). In Montana
the recommended seeding rate for alfalfa is 10 to 12 pounds per acre.

Piper (34) states that sainfoin shoqld be seeded at a depth of ohe=
half inch or more. The most satisfactory seeding‘aepth fof small seeded
legumes and grasses in this country is 0.5 inch (5). Two inches is the
recommended seeding depth for soybeans(28). Erickson (13) found that as
depth of seeding increased, the advantage of large seed over small seed
in stand establishment of alfalfa became increasingly apparent. This
would cause one to wonder just what the optimum seeding dep%h for sain=

foin might be. Sainfoin seed requirées inbculation for proper nitrogen

fixation and growth on soils which had not previously grown sainfoin (1).

Piper (34) recommends spring seeding, since fall seedings are more apt to

winterkill.

Woodman (42) gives the chemical composition of sainfoin seed as

followss
Unmilled seed Milled seed
% %
Moisture 12,01 8,98
Crude Protein 26.38 36.63
Ether Extract 5.96 7.28
N. Free Extract 33.74 34.06
Crude Fiber - 17.86 9.46
Ash 4,05 3.58
Calcium ' 1.02 .24
‘Phosphorous .91 1.15
Chlorides .11 L1l

For a lonhg time protein has been the most expensive ingrediént and a
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limiting factor of livestock rations. Soybean oil meal is commonly used

as a protein supplement in livestock rations, including deg and cat foods,

because of its high protein content and essential amino aciq balance in
relation to cereal grains. Recent research indicates that the limiting
amino acid for soybéan oil méal is methionine; but even without the ad-
dition of methionines; it is one of the best quality plant proteins avail-
able fér livestock feeding (2). Soybean o0il meal is lisﬁed by Morrison
(27) as being about 44 % crude protein. Milléd sainfoin seed compares
favorably to soybeah oil meal in protein percentage, and might be con=
sidered for commercial production if it was equal to soybean oil meal in
amino acid baiance. Soybean o0il meal sells commercially at the present
time for $83 a ton. Woodman (42) indicated that lambs did very Well on
unmilled sainfoin seed as a protein supplement and would have egualed
gains .of lambs on lucerne and clover seed if the pod had béen rém0veaa
The search of literature on sainfqin indiCated.that information was
lacking in the areas of recommended seeding depthy protein quality of
the seed, and comparative seasonal chemical compositiqhﬁincluding estro-
genic activity. Research was undertaken to evaluate these qualities of

sainfoins
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SEEDING DEPTH
Materials and Methods

Because of the exceptionally large size of sainfoin seed and lack of
information regarding proper seeding depth, an experiment was designed to
evaluate the effect of seeding depth on the resulting seedling emergence
of sainféin. |

One hundred alfalfa seeds and an equal number of sainfoin seeds were
planted at eight different depths, starting at.one&half inch and increas-
ing in one=half inch increments to - four inches, in éail‘op a bench in the
greenhouse. A split=plot experimental design was usgd.With seeding depths
assigned at random to the_maiﬁ ploﬁs and'spéciééito subpig}s¢ Three rep-
licationsfweré.planted,’:Qerminatiop pérCenﬁégei?f the_seég:was‘obpaihed
before planting. Relative;rate of emergeﬁée‘wégiﬁoted anq:Eésults'were
compiled as percentage of viable seed_éméfginéij.glfalfaAw;s included in
the experiment as a éheck. | .

Results and Discussion

The germination perceﬂ;age of sainfoin seed and alfalfa seed was 78
and 95 respectively. The sainfoin seed had been stored for three years
which refutes data by Owen (30) that indicated sainfoin séed loses its
viability during that.period of time-

The alfalfa seedlings emerged a day earlier than the sainfoin seed-

- lings at depths of seeding to two inches. Sainfoin at greater depths had

the faster emergence. The sainfoin seedlings emerged with the hypocotyl

pushing the cotyledons straight up through the soil as did alfalfa. This
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Table I. Percentage of viable sainfoin and alfalfa seeds which germinated

and emerged from various seeding depths. 1y

[

Seeding Percent age of Percent age of
depth in salnfoin seeds alfalfa seeds
inches emerging emerging
.5 88.5 a b 60:2 &
1.0 97.0 a 57.9 a3 -
1.5 '76.9 a b 56.3 a
2.0 88.9 a b 37.2 ab
2.5 63.7 b ¢ 22,80 ¢
3.0 38.9 ¢ 17.6 b ¢
| 345 9.4 d l.1¢c
1.34d 1.4 ¢

4.0

1/ Values underlihed within a séeding.depth afe significantly diffefent‘

at P= .05,

Values within the legume followed by the same letter are not signifi-

cantly different at P = .05 (12).
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is different from some legdmeg, such as beans, ih which the hypocotyl is
sharply bent and pulls the cotyledons to the soil surfaéeé

The results of the experiment are shown in Table I as percentage of
viable geéds which emérged from the soil as séedlings;

Alfalfa had an emergence of 60.2 % from the 0.5 inch seeding depth.
which is. comparable to field erﬁergenc'eo Sainfoin exhibited good émergence
from the first four seeding depthss falr emergence in fhe 2.5 and 3 inch
seeding depths and poor in the 3.5 and 4 inch depths, In comparison, al-
falfa had gdodlemergence in the first three=§eediﬁg dépth53 falr emergence
in the 2, 2.5 and 3 inch seeding depths and poor in the 3.5 and 4 inch
depthé,

The experiment was designed to place maximum precision in statistical

. analysis on the. seeding depth by legume interaction. A significant dif-

ference greater than P = .05 existed betweéen legumes. Seeding depth dif=
ferences were significant at P = .01 with the interaction having signifi-
cancé greater than P = .05, |

This exberiment indicates that sainfoin is superior to alfalfa in

seedling émergence and will produce a greater percentage of seedlings than

. alfalfa from a seeding depth of 3 inches or less.




PROTEIN QUALITY OF SAINFOIN SEED
Materials and Methods

The eXperiment herein described was designed to compare the protein
quality (essential amino acid balance) of sainfoin seed_(Qﬁobrgchis
viciagfolia) and pigweed seed (Amaranthus retroflexus) with that of soy-
bean oil meal (Glycine max) and to measure its effect on rat growth and
feed corsumption. .

Fifteen three-week=-0ld female white rats were divided into three
equal weight groups of five rats eachs

Rations were formulated to contain 10% crude protein, on the basis

of work by Rama Rao et al. (35) which indicated that the minimum rat re-

guirement of protein for maximum nitrogen retention is 10% and the mini-

mum requirement for maximum growth is 8.8%. Crude protein cortents of
unhulled sainfoin seed; soybean oil meal and pigweed seed used in the
rations were 24.6%, 42.0% and 15.0% respectively:

Table II shows the ratiohs used for the experiment.

Table II. Composition of rations used to evaluate protein quality of
sainfoin seed meal.

Pigweed seed Sainfoin seed Soybean oil

Ingredients : meal ration meal ration meal ration
- - % %4
Vitamin premix 1.0 - 1.0 1,0
U.SoP. 14 salt mix 4.0 4.0 4,0
Alpha cellulose 5,0 5.0 : 5,0
Corn oil | 10.0 10,0 1050
Corn Starch 13.3 39.3 56.2

. Protein source 677 40.7 .. .. 23.8
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Each group of rats was fed ad 1ibitu& for 28 daysa. Weights were
taken at about 10 day intervals during the feeding trial and feed con=-
sumption was noted.

Results and Discussiqn

The soybean oil meal ration and sainfoin seed meal ration produced
significantly (P = +05) greatér rat gains than the pigweed seed meal ra~
tion during the last 17 days of the feeding trial (Table III). There was
no significant difference between weight gains of rats fed the sainfoin ‘
and pigweed ratiens during the firgt 11 days of the experiments; nor be=
tween weight gains from the sainfoin and soybean rations throﬁghéut the
trial.

Table III. Average rat weight gains and feed efficiency during a feed

trial conducted using pigweed seed mealy sainfoin seed meal
and soybean oil meal. as protein_§ourcésw;/

Weights taken in grams

Treatment Int. 11 day 11=21 21-28 Final Total Avg. Grs.
wto gain _day day - wt. gain daily feed
gain gain per
100
grss
gaim

Soybean oil ‘
meal ration 56.2  38.63 28.1a 14.2a 1367 80.5a 2.88a 396

Sainfein seed -
meal ration 55.9 31.5ab 3043 10.5a 128.3 72:4a 2:59a 460

Pigweed seed

real ration 57.°i 20,30 11.0b  3.3b 91,-7 346D 1:24p 643

7 leferences among ratlons are 51gn1f1cant at P = °05 if net followed
by the same letter (12)

Kumpta and Harper (22) stated that, "A fall in food intake can usual-

ly be detected within a short time after an animal has been fed ad libitum
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" a diet in which an amino acid imbalance has been.créatéd. This occurred
with the rats on the pigweed seed ration. They até a total of 1112 gfamé
.of f§ed compared to 1595 grams of feed for the rats on soybean and 1664
graEQ of feed for the réts on sainfoin. They were also moré nervous and
irritable thén the rats in the other twe groups. ‘This agrees with préyious
;egearch by Young and Dunn (43).

The higher fged conﬁumption and lower feed efficlency of the rats on
saiﬁfoin as compared tq those on soybean may have been due fo the pods.on
the sainfoin seed which were ground with the: seed ahd mixed as part of
ﬁhé ration. These pods were unpalatable and the rats wasted part.of them.
The pods are high in fiber (42) and should contain léss energy than an‘
equal amount ih weigﬁt of corn starch which was their éounterpart in the
soybean oil meal rationa

The author surmises, as did Woodman and Evans (42), that milled sain-
foin seed with the pods removed would compare much more favorably to soy=
bean 0il meal wifh respect to protein quality.

In England, sainféin is reported to produce about 600 pounds of milled
seed pér écre (320 Compéred to the present price of soybean oil meal,‘this
would be worth about $24 per acre. Sainfoin seéd,couldvbe harvested évéry
year. The value of two years' production of sainfoin seéd would be equal
to a 24 bushél wheat crop in an alternate year - sunimer faklow gropping
system. | |

The value of the seed as a protein supple&ént for tﬁe livestock

!
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industry plus the forage production of the plant makes

of consideration for production in Montana.

sainfoin worthy
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SEASONAL CHEMICAL COMPOSITION
Materials and Methods
In order to obtain a comparison of sainfoin with othér forage le=
gumes,.weekly harvests were made from eight legumes and one grass grown
in plots located approximately five mlles west of Bozeman on the Montana
Agricultural Experiment Station, Crops and Soils Field Research Laboratory.

The forages compared were sainfoin (OnobrvchiSwQiciaefolia), Ladak alfalfa

(Medicago sativa), tetrapoid alsike clover (Irifolium hybridium), Kenlarid

red clover (Trifolium pratense L.), Ladino clover (Irifolium repens), Tana,

birdsfoot trefoil (Lotus corniculatus), cicer milkvetch (Astraqulus cicér),
sicklé milkvetch (Astragulus falcatus) éna orohardérass (Dactylis glom-
erata). | |
_The harvésts were made on Friday afternoon each week. The height of
cutting was 2 inches. Height<and stage of maturity'WEre'noted at time of
harvest;: The samples were selected at random from the plots, placed in
paper bags and ovéﬁldried in the forage dryer at about 68° C for three
days. Leaf ana stem separations were made at the hay stage: Ladimo clo-
ver was pot included in fhe comparison until August 3, when samples were
taken on regrowth from the hay cuﬁtingq Dry matter'percentég;}was deter-
mined and samples ground through a 1/32 inch sqreén'ip aAWiléy mill for
crude protein determination by the Kjeldahlhmeth'oa° Samples of leaf and
.stem separation from alfalfa and sainfoin were analyzed by the Chémistfy
Research Laboratory for crude fiber, ether éxtréct, and tot?l ash. Nitro-

gen free extract was calculated using the other values.
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Results and Discussion

The relative rate of maturity of sainfoin in relation to othér le=~
gumes and orchardgrass is shown in Table IV. Sainfoin ;eached the hay
stage ohe day earlier than alfalfa. It did not exhibit leaf loss in com=
parison to alfalfa which, at Bozeman, normally losesisome of its lower
leaves before reachipg the hay stage. Sainfoin and the.two milkvetches
were less affected by frost in the fall than the other legumééa Sainfoin
was the tallest of all legumes during the development of the first cut-
ting, Table V.

Comparative seasonal variation in dry matter is shown in Table VI.
' Variations from normal for some dates may be attributed to rain and mois-
ture on thé forage when thé samples were harveste_do Sainfoin did net ex=-
hibit as high a dr? mattér percentage as might be expected considering its
height and largé, rank grpwing sfems°

The proteih-content of sickle milkvetch 'was considerably higher than
the other legumes throughout the experiment, Table VII. "Sainfoin and
alfalfa had a lower protein content than previously reported (4), (27).
This could have beén due tec envirommental, variety, or inoculation.effects.
ThHe trefoil plants were yellow and appeared to be suffering from improper
idoculation or a lack of nitrogen. This could account for its rapid decline
it protein content.

The .protein and dry matter comparisons were ngt statistically analyzed

because just one sample was taken in the field to obtain the data of




Table IV. Growth stages of 8 legumes and orchardgrass on various harvest dates at Bozeman
in 1962.1 1/
Alsike Birdsfool Cicer Red Sickle Ladino |Orchard-
Date of Alfalfa Clover | Trefoil Milk- Clover | Milk- Sainfoin | Clover | grass
Harvest-|- : S vetch - vetch ' -
First Crop Grewth
5~-18 vedo. % vege. vege veg. vedg. ved. vege === veg.
5-25 veg. veg. veg. veg. veg. veg. veg. - veg.
6-1 veg. veg. [flst buds | veg. veg. veg. vegs == boot
'6-8 veg. veg. {lst bloom veg. veg. |lst buds vego = heading
6-15 [lst leaf loss| 1st bud BO% bloom| veg. |lst bloomadv. bud |lst buds | ==- heading
6-20 -== - 75% bloom === - === === ——= pre=bloom
6~-22 1st buds [lst bloomfFullbloom lst bud [20% bloompre=-bloomlst bloom| --= blooming
6-26 == === —-= o —== == 50% bloom === ——-
6-27 5% bloom === == === === pods form  --- S blooming
6-29 35% bloom {75% bloom| 75% pods| adv.bud fullbloom50% pods [75% bloom =~-- blooming
7=2 == fullbloomf === === —== === === |fullbloom' ==- i
7=5 == s=- o= H0% bloo —= == se= . = N
7-6 65% bloom |15% d.f.*85% pods p0% bloon 40? d.fJ100% podqg 75% d.fd . == S.f.% ¥
7-14 5% pods 50% d.f. L00% podsl 15% podq 80% d.fd s.f. '90% pods| =-- S.f.
7-20 25% pods 75% d.f. s.f. 75% podg 90% d.f. s.f. s.f. ~—e s.f.
7=27 50% pods 05% d.f. s.f. 100% podd s.f. s.fo s.f. cse s.f,
Regrowth Aftler Cutting
8-3 vege veg. D5% bloom| veg. 5% bloom veg. veg.. [LO% bloom veg.
8-10" vegs 5% bloom| 40% pods| .veg. |15% bloom veg. veg. {20% bloom veg.
8=17 i 15% bloom [10% bloom| 90% pods| veg. 150% bloom ' veg. |10% bloom35% bloom veg.
8=24 - | 40% bloom -[20% blooml00% pods| veg. [70% bloom veg. [20% blooms0% bloom veg.
8~31 50% bloom |15% d.f. sof. veg. |30% d.f. | veg. 135% bloonlOO%bloom vegs
9-7 | 50% d:f. . [75% d.f. [ s.f. veg. 160% d.f. | vegs |60% dsf. 45% d.fs | veg.
9-14 65% dsf. . 195% d.f. | s.f. veg. i859’df°%v‘ego 90% d.f. PO% d.f. | veg.
9-21 frosted - - sofe i sofe- -1 veg, 95% d.f.|:veg pPofo*190% d.fs I: veg, .
17 Undersoored stages indicate dates and stages considered to bé correct for hayings

*

samples for leaf-stem- separatlons were taken on these dates.

veg. = vegetative stage.
= pods forming.

p-f.

d.fo

= dried flowers after-‘blooming. s.f.-= seeds forming.

T
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Table V. Height in inches of 8 legumes and orchardgrass on various harvest dates at
“Bozeman in 1962.1 1/ : ‘ o
Date of , Alsike Birdsfoot “Cicer Red Sickle Ladino Orchard-
Harveést -‘Alfalfa. Clover -Trefoil ‘Milkvetch.Clover Milkvetch Sainfoin Clevéer :grass
' First Crop Growth
. in. ins in. in. in. in. in. in. in.
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
‘629 32 24 22 22 24 30 36 = 48
7-2 - 24 < - - - - 14 -
7=5H = = - gi - - = - -
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
Regrowth after cutting
8-3 14 7 13 2 16 5 9 1 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 19. 12

9-21

16

13

23

11

1/ Values underlined aré heights at hay stage.

I'T

I

"




Slckle Ladlno‘zﬁrzﬁsrﬁz
Harvest - Alfalfa. :-Clover Trefoil® Milkvetch - Clover Miikvetch,Saiﬁf01n Clover: - grass.
- % % % % % % % % %
' _ First crop growth .
5=18 16.8 17.1 15.5 10.1 18,0 23.7 1650. ISR 51.6
5225 . 14:8 1550 14.3 14.4 15,8 17..8 14,3 e 14.7
6=1 15.9 . . 12.9 14.4 1347, '13.7 1559 14:5 =i 19.2
6-8 17.0 . 13,3 16.1 14.2 1454, 17..6 15.3 el 1945
6-15 18 9 11.9 16.3 13.7 18:2 18.5 16 4 smau 24 .3
6_20 o .;=..‘._,'= 1855 e ——mi _,;. —me oo e P
6=22 23 9 15.5 19.1 16.2 2249 23:7 20.9 - — 29:5
626 el | edies - -——— -—in ol 27 3' PR L.
6-27 28.4 m—— e R 33.2 —o=a Ll 391
6=29 31.2 18,2 21,8 20.9 272 23.0 29.0 <o 36.0
7=2 mom— 219 Smea ——— ——s —— “i-s 2346 -
75 —ome S el 23,8 i o —i =R Lo
7<6 33.2 22.0 23.3 24.9 28,1 26.:6 34.4 et 48:2
7-14 31.5 22.5 23.2  27.3 27.3 30.0 375 -aes 3849
7=20 31:9 24.5 23.6 27.4 30.5 31.3 33.3 - 33.7
7227 30.3 24,3 25,4 26.3 30.5 42,3, 34.7 ] 49.1
' Regrowth after cuttlng
8-3 21.1 16.0 . 24.6 228 19.3 . 27..0 209 17.4.  27.4 -
§-10- . 24.4 1757 25.0 ° - 172 19.7 - 2349 20.0 2046 24.8
8=17 24:;8  18.4 2623 14.9 21.3 23:0 209 166 28:9
824 29:6 2247 29.0° 2250 255 28.0 T 26.2. 19:5 33.0
8-31 - 2953 21.9 23.8 18.3 27.0 25,0  24:0 17..5 29.0
947. - 3545 27.5 2853 26.3 2759 273 2655 24.0 30.9
.9=14 " 38.0 26.7 28.5 24.0 . 28.4 27.5 29.4 2559 35.1
9 21 45. 0 32 5 2903 26.6 35.6 31.2 31.2 2457 32,2

Table .VI. Dry~matter conte

Bate of

Gloer Red

i} of 8 legumes and orchardgrass on varlous harvest dates at
Bozeman in 19621y : e - S o
AlsiKe Birdsfoet

i/ Values underllned are dry matter percentage at hay stagea

- 83:
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' Tablé VII. Crude protéin content of 8 legumes and orchardgrass on various harvest
~dates qt,Bozemanﬂin 1962°l/

Date of Alsike Birdsféot.' Cicer Red Sickle Ladino Orchard-

HarVesti'Alfalfa .Clover Trefoil. . Milkvetch Clover Milkvetch Sainfoin-Clover “grass
" % % % % % % % % %
First crop growth ‘
5-18 26.3 22.8 21.9 31.8 21.3 33.3 23.5 e 19.7
5=25 23.5 22.6 18.0 29.6 22.0 30.7 21,9 —e-— 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,
6-15 18.6 19.5 1243 17.6 19:1 20,2 14.9 ——— 8.8
6=20 e bmee 11.5 ——— ———— ——— ——— -—=- ————
6=22 14.3 16.7 8.3 14.7 13.4 15.8 13.4 ———— 7.7
6=26 === = oo Elalate ———— il 12.3 i e
627 14:5 oo ——= ~—— ——=- 19,2 . ---- aeee 6.9
6-29 8.8 14.9 7.9 14.0 11.4 20,2 9.2 —oee 8.1
7-2 it 14.6 ———— ——— cme— = o= et -———
7=5 ———— o m - ]_30_3 U o —te e P i
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 12:1 16.7 9.2 ———— 9.2
7-27 11.4 13.6 6.1 11.2 12.5 16.7 6.6 o 6.6
' Regrowth after cutting
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 16.5 255 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
6.4

9=21 12.5 15.8

v e

1703 1403 '2305 lIoo 1609

—— —=

;/ Values underlined are protein percentages at hay stage-

==
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Tables VI and VII. A correlation coefficient of =.89 was calculated for
the relation of protein content to dfy\matter percentage. All protein"
values having a corresponding dry matter pefcentage of 20 or more were
used in this ahalysis. This agrees with previous reséarch.which has
shown ﬁhat protein content decreases and dry matter pefpenfage increases
with plant maturity (4), (19), (33), (36). The high correlation of pro<=
tein content to dry matter percentage indicates that the protein content
of legume forages might be acourately predicted from dry matter percentage
when the dry matter percentage excéeeds 20

Leaf and stem compositions of forages in the hay stage are shown in
Table ViII° Ladino clover was not included because i£ is almost all leaves
if the petiole is considered part of the leaf fraction as it was with the
other forages. Sickle milkvetch had a higher perceﬁtage of leaves than
any of the other forages. Milkvetch leaves also contain a highgr perceht=
age ‘of total plant protein than any of the other forage leaves. The leaf
pércentége of sainfoin is higher than indicated in previous_résearchg‘4358
as compared to 32.3 as reported by Baker (4). This'might be accounted for
by his inclusion of the inflorescence in the‘stem portion, whereas it was
includedAin the leaf portion in this experiment. The alfalfa leaf per-
centage was nearly the same as shown in previous research, 39.1 as compared
to 40.4 reported by Norton (29). .

The nutrient content of sainfoin hay and its leaf and stem sepgram

tions, as compared to corresponding alfalfa values, is reported ig Table IX.




Table VIII. LeafLStem.comparison of 7 legumes and orchardgrass at hay state at Bozeman

_in 1962.
' ) . Legume o , rb .“.
Alfalfa  Alsike Birdsfoot Cicer Red Sickle Sain- Orchard~
Clover Trefoil Milkvetch Clover Milkvetch foin grass
Date of harvest 6-27 7-2 6-20 7-5 6-29 6-27 6-26 6-27
Stage of growth 5% Full 75% 50% Full Pods 50% Bloom
. Bloom Bloom Bloom Bloom Bloom  Forming Bloom Stage
Height 32 24 20 24 24 29 34 48
Leaf protein % . 23.7 21.3 18.2 18,6 18.0 26,1 20.2 9.4
Stem protein ¥ 8.6 7.0 6.6 6.6 6.4 9.4 6.1 4.1
Total protein % 14.5 14.6 11.5 13.3 11.4 19,2 12.2 6.9
Leaf dr? matter % 27,2 25,3 18.4 23.8 28.1 35.9 28.3 41.5
Stem dry matter % 29,1 18.1 18.6 23:7 26.4 29.4 27.3 36.4
Total dry matter % 28.3 21.9 18.5 23.7 27.2 33.2 27.3 39.1
% leaves by weight 39.1 53.2 42.5 5641 46 .2 58.6 43.8 53.6
% total protein

in leaves

~9¢-
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Table IX.

..27...

Nutrient comp081tlon of leaf and sten separatlons of alfalfa
and salnf01n hays grown at Bozeman 1n 1962 "

Lgaves
- Alfalfa - - Sainfoin
Crude Protein 22.9 19.0
Ether Extract 2.9 2.3
Crude Fiber 16.2 15.0
N. Free Extract ' 41.6 50.4
Total Ash 1004 6.9
Stems
Alfalfa Sainfoin
%
~ Crude Protein 8.6 5.7
- Ether Extract 1.1 1.0
Crude Fiber 43.5 34.3
N. Free Extract - 35.1 47 .9
Total Ash 6.0 5.7
Total
Alfalfa ~  Sainfoin
| % %
Crude Protein 14,2 11.5
Ether Extract 1.8 - 146
Crude Fiber _ 32.8 25.8
N:. Free Extract 376 49,0
7.7 6.2

Total Ash
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_Sainfoin'had a lower protein and crude fiber content than alfalfa which
resuited in a higher‘hitrogen free extract valué for sainfoin. These
results agree with those reported by Bakef (4) and Morrison (27); and
indicate thét séinfoih might have possibilities as a silage ledume, due
to its wider carbobydratemprotein ratio. This also places a higher value
on sainfoin‘hay which evidéntl? contain; more nutrients than its large,
rough, stemy appearance indicates.

The data obtained compafing the seasonal chemical cqmposition of
sainfoin to other legumes érown in Montana indicates that sainfoin may be

of similar nutrient value.
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-ESTBOGENIC ACTIVITY.
Materials and Methods
The forage species used for this experiﬁent were the same as those
used for seasonal chemical composition.
Threé harvests weré made from the same plots on the experimental
farms
l. Vegetative = harvested at a constant date -- June 20,

2. Hay stage. - harvested as specie matured to proper stage
for hay.

3. Regrowth stage- harvested at a constant dafe =~ August 15.

The samples were collected in plastic bags and fresh frozen as soon
as possible to prevent alteration of estrogenic compounds within the
blants. They were stored in a frozen state at approximately =20° c. uﬁtil
used for bio-assay in Januaryw

Female mice, 19 to 21 days old were obtained from thé Veterinary Re-
search Laboraﬁory and used as the bio-assay animal for determining the.
estrogenic activity of the forages.

The basic mouse ration consisted of:

1.5% vitamin premix
4,0% UsS-P. 14 salt mix
5.0% alpha cellulose
10.0% corn oil

20.0% milk casein

'59.5% corn starch

None of these ingredients were reported to possess estrogenic
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activity. A pretrial-using varying levels of diethylstilbeéstrol indicated
that thé maximum variation in initial weights of mice which will produce
accurate data is 3 grams. A 7 day feeding period was found to be neces-
sary to obtain a ﬁeasurable uterine growth from an éstrogenic feed. This
is in conflict with data by Swiérstra (38), which indicated that maximum
uterine growth could be obtained in a 3 day period. Strains of mice may
differ in thelr response to estrogenié stimulation and.the rate of re-
sponse must be determined before reliable results can be obtained. This
strain of mice required 60 grams of mousé ration to feed five mice 7 days
in comparison to 50 grams of control ration used by Bickoff (6) for the
same period.

In the following experiments, the mice were weighed to the nearést
one-half gram and separated into groups of equal body weight. A two=g:am
variation in initial weight was allowed in treatment groups . Each treat-
ment was allotted five mice. The mice were selected at random from the
desirédVWeight groups and distributed among“treaiméht groups so that the
initial weight_of each treatment group was as nearly equal as possible.
Each group of five mice was housed together in wire laboratory cages for
the duration of the $ix to seven Aay feeding period. The mice were fed
the test diet ;nlequal inCreﬁents each day untii 60 gfams of the test
diet were consumed by the five mice. Chloroform was used to sacrifice
the mice and the freshly excised uterl were trimmgd, blotted on tissue

paper and weighed on a Roller-Smith balance.
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The first group of feed treatments was prepared with increasing
leyelé of a diethylstilbestrol (D.E.S.) to-establish a utérine dosé re-
sponsg curve for the strain of mice used. A stock solution of diethyl~
gti;bgstrol was made by mixing 5 mg. of the drug with 500 ml. of 95%-
ethanol. One ml. of this solution when added to 100 grams of mouse ration:
gives a 0.1 ug/gr. concentration of diethylstilbestrol.

The stilbestrol rations were prepared by pipetting the desirediamount
of diethylstilbéstrol stock solution into 20 ml. of 95% ethanol and mix-
ing this with 60 grams of mouse raﬁionn The rations were dried in open
air at room temperature for 48 hours and then fed to the mice. The mouse
rations fed in this trial contained the following micrograms of diethyl=
stilbestrol per gram of ration: .02, .04, .06, .08, and 0.1 and the con-
trol ration was treated with plain ethanol.

An experiment was designed to determine if inclusion of actual férage
in the ration would produce a uterine response indicating estrogenic activ=
- ity. The ration consisted of 20 grams of dried ground forége mixed with
40 grams of mouse ration. Three stages4(yeg@tative, hay and regrowth) of
alfalfa were fed with two methods of storage. One group of stages was
dried when collected and then stored. The other group.was dried in Febru-
ary after storage in a frozen state. Sainfoin seed was included in this
experiment to geé if it would exhibit estrogenic activity in thé natural
form. This experiment producéd non=significant results and demonstrated

the need for use of solvent extraction methods.

hY
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The first extraction procedure used was a method described by Bick-
off et al. (6) for extracting estrogenic compourids from fresh forage.

Fresh frozen forage was ground through the sausage grinder in the
Meats Laboratory. A 400:gra6'bbrtion'was removed for moisture determina=
tion and 100 grams were extracted. The estrogenic extract was prepared
by macerating the 100 grams of ground planht tissue with 350 ml. of acétone
in a Waring commercial blerder for two minutes. The éntire contents of
the blehder.bowl were placed in a Buchner funnel and suction filtered
through Whatman No. 1 filter paper. The filter cake was washed with anh
additional 100 ml. of acetone and the combined filtrate was concentrated
over low heat to a volumé of about 30 ml. This aqueous concentrate was
transferred to a separatory funnel and extracted twice with 50 ml. of
ethyl ether. The ether extracts were put in 120 ml. bottles and allowed .
to evaporate under a hood with a suction fan. The bottles were corked and
put in a freezer until addition to the mouse bio=assay ration. The residue
inside the bottle was dissolved in 100 ml. of 95% ethanol and added te the
mouse ration at the desired level.

An experiment was designed to establish a dose response curve with
varying levels of extract from red clover and alfalfa in the vegetative
stég‘e° The rations were prepared by adding the desired amount of extract
to 20 ml. of 95% ethanol and mixing thoroughly with 60 grams of ration.
The mixture was allowed to dry for 48 hours in open air and fed to the

mice. Bickoff et al. (6) recommended a lével of 8 to 10 grams of forage
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extract per 100 grams of mouse ration. ILevels of extract from 5, 10, 15,
20, 40 and 80 grams of forage per 100 grams of mouse ration were fed.
Non-significant results were obtained from this experimeht; so a modifi-
cation of the extraction procedure used by Swierstra (38) was QSed‘in
subsequent trials, hereafter referred to as the Canadian Method -and is
déscribed below.

Samples of frozen foragé were dried in the forage dryer at68° ‘G.
for three days. Moisturé percentages were calculated and the dried ‘sam=
ples ground through the 1/32 inch screen in the Wiley mill.

Sixty grams of ground forage were mixed with 200 ml; of atetone and
150 ml. of 95% ethanol. This was refluxed over low heat in a 600 ml.
beaker for one hour and suction filtered through Whatman No. 1 paper in

-a Buchner funnel. The filter cake residue was mixed with 150 ml. of
acetone and 150 ml. of 95% ethanol and refluxed for one more hour. This
was suction filtered by the same prqcedure as above. The filtrates were
combined and evaporated over low heat to approximately 30 ml. This extract
was mixed with 60 grams of mouse ration and dried for 48 hours before being
fed to the mice. This method produced measurable.results when used in an
experiment with three stages of‘alfalfaa The hay stage éf alfalfa which
had been stored in a dry form from harvest until extraction was included
in the above experiment to check the effect of storage on estrogenic acti-
vity.

Extracts of all legume forage stages plus sainfoin seed were mixed

into mouse rations. Orchardgrass extract was not included because of a
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shortage of mice. The ratiqns'were divided according to-forage growth
stages and fed to ﬁi;e within a fwo~gram'weigh£ group. A diéthylsfilbes—
frol control ration of .0067 ug/gr. of mouse ration was fed.during this
expériment as a check against the previously established diethylstilbes=
trol response curve. |

The hay stages of all nine forades were also tested using the Bick-
off et al. extraction method (6). . The rations were préepared having a
level of 27.75 grams of extract per 100 grams of ration. This gave a
comparison of the Bickoff and Canadian procedures for obtaining estrogenic.
extracts from forages.

The results of these experimenté where applicable, were statistically
analyzed using Duncan's multiple range test (12). Correlations were de=
termined.on the relation of mouse body weight to uterine weight in estro-
genically stimulated and uristimulated mice.

Estrogenic aétivity of forages where applicable‘Was calculated by
regression as equivalent to the micrograms of diethylstilbestrol-per pound
of dry matter required to produce an equal response in theé bio=assay
animals.

Results and Discuss}on

A table of results is not presented for the pretrial. However, val-
uable experience and information for succeeding trials was obtained from
it. The fange in initial weight of the mice was too wide to givé reliable

data. Error in formulating levels of diethylstilbestrol for the ration
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also decreased the accuracy of the experiment. The data did indicate that
three grams was fhe maximum variation in initial weights of mice within
an experiment which would give reliable results. Seven days were required
for a measurable amount of uterine growth. The mice required 12 grams of
feed each for a seven-day feeding period. This knowledge was essential
to proper condﬁétion of'folloWing trials.

A dose response curve was established using increasing-levels of
diethylstilbestrol (Fidgure 1l.). The uterine weights increased up to the
. 06 ug/gr° of control ;ation level and started to decline in the_two-high=
er levels fed (Table X). A correlation was calculated on the relation of
Ainitial weight of mice to the resultant uterine weight after treatment.
There was no significant relationship of body weight to uterine weight
of mice on control rations containing no estrogenig stimulation. A sig-
nificant positive correlation coefficient of .44 (significant at P = .05)
was calculated for relation of body weight to uterine weight Qf mice on
rations containing diethylstilbestrol. The regression line for this is
shown in Figure 1. All following data was statistically analyzed using
Qterine weight as percentage of body weight which was considered the
most accurate indicationvof the estrogenic activity of a treatment.

The experiment having actual ground forage as part of the mouse ra-
tion did not produce any significant estroggnic stimulation (Table XI).
There could have been an alteration of estrogenic activity due to the
difference in methods of dryiﬁé Whicp bad'been used on the alfalfa but

none occurred. Sainfoin seéd was not significantly different in estrogenic

Ll dl L]
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6
dose
Uterine weight as response
curve
percentage of .5
body weight
o4
regression
«3
2
o1
0

.02 .04 .06 .08 a

Micrograms of D:.E.S. per gram of control ration

Figure 1. Diethylstilbestrol dose response curve and regression of
uterine weight as percentage of body weight on micrograms
of diethylstilbestrol in feed at levels of O to .06 micro-
grams per gram of feed.
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Table X. Estrogenic activity of various levels of Dlethylstllbestrol
added to a control ration.

Micrograms Actual No. of mice Average' Avefége uterine
D.E+S. per Amount of per uterine wt. weight as per-
gram of ration D.E.S. in feed Treatment in milligrams centage of body

. : -weight
Control .0 5 11.7 09740
.02 012 B 48.42 » 34000
.04 .24 5 53.34 .37857
.06 - 36 5 81.40 57115

.08 .48 5 69.08 54719

.01 ‘ <60 : 5 54.0 -40005
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Table XI. Estrogenic activity of three stages of alfalfa with different -
storage procedures and sainfoin seéd when fed without extrac~
tion as part of the mouse ration.

Treatment Actual grams of Number of Average Average
Dry Matter in Mice per Uterine Weight Uterine Weight
Feed Treatment in Milligrams as Percentage

' o : L "~ -of Bodv Wt

Alfalfa frozen, stored and then dried
Veg. stage 20 5 10.32 .07381
Hay stage 20 5 9.92 .06815
Regrowth stage 20 5 11.24 . 07497

i Alfalfa dried immediately after harvest
© and stored ‘
| Veg. stage 20 5 10.54 . 06522

Hay stage 20 5 11.74 .07535
Regrowth stage 20 5 10.56 .07273
Sainfoin seed 20 5 11.76 .08885

Control 0 5 11.48 .08234

L/ Differences between treatments weré not significant at P = .05.
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activity from any of .the alfalfa treatments. The micé wasted a large
amount of the fibrous material in the rations which WOuld tend to redﬁcé
the accuracy of the deteimination even if estrogenic activity had been
chserved.

No significant differences in uterine response beétween legumes or
treatment levéls occurred when six different levéls of vegetative stages
of alfalfa and red clover were te§£ed using the Bickoff extfaption pro-=
cedure (6) as part of the mouse ration, Table XII. Bickoff et al. (6)
recommends that the extract from 8 to 10 grams of forage be added to each
100 grams of ration. .. Lévels of extract ranged from 5 grams per 100 grams
of ration to 80 grams per 100 grams of ration without producing an indica-
tion of estrogenic activity. Red clover in the Vegététive stage was later
shown to have the highest estrogenic activity of all the stages of forages
(Table XIV). The failure of the Bickoff extraction procedure (6) could
have been due to many factors° Estrogenic compounds occur as minute quah-
tities in forage even though their effect on animals is sometimes quite
important. Estrogens are easily destroyed by heat and this could have
occurred during extraétionu The heat was kept as low as possible to>pro=
duce evaporation of the acetone énd alcohol, but may havé béen too higb
at times. Extracts from three separate éxtractions of red clover were used
in trying to establish a dose level for the Bickoff extraction procedufe
(6) and none of them produced a respthe indicating the presence of estro=-
genic activity. At least one of these gx$rgéts should have had a small

amount of estrogenic activity when compared to' the results obtained from




L L Ll | O { L N S

-40-

Table XII. Estrogenic activity of increasing levels of extract from
vegetation stages of alfalfa and red clover Using Bickoff
Fresh Forage Extraction Method.1/

Level of extract Actual grams Number of Averagé Average uter-

fed per 100 grs. of dry matter mice per uterine wt. ine wt. as

of control ration extract'in feed treatment in milligrams percentage of
- - ' N - - body-‘weight

Alfalfa-

5 grams 00.88 5 10.48 . 07527
10 grams 1.75 5 11.12 .08184
15 grams 2,63+ 5 14.04  ,10373
20 grams 3.50 5 11.52 .08372
40 grams 7.00 5 1122 .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 3500 5 11.42 .07885
40 grams 6,00 5 12,80 .09306
80 grams 12.00 5 12.04 . 08605

Control Ration 0 5 11.70 .09740

——

e e e e e e e A e et e e e e e e el e o e

i/ Differences between crops, crops and control, or treatment levels
were not significant at P = .05,
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the Canadian extraction method (38) which is a much less refined tech- -
" nigue. These results will be discussed later.

Two separate trials were run with three stages of alfalfa using the
Canadian extractioh procedure (38). Significant differences in estrogenic
activity were produced both times showing the regrowth stage. of alfalfa to
bé high in estrogenic activity (Table XIII)., No significant differenCe;
occurred between the two methods of storage used on the hay stage.

The repeatability of‘é properly conducted bio-assay proceduré is
shown in Table XIII. |

The next experiment containing eighf legume forages at three stages
of growth (vegetative, hay and regrowth) and sainfoin seed extracted by
the Canadian méthod (38) also produced positive results (Table XIV). The
three growth stages of'red,clover (vegetative, hay and regrowth) and al-
falfa in the regrowth stage producéd significant differences in estrogenic'
activity. Red clover in the vegetative stage was significantly more estro-
genic than the other two stages of red clover-br the alfalfa regrowth stage.
Sainfoin foragé extract in any of the three!stagés and sainfoin seed did
not shéw a significant response. All the mice‘on.tﬁe vegetative and re-
gfowth stages of sickle milkvetch died while on experiment. This was due
to'ap undetermined substance in the sickle milkvetch extract.

Significant differences resulted from the experiment containing the
nine forages in the hay stage using the Bickoff extraction method (6)
(Table XV). However, these were not reliable when compared to the same

forage using the Canadian extraction procedure (38). 'Red clover shows
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Table XIII.
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Estrogenic activity of thrée stages of alfalfa during tw@

trials using the Canadian Extraction Method _/

o Actual grams Number of  Avérage Average uter-
Treatment  of dry matter mice per uterine wt. ine wt. as
extract’'in feéd  treatment in milligrams.K percentage of
 body weight
Trial No. 1 ,
Alfalfa oo
Veg. stage 60 8.74 06455 b
Hay stage 60 10.14 07969 b
Regrowth stage 60 19.46 .13977 a
Control 0 5 11.48 .08234 b
Hay stage‘ .
(summer dried) 60 5 9.84 .07590 b
Trial No. 2
Alfalfa
Veg. stage 60 11.48 .08834 b
Hay stage 60 10.94 07643 b
- »Regrowth stage 60 15.54 211341 a

;/ Values followed by same letter are not éignificanf at P = .05,




Table XIV. Estrogenlc activity of three stages of legumes and sainfqin seed using the

Canadian Extractlon Method. 1 _/

Date of Stage of Dry Matter

Number of Mice Average Uter-

Avérage Uter-

Treatment Harvest Growth Percentage Per Treatment ine W. in ine Wt. as Per-
Milligrams centage of Body
) ) . - L I - Weight )
Red clover 6-11-62 veg. 13.8 5 22,34 .20845 a
Alfalfa 6=11-62 veg. 17.8 5 11.48 .08834 b
Cicer mv. 6=11-62 veg. 15.5 5 7.98 06594 b
Ladino clover 6=11-62 veg. 11.5 5 7.36 06179 b
Alsike clover 6-11-62 veg. 12.0 5 7.74 06057 b
Sainfoin 6=11-62 veg. 17.1 5 7.64 05682 b
B. trefoil 6-11-62 veg. 14.1 5 6,20 .05000 b
*Sickle mv. 6-11-62 veg. 20,3 Mice all died ===== = <==- ————
Red clover 6-29~62 full bloom 30.8 5 18.20 12257 a
Sainfoin seed ======= -cccme-—-- —— 5 12.68 .08176 b
Alfalfa 6=27-62 5% bloom 33.3 5 10.94 07643 b
Cicer mv. 7=5=62 50% bloom 24.4 5 11.46 07253 b
Ladino clover 7-3=62 full bloom 23.6 5 10.86 07032 b
B. trefoil  6=20-62 75% bloom 18.6 4 9.48 .06975 b
Sickle mv. 6-27-62 pod forming 27.2 5 7.56 .06697 b
Alsike clover 7-2-62 full bloom 22.1 5 9.58 ~06657 b
Sainfoin 6=26-62 50% bloom 28.8 5 9.84 -06650 b
.0067 DE.S. control ration = _ 5 17.50 .15735
Alfalfa 8-21-62 15% bloom 27.2 5 15.54 11341 a
Red clover 8-21-62 50% bloom 22.3 5 13.84 11273 a
Sainfoin 8-21-62 10% bloom 22.1 5 10,54 07972 b
B. trefoil 8-21=62 90% pods 25.3 5 9.18 .06883 b
Alsike clover 8-21-62 10% bloom 20,7 5 9,22 .06875 b
Cicer mv. 8-21-62 vegs 19.2 5 9.10 06533 b
Ladino clover 8=-21-62 35% bloom 17.8 5 8.00 05965 b
Slele mve .8 21-62 vege. ,25 0 Mlce all died ===- = ~ceoree=--

=_/ Values within a growth stage followed by the same letter are not 51gn1flcant at P = .05,

Values underlined are significant to P =

.05 w1th1nlthe1r particular legime.

|
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Table XV. Estrogenic activity comparison of Bickoff Fresh Forage
Extraction Method with Canadian Dry Forage Extraction
Method on hay forage stage of various legumes.l/

Actual grams Number of Averade. © Average uter-
Treatment of dry matter mice per uterine wt. 1ine wt. as

extraction feed treatment in milligrams percéntage of
body weight. .

Bickoff Extraction Method
27.75 grams of forage per
100 grams of control ration

Alfalfa 5,25 5 10,76 .08772 a
Control - 0] 5 11.48 .08234 a -
Sainfoin 4.63 5 7.88 207099 a
Ladino clover 4,10 5 9°O6. .06908 a
B. trefoil 2.87 4 ©9.43 06714 b ¢
Sickle mv. 4.42 5 9.18 06487 b ¢
Orchardgrass 6.43 5 8.48 06445 b ¢
Cicer mv. 3.88 5 7.98 06273 ¢
Red clover . 4.79 5 8.48 06264 ¢
Alsike clovér 3.54 5 7,50 .05670 ¢
Canadian Dry Extraction-Method
Red clover 60 5 18.20 212257 a
Alfalfa 60 5 10.94 07643 b
Cicer mv. 60 5 11.46 07253 b
Ladino clover - 60 5 10.86 .07032 b
B. trefoil 60 5 9.48 -06975 b
Sickle mv, 60 5 7.56 .06697 b
Alsike clover 60 5 9.58 .06657 b
5 9.84 . .06650 b

Sainfoin . . 60

v E T e —
— ——c—— e e e e s v ——

l/ Values followed by same letter.are not significant at P = o05:
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no ‘estrogenic activity in the first procedure and exhibited significant
activity in the second (Canadian) procedure. The author would recommerid
use of the Canadian method if further research is conducted with forage
estrogens as it requires less precisé chemical methods.

The estimated diethylstilbestrol equivalent potency of the estrogenic
producing forages was calculated by'regréssion (Figuré 1). The regression
line was calculated using the results of the first three levels of diethyl-
stilbestrol on the dose response curve and the control ration. The di-
ethylstilbestrol check used in the experiment with all stages qf foragés
was compared to this line and then was used as part of the regression
formu;a to calculate thé estimated micrograms of diethylstilbestrol per
pound of feed needed to produce the same response és produced by the fOr;
age (Table XVI). Red clover in the vegetative stage ekpressed a signifi-
céntly higher equivalent in micrograms of diethylstilbestrol per pound of
dry matter than'any of the other forage stages which possessed estrogenic
aetivity; These values.are similar to those obtained in ofher research
(21), (32), (38).

Sainfoin seed and forage in three growth stages did not show ahy

significant estrogenic activity when compared with the other legumes.
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Table XVI. Estimated diethylstilbesfrol‘equivalency of red clover
. . and alfalfa. in micrograms per pound of dry_matterol/

Stage of growth
-and legume

Estimated poténcy in micrograms
per. pound of dry matter

Red clover veg.
Alfalfa regrowth

.Red clover hay

Red clovér regrowth

6.78 a
2,12 b
1.87 b

1.31 b

;/ Values followed by same letter are not significaht at P = .05,
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SUMMARY

Sainfoin is a deep-rooted, long-lived, tetrapoind perennial legume
particularly adapted to‘dry, well-drained calcareous soils. It is reported
not to cause bloat and outyielded.all other legumes at the Montana Agricul-
turgl Experiment Station when harvested for only one cutting of hay.

An experiment was conducted comparing sainfoin and alfalfa seedling
emergence from eight different seeding depths. Sainfoin was found to pro=-
duce a significantly higher percentage of seedlings than alfalfa ffom a
seeding depth of three inches 6r less. Seedling emergence of both species
sighificantly decreased from a seeding depth of two inches or more. The
variety by seeding depth ihteraction exceeded P = .05.

Three-wéek-old female white rats were used in a feeding trial to eval-
uate the protein quality of sainfoin seed. Sainfoin seed meal was found
to be comparable in-protein qualiﬁy to soybean oil meal and thus warrants
consideration as a source of supplemental protein for livestock feedinéo

An experiment was.carried out to compare the seasonal chemical compo-
sition of sainfoin with Ladak alfalfa, tetrapoid alsike clover, Tana birds-
foot trefoil, cicer milkvetch, Ladino clover, red clover, sickle milkvetch
and orchardgrass. The data was collected from weekly samples of forage
taken from plots at the Montana Agricultural Experiment Station, Crops and
Soil Field Research Laboratory. The seasonal protein content of sainfoin
was found to decrease with advancing maturity at about the same rate as
the other crops. Dry mat£er percentage increased as proteln pércentage

decreased. A high negative correlation (-.89) was calculated for the
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relation of protein to dry mattér percentage. This could‘iead to a quicks,
compérafive method of estimating crude protein content of legume forages.
Sainfoin ﬁatures at about the same rate as alfalfa. It has a higher leaf
to stem ratio than alfalfa and is lower in crudé fiber and proteino' Sain=
foin has a high percentage of nitrogen free extract in comparison to al-"*
falfa which, coupled with its lowgr protein content and high yield, makes
it worthy of consideration as a silage crop. |

A bio=assay for estrogenic activity using immature female whité mice
was conduéted with three growth stages (vegetative, hay, and regrowth) of
the same legumes usgd for comparisons of seasonal chemiéal composition.
The forage samples were collected and stored in a frozen state until ex= -
traction. - Two methods of extraction were used. The extracts were added
to a control ratien and fed to the mice for seven days. The Canadian
method of Extraction proved to be more reliable than the Bickoff method
for extracting fresh forage. All three stages of red clover and the re-
growth stage of alfalfa‘proauced a significantly higher estrqgenic response
than any of the other iegumeso Sainfoin did not exhibit a measurable a=
mount of estrogenic activity in any stage of growth.

Sainfoin possesses potential for both forage and seed production in
Montana, especially in dryland areas where one cutting of hay is harvested

or on irfigated land where a high-yielding silage crop is desired.
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