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Abstract:

Yield and yield components of sainfoin seed, and protein quality of sainfoin seed were studied in
separate experiments. The first experiment was a study of the components of seed yield in sainfoin and
their heritabilities. Components studied included stems per plant, racemes per plant, racemes per stem,
florets per raceme, seed per raceme, percent seed set, weight per 100 seeds, and seed yield. Crude
protein content of the seed, plant height and lodging were also studied. Significant differences between
clones existed for most of the traits studied. Seed per raceme, which is a function of percent seed set
and the number of florets per raceme was closely associated to seed yield and should be a useful tool
when screening for high seed yielding plants. Stems per plant were positively associated with percent
protein, indicating that plants with large vegetative skeletons were better able to supply developing
seeds with the necessary nutrients for protein production. A positive non-significant relationship was
found between seed yield and percent protein, suggesting that selection for high seed yield should not
adversely affect the protein content of the seed. Heritability estimates obtained by parent-progeny
correlations were lower than those obtained by regression of offspring on the female parent; however,
both estimators indicated a high degree of association between parents and progeny for stems per plant,
racemes per stem, seed weight and percent protein. Lower heritability estimates were obtained for
racemes per plant, seed per raceme, percent seed set and seed yield.

The second experiment included one swine and two rat feeding trials to evaluate sainfoin seed as a
source of protein for monogastric animals. Sainfoin seed had approximately 36% crude protein and its
essential amino acid composition was similar to soybean meal. Weanling pigs performed better on
soybean meal than on sainfoin seed; however, weanling rats on 20% protein diets performed equally
well on sainfoin seed and soybean meal. When the protein content of the diets was restricted to 11%
protein, weanling rats fed sainfoin seed gained as well as rat's fed soybean meal; however, they did not
utilize the protein quite as efficiently as rats fed soybean meal or casein. The assay for trypsin inhibitor
revealed that raw sainfoin was high in inhibitory activity, and that this activity was drastically reduced
or nullified when the seed was autoclaved. Performance and pancreas data indicated the inhibitor did
not have a detrimental effect on the feed value of sainfoin seed. Pancreases from rats fed raw sainfoin
were not enlarged.
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ABSTRACT

Yield and yield components of sainfoin seed, and protein qual-
ity of sainfoin seed were studied in separate experiments. The first
experiment was a study of the components of seed yield in sainfoin and
their heritabilities. Components studied included stems per plant,
racemes per plant, racemes per stem, florets per raceme, seed per
raceme, percent seed set, weight per 100 seeds, and seed yield. Crude
protein content of the seed, plant height and lodging were also
studied. Significant differences between clones existed for most of
the traits studied. Seed per raceme, which is a function of percent
seed set and the number of florets per raceme was closely associated
to seed yield and should be a useful tool when screening for high seed
yielding plants. Stems per plant were positively associated with per-
cent protein, indicating that plants with large vegetative skeletons
were better able to supply developing seeds with the necessary nutrients
for protein production. A positive non-significant relationship was
found between seed yield and percent protein, suggesting that selec-
tion for high seed yield should not adversely affect the protein con-
tent of the seed. Heritability estimates obtained by parent-progeny
correlations were lower than those obtained by regression of offspring
on the female parent; however, both estimators indicated a high degree
of association between parents and progeny for stems per plant, racemes
per stem, seed weight and percent protein. ILower heritability esti-
mates were obtained for racemes per plant, seed per raceme, percent
seed set and seed yield.

The second experiment included one swine and two rat feeding
trials. to evaluate sainfoin seed as a source of protein for monogastric
animals. Sainfoin seed had approximately 36% crude protein and its
essential amino acid composition was similar to soybean meal. Wean-
ling pigs performed better on soybean meal than on sainfoin seed;
however, weanling rats on 20% protein diets performed equally well on
sainfoin seed and soybean meal. When the protein content of the diets
was restricted to 11% protein, weanling rats fed sainfoin seed gained
as well as rats fed soybean meal; however, they did not utilize the
protein quite as efficiently as rats fed soybean meal or casein. The
assay for trypsin inhibitor revealed that raw sainfoin was high in
inhibitory activity, and that this activity was drastically reduced or
nullified when the seed was autoclaved. Performance and pancreas data
indicated the inhibitor did not have a detrimental effect on the feed
value of sainfoin seed. Pancreases from rats fed raw sainfoin were
not enlarged. ' o '
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INTRODUCTION

Most legume varieties have been released for fheir high forage
yielding ability,with little consideration being given to seed yield.
As a result, many of the current.legume Vvarieties have poor seed
yields, and breeders are beginning to emphasize seed yield in their
breeding programs. 'Uinta', for example, is a_variety-of alfalfa

(Medicago sativa L.) that was bred for both high seed and forage

yields. This variety is similar to the wvariety 'Ranger' in foragé
yield, but produces sixty-seven percent more seed than does Ranger
(50) .

Sainfoin (Onobrychis viciaefolia Scop.) is a newly reintroduced

forage legume that is gaining popularity in the Northern Ropky Mountain
States and in Canada. Varietal release in ﬁhis crop has been from
selection within gnd among adaptéd plant introductions. Although the
seed yields ofzsainfoin have been relatively good, it was felt selec;
tion pressure shoﬁld pe placed on its seed yielding ébility in the
early stages.of the breeding program in order to circumvent the prob-
lem that has ariseﬁ‘in other legume species. .

Seed yield.;$ generally recognized to be a very compiex charac-
ter. It is_the end result of the activities of the plant acting with-
in its genetic potential in a given environment. When one or more‘
envi;onmentai factors vér?, differences in.yield may result. Segd

1

yield differences have also been noted among saiﬁfpin varieties and
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experimental lines grown under the same environmental conditions;
These differences indicate that seed yield is also controlledlﬂy ge-
netic factérs. sincg seed yield is a complex character resulting from
the interaction of a number of separate characters. vield components
should be studied separately, as well as in combination with éach other.
Knowledge of the.cémponents of seed'yiel@ and their relative importance
can aid plant breeders in selecting superior genotypes based on their.
phenotypic appearance and behavior, and to determine which component
or components‘éhould be subjected to the greatest selection pressure
for most rapid progress.

The objectiyes of Experiment I were to: 1) study the components
of seed yield in‘sainfoin; 2) determinevtheir ;elationships with each
other; 3) determine their heritabi;ities;'aﬁd 4) determine, if pos-
sible, which components were the bes£ indices of seed yield under the
environmental conditions found at Bozeman, Montana.

A second series of ekperimgnts were initiated to inyestigate
the possible use of sainfoin seed as a protein supplément._‘Sainfoin
seed has 36% protein, and seed yie;ds.of @his:plaﬁt_are high enough
that i; might be economically grown as a protein supplement.

Protein éupplement is the most expenéive ingred;ent‘in live-
stock rafion;. Soybean ﬁeal is cémmon;y used as a pgotgin supplement

because of its higﬁ protein content and essential amino acid balance.
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It is one of the best quality plant proteins available for livestock
feeding.

In 1963, soybean meal sold commercially for $83‘a ton.. In
June of 1972, thé cost of soybean meal had risen to $131 a ton and in
August of 1973, the cost had risen to $334 a ton; These rapidly
rising costs'haye caused investigatdrs to look for other sources of
protein.

Woodman and Evans (65) reported lambs did very well on sainfoin
seed, and suggested the lambs would have performed better if the seed
pod had been-removed. quden (25) foun@ that rats -fed sainfoin‘sged
had higher feed consumptions and lower feed efficiencies than rats fed
soybean meal. He surmisgd that sainfoin sged_with the pod removed
would compare favorably with soybean meal.

The purpose of Experiment II was to compare millgd sainfoin

seed with soybean meal as a source of protein for monogastric animals.
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REVIEW OF LITERATURE

Morphology and Types

Sainfoin is a long-lived, deep rooted perennial (51). The root
system consists of a main tap root with several large and numerous
 fine lateral roots (58). Tap roots may be 5 cm in diameter (51), and
extend to a depth of 1-10 m (2;58).‘ Most nodules occur on the fine
lateral roots, but a few may also occur on fhe young tap root (58).°

Sainfoin has a branched crown from which numerous erect stems
arise. Leaves, born on a petiole, are pinnately compound with 11-29
1eaflet§ perlléaf (51,58). ‘Thé infloreéceﬁce'is born on an erect
raceme with 5f80wf;orets (6,51). The séed is borﬁ in single-seeded
pods whiéh are brown, indehiscent,_;énticular_and ;eticulér on the
surface (51). The seed is kidney shaped, with the hilum situated in
the middle of the concave edge. It is 2.5 mm long, 2.0-3.5 mm wide
and 1.5-2.0 mm thick; Seed color ranges from olive to brown or black
(58). The weight of 1090 milled seeds ranges f;om 13.2-16.8 g (58),
and the seed pod cdmprises approximately 30% of the'seed weigpt of
gnmilled seed (6).

Sainfoin consists of several types with differing growth and
adaptation cha;ac;efistics. In Russia the three types geperally.grown
are common, éand,,and transcaucus. éommop sginfqin is.dist¥ibuted in
the forest-steppé_belt of-the Ukra;ng.' It has moderate droughtltoler—

ance and winterhardiness, slow récovery after cutting, and is used
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as a oné-cut crop. Sand sainfoin is also adapted to the Ukraine. It
has excellent dfought tolerance and wintérhardiness, and its one-cut
gréwth habit resembles that of common. Trénscaucus sainfoin is grown
in the Transcaucasus region, and exceeds common sainfoin in wintex-
hardinéss, drought tolerance and yield. It grows rapidly, has good
recovery after harvesting, and gives 2-3 cuttings a year under irri-
gation. The transcaucus type is shorter-lived than common sainfoin
(2,55).

Common and Giant are the two types of sainfoin grown-in Great
Britaint Common sainfoin has limitedstenLelonggtion the year of estab-
lishment, gnd rérely flowers until the second year. ?he stems are
60-90 cm long at floweriné, and are decumbent.at the base. The leaves
of’Common_ére'smaller and havglfewer leaflets than Giant. -Common
sainfoin prqduqes one hay crop a year. Giant is;a mu1ticut,>short_
lived sainfoin. Stem eloﬁg;tion and floweripg_occurithé first year.
The stems of Giant are longer and less decumbent than Common. Twoyhay

crops are usually obtained from Giant (28).

History .

Sainfoin is not a new crop. Shain (55) reﬁorted that sainfoin
was used as a forage crop in Russia over 1,000 years ééb. Four hundred
;fears ago sainfoin gained recognition in southern France, where it was

first cultivated in 1582, and its culturefirst described in 1629. It
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was grown in Germany in the 17th Century and in Italy in the 18th Cen-
tury (51). Its use in Russia and Europe was primarily.on dry calcar-
eous soils where other forage legumes did not thrive (2,51,55,58).

Sainfoin's popularity in Europe and Russia has been attributed
to its drought tolerance, winterhardiness, disease resistanée, forage
quality and its non-bloating characteristies (2,11,51,58).

Although sainfoin is known to have been grown in North America
prior to 1900, it gained iittle recognition as a forage crop until 1964
when the variety'Esﬁi'wasreleased by the Montana Agricultural Experi-
ment Station (14). Eslick (13) attributed sainfoin's slow rise in
popularity to its being tested on soils where it was not adapted,
overlooking its non-bloating,characteristics, and to investigators
being misled by.visuaI notes on coarseness, leafiness.gnd_probable
palatability. Since the release of Eski, sainfoin has been eva;uatéd
in most of tbe western states, and breeding programg have been init-

iated in New Mexico and intensified in' Canada.

Sainfoin for Hay or Pasture

Alfalfa (Medicago sativa L.) has long been the major forage

legume in Montana. In recent years, its production was limited by
alfalfa weevil infestatibns.. This caused many growers to look for
alternative hay crops. Sainfoin is resistant to the alfalfa weevil

which suggested that it 'might be a suitable alternate (4,7,62).
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As a hay crop, sainfoin's performance has been variable. It
has yielded less than, the same as; and more than alfalfa, depending
onlthe location and environmental conditions (7,19,42,52). In general,
sainfoin has yielded more in the first cutting and less in the second
cutting than alfalfa (7). Yields of sainfoin have been reduced in the
third and fourth years due to a reduction in stand. This reduction in
stand has been attributed to root and crown rot organisms (7,38).
Persistence ié also poor under irrigation or on sbils with high water
tables (2,7,13,55).

The nutritive value of sainfoin hay is high.. It is lower in
crude protein, crude fiber and ash than alfalfa, but is higher in ni-
trogen free extract (27). Cattle feéding trials in Nevada have shown
sainfoin ;o be equal to alfalfa for average dai;y gains, feed consump-=
tion, feed efficiency'and disgestability (27), and swine feeding
trials in Montana have indicated that 3% ground sainfoin in the diet
is equivalent to 3% ground alfalfa in the diet (44)7 Thus, sainfoin
may be a suitable hay crop for areas not suited for alfalfa.

Pasture trials hawve shown that sainfoin is a very palatable and
nutritious noﬂfbloatingllegumerv Qattle and sheep have shown‘a.definite

preference for sainfoin over alfalfé, cicer milkvetch (Astrogulué

Cicer L.), birdsfoot trefoil (Lotus corniculatus L.) and crested

wheatgrass (Agropyron desertorum Fisch.) (20,24,63). Yearling steers
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grazed on sainfoin had superior gains and beef prodﬁction over steers
grazed on othef pastures, although the stocking rate of sainfoin was
lower. The lower stocking rate of sainfoin was attributed fo the
uneven seasonal éistribution of forage from the varie;y Eski. In May
and June,‘fdrage production of Eski is very high, but later in the
season it is low. Consequently, the stocking rate had to be varied
from 6-8 to 2-4 animals per hectare (32,33). The variety 'Remont', a

multicut variety released in 1971, has a seasonal yield distribution

similar to alfalfa which should help to alleviate this problem (5).

Seed Production

Sainfoin seed production has been relatively gpod. It has been
estimated the average yield of sainfoin seed in Montaﬁa is 500 kg per
'hectafe (4) . 'Seed yields hawve been repofﬁed in excess of 700 kg per
hectare in Nevada (27), 1,000 kg per hectére in Idaho (42) and Canada

(19), and 1,300 kg per hectare in Montana (8).

‘ Cultural praqtices. Uniform, firm and well prepared seed beds
are essential to obta;ning good stands: On most éoils, a planting
depth of one~half inch has provided séfisfactory resﬁlts. Despite its
large seed size, sainfoin does not emerge’well from deep plantiﬁgé
(19,27) .

Significant responsés have been obtainéd from the use of N fer-

tilizer on sainfoin for both forage yield (27,56) and seed yield (56).

I
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It has not been shown to respond to P fertilization (27,53,56). Sain-
foin's response to N fertilization has been attributed to the lack of
an effective N fixing rhizobia (3,19,27,41,56).

In alfalfa, maximum seed yields haﬁe been obtained from plants
that were siightly water stressed during flowering and seed set. An
irrigation at early bloom was sufficient.to restore moisture to the
root zone and provide enough moisture to mature the crop. Irrigation
at the time of full bloom stimulated vegetative growth and decreased
seed yields k9,59,60,6l). Although the effect of soil moisture on
sainfoin seed production has not beeh studied, irrigation during
flowering and seed set have not been obse;ved‘to stimulate vegetative
growth and was not felt to be detrimental to seed yield (64).

There has been general recognition aﬁong’alfalfa investigators
that lower plant densities re;ult in higher seed yields. Planting
rates of 1-2 kg‘éer hectare in 60 cm‘rows, or 3-5 kg per hectare broad-
cast resulted in the h;ghest alfalfa seed yields (9,30,31,39).

Plant density-seed yield ;tudies in sainfoin have not bggn in
agreement. Jenson and Sharp (27) reported the highest‘seed yields
were obtained with 90 cm row spacings and the lowest with 15-30 cm row
spacingg. Seediﬁg ratesufrom 2-io kg per hectare had no appreciable'
gffec£ on seed yields. ﬁanna et al.'(i9) obtgined maximum seed yields

£rom sainfoin planted in 60-90 cm rows seeded at the rate -of 6-9 kg
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per hectare.' Carletdn and Wiesner (6), however, obtained maximum seed
yvield frbm sainfoin seeded in 7 cm rows. Increasiﬁg row spacing to

15 cm decreased seed yields 50%. Seeding rates did not appreciably
affect yield. These investigators attributed sainfoin's higher seed
yield at narrow row spacings to sainfoin's inflorescence being born at
the apex of an erect stem which resulted in maximum exposure of the
inflorescencé to pollinating insects; and to an inpreased number of
inflorescences per unit area (6).

The éommon recommendation for harvesting alfalfa for seed is
when one-half to two—th?rdsﬂof the poés are brown to blaqk‘(40,4§,6l?.
In Canada, it was recommended that éainfpin be cut for-seedxwhen the
pods at the base of the raceme have turned-broﬁn (19) . Montana data
indicates that the relationship of pod color to seed maturat;on varies
with locations and environmental conditions. Maximum seed yields were
obtained when the seed was harvested at 40% moisture; This moisture
percentgge occurred whep 10, 33, and 65% of the pods were brown at
Moccasin,_Bogeman, and Kalispell, Montana, fespectively. Earlier har-
vests, prior to 40% moisture, resulted in poor qua;ity seed, and
delayed hgrvests rééulted in seed loss due to shattéring. These in-
véstigators recomﬁended that sainfoiﬁ be swatﬁed at 40% ﬁoisture,
allowed to dry in the windrow before threshing, and that the seed’be

air-dried to 12% moisture prior to storage (8).
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Components of seed yield. Seed yield is a function of the num-

ber of seeds pexr unit'area'and seed weight (49). Seeds per unit area
may be further éubdivided into its individual components which include:
plants per unit area, stems per plant, racemes per stem, florets per
raceme, and percent seed set.

Seeds per raceme, percent seed set (used as a measure of self-~-
and cross-fertility) and séed weight have been studied in sainfoin.
Hanna (18) reported. cross—-fertility ranged from 3.7-78.3% with a mean
of 35.6%, and self-fertility ranged from 0~21.4% with a mean of 4.8%.
Self- and cross—-fertility were highly correlated (r = .65%*%), Carleton
and Wiesner (6? found a positive relationship betwegp cross~fertility
and seed yield, and a negative relationship between seeds per raceme
and seed weight. They stated selection for lgrge seeded plants could
result in selection for lowlcross-fertility.

In alfgifa, a numbgr of components and traits have been studied
to determine which may be used as indices of seed yield. ?agtors
studied include date of initial bloom, stems per plant, racemes pér‘
stem, raceme length and width, florets per raceme, flower color, plant
height, forage yield, self- and cross-fertility, seeds per pod, curls
per pod, and seed weight per plant. The importance of these faétors
varied with locations and environmental conditions. ﬁone have been

universally accepted as good indices of seed yield in alfalfa, although
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one or more may be considered indicative of seed yield at a particular

location (45,54).

Sainfoin Seed as a Protein Supplement

In 1947, Woodman and Evans (65) compared the chemical composi-
tion and nutritive value of rve grass, clover, alfalfa and sainfoin
seed meal. They indicated that lambs fed unmilled sainfoiﬁ seed per-
formed well and would have equalled the gains of lambs fed alfalfa and
clover seed»meal if the seed pod had been removed.

Holden (25) compared the protein qualitf of unmilled sainfoin
seed and pigweed seed with soybean meal in rat feeding trials. He re-
ported no significant difference in weight gain of rats fed sainfoin
seed and soybean meal, although rats fed sainfoin seed consumed more
feed and had lower’feed efficiencies than rats fed soybean meal. He
surmised milled sainfoin seed would compare favqrably_witb soybean meal
as a source of protein.

For many years commercial soybean meal has been recognized to
be an excellent protein supplement for livestock and has recently been
used in increasing quantities as a proteinvsouree for humans. Soybean
mgal's popularit& as a protein source may be attributed to its high
protein content and essential amino acid balance. Research has indi-

cated that the most limiting amino acid was methionine (22), but even
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without supplemental methionine, sovbean meal is one of the best qual-
'ity plant proteins available.(45). |

In 1936, Hayward, Steenbock, and Bohstedt (23) determined that
the heating process associated with commercial extraction of oil from
soybeans resulted in a definite improvement in the feeding value of
soybean méal. Recent research indicates the poor feeding quality of
raw soybean meal may be attributed to the presence of heat labile tryp-
sin inhibitors and a deficiency of sulfur containing amino acids (17,
28,31,36,66). The inhibitors present in unheated soybean meal results
in hypertrophy of the pancreas, increased synthesis of trypsin.and'
chymotrypsin, and decreased synthesis of amylase (17,31,36). Hyper-
trophy of the pancreas is detectable in four days (17),_‘Excess levels
of trypsin and chymotrypsin arg‘lost‘to the animals through excretiop.
These enzymes are high in sulfur containing amino acids and their ex-
cretion is thought to create a deficiency for these amino acids. In
addition, the inhibitors have a disproportiongte amount of cystine,
‘which is not available to the animal and may accentuate deficiépcies
(28).

Although heating soybean meal has been shown to be an effective
means of inactivating the activity'of these'inhibitors, there is also
evidence that genefic variability exists in soybeans for déc;eased

trypsin inhibitor activity. Yen (66) reported that rats fed
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experimental iiﬂe 661 expreted less fecal nitrogen, retained more ni-
trogen, had better.gaiﬁs, and had smaller pancreases than.r;ts fed
Clark and Harsoy varieties. Although 661 was superior to the other-

two varieties, it was inferior to heated soybean meal.




METHODS AND MATERIALS EXPERIMENT I

Ten‘clones were selected for study on the basis of high 1967
seed yielés in a space-planted nursery. Seed yield of these clones
ranged from 248 ;o 391 g. Clonal propagules (So) and open-pollinated
(OQ) progeny from these ten clones were used to study the components
of seed yield in sainfoin and their heritabilities.

In the fall of 1970, crown bud cuttings and seedlings from OP
seed from these clones were stérted and maintained individually in the
greenhouse. In the sSpring of 1971, they were transplanted to the
field. A split plot randomized complete block design with three rep-
lications was used. Clones were assigned to mainplots and generations
(So,0P) assigned to subplots. The rows were 3 m long and .6 m apart.
Each row contained 9 plantg.

The plants became established during the 1971 growing season.
Data were collected in 1972 on stems per plant, racemes per pl;nt,
racemes per stém, florets per raceme, sged per raceme, percent seed
set, weight per 100 seeds, seed yield, crude protein content of the
seed, plant height, and lodging.

Stems per plant were obtained by selecting three plants.at ran-
dom in each row and counting the number of bgsal stems. The total
number of racemes on each of thesg plagts were also_counted to obtain

racemes per plant. Racemes per stem were derived by dividing racemes

per plant by stems per plant.
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Florets per raceme were determined by randomly selecting ten
racemes per row and counting the number of florets on each raceme.
These racemes were tagged énd the number of florets counted recorded
on the tag. Prior to harvesting for seed, the tagged racemes were
collected and the number of seeds per raceme counted. Percent seed
set was calculated by dividing seeds per raceme by the number of flo-
rets that had been available for pollination and mnlti;lying by 100.

Seed yield was cbtained by hand harvesting the plants in each
row and weighing the cleaned seed to the nearest g. A random sample
of 100 seeds from the plants in each row was weighed to the nearest mg
to obtain weigﬂt per 100 seeds. Crpde protein was detérmined by -
Kjeldahl method (N x 6.25) (1) from another random sample‘of seed from
the plants in each row by the Chemistry sta;ion Analytical Laboratory
at Montana State University. The analyses were performed on seedlqon—
tained in the pod.

Plant height was determined and lodging was estimated just prior
to seed harvest. Plants were measured, to the nearest cm, from the
base of the crown to the tip of the longest stem at three rgndomly
sglected points along a row. Lodging was estimated on a one to five
scale. Rows wifh all of thg plants standing erect were rated one; and
rows with all of the plants.prostrate were rgtgd five. |

Analysis of variance was used to detect significapt differences

for each of the traits studied. Row means for each of the characters
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were used for these analyses. When the F test indicated significance,
Duncan's New Multiple Range.Test was used to separate méans (12).
Narrow sense heritability estimates were determined for traits in which
significant differences existed by parenf—progeny corre;ations (15) and
by regression of Of on So (35). All possible simple correlations be;
tween traits were also obtained fox £he So and OP generations.

Good growiné conditions pre&ailed during thié expefiment. The
field was sprinkler irrigated as necessary to keep the soil moist and
allow the plants to grow vigorously. Irrigation was stopped when
plants were in the early pod stage to minimize seed loss through shat-
tering. The plants were sprayed at weekly intervals With.malathion
from early bloom to full bloom to minimize insect Qamgge, particularly
from EX&EE.EEE: Although beehives were noﬁxplaced around the field, .

honeybees were abundant when the plants were blooming.
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RESULTS AND DISCUSSION EXPERIMENT I

Seed yield is a function of the number of seeds‘per unit area
and seed weight. The number of seeds per uﬁit area may be further sub-
divided into its individual components, i;g.,‘stems ber unit'area,
racemes per stem, florets per raceme, and percent seed set. This study
was designed to determine which components were good indices of seed
yield in sainfoin, their relationship to each other, and the heritabil-
ity of each of these components under the énvironmental conditions at

Bozeman, Montana in 1972.

'

Stems Per Plant-

Clonés differed signifiéantly for the number of stems pér plant
(Table 1). Clones A-33 and A-67 had the greatest riumber of.stemé per
plant‘with.57.9 and 55.2, respectivel?. Clone A-40 had the feweét'
stems per plant with 31.6. Clone A-63, which had the-highest‘seed
yield, was intermediateé for this character. Significént differences
between generations. were not detected, and the clone x generatioﬁ
interaction was not significant.
Stems per plant of the So generation were negatively correlated
'(Table 2) witﬁ racemes per stem (r = -.71%), and positively correlated
Qith crude protein content of the.seed‘(r = .76%). Stems per plant of
the OP progeﬁy were negaFively correlated with'racemgé per stem

(r = =.74%) and positively correlatedeith percent seed set (r = .66%).
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Takle 1. Clone and Generation Means for*Numbéf of Stems-Per Plant

I ——

OP

) Generation Clone
Clone Generation : : mean o mean
A-33 so 6.0 57.9 a'
oP 49.9 '
2-67 So 58.1 55.2 a
oP 52.2
A-34 So 54.6 ' 49.4 b
op 44.3
2-93 So 51.3 48.7 b
op 46.0
A-10 so 48.2 47.6 b
oP 47.0
A-63 So 47.9. 146.1 be
oP 44.6
A-55 So S43.0 428 ¢
op 42.6 o
A-54 So 44.8 42.2 ¢
oP 39.6 T
A-70 ~ So 33.1 37.9 4
oP 42.7 ’
A-40 . So 31.6 31.6 e
oP 31.6
: Mean So 47.9

1 - Means in ﬁheisame‘column followed by different letters differ .
significantly (P<.05). ‘ ‘

s
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Stems per plant were not significantly correlated with. any of the
other traits.studied, including seed Yield (Table 2).

9

Table 2. So, OP, and Total Population Correlation Coefficients for
Stgms/Plant and Other Traits Stadied.

Component So - OoP
Racemes/plant .41 .41
Racemes/stem -.71 * -.74 *
Florets/raceme -.38 -.10
Seed/raceme -.06 .52
% Seed set .14 .66 *
Seed yield S -.07 . .28
Wt/100 seed -.27 -.33
% Protein . | .76 * .51
Plant height .10 ‘ -.23
Lodging o . <40~ y .42

* - pP<.05

Thesé data indicate that differences among clones exist for
stems per plant, but that this character is not indicative of seed
yield. Plants with many stems had‘fewef racemées per stem, but the
total number of'racemes per plant was not significantly affected by :
this relationship (r = .41). ;ncreased stems per plant were also asso-
ciated with increased protein content in the seed for thé'So gener-

v

ation. This_association was not found for the OP generation (Table 2),
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although the correlation coefficient did approach significance
(r = .51). These relationships suggest that plants with a large vege-
tative skeleton are able to supply developing seed with the essential
nutrients for protein production.

Stems per plant of the OP progeny were significantly related to
percent seed set. The meaning of this relationship is not known. It
is possible that OP progeny with more stems had less natural stripping
of florets, increased pollination, or less shattering. BAny of these
factors can significantly affect percent seed set. It is also possible

that this is a chance relationship and has no biological significance.

Racemes Per Plant

Sighificant differences occurred among clones and between gen-—
erations for the number of,raéemes per plant; however, the clone x
. generation interaction was significant, nejating meaningful interpre-
tation of main effects (Tabie 3). This interaction resulted from the
So of clones A-33 having more racemes per plant than the oP progeny,
and the OP progeny of clones A-54, A-70, and A-93 having more racemes
per plant than the So's. Differences among generations within the
other clones stuaied were not‘SighificantL

Racemes per plant of the So generation were positively corre-
lated (r = .76*) with protein content of the seed (Table 4), whereas

racemes per plant of the OP progeny were associated (r ;“.68*) with
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Table 3. Clone and Generation Means for the Number of Racemes Per

Plant.
Generation Clone
Clone Generation mean mean
A-55 So 251.6 al 240.3 a?
op 229.1 a
A-34 so , 233.1 a , 227.7 ab
op 222.3 a
2-67 So 212.8 a 221.7 b
op 230.7 a ~
2-70 So 193.9 b 220.6 b
oP . 247.3 a
A-33 : So 242.8 a : 220.5 b
op 198.2 b
A-10 so ' 206.4 a " 218.3 b
opP 230.1 a
A-63 so .~ 222.0a 210.0 b
oP 198.0 a '
A-54 So . 160.7 b 189.2 ¢
op 217.7 a
A-93 . so 149.3 a ‘ 170.7 4
oP 192.0 b
A-40 So 165.3 a 169.0 4
. op 172.7 a o
Mean So 208.8 b*
op 213.8 a

1 - Generation means within a clone followed by different letters
differ significantly (P<.05).

2 - Means in the same column followed by different letters differ

. ' significantly (P<.05).

3 = Generation means followed by different letters differ significantly
-(P<.05). T
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. a higher incident of lodging. Racemes per plant. were not correlated

with seed yield.

Table 4. So, OP, and Total Population Correlation Coefficients for
Racemes Per Plant and Other Traits Studied.

Component So = oP
Stems/plant .41 .41
Racemes/stem .34 .28
Florets/racemes ' .14 .30
Seed/racemes .22 .10
% Seed set .25 _ -.04
Seed yield ‘ 49 ¢ 0 a1l
Wt/100 seed -.47 , -.45
%‘Protein .70 * .29
Plant height : .30 . =.27

Lodging -~ . ~. .= 016 0 Y - T

* - P<,05

Racemgs Per Stem
X -

Clones,A-70; A-55, and A-40 had the highest number of racemes
per stem, and élones A-67; A-33 and A-93 had the least (Table 5).
Clones A-34, A-lOK_A-63, and A-54 weére intermediate for tbis character.
When measured ac¥oss all clones, the OP. progeny had significantly more
racemes per stem than the So's. The cléhe X generation interaction

was not significant.
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Table 5. Clone and Geheration Means for the Number of Racemes Per

Stem.
Generation Clone

Clone Generation mean mean

A-70 . so 5.8 5.8 al
oP 5.7

A-55 So -6.0. 5.7 a
opP 5.4

A-40 So 5.3 5.4 a
oP 5.6

A-34 So 4.5 4.7 b
oP 5.0

A-10 So 4.4 4.6 b
oP 4.9

A-63 . so 4.6 4.5 b
OP 4.5

A-54 " so 3.7 4.4b
OP 5.1

A-67 so 3.6 4.0 ¢
opP 4.3

A-33 so 3.7 3.9 c
op 4.1

A-93 Sso 3.1 3.6 ¢
(012 4.2

Mean So 4.5 b2
(0)2] 4.9 a

1 - Means in the same column followed by different letters
differ significantly (P<.05). '

2‘— Generation means followed by differént letters differ
significantly (P<.05). '
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' Racemes per stem were negatively correlated with stem; per
plant for the So (r = ~.71%) anq oP éenerations (r = -.74%), but were
not correlated with any other trait (Table 6). These correlations
suggest a negative relationship between racemes per plant and vegeta-
tive growth. The number of racemes per plant did not affect seed

yield.

Table 6. So, OP, and Total Population Correlation Coefficients for
Racemes Per Stem and Other Traits Studied.

Component - So oP
Stems/plant ° ' -.71 % Coa74 ®
Racemes/plant . R .34 o .28
Florets/raceme S .49 . .39
Seed/raceme .15 .35
% Seed set =04 - -.61 o

. Seed yield 5 S .23 s -.35
Wt/100 seed -.10 -.02
% -Protein ~.24 -.40
Plant height .13 - -.05

Lodging ~ - ’ -.24 - .04

* - P<.05

Florets Pexr Raceme

Clone A-10 had the most florets per raceme with 62.27. Clones

A-93, A-67, and A-33 had the fewest with 54.05, 53.33, and 52.98,
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respectively (Eable 7). Generétions had similar numbershof florets
per raceme. The clone x generation interacfion was significant and
occurred‘becéuse the OP progeny of clone A-63 had fewer florets per
raceme than thé So's. Significant differences between generations of
the other clone; were not detected.

Florets per raceme were associated with the number of seed per
raceme for tﬂe So's (r = .70%) (Table 8). Florets per raceme of the
OP progeny were not significantly correlated with any of the traits
studied. Thése data indicate that cloﬁes differ in the number of flo-
rgts'per raceme bu# tﬁat this compopent_was’not,indicat;ve.qf\seed.

yield.

Seed Per Racéme’

‘ Séeds‘per‘réceme"différed‘signifiééhtly aimong éléﬁés‘%ﬁdtbetﬁéen
genefatiohs“(Téble 9). The clone x generation interaction was signif-
icant, negating meaningful interpretation of main effects. Thié‘intér-
action occurred because the OP prégeny of clbnéS'A—63, A-34, and A-54
had fewer seed per raceme than the So's. Differences between genef—
ations of the other clones were not siénificant.'

Seeds. per raceme of the So's Were'correlated (Table 10) ‘with
florets.per raceme (r = .70%), percent seed set (r = .91**); and.seed
y%eld (x f_.7lf). Seeds per raceme of tﬁe oP progenylﬁere associated

with. percent seed set (r = .89%%) and Seed yield (x = .70%). Seed
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Table 7. Clone. and Generation Means for the Number of Florets Per
Raceme. .
Generation Clone
Clone Generation mean mean -
A-10 So 65.8 a! 68.3 a?
OP 70.7 a
A-63 So ’ 69.4 a 65.6 b
. OoP 61.8 b :
A-70 So 64.6 a . 63.6 ¢
oP 62.6 a '
A-34 So 65.8 a 62.1 cd
. OP 58.4 a :
a-55 . so .. . .. ,63.4a_ . . 6l.4d
‘ 7 op o 59.4 a ’ '
A-54 - . so S a "6l.9a R 59l2 e
: oP 56.6 a -
A-40 so ' 56.4 a 58.1 e
oP 59.8 a o
A-93 So 52.1 a 54.0 £
op - 56.0 a
A-67 ‘ . so . 51.7 a 53.3 £
’ ‘ OP : 55.0 a
A-33 so 49.3 a 53.0 £
oP 56.3 a :
Mean - So §0.0
OP ) 59.7

1 ~ Generation means within a clone followed by dlfferent letters
differ SLgnlflcantly (P<.05).

2 ~ Means in the same column followed by dlfferent letters dlffer
significantly (P<.05).
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So, OP, and Total Population Correlation Coefficients for

- Florets Per Raceme and Other Traits Studied.

Component . .. . ... . S .. . . . OP
Stems/plant . —=.38 ~-.10
Racemes/plant ;14 .30
éacemes/stem .49 - .39
Seed/raceme .70 * .54
% Seed set .34 .10
Seed yield .32 .54
Wt/100 seed ‘ -.45 -.03
% Protein . '._ —;19 1‘”“‘. ‘ ~.53
Plant height ' 60 s
Lodging | .06 .4l

# - p<.05
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Table 9. Clone and Generation Means for the Number of Seed Per

Raceme.
Generation o Clone

Clone Generation mean mean

A-10 So 29.6 al 27.6 a®
opP 25.5 a -

A-63 So 34.1 a 26.3 a
oP 18.6 b

A-70 ’ So 22.5 a ' 21.3 b
oP 20.1 a

A-34 So 25.8 a 21.0 b
OoP 16.1 b

A~-67 So 20.2 a 20.6 b
oP 21.1 a

A-33 so , 19.1 a 20.2 b
oP 21.2 a

A-40 so 2148 19.6 be
opP 17.8 a

A-54 So 23.1 a 18.2 ¢
oP 13.3 b '

A-93 So 14.1 a 16.8 d
oP 19.6 a '

A-55 So 17.7 a 16.2 4
(0] ;4.7 a

Mean So 22.8 al
oP 18.8 b

1 - Means in the same column fellowed by different. letters differ
‘significantly (P<.05). '

2 - Generation means within a clone followed by different letters
differ significantly (P<.05).

3 - Generation means followed by different letters differ significantly
(P<.05).
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per raceme of the OP pregeny were not correlated with fldrets.per‘,
raceme, although the correlation coefficient approached‘significance

(r = .54).

These data -suggest the number of .seed per raceme iS’indicatiQe‘

of seed yleld and two of its components, florets per racene, and per-
cent seed set. Seed per raceme should be a useful selection trait

when screening for high seed yielding plants.

Table 10. So,-OP, and Total Population Correlation Coefficients for .

Seed Per Raceme and Other Traits Studied.-

Coﬁponent h So A ‘ OP
Steme/piant ) -0 .52
Raeemes/plant .22 .10
Racemes/stem ‘ .15 ' -.35
Flerets/raceme 70 * .54
% Seed set 91 H% : .89 #*
Seed yield ' - 71 % . .70 *
Wt/100 seed - -.50 : " -.08
% Protein . -.10 -.12
Plant height 47 =22
Lodging - . . . =19 o .08

* - PL.05

#% - p<,01 . : L,

P




| 3) TIN I () .

Lo LG

31

Percent Seed Set

Clones and.generations differed‘éignificantly'for_percent seed
set (Table 11). The clones x genération iﬂteractibn, however, was
significant, which negated meaningful interpretation of main effecté.
This interaction resulted because the QP progeny of clone A-63, A-34,
and A-54 had fewer seed per available floret than the So's.

Percent seed set for the So's was correlated with seed per
raceme and seed yield (Table 12). Percent seed set .of the OP progeny
was associated with stems per plant and seed per raceme. These data
revealed thgt So plants which set more éeeds per available floret have -
more seéd.per raceme and higher seed yields. OP pfogeny that set more
seed per available floret also had more seed per raceme. The corre-
lation coefficient for percent seéd set and seed yield app;éachea sig-
nificance.

' The averége percent seed set for this pppulation_of saipfoin
was 34.3%. With ideal environmental éonditions; percent seed ;et'is
a good measure of fertility. . Ideal conditions are rarely'encquntered
in the field, and it is doubtful_the true;fertilify level of sginfoin
is only 34%. Factors such as lack of pgllination,‘ﬁatural flowe; dfqp,
insect damage, . and shattering;alsp affect percent seeq get.‘.visual ob-
servatioﬁs indicate shattering is a.yéry important faqtor affectiﬁg
percent seed set in sva.:i.r;foin‘T Percent seed set probably reflects

shatter resistance better than fertility.
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Table 11. Clone and Generation Means for PercenE Seed‘Set.

Generation Clone
Clone Generation mean mean
A-10 ~ so 44.97 a' 40.49 a®.
. oP 36.01 a
A-63 So 49.06 a 39.59 a
OP 30.12 b
A-67 ' so 38.90. a 38.56 a
OP 38.23 a 7
A-33 - So 38.88 a 38.18 a
OoP 37.48 a
A-40 So 37.96 a 33.93 b
opP 29.20 a .
A=-34 L So 39.05 a 33.52 be
OP 27.99 b
A~70 " so 34.76 a 33.52 be
OP 32.28 a '
A-93 So 26.73 a - 30.68 cd
OP . 34.62 a
A-54 , So 35.92 a 29.71 de
- - OP 23.50 b
A~55 so 27.92 a 26.33 e
’ OP 24.77 a
Mean o - So 37.4 al
' 31.5 b

CP

1 - Generatlon means within a clone followed by dlfferent letters

differ significantly (P<.05).

2 - Means in the same column followed by dlfferent letters differ

significantly (P<.05).

3 - Generation .means followed by different letters differ significantly

(P<.05).
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‘ Table 12. So, OP, and Total Population Correlation Coefficients for
1 _ Percent Seed Set and Other Traits. Studied.

so ' oP

Component
Stems/plant ) .14 ' .66 *
Racemes/plant .25 -.04
‘Racemes/stem -.04 -.61
Florets/raceme .34 , - . .09
Seed/raceme 91 *% .89 ¥%
Seed yield .78 *% .53
Wt/100 seed -.43 , .08
% Protein .01 L .14
Plant height .25 - .36
Lodging -.30 -.13
* = .P<,05
*% - p<.01

Estimates of percent seed set and the reduction in percent seed
set due to shattering may be obtained by tagging several racemes with
thé number Qf flérets éresent; collecting one-half of'ﬁh; £agged-ra—
cemes when fhe seed pods are green and.immature; and collecting the
other one-half éf‘the tagged racemes at'sged maturation (40% moisture).
Percent seed set calculated from racemes with immature pods should give
an accurate reflection of true percent seed set or fertility. Peréent-
seed set Caiculateqffrom racemes with matﬁre'pods would éstimafe'actuai
seed setlat harvest;time, and'the:differegces in the two estimates

should reflect losses' due to_shatteriné: Ag,expefimennguch”a§ ;his

¢
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should be conducted so that accurate estimates of fertility and seed

losses due to shattering may be obtained.

Weight Per 100 seeds

Weight .per 100 seeds differed significantly among clones
(Table 13). .Clone A-93 had the largest seed (2.80g/hundred), and clone
A-34 the smallest (1.98g/hundred). Significant differences in seed
weight between generétions did not occur, and clones maintained their
relative rank for seed weight across gene?ations.

Weight per 100 seeds was not significantly correlated with any
of the traits studied for the So's and OP‘s,.including seed yield
(Table 14). Negative non-significant relationships occurred between
seed weight and most of the factors studieq. These data indicate

weight per 100 seed is not indicative of seed yield. -

Seed Yield
Clones differed significantly for seed yield (Table 15). seed
yield ranged from 158.3 to 325.7g, with cléne A-63 having the highest
yield. ' The OP progeny of clone A-93 yielded more seed than did the
So generation. Generatiomns of other clones yielded the same.
Seea'yield'wés correlated (Table 16) with seed per:raceme for
the So (r = .71%) and OP generétions (r =..70*$ and with.percent seed

set in the So generation (r = .78%%). Thése data indicated differences

|

(.
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Table 13. Clone and Generation Means for Weight Per 100 Seeds.

..Clone".

_ . Generation
Clone . Generation mean mean .
2-93 S So 2.80 2.80 al
oP 2.80
A-40 -, So 2.62 2.56 b
oP 2.50
A-55 o So 2.63 2.54 b
oP 2.44
A-54 So 2.55 2.51 bec
: oP 2.47
A-63 ' so 2.45 2.48 bcd
' oP 2.51
A-70 ' Sso 2.45 ‘2.44 cd
op 2.42
A-67 . so 2.47 2.42 4
- oP 2.37
A-10 ' " so 2.45 2.40 4
OP 2.34 ‘
A-33 ' . So 2.50 2.39 4
' oP 2.29
A-34 So 1.92 1.98 e
oP 2.04
Mean - So 2.5
' © OP 2.4

1l - Means.in-the same column followed by different letters

differ significantly (P<.05).
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Table 14. " So, OP, and Total Population Correlation Coefficients for
Weight Per 100 Seed and Othexr Traits Studied.

Component . So oP
Stems/plant : -.27 ' -.33
Racemes/plant -.47 -.45 .
Racemes/stem ' -.10- -.02
Florets/racdeme -.45 -.03
Seed)raceme ' -.50 -.08
% Seed set -.43 ~.08
Seed yield -.43 _' .31
% Protein -.41 i -.53
Plant height -.29 .35

Lodging -.28 -.15
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Table 15. Clone and Generation Means for Seed vield.

Generation Clone

Clone .'  Generation © - mean mean

. A-63 _ So 372.7 at ' 325.7 a?

o oP 278.7 a

A-10 So - 222.7 a _ 255.7 b
oP 288.7 a

2-67 : So _ 278.3 a ' - 224.8 be
oP 171.3 a

A-33 So 217.3 a 218.7 ¢
oP 220.0 a

A-40 So g 247.0 a 198.1 cd
OP | 149.3 a

A-34 1) : 272.3 a 197.3 cd
oP 123.3 a '

A-54 . so 202.7 a 186.3 de

‘ oP 170.0 a - ‘

A-55 So ' 213.7 a 178.0 de

o OP 142.3 a '
A-70 ' So 153.3 a 170.7 de
' oP 188.0 a ‘ o
A-93 ~ so . 96.3 b 158.3 e
" QOP 220.3 a 2
Mean So . 227.6
- OP : 195.1

1 - Generation means within a.'clone followed by different letters
différ significantly (P<.05). :

2 - Means in the same column followed by'aifferent'letters
differ significantly (P<.05).

1
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existed between clones, upon which selection ?ressureufor seed yield
may be applied. Seed per réceme, which is a function'or perceﬂt seed
set and florets per raceme, was indicative of seed vield and'should be

a useful tool in screening for high seed yielding plénts.

Table 16. So, OP, and Total Population Correlation Coefficients for
Seed Yield and Other Traits Studied.

* Component - So ., oP
Stemé/plant -.07 .28
Racemes/plant .49 <1
Racemes/stem ) .22 . " -.35
Florets/raceme . .32 .54
Seed/raceme W71 % . .70 *
% Seed set . .78 wE : .53
Wt/100 seed —-43 - .31
% Protein ' ©.23 -.12
Plant height - .23 © .30
Lodging . , -.59 ' : .13

* - p<.05 | |
*% - P<, 0L

Protein Content

CrudeAﬁxotein content of the seed differed significantly among

clonés (Table 17). Seed of clones A-67 and A-33 had the highest crude
protein contents with.26.7 and 26.1%; respectively, and.seed of clone

!
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Table 17. Clone and Generation Means for Percent Crude Protein
Content of Sainfoin Seed.

Generation Clone

Clone Generation mean mean

A-67 So 27.2 26.7 al
oP 26.1

A-33 So 26.9 26.1 a
oP 25.3

A-34 So 26.4 25.3 b
oP 24.1 :

A-54 _ So 25.0 " 25.2 b
oP 25.3

A-55 , So _ 26.0 24.8 bec
oP 23.5

A-63 So : 24.6 24.3 cd
op : 24.0

A-70 so 23.7 23.7 de
oP 23.6

A-10 So . 23.6 23.3 e
oP 23.0

2-93 So 23.4 23.1 e
o)) 22.7

A-40 - So 21.7 22.2 £
oP 22.7

Mean o so 24.8 a?

op ‘ 23.0 b

1 - Means in the same column followed by. different letters differ
significantly (P<.05).

2 - Géneration means followed by different letters differ significantly
(P<.05). - '
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A-40 had the lowest with 22.2%. When averaged across all clones, seed
of the So generation had a higher crude protein content than seed of
the OP progeny. The So's probably had a higher concentration of roots
near the soil surface where there was more available nitrogen, and
where nodulation was more apt to occur. ~ This would enable the So's to
supply developing seed with more‘nitrogen, and result in a higher pro-
tein content. The élone X generation interaction was ﬁot significant.

Percent crude protein for the So generation waé positively cor-
related with stems per plant and racemes per plant (Table 18). Percent
crude protein content of the OP progeny was not significantly asso-
ciated with any of the traits studied. Positive non-significant cor-
relation coefficients were obtained for percent protein content and
seed yield, thus, a breeding program for increased seéd yield should
not advérsely affect the crude pfotein content of the seed. Selection
for more stems per.plant or more racemes per plant may result in ,

increased protein content of the seed.

Plant Height

Clqnes difﬁergd‘significantly for plant height:(Table 19). The
tallest clone was A;lo (126.47 cm), and the shortest clone was A-70
(105.47 cm). Differences-between‘genefations were not significant.

Plant height was not significantly assoclated with any of the

traits studied (Table 20).
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Table 18. So, OP, and Total Population Correlation Coefficients for

41

Percent Crude Protein and Other Traits Studied.

Component So CcP
Stems/plant .76 * -.51
Racemes/plant .70 % ‘.29
Racemes/stem S -.24 -.40
Florets/raceme -.19 -.53
Seed/raceme -.10 -.12
% Seeéd set .01 14
Seed yield .23 -.12
Wt/100 seed -4l -.53
Plant height ~-.07 <.10
Lodging .32 -.03

* - P<,05
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Table 19. Clone and Generation Means for Plant Height'(cm).
Generation - Clone
Clone Generation mean mean
A-10 So 131.9 126.5 al
oP 121.0
A-55 So 123.6 121.9 b
opP » 120.2 :
A-63 So- 120.6 121.0 b
oP 121.4
A-54 So l14.6 118.9 bc
OP 123.3
A-34 So 124.6 116.6 ¢
' op 108.7
A-40 -~ so 115.0 115.7 ¢
. oP 116.3 ‘
A-93 So 1l6.1 115.5 ¢
OoP 114.8
A-67 so 110.3 111.4 4
oP 112.4 :
A-33 So 112.0 110.9 4
OP 109.8
A-70 so 108.3 105.5 e
oP 102.6 '
Mean So 117.7
' OP' 115.0

1 - Means in the same column followed by different letters dlffer
s;gnlflcantly (P< 05).




" Table 20. So, OP, and Total Population Correlation
Plant Height and Other Traits Studied.
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Coefficients for

Cpmponent' so opP
Stems/plant .10 -.23
Racemes/plant .30 -.27
Racemes/stem : .13 .05
Florets/raceme .80 ) .15
Seed/raceme C W47 -.22
% Seed set .25 .36
Seed yield .23 .30
Wt/100 seed -.29 .35
% Protein -.07 =.10

.26

Lodging : - .06

Lodging

Clones were equally susceptible to lodging (Table 21). - When

~averaged across clones, the So's lodged significantly more than the

OP progeny. This may have been due to the So plants being vegetative

propagules, whereas the OP progeny were gfown from seed. Vegetatively

propagated sainfoin has less root system and, as a résult, may lodge

more readily. Lodging was not associated with any of the other traits

studied (Table 22).
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Table 21. Clonal and Generation Means for Lodging Réting.

A-10 o So 3.7
' ' oP 4.0 .

o Generation ° Clone
Clone Generation . ‘mean mean
A-40° o So 1.0 1.5
op ' 2.0
aA-54. . so 3.0 3.0
- OP - 3.0
A-63 - " So 3.7 3.2
oP 2.7 -
A-67 g So 3.3 3.3
- ' op 3.3
A-55 so 4.3 3.3
: e 2.3
a-33 - So 4.0 3.3
‘ op 2.7
A-93 - So 4.3 3.7
OP 3.0
A-70 © So 4.3 3.8
op 3.3
A-34 . . 8o 4.3 3.8
oP 3.3

3.8
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Table 22. So, OP, and Total Population Correlation Coefficients for

Lodging and Other Traits Studied.

Component So - OP .
Stems/plant .40 .42
Racemes/plant .16 .68 *
Racemes/stem -.24 .04
Florets/raceme .06 .41
Seed/raceme -.19 .68
% Seed set -.30 -.13
Seed yield .59 .13
Wt/100 seed -.28 -.15
% Protein .32 -.03
Plant height .06 .26

* - P<.05

Heritability Estimates for Traits Studied

Heritability estimates (Table 23) were obtained by parent=-

progeny correlations (heritability = x

2

x 100), and by regression of

offspring on female parent (heritability = 2b x 100). Estimates ob-

tained by regression were higher than those obtained by parent~progeny

correlations, and three of the regression estimates (racemes per stem,

seed weight, and percent protein) were in excess of 100%. These higher

estimates could ariée from failure to satisfy all of the assumptions
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on which heritability estimates derived by ¥egression are based. Knipe
(29) reported sainfoin to be a crosé-pollinated crop that is highly
self-fertile. Inbreeding would result in an increase in ﬂeritabilitf
estimates, when calculated as twice the fegression value, because with
selfing both the male and female parents are known and heritability is
equal to the regression value (35). Deviations from additive gene
action could also result in higher heritability estimates (35) . Frey
and Horner (16) attributed discrepancies in heritability estimates;
when calculated by regression, to scaling differences between parents
and progeny. Scaling differences are generally associated with a
genotype X gnvixonment intg;action-in which'the parents are grown in
one year and the progeny in another,‘;nd‘the envirqnmeﬁtal cogditions
tend to speed up, slow down, increase or decrease the prodqction oﬁ
some plant characte;isticé. The parents and progeny in this experiment
were grown together, and it is doubtful that scaling differences were
a factor. ”

Heritability estimates are indicative of the progress thét may
be made through selection, and may also be useg as an aid in deter-
mining the type of sglectiqn program to be used, i.e., high heritabil-
ity indicates tﬁaf efféé;ive'sele;tion on an ipdividugl plant baéis.is
possib;e, wheréas‘low heritability. indicates that:selection‘shquid'pg

based on progeny tests. Although the heritability‘eétimates,determined
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by pareﬁt-progeny correlations were lower than those obtained by re-
gression (Table.23), both estimators indicated a high degree of asso-
ciated between parents and progeny for stems per plant, racemes per
sﬁem, seed weight, and percent protein; Rapid progress through a
simple mass seléction program for these traits should be possible.
Lower heritability estimates were obtained for racemes per plant, seed
per raceme, percent seed set, and seed yield. Selection for these

traits should be based on progeny tests.

Table 23. Heritability Estimates for Traits Studied.

Method of Determination

Trait ~ r* x100  2b x 100
Stems/plant . 69 . 29
Racemes/plant 12 4 a4
Racemes/stem | 68 " 102
Florets/raéeme . ' 36 . 81
Seed/raceme .3 22
% Seed set ) - 4 30
Weight/100 seed ' - 7L 151
Seed yield ' ' 2 - 18
% Protein _ . 63 - 105

Plant height ‘ 26 93
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The heritabilities»of,seed yield and the two coﬁponents most
closely associated with it, .seed per raceme and bercent seed set, were
small and of similar magnitude. Thus, it appears one may select for
increased seed yield, bﬁt that progress will bé slow. It is felt the
greatest progress can be made by increasing percent éeed set. In this
study, only 34% of the available florets éet'seed, It appeared that
the greatest loss was from shattering of seed. The possibility of
developing shat£er resistant lines should be explored as a means of

increasing seed yield in sainfoin.
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SUMMARY AND CONCLUSIONS EXPERIMENT T

Clonal propagules and open-pollinated progeny from 10 clones
were used to study the components of seed yield inlsaihfoin and their
heritabilities. Traits. studied included stems pér'plaht, racemes per
plant, racemes per stem, florets per raceme, seed per-faceme, percent
seed set, seed yield, weight per 100 seeds, crude protein content of
the seed, plaﬂt height and lodging.

Clones differed for most of the traits studied. Seed per raceme,
‘'which is a function of percent seed set and the number of florets/
raceme, was closely associated with seed yield ana'should be a useful
tool in screening for high seed yielding plants.

Stems per plant were positively correlated with percent pro;ein,
suggesting that plants with large vegetative skeletons were better
able to supply developing seeds with the essential nutrien;s for pro-
tein production. A positive non-significant association was found be-
tween percent protein and seed yield. Tﬁus, it should be possible to
increase’seed yield without adversely affecting pro;ein content of the
seed.

Heritability estimates were'ca;culated by parent-progeny corre-
lations and by reéréssion of offspring on the female parent. Herita~-
bility_eétimateé dgte;mined by parent-progeny correlation were lower
thap thqse.obtéinea by pegresSion, however, both estimators indicated

a high degree of association between parents and progeny fdf stems per
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plant, racemes per stem, seed weight, and'percen; protéin. Rapid
progress thréugh a simple mass .selection program forwthese traits
should be'possible. Lower heritability estimates Qére'bbtained foi
raceﬁes per piant, seed per raceme, :percent seed'set; and seed yield.

Selection ﬁof these traits.should be based on progeny tests.
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‘METHODS AND MATERIALS EXPERIMENT II

Trial T

| Four-isonitrogenous diets céntaining 20% protein were fed to
weanling pigs to compare the protein quality of milled sainfoin seed
with 48.5% protein soybean meal (SBM). The protein sﬁpplements for
these diets were SBM, SBM with sainfoin oil added, milled sainfoin
seed and milled sainfoin seed with the oil extracted.

The‘sainfoin seed was milled through a hammer mill to remove
the pods, and the chaff removed on a clipper cleaner. One-half of the
milled sainfoin seed"(heiéafter referred to as sainfoin seed) was |
soaked for seven days in hexane to remove the oil. fhis oil was re-
covered by distilling the hexane, and was added to oﬁevof the SBM
rations. |

Proximate analyses, calcium and phosphorous determipations
were made on the protein sources.used, aﬁdnon the‘diets fed (l1). Per-
centage composition of the Qiets fed are in Table 2%. Amino acid con-
tent of sainfoin seed, with and without oil, and of SBM were determined
with a Beckman 120C automatic amino'acid'analyzer (57).

Twenty-féur crossbred weanling pigs weighing approximately
14.3 kg were stratified for sex, initial weight.and litte£ in three
replications. They were assigned to pens in groups of four with each
pen containing two barrows aﬁq two gilts. Diets.wgre assigned at

random to pens within a replication. The pens were ;.5 X 2.;_m
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equipped with self-feeders, automatic cup-type waterers, and located
in a heated and ventilated total confinement structure with slotted
floors. Weight gain and feed consumption were measured for two 7 day
periods and at the end of 18 days. Average daily gains, average daily
feed consumptién, and feed efficiency ratios were calculated for each
pen group within replications and analyzed by the least-square
procedures (21).

Table 24. Percentage Composition of Sainfoin and Soybean Meal Diets
Fed to Weanling Pigs. Trial I.

Protein Source
SEM + ) Extracted

Ingredients SBM - sainfoin oil Sainfoin sainfoin
Wheat ‘ 75.50 73.30 66 .00 66.60
Soybean meal, 48.5% 20.00 20.60 —-— -—
Sainfoin — - 30.00 -
Extracted sainfoin —-— ——— —_——— 29.40
Sainfoin oil —— 1.50 - —
Monosodium phosphate - 1.00 1.10 0.50 0.50
Limestone - 2.00 2.00 2.00 2.00
Salt . 0.50 0.50 0.50 0.50
Vitamin trace mineral mix® 0.75 0.75 " 0.75 0.75
Antibiotic (Asp-250)2 0.25 0.25 0.25 0.25

l - Vitamin A - 500,000 USP unlts, Vitamin D3 - 100, 000 IC units,
Vltamln E - 1,000 I unlts, Vitamin Bi2 =~ 4 mg, 'Riboflavin - 700mg,
Nlac1n ~ 4,000 mg, d-Pantothenlc Acid - 2,000 mg, choline -
100,000 ng, Zlnc - 9,100 mg, Iron - 4,500 mg, Manganese -2 500mg,
Copper - 450 mg, Cobalt - 45 nmg, Iodlne - 68 mg per 454 g of
v1tam1n-m1neral mix.

2 - Furnished 100 g chlorotetracycllne, 100 g sulfametha21ne and 50 g
pen1c1llln per 2.27 kg.
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Trial II

Six isonitrogenous; isocaloric diets containing 20% protein
and 4% oil were fed to 90 female rats of the Holtzman strain. The
éverage initial weight of the rats fed each diet was approximately
69 g. The protein 'sources for these diets were: i) sainfoin éeed;'
2) sainfoin seed with the oil extracted (hereafter referred to as
extracted sainfoin seed); 3) autoclaved sainfoin seed; 4) extracted,
autoclaved éainfoin seed; 5) SBM; and 6) autoclaved raw soybean meal
which had the oil extracted. The oil was extracted from protein
sources 2, 4 and 6 by soaking the seed in hexane for 7 days, pouring
off the.liquid,land rinsing the seed in'warm water‘tglremove_any re=
sidual hexane remaining. Protein sources 3, 4 and 6 were heated in an
autoclave for ;wo hours at 107C.

Proximate analyses, calcium and phosphoroﬁs determinations
were made on each of the protein sources used, and on the diets fed
(1). Percentage composition of the diets fed are in Table 25. Amino
acid analyses (57)‘and trypsin inhibitor determinétions (26) were per-
formed on thé protein sources fed.

Diét treatments were‘xapdqm;y assigned to rats which'hgd been
stratified for initial weight and cage level. Each rat was céged in-
éividually iﬂ stgndard’racks in a température controlled room, with

water and feed suppiied.gg libitum.- Feeders were eéuipped with
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" 0.50 0.50

Table 25. Percentage Composition of Sainfoin and Soybean Meal Diets Fed to Rats.
Trial II.
Protein Source
Sainfoin Raw soybeans
: g : Sainfoin Sainfoin autoclaved - autoclaved
_'ingredients Sainfoin extracted autoclaved extracted _ SBM extracted
sainfoin 56.16 ——= -— -—- -—= -—
Sainfoin, ektracted - 53.06 el - - -—
Sainfoin, autoclaved - ——- 56.59 -— -— -
Sainfoin, autoclaved
extracted - - -~ 53.59 -— ——
-Soybean meal —— —_—— —_ - 44,06 -—
Raw. soybeans, -
autoclaved extracted —-—- ——— -— —-— —— 43.09
Corn starch 37.66 38.82 38.28 38.31 48.72 49.09
Corn oil 1.59 3.54 0.53 3.58 3.10 3.56
.Calcium carbonate 1.77 1.76 1.77 1.75 1.66 1.64
Monosodium phosphate - 1.57 1.57 1.58 1.52 - 1.21 1.37
Vitamin. trace mineral ) )
' mix? : 0.75 0.75 0.75 0.75 0.75 0.75
‘salt 0.50 0.50

0.50

1 - vitamin A - 500,000 USP units, Vitamin D3 - 100,000 IC units, Vitamin E - 1,000 I
. ‘units, Vitamin Bj2 - 4 mg; Riboflavin - 700mg, Niacin - 4,000 mg, d-Pantothenic
Acigd - 2,000 mg. choline = 100,000 mg, Zinc - 9,100 mg, Iron - 4,500 mg, Manganese -
- 2,500 mg, Copper - 450 mg, Cobalt - 45 mg, Iodine - 68 mg per 454 g of vitamin-

mineral mix.

14°]
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partial co#g¥s and placed in.ceramic dishes to minimizelwastage. Feed
cohsdmption and body weight for individual rats weré recorded every 7
days and at termination after 28 days; Five rats from. each diet_weré
then fasted for 18 hours, sacrificed, bled and the pancreases removed
and weighed to the nearest fourth decimal. Total géin, feed consump-
tion, feed efficiency and protein efficiéncy ratios were éomputed for
individual fats and were aﬁalyzed by least squares analyéistwith
initial weightlﬁé covariate (21). BAnalysis of covafiance, édjusting
for fasted weight, was used to detect differences in pancreas size. '
Individual mean differences were distinguished with Duncan's New

Multiple Range Test (12) where significance §P<.QS) occurred.

Trial III

Six iéonitrogenous,‘isocaloric diets éontaining 11% protein
~and 4% oil were fed to 60 female rats of the Holtzman stiain
(Table 26). The aveiage initial weight of the raté.fea each'diet was
approximately 72.SJgQ The protein'sources for fﬁese rations &ére:
1) sainfoin seed; 2) extracted sainfqin seed; 3) sainfoin seed which
had been auéoclavéd aﬁ 107C for one hour; 4) sainfoin seed which had
been autoclaved at 107C ‘for two hours; S),caséin; and 6) SBM.

The materials and methods used in this trial wére'aé described

'for Trial II.




Table 26. Percentage Composition of Sainfoin, Soybean Meal and Casein Diets Fed to Rats.

2.20

Trial III.
Protein Source _
Sainfoin Sainfoin
: o Sainfoin autoclaved autoclaved _
Ingredients - Sainfoin extracted 1 hr 2 hr ‘Casein  SBM
Sainfoin ) 29.15 -— - - -— -—
Sainfoin? extracted -—= 30.63 - - —== -—
- Sainfoin, autoclaved 1 hr’ - —— 29.16 —— - ——
_Sainfoin, autoclaved 2 hr —— - —-— 30.27 e -—-
éasein - - - —-— —-— 12.17 -——=
"SoneanAmeal —_— -— —-—— —-—— - 22.78
Corn étéréh' 60.28 57.97 61.00 60.04 71.88 63.74
Corn oil 2.09 3.01 1.30 1.27 3.97  3.69
Alphacel! 2.26 2.13 2.26 2.16 5.00 3.64
;;Calqium carbonate 0.69 .0.69 0.70 0.6° 0.80 0.63
Monosodium phosphate 1.28 1.32 1.33 1.32 1.93 1.27
' Mineral mix? = © 4.00 4.00 4.00 4.00 4.00  4.00
Vitamin mix® 2.20 2.20 2.20

1 - Nutritional Biochemical Company, non-nutritive cellulose.

2 - salt Mixture, USP XIV.

2.20

3.~ Nutritiohal_Biochemical.Company, Vitamin diet fortification mixture.

‘99
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RESULTS AND DISCUSSION EXPERiMENT II

Trial I

Chemical analyses of the sainfoin and,SﬁM prétein sources fed
to weanling pigs agreed with previous findings (25,65) that sainfoin
seed has less protein, more oil and.less ash than commercial SBM
(Table 27). Although sainfoin seed has less total protein than SBM,
the two protein sources are qguite similar in essential amino'acid com-
poéition as determined by amino acid analyses (Table 28). Both pro-
tein sourceé should satisfy the essential amino acid requirements of

weanling pigs (46).

Table 27. Chemical 2nalyses of Protein Sources Fed to Weanling Pigs.
Trial I. (%) |

Ether
Protein Souzce H20 Protein extract Ash :-Calcium Phosphorous
Soybean meal 7.1 50.4 1.5 6.3 0.38 - 0.72
Sainfoin 6.8 35.9 4.9 4.4 0.17 0.35
Extracted sainfoin 2.8 36.5 3.1 4.2 0.19 0.37

~ Wheat . 8.8 1l.1 1.0°- 1.9 0.08 0.38

‘The oii content of sainfoin seed and SBM were 4.9% and 1.5%,

respectively (Table 27). The low oil'dontent of SBM was due to sol-
vent extraction in.commercial brocessipg-which removes most of the

oil. The éxtractea sginfoin~séed had_;.l% oil‘compared.to'4}9% oil
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Table 28, Amino Acid Analyses of Sainfoin Seed, With and Without 0il,
' and Commercially Breparéd’ Soybean Meal.! Trial I.

A, A. Content Expressed as a A. A. Content Expressed as a
' % of Seed Wt. '~~~ ' . % of Total Protein

Sainfoin ) Sainfoin
Anino Acid Salnf01n extracted Soybean  Sainfoin extracted Soybean

Lysine? 2.15 1.74 2.55 6.12 6.19 6.10
Histidine? 1.54 1.24 0.96 4.39 4.41 2.30
Ammonia 0.71 0.61 0.82 2.02 2.17 1.96
Arginine? 3.91 3.01 3.10 11.14 10.70 7.42
Aspartic

Acid 3.83 3.07 5.10 10.91 10.92 12.20
Threonine? 1.24 0.98 1.66 3.54 3.49 3.97
Serine - 1.65 1.33 2.22 4,70 4.73 5.31
Glutamic :

Acid 7.39 5.90 8.96 21.05 . 20.98 21.44

- Proline . 1.58 . 1.26 2.18 .. .4.50 4.48 5.22

Glycine . - 1.56 . 1.28 1.58 4,44 " 4.55 3.78
Alanine "1.26 1.00 1.74 3.59 - 3.56 ° - 4.16
Half , : ' : E
Cystine - - - - m—— --
Valine? 1.56 1.23 1.98 4.44 . 4.37. 4.74
Methionine? - 0.59 - 0.54 0.62 . 1.68 . 1.92 1.48
Isoleucine?  1.37 1.07 1.88 3.90 3.81 4.50
Leucine? 2.40 1.90 2.34 6.84 - 6.76 5.60
Tyrosine - " 0.99 0.84- 1.64 2.82 2.99 3.92
Phenyla- ‘ S : . iy
lanine? 1.38 . 1.12 2.46 3.94 3.98 5.89
Total 35.11 28.12 41.79  100.02 100.01 99.99
% Kjeldahl Prot. ) '

(N x 6 25) 35.9 36.5 150.35

1 - Tryptophane was destroyed, only a trace of cystine was recovered
and the methionine recovery was possibly reduced due to the acid
hydrolysis and presence of excess carbohydrate.

2 - Essential amino acid.
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for the non~extracted seed,'indicating theﬂoil extraction process was
inefficient.. It was hypothesized the hexane removed most of the oil
from the seed, but that a high percentage 6£ this oil rémained on the
surface of the seed as a residuel' The hypothesis was later confirmed
by adding a warm water rinse to the extraction procedﬁre. This modi-
fication waé incorporgtgd in seed preparation methods for Trials Iz
and III.

The diets fed to the weanlin; pigs were quite similar, except
for ether extract content (Table 29). The diet with.sainfoin seed as
the protein supplement had the highest o0il content with 2.3%. Those
diets with SBM plus sainfoin oil, and extracted sainfoin seed as pro-

tein supplements had 1.8% and 1.7%, respectively, and the diet with

SBM as the protein supplement had the lowest oil content, l.l%;

Table 29. Chemical Analyses of Soybean Meal and Sainfoin Diets Fed
to Weanling Pigs. Trial I. (%)

. Ether
Ration H20 Protein ‘extract Ash Calcium .Phosphorous
Soybean meal 7.9 . 20.2 . 1.1 6.8 .78 .71
Soybean meal + : ’ . / - .
sainfoin oil - = 7.9 . 19.8 1.8 6.9 . .82 .68
Sainfoin 7.7 20.3 2.3 6.7 .81 .69

.Extractedfsainfqin. 7.9. 19.9 1.7. 6.6 79 T .70
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Comparisons' of sainfoin seea and SBM, with and witﬂout.saiﬁ-
foin oil, as protein supplements for weaniing'pigs are in Table 30.
Significant differences between rations were not detected for average
daily gain, total gain, daily feed consumed and feéd per gain ratios,
although the data suggested the pigs on the SBM diets performed better

than the pigs on the sainfoin diets.

. Table 30. Comparison of Sainfoin Seed and Soybean Meal, With and
Without Sainfoin 0il, as Protein Supplements in the Diets
of Weanling Pigs. Trial I.

SBM . Extracted
+ Sainfoin sainfoin
Measurement SBM Sainfoin oil -seed seed
No. animals . . 12 12 12 . 12 .
Avg initial wt., kg 14.2 14.3 14.4 14.4
Avg final wt., kg 23.7 23.2 21.2 21.3
Avg total gaiﬁ, kg 9.5 8.9 6.8 6.9
Avg daily gain, kg 0.56 0.52 " 0.40 .0.40
avg daily feed, kg - 1.24 - 1l.10 . 1.08 1.10
‘Avg feed/gain ratio o2.21 ' . 2.11 2.70 . 2.75

~ Comparisons between diets with SBM and sainfoin seed as pro-
tein supplements, disregarding whether or not they had sainfoin oil
=(Table 31), :and between diets with and without sainfoin oil, disre-.

--gérdihg‘théiprotein‘sdurce (Tabie‘32) were made. These data indiééted
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that pigs on the SBM diets had signifiqantly higher average daily
gains, average total galns, and converted their feed to weight signif-
icantly better than the pigs on the sainfoin diets (Table 31). Sain-
foin oil did not significantly affect average daily gains, average
totai gains, feed consumption or feed per gain ratios (Table 32).

S

Table 31. Comparisons of Sainfoin Seed with Soybean Meal as Protein
Supplements in Diets of Weanling Pigs. Trial I.

Measurement SBM Sainfoin seed
No. animals 24 24
Avg initial wt., kg : ‘14.3 14.4
Avg final wt., kg 23.5 21.2
Avg total gain, kg 9.2 al 6.8 b
Avg daily gain, kg 0.54 a 0.40 b
Avg daily feed, kg 1.17 1.09
Avg féed/gain ratio ’ 2.17 b .2.74 a

1 - Means in the same line followed by different letters
differ significantly (P<.05).

Lower feed consumption of the diets with tﬁé.higher oil con-
tents was ékpecped‘because fats.ana oils furnish appro*imately 2.25
times as much energy as dé carbqhydrates, and animals.teﬁd to cénsume
feed until they have'met their energy reqqirements; Feed consumption
data indicated this waé thé case, al£houéh differences in feed iptake

were not statistically different (Tables 30 and 32).

ot
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Table 32. Effect of Sainfoin Oil in the Diet:of Weanling Pigs.
Trial I.
Measurement . With sainfoin oil - Without sainfoin oil
No. animals’ 24 / 24
Avg.initial wt., kg 14.4 14.3
Avg final wt., kg 22.2 - 22.5
Avg total gain, kg 7.9 8.2
Avg daily gain, kg 0.46 0.48
Avg daily feed, kg 1.08 ' 1.17
Avg feed/gain ratio 2.35 | , 2.43

These data indicate pigs perform better on diets supplemented
with SBM than on diets supplemented with sainfoin seed,'although thé
amino acid analyses of the two protein supplements suggest they should
have equal feeding values. It is felt the duration oﬁ £he trial was
too short to accurately evaluate sainfoiﬂ seed as a protein supplement
for swine. Another feediné trial in which weanling pigs are fed until

they reach market weight should be conducted.

Trial II

fhe 6bjectivés of Trial II were to: 1) compafe the protein qual-
ity of éaiﬁfoin‘seed with SBM; 2) .determine the effect, if any, @fsain-
foin oil in the diet; andAg)‘determine if the trypsin inhibitor in

sainfoin .seed has a detrimental effect on feeding value. Raw soybean
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meal, which had the oil extracted and had been autoclaved, was included
as a source of protein to determine if the processigg-of the protein
sources had a detrimental effect on their feeding value.

The extracted autoclaved soybean protein source was quite
similar in chemical analyses to commercially prepared SBM (Table 33).
Alﬁhoﬁgh the Eainfoin seed used for the four sainfoin protein sources
came from the same seed source, the two sainfoin protein sources,
which had been extracted, had more crude protein than the two sainfoin
protein sources which had not been extracted, due to removal of the
oil. Ether extract determinations indicated the autoclaved sainfoin
seed had 6.14% oil compared to 4.29% for the unprpcessed sainfq?n
seed. Thg higher oil content of autoclaved seed may have been due to
the heat hydrdlyzing glycolipids, phospholipids and other pémplex
lipia compéunds which would not have been readily extracted by ether
alone (10).

Amino acid analyses of the six protein'sources indicated again
that sainfoin seed is quite similar in essential amino acid compos-
ition to SBM (Table -34). Processing of saipfoin and soybean seed did
not appear to appreciably affect.their aminp acid composition. All

six protein sources should meet the essential -amino acid requirements

of weanling rats (46).
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Table 33. Chemical Analyses of Protein Sources Fed to Weanling Rats.
Trial II. (%)

Protein Source H2 0 Protein eitizzt Ash Calciﬁmv Phosphorous
Sainfoin 6.77 35.61 4.29 4.41 0.16 0.40
Sainfoin, extracted 9.23. 37.69 0.86 3.92 0.18 0.42
Sainfoin, autoclaved 6.63 35.34 6.14 4.25 0.16 0.39
Sainfoin, autoclaved

extracted 7.72 37.32 0.78 3.63 0.19 0.44
Soybean meal 7.11 45,39 2.04 6.43 0.31 0.70
Raw soybeans, auto- ' : ‘

claved extracted 9.62 46.41 . 1.02 6.52 0.34 . 0.63

The asséy used to detect trypsin inhibitor activity in the
protein sources does not quantify the amount of inhibitor present, but
‘gives a relative measure of the percent inhibition in relation to a
standard which does not contain any inhibitor (26). This assay indi-
cated sainfoin seed was high in inhibitory activity with 62% inhibition
of fhe enzymé (fablé 35). Extracting the oil.from sainfoin seed re-
duced the activity to 10% inhibition. Autoclaving the sainfoin seed
reduced -the activity to 8%. The autoclaved extrgcted sainfoin seed,
SBM and autoclavgd extractea soybean protein sourcés did not have any
inhibitory activity. These data suggested the inhibitor may be con-
fained in thev;ipopfétein fractipn of thenseed( or denatured by auto-

claving the seed. 'It was hypothesized the rats. fed. raw sainfpin_would
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Table 34. 2mino Acid Composition of Protein Sources Fed to Weanling
Rats Expressed as a Percentage of Protein Recovered.1
Trial II.

Sainfoin Soybeans
Sainfoin Sainfoin extracted extracted
Amino Acid Sainfoin extracted autoclaved autoclaved SBM autoclaved

Lysine? ,  6-12 5.4 5.47 5.47 - 6.32  5.49
Histiding 4.49 3.96 3.96 - 3.86 2.57 2.43
Arginine 12.10 11.70 12.00 11.61 7.18 7.34
Aspartic

Acid 10.88 10.98 11.75 11.09 11.82 11.87
Threonine? 3.39 3.46 3.37 3.55 3.89  3.91
Serine 4.87 5.10 4.76 5.10 5.01 5.07
Glutamic

Acid 21.43 21.55 21.71 21.58 . 20.98 21.01
Proline 4.10 4.15 4.11 4.23 . 4.58 4.61
Glycine - 3,98 4.15 3.99 4.26 - 3.68 3.74
Alanine ~ 3.48 3.52 3.46 3.58 3.98 4.00
Half

Cystine 1.25 - 1.10 1.21 1.05 2,02 1.86
Valine? T 4.04 4.22 | 4.05 4.26° 4.62 4.55
Methionine? 1.25 1.29 1.11 1.27 1.16 1.32
Isoleucine®  3.54 © 3:71° °  3.83 . 3.74 4.1 4.37
Leucine 6.69 6.98 6.59 . 6.98 7.87 7.82
Tyrosine 2.73. 2.74 3.00 2.59 3.56 3.43
Phenyla- ' ,

lanine? - 3.89 4.06 3.77 4.01 4.32 5.31
Ammonia 1.78 1.89 1.86 1.76 2.04 1.97

1 - Tryptophan was destroyed and cystine and methionine recovery
was possibly reduced due to acid hydroly51s and presence of
excess carbohydrate.

2. - Essential Amino Acid.
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not perform as well as rats fed the other sources of protein, and that

they would have enlarged pancreases.

Table 35. Trypsin Inhibitor Assay of the Protein Sources Fed to
Weahlipg Rats. Trial II.

Protein Source - Percent Inhibition
Sainfoin - 62
Sainfoin, extracted 10
Sainfoin, autoclaved ' 8
Sainfoin, autoclaved extracted 0
Soybean meal . 0
Raw soybeans, autoclaved extracted 0

During the course of the feeding trial, several rats became
ill, refused food and two rats diéd. An autopsy of one ill ?at.and
one dead rat, conducted By the Animal Health Division, Diagnps;ic
Laboratory at Bozeman, revealed the rats had pneumonia caused by the

organism Proteus mirabulis. It was postulated the rats contracted the

disease during shipping, and their illness was not a résult of the
feeding trial. A #otai of twelvé rats displaying symptoms of pneu-
monia were,rgmoved from the trial.

Significant differénces between diets wexe not.detected for
average daily gain and pro;ein efficiency ratios (Table 36). Rats

fed the autoclaved extracted soybean diet consumed,léss feed (P<.05)




. Table 36. Performance of Rats Fed Sainfoin and Soybean Meal as Protein Sources in
the Diet.! Trial II.
e _ Sainfoin Soybeans
s Sainfoin- - -Sainfoin autoclaved autoclaved
* Measurement Sainfoin extracted autoclaved extracted SBM extracted
No. animals 13 13 - 114 14 & 13 11
Avg initial wt., g  69.0 69.4 68.3 68.8 68.8 69.7
Avg gain, g "1 97.0 90.7 101.6 95.1 100.4 87.6
Avg final wt.; g 166.0 160.1 169.9 163.9 169.2 157.3
Avg daily gain, g 3.56 3.34 ‘3.71 3.43 3.67 3.02
Avg daily feed, g '13.42 a® 13.54 a 13.98 a 14.11 a 13.08 ab 12.16 b
Avg feed/gain ratio 3.82 ab 4.10 a 3.77 ab 4.12 a 3.58 b 4.08 a
' Avg PER® . 1.31 -1.27 1.30 1.22 1.37 1.26

l - Least sguare means.

2 - Protein efficiency ratio.

‘3 - Means in the -same .line followed by different letters differ significantly

(P<.05).

L9
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than did rats fed the four sainfoin diets. Significant differences in

feed consuﬁption between SBM and the four sainfoin diets.were not de-

tected. Rats fed SBM had better feed efficiencies (P<.05) than rats
fed extracted sainfoin, autoclaved extracted sainfoin and autoclaved
extracted soybeans. There were no differences in feed efficiencies of
the ratslfed the four sainfoin diets, or between those fed the four
sainfoin diets and autoclaved extracted soybeans. Rats fed sainfoin
and autoclayed sainfoin utilized their feed as efficiently as rats
fed SBML

These data indicated there were no differences in food value
fo£ weanling rats between the four sainfoin diets, and that they were
equal to SBM in terms of average dai;y gain, ave;age daily feed con-
sumea and protein efficiency ratios. The autoclgved ex@racted soybean
diet appeared tq have the poorest feeding value. It is possible that
autoclaving the soybeans at 107C for twé hours had a detrimental ef-
fect, althpugh it did not appear to affect the feeding valug of sain-
foiﬁ seed (23).

Pancreas weights of a random sample of five rats fed-each
diet indiqaﬁed the trypsin inhibitor in éainfoinhdid not enlarge the
pancreases”(Table 37). Significant differences_in'panc;egs yqe;'.ght~
were not .detected between rats. fed sainfoin, autoclaved sainfoiﬁ, SBM

or autoclaved extracted soybean. Rats fed ektracted.saﬁnfoin and
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autoclaved extracted sainfoin diets had larger panéreases (P<.05) than
did rats fed raw sainfoin. No explanation may be given for this ef-
fect. These data indicated the-trypsin inhibitor in,sainfoin does not
cause hypertrophy of the pancreas or decrease the feed value as is

the case when raw soybeans are fed.

Table 37. Pancreas Weights of Rats Fed Sainfoin and Soybean Meal as
Protein Sources in the Diet. Trial II.

Ration Pancreas weight, g¢
Sainfoin ‘ .7599 bt
Sainfoin, extracted . .9188 a
Sainfoin, -autoclaved . .- 8092 ab
Sainfoin, autoclaved extracted .9516 a
Soybean meal . - o 18022 ab
Soybean, autoclaved extracted - SRR .8111 ab

1l - Means in the same column followed by different letters differ
significantly (P<.05).

Trial III *

The purpose of Trial III was to substantiate the findings of
Trial II, and fo determine if autociaving sainfoin for two hours at
107 C had éidetrimental'éffect on its feeding value. A casein diet

was incldded.invthis trial as'a control.
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Extracﬁed sainfoinﬁﬁéd'less c;ude protéin tﬂan sainfoin

(Table 38). fhé léwex crude protein content of extracted sainfoin was
due to its high moisture content. Crude protein én a dry weight basis
for sainfoin and extracted sainféin was 37.7% and 38.9%, respectively.
Ether extract determinations ggain revealed that autoclavéd sainfoin
seed had more oil than sainfoin seed which had not been autoclaved.
Extracted sainfoin had 3.26% oil as compéred to 0.86%.oil in Trial II.
The procedures used to remove the -oil were the same in both trials,
and the reason for the discrepancies in oil content in Trials II and

IIT is not known.

Table 38. Chemical Analyses of the Protein Sources Fed to Weanling -
Rats. Trial III. (%) ' h '

Ether’

Protein Source H20  Protein extract Ash . Calcium Phosphorous
Sainfoin 4.37 36.03 . 6.57. . 3.76 0.16 0.50
Sainfoin, extracted 11.82 34.29 3.26  3.11 0.15 - 0.45
Sainfoin, ' ' ' '

autoclaved 1 hr 4.95 36.01 9.28 3.86 0.14 0.46
Sainfoin, o '

autoclaved 2 hr -7.98 34.69 . 9.02 - 3.75° 0.15 - 0.45
Casein _ 7.46  86.27  0.26 - == -

Soybean meal 9.00 46.11 1.38  6.30 0.50 0.76
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Amino acid analyses of the six protein sources are in close
agreement with those found in Trials I and II, and substantiate the

similar essential amino acid composition of sainfoin and SBM

(Table 39).

Table 32. 2mino Acid Composition of Protein Sources Fed to Weanling

Rats in Percentage of Protein Recovered.” ' Trial III.
Sainfoin Sainfoin
. Sainfoin autoclaved autoclaved

Amino Acid Sainfoin extracted 1 hr 2 hr Casein® SBM
Lysine ® 6.35 6.06 6.02 5.76 7.74 6.52
Histidine®  4.16 3.98 3.93 3.85 2.77  2.47
Arginine 3 11.76 11.75 11.50 11.27° . 3.76 7.45
Asparatic . .
‘Acid 11.08 10.83 11.18 11.45 6.64 11.80
Threonine®  3.62 - 3.83 3.64 3.82 4.20 3.87
Serine 5.14 5.43 5.13 5.18 5.75 4.76
Glutamic

Acid 20.82 20.46 21.01 21.13 21.46 20.54
Proline 4.29 4.69 4.42 4.36° 10.29 5.03
Glycine 4.26 4.58 4.28 4.39 1.66 3.80
Alanine 3.62 3.83 3.64 3.67 2.54  4.11
Half

Cystine - - - : C—— .55 0 --
Valine ? 3.89 4.28 3.92 3.96 7.52  4.77
Methionine® 1.04 1.30 1.49 1.80 2.99 1.04
Isoleucine® 3.45 3.75 - 3.50 3.63 6.31 4.60
Leucine ® 6.56 6.99 6.62 6.84 9.51 7.77
Tyrosine 2.91 2.90 2.90 2,77 5.20 3.48
Phenyla- .o

lanine® 3.95 4.20 3.93 3.99 5.09 5.22
Ammonia 1.99 2.26 2.09 2.12 - 2.56

1 - Tryptophan was destroyed, only a trace of cystine was recovered
and the methionine recovery was possibly reduced due to acid hy-
"drolysis and presence of excess éarbohydrate.

2 - Data obtained from the Atlas of Nutritional Data on United States

and Canadian Feeds
3 - Essential Amino Acid. -
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The trypsin inhibitor assay indicated raw sainfoin had the
highest inhibitory activity with.51% inhibition (Table 40). The inhib-
itory activity in extracted sainfoin and one hour autoclaved sainfoin
was 44% and 15%, respectively. Sainfoin which had been autoclaved for
two hours, casein and'SBM did not exhibit any inhisitory activity.
These data indicate that heating raw sainfoin greatly reduces or elim-

inates the activity of the inhibitor in raw sainfoin seed.

Table 40. Trypsin Inhibitor Assay of the Protein Sources Fed to
Weanling Rats. Trial IIZI.

Protein Source Percent Inhibition
Sainfoin i 51
Sainfoin, extracted 44
Sainfoin, autoclaved 1 hr . 15
Sainfoin, autoclaved 2 hr ) 0
Casein
Spybean meal ' _ _ 0

During the course of the trial, eight rats contracted pneu-
monia and were removed from the experiment. Rats fed sainfoin seed as
a protein source galned as well as rats fed casein and SBM, utilized
their feed as eff1c1ently as rats.on SBM, but did ‘not utlllze their
profein as efficigntly as rats.fed either casein or SBM (Table 41).

Rats.fed .the two autoclaved sainfoin diets.gained as well as rats fed

13
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sainfoin, but did not utilize the.feed as efficiently. The performance
of rats. fed extracted'Sainfoin waé the poorest of any of the rations.

These data indicate it is not necessary to heat or extract the
oil.from sainfoin seed to obtain maximum feeding value. Processing of
the seed, particularly removing the oil, appears to have a detrimeﬁtal
effect..

There weré no differences in pancreas weight due to diets
(Table 42). Performance and pancreas data indicate the inhibitor in

sainfoin does not decrease the feeding value or result in hypertrophy

of the pancreas, as is the case when raw soybeans are fed (Tables 41

and 42). ' .-




-.Table 41.- Performance -of Rats Fed Sainfoin Seed, Soybean Meal and Caseln as- -Protein

Sources in the Diets.! Trial IIT.
Sainfoin Sainfoin
e L - Sainfoin autoclaved:- autoclaved
' ‘Measurement" Sainfoin  extracted 'l hr 2 hr- Casein _SBM
No. animals =~ 8 8 8 » 10 9 9
Avg initial wt., g U725 73.5 < 72.6 72.2 72.3 72.0
“Avg gain, g - -~ 89.7 77.6 82.8 84.8 -90.8 96.0.
.‘Avg final:wt., g ©162.2 .151.1 .. 155.4 156.4 163.1 168.0°
- Avg daily. gaih, g 3.28 ab®  2.80 ¢ 3.04 be 3.04 be 3.32 ab 3.44 a
- .Avg daily feed, g ©.14.74  14.59 14.47 14.14 . 13.29. 14.61
“Avg- feed/gain ratio "4.48 bc 522 e 4.76 d - 4.69 & 4.000a  4.26 b
' Avg:PER® . . .o . ©1.94 ¢ 1.68 d 1.90 cd 1.89 cd 2.24 a2 .2.09b

1 - Least square means.

'2 - Protein efflclency ratio.

" 3-- Means in the same  line- followed by different letters dlffer significantly.

T
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Table 42. Pancreas Weights of Rats Fed Sainfoin, Soybean-Meal'and

75

Casein as Protein Sources in the Diets. Trial III.

ﬁation

Pancreas Wéight,.g

Sainfoin

Sainfoin, extracted
Sainfoin, autoclaved 1 hr
Sainfoin, autoclaved 2 hr
Casein

Soybean meal

.7542
.6411
.6706
.7144
.9173
.8083

b
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SUMMARY AND CONCLUSIONS EXPERIMENT II

Oné sQine.aﬁd two rat feeding trials were conducted to evaluate
sainfoin seed as a source of p?oteiq ﬁor monogastric animals. Chemical
and amino acid analyses revealed sainfoin has approximatély 36% crude
protein, and its essential amino acid'composition is quite similar to
SBM. Perfofmance data dindicated weénling pigs performed better‘on SBM
than on sainfoin seed; however, weanling rats on 20% protein diets
performed equally well on sainfoin and SBM. When the protein content
of the diets was restricted to 11l% protéin, weanling fats on.sainfoin
gained as well és rats fed SBM and casein, utilized their feed as well
as rats fed SBM, hbweve; they did not utilize‘the‘protein quite as
gfficiently_as rats fed SBM or'casgin. The.rat dataxindicated the pro-
tein in sa?nfoin is of'hightquality gpd,shdwg promise as a protéin‘.
suppleﬁent. The duration of the weanliﬂg pié tria;ﬁmay have been too
short to aqu;ately‘eyaluéfe sainfoin seed as a protein supplement
£for swine. gifeedipg frial with weanliné pigs fed to mgrket weight
should be conducted.

signifiqant differences between animals'feq“sainfoin anq ex-
tracted sainfoin diqfs.ﬁe%e not detected in ?rials_I aqd“I;,;'In
friaI‘III,.rats fed éxt;acteé‘sainfoin seed did not perform ;s;&gll as
¥aps fed sai§fbin'in whichzthg oil had not been removed. fhése data

indicate it is not necessary to remove the oil from sainfoin seed to




I

77

obtain maximum feeding value, and in some cases'removal of the oil
may be detrimental. |
| The assay for trypsin inhibitor revealed that raw saiﬁfoin was
high in inhibitory activity, and that this activity was drastically
reduced or nullified when the seed was autoclaved. Performance and
pancreas déta, however, indicated the inhibitor did not have a detri-
mental effect on the feed value of sainfoin, and the pancreases from
rats fed raw sainfoin were not enlarged. Thus, it does not appear to
be necessary to inactivate the inhibitor to obtain maximum feed value,
as is the case with soybeans. The amount of inhibitor in the seed is
not known. It is altogether possible there is not enough inhibitor
present to be detrimental, or that it is destroyed in the gastric
region of the intestines.

These data indicate sainfoin seed shows promise as a protein
supplement, and its ppssible use for this purpose should be further

investigated.
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