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Sweetolover has become increasingly ismportant as a
forage and green manure orop. The mein objection in recent
years %o sweeSolover is i%s coumarin content, identifisd by
& swest odor and bitter taste, making it less desirable to
fara animels. When sweetolover hay spoile, the coumarin is
converted into dlcoumarel which ig toxis to animals, espe-
elally to rusinante. W%hen ingosted this may oause internal
and/or external hemorrhages.

Successful erosses between Melilotus alba (biennial
white sweetolover) and NMelilotua dentats (Banat sweetclover)
have been made by Dr. W. K. Suith, University of Wisconsin,
ereating a hybrid possessing the low coumarin factor of
Banat sweetolover. Seeds from these low ccumarin hybrids
have been relesged to plant breeders in the United States
and Canada, but the important problem of breeding for local
conditions and other desireble agronomic characteristics
(See Flgures 4, 5, and 6) still remains.

One eoriverion for suweceas of new varietiss to be pro-
duced will be she retention of She low coumarin faotor.
Several tissue tests have bsen deviged for use by plant
breeders. Olatensek and Washburn (1944) devised a rapid
fluorometric method which 1s quite satisfsotory for detect-
ing coumerin in tissue, dut plants still have to be grown



before the teat can be made. This necessitates carrying
many plants containing genes for high coumarin. If an
adequate seed test for coumsrin could be provided, 1t would
greatly speed up a breeding program. If, for example, a low
coumarin annual sweet%olover was the goal of e plant breeding
program, it would be possible to eliminate approximately
three-fourths of the seed profuced from a oross of the Fy's
resulting fros an annusl high coumerin plant and a biennial
low coumarin plant on the coumarin feotor slone (only one
faotor is involved). This would reduse the amount of green-
house space needed and the need of transplenting unwanted
seedlings into the field. Congideradble saving of time and
noney ¢ould be effected by proper use of an sdequate seed
test. Howaver, no repid and reliable seed teat for coumarin
has yet been deviged. Roberts and Link (1037) reported a
sioromethod of deteoting coumarin in seeds and green %tissue.
It vas slovw and difficult to perform under ordinary condi-
tions and destroyed the seeds in the testing process. Their
teat d1d explain that coumarin in the seed is ususlly held
in bound form, l.8., %ied wp in glucosidic compounde within
the seed. It teakes one hour and s minimum temperature of
40 degrees C. to relesse the bound coumarin (Roberts and
Link, 1037). Heating the tissue in strong alkall solutions
for 1.6 hours will also relesse most of the bound coumarin
in plant tissue.

The objleotive of this research is to devige a method of
teating seed for coumarin content which is simple, rapid,



inoxpensive and reliable; yet will leave the seed viadle
after sampling. The present methods of seed testing will be
evaluated and modified to obtain the objective. The geed
test that is seleoted will be checked for scoursay by grove
ing the geeds, then testing the Siasue of the plants
produced thersfrom.



REVIEW OF LITERATURE

Sweetelover occupies a prominent place in Aserican and
European agrioulture despite a few obvious drawbacks. Oute
standing among these is the presence of coumarin, which
cauges sweetolover to be less palatable to anlmals. Sweet-
glover also causes bleeding in eattle and sheep, especially
when they are injured or operated on after eating this
forage. When fed spolled sweetolover hay, bleeding may be
80 gevere as to cause death from either internal or sexternal
hemorrhaging. This condition has been called "Sweetclover
disease” or the "Bleeding disease®. Other names may exist
in other localities. Stevenson and White (1940) reported
that coumarin is also respongible for *Melilot taint® of
wheat in Canada which has caused thousands of bushels of
wheat to be rejected for use as flowr.

Coumarin is used extensively in the perfume industry
because of its sweet odor. Formerly extracted from "Tonka
beans", 1t is now produced syntheticelly from salicylalde~
hyde, sodium acetate and acetio anhydride by the Perkins
reaction. Coumsarin shows little reactivity with acida, but
reacts with most basle ione to form coumarin salts.

Roberts and link (1937) first isolated coumarin in
sweetolover. In 1941, Campbell and Link reported the
isclation and erystallizasion of dicoumarol from spolled
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sweatolover hay. They isolated the compound from exXperimen-
tally produced spolled hay as well as from hay that had
actunlly killed ocattle. Dicoumarol is the result of two
coumarin moleoules uniting through mierobial sotivity. Used
extensively in mediocine and veterinary practices to reduce
the clotting power of the blood, the compound is also used
as an effective rat polson. Oilogly (1982) reports that
rats are unable to deteot the presence of dicoumarel in the
poisoning egent “Warfarin®' (formerly ¥W. R. F. H. 42), a Srade
name for a dicoumarol product developed at the University of
Wigconsin by lLink (1850). |

The resotion of cattle and gheep So coumarin and di-
cousarol is quite similer, but it takes considerably less
dicoumarol to get the same resction im the snimals. Approxe
inately fifty grams of spolled sweetolover hay containg l.8
grams of dlcoumarcl which is sufficient to cause "Sweetolover
digense®. Removing the animals from sweetolover pasture and
hay will relieve the symptoms of the disease.

Dicoumarel changes the ability of blood capillaries %o
retain the blecod and alse inoreases the prothrosbin time.

In Germany Kuschinsky and Ludwig (1980) by injecting dicouma-
rel inte mice reported that during the first seven hours a
definite inoresse of blood-vessel permesbility was noted.
After eleven hours the prothroabin time was almoat always
increased while permeabllity in most cmees was no longer
high. They conoluded that dlccumarcl has a repld effect on
blood-vessel permosbility unrelated to 1ts effests on



prothrombin time. Injection of vitamin K is an effective
eontrol measure for bleeding animals. Recovery may be
effected by intravenous injeotions of defibrinated blood
(8500 to 1000 o) of normal bovines. This may oure animals
even after they are down. In some oseges it may be practical
to give a blood transfusion direetly %o the siock animal. In
all cases removal from sweetolover hay and pasture is essen-
tisl. PRuminants are far more susceptible than non-ruminants
to the effects of dicoumarel. Hon-ruminants digest thelr
food in & reverse sanner to ruminants and the effeots of
couparin and dicoumarel are not felt seo severely.

While chemists and veterinarians were having asome
success with chemical isclation and control methods, plant
breeders were not quite so fortunate at an early date. Many
investigators reported that some speclies of lo¥ coumarin sweel-
oclover existed and were possible sources of breeding stock.
However, almost all attempts to hybridise species of gweet
clover met with 1ittle success. Hatural orosses between
Nelilotus albs and Melilotus officinalis had been observed.
Eirk (1929) obtained one natural cross from 11,400 orosses.
He planted a row of white-flowered sweetclover and surrounded
them with 10 varieties or species of yellow-flowered sweet-
clover. The one My hybrid had intersediate flower color.
Greenhouse experiments by Stevenson and Xirk (16834) failed
to profduce any viable geed from 9,000 orosses between
E. 2lbs and ¥. officinallis, Orosses between K. glbs and
Eslllokus sauveolens were quite successful and some Py



hybrids were grown. They obgerved that pollination and
fertilization took place vhen speclies of Melilotus were
orossed but in a short time the embryo aborted. Apparently
the esmbrye was incompatible with the maternsl tissue sur-
rounding it. By removing the lmmature eabryos from the
paternal tlssue and culturing in nutrient sger sclution,
they were able %o prolong embryo life. PFirst offered as a
poesible method of obtaining successful interspeoific
erosses in Melilogtus, this later beoame an important teche
nique in cbtaining low coumarin yellow sweetolovers by
interspecific orosses (Webster, 1654). At the seme time
that interspecifioc crosses vere beilng aade, Shey tried
intergeneric orosses between Melllotus and Medicago,
Eelilotus and Irigonella. None of these crosses produced
any results applicable %o a gweetelover breeding program.
Schrook (1948) in Germany spent severel years looking
for mutant types of gweetolover with a low or free cousarin
factor. He reported that two species of sweetolover,
Melilotus dentate (Banat sweetolover) and Melilotus
gessanensig were low in coumarin. However, they were of
little agronomie value and produced ohlorophyl defiocient
hybrids when orossed with ¥. alba (blennial white sveet-
clover) or B. gfficinslis (yellow sweetolover). These
hybrids 1ived only eix %o fourteen days. Sohrook continued
his investigstions for a low coumarin sweetclover, testing
hundreds of thousands of seeds with a miorotechnique. In
this method, a2 slioce of cotyledons from each geed wag mounted



oh a microscope slide and bathed in ammonia vapor for a
short time. After removal 1% was teated for fluorescence
under a fluoresocent mioroscope. The presence of a greenish-
yellow fluorescence indicated coumarin, while & faint or
lack of fluorescence indioated low or no coumarin. All his
results in this program were Gestroyed by bombing during
Werld ¥ar II.

In Canada, Stevenson and White (1940) investigated
numerous species of sweetelover, looking for low coumarin
stosk. They found a great deal of variation in the coumarin
eontent of gweetolover. Some varieties and specles varied
greatly with the amount of coumarin held in a bound form.
White and Homer (1940) then attempted to seleot for a low
coumarin straln using straing of blennial white sweetolover
as the source of variation. They found 2 strailn whick had a
lov coumarin test, but later it wes discovered that the
coumarin was held in a bound form. (This ie the first re-
ported cage of bound coumarin in the plant.) The strain
was aotually high in coumarin when tested by a modified
fluorometric test (White and others, 1962).

In the United States, Roberts and lLink (1937) reported
a rapid colorimetric method for testing seed and green
tissue of MeliloSus spp. for coumarin. They determined that
seed contained coumarin, usually a little higher percentage
than the plants, and that it wag held meatly in & bound
form. From thelir conclusions it wag determined that all
previous geed tests based on aloocholic or stess extraection
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methods were inacourate (Clayton and Larmour, 1938; Duncan
and Dustman, 1937). Previous tests had falled to consider
the bound coumarin in seeds or plant tissue. Ascording to
Campbell and Link (1837), it takes one hour at 40° C. for
the enzymatic relesse of bound coumarin prior to extraction.
Later methods (Zlatensek and Washburn, 1944; White gt al.,
1952) eliminated this enzymatic release period by using
strong alkali solutions to effect coumarin release in plant
tiesue.

In 1943, ¥. K. Saith orossed }. dentats with N. albe
and found the usual chlorophyl deficient hybrids that others
had obtained. He then eleft-grafted the Py hybrid seedlings
onte mature one year old plants of J. gfficinalis and
E. glba. Plants were first prepared by cutting top growth
back and potting the plants from the fleld toward the end of
the first season of growth. They were then held in a
slowly-growing condition at a lov temperature and after o
fev days were brought into & wars greenhouse. The shoots
were allowed to grow approximately six inches, then she
distal one-quarter of a shoot was removed Just above & node
and discarded. The remsining portion of the stem was split
longitudinally about half an inch and the pith of one half
gouged out. The seedling to De grafted was dug, out at the
base of the hypocotyl and a thin slice removed from each
side leaving the hypocotyl blunt and wedge-shaped. The
seedling was then ingerted inte the cleft of the plans,
matohing cambiums. The stems were tied with a soft thread
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to maintain the contact. All grafts were shaded until the
solons were established. A few of the grafts were success-
ful with the defeotive seedling produeing chlorophyl and
eontinuing leaf, stem and flower development. The Py
hybrids were self sterile, but seeds were produced by bagk-
crossing the hybrid with M. alba using alba as the pollen
plant. .

This ploneer cross ies the source of all low coumarin
sweetclover now used for plant breeding in the United States
and Canada. Once the dominant gene for high coumarin was
eliminated, 1t became easy to maintain genetical purity
beocause the hybrid does not cross resdily in the field with
other speocies of sweetelover. Some genetical incompatibil-
ities are still found within the hybrids and some are
drastic enough to cause death of the plant.

Homer snd White (1941) and Schrock (1948) working on
the genetics of coumarin reported that high coumarin was
inherited as a single dominant factor. In 1948, W. K.
Smith reviged the concept of the genetiocal inheritance of
coumarin. His results indicate that coumarin is inherited
through two factors. One gene ghows high coumarin dominant
over low coumarin. In absence of this genetioal factor the
coumarin content is reduced from spproximately 2.5 percent
to 0.5 percent (influenced by environment). The other gene
appears to have no dominant allele and reduces the coumarin
content to 0.1 percent. The interaction of these two
genetical factors make M. m comparatively free of
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coumarin., However, the seeds of M. Jentatn are known to
contain some coumerin. No sweetclover varieties or specles
are known to be fres of Doth genetical factors. It is not
important from the plant breeding point of view, however,
beoause removal of the high coumarin gene is sufficlient to
make sweetolover safe and palatable %o animals. Coumarin
is considered sufficiently low when not more than 0.0 percent
is found in green plants.

¥Webster (1084) reported that he has been able to devel-
op a low mg yellow gweetolover by orossing Smith's
low coumarin strains with ¥. pfficinalis. The esbryo is
renoved from the saternal tissue and growth continued by
culturing in sterile nutrient solutions. This removed the
maternal Sissue which csused the esbryo to abert. Ee hopes
to be able to release a few of these orosses to cther plant
breedera in the near future.

Many of these new low coumarin releasses will entail
further orossing with other loecal high coumarin varietics
to galn certain agronomic characteristics; l.g., annual
habit, disease resistance, ete.

A seed test for coumarin will be devised %o reduce the
necessity of growing and maintalning the numercus progeny
of the Fy selfs and orosses. Such a test would eliminate
approxisately Shree-fourths of the geeds tested on the
counarin factor alone (enly one faotor is involved). The
sample taken from each seed would have %o be small enough
to allow them to germinate and develop normslly. Only &
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small cousarin-besring semple is needed when treated with
NaOH to form & fluoreseing sodium salt of coumarin. A small
portion of the sotyledons from each seed could be removed
and tested, leaving eaoh seed viable for planting.

However, no teats have determined if 1% is possible %o
prediot acourately the coumarin inheritance of 2 plant from
an individual geed test. Also to what extent such individ-
ual seed tests will correlate with plant tissue tests for
coumarin is not definitely known. To answer these questions
an experiment based on Aindividusl geed tests for determining
coumarin content will be earried out.



METRODS OF PROCEDURE
Hethod 1
The first sethod attempted for the seed tegts was that
outlined by Schrock (1948) in Germany. He used a mioroscope
technique. A slice of the cotyledons of each seed was
treated with ssmonis vapor for s short time and observed
under a fluorescent sicroscope. The geeds that contained
coumarin flucresced a bright greenish-yellow, those of no
or little coumarin showed no or little color. However, when
an ntu@t was made to repeat this test with seeds of known
low and high coumarin inheritance, it proved diffioult to
note differences. All seed samples fluoresced but the
quantity of fluorescence was diffioult to measure or cbserve.
His article gave no time limit for bathing the samples in
apmonia steam and did not indicate the Stype of light used on

the mioroscope.
Keshed IL

The next method wasg dased on the sams principle as the
test of Slatensek and Washburn (1944). Thelr test was one
in whioch a sodium salt of coumarin was formed by heating &
specified amount of NaOH with coumsrin-gontaining tissue of
sweetolover. The plant tiseue could then be rated by read-
ing the semples under ultra violet light, where a greenishe-
yellow fluorescence indicates coumarin or a red color in-

dicates low coumarin. The samples could slso be rated
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quantitatively by use of a Coleman flucrometer and a set
of standards.

Thie test was modified so that geeds could be tested
and their coumarin content detersined without destruction of
the seeds. There was, bowever, no chlorophyl in the aceds
to give the contraasting colors as were obtalned in the
tissue test. Another feature of geeds is that they all con=-
tain some coumarin. This necessitates the addision of
chlorophyl in some form %0 overcome the lack of color var-
fanoe in the seed test.

The teat was set up to utilisze only a small part of
each geed and then allow the balance to develop into a
sature plant. Thus, 1t was hoped that we could determine
the coumarin content of each geed and keep only those of
known low coumarin for a& breeding progras.

Ercoedure

One thousand seeds wers chosen from two sources. Three
hundred and thirty seels were selected from & etrain of
Kelilotus albe annua. called *Floranna®, which has known
high coumarin content, and seven hundred and seventy seeds
represented orosses of Dy, W, K. Smith. The latter seeds
represented the Fy generation of the original M. alba and
M. dentata oross. Some contsined the low coumerin and some
the medium coumarin factor,

All the geeds were placed in a jar, shaken thoroughly
and each seed drawn at random from the whole. The geeds
were Soo hard to sut directly, necessitating softening thea
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with water. A square refrigerator dish was placed upside
down in & pan of water. A paper towel sosked in water was
piaced over the dish with a geotion tralling in the water
to aaintaln a source of molsture for the seeds placed be-
tween two large filter paper pads on the towel., Thres %o
five hours st room Semperature (26° 0.) was sufficient time
to start releage of the bound coumsyin in the geeds and to
goften seed cont for outiing. If 1t beomme nesessary to
stop outting, the tralling seotion of the towel was removed
from the water. Drying of the seeds seemed to have little
effect on subsequent swelling and gersination. IV was dig-
sovered later that many of the seeds ressined hard even in
the presence of molature. This made 1% necessary to soarify
spproximately half of the seeds by placing thea in concen~
trated gulfuric acid for three minutes, draining the aeid
- off, and washing the seeds with water. This ceused most of
the resaining geeds to swell. It was best not So let the
seed ocoat begome ruptured before cutting the cotyledons.
iIf ruptured seeds were found, it beoame nooeseary to digsect
those seeds imsediately or Shrow Shem away. Even with
soarification a few seeds falled So swell, making 1t neo-
essary to sdd two hundred more seeds to the experiment from
the original sources.

To faollitate ocutting of the seeds, they were placed
under a portable hand lens supplied with a light. Using a
soalpel each seed was digssected, removing the tips of the
cotyledons at approximately the gsme plase. The seed coat,
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representing maternal tissue, wes removed at this Sime so
that the test would indicate only the coumarin content of
the embryo. The slices of cotyledons were plaged in nume
bered test Sudbes. The remaining portions of the geeds were
transferred %o a soll spot plate which was numbered in a
corresponding menner. The spot plate had been prepared by
filling each apot with water and adding a plece of filter
paper %o buoy up the seed. After rilling each spot plate
with dlssected seed, At was covered with a molet paper towel
to prevent the seeds from drying out and kept in a molat
wara place for at lesast one day before planting.

Two nl. of 2.5 N NaOH and three mg. of siredried
alfalfa leaf tissue were added to the seed samples in the
test tubea. (Earlier tests had been tried without adding
alfalfa leaves for a souree of chlorophyl but diffioulty
was encountered Srying to read the results.) The Sest tubes
were then placed in reacks which were put into a gontrolled
vater bath for 1.5 hours at a temperature of 94° C. After
removal from the water bath, the samples were taken into a
dark room for reading under a Burton ultrs violet black
light. (A lamp sealed against visible light alde acouracy
in reading.) The gamples were set in the direot rays of
the lamp for at least five minutes before reading. VWhen a
sanple fluoresced a bright greenish-yellow, a rating of high
coumarin wag marked against the seed number; Af the sample
showed a red fluorescence, & mark of low soumarin was put
by the number. Any sample showing intermediate colors was
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given a definite mark of elither low or high coumarin by a
comparative sethod. Later low coumarin plus and high ocou-
marin minus ratings were given. Only two definite ocatego-
ries were maintained for statistiocsl analysis.

After eanch sesd had been nuabered and gersinated on
the spot plate, 1% was planted in espeoially prepared flats
vith paper enclosed soll sections. One geed was placed to
& section, each flat contalning 540 gections. The seeds
vere covered with vermioulite and sand, then watered as
often as was observed %o be necessary.

In about eight weeks (See Figure 7) the young seedlings
had reached suffiolent size %o be sampled. Not all the
seedlings survived, as damping off and other causes reduced
the number te 710 plants. From each seedling a sample of
three or four trifoliate leaves Was removed, sir-dried and
wvelghed. A twenty mg. sample was tested by using a modi-
fied, rapid fluorometrio method (¥hite g% al., 1952). The
results of the two tests were then compared, using the
plant tissue test as the standard,
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RESULTS

Chi-square analysis of seed and plant Sissue tests

Plants 1 B 8 4 ] 6 7 8 Chi-aquare

85 32 14 18 21 2 10 23 18 4.8 *
100 49 8 1 42 28 R6 22 22 68.0 *%
100 4 4 B 456 27 26 8¢ 28 7.7
‘100 67 2 &5 2 48 21 22 ¢ 8l.28 »*
100 88 1 6 36 38 21 826 16 71.6 %
100 62 4 £ 32 4 R 22 12 70,7
100 62 8 3 BY 4 24 20 MO 88,0 W

25 2 9.9 W @» 8 6 10 25.0 **
28 366 27 17 286 229 184 144 98

in, nts and seeds. -
2. Low coumarin planta; bigh coumarin seeda.
3. High coumarin plants; low soumarin seeda.
4 goumarin, plants and seeds.
B. culated vniu for oolusn 1.
6. Caloulated value for column 2.
7. Caloulated value for column 4.
8. Caloulated value for solumn 3.

® This chi-square valus i¢ significant but was not
included in the totals because of faulty technique.

*¢ These values are hi significant and indicate
that the relationship between the two teats is
slosely sorrelated.



DISCUSSION AND CONCLUSIORS

The experisent was conducted, ocomparing a new geed
teat for coumsarin against a rapid plant tissue method. In
the Sests it proved to be a disadvantage to separate the
seeds into two categories by visually predicting either
high or low coumsrin. The geeds registering a vivid
greenish-yellow or red fluorescence were sasy to distinguish
between, but the interamediate group was hard So separate
with acouracy (See Figure l). Any future Sests should in-
olude at least a third, or intersesdiate, classification.

Before the test vas started, correspcndence with
¥r, J. E. R, Greenshields, Cansdian Depsrtauent of
Agriculture (1964), suggested that I try adding a given
amount of chlorophyl to eash seed sample. This suggestion
aided greatly. Without chlorephyl, all seeds indloated
some greenisheyellow fluorescence and the only way to rate
them was by comparison. An all-green color range proved
to be diffioult to read (fee Pigure 3). OChlorophyl obsoures
the light green colors and gives & contrasting red color
which ailde greatly in reading samples. Doubling the amount
of chlorophyl (See Figure 2) geemed to have 1ittle effect
on Just how much coumarin could be masked. Trial and error
procedure later indiocated that spproximately eight mg. was
an adequate amount of alfalfa leaf to add for good vivid



Figure 1.

feed test with added mmnn showing _
fluorescent colors devel | under ultra vioclet
1ighs; low coumarin on the left, intermediate
in m nls;gl‘c and hig 3‘1&‘ ri .§; mwlou
on the » ear gree yellow
rather than ui?‘ blue in the photograph.

Printon gr&nt {14 ssconis at b m.0.) from an
Angoo Color transparency (F 4 at 7 minutes).



Figure 2.

Fluoresoent oolores developed when testing the
coumsrin content of sweetolover seeds showlng
the effect of adding nrn:!rmtmn of chloro-
phyl in the form of dried sifa leaves. In
each series of three test tubes, that on the
right received no ohlorophyl, the center received
S mg. and that on the left received 6 mng.

Printon print (14 seconds 2t 6 m.c.) from an
Angoo Golor transparency (F 4 at 7 sminutes).



Figure 3.

Fluorescent colors developed from sweetolover
seeds. Left palr high coumarin, middle palr
intersediate coumarin and right pair low
;mmsﬂ.:. n:; “’g::. tube of ¢ . *p% r:mhng

g. of supplemental chlorophyl in ors o
ar& aifelfa leaves.

Printon print (14 seconds at 6 m.c.) from an
Angee Color Sransparency (F 4 at 7 minutes).
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red colors. One mature slfalfa leaflet weighs approximately
eix to eight mg. and made a suffioclent amount to add. This
smount proved slightly better than the three mg. added in
the tests previocusly sonducted.

In teating the firset elghty-five seeds, it was dis-
covered that suffiolent time should elapse in the dark room
for the reader's eyes to 2djust %o the darkness. The trays
of test tubes should algo be exposed to the ultra violet
light reys for at least five minutes so that all the ocou-
marin can be thoroughly fluoresoed. Yoo early readings led
$o the elimination of the first eighty-five seeds Sested
from the statistical analysis. Experience in reading the
colors aids greatly in obtaining acourate resulte.

In the experiment 1030 seefis were tested; 710 lived
and were oheocked by the plant tissue methed for coumarin.
Reducing She incldence of damping off could inoresse the
ratio of livable plants obtained from seeds tested. The
sotual outting of the seed made 1t Aimperative that the sesd
be germinated and planted within & relatively short time.
Removing part of the cotyledons seemed to have little effect
on germination or subsequent growth of the seedling.

This new seed test can measure the coumarin content
of the seed with good acourasy. The seedls can then be
germinated, planted and grown %o maturity. Any seeds faile
ing to germinate properly can be digoarded.

The chi-square value obtained demonstrated a close
relationship between the seed test and the plant tissue
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test for coumarin. The high or low coumarin content pre-
dlotion of the seed test gave results closely sllied %o
those of the later plant tissue test. (Removal of the seed
coat from the seed semples eliminated any possidility of
saternal influence upon the resulta.) At present this new
seed test represents a quick, socurate methed of predioting
sousarin content withous destruction of the geed.



Figure 4. mu» lx-ﬁ) and mo t) Py

mﬂll risent

Station, 1054,
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W B8 'w Vare
Utah Experiment Station, 1054, .




Pigure 7. W sweotolover seesdlings produced
from tested geed. Muna'.t this
agm sampled for plant tissue cousarin
fe



l. Regearch was initiated to develop a Sechnique for
deteoting coumarin in seeds of Melllotus snp. without
destroying seed viablility. Existing methods were studied,
evaluated and any helpful points utiliszed in gaining this
goal. The method devised was cheocked Dy running a plant
tigsue test for coumarin on the plants surviving seed
sampling.

2. One thousand thirty seeds were disseoted and
sagples tested for coumarin. SHeeds were gosked in water at
reon temperature (26° C.) for 3 to 5 houwrs %o start release
of the bound coumarin in the seeds and to soften the seed
coat for ocutting. Uash ssmple had the seed coat removed
to eliminate possible maternal influences while deing Sested.
Two ml. of 2.5 N NaON plus three mg. of alfalfa leaf ware
afided to the samples. The samples were then read and rated
under a Burtorn ultra violet black light (shielded against
visible light) in a dark room. The resaining portion of
the geed was germinated, planted and grown to sufficient
size for & sample of twenty mg. of leaf Sissue %o be removed
for testing. Seven hundred ten plonta grew and matured out
of the 1030 seeds planted.

3. The results indicated that the seed tests and plant
tissue tests for coumarin were highly correlated. Some of
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the seed tests veried from the results of the plant tissue
test, but sufficient error was not inourred to be serious.
Reading the seed samples under ultra violet light requires
more experience than reading plant tissue Sests booause of
the greatey variability of the color range and the nedessity
of walting for the fluorescence So develop.

4. Digseoting of the sesd and removal of part of the
cotyledons 414 not reduce seedling vigor %o any great extent.
Hoot of the seedlings grew and developed normally with most
of the losses dus to demping off. Onoe the seeds were
disseoted 1t was necessary to plant them within a shors
time.

B Results of the experimental data indloated that a
pragtical seod tost had been sshieved. It s rapid, inex.
pensive, and coumarin oontent can be detected with a high
degree of accuragy. This %test can predioct the inheritance
of the peed from the sample taken and the reasining porsion
of the seeds deairable for orossing oan de planted., In
orosses invelving planta of high and low coumarin, the geed
test will be of 1little value; but in orossing or selfing
the 7y hybrids, & seed teat would eliminste approximstely
three-fourths of the gseeds produced on the coumarin fastor
slone. This mekes 1% possible to save greenhouse spacde,
labor in plenting and may poselbly speed up such a breeding
programe '
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