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Josepn F, Delaney

4 recent chemical test for determining viabilit& in sceds
involves the use of 2,Z,5-triphenyltetrazolium chloride, Cer-
tcin enzymatic systems of livirng tissue are capable of reduc-
irg the colorless solution of <,3,5-triphenyltetrazoliunm, \
chleoride to a insoluble red precipitate called trlpnfr"1
formazan, The living tissue as a result appears bright red

in color,

The test for vicbility in seeds is based oa the fuct that

]

livins seeds reduce the tetrazoliwa and become reca wnile the

o

ezd eds remain unchanged, Investigators to cdate have veried

w0
(]

n their results, Soiie find the tetrazolium test zgreed closely

[

with germination tests especially with cereals and others have
found wide variation in the comparisons of the two tests,

It is the purpose of thiis paper to contribute further
information on the applicability of the tetrazoliun test and
to point out certzin difficulties inveclved in both the mechanics
of the ms«thod and interpretation of the staining patterns result-
ing in tests of certzain seeds,

The tetrazolium test employed in this study wes a modifica-
ticn of the Lakon Test., (1) The seeds were soaked in water
overnight and sectioned through the embryo in a manner such
that the radicle, hypocotyl, and plwwle regions were bisected,
The half seeds were placed in a 0,&7 solution of 2,u,5-triphenyl-
tetrazoliwna chloride for four hours at £0°C., At the end of the
time tney were removed from the colution and all embryos eciialn—

ined and clascified according to stoining, All tetrazoliwm

tests were compared to stancderd germination tests.

268351
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In six of fourteen species of seed tested the percentzge
of embryos staining entirely in thie radicle, hypocotyl, and
plwivle regicn agrecd well with the percentage of germinating
sceds, In three specles no staining occurred in sciiples sihovw-
irg low germination, Tine stoining petterns varied in intensity
and amount of stained arca, In otner species no agrewment be-

be fouwad,

jar

tveen stoining patterns and germinatiocn coul

4

Morpholosical features of certein of the seeds, such as

@

hard seed coats and unsymrietrical embryos, mudc sectioning com-
plicated and in some instances, impossiblae, Color of the embryo

ana dorrency of tiie seed clso causea cifficult; in cemparison

of the two tests,

o,
e
Hy
-y
o
ks
o
o)
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In testing a series of elm seecd camples havi
viabilities, egreement betwe n the tetrazolium test and gerni-
natiocn was closed in threce sumples but difi'ered widely in a
fourth,

The tetrazoliwm test was Tfound to be aflfected only by
strongly acld or basic buffered solutions, A wide range of
pd velues from €,5 to 2,0 resulted in similar staining patterns.
1. Lakon, G, Topographical tetrazolium method for deteriiin-

ing germinating capacity of seeds., Pl, Physiol,
R4 009-304, 19049
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INTRODUCTICH

Seed jnvestigators have long been interested in methods
of measuring the germinating capacity of seeds without the
necessity of a routine germination test, Though a germination
test is probably the most accurate and most reliable test, it
cannot be adapted to all circunstances, In many instances the
time reguired to complete a germination test may make the re-
sults worthless, Tnis 1s particularly true in determining the
viabllity of dormant seeds, IMany dormant seeds require szveral
nonths of after-ripening before they will germinate under the
proper conditions, Many times dealers in this type of seced
cannot afford to wait through months of treatments when the
seed lots are available and ready for planting. ZIvents also
arise frequently with non-dormant seed when the results of

ests for viability are nseded before germination tests can
be completed., The investigations of Bemmett and Loomis (T)
and Goodsell (21) in determining freezing injury of seed corn
are examples of such situations, As a result of sucn cases,
many so called "rapid" methods of testing for seed viability

have been devised,



V)

LITERATURE RUVILE
Quick Tests in Genecral

Probably the simplest of quick tests used by seecdmen is
to cut open the sezd and examine it under a handlens. (19)
Seeds are considered viable if the embryos are firm, plump
and of good color, Abnormalities such as decayed, shriveled,
rancid smelling embryos, empty or abortive seed etc, are
consldered non-viable, The results, hovever, are very gen-
erz2l and meny tines very erroneous. (24)

Dersis, Tlliot, and Pierce (7) based a viability test on
the quantity of heat given off by germinating sced, They cal-
culated the normal daily rise in temperature for a sample of
highly viable seed, Any sample tested that had a rise in
temperature lover than this normal vas assuned to have a cor-
responding reduction in the vigor of that sample.

Waller (47) in 1901 attempted to determine viability in
sceds by use of an electric current, Using an B.l.F. of 0.01
volt, he induced a current into tne embryo and noted on a
sensitive galvanometer the after-currents produced by the
embryonic tissue, The characteristic after-currents of viable
and non-viable sced were used as the basis for the test.

Fisk and Hibbard (14) in their method measurzd the elec-
trical resistznce of a volume of water in which the seeds had

bcen soaking for a given period of time, Tac dead sced
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3
permitted a greater outward diffusion of salts (electrolytes)
than the live seed, Accordingly, a high resistance indicated
high vitality and low resistance, low vitality.

The use of enzymatic activity for determining seed vigor
has been reported by many investigators, The principle of
the methods was based on the assumption thet tho activity of
the enzynatic systems was directly related to viability of
the tissue, Davis (&) utilized catalase activity as the
basis for his method, He determined the ratio of the cata-
lase activity of soaked seeds to that of dry seeds. If this
ratio was greater than 1l:1, they were considered to be highly
viable, If it fell below 1l:1, they were considered to be
low in vigor, Ile stated that no definite conclusion could
be drewn from the activity of dry seeds alone because the
disappezrance of catalase was found to lzg behind the loss
of viability, The soaking of the sec<d would rapidly dis-
organize the catalase activity of dead seed and permit true
estimates of activity, Davis also uszd thie phcnolase activity
25 the basis for a similar test. (9) Mar (46) reported a
metiod involving the anylase activity.

A method using excised enbryos has showm promnise as a
rapid and accurate method of testing for viability., Flemicn
(15, 17) has reported good correlation between this method
and germination with a wide variety of dormant and non-
dormant seed, In her method exciseC embryos were placed on
noist filter paper in Petri dishes. In notin; their sub-

sezuent bchavior, she could determine the viable from the
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non-viablz seeds, The viable sceds showed signs of develop-

nent such as greening of the cot ons, elongation of the

e

radicle and hypocotyl, etc, The non-viable embryos rapidly

(o))

cterioratcd and became scft, If the cmbryos remained firn

)]

and did not siow signs of development, they were classified
as viable but low in vigor,

As early as 1273, investigators turncd to chemical tests
as means of detecting viability. Dimitriewicz (10) used sul-
furic acid on sectioned seed, He noted that the viable secds
turned a deep rose color in twvo to five minutes and non-vicble
seed recuired fifteen minutes or loiger for the sawme rezction.

Gurewitsch (£) employed dinitrcbenzene as the reagent
in his method of staining vizble sesds. ZLecsage (84) based
his test on a distinct discoloration found in non-viable seed
when treated with potassium carbonate,

Coae of the more recent chemicals used to stain viable
seed were soaium tellurate and sodium selenite, IHasegava (25)
reported that excised embryos stained dark indigo or black
with sodium tellurate if they were viable, Browning or spot-
ting indicated wezk sead anc lack of color was chiaracteristic
of dead secd, IZidmann (12) using sodium selenite, described

a viable seed as staining a dark red with a solution of the

salt,

Use of Tetrazoliun chloride

The most recent chemical test showing much promise for

deternining tissue viability is the use of £,5,5-triphenyl-



tetrazclium chloride, The preparation of the chemical dates

back to 1294 when it was first prepared by Pecloman and Runge. (4

48]

The compound is one of the few cheonicals that produces
color in its reduced state, When reduced, the readily sol-
uble =2,35,5-triphenyltetrazolium chloride forms an insoluble
red precipitate called triphenylformazan, The reaction pro-

ceeds as follows:

e

DN—N* cl + 2H* Hl—N=C —N==1II
=

©y50yo=triphenyl- triphenyl formeazan

tetrazolium chloride

Living tissue placed in a solution of Z,¢,5-triphenyl-
tetrazeolium cnloride reduces the salt and tekes on a red
ceclor, This ccloration is the basis of the test to differ-
entiate between living =nd non-living tissue. The complete
explanaticn of the cause of this recduction in living cells
hes not been determined, However, considerable reszarch has
been reporced concerning systems in the living cells that mey
result in this reduction, Iattson, Jjenson, and Dutchier (37)
thougnt it might be caused by a dehydrogenase recuiring co-
ensyme I or II, They reported that glucose dehydrogenase
plus coenzyme I, in the presence of its substrate, reduced
the szlt at pi 8,53, They found that many tissues such as

the fleshy parts of apples, oranges, and grapes, the glll area
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of mushrooms, carrot roots, white and swect potato, yowyg
lezves, and the stigmas cnd ovaries of certain pollinated
flowers, readily reduced the salt.

Dufrenoy and Pratt (11) found that the sites of reduc-

©

activity within the cells of suzar canc colincided with

E

the location of o0il droplets, whether in the cytoplasm ncar
thae plasmodesmata or between starch grains within the anmylo-
plasts, The treatment of tiie sections with reagents for
phosphatasc and for phosphate showed that tihe sites of reduc-
tion of the tetrazoliua salts were also sites of intense
positive reaction for phosphate ions,

Kun and Abood (28) estimated the activity of succinic
dehydrdgenase in tissue extracts using tetrazolium chloride,

Fred and Knight (20) stained Penicilium chrysogenum with

tetrazolium chloride at a piH of 7.2 to 7.4, They reported
that the rcaction was retarded at lower pH and virtuzlly
stoppea at pi 3,0. Potassium cyanide in 14/100 concentration
innibited the reacticn, Sodiun malonate, soaium azide, <,%-
dinitrophenol, sodiwn fluoride and iodoacetic acid merely
slowed reduction at /100 concentrations, These chcnicals are
nowm to affect specific enzyme systems in living tiszue,
Jensen, Sacks, and Baldauski (28) aprlied tetrazolium
in a test to determine the presence of certein dchydrogenases
in plant tissue hcitogenates, Taney reported that many of these

denydrozenase systems requiring DPII and TPH ( di and triphos-

- -
r .

phopridine nucelotide ¥ reduced the salt, They gove the redox



potential of tetrazolium cs minus 0.08 at pl 7.0. The systenms
rejquiring DPU wnich they listed as reducing the salt were

glucose dehydreogenase, alcohol dehydrojencse, lactic acid de-

hydrogenasc, malic acid dehydrogecnases, beta-hydroxylbutyric

jan

dehydrogenase, 3-phospucglyceraldenyde dehydrogenase, an
alpha-glycerophospnate deihydrogenase,

Isenberg, 0dland, Popp, and Jensen (25) also used tetra-
soliun chloride to determine the fect of maleic hydrazide
on the succinate, fumarate, malate and pyruvic dcnydrogenase
systems in onion plants,

Although the complete explanztion of the reduction has
vet to be detsrmined, the literature to date indicates that
many svstems in the normal cell hove thz ability to recduce
tetrazolium chloride

Besides enzyme studics, tetrazoliuwm has bcen uscd in
other capacities. Xunn and Jerchel (27) found the salt
stained viable cultures of bacteria and fermenting yeasts.

raugh (43) tested the stem tissue of trees and shrubs.
Straus, Cheronis, and Strzus (43) demonstrated the staining of
neoplasms in mammzli.n tissues, Black and Kleincr (4) studied

tetrazoliun,

|

&

respiration in various tissues of mice usin

Evans and Zarle (18) found that the szlt aided in studying
cancerous growtiis in huwmans, The chiemical has also been uscd

in a quantitative colorimetric test for reducing sugars. (C8)
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Application to Se2d Testing

Probably the most important application of the use of
tetrazolium chloride has been in the field of seed testing.

The method of testing seeds was first proposed by Laken (50)

.

n Germany in 1242, He reported a good correlation between

this test and viability in testing sceds of oats, barley,

o

wheat, rye and corn, Zince als first investigation he has

it cdopted by the German Zleed

D)
g
©

o

improved hils method and ha
Testing Stations as the official method of deterniining the

erminaticn copacity of cerezls cnd maize, (20)

VL]

;

Lakon used a 1 percent solution of £,J,C-triphenyltetra-

irst soaked

iy

zoliun chloride buffered betwezcn pil & and 7, IHe
the grains of wheat, rye und barley in water overnight ( sixz
to eighteen howrs ), The embryos were then excised freom the
starchy endosperm and pericarp and placed in thc tetrazoliun
solution, making certain that all the embryos were coripletely
subnerged, They were kept thus et room temperaturs for seven
or eight hcurs., At the end of this time the cnibryos were

able

[

rexoved and cxznined for staining, Ie classified as v
only those cmbryos that had stained red in the regions of the
plunule and acjacwnt tissue bearing root primordic,

In testing corn, Lakon modified his technicue., e bilsectea

o

d as viable

S

instezd of excising the embryo, Ile also classifie

2ll tiose corn embryos that had stzined either completely cr

Fal
ES

at least in the region of the choot, including initiuls ¢

-

the secondary radicles ond the scutellum, Ile stated that as



long as the corn cnbryo could produce gcod secondary roots
it would produce a normzl csezdling,

n his review of secd techniolegy considered

[

Porter (42
the tetrazolium test as beirz supecricr to the other rarpid
methods and having co.siderable practical applicaticn for a
cuick evaluation of ccerteain kinds of secd, especizlly of the
Gramineace, Porter, Durrell, and Romm (41) tested vcricus
samples of sezds of several members of the grass fanmily, seeds
of three leguninous species, and seeds of bucliwheat and cotton.
In a number ol Iinstances good correlation was obtained betveen
the stalning test ancd germination test., They encounteread
Gifficulty with herd seed in cotton, They also reported that

t was impossible to section rcgularly through the epicoty

e

cr pluiule region of the Legumes, This cifficulty nullified
the tTest in deternining the co called '"balchsad" injury i
tihiis group.

Cottrell (8) reported clecse correlation between the tetra-
zolium test and germination tests of barlcy, wneat, peas, and
vetches, One pointed out that the tezt was limited by the
size of the secd being tested. ©Seeds of species suci as
mustard, turnip, etc, would not zllow detailed exanination,
especiclly in the case of embryos thot were extreumely cmall as
in the parsnip or folcded as in the mustard,

Sheul (44) reported that the test was reliable for fresh

seed but tihat with older sczd (viability less than 80 percent)

it was much less accurate, The resulting coloration ranged
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from a carmine to a light pink in the viable seeds of barley
and oats., He could not find a cerrelation betwecn the light
staining and slowness of germination,

Goodsell (1) employed the tetrazolium test in making

o

early appraisal of minimal freezin

3

cdamage to seed corn, He

¢

found that the test could be used directly if the moisture
content of the greins was less than 49 percent when the freecz-
ing occurred regarcless of the amount of freezing., If the
noisture content was higher, the grains had to be dried prior
to testing in order that the injured kernels might lose theilr
ability to reduce the tetrazoliw: solution, Ee concluded that
the delay in breckdown of the enzyme systeins was responsible
for the reduction in the grains having high moisture content.
Bennett and Loonis (3) also reported Gifficulty in apply-

ing this test to freshly frozen seed corn, They stated that

the dead kernels slowly lost their ability to reduce tetrazolium

but that after several days or wecks the Lakon test could be
applied,

Flemicn and Pocle (18) tested a wide varisty of dorment
and non-dormant seed with the tetrazoliuvm method, using their
excised embryo method as a stendard., They reported a signif-
icant correlaticn between the two methods but found large and
frequent deviations in individual tests,

The results of the previcus investigotions in deternin-
ing seed viability with tetrazolium cihlcricde have varied,

Some reported good corfelation with germination tests; others
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have found a wide diversity of staining patterns that could
not be correclated with germination., It is the purpose of this
paper to contribute further information on the appliczbility

of the tetrazolium test =nd to point out certcin difficulties

ck

(

invelved in both the mechanics of the method andé thz inter-

pretation of the staining patterns resulting in tests of

certain secds,
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The wmajority of the seeds used in this study was
gathered in the vicinity of lichigan ctate Collcge, Iast
Lansing, lMichigan, The collected seed was dried at room
temperature anc¢ stored in sezled containcrs in the labora-
tory until utilized,

Both germination and tetrazolium tests were carried out

n all lots of seed, The germination test was used as a
standard in evaluating the results of the tetrazolium test.
As nearly all of the seeds used in this study had some type
of dormancy, various treatments to overcome tiais dormancy
were necessary before gernination could take place, A sum-
mary of these treatments along with the references to the
recommended treatments is given in Table I.

After the treatments used to breck dormancy, the seeds
to be germinated were placed in moist paper toweling and
placed in a germinating chember at a temperature alternating
between 25°C for sixteen hours and Z0°C for eight hours.,

The tetrazolium test was a modification of the mcthod
used by Lexon, (Z2) The tetrazoliwa chlecricde was dissclved

in distilled water and made up to a 0.2 percent soluticn,

Since this chemical is light sensitive, the solution was

stored in the dark,
The seeds to be tested with the tetrazolium solution were

first placed in moist paper toweling and allcwed to absorb



vater overnight, They were tiien carefully sectioned with a

-

sharp razor blcde through the ecmbryo. The cut was made to

pass through the radicle, hypocotyl, plumule, and cciyledons,
The first tiaree regicns werc those considcred b, Lalken as
inmportant in estimating viability. Cottrell (6) reported that
the cotyledons did not necessarily have to be stained entirely.
She classified the seeds viable cs long as sorie stoining de-
veloped in the cotyledons along with complete staininzg of the
other regicns of the cmbryo,

Ilovever, not all the secds in this investigation cculd
be secticned in a manner such that the cut surface passed
through all regions of the embryo., The folded cotyledons in
Acer and the offset radicle in Ailanthus, for ezanple, make
sectloning difficult, Plate A shows sketclhies of the various
seeds studied and the dotted line indicates the plane of sec-
tioning which proved most effective for the test, Due to the
small size of the seed, a disecting microscope was enployed
in scme cases to insure the cutting of the essenticl parts.

As the seeds were bisected, one half of each seed was
placed in distilled water in a vial until one hundred seeds
were cut, The weater was then pourecda off and the seeds
covered with a 0,5 percent solution of tetrazolium chlori
The vials containing the seed were placed in a 30°C chamber
for four hours, At the end of this time the seeds were re-

moved and the embryvos examined for staining



TroATILITS USED TC OViE

TABLE I
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#%ind of Seed

Trectnicen
pornancy

1t to breck

Acer rniecunce L.

Acer platanoide

Ailantiius g lenaulosa

Desf.
Betula
pEU"rlf ra 1
Catzlpa
speciosa Varder
Crataegus spp.

arsi

Fraxinus pennsyl-
vanica larsi

Glecitsia
triecanthos L.

taclura porifera
(Pef.) Schneic

Pinus dens 1¢lor“
cieb, & Zuce
Platzanus

occicentalis L,
Fobink
rscudcacaclia L,

Thuja
occidentzlis 1,
Tilia

anericana L.

L.

moist poper toweling

5 C., < montns

moist paper toweling

S Cey S montis

nolst paper
o SO cays

¥

JUe

towelins

meist paper toweling

r1

mo

5 C., < months
5 hrs,
hrs, wached in
running water,

3 weeks et 25 C.

1

i C

5 Csy = 1/2 months
st paper toweling

sulfuric acid,

5 weelis at & C. in
1moist peat
moist paper toreling

5 C., & wontns
1 ar,

sulfuric acia,

10 min, washing in

running water

ncist peper towveliig
5 C., siort period
“01ct paper towcling

(o)
Qc

oy 2 moniths
moist parp

C., < montns

al

er toweling

1 hr, sulfuric acid,

10 nin, washinz in
running vater

noist paper toweling

5 C., =~ nonths

extract szed from pod,

20 nin,
acid,

2 hr, washing in
running watzsr

in sulfuric

neference for
treatnent
recommenced
ChzGwick ( £)
Chadwick (3

Chadwick

For .,Pes.lig.

Flz=rilon (1)

Chadiricic

Ue S. D. A (12)

Chadiiickk

Borton (1)

Bxzrton



Plcte A,

seeds tested,

wn

A. Acer ncgundo, 5.3 B, Acer platanoidcs,

~r

glandulosa, 1i;
1.8; F. Cratacgus spr.,

1
J. Pinus densiflore,
L, Eobinia pseudoacacia,
I, Tilia americana, 10I;

Drawinss rcprocduced fron

Sketches showing internal
The dotted line

ectioniig for tie Tetrazolium

H. Gleditsia triacant

(]
(9]

Teste

Ailanthus

C. Betula albza, GX; I, Catalpa speciosa,

~——

8.y G, Fraxinus ponnsylvanica
> v ’

nos, &i; I, ilaclura pomifers,CX

-

Si;

occidentalis,
117; M. Thuja occidentalis, 57
0. Ulimus americanc, 7.

reference 1C.
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RESULTS OF T=S8TS

A sunmary of the percentages of viability determined
by germinztion and the tetrazolium test is given in Table II.
The percent germination in all cases was bascd on the number
of seedlings showing good development and normal in every
respect, Those secds that were hard, insect injured, dis-
easeG, decayed, or empty were classifisd as non-germinated,

With the seeds thet were secticned andg soaked in tetra-
zolium solution, a wide range of staining patterns resulted,
Some stalnea a de-p red througiout; others stained only
partially and still others produced no stain at =11, 1In
order to recduce tihe number of types of staining patteras,
arbitrary groups vwere set up based on the percentage of
stain appeéring in the entire region of the radicle, hypo-
cotyl, and plwnule, Those that were entirely stzined were

again subdivided into heavy, medium and lisht staining,

()

various

]

Table III shows the percentage of seeds classed in th
gEroups.

To arrive at the percents of viability with the tetra-
zolium test, the staining groups were compared with the per-
cents of actual germinaticn, The comparison indicated in a
general way that only those embryos staining entirely would
be viable, Using this criteria for classificaticn, six of
the fourtecn species of seeds compared fuvorably with germi-

nztion, Those species were Acer negcunco, Allanthus glandulosz,
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Frezinus pennsylvanica, Gleditsia triacanthos, ifaclura pomifera,

and Pinus densiflora, Two other spscies, Acer platanoides and

Catalpa speciosa, were classified slightly different to bring

them in egreement with the percent germination, The slightly

stained embryos of A, platancides were not counted in the total

and the three percent of the embryos of Catalva speciosa theat

were placed in three-fourth stained were counted in the total
viceble, Explonation of these variations in classification
will be given under the detniled description of the individual
species,

As showvn in Tzble II, comparisons using the described
clagsification were not favorable in the remaining six spccies,
Wide variations in the two tests are apparent., In ordacsr to
point out these individucl variations anc characteristic fea-
tures of the secd that may cause the variation, each specie

is decscribed scpaerately,
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Vicbility

" Germinetion Tost  Tetracoliwa test
Kind cf

1o, of lzan o, ol Lean
Ceea Percent Seed Pcrcent
Acer nzzundo 400 57 400 51
Acer platanoides <00 5C =00 853
Ailantinus glandulosa £00 155} <00 e

Betula alba 200 G 400

o

Catalpa speclosa 400 6 <C0 732
Crataecsus spp. 400 b £C0 4.2
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Fraiiinus penncylvonica

Gleditsia trizcantiios <00 G3 =00 c3
Maclura porifera 200 100 200 °9
Pirus cdensiflora 400 81 <00 75
Platanus occidentalis 400 o 400 5
Robinia pseudozcicia 400 43 £00 <0
Thuja occidentalis 200 &0 400 C
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0
Tili=z ecnericana 200 1
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Acer ncgunco L.

The embryos were easily sectioned, althoush the fclded
cotyledons permltted only irregular porticns to be testel, A
larze percentage chowed insecct injury. All except one percent

of those con red viable irere stained brizht red throwghout,

Acer “latancides_g.

The difficulty of secticning this specie was similzr to

A, negundo, As was stuted previously, the group classified as
slightly stained was considered non-vicble, The zreenisii color
of the embryo interfered with the staining, This ligzhtly stained
group was a rnmuday brown color wheras tne two viable groups vere

distinctly red,

Adlentihus glznduleosa Desf.

03

The enmbryos were easily sectionzsd 1 removea from the per-

icurp, Vith pericarp still attuched, difficulty was encountercd

@
[oR
@
]
]

in accurately biseccting the radicle, The =ubryos stainc
and none with less than complete staining were classified as

viazble,

Betuvla alba larsn,

The seeds were snall and regquired megnification in order
to section them properly. Gerainotion was very low anc the
cutting operation withx the tetrazoliuin tecst showed ncorly 21l
the sceds to be shrivelled and criced, Iine percent, however,

-

0ld appecr normal, having a cream color wnc¢ firm consistency.

3 T,

Tlone of this latter group showed any stzining with tetrazcliwi.



~ o

A second tetrazolium test was macde on the following year'!s crop
nd again no staining resulted, o gernination test was made

on tiis second lot due to the time reguired to zfter-ripen the

Rencval of the pericarp also facilitated sectioning with
thls specle, As is shown in Plate A, the cotyledons are at-
tached to the hyrocotyl cpposite eacii other, It was impossible
to bisect either cotyledon and the groving points at the same
time, Tie plane of sectioning passed through the radicle and
hypocotyl at rizht angles to the cotyledons, Tne whole cotyle-
c¢on that remained attachsd stained well neverthelcss,

The stecining in the embryos was nore of a medium red than
in the other species, The stzining was couplete ezcept in a
few cases in which the exitreme tips of the radicle were not
2is lack of staining was thought to be cus to injury

resulting from the cutting operation, Those having tihils slight

unstained area were considered vicble

Crataezus spp.

The treatment to overcome dormancy with this specie was
exztreme, (seec Table I) The hard outer seed coat which is
impermeable to water was also difficult to section, The seeds
were treated with suliuric acid previcus tc secvioning i an

the

L
(0]

attenpt to facilitute the cutting operation, 1ilany o

seeds werce found to be empty, Of those having whot cppeared

to be normal eibryos, the majority ctaincd either bright rcd



or a mediwn: shade of red, Both colors were taken to incdicate
viability. The low percentage of germination may neve resulted
from an incomplete treatment to overcome dormancy. The conl-
parison between tiie twWwo methods of testing showed a wide varia-

tion in the estimate of viability,

Fraxzinus pennsylvenice Marsh,

The seeds, once removed from the pericarp, were easily
sectioned, The staining, nowever, varied considerably. As
is shown in Table III, nearly all patterns were found in this
specie, The staining in the cotyledons also varied from com-
plete staining through a graded series to no staining whatever,
The seeds taken as viable were these whose radicle, hypocotyl,
and plumule region stained entirely regarcless of the stain-

ing of the cotyledons,

Gleditsia triacanthos L.
Cnce treated with sulfuric acid as showvn in Table I, these
seeds readily absorbed water and were easlly sectioned, The

ztaininzg was bright red in cll the seeds taken as viable,

Meclura pomifera (Zaf.) Schneid,

The structure of this szed did not permit the bisecting
of all parts, The radicle tended to wind its way along one
side of the sczd., The staining of this specie was pink through-
out the cotyledons, hypocotyl, and plunule but had bright red

radicles, The staining pattern was consistent throwhout all
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Platanus occidentalis L,

The seed was rather swmzll but could be readily sectioncd
under the disecting microscopz. Tne mejority of the embryos
were drilea and brown ia color wnen cut, 0Of the enbryos taut
appeared normal about one fourth stained with tetrozolium,

Thais stained group was considerably loqer than the percent of

]

ernmination,

cudoacacia L,

-

Tne sceds of this group were first treated with sulfuric
acid and then cllowed to absordb water, Many, however, remained
hard and could not be sectioned without shatterinz the dry
emdryo, Tiocse that swelled could readily be secltiloned although
the plane of szctioning passed betwecn the cotyledons. AS
gernminztion was carried out over a longer period, many ol the
hard sceds germinated after a time, Uith the tetrazocliun test,

only the seels that swelled immediately were sectioned and

tested,

Thuja occidentalis T,

The sceds were small but couvld be scectioned without dif-

ficulty under the disecting nicroscope, Illany were dry on cut-
ting but of those appearing normel, no staining rcsultzd, A

.

second lot of the same crcp was tested but agzia no steining

took ploce in those thaet appeared nornzl.
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o

2aslily sectioned, The irresuler cotylccons macde the plane
of sectioning difficult to deter.ine, (sce Plate I The

extrence treatment to overcome aornzncey, In the germination
test the larse majority of the szeds not germinating wzre still

.

firm at the end ol the t

~st, All

¢t

e seeGs clacced viable in

)

the tetrazcliun test stained brizht red througiout.
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Turther experiments were undertzken to study tiwe cffect

e

of the tetrazolium st-ining on seeds th.t were beginning to

lose their viability, lost investigators hove found thct the
tztrozoliun test works well witih seeds that are either of hish
. .

vitality or very low vitality. The difficulty carises in esti-

mating viacbility of seed lots thot zre somewhere betoeon tle

The seed utilized for tiuis study wos Ulius americsznc, dus to

the abundant crop that was avzoiloble in Sast Lensing in tie

- .

Steinbsuer and Steinbauer (£5), Ulmus ancricana maintoined
t

s viability up to ninz months wiile stored under conditions
of low moisture uand low temperature, An increcse in teiper-

ature or moisture content causced a dropping ofif in the gornina-

~

In this study four sets of seccd were placcd 1n sealca
containcrs over various concentroticns of sulfuric acid. Tie
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were tnosc culculatead to procuce rel-
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tive humidities of the air contriners of 10, Ji, 30,
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and 285 percent, {(GI) At these r=lative
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molsture content of the seed would vory from e relatively high

i

tained at room temperature under these conditions for four

}

months, At the end of this time both germination and teotra-
zolium tests were performed on all lots,
The results of the experiments are given in Tsble IV,

-

bilities desired was not obtoined

9]

£

The complete ranze of vi
since the muiimum germinetion was <9 percent, The storoge
conditions cid, nowever, result in a slicing scale of visbll-
ities from 20 percent to QO percent,
As in the previous studies, the degree of staining tant
corresponced to tne percent germinution wes determined,
Plazte B sihows the varied staining patterns resulting from the

etrazolium teszt of a1l lots. The letiers found in groups 1,

iy S, ant < under the tetrazolium tzst of Table IV correspond
to the stalning patterns listed ia Plate B, The suwia ol z11
the seeds hwving those types of patterns is the estimzated

viability of the tetrzzecliux test.
With certaln comblnations of pattermns, the lots stored
at 10, 30, and 85 percent r=lative humidity cculda be compared

favorably butv the lot stored at 5 percent showed great varie-

tion, Its lowest estimecte was still higher than the germination

percentage of the 10 percent storage.,

noisture content to one fairly low, S The sesCs were mein-
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letinoa of estimating

Storuge Conciticn
cent Felotive funidits

Viability Per

10, 5. 60, oo
Germination o wh S 0

Tetrazolium
Group 1 (4,3)1 22 Vel 0 C
Group 2 (4,3,C) < i 1 0
Group & (A,3,C,D) 3y e 1 0
Croup 4 (4,3,C,D,=,T) 65 71 5 G

lretters correspona to staining patterns

Plcate B.

shown in

W
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Plate B. Patterns of staining in the embryos of Ulnrus

americana., Intensity of sti»»lia~ corres»onds to the

b}

intensity of the stain. A. Maximum stain P, No stain
10X normal.




TFFZCT COF pH O TETRAZCLIUN TSlT

gtudies were node of the effect of pii on the staining
patterns of secds in the tetrazolium tect. Previous investi-

clutions ¢t various pi values,

n

gators have bulfered their
Lelon (22) used a solution buffered at pH 6 to 7, Goodsell (1)
employed a solution as high as pE 1,21, DBennett and Loosids ()
reported thet corn emnbryos stained well between pH 6.8 and 8.0
but tended to stain only faintly a2t lower pll values,

To study the effect of pl on the degree of steining,
vzrious buffered solutions of tetrazolium chloride were mede
up using Coleman Buffer Tablets, The range of pH was from

2,0 to 11,5 wita incroments of 0.5, Seeds of Linun usitotissinun

P
3

’(\
=
*,“
5
<t
-2
o
n

cinuus (sunflower) were utilized for

this study, The seeds were sectioned cand placad in distilled
rater in Petri dishes, In ordsr that zll sroups nigiht receive
the same treatment, the sczeds as they wire cut were plac:d one

. rm

to & dish until &ll sixtecn disnes had one 12ll seed. The
process was then repeated until all dishes hed fifty halfl
sezds, The water wvas rapicly pourca off and the various buff-
ered solutions of tetrszcliuwm chloride werz poured in, cover-
ing the seedc, The dishes wvere then transferrzsd to a constont
temperature germinator and mointained at thirty degre-s conti-
*

craae in the dark for four hours, At the end of this time the¥

yeres renoved ant the eabryos exominea for stoining,



A swuwry of the stalning producecd at each pih vilue 1is
given in Tzable V., Tuoe results sinovwed tncet a uniform bright
red staining; occurred over a wide range of »m values fron
pi 8.5 to 2.0. The lower pi valucs resulted in a lignter stain
and at pi <,0 hordaly eny staining took placz, At the hiijher
rH ranze, thez solution itsell tended to turn « yellowish
range color, Tne staiusing in this upper pi renje was vary
intcnse however, Tven tiie decuyed tissue turned a yellow
color, YWith these two species, apnarently only the strongly

acid or strongly basic colutions interfere with the steining

o e
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STAINIIG IIT SEiD5 OF FLAX AYD SUITLOV D
AT VAREICUS pE VALU-S
pH 1a3
ax Sunflower
Values F ‘
11,5 solution in slizhtly jellow— solution slightly yellow
crange in color decaycd areas yellov
11,0 very deep red in live very deep red
tissue
10.5 solution slizhtly yellow solution slightly ycllow
10,0 tissue deep red, solution same as Flax
clez
SO aecpening of red odor same as Flax
9.0 deep red in living tissue, staining becoming deeper
decd areas yellow then lower pH values
8.5  bright red sligntly darker r<a than
pH Z’ . o
8.0 n n brizht red
7 . 5 fn fi n 1"
7 . O 1 n n "
8 . 5 n n 1" n
5.0 slight degree lighter n n
C.5 lighter then pH 3,0 n n
c.0 light pink ¢light decgree lighter
4,5 faint pink ligater thin pH Z2.0
A very fzint or none noticzatly léss, approi-

imately l/ that of pii 7.0



DISCUSSION

The experiments reported in this paper were carried out
withh the intention of determining patterins of stainiing that
would yield a relicble estimate of viability, The results
of these experiments have failed to show any general type of

staining thet could be used, Withh six of the fourteen species

in the assorted list of seeds and three degrees of viability
L

of tihe c¢lm seed, the staining cf the entife region of the
hypocotyl, plurmle, and radiclzs, either light or dari could
be used in good ogre ment with results of germinaticn tests,
With the remaining species, variations of this type of stain-

ing had to be used as an index of viability, For ianstance

with Acer platanoides, the seeds thought to be lightly stained

had to be eliminated to bring the cstimete of viability in

accord with germination, Yo adjustment could be made in the
¢lm sample stored at 5 percent rclative humidity, With this
sample the embryos that steined entirely far outnumbered the

sezds actuaelly germinatin:,

Similarly with the samples of Betula alba, Platanus

occidentalis, and Thuja occidentclis, no combination of stain-

ing patterns could bring the estinzte of viability to cor-
respond witn germination,

The two species, Crotacgus spp. and Tiliaz gacericong,

showed wide v.iriation in comparisons of the two tests, They



illustrate a difficult problenm in comparing a test such as

the tetrazolium test to the stondard germination test, Both

0‘\

of these specizs of scud are kuowu to be eitremely dormuant,

(13, 2) They rejuire not only scarification with sulfuric

acid but long periods of after-ripening before germination

can take place, The reported germination of these speciles

in this paper was probubly far below their potentizl germination,

They also illustrate the usefulness of the tetrazcliwm: test,

if properly interpreted, in investigations of dormancy in

szeds, Tae germination test would sezm to incicate that seceds

of these species were almost worthless and et the tetrazoliun

test 1f reliable shows tnem to be potentially high in vicbility
As shown earlier, many investigators have reported good

corrolation between the results of zermination and tetrazolirw:

test for vizbility with seeds of cerezls, The fuult in apply-

ing tils test to otiher types of seeds such as tiiose uc2d in

this study may be in the stonacard of comparison utilized,

Fleriion (12) used her so called "ropid" method of testing

sceGs 1in which she extracted tihe embryos and noted tucir be-

havior on nmoist blotters, This method has not becn used widely

aue provably to the difficulty of extracting the cnmbryos.

)

funy difficulties were enccuntercd using tie stundard gernmi-

ot
o

c+
Ho

on in this study as a standurd of comperi.on. Ilost cof
the seeds tested had some degree of dormcncy. “hethcer the
treatments conmpl:ztely overcams dormancy is uncertain, In the

case cf Tilia am=ricona and Cratacerus ¢

S

(@]

ue 1t 1s very doubtful.

.




Besides the variation in staining and the interference
of dormancy, other difficultics wcre encountered, The proper
sectioning of the sesd prior to trestment with tetrazolium
solution constituted a problem., Porter gt al. (£1) found tha
seeds of Lezcumss could not be section=d resularly throush thc
pluule znd consequently the injury lmiown as "baldh~cads!

~ Q. .

could not be detected, Thae "bzldheca" condition in Logumes

) 1

classifies the seed abnormal according to the 0fficial Rules
of Seed Testing., (£3) The seeds of lcclura and Tiliz, for
cxaiple, as shown in Plate A offered a problezm in sectioning

all regions of the smbryo

The size of the seed as pointed out by Cottrell (5) would
probably limit the type of seoids to be tested by tetrazolium
cnloride, GShe doubted‘if seecs the size of parsnip or the
folded concition in the small mmustard seeds could be properly
scctioned and observed for steining in ¢ll essentizl resions.

Hard sceds suca as wzoe present in the Iobinia samples
in this study present a problin, They sometimes remzin in the
"hordsecea" condition for many weeks before they becorie per-
mz2ble and swell, The sectioning operztion chuttersd the dry
embryos, Some correction factor will have to be introcuced
to compencate for these dry harcd secds,

Another problem noted by Flemion (12) and also noted in
this study was the factor of color in the embryo, l!ost em-
bryos tend to be iiite or crezm colored and the red staining

of the tetrazoliw: chloride produces a good contrast, ©Dut in



-

samples suci as Acer platonoides, the green color of tihc

eribryo interfers with the rcd staining, especially when tae
staining is lignt,

ilevertieless, the tetrazolium metlhod even in its prescnt

K

ctate has mony advantoges over thne otiier ropia metuods of test-

<o

ing se2d, It has been showm to iniicuate = fair evidence of

®
o

viability., Tiis plus the fuct that it cun ecsily be corri
out, maics the test of great value to nurserymen and detlers
in all types of sezd. The test can be performed over a wiae
ronge ol pH values at ordinary room tomperaturs, It decs not
rejuire elaborate equipment, Lisht, however, docs interfcre
withh the test,.
But before tiils metiod can be used witih accwracy in

tests of all types of seed, more detailed s

ncde on the seeds that are low in vigor. Tes

e

cnzymatic activity, such as the tetrazolivm test, all have
the inhcrent problein of these low vigor seeds, In consicering
he tetrazolium method, Jinsom et 31, (18) felt thot thie laci:
of stain with the tetrazolium does indicate a loss in via-
bility but that the positive stnin does not nzcogsarily indi-
cate viability, It has been shown in the review of literature
thot many systems in the living cell recduce the szlt., It may
be poscible, cespecially in lightly stuined seeds, thot the
recuction is the result of an enzymatic system yet tc be in-

activated in an embryo that, for all practicul purposes, cun

-

be considered decd,
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tion=d secds, The resulting staining patterns were coil-
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pared to stondard germination tests.
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In six of the fourtcen species cof secd
centcze of embryos staining entirely in the radicle, hypo-
cotyl, and plunule region azreed well witih the pcrecntage

of germinating seeds, In tiires spccles no staining occurrcd

in samples showing low germination, The staining patterns

=
D

vazried in intensity and amount of stzined area, In other
spedes no agreement between stalning petterns and gern-
ination could be found,

The morphological features of certzin of the seeds sucn

as heérd secd coats and unsyastrical enbryos, nade section-
ing complicated ana in some instances, impossible,

Color of cmbryo and dormsncy of the seed also caused
difficulty in coumparison of the two tests,

In testing a series of eln seed samples haviig different

viabilities, agrecment between the tetrazolium test and

H
(0]
(oN
[N
o
(&)
|_I
]

crmination was close in tiirec samples but ciffe
in a fourta,
The tetrazoliuwa test was found to be affected only by
strongly acid or basic buffered solutions. A wide range
of pH values from 3.8 to 9,0 resulted in siniler stoining

patterns,
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