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LMY CTION

For many years seedsmen and seed analysts have
recognized the need for a "quick test™ for determining
seed viability. Purity end noxious weed seed exeminations
can be completed within a few hiours, bub germination tests
reguire from one week to a month, or even longer.

The use of 2,3,5-triphenyl tetrazolium chloride as an
indicator of the viability of seeds has recelved considerable
interest in the past few years. A number of experiments
have produced results which show a good correlation betwesn
tetrazolium staining and germination tests. thereas ordi-
nary germination procedures require several days, deterwmi-
nations can be obtained in a few hours by the tetrazolium
method.

Results of the tests are based on the color change
produced by the reaction of tetrazolium salt in agueous

j9%e

solution with the tissue of the living embryo of the seed.

t::
on the addition of a hydrogen radical, the colorless tetra-
zoliwn compound 1Is reduced to a pink or crimson formazan
compound. If embryos are killed by bolling in water for a
few minubtes, no color change occurs when placed in the

tetrazolium solution. This makes 1t spparent that the re-

action is dependsnt on resplrator

y oxoceuses in the embrvo.

[
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REVIEW OF LITERATURE

The first seed viability tests with tetrazolium salts
were conducted by Lakon (11)L 4n Germany. He tested several
salts and found 2,3,5-triphenyl tetrazolium chloride to be
most sultable. With wheat, rye and barley his procedure
consisted of excising the embryc; with oats the embryo end
of the grain was clipped; with corn the seeds were soaked
overnight and bisected longitudinally. Embryos or seed
parts to be tested were immersed in a 1/ tetrazolium
solution and placed in the dark. After 4 to 24 hours,
living parts of the embryo stained bright red. Lakon
stated that the tetrazolium method, in contrast to the
germination tests, practically eliminates experimental
errors, and that data from two tests of 100 kernels each,
treated in this manner have been found to provide the same
accuracy as direct germination experiments carried out as
four tests of 100 grains each.

Porter, Durrell end Romm (16) employed Lakon's methods
with several different agricultural seeds. They found close
agreement between staining and germination tests in 13
samples of corn, 2 each of wheat and oats, 3 samples each
of barley and rice, and one each of buckwheat, popcorn,

soybeans, peas, and Bahia grass. Comparisons for vetch,

liumbers in parenthesis refer to Literature Cited.
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sorgo, o samples of oats and peas, and one of harley were
not in close sgreement, but differences were not too great.
Slightly modifying Lakon's methods with cereal seeds,

Gottrell (H5) reported high correlation with standard germi-

nation tests. Seeds soaked overnlght were blsected symetri-

cally and just covered witih 1w tetrazolium salt for 4 hours

o

LRI

i
[

in the derk. In cereals other maize, avility to ger-
3 L

minate was indicated by staining at least half of the

scutellum, the whole shoot, and Jjunction between roob and

ire scutellum must be a3tained.

[

shoot. 1In maize the en
Shuel (18) attempted to sliminate the necessity for

bisecting the seeds. He conducted tests with barley, ocats

and wheat. The entire grain was immersed in a 1% solutiocn

cf tetrazolium chloride and evaluation of sgtaining wasz made

e

‘ter O hours by externsal observation of_the embryc. He
reported that the tests appeared to give a guick, reliable
index of germination with new seeds. Tor cold seeds with
viability less than 60%, tetrazolium tests were much less

acourats.

Flemion end Foole (6) worked with seeds represenbing

45

-

17 families and 58 specles, primorily woody plants, with
embryos ranging from non-dormant to dorment. All tests were
carried out with excised embryos. Germination capacity was

determined by the repld viabllity test, which consisted of
. ) 3

7

ing exclsed embryos cn moist filter paper in Petrl dishes

U

at room temperaturs and obeserving for 2 o 7 davs., Tor the

tetrazolium test, embryos were placed in vials, covered with
> b4



excess tetrazolium and placed in the dark for 24 hours at
68° r. Significant correlation between the two methods
waes obtained, but lerge and frequent deviations were
obtained in many individual tests.

Goodsell (8) used tetrazolium chloride in an attempt
to determine frost injury in seed corn. When tetrazolium
tests were made immediately after freezing, poor correlation
was obtained. If the corn was dried to a moisture level of
125 or less before testing, a high correlation was found
between tetrazolium readings and germination percentages.
Tests were made with a 0.25% tetrezolium solution to which
1 ce of 10% NaOH per 100 cc of solution was added.

Bennett and Loomis (3) encountered the same difficulty
as Goodsell in a similar study. Using a 0.08% solution,
they were able to estimate freezing injury falrly accurately.

gadd (7), in connection with a review of biochemical
tests for seed germination, concluded that such methods were
useful for speclal purposes, but should not replace germi-
nation tests as advocated by Lakon.

Brewer (4) employed tetrazollium methods in a study
to determine damgge in artifically cured peanuts. The sepa=
rated embryos were held in warm water (115° ¥) for an hour,
then immersed in a 2% solution of tetrazolium and incubated
in the dark at 115° F for another hour, after which readings
were masde. The degree of damage was interpreted according

to shades of red staining obtained. Tetrazolium and



germination tests showed essentially the same degree of
damage.

Jensen, Sachs and Baldauskil (10) investigated several
enzyme systems, prepared from corn embryos, as to their
ability to reduce the tetrazolium reagent. They concluded
that the presence of active enzyme systems does nct nece-
sarily indicate seed viability, but the absence of sactive
dehydrogenases probably indicates loss of germinating ability.

Smith and Throneberry (19) investigated the mechanism
of the tetrazclium reaction in seeds. They concluded that
the dehydrogenases are responslble for tetrazolium reduction
and since the dehydrogenase enzymes constitute delicate
and complex systems vital in resplratory activity 1t nmight
be presumed that an accurate assay of dehydrogenase asctivity
would also be a good measure of viability.

Isely (9) experimented with oats, wheat, rye and barley.
His methods consisted of pre-soceking seeds 3 to 4 hours,
hulling (oats), bisecting longitudionally, end placing in a
0.05% solution of tetrazolium. Readings were made in 3 to
4 hours, the live embryos being differentiated from dead by
red staining. He concluded that under most conditions
reasonably accurate viability tests can be made with tetra-
zolium and that, in general, the tests are quite preclse
for high viabillity seeds and less sc or occasionslly erratic
on pecor seed.

Using certain coniferous seeds, On (14) found close

comparison with tetrazolium stalning and viability determined



by germination tests.

Close agreement between tetrazolium tests and standard
germinstion tests was found by Lambou (12) in 16 out of 17
lots of cotton seeds For the staining tests he immersed
longitudional sections of seed, with lint and coat removed,
in a 2% tetrazolium solution for 4 hours.

Parker (15), conducting tests with conifer seeds,
found that tetrazolium staining seemed to overrate germi-
nation percentage i1f seed had a period of dormancy. He
obtained good results 1f staining tests were made on a
sample of seed as they arrived from the seed house before
stratification, and comparing these with percentages of
germinating seed after stratification in moist cloth at
40° ¥ for two months.

Roistacher, Bald and Baker (17) developed and tested a
standard procedure for testing dormancy and germinablility
of Gladiolus cormels. 1ne tetrazolium tests gave reason-
ably consistant estimates in nearly all lots tested.

Oberle and Watson (13) tested samples of pollen of
peach, pear, apple and grape, using a 1l.5% solution of
tetrazolium in a 1% agar and 10k sucrose medium. Results
indicated pollen grains of these fruits may stain although
not capable of germination. They concluded that tetra-
zolium is of no value as an indicator of pollen germination

for the fruits tested.
Tetrazolium tests on Kentucky bluegrass seeds carried

out by Bass (2) were found to be reasonably reliable. The



fe

seeds were blsected 1aﬁeyally and the basal portions sosaked
in a 0.05% solution of tetrazolium for 24 to 48 hours. 'The
lemma and palea were subseguently rendered transparent with
lactophenol so that the euwbryo was visible for examination.

All separations of viable and non-viable seeds were made with

the =2id of a binoculsr microscope. He examined 318 samples

3

ot

i

k

h an average difference of aboubt 5% between the tetra-

zolium and germination tests.



STRUCTURE OF SEEDS STUDIED

In order to properly apply the tetrazolium procedure
it 1is necessary to have a general knowledge of the structure
of the seeds involved.

Seeds of sand bluestem, Andropogon hallii Hack., side-

oats grama, Bouteloua curtipendula (Michx.) Torr., smooth

brome, Bromis inermis Leyss, switch grass, Panicum virgatum L.

and sand lovegrass, Eragrostis trichodes (Nutt.) Nash were

used in this study.

Commercial seeds of sand bluestem, smooth brome, swltch
grass and sidecats grama are generally unhulled, but all
tetrazolium treatments 1In this experiment were made with seeds
free of the lemma and palea; therefore, structure of such
seeds are considered here.

Although structure of the grass seed varies considerably
among the various species, the following general character-
istics apply to seeds used in this study.

he major components of the grass ceryopsls are the seed
coat, endosperm and embryo. With the exception of sideoats
grama, the greater portion of the volume of the seed is made
up of the endosperm. The embyro 1s located at tie base of
the seed on the dorsal side and its outline is visible through
the outer seed covering.

The front and lower portion of the embryo consists of
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the embryonic stem and root systems, with the root initisl
extendling toward the base of the seed and the shoot initial
extending toward the tip. The scutellum lies behind and
above this portion of the embryo and is in contaet with the
endospern on one side. It partially surrcunds and is attached
to the embryo shoot system at the first ncde.

The sand bluestem grain 1s narrowly elliptical in shape,
4 to 6 mm in length, with the embryo occupying slightly less
than half the face area when viewed dorsally.

In dorsal view the sideoats grama seed is oblong in
shape and in side view it is flat and straight. It is 23
to 3 mm in length. 1he scutellum of this seed i1s relatively
large, so that the embryo makes up approximately three-fourths
of the volume of the grain.

The smooth brome seed 1s very thin and flat, narrowly
oblanceolate in shape, 6 to 8 mm in length and 1 to 1z mm
in width. The embryo is very small, being generally less
than 1 mm in length or width.

The switch grass grain 1s angularly elliptical in shape,
1; to 2 mm in length, with the embryo extending over more
than half the face of the seed when viewed dorsally.

The sand lovegrass seed 1s oval in shape with a deep
longitudional cavity on the ventral side. It is 1 to 13 mm
in length and 1 mm or less in width. The embryo covers
approximately half the face of the seed 1a dorsal view.



METHODS

A total of eight lots of seeds were employed in =
study of viability determined by tetrazolium staining
methods as compared to actual germination.

One lot each of sand bluestem, sideocats grama, switch
grass and smooth brome was secured from seed harvested in
1953. One lot each of sand bluestem, sideocats grame and
sand lovegrass was secured from seed harvested in 19560.

One lot of smooth brome was secured from seed harvested in
1951.

Tetrazolium tests were made with hulled (lemma and palea
removed) entire seeds. Preliminary examinations with un-
hulled switch grass and smooth brome seeds proved unsatis-
factory. Four hundred (4 x 100) seeds were employed for
each stalning test.

Preliminary tests were made with tetrazolium solutions
of 0.05%, 0.1%, 0.25%, 0.5% and 1% strength. A 0.25% solu-
tion was used for all tests on which data are presented.
Weaker solutions effected staining, but required a longer
period of treatment. Stronger solutions did not appreciably
speed up the reaction, nor did they effect darker staining.
The stoek solution was kept in the dark when not in use.

Tetrazolium treatment was carried out in small vials,

one hundred seeds to a vial. The seeds were covered with

11l
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an excess amount of solution and vials placed in the dark at
room tempersture. Readings for all seeds except sand blue-
stem were made after four hours of treatment. Sand bluestem
required six hours in the solution for staining to be accomp=-
lished. Most of the determinations were made without magni-
fication, but some required the use of a 10X hand lens.
Readings were made lmmediately after removal from the solution.
Drying of the seeds made readings more difficult. When dry-
ing occured seeds were placed in a Petri dish wlth Jjust enough
water to keep them molst until determinations were completed.
Preliminary investigations revealed conslderable varia-
tion in the amount and intensity of staining among the five
species studied. Therefore, the method of interpretation of
tetrazolium staining varied among the different speciles.
While a great deal of time was spent in arriving at
the following methods, proper interpretation of tetrazolium
staining requires a degree of skill which can only be ac=-
quired through & more extensive study and experience.
Sand bluestem and sideoats grame seeds were judged to
be viable if at least 50% of the embryo showed & bright
red staining. Occasionally a lerge percent of the scutellum
was stalned a bright red with the embryonic root and/or
shoot showing little or no staining. DBased on preliminary
staining tests comparisons with actual germination percent-
ages, these seeds were considered viable.
In the determination of viability of switch grass

seeds, intense staining of the scutellum did not appear
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to be of major importance. Seeds were consldered wvisble 1F

the embryonic axls (cunryo winus the scubtelluw) was stainsd

a bright red color. Although the scutellnm was stained in

most of the viable seeds, in Qaneral.the intensity of stain-
ing wes considerably less bthaan in the reminder of .the embryo.
Seeds of smeoth brome and sand lovegrass were consldered
vieble 1 the entire embryo was stained. Intensity of stain-
ing did not appear to be a determining factor. ALl readings

of brome and lovegraes seeds were made with the ald of a 10X

Germinstlion tests were carried cut in accerdance with
procedures prescribed by the Assoclatlon of 07

Anelysts (1). Four hundred (4x 100) seeds were employed
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Results of the tests conducted are pregssnted in Tables

1 and 2. Table 1 gives the and tebtrazclium

staining percentages of each sawm

Wl

ple. Percentages for easch

lot of seed are given in Table 2.

b

Germination of individual lots ranged from 1.25% to

83. /Sﬂ representing viabillty over a wide range of levels.
Lot nuaber eight showed a difference of 8.25% between germi-
nation and tebtrazolium stalining; while differences hetween
the two methods in the remeining lots ranged from 1% to less
than 45.

Statistical analyses of the results were made according
to the methods outlined by Snedecor (20). 'The analysis of
variance of each lot is gresented in Iawlé 5 and the ansivsi
of the entire experiment is Given 1n Table 4.

Lot number elght showed a significant difference hetween

germination and staining results at the 5% level. This lot

consisted of sand levegrass witih some hard seeds pregent,

hich may partially explain this difference. The remalning
lots and the experiment as a whole indicated a close agree-

ment bhetween the two methods of determining viability.
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Table l. Germinatlion aud Tebtrazolium Italning Percentases
~of Samples.
Percent Percent Stalning
Germinating witii Tetraszolium
Lot Sample Sample
, 1 2 3 4 1 2 3 4
I s6 | 37 | 49 | 45 a1 | 27 | 45 | 48
Iz 52 66 59 66 55 64 58 60
TIT 46 | 35 | B4 | 35 45 | B4 | 38 | 39
TV 87 | 89 | 93 | 86 o3 | 91 | 94 | 90
v 0 1 2 2 7 4 0 0
VI 566 T0 74 T4 71 76 &7 74
VIT 57 59 71 57 63 54 80 85
VIIT 21 18 12 13 19 29 28 23




Table Ze

of Lots.

Germlaation and Yetrazoliwas Stalning
Percentages

Lot Percent Pereent Stalning
Germinating with Tetrazolium
I 41.75 45450
Ix 60.75 59.26

8870

1.25

71.00

61.00

58,00

16,00

D3
1Y
L ]

DI
i




Analyess of Varlance of Lots.

Source of Degrees of Sum of Hean
Lot ~ Variation Freedom Sguares Sguare
Eethdds i 23 28
I Error 5 148 24.7
Hethods 1 4.5 4,5
IT Error 5] 177.5 29.8
Hethods 1 5.0 5.0
TiT Error 6 158.8 6.4
HMethods 1 21.25 21.25
v Error G 38.75 G444
Methods 1 4.5 4.5
AY Error 8 37.5 B.20
Hiethods 1 2 2
Vi Hrror & Q0 15
Methods 1 18 18
ViI Brror & 190 B3L.7
Hethods 1 136 136%
VITI Eryor 6 1058 17.5

‘Exceeds significance at the 5

% level.
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SUMMARY ARl

<

T T T AT
SHCIASIONS

]

This study was concerned with the evaluation of the
use of 2,3,5-triphenyl ftetrazoliuw chloride as a btest for
guick determination of viabllity of certain ﬂaés seeds.

Jamples from eight lots of seeds, including sand blue-

rags and sand

]

sten, sideocats grama, smooth brome, swikbch

¢

lovegrass were used in a study of the comparisons between
viaoility as determined by tetrazolium staining and sctual
germination tests.

na

i

liethods invelved soaking hulled entire sceds
«255% tetrazblium solution for four to six hours, after
which readings were made and viability determined according
to the amount and intensity of stalnlng.
The date presenbed indlicate that a reasonably accurate

estimate of germinability may be made hy the tetrazrolium

of the tetrazclium test is

o]
=
&
E
l-—' 0
[
o
-
]
2
-
y
o
o
‘é
o

its speed, plus the fact that s relatively small amcunt
of equipment l1s needed. Iowever, 1f accurate results are
to he obtalined, a certain degree of skill and experience
is required. Special techniques must be worked out for

each kind of seed.

19



-
e

9

s
Q
*

il.

12.

Aszssociation of Officia

5

1 Seed
testing seeds. Proc. Assece. 0. Se
1949.

Bass, Iouls H. 2,¢,o~trmphenvl tetrazolivm chloride
fal L

an indicator of the viability of Xeanbucky bluegrass
seed. Proc. Assoc. OFff. Seed Anal, 43:131-138. 1953

Rennett, Norah and lLoomis, W. & Tetrazolium chlorid
as a L°“t reagent for freezl: njury of seed corin.
Plant Physiol. 24:182-174. 1949.

Brewver, H. . Tetrazolium chlovide as a tes o}
in artifically cured peenuts. Sclence 110:4851-452.

trell, . d. Tetrazclium sall es a seced germinati
iC&tOl’ L N& tl‘i_fe 1!.:".1 ;, ‘7&1 . 19A '7 L]

‘?viability

1y orence and Poole, Harrie
taests with 240,0-Triphenyl tetrazol
Thomp « 1zst. 15:240 Zba, 194°8

Gadd, Ivor. Blochemicsl tests for seed gormination.
Proec. Int. Seed Tegt. Asscoc. 16:235-253., 1950.

Goodsell, S. F. Triphenyl teftrazolium chloride for
viability determination of frozen seed corn. Jour.
Amer. Soc. Azron. 40:432-442. 1948.

Isely, Duane. BHEmployment of tetrazolium chloride for
determining viabllity of small grain sseds Proc.
Assoc. OFf. Seed Anal. 42:143-153. 1952

Jensen, C. D., Sachs, V. and aldauskl, ¥. A. The
reductlion of triphenyl tetrazolium chlowide by dehydro
cenases of corn embryos. Sclence 113:65-66. 1951,
lakon, G. The topographiecal tetrazoliwa method for
determining the gerainating bapa01uJ of seeds. Plant
Physlicl. 24:389 54 1949,

Tambou, M. G. 2,3,5=-triphenyl tetrazoliwa chloride

az a rapid indicator of visbhility in cobtton zeed.
Science 117:0690-693. 19253.

a8

e

t for dasags

1949,

te %
iwa chiowride. Contr.
8



AL ;3.7 .

20.

&l

Okerle, ¢. D. and Watson, H. The use of 2,5,5-tri-
phenyl tetrazoliuwm chloride in viability tests of frult
pollens. Amer. Boe. Hort. Sei. Jroc. 61:209-5303. 1953.

@n, De 2,5,5-triphenyl tetrazoliuwn chloride as a
viebility indicator of certain coniferouns seeds.

Jour. Forestry 50:368. 1854,

Parker, J. Some applications and limitations of tetra-

zoliuvm chloride. Scilence 118:77-79. 1953,
I Durrell, and Rowm, He Jo. The use of

Dorter, H. He i
) Jetfazolluw

2,5,5-triphen J chloride as a measure of
seed Qermina 1lity. Plant Physiol. 22:149-1586. 1947.

Hoistacher, C. H., Bald, J. ¢. and Beker, X. . ¥The

tetrezolium test for dormancy and germinability of
Gladiolus cormels. Sclence 118:186-187. 1953,

Shuel, H. We Seed germinebility tests with 2,3,5-tri-
phenyl tetraszslium chloride. Sel. Agri. 28:34-38. 1948.

Smith, ¥F. G. and Throneberry, (. O
test and seed viability.
41:108-109. 19561.

. e tetrazoliuwm
Proc. Aspoc. OF. Seed Ansl.

dnedecor, G. ¥
Iowa State College

Towa: ‘The

Statistical lethods. Ames,
4 19546,

Press. -th ed. 214=-227.



VITA

Thurman Castles Boyd
candidate for the degree of
Master of Scilence

TMesis: Ur VIASILITY G

Wajor: Agronoay (iield Crops)
Biographical:

RBorn: January 1, 1914 gt Blair, Oklahoma

Undergraduate Study: Oklanhoma University, 1947-194

De As Mo Coy 1949=-1950; TUniversity of Arkan
- 1952-19563

Graduate Study: 0. A. M. C., 1053-1954

Experiences: larming, 10 years; clericgl work, 1.

tration, one year; active duty U. 8. Coast
Heserve, 5% vears.

Date of Final Examination: July, 1954

93
S,

ro

Sa

Treasury Department, 2% years, Veterans Adminis-

Guard



ST
3

SEEDS

The content and form have been ci_ cked and approved

by the auul'zor and thesis adviser. The (raduate

i ty for errors
s are sent to

by the author

choo ffice agsumes no responsibi
ither in form or con ent. The copi
the bindery just as they are ap rove
and facvlty adviser.

TY2IST:  Anne Poyd

3

G



