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INTRODUCTION 

J:tlor many yea.rs seedsmen and seed analysts have 

recognized the need for a 11 quick testn for determining 

seed viability. Purity and noxious weed seed examinations 

can be co.n1pleted within a few hours., but germination tests 

require 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 received considerable 

interest in the past few years. 11. number of e.xperiraents 

have produced results which show a good cor1"elation between 

tetrazolium staining and gerrnination tests. Fhereas ordi-

nary germination procedures require several days, determi

nations can be obtained in a few h01.u•s by the tetrazolium 

method. 

Results of the tests are based on the color change 

produced by the reaction of' tetrazolium salt in aqueous 

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

On the addition of a hydrogen radical, the colorless tetra-

zoli u.m. compound is reduced to a pink or crimson formazan 

compound. If embryos are killed by boiling in wate1" .for a 

.few minutes, no color change occurs v1hen placed in the 

tetrazoliura. solution. This makes it apparent that the re-

action is dependent on l"espiratory processes in the embryo. ----·---- ... ___ ·- --- ----------
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IJ:his experiment was conducted for the purpose of 

evaluating the use of 2,3,5-triphenyl tetra.zoliu.:m. chlo1•ide 

as a test for· quick viability determination of certain 

grass seeds. 



REVI EW OF LITERATURE 

The first seed viability tests with tetrazolium salts 

were conducted by Lakon (11) 1 in Germany. He tested several 

salts and found 2,3,o-triphenyl tetrazolium chloride to be 

most suitable. With wheat, rye and barley h:1.s procedure 

consisted of excising the embryo; with oats thee bryo end 

of the grain was clipped; with corn the seeds were soaked 

overni 0 ht and bisected longitudinally. Embryos or seed 

parts to be tested were immersed in a 1% tetrazolium 

solution and p laced i n the dark. After 4 to 24 hours, 

living parts of t he embryo stained bright red . Lakon 

stated that the tetrazolium method, in contrast to the 

germinat i on tests, practi c lly eliminates experimental 

errors, and t hat data from two tests of 100 kernels each , 

treated in this manner have been found to provide t he same 

accuracy as direct germinati on experiments carried out as 

four tests of 100 grains each. 

~orter, Durrell and Romm (16) employed Lakon ' s methods 

with several different agricultural seeds . T.hey f ound close 

agreement between staini ng 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, 

l Numbers in parent esis refe r to Literature Cit ed. 
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so1 ... go, 2 samples of oats and peas, a.nd one of barley were 

not in close agreement, but differences were not too great. 

Slightly modifying Lakon's methods with cereal seeds, 

Cottrell ( 5) reported high correlation vii th standard germi

nat:i.on tests. Seeds soaked overnight were bisected symetri

cally and just covered wl th l 1c tetrazolium salt for 4 hou.rs 

in the dark. In cereals other ths.n maize, ability to ger

minate was indicated by staining s.t least half of the 

scutellum, the whole shoot, and junction between root and 

shoot. In maize the entire scutellmn must be stained. 

Shuel (18) attempted to eliminate the necessity for 

bisecting the seeds .. He conducted tests with barley, oats 

and wheat. 11:he entire grain was i:mmersed in a 156 solution 

of tetrazoli um c.hloride and evaluation of .staining was made 

after 5 hours by external observation o:C the embryo. He 

reported that the tests appeared to give a quick, reliable 

index of' germina. t:ton with ne,a: seeds. Por old seeds with 

viability less than 60%, tetrazolium tests were much less 

accurate. 

Flemion and Poole (6) worked with seeds representing 

117 families and 58 species, primarily woody plants, with 

embryos ranging from non-dormant to dormant. All tests were 

carried out with excised embryos. Germination capacity w-as 

determined by the rapid viability test, which consisted of 

excised embryos on moist filter pape.r in Petri dishes 

at room temperature and obserV,jJ:;Jg for 2 to 7 days. For the 

tetrazoliura test JI embryos were placed in vials JI covered with 



excess tetrazolium and placed i n t he dark for 24 1ours at 

68° F. Significant correlation between the two methods 

was obtained, but 1 re and f requent deviations we r e 

obtained i n many individual tests . 

Goodsell ( 8) used tetra.zolium chloride in an attempt 
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to determine .frost injury .in seed corn. \ 'hen tetrazolium 

t ests were made i mmediately after freezi ng , poor corr elation 

was obtained. If the corn was dried to a moisture level of 

1210 or l ess before testi ng , a hlgh correlation was f ound 

between tetrazolium readings and ermination percentages . 

Tests ere made wi t h a 0.25% tetrazolium solution to which 

1 cc of 10%' Na. OH per 100 cc of solution was added. 

ennett and Loomis (3 ) en countered the same diff iculty 

as Goodsell in a similar study . sing O. 051b soluti on, 

they we r e a b le to estima t e freezi n6 injur y fairly ccurate l y . 

Gadd (7), i n connect on with a review of bio chemical 

tests fo r seed germin tion, concluded th t such me t ods wer e 

useful for special purpose s , hu should no t rep lace germi

nation test s as advocated by Lakon. 

Bl"ewer ( 4) emplo ye d. tetrazoli um methods in a study 

t o determine damage i n artifice.lly cured peanuts . 'Ihe s epa

r ated e 0r yo s were he l d in warm water (115° F ) for an hour , 

t hen i ersed i n a 2% sol ution of t etrazolium and incubated 

i n t he dark at 115° F f or another hour, after whi ch reading s 

were !Uade . Tb.e degree of damage was inter preted according 

to shade s of red staining obtained. Tetrazolium and 



germination tests shovrnd essentiall y he sa.iae degree of 

damage . 

6 

Jensen, Sachs and Raldauski (10) investigated several 

enzyme syste s, prepared from corn embryos, as to the r 

ability to reduce the tetr zo iurn reagen· . 1ney concluded 

that the presence of active enzyme systems does no t nece

sarily indicate seecl viability, but the absen ce of active 

dehydrogen ses probably i ndicates loss of eermi nating ability . 

Smi t h and Throneberry (1 ) lnvestigated tho mechanism 

of tie tetrazolium reaction in seeds. They concluded that 

the dehydrogenascs are ~esponsible for tetrazolium reduction 

and since the dehydrogenase enzymes constitute delicate 

and complex systems ital in renpi'l''atory activity it might 

be presumed that an accurate assay of dehydrogenase activity 

would a lso be a good meas• re of viabilit · . 

I"ely (9 ) experimented w t h oat s, wheat, rye and barley . 

m. s method" consisted of : re-soaking seeds 3 to 4 o• rs , 

hulling (oats), bisect ng; lo gi t udionally, and placi O in a 

0.05% solution of tetrazolium. Readin 1s were made in 3 to 

4 hours, the live embr·os being differentiated fror dead by 

red atainine; . He conclllded that under most conditions 

rea s onably accurate vi -'bi lity tests can be made with tetra

zoliu~ and that, i n general, t he tests are quite precise 

for :lic;.l1. viability seeds and less EO or occasionally errati c 

on poor seed . 

Usi ng certain coniferous s0eds, On (14) found close 

comparison wi th tetrazolium staining and viability determined 



by ger inat ion tests . 

Close agreement between tetrazolium tests and standard 

germination tests was fou.nd by Lambou ( 12) in 16 out of' 17 

lots of cotton seed . For the staining tests he immersed 

longitudional sections of seed , with lint and coat re oved , 

i n a 2% tetrazolium solution for 4 hours . 

4arker (15), conducting tests with conif er seeds , 

found t hat tetrazol iurn s taining s e emed t o overrate germi 

nation percentage if seed had a period of dormancy . He 

obtained good result if staining te s ts were made on a 

sample of seed as t hey a rrived from the seed house before 

stratification , and compari ng these wi t h percentages of 

ger i nati ng seed after stratification in moist cloth at 

40° F for two months . 

Roistacher , Bald and ker (17) developed and tested a 

standard procedure for testing dor1iancy and germi nability 

of Gladiolus cormels . 'l'.i.1.e tetrazol ium tests e ave reason

ably consistant estimates i n nearly all l ots tested . 

Oberle and Watson (13 ) tested samples of pollen of 

peach, pear , apple and grape , u sing a 1 . 5% solution of 

tetrazolium in a 15a agar and 10~ sucrose medium. Hesults 

i dicated pollen grains of t hese fr,its may stain although 

no t capable of germination. They concluded t hat tetra 

zolium is of no value as an indicator of pollen germination 

for the f ruits tested. 

'Ietrazolium tests on Kentucky bluegrass seed s carried 

out by Bass (2) were found to be reasonabl y reliable . 'Ille 
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seeds were bisected laterally and the basal portions soaked 

in a. 0,05% solution of tetrazolium for 24 to 48 hours. 'Ihe 

lemma and pale a were subsequently rendered transparent riri th 

lactophenol so that the embryo was visible fol" exa:mination. 

All sepa.ratlons of viable and non-viable seeds ·v.rere made with 

the aid of a binocular microscope. He examined 318 samples 

with an average difference o:f. about 5J; between the tetra

zoliurn. and germination tests~ 



STRUC'fiJH!!; OI11 SEEDS 0 TU I ED 

In order to properly apply the tetrazolium procedure 

it is ne ces sary to h ve a general knowledge of t he stru cture 

of the seeds involved . 

Seeds of sand bl ue stem, Andropogon hallii Hack., side 

oats grama, Bouteloua curtipendula (I ich.x . ) Torr . , smooth 

brone , romis inermis Leys s , switch grass , . anicum virgatum L. 

and sand lovegrass , Eragrostis trichodes ( Nutt.) ~ash were 

u sed i n this study . 

Commercial seeds of sa bl ue stem, sooth bro e, switc 

grass and s i deoats rama are generally unh lled , but all 

tetrazolium treatments i nt' is experiment were made with see s 

free of the le , a and palea ; ther•efore , stru cture of s ch 

seeds are considered here. 

Al t hough stru c t ure of the grass seed varies consi derabl y 

among the various species, the follo wing ge er al character

istics a ppl y to seeds u sed i n t his study . 

ne ajo1" components of t he, grass caryopsis are the s eed 

coat, endosperm and embr yo . \'!i t h t he exception of sideoat s 

grama, t h e greater porti on oft' e volume of the seed is made 

up of the endosperm. The embyro i s l ocat ed El.t t;:1e base of 

t he seed on the dorsal side and its outline is visible t 1 0118 

the outer seed cover i ng . 

The front and louer J:Jortion of t he embryo consis t of 
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the embryonic ste ·i and r oot systems , wi t h the root ini tial 

extending toward the base of t he seed and the shoot initial 

extending toward the tip . The s cutellurn lies . behind and 

above t his portion of the embryo and is in contact with t h e 

endosper n on one side . It partially s urrounds a nd is attached 

t o t h e embryo shoot system at t he f irst node . 

'.l\1e sand blue stem grain 1 s narrowly elliptical i n shape , 

4 t o 6 mm in length , with t he embryo occupying slightly l e ss 

than half t he face area when viewed dorsally . 

I n dorsal view the sideoats grama seed is oblong in 

shape and in side view it is flat and straisht . I t is 2! 

to 3 mm in leng t h . '1.he scutellum of this seed is relatively 

large, so that t he embryo makes up approxi ately three - f ourths 

of the volume of the grain . 

The smooth brome seed is very t h in and f lat , narrowly 

oblanceolate i n shape , 6 to 8 mm i n length and l t o l l mm 

in width . The embryo is very small , being general l y less 

than 1 mm in leng t h or width . 

The switch grass grain is angu l arly elliptical in shape , 

l l t o 2 m1 in length, with the embryo extending over more 

t han half t h e face of the seed vn~en viewed dorsally . 

1ne sand lovegrass seed is oval in shape with a deep 

l ongitudional cavity on the ventral side . It is 1 to 1} mm 

i n l engt h and 1 mm or less in width . The embryo covers 

approximately half t he f a ce of the seed i f 1 dorsal view . 



ME·1 ODS 

A total of eight lots of seeds were employed in a 

study of viability determined by tetrazolium staining 

metnods as c ompared to a c tual germination. 

One lot each of sand bluestem, sideoats grama , switch 

0 rass and smooth brome was secured from seed harvested in 

1953 . One lot each of sand bluestem, sideoats grama and 

sand lovegrass was secured from seed harvested in 1950. 

One lot of smooth brome was secu ed fr s ed harvested in 

1951. 

Tetrazolium tests were made with ulled (lemma and pa lea 

removed) entire seeds. ?reliminary examinations with un

hulled switch grass and smooth brome seeds proved unsatis 

factory . 1our hundred (4 x 100) seeds were employed fo r 

each staining test . 

Pre liminary tests were made with tetrazoliu solutions 

of 0.05;'& , 0.1%, 0 . 255.; , 0.5% and l7; strength . A 0 . 25% solu

tion was us ed for all te ts on wh ich data are presented . 

\Jeaker solutions effected staining , but required a longer 

period of treatment . Stronger solutions did not appreciably 

speed up the reac ion , nor did t hey effect darker staining. 

The stock solution was kept in the dark when not in use. 

Tetrazoliurn treatment was carried ut in small vials , 

one hundred seeds to a vial . The seeds were covered wi t h 

11 
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an excess amount of solution and vials pl aced i n t he dark at 

room temperature . eadings for all seeds excep t sand bl ue

stem were made after four hours of treatment . Sand bluestem 

required six hours in the solution for staining t o be a cco p 

lished . iost of the deter mi nations were made without magni 

fication , but some re uired the use o a 10 hand l ens . 

Ieadings were made i mmediatel y after re oval fror the olut i on. 

Dr ying of the seeds made r eadings nore dif~icult. When dry

ing occured seeds were p l a ced in a etri di sh wi t h just enough 

water to keep them moist unti l determinations were completed . 

?reliminary investigations revealed considerable varia

tion i n the amount ·and intensity of staining among the f ive 

species studied . 'lherefore, the method of interpretation of 

tetrazolium staining vari ed among the d i ffe r ent species . 

\,hile a great deal of t i me was spent i n arriving at 

the f ollowing met ~ods , proper interpretation of tetrazolium 

staining r equi res a de (l' ree of ski ll which can onl y be a c

quired through a more extensive study and experien ce . 

Sand bluestem and sideoats grama seeds were judged to 

be viable i f at lea 0 t 50;t of t he embr yo s.b. wed a br iGht 

red staining . Occasionally a large percent of the s cu t ellum 

was stained a bright red wi.th the embryon c root and/ or 

shoot showing l ittl e or no staining . Based on preliminary 

staining tests co nparisons with actual germination percent

ages , these seeds were considered viable. 

In the determination of viability of switch gras s 

seeds, intense staininr, of the scutel lum did not appear 
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to be of major importance. Seeds were .considered viable if 

the embryonic axis ( omur;yo Hlinus the scutellmn) was stained 

a b1..,ight red color. Although b:1e scutellurn was sta:i.ned in 

most of the viable seeds, in general the intensity.of stain

ing Has considerably less than in the reminder of ,the embryo. 

Seeds of smooth bro.::ne and sand. J.ovegrass were considered 

viable if the entire embryo was stained. Intensity of stain

ing did not appear to be a determining factor. All reading$ 

of bi"ome and lovegrass seeds were made vri th the aid of a lOX 

hand lens. 

Germination tests were carried out in accordance with 

procedures prescribed by the Association of Official Seed 

Analysts (1). }'our hundred (4x 100) seeds were employed 

in each germination test. 



Results of the tests conductec1 nre pr•esented :i.n Tables 

1 and 2. 'l1a1Jle 1 gives the nation and tetrazoliurn 

staining percentaget; o:f each sample. Percentages for each 

lot of seed a1°e ven. in 1£able 2. 

Germination of indi v:i.dual lots ranged from 1.25 to 

88. 715;:S, 1•epresenting viability over a wide range of.' levels. 

Lot mhJber e ' ·1 ' • f"" f' >- •:> r . , . .t.. i sn.owt:ic. a ai .. i ere nee o · J. i;.;v;:, be Gween germ -

nation 2.nd te·t1~s.zo1:lum staining; w:t1ile cUfferences between 

tho two methods t.'t-.1.P., .T.' 1"'.1.·.11,.r-.: ·i· 11-tn .. ,:i; Jot'" 'Y>O'·'J aec~ ·1«.,,,,,..,,.,.1 ] ,J t·o le c• c< ~ " • ._, , -- - J. :_;, • J ,.) ,I. O..L[::, _,, ,l •. ,_ V Li • -/~1 a)'-' 

Statistical analyse1:1 of the :t:esu1ts vrnre made according 

to the methods outlined by Snedecor (20). 'I1.he anal;;si s of' 

variance of each lot is ~res0nted in faole 6 ·tti G a:n.e.1. ~Y" s i s 

of the entire ex~)erimont is ven in 'I1able 4. 

Lot number eight showed a si p:nifi cn:nt difference between 

ge1"'mination and staining resu.lts at the 5~:; level. 'rhis lot 

consisted of sand lovegrass with some hard seeds present, 

vuhich may partially explain thi a difference. 'lhe remaining 

lots and the experiinent as a whole indicated a close agree-

ment betvrne:n the two methods of determining viability. 

14 
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Table 1. Germination and 11:etrazolitun f3taining Percentages 
.. of Samples. 

Percent Percent Staining 
Germinating with Te,trazolium 

Lot Sam:>le 8ara2,;:t:e, 

l 2 3 4 1 2 3 4 
r -
I 

I 36 3'1 49 45 41 47 46 48 

; II 52 66 59 66 55 64 58 60 
' _, 

JIII 46 35 34 35 45 34 38 39 
i 
! 

:rv 87 89 93 86 93 91 94 90 
·" 

i 

V 0 l 2 2 7 .4 0 0 

i 

VI 66 70 74 74 71 76 67 74 

VII 57 59 71 5? 63 54 60 55 

VIII 2·1 18 12 13 19 27 28 23 



Table 2. Gern1ination and Tetrazoliun1 Staining 
Percentages of Lots. 

Lot Percent Percent Staining 
Genninatill!:1 with Tetrazolium 

I 41.75 45.50 

II 60.75 59.25 

III 37.50 39.00 

IV 88.75 92.00 

V 1.25 2.75 

VI 71.00 72.00 

VII 61.00 58 .. 00 

·-· 

VIII ].6.00 24.25 

. 

-
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Table 3. Analyses of' Va:Piance of Lots. 

I 

II 

III 

IV 

V 

Source of' 
Variation 

methods 
Error· 

ivlethods 
Error 

rnethods 
Error 

I\iethods 
1srror 

Methods 
Error 

Degrees of 
Preedom 

l 
6 

l 
6 

1 
6 

l 
6 

l 
6 

Su.m of 
.Squa1 .. es 

28 
148 

4.5 
177.5 

5.0 
158.5 

21.25 
38.75 

4.5 
3?.5 

Mean 
<:-<qa,n·,~e ~-
28 
24.? 

4.5 
29.6 

5.0 
26.4 

21.25 
6.44 

4.5 
6.25 

·----..i----------+-·--------1------·--t-----=-

VI 
Methods 
Error 

1 2 
90 

2 
15 

----..i-----------+------·"--------------~ 

VII 

VIII 

1V£ethods 
Ex•ror 

Methods 
Error 

1 
0 

1 
6 

18 
190 

136 
106 

"l}Exceeds significance at the 5;0 level. 

18 
31.7 

136 1*" 

17'.5 



Variance of tl1,,e Ex1)er1.n1e1Tt. 

Source of Decrees of 
Vc.rin o:c1 Preedom --~----,,- ---- -

Liethods 1 54.3 54~.3 

IG1-,r<)r 62 46158.0 7?4 .. 5 



SUMMARY ANL CJJ:JCLUSI0NS 

!Jhis study was concerned with the evaluation of the 

use of 2,3,5-triphenyl tetrazolium chloride as a test for 

quick determination of viability of certain grass seeds. 

Samples from eight lots of seeds, including sa.:nd blue-

stem, sideoats graraa, smooth brome, switch grass and sand 

lovegrass were used in a study of' the cornpari sons between 

viability as determined by tetrazolium staining and actual 

germination tests. 

Ii!Iethods involved soaking hulled entire seeds in a 

0.25~& tetrazolium solution for four to six. hours, after 

which readings were made and viability determined according 

to the amount and intensity of' staining. 

1lhe data presented indicate that a reasonably ~wcurate 

estimate of germinabili t;r may be made hy the tetrazoli um 

method. 

The principal advantage of the tetrazolium test is 

its speed, plus the fact that a relatively small amount 

of equipment is needed. However, if accurate results a1"e 

to be obtained, a certain dee;ree of skill and experience 

is required. Special techniques must be worked out for 

each kind of seed. 
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