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Chapter I
IETRODUQTION

Seed analysts need s quick and accurate method
of determining the viability of seed which would reduce
costs of running germination tests and would also provide
better service to farmers and seedmen during rush periods
in the laberatory., The seed laboratories use a standard
method for determining seed viability which consists of
planting 300 or 400 seeds from a sumple in send or be-
tween blotters, After a given time the sproute are
counted and percentage germination detersined, In such
specific cases as that of Bahia grass, three monthe are
required to obtain maximum germinatiom (2),

In recent years there hae been consideradle in-
tercst in developing a new method of measuring seed
viability which would reduce the time and labor required
by the technigque now in use. I% ie possible with certain
erope to predict the germinability of their seed by ob-
serving the seed embryo which stains red in the presence
of a weak solution of triphenyl tetraszolium chloride,
This staining method has been used to some extent in
Germeny (4), (8), (7), (9) and, although it has not been
generally adopted in the United States, shows promise as
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a rapid method for testing seed wviability.

Staine have been used for determining the
viability of cells since 1883 (8), but it was not until
1835 (10) $het & report was made desoribing the use of
this methoed to determine the percent of live seed,

Hosegawa (5), a Japanese worker, was the first
to work on the new method., Further interest was aroused
among Cermsn workers in 1938-37, Eidmsnn (4) made further
investigation to confirm the work done by Hosegawa,

In 1941, a German scoientist, Laykon (7), further
developed Eidmenn's technique and replaced the use of a
selenium salt with triphenyl tetrazolium chloride.

In 1945 a supply of 2.3«5 triphenyltetrazolium
chloride was obtained from GCermany by R. A, Dutcher (3)
and sent to the seed lzboratory at the Pennsylvanias State
Oollege (3) as well as the Iowa State College {2). It
was hers the validity of Laykon's work was checked by ree
peating his tests,

 The tetrazolium test was compared to the stande
ard laboratory germination tests for corn, rice, buoke
wheat, popcorn, soybeasn and bahia grass, The staining
test was found to compare well with the standard labora-
tory tests as a measure of seed viability (10),

The review of literature on the tetrazolium
technique indiocates that no reports have been published
on its use as a measure of the viability of cantaloupe,
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cucumber, and onion seed, The seed of cantaloupe and ou=
cumber orops represent a type whioh will maintain ao-
oeptsble viability for a period of ten to fifteen years
under average seed storage conditions, whereas onion seed
loses viability very rapidly and i not acceptable aftey
it 19 two years old even under optimum storage conditions,

Two clasees of seeds were selected for this
study one olaes which includes cantaloupe and cuoumber
seed that holds ite viability for many years and the
other clase which includes onion seed that loses vie
ability rapidly,

If the staining test for seed germination was
found to be coneistently scourate and reliable, it would
be very useful to research workers, seed analysts and to
the wholesale and retail seed trade, After careful ree
search iort, limitations of its walue and use could be
determined, Some of the possible uses of the methods are
listed as follows; |

1. A quick test would be valusble when there
is 1ittle time for germination tests dbetween selling or
buying operations,

2, In studying the effeet of various fungicides
on the loss of germination of seeds held in storage.

3., It would be valuable as a means of reducing
time, labor znd other costs of running standard germina-
tion tests in seed laboratories,



12

4., Seed of some orops lose their viability
within 2 year following harvesting of the seed. A quick
test would be valuable in determining the rate of germin-
ation loss and totsl germination which would help seedmen
and growere in adjusting planting rates per aore,

8. A quick test may show the degree of maturity
or immaturity,

8, It could be used o test the affect of in-
jury to seed from mechanical oleaning or heating while
drying and ouring.

7. The extent of freezing injury to seed be-
fore 1t has matured,

8. It may have a place in detecting diseases
whigh are present within a seed coat or in the embryo.
Virus, bacterisl or fungus organiems might be detected,

8, Imperfect or partially developed embryos
may be detected,

10, The materiasls and place for the test does
not reguire special eguipment and techaniclians could be
gquieckly trained to use it in the field or office.

¥hile many of the preceding uses of the stain-
ing method are possible the accuracy of the test must
first be determined, CUonsequently the investigations
initiated and reported here were limited to a study of
the reliability of the tetrazolium test when compared to
Standard seed laboratory germination technigue, to de-
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veloping cutting, sampling and staining methods, and to
investigate some of the factors, such as variety differ-
ences, age of seed, weight of seed, and color of seed
which might influence the acouracy of the staining test,
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Chapter II
REVIEW OF LITERATURE

The literature on the use of triphenyl-
tetrazolium chloride for testing seed viability is not
extensive, Much of the early work on the problem was
conducted in Germany and results were not readily reported
due to the recent war., Research in the United States with
the chemical has been of a limited nature and dates back
oenly four or five years,

According to Peckman and Rung (9) Loew and
Bokorny were doing research in 1882 which was closely re-
lated to this field, They determined the viability of the
living cell by using an extremely dilute alkaline silver
solution as a2 reagent. It was not until 1884 that Peckman
and Rung (9) first prepared various tetrazolium salte in-
cluding 2,3,5 triphenyltetrazolium chloride., The next
step was taken in 1918 by H, Molisch (5) who used a silver
sulphate solution in place of the alkaline silver solution
previously used, According to Hosegawa (5) the staining
method develéped in 1929 was the most geneta11y<aooeptoﬂ
at that time. .

Eidmann's method was developed to correlate the
degree of staining of excised embryos with seed viabil}ty.

\
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A 2,0 peroent sodium biselenite solution was used and the
staining of the embryo was classified on the basis of sure
face area covered, When there was no color or not more
than one~-third of the surface of the embryo was weakly
oolored, the seed was considered dead, The results in-
dicated a positive relationship between viability of seed
and the degree of surface staining of the embryo,

In 19835, Hosegawa(5) developed and further re~
fined the staining method of determining seed viability
by using dilute solutions of telluric acid and seleniec
salts, His technique was called the "Reagent Method"
and the results were obtained by staining the seed of
evergreen speclies of trees, His staining procedures made
it possible to distinguish between o0ld and new secd of
the plant species studied, Seed which stained dark indigoe
germinated well while those whioh stained dark brown were
incapable of growth,

According to Hosegawa's report (5) "Among the
Vital staining method hitherto published Mr, Neljobov's
Indigocarmin method (192¢) is recognized as the most
sucoessful, It appears however to present certaln draw-
backs, such ss imperfeot color reaction - contrary to the
"Resgent Method" « and difﬂwltiea in determining the
vitality of seeds.* (5)

In 1947 Laykon (7) compared the result of
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testing by regular germination tests on seeds of oats,
barley, wheat, rye and corn with those obtained by putting
the cut seeds in either a solution of 2«3 diphenyleS-
methyl tetrazolium chloride or 2-3-5 triphenyl tetrasolium
chloride, The staining of the viable embryos correlated
woell with the germination resulte. Further information
wag published by Laykon on the use of solutions containe
ing selte of eelenium, Definite staining of the vital
parts of the embryo was evidence of ability %o produce a
normal seedling, For cereal seeds he found that if both
the embryo and the scutellum stained carmen red the seed
would be strongly viable, Corn seed tested by this method
at the Iows State College (8) using a similer etaining
technique showed a close relationship between the red
etained embryos and viability. A comparison of seed in
which viability has been destroyed by placing in boiling
water and then trested with tetrazolium chloride solution,
showed no change in color of embryo. Color changes are
then associated with 1ive embryos when treated with
tetrazolium chloride solution, It is possible to dis-
tinguish between viable and non.viable seed, as reported,
using tetrazolium testa.

The colorless tetrazolium salt i¢ reduced by
the enzyme aotivity of the viable seed., Upen redunction
thie colorless salt forms a carmen red eeloi and the



living embryo becomes stained deep red.

Bamples of barley, oats, wheat,sorghum, buckwheat,
popeorn, pess, soybean, and vetch were tested at the Iowa
State College (10) with tetrazolium solution in much the
same way a8 that used for corn with the soaking time in
water and solution varied, The seeds of the small grains
were ocut medianly through the long axis of the embryo,
The seeds of peas, soybean, and vetch were cut between the
cotyledens, cutting the radicle longitudinally, These
tests show that in three lots of barley, two lote of oats,
wheat, buckwheat, soybean, and popcorn, there iz a close
relationship between the percentage of stained embryos
and of normal sproute produced in the ordinary laboratory
germination test in sand,

The work done by Porter et al (10) confirmed
that done by Laykon (7) on corn and the work dome on
yecst by Euhn and Jerchel (8) as well as stimulated an
interest in finding the potentialities of the tetrazolium
salt as a test resgent for living tissues in general (3),

A growp of worker (8) at Iowa State College
published a report on the use of the Biselenite Remotion
prooedure as a measure of seed germinability. The methed
used was as follows:

a. Oermination tests of small-seeded species
were made on blotters in a glase germinator,
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b, Large-seeded species were tested on cotton
pads in covered enameled trays.

All the tests were made at room temperature
(75° to 809F.). Seedling observation was made at the time
of the germination counts (7 to 10 days).

¢. Biselenite reaction tests were run simule-
taneously with the germination tests, Eidmann's method
(4) was followed as a basic procedure, presoaking the
seeds 16 hours, draining and aerating under moist con-
ditions for 8 hours. All tests were on the basis of
two replicates of 50 seeds each, Hard seeds with ime
permeable seed coats were classified as nonegerminable.

The following conclusions were drawn from the
above method,

The sodium biselenite method of seed testing
with the presoaking step reduced to 168 hours aeration,
proved generally satisfactory oa geeds of a wide range
of agriculture plants,

The biselenite test, suitably adjusted, may be
used as an alternative for the standard seed germination
test. It would have the advantage of being quicker, the
time saved varying from 4 to 12 days in readily germine
able seeds to perhaps several months in seeds which re-
quire a period of after-ripening assuming that tpe
biselenite test could be made early in the after-ripening
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period, When perfected, the biselenite test might prove
more accurate for certain purposes than the germination
test,

It has also been shown that the tetrazolium
test may be used as an indirect measure of heating ef-
fects upon biologioal, physical, and chemical properties
of peanut seeds (1),



Chapter III
HETRODS ARD HATERIALS

The literature review indioated that there are
no reportes on the use of the tetrazolium as a test of
viability on cantaloupe, cucumber and onion seed, No
information was avallable on the reliability of the teat
or how such factors as variety, seed coat color, seed
weight, and age of seed, would affect the accurscy of
the test when used on the above mentioned erops,

Investigations were undertaken, (1) to deter-
mine the accuracy of the tetrazolium quick test when used
on seed of cantaloupe, Cucumis melo L., cucumber,
Quoumis satiyus L., and onion, Allium geps L., (3) to
determine the most efficient seed outting procedure so
that the embryo will be properly exposed to the stain;
(3) to determine if weight of seed within a wariety has
an effect on degree of staining or reliability of the
tetrazolium test; (4) to determine if stained or dis-
colored seed is an indication of lower germinability
and if the tetrazolium stain is sensitive %o this dif-
ference in viability; (5) to obtain information on the
effectiveness and reliasbility of the staining methed in
testing viability of old seed,



I. Accuracy and reliability of the tetrazolium
chloride test as compared to standard germination

technigues.
Seed samples of seven cantaloupe varieties and

seven cucumber varieties were used to compare the
tetrazolium test with the standard germination test as
measures of seed viability., The seed was obtained from
a Denver seed company and varieties selected that are in
commercial use. The seed was grown in 1549 and repre-
sented new seed, The following list of varieties were
used in this study,

Cantaloupe yarieties  Qucumber varieties

Jumbo Hales Best Straight 8
Rocky Ford No. A - 0O
Hales Best 8 - 36 Colorado
Pride of Wisconsin Everbearing
Hales Best No. 45 Olarks Special
U,8.D,A, No, § Snow Plckling
Greeley Wonder Cubit

Four 100-seed samples of each variety were
used for the standard germination test. The méthod used
in determining viability by the standard germination
method was as follows, each sample (100 seeds) was
plagced between blotting paper moistened with water and
get in a germinator at a tcnpyratu;o of 20° 0. from:




5:00 P,H¥, to 8100 A.M, and st 30° O, from 8100 A.X, to
8:00 P,M, The blotting paper was kept moist through the
entire germination period, Counts of germinating seed
were taken after 4, 5, 8, 7, 8, and 10 deys, Some of the
seed, although germinating, produced abnormal growth
and were not considered viable., Certain other seed be-
came covered with a fungus growth and falled to germinate.
Rormel and abnormal germination and fungus covered seed
are illustrated in Fig. 1 and 2,

In the tetrazolium test four 100-seed samples
of each variety were also used, Before beglaning the
tetrazolium test, 1t was necessary to find the position
of the embryo and to determine the most efficient way
in which to cut the seed so that the stained embyo would
be elearly visible, By cutting the seed longitudinally
the embryo was more olearly shown 8o this method was

Ww;;c teeting procedure was as follows:

1, The seeds were soaked in water at room
temperature for 154 hours,

2. The seefs were taken from the water and
cut in half longitudinally by use of a razor blade,

3. COUne~half of each seed was placed in a
0.5 percent solution of tetrazolium ohloride for one
hour and ten minutes,
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Normel growth of Cucumber seeds.

Normal growth of eantaloupe seeds.

e

Figure - 1
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Abnormal growth of cucumber anc eentaloupe seed.

C- Crowth of mold in dead seed.

Figure - 2




Position of the embryoc in cantaloupe and cucumber seed.

Figure - 3




26

4, Seeds with carmen red colored embryo were
counted,

5. The seeds whiok had no color or were
lightly colored were not considered viable,

The time required to complete = tetrazolium
test on oucumber or cantaloupe seeds was 17 hours and 28
minutes,

The above methods were used in all further
tetrazolium tests on cucumber and oantaloupe seed,

ber geed weight and germination within a variety.
To teat the relation between seed weight within

a variety and germination as deternined by the two :
techniques the cantaloupe variety, Roocky Ford and cucum-
ber variety, Snow Plokling were used,

The first step in this test wes to find the
average weight of seed in each variety, Ten seeds from
each variety were weighed acourately to obtain this ine
formation,

After finding the average welght, 400 seeds
heavier than the average and 400 seeds lighter than
average were selected, Bach sample (100 seeds) was again
weighed,

Viability of the heavy and light seed was
determined by the two methods,



III, ZThe relation between centaloupe and

gucumber germination and seed colox,
To study the difference in germination between

brown or discolored seed and white seed the same varie~
ties of cantaloupe and cucumber were used as wunder II.
Brown or discolored seed may be caused by a number of
factors, such as light rain on seed during the drying
process, excessive heating during the fermentation process
prior %o drying, excessive moisture while the seed is
maturing, or freezing of vines and fruit before maturity,

Four hundred brown seed and four hundred white
seed of each variety were used for the standard germine
ation test, The same sized samples were also used for
the tetrazolium chloride test, A germination count was
taken on the 3rd, 4th, 5th, 8th, 7th, and 9th, day after
planting.

IV, Zhe relation between age of onion seed

and germination.
Onion seed was used for this phase of the work

because it usually loses its viability very rapidly
after the first year whereas cantaloupe and cucumber have
a tendency to retain high germinability for many years,

In determining the effect of age on wviability
as measured by the two germination techniques it was

desired to have samples of onion seed for which aceourate
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information was available, Unfortunately the germina-
tion information was not recorded for the old seed at the
time it wase harvested and stored, In one variety the
name, age, and previous germination record was known,
Three samples were named but the age and previcus germe
ination records were unknown. "

The first four varieties listed in Table 1
were obtained from the Horticulture Department,
- Qolorado A & ¥ College and the 1ut_tuur samples 1isted
were obtained from the seed laboratory, Colorado A & N
College.

The "old" onion seed samples tested are listed
in Table 1,

Table 1,--THE EIGHT ONICOH SESD SAMPLES TESGTED BY STANDARD
GERMINATION AND TETRAZOLIUM TECHNIQUES,

oI I I e e i e e 3
1. Early yellow Globe 1946 80,00
2, ¥ountain Danvers 10485 ?
3. Brigham Yellow Globe T ?
4, Hountain Denvers ? ?
5. Unknown A ? ?
6. Unknown B ? T
7. Unknown ¢ ? ?
8, Unknown D Y ?




Four ssmples of 100 seeds each from each of

the eight onion seed lots were used to determine the
viability by the standard germination techniques, Each
sample of 100 seed was planted between blotters and sed
in the germinator at a temperature of 20° 0. dey and
night., Sprout counts were made on the fifth day and
every day thereafter until the %tenth day,

Before beginning the tetrazolium test, it wees
necessary %o locate the position of the embryo, It was
found that the embryc was visible regardless of the direce
tion in which the seed was out as shown in Flg. 4.

In determining the viability by the tetrazolium
test the following procedurs was used,

1, PFour hundred seeds of each variety were
soaked in water at room temperature, from 5:00 P.¥, %o
8300 A.M,

2, Beeds were yemoved from water and out in
half with 2 razor blade,

3. One~half of each seed was then soaked in a
0.5 percent solution of the tetrazolium for 50 minutes
in the dark,

4, The embryos staining a carmen red color
were counted, When the seed was removed from the solu-
tion some of the embryos were found to have grown 1 to
2 mm, Some showed enlargement in one point, others in
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f embryo.

ion O

seed showing posit

Section onion

Figure - 4
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both as shown in Fig, 5, There was a question at this
point if this inorease in size of the embryo was an in-
dication of viability. To investigate this problem, the
following procedure was used,

1. Two samples (100 seeds in each sample)
were used,

2, They were soaked in water at room temper-
ature for 15 hours,

3. After soaking the ssede were cut through
the embryo.

4, 100 seeds were placed in the water at room
temperature for 12 hours,

5. 100 seeds were placed between mois$
blotters.,

Four samples of 400 seeds each were placed in
boiling water for five minutes to kill the seed and then
tested as followss

1. One sample (400 seeds) from those which
had been boiled were cut and placed between blotters,

2. Another sample of boiled seed was out and
placed in tetrazolium solution for fifty minutes,

3. A third sample was out and then placed in
water for 24 hours.

4. The rouith sample was plaged in a blotter
a8 a check to find if the seeds that had been boiled



Embryo enlargement of onion seed after 50 minutes

soaking in tetrazolium solution.

Embryo enlargement of onion seed after 24 hours

soaking in water.

Figure - &
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were dead,

The tetrazolium and standard germination tests
were also iado on old cantaloupe seeds, The three old
cantaloupe seed samples were obtained from Mr, Raymond T,
Farr, Sugar Oity, Colorado, who claimed they were grown
in 1919, 1029 and 1933,
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Chapter 1V
ANALYSIS OF DATA

1. Accuraoy and relisbility of the tetrasolium
ghloride $est sg gompared $o standard germination tech-
nigues. |

The viability of the seven cucumber varieties
as determined by the tetrazolium and standard germination
teats are given in Table 2, and for the seven cantaloupe
“varietiea in Table 3,

Table B?Q«--GQWARIEQN OF THE STANDARD GERMINATION TEST WITH
THE TETRAZOLIUM TEST IN DETERMINING SEED VIABILITY OF
SEVEN CUCUMBER VARIETIES,

N B

' 1 germination Tet
Variety Name percent percent
viable v
AARC 94,00 96.00
Straight's 94,28 95,00
Colorado 93,00 : 92,50
Everbearing | 94,00 94,26
Olarke Specinl 56,28 57.28
Cubit 98,50 87.00

Snow Pickling 93.76 93.28
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Table 3,-~00MPARIZON OF THE STANDARD GERMIRATION TEST ®ITH
THE TETRAZOLIUM IN DETERMINING sm VIABILITY OF SEVEM
CANTALOUFE VARIETIES,

Variety name

Jumbo Hales Best 8,00 26,80

Rooky Ford 93,28 94,00
Hales Beot § -~ 38 88,85 89,80
Pride of Wisoonsin 93,36 ©4,00
 Hales Best 4B - 89.00 91,50
U.8.,0.,4, 8 79,00 70.28
Greeley vondep 02,78 91,50

K Dol B, Frop? 1 0ty TR L d G ey o
m germination percentages ocbtained with the

tetragolium compare very closely with these determined
by the standard method for all wvarieties tested, The
greatest mean difference obtained was 3,50 peroentage points as
shown by the cantaloupe variety, Hales Beat 45, The sige
nificence of the difference was determined by the "t°
test, The value for ¢ = 1,20 wae not aignificent at the
6 percent level, |

In order to determine the extent to which the
two methode agree in determining seed viability for the
cantaloupe and oucumber semples tested, simple correla-
tion coefficients were caloulated., Mean viasbility pere
centages obtzined for cach variety were used fory the
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caloulations, 7The I values are given in Table 4,

Table 4,~-IIUPLE CORRELATION COZFFICIENTA OBTAIHED WHER
TESTIRG THE RELATIONSHIP BETWEER SEED VIABILITY AS DEe
TERMINED BY THE STARDARD GERHINATION ASD SEZD VIABILe
ITY DETETMINED BY THE TETRAZOLIUM QUICK TEST,

Type of Seed Degrees of freedom Value of ©

anta.tom> ] + 0,888

Cuoumbes B + 0,003%

s

*Exoeeds 1 parvoent level of significance,
The ¥ values were positive and highly significant for doth
the oantaloupe and cucumber varieties indieating 2 good
egresment betveen the two methods of testing,

'} L5 BHELIELODS,

To teat the effect of meed welght on germination,
the cusumbey variety, Jnow Plokling and cantsloupe
variety, Rooky Ford were used, It was first necessary to
find the average welght of a2 single seed in the two varie
oties, To determine this, ten seeds in each variety were
taken at random and weighed to the nearest milligram,

The individusl seed weight for the cantaloupe variety

are given in Table 5, and welghts of the cuoumber seed

are given in Table 6,



Table 5,«-TRICHT IN ORAMS OF TEN RARDOM SE®D IN THE CANTA-
LOUPE VARIETY ROCKY FORD,

Seed 1 28 3 4 B8 6 7T 8 9 10 Ave.
ws. ,018 ,032 ,014 ,019 ,017 028 ,030 ,012 .02¢ ,014 018

Table 8,~-FEICHT 1IN GRAMS OF TEN RANDOM 3EED IN THE CUCUN-
BER VARIETY SNOW PICEKLING.

o b .

Beed 1 a 3 4 88 €6 7T 8 ® 10 Ave,
¥, .023 ,033 ,032 ,018 034 ,030 ,029 ,038 ,034 ,023 ,0825

R Raaencid

Eight 100-seed sampleos were selected from the same
lot of Rooky Ford cantaloupe seed, Four of the samples
woere heavier and four were lighter than the average., The
weight and viabllity as measured by the tetrasolium test
are given in Teble 7.
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Table 7.-~THE WEIGHT OF EIGHT 100-8SEED CANTALOUPE SAMPLES
¥I§¥ THEIR VIABILITY AS DETERMINED BY THE TETRAZOLIUM
EST.

3 1.720 93,0

2 1,640 93,0

3 1,618 92.0

4 1,800 790.0
Total-- 6,578 367.0
Mean- 1.643 91.75
Difference between vtabiliiy means 4,00
1 value 3.33%*

**§ignificant at 1 percent level.

The percentage viability of the heavy seed was
4,00 percentage pointe greater than that of the light seed.

Eight 100-seed samples were selected from the
same lot of Rocky Ford ¢antaloupe seed. Four of the
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gamples wers heavier and four were lighter than the aver-
sge, The weight and germination as messured by standard
gesmination test arve given in Table 8,

Table 8,~«THE WEICHT OF RIGHT 100«8EED CARTALOUPE SEXD

SAMPLES WITH THZIR CERMINATION AS DETERWIRED BY THE
STANDARD OERNIBATION TEAST,

2,408
2,318

e i W

98
96
04
93
378

1
3
3
<
Total ©.759
Hean w- . 3,439

£
]

8 1,733
8 1,850
7 1.837
8 1,808

ki e e b

8,813 78
m - ’wm - o ni”

}3388

Difference between viability meang 3.00
% Value 1.688




The heavy seed on the average germinated 3,00
percentage pointe higher than the lighter seed. This
difference was not significant at the 5 percent level,

Four 100-geed samples heavier than average,
and four 100-seed samples lighter than the average were
selected from the same seed lot of the cucumber variety
Snow Pickling., The weight of each sample with viability
percentages ae® determined by the tetrazolium are given
in Table ©.

10
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Table 9,~~THE WEIGHT OF EIGHT, 100~8SEED CUCUMBER SEED
SAMPLES WITH THEIR VIABILITY AS DETERMINED BY THE TET-
RAZOLIUM TEST,

o e et s - P e A PP P PR S A A A P 0 A A e

Sample Weight of 100 seeds in grams Percent viable

1 2.998 26
2 3,993 o8
3 2.9980 24
4 2.883 93
Total 11,860 378
Mean 2,965 94,50
5 2,320 87
8 2.390 86
7 2.198 86
8 2,192 83
Total 2.000 343
Mean 2,250 85,50
Difference between viability mean 2.00
1 Value 4,24

**3ignificant at 1 percent level,

The heavy seed on the average was 9,00 percentage
points higher in viability than the lighter seed, This
difference was significant at 1 percent level.
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Germination percentages were determined by the
standard method, on four 100-seed semples lighter than
aveyage, and four 100-s2ed ssmples heavier than average,
selected from the same seed 1ot of Snow Plokling cuoumber,
The seed weightas and germination percentage are given in

Table 10,

Table 10,-=THE WEIGHT OF EICHT 100-8EXZD SAMPLES WITH THEIR
VIABILITY AS DETERMINED BY THE STANDARD QERMINATION TEST

378

80
5 89
8 , 88
4 2,240 87
8 2,183 83

i i st e W A S A i WD

Total 2.037 347
Mean - 2,268 =~ 88,78
Difference between viability mean 7.78
4 Volue 3, 78xx

**Signifioant at 1 peroent level,
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The heavy seed on the average germinated 5.25
percentage points higher than the lighter seed, This dif-
ference was significant at 1 percent level,

The relationship between seed weight and viabile
ity as measured by the standard germination and tetrazole
ium test were determined by caleculating simple correlation
coefficients., The r values for the various relationships
are shown in Table 11,

Table 11,~-~RELATIONSHIP BETWEEN PERCENTAGE GERMINATION AND

SEED WEIGHT IN CUCUMBER AND CANTALOUPE AS MEASURED BY
BOTH THE STANDARD GERMINATION AND TETRAZOLIUM TEST,

Yariety Test By ';g!..‘ 3 VYalue

Snow Pickling Tetrazolium 6 + 0,960**
Snow Pickling Standard germination 6 + 0,014
Rooky Ford Tetrazolium 6 + 0.950%*
Rocky Ford Standard germination 6 ¢+ 0.,712®

**Exceeds 1 percent level of significance,
*Exceeds 5 percent level of significance.

Seed viability as determined by both the stande-
ard germination and tetrazolium test showed a strong
positive correlation with seed weight in both varieties
tested, The r values were either significant or highly
significant,

III. Relationship between germination and seed golor,

To test the effect of seed color on germination,
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800 brown colored geed and 800 white colored seed were
selooted from each of the varieties Saow Plekling cucumber
and Rocky Ford cantaloupe, Four hundred seed of each of
the brown and white sample were tested by the standard
germination method, The came sized sample were tested by
the tetrazolium test, The results are given in Table 13,
Table 13,«-VIABILITY (F BROWE AND WHITE COLORED SEED

SELECTED FROM THE SAME BULE LOT OF SNO® PIOKLING
OUCUMBER AND ROOKY FORD CANTALOUPE,

Variety —Fetwasoidium _ — Jtandaid cereinatios

Snow Plokling’ 90,50 03,78 1,00% 92,78 96,00 2,36
Rocky Ford 89,28 94.28 2.54*%80,80 94,78 2,20%

s e A

*tExoeeds 1 peroent level of significsnce,
*Excoede & percent level of significance,

The percentage viability of the white seed was
greater than the brown seed in all tests, Differences in
all cases were either highly signifioant or significant,

Simple correlation coefficients were caloulated
to show the relationship betwesn the two methods of test-
ing when used on brown and white seed, The results are
given in Table 13,
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Table 13,«~RELATIONSHIP BETWEEN VIABILITY AS MEASURED BY

THR STANDARD OERMINATION AND TETRAZOLIUM TRATS UAING
BRO®N AND WHITE SEZD OF CUCUMBER ARND CARTALOUPE,

T o K P R T T R g 0 B St e R S YA 0 04 30 i ST S  C

Variety Hame Degreen of freedom Value of 3
Snow Plokling 6 + 0,968
Rooky Ford 8 + 0,738 %>

*pyoeeds 1 percent level of significance,

The highly significant positive correlations’ in-
dicate a good agresment between the two methods of testing

Vi,

Eight seed samples of old onlon seed were tested
for viability by the tetrazolium and the standapd germine
ation method, Four, 100-geed samples from each of the
eight seed lots were used for the teste, The significance
of the differences between the two methods were determined
by the § test, The results of the test are given in
Table 14,
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Table 14,--PERCENTAGE VIABILITY OF EIGHT OLD CNION S€iD
SAMPLES AS DETERMINED BY THE TETRAZOLIUN AND THE
STANDARD GERMINATION METHOD,

Sample ! _
Early Yellow Globe 1946 ©0,00 60,38 79,00 0,438
Wountain Danvers 1948 t 87,75 88,00 0,733
Brigham Yellow Globe ? 1 42,00 38,00 3,036~
Mountain Danvers 1 ? 55, 80 50,28 1,414
Unknown A ? ? 40,78 30,38 5,827
Unknown B B ? 8.28 0,00 =
Unknown O 4 T 7.50 0,00 o=
Unknowa D ? ? 10,58 0,00 w=

“yoeeds 1 percent level of signiffcance.
*Txoeeds 5 peroent lovel of signifiocsnce,

The percentage viability determined by the tete
ragolium teat was lower than that obfained by the standard
germination test for all samples tovted, The differences,
however, were not atatistically significsnt in three of
the eight cases, In two other eamples, the differences
were statistionlly significant and in the remaining three
samples, the atain test failed to deteot any viablility.
This has besn considered in the disoussion of table, I%
will be noted from the tadble that where the viabllity of
the sample was high, the two methods of testing were in
agresment, but where the viability percentage dropped
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below B0 peycent, the tetrasolium stain was less acourate,
Three lots of 014 oantaloups seed were also

teated Dy the tetrazolium and standaxd germination tech-

pigues, The sige of sumple used for the tests was the

same a8 in the previous teat, The reaulis aye given in

Table 185,

Table 15,~-FIRCENTAGE VIABILITY OF THREE LOTS OF OLD

CANTALOUPE GEED A3 MEASURED BY THE TETRAZOLIUK AND
STANDARD GERMINATION METHODS,

, " Peveent Viability _

Pink 1010 68,00 85.00 0,918

e

Pink 1833 £5.00 83.00 0.87¢

Sugget 1020 0.0 0.0 e

- o

The differences batween the two methods were not
significant, indicating that the two methods of testing
gave vory sisilay results,
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Chapter V
DISCUSSION

The results of the tetraszolium stain tests were
closely in agreement with those obtained by the standayd
germination method when used as o test for seed viability
of seven cantaloupe and seven cucumber varieties., The
largest difference was 2,50 percent obtained when Sesting
seed of the oantaloupe variety Hales Best 45, This dif.
forence was not statisticslly eignificant and wns theree
fore comsidered ae being due to chanoe,

¥hen the two methods were correlated » value of

0.888 was obtained for the ocantaloupe snd 0,803 for the
cucunber varieties, These etrong positive simple correlaw-
tion coeffioients were further indication of the close
sgresment detween the two teating methods,

Cucumber and oantsloupe seed heavier than the
average for s pertioulsar seed sample had a higher viablle
ity than seed lighter than average when tested by the
tetrazolium stain and the etandayd method, The dife
ferenges were highly eignificant exoept for the standawd
gormination test of the cantaloupe seed, The difference
in this osse aporoached but falled to resch the level
required at the B percent point,
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The strong positive § values obtained when cor-
relating seed weight with germination was added evidence
that heavier seed had greater viability then light seed
from the same sample,

The two testing methods showed close agreement
in 211 tests on heavy and light seed. For the cantaloupe
sample, the tetrazolium gave a 4,00 percent difference be-
tween heavy and light seed and by the standard germination
method a 3.00 percent difference. The difference in mean
viability between heavy and light seed of cucumber was
2.00 percent for the tetrazolium and 7,75 percent for the
gtandard method, These results indicate that the tet-
razolium stain is comparable to the standard germination
nmethod in detecting differences in seed viability as af-
feoted by seed weight,

White colored cantaloupe and cucumber seed had
a somewhat higher percentage of viable seeds than brown
colored seed selected from the same seed lots, The white
cucumber seed was 3.35 percentage points higher in viability
than the brown colored seed in both methods of testing.
The white cantaloupe seed was 5,00 percent more viable
than the brown when tested by the standard technique,

The tetrazolium gave consistently lower via-
bility percentages than the standard method when used on
0ld onion seed., Where the standard germination test
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indicated 50 percent or higher viability the differences
obtained by the two methods were not significant, How-
ever, when the seed viability was lese than 50 pescent
the tetrazolium stain gave significantly lower tests than
the standerd method and in fact failed to detect any |
viable seed in samplee showing less than 10,56 percent,
The two methods of testing viability gave al-
most oquivalent'reault- when used on old cantaloupe seed.
The differences obtained were not significant at the
5 percent level, The germination of the old seed 88,00
percent for the 1919 sample and 65,00 percent for the
1932 sample seems high for seed of that age and it is
possible that there was some error in labeling the seed.
The resulte of the series of tests conducted
in these investigations indicate that the tetrazolium
stain is a relisble method of testing the viability of
cucumber and cantaloupe seed, Reliable results were
obtained when testing onion seed of greater than 50
percent germination but with samples of lower germination
the accuracy and reliasbility of the tetrazolium is in
doubt, Further tests should be made on other vegetable
seed and on old seed samples of cantaloupe, cucumber and

onion,



Chapter V1
SUMARY

1. The tetrazolium chloride stain compared
well with the standapd germination method as a test for
seed viability when used om year old seed of seven ououm-
ber and seven muum varieties, The largest mean dif.
ference obtained was 2,80 poroent,

2. Then resulte of the two tests were cor-
related sn' L value of + 0,888 was obtained for the cantae
loune varieties end 40,992 for the ououmber varieties,
These atrong positive simple correlation coeffiolents ine
dioste a olose agreemont between the two testing methods.

3. Cuoumber and cantaloupe seed heavier than
sverage showed consistently higher viablility than lightes
than average seed when selected from the same seed lots,
There was close asgreement between the two methods when
usel to teat the heavy and light seed,

' 4, White colored cantsloupe and oucumber seed
showed & higher peroentage of viability than brown seed
gselegted from the same sample, The tetyazolium gave
viability peroentages closely comparable to the standard
method in this teet,

5. The wiability pereentages of old onlon seed
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deternined by the tetraszolium stain were lower in each
ense than those determined by the standard teohnique,
Yhere viability perosntages were above 50 percent the dif-
ferences wore not significant but below B0 percent the
tetrasolium was not reliable, The thyee samples showing
10.55 peroent gemmination or lower showed no stain ree
adtion with the tetrazolium chloride,

8, ®abryo enlargement was shomn by viable
onion sesd after immersion in water for 24 hours and aftey
being exposed to the stain for 50 minmutes,



APPEEDIX 1

Original data avre on file in the Horticuldure
Department, Colorado A & ¥ CGollege, Fort Collins,
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