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ABSTRACT

Cairns, tlizabeth Jean. M. Sc., The University of Manitoba, February

1982. The Germination of the Seed and the Vegetative Propagation of Fl

Hybrid Geraniums (!glarg!_!gm x lgr'lorum Bailey) . Major Professor; L.

M. Lenz.

The germination of Fl hybrid geranium (Pelargonium) seed was studied.

Improv'ing the germination was the object of the research. The germinatìon

percent and the germination rate as determined by germination res'istance

value were determined for 74 cultivars. There was a definite difference

between cultivars in germination percent and rate. Simjlar high germ'ina-

tion percents occurred in temperatures of 14.50,20.00 and 25,soc and a

day/night f'luctuating temperature (.Zg.qo to l7.ZoC). Temperature for max-

imum germination rate was 20.00C. Suitable germination media for both

germination percent and rate were vermicul ite o per'lite, fi'lter paper, sand

and Zorb-all (turface). The highest germinatfon rate occurred in a satur-

ated medium, while there was no effect on germination percent. There were

no consistent effects found in the germt'nat'ion percent or rate using thi-

ram seed treatment or an increased oxygen concentration, tlh'ile several

cultivars showed occasional separation of the radicle and the cotyledons

(hypocotyl fracturing) on imbibjtion of water, R'ingo Scarlet appeared to

be high'ly susceptible. In field trailso using seed produced plants,

plants from cuttings of seed produced plants and cional cultivars, the

cuttings !Íere superior to seed produced pìants, in floriferousness and
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grov',th parameters, hrhich were superior to the clonal cuitivars.



I NTRODUCTI ON

Garden geraniums are members of the genus Pelargonium of the fami'ly

Geranjaceae. Geraniums are used as bedd'ing plants in the garden and for

pot plants jn the house (Mastalerz l97l). A potted geranium is an ideal

gìft on Mother's Day and on other occasions.

The Fl hybrid seed geran'ium was f j rst i ntroduced 'i n the 'l 960' s .

Sjnce that time more than 75 cultivars have been produced and offered for

sale. Seed geran'iums, accordjng to a 1978 study by Voigt, were one of

the top 5 flower beddjng plants sold.

When geranium seed was orjginally jntroduced, a germìnatjon d'iffi-
cu'ìty existed. This was found to be caused by a hard seed coat and the

presence of ojls (Volz l95l ). Manjpuiatìon (scarifjcatìon) of the seed

coat, substantjaì'ly increased the germinat'ion percent. However, even

wi th scari f ied seed, the germ'inat'ion percent coul d be I ow.

Fl hybrìd geranium seed is expensjve even when bought jn'large num-

bers. A survey of 1980 seed cataìogues showed a range in seed cost from

4.8 to 10.4d per seed, when purchased'in 1,000 seed lots. Therefore, the

germination of as many seed as possìble is desirable.

A study of the germinatjon of Fl hybrid geran'ium seed was undertaken

after reports of erratic seed germìnat'ion had been received. Fl hybrid

geranium seed was the main subject material that was examjned. Further

to the above subject area, a field study was conducted comparing plants

of seed grown cultivars, cuttings of seed grown cultivars and clonal

cultivars.



LITERATURE REViEl^l

In the past, most geraniums, in the beddjng plant trade, have been

vegetatively propagated. Most of the geran'iums were clonal cultivars' as

true-to-type seed cultivars were not available.

Geranium seed has been availabie for many years. The fìrst true-

to-type seed cultivar was Nittany Ljon Red which was an inbred line

(Adams 1977). The seed was released in 1964 by Penn State (Cra'ig 1968).

The Joseph Harri s Seed Company, i n 'l 966 , re'leased 'Moreton Hybri ds '

(Craig 1968) whjch were later renamed New Era (Craig l97l). In 1968, the

Pan American Seed Company released Carefree Fl hybrid seed (Crajg 1968).

Sìnce 
.1968, 

many new cultivars have been'introduced. In 1980, the seed

of the first 'double flowered' seed produced cultivar was available.

Seed

The geranium seed consists of an embryo composed of a radicle and

usually 2 cotyledons. The radjcle is long and l'ies on the back of the

cotyìedons next to the raphe. The tips of the cotyìedons and rad'icle

poÍnt to the base of the fruit (tubbock 1892).

Germì nati on

Seed germination is "the resumption of active growth by the embryo

culminating in the development of a young plant from the seed." (Copeìand

1976) In order for the seed to germìnate, the seed must be ready to

germinate and must be supplied with the appropriate environmental condi-

tions. These conditions ".... are available water, proper temperature;



a Supply of oxygen, and sometimes ìight." (Hartmann and Kester ì975)

Germinatjon occurs in 4 stages:

(t) hydration or imbibition, during whjch water penetrates
inio tfre embryo and hydrates proteins and other colloids,
(2) the formãtion or act'ivatign of enzymes, leading-to in-
creased metabolic activity, (3) elongat'ion of radìcle
cells followed by emergenée of radjcle (embryon'ic root) 

.

from the seed coát (whích ìs germination proper), and (4)
subsequent growth of the seed'ling. (Salisbury and Ross

1e78)

Seed of the jnbred'line, Nittany Ljon Red, is scarified to ajd jn

germination (Anonymous 1965), as is the Fl hybrid seed (Kromer 1979,

Barna 1979 and Capp 1979). Scarifjcatjon is necessary as there is a

dormancy due to a hard seed coat (Volz l95l). The embryos are thought

to be non-dormant (Horn et al. 1973).

DormancY

Dormancy is the cond'ition of the seed when it fails to
germinate duê to internal conditions, even though external
ðonditions (e.g., temperature, moisture, and atmosphere)
are sujtable. Isalisbury and Ross 1978)

Dormancy can be classjfied into types, which are as follows:

l) A physical dormancy such as a hard seed coat can be present. A hard

seed coat prevents the absorpt'ion of water (Saljsbury and Ross 
.l978 

and

Mayer and Poìjakoff-Mayber 1978). Several pìants and families have hard

seed coats: Myrtus conrnunis L. (Khosh-Khu'i and Bassiri l9i6), Geranium

carolinianum L. (Baskin and Baskin '1974), the legume family (Copeland

1976) and the geranium family (Justice and Bass l9i8).

A hard seed coat dormancy can be naturally overcome in several

ways.

In nature, the seed coat may be broken down or punctured by

mechanical abrasion, microbial attack' passage through the
digestive tract of animals or exposure to alternating high



and low temperatures which, by expanding and contractìng
the seed coat cause it to crack. (Mayer and Poliakoff-
tvlayber l97B)

2) In addjtion to the hard seed coat, there can be waxy materials

present in the seed coat preventing the absorptìon of oxygen or water

(Saljsbury and Ross 1978). Acid scarification overcomes this type of

dormancy.

Chemical dormanc'ies may be present 'in some seed. Two types of

chemical dormancy follow:

l) The fruit surroundìng the seed may contain chemical inhibitors to

germÍnation, and

2) Chemìcal j nhi bi tors to germ'inati on may be present i n the seed coats

(Sal'isbury and Ross l9i8) .

After-rjpen'ing may be required. "After-ripening may be defined as

any changes which occurin seeds during storage as a result of vrhich ger-

mination is improved. " (Mayer and Poliakoff-Mayber l97B) After-r'ipening

can occur in dry storage. The period of time involved in dry after-rip-

en'ing can vary: For bar'ley (Hordeum L.) 2 weeks are requìred, for

Cyperus L. 7 years are necessary. 1n some seed, chemical or physìcal

changes must occur in the seed or the seed coat before the seed can

germìnate (Mayer and Poljakoff-Mayber ì978).

The composition of the storage materia'ls present in the seed
may alter, the permeabilìty of the seed may change, sub-
stances promotìng germ'inatjon may appear or inhjbitory ones
may dìsappear. In no case has it been possìble to ascribe
af ter-r j pen'ing to any one def i n'i te event. (Mayer and
Pol jakoff-Mayber I 978)

Scari fi cati on

Agri cul ture and horti cul ture usual 'ly can not wai t f or: the natural
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course; seed is scarified. Scarification is "the process of mechanicaì1y

abrading a seed coat to make it more permeab'le to water." (Copeland 1976)

Scarification may be accomplished by:

1. shaking with an abrasive,

2. aci d scari f i cat'i on ,

3. treatment with alcohol (Mayer and Poliakoff-Mayber ì978),

4. treati ng wi th boi 'l i ng water,

5. burning with an electric needle,

6. cìipping the apex of the seed,

7. piercing the embryo with a sharp needle, and

8. exposure to fluctuating temperatures (Copeland j976).

These treatments increase the water permeability as wel'l as increase

the gas permeability of the seed coat, can change the sensitivity of

the seed to temperature and may even destroy or remove inhib'itory sub-

stances (Mayer and Poljakoff-Mayber ì 978).

It has been shown that the

removal or damage to parts of the seed coats, or increas'ing
oxygen tension of the surrounding air leads to increases in
the rate of embryo respiration in many specìes of seeds, and
frequentiy resu'lts in germination, and the inference often
made is that increased oxygen leads to an increase'in the
availability of energy by oxidat'ion processes. (Vill'iers
1e72)

If Avena fatua L. seed is p'laced in hìgh oxygen tension, germination'is

markedly enhanced (Johnson '1935)

The hard seed coat and the presence of oils tend to inhibit the

imbibition of water necessary for germination in the geranium seed (Volz

t95l). Therefore, for maximum germination the seed must be scarified.

Many scarification methods have been used with geranium seed to
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overcome the hard seed coat. Cuocolo and Duranti (1977) found a 3 to 5

minute concentrated su'lphuric acid scarification superior to abrasion

or puncturing. The latter two produced embryo iniuries. Suìphuric acjd

treatments over 5 minutes resujted in a reduced germ'ination percent and

increased the number of abnormal seedjings.

Fries (1977) stated that germination of 95-100% could be obta'ined

by removal of a small portion of the seed coat. Dallon and Durkin (.1979)

removed the tip of the cotyledonary end of the seed and increased germi-

nation to 100% from a low of approximately 20%.

The research staff of Goldsmith Seeds found suìphuric ac'id, sand

paper and mechanjcal prícking of the seed coat effectjve'in overcoming

the hard seed coats. They appear to prefer the use of sulphurjc acid

(Capp 1979). Ferry-Morse Seed Company used either sulphurìc ac'id or hy-

drochloric acid for scarification (Kromer 1979), while seed from Harris

Seeds may have been mechanically cl'ipped (Barna 1979).

Tests on seed in 1959, although not on Fl hybrid seed,'indicated

clipping, filing, pinhole and sand paper treatment to increase the

germ'ination to 80% or better (Craig and l,lalker 1959). Heit, in 1971,

reported concentrated sulphuric acid treatment of 5 to I mjnutes at room

temperature on dehulled seed, not Fl hybrid seed, to be the most effec-

tive scarification method.

Scarjfication increases both the rate and percent of germination.

Maximum germination of scarifieC seed occurs within ì4 days (Craig'1968,

Heit 197] and Holden 1976). [.lhile, scarification has been used, Heit

(.|971) found unscarified, non Fj hybrid geranium seed, Geranium, Zonale

Mjxed, ".... to germinate s'lowly and fairly consistentìy over several
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weeks, months or years without any specia'l treatment." (fanie l)
There is a continuum from hard to soft seed coats in any lot of ger-

anium seed so acid scarification can damage embryos and thus decrease

germination (Horn et al. t973). Germination of geranium seed is genet-

icaìly control'led. The pollen parent has'little effect on the germina-

tion of geranium seed. There is a maternal influence on the germination

of the seed and increased germination can be selected (Horn et a'I.

1973). In 1968, Craig had a'large number of inbred lines whjch gave 90

to I 00íá germi nat'ion wi thout scari f i cati on.

Envi ronmenta'l Factors

Temperature

Hartmann and Kester, .l975, describe temperature as "perhaps the

single most important environmental factor that regulates germination

...." Kotowski (1926) stated temperature affected both the germination

percent and the germination rate. Accordjng to Koller (1972) the rate

of germination usually increases as the temperature rises. As the

temperature rises the rate of water imbibitíon is more rapid and this

higher uptake increases the germ'ination rate (Gu'l'liver and Heydecker

re73).

It was indicated by Gul'liver and Heydecker (1973) that there is an

optimum temperature for germination to occur and that as the temperature

increases above this optimum the germination rate declines due to seed

injury. The germination percentage could remain relativeìy constant in

the middìe part of the temperature range, if sufficient time were ajlowed

for germination to take place (Hartmann and Kester 1975).



Table l. Percent of
Mixed, seed (Heit

Lot
Number

seed germinated over time for Geranium, Zonale
1e7r).

I

2

3

I week

Percent Germinated

Time Period

I month 6 months

6

I
12

26 41

32 46

42 58

1 year

45

54

65

2 years

52

58

69
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Gulliver and Heydecker (1973) stated ".... that wjdely fìuctuating

temperatures are.... less benefjcíal than an equab'le regime" with peas.

They also indicated "the rate of germination at alternating temperatures

has often been found to be higher than at the constant mean temperature."

Hartmann and Kester (1975) stated that "fluctuating day-night temperatures

sometimes give better results than constant temperatures for .... seed

germination ... . "

Côme and Tissaoui (1973) stated that there was a relatjonship be-

tween temperature and the amount of oxygen available to the embryo of

germinating seed. The higher the temperature used for germinat'ing

seed, the lower the quantity of oxygen available. At thjs time, the

requirement for oxygen in the embryo is increasing, therefore, "....
germination is often inhibited through relatively high temperatures (for

examp'le 250 and 30oC) ...." (Côme and Tjssaoui 1973). Côme and Tissaoui

(1973) continued

from a practica'l po'int of view, one should frequently lower
the temperature at which the seeds are placed to germinate.
Germination may be slower under these coo'ler conditions but
it will take p'lace, and often more uniformly.

After germination, if there is a requirement for a higher temperature,

the seedling may be placed in an environment with an increased tempera-

ture.

A high constant temperature is most frequently recommended for F'l

hybrid geranium seed germination. Some recomrnended temperatures have

been:

20 - 3ooc (Heit ì971),

23.90C constant (Adams 1977),

22 - 24oC (Anonymous 1980a),
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21 - 24oC (Anonymous 1975),

21.'f oC constant (Carl son I 976) ,

18.3 - Zl .'loC (Capp 1979) and

1?.8 - '18. 3oC (Crai g I 967 ) .

Experiments usjng constant temperatures of 5, 10, 15,20, 25 and

30oC have been conducted. The conclusion was: the optimum temperature

for geranium seed germination was 20 - 25oC. Temperatures over 25oC

tended to depress the germination percent. t,lith increas'ing temperatures

to 25oC, there was an ìncrease in the germination percent (Horn et al.

re73).

Bass (1979) indÍcated a Dutch seed firm has had some success using

an alternating day/night temperature of 330C during the day and l20C at

ni ght

Moi sture

Seed responds in a similar pattern to increases in moisture content

in the medium as to increases in temperature. There is an opt'imum

medium moisture content for maximum germination percent. Germjnation

percents are lower on each side of this optimum. There is also an op-

timum for germ'ination rate. A water supply, which is over the optimunt

requiredo stresses the seed eliminating some of the seed; germination is

higher for the survivors. Stress ".... may not oniy result from too

rapid water uptake, but also from reduced oxygen availability ...."
(Gu'l ì i ver and Heydecker I 973 ) .

The amount of water different species require for germinatÍon varl'es.

"Celery requires that soi'l moisture be near field capacity, whereas to-

mato wil'l germinate with soil moisture just above the permanent wiltìng
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point." (Janick 1972)

Li ttl e data exi st on geran'i un seed germi nati on. Rando'l ph (l 971 )

stated that geranium seed is total'ly imbibed " in as little as eight

hours. Once the seed have swollen it is extremely critjcal that they do

not dry out." Reference is made to preventing moisture'loss from the

seed flats by covering the flats with plastic (Anonymous 1980a). The use

of overhead misters has been recommended by Adams (1977) and Randolph

(re7r).

Moisture and Physical Iniury. Rapid uptake of water by localìzed embryo

tissues can lead to fractures in those tissues (Moore 1973). Transverse

cracking of the coty'ledons in bean cujtivars has been demonstrated to

occur by plant'ing dry bean seed in wet soils (Dìckson et al. .l973). In-

creased transverse crack'ing was associated with increased seed coat per-

meabi j ity. There r\,ere susceptib'le cultivars (McCol I um 1953) .

Medi a

The medium in which seed germinates can affect the germination of

the seed (Currie 1973). Several med'ia have been used for the germination

of geranium seed. A fine textured, we'll drained, pathogen free medjum

such as Jiffy-M'ix was preferred by Randolph (1971) but a l:l:l mjx of

soil, peat moss and perlite could be used. Redi-Earth was found by

Dallon and Durkin (1971) to Ue superior to peat moss or petri dishes and

fÍlter paper, which were superior to a sand-peat moss mixture, which was

superior to Terralite. A sterilized medium was reconrnended by Stokes

(Anonymous '1980a), Holden (1976) and Adams (1977).

The pH of the media, used to germinate seed on, can be important.

Justice and Reece, 1954, stated "germination can proceed over a wide
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range of hydrogen-ion concentratÍons. The germination of almost a'll

species occurs readiìy between pH vaiues of 4.0 and 7.6." (Copeland .l976)

Seed Treatments - Fungicides

Seed companies are now seìling seed which has been pretreated with

fungicides to fight pathogens carried on the outside of the seeds (Maude

and Keyworth 
.l967). 

Thiram and Captan have been used. One method of

applying thiram to seed was a thiram soak "combined with a sufficiently

high temperature (30o) for a sufficiently ìong time (24h, or in some in-

stances 12 h)..' (Maude 1973) The seed after treatment was dried in a

rapid aìr stream at 25oC.

Longden (1973) stated the ".... pretreatment of seeds by wettjncr

and dryìnc ...c uniforrnìy inproves the rate of seedlinc emergence."

Using a thiram soak, germination depression should not occur, but

some Brassica L. seed lots have shown a decrease in germination as a re-

su'lt of using a thiram soak and this effect was not consistent (l'laude

re73).

The application of thiram to geranium seed appeared to enhance the

germination of the seed (Capp 1979). Thiram is being app'lied to geran-

ium seed by several seed companies, two of which are: Sluis & Groot B.

V. and Go'ldsmith Seeds, Inc.

Seed Storage

For man to use a seed produced pìant for any purpose, the seed must

be stored from one growing season to the next.

In considering the germination of seed, vigor and viability are im-

portant. Vigor is "the vitality or strength of germination, especially under
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unfavorable condlìtìons. " (Cooeland 1976) "Seed viabil'ity indi.cates that a

seed contains structures and substances including enzyme systems which

give it the capacity to germinate under favorab'le condítions in the ab-

sence of dormancy." (Copeland 1976) Seed viability can be simp'ly defined

as alive (Copeland .l976).

Vigor wi'll decrease prior to the loss of germination percent (Figure

l). The first sÍgns of ìoss of vigor in the

aging of a seed are slower growth, inability to germinate at
the extremes of its environmental range, and greater sus-
ceptiblity to attacks by microorganisms at its environmentaj
extremes. (Harrington 1972)

Abnormalities are next to appear (Harrington 1972).

During storage seed will deteriorate. This is inevitable. It is

possibie to slow thjs process with adequate storage conditjons. Harring-

ton (1959) gave 2 guides for the storing of seed in re'lation ".... to the

effects of seed moisture and ambient temperature on the rates of seed

aging."

'1. For each 'l% incr"ease in seed moisture the jife of the seed
is halved. This rule app'lies when seed moisture content is
between 5 and 14% ....
2. For each soc increase in seed temperature the life of the
seed is halved.

Many factors can affect the storage 'life of seed:

ì. moisture content of the seed in storage,

2. temperature of storage,

3. preharvest conditions - weather and nutrition,

4. mechanicaì injury prior to storage,

5. seed size,

6. seed maturity at harvestu

7. whether seed is stored scarified or unscarified and
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B. genetic storage potent'ial of the seed (Justjce and Bass 1978).

The 'life-span of seed can vary from species to species. Acer

saccharinum L. seed live a few days under natural conditíons (Jones

1920), whereas wil'low, poplar and elm seed lose viability in a few months

(CopeÏand 1976). However, certain weed species have maintained viabil'ity

for 40 years in triais started by Bea'l (Darlington l95l).

Little has been written about geranium seed storage. Bass (1979)

indicated that germination of scarified geranium seed begins to decline

after 6 months. Craig (1967) stated "the seed is ready for germination

after the husk is removed and may be pìanted immediately or stored up to

a year without decreasing its germination abììity." Clifford (1970) sajd

of unscarífied Pe'largonium seed: "Seed of most of the genus remain via-

ble for seven years and goes off rapidly after that; most zonal seed

lasts no longer than three years."

Germination Rhythms

Rhythms are found in many p'lant activitíes. A seed germ'ination

rhythm has been observed in many species. Early studies were conducted

using weed seed in the hope that a discovery of the germination periods

could be used to control those species (Chepíl 1946).

Chep'il, in 1946, reported a periodic response in germination whjch

was conmon to the majority of the 58 species used and ".... was about

the same on c1ay, loam, and sandy soíl and was not entire'ly dependent on

the variation in moisture content of the soil." For most of the specìes

the periods of peak germination were apparentìy predetermined at the

start, so that weather variation had little if any effect on the behavior

of the seed. One conc'lusion Chepil drew was:
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the emergence data .... indicate that periodicity of germi-
nation throughout the year after ripening follows the same

generaì trend as that for seeds that have lain in culti-
vated soil for one or more Years.

Germination of certain seeds appears to be best at certain
times during the year, even though the seeds have been
stored under conditions of constant temperature, light,
and moisture. (Salisbury and Ross 1978)

Vegetative Propagation

Many ornamental pìants are vegetatively or asexually propagated by

the regeneration of plant tjssues or plant parts. lllith vegetative

propagati on,

heterozygous materia'l may be perpetuated without alter-
at'ion. In addition, vegetative propagation may be easier
and faster than seed propagat'ion, as seed dormancy probìems
may be comp'letely eliminated and the iuveniie stage re-
duced. (Jan'ick I 972 )

According to Mastalerz (1967) "from a rooted cutting, it should not

take more than 6 to 8 weeks to produce a 4-inch geran'ium" with at least

one flower cjuster. However, Fl hybrid seed produced plants take 2 or

3 times longer or i6 t,o l8 weeks to flower (Adams 1977).
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MATERIALS AND MTTHODS

To determjne the optimum germination conditions for geranium hybrìd

seed, several trjals were conducted using the following germìnators at

the temperatures ì nd'icated:

A. General Electric, Precisjon Scientific, Model 805, Incubator (200C),

B. germ'inatjon chamber, Controlled Envjronments Ltd., Model I 24

(r 4.50c) ,

C. growth chamber, Control I ed Envi ronments Ltd. , Mode I EFTH ( 25 . 50 and

zooc ) ,

D. germinatìon chamber remodelled from a commercial hatchery unit (200C)

and

E. open area under ììghts to obtajn a widely fluctuating temperature

(17 .z to 29. +oc) .

Germinators A, B, C and D varied by 1 loC. Each experiment was carried

out in one chamber except where jndicated.

Most of the seed in the experìments was received scarified or was

hand clipped with toe najl clippers prior to use. In one experiment the

seed was used unscarified.

Aìthough the seed upon receipt was handled in a simìlar manner,

stored at 5oC and 50?á relative humidity, no indicatjon as to age or pre-

vious handlìng couìd be ascerta'ined for any of the seed, except that most

of the seed had been scarified and some seed had been treated with

thi ram.

In order to obta'in one figure for each sample of seed for as many as
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ll days of counti[g, â germination resistance va]ue, a measurement of

the relative rate of germìnation, was determined. The germinatjon re-

sistance test gives the time in hours to 50% germination, i. e. if 887¿

of the seed germjnate, the germìnat'ion resistance value jndjcates the

number of hours required for 44% of the seed to germinate (Gordon l97l)

(Figure 2).

Cultivar Germ'ination Trials - Spring and Fall

In the spring of 1980, seed of 67 geranium cultivars was received.

This seed was used in germìnation tests to determjne cultivar germ'ination

resistance values and percents, and to determjne if there were any dif-

ference between spring and fal'ì germì nat j on of the 29 cul ti vars wh'ich

were common to both the spring and fall germination trials.

The seed was placed in l0 cm pyrex petri dishes on 4 sheets of ilo. I

Whatman fi'lter paper, to wh'ich 6 m'l of djstjlled, deionjzed water were

added. The seed was distributed on the filter paper to avoid any pos-

sible interference between one seed and another. The number of seed per

cultivar sample and the number of samples varjed; these data are pre-

sented 'in Tabl e 2. The petrì di shes were p'laced 'in p'lastì c bags to re-

tain mojsture and then wrapped jn aluminum foil to excìude l'ight. The

seed was germìnated at 200C, in germinator A.

One prelìminary study indicated the majorìty of the seed germjnated

tn l2 days and also that no seed germinated on day I or day 2 (Appendix

Table I ). However, 'in other early trials some seed dìd germìnate on day

2 (Appendix Table 2) and therefore the germìnated seed was counted

daì'ly from day 2 to day 12. Germination was considered to have occurred

if the rad'icle were protruding approximately 5 mm. Furthermore, any
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GR = t., (n.,) + tZ* t1 hZ n.,) + .... ti * ti _ I (ni - ni - l) hours

T__T__--z-
ni

t1, tZ, t' etc. = first, second and lth hours of the test.

nl, h2, n' etc. = total number of seeds germinating by the above times.

F'i gure 2. Germi nati on resi stance equati on (Gordon I 97.l ) .



Tab'le 2. Cul ti vars , sampì e numbers and
germinatíon trials.

20

seed numbers used in the spring

The following cultivars had 4 sampìes of 20

Bright Eyes Encounter Red
Capri Brick Red Encounter Salmon
Capri Deep Red Fire Flash
Capri Whjte Florence
Carefree Light Salmon FriendshiP
Carefree Scarl et Geran'ium Mi xed
Cherry Giow Gremlin Coral
Colorama - F2 Innocence
Debutante Knockout
Deep Rose Flash Love Song
Dynami te Orange Punch
Empress Red Paintbox Mixed
Empress Salmon

seed each:

Red Appìe - F2
Red Delícious - F2

Red Express
Red Standard
Salmon Express
Salmon Flash
Scarlet Fiash
Smash Hit Red
Sooner Red
Sooner Salmon
Sprinter t,lhjte
Surefi re

The fol l ow'ing cul ti vars

Cheri e
Fest'ival Salmon
Festival Scarlet
Festival l.lhite
Hei di
Ice Queen
Jackpot

had 2 samples of

Mustang
Ringo Rose
Ri ngo Rouge
Ringo Salmon
Ringo Scarlet
Rosi ta
Rosìta'80

20 seed each:

Showgi rì
Snow Whi te
Snowdon
Spri nter Deep Red
Sprinter Salmon
Ti ffany
Vul can

Three cultivars had

Bambi - F2

One cultivar had 5

Fleuriste Mixture -

samples of 20 seed each:

Sprinter Scarlet Marathon

samples of 20 seed each:

F2

Five cultivars

Cuì ti var

had varying sample and

Number of
Sampì es

seed numbers:

Number of
Seed

Dei Greco Mixed
Dwarf Spri nter Red
Fi recracker
Miniskirt Mixed
Red Champion

l
I
I
I
2

20
29
t0
l2
29
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seed with abnormal deve'lopment was recorded. Abnorma'l development was

considered to be:

l. embryos which expanded but faiìed to deve'lop any further;

2. embryos showing physical damage such as broken cotyledons, broken

radicle and

3. deteriorated seed; seed which djd not germinate; etc.

Similarìy, a germination trial of 36 cu'ltivars L\,as conducted in the

fall of'1979. This triai was used as preliminary testing to determine

the germ'ination percent and the germìnation resistance value, and a'lso

if there were any difference between the spring and the faìl germination

of the 29 cultivars which were common to both the spring and fall germi-

nation trials.

In the fall tria'|,8 ml of djstilled, deionized water were added to

the petri dishes which were pìaced in germinator C. There was no sign'i-

ficant difference in the germination percents or germination resistance

values between 6 and I ml of water for the cultivars, Rosita and Ringo

Scarlet (fable 3). The other cultivars were not tested. The data on the

number of samp'les per cultivars are presented in Table 4.

Transpl antí ng

To determine the transpìantability of cu'ltivars and also to deter-

mine if there were any difference between cultivars, the sprouted seed

frorn the spring germination trials was transp'lanted. The medium used

was 2:l:.l, soil, sand and peat moss. Transplant survival was recorded

for the spring tested cultivars only.
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Table 3. lulean germination percent and mean germination resistance value
in hours for Rosita and R'ingo Scarlet seed, germinated on^filter
paper, usfng 6 and I ml of water at a temperature of 14.5"C.

Amount Mean Germination Percent Mean Germination Resistance
of l^later Val ue ( hours )

Ringo Scarlety Rositay Ringo Scarlet Rosita

6ml

Bml

I oo. oox 98.33Y

I 00.00 98.33

56.1 t'x 47 .66x

53.28 44. I I

t trial with Rosita Eeed and trial w'ith Ringo Scarlet seed were con-
ducted on different dates.

y values are a mean of 3 sampìes of 20 seed.

x values within columns do not differ significantly as determined by
analyses of variance.
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Table 4. Cultivars,
fall germination

sampìe numbers
tri al s.

and seed numbers used in the

The following cultivars

Carefree Scarlet
Col orama - F2
Encounter Red
Encounter Salmon
F'irecracker
Fleuriste Mixture - F2
Fri endshi p

He'id'i
I nnocence
Love Song
New Era Bright Red

New Era Medium Salmon
New Era Red

The fol'lowi ng cul ti vars

Cul t'i var

had 4 samples of 2l or more seed:

Nìttany Lion Red
Red Champion
Red Express
Ringo Scarlet
Rose Pink with t^lhite EYe

Rosi ta
Scarlet Flash
Showgi 11

Sooner Red
Sooner Saimon
Sprìnter Scarlet
Sprinter White

had vary'ing samPle

Number of
Sampl es

and seed numbers:

Number of
Seed

Cherie Improved
Cherie - Light Salmon

Spri nter
Ice Queen
Knockout
0range Punch
Rosita'80
Snowdon
Spri nter Mixed

Mustang
Ri ngo Rose

Ringo Salmon

12

21

14
18
21

9
21

4

32
33

60

I
1

1

1

j
I
I

2
2

3
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Envi ronmental Factors

Temperature

As temperature can affect seed germinat'ion, experiments were

ted to determjne the optimum germìnatjon temperature regime for Fl

gerani um seed.

Ten cultjvars were tested at 3 constant temperatures, 14.50,

25.50C and a day/night fluctuating (2g.40 to l7.ZoC) temperature.

cul ti vars were:

cond uc -

hybrì d

200 and

The l0

l. Ringo Scarlet - untreated, 2. Rosita - untreated,

3. Snowdon - untreated, 4. Sprì nter Scarl et - untreated ,

5. Brìght Eyes - untreated and treated wjth thìram,

6. Cherry Glow - untreated and treated wjth thiram,

7. Geranjum M'ixed - untreated, an open poì1ìnated line,

8. Sprinter Deep Red - untreated and treated with thiram,

9. Sprìnter Salmon - untreated and treated wjth thjram, and

10. Tiffany - rece'ived and stored scarified and unscarjfjed, both cììp-

ped just prior to set up.

Three samples of 20 treated seed and 3 samples of 20 untreated seed of

the cultjvars, Bright Eyes, Cherry Glow, Sprìnter Deep Red and SprÍnter

Salmon were used, except in five instances in 25.50C where 2 samples of

20 seed each were used of Brìght Eyes, treated, Sprinter Deep Red and

Sprinter Salmon, both treated and untreated. Three samples of 20 seed

stored scarified and 3 sampìes of 20 seed stored unscarified of the cul-

tivar, Tiffany, were used. Four samples of 20 seed each of the culti-

vars, Geranium Mixed, Ringo Scar'let, Snowdon and Sprìnter Scarlet were

used. The total number of seed available was the determinìng factor in
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the number of samples used.

The samples were set up as indicated for the spring cultivar trìals,

two of which 14.50 and 20oC were conducted simu'ltaneously. The seed'in

25.50C and the day/night f'luctuating temperatures were germinated at

'later dates, with I sampìe of 20 seed of each cultjvar in a 20oC temper-

ature, used as controls. The control for the 2 trials,'14.50 and 200C,

was a mean of the tota'l number of samp'les per cultivar in the 20oC tem-

perature trials. This mean was used for statistical purposes as the

control .

Eight ml of water were used to prevent excessive moisture loss that

might occur at higher temperatures due to evaporation. It was assumed

that a greater moisture loss mjght occur despite the fact the petri

dishes were enclosed; this actually did occur. Germinators A, B, C and

E were used.

The germ'inated seed and the seed wjth abnormal development were

counted daily from day 2 to day'12 inclusive, except for the first 2

temperatures (14.50 and 20oC) which were counted days 2 to 5, l0 and 
.l2,

due to ilìness.

Medi a

Experiments using filter paper (control ), perlite, verm'iculite, peat

moss, Zorb-all (turface) and sand, a'll horticultura'l grades, were con-

ducted to determjne if the type of media on which geranium seed was

germinated affected the percent and rate of germination.

The sources of the media were:

l. perlite and vermiculite - [{. R. Grace & Co., of Canada Ltd.,

2. sphagnum peat moss, Sunshine brand - Western Peat Moss Ltd. and
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3. Zorb-a'l1, a product made from montmorillonite clay - IMC Chemical

Group, Inc.

The sand was washed torpedo sand which was rewashed using running water

until the water ran clear.

The media were mixed with water, allowed to stand overnight in a

c'losed container for the purpose of allowing the water to distribute

evenly through the media. The media, which were saturated, were then

p'laced in petri dishes, firmed and made level. The seed was dis-

tributed on the media. The dishes were placed in plastíc bags, wrapped

in aluminum foii and pìaced at 20oC in germ'inator A.

Twenty seed per samp'le were sown. The data on the number of samples

are presented in Table 5. The cultÍvars used in trial I were:

l. Cherie - untreated and treated with thiram,

2. Knockout - untreated and treated with thiram,

3. Paintbox Mixed - untreated,

4. Salmon Express - untreated,

5. Snowdon - untreated and

6. Sprinter Scarlet - untreated.

One control sampìe on filter paper in a petri dish was used for each

cultivar. Counts were made daiìy from day 2 to day 12.

Trial II was conducted in the same manner using the foì'lowing

cul ti vars:

l. Knockout - untreated,

2. Ringo Scarlet - untreated,

3. Rosita - untreated,

4. Snowdon - untreated,
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Table 5. Cultivars and sample numbers used in media trial I and II.

Sample Number

Medi a Fi I ter
Paper

Vermi c-
ulite

Peat
moss

Zorb- Perl i te
all

Sand

Cul ti vars

Trial I
Cheri e

Untreated
Treated

Knockout
Untreated
Treated

Paintbox Mixed
Salmon Express
Snowdon
Sprìnter Scarlet

I
l
I
I
1

I

1

I
1

I
I
I

Trial II
Knockout
R'i ngo Scarl et
Rosi ta
Snowdon
Sprinter Scarlet

Untreated
Treated

Spri nter tlhi te
Untreated
Treated

1

I
2
2

2
2

2
2

I
2
2

2

2
2

2
2

0
I
2

2

2
2

2

2

I
2
2

2

2
2

2
2

I
2
2
2

2
2

2
2
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5. Sprinter Scarlet - untreated and treated wjth thiram and

6. Sprinter l^lhite - untreated and treated w'ith thiram.

The data on the number of samples are presented in Table 5. The total

number of seed avajlable was the determìning factor in the cultjvars and

number of samp'les used'in both of these trials.

Mo'isture Content of Media

As water is required in order for germìnation to occur, trials were

conducted to determine ìf differing amounts of water affected the germìn-

atjon of geranìum seed

In trial I, seed of 3 cultivars was tested using sand and 2 water

volumes. The cultivars were:

I . Rosi ta - untreated,

2. Ringo Scarlet - untreated and

3. Sprinter Wh j te - untreated and treated wì th thi ram.

A second trjal using seed of 2 cultivars, Rosita and Ringo Scarlet,

both untreated, and the same water volumes were used to germinate seed.

The sand was sifted through a Ll8 mm screen, washed with running

tap water until the water ran clear, and then oven drjed overn'ight at

l00oC. Sixty-five g of sand (faUle 6) were placed in a petri dish and

l3 (saturated medium) or l0 (less than saturat'ion) ml of water were

added, mixed, covered, and allowed to stand overnìght to allow the water

to distribute evenly through the sand. No further water was added during

the tri al s. The di shes were p'laced i n p'ìast'ic bags , wrapped i n al um j num

fojl and placed in 20oC ìn germìnator A.

A control samp'le for each cultivar using fjlter paper in petri

dishes was also set at the same time. Each samp'le contained 20 seed,
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Tab'le 6. Percent moisture content of sand.

[.lei ght
of

Sand

!.lei ght z

of
l.later

Percent
Moi sture
in Sand

65g

65g

'13 g

lo g

20.00

.l5. 
38

lml=lg
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and 2 samp'les per cultivar for tria'l I, and 3 sampìes per cultivar for

trial II at each moisture content, were used. Counts were made daily

from day 2 to day 12.

0xygen Concentrati on

In the storage experiment it was observed after 7 months that the

stored scarified seed appeared to be germinating at lower gennination

resistance va'lues than seed stored unscarified.

Two experiments were conducted to determine whether an increased

oxygen concentration would affect the germination percent and rate.

Using the cu]tivar, Tiffany, one sample of 20 scarified clipped seed,

another sample of 20 unscarified clipped seed and a third samp'le of 20

seed unscarified, were placed in separate ì25 ml flasks after 5 sheets

of No. I l,Jhatman filter paper (5.5 cm) and 3 ml of disti'lled, deionized

water had been placed in the flasks. The flasks were then set as in

Figure 3.

F'lushing with oxygen was carried out for 3 minutes, which was ap-

proximatejy one minute longer than required to exchange the air, which

was present, for oxygen. The tubing was clamped, cut and the flasks

p'laced at 20oC in germinator D. Three samples of 20 seed identical to

those used with oxygen were placed in petri dishes and used as controls.

Counts were made daiiy on days 2 to day 12.

In the second experiment, Rosita seed, scarifjed and unscarified,

was p'laced in flasks as indicated. Two samp'les of each treatment for

oxygen treatments were prepared and the 4 flasks were arranged as in

Figure 3. Each samp'le contained 20 seed. Two samples of 20 seed íden-

tical to those used with oxygen were p'laced in petri dishes and used as



Figure 3. Diagram of apparatus used for oxygen concentration study.
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control s.

Scarificat'ion Versus Unscarification

One questjon that required ansvrering was: Does scarificatjon fac'iI-

itate the germination of Fl hybrid geranium seed?

Seed of 2 cultivars, Ringo Scarlet and Rosita, was placed in petri

djshes. Three samp'ìes of 20 seed each of clipped, us'ing toe naìl c'ìip-

pers, and 3 samples of 20 seed each of unscarifjed (uncl'ipped) seed were

used. The seed was set up, p'laced ìn germinator A and counted as in the

sprì ng cul tj var tri al s.

Thiram Treated Versus Untreated Seed

A report had been rece'ived that treatment wìth fungjcide of geranium

seed affected the germ'ination of the seed. Preliminary research indj-

cated there was an enhancement of the germìnation rate and percent upon

treatment of the seed with thjram. Experiments were conducted to confirm

these f i ndl'ngs as research on ef fects of th'iram treatments on geran'ium

seed ha d been I 'imi ted .

The seed of some of the cultivars was received treated and untreated

wjth th'iram. Seed of 5 cultivars, treated and untreated, was set and

counted as indicated in the spring trjals. The cultivars were:

I . Cherje,

2. Knockout,

3. Showgir'l ,

4. Sprìnter Scarlet and

5. Sprinter l.lhite.

Three samp'les of 20 seed each were used for both the treated and un-
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treated seed, of each cu]tivar.

Storage Experiment

As seed is stored from one growing season to the next growing sea-

son, a storage experiment was designed to study the effects of storage

time on the viability and v'igor of Fl hybrid geranium seed.

The 2 cultivars used were Rosita and R'ingo Scarlet and these were

received and stored both scarified and unscarified. All the seed was

placed in bulk storage in brown kraft paper envelopes at a temperature

of approximateìy soc and a relative humidity of approximately 50%. Some

seed was removed and tested every 2 weeks or more as indicated hereafter.

Before the start of storage 6 samp'les (3 scarified and 3 unscarified,

both cl'ipped) of each cultivar were germinated to be used as controls.

Two week storage intervals were used from December to mid-July.

The seed was then left in storage, undisturbed until 0ctober when I trial

was conducted. In November, 2 germ'ination trjals were conducted at 2

week intervals. Then in January and February,4 trials were conducted at

2 week intervals.

The unscarified seed was received and stored with husks on. How-

ever, just prior to the start of each germination test, one-ha'lf of the

seed was hand clipped, w'ith toe nail clippers, while the other half was

dehusked by hand and clipped (Figure 6).

The seed was then p'laced in l0 cm petri dishes on 4 sheets of No. I

Whatman f i l ter paper and 6 m'l of di sti l l ed, deioni zed water. The di shes

were placed in plastic bags and then wrapped in aluminum foil. The seed

was germìnated at 20oC in germinators A and D. The number of germìnated

seed and those with abnormal development were counted daiìy from day 2 to
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day 12.

Three samp'les of 20 seed each of stored unscarifjed and c'lipped and

3 samples of 20 seed each of stored scarifjed and c'lipped seed were used

for each of the 2 cultivars.

Field Trials

A concern arose durinq the germination trialsi was there a dif-

ference between p'lants grown from seed or pìants propagated by cut-

tings from seed produced p'lants of the same cultjvar and between seed

cultivars and commerciaì'ly avaìlable clonal cultjvars? An experiment

was designed to test whether there was a d'ifference.

Seed Plants

Seed of Ros'ita and Sprinter Scarlet was set to germinate on March 3,

1980 as'in the spring cultivar trials. The germinated seed was trans-

planted to 48 cell flats (4 x 6 x 6 cm cells) on March 5,6 and 7. The

medi um was 2: I : I , soi I , sand and peat moss.

Cuttings of Seed Produced Plants

Rosita and Sprinter Scarlet plants were produced from seed jn the

spring of 1979. These plants were then maìntained in the greenhouse for

the fall and winter of 1979. As these plants matured, they were allowed

to bloom once, to confirm the cultivar. After thjs, all flower buds were

removed as they formed so that the pìants could produce vegetat'ive

growth.

In the mjddle of March, i980, I to l0 cm cutt'ings were taken from

these stock plants. These were allowed to dry for an hour so that seal-

ing of the wound might start. The leaves were removed from the bottom
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4 to 5 cm of the cutting. The cuttings were then p'laced in perl'ite,

without the use of hormones,7 to l0 cuttings to a 6'inch (15.24 cm)

pot. The per'lite was wetted and kept damp for the rooting period-

Flower clusters were removed as they deve'loped. The cuttings were main-

tained in the greenhouse at an approximate temperature of 2loC. The

percent of cuttings that rooted for Rosita and Sprinter Scarlet was re-

corded.

Since the stock plants that were used for the cuttings were derived

from seed produced plants, the cuttjngs would not be in fact a clone

popu'latjon. Henceforth 'in this thesis the term cutting will be used to

refer to the plants propagated by cutt'ings, from seed produced plants.

Clonal Cultivars

Rooted cuttings of cult'ivars Cherry Blossom and Cardjnal were pur-

chased from Jack Van Klaveren, Ltd., St. Catharines, Qntario, for mid-

Aprì1, 1980 planting.

Plants of all 3 propagation methods, seed plants, cutt'ings and

clonal cultivars were planted in 4 jnch (.l0..16 cm) pots in a mixture of

2:1:1, soil, sand and peat moss at the same time. These plants were

ma'intained in the greenhouse at 210C and then in cold frames until the

pìants could be planted in the field in early June, all plants beìng

of approxìmateìy the same size. A block planting plan was used, us'ing 4

repl'icates per cultivar and per treatment. Border rows were used

(Figure 4).

Each row contained 2l plants, the first and last plant of which in

each row were considered to be border plants and were not used to pro-

vide any data. The rows were 2.5 feet (ZO cm) apart and each plant with-
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Border Row - Rosita - cutting

l. Rosfta - seed

2. Rosita - cutting

3. Sprinter Scarlet - seed

4. Sprinter Scarlet - cutting

5. Cherry Blossom - clonal

6. Cardinal - clonal

7. Sprinter Scarlet - seed

8. Sprì nter Scarl et - cutt'i ng

9. Cherry Blossom - clonal

10. Cardinal - clonal

ll. Rosita - seed

12. Rosita - cutting

Border Row - Rosita - cutting

P

A

T

H

Figure 4. Planting-plot-design for field trials.

3order Row - Rosjta - cutting

13. Cherry Blossom - clonal

14. Rosita - seed

ì5. Rosita - cutting
.l6. Cardinal - clonal

17. Sprinter Scarlet - seed

18. Sprinter Scarlet - cutting

19. Cardinal - clonal

?.0. Sprinter Scarlet - seed

21. Sprinter Scarlet - cutting

?2. Rosita - seed

23. Rosi ta - cutt'ing

74. Cherry Blossom - clonal

Jorder Row - Rosita - cutt'ing
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in a row was I foot (30 cm) apart. The spacing between the rows was used

to avoid between row competit'ion.

All flower clusters were removed from the plants after being placed

in the field, in order that pìant energies would be djrected to the

establishment of the plant in the new environment. The plants were main-

tained in the field using irrigation, as requ'ired, and were maintained

weed free by hand weedìng.

In order to test the difference between and within cultivars and

propagation methods several quantitative observations were made:

l. The number of flower clusters per row was counted on 2 occasions.

Each flower cluster hav'ing 2 or more open fìowers was counted on August

23 and again approximately a month later, September 20.

2. The number of flowers per flower cluster was to be counted on l0

randomly selected flower clusters within each row.

3. The hejght and diameter of 4 plants, randomly selected within each

row, were measured using a meter st'ick. The diameter used was that a-

cross the row, not withÍn the row.

4. The number of leaves, on 3 pìants randomly selected w'ithin each row,

was counted. A leaf was counted if it were unfolded. A number of read-

ings was taken from each of these plants: leaf number (4), branch number

(5), the number of branches with flower clusters (6) and dry weight (7).

5. The number of branches on 3 plants - the same p'lants as in number 4 -

was counted. A branch was counted if it were 2.5 cm or longer.

6. The number of branches w'ith flower clusters on them on 3 p'lants per

row - the same plants as in number 4 - was counted. A branch was counted

if a flower cluster were present, whether past flowering, currently
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flowering or immature.

7. The dry weight of 3 plants per row was to be taken. The leaves and

stalks of each plant were washed in water and placed in a preweighed

cloth bag, weighed aga'in and hung in a warm unplanted greenhouse to dry

until the stalks were dry. The bags were to be rewe'ighed.

A qua'litative observation was made on plant habit in reference to

the appearance and whether faded flower clusters were retajned or hjdden

by the foliage.
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RESULTS AND DISCUSSION

Morphology of the Geranium Seed

The anatom'ical appearance of the seed was determined by dissectìon

(Fì gure 5 ) and the morphol og'i cal appearance was recorded (F'igure 6 ) .

Cul ti var Germi nati on Tri al s - Spri ng and Fal'l

Germ'i nati on Percent - 29 Cu I ti vars

Twenty-nine cultivars were common to both the sprìng and the fa'll

germ'ination trials. The fall range for germination percent was 67.30 to

100% (Table 7); the sprino range was similar to the fall, 61.25 to lCO%

(Table 8).

0f the spring germinated cultivars, 20 cultivars (68.97%) germinated

al 90% or better (Table 9), 7 cultjvars (24.14%) germinated at 80 to

Bg.g% and 2 cujtivars (6.89%) germinated at less than 80%. in the fall,
20 cultìvars (68.97%) germ'inated at 90% or better (Table 9), 6 cult'ivars

(20.69%) germ'inated at 80 to 89.9% and 3 cultivars (10.34%) germinated

at less than B0%.

The fìgures for the spring and fall germination trials were similar.

0f the 20 cultivars that germ'inated at 90% or more in the fall, 17 or 85%

germinated at 90% or more in the spring germ'ination trials. Six of the

9 cu'ltivars that germinated at 90% or less in the fall did so in the

spri ng.

An analysis of the fal'l germination indicated there was a highly
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A.

T
4.l9 nn

j

Seed Coat

Radi cl e

Section of Seed
Coat

Cotyl edons

Apex

Seed Coat

Radi cl e

Cotyl edons

Section of Seed
Coat

radicje and coty'ledons in
cotyledons in cross section.
Scarlet scarified seed.

1
I.63 nm

J

B.

l.l9 nrn
(__à

1..l9 rrnH
Measurement Ranges:

Length 4.0ì - 4.39 ren
Coty'ledon - radi cl e

diameter .l.02 - .l.40 
rur

Cotyìedon width
1 "52 - I .83 nrn

Figure 5. Diagram of a geranium seed; A.
longitudinal section, B. radìcle and
Physical measurements are of Sprinter



Figure 6. Geranium seed.
l. Rosita seed hand clipped and soaked

overni ght.
2. Geranium seed with husks intact.
3. Rosita seed with husks removed.
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Table 7. Fal I
ranked as

germination of 29 selected cultivars,
to mean germination percent.

Cul ti var Mean
Germi natí on

Percent

Ice Queen
0range Punch
Rosi ta '80
Snowdon
Ri ngo Rose
I nnocence
Ringo Scarlet
Encounter Red
Cherie - Light Salmon Sprinter

Sprinter Scarlet
Rosi ta
Fi recracker
Mustang
Red Express
Red Champion
Sooner Red
Showg'irì
He'idi
Scarlet Flash
Sooner Salmon

Ringo Salmon
Spri nter hlhi te
Knockout

Encounter Salmon
Carefree Scarlet
Love Song

Fleuriste Mixture - F2

Fri endshi p

Col orama - F2

I 00.00
I 00. 00
I 00.00
I 00.00
I 00. 00
97.85
97.00
96 .00
95.20

95.00
94.65
94.00
93.05
93.00
93.00
92.15
92.00
91.00
90. 63
90.48

89.40
89. 00
88. 90

84.00
82.55
80. 45

7l .00

68. 88
67 .30

aZ
a
a
a
ab
abc
abc
abcd
abcde

abcde
abcde
abcde
abcde
abcde
abcde

bcde
bcde

cde
cde
cde

cde
cde
cdef

def
def
ef

ef

ef
f

t *.un germination percents followed by the same
letter do not differ significantly as determined
by the unpaired t test (0.01).
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Table 8. Spring
ranked as ,to

germination of 29 selected cultjvars,
mean germination percent.

Cul t'i var Mean
Germi nati on

Percent

Hei di
Ice Queen
Ringo Salmon
Ringo Scarlet
Snowdon
Scarlet Flash
Cheri e
Ri ngo Rose
Sprinter Scarlet

I nnocence
Knockout
Mustang
Rosita'80
Red Champion
Orange Punch
Spri nter Whi te
Sooner Red
Ros'i ta
Encounter Red

Fi recracker
tncounter Salmon
Carefree Scarlet

Red Express
Fleuriste Mixture - F2
Fri endsh'i p

Love Song
Showg'ir1

Sooner Salmon

Col orama - F2

I 00.00
I 00.00
I 00.00
I 00.00
I 00.00

98.75
97.50
97 .50
97.50

95.00
95.00
95.00
95.00
94.40
93.75
93.75
93.75
92.50
91 .25

90.00
88. 75
87.50

85.00
83.75
83.75

80.00
80.00

73.75

61.25

z
a
a
a
a
a
ab
ab
ab
abc

abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcde
abcde

abcde
bcde
bcde

cde
def
def

def
def

ef

Z mean germination percents followed
letter do not differ signìficantly
by the unpaired t test (0.01).

by the same
as determi ned
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Table 9. Compari son
lected cultivars

germination percent
the fal I versus the

and numbers of the 29 se-
spring germìnation trjals.

of
of

Spri ng Fal I

Germi nati on
Percent

No. of Percent of
Cul ti vars Cul ti vars

No. of Percent of
Cu I ti vars Cu I ti vars

90+

80 - 89.9

Less than B0

20

7

2

68.97

24.14

6. 89

20

6

3

68.97

20.69

10.34
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signìfjcant difference between the cultivars (Table 7). Similar results

were obtained wíth the spring germination trjals (Tab'le 8).

An analysis of the fall versus the spring germìnat'ion trials indi-

cated there was a sìgnificant difference between the totai mean germ'ina-

t'ion percents (93.71% - sprìng and 88.72% - fall) by usìng the unpaìred

t test. It is evident that the seed germìnated at a higher percent in

the spring. The increased germ'inatjon percent in the spring may have

been due to the fact that the seed was youngelin age or to a germ'ina-

tìon rhythm. In the spring germinatjon trials seed of 6 cult'ivars,

l. Heidi,

2. Rìngo Salmon,

3. Scarlet Flash,

4. Knockout,

5. Fleurjste Mixture - F2, and

6. Frì endsh'ip ,

germinated at 6 or more percent better than did seed of the same cultj-

vars in the fall (10.07% mean increase), whereas in the fall germjnatjon

trj al s seed of 5 cul ti vars ,

I . 0range Punch,

2. Red Express,

3. Showg'ir1 ,

4. Sooner Salmon, and

5. Colorama - F2"

germìnated at 6 or more percent better than did seed of the same cult'ivars

in the spring (9.81% mean increase). The seed of the other l8 cultjvars

germìnated wjthin a 5% range for each cultivar in both the spring and
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the fal ì germi nati on tri al s.

Ae-ruiulrpl_8qlq

The falì range for the germìnation resistance value was 42.86 to

126.98 hours (raute l0), whereas the spring range for the germìnation

resistance value was 24.90 to 87.72 hours (raute ll). An analysjs of

the fal'l (Table l0) and the spring (Tab1e ll) germination resistance

values indjcated there was a hìgh'ly sign'ificant difference between the

cul ti vars.

An anaìysìs of the fall versus the spring germination trials indi-

cated there was a highly significant difference between the fall and the

spring total mean germination resistance values (51.48 hours - sprìng and

79.09 hours - fall) by us'ing the unpaired t test. The seed used jn the

fall trjals germinated at a slower rate; the germìnatjon resistance

value was lower in the sprìng. The decreased germìnatjon resistance

value jn the spring may have been due to the fact that the seed was

younger ì n age and more v'igorous or attri butabl e to a germjnati on

rhythm. Although seed of 27 cultivars had decreased germination resis-

tance values, jt can be stated that for practical purposes that a

germination resistance value djfference of 24 hours or jess is not jm-

portant. Seed of 17 cultivars took more than 24 hours longer to germ'in-

ate i n the fal I , wi th a mean 'increase of 49. 24 hours 'in the germi nat j on

resistance values over the spring values. seed of 8 cultivars,

l. Firecracker,

2. Scarlet Fa'ìsh,

3. Knockout,

4. Ringo Salmon,
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Table 
.I0. Fall germinatjon

as to mean germination
of 29 selected cultjvars, ranked
resi stance val ue i n hours.

Cul t'ivar
Mean

Germ'inati on
Resi stance

Val ue (hours )

Snowdon
Mustang
Showgi rl
Encounter Salmon
R'ingo Rose
Encounter Red
Rosita'80
Fri endshi p
I nnocence
Hei di

Ice Queen
Ringo Scarlet
Red Express
Red Champion
Sooner Red
Knockout
Ringo Salmon
Love Song
Sprinter Scarlet

Scarlet Flash
Sooner Salmon
Ros i ta
Fi recracker
Coiorama - F2
Cherie - Light Sa'lmon Sprinter
Spri nter l^lhi te
Carefree Scarlet
Orange Punch

Fieuriste Mixture - F2

42.86
49.80
49 .91
50.02
5l .15
60.49
61.33
61.54
62.38
67.96

72.00
7 4.30
80.62
82.25
83.46
84.75
85.71
86.41
91 .17

96.75
96.90
97 .16
99.04

I 0t .02
I 06.20
I 06.84
I 08. l4
I12.00

126.98

^za
ab
ab
ab
ab
ab
ab
ab
ab
abc

abcd
bcde
cdef
cdefg
cdefg
cdefgh
cdefghi
defgh'i
efghì

fgh'i
fghi
fghÍ

ghr'
hi
hij
hij
hij
ij

mean germination resjstance values
I etter do not di ffer si gni f i cant'ly
the unpaired t test (0.01).

followed by the same
as determi ned by
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Table 1.l. Spring
ranked as to
in hours.

germination of 29
mean germination

selected cultivars,
resistance value

Cul ti var Mean
Germi nati on
Resi stance

Val ue ( hours )

He'idi
Ringo Scarlet
Rosita'80
Mustang
Snowdon
Ringo Rose
Fi recracker
Scarlet Flash
Red Champion
ice Queen
Knockout
Ringo Salmon
Cherì e
Ros i ta
Encounter Red
Sooner Red
I nnocence
Sprinter Scarlet
Carefree Scarlet
Encounter Salmon

Showgi 11

Love Song
Orange Punch
Red Express
Fri endshi p

Col orama - F2
Sooner Salmon
Fleuriste Mixture - FZ
Sprìnter t^lhite

24.90 az
25.80 a
29.37 ab
30.00 ab
30.00 ab
30.95 ab
32.00 abc
32.98 abc
33.00 abc
33.90 abc
34.58 abc
34.80 abc
36. I I abc
37 .7 4 abc
41.73 abc
43.52 abc
43.78 abc
44.58 abc
45.38 abc
47.28 abc

59.98 abcd
61.04 bcd
61.65 bcd
64.71 cde
68.76 cde

78.62 de
85.09 de
87.26 e
87 .72 e

z mean germination resistance values followed by the
same letter do not differ signìficantly as deter-
mined by the unpaired t test (0.0.|).



50

5. Cherie,

6. RosÍta,

7. Carefree Scarlet, and

8. 0range Punch,

germinated in the fall wìth germination res'istance values of 50 hours or

greater than did seed of the same cultivars in the spring germìnation

trials.

Germinatjon Percent and Rate Interactions

By day 6,87.52% and B0.0l7l germìnatjon had occurred for the spring

and fal'l germìnatjon trjals respectìvely (F'igure 7). in the fall, 88.04%

of the seed germinated tn 12 days, whereas in the spring 90.38% of the

seed germ'inated in the same perìod. The germination was faster in the

spring with the greatest germìnation count on day 2 (tigure 8). In the

fall the greatest germination occurred on day 3.

Germ'ination Percent - All Cultivars

When the total number of cultivars, fall (36) and spring (67), were

compared, the fall range for germination percent (Table l2) was the same

as for the 29 cultivars. The spring range for percent was simiIar (Table

l3) except for 2 cultìvars, Marathon (56.67%) and Minjskirt Mjxed (50.00

5).

0f all the spring germinated cultivars,38 cultivars (56.72%) germi-

nated at 90% or better (Table l4), l8 cultivars (26.87%) germjnated at B0

to 89.9% and ll cultivars (16.41%) germinated at less than 80%. Thus

ìt may be stated that a greater percent of the cultivars germ'inated at

lower percents than when the 29 cu]tivars were cons'idered. All the F2
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Table 12. Faì'l germination, all cultivars, ranked as to
mean germination percent.

Cul ti var Mean
Germi nati on

Percent

Ri ngo Rose
Cherie Improved
Ice Queen
0range Punch
Sprinter Mixed
Rosita'80
Snowdon
I nnocence
R'ingo Scarl et
Encounter Red
Cherie - Light Salmon Sprinter

Sprìnter Scarlet
Rosi ta
Rose Pink wjth t,lhìte Eye
F'irecracker
Mus tang
Red Champion
Red Express
Sooner Red
Showgi 11

New Era Red
Hei di
Scarlet Flash
Sooner Salmon

R'ingo Sal mon
Sprinter l^lhite
Knockout
I'lew Era Bright Red

Encounter Salmon
Carefree Scarlet
Love Song

New Era Medìum Salmon
Nittany Lion Red
Fleuriste Mixture - F2

Fri endshi p
Colorama - F2

I 00.00
I 00. 00
I 00.00
1 00.00
I 00.00
I 00.00
I 00.00

97 .85
97.00
97.00
95.20

95.00
94.65
94.08
94.00
93.05
93.00
93.00
92.15
9?.00
9l .70
9l .00
90. 63
90.48

89.40
89.00
88. 90
87.00

84.00
82.55
80.45

79. l8
75.93
7l .00

68. 88
67. 30

z
a
ab
ab
ab
ab
ab
ab
ab
abc
abc
abcd

abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd

bcd

bcde
bcde
bcdef
bcdef

cdef
def
def

def
def
def

ef
f

Z mean germination percents followed by the same letter
do not differ s'ignificantly as determined by the un-
paired t test (0.01).
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Tabje .l3. Spring germination, ali cultivars, ranked as to mean germination percent.

Cul ti var Mean
Germi nati on

Percent

Cul ti var Mean
Germi nati on

Percen t

F l orence
Geranium Mixed
Snowdon
Ringo Scarlet
Ringo Salmon
Ri ngo Rouge
Ice Queen
Hei di
Festival Scarlet
Brìght Eyes
Scarlet Flash
Sprinter Scarlet
Capri Brick Red
Capri }Jhite
Gremlin Coral
Cheri e
Jackpot
Ringo Rose
Sprinter Deep Red
Smash Hit Red

Knockout
I nnocence
Rosita'80
Mustang
Sprinter Salmon
Red Champion
Orange Punch
Sooner Red
Cherry Glow
Sprinter lrJhite
Festival Saimon
Snow l.lhite
Festival White
Ros i ta
Debutante
Deep Rose Flash
Encounter Red

'l00.00 az
100.00 a
100.00 a
'100.00 

a
100.00 a.100.00 

a

100.00 a
'100. 00 a
]00.00 a

98.75 ab
98.75 ab
97.50 abc
97.50 abcd
97.50 abcd
97.50 abcd
97.50 abcde
97.50 abcde
97.50 abcde
97.50 abcde
96.25 abcde

95.00 abcde
95.00 abcde
95.00 abcdef
95.00 abcdef
95.00 abcdef
94.40 abcdefg
93.75 abcdefg
93.75 abcdefg
93.75 abcdefg
93.75 abcdefg
92.50 abcdefg
92.50 abcdefg
92.50 abcdefg
92.50 abcdefg
9ì .25 abcdefg
9ì .25 abcdefg
9l .25 abcdefg

F i recracker
Dwarf Sprìnter Red
Empress Red
Encounter Salmon
Fleuriste Mixture - F2

Bambi - F2
Carefree Scarlet
Capri Deep Red

Red Express
Salmon Express
Vul can
Del Greco Mixed
Fire Flash
Saimon Flash
Fri endsh i p
Dynam i te

Showg i rl
Red Standard
Love Song

Sooner Salmon
Carefree Light Salmon
Red Delicious - F2

Paintbox Mixed
Ti ffany
Surefi re
Red Apple - FZ

Empress Salmon

Co] orama - F2

Marathon

Miniskirt Mixed

90.00 abcdefgh
89.70 abcdefgh
88.75 bcdefgh
88.75 bcdefgh
88.00 bcdefgh
87.50 cdefgh
87.50 cdefgh
87.50 cdefgh

85.00 cdefgh
85.00 cdefgh
85.00 cdefgh
85.00 cdefgh
83.75 defgh
83.75 defgh
83.75 defgh
82.50 efgh

80.00 efgh
80.00 efgh
80.00 efsh

73.75
72.50
71 .?5

70.00
70.00
68.75
68.75
68. 75

61.?5

56.67

50. 00

fgh
fgh

gh

gh
gh
gh
gh
gh

h

h

h

Z mean germination percents foliowed by the same 'letter do not
as determined by the unpaired t test (0.01).

differ significantly
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Table 14. Comparison
of the fal I versus

of germination percent
the spri ng germ'inati on

and numbers of cultivars
tri al s.

Spri ng Fal l

Germi nati on
Percent

No. of
Cu I ti vars

Percent of
Cul ti va rs

No. of Percent of
Cul ti vars Cul ti vars

g0+

B0 - 89.9

Less than 80

38

l8

ll

56.72

26.87

16.41

24

7

5

66.67

19 .44

13. 89
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cultivars germinated at 88.00% (Fleuriste Mjxture) or 1ess. Red Delj-

ci ous , Red Appl e and Col orama ( F2' s ) were al 1 bel ow 71 .50% germi nati on.

The sprìng and fall germìnatjon percents for Colorama were simjlar,6ì.25

and 67.30, respectìve1y. l'larathon, the fjrst double flowered cultivar,

germ'inated at a mean of 56.67%. 0n the other hand, all of the Fl and F2

mixed colour cultjvars germinated at 88.00% or less.

In the fall, 24 cultjvars (66.67%) germ'inated at 90% or better

(Table l4), 7 cultivars (1g.44%) germjnated at 80 to 89.9% and 5 cultj-
vars (13.89ir) germìnated at less than 807á.

An anaìysjs of the spring and falì germinatjon'indjcated that there

was a highly sìgnifjcant difference between the cultìvar percents for

each trial (Tables l3 and l2). An anaìysis of the fall versus the sprìng

trials indicated that there was no sjgnificant d'ifference in the percents

(91.18 - sprìng and 90.72 - fal'l) as determined by the unpaired t test.

Germ'inati on Rate

The fall range for the germ'ination resjstance value (Table ì5) was

the same as for the 29 cultjvars and the sprìng range was essentially

the samE (Tabìe l6). An analysis of the fall gernrìnatjon indjcated

that there was a highly s'ignifjcant difference between the cultivars for

the germinatjon resistance values (Table l5). A similar result was ob-

tained wjth the sprìng cultivar germinat'ion trials (ta¡le l6).

Analysjs of the fall versus the spring trials indicated there was a

highly signìficant difference between the fall and the spring germinatjon

resistance values by usjng the unpaired t test; the seed in the fall
trials germinated at a slower rate.
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Tab j e I 5. Fal I germi nat'ion, al I
mean germi nation res'istance

cultivars, ranked as to
val ue 'in hours.

Cul ti var Mean
Germi nati on
Resi stance

Val ue ( hours )

Snowdon
Rose Pink with White Eye
Mustang
Showgi r'l
Encounter Salmon
Ringo Rose
Encounter Red
Rosita'80
Fri endshi p

New Era Red
Hei di

Ice Queen
RÍngo Scarlet
New Era Bri ght Red
Cherie Improved
Red Express
Red Champion
Sooner Red
Sprinter Mixed
Knockout
Ringo Salmon
Love Song
Sprinter Scarlet

Scarlet Flash
Sooner Salmon
Ros i ta
Fi recracker
Col orama - F2
Nittany Lion Red
Cherie - Light Salmon Sprinter
Sprinter White
Carefree Scarlet
Orange Punch
New tra Medium Salmon

I nnocence
Fleuriste Mixture - F2

42.86 az
46.59 a
49.80 a
49.91 a
50.02 a
5l ..l5 a
60.49 ab
61.33 abc
6.l.54 abc
65.32 abc
67.96 abc

72.00
7 4.30
75.45
78.00
80.62
82.25
83.46
84.00
84.75
85.7.l
86 .41
91 .17

96.75
96.90
97 .16
99.04

10.l.02
104.74
I 06.20
I 06.84
I 08. l4
I 12.00
I 15.73

124.76
126.98

abcd
bcd
bcd
bcde
cde
cde
cde
cdef
cdef
cdef
cdef
def

def
def
def
defg
efg
efg
efgh

fgh
fgh
fgh

gh

h

h

t *uun germination resjstance values
Ietter do not differ significantly
the unpaired t test (0.0'|).

fol I owed by the same
as determi ned by
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Table 16. Spring germination, a'lI cultivars, ranked as to mean germination resistance
value in hours.

Cul ti var Mean
Germ i nati on
Resi stance

Val ue
( hours )

Cul ti var Mean
Germi nat i on
Resistance

Val ue
(hours)

Heidi
Ringo Rouge
Ringo Scarlet
Debutante
Rosita'80
Snowdon
Mustang
Ringo Rose
Dwarf Sprinter Red
Fi recracker
Capri l.lhite
Scarlet Flash
Red Champion
Ice Queen
Vul can
Knockout
R'i ngo Salmon
Cheri e
Fl orence
Jackpot
Rosi ta
Bright Eyes
Festival Salmon
Encounter Red
Sprinter Saìmon
Sooner Red
Cherry Gìow
I nnocence
Sprinter Deep Red
Sprinter Scarlet
Carefree Scarlet
Capri Deep Red
Encounter Salmon

24.90 az
25.80 a
25.80 a
27.51 a
?9.37 ab
30.00 abc
30.00 abc
30.95 abc
3l .85 abcd
32.00 abcd
32.53 abcd
32.98 abcd
33.00 abcd
33.90 abcd
34.46 abcd
34.58 abcd
34.80 abcd
36.11 abcd
37.05 abcd
37..l0 abcd
37.74 abcd
39. I4 abcd
4l.30 abcd
41.73 abcd
42.32 abcde
43.52 abcde
43.70 abcde
43.78 abcde
43.83 abcdef
44.58 abcdef
45.38 abcdef
47. l2 abcdef
47.28 abcdef

Salmon Fiash
Capri Brick Red
Fire Flash
Empress Salmon
Festi val Scarlet
Deep Rose Fìash
Snow l,lhite
Red Delicious - F2
Showg i rl
Love Song
Orange Punch
Festi va l l.lhi te
Red Standard
Red Express
Geranium Mixed
Smash Hit Red
Frì endshi p
Paintbox Mixed
Salmon txpress

Surefi re
Empress Red
Greml'i n Cora l
Colorama - F2
Dynami te
Marathon
Miniskirt Mixed
Sooner Salmon
Del Greco Mixed
Fleurìste Mixture - F2
Sprì nter Whi te
Bambi - F2
Red Appìe - F2

Carefree Lìght Salmon

Ti ffany

49.25 abcdefg
49.47 abcdefg
49.53 abcdefg
51 .78 abcdefg
5 l .90 abcdefgh
55.64 bcdefgh
56.65 bcdefghi
58.t0 cdefghi
59.98 cdefghi
61.04 defghi
61.65 defghi
61.97 defghij
62.50 defghij
64.71 defgh i j
64.80 defghi j
67.71 defghijk
68.76 defghiik
70.05 efghi jk
71 .40 fsh'ij kì

72.18 fghijkl
72.6? ghijk]
76.83 hijkl
78.62 hijkr
79.13 hijkl
7s.66 ijkl
82.00 'ij kl
8s.09 i j kr
87.?6 iikl
87.26 jkl
87.72 jkl
88.j3 jkr
90.72 kl
94.69 1

98. 14 I

mean germinat'ion resistance values followed by the same letter do not differ s'igni-
ficantly as determined by the unpaired t test (0.01).
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Germination Percent and Rate Interactions

By day 6' 86.637á and 75.91% germ'inatjon had occurred for the spring

and fall germination trials respectively (Fjgure 9). In the fall, 94.12%

of the seed germinated jn l2 days; in the spring,89.5B% of the seed ger-

mjnated in the same tjme. The germ'inatjon was faster in the sprìng wìth

the greatest germ'ination count on day 2 (Figure l0). In the fall, the

greatest germìnation occurred on day 3.

The germination percents and the germìnation resistance values d'if-

fered between the fall and the spring germination trials. Several

explanations could be advanced to explaìn these differences:

l. There is a possibiljty that the seed used in the spring trials was

youngerin age and thus more vigorous.

2. There may be an annual germination rhythm which peaks ín the spring

rather than in the fall.

3. As the seeds are djfferent cultivars, they are genetìcally djfferent.

Therefore, djffering germínation percents and rates may be expected.

Thjs is especial'ly evident when the F2's are taken as a group. Low ger-

m'ination percents and higher germìnation resistance values t^tere consis-

tently found in the F2's.

Many of the cultivars that germinated at hjgh percents'in the fall,
did so jn the sprìng trials. Seventy-five percent of the cultìvars that

had low germìnatjon percents in the fall were also low jn the spring

trials. It wouìd appear that this Ís the genet'ic germination potentìa1

of these seeds. Cultivars d'ifferences will be discussed in more detail

later.
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Transpl anti ng

The transpiant survíval percent varied from 60 to .l00% (Table l7).

The cultivars are classed as to transp'lant survival percents in Table

18. More than 57% of the cultivars survived the transplanting at 95%

or better, whiie approximately 76% of the cultivars survived the trans-

planting at 90% or better.

According to the data in Table .l7, there appears to be a relation-

ship between the percent survival on transp'lanting, germìnation percents

and the germi nat j on resi stance va'l ues, but upon cal cul ation the correl a-

tion coefficient r was zero for the germination resistance values

versus transplant survival percents, germination resistance values

versus germination percents and germination percents versus transplant

survival percents. However, 46 cultivars survjved transplanting at 91%

or better, of these cultivars, 32 (69.52%) cultivars germinated at 85%

or better with germjnation resÍstance values of 60 hours or less.

Therefore, it wou'ld appear that if a seed sample germinates rapid'ly and

in the high percentages, the seedlings are more likely to survjve trans-

pl anti ng.

Envíronmental Factors

Temperature

Geranium seed gennination trials

effect of temperature on germination

A separate anaìysis of variance

no significant difference between the

or germination resistance values.

were conducted to determine the

percent and rate.

of the controls indicated there was

dates in either germination percent
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Table i7. Comparìson of transplant survival
germination resistance value in hours for

percent, gennination percent and
the spring germìnated cuìtivars.

Cul ti var Percent
Survi val on

Transpì antì ng

I'lean Hean
Germi nati on Germi nati on

Percent Resi stance
Vaìue (hours)

Hei di
Ringo Rouge
Ringo Scarlet
ice Queen
Ri ngo Sa lmon
Scarlet Fìash
Bright Eyes
Rì ngo Rose
Che ri e
Sprìnter Deep Red
Capri Brick Red
Mus tang
I nnocence
Sooner Red
Cherry Gìow
Snow l,lhi te
Deep Rose Flash
Fire Flash
Carefree Light Salmon

Rosi ta
Snowdon
Geranium Mixed
Capri tlhi te
Jackpot
Smash Hit Red
Rosita'80
Knockou t
Spri nter t,lhi te
Debutan te
Encounter Salmon
Salmon Express
Salmon Flash
Sprinter Scarlet
Bambì - F2
Tì ffany
Red Deììcious - F2

Fl orence
Gremlìn Coraì
Sprì nter Salrnon
Encounter Red
Capri Deep Red
Vul can
Red Express
Showgi r'l
Red Champìon
Dwarf Sprinter Red
Red Standard

0range Punch
Del Greco Hixed
Empress Saìmon
Fleuriste Mixture - F2
Empress Red
Carefree Scarìet
Fni endshi p
Dynami te
Love Song
Sooner Saìmon
Surefi re

Ma rathon
Coìorama - F2
Fi recracker
Red Appìe - F2
l¡1i ni ski rt l'li xed

00.00
00.00
00. 00
00. 00
00. 00
00. 00
00.00
00.00
00. 00
00. 00
00. 00
00. 00
00. 00
00. 00
00. 00
00.00
00. 00
00. 00
00. 00

97 .87
96.67
96.67
96.67
96.67
96.67
96.67
96.67
96.67
96.67
96.67
96.67
96.67
96. 55
96. 30
96. 30
96.00

93. 33
93.33
93. 33
o? ?2

93. 33
o? ??

93. 33
93.33
92.86
91.67
90. 00

86.67
86.67
86.67
85.00
ot tt

83. 33
83.33
80. 00
80.00
80. 00
80. 00

ì oo. 002
ì 00.00
ì 00.00
ì 00.00
ì 00. 00
98.75
98. 75
97. 50
97. 50
97.50
97.50
95 .00
95. 00
93. 75
o? 7q

92. 50
91.25
83. 75
72.50

92.50
I 00.00
I 00. 00

97 .50
97.50
96.25
95. 00
95. 00
93.75
9i .25
oo tE

85.00
83. 75
97. 50
87.50
70. 00
71.25

I 00.00
97 .50
95.00
91.25
87 .50
85. 00
85.00
80. 00
94.40
89. 70
80.00

93.75
85.00
68. 75
83. 75
88. 75
87.50
83. 75
82. 50
80. 00
73.75
68. 75

56.67
61.25
90. 00
68. 75
50.00

24.sù
25.80
25.80
33. 90
34.80
32.98
39.14
30. 95
36.ìl
43. 83
49.47
30. 00
43. 78
43.52
43. 70
56.65
55. 64
¿q (?
94. 69

37.74
30. 00
64. 80
32.53
37.10
67.71
29.37
34.58
87 .72
27 .51
47 .28
71 .40
49.25
44. 58
88.13
98.14
58. l0
37. 05
76.83
42.32
41 .73
47 .28
34. 46
64.71
59.98
33.00
3l .85
62. s0

6l .65
87.26
5l .78
87.26
72.62
45. 38
68.76
79.13
61.04
85.09
72.18

79.66
78.62
32.00
90.72
82. 00

79.82
78.13
77 .78
73.33
60. 00

z

v
Compari son

Compari son

using the unpaìred t
usìng the unpaired t

test are presented in Table

test are presented in Table

13.
.l6.
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Tabìe 18. Cultivar transplant survival.

Transpl ant
Percent
Survi val

Ci ass

No. of
Cul tÍ vars

Percent of
Cul ti vars

100

95 - 99.9

90 - 94.9

80 - 89.9

Less than B0

l9

17

12

tl
5

29.69

26.56

18.75

17.19

7.81
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Germínation Percent. There were no signìficant djfferences in the ger-

minatjon percents for the 4 temperatures used. Snowdon djffered from

Rosjta and this d'ifference was highly signìfjcant (Table l9), while the

interact'ions between temperatures and cultjvars were significant by anal-

ysis of varjance. Th'is jnteraction was attributable to hypocotyl frac-

turing and there would not have been an interaction'if there had been no

hypocotyl fracturìng.

Germinatjon Rate. The observed germìnatjon response to temperature on

the basis of germinatjon resjstance vaìues, jn decreasìng order, vias:

t. zooc,

2. day/nìght - fluctuating temperatures (17.2o & 29.+0C) and 25.5oC,

and

3. l4.5oc (Tabte 2o).

Temperature has been reported as be'ing very critjcal in the germì-

ation of Fl hybrid geranium seed. A constant hjgh temperature of 20o to

25oC has been recommended by several authors and seed companies for the

germ'inatjon of geranium seed (Adams 1977 and Carlson l9i6). The geran-

ium seed germination rate 'increased wjth an increase in temperature to

an opt'imum temperature of 20oC. Above 25oC the rate decreased. This

may have been attri butabl e to an i nh j b j t'ion of germì nat'i on due to the

temperature. Moreover, these observations seem to be ìn agreement with

those of Koller (1972), Gulliver and Heydecker (1973) and Come and

Tissaoui (1973), respective'ly. The seed germ'inated at a slovrer rate 'in

l4.5oC, d lower temperature. Seed in lower temperatures may have had a

decreased metabolism and thus a decreased germìnatjon rate.

For the germ'ination resistance values. there was a signìfjcant dif-
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Table 19. Mean
perj od for

germination percent for a ì2 daY
4 temperature regimes.

Cul ti var Mean Germination
Percent

Br ight Eyes

Cherry Gl ow

Geranium Mixed

Ringo Scarlet
Rosi ta
Snowdon

Sprinter Scarlet
Spri nter Deep Red

Sprinter Salmon

Ti ffany

95.00 abzY

96.25 ab

93.44 ab

87.50 ab

96.88 a

85.94 b

95.63 ab

95.91 ab

90.00 ab

88.33 ab

mean germination percents for cultivars
foilowed by the same letter do not djffer
signifìcantly as determined by the un-
pajred t test (0.01).

values are a mean of 3 or 4 samqles gf 20
seed^at each temperature, 14.5", 20" and
25.5'ç and a fluctuatìng temperature regime
(17.2" to 29.4"C).



ïable 20. Mean germination resistance

Cul ti var

Bright Eyes

Cherry Gìow

Geranium Mixed

Ringo Scar.let

Rosi ta

Snowdon

Sprinter Scarlet

Sprinter Deep Red

Sprinter Salmon

Ti ffany

I 4. soc

70.12

67.04

71.73

63. 53

62.72

85.02

57. 85

62.54

69.79

63.53

value in hours for a 5 day perìod for 4 temperature regimes.

Mean Germination Resistance Value (hours)

hijklmz

ghijkl

jklm

fshijkl

fghijkl

ìm

cdefghi j k

efghijkl

hijkìm

fghijkl

200c

36.29 abcde

37.50 abcde

58.53 defghijk

41.62 abcdef

34.54 abc

66.57 ghijkt

60.90 efghijk

28.60 ab

45.ì1 abcedfgh

25. l6 a

Mean

Temperature' 
25. soc

mean germination resistance values foìtowed by the same letter do not differ significantly as determined by theunpaired t test (0.0.l).
mean germination resistance values for cultivars followed by the same letter do not differ signìficantìy as de-termined by the unpaired t test (0.0.l).
mean germination reslstance values for temperatures followed by the same letter do not differ signifìcan¡y asdetermined by the unpaired t test (0.0.l).

67.48

50.26 abcdefghijk

38.41 abcdef

59.05 efghjjk

52.90 bcdefghijk

49.42 abcdefghij

67.8r hjjkt

94.24

61.58 efghijkl

47.49 abcdefghij

33.04 abc

cx

Fl uctuati ng
day/ni ght

51.02 abcdefghijk

33. l5 abc

65.48 ghijkì

35.30 abcd

44.02 abcdefg

70.83 ijkim

n 74.82 klm

57.30 cdefghijk

46.50 abcdefghi

54.23 bcdefghjjk

44.61 a

Mean

51.92 abY

44.03 a

67.30 bc

48.29 a

45. 17 a

72.56 c

68.99 c

51.68 ab

52.65 ab

43.99 a

56.87 b 53.95 b

Or.{
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ference (Table 20) as to which temperature was used, but is this of

practicaì value? The germÍnation resjstance value in these experìments

varied by less than 24 hours and would not be a major concern.

Germination Percent and Rate Interactions. The maximum germinatìon per-

cent was on day 2 for the day/night f'luctuating temperatures and for

zOoC. Maximum germ'ination occurred on day 3 for '14.50 and 25.50C.

Geranium seed germinated over a wide range of temperatures. There

were cultivars differences in both the germination percents and the germ'i-

nation resistance values. The effects of thiram treatment and cultivar

differences will be discussed later.

Medi a

Geranium seed germination trials were conducted to determine the

effect of media on germination percent and rate.

Germination Percent. The germination percents for the seed used as the

controls on fi'lter paper did not djffer significantìy, at the 5% level

of significance, using the unpaired t test for both trjals I (May 12,

1980) and II (l(ay 27, 1980).

a. Triai I
According to the data in Table 21, no significant differences were

found in the media. However, significant cultivar differences were

found (Tab1 e 22). Knockout, Sprinter Scarlet, Snowdon and Cherie were

símilar, with mean germ'ination percents of 88.33% or greater. Salmon

Express and Paintbox Mixed differed from the above group, but were

similar to each other" v,lith germination percents of 82.50 and 72.50

respecti ve'ly.
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Table 2.l. Mean germination
value in hours in media

percent and mean germination resistance
trial I, for 6 media.

Medi a Mean Germination
Percent

Mean Germination
Resistance Value (hours)

Fi I ter paper

Sand

Perl i te

Zorb-a'll
Vermi cul i te
Peat moss

86.67z'

82.50

93. 33

90. 83

90.83

89.17

72.2g2

72.46

7 4.60

75. 30

78.24

80. 38

t r.un germination percents and mean germination resistance va'lues do
not differ significant'ly as determined by ana'lyses of variance.

Table 22. Mean germination percent and mean germination resistance
value in hours for medìa trial I, for 6 cultivars on 6 media.

Cu'lti var Mean Germination
Percent

Mean Germination
Resistance Value (hours)

Knockout

Sprinter Scarlet
Snowdon

Paintbox Mixed

Cheri e

Salmon Express

97.50 az

97.50 a

88.33 abc

72.50 c

95.00 ab

82.50 bc

30. 50

30. 79

50. '14

55.00

56.43

65.38

ay

a

b

b

b

b

mean germination percents foìlowed by the same jetter do not djffer
significantìy as determ'ined by Duncan's New Multiple Range Test
(o.ol).

mean germínation resistance va'lues fo'llowed by the same'letter do not
di ffér si gn'i f i cantìy as determi ned by Duncan' s llew Muì ti pì e Range

Test (0.0.l ).
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b. Trial II

For trial II, with 3 additional cultjvars and 3 of the same culti-

vars as in trial I, the media did not differ signifìcantly (Tabìe 23),

but there were h'igh'ly sìgn'ifìcant cu jtivar differences (Tabl e 24).

Germinatjon Rate. The control germinat'ion resistance values for seed

germination did not differ significantly at the 5?á level of sjgn'ificance,

using the unpaíred t test, for both trials I and II.

a. Trial

According to the data in Table 21, there were no significant djffer-

ences for media in the germ'ination resistance values. However, signifi-

cant cultivar djfferences were found (Table 22). Cultivar differences

wì I I be di scus sed I ater.

b. Trial II

In this triaì, there was a hìghiy significant d'ifference between

cul t'ivars 'in the germì nati on resi stance val ues (Tabì e 24). Cul ti var

di fferences wi I I be di scussed I ater.

The fi 1 ter paper, perl i te, vermi cul i te, Zorb-al I and sand had simi -

lar germination resjstance values (Table 23); the range was 45.93 to

5.l.00 hours. The germ'ination resistance value of peat moss was greater,

66.16 hours, whjch dìffered from the other medja using the unpaired t

test at the 5% level of signjficance.

The consideration is whether a 20.23 hour jn trail II (Table 23) or

an 8.09 hour jn trial I (Table 21) germination resistance range djffer-

ence between the media with the greatest and lowest value are large

enough to be of a concern to the grower. One day is not a major concern;
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Table 23. Mean germination
value in hours in media

percent and mean germination resistance
trial II, for 6 media.

Med'ia Mean Germination
Percent

Mean Germi nat'ion
Resistance Value (hours)

Vermiculite
Peat moss

Zorb-al I

Fi I ter paper

Sand

Perl i te

94.552

91.82

91 .67

90. 00

90. 00

89.09

5l .57

66. l6
5l .00

46.7 4

45. 93

49. 93

ay

b

a

a

a

a

mean germination percents do not differ significanily as
by analysis of variance.

mean germìnat'ion resistance values followed by the same
not d'iffer significantìy as determined by the unpaired
(0.05).

determi ned

letter do
t test

Table 24. Mean germination percent and mean germination resistance
value in hours for media trial II, for 6 cultivars on 6 media.

Cu I ti vars Mean Germination
Percent

Mean Germ'inati on
Resistance Value (hours)

Knockout

Ringo Scarlet
Rosi ta
Snowdon

Sprinter Scarlet
Sprinter l,lhite

97.00 abz

90.56 abc

99.09 a

87 .73 bc

85.00 c

9l .36 bc

45.13 abY

39. 5l a

33.38 a

64. 5l c

49.83 b

76.25 c

mean germination percents followed by the same
sìgnificantly as determined by the unpaired t

mean germination resistance values foliowed by
not differ sign'ificantly as determined by the
(o.ot).

letter do not differ
tesr (0.0j ).

the same letter do
unpaired t test
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therefore, the grower's concern would be to maximize his returns using

the medja with which the grower has the most expertise.

Geranium seed will germinate well on a w'ide range of media as shown

shown by Rando]ph (197.l) and Dallon and Durkin (1971).

Between the 2 media trials. which were conducted l5 days apart there

was a noticeable difference between the germination resistance values for

each medium and between the germínation percent of seed of Sprinter Scar-

let and Knockout on one occasion. These will be discussed under germìna-

tion rhythms.

The germìnatjon resistance value was signifìcant'ly djfferent for seed

germinated on peat moss in trial II. llore trials would need to be conduc-

ted in order to determine if this effect held or was specific to this trial
on1y. This difference may have been due to the low pH of peat moss. As

the pH of the peat moss in these trials was in the range of 3.6 to 3,8, it
is possible that the pH factor may have been responsible for the greater

germinatíon resistance values on this medium in the 2 trials.

Moisture Content of Media

As most of the

papers, trials were

Germination Percent

experimentati on

conducted using

was conducted using saturated filter
dîfferent medÍa moisture contents.

a. Trial I

The water content of the media and cultivars were

when the germination percents were analysed (Tables 25

not

and

signitfcant

26).

b. Trial Ii
l^lhen the germination percents were consi.dered, there was a hìghly
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Tab'le 25. Effect of media moisture content on mean germination percent'-- 
ãn¿ mean germination resistance value, trial I'

Medium and !''lean Germination Mean Germination
water Content Percent Resistance Vaìue (hours)

Filter paper (6 mì HrO) 91-672

Sand (13 ml/65 g) 93.33

Sand (10 ml/65 9) 96.67

Z m.an germination percents do not differ significantìy as determined
by analysis of variance.

Y r.un germination resistance values foliowed by the same'letter do not
ãiirËi iigniricaniív-ãt ããtÀ*ine¿ ¡v the unþaired t test (0.0r).

Tab'le 26. Effect of media moisture content on mean germ'ination percent-- 
ãnã-*uuñ gÀrm.inati on resi stance val ue for 3 cul t'i vars, tri a'l I .

Cu'l ti var and
Hater Content Mean Germination Mean Germinati.on

of Media Percent Resistance Va'lue (hours)

Ringo Scarlet
Filter paper (6 m'l HoO) 80'002
Sand (.l3 ml/65 9) ' 87.50
Sand (10 ml/65 S) 95.00

Rosi ta
Filter paper (6 mì Hr0) 100.00
Sand(l3m'l/65g)' 97'50
Sand ('10 ml/65 g) 97.50

Spri nter l.lhi te
Filter paper (6 mì H,0) 95.00
Sand (13 ml/65 g) ' 95.00
Sand (.l0 ml/65 S) 97.50

52.41 al
51.25 a

77.17 b

48.002
30.42
71.37

36.60
3l .'12
6l .7t

7?.63
92.?0
98.43

Cu]ti var Means

Ri ngo Scar'let

Rosi ta
Sprinter llhite

89. O0z

98.00

96.00

50.31 aV

44.45 a

90.78 b

Z rean germ'ination percents and mean germination resistance values do

ñoï ãifi"i-iiéniticant'ly as determined by ana'lyses of variance.

Y *"un cultivar germination resistance va]ues fo]lowed by the same

i"it"i do not-diffài significantìy as determined by the unpaired t
test (0.0.l).
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significant difference between the 2 cultivars (Table 27). The water

content of the media was not significant in effect on the germ'ination

percent.

Germination Rate

a. Trial I

In trials with varying water contents of the media, as the water

content decreased, the germination resistance value increased (Table 25).

These differences were highly significant. In Ringo Scarlet, Sprìnter

LJhite and Rosita, the germination resistance value increased (Table ?6)

as the water content of the sand decreased by 3 ml from 13 ml to l0 ml.

The germination resistance value was decreased in the presence of a

greater water content in the sand. Us'ing the germination resistance

value the difference between cultjvars was highly signifìcant (Tab'le 27).

Cultivar differences will be discussed later.

b. Trial II
Results of trial II, again showed that as the water content of the

media decreased the germ'ination resistance value increased (Table 28).

These differences between moisture contents were highly sign'ificant. The

d'ifferences between cultivars were nons'ignificant (Tab1e 27).

Geranium seed appeared to favour a media moisture above fjeld capa-

city for germination. Decreasing the moisture content below saturatjon,

increased the time required for germination to occur. Thus, as Gulliver

and Heydecker (1973) stated, there appears to be an optimum water suppìy

for an optimum germination rate.
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Tab'le 27. Effect of media moisture content on mean germination percent
and mean germinatìon resistance vaiue for 2 cultivars' trial II.

Cu]tivar and Moisture Mean Germination Mean Germination
Content of Media Percent Resistance Vaìue (hours)

Rosi ta
Filter paper (6 m1 HoO) 95.002
Sand (13 m'l/65 g) ' 98.33
sand (lo m'l/65 g) 98.33

Ringo Scar'let

Filter paper (6 ml H,0) 80.00
sand (13 ml/65 g) ' 85.00
Sand (10 m'l/65 g) 90.00

54.g52
4?.66
63.71

60.75
30.I2
85.89

Cu lt'i var Means

Rosi ta
Rìngo Scarìet

97.86v

86.43

53.442

58.40

t raun gennìnation percents and mean germination resistance values do
not differ signìficantìy as determined by anaìyses of variance.

Y r.un cuitivar germination resistance values differ significantìy as
determined by analysìs of variance.

Table 28. Effect of media moisture content on mean germination percent
and mean germination resistance value, trial II.

Medi um and
l,later Content

Mean Genninat'ion Mean Germination
Percent Resistance Value (hours)

Filter paper (6 ml Hro) 87.502 36.39 av

Sand ( l3 m'l/65 g ) 9l .67 . 57.85 a

Sand (10 m'l/65 g) 94.17 74.80 b

t r"an germinatìon percents do not differ significantìy as determìned
by analysis of variance.

Y *ean germination resistance values fol lowed by the same letter do

not dìffer significantìy as determined by the unpaired t test
(o.or).
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0xygen Concentrati on

Oxygen is requ'ired for germination to occur.

Germination Percent. l.Iith the cultivar, Rosita, the use of an increased

oxygen concentration had no sign'ificant effect on the germinat'ion per-

cent (Table 29). The treatment (scarification) was sìgnificant. The

seed had been placed to germinate, scarified and unscarjfied, and it was

here that a h'igh1y significant difference was found, between scarifica-

tion and unscarification.

According to the data in Table 30, no significant differences were

found in the germination percent for a trìal conducted with the cultivar,

Ti ffany.

Germination Rate. l.líth the cultivar, Rosita, the use of an increased

oxygen concentration did not signifìcantly affect the germinat'ion resis-

tance values (Table 29); however, scarifìcation produced a hjghly signi-

ficant decrease in the germination resistance values.

According to the data in Table 30, no significant differences were

found in the germìnation resistance values for a trial conducted w'ith

the cultivar, Tiffany.

As both of the above trials þJere conducted on a small scale,'larger

repìicated trials wilì be required to demonstrate the effects of an in-

creased oxygen concentration on the germination of geranìum seed.

Scarification Versus Unscarificatjon

Scarification jncreases the germination of seeds

of the seed coat so that water or gases may permeate

easily. Most of the commercialìy available Fì hybrid

by removing Parts

the seed coat more

geran'ium seed is
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Table 29. Germination percent and germ'ination resistance value in hours
for seed of the cuìtivar, Rosita, in an increased oxygen concentra-
ti on.

Mean Germination
Percent

Mean Germination
Resistance Value (hours)

Treaûnent 0xygen Control Means Oxygen Control l.leans

Seed Coat ïreaünent

Scari fi ed

Unscari fied
I 00.002 I 00.002

32.50 20.00

2s.Boz 60.60z ß.2ú
82.00 '102.00 92.00

I 00.0d
26.25

Means 66.25 60.00 53.90 8'l .30

t *aun germination percents and mean germination res'istance values do
not differ signìficantly as detennined by analysìs of variance.

Y r"un germination percents for seed coat treatment differ significant=
ìy as determined by analysìs of variance (0.0i).

* r.un germination resistance values for seed coat treatment differ
signifìcantly as determined by anaìysis of variance (0.01).

Table 30. Germination percent and germination resistance value in hours
for seed of the cultivar, Tiffany, jn an increased oxygen concentra-
ti on.

Mean Germinationz
Percent

Mean Germinationz
Resistance Value (hours)

Treatment Oxygen Control Means Oxygen Control Means

Seed Coat Treat¡nent

Scarified 95.00

Unscarified 50.00

80.00

5.00

87. 50

27.50

27.16 30.75 28.96

60.00 24.0ü 42.00

Means 72.50 42.50 43. 58 56.7s

mean germìnation percents
not differ significantìy

'l seed germi nated.

and mean germination resistance values do
as determined by anaìysis of variance.
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scari fi ed.

Germination Percent. In a scarified versus unscarjfjed seed experìment,

Ringo Scarlet germinated at 7.ì.67 and 55.007á for scarified and unscari-

fjed seed respectively (Table 3l). l,jith the other cult'ivar, Rosita, the

mean germination percent varied widely between the scarjfied and unscari-

fjed seed, 98.33 and 23.33%, respectively.

The differences between the treatments (Tab1e 3l) were highly sìgnì-

ficant for both cultjvars. Cultivar x treatment djfferences were hjghly

signìficant a'lso by analys'is of variance (Appendix Table l0). Scarifi-

catjon increased the germination percents for seed of both of the cultj-

vars , Ros'i ta and R'ingo Scarl et.

Germination Rate. The germinat'ion resistance values differed by rnore

than 109 hours for Ringo Scarlet (Tab'ìe 3l). In the other cultjvar,

Rosita, the mean germination resistance values varied wide'ìy between the

scarified and unscarìfjed seed, 3l.39 to 121.20 hours, respectìve1y.

Cultivar d'ifferences were sjgnificant; but treatment djfferences

were highly sign'ificant by anaìysis of variance (Table 3l). In the

scarifjed versus unscarified germ'ination tests, ìt appeared that scarj-

ficat'ion js required to jncrease the germìnation percent and decrease

the germ'inati on resi stance val ues of Ri ngo Scarl et and Ros'ita seed .

There is a dormancy in Fì hybrid geranìum seed that is broken with

seed scari f i cat'ion. Hand cl i pp'ing , mechan j cal cl i ppi ng and ac'id scari -

fjcatjon, are all satisfactory methods of increasing the germinat'ion per-

cents as reported by Fries (1966), Heit (1971) and Barna (1979).
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Table 31. Mean germination percent and mean germination resistance value
in hours for seed of 2 cultivars, Rosita and Ringo Scarlet, gerrnin-
ated unscarified and scarified (cìipped).

Cu I ti var Mean Germination
Percent

Mean Germination
Resistance Value (hours)

Ros i ta

Unscari fi ed

Scari fi ed

Ringo Scarlet

Unscari fi ed

Scari fì ed

23.33 az

98.33 d

55.00 b

71.67 c

121.20

31.39

195.62

85.79

Treatment Means

Unscari fi ed

Scari f i ed

39.17 aV

85.00 b

158.41 ut
58.59 b

t ,.un germinat'ion percents differ signifìcantìy as determìned by
Duncan ' s New Mul ti pl e Range Test ( 0. 0l ) .

y 
mean germjnation percents differ significantly as determ'ined by anal-
ysi s of variance (0.01 ) .

t *.un germ'inat'ion resi stance val ues di f fer si gni f i cantly as determi ned
by ana'lysi s of vari ance (0. 0 j ) .
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Thiram Treated Versus Untreated Seed

Thiram is a fungicide which'is used as a seed protectorant. Com-

merciaì'ly treated and untreated seed of individual cultjvars was used jn

many of the experiments - temperature, media and media moisture content.

These will be now discussed.

Experiment - Thiram Treated Versus Untreated Seed

Germination Percent. The treatments djd not sign'ifícant'ly differ between

the five cultivars for thiram treated and untreated seed (Table 32).

Cherie and Showgirì differed and this cultjvar difference was sign'ifì-

cant. There were h'ighly significant differences between treatments x

cultivars (Appendix Table ll) by analysis of variance. Th'iram treatment

increased the germ'ination percent of seed of Sprinter Scarlet' wh'ile

th'iram treatment decreased the germinatjon percent of seed of Knockout.

Simjlar seed germination percents were found in th'iram treated and un-

treated seed of the other 3 cultivars.

Germination Rate. The germination resistance values for treatments did

not signjficantly differ by analysis of variance (faUle 32), wh'ile there

was a hi ghly si gn'i f i cant di fference between cul ti vars (Tab'le 32 ) .

Knockout, Showgirl, Sprinter Scar'let and Sprinter l,Jhite were statisti-

ca'l1y similar, while Cherie was d'ifferent.

Thus, there was in th'is experiment no difference in thiram treated

or untreated seed in both the germ'ination percent and the germination

resistance value. However, there were differences in the interaction of

treatments and cultivars in the germination percents. Cultivar differ-

ences will be discussed later.



Table 32. Mean germination percent
value in hours of thiram treated

8l

and mean germination resistance
and untreated seed for 5 cultivars.

Cultivar and
Treatment

Mean Germination
Percent

l'1ean Germi nati on
Resistance Value (hours)

Cheri e

Untreated
Treated

Knockout

Untreated
Treated

Showgi rl
Untreated
Treated

Sprinter Scarlet
Untreated
Treated

Spri nter !'lhi te
Untreated
Treated

98. 332
98.33

98. 33
83.33

ÕÕ. JJ
90.00

88. 33
98. 33

96.67
95.00

83.292
80. 34

53.24
55.66

54.14
45.75

47 .68
49.52

68.?2
55.06

Cultivar Means for Treated and Untreated Seed

Cheri e

Knockout

Showgi 11

Spri nter
Spri nter

Scarl et
l,Jhi te

98.33

90.83

89.17

93.33

95.83

ay

ab

b

ab

ab

81.82 bx

54.45 a

49.95 a

48.60 a

61.64 a

mean germination percents and mean germ'inat'ion resistance values do
not differ signjficant'ly as determined by analyses of variance.

cultivar germination percent means, for thiram treated and untreated
seed, followed by the same letter do not differ s'ignificanily as de-
termined by Duncan's llew Multip'le Range Test (0.05).

cultivar germination resistance value means, for thiram treated and
untreated seed, followed by the same letter do not differ signifi-
cantly as determined by Duncan's New MultÍple Range rest (o.ol).
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Experiment - Temperature

Germinatjon Percent. Neither temperature differences nor the difference

between thiram treated and untreated seed signìficant'ly affected the

germ'ination percent (Table 33). For the 3 cultivars, Bright Eyes, Cherry

Glow and Sprinter Deep Red, the germination percents were statisticaìly

simìlar; but Sprinter Salmon differed s'ignificantly (Table 34), using the

unpaired t test at the l% jevel of significance. The interact'ion of

cultivars x treatments was highly significant by anaìysis of variance

(Append'ix Table'12). Accord'ing to the data in Table 33, there were no

statistical differences between thiram treated and untreated seed of

each cultivar, but Bright Eyes and Cherry Glow, (both treated and un-

treated) and Sprinter Deep Red (untreated) were simìlar, whi'le Bright

Eyes (untreated), Cherry G'low (treated), Sprinter Deep Red (treated)

and Sprinter Salmon (untreated and treated) were similar.

Germination Rate. With the germìnation resistance value, the tempera-

tures (Table 33), cultivars (Table 34), treatments (Table 33) and culti-

vars x treatments (Appendix Table l3) were all high'ly signifìcant by

ana'lysis of variance. Treatment with thiram increased the germinatjon

resistance values in the cultivar, Sprinter Salmon, in 25.5oC and day/

n'ight fluctuating temperature regimes. Conversely the germÍnation re-

sistance values were decreased for Sprinter Deep Red in the same temper-

ature reg'imes. The germination resistance values were decreased for

thiram treated seed of Bright Eyes in the 4 temperatures reg'imes, where-

as there was no thiram effect on Cherry Glow in any of the 4 temperature

reg'imes. Overa'll, the germination resistance value h,as decreased for



Table 33. Comparison of mean germination percent and mean germination resistance value in hours of 4 cultivars with thjram treated anduntreated seed.

Cul ti vars

Bright Eyes

Untreated 96.67
Treated 1 00.00

Cherry Glow

Untreated 98.33
Treated 90.00

Sprinter Deep Red

Untreated 95.00
ïreated 90.00

Sprinter Salmon

Untreated 93.33
Treated 95.00

14.5 20. 0

Mean Germination Percent

95. 00
I 00. 00

25-5

Mean

z

v

x

Day/n i ght
Fluctuatìng

93. 33
93. 33

95.00
93. 33

91.67
85.00

95.00
90. 00

96.67
96.67

97.50
92.50

82. 50
90. 00

values in columns followed by the same letter do not differ sìgn'ificantly as determined by the unpaired t test (0.01).

mean germination percents do not differ significantly as determined by analysis of variance.

nean germination resistance values for each temperature followed by the same letter do not differ significantly as determined by theunpaired t test.

Temperature (oC)

Mean 1 4. 5

93. 33
98. 33

96.67
93. 33

96.67
95.00

90. 00
86.67

94.7gY 93.33Y

95.00 abcz
97.73 a

96.25 ab
93.33 abc

95.91 ab
92.73 bc

Mean Germination Resistance Value (hours)

93. l 6v

70.12
57.80

20. 0

93. 75v

67 .04
71.12

90. 00
90. 00

36.29
27.58

37.50
4t.64

25.5

62.54 28.60
56.08 30.00

69.79 4s. I l71.23 40.33
c
c

,?i:{lliil, Mean

50.26
40. 34

38.41
40.88

51.02
?5.87

65.92 cx 36.91 ax

6l .58
32.t0

33. 15
36.35

57.30
26.16

51.g2 bcz
37.67 a

44.03 ab
47.50 b

51.68 bc
36.45 a

52.65 b
59.39 c

47 .49
58.50

45.12 bx 45.95 abx

46.50
67 .?2

æ
G)
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Tab'le 34. Mean germination percent and mean germination resistance value
in hours for 4 cultivars for 4 temperature regimesZ.

Cul ti var I'lean Germi nati on Mean Germi nati on
Percent Resistance Value (hours)

Bright Eyes

Cherry Glow

Sprinter Deep Red

Sprinter Salmon

96.30 aY

94.79 a

94.32 a

89.55 b

45.11 ax

45.75 a

44.06 a

56.93 b

t terpe.ature regimes were: 14.[0, 20.0o^and 25.5oC and day/night
f'luctuating temperature (29.4' to 17.2"C).

y 
mean germjnation percents followed by the same letter do not differ
sign'ificantìy as determined by the unpaired t test (0.0'l).

* rean germination resistance value followed by the same ìetter do not
differ significantly as determ'ined by the unpaired t test (0.01).
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thiram treated seed of Bright Eyes and Sprìnter Deep Red, whereas the

germìnation resistance value was increased for Sprinter Salmon (Table

33). Thus thiram treatment djd affect the germination resistance values

of the seed. Cultivar differences will be d'iscussed later.

Experiment - Medja

In the media trials, a separate analysis of variance of thiram

treated versus untreated seed was conducted. The media germination

trials were conducted on 2 dates and the differences (Tables 35 and 36)

between the 2 trials will be discussed under germinatÍon rhythms.

Germination Percent

a. Trial I
The differences between the treatments were highly sìgnificant

(Table 37). Thiram treatment decreased the germìnation percent of the

cultivar, Knockout, while thiram treatment did not affect seed of the

cultivar, Cherie. The differences between media (Table 38) and between

cultivars (faUle 37) were not sìgnificant. The interaction of cultivars

x treatments was s'ignificant by analysjs of variance (Appendix Table l4)

b. Trial II
The differences between the cultivars were not sìgnificant (Table

39). Thiram treatment increased the germination percent for the culti-

var, Sprinter Scarlet, while thiram treatment did not affect seed of the

cultivar, Sprinter White. Media (Tab1e 38), treatments (Table 39),

media x treatments, cultivars x treatments and media x cultivars x

treatments (Appendix Table l5) were hìgh'ly significant but media x

cultivars was s'ignificant by analysis of variance. Media, media x



Table 35. Mean germination percent
cultivars, Cherie and Knockout,

Cul ti var

Med'ia

Fj I ter Paper

Perl i te

Vermi cul i te

Peat Moss

Zorb-al I

Sand

Untreated

Cheri e

Mean Germinatjon Percent

and mean germination resistance value in
thi ram treated and untreated seed, medi a

100

95

100

B5

90

100

Treated

95

95

100

'l00

95

B5

Untreated

Knockout

100

100

95

100

100

90

Treated

B5

75

70

100

80

55

Untreated

Cheri e

hours on 6 medi a, for
tri al I.

70. B0

52.42

49. B0

48.00

53.33

64.20

Treated

61.26

54.32

48. 60

54.60

50. 53

76.94

Knockout

Untreated

42.00

24.00

24.00

45.00

24.00

24.00

Treated

30.35

58.40

45.43

28. BO

33.00

53.45

co
Or



Table 36. Mean germination percent and mean germination resistance value in hours on 6 medja, for cultivars, Sprinter Scar'let and Sprinter
Hhite, thiram treated and untreated seed, media trial II.

Cultivar

Media

Filter paper

Perl i te

Vermi cul i te

Peat moss

Zorb-al I

Sand

Sprinter Scarlet

Untreated Treated

80.0

80.0

92.5

85.0

85.0

85.0

Mean Germination Percent

90. 0

97 .5

97.5

'I 00. 0

97 .5

95.0

Sprinter l.lhite

Untreated Treated

95.0

92.5

95. 0

92.5

87. 5

87.5

9s.0

95.0

92.5

100.0

95. 0

87. 5

Untreated Treated

Mean

87.50

86.25

93. 75

88.75

86. 25

86. 25

Mean Germination Resistance Value (hours)

92.50

96.25

95.00

I 00. 00

96.25

91.25

Sprinter Scarlet

Untreated Treated
I

38. 25

48. 38

52.00

78.00

44.25

32.34

33. 33

33.60

33.60

57.43

43.12

34. 10

Sprìnter Hhite

Untreated Treated

72.63

65.53

76.60

88. 92

80. 88

71.13

56. 2l

49. 90

6l .35

55.80

64.03

49.84

Untreated Treated

Mean

55.44

56. 96

64.30

83.46

62.57

51.74

44.77

4l .75

47 .48

56.62

53.58

41 .97

co..J
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Table 37. Mean germination percent
value in hours by cuìtivar and
media, trial I.

and mean germination resistance
thiram treatment for 2 cultivars on 6

Cul ti var and
Treatment

Mean Germination
Percent

Mean Germination
Resistance Value (hours)

Cheri e

Untreated

Treated

Knockout

Untreated

Treated

95.00

95.00

97.50 a

77 .50 b

a'

a

56.43

57 .71

30. 50

41.57

Cultivar Means

Cheri e

Knockout

95.00

87.50

57 .07

36 .04

bv

a

Treatment Means

Untreated

Treated

96.25

86.25

43.46v

49.64

u*

b

v

mean germination percents followed by the same letter do not differ
significantly as determined by Duncan's New Multiple Range Test
(o. or ).

mean germination resistance values differ significantly as deter-
mined by analysis of variance (0.0ì)"

mean germination percents differ significantìy as determined by
analysis of variance (0.01).

mean germination resistance values do not differ significantly as
determined by analysis of variance.
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Tabl e 38. I'lean germi nati on percent
value in hours for media trial I
untreated seed.

and mean germination resistance
and II using thiram treated and

Mean Germination
Percent

Mean Germination
Resi stance Val ue (hours )

Medi a Trial I Trial II Trial I Trial II

Fi lter paper

Perl ì te

Vermi cul i te

Peat moss

Zorb-al l

Sand

95.002

91.25

91.25

96.25

91.25

82. 50

90.00 abV

9l .25 ab

94.38 a

94.38 a

9l .25 ab

88.75 b

51. l0z

47.29

41.96

44.10

40.22

43.75

49.79 ax

49.35 a

55.82 a

70.04 b

58.09 ab

46.85 a

mean germínation percentso trial I, and mean germination resistance
values, trial I, do not differ significantly as determ.ined by
anaiyses of variance.

mean germination percents followed by the same letter do not djffer
signìficantiy as determined by the unpaired t test (0.0.l).

mean germination resistance values followed by the sane letter do
not differ signjficantiy as determined by the unpaìred t test
(o.ot).
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Table 39. Mean germination percent and mean germination resistance
value in hours by cultivars ¿¡( th'iram treatment for 2 cultjvars
on 6 media, trial II.

cultivar and Mean Germination l4ean GerminationTreatment Percent Resistance value (hours)

Spri nter Scar'let

Untreated

Treated

Spri nter l^lhi te

Untreated

Treated

85.00 c'

96.82 a

9l .36 b

94.09 ab

49.83 bz

39.68 a

76.25 d

56.09 c

Cultivar Means

Sprinter Scarlet

Sprinter tllhite

90.91v

92.73

44.76 ax

66.17 b

Treatment Means

Untreated

Treated

88. 18 ax

95.4s b

63.04v

47.88

z-- values in columns follor.red by the same letter do not differ signifi-
cantly as determined by the unpaired t test (0.0'l).

y do not differ sÍgn'ificantly as determined by analysis of variance.
x va'lues in columns followed by the same letter do not differ signifi-

cantly as determined by anaìysis of variance (O.Ol).
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cultivars, media x treatments and cultivars x treatment djfferences were

due to hypocoty'l fractures.

Hypocotyl Fracturing. 0f Sprinter Scarlet, untreated seed, 8.64% had

separated radicles and cotyledons (hypocotyl fractures) upon germìna-

tion, while 1.82% hypocotyl fracturing occurred in Sprinter Scarlet,

thiram treated seed. Hypocotyl fracturing wil'l be díscussed later.

Germination Rate

a. Trial I

Media and treatment were not significant jn trial I (Table 38 and

37) for the germination resistance vajues; however, there was a hìghly

significant d'ifference between cultivars (Table 37), whjch will be dis-

cussed later.

b. Trial II

There were di fferences i n the germ'inati on resi stance val ues 'in

trial II. The germination resistance value was increased in peat moss

for thiram treated and untreated seed of Sprìnter Scarlet. Sprinter

I,lhite seed, both treated and untreated, germinated with higher germina-

tion resistance values on all the media than did Sprinter Scarlet seed,

both treated and untreated. These values were: 56.09, 76.25, 29.68

and 49.83 hours, respectively (Table 39). Thiram decreased the germina-

tion resistance values, except for Sprinter Scarlet seed on sand and on

Zorb-all where thiram treatment had no effect. The difference in the

germ'ination resistance values between the 2 cultivars was highìy signì-

ficant. By anaìysis of variance, differences between treatments and

between media were highly significant.
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Thus, in media trial I, thÍram treatment significantly affected the

germination percents, but not the germjnation resjstance values. In

triai II, thìram treatment significant'ly affected the germination resis-

tance values and percents.

Experiment - Moisture Content of Medja

Germination Percent. The differences between the moisture content of

the media and between treatments did not differ significantly by anaìy-

sis of variance of the germination percents (Table 40).

Germinat'ion Rate. Th'iram treatment in this lriaì had no sign'ificant

effect (Table 40); but the djfferences between the moisture contents of

the medi a v'rere si gni f i cant.

Thus, in this trial, thiram treatment of the seed had no effect on

the germination resistance va1ues or the germination percents.

Treatment Summary

Germination Percent. According to the data in Table 41, this is what

can be observed. Thiram treatment was highly s'ign'ificant in media

trial I and II and not significant in the other 3 trials. In med'ia

trial I, the germination percents were decreased with thiram, for the

seed of I cultivar, whereas in media trial II, the germination percents

were increased with thiram treatment, for the seed of I cultivar.

Germination Rate. Accordjng to the data'in Table 42, this is what can

be observed. Thiram treatment was highìy significant in the temperature

trials and in media trial II, and not signficant in the other 3 trials.
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Table 40. Mean germínation percent and
in hours for Sprinter l.lhite, thiram

mean germinatÍon resistance value
treated and untreated seed.

Treatment and
Water Content

Mean Germination
Percent

Mean Germination
Resistance Value (hours)

Untreated

Filter paper (6 m1 HZO)

sand (13 ml /6s g¡

Sand (10 ml /6s s¡

Treated

r H20)

95.00

95.00

97.50

95 .00

87.50

85.00

72.63

92.20

98.43

54. 95

70.10

129.47

Filter paper (6 m

Sand (13 ml /65 g¡

Sand ('t0 ml /65 g)

Treatment Means

Untreated

Treated

96.002

88.00

go.78z

90.82

Moisture Content of Media Means

Filter paper (6 ml HZ0)

sand (13 ml /65 g)

Sand (10 ml /6s g¡

95 .002

91.25

91.25

63.79

8l .i5

113.95

ay

a

z

v

do not differ significantly as determÍned by analysis of variance.

mean germination resistance values fo'l'lowed by the same letter do not
differ significant'ly as determined by the unpaired t test (0.05).
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Table 41. Sunrnary
for germination

of the thíram treated versus untreated seed trials
percent.

Tri al Temperature Cul ti var Thi ram
Treatment

Î'ledi a Water
Content

Thi ram
Treatment

Temperature
Medi a

Trial I
Trial II

l,later Content
of Medium

nla
NS

nla
nla

nla

*
**

NS

NS

nla

ns
NS

**
**

ns

n/a
nla

NS
**

nla

n/a
n/a

nla
nla

ns

** - highly significant by ana'lysis of variance.
* - signifjcant by anaiysis of variance.

ns - nonsignificant by anaìysis of variance.

n/a - not applicable.

Table 42. Summary of the thiram treated versusfor germination resjstance value in hours.
untreated seed trials

Tri al Temperature Cul ti var Thi ram
Treatment

Medi a l^Jater
Content

Thi ram
Treatment

Temperature
Medi a

Trial I
Trial II

Water Content
of Medium

n/a**

nla
n/a

nla

**
**

**
**

nla

NS
**

NS

n/a
nla

NS
**

nla

nla
n/a

nla
nla

*

ns
**

** - highly significant by anaìysis of varíance.
* - significant by analysis of variance.

ns - nonsignificant by analysis of variance.

nla - not appìicable.
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In both trials, the germination resistance values were decreased with

thiram treatment. In 3 of 4 cultivars in the media trials, the germi-

nation resistance values for seed treated with thiram were decreased

on peat moss. This represented a reversal in the trend that occurred

with untreated seeds and peat moss.

If thiram is applied to geranium seed, as previous'ly discussed,

then the improvement of the germination resistance values may have been

due to the method of application (a soak) rather than due to any effect

of thiram. Geranjum seed is totally imbibed in as short a time perìod

as I hours, according to Rando'lph (1971); therefore, if the thjram were

appìied in a soak this may have initiated some of the germination pro-

cesses and, in some cases, the treated seed could have had a'head

start' over untreated seed. Thus, treatment of the seed with thiram can

have a varied effect on the germination percent and the germ'inat'ion re-

si stance vai ue.

Longdon, 1973, stated that treatment of seeds improved the rate of

seedlìng emergence and this did occur. Maude, 1973, 'indicated that ìn

Brassica seed lots, a decrease in germination could occur. This effect

was not consistent and this h,as shown in med'ia trial I to be the case.

In these trials thiram had no effect in more than one half of the trials
and thus any th'iram effect on geranium seeds would appear not to be con-

si stent.

Cul tivar Sununary

According to the data in Tables 4l

ferences in the germination percents in

resistance values in 2 trials and these

I ater.

and 42, there were cultivar dif-

2 trials and in the germinatjon

di fferences wi I I be di scussed
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Storage Experiment

Cornmercialìy scarified and unscarified seed of 2 cultivars, Rosita

and Ringo Scarìet, was recejved from the same source on November 22,1979.

This seed was in transit at least a month and was supposed to be of the
.1979 crop year. The seed would have had to have been scarified in

October, 1979 or earjier.

Germination Percent

No pattern was established in the germination percents of Rosjta

or Ringo Scar'let seed, stored scarified or unscarified. An analysis of

variance indicated there were no significant djfferences between dates

and treatments. However, cu'ltivar differences were significant.

Hypocotyl Fracturing

Durìng the storage trials, up to 12 months from the originaì scari-

fication, large numbers of R'ingo Scarlet seed had hypocotyl fracturìng.

After a storage period of one year, germ'ination trials of Ringo Scarìet

and Rosita produced no hypocoty'l fractunes. It appeared that the number

of hypocotyì fractures decreased with age and thus the actua'l germinatjon

percent remaìned consistently high for Rosita and Ringo Scarìet. Hypo-

cotyì fractures will be discussed in more detail later.

Deteriorated Seed

The numbers of deteriorated seed varied from 0 to 5 seed (0 to

2.08%) per trial. The maximum number for the 3 samples (60 seeds) of

one cultivar and treatment was 2 or 3.33%. According to the data in

Table 43, similar numbers were found in stored scarified and unscarified

seed with the greatest number found in Rosita stored unscarified seed.
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Table 43. Number and
storage trìals by

percent of deteriorated seed found in the
cultivar and by treatment.

Cultivar and
Treatment

Number of
Deteri orated

Seed

Percent of
Total Seed
All Trials

Rosi ta

Stored Unscarified
Stored Scarified

Ringo Scarlet

Stored Unscari fi ed

Stored Scari fied

ll
I

0.80

0.58

0. l4
0.43

2

6

Total 27 0. 49
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Less than l% deterÍorated seed was found in the total number of sampìes.

Germination Rate

For Rosita and Ringo Scarlet seed, stored scarified and unscarified,

the germination resistance values appeared to increase with time (Table

44 ) , al though no pattern was establ i shed between rìnd'ivi dual dates .

Initially, the scarified and unscarified seed germinated with simjlar

germination resistance values for Rosita, but within a month the germìna-

tion resistance values for stored unscarified seed increased and rema'ined

higher throughout the trials. Initia'l]y, Ringo scarlet seed showed a

difference and the germination resistance values remained higher for

the stored unscarified seed throughout the trials.
An analysis of varjance of the germination resistance values wjth

time (Table 44), cultivars, treatments and all 2 way interact'ions indi-
cated alj were highìy s'ignificant (Appendix Table l6). t*Jith l6 months

storage, the germination resistance value increased; these increases

were significant. The range in mean germination resjstance values was

24.20,21.40, 41.00 and 19.20 hours for Rosita seed stored unscarified

and scarjfied and Ringo Scarlet seed stored unscarified and scarified,

respecti ve ly.

In these trials the germination resjstance value was less for
stored scarified seed than for stored unscarifjed seed in most trials,
for both cultivars. Seed is scarified to remove part of the seed coat

so that gases and moisture may permeate the seed coat more easiiy. It
may have been that oxygen and moisture penetrated the seed coats of the

scarified seed, thus 'advancing' some of the germination processes over

those of unscarified seed, as respÍration in a scarified seed should be



Table 44. Effect of storage time on germination resistance values of Rosita and R.ingo Scarlet seed.z

Cul tì var

Starti ng
Date

Nov. 26/79
Dec. l0
Dec. 24
Jan.7/80
Jan.2l
Feb.4
Feb. l8
Mar.3
Mar. l7
Mar. 3l
Apr.14
Apr.28
May 12
May 26
June 9
June 23
Oct. l6
Nov. 5

Nov. l9
Jan. 5/81
Jan. l9
Feb.2
Feb. l6

Tri aì
I'lumber

Prestorage
'I

2
3
4
5
6
7

B

9
l0'tl
12
l3
14
'I5
'16

17
l8
l9
20
21
2?

Mean Germination Resistance Value (hours)

Stored
Unscari fied

Rosi ta

42.17
26.60
38. 20
45.60
31.22
32.40
35.40
30. 76
30.00
38. 60
50. 02
35.7 4
29.73
46.52
46.80
30. 28
37 .42
47 .?7
45.80
39. 48
52.48
49.44
50. 80

Stored
Scari fi ed

38. 00
25.26
?8.12
25.20
24.60
24.00
24.63
24.00
26.47
30. 00
43.02
25.20
25.80
26.40
30. 32
28.00
24.00
35.26
38. 60
37.30
39.06
44.40
45.40

mean gennination resjstance vaìues are derived from 3 sampìes of Z0 seed each. one half of the samples
were scarifjed before storage.

mean germination resistance values followed by the same letter do not differ significantly as determinedby Duncan's New Multipìe Range Test (0.0f). -

Stored
Unscari fied

Ringo Scarlet

50. B0
36.40
57.80
41.40
36. l5
49.07
42.20
46.60
57 .?0
48.00
55.7 4
53.3.|
56.80
50.80
74.40
49.00
29. 00
48. 33
44.23
34. 40
33.40
45.00
49. 80

Stored
Scari fi ed

36.40
29.40
28. 03
3l .60
?7.00
26.60
24.60
27.20
29.?4
32.69
43.20
34.79
24.00
28. B0
41.57
28.48
25.60
3l .60
32.40
32.20
38.60
37.60
39.60

Mean

41.84 efgY
29.42 a
38.04 cdef
35.95 bcde
29.74 a
33.02 abc
3l .71 ab
32.11 abc
35.75 bcde
37.32 bcde
47.93 h
37.26 bcde
34.08 abcd
38. I 3 cdef
48.27 h
39.94 def
29.01 a
40.62 efg
40.26 def
35.85 bcde
40.89 efg
44. I I efgh
46.40 gh

(O
(O
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faster than in an unscarified seed due to an increased oxygen supply.

However, the unscarified seed was under a reduced supply situation untjl

c'lipping (scarification) at which time oxygen then had to be distributed

to all the surfaces of the seed. Thus, the previously scarified seed

may have been g'iven a 'head start'.

The germination resistance values were higher with time and this

would he'lp to account for some of the d'ifferences between time x culti-
vars and time x treatments but cultivars and treatments did react with

the storage periods to produce different results from germ'ination trial
to germination trial.

Although the germination resistance value increased with time and

this increase was signìficant, the grower would still obtain hìgh germi-

nation percentages. The grower could use the seed. A loss jn vigor had

occurred, but as yet th'is loss did not affect the use of the seed for

most growers.

Storage of Other Geranium Seed

The seed of 12 of the cultivars (fabte 45) used in the fall germina-

tion experiment had been acquired in February and March of i97g. This

seed would have been scarified prior to those dates. The germinatjon

percents were more than 88% for ll (91.67%) of the cultivars. Thus, the

germination percent appeared to remain fairly h'igh for seed that had

been scarified 7 months earlier.

colorama, a F2, was low in the fall (ranle 7) and again low in the

sprìng (Tab'le 8) germination trials for germination percents using seed

which had been on hand and recently acquired seed respective'ly.

Cultivar differences between germination percents (Tables 7 and 8)



l0l

Table 45. Mean gemjnation percent and mean germination resistance
value in hours of scarified seed stored for at least 7 months.

Cu I ti var Mean Germi nat'ion
Pe rcen t

Mean Germination
Resj stance Val ue (hours )

Cherie Improved

Colorama - F2

Ice Queen

Knockout

Mu s tang

Rì ngo Rose

Ringo Salmon

Rì ngo Scarlet
Spri nte r l'f i xed

Ros'ita '80

Ros i ta
Sprinter Scarlet

I 00. 00

67.30

I 00.00

88.90

93.05

I 00. 00

89. 40

97.00

I 00.00

I 00.00

94.65

95. 00

z
a

b

a

ab

ab

a

ab

a

a

a

a

a

98.00 ,t
101.02 c

72.00 abc

84.75 abc

49. B0 a

51.15 a

85.71 bc

74. 30 abc

84.00 abc

6l .33 ab

97 .16 c

91.17 bc

mean germination percents followed by the same
significantly as determ'ined by the unpaired t

mean germi nat j on res j stance val ues fo'l'lowed by
not differ sjgnificant'ly as determined by the
(o.or).

letter do not d'iffer
test (0.0.l ).

the same letter do
unpaì red t test
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and germination resistance values (Tables l0 and lì) for both the spring

and fall germination trials were highly significant by anaìyses of var-

iance. Thus it would appear that germjnation percents are a cult'ivar

and seed lot characteristic and not a characteristic of geranium seed

in particular.

The findings of the storage experiment with Rosita and R'ingo Scar-

let seed and with the above cultivars indjcated that scarjfied geranium

seed had a'longer ìife span than that indicated by Bass (1979) for ger-

anium seed stored under unknown conditions. The seed may be scarified

and held safely for more than I year at approx'imateìy 5oC and a 50%

relative humidity.

Hypocotyl Fracturing and Emergence

In most of the experiments, some seed would germ'inate and upon ex-

amination the radicle and cotyledons wou'ld be separated (hypocotyì

fractured), actually as the radicle emerged from the seed coat (germina-

tion) the hypocotyl would fracture. The break usually occurred at the

base of the seed where the rad'icle folded over to lie on the cotyledons

(Figure ll). The effect was found in the spring and fall cult'ivar

trials, temperature, media, moisture content of the media, thiram treated

versus untreated seed and storage experiments. Aìthough hypocoty'l frac-

turing occumed in many cultivars, there were several cultivars in

which this appeared to occur in greater numbers

Experiment - Cultivar Germination Trials - Spring and Fall

According to the data in Table 46, 34 of 67 (50.75%) cultivars

showed hypocotyì fracturing in the spring germination trials. Twenty

of 36 (55.56%) cu1tivars showed hypocotyl fracturing in the falì germ'i-
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Area of hypocotyì
fracturi ng

Radi cl e

Cotyl edons

Figure ll. Hypocotyl fracturing of the geranium seed.
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Tab'le 46. Number and percent of hypocotyì fractures for the cultivars
in the spring and falì germination tria'ls.

Spri ngz Fa'llY

Cul ti var Number of
Hypocotyl
Fractures

Percent
of Tota'l

Seed Used

Number of Percent
Hypocotyì of Total
Fractures Seed Used

Fire Fìash
Red Express
Capri Deep Red
Carefree Scarìet
Empress Red
Salmon F]ash
Empress Salmon
Encounter Red
Marathon
Paintbox Mixed
Red Delicious - F2

Deep Rose Flash
Surefi re
Red Apple - F2
Carefree Light Saìmon
Orange Punch
Dynami te
Salmon Express
Colorama - F2
Capri l^lhìte
Love Song
Miniskirt Mixed
Vu I can
Encounter Salmon
Capri Bnick Red
Red Champion
Scar'let Fiash
Sprinter Deep Red
Sprinter Scar1et
Fri endshi p

Gremlin Coral
Del Greco Hixed
Fi recracker
Snow l{hite

9
9
9
7
7
6
5
5
4
4
4
4
4
4
4
3
J
3
3
2
?
2
2

lì.2s
ì1.25
l't . 2s
8.7s
8. 75
7.50
6.?5
6.25
3. 33
5.00
5.00
5.00
5.00
5.00
5.00
3.75
3.75
3.75
3.75
2.50
?.50

16. 67
5.00
1.25
1.?5
3.45
1.25
?.50
0. 83
1.25
I .25
5.00

'l 0. 00
2-50

n/u
ì

n/u
't0

nlu
n/u
n/u

2
nlu
n/u
n/u
nlu
n/u
n/u
nlu

0
n/u
n/u

9
n/u

3
nlu
n/u

2
n/u

6
6

n/u
2
2

n/u
nlu

2
n/u

3
2
2
2
2

I .00

9.71

::

2.00

-:

:_

0

::
8.4.l

?.94

::
2. 00

6.00
6.?5

2.00

1:to

I .98

ãlr s
I .8s
2.00
L87
2.00
3.'13
0. 98
0. 89
I .00

l
I
I
l
I

New Era Hedium Salmon n/u
Nittany Lion Red nlu
Ringo Scarlet 0
Sooner Salmon 0
New Era Bright Red nlu
Mustang 0
Rose Pink with White Eye n/u
Ros i ta
Sprinter White

0
0

0
0

0

ô-
0

z No hypocotyl fracturing occurred in the other 28 cu'ltivars used in
the spring germination trials.

Y No hypocotyl fracturing occurred in the other 15 cultivars used in
the fall germination tria'ls.

n/u - not used.
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nation trials. Eìeven cultivars with hypocoty'l fractures were common to

both the spring and faìì germination trials.

Experiment - Temperature

The amount of hypocotyl fracturing varied with the temperature

(Tabl e 47). The greatest damage occurred at 20oc (2.50%) and the least

at 25.soc (0.67%). In those cu'ltivars that showed a high level of hypo-

cotyl fracturing there may be an effect of temperature. Hypocotyl frac-

turing appeared to affect great'ly Ringo Scarlet seed (Table 48), account-

ing for 58.06% of the total hypocotyl fractures that occurred in the

temperature triajs. in 14.50 and 20.00c temperature trials, it would

appear that effect of temperature on hypocoty'l fracturing would be of

an economic importance. No fractures occurred in 25.soc trials for
Ringo scarlet and perhaps with the tendency for hypocotyl fracturing

that Ringo Scarlet had, it might be best to germinate the seed at 25.soc.

Experiment - Media

a. Trial I. In media trial I, onìy paintbox Mjxed seed was greatly

affected by hypocotyl fracturing. There was 6.67% (Iable 49) fracturing,

with a mean germination percent of 72.50. The number of hypocotyl frac-

tures in the other cultivars was low, averaging 0 to 2.s0%. In the

media, the highest number of hypocotyl fractures was found on filter
paper and sand (3.33%) and the'lowest on perlite and peat moss (0.93%).

0f the total seed used, there was 2.22% hypocotyl fracturing.

b. Trial II. In media trial II, seed of 2 cultivars was greatly af-

fected by hypocotyì fracturíng. These were Ringo Scarlet with 9.44%
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Table 47. Number
reg'ime for l0

and percent of hypocotyl fractures by temperature
cul ti vars.

Temperature

(oc )

Number of
Hypocoty'l
Fractu re s

Percent
of Total

Seed

14.5

20.0

25.5

F'luctuati ng
daY/ni ght

20

25

6

ll

2.00

2.50

0.67

l.l0

Tota I 62 2.28

Table 48. Number
germ'inati on by

and percent of hypocotyì
temperature regime for

fractures and percent
Ri ngo Scarlet.

Tempe ra tu re

(oc )

Number of
Hypocotyl
Fra ctu res

Pe rcentz
of Total
Fractures

Percent Germi nat'ion
of Seed Percent

wi th wi thout
Fractures Fractures

.l4.5

20.0

25.5

F'luctuat'ing
day/nì ght

l5
l8

0

?

75.00

72.00

0

27 .27

18. 75

2?.50

0

3.75

Bl .25

75. 00

98. 75

95. 00

Tota I 58. 06 11 .25 87.50

percent of total number of hypocotyì fractures that occurred in
each temperature.

36
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Table 49. Number and percent of hypocotyì fractures for 6 cujtivars on 6 media, trial L

Hypocoty'l Fractures

Cu'l ti var Paintbox Salmon
Mixed Express

Snowdon Knockout Cherie Spri nter Number Percent
Scarlet per per

Med i um Medi um

Medi a

Fiìter Paper

Number

Percent

Perl i te
Number

Percent

Vermi cul i te
Number

Percent

Peat Moss

Number

Percent

Zorb-al l
Number

Percent

Sand

Number

Percent

2
.l0.00

l
5.00

I
5.00

0

0

2

10.00

2

10.00

I
5.00

0

0

0

0

l
5.00

t

5.00

0

0

ì

5.00

0

0

I

5.00

0

0

0

0

l
5.00

0

0

I

5.00

0

0

0

0

l
5. 00

4

a a)

0. 83

?.50

0.83

2.50

3.33

l

I0

0

3

3

0

0

0

0

4

Total s

Number

Percent
8

6.67

3

2.50

3

2.50

2

1.67
l6
2.22
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(Table 50) of the seed with hypocotyì fractures and Sprinter Scarlet

untreated seed with 8.64% hypocotyl fractures. The germínation percent

for Ringo Scarìet was 90.56, while there was an 85.00% germination for

Sprinter Scarlet. The number of hypocotyl fractures in the other cul-

tivars was low. In the media, the highest number of hypocotyl fractures

was found on filter paper (5.00%) and the lowest on Zorb-all (1.43%).

0f the total seed used, there was 2.73% hypocotyl fracturing.

Experìment - Moisture Content of Media

The amount of hypocotyl fracturing varied with the water contents

of the media.

a. Trial I. In the water content of the media trial I,4 (5.00%) hypo-

cotyl fractures (Table 5'l) were found in the controls, on fìlter paper.

At 13 ml of water in the sand, there were 7 (4.38%) hypocotyl fractures,

while at l0 ml of water, there was I (0.63%) hypocotyl fracture. There

were 6 (6.00%) fractures in seed of Rjngo Scarìet.

b. Trial II. Similar results were found in trial II (fable 52). 0f

120 seed in l3 ml of water, there were 9 (7.50%)

In l0 ml of water, there was I (0.83%) hypocotyl

ing occurred in the cultivar, Ringo Scarlet.

The amount of hypocoty'l fracturing decreased

moisture content of the media.

Experiment - Thiram Treated Versus Untreated Seed

Hypocotyl fracturing occurred in the thiram

seed experiment. Hypocotyl fracturing was found

seed (5.00%) and in Sprinter Scarlet - untreated

hypocotyl fractures.

fracture. All fractur-

with decreasing

treated versus untreated

in Showgirì - treated

(6.67%) and treated
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Table 50. Number and percent of hypocotyl fractures for 6 cultivars on 6 media' trial II.

Hypocotyl Fractures

Cu l ti varz Rì ngo
Scari et

Sprinter Scar'let
Untreated Treated

Sprinter tJhite
Untreated Treated

Number Percent
per per

Medi um Med'i um

Medi a

Fi I ter Paper

Number

Percent

Perl i te
Number

Percent

Vermi cul i te
Number

Percent

Peat Moss

Number

Percent

Zorb-al I

Number

Percent

Sand

Number

Percent

3

15.00

5

12.50

2

5.00

5

12.50

l
5.00

I
5.00

3

15.00

5

12.50

2

5.00

2

5.00

3

7.50

4
'I 0. 00

2

'I 
0 .00

0

0

0

0

0

0

0

0

2

5.00

I
5.00

0

0

2

5.00

0

0

0

0

?

5.00

0

0

0

0

0

0

0

0

0

0

l
5.00

0

0

I

2.50

0

0

0

0

0

0

0

0

9

l1

6

7

4

l0

5.00

3.44

I .88

2.19

ì .43

3.33

Total s

Number

Percent

17

9. 44

5

2.27

1

0.45

I
0. 45

47

2.73
19 4

8.64 1.8?

z no hypocotyl fractures were found in Knockout or Rosita.
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Table 51. Number and percent of hypocotyl fractures for 3 cultjvars
and 3 mo j sture reg'imes, tri al I.

Number of Hypocotyl Fractures

Moj sture Regimes Fj I ter paper Sand Sand
(6 mì Hz0) (13 ml /65 s) (10 mt /6s s¡

Cul ti var

Rì ngo Scarl et 4

Rosi ta 0

Spri nter l,lhi te

Untreated 0

Treated (thi ram) 0

I

U

5

U

Total I'lumber of Seed 80

Percent of Seed wi th
Hypocoty'l Fractures 5.00

160

4. 3B

t60

0.63
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Table 5?. Number and percent of hypocoty'l fractures for 2 cult'ivars
and 3 moisture regimes, trìal II.

Number of Hypocoty'l Fractures

l4oi sture Regimes F'il ter paper Sand
(6 ml HeO) (r3 mt /65 s) (r0 mt /6s g7

Sa nd

Cul ti var

Ros'ita

R'i ngo Scarl et

U

I

0

9

U

2

Total Number of Seed 40

Percent of Seed wi th
Hypocotyl Fractures 5.00

120

7 .50

120

0. 83
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91.67%) seed. A total of 4 hypocotyl fractures was found in each of the

treatments. 0f the total seed used'in the experiment, there was 
.l.337á

hypocotyl fracturing.

Experiment - Storage Experiment

Hypocotyl fracturing was also found in the storage experiment in

both of the cultivars, Rosita and Ringo Scarlet. It was not found in

seed of Rosita which had been stored unscarified and c'lipped just prior

to sowing. In Rosita seed, stored scarified, 0.58% of the total seed

used had hypocoty'l fractures (Table 53). In Rìngo Scarlet seed, stored

scarified, 3.99% of the total seed upon germ'ination was fractured.

R'ingo Scarlet seed, stored unscarified, showed 6.45% hypocoty'l fractur-

ing. The percent of hypocotyl fracturing varied from 0 to 16.67% of 60

seed on individual sowing dates for Ringo Scarlet. The hypocotyl frac-

turing varied from 0 to 5.83%, on indivídual dates for the total of 240

seed (both cultìvars) used on that date. An anaiysis of variance of the

hypocotyl fractures indicated that on'ly differences between cultivars

were signifícant.

Although the numbers of hypocotyl fractures varjed from sowing date

to sowing date, the number of hypocotyl fractures did not increase with

time. In fact, there was a dramatic decrease to nonoccurrence w'ith stor-

age of 1 year. It would appear that as the seed ages, susceptibility to

damage occurring on rapid uptake of water decreased due to internal

changes in the seed or that the seed moisture content increased'in stor-

age due to hjgh relative humidity, so that the expansion of the seed was

not quite so drastic as in younger seed.

Seed of the cultivar, Ringo Scarlet, was highìy suscept'ible to
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Table 53. Number of, percent of and percent range of hypocotyl frac-
tures by cuìtivar and treatment in the storage experiment.

Cultivar and Total of Percent ofTreatment Number Total Seed Percent Range
Hypocoty'l Used
Fractures

Ros'i ta

Unscari fi ed 0 /l 380 0 0 - 0

Scarified 8/1380 0.58 0 - 3.33

Ringo Scarlet

Unscarí fi ed 89/l 380 6 . 45 0 - 16 .67

Scarified 55/1380 3.99 0 - 11.67
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hypocotyl fracturing, whereas seed of several other cultivars, Paintbox

Mixed, Sprinter Scarlet and Carefree Scarlet, was moderately susceptib'le

to hypocotyl fracturing upon uptake of water. Moore (1973) stated that

rapid uptake of water by localized embryo tissues could lead to fracture

of tissues. The susceptib'ility to hypocotyl fracturing may have been

enhanced as most of the germination experiments were conducted using

saturated media. This factor might have helped to increase hypocotyl

fracturing as water would be more available to the seed.

Ringo Scarlet seed in most of the experiments was hand clipped as

was Rosita seed but in the latter case little or no hypocotyì fracturing

occurred. Seed of several cultivars was received mechanically clipped

and seed of some cult'ivars was overscarified. Overscarification was the

descriptìon used for seed in which the cotyledons and/or radicle were

visible; parts of the seed coat had been completely removed.

0f the cultivars tested, ll (Tabie 54) were clipped and l3 over-

scarified; most showed hypocotyl fracturing. Forty-three cu'ltivars were

scarified and hypocotyl fractures occurred in 12. Increased availabjl-

ity of water due to modification of the seed coat appeared to lead to

increased damage.

Although the degree of seed coat remaining could not be ascertained,

the hypocotyì fractures found in those cultivars which were classified

as scarified could have been due to the degree of scarification or to

cultivar susceptibility. This injury was similar to that discussed by

Moore (1973) and Dickson et al. (1973). Dickson et ai. described trans-

verse cracking of cotyledons in bean cuitivars. McCoìlum (.l953) indj-

cated that transverse cotyìedon cracking increased with increased seed
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Table 54. Number and percent of cujtjvars wìth hypocotyi fractures
by type and degree of seed scarificat'ion.

Scari fi cati on
Cl assi fi cati on

No. of
Cu I ti vars
in Trials

No. of
Cul ti vars wi th

Hypocotyl
Fractures

Percent of
Cu l tl' vars wi th

Hypocotyl
Fractures

Cl i pped

Overscari fi ed

Scari fi ed

ll
l3

43

l0

12

12

90. 9l

92.31

27 .91
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coat permeability and that there were susceptible cultivars. This ap-

peared to be so with seed of the various cultivars of geraniums. There

were susceptible cultivars, and increased seed coat permeabif ity due to

scarification seemed to lead to increased damage.

A'lthough in bean cuìtivars the cotyledons were susceptible, in the

geranium the point of juncture between the radicle and the cotyledons

was the susceptible area. Upon djssection of the seed, jt was noticed

that a sectjon of the seed coat which was connected to the outer seed

coat encased the radicle (Figure 5), approximately one half the length

of the radicle. It was difficult to remove this covering without causing

hypocotyl fractures. This encasement may have added to or caused an'in-

creased number of hypocotyì fractures.

Cultivar Differences

in many of the germinat'ion trjals there were cultjvar differences

in either the germination percents or the germination resistance vaìues,

several explanations could be advanced to exp'lain those djfferences:

1. preharvest conditions such as weather and nutrition can affect the

abi I i ty of seed to germi nate,

2. harvesting, post harvest handling and storage conditions would af-

fect the ability of seed to germìnate.

The above 2 conditions could cause differences between seed lots and

within a gìven lot of seed of the same cultivar, therefore, trials con-

ducted with seed of the same cu1tivar may d'iffer.

3. As cultivars are different, the ultimate potentiaì of the seed of

individual cultivars for germination percent and germination resistance

vaiue will vary due to differences in the genetic makeup of the seed.
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Germjnation Rhythm

Seed of several species have been demonstrated to show germìnation

peak period(s) throughout the year (Chep'il .l946).

Experiment - Cu]tivar Genninat'ion Trails - Spring and Fall

Thjs effect appeared to be found between the fall (Tables 7 and'10)

and spring (taUles 8 and 1'l) germination trials, as there was a differ-

ence in the germination percent of the 29 cultivars. The difference was

4.99%, a significant difference. Twenty-five (86.21%) cultivars germi-

nated at simì'lar percents, while 4 djffered. On'ly I cultivar was of the

same seed lot in both trials - Red Champion. In the fall, the germ'ina-

tion percent was 93.00; ìn the spring, the germination percent was 94.40.

The differences in germination percents between the fall and the

spring germinatjon trials could be due to seed lot djfference as 13.79%

of the cultivars varied.

There was a difference'in the germìnation resistance values of the

29 cultivars in the spring and falì germination trials (Tables ll and

l0). Exp'lanations can be advanced to expìain the differences:

l. For each cultivar 2 seed lots were used except for Red Champion where

one seed lot was used for both the spring and fal'l germination trial

samp'les. Although different seed lots may differ,'in th'is case 92.86%

of the cultivars having 2 seed lots reacted in the same way.

2. For Red Champion, the fa'll germinatjon resistance value was 82.25

hours; whìle the spring value was 33.00 hours, when the seed was 7 months

older. The seed germinated at an increased rate in the spríng.

Therefore it would seem that some factor other than seed lot differences

affected the germination resistance values. It would appear that spring
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'is the better time to germìnate Fl hybrid geranium seed as in the spring

there is a decreased germination resistance value. Seed germinates

faster. This difference could be due to a seasonal peak in the germ'ina-

tion rate - rhythm.

Experiment - Media

The medÍa trials were started on May l2 and l{ay 27, 1980. The ger-

mination percents (faUle 55) for the 3 cultivars varìed from date to

date. Cultivar differences were high'ly significant. There was no signif-
'icant difference between media by ana'lysis of variance. The difference

between the 2 dates was signìficant by analysis of variance. A hìgher

percent of the seed germinated in the trial starting May 
.l2, 1980. A

greater percent of the seed of Spninter Scarlet germinated in trial I,
wh'ile the germination percents were similar for the other 2 cultivars

in both trials.

The difference'in the germination resistance values was high'ly

significant for the dates (Table 55), media (Appendix Table 20) and

cultivars by analysìs of variance. t,'Iith all the factors between the 2

trjals constant except for the dates, no conclusion can be drawn except

that the seed took ìonger to germinate during trial II, 'l4.23 to 19.04

hours ìonger per cultivar. Larger replicated trials with several culti-
vars would need to be conducted before a conc'lusion could be drawn as to

whether this was a function of a germinat'ion rhythm or variability wìth-

in seed lots. Cultivar and media differences have been previously dis-

cussed.



Table 55. Mean germination percent
I ano II.

Cul ti var

Knockout

Sprinter Scarlet

Snowdon

Means

and mean germination resistance value for 3 cultivars in media trial

Mean Germination Percent

Trial I

mean germination percents followed by the same letter do not differ significantly as determined bythe unpaired t test (0.01).

mean germination resistance values_followed by the same letter do not differ significantly as deter-
mined by the unpaired t test (0.01).

mean germínation percents differ significantly as determined by analysis of variance (0.0S).

mean germination resistance values differ significantly as determined by ana'lysis of variance (0.01).

97 .50

97. 50

88.33

X

V

Trial II

94.44x

97.00

85.00

87 .73

Means

Mean Germination Resistance Value
(hours)

89.07x

97 .25 az

9l .25 ab

88.03 b

Trial I

30.50

30.79

50.14

Trial II

37. 1 5v

44.73

49. 83

64. 5l

Means

53.74v

37 .62 al

40.31 a

57.33 b

J
J
(o
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Experìment - Storage Experiment

At certain times of the year the time for germination to occur in

the storage trials was 'longer. In the storage experiments there were

several increases in the germ'ination resistance values (Table 44) but no

time pattern was established either for germination resistance values or

germination percents. There was also no pattern in hypocotyl fracturing.

The experiments were not pìanned to determine periodic'ity. More

trials would have to be conducted over a longer tÍme period'in order to

determine if a seasonal periodicity in the germ'ination percent and

germination res'istance value of geranium seed exist.

F'ield Trials

Cuttings were taken from seed produced stock plants of Rosita and

sprìnter scarlet and maintained in the greenhouse. According to the

data in Table 56, 75.14% of the Sprinter Scarlet cuttjngs and 85.16% of

the Rosita cuttings rooted.

Number of Flower Clusters per Row

Seed Plants Versus Cutt'ings. The number of flower clusters per row in-

creased on the 2 dates for the 2 treatments of Rosita and Sprinter

scarlet (Table 57). According to the data in Table 58, the difference

in the flower cluster number was similar within the 2 cultivars, Rosita

and Sprinter Scarlet. The mean number of flower clusters per row for

Rosita and Sprinter Scarlet was 104.65 and 122.38 (faUle 59), respec-

tiveìy. Here, the difference was highly s'ignifìcant.

The seed p]ants produced fewer flower clusters, 85.25 per row

(Table 59), while the greatest number were on the cuttings,'141.69, and
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Table 56. Number and percent of rooted cuttings of Rosita and Sprinter
Scarl et.

Cul ti var Number of
Cutti ngs

I'lumber
Rooted

Percent
Rooted

Ros i ta

Sprinter Scarlet

256

173

218

130

85. l6

75.14

Table 57. Mean number of flower clusters per row and cultivar, compari-
son for 2 dates.

Cul ti var

Fl ower
Cl usters
per Row
Date I

Fl ower
Cl usters
per Row
Date 2

Mean
Number

of Flower
Cl usters
per Row

Rosita - seed

Spninter Scarlet -
seed

Cardinal - clonal
Cherry Blossom -

cl onal

Rosita - cutting
Sprinter Scarlet -

cutti ng

58. 50

78.00

102.25

llB.25
113.75

I 36. 00

95 .50

I 09.00

I 08. 75

I 20.00

I 50.50

I 66 .50

77 .00

93. 50

I 05.50

ll9.l3
132.13

151.25

Table 58. Difference in
produced and cutting
on 2 dates.

the number of flower clusters
produced pl ants of Rosi ta and

between seed
Sprinter Scarlet

Cul ti var
Mean Number

Date I
of Flower Clusters per Row

Date 2

Rosi ta

Sprinter Scarlet

55.25

58.00

55.00

57.50
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Tabìe S9. Mean
pr opagati on

number of fìower clusters
method.

by cultívar per row and by

Cu'l ti var Number of
Fìower Clusters

Comparison of
4 Cu] ti vars

Comparison of
2 Cu'l ti vars

Rosi ta

Sprinter Scarlet

Cherry Blossom

Cardi nal

I 04.65

122.38

tì9.50

I 05.50

at ay

bb

ab

ab

Propagation Method Means

Seed

Cutti ngs

Cl onal

85. 25

141.69

il 2.3'l

x
c bv

mean number of flower
differ significantly

mean number of flower
analys'is of vari ance

mean number of flower
di ffer signi ficantly
Test (0.01).

c'lusters followed by the same
as determined by the unpaired

cl usters di ffer si gn'i fi cantly
(o.ol).

c'lusters fol'lowed by the same
as determined by Duncan's New

letter do not
t test (0.01).

as determined by

letter do not
Multipìe Range
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therefore showed the greatest colour in the field. The djfference be-

tween the seed p'lants and the cuttings was highly significant. The

plants continued to produced flowers, and the difference between the 2

dates, August 23 and September 20, was significant (Table 60).

The cuttings came from mature p'lants; the seed plants were produced

from seed and thus went through a iuvenile stage. Both the seed p'lants

and the cuttÍngs have an ultimate flower cluster potential and jt ap-

pears that both grow to that potential at the same rate. It may have

been that the potential had not been reached by either the seed produced

p'lants or the cutt'ings. The difference between the p'lants might have

been lessened if the growing season *.r. longer.

Seed Plants Versus Cuttings Versus Clonal Cultivars. Sim'ilar numbers of

flower clusters for both dates were found on the clonal cultivars.

Cherry Blossom counts were 118.25 and 120, whereas the counts for

Cardinal were 102.25 and 108.75 flower clusters per rou/ of p'lants (Table

59). As the flower cluster counts were similar on both dates for the

for the clonal cultivars, it would appear that the flower cluster po-

tential had been reached by the clonal cultivars. The number of flower

clusters increased from the first to the second date, for the seed pro-

duced p'lants and for the p'lants produced from cuttings.

There were high'ly significant differences between the cultivars

(Table 59). Significantly fewer flower clusters were produced by Rosita

than were produced by Sprinter Scarlet. Cultivar d'ifferences will be

discussed later. Djfferences between propagation methods were highly

sign'ificant. Cuttings (Figure '12) produced the most flowers (Table 59),

fol I owed by the cl ona'l cul ti vars , fol I owed by the seed p'lants . The
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Table 60. Total number of flower clusters for two dates.

Number of Flower Number of Flower
Date Clusters for 4 Clusters for 2

Cul ti vars Cul ti vars Y

1

2

2,4322

3 ,00]

1,5502

2,086

Z 
number of flower clusters dìffer significantly as determjned
by analys'is of variance (0.01).

y 
The cultivars were Rosita and Sprinter Scarlet.
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difference between the 2 dates (Table 60) was highly significant by ana'l-

ysis of variance.

No attempt was made to compare flowering dates as the cuttjngs con-

tinued to produce flower clusters from the day they were taken as cut-

tì ngs.

Number of Flowers per Flower Cluster

An attempt was made to count the number of flowers per f'lower clus-

ter. All flower clusters on 2 Ros'ita cutting produced plants were

counted; and'it was found that the number of flowers per c'luster varied

fron 22 to 78. This method of comparison was discontinued due to ex-

treme variability.

He'ight x Djameter

Seed Plants Versus Cuttings. The he'ight x diameter between Rosita and

Sprinter Scarlet, seed p'lants and cuttings, vari ed1' 2,007.09, I '993.98,

2,035.81 and 1,380.73 cn? (Table 6l), respectively. The differences

between the cultivars and between propagation methods were highly sig-

ni f i cant by ana'lysi s of vari ance .

Seed Plants Versus Cuttìngs Versus Clonal Cultivars. The height and

diameter of the seed produced plants, cuttings and clonal cultivars

varied (Table 62). By vjsual observation the clonal cultivars were

shortest; the cuttings appeared to be of medium hejght, the seed pro-

duced plants being tallest. This effect was very pronounced in the mìd-

dle of August. By iate September, the cuttings approached the height

of the seed produced plants.

By actual measurement in late September, the heights averaged:
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Table 6'l. Comparison of mean height x diameter of 4 cuìtivars and 3
propagation methods.

Cul ti var Mean Height
x Diameter

(.r2 )

Cherry B'lossom - clonal
Cardinal - clona'l

Sprinter Scarlet - cutting
Rosíta - cutting
Rosita - seed

Sprinter Scarlet - seed

936.35

ì,338.08
'l ,390. 73

I ,993.98
2,007 .09

2,035.8'l

Cultivar Means
Mean Height
x diameter

(.*2 )

Compari son of
4 Cultivars

Compari son of
2 Cultivars

Rosi ta
Sprinter Scarìet

Cardi nal

Cherry Blossom

2,000.54

1 ,708.27

I,338.08
936.35

a'
b

c

d

ay

b

Treatment Means

Seed

Cutti ng

Cl onal

2,021 .45

I,687.36
1"\37 ,22

a*

b

c

ay

b

AS

AS

v

x

mean height x diameter differ significantly
unpaired t test (0.01).

mean height x dìameter differ significantìy
of variance (0.01).

mean height x diameter differ sign'ificantly
New Multip'le Range Test (0.01).

as determìned by the un-

determined by the un-

determined by the un-
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Table 62. Mean
propagati on

height and mean diameter for 4 cuìtivars and 3
methods.

l4easurements

Cul ti var
Mean

Hei ght
(cm)

Mean
Di ameter

( cm)

Cherry Blossom - clona'l
Cardinal - clonal

Sprinter Scarlet - seed
Sprinter Scarlet -

cutti ng

Rosita - seed
Rosita - cutting

27.06
32.06

40.25

3l .8t

43.75
43.75

46.00
53.8'|

60.56

55.00

42.19
54. 06
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cherry Blossom 27.06 cm (Tabl e 62), cardina'l 32.06 cm, Sprinter scarlet

- cutting 3ì.81 cm, sprinter scarlet - seed 40.25, Rosita - seed and

cutting 43.75 cm. By measurement, the diameters averaged: Rosita -

seed 42.19 cm, cherry Blossom 46.00 cm, cardinaì 53.81 cm, Rosita - cut-

ting 54.06 cm, Sprìnter Scarlet - cutting 55.00 cm and Sprinter Scarlet

- seed 60.56 cm. The Sprinter Scar'let - seed p'lants on average were

largest, and were followed in decreas'ing order of sjze by: Rosita -

seed, Rosita - cutting, sprinter Scarlet - cutting, cardìna'l - clonal

cultivar and Cherry Blossom - clonal cultivar. The differences between

the cultivars were highly significant (Table 6l); and each cultivar

varied from the next. The propagation methods were significantly dif-
ferent as determined by Duncan's New Multip'le Range Test (0.01). Thus,

there was a d'ifference between the cultivars and between the propagat'ion

methods in the fíeld. Cultivar differences will be discussed 'later.

It would appear that the seed produced piants put more energ'ies in-

to producing vegetative tissue, while the cuttings of mature seed piants

were initiated into flowering and thus expended energy in both vegetative

and reproductive tissues. The clonal cultivars appeared to have a

smaller vegetative potential than seed produced plants.

lJumber of Leaves

Seed Plants Versus Cuttings. The number of leaves on the seed produced

plants and plants produced from cuttings (Table 63) varied. The most

leaves were found on Sprinter Scarlet seed and cutting produced p'lantso

190.42 and 143.33, respectiveìy. One hundred thirty-nine and 117.42

leaves were found on seed and cutting produced pìants of Rosita, respec-
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Table 63. Mean number of leaves by cultivar and by propagation method.

Cul ti var Mean Number
of Leaves

Sprinter Scarlet
Sprinter Scarlet

Rosita - seed
Rosita - cutting

Cardinal - Clonal
Cherry Blossom -

- seed
- cutti ng

Cl onal

190.42
1 43.33

139.42
117 .42

79.33
71.34

Cultivar Means Number of
Leaves

Compari son of
4 Cuitivars

Comparison of
2 Cu1 ti vars

Sprinter Scarlet

Rosi ta

Cardi nal

Cherry Blossom

I 66. 71

I 32.58

79.33

71 .33

a'

b

c

c

ay

b

Propagation Method Means

Seed

Cutti ngs

Cl onal

164.92

1 30. 38

75.33

-X
CT

b

V
a

b

mean number of leaves followed by the same
ificantìy as determìned by the unpaìred t

mea_n number of I e-qves di ffer si gni f i cantlyof vari ance (0.0.l ).

mean number of leaves differ significantly
New Multiple Range Test (0.0.l).

mean number of I eaves di ffer s'igni f i cantly
of variance (0.05).

letter do not dìffer sign-
test (0.01 ).

as determined by ana'lys'is

as determi ned by Duncan's

determined by anaìysisAS
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t'ive1y.

The differences between the cultivars (Table 63) were highly sjg-

nifjcant by analysis of variance, whereas differences between propagation

methods were significant.

Seed Plants Versus Cuttings Versus Clonal Cultivars. The fewest leaves

were found on the clonal cultivars, Cardinal and Cherry Blossom, at

79.33 and 71.34 leaves, respectiveìy. Thus, the order of leaf number

was:

1 . Sprinter Scarlet (Tab'le 63) ,

2. Rosita, and

3. Cardinal and Cherry Blossom.

The differences between cultivars were highly significant by analysis of

variance. The differences between propagation methods were h'ighly sig-

nificant. Cult'ivar differences will be discussed later.

The differences between the seed produced plants, cuttings and clon-

al cultivars may be expìained as follows: the seed pìants had to pass

through the juvenile stage, initial'ly putt'ing energies'into producing

vegetat'ive tissue, while the cuttings started to bloom immed'iate'ly from

the taking of the cutt'ings. Therefore, some of the energ'ies of the cut-

ting produced plants were redistributed and not available for vegetative

growth. The clonal cultivars appear to have a smaller growth potentia'l

than do p'lants from cutt'ings.

Number of Branches

Seed Plants Versus Cuttinqs. The mean number of branches varied (Tab'le

Sprinter Scarlet - seed.64) from 13.83 for Rosita - cutting to 18.08 for
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Table 64. Mean number of branches by cu'ltivar and by propagat'ion method.

Cul ti var Mean Number
of Branches

Cherry Blossom - clonal 7.67
Cardinal - clonal 9.33

Rosita - cutting 13.83
Rosita - seed 15.33

Sprinter Scarlet - cutting 15.42
Sprinter Scarlet - seed 18.08

Cultivar Means Mean Number Comparison of Comparison of
of Branches 4 Cultivars 2 Cultivars

Rosi ta 14.58

Sprinter Scarlet 16.75

Cherry Blossom 7.67

Cardinal 9.33

ay

b

bz

b

a

a

Propagation Method Means

Seed I 6. 7l

Cuttings 14.63

Cl onal 8.50

Z rean number of branches followed by the same letter do not differ
signìficantly as determined by the unpa'ired t test (0.01).

y 
mean number of branches differ significant'ly as determined by anal-
ysis of variance (0.0.l).

x 
mean number of branches followed by the same letter do not differ
significantly as determined by Duncan's New Multiple Range Test
(0.01).

X
a

a

^vo'

b
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The difference between cultivars was signìficant by ana'lysis of variance,

as was the difference between propagation methods.

Seed Plants Versus Cuttìngs Versus Clonai Cult'ivars. The mean number of

branches per plant varied from 7.67 for Cherry Blossom to 18.08 for

Sprinter Scarlet - seed produced plants (fa¡le 64). The difference be-

tleen cultivars was highly significant, with the cuttings and seed pro-

duced plants being sign'ificantìy d'ifferent from the clonal cultivars.

The difference was also highly sign'ificant between the methods of propa-

gat'ion. Cultivar differences will be discussed later. It would appear

that the potential for the total number of branches of the seed plants

and cuttings u/as greater than that of the clonal cultivars. in th'is

trial, seed pìants were simijar to cuttings of the same cultivar.

Number of Branches wi th Fl ower Cl usters

Seed Plants Versus Cuttings.

clusters per plant (Tab'le 65)

ence by analys'is of variance.

methods were not siqnificant.

The mean number of branches with flower

vari ed. There was a si gn'i f i cant di ffer-

Differences between the propagation

Seed Plants Versus Cuttings Versus Clonal Cultjvars. The mean number of

branches with flower clusters per pìant varjed from 6.08 for Cherry

Blossom (faUie 65) to 1.l.75 for Sprinter Scarlet - cutting. The differ-

ences between cultivars were highly significant as were those between

propagati on methods. Cul ti var di fferences wi I I be di scussed later.

The seed pìants and cuttings of the same cult'ivar appear to have the

same potential for the number of branches and this might be expected as

both are of the same genetic materials.
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Table 65. Mean number of branches with flower clusters by cultivar and
propagation method.

Cultivar Mean Number of Branches
w'i th Fl ower Ci usters

Cherry Blossom - clonal 6.08

Rosita - cutting 6.83

Cardinal - clonal 7.42

Rosita - seed 8.67

Sprinter Scarlet - seed 11.33

Sprinter Scarlet - cutting 1t.75

Cultivar Number of Comparison of Comparison of
Branches 4Cultivars 2Cultivars

Cherry Blossom 6.08

Cardi na] 7 .42

Rosita 7.75

Sprinter Scarlet 1.l.54

a'
a

b ay

b

Propagation Method Means

Seed 10.00

Cutti ngs 9.29

Cl onaì 6.75

Z mean number of branches wíth flower clusters followed by the same

letter do not differ signjficantly as determjned by the unpaired t
test (0.0.l ).

y 
mean number of branches with flower clusters differ s'ignificant'ly
as dtermined by anaìysis of variance (0.05)

x mean number of branches with flower clusters fo]lowed by the same

letter do not differ significantìy as determined by Duncan's New

Mu'ltÍpìe Range Test (0.0t ).
u *.un number of branches with flower clusters do not differ signifi-

cantly as determined by anaìysis of variance.

a*

a

b
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Dry t.le'ights

Before dry we'ights cou'ld be taken the pìants had deteriorated to

the point that dry weights cou'ld not be taken with accuracy. Therefore,

this observation could not be used.

Plant Appearance

The seed produced plants had no faded flower clusters showjng, i. e.

were self-cleaning. The plants produced from cuttings had a few clus-

ters showing. [,'lany faded f]ower clusters with the flowers reta'ining

senesced petals were found on the clonal cultivars. The clonal culti-

vars were quite untidy (Figure l3).

Cultivar Differences

The genotypes of cultivars differ; the degree of the difference jn

the cultivars used in the field trials was unknown. As the hereditary

makeup of a p'lant determines the ultimate potential of a p'lant it is

possible that the potentia'l of each of the 4 cultivars was different,

thus the s'ignificant cultivar differences whjch occurred in the field

trials may have been due to the genetic material of each cultivar.

Overall the pattern that was established between and within the cul-

tivars was: the clonal cultivars varied from the seed plants and cut-

t'ings (Table 66). It can be said that cuttings of the same cultivar

produced more flowers on smal'ler plants. The seed produced plants were

taller and had a better appearance. 0n the other hand, the clonal cul-

tivars had less foliage, were smallest and produced an intermediate

number of flowers.





Table 66. Surrunary of field triaìs by propagation method.

Propagat'ion
Method

Seed

Cutti ngs

Cl ones

Number
of

Fl ower
Cl usters

z, L - low
H - high
M - medium
E - excellent
G - good
U - untidy

Y qual i tati ve measurement.

Hei ght
X

Di ameter

LZ

Number
of

Leaves

Number
of

Branches

Number
of

Branches
wi th

Fl ower
Cl usters

Appearance

Ev

G-E

J(,\¡
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SUMMARY AND CONCLUSION

A study of the germination and the vegetative propagation of Fl hy-

brid seed geraniums uras undertaken. The parameters of the experimenta-

tion included cultivars trials, variables of temperature, med'ia, water

content of the medium, oxygen concentration, scarification versus unscar-

ification, fungicide versus nonfungicide seed treatment, storage and

field trials.

Under the conditions of the experiments ft may be concluded that:

1. There were differences between Fl and FZ hybrid geranium seed, both

in germination percent and the germrlnation resistance varue.

2, There may have been a seasonal rhythm in the germination of geranium

seed.

3. Satisfactory temperatures for the best gerrnination percent varied

from 14.50 to 25.50C and fluctuating temperatures. The seed germinated

at high percents between 14.50 and 25.soc and a fluctuating day/night

Qg,40 b 17.zoc) temperature.

4. Satisfactory temperature for the best germination resistance value

was 20.00C. Most of the hybrid geranjum seed germinated in the first 6

days. Germination resistance value was of no major concern in these

trials relative to germination pgt.sé but may relate to the success and

vigor of transplanting.

5. Satisfactory germination media for geranium seed were: sand, filter
paper' Zorb-aì1, per'lite and vermiculite. Germination resistance value

was increased on peat moss. Media had no effect on the germination per-
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cent.

6. Germination resjstance value for geranium seed was lowest when the

moisture content of sand was above field capacity; whjle the moìsture

content of the sand had no effect on the germination percent. Decreasing

the medium nojsture content below saturation increased the tìme required

for germ'ination to occur.

7. An increased oxygen concentration appeared to have no consistent

effect on the germination resistance values or on the germination per-

cents.

8. scarification was required for germinatìon of Rosita, Tìffany and

Ringo Scarlet seed and was probabìy required for seed of other cultivars.

9. Thiram treatment may decrease the germination res'istance value.

Thìram effect on the germination percent was not consistent.

10. Storage of scarified and unscarified seed up to 16 months did not

have a signìfìcant effect on the germìnation percent. The germination

resistance value increased in both with time.

ll. The number of hypocoty'l fractures was related to cultjvar suscepti-

bì'lity, type or degree of scarification, temperature and moisture content

of the mediurn.

12. There was a difference in the height and djameter, number of leaves,

number of branches, plant appearance and the number of flower clusters

per row between seed produced p'lants and cuttings of the same culti-

va r.

13. First generatÍon cuttings produced more flower clusters than seed

produced p'lants of the same cultivar.
.l4. Cutt'ings were superior to seed produced plants, which were superìor

to clonal cultivars.
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APPENDIX Table ì. Prelìminary Gennination Studies. Accumulated germination counts, accumuìated germination tota'ls, accumulated percents, number of seed
per day, percent per day for 4 cuìtivars, ì sampìe of 20 seed per cultivar.
Light: 14 hours per day
Medium: 2:ì:ì, soiì:sand:Reat moss
Temperðture: 15.5 to 17.7"C

Cul ti var

Ringo Scarlet

Rosi ta

Sprinter Scarìet

Sprinter l{ixed

Day
ì23

Accunul ated
Totals per
Day

Accumul ated
Percents per
Day

Number of Seed
per Day

Percent per Day

0 0 ì I 3 4 5 7 12 15 15 17 17

0 0 3 4 6 9 ll l3 14 l5 15 l5 ì5

0 0 2 2 I l0 12 13 13 ìs 16 ì6 16

0 0 I ì 5 6 t g ìl 14 l5 ì5 l5

¿ no genninatlon occurred in weeks 9 and 10.

n/c - no change,

7

8.7s

7

8.75

Accumuìated Germination Count

00
00

10.00 27.50 36.25 43.75 52.50 62.50 73.75

I t4 7 6 7 I 9

1.25 ì7.50 8.75 7.50 8.75 ,l0.00 
11.25

22 29 35 42

12

50

t3

59

l4
l.Jeek
3

17 l8

ì5 ì5

t6 19

ls ì5

76.25 78.75 nlc nlc

l8 l8 18

t5 15 15

t9 19 19

t5 15 15

63

220
2.50 2.50 0

63 67

l8 l8

t6 16

19 ì9

ts ls

gz

67 67 67

83.75 nlc nlc nlc 85'00 n/c

0

0

4

5.00

68

000ì0
0 0 0 1.25 0

68

J

Þ
\j



APPENDIX Table 2. Preliminary Germination Studies. Accumulated germination counts, accumuìated germination totals,
accumuìated percents, number of seed per day, percent per day-for 3 cultìvars, i sampìe of 25"seed fer cultivar.Lì9ht: none
Medium: Filter paper and petri dishes
Temperature: l4,5'C

Cul t i var

Rosi ta

Ringo Scar'let

Nittany Lion Red

Day
12

Accumul ated
Totals per
Day

Accumu I ated
Percents per
Day

Number of Seed
per Day

Percent per Day

0102323
0 9 tB 22

0267

Accumulated Germination Count

21

z germination trial terminated.

n/c - no change.

0 28.00

24

23

14

47

0

0

21

28.00

24

?4

15

62.67 69.33 81.33

2659
34.67 6.67 12.00

5?

25

24

l5

6l

25 25 25 25 25 25

24 24 24 24 24 ?4

16 16 i8 18 l8 t9

63

84.00 85.33 86.67 nlc

2 1 I nlc

2.67 ,l .33 ì .33 nlc

64

'10

65

1'l

65

12

67

l3z

89.33 nlc

67

2

2.67

67

n/c

n/c

n/c

n/c

nlc

68

90. 67

l

t .33

Þ
co
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APPENDIX Table 3. Physical measurements for 20 seed of Sprinter
Scarlet, scarified.

Length

I nches mm

Di ameter
Through Radicle and

Coty'ledons
Inches mm

Cotyledon l,lidth

Inches mm

0. 161
0..l59
0..l70
0. 

.l65

0.172
0.172
0. 

.l67

0.162
0.163
0.158
0. l6l
0.173
0. 

.l67

0.160
0.172
0..l70
0. 162
0.162
0.165
0. 163

4. 089
4. 038
4.3ì8
4.1 9t
4.369
4. 369
4.242
4. il5
4.140
4.01 3
4.089
4.394
4.242
4.064
4.369
4. 318
4. il5
4.l'15
4.1 91

4..l40

0. 051
0.050
0. 052
0.051
0.047
0.049
0.053
0.048
0.042
0.055
0.040
0.052
0.055
0.049
0.050
0.049
0.048
0.053
0.040
0.051

I .295
1.270
I .321
1.295
't . 194
1.245
'l .346
1.219
I .067
1.397
I .016

.321

.397

.245
1.270
1.245
1.219
I .346
I .016
1.295

0.065
0.067
0.063
0. 067
0.063
0. 061
0.067
0.062
0.066
0.061
0.060
0.064
0.061
0.066
0.065
0. 065
0.072
0.065
0.060
0.060

.651

.702

.600

.702

.600

.549

.702

.575

.676

.549

.524

.626

.549

.676

.651

.651

.829

.651

.524

.524

I
I
I
I
I
I
I
l
1

1

I
l
I
1

l

Means

.165 4..l 91 0.0467
.l.'l86

0.064 1.626
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APPENDIX Table 4. Germination percent for spring germination trjals -
67 cultivars"

Cul ti var Sample Number
23

4 Samples

Bright Eyes
Capri Bri ck Red
Capri Deep Red
Capri l.lhite
Carefree Light Sajmon
Carefree Scarlet
Cherry Glow
Col orama - F2
Debutante
Deep Rose Fl ash
Dynami te
Empress Red
Empress Salmon
Encounter Red
Encounter Salmon
Fire Flash
Fl orence
Fri endshi p
Gerani um Mixed
Greml i n Coral
I nnocence
Knockout
Love Song
0range Punch
Paintbox Mixed
Red Appìe - F2
Red Delicious - F2
Red Express
Red Standard
Salmon Express
Salmon Flash
Scarlet Fìash
Smash Hi t Red
Sooner Red
Sooner Salmon
Spri nter t'lhi te
Surefi re

2 Samples

Cheri e
Festival Salmon
Festival Scarlet

100. 0
100. 0
85.0
95.0
60.0
90.0

100.0
55 .0
85.0
95.0
80.0
90.0
70. 0
95.0
95.0
90.0

100. 0
85.0

100.0
90. 0
95.0

100.0
85.0
95.0
80.0
85.0
55 .0
90.0
65.0
90.0
75.0

I00.0
90.0
90.0
90.0
95.0
70.0

95.0
100.0
100.0

100.0
100.0
90.0
95.0
85.0
90. 0
90.0
45.0

100.0
95.0
80.0
95.0
70. 0
95.0
85.0
75.0

100.0
85.0.l00.0

90. 0
95.0
95.0
80.0

100.0
60.0
60.0
85.0
80.0
50. 0
85.0
85.0

100.0
95.0
95.0
65.0
95.0
85.0

I 00.0
85.0

t 00.0

100. 0
90.0
90. 0

100.0
80.0
90.0
95.0
80.0
85.0
90.0
80.0
80.0
75.0
90. 0
80.0
75.0

100.0
90.0

100.0
100.0
90.0
90. 0
85.0
90.0
65.0
70.0
75.0
95.0
75.0
80.0
75.0
95.0

100.0
90.0
85.0
90.0
55.0

95.0
I00.0
85.0'l00.0
65.0
80. 0
90.0
65.0
95.0
85.0
90.0
90.0
60.0
85.0

100. 0
95.0

100.0
90.0

100. 0
90. 0.l00.0

95.0
70. 0
90.0
75.0
60. 0
70.0
75.0
60.0
85.0

I00.0
100. 0
I 00.0
100.0
55.0
95.0
65.0
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APPENDIX Table 4. (Continued)

Festival lllhite
Hei di
Ice Queen
Jackpot
Mustang
Red Champion
Ri ngo Rose
R'ingo Rouge
Ringo Salmon
Ringo Scarlet
Ros i ta
Rosita'80
Showgi rl
Snow White
Snowdon
Spri nter Deep Red
Sprinter Salmon
Ti ffany
Vul can

6 Samples

Bambi - Fz

Marathon

Sprinter Scarlet

5 Salples

Fleuri ste Mixture

I Sample

Del Greco Mixed
Dwarf Sprinter Red
Fi recracker
Miniskirt Mixed

90.0
100.0
100.0
100. 0

95 .0
100.0.l00.0

100. 0
100.0
100.0
90. 0
95 .0
65.0
85.0

100.0
95.0
95.0
70.0
90 .0

95.0
100.0
1 00.0
95.0
95.0
88.8
95.0

100.0
100. 0.l00.0

95.0
95.0
95.0

1 00.0.l00.0

100.0
95.0
70.0
80.0

95.0
85.0
70.0
45.0

100.0
100.0

95.0
85.0
65.0
60.0

100.0
85.0

90.0

65.0

100.0

75.0

35.0

100.0

-t2 90.0
70.0

90.0 100.0 90.0

85 .0
89.7
90.0
50. 0
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APPENDIX Table 5. Germ'ination resistance value in hours for spring ger-
mination trials - 67 cultivars.

Cul ti var Sample Number
23

4 Samples

Bright Eyes
Capri Bri ck Red
Capri Deep Red
Capri l^lhi te
Carefree Light Salmon
Carefree Scarlet
Cherry Glow
Col orama - F2
Debutante
Deep Rose Flash
Dynami te
Empress Red
Empress Salmon
Encounter Red
Encounter Salmon
Fire Flash
Fl orence
Fri endshi p
Geranium Mixed
Greml'i n Coral
I nnocence
Knockout
Love Song
0range Punch
Paintbox Mixed
Red Appìe - FZ
Red Delicious - F2
Red Express
Red Standard
Salmon Express
Salmon Flash
Scarl et F'lash
Smash Hit Red
Sooner Red
Sooner Salmon
Sprinter t,Jhite
Surefi re

2 Samples

Cheri e
Festival Salmon
Festival Scarlet

34.20
27 .60
58. 59
3l .59

I 00. 00
32.67
46.20
8l .82
26.12
55 .58
69.75
68.67
54.86
45.47
49.26
43. 33
33.00
59.29
63.00
Bl .33
4l .05
25.80
68.47
54.79
66.75
69. l8
39.27
80.00
65.00
58. 67
56.00
32.40
70.67
30.00
86.00
80.84
70.29

40. B0
48.60
52.00
38.53
98.12
26.67
42.67
89. 33
30.00
46.74
59.25
60.00
54. 86
36 .63
47 .29
55.47
34.20
7 4.82
75.00
76.00
42.95
50. 53
5l .75
73.80
82.00
87.00
77 .65
61.50
50.00
72.00
45.88
34. 80
66.95
40.42
75.69

I 00.42
75.53

31.80
34.59
59.40

34.80
70.67
32. 00
24.00
89.25
66.67
37.26

1il.00
26.12
56 .00
67. 50
60.75
54. 40
46.00
42.75
48. 80
4l .40
43.33
66.60
90.00
47 .33
34. 00
41.65

106.20
6l .85

I 09.71
61.60
54. 95
75. 00
72.75
46.40
34.11
69.00
58.67
92.47
79.33
70.91

46.7 4
51.00
45. BB

36.00
9l .38
55. 50
48.67
32. 3l
27 .79
64.24

I 20.00
101.05
43.00
38. 82
49. B0
50.53
39.60
97.60
54.60
60.00
43.80
28.00
82.29
9l .33
69.60
97 .00
54. 86
62.40
60.00
8l .18
48.70
30.60
64.20
45.00
86. 18
90. 32
72.00

40.42
48.00
44.40
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APPENDIX Table 5. (Continued)

Festival lrjhite
Hei di
Ice Queen
Jackpot
Mustang
Red Champion
Ri ngo Rose
R'ingo Rouge
R'i ngo Sal mon
R'ingo Scarl et
Ros i ta
Rosi ta' 80
Showgi 11

Snow White
Snowdon
Spri nter Deep Red
Sprinter Salmon
Ti ffany
Vul can

6 Samples

Bamb'i - Fz

Marathon

Sprinter Scarlet

5 Samples

Fl euri ste M'ixture

I Sample

Del Greco Mixed
Dwarf Sprinter Red
Fi recracker
Miniskirt Mixed

-F2

50.67
24.00
40. 80
41.40
30. 32
33. 00
24.00
25.80
38. 40
24.00
42.00
27.79
73.85
47.29
27 .60
49.26
39. l6
86. 57
42.67

88.42
76.94
80. 3l
55. 7l
25.80
5l .60

104.67
87 .43

87.26
31 .85
32. 00
82. 00

73.67
25.80
27.00
32.80
29.68
33. 00
37. 89
25.80
31.20
27 .60
33.47
30.95
46. il
66.00
32.40
38. 40
45.47

I 09. 7l
26.25

84. 63
55.06

l0l . l4
70.15
33. 00
59.29

46.67

I 2t .33

82.67

54. 00

102.40

BB. OO

43. B0

I 06. 20 9l .33
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APPENDIX Tab]e 6.
cul ti vars.

Germination percent for falì germination trials - 36

Cu l ti var
Sampìe Number
23

4 Samples

Carefree Scarìet
Co'l orama - F2
Encounter Red
Encounter Salmon
Fi recracker
Fleuriste Mixture - F2
Fri endshi p
Hei di
I nnocence
Love Song
New Era Bright Red
New Era Medium Salmon
New Era Red
Nittany Lion Red
Red Champion
Red Express
Rìngo Scarlet
Rose Pink with White Eye
Ros i ta
Scarlet Flash
Showg'i rl
Sooner Red
Sooner Saimon
Sprinter Scarlet
Sprinter tlhite

2 Samples

Mustang
Ringo Rose

3 Samples

Ringo Sa'lmon

I Sample

Cherie Improved
Cherie - Light Sprinter

Sa'lmon
Ice Queen
Knockout
Orange Punch
Rosita'80
Snowdon
Sprinter Mixed

80.8 88.5
66.7 85.2
96.0 96. 0
84.0 96.0
88.0 92.0
76.0 84.0
72.7 s9.l
84.0 88.0
95.7 t00.0
80.0 69.2
84.0 92.0
75.0 66 .7
83. 3 95.8
85.2 66.7
88.0 96.0
88.0 9?.0

I 00. 0 92.0
92.3 92.0
92.9 100.0
79.2 95.8
92.0 92.0
96. I 96.0
92.3 88.5
88.0 100.0
92.0 92.0

95.2.¡00.0

96. l 84.6

76.9
48. I
92.0
84. 0
96.0
64. 0
8l .8
96.0
95.7
88. 0
80.0
75.0
91 .7
8l .5
96.0
96.0

100.0
'I 00. 0
89. 3
87.5
96.0
88. 5

88. 5

92.0
92.0

90.9
100.0

87 .5

100.0

95.2
100.0
88.9.l00.0

ì00.0
100.0
100.0

84.0
69.2

'I 00. 0
72.0

100.0
60. 0
6l .9
96.0

100.0
84.6
92.0

'100.0

96.0
70.3
92.0
96.0
96.0
92.0
96.4

100.0
88. 0
88. 0
92.6

100.0
80.0
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APPENDIX Table 7.
nation trials -

Germination resistance value in hours for faìì germi-
36 cultivars.

Cui ti var
Sampìe Number
?34

4 Samples

Carefree Scarlet
Colorama - F2
Encounter Red
Encounter Salmon
Fi recracker
Fleuriste Mixture - F2
Frì endsh i p
Hei di
I nnocence
Love Song
New Era Bright Red
New Era Medium Salmon
New Era Red
Nittany Lion Red
Red Champion
Red Express
R'i ngo Scarìet
Rose Pink with Whìte Eye
Rosi ta
Scar'let F lash
Showgi rì
Sooner Red
Sooner Salmon
Spri nter Scar'let
Sprinter llhite

2 Samples

Mus tang
Ringo Rose

3 Samples

Ringo Salmon

I Sample

Cherie Improved
Cherie - Light Sprinter

Sa I mon
Ice Queen
Knockout
0range Punch
Rosita'80
Snowdon
Sprinter Mixed

lll.l3 108.00
95.40 I 05. 33
63.50 60.00
47.50 44.00
95.48 96.48

126.86 I30.29
66.46 63.89
65. 7l 60.00
62.61 61.00
86.00 80.00
75. t3 67.64

I06.50 I II.00
55.83 65.50

114.67 94. I I

89.00 84.00
75. I 3 73.00
84.52 55.83
41.22 66.26

103.7i 90.22
9l.30 97.00
54.26 47.45
83.00 68. l8
87. I 3 99.82
94.08 89.28
94.43 I 26.00

I 02.00
I 02.00
59.48
65. 

.l4

I 03. 85
144.75
56.00
71 .25
57.91
99.82
75. 60

1t8.67
58. 36

118.36
84. 00
92.00
8l .00
37.38

I 06.08
94.29
64.00
99.I3
99. 65
93. 50

I 03. 30

63. 60
63.89

77 .14

78.00

I 06.20
72.00
84.75

'n 2.00
6t.33
42.86
84.00

lll.43
I 01 .33
58. 96
43.43

1 00.36
i 06.00
60.00
74.86
68. 00
79.80
83. 43

126.75
8l .60
9l .83
72.00
82.36
75.84
4l .50
88. 62

'104.40

33.91
83. 52

10 r .00
87.8?

I 03. 64

36.00
38. 40

96.00 84.00



APPENDIX Table 8. lfuan germination percent and mean germinatfon resistance value in hours for 6 cultlvars on 6 nedlautrial II.

Medi um

Cul ti var

Knockout

Ringo Scarlet

Rosi ta

Snowdon

Sprlnter Scarlet

Sprlnter tlhlte

Fi I ter
Paper

Mean Germination Percent

Peat Zorb- Vermic-
Moss al I ul i te

100.0

85. 0

95.0

85.0

80.0

95. 0

Z not lncluded ln trlals.

I 00.0

87.5 95.0

100.0 100.0

87.5 92.5

85.0 85.0

92.5 87.5

Sand Perl i te

95 .0

95.0

100.0

87.5

92.5

95 .0

100. 0

95.0

I 00.0

80. 0

85.0

87.5

l4ean Germinatlon Resistance Value (hours)

Filter Peat Zorb- Vermic- Sand , Perllte
Paper Moss al I ul i te

90. 0

87. 5

97.5

87.5

80. 0

92.s

31 .20

32.47

36.00

69.88

38.25

72.63

60.00 --z

53.90 29.68

43.80 26.70

69. I 8 62.84

78.00 44.25

88.92 80.88

30.32

42.90

36.90

60.06

52 .00

76 .60

27.00

24.00

25.80

59.63

32.34

7t .13

44.67

37.80

32. 39

68.19

48.38

65 .53

('r
O)
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APPENDIX Table 9. Medja trjals - pH of media used.

Medi a

F'il ter paper 7 .1

Peat moss 3.6 - 3.8

Perlite 7.0 - 7.5

Sand 8.3

Vermiculite 7.0 - 7.5

Zorb-al I 4.6

Water, di sti I I ed and
deionized 6.2

pH



APPENDIX Table 10. Analysis of variance of germination percents for scarified versus unscari-
fied seed.

Source of Variation

Cul ti var

Treatment

Cul ti var x
treatment

Error

Total

DF

Analysis of Variance

MSSS

55.296

3,352.026

1 ,644.552

289. I 83

ll

55.2960

3,352.0260

1 ,644.5520

36.1479

5,34.l.057

I .5297ns

92.7309**

45.4951 **

5%

5.32

5.32

5.32

1%

11 .26

11.?6

11.26

('r
oo



APPENDIX Table ll. Ana'lysis of
treated seed.

Source of Variation

Treatments

Cul ti vars

Treatments x
cul ti vars

Error

variance of germination percents of thiram treated versus un-

Total

DF

Analysis of Variance

MSSS

15.57

750.?.5

939.32

I ,016. l6

4

20

29

I 5. 5700

187.5625

234.8300

50. 8080

2,721 .30

0. 3064ns

3.691 6*

4.6219**

5%

4.35

2.87

2.87

1%

8.10

4.43

4.43

J
(.tr
(O



APPENDIX Tabie
treated and

Source of Variation

12. Analysis of variance of the germination
untreated seed, in 4 temperature reg'imes.

Temperatures

Cul ti vars

Treatments

Temperatures
cul t'ivars

Temperatures
treatment

Cultivars x
treatment

Error

DF

3

3

I

Analysis of Varjance

SS MS

93. 6l 0

1 ,192.470

1 3. 680

545.110

62.470

464. 31 0

2,283.440

Total

percents of 4 cultivars with thiram

3

3

6B

3l .2033

397.4900

I 3.6800

60.5678

20.8233

154.7770

33. 5800

90

0.9292ns

ll.g37l**

0. 4074ns

l.B037ns

0.6201 ns

4.6092**

4,655.090

5%

2.749

2.7 49

3.989

2.029

2.749

2.7 49

1%

4.106

4.106

7 .049

2.699

4.106

4. 106

J

Oì
O



APPENDIX Table .l3.

thí ram treated

Source of Variation

Temperatures

Cuì ti vars

Treatment

Temperatures
cul ti vars

Temperatures
treatment

Cul ti vars x
treatment

Error

Anaiysis of variance of
and untreated seed, in 4

DF

the germination resistance values of 4 cultivars with
temperature regimes.

3

3

I

Analysis of Variance

SS MS

11,305.62

2,407 .84

592.58

1,234.45

98. 58

2,053.92

4,959. I l

Tota'l

3 ,768. 5400

802.61 33

592.5800

137.1611

3

68

90

51.6747**

I I .0055**

B. I 255**

l.8808ns

0.4506ns

9.3879fr*

22,652.10

32.8600

684.6400

72.9281

Eo/

2.7 49

2.7 49

3.989

2.029

2.7 49

2.7 49

1%

4..l06

4. 106

7 .049

2.699

4.106

4.106

Ol
J



APPENDIX Table
with thiram

Source of Variation

ì4. Anaìysis of variance of the germination
treated and untreated seed.

Medi a

Cul ti var

Treatment

Media x cultivar

Media x treatment

Cultivar x treatment

Error

DF

5

't

Total

Analysis of Variance

MSSS

542.19

206.21

712.09

846.91

715.2s

560.00

1 79.60

5

5

l

5

percents jn medja trial I of 2 cultivars

I 08.438

206.210

712.090

I 69. 382

I 43.050

560.000

35.920

23 3,762.25

3.01 B9ns

5.7408ns

I 9.8243**

4. I 755ns

3. 9825ns

I 5.5902*

5%

5.05

6 .61

6.6'|

5 .05

5 .05

6.61

1r"

10.97

16.26

16.26

10. 97

10.97

16.26

J

Or
l\)



APPENDIX Table 
.l5. 

Analysis of variance of the germination percents in media trìal II of 2 cultivars
with thiram treated and untreated seed.

Source of Variation

Medi a

Cul ti var

Treatment

Media x cultivar

Media x treatment.

Cul ti var x
treatment

Media x cultivar x
treatment

Error

DF

5

I

t

5

5

Analysis of Variance

ss Ms

367.68

6.84

1,056.92

I 62. 89

4t 5. BB

339. I I

1,038.96

21 8. 38

Total

73. s36

6.840

1,056.920

32.578

83. I 76

339.110

207.792

10.91920

43

6.7347**

0.6264ns

96.7964**

2.9836*

7.6175**

31.0569**

I 9.0303**

3 ,606 .66

5%

2.71

4. 35

4. 35

2.71

2.71

4.3s

2.71

1i[

4. 10

B. i0

8.10

4.10

4.'10

8.10

4.'10

J

Ol(,



APPENDIX Table'16. Analysis of variance of the germination resistance va1ues in the storage experiment.

Source of Variation

Dates

Cul ti var

Treatment

Dates x cultivar

Dates x
treatment

Cultivar x
treatment

Error

DF

?2

I

ì

22

22

SS

B,509. 54

1,248.27
.l0,150.02

3,717 .73

?,143.40

827.89

5 ,389.4.|

Analysis of Variance

MS

Total

t

206

386.8000

1,248.2700
.l 
0, 

.l 
50. 0200

168.9877

97 .4273

827.8900

26.1622

275 3l ,986.26

14.7847**

47 .7127**

387.9651 **

6.4592**

3.7240*t

3l .6445**

5%

1.545

3.840

3.840

1 .545

1.s45

3.840

1%

1 .835

6.630

6.630

1.835

.l.835

6.630

J

O)Þ
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APPENDIX Table 17. Number of hypocotyì fractures in storage experiment
by cultivar treatment.

Number of Hypocotyl Fractures

Cul ti var Rosi ta Ri ngo Scarlet

Starti ng
Date

Tri al Stored:
Number

Unscar-
'ified

Scar-
ified

Un s car-
ified

Scar- Total
i fied Numbers

Nov.26/79
Dec. l0
Dec.24
Jan. 7 /80
Jan. 21

Feb. 4

Feb. 18

Mar.3
Mar. 17

Mar.3l
Apr.l4
Apr. 28

May '12

May 26

June 9

June 23

0ct. l6
llov. 5

Nov. I 9

Jan.5/81
Jan. I 9

Feb.2
Feb. I6

Prestorage

I

2

3

4

5

6

7

I
9

10

ll
12

l3
l4
l5
l6
17

IB

l9
20

21

22

7

5

6

4

3

7

5

3

6

I
l0

5

5

5

6

2

2

0

0

0

0

0

0

l0
9

7

ôo

l0
'l 2
IJ

7

7

l0
12

l4
7

6

9

t4

7

2

0

0

0

U

0

U

Total s

Percent of Total Seed Used

0

0

I
0. 58

B9

6 .45

55 152

3.99 2.75
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APPENDIX Table 18.
by cu]tivar and

Number of deterjorated seed in storage experiment
by treatment.

Number of Deteriorated Seed

Cul ti var Ros i ta Ringo Scarlet

Starti ng
Date

Trial Stored:
Number

Unscar-
ified

Scar-
ified

Un scar-
ified

Scar- Total
i fied Numbers

Nov. 26/79

Dec. l0
Dec. 24

Jan. 7 /80
Jan. 21

Feb.4
Feb. l8
Mar.3
Mar.17
Mar.3l
Apr.14
Apr. 28

May l2
May 26

June 9

June 23

0ct. l6
Nov.5
Nov. 1 9

Jan. 5/Bl

Jan. I 9

Feb.2
Feb. l6

Pres torage

l
2

3

4

5

6

7

I
9

10

ll
12

l3
l4
15

l6
17

l8
l9
20

21

22

Total s

Percent of Total Seed Used

ll
0.80

B

0.58

2

0.14

627
0.43 0.49
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APPENDIX Table 19. Cultivar
seed scarification in the

and type and/or degree of
spring germination trials.

Cl i pped

Deep Rose Flash
Encounter Red
Fire Flash
Greml in Coral
Marathon

Overscari fi ed

Caprì Brick Red
Capri Deep Red
Capri l^lhite
Carefree Light Salmon
Carefree Scarlet
Del Greco M'ixed

Scari fi ed

Colorama - F2
Friendsh'i p

Love Song
Mi ni ski rt t1i xed
Paintbox Mìxed
Red Appìe - tZ

Red Champion
Red Express
Salmon Express
Salmon Flash
Scarlet Flash

Dynami te
Fi recracker
Empress Red
Empress Salmon
Encounter Salmon
Orange Punch

Red Delicious - F2
Snow I'lhi te
Sprinter Deep Red
Sprinter Scarlet
Surefi re
Vul can

Mustang
Red Standard
Ringo Rose
Ri ngo Rouge
Ringo Salmon
Ringo Scarlet
Rosi ta
Rosita '80
Showgi r'l
Smash Hit Red
Snowdon
Sooner Red
Sooner Salmon
Sprinter Salmon
Spri nter hlhi te
Ti ffany

Scarifjed with No Hypocotyl Fra_cturing

Bambi - Fz
Bright Eyes
Cheri e
Cherry G'low
Debutante
Dwarf Spri nter Red
Festival Salmon
Festival Scarlet
Festival t.Jhite
Fleuriste Mixture - F2
Fl orence
Geranium Mixed
Hei di
Ice Queen
I nnocence
Jackpot
Knockout
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APPENDIX Table 20.
val ues 'in medi a

Comparison of media
trials I and II for

mean germination resjstance
3 cultivars.

Medi a Mean Germination Resistance Value (hours)

Sand

Fi I ter paper

Zorb-a1 I

Vermi cul i te

Perl i te

Peat moss

40.09 az

42.90 a

43.63 a

46.05 a

47.80 ab

60.04 ab

t r.un germ'i nati on res i stance
do not djffer sign'ifìcantly
test (0.0.| ).

by the same letter
by the unpai red t

val ues fol I owed
as determ'ined
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APPENDIX Table 21. Cultivar names. It appears
that more than one name is being used for some
cultivars. The cultivar names that have been
discovered are below.

Synonyms

Sprinter White = gnow White

Sprinter Deep Red = lulcan
Sprinter Salmon - Debutante

Marathon = fvlarathon Red

ZL 186 Rose = Rosita '80


