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Chapter I

INTRODUOTIOlf

Splitting of the oarnation calyx is one of the

more serious troubles enoountered by the carnation grower.

In oalyx splitting (Fig. 1.), two adjoining sepals of the

oa1yx tube separate, allowing the petals to bend down.

Thorpe in the 1880's developed a oarnation whioh he stated

was the beginning of the non-splitting race (1). Sinoe

that time many attempts have been made to determine the

cause of oalyx splitting but the opinions and experimental

results are somewhat oontradiotory.

The value of carnation flowers produced under

glass, in the United States, according to the United States

Oensus of 1950, was approximately 20 million dollars.

Normally 10 per oent of the flowers w1ll split. If 801d,

split oarnations oommand less than half the prioe of normal

oarnations. Therefore oarnation growers of the United

States are losing over one million dollars per annum a8 a

result of oalyx splitting.

Splitting has been attributed to many factors, a

few of whioh are: heredity, fertilizers, mineral nutrltlo~

temperature, light, water, Boil, and disease. Splitting

usually oocurs in all the greenhouse ranges of the Denver,
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Colorado, area at approximately the same time. However,

all the factors blamed for oausing splitting do not oocur

in all the greenhouses at the same time. Some faotor or

factors common to all greenhouses must be the major cause

of splitting. Outside temperatures and light intensities

appear to be factors which are common to all greenhouse

ranges. Temperatures within most greenhouses will flucuate

as the outside temperatures and light intensities vary.

The uroblem

What are the effects of temperatuxe on carnation

calyx splitting?

Problem analysls.--Before answering the major

question, it ·is neoessary to answer the following:

1. What time or times of the year does the

greatest amount of carnation calyx splitting

occur!

2. In what bud stage or stages does the carna­

tion calyx split?

3. What effect does low night temperatures have

on oarnation oalyx splitting?

4. What effects do constant and variable day te

perature have on carnation oalyx splitting?

Delimitat1on.--This investigation will be

limited to the carnation variety White Patrician and its

sport Frosted Pink Patrician and their responses to tem­

perature. The study will be limited further by the



facilities available for temperature investigations at the

Colorado Agrioultural Experiment Station Floriculture

Research Greenhouses. Wherever possible interrelated

faotors will be investigated simultaneously with tem­

perature.

Definition of terms.--Splitting or splits refers

to the se~aration of two adjoining sepals so that the

petals, deprived of their support, bend down.

Low night temnerature, as used here, means 4QoF.

Low daI temperature, as used here, means 50°F.

~ light intensity, refers to approximately

500 foot candles.



Chapter II

REVIEW OF LITERATURE

The double perpetual-flowering carnation orig­

inated in Franoe and has been improved by American

growers. The oarnation was first introduoed to the United

states in 1853 (1).

Splitting ~ hereditary faotor:--In the early

1S80's ~orpe stated that he had developed a non-splitting

race of carnations' (1). At the beginning of the twentieth

oentury, Ward (28) and Dorner (16) assumed splitting to be

entirely hereditary. Oonnors (11) assumed splitting of

the oarnation oalyx to be affeoted by both hereditary and

environmental faotors, while Stuart (2S) stated that

splitting was due to the formation of adventitious buds in

the f10:wer rather than to inherent weakness of the oalyx.

Oarnation flower form, as stated by Norton (20,

21), Batchelpr (2), and stuart (26), follows Mendell slaw

of dominanoe. The single is pure reoessive, the super­

double or the almost-always-splitting bullhead is an in­

oomplete dominant, and the standard or oommeroial double

is a heterozygote.

Ward (2S) reported that in seleoting a seedling

for future trial, good firm calyces should be seleoted to



avoid splitting. The selection of cuttings for pro­

pagation from non-splitting plants was found by Weinard

(29,30,31) to reduQe the occurrenoe of splitting.

Temperature relations:--Scott (24) stated in 1899

that allowing the greenhouse temperature to go as low as

40° F or less on ocoasional nights would cause splitting.

Diok (15) in 1915 wro'te that rapid fluctuations in green­

house day temperatures will cause splitting. Later, other

investigators' (36,26,3,23,27) repoI'ted that splitting

could be traoed to unfavorable temperatures.

Szendel (27) has done more work on the relation

of temperature to carnation calyx splitting than any other

investigator. He found that lower temperatures produced a

higher peroentage of splits, and that short periods of low

temperatures ooourring twioe a month oaused significantly

more splitting than frequent low temperature periods.

Prolonged periods of extremely low temperature

increased signifioantly the average number of petals,

however, the correlation between number of petals and per­

oentage of splits was not signifioant. Szendel concluded

that the importanoe of the number of petals to splitting

1s of relative value only.

Light intensity:--Oonnors (11) reported that dull

dark weather and laok of light at certain stages in the

development of the bUd become aotive faotors in the matter

of splitting. Allwood (1) and weston (35) believed that



15
laok of sunshine was a major cause of splitting. Allwood

further stated that splitting oaused by laok of sunshine

could be oounteraoted by cool temperatures and ventilation.

Fertilizer and mineral nutrition:--Baur (3)

stated that splitting of the oalyx may be traoed to over­

doses of fertilizers. Szendel (27) found that frequent

applications of oomplete nutrient solution increased

splitting. However, several other investigators

(17,22,34,32) have reported no consistent relationship be­

tween fertilizer treatments and the oocurrence of split

oalyces.

Time of applying large amounts of fertilizer

ohemioals had no effeot on splitting, according to Pember

and Adams (22). They stated that high nitrogen reduoed

splitting. Beaoh (5,7) found that high nitrogen produced

less splitting, and stated that fluctuation of the nitrate

level, rather than the level itself, seemed best to account

for the large number o£ splite on low nitrogen plots.

Holley et al., (19) found different nitrate levels pro­

duoed no signifioant differenoe within the split grade.

High nitrogen was reported by Post (23), and Olapp and

Folley (10) to oause inoreased splitting.

Connors (12), and Biekart (8) investigating the

relationship of nitrogen and oarbohydrates, found the

tendency to split was acoentuated by h~gh oarbohydrates

and low nitrogen, while high nitrogen and low



carbohydrates reduoed splitting.

Szendel (27), and Olapp and Folley (10) reported

that exoess phosphorus inoreased splitting, whereas,

deficient phosphorus and potassium deoreased splitting.

Beaoh (4) reported that 3 levels of phosphorus had no

significant effeot on calyx splitting.

Aocording to Post (23) and Olapp and Folley (10),

high potassium yielded less splits than low potassium.

Szendel (27) reported that inoreasing the amount of potas­

sium available to plants had no signifioant effeot on

splitting. Beach (7) stated that high potassium with high

nitrogen reduoed splitting.

Water relations:--Differenoes in soil moisture,

according to Pember and Adams (22), Beach (4), and Post

(23), had no influence on splitting. 'However, Holley et

al., (19) found that high moisture gave significantly

more splits than low moisture.

Soil med1um:--Connors (13,14) and Biekart and

Oonnors (9) stated that sand produoed less splits than

soil; whereas, Szende1 (27) reported higher peroentages

of split~ with sand than with soil treatments. Several

soil mixtures used by Oonnors (11) produoed no differenoe

in peroentage of splits.

Szendel (27) stated that the addition of peat­

moss to sand or· soil had no effeot on splitting. Old s01l



produoed less splits than new s011 in experiments by

We1nard and Decker (33).

Wheeler and Adams (36) reported that it appeared

probable that the character of the manure effects the

percentage of splitting. Gunesoh (18) found that pastur­

ization and incorporation of manure into Boils did not

effect yield of splits.

No definite effect upon splitting can be

ascribed to the type of bench construction (11) or time of

benching (11), steaming of Boil (33), liming of soil

(22,33), mulohings (19) and the addition of sodium

selenate (6,22).

Stuart (26) assumed that regardless of the oause

of splitting, it oocurs at an early stage in the develop­

ment of the flower. Oonnors (11) and Szendel (28) re­

ported that the stage of bud development most susoeptible

to splitting is at the time the bud is opening and'ex­

posing the pet~ls.



Chapter III

METHODS AND MATERIALS

The problem of oa.rnation calyx splitting 1s one

of varied interest. In this investigation the p~oblem is

I1mited,to the effeots of temperature on oaiyx splitting.

The carnation varieties White Patrioian and Frosted Pink

Patrioian were seleoted'for test plants beoause they are

commeroial varieties that have the fault of produoing a

high peroentage of split oa1y~es during some periods of

the year.

General methods and materials:--All studies were

oarried on in the Oolorado Agrioultural Experiment Station

Greenhouses at Fort Oollins, Oolorado, exoept for reoords

from the Ralph Hill Greenhouses, Denver, Colorado, whioh

were used in one study.

Plants used at the experimental greenhouses were

propagated from disease-free, indexed mother blocks, and

planted in a good sandy loam soil, either in benohes or

pots. 'All plants grown in pots were planted direotly

into the pots ~rom the propagating sand. Potted plants

were used in all experiments where plants were moved into

temperature chambers.



Nutrient levels were maintained at 25 to 50 ppm

nitrogen, 2 to 5 ppm phosphorus, and 25 to 50 ppm

potassium (Spurway tests). All nutrients were applied

in liquid form for acouraoy and ease of feeding all pots

alike.

A mini'mum night temperature of 50° F was main­

tained at all times exoept when plants were in chambers fo:r

temperature treatment. The day temperature fluotuated ao­

oording to the weather conditions. On sunny days the tem­

perature usually ranged from 60 to 70° F, while on cloudy

days the temperature usually remained slightly below 60° F

during winter months.

Two different types of cool temperature ohambers

were used. The first year a lean-to ohamber trade of hotbed

sash was oonstruoted on the outside of the' greenhouse.

This chamber was 4 feet wide, 7 feet long~ and 4.5 feet

high. Two aO-foot eleotric heating oables, fastened on the

sides, supplied the heat to maintain a minimum night tem­

perature of 40° F.

The second year 2 walk-in xefrlgerators served as

the temperature chambers. These ~efrlgerators were 4 feet

wide, 5 feet long, and 7 feet high. They were equipped

with lights so that plants could be left in them for long

periods of time. These lights consisted of 2 4-foot 40

watt daylight type flouresoent tUbes, plaoed 3 feet above

the floor, on opposite walls, and two 200 watt inoandescent



bulbs, with refleotors, plaoed in the oenter of the

chamber 5 feet above the floor. These lights produoed a

light intensity in the refrigerators of from 100 foot

oandles at floor level to 500 foot candles 4 feet above

the floor. Higher light intensities were tried but were

unsatisfaotory since the refrigerator cooling units could

not disperse the added heat. The lights were eleotrioally

controlled to produoe a 9-hour day.

All plants were moved in and out of the cool

temperature chambers when the oarnation house temperature

was near 50° F, except when rapid temperature changes were

under study.

Time of oalyx splitting:--To determine the time

of the year when the largest amount of oalyx splitting

occurred, daily produotion and quality reoords for the

variety White Patrician were examined. Reoords kept by

the Ralph Hill Greenhouses, Denver, Colorado, and the

Oo1orado Agrioultural Experiment Station Greenhouses for

the years 1948 to ·1951 and 1949 to 1951 respeotively were

analyzed.

Stage !2f. bud at time of oalyx spl!tt1ng:-To find

the stage of bud development when the oalyx splits the

following reoords were kept on 443 buds; the date the

calyx began opening, the date the calyx split, and the

date the flowers were out.



2.1

EFFEOT OF LOW NIGHT TEMPERATURE

Experiments were set up to determine the effeot

of low night temperatures on carnation oalyx splitting.

Plants were moved from the carnation house to a chamber

where the minimum night temperature was 40° F.

Experiment 1:-S1xty plants of the variety

Frosted Pink Patrioian, growing in 6-inoh pots, were

pinohed on September 29, 1950. These plants were given

40° F minimum night temperature treatments for 1, 3, and 7

oonseoutive nights at bud stages of 10, 14, and 18 weeks

after pinching, or a total of 9 different treatments.

Eaoh treatment oonsisted of 6 plants. Six oheck plants re­

mained in the oarnation house at a minimum night tempera­

ture of SOO F.

Exoeriment !:--One hundred and ninety-two plants

of the variety Frosted Pink Patrician, growing in 6-inoh

pots, were pinohed on Ootober 24, 1950. At weekly inter­

vals, from the 12th week after pinching to flowering, or

26 weeks after pinching, the following treatments were

made:

One and 3 conseoutive nights at 40° F minimum

temperature. Eaoh treatment consisted of 6 plants.

Twelve oheck plante remained in the oarnation house at a

inimum night temperature at 50° F.
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EFFECTS OF OONSTANT AND VARIABLE DAY

TEMPERATURES WITH LOW LIGHT INTENSITY

To test the effeots of both oontinuous and inter­

mittent low temperature treatments under low light intens­

ities the following experiments were made.

Exoeriment [:--Eighteen Frosted Pink Patrioian

oarnation plants per treatment were sUbjected to the

following treatments during the period from September 15,

to October 29, 1951. Plants received low light intens­

ities while in the 50° F chambers. When plants were

moved to chambers other than 50° FoJ they reoeived normal

sUnlight. The 85-800 F treatments involved moving plants

from 50° F direotly to 85° F. The temperature then fluo­

tuated from a maximum of 85° F during the day to SOO F at

night.

1.

2.

3.

4.

5.

6.

o24 hours at 50 F.

72 hours at 50° F.

168 hours at 50° F.

24 hours at 500 F, 92 hours at 50° F minimum

nights and 75° maximum day temperature; and

then 48 hours at 50° F.

36 hours at 500 F and moved to 85° F.

96 hours at 50° F, moved to 85 to SOO F for

24 hours, and then baok to 60° for 24 hours.



7. 96 hours at 50° F, moved to 85 to 600 F for

34 hours and then baok to 50° F for 48 hours.

8. 144 hours at 50° F, moved to 85 to 60° F for

72 hou~s, and then baok to 50° F for 120

hours.

Bud stage, at time of treatment, was just as the

oalyces on the most advanoed buds were opening. Untreated

plants were used for comparison.

Experiment 4:-~On February 15, 1952, 10 Frosted

Pink Patrioian plants per treatment were plaoed in the re­

frigerators at roO and 55-60° F and low light for 47 days.

The bud stage at time of treatment was that just prior to

calyx opening. Untreated check plants were used for com­

parison.

Experiment 5:--Plants of Frosted Pink Patrioian

were seleoted with buds at a uniform stage, eaoh with the

oalyx- just starting to open. Plants with 11 buds per,

treatment were placed in 60° and 55° F temperature ohambers

with low light on April 3, 1952, for 7 consecutive days.

Untreated buds of the same stage served for comparison.

Ex'r2eriment .§.:-Treatments of 4 a.nd 5 conseoutive­

days at 50° and 5So F and low light were started April 10,

1952. Bud stage at time of treatment was at the oalyx­

opening stage. Eaoh treatment consisted of 10 Frosted

Pink Patrioian plants. Oheck plants remained in the oar-

nation house.



Experiment l:--Ten Frosted Pink Patrician plants

per treatment, with buds just prior to calyx opening, were

sUbjected to the following intermittent temperature and

light treatments beginning April 26, 1952. The plants

were plaoed in 50° and 55° F ohambers with low light for

24 hours, then moved to a carnation house at 50-70° F with

normal light for 72 hours. This set of conditions was re­

peated for 1, 2, 3, and 4 oonsecutive times making a total

of 8 treatments and a check.

EFFECT OF LOW TEMPERATURE, LOW LIGHT,

AND TWO SOIL MOISTURES

Experiment ~:--Six la-inoh pots of White

Patrioian, with 3 plants per pot, were plaoed in 50 and

55° F and low light chambers on March 11, 1952. The tem­

perature treatments were further divided into high and low

moisture levels, with the high moisture ma1~tained at 0 to

3 inches of mercury tension and the low moisture at 0 to 9

inches. These plants remained in the temperature chambers

from the calyx opening, to the flowering stage or until

April 21, 1952. Untreated plants at similar moisture

levels were used as ohecks.

Oo:rrelat1on of calyx splitting and mean day ~­

perature:--Dai1y reoords on the date and extent of sp11ttiD(;

were kept, on a benoh of Frosted Pink Patrician containing



216 plants, from February to May, 1952. A oorrelation of

sPlitting and mean day temperatures was made using the

correlation formula (2~

r = NeXT - SXSY

V [Bax2 _ (ax) 2] [NSya - (aY) a.J



Ohapter IV

ANALYSIS OF DATA

From June, 1950, to June, 1952, a group of pre­

1imina.ry experiments were oarried on at the Colorado Agri­

cultural Experiment Station Greenhouses to obtain in­

formation regarding the effects of different temperatures

on carnation oalyx splitting. Of prime interest were the

effects of low night temperatures and continuous low day

temperatures with low light intensity on oalyx splitting.

Analysis of varianoe (26) was applied where

praotical to determine the signifioant differenoes between

temperature treatments. The oheck plants received a

higher light intensity than most treatments so that sta­

tistioally they should not be oompared with the temperature

treatments reoeiving low light intensities. The small

number of p~ants used in these preliminary experiments and

the large variability between plants makes the use of an-

alysis of variance impractical in many oases.

Time of oalyX spIttting: --During the period from

1948 to 1951, oarnation oalyx splitting oocurred, with few

exceptions, at about the same periods each year c (F1gs. 2

and 4). Splitting also occurred at the same times at the

Ralph Hill Greenhouses in Denver and the Colorado Agricul­

tural Experiment Station Greenhouses in Fort Oollins.



The splitting started in mid October, increased until late

February, when the first peak splitting period occurred.

Three high splitting periods occurred each year at about

4-week intervals, late February to early Maxch, late March

to early April, and late April to early May.

Total flower produotion (Figs. 3 and 5) varied

from year to year, but the weekly production for eaoh

greenhouse remained fairly constant throughout the

splitting periods, increasing rather than deoreasing.

Stage of bud at time of calyx snlitting:--Table 1

shows a variation of from 1 to 12 days from calyx opening

to oalyx splitting, with an average of 4.46 days 'from

calyx opening to calyx splitting for the 24-day period

April 11 to May 5, 1951. Of the 443 buds observed, 372

buds showed oalyx splitting tendencies, 201 of which were

fully split.

The average number of days from calyx opening to

cutting of the flowers was 17 to 18 days during this late

spring period.

EFFECTS OF LOW NIGHT TEMPERATURE

Experiment l:--When plants were SUbjected to 40°

F minimum night temperatures for 1, 3, and 7 nights, dif-

ferences in their splitting responses were not consistent

~able 2). The untreated plants produoed more split

calyces than any treatment.
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4 Weekly percentage of split White Patrician
carnations produced at the Colorado Aeri­
cultural Experiment Station Greenhous
Fort Collins, Colorado. for the year
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Fitt. 5. Total weekly production of White Patri­
cian carnations produced at the Colorado

ricultural Experiment station Green­
houses, Fort Collins, Colorado, for the
years 1949 to 1951.



Table 1. The number of days from calyx opening to the occurrence of calyx splitting.--
No. days after calyx opening when calyx splitting begins

Average no.
Date of days from Number of Number of
calyx

4
cal3X opening to splitting non-splitting

opens 1 2 3 5 6 7 8 9 10 11 12 palyx splitting calyces calyces

4/11 • • 1 • • • • • • • • • .3~OO 1 0
4/12 • • • • 1 • • • • • • • S.OO 1 0
4/13 • 1 • 1 2 • • • • • • • 4.00 4 0
4/14 • • 1 • 3 • • • .. • • • 4.50 4 1
4/15 • • 2 2 5 4 • • • • • • 4.85 13 .3
4/16 • • 1 .3 .3 1 1 • • • • • 4.78 9 2
4/11 • • .3 4 1 2 • 1. • • • • 4.SS 11 2
4/18 • • 6__ .3 4 2 2 • • • 1 • 4.81 18 6
4/19 2 2 1 2 6 .5 2 3 1 • • • 5.16 2h 7
4/20 1 1 2 .3 8 4 .3 1 • • 1 • ,.20 24 10
4/21 • • 1 2 1 2 1 1 • • • • 5.38 8 2
4/22 • • .3 • .3 2 5 1 • • • • 5.64 14 6
4/23 • 2 2 .3 6 4 2 '3 • • • • 5.18 22 4
4/24 2 3 1 9 18 5 1 2 • • • • 4.63 41 6
4/25 • • 2 4 13 2 1 • • • • • 4.82 22 .3
4/26 • • 5 1 7 .3 • 2 2 • 0 • 5.00 26 .3
4/27 • 4 11 1 1 • 1 • • • • • 3.11 18 2
4/28 • 4 7 .5 3 2 2 • • • • • 3.91 23 4
4/291 4 8 6 5' 11 .5 • • • • • • 3.67 39 .5
4/30 • • • 9 .5 • • • • • • 0 4.36 14 0
5/1 • • 4 16 • • • • • • • • 3.80 20 0
5/2 • 2 8 II • • • • • • • • 2.80 10 1
5/3 1 .5 • • • • • • • • • • 1.8.3 6 35/4 • • • II • • • • • • • • 0.00 0 1

Total 10 32 69 71 101 43 21 1h .3 0 2 0 4.46 372 71
No. full

~;~~ ~o~~, (~lit.3~nd ~~n_~~i~,30 7 6 4 0 1 1 4.43 201 1ili1
~o



Table 2. Peroentage of split oalyces for treatments of
1, 3, and 7 consecutive cold nights at intervals of 10,
14, and 18 weeks after pinching.

Treatment Weeks after pinoh Peroentage of full splits

1 cold night
10
14
18

29.2
8.0
4.4

3 cold nights

7 cold, nights

Check

10 29.6
14 16.0
18 0.0

10 8.3
14 13.6
18 aO.8

36.8

Experiment 2:--Treatments of 1 and 3 cold

nights at weekly intervals from 12 to 26 weeks after

pinching gave a variation in split calyces from 15.8 to

54.2 per cent within the treatments (Table 3). The aver­

age of 2 oheck treatments (53.4 per cent) was approxi­

mately equal to the greatest splitting response from any

treatment.
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Table e. Percentage of spl1t oalyces for oold treatments
of 1 and 3.nights at bud stages from 12 to 26 weeks
after pinohing.

Weeks after Peroentage of full
Treatment pinohing splits

1 cold night 12 33.3
13 31.8
14 45.8
15 37.5
16 29.2
17 26.1
18 30.0
19 34.8
20 34.8
21 52.2
22 17,4
23 16.0
24 20.8
25 17.4
2S 34.8

3 oold night s 12 20.8
13 25.0
14 21.7
15 16.7
16 45.8
17 54,2
18 15.8
19 33.3
20 33.'3
21 45.8 .
22 30.4
23 28.8
24 50.0
25 29.2
26 18,2

Qheok A -- 66,7
Oheck B - 40.0
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EFFECTS OF CONSTANT AND VARIABLE DAY

TEMPERATURES WITH LOW LIGHT INTENSITY

Experiment 3:--Variable temperature treatments

during the period September 15 to Ootober 29, 1951 produoed

no fully split calyces.

Table 4 gives the number of flowers and the per­

centages of paTtially split calyoes per treatment. Treat­

ment 8 (144 hours' at 500 F with low light, 72 ho~rs at 85

to 60° F with normal light intensity, then moved baok into

the SOD F and low light intensity for 120 hours before

being returned.to the carnation house) produced 25.0 per

cent partially split calyoes. Second highest peroentage of

partially split oalyces (14.3 per cent) was produced by

treatment 5 (36 hours at 50° F with low light, then moved

directly to 85° F). The oheck plants had 9..9 per cent

partially spIi t oalyces.
o

Experiment !:-Two treatments of 50 and 55-60 F

with low light intensity were placed in the chambers

February 15, 1951, at a bud stage prior to calyx opening

and left for 47 days. The thermostat stuck in the SOO F

ohamber and froze that treatment 13 days after the treat­

ment began. The 55-SOo F treatment produced 31 flowers,

45.2 per cent of whioh had split calyoes, while the oheck

treatment produced 38 flowers and only 18.4 per cent

splits.



Table 4. Percentage of partial splitting for variable
temperature treatments at calyx-opening bud stage durin
the period from September 15 to, October 29, 1951.

Treatment!.!!

Per cent of
Number of partially

flowers split calyoes

1. 24 hra. at 50° F

2. 72 hra. at 50° F

3. 168 hrs. at SOO F

4. 24 hra. at 50° F, 92 hra. at
50-750 F, and 48 hra. at
50° F

5~ 36 hra. at 50° g, and moved
directly to 85 F .

6. 96 hrs6 at SOO F, f:i4 hI's. at
85-60 F, and 24 hra. at
SOoF

7. 96 bra. at 500 F, 24 hra. at
85~eoo F, and 48 hra. at
soor

8. 144hrs. at 50° F, 72 hra. at
85-60° F t and 120 hra. atsoor

9. Check

83

63

45

84

77

87

95

36

SO

8.7

4.5

10.7

8.0·

11.6

25.0

9.9

/a All treatments reoeived low light intensity while in
SOO F chambers.
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Experiment £:--When 11 uniform buds at the

calyx-opening stage were subjected to constant temperatures

of 50 and 55° F with low light intensity for 7 days, the

trend was toward more splitting at the 55° F temperature.

However, the differenoes between treatments and the check

were not notioeably different. Table 5 gives the per­

centages of split oalyoes for each treatment.

Table 5. The effects of 7 oonsecutive 0001 days with low
light intensity when selected carnation buds were
treated at the calyx-opening stage.

Number Number Percentage of
Trea,tment plants flowers split calyces

Seven days at 50° F 4 11 18.2

Seven days at 5So F 5 11 23.1

Oheck 10 32 15.6

Experiment 6:--Treatments of buds at the oalyx­

opening stage for 4 and 5 days at 50 and 55° F with low

light intensity produced no consistent differences be­

tween treatments (Table 6). All treatments exoept one in­

creased calyx splitting over the untreated check.
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Table 6. The effeot of 4 and 5 conseoutive days of low

temperature with low light intensity when seleoted oar­
nation buds were treated at the oalyx-opening stage.

Number Peroentage
Treatment Date flowers of splits

Four days at 50° F April 19 35 0.0
Five days at 500 F April 19 37 5.4

Four days at 55° F April 19 36 8.3
Five days at 55° F April 19 37 24.4

Check 35 0.0

Experiment l:--oarnation plants subjected to

various intermittent 50 and 55° F temperatures from

April 2S to May 8, 1952) yielded similar percentages of

split calyces for both temperatures. Untreated plants,

whioh remained in the greenhouse throughout this period,

produoed no splits. Results were not notioeably different

(Table 7).



Table 7. The effect of intermittent temperature treatments
on carnation buds at the calyx-opening stage during the
period from April 26 to May 8, 1952.

Dates of Number Percentage
Treatment treatment flowers split

One day at 50° F A'Oril 26 34 2.9
One day at 5QoF April 26 and 30 34 5.9
One day at 500 F April 2S, 3Q.,

and May 4 36 0.0
One day at 50°F April 26, 30,

May 4, and 8 38 .2.6

One day at 5So F April 2S 36 5.6
One day at 55° F April 26 and 30 35 8.6
One day at 55° F April 26, 30.,

and May 4 37 0.0
One day at 55° F April 26, 30,

}lay 4. and 8 40 2..5

Check 35 0.0

EFFEOTS OF LOW TEMPERATURE, LOW LIGHT',

AND TWO SOIL MOISTURES

Experiment [:--Qarnation plants with buds at the

oalyx-opening stage were plaoed in temperature chambers

Maroh 11, 1951, at 50 and 55-600 F with low light 1ntens­

1ty• One-half 0 f the plants in eaoh treatment were main­

tained at high s011 moisture (0-3 inches of meroury

tension) and the other half maintained at a low soil

moisture (0-9 inches tension). After 41 days in the

chamber the 50° F treatment had produoed only 4 flowers

and no splite. Wi th high moisture, the 55-60° F treatment

produoed 22 flowers, 36.4 per cent of whioh were split.
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With low moisture, the 55-600 F treatment produoed 17

flowers, 23.5 per cent of which were split (Table 8). The

55-60° F treatment produced significantly less splits than

the untreated checks which remained in the greenhouse

(Table 9). During the period from March 11 to April 21

the night temperature in the greenhouse was 50° F and the

mean day temperature fluctuated, from 52° to 74° F. Re­

sults from the 50° F treatment were insufficient to war-

rant analysis. The differences between moisture levels

were not significant.

Table 8 •. The effect of' oonstant temperature treatments
with low light intensity and 2 levels of 8011 moisture
on the calyx sp11tting of carnation buds treated at the
calyx-opening stage.

Treatments Number of Percentage of
Temperature Madsture flowers split calyces

50° F (constant) High 3 0.0
50° F (constant) Low 1 0.0

55-60° F ~constant) High 22 36.4
55-60° F constant) Low 17 23.5

Check (50-74° F mean
day tamp•.) High aa 77.3

Oheck ( 50-74 F mean
day temp.) Low 23 69.6
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Table 9. Table of variance for effeots of low temperature,

low-light, and 2 soil moistures.

Variation Sums !lean
due to: D.F•. Bauares sauare

Blocks a 0.0704 0.0352

Treatmentsa 1 2.1421 2.1421

Mo1stures 1 0.0752 0.0752

Moistures x
treatments 1 0.0310 0.0310

Error 6 1.'5314 0.2552

F­
vaJ.ue

8.'3938*

Total 11 3.7093
~ The 5Qu F treatment was left out because of insuffioient

resulte •

• Exoeeds the 5 per oent level

Oorrelation of calyx splitting~~ day ~­

perature: -Table 10 gives the mean daY temperatures in the

oarnation greenhouses at Fort Oollins, 0010 xado , for 12­

and 24-hour periods from February 22 to Yay 9, 1952.

Daily reoords of the produotion of split ceJ.yces on 216

Frosted Pink Patrician carnation plants are also included

in this table.

During the period from February 24 to March 31,

there are oorrelation ooefficients (Table 11) of 0.5853

and 0.5970 between Bplit oalyoes and the 12- and 24-hour

mean day temperatures, i.e., for the day the splitting

ooourred. These data shoW' that the higher the temperature,

the more splits were produoed. Oorrelation coefficients
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Table 10. The daily oocurrence of split calyoes on 216

carnation plants and the mean daily 12- and 24-hour tem-
peratures recorded in the greenhouse at Fort Collins,
Colorado, during the period from February 22 to May 9,
1952.

Mean 12 Mean 24 Kean 12 Mean 24
No. hr. day hr. day No. hr. day hr. da-y

Date split temp. temp. Date split temp. temp.
Feb. April

22 -- 61.3 56.1 1 3 60.2 56.2
23 -- 57.0 5:4.4 2 11 63.2 57.9
24 4 57.4 54.5 3 11 61.5 57.1
25 4 57.0 54.6 4 15 63.0 57.6
26 4 59.7 55.3 5 12 64.6 58.7
27 2 61.3 56.5 6 23 69.1 61.5
28 5 63.8 57.9 7 24 72.2 63.8
29 13 60.3 56.1 8 4 68.9 62.7

lla:c. 9 4 54.5 52.6
1 4 57.7 54.0 10 1 59.4 55.5
2 4 56.1 53.7 11 5 62.8 57.2
3 3 56.0 55.4' 12 2 56.8 54.2
4 5 59.4 55.6 13 4 61.7 56.4
5 2 57.0 54.4 14 1 61.7 57.1
6 1 60.7 56.3 15 3 64.4 59.4
7 4 60.8 56.8 16 9 60.5 56.7
8 3 59.3 55.6 17 1 61.0 57.1
9 12 64.9 58.9 18 7 69.7 62.8

10 10 60.1 55.9 19 16 73.9 64.8
11 7 59.'4 55.5 20 12 73.2 64.4
12 1 58.3 54.8 21 10 69.4 62.5
13 3 57.0 54.1 22 3 54.5 53.3
14 2 57.6 54.3 23 5 57.8 54.7
15 a 59.4 55.5 24 4 67.5 61.0
16 7 59.'4 55.0 25 11 71.9 63.8
17 3 61.6 58.8 2S 11 71.5 63.6
18 16 59.8 57.8 27 14 79.5 68.6
19 10 65.7 61..1 28 8 78.0 67.6
20 14 59.6 58.3 29 5 66.5 60.7
21 2 55.0 54.4 30 1 61.0 57.2
22 2 52.0 51.5 Kay
23 7 56.1 53.9 1 5 65.5 59.3
24 4 59.9 55.8 2 4 72.8 64.5
25 4 56.4 53.8 3 4 77.5 67.8
2S 11 60.3 56.0 4 5 77.8 68.3
27 14 62.7 57.1 5 5 78.8 68.8
28 17 64.0 57.9 6 4 74.3 67.0
29 17 06.9 59.'5 7 2 69.9 63.5
30 6 61.3 56.8 8 - 72.8 65.6
31 7 64.3 58.7 9 - 70.8 63.5

TotaJ. 509
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for the same period of splitting, but with the temperature

the day previous to splitting were 0.6949 and 0.5056.

These correlation ooefficients are significant to the 1

per oent level. Correlation coeffioients for the tem­

perature two days before splitting were not significant.

The period from April 1 to May 8 showed significanoe

at the 5 per oent level for the la-hour mean temperature

for the same day the split calyx ocourred. No signifi­

oance was shown for temperature correlations for 1 and a
days previous to splitting.

Table 11. Oorrelation coefficients for number of split
oalyces and the mean 12 and 24-hour day temperatures
in the greenhouse for the same day, 1, and 2 days
before the calyx spli~ occurred.

Period of
time

Oorrelation coefficient
Day of la-hour 24-hour

correlation mean day temp. mean day temp.

~
Feb. 24 to~
April 1,
1952

~
APril 1 to~
May 8,
1952 _

Same day
1 day before
2 days before

Same da.y
1 day before
2 days before

0.5853··
0.6949*·
0.1624

0.3421·
0.1116
0.1343

0.5970*·
0.5056··
0.1098

0.2892
0.0812
0.1861

• Significance at 5 per cent level
•• Significance at 1 per cent level



Ohapter V

DISOUSSION OF RESULTS

Many faotors have been suggested as probable

causes of oarnation oalyx splitting. The faotors Which

affeot carnation oalyx splitting appear to be common to

all greenhouses within a given area. Calyx splitting in

the Denver-Fort Collins, Colorado area starts in October

and inoreases until late February, when the first peak

splitting period 1s reached (Figs. 2, 4). Since splitting

OOOUTS at the same time of the year in Denver and Fort

Oollins, although the methods of growing. (watering, fertil­

izing, soil, time of planting, looation of benches, etc.)

are not the same, it appears that some faotor or factors,

other than growing methods, cause oalyx splitting. The

factors most likely to be common to greenhouses within a

given area are temperature and light oonditions.

In all research covered in the review of lit­

erature, the reoords for oalyx splitting were taken on the

total per oent of split oalyces on flowers cut over a

period of 'several months. Individual oalyoes were found

to split. any time from the calyx-opening stage to approxi­

mately 5 days befoxe the flower was cut. Calyces that

split on the same day may be out over a period of at



least 15 days, depending on the temperature under whioh the

plants axe growing.

Oorrelation of mean 12-hour day temperatures with

the occurrenoe of splitting (Table 12) indicates that

periodio high temperatures the day of splitting and, under

some temperature conditions, the day before splitting 00­

curred, are faotors whic~ cause the calyces to split.

Low night temperatures for 1 or 3 oonsecutive

nights at any bud stage from flower bud initiation to

cutting of the flower, had no significant effeot on

splitting. Variable, and low intermittent day temperatures

seemed to have no effects on splitting. The treatments of

variable day temperatures during September and Ootober

pDoduoed no splitting. This suggests that carnations may

require a 0001 preconditioning period ·before splitting may

OCOUl.'.

Oonstant temperatures of 55-600 F from oaJ-yx­

opening bud stage to the time flowers were out showed a

significant reduction in sp1.1tting over the check treat­

ments whioh remained in the carnation greenhouse (Table a).

However, a similar treatment earlier in the spring pro­

duced more split calyoes on the plants in the temperature

ohamber than on the check plants (Exp. 4).

All temperature treatments exoept one showed in­

signifioant and inconsistent results. Two probable factors

which may have affeoted the results are the small number of



plante and flowers per treatment, and the retarding effect

of low temperature on the plant, growth-rate. After buds

of a uniform stage are given different temperature treat­

ments, the buds in eaoh treatment are in a different stage

of development. When returned to the greenhouse, periodio

high temperatures could affect the buds from one treatment

and not those from another. The treatment in which the

calyces are at the stage susceptible to splitting would

show the highest peroentage of splits.

Timing of flower production probably has a lot

to do with the wide disagreement in reported causes of

oarnation calyx spI1ttlng. Any "treatment which causes a

change in the flowering time of oarnation plants could

change the production of splits by those plants. If per­

iodic high temperatures are the cause of splitting, the

treatments which are at the proper stage for splitting

during the occurrenoe of such temperatures will show the

signifioant results.

Temperature conditions required to produce split

calyoes seem to vary according to the previous temper­

atures. When plants have been growing under warm temper­

atures during the summer and fall, low temperatures seem to

have little effeot on splitting. However, when plants have

been growing during the cool.season, warmer than normal

day temperatures will produce split calyoes. As the

plants beoome aocustomed to warmer temperatures, still



higher temperatures are required to produoe splitting.

Previous temperatures at which oarnation plants have been

growing should be considered when attempting to analyze th

Cause of carnation calyx splitting. Eaoh variety or indi­

vidual selection within a variety will be effeoted dif­

ferently by the same set of temperature oonditions.

From the results of this investigation it is

postulated that carnation calyx splitting 1s caused by

fluotuating day temperatures. Temperatures which cause

splitting will vary acoording to the previous temperatures

. under which the plants have been growing. Other faotors

that have been reported as causing splitting are related

to splitting only as they affect the growth and qUality of

the oarnation.

Theoretioally the oontrol for oarnation oalyx

splitting would be oareful control of the temperatures

within the greenhouse, allowing no sharp rises or drops in

temperature. Temperatures should be maintained within a

few degrees of the mean of the previous day.

Suggestions for further 1nvest1gation:'--The

techniques of gathering data for correlation of actual

splitting with the mean temperature should be refined.

This oould be done by caloulating the per cent of split

c~yoes of the potential oalyoes that could split e~oh day.

To make the oaloulation of the potential number of oalyoes

that could split the following data would be needed:
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date of calyx opening, date of calyx splitting, and date

flower is cut. This sort of study would require a steady

produotion of at least 56 flowers per week from Ootober

to June. Aocurate correlations could then be made on

temperature-splitting relationships at any specific bud

stage.
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Chapter VI

SUMMARY

Preliminary investigations were made to determine

the effeots of temperature relationships on oarnation oalyx

splitting.

1. Oarnation calyx splitting started in the

Denver- Fort Oollins, Oolorado area in

October and increased until late February,

when the first peak splitting period oc­

curred. Two more splitting periods fol­

lowed at about 4-week intervals. This same

pattern of splitting was evident from

1948-51.

2. The actual splitting of the oalyx ocourred

from 1 to 12 days after calyx opening

(average 4.46 days).

3. Low minimum night temperature treatments of

40° F for 1 or 3 oonseoutive nights at

weekly intervals from flower bud initiation

to flowering produced no inorease in

splitting.



4. Oonstant temperatures of 55-60° F from

calyx-opening bUd stage to flowering showed

significant reduotion in splitting over the

check. The check treatment remained in the

'carnation house where the mean day temper­

ature varied from 52 to 74° F. All other

temperature treatments showed insignifioant

or inconsistent results.

5. There was a signifioant positive oorrelation

between splitting and the mean day te~

peratures on Whioh splitting oocurred, i.e.)

the higher the mean day temperature the

greater the number of splits.
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APPENDIX A

The following investigations were oarried on

simultaneously with the temperature treatments.

~~ whioh oalyx sp1its:--In an attempt to d

termine directional influence on oalyx splitting, the pos­

ition of the separation of the calyx tube was reoorded ac­

oording to the 4 points of the oompass. These reoords in­

volved 372 split calyoes on an outside north bench during

the 1950-51 season, and 509 split oalyoes on a south bench

(second in from the side) during the 1951-52 season. A

Ohi-square "goodness of fit" test was used to analyze the

results.

The separation in the calyx was found. to oocur

most often on the north and west sides. during the 1950-51

season. The following year, reoords on the second bench

in from the south side of house showed that the largest

amount of oalyx splitting oocurred on the west and south

sides of the calyx. Table A gives the observed frequency

of splitting and the Ohi-.quare values. Signifioant dif­

ferences are shown in the first year' 8 records on the

north benoh. The side of the bud nearest the outside of

the greenhouse seems most prone to splitting.



Table A. Observed directional frequenoe of splitting and
the-Chi square values.

Year Benoh
Side on whioh split oocurs -2
North South last 'est X- p

1951 Borth 150 91 70

1952 Second from
the south 98 loa 74 109 7.235 .068

··Signifioant to the 1 per oent level

Diurnal movement of lli bud while the oalIX 1s

opening: -To determine if the bud turns while the oalyx

opens, time-lapse photography was used on 3 buds of rrosted

Pink Patrioian over ~ 24 hour period. Ten 16 mm movie

frames were taken every 10 minutes. The time-lapse fllm

taken over a period of 24 hours showed no diurnal movement

of the buds.

Inherence of spllttlng:-J'rom the 1950-51 studies

on Frosted Pink Patrioian 12 plants which had produoed no

split oalyces and 12 plants whioh had split all oalyoes

during April and Kay were planted in a benoh and splitting

reoords kept from rebruary to Kay 1952.

The non-8plitting plants produoed 11.3 per oent

split oalyces, while the splitting plants had 29.a per cent

split 9alyoes during the period from rebruary to May. The

results appear in Table B. The seleotions within the

vartety varied widely in their splitting tendencies.
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Table B. Peroentage of splitting for seleoted non­
splItting and splitting plants held over tor a seoond
year's produotion.

Number of
Peroentage Peroentage

Perc entage partially fully
Treatment flowers not split split split

lon-splitting
plants durin,
the spring 0
1951 71 53.5 35.2 11.3

Splitting
plants during
the spring of

29.21951 72 5.9 63.9
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