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Chapter I 

INTRODUCTION 

The environment can be subdivided into two parts--

1 

internal and external. The internal environment for gene action is 

the cell and its physical and chemical make up (94). The external 

environment consists of the surrounding air, the soil, numerous pests, 

diseases, viruses, radiation in all its forms and manifestations, the 

physical effects of neighboring plants, and many other factors. 

For many years investigators in the field of plant 

physiology have recognized the fact that the environment influences 

plant growth (1, 7, 28, 75, 76). It became apparent that even slight 

differences in external environment may affect certain morphological 

factors. However, the same alteration may not produce the same 

effect under a different environment (92, 94). 

Intensive investigations on the effect of temperature on 

respiration, and many morphological factors have been 

The role of light in such physiological processes as 

photoperiodism, and photosynthesis have been 

· vestigated. At the present time investigations on the quality of 

and light energy relationships are being studied for their 

on plant growth. 

problem 

Should day temperature be correlated with sea~onal 

ariations in light to obtain optliftum carnation growth? 



Problem analysis.--To facilitate the investigation of the 

effect of solar energy and day temperature on carnation growth these 

different factors were measured: 

1. Amount of solar energy ths plants receiveo 

2. Yield 

3. 1-'lean grade 

4. Flower production 

5. Green weight and dry weight comparisons 

6. Cut flower keeping life 

7. Internode length 

8. Stem strength 

9. Leaf length 

10. Leaf width 

11. Flower volume 

11 

DelL~itations.--This investigation will be lli~uted to the 

study of light intensity and its effect on Wnite Sim and Red Gayety 

carnations grown m1der different temperature combinations. Effects 

of night temperature -vdll not be investigated. The day temperatures 

will be l~nited to a range recon~ended by previous investigators, 

especially those carried on in the temperature controlled greenhouses 

at Colorado State University. The changes in temperature will be 

arbitrarily set by selecting periods in the fall and spring that have 

equal amounts of solar energy. 

No attempt will be made to measure the carbon dioxide 

content of the different compartments even though the amount of fresh 

air circulated through them \dll vary. Soil fertility and moisture 

will be kept as constant as possible. 
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Definition of terms 

Slabsided flower--A flower that does not open properly on 

one side. This is caused by the formation of a small auxiliary whirl 

of peta.loids. 

Bullhead flower--A flower having several auxiliary whorls 

of peta.loids. 

Mean grade--A quality index obtained by assigning the 

following values: fancy-5; standard-4; short-3; and design-2. 

Solar energy and light--The meanings of these two words are 

so closely related that they may be used interchangeably. 

Background 

In Colorado and many other areas of the United States the 

size and quality of carnations decreases with high summer tempera­

tures, thus reducing their saleability (55, 66)o In the past few 

years the fan and wet evaporative pad cooling system has been used to 

cool greenhouses and to lessen the number of poor quality flowers. 

However, this method of cooling has an adverse effect on the quality 

of the ~~ter and spring crops by producing a large number of breaks 

during a period of decreasing solar energf (43, 44). 

Better quality and greater yield are the goals of the 

carnation industry. Therefore the factors affecting quality and 

yield should be thoroughly investigated. Of these factors two of the 

most important are light and temperature. 

According to Bonner (12) and Shirley (76), all physiological 

processes are directly or indirectly influenced by light and tempera-
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ture, with light being the more important. However, it is difficult 

to separate their effects on plant growtho 

Recent advancements in temperature control equipment have 

made it possible to regulate temperature to plus or minus one degreeo 

Slight modification to further increase sensitivity and control has 

allowed for greater accuracy in studies of temperature on specific 

crops. As these studies progressed it was found that no one 

temperature would give optimum growth of carnations the year aroundo 

Follm·dng two years of day temperature research on carnations, Hanan 

(36, 38) postulated that day temperature should be correlated with 

seasonal solar energy. 



Introduction 

Chapter II 

REVIEW OF LITERATURE 

Although the concepts of growth analysis were first 

formulated more than forty years ago there is little information 

available at the present time on the relationships bet·ween growth 

14 

and development a.nd seasonal changes in light intensity and 

temperature. The tomato is the only plant on which continuous 

records for growth under greenhouse conditions have been kept. These 

records included variations in net assimilation rate and the relative 

growth rate for plants at a. comparable stage of development (34). A 

number of other workers (35, 91, 95) have linked variations in growth 

with fluctuations in environmento 

Any attempt to cover all facets of light and temperature 

and their effect on plant growth would be impossibleo This review 

will be limited to light and temperature factors directly related to 

this study. 

Previous temperature recommendations 

The recommendation of one specific temperature for all 

carnation growing areas would be impossible due to the use of 

different varieties and environmental conditions. Ball (3) 

recommended a night temperature of 50° F. for carnations, but he felt 

it was advisable to have a slight fluctuation of day temperature 

depending upon the amount of light available. For cloudy days he 

recommended 58° F. and for clear, sunny days 62-65° F. 
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Kiplinger (51) and Laurie and Kiplinger (55), stated that 

during the heating season some growers kept their day temperatures at 

4SO F. to 50° F. the same as their night temperature. If cloudy 

weather continued for several days during the winter the temperature 

should be decreased to 46° F. 

Post (66), however, felt that lli~der periods of high light 

intensity carnations grew best \vith a night temperature not over 50° 

F. The day temperature recownended for clear days was 10 to 15 

degrees above the night temperature, and on cloudy days 5 to 10 

degrees above the night temperature. He said that during periods of 

high light intensity air temperatures were not undesirable until they 

exceeded 90° F. 

According to Schmidt (72) each of the major factors 

affecting quality had a specific optimum night temperature. He 

obtained results indicating that cooling the day temperature to 60° 

F., when light was not a limiting factor, might reduce yield (71). 

In later experiments he concluded that a night temperature of 52° F. 

would be the best for commercial practice (72)o 

Hanan (38, 41), working with four different continuous day 

temperatures, stated that neither yield nor dry matter production of 

carnations was affected by temperatures between 60° to 75° F., but 

that they were in direct relationship to the amount of solar energy 

received. He found highest cut flower quality on plants grown at 60° 

F., with quality related to light intensity and age of the plant. 

His final postulation was that higher quality carnations might be 

maintained the year around by correlation of day temperature with 

light intensity (36). 
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Holley (42) had previously recommended a temperature not to 

exceed 65° F. as a means of coping with soft growth during periods of 

low light intensity. 

Later Holley and Hanan (47) gave the following recommenda­

tions: (a) during periods of high light intensity, March 15 to 

October 1, a day temperature of 700 F. should be maintained when 

possible; (b) from October 1 to November 15 the temperature should be 

dropped to 65° F.; (c) during the period when light is lowest, 

November 15 to Februar.y 1, the day temperature should be set at 60° 

F.; {d) with increasing light from February 1 to March 15 the 

temperature should be increased to 65° F.; (e) night temperature from 

October 1 to March 15 should be 50° or 52° F. The remaining part of 

the year, outside temperature permitting, the night temperature 

should be 54° F. 

Effects of day and night temperature 

Photosynthesis.--Blackman, as noted by Dorland et.al. (26) 

and Shirley (77), in 1905 found that under certain conditions photo-

synthesis cannot be accelerated by increasing the light intensityo 

Photosynthesis continues to increase with light until secondary 

effects such as the following set in: (a) high temperatures brought 

about by increased light; (b) the over-acc~~ulation of photosynthate 

in the leaves resulting in a reduction in photosynthesis; (c) water 

deficit causing closure of the stomata; or (d) some other internal 

factor (76, 77, 81). 

Bohning (10) states that the length of time the initial rate 

of photosynthesis can be maintained in apple leaves exposed to 



continuous illumination will be influenced by the intensity of 

illumination and previous history of the plant. Other investigators 

(l, 12) have found that under continuous illumination certain crops 

have a rapid initial rate of photosynthesis which decreases with 

time. It has also been found that a flashing light of a given 

intensity produces more photosynthate than a continuous light at the 

same intensity (15). 

Many investigators (13, 31, 33, 59, 81) have found that 

photosynthesis is a two-step reaction. The first reaction is a non­

photochemical reaction, which may be carried out in either the 

presence or absence of light. Many refer to this reaction as the 

ttBlackman reaction n, or the 11dark reaction". Some of these 

investigators seem certain that there are several "dark reactions 11 

involved in photosynthesis. The second is a photochemical reaction 

which proceeds only in light. This reaction has been termed the 

"Hill reaction" or the ttchloroplast reactionu, a mechanism whereby 

the light energy absorbed by chlorophyll is converted to chemical 

energy. 

Light, besides being the energy source for assimilation of 

carbon dioxide in the photos~~thetic processes, has many other known 

functions in plants. It affects the permeability of cell membranes 

(91), the physical and chemical properties of photoplasm (87), and 

the development of stems, leaves, and other plant organs (63), along 

~~th many of the reproductive processes (27, 64). 

17 
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Temperature.--Early assumptions were that all photochemical 

reactions of plants proceed faster at low temperatures. This was 

brought about by high values of ~O at low temperatures, a common 

occurrence in biological processes (11, 81). Various authors 

(28, 29, 67, 82) point out that the photochemical reaction utilizes 

light energy and is unaffected by temperature, while the enzymatic 

reactions exhibit varying Q10• The temperature range for the 

enzymatic reactions is similar to the range for respiration. ~Vhen 

the light intensity is high enough to cause the enzymatic reactions 

to become limiting, the effect of temperature on photosynthesis is 

evident. However, at low carbon dioxide concentrations diffusion 

rocesses may become important (18). 

Temperature also influences many other plant responses such 

s growth, flowering, leaf size, and stem elongation. Many 

·nvestigators (6, 17, 26, 36, 57, 85, 92) feel that night temperature 

as the greatest effect on these responses because a majority of the 

ugars and water are transported to meristematic regions during the 

ight. 

In a few cases night temperature in excess of the day 

emperature gives better plant growth (66, 93), but for the majority 

f plants already studied such as sugar beet (85), tomato (6, 93), 

hili pepper (26), apples (73), and some California annuals (57), the 

ptimum night temperature is below the optimum day temperature. 

Boodley and Seeley (14) grew the rose varieties Better 

Golden Rapture, Peter's Briarcliff, and Lily White, under 

tandard and adjusted night temperatures for four seasons. During the 

irst three seasons the ni ht tern erature was ad"usted to 60° F. 
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following clear days and 55° F. following clouqy days; the fourth year 

they increased both temperatures five degrees. The sta~dard night 

temper~ture was 60° F. regardless of the previous weather conditions. 

They found that decreasing the night temperature only decreased 

plant growth and yield with the keeping quality the same for both 

treatments. They concluded that it was desirable to maintain a 

standard night temperature during the fall, winter, and spring 

regardless of light intensity for the previous day. 

Miller (60) carried out a similar experiment on snapdragons, 

and found an increase in growth a.nd quality when the night 

temperature was raised following sunny days. 

Light investigations 

Investigations concerning the influence of light on plants 

have been directed in two ways: (a) the effect of different 

intensities of illumination, and (b) the influence of different 

frequencies or wave lengths. 

Light guality.--In this investigation the only concern will 

be light frequencies within the greenhouse. Kohl (54) has found that 

new greenhouse glass transmits light of 3250 A0 to 20,000 A0
, which 

was the limit of his instrument. He found that 85 to 90 per cent of 

the visible light was transmitted through glass. 

Curtis and Clark (20) found that light used as an energy 

source for photosynthesis was correlated with the absorption bands 

for chlorophyll. Effective photosynthesis in the red region was high, 

agreeing with what was expected, but the high rate of photosynthesis 

in the green region, and the low rate of photosynthesis in the blue 
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region were not expected. In a few of their experiments where 

neither carbon dioxide nor temperature was limiting, red light was 

the most effective in photosynthesis, blue light was some\vhat less 

effective, and green light was still less effective. The low 

effectiveness of green light is due to the large amount that is 

reflected by the chlorophyll. Ultraviolet light of wave lengths 

less than 2900 A0 was distinctly injurious. In general, ultraviolet 

light may be stimulating to plant growth above 2900 A0 (2, 96). 

Popp (65) found that plants receiving the complete 

spectrum of light differed only slightly from plants receiving all 

light except ultraviolet. He stated that ultraviolet is not 

indispensible, and the blue-violet range of the visible spectrum is 

necessary for normal growth of chrysanthemum, begonia, fuchsia, 

beet, cucumber and potato. 

Shirley (76) found that production of dry matter for Geum, 

Galinsoga, sunflower, and buckwhaat under the complete solar spectrum 

was higher than for any portion of it. No light condition 'tvas more 

advantageous for norma.l growth of Zinnia and Kalanchoe than daylight 

(50). It has been concluded by Crocker (19) and Popp (65) that no 

light source or combination of colored light has proven superior to 

the full spectrum for plant gro~~h. 

Recent studies of light quality have been on the amount of 

energy from different light sources and the amount of energy used in 

photosynthesis, and have little bearing on this investigation. 

Light intensitr.--There are many factors affecting the 

light intensity received at the earth's surface, but dust and water 

va or are the two major obstructions which decrease the intensity. 



Even 1~th these obstructions the earth intercepts 5 x 1020 

kilocalories per year. At any location in the United States the 

sun's energy reaches the earth at a rate of about one cal./cm.2/min. 

(22). 
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Taut and Loomis (84) stated that plants grown in varying 

intensities of light from full s~~ to darkness show characteristics 

and well known differences in growt.h and development. The most 

common of these characteristics are decrease in the percentage of dry 

matter, elongation of the internode, and loss of chlorophyll when 

light becomes very limiting. 

Schrader and Marth (73) found that the red color of apples 

shaded with bags decreased markedly from apples grown in full sun. 

They did offer the possibility of temperat ure differences between 

the bagged fruit and unbagged fruit having some effect on color as 

well as size. 

Shirley ( 76) gave evidence that during the \rinter the dry 

weight produced by plants was directly correlated with solar energy 

received in the greenhouse. He also stated that during the summer 

some plants were capable of more efficient use of light at higher 

intensities. The plants us ,~d were d1•farf sunflower, peanut, buckwheat, 

loblolly pine, tomato, tobacco, California redwood, and wandering Jew. 

Carnations respond most favorably to light intensities of 

1500 foot candles or more (42, 77)o Temperature becomes increasingly 

important in the production of carnations when light intensity 

decreases (76). Under low intensities of 100 to 200 foot candles, 

carbohydrate production can easily be exceeded by loss due to 



respiration. This helps to account for the poor yield and quality 

of cut flo1-vers obtained by careless growers. 
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Some investigators (18, 23, 38, 56) have found that for 

each increase in light intensity there is an increase in yield. This 

statement seems valid for carnations grown under greenhouse conditions 

unless carbon dioxide nutrition or some other factor is liiT~ting. At 

different times throughout the year carbon dioxide or nutrition may be 

the factor controlling yield. 

Shantz (75) found little or no reduction in growth of 

radishes, lettuce, corn, potatoes, cotton, and mustard when the light 

was reduced by one-fifth that of full sun light. He used general 

appearance of the plant, number of nodes, fresh weight, and height 

as a measurement of growth. He commented that light one-fifteenth 

that of full sun caused a marked reduction in the rate of grovrth. 

Effects of light and temperature on plant anatomy 

Arthur et. al. (1) in slUnmary stated, "Unless all factors 

are controlled, any attempts to measure a single factor as a 

causative agent of a particular development of the plants would seem 

to be mainly speculative." In other words, a plant's responses may 

be very evident under one set of environmental conditions and be 

unnoticed under a different environment. 

Effect of temperature .9.!:!. plant anatomy.--Honsalise (38) 

found that decreasing temperatures caused carnations to have increased 

flov.rer size, wider leaves, and more rigid stems with decreasing stem 

length. His results agreed closely vnth those of Hanan (38). Hanan 

also found increases in color, internode length, percent of d.I7 
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matter in stems, and fresh weight of fancy and standard grade 

carnation; along with a decrease in stem length and a progressive 

delay in flowering with lower temperatures (38, 41). He found that 

flowering was hastened only slightly and quality redur:ed markedly by 

raising the day temperature during the winter to increase production 

for good market periods. When the day temperature was increased to 

70° F. or more it caused a reduction in cut flower weight. There 

were no measureable differences in yield (36). 

Holley (43) has given evidence to show that summer carnation 

growth can be hastened as much as four to six weeks between crops, 

and two weeks from planting to pinching by using an evaporative pad 

and fan cool~~g system. He also stated that this cooling suppressed 

the apical dominance (44), promoting early grovrth of lateral branches. 

Lou temperatures give tomato foliage an increase in color and make 

the leaves small and fleshy (4). 1r{ent (93) found that flovrering is 

usually hastened by an increase in temperature. He has also shown 

that the leaves of chili peppers become yellow at high temperatures. 

Many investigators state that higher temperature increases the rate 

of stem elongation (4, 6, 17, 26, 93). 

Effect of light .2!!. plant anatomy .--Shirley (77) has shown 

that as light is decreased, tomato leaves become thinner, and under 

low intensities the palisade tissue decreases from two to one layer, 

~mile the intercellular spaces are increased slightly. The chloro­

phyll content increases with decreasing light intensities until a 

critical intensity was reached. This increase was more pronounced 

when considered on the basis of leaf area. 



At low light intensities the production of dry matter for 

buckv.rheat and sunflov.fer is almost directly proportional to the 

intensity received up to about 20 per cent of full sun light (77)o 

The percentage of dry matter in the tops, the ratio of dry matter of 

the roots to dry matter of shoots, the number of lateral branches and 

the strength of stem all incre,ase with increasing light intensity. 

Shirley (77) stated that first flowers were produced in about the 

same time under all light intensities unless the light was so low it 

seriously injured gro~h. There was no appreciable delay in the tin1e 

of appearance of the first flower when shade was used, but maximum 

flower development occurred earlier on plants receiving higher light 

intensities. Insufficient light causes an elongation of lateral 

branches without originating any new side breaks. Similar symptoms 

are also associated with a lack of available nitrates (49). 

The amount of vit~~n C found in plants is directly or 

indirectly influenced by the amount of light and activity of the 

chloroplast. Light appeared to be essential also for the synthesis of 

a substance other than ascorbic acid Which is concerned with the 

expansion of the leaf blade (21, 69). 

Effects of light and temperature ~ color.--Many 

investigators (5, 9, 52, 66, 68, 86) agree that temperature and light 

effects anthocyanin concentration, and that lowering the temperature 

favors anthocyanin production. This effect could be due to the 

increased concentration of carbohydrates when light is increased and 

temperature is decreased. Onslow (62) has shown that anthocyanin was 

produced only during light periods when photosynthesis was actively 
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Schmidt (72) found an increase in light intensity along 

with an increase in temperature from 48° to 54° F. gave increased 

carnation color. Bonner and Galston (13) in agreement with Uota (86) 

found a decrease in color vdth a decrease in solar energy. 

The color of carnations may vary without decreasing sale­

ability. Only when the flower is disfigured does color become a 

serious problem. 

Malformation of carnations.--Malformation of certain 

carnation varieties is to sorrte extent an inherited characteristic 

(88), which can be accentuated by enviro11mental conditions. The 

calyx splitting problem has two different concepts. Wagner (89) and 

Hagner and Holley (90) state that erratic variations in day 

temperature causes splitting. Other investigators (55, 66, 74) state 

large fluctuations in night temperature caused splitting. Recent 

investigations (48) carried on at Colorado State University gave an 

insight into the complexity of the malformation problem. The 

production of malformed flowers can be associated with the age and 

vigor of the plant, temperature relations, time of year, and the 

variety of carnations. Usually plants produce mort: malformed flowers 

during their first year of growth than in the second. Certain 

temperature relations seem to increase the production of malformed 

carnations. These relations are not clearly defined, but 

observations in commercial greenhouses indicate that plants in the 

path of incoming cold air (from ventilators) produce a high percentage 

of malformed flowers. The number of malformed flowers and the degree 

of malformation was correlated with the number of degrees of 

tern erature drop. One observation of a t\velve degree drop showed a 
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significant increase of malformed flowers but no splitting of the 

calyxes was observed. The development of malformed flowers was 

favored by chilling of the bud three to five weeks before the flower 

was cut. The production of malformed carnations is greater during 

certain periods of the year. Malformation was the highest for plants 

in their first year in September, de·creasing in the late November 

and December, with high week to week fluctuations occurring in 

January and early February. The second year high malformation 

occurred in July, September and October. The yield and percentage of 

malformed flowers was found to be different for each variety and 

selections within a variety were different in this respect. 

Cut flower life.--Ivlastalerz (58) found that the amount of 

light and temperature prior to cutting affected the number of days 

flowers would keep. Fairchild (30) also showed that carnation cut 

flmver life was influenced by a combination of light, temperature, 

and humidity. He was not able to separate the effects of these 

factors, but his observations indicated that temperature exerted the 

greatest influence on cut flower life. Even though light is a very 

important factor for plant growth he found that extremely high or low 

intensities did not affect cut flower life. This was not in agreement 

with Knappenberger's (53) findings that the higher the concentration 

of sugars present at the time of harvesting the longer the keeping 

life. 

Fairchild (30) found variations in cut flower life 

gradually rose and fell over periods of several days or weeks. He 

concluded that these were common and were caused by preharvest 
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environment. Some extremely erratic variations in cut flower life 

were correlated with erratic weather conditions. He found no differ­

ence between the keeping life of flowers cut before or after 

watering. 

Dry matter.--Dry weight of barley plants was correlated 

positively with mean day temperature and total radiation (35), but 

negatively with mean night temperature. Eighty per cent of the total 

variation was due to these ~hree factors. The dry weight of oats 

correlated with the mean day temperature (95), with light being 

correlated with day temperature. The percentage of dry matter in 

carnations increased with increasing solar energy, and decreased 

with decreasing solar energy (46). 

Other factors affecting plant growth 

In considering the effects of light and temperature on 

plants there are many other factors that may influence the results 

obtained. The amount of carbon dioxide, water, and nutrients present 

along with the genetic variability (92) and age (17, 32, 67, 79) of 

the plant affect its behavior under a given light intensity and 

temperature. 

The natural capacity of a plant is closely associated with 

the age of the plant. As a plant reaches maturity the speed of many 

internal processes decreases (31, 32, 67, 79). Many of these same 

processes are affected by temperature. Went (93) stated that the 

optimum temperature for growth decreases as a plant matures. Age 

and genetic variability control the production of certain hormones 

that regulate the rate of many important plant reactions. These 
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hormones may be a controlling factor in translocation, transportation, 

and rate of uptake of essential substances. 

There are many unpredictable fluctuations associated ~th 

plants (29). Some of these may be accounted for by natural 

endogenous rhythms (16). 

Many investigators (7, 8, 12, 13, 31, 67) state that 

photosynthesis is affected by light, carbon dioxide, and temperature. 

Some investigators (59, 83) state that normal concentration of 0.03 

per cent carbon dioxide is not sufficient for maximum photosynthesis. 

Carbon dioxide probably becomes a limiting factor in still air. 

Decker (23), working with air flow, found photosynthesis to increase 

as air movement increased. Scarth and Shaw (70) found slow moving 

air resulted in a reduction of the carbon dioxide concentration 

outside and inside the leaf. This was in agreement with Went's work 

several years later (93). 



Chapter III 

lv.LE;THODS Al~D 1~:Jj. TERLilLS 

This chapter is divided into five sections: (a) the 

procedures for measuring solar energy,(b) the greenhouse 

environment that the carnations were grown in, (c) explanation of 

the five experiments conducted in this investigation, (d) the 

procedures for measuring and obtaining results for the various 

morphological factors, and (e) the statistical analysis used to 

measure the results. 

Measurement of light 

Daily measurements of solar energy received at the Lake 

Street greenhouse were taken with an Eppley ten-junction 

pyrheliometer mounted on a small platform on the roof of the head-

house. 

During the daylight hours the solar energy from the sun 

strikes the element of the pyrheliometer producing a minute 

electromotive force. This electromotive force is then collected by 

the ten junctions of the pyrheliometer and recorded on a Foxboro 

twenty-four hour recorder. The full scale for the pyrheliometer is 

six millivolts, which equals a reading of one hundred on the 
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recorder. The charts from the recorder are subjected to a planimetric 

analysis with a Foxboro radial planimeter. This converts the charts 

from millivolts to gram calories of heat energy received/Cm2 of 

surface area at that location, during the twenty-four hour period. 



Figure 1.--The temperature research greenhouse at Colorado State 
University. 

The greenhouse environment 

30 

All investigations on the effect of light and temperature 

on carnations were carried ~n in the temperature control research 

greenhouse (Figure 1). It runs east and west and is ~p~roximately 

15 feet <vide and 70 feet long. The interior is di7ided into four 

compartments of equal size. The \vest most compartment is d with 

], .£, and Q run..'1ing on to the east. Hith this orientation of the 

greenhouse, D received more light in the ~nornings while fl 

received more light in the afternoons. B ~'1d C ~~ceived the same 
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amount of solar energy in the mornings and afternoons. Theoretically, 

the compartments would be equal. in total solar energy received. 

Periodic light intensity measurements were conducted -vmen there 

were no atmospheric obstructions. These measurements indicated that 

compartments 12, and .Q received less solar energy than !. and Q. Daily 

variations of atmospheric conditions could cause variations of 25 

per cent in the total solar energy received in the various 

compartments on a given day. 

An opaque wall about 2~ feet high surrounds each compart­

ment. On the north wall of each compartment there is a ventilator 

vmich is hinged at the eave. This ventilator is four feet wide and 

runs the full length of the compartment. \men the ventilator is 

fully open it rests against the top of a 34 inch evaporative cooling 

pad. During the winter, louvers are installed along the bottom of 

the vent to regulate the flow of incoming air, and to mix this air 

with the warm air within the compartments. 

Each compartment contains two benches approximately 42 

inches wide and 12 feet long, and each bench is capable of holding 

126 plants at a six by eight inch spacing. These benches are about 

eight inches a:.;ove ground levelo 

A thermostat control shelter is located in the middle of 

each compartment, about three feet above the ground. The cabinet 

opens to the north and is louvered to prevent sunlight from 

striking the instruments. It ilso allows free passage of air over 

the thermostats. To increase the air movement over these 

instruments a sma.ll fan is located above and to one side of each 
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control unit. Thermostats within these units control the temperature 

to plus or minus 1!° F. of the specified temperature for the given 

compartment. During the summer months a plastic ceiling was used to 

decrease temperature and the volume of air cooled. 

During periods of high temperature and high humidity, the 

desired temperatures could not be maintained, but with the aid of 

baffles the five degree temperature differential was maintali1ed 

between the compartments (37, 39, 40). 

A ferto-jet system was employed to water the pla~ts with a 

dilute solution of fertilizer (45). Additional dry fertilizer was 

applied when periodic soil tests indicated nutrients might not be 

adequate. The plants were \vatered when a Lark tensiometer showed a 

tension of three to five meters of water. This tension varied with 

the season of the year. The higher tension was used during the fall 

and winter, and the lower tension was used during the spring and 

The soil 1'Jas steamed and precautions were taken to prevent 

recontamination. Carnation plants came from the Colorado State 

University foundation stock, which was a part of the pathogen-free 

stock program. After allowing sufficient time for the plants to 

establish themselves, a sterile leaf mold mulch was added to decrease 

evaporation of water, to prevent compaction, and to build soil 

structure"' 

A spray and fumigation program was used to maintain an 

insect free crop. During the spring and summer fumigants were 



33 

-

Figure 2.--Four year average solar energy curve, 1944-1948, fro~ the 
U.S. 1.·Jeather Bureau, Boulder, Colorado, and correlated dates of 
ter;,perature change first used in the it'Jt·::::stigatior1. 

applied every one to t v:o \-veeks, but during the winter longer pr-:riods 

elapsed between ap;J_icatior:s. 

The night ter;:-,per ::.ture was the same in all Co:i:ipartments. 

During the heating se~son (October to May) the night temperature was 

0 
maintained at 52 F. The remainder of the year the night temperature 

was the same as the outside temperature provided it was below the day 

temperature shut-off point for the cooling system. 

The temperature range selected for each compartm~mt is 

indicated in Figure 2, along with the moving mean of solar energy 
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received at Boulder, Colorado, for the years 1944-1948. Further 

temperature alterations were made after one year 1s results had been 

obtained. The 70° F. temperature was decreased to 65° F. on March 

1.3, and in the Q compartment the temperature wa.s decreased to 60° F. 

on September 30, and maintained until the conclusion of the 

investigation. 

The experiments 

This investigation was divided into five experiments. The 

first experiment dealt with the measurement of solar energy. The 

second, third, and fourth experiments were to determine the effect of 

different combinations of day temperature on carnation yield, 

keeping, fresh weight, dry weight, quality, and many other morpho­

logical factors. The fifth experiment was to determine the effect of 

different temperature combinations on the production of drs matter. 

Experiment ~---A 15-day moving mean of the solar energy 

received at Fort Collins, Colorado, was graphed. The amount of 

solar energy received during different seasons of the year, and the 

fluctuation for the two years involved in this investigation was also 

compared. 

Experiment two.--Red Gayety carnations were direct benched 

on June 6, 1958. They received one-and-one-half pinches to give 

steady production. These plants started blooming on October 4, 195So 

Records of the effect of the different d~ temperature combinations 

on the various morphological factors were started at that time, with 

the exception of dry matter accumulation which was started on January 

2, 1959. The experiment was concluded September 4, 1959. 
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Experiment three.--Work was started on September 5, 1959. 

The same Red Gayety carnation plants were used as in experiment two. 

This experiment was to determine the effect of the different day 

temperatures on two-year old plants. Information from the first 

year • s ~work indicated a modification of temperature was necessary. 

Compartments ! and Q continued at the same temperature. Compartment 

~was decreased 5° F. on November 15, 1959,and brought back to 65° Fo 

on March 15, 1960. Compartment Q was lowered ten degrees by 

decreasing the temperature tv;o degrees a day from September 25-30th, 

and remained at 60° F. Until the conclusion of the experiment on 

Ivlay 1, 1960. 

ExPeriment four.--White SL~ carnation plants, which were 

planted into peat pots and handled as a nurse bed for six weeks, 

were planted on May 20, 1959. The same temperatures were used as in 

experiment three. These plants received the one-and-one-half pinch 

method to induce branching and give steady production. They began 

blooming on September 5, 1959, and records were taken until the 

conclusion of the experiment on May 1, 1960. 

Experiment five.--This experiment determined the increase 

in dry matter of Red Gayety carnations grown for twelve week periods 

each year. On September 2, 1959, ten gallons of volcanic scoria 

were fertilized with 6 ozs. of calcium carbonate and 3 ozs. of 

treble superphosphate and then steamed. Twenty crocks were filled 

1~th this rnixture and five crocks, containing ten rooted cuttings 

were placed in each compartment. Zvery three weeks a new set of ten 
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plants were started until four sets of crocks were in each compartment. 

At the end of the twelfth week a set was harvested to make room for 

the next set. 

The Red Gayety cuttings weighed 7 to 9 grams when they were 

planted in the rooting medium. The cuttings for each set of crocks 

were then propagated and placed in cold storage at 33° F. until 

plantedo 

Three weeks after planting they were pinched to the fifth 

set of leaves. These pinchings were dried at 176° F. for 48 hours 

and weighed to the nearest hundreth gram. 

The plants were harvested at the end of t1velve weeks, and 

the roots were washed. The plants were dried and weighed in the same 

manner as the pinchings. The scoria was again fertilized with 

calcium carbonate and treble superphosphate and steamed for re-useo 

The scoria was used a max.imurn. of four times o 

The crocks were watered \~th the same nutrient solutions, 

and at the s~ne time, that the benches were watered. During the 

summer one-fourth teaspoon of complete dry fertilizer was applied at 

the end of six weeks growth. 

Dry matter was determined by adding the dr.y weight of 

pinches and plants and subtracting the dry weight of ten cuttings. 

Measurements 

The following measurements were used to evaluate the effect 

of the different day temperature combinations in experiments two, 

three, and four. 



Yield was the total number of flowers cut from a single 

compartment. 

Mean grade was computed from the total flowers cut four 

times a week and graded in accordance with the Colorado State 

University grading system. This system is comprised of four grades: 

(a) fancy, any large flower \dth no defects and possessing a stem 

length of 24 inches when measured from the junction of the stem and 

calyx, and a minimum weight of 25 grams; (b) standard, a flower 

without defects and having a stem length of 20 inches and a minimum 

weight of 15 grams; (c) short, a flower without defects and having a 

stem length less than 20 inches or a weight less than 15 grams; 

(d) design, all flowers failing to meet the above specifications. 

(38). 

A mean grade was computed by assigning the following 

values to the above grades; fancy-5, standard-4, short-3, and 

design-2. The mean grade could then be used to compare the effects 

of the various treatments. 

Records were compiled on the number of flowers downgraded 

due to the following faults: (a) malformation of the bloom; (b) 

lack of stem length; (c) insufficient weight; and (d) poor flowers. 

Any flower downgraded due to malformation of the bloom became a 

design grade. A flower having a hollow center or a small flower 

with protruding stamens, but having sufficient weight was downgraded 

one grade due to a poor flower. 

37 
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Green weight was obtained by weighing all the fancy and 

standard grade cut flowers to the nearest gram immediately after they 

were cut. 

Dry weight was measured every three weeks. A sample of 

five fancy and/or standard flowers were cut to a standard stem 

length and placed in warm water for an hour or two, after which 

they were weighed and then dried in the same manner as the plant 

samples. 

Cut flower keeping life was recorded when there were 

sufficient flowers available to do so. All flowers meeting the 

requirements of fancy and standard that were downgraded due to lack 

of stem length were used. They were placed in one gallon of warm 

tap water, which contained one-fourth of a teaspoon of disinfectant 

(Steri-Chlor), and held in a keeping chamber maintained at 70° F. 

(~ or - 1°) and a relative humidity of 55 to 75 per cento The 

flowers remained there until they showed a curling of the center 

petals or began to withero One day was subtracted from the actual 

number of days they had been in the keeping chamber and a mean was 

computed for each sample. 

Length of internode was determined by measuring the 

distance between the second and third set of leaves belo'\v the 

blossom. Schmidt referred to this as "Internode B11 (72). 

Stem strength was measured after the flowers had been 

placed in warm water and kept at 33° F. for at least one hour. This 

was done by measuring the number of degrees in the arc formed by the 

bending of an 18 inch cut flower from the horizontal (38)o 



Length of leaf was measured by placing a ruler perpendi­

cular to the stem of the flower. The leaf below internode UB 11 was 

pulled away from the stem so that it rested on the ruler and a 

measurement was taken at the tip of the leaf. 

Leaf width was determined at the \ddest point of the leaf. 

Flower volume was expressed as milliliters of water 

displaced when the carnation bloom was immersed in water to the 

junction of the calyx and stem. 

Statistical methods 

Following grading a random sample of five flowers was 

selected. vfuenever there were insufficient flowers to select a 

random sample, the entire flower cut for that compartment was used. 

The analysis of variance was computed on all measurements except 

yield (25, 80). The means were used in the analysis unless 

othervri.se notedo 

39 
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Chapter IV 

RESULTS 

Figure 3.--Solar energy received from July 4, 1958, to July 1, 1959, 
at the Lake Street Greenhouse, Fort Collins, Colorado 

Experiment ~ 

Figures 3 and 4 give the solar energy received at the Lake 

Street greenhouse during this investigation. The 1958-59 winter 

season (Figure 3) is typical for the area, but the long extensive 

dark period for the 1959-60 winter (Figure 4) was the darkest since 

records have been kept at Colorado State University. This extensive 

dark period was brought about by an early September snow storm and 

a long cloudy period following. This dark period affected all of the 

morphological factors that were correlated with changes in solar 

energy. These data will be presented later in this section. 
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Figure 4.--Solar energy received July 1, 19591 to May 1, 1960, at the 
Lake Street Greenhouse, Fort Collins, Colorado. 

The daily charts (Figure 5) show typically that the summer 

mornings are clear and the afternoons are overcast or partially 

cloudy in the Fort Collins area. Cloudy afternoons coupled with 

low humidity make it possible for the wet pad evaporative cooling 

system to maintain temperatures low enough to grow high quality 

carnations the year around. Cloudy afternoons caused a variation 

in solar energy received by the different compartments. These 

differences are minor, however, and were estimated at less than 

five per cent from foot candle readings. They were also greater 
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Figure 5.--Solar energy charts for (A) June 11, and (B) August 7, 1959. 

during the summer months than during the winter when light is more 

uniform throughout the day, although of shorter duration. 

Solar energy decreases \dth the change in day1ength fr6m 

season to season (Figure 6): (A) June 5, 1959, the total solar 

energy received was 801 gm. cal./cm. 2, (B) the solar energy received 

on September 12, 1958, was 576 gm. cal./cm. 2, (C) one of the shortest 

days of the year, December 26, 1958, received a total of 272 gm. 

cal./cm. 2• The changing of sGasonal solar energy is one factor 

frequently over looked by investigators in biological studies "When 

comparing data from different experiments. 



Figure 6.--Solar energy charts for (A) June 5, 1959, (B) September 
12, 1958, and (C) December 26, 1958. 

Violent fluctuations in solar energy occur from day to 

day at Fort Collins. For example, on April 22, 745 gm. cal./cm.
2 

was recorded while on April 19, three days earlier, only 91 gm. 

cal./cm. 2 was received. 

Experiments two, three and four 

43 

The analysis of variance for the data is in the Appendix. 

Least significant differences are included where differences between 

compartments were found by the analysis of variance. 
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Figure 6 . --Solar energy charts for ( ) June 5, 1959, (B) September 
12, 1958, and (C) December 26, 1958. 

Violent fluctuations in solar energy occur from day to 

day at Fort Collins . For example, on April 22, 745 gm 
2 

cal . /cm. 

was recorded while on Jpril 19, three days earliPr, only 91 gm . 

cal . /cm. 2 was received . 

Experiments two, three and four 
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The analysis of variance for the data is in the Appendix . 

Least significant differences are included where differences between 

compartments were found by the analysis of variance 
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Tables 1, 2, 3, and Figures 7, 8, and 9 give the results 

of yield and mean grade. 

Table l. --3 U}·fLAH.Y OF PRODUCTION FO H EXPERIIviENT 'T~~O, RED GA.rgTY, 
PLANTED JUNE 6, 1958. 

Compartments 
A B c 

Total yield (No. of flowers cut) 2550 2476 2604 
Flowers/sq. ft./year 48o57 47ol4 49.59 

J:ilean grade 4.231 4.419 4.298 
(LSD 5 per cent level 0.2) 

Mean fresh weight (gm.) of 
cut flowers 
Fancy 28.4 28.6 28.6 
Standard 20.0 19.8 20.0 
(LSD 5 per cent level .97) 

Per cent distribution of grades 
Fancy 46 55 51 
Standard 39 36 36 
Short 8 5 6 
Design 7 4 7 

Per cent flowers downgraded 
Insufficient weight 27 22 21 
Defective flowers 11 9 12 
Short stems 12 11 11 
lvialformed flov1ers 4 3 5 

Total downgraded 54 45 49 

D 

2660 
49.80 

4.010 

27.1 
19.1 

34 
43 
13 
10 

34 
14 
11 

7 
66 
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Table 2.--SlJlvllili~RY CF PRODUCTION FOR EXPERilVlENT THREE, H.ED GAYETY, 
DURING TrlE SECOND ygAR. 

Compartments 
A B c D 

Total yield (No. of flowers cut) 1215 1241 1239 1359 
Flowers/sq. ft./year 49.2 50o4 50.4 55.2 

Mean grade 4.15 4.35 4.39 4.21 
(LSD 5 per cent level 0.17) 

lViean fresh weight (gm.) of 
cut flowers 
Fancy 28.4 28.6 29.7 29.1 

(LSD 5 per cent level Oo3) 
Standard 19.6 19.9 20.8 19.6 

(LSD 5 per cent level 0.7) 

Per cent distribution of grades 
Fancy 40 51 53 43 
Standard 43 39 37 42 
Short 10 6 5 9 
Design 7 4 5 6 

Per cent flowers downgraded 
Insufficient weight 20 20 21 15 
Defective flowers 35 23 20 36 
Short stems 4 4 4 5 
Nalformed flowers 1 1 2 1 

Total downgraded 60 48 46 57 
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Table 3.--SU~waRY OF PRODUCTION }UR ~1PERI~~~T FOUR, W1IITE SIM 
PLANTED }'H\.Y 30, 1959. 

Compartments 
A B c D 

Total yield (No. of flowers cut) 1663 1555 1527 1774 
Flowers/sq. ft./year 39.5 37.0 36.3 42.2 

Mean grade 3.697 3.947 4.003 3.742 
(LSD 5 per cent level 0.3) 

Mean fresh weight (gm.) of 
cut flowers 
Fancy 27.3 27.5 27 .. 8 26.7 

(LSD 5 per cent level .67) 
Standard 19.3 19.5 19.0 19.1 

(LSD 5 per cent level .3) 

Per cent distribution of grades 
Fancy 18 29 28 13 
Standard 51 50 53 59 
Short 16 10 12 18 
Design 15 11 7 10 

Per cent flowers downgraded 
Insufficient weight 20 19 23 29 
Defective flowers 23 15 15 17 
Short stems 31 30 30 37 
Malformed flowers 7 7 4 4 

Total downgraded 82 71 72 87 
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Yield.--All compartments, except Q for experiment four, and 

Q for experiment two, maintained an identical yield. The yield 

differences for compartment Q in experiment four could be attributed 

to two factors. First, the young non-flowering plants were grown at 

a 5° F. higher temperature than the other compartments, which 

decreased the number of lateral brancheso 0 Second, the 10 F. 

decrease in day temperature on September 30, slowed the growth of the 

flowering plant, causing a decrease in yield. Compartment Q in 

experiment two showed an increase in yield. This is considered to 

be due to the fact that D had the highest day temperature during 

sunny periods of the winter. 

~ grade.-There was a highly significant difference in 

all experiments bet"t..;een the various compartments and the time of year 

the flowers were cut. In compartment Q where yield was decreased 

the mean grade was higher, and in compartment Q yield was increased 

at the e.x-pense of me an grade. In the case of Q the mean grade was 

so low that this temperature range was not continued the second year. 

The increase in mean grade in compartment Q of experiment two could 

be attributed to increasing ~ temperatures too early in the spring. 

~ben day temperature is correlated with solar energy, mean grade is 

improved. 

Production 

The total yield for each of the three experiments was 

essentially the same, but the time of production, and the size of 

separate crops were different as indicated in Figures 10, 11, and 12o 
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The very low production for experiment two during the last two weeks 

of December was due to the second pinch being made too low. Hovmver, 

this did cause high production during January and February. The 

production for the uncorrelated compartments follovmd solar energy 

-v;ith high production in the fall and spring. In the correlated 

compartments, the production was more lli~iforrr1 throughout the year. 

Fresh weight, dry weight, and Eercentage of dry matter of 

standard length cut flowers is given in Tables 4, 5, and 6. The 

percentage of dry matter is an indication of stem brittleness, and 

the amount of organic materials produced. 

During the summer higher temperatures were present in all 

the compartments. This caused the results for all the compartments 

to be essentially the same in experiment two. The highest 

accumulation of dry matter vias in October and November ~!hen light 

was still high and outside temperatures began to decrease. The 

lowest accumulation of dry matter occurred in I-farch. This was 

attributed to low light intensities during the vegetative growing 

period of these flowers. 

Leaf length and width is an important factor in the 

synthesis of carboJ:1ydrates, but has little influence on saleability 

oi' carnations. Tables 7, 8, and 9 give the effect of the various 

treatments on leaf length and width. The temperatures that were 

correlated with solar energy increased leaf width, while leaf length 

was affected in experiment two due to the shorter leaves found in the 

Q compartment. 



Table 4.--SUl-'jlJlARY OF Fli.ESH AND DRY WEIGHT llN G.fi.M'lS) AND PER CENT DRY MATTER OF CUT FLOWEH.S, EXPERI~IEN'r 
T1i0, RED GAYETY, PLANTED JUNE 6, 1958. a 

I 

Compartments 
A B c D 

Date Fresh Dry ~t Dry Fresh Dry o! D Fresh Dry %Dry Fresh Dry %Dry 1 ;o ry 
Weight Ueight Hatter Weight t'leight Matter Weight \'/eight Hatter Weight Weight Matter] 

1959 
January 28 168.5 26.93 15.98 260.3 44.27 17.00 264.3 42.80 16.19 178.1 28.66 16.09 
February 18 97.3 19.26 19.79 113.7 22.77 20.02 128.6 23.79 18.49 91.1 18.24 20.02 
March 11 ll7.0 24.23 20.70 140.6 27.77 19.75 120.h 20.21 19.27 93.8 20.31 21.65 
April 1 118.0 24.22 20.50 141.9 27.43 19.30 114.5 22.51 19.26 105.6 22.08 20.90 
April 22 144.6 31.06 20.60 152.9 31.06 20.30 112.0 22.28 19.80 ll6.4 24.78 21.20 
May 13 152.3 31.83 20.89 ll8.1 23~17 19.61 142.6 28.26 19.81 123.2 26.44 21.46 
June 4 163.3 33.69 20.00 152.6 29.04 19.03 167.5 35.11 20.90 154.7 30.09 19.50 
June 25 140.0 28.95 20.70 127.9 26.88 21.00 151.1 31.23 20.70 130.2 25.59 19.60 
July 16 140.6 30.53 21.71 133.8 27.54 20.58 147.9 30.77 20.80 128.3 27.21 21.20 
August 6 130.7 27.39 20.95 128.8 27.17 21.09 141.4 29.19 20.60 131.2 26.79 20.41 
August 26 138.4 29.55 21o35 139.9 28.60 20.40 141.8 28.61 20.10 128.4 26.71 20.80 

Mean 126.4 25.64 20.23 134.2 26.30 19.82 136.0 26.23 19.66 115.,1 23.07 20.25 
(LSD for 
mean of per cent 
fresh weight ~t 5 
per cent level 7.9). 

L! Each sample contains 5 flower$. 

--·-·~ -~--

C,1 
CJ1 



Table 5.--SUMJ.vill.RY OF FRESH AND DRY \iEIGHT (IN GRAMS) AND FE~ CENT DRY MATTER OF CUT FLOWERS, EXPERJJiiliNT 
THREE, RED GAYETY DURING THE SECOND YEAR OF PHODUCTION. a 

Compartments 
A B c D 

Date Fresh Dry %Dry Fresh Dry %Dry Fresh Dry % Dry Fresh Dry % Dry 
\ieight Weight ~fLatter Vleight ~'Ieight Matter Weight ~veight Matter llfeight Weight !v'Iatter 

1959 
Sept. 16 146.2 31.49 21.53 151.5 32.17 21.23 156.0 32.03 20.53 167.3 37.24 22.25 
Oct. 7 160.1 35.26 22.02 149.4 33.13 22.17 138.3 28.12 20.33 163.5 33.94 20.75 
Oct. 28 141.2 32.91 23.30 140.3 29.83 21.26 130.7 28.94 21.12 154.5 35.57 23.02 
Nov. 18 163.6 33.31 20.36 155.1 29.86 19.25 154.8 33.07 21.37 159.7 33.12 20.73 
Dec. 9 119.0 21.,05 17.68 122 • .3 17.86 14.60 1.33.4 23.59 17.62 129.0 23.17 17.96 

1960 
Jan. 27 123.1 22.41 18.20 97.1 18.36 18.90 127.4 22.86 17.94 102.6 20 • .34 19.91 
March 2 86.6 19.37 22 • .36 113.1 24.94 19.92 116 • .3 2.3.91 20.55 83.3 17.72 21.28 
March 23 102.6 21.20 20.60 107.5 20.49 19.00 121.8 22.54 18.50 100.9 19.36 19.20 
April 1.3 101.2 20.84 20.59 101.7 20.03 19.69 114.9 21.30 18.53 90.2 17.04 18.89 

lJlea.n 127.1 26.43 20.73 126.4 25.18 19.55 132.6 26.20 19.61 127.9 26.38 20.43 
·--

/a Each sample contained 5 flowers. 

CJl 
0') 



Table 6. --SlJ1\llvlARY OF FflliSH Al\fD DRY ~~[EIGHT (IN GRAHS) AND PER C:JNT DRY lviATTER OF' CUT FLOlv.&RS, EXPER.]}lENT 
FOUR, ~'JHITE SIN BENCHED lVL4.Y 30, 1959. /J:. 

Compartments 
A. B c D 

Date Fresh Dry % Dry Fresh Dry % Dry Fresh Dry % Dry Fresh Dry d ;o Dry 
Weight Weight Matter Weight Weight Matter Weight vi eight Hatter W~ight \-Ieight lv1atter 

1959 
Sept. 16 126.2 21.34 16.90 124.7 22.72 18.21 102.1 18.68 18.29 ll5.6 20.05 17.34 
Oct. 7 110.7 19.36 17.49 llO.O 19.36 17.30 98.7 18.32 18.56 99.3 17.38 17.50 
Oct. 28 112.3 21.21 18·.88 103.0 l8e41 17.88 98.5 19.28 19.52 109.0 20.07 18.41 
Nov. 18 106.7 19.14 17.93 122.3 20.24 16.54 109.2 19.27 1'7.66 ll2.8 19.52 17.30 
Dec. 9 109.5 13.95 12.73 105.4 11.69 11.09 128.4 16.08 12.52 102.7 13.71 13.34 

1960 
Jan. 27 107.4 19.36 16.49 109.2 19.01 17.40 101.8 19.16 18.82 96.1 17.64 18.36 
~arch 2 106.8 22.89 21.42 93.0 19.34 20.79 $7.7 18.02 20.55 86.9 18.31 20,.86 
tMarch 23 114.0 23.05 A).21 107.9 23.04 21.30 11]..5 20.80 18.56 91.9 1?.29 18.80 
~pril 13 110.4 21.13 19.14 116.5 21.30 18.28 10?.7 19.77 18.35 9?.6 19.27 19.74 

Mean 111.6 20.16 1'7.91 110.2 19.45 17.64 105.1 18.82 18.10 101.3 18.13 17.96 
(LSD 5 per cent 
level 3.7 For 
fresh weight) 

(LSD 5 per cent 
level 1.6 for 
dry weight) 

~ Each sample contained 5 flowers. CJl 
~ 



Table 7 .--EFFEC'~.r' OF TREATNE.'TTS ON LEAF LENGTH AND v~DTH (In Cm.), 
EXPEH.TI•JENT Tt·iO, RED GAYETY PLANTED JUN~ 6, 19 58 ./.2. 

Compartments 
A B c D 

Date Leaf Leaf Leaf Leaf Leaf Leaf Leaf Leaf 

58 

Length '\ilidth Length 1·J1dth Length 1vidth Length Width 

1958 
November 22 8.5 1.4 9.9 1.2 9.6 1.3 8.4 1.2 
December 22 7.3 1.1 7o4 1.0 6.0 0.9 5.3 0.9 

1959 
January 13 7.6 1.0 8.1 1.1 8.7 1.2 8.3 1.0 
January 29 s.o 0.9 8.1 1.1 8.3 1.2 8.8 1.0 
February 17 7o3 0.9 8.0 1.0 3.2 1.0 8.0 0.9 
Iv1arch 5 8.9 0.9 8.6 1.0 9.0 1.0 7.5 0.9 
lVIa.rch 19 10.4 1.1 9.0 1.1 8.3 1.0 8.8 0.9 
April 6 s.o 0.9 8.5 1.0 8.4 1.0 8.6 0.9 
May 14 8.1 1.0 8.5 1.0 8.1 1.0 8.8 0.9 
June 17 8.7 1.1 9.0 1.1 8.0 1.0 9.1 1.1 
July 20 7.9 1.1 7.2 1.1 7.5 1.1 7.7 1.0 
August 28 10.5 1.0 9.5 1.1 9.9 1.1 8.5 1.0 

Mean 8.4 1.0 8.5 1.1 8.3 1.1 8.1 1.0 
(LSD 5 per cent 
level 0.05) 

~Each sample contains 5 leaves. 
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Table 8.-EFFECT OF TREATNENTS ON LEAF LENGTH AND viiDTH (In Cm.), rl! 
EXPERllvfENT THREE, RED GATE1"'Y DURING THE SECOND YEAR OF PRODUCTION:a 

Compartments 
A B c D 

Date Leaf Leaf Leaf Leaf Leaf Leaf Leaf Leaf 
Length Width Length vlid th Length ltiidth Length 1rlidth 

1959 
September 23 9.9 1.1 9.4 1.1 10.0 1.0 8.4 1.0 
October 23 7.5 1.0 7.5 lo1 6.7 1.2 7.5 1.1 
November ll 7.8 1.1 8.6 1.2 9.0 1.2 8.7 1.3 
December 19 7.7 1.0 8.9 1.0 8.6 1.1 8.S 1.1 

1960 
January 15 7.9 1.1 8.7 1.1 7.6 1.1 8.5 1.2 
February 19 7.1 0.9 8.2 1.0 9.0 1.1 8.5 1.0 
March 18 8.0 0.9 7.7 1.0 8.1 1.0 6.8 0.9 
April 22 8.3 0.9 7.4 1.0 8.1 1.0 ?.S o.s 

l1ean 8.0 1o0 8o3 1.0 8.4 1.1 8.1 1.1 
(LSD 5 per cent 
level 0.02) 

Table 9 .-EF'FECT OF'' TREAT~iltl\TS CN LEAF LENGTH A.N1) ~~TH (In. em.), 
EXPERil;iJENT FOUR, \fliiTE SII111 BENCI-IED ¥lAY 30, 1959. a 

Compartments 
A B c D 

Date Leaf Leaf Leaf Leaf Leaf Leaf Leaf Leaf 
Length Width Length ~vidth Length \vidth Length 'Vlidth 

1959 
Oct"Ob"e'r 23 ?.2 1.1 6o4 1.1 6.2 1.0 5.7 1.0 
November 11 8o2 lo2 BoO 1.2 7.6 1.2 7.6 1.0 
December 19 8.7 1 .. 1 7.6 1.1 7.5 1.0 7.3 1.0 

1960 
9.6 8.0 0.9 7.1 1.0 7.0 1.0 January 15 1.0 

February 19 7.8 0.9 ?.7 0.8 9.3 1.2 8.6 0.9 
March 18 7.0 0.9 6.9 0.9 8.2 0.9 8.1 0.8 
April 22 8.3 0.9 7.4 1.0 8.1 1.0 7.8 0.8 

Mean 8.1 1.0 7o4 1.0 ?.7 1.1 7.4 1.0 
(LSD 5 per cent 
level .01) 

/..2:. Each sample contains 5 leaves. 



Table 10. -EFFECT OF TREATNENTS ON IN1ERNODE LENGTH (IN C~lS.) AND 
STEM STRENGTH, EXPERilv~NT TWO, RED GAYJ:t.:TY PLANTED JUNE 6, 1958. 

Compartments 
Date A B c D 

Internode length L! 
November 22, 1958 10o3 9.6 7.8 8.0 
December 22 10.2 8.9 6.9 7.5 
January 13, 1959 9.0 8.6 8.3 9.:8 
January 27 8.3 10.0 8.9 10.9 
February 17 10.6 ll.5 10.8 12.6 
March 5 ll.5 12.0 11.2 12.8 
J.l.ia.rch 19 11.8 10.8 11.4 12.6 
April 6 11.6 11.3 ll.6 12.5 
May 14 11.4 10.2 11.3 12.8 
June 10.5 11.2 11.0 12.6 
July 9.1 8.9 9o2 8.9 
August 9.2 9.9 9.8 9.3 

Mean 10.3 10o2 9.9 10.8 
(LSD 5 per cent level .10) 

Stem strength fE... 
January 13, 1959 21.4 18.2 20.8 25.8 
January 27 30.2 14.0 21.8 32.6 
February 17 30.2 21.6 20.2 25.4 
March 5 29.8 21.2 21.8 22.0 
March 19 16.4 18.4 21.4 24.8 
April 6 15.4 17.0 22.0 15.4 
May 14 11.6 12.5 14.2 16.4 
June 9.2 11.8 14.4 6.6 
July 7.0 9.8 19.0 13.6 
August 9.0 7.6 7.8 14.8 

Mean 18.0 15.2 18.3 19.7 
(LSD 5 per cent level .06) 

L!.. Mean length of internode "Btl of five flowers. 

!Jl. ~lean stem strength of five flowers in degrees of bending with 
Colorado State University limberometer. 

6( 
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Table 11.-EFF'ECT OF TREATMENTS ON Il~TERNODE LENGTH (IN CiviS.) AND 
STEM STRENGTH, EXPERTivJ.ENT THREE, RED GAYETY DUR.ING THE SECOND YEAR 
OF PRODUCTION. 

Compartments 
Date A B c D 

Internode length L! 
September 23, 1959 9.2 10.0 10.0 9.3 
October 23, 1959 8.4 8.7 7.2 8.6 
November 11, 1959 8.2 9.3 9.3 9.9 
December 19, 1959 8.2 9.0 8.7 9.8 
January 15, 1960 8.4 9.3 8.3 9.5 
February 19, 1960 9.3 9.5 10.0 11.3 
Ivlarch 18, 1960 9.9 10.3 10.0 12.1 
April 22, 1960 10.2 9.7 9.2 12.0 

lvlean 8.9 9.4 9.1 10.3 
(LSD 5 per cent level .11) 

Stem strength L£ 
September 23, 1959 8.4 7.4 7.0 12.8 
October 23, 1959 5.6 8.6 9.6 7.4 
November 11, 1959 7.4 9.2 8.0 7.2 
DeGember 19, 1959 9.0 10.6 9.0 8.2 
January 15, 1960 14o4 13.0 6.0 8.1 
February 19, 1960 8.4 12.4 11.6 16.6 
March 18, 1960 9.4 8.6 8.8 15.2 
April 22, 1960 7.6 8.6 9.6 13.2 

Ivlean 8.8 9.8 8.7 11.1 

~Mean length of internode 11Bn of five flowers. 

L£ Mean stem strength of five flowers in degrees of bending ~~th 
Colorado State University limberometer. 



Table 12.--EFFECT OF TREATivJENTS ON INTERNODE LENGTH (IN C¥13.) .. i\.ND 
STRENGTH, EXFEJ:UNENT FOUR, ~friiTE S]]Vi :tvlAY 30, 1959. 

Compartments 

Intern?de length/a 
October 23, 1959 8.6 6.1 9.1 8.1 
November 11, 1959 .5 10.7 9.9 9.6 
December 19, 1959 10.2. 10.6 .o 9.4 
January 15, 1960 10.6 10.1 9.7 9.4 
February 19, 1960 10.2 o7 .6 11.7 
lviarch 18, 1960 9.6 11.2 .a 10.5 
April 22, 1960 10o2 9.7 9.2 12.0 

:tv.i:ea.n 9.9 10.3 10.2 9.9 

Stem strength L£ 
October 23, 1959 14.4 14.4 15.8 14.8 
November 11, 1959 14.0 16.4 13.0 16.2 
December 19, 1959 17o4 16.0 14.6 9.8 
January 15, 1960 20o2 .6 .o 8.1 
February 19, 1960 12o0 9.6 8.2 14.8 
March 18, 1960 7.6 7.6 4.8 9.0 
April 22, 1960 7.6 8.6 9.6 13.2 

Mean 13 • .3 12.7 ll.6 12.4 

f..!:. IY!ean length of internode HBn of fiv.e flovvers. 

LQ Mean stem strength of five flowers in degrees of bending with 
Colorado State University limberometer. 

62 
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Keeping quality for the three experiments is given in 

Tables 13, 14, and 15. The keeping life of cut floirmrs was 

essentially the same under all treatments with a significant 

difference occurring between the different sampling dates o As 

plants age the keeping life of cut flowers increases. The decrease 

in keeping life after June in experiment tl.'iO Vfas probably due to 

high summer temperature in all compartments. Fairchild also found a 

decrease in keeping life during periods of high temperatures (30). 

Table 13o--CUT FLOvVER LIFE (IN DAYS) FOR EXPERll"lEl\J'T T~vO, RED GAYETY 
CAii.N.~TIONS DURING THE FIRST YEAR OF PRODUCTION, OCTOBER 11, 1958, 
TO SEPTElvillER 12, 1959. 

No. of 
Date flowers CoiD:pa.rtments 

per sample A B c D 

November 1, 1958 9 6.6 6.8 6.8 6.3 
November 8, 1958 8 7.1 6.8 7.2 6.8 
November 22, 1958 5 6.0 6.8 6.4 6.8 
January 2, 1959 9 5.8 6.3 5.8 6.3 
January 8, 1959 5 7.6 6.8 6.8 8.2 
January 17, 1959 7 6.3 6.3 6.7 7.3 
January 24, 1959 10 6.8 6.2 6.6 6.2 
January 30, 1959 10 7.2 6.7 6.8 7.2 
Februa~ 6, 1959 5 6.8 7.8 6.2 6.8 
February 21, 1959 5 6.4 5.8 6.0 6.2 
February 28, 1959 5 6.8 6.4 6.4 6.6 
March 6, 1959 5 6.4 6.0 6.6 6.8 
March 13, 1959 5 6.8 6.6 6.4 7.2 
March 30, 1959 5 6.2 5q8 6.0 6.6 
April 6, 1959 5 6.2 5.6 5.6 6.4 
April 15, 1959 5 7.2 7.0 7.2 7.4 
April 21, 1959 5 6.6 6.0 6.6 6.2 
June 12, 1959 5 8.8 8.4 8.0 8.6 
June 29, 1959 5 6.8 7.0 6.6 7.4 
July 20, 1959 5 7.0 7.4 6.8 7.2 
August 1, 1959 5 7.0 6.8 6.4 7.4 
August 14, 1959 5 6.6 6.9 6.8 7.0 

l'4ean 6.77 6.65 6.53 6.94 
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Table 14.-CUT FLO~·ll~~R LITE (IN DAYS) FOR EXPERD·ilil~T Th.REE, ~D 
GAYE'l'Y CARi'JATIOl'·JS DURING Tf3 SECOI\Jl) YEAH OF PRODUCTION. 

Compartments 
Date A B c D 

September 24 7.6 7.6 6.4 7.6 
October 8 8.6 8.6 9.6 9.6 
November ll 9.8 9.6 10.,0 9.2 
January 15 7.2 8.0 7.2 7.4 
February 19 7.6 8.2 8.0 8.0 
April 27 9.6 8.0 6.6 7.0 

Mean 8.40 8.33 7.96 8.10 

Table 15.-CUT FLO\·iER LIF~ (IN DAYS) FOR EXPERJ]Iicl'JT FOUR, WrliTE SIM 
3ENCHED MAY 30, 19 59. a 

Compartments 
Date A B c D 

October 8, 1959 7.6 6.8 6.4 7.8 
November 11, 1959 5.2 6.0 5.6 5.2 
January 15, 1960 6.4 8.4 7.6 7.8 
February 19, 1960 7.8 7.6 6.8 7.6 
April 27, 1960 10.0 7.4 7.4 9.1 

Mean 7.40 7.24 6.96 7.50 

~Five flo1vers per sample. 
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Flower volw~e 

Figures 13, 14, and 15 give the flower volume for the three 

treatments. This factor coincided very closely with mean grade, 

due to the fact that the correlated compartments had greater flower 

volume during the dark period of the yearo Flowers from one-year 

old plants were affected by the different temperature ranges, while 

flowers from older plants were not affected. 

Experiment five 

The various temperature combinations did not significantly 

affect the production of fresh or dry material by the carnation 

plants (Figures 16 and 17). The percentage of dry matter was 

closely correlated with the solar energy received as shown in 

Figures 13 and 14. 
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Chapter V 

DISCUSSION 

The two factors of interest to the cornrnercial carnation 

grower are quality of the cut flower and yield. Therefore, the need 

for a close study of the results with these two factors becomes 

apparent. The results for the other morphological factors will be 

discussed only when they may be used bJ: a commercial grower, or when 

they apply to the carnation industry. 

Yield 

The yield of cut flowers was affected by the different 

treatments. Carnations in compartment Q in experiment four (Table 3) 

had a lower yield than the other three compartments. Compartment D 

in experiment two (Table 1) had a slight increase in yield due to 

the higher day temperature maintained on sm1ny winter days. Hanan 

(38) observed this effect when growing carnations within a day 

temperature range of 60-75° F. He stated that these differences did 

not affect total yield. TI~is was in agreement with various 

investigators (28, 29, 31, 82) who found that the rate of photo-

0 
synthesis remained constant at a temperature range of 60-75 F., and 

would therefore not affect yield. 

Light was the major factor influencing carnation yield in 

this investigation. This was indicated by the significant 

difference found in experiment five (Table J, Appendix) for the 

w~~kly sampling for production of dry matter from standard grade cut 



flowers, and the close correlation between solar energy and 

percentage of dry matter of young plants grown for twelve weeks 

under the various treatments. This is again shown by Figures 16 and 

17, which indicate that production follows the solar energy curve. 

When day temperature was raised to 60° F. and the sun was 

allov.red to increase temperature an additional 5° F. the production 

follows the solar energy received (Figure 12). For compartment Q of 

experiment four, the day temperature was held low during the 

flowering period and production followed the solar energy received, 

during the two darkest months of the yearo The high production at 

the beginning of these experlinents shotud be disregarded as it is 

typical for a new crop. Other investigators (18, 23, 56) have 

found an increase in j~eld with an increase in solar energy as long 

as the plants had not reached their solar saturation poin.t. 
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Since the timing of production is an important factor in 

the sale of carnations, the effect of changing day temperature on the 

time flowers are produced is evidento If day temperatures are 

decreased when flower buds are sho,ilng color it will delay the 

blooming time three to five dayso Figure 12 shows that the production 

of compartments .£ and Q in experiment two were essentially the same 

until January, 1959. Therefore, the changing of temperP .. ture tefore 

Ch~_--:.s~n=~~-: in compartment ]2 did not affect the production for 

Christmas sales. However, by decreasing the day temperature in 

September to 60° F., the production of one-year old plants was 

reduced for this period (Figure 13). 



Quality 

Mean grade is the easiest and most often used method of 

indicating the effect of environment on plant performance. !VIe an 

grade is used interchangeably lv'ith quality, but it is not a total 

measurement of quality. Mean grade considers only the weight, stem 

length, and flower form; while quality considers such factors as 

color, flower size, stem strength, foliage, and keeping life. The 

only tirne these factors are considered in mean grade is if they are 

obvious when the flowers are graded. Then the value given them is 

indeterminate and dependent upon the grader. 

The mean grades of carnations grown in compartments £!:. and 

B of experiments two and three were compared 'With solar energy in 

Figures 18 and 19. There was a close relationship between the 

mean grade and solar energy received when a constant day temperature 

was maintained. The mean grade was found to follow the solar energy 

curve with a nine to eleven week lag when no temperature adjustment 

was made. Figures 10, 11, and 12 show that by decreasing day 

temperature as solar energy decreases, it is possible to maintain a 

higher meaD grade during periods of low solar energy 1dthout 

affecting yield. Temperatures used in this investigation were not 

completely correlated with solar energy during December of 1959, and 

J a.nua.ry, 1960. .A decline in mean grade for compartment ,!1 during 

February and Na.rch, 1960, indicates that an additional temperature 

decrease in November, 1959, wight have been desirable. This decline 

in mean grade may be partly attributed to the darker than average 
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winter season. The plants were two years old and some investigators 

(32, 67, 79) state that the age of the plant affects its behavior 

under a given light intensity and temperature. 

Malformed flowers and stem length were not affected by 

correlating seasonal solar energy and day temperature. The main 

defect of the uncorrelated treatment was lack of weight. The lack 

of weight may be caused b~r the lower rates of photosynthesis during 

the dark period of the year, while the constant day temperature 

keeps respiration at the same rate. The respiration thus reduced 

the supply of carbohydrates causing a lack of weight in the un­

correlated compartment s. 
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The flo\tver defects were different under the tvfo conditions. 

The flowers from the correlated compartments were flat with 

protruding stamens; while flowers from the uncorrelated compartments 

lacked petals making the centers hollow. 

The small increases in quality that do not coincide with 

the solar energy curve represent the beginning of a new crop. As 

production begins to increase rapidly, the mean grade also increases. 

Two weeks before m~~um production is reached the mean grade peaks. 

This is apparently due to the flowers cut during the initial stages 

of a heavy crop receiving more light '.men they started as lateral 

branches. Those flowers cut during the tttail out" of a crop start 

when there is heavy vegetative growth decreasing the solar energy 

they receive. 



Discussion of other measurements 

The highest stem strength could be associated with the 

coolest day temperature. Earlier work had indicated that stems of 

carnations grown at higher temperatures had the shorter internodes 

(38). In this investigation the plants grown at the higher 

temperatures had the longer internodes. The reason for this 

discrepancy remains unexplained. 
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The keeping life of carnation cut flowers is important to 

the carnation industry o It was found that temperatures used in this 

investigation did not affect keeping life, but keepi~g life was 

lengthened as the plant aged. The decrease of keeping life in 

experiment two after June was probably due to high summer temperature. 

This phenomenon had been observed by Fairchild (30). 

Suggestions for further study 

vfuile this investigation increased quality by correlating 

day temperature with solar energy from season to season, a further 

study of the effect of correlating day temperature and light each 

day may be warranted. If it is necessary to correlate day temperature 

with solar energy for the production of high quality carnations, 

then a study of night temperatures correlated with seasonal or daily 

light intensities may be in order. During the darkest period of the 

year, the quality of flowers from two-year old plants decreased and a 

further investigation of day temperature on two and three-year old 

plants rnight alleviate this problem. 
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Different colored shading compounds and different materials 

to reduce high summer temperatures may be of importance to the 

carnation industryo 

A study of carbon dioxide content in the atmosphere within 

greenhouses may lead to higher quality and yield, and require further 

research on day and night temperature. An investigation of 

carbon dioxide concentration in the greenhouse with various amounts 

of fan operation also seems appropriate. 
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Chapter VI 

SlJMrfl.ARY 

Four compartments were used in a temperature research 

greenhouse. Compartment ! was maintained const~~tly at 65° F.; 

compartment _g was maintained at 65° F., being lowered to 60° F. from 

November 15 to March 15 (correlated); compartment Q was maintained 

at 70° F. during the summer, being lowered to 65° Fo on October 1, 

then to 60° F. on December 25, back to 65° F. on February 15 and 

again to 70° F. on March 15--during the second winter temperatures 

were shifted to 60° F. on September 30 (correlated); Q was heated to 

60° Fo and cooled to 70° F. until March 13 of the first year at 

which time it was cooled to 65° F. 

Carnations grown in these compartments were harvested and 

graded four times weekly. 

The year around mean grade was maintained at a higher 

level by correlating day temperature with seasonal solar energy. 

The mean grade was found to follow solar energy v1ith a nine to 

eleven week lag when no temperature adjustment was made. The flowers 

from the correlated compartments were heavier and did not become 

hollow centered during periods of low solar energy as did the 

flowers from the uncorrelated compartments. High quality was 

associated with young plants and the initial stage of a crop. Stem 

strength was higher at the cooler temperatures, while keeping life, 

dry matter production and yield were not affected by temperatures 



used in this investigation. The temperatures in compartment ~ gave 

the highest quality carnation cut flowers in this investigation. 
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The following tables give the analysis of variance for the 

results of solar energy on the optimum day temperature for carnation 

growth. A single asterisk (*) indicates significance at the five per 

cent level, while double astericks (in~) indicate the significance is 

one per cent. 

Table A.-ANALYSIS OF VARIANCE FOR FRESH WEIGHT OF FANCY AND STiJ~DARD 
GRADE CARNATIONS. 

Sources of variance 

Red Gayety (Experiment Two) 
Fancy Grade 

Temperature 
Weeks 
Error 

Standard grade 
Temperature 
Weeks 
Error 

Red Gayety (Experiment Three) 
Fancy grade 

Temperature 
Weeks 
Error 

Standard grade 
Temperature 
\'leeks 
Error 

White Sim (Experiment Four) 
Fancy grade 

Temperature 
Weeks 
Error 

Standard grade 
Temperature 
\'leeks 
Error 

df 

3 
43 

132 

3 
46 

138 

3 
33 
99 

3 
33 
99 

3 
26 
78 

3 
32 
96 

MS 

25.33 
19 0 77~} 

11.21 

9.00~-
11.1~~~-

1.72 

201.66-x* 
0.57 
3.94 

24.33~Ht-

7 .57-~"* 
0.79 

7.0~"* 
1.35* 
o.62 

14.0~* 
5.50~~-

0.46 
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Table B.--ANALYSIS OF VARIANCE OF MEAN GRADE OF CARt\JATION CUT FLOVfERS. 

Sources of variance df MS ·-
Red Gayety (Experiment Two) 

Temperature 3 1.426~H~ 
1'/eeks 46 0.339iHr 
Error 138 0.047 

~ed Gayety (Experiment Three) 
Temperature 3 0.6837* 
Weeks 31 0.245iH* 
Error 93 0.014 

White Sim (Experiment Four) 
Temperature 3 0. 73~-ir 
Weeks 32 0.1~""* 
Error 96 0.03 

Table C.--Al\JALYSIS OF VARIANCE OF KEEPING LIFE OF ClLttNATION CUT FLO~~X..rtS 

...,.;:_ 

Sources of variance df lviS 

Red Gayety (Eu~eriment Two) 
Temperature 3 0.06 
Weeks 21 5.86~""* 
Error 63 0.04 

Red Gayety (Experiment Three) 
Temperature 3 4.33 
Weeks 5 102.wa 
Error 15 6.20 

fWhite Sim (Experiment Four) 
Temperature 3 8.00 
Weeks 4 123.00-lH(-
Error 12 16.90 
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Table D.--ANALYSIS OF V.All.Iiu\JCE FOR FRESH AND DRY W"EIGHT AND FER CENT 

DRY 1:-l.A.TTER OF CARNATION CUT FLOiVERS. 

Sources of variance df ~~ 
--~~~~~~----~----------------~~-----------

Red Gayety {Experiment Two) 
Fresh weight 

Temperature 
\'leeks 
Error 

Dry vteight 
Temperature 
\'leeks 
Error 

Per cent dry matter 
Temperature 
\·leeks 
Error 

Red Gayety {Experiment Three) 
Fresh weight 

Temperature 
\'leeks 
Error 

Dry weight 
Temperature 
vleeks 
Error 

Per cent dry matter 
Temperature 
1ieeks 
Error 

White Sim (Experiment Four) 
Fresh \•Ieight 

Temperature 
\ieeks 
Error 

Dry weight 
Temperature 
Weeks 
Error 

Per cent dry matter 
Temperature 
~'leeks 

Error 

3 
10 
30 

3 
10 
30 

3 
10 
30 

3 
8 

24 

3 
8 

24 

3 
8 

24 

3 
8 

24 

3 
8 

24 

3 
8 

24 

1,215.00~-

3' 421. 007~ 
331.00 

217 .oo 
8.90 

133.60 

5.33-r.-
8.00~} 

0.03 

88.00 
2, 280. OO~H* 

215.80 

9.33 
152. 70~~~ 

6.25 

2.66 
9.12~* 

1.45 

308.00** 
194.50~~-

52.50 

13.66~-* 
20.871'<* 
1.08 

7.00 
12.62-~ 
3 .. 79 



Table E.--ANALYSIS OF VARIANCE OF INTE&~ODE LENGTH OF CARNATION cur 
FLOWERS. 

Sources of variance df 1{3 

Red Gayety (Experiment Two) 
Temperature 3 2.16* 
vleeks ll 7 .36~H~ 
Error 33 0.65 

Red Gayety (Experiment Three) 
Temperature 3 23.00~~* 

\'leeks 7 23.57~* 
Error 21 4.38 

\•lhite Sim (Experiment Four) 
Temperature 3 0.33 
~'leeks 6 2. 5(}~ 
Error 18 0.97 

Table F.--ANALYSIS OF' VARIANCE OF LEAF' LENGTH OF C1tP~ATION CUT 
FLOvJERS • 

.. 

Sources of variance df }/J.S 

Red Gayety (Experiment Two) 
Temperature 3 7.67* 
\'leek;s ll 5.09* 
Error 33 lo96 

Red Gayety (Experiment Three) 
Temperature 3 0.33 
Weeks 7 lo42~-){-

Error 21 0.38 

White Sim (Experiment Four) 
Temperature 3 7.33 
Weeks 6 15.33 
Error 18 7o38 
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Table G.--ANALYSIS OF V.{Rlfu~CE OF LEAF WIDTH OF CAffi~ATION CUT FLO\VSRS. 

Sources of variance df !VIS -

Red Gayety (Experiment Two) 
Temperature 3 2.00 
Weeks 11 3.45-~~ 

Error 33 1.03 

Red Gayety (Experiment Three) 
Temperature 3 2.33i<* 
Weeks 7 3. 7l*i*" 
Error 21 0.47 

White Sim (Experiment Four) 
Tempera.ture 3 3.00** 
Vfeeks 6 4.33** 
Error 18 0.22 

Table H.--ANALYSIS OF V ARI.q_NCE OF CARNATION :F'LO\·JER VOLlJ1vJE. 

Sources of variance df MS 

Red Gayety (Experiment Two) 
Temperature 3 10.3~-)~ 

\1/eeks 11 7.36~"'* 
Error 33 1.39 

Red Gayety (Experiment Three) 
Temperature 3 3.00 
\'leeks 7 45.00 
Error 21 20.57 

White Sim (Experiment Four) 
Temperature 3 lO.OQ·}H~ 

vleeks 6 3.33** 
Error 18 0.50 
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Table I.--&~ALYSIS OF VARIM~CE OF CARNATION STEM STRENGTH. 

Sources of variance df l-13 

Red Gayety (Experiment Two) 
Temperature 3 216.3J~HE-
\'leeks 9 189.8$*1} 
Error 27 Oo22 

Red Gayety (Experiment Three) 
Temper,1ture 3 8.66 
Weeks 7 8.14 
Error 21 6.61 

White Sim (Experiment Four) 
Temperature 3 3.67 
~veeks 6 39.0~"'* 
Error 18 8o88 

Table J .--ANALYSIS OF VARIA..TIJCE OF FRESH AND DRY ~lEIGHT AND PER CENT 
DRY :tt.tATTER OF RED GAYETY ROOTED CUTTINGS GR01~VN FOR 12 wiEKS IN THE 
DIFFERENT COHPART!JIENTS. 

Sources of variance df :tv IS 

Fresh weight 
Temperature 3 18,186 
Heeks 22 72, 559-r.~-
Error 66 18,102 

Dry weight 
Temperature 3 137.00 
\'leeks 22 2, 431. 27-lH~ 
Error 66 72.20 

Per cent dry matter 
Temperature 3 1.33 
~leeks 22 3. 72i'~-
Error 66 0.91 
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