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Chapter I 

INTRODUCTION 

!he market value of the 1948-1949 carnation 
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crop in the united States has been estimated by Fossum (7) 

at ao million dollars. !hie represents a tremendous number 

of cut flowers which are aecond only to roaea in value. 

Under present day marketing conditions, a grower must time 

his crop to reach a peak in production at the time when the 

market for carnations or the demand for a specific color or 

variety is the most favorable. !o do this, he must have 

uniformly well rooted cuttings for planting at a specified 

time so that the crop is in production when desired. Any 

difficulty encountered in the propagation of cuttings, such 

as non-uniformity of rooting or delay in rooting, not only 

causes considerable loss in time and money, but delays the 

planting operation. fhie delay, in some cases, throw• the 

flowering period of that planting into a less favorable 

market, resulting in considerable loss of money for the 

grower. 

Commercial propagators who supply rooted cutting• 

to growers on a regular schedule are also confronted with 

the problem of having good, uniformly rooted outtinge at a 



time specified by the grower. Any difficulties or delays 

1n delivery cause the grower to delay his planting, 

creating dissatisfaction between grower and propagator. 

Oarnation growers have frequently encountered 

such problema as uneveneas of rooting, delay in rooting, 

the production of a weak root system, and sloughing of the 

roots, and in some instances, a complete failure to root. 

!be relationship between these problema and the food supply 

of the carnation cutting hu not been investigated. It ia 

believed that auch a study would lead to a better under­

standing of the difficulties encountered 1n the propagation 

of cuttings. 

!a.!. problem 

What effects do certain environmental factors 

and handling processes have on the food supply in carnation 

cuttings? 

Problem analtaia.--Before answering the major 

question, it will be necessary to answer the following sub­

problema: 

1. lhat effect does the average daily light in­

tensity one to several days preceding the 

taking of cuttings have on the food supply? 

a. What ie the hourly and day to day fluctuati 

of the food supply in cuttings? 

3. How is the food supply in cuttings affected 

by mineral nutrition? 
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4. Bow is the food supply in cuttings affected 

during the time they are in the rooting 

mediwa? 

5. How is the food supply in cuttings affected 

by cold storage prior to rooitng? 

Del1aitationa.--!hia investigation has been 

limited to Miller'• Yellow and Sim varieties of carnation• 

grown in the Colorado A & K Greenhouses, Fort Collins, 

Colorado. This experiment was conducted from September, 

1952 to June, 1953. 

Definition g! terma.--1. rood supply, aa used 

in this experiment, refers to the total non-protein, 

soluble solids u measured by a Spencer refractometer. 

It also refers to percentage of dry weight or to the hydro­

chloric acid hydrolizable material found in the carnation 

cuttings. 

a. Oold storage is defined as storage at 34 to 



Chapter II 

REVIEW or LITERATURE 

:1:1 

In vegetative propagation, the portion to be 

propagated ia severed from the parent plant. The amount 

of stored food and the changes that take place until the 

cutting is rooted are very important. No attempt will be 

made to renew all the factors involved in the synthesis 

and utilization of the food material in plants for these 

are adequately covered by most plant physiology books. 

Pertinent literature concerning the effects of light, 

temperature and nutrition on the food supply will be re­

viewed. 

Accumulation of stored foode 

It ie common knowledge that most plant food ia 

produced in the leaves. Priestly and Swingle (18) discus 

the function of the leaves of herbaceous stem cuttings. 

!hey concluded that leaves were necessary for root forma­

tion, and while the leaves were in light they continued to 

accumulate a considerable amount of food in the cutting. 

Von Overbeck (20) found later that a combined action of 

auxin and some substance produced in the leaves waa 

necessary for root formation. Working with hibiaoua, he 



showed that the influence of the leaves could be replaced 

by auorose and nitrogenous material. 

In addition to other factors, Bonner and 

Galeton (1) pointed out that in plants at zero light in­

tensity, only respiration was taking place and aa light was 

increased a point was reached where photosynthesis and 

reapiration were balanced. With still further increase• tn 

light intensity, the manufacture of food exceeded the 

breakdown allowing some food to be stored. 

Ourtia (3) studied dry weight accumulation 1n 

alfalfa. A June cutting made an average daily gain in dry 

weight during the day of 8.5 per cent and lost 4.5 per 

cent at night. An August cutting gained 8.2 per cent 

during the day with a nightly loss of 5.1 per cent. If the 

alfalfa was cut in the afternoon of a clear day following 

a cloudy day, the gain for that day was greater than 

normal. !he loss on the night following a single clear day 

was also greater than the loss following several clear days. 

Ourtis found that the carbohydrate content of alfalfa waa 

83 per cent higher and the dry weight 19 per cent higher 

in late afternoon cuttings than in morning cuttings. 

Denny (5) studied both herbaceous and woody 

plants, and measured overnight changes in dry weight, 

nitrogen, and carbohydrate&. He found that the dry weight 

of herbaceous plants decreased markedly oYernight but in 

woody plants, the decrease was relatiYely small. 
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Overnight changes in carbohydra~ea in most species were 

large. In some species overnight loss of carbohydrates 

amounted to more than one-half that accumulated in hours of 

daylight. 

Bushnell (a), in an experiment measuring the 

losses of carbohydrates in potato plants between 8:30 p.m. 

and 5:00a.m., found that at 20° 0 the percentage loss due 

to respiration was 53.5 and at 29° 0 93.9 per cent. 

An important factor in the accumulation of food 

in plants is temperature. Holley (11), in determining the 

photosynthetic efficiency of three varieties of carnation•, 

measured dry weight accumulation under different condition• 

of light and temperature. Hie findings indicated that 

there were varietal differences in photosynthetic ef­

ficiency. As the light intensity decreased the importance 

of temperature became apparent. Under conditione of low 

light intensity and high temperature the utilization of 

food exceeded the aynthesi•. 

Using a range of telllPeratures from 4° to 40° 0, 

Hewitt and Curtis (10) measured the overnight loss of dry 

weight and carbohydrates from leaves of tomato, bean and 

milkweed. Matched leaves, one removed and one left on the 

plant, were held for 13 hours in dark, temperature con­

trolled chambers. The temperatures were maintained at 4o, 

10°, aoo, 30° and 40° o. J.t the end of the dark period, 



the difference• in dry weight and carbohydrates between the 

excised leaves and the intact leaves were attributed to 

translocation. Their conclusions were tbat the reapir­

ational loss of dry matter and carbohydrates (soluble 

sugars and starch) increased with each increment of temper­

ature, and the translocation losses increased with temper­

ature to approximately 30° 0 then diminished. The reducti<D 

of translocation at the higher temperatures wae believed to 

be due to the amount of material for transport becoming 

limiting. 

•utrition, ae pointed out by Curtis and Clark 

(4), affects the accumulation of dry weight in plants. 

Haun and Cornell (9) tested the rooting responses of 

geranium cuttings as influenced by the mineral nutrition 

of the stock plants. Stock plants were grown at 3 level• 

of nitrogen, 3 leYele of phosphorus, and 3 levels of potaa­

aium in all combinations. Their low level was considered 

deficient, the medium level normal, and tne nigh level ex­

cessive. They found that low and medium nitrogen levela 

resulted in a significantly nigher percentage of rooting 

than high nitrogen. In testing the leave• and stem for 

total carbohydrates, the authors found significant dif­

ference• due to nitrogen, with higher nitrogen giving lower 

total carbohydrates. Phosphorus and potash gave no signif­

icant differences in total carbohydrates or in rooting re-

sponaee. 



Working with poinsettias, Shanks and Link (19) 

tested the effect of nutrition of stock plants on the pro­

duction, rooting, and growth of cuttings. Using 3 levels 

of nitrogen, 3 levels of phosphorus, and 3 levels of potash 

ranging from normal to deficient, they obtained significant 

differences in number of cuttings and in percentage of 

cuttings that rooted. High levels of all 3 elements pro­

duced the most cuttings, and nigh levels of nitrogen and 

nigh and medium levels of pho-.phorue gave the nighest per­

centage· of rooting. 

Kenworthy and Kitchell (12), in a study of the 

effects of soil management practices on the soluble solids 

of Montmorency cherries at harvest, concluded that the use 

of mulches, fertilizers, clean cultivation, or any other 

soil management practice, which promoted vigor and supplied 

nutrients and moisture to the plants, appeared to result in 

a reduction of soluble solide. 

Respiration 2! •tored ~ 

It ia common knowledge that plant tissue con­

tinues to respire when placed in cold storage. lo food is 

being produced so the net result ia a loss of dry weight 

and carbohydrates. If the respiration is allowed to con­

tinue long enough complete breakdown of the tissue occurs. 

Meyer and Anderson (16) state that the temperature co­

efficient of respiration, within the temperature range of 
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0° to 300 0 appears to be about 2.0 to 2.5; i.e., respir­

ation approximately doubles with each 10° rise tn temper­

ature. 

Plateniua (17) measured the effect of temper­

ature on the rate of deterioration of fresh vegetables. 

Using green peas, uparagua, and sweet corn stored at 

35°, soo, and 80° ~, he measured the storage time which had 

elapsed when the vegetables had lost 30 per cent of their 

total augara. A portion of his data showed that &8-Paragus 

stored at soo r lost 30 per cent of the total sugars in 

275 hours, and at 35° lost an equivalent amount in 1000 

hours. Similar differences were also shown for green pe&8 

and sweet corn. 

Measurement !! stored ~ 

Curtis and Olark (4) describe the varioua metho~ 

that have been used to measure the amount of photoaynthate 

produced and respired. One such method ia the change in 

dry weight of the plant material. !he authors point out 

that dry weight is a means of mea.auring the amount of 

photosynthate accumulated or lost from a given tissue over 

a period of time, but changes in dry weight do not account 

for the amount used in respiration or tranalocated to other 

tissues. Ourtis and Olark also point out that day by day 

changes in food content of various crops and the nightly 

loss due to respiration will nry with the crop and its 
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stage of development, and with several environmental 

factors. !he nightly loss is especially influenced by 

temperature, water supply and the supply of certain 

minerals. During the day, in order for the plant to pro­

duce food, these factors, plus light, are taportant. 

Light refractometer& have been used by many 

workers to determine the amount of soluble solids in plant 

tissue. Kann and Boyle (15) and raskett and Peterson (6) 

successfully used the refract! ve index to select onion 

bulbs with high dry matter content. 

Webb, Killer, and ldmond (21) found no corre­

lation between the total soluble solids and the dry weight 

of sweet potatoes. !hey did find a high correlation be­

tween the total soluble solids and the t·otal sugars. 

!o deter:.1ne the dilution of different samples 

of honey, Fulmer, Bosch, Park and Buchanan (B) compared 

the refractive index of samples with known water content 

to the refractive index of known percentage solutions of 

sucrose. rrom the data obtained they were able to prepare 

refractive index tables that could be used to determine 

the water content of samples of honey by use of a refracto­

meter. They found that the factors affecting the refrac­

tive index were the kinds of material in solution, their 

concentration, and the temperature. 

According to Loomis and Shull (14), some of the 

non-soluble reserves can be used for respiration under 



starvation conditions. !he reducing substances formed by 

acid hydrolysis give an indication of the amount of the 

hemi-reaervea in the plant. Since these materials are a 

heterogeneous mizture, Loomis and Shull suggests that they 

be called au~etanoea hydrolyzed by dilute acids. 



Chapter III 

JI:L"J.'HODS AID MATERIALS 

All carnation cuttings used in this experiment 

were taken from mother blocks of stock plants grown in the 

Colorado A & M Greenhouses. !heae plants were grown at 

500 r night temperature. Day temperatures varied from 

56° ~ on cloudy days to a maximum of approximately 80° l 

on sunny days. Since light was variable, light recorda 

were kept during the entire period of the experiment. 

Where light was a factor in the changes of the food supply 

of cuttings, daily light intensities are included with the 

results. 

In preliminary studies, it was found that 

turgidity of the cuttings caused extreme variability in 

both the non-protein soluble solids and the dry weight 

measurements. To overcome this variability, uniform 

cuttings were selected and the basal ends of all cuttings 

were placed in water and set in a refrigerator until the 

cuttings were completely turgid. The cuttings were then 

handled as described in the following procedures. 
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GEIERAL PROOEDURIS 

Bon-protein soluble solids determination.--In 

determining the non-protein soluble solids, the turgid 

cuttings were divided into samples of 5 cuttings each, 

tagged for identification, wrapped tn paper and frozen. 

'l'he cuttings were then thawed and the juice extracted by 

squeezing. Vials of the juice from each lot were placed 

in a n.re basket and set in boiling water for 1 to a 

minutes to coagulate the proteins. !he juice was filtered 

through lhatman Io. 1 filter paper, cooled to room temper­

ature, and readings of the non-protein soluble solids were 

made on a Spencer refractometer. In reading the per cent 

concentration of the soluble solids, one drop of the ex­

tracted juice was placed in the instrument. Five or more 

readings were taken on each sample and the average value 

used as the reading for that sample. If the samples could 

not be read immediately after being filtered and cooled, 

they were frozen until such time as they could be read. 

Bo attempt was made in this experiment to determine the 

types o~ augars and other organic compounds in the ex­

tracted juice. 

Dry weight 4eterm1nat1ons.--outtings collected 

for dry weight determinations were also placed in water 

until completely turgid. The cuttings were then divided 

into lots of 5 cuttings each, the excess water clinging to 

the basal end of the stem wiped off with a dry cloth, and 



each replication weighed to the nearest tenth of a gram 

on a triple beam balance. The cuttings were then wrapped 

in paper, tagged for identification, and placed tn a forced 

air oven for 48 hours at 100° 0. They were removed, 

cooled, and weighed to the nearest hundredth of a gram on 

a torsion balance and percentage dry weight determined. 

~ h1drolizable material determinations.--!he 

dried material from the dry weight determinations was 

ground to pass a 40 mesh screen and placed in closed Yials. 

Duplicate samples of approximately one gram each were 

weighed to the fourth decimal place and placed in a 150 ml 

beaker. One hundred ml of 10 p~r cent HOl was added, a 

watch glass placed over each beaker, and the solutions were 

boiled for at hours. Approximately every 30 minutes, the 

material clinging to the sides of the beakers was washed 

down with 10 per cent HOl solution. While still hot, the 

material not hydrolized was filtered out in a weighed Gooch 

crucible with an asbestos filter. The crucibles were 

placed in an electric oven until dry, cooled in a desic­

cator and weighed to the fourth decimal place. !he amount 

of material hydrolized was converted to a percentage basis. 



HOURLY CHANGES IN THE FOOD SUPPLY II CARNATIOH CUTTINGS 

Non-protein soluble solids.--!hree replications 

of 5 cuttings each of the Killer's Yellow variety were 

taken every hour from 8 a.m. to 4 p.m. on Karch 4. Three 

replications of 5 cuttings each of the Crowley's Pink S1m 

variety were taken every hour from 8 a.m. to 4 p.m. on 

Karch 5. Determinations were made of the non-protein 

soluble solids. 

J!,u weight. --out-t ings of the Crowley' s Pink Sim 

variety were taken on Kay 14, 27 and as, 1953. Three 

replications of 5 cuttings each were taken every a hours 

from 8 a.m. to 6 p.m. and the percentage dry weight de­

termined. 

DAY TO DAY CHANGES IN THE FOOD SUPPLY 

IH OARIATIOH CUTTINGS 

Bon-Rrotein soluble solids.--Three replications 

of 5 cuttings each were taken from Killer's Yellow and 

Crowley's Pink varieties at 8 a.m. and 5 p.m. each day 

from Karch 30 to April 15, 1953 for measurements of non­

protein soluble solids. 

Dry weights.--Yive replications of 5 cuttings 

each of the Miller's Yellow variety were taken at 8 a.m. 

and 5 p.m. each day from January 26 to January 30, 1953 

for determination of percentage dry weight. 



BUTRITIOBAL EFfJ.:OTS Oll THE 100D SUPPLY 

II CARNATION OUTTIBGS 

23 

Carnation stock plants of the White Sim variety 

were grown at 3 levels of nitrogen, 2 levels of phosphorus, 

and 3 levels of potassium in all combinations. Ammonium 

nitrate applied at the rate of 1 pound per 100 square feet 

of bench area was used as the source of nitrogen. The 

nitrogen levels were maintained from normal to deficient 

by varying the number of applications in a ratio of 3:2:1. 

Phosphorus levels were maintained at high and normal by 

incorporation of treble superphosphate, at the rate of 5 

pounds per 100 squ~e feet of bench area, in the soil of 

the high plots before planting. Potassium chloride applied 

at the rate of 1 pound per 100 square feet of bench area, 

was used to maintain the potassium levels froa high to 

deficient by varying the number of applications in a ratio 

of 3:2:1. 

Cuttings were taken Karch 9, April 21, and Jlay 

16 from all plots and the non-protein soluble solids and 

dry weights determined. Dried materials from dry weight 

determinations made on February 9 were analyzed by acid 

hydrolysis. 



CHANGES IB TBI FOOD SUPPLY II CARNATION CUTTINGS II 

STORAGE AID II THE ROOTING MEDIUM 

24 

This phase of the study was designed to deter­

mine the changes in the food supply of carnation cuttings 

while in storage at 34-36° r and while in the rooting 

medium. The rooting medium used was sharp sand. Iighty 

samples of 5 cuttings each were taken and placed in water 

until turgid. The samples were weighed to the nearest 

tenth of a gram, placed in a cellophane bag, misted 

lightly with water and the bag stapled at the top with an 

identifying number attached. Five samples were selected 

at random for non-protein soluble solids determinations, 

and 5 for dry weight determinations of the fresh cuttings. 

!en samples were placed in the rooting medium for a weeks 

at which time they were removed and tested for non-protein 

soluble solids and dry weight. The time was limited to a 
weeks in the rooting medium due to the difficulty of 

measuring the dry weight of cuttings after they had formed 

roots. When rooted, some of the roots were lost in re­

moving the cuttings from the medium. !he sand particles 

were difficult to remove from the root mass. 

Ivery two weeks, ao more samples were selected. 

!en were tested for effects of the storage period, and 10 

were placed in sand for a weeks. 

!he following is a graphic representation of the 

plan: 
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!
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Dry weight 
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plus a 
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rooting 
mediua 
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Cuttings of the White Sim variety were taken on 

March 1 for the first series. The Miller's Yellow variety 
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was used for the second series, which was started Karch 21. 

The dried material from the dry weight measurements of the 

first series was used to determine the acid hydrolizable 

material. 

OORRILATIOI OF THE BON-PROTEIN SOLUBLE SOLIDS 

MEASUREMENTS AND THI DRY 

WEIGHT DE!ERMIIATIOBS 

Measurements of the non-protein soluble solids 

and the per cent dry weight from 54 comparable samples of 

carnation cuttings were correlated by use of the following 

formula (13): 

r = S (g) - I ii 

l/ ( sxa - xi2) ( s,S- xj2) 

The t-test for significance was applied to the 

correlation coefficient by use of the formula (13): 

t = ryl - a 

-yl - r3 



Chapter IV 

PRESENTATION or DATA 
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The data presented in this experiment are the 

average percentages of all determinations of all repli­

cations used in each test. The per cent non-protein 

soluble solids represents the per cent concentration of 

such substances found in the juice of the carnation 

cuttings as measured by a Spencer refractometer. The per 

cent dry weight includes the soluble and non-soluble 

materials in the cuttings. The per cent acid hydrolizable 

material is the portion of the dried material that is 

usually designated as the hemi-reserves or substances hy­

drolyzed by dilute acids. 

HOURLY CHANGES II THE FOOD SUPPLY IN CARNATION CUTTINGS 

Ion-protein soluble aolids.--Keasurementa of the 

non-protein soluble solids in cuttings of the Killer's 

Yellow variety, taken Karch 4, are shown in Fig. 1. The 

values shown are averages of readings from 3 replioaUons 

of 5 cuttings each taken each hour from 8 a.m. to 4 p.m. 

The average light intensity in the greenhouse for each in­

crement of time for Karch 4 and the previous day, March 3, 

is also included. The per cent concentration of the 
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soluble solids varied from a low of 5.43 at 10 a.m. to a 

high of 8.40 at 12 noon and 2 p.m. 

Similar measurements of the White Sim variety 

taken lla.rch 5 are shown in rig. a. These values nried 

from a low of 5.07 per cent at 8 a.m. to a high at a p.m. 

of s. 80 per cent. Jlaroh 4 was a clear day folloWing a day 

that was cloudy after 2:30 p.m. March 5 was a clear day 

following a clear day. 

Dry weight.--rig. 3 is a graph of the changes 

in the per cent dry weight of cuttings of the Crowley's 

Pink Sim variety taken every a hours from 8 a.m. to 8 p.m. 

on Jlay 14. The values shown are the averages of 2 deter­

minations. !he corresponding 2-hour increments of light 

in the greenhouse for that and the preceding day are also 

shown. !here was a gradual increase from 8 a.m. to 13 

noon, a sharp increase from 12 noon to a p.m., after which. 

there was a gradual decrease until 6 p.m. !he dry weight 

decreased overnight from 14.93 at 8 p.m. to 12.14 per 

cent at 8 a.m. llay 14 was a partially cloudy day with 

heavy clouds after a p.m. preceded by a cloudy day with the 

sun breaking through between noon and a p.m. 

11g. 4 includes the measurements for a coa­

aecutive days, Kay 27 and 28, 1953, of the changes in dry 

weight of the Crowley' a Pint 81m variety plus the oorre­

aponding light measurements for each period and for the 

preceding day. Percentages shown on the graph are averages 
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of 3 detezainationa. fhe percentages of dry weight in­

oreaaed on both days until 4 p.m. or la~er. !he decrease 

1n dry weight waa pteater 4ur1Dg the night following 

Kay 27. •aa as ..... a partially olou4y day w1 ~h floating 

cloud.& and fairly high light 1D.tenai ty throughout the day. 

by 27 and as were partially cloudy days w1 th heayY cloud• 

after 2 p.a. OD Jla7 37 aD4 after 4 p.m. on Jlay 38. 

In both rigs. 3 and 4 the higher light in­

tensities preoeded the mazt.ua accumulation of dry wetsht. 

DJ.Y !0 D.lT OHAIGES I:l THI J'OOD STJPPLT 

II' OJ.IlfJ.!IOB Otr!'J.'IBCJS 

•on-protein soluble aolids.--!he meaaureaents 

of the cha.Dgea in the non-proteiD aolu'ble aolida froa day 

to day are shown graphically in J'igs. 5 and e. !he Talu88 

used represent averages of 3 replications of 5 cutting& 

each taken at 8 a.m. and 5 p.m. eaoh day from March 30 to 

April 15. !he light aeaaurementa shown are the values of 

the a.erage light intensity from 7 a.a. to 8 p.m. ~ig. 5 

pictures the oaangea ta the •iller's Yellow variety. !he 

non-protem soluble solids increased during the day all4 

decreased overnight, except that on Jlarch 30, April a, 4, 

10 and 13 there wa.a no change or a decrease during the day 

and oa the night fo11owtng April 5 there was an increase. 

When the average light intensity waa le·ea than approrl•tel 

1500 foot oan4lea per day, the soluble solids deoreaaecl or 



Fig. 5 Morning and afternoon measurements 
from March 30 to April 15, 19.53. 

solids in Millerts Yellow carnations 
~ 
~ 



remained the same. The greatest accumulation did not 

follow the highest light intensity. 
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Jig. 6 showa the changes in the Orowley' s Pink 

lim variety. This variety also showed an tncreaae during 

the day and a decrease at night, except on Jlaroh 30, 

April 7 and 13 there was a decrease or no change duriq 

the day, and on the nights following Jlarch 30, April a, 4, 

8 there was no change or an increase. !he readings T&ried 

from a low of 5.07 to a high of 7.17 per cent, and in 

general, tended to increase during the test period. The 

greatest accumulation did not follow the highest light in­

tensity. 

Drx weight.-In Fig. 7 the day to day changes 

in the per cent dry weight are graphed. The values used 

represent the averages of 5 replications of 5 outttage 

each of the l'hite Sim variety. The cuttings were taken at 

8 a.m. and 5 p.m. from January 26 to 31. The graph shows 

a definite downward trend over the period which folloW8 

a alight decrease in the light intensity. !he dry weight 

Taried from a high of 13.17 per cent to a low of 11.76 per 

oent. !he light intensity for the period was low with 

January 27 being a clear day and the others partially 

cloudy. 
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ltJ!Iti!IO.J.L 1:1'1:10!8 OB !HZ J'OOD SUPPLY 

II OABI!!IOI OU!TIIQI 

Jon-protela seluble aolida.--!a~le 1 givea the 

&Terages of the readings of non-proteiD solids 1D outtiD.ga 

taken fro• the nutrient plots on kroh 9, April 31, aad 

Jlay 11. !he nl.u88 aho11D. are 'baaed on an anrage of 18 

.eaaureaenta. !he soluble solids ._ried inveraely with the 

ai trogea le'Yela, but were aot affected by differenoea ia 

potassium or phosphorus leTels. It was found that the 

lower the nitrate level at which the atook plants were 

~WD the higher were the aoluble solids. !he high ni­

trogen plota gave a rea4ing of 5.95 while low plots I&Y8 

&D &Terage of 6.81 per oent. !heae differences were hlgJIJ.y 

significant. .lll leTels of potaall and phosphorus gan au. 

average of approxilla tely s. 35 per cent, with differences 

between treatments not aignificant. 

!able 1. 'fhe effect of nutrient leTels 011 percentage non­
protein soluble solids in lhite Sim carnation 
outtinga. 

le oaf 
soluble 
aol1d.a 

Per ceai 
soluble 
801148 

iigh 5.95 High 
11 trogen •ec11ua 6.11 Potuh Jled.i1111 

Low 6.81 Low 

L.I.D. at oae per 
oent lnel o.sl •.s. 

Pea- oent 
aeldle 
801148 

Bigh 8.33 
Phoe-
phoru• 
J.ow 8.37 

•••• 



Dry weight.--!he dry weight determinations of 

cuttings from the nutrient plots taken on Karch 9, April 

39 

21 and Kay 16 are shown in !able 2. Values are baaed on 

an average of 18 determinations. !he per cent dry weight 

varied inversely with nitrogen but there were no real dif­

ferences attributable to potassium or phosphorus. '!'he 

average per cent dry weight for cuttings from high nitrogen 

plots was 14.43 and for the low plots 16.17. !he average 

for all potassium and phosphorus plots was approximately 

15.40. 

!able a. !he effect of nutrient levels on percentage dry 
weight of White Sim carnation cuttings. 

Per cent Per cent Per cent 
of dry of dry di' dr7 
weight weight weight 

High 14.43 High 15.43 High 15.34 
litrogen Kedium 15.40 Potash lledium 15.43 Phos-

Low 16.17 Low 15.34 phorus 
Low 15.48 

t.s.D. at one 
J!er cent level 0 1 61 •• s. ll.S. 

~ h!drolizable material.--The percentage of 

acid hydrolizable material found in cuttings taken from 

nutrient plots on february 9 was determined. Table 3 sum­

marizes these data. The values represent the percentages 

of acid hydrolizable material found in the cuttings and 

are averages of 13 determinations per category. There 

were no real differences obtained from the various leTels 
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of nitrogen, potassium or phosphorus. All nutrient treat­

ments gave an average of approximately 74.00 per cent. 

Table 3. The effect of nutrient levels on percentage acid 
hydrolizable material in White Sim carnation 
cuttings and the corresponding dry weights. 

Per cent dry Per cent acid hydrolizable 
weight material 

High 15.73 73.88 
!litrogen Jlediua 17.49 74.00 

Low 18.26 74.00 

High 17.47 73.96 
Potassium Kediua 17.58 73.99 

Low 16.42 74.04 

High 17.19 73.90 
Phosphorus 

Low 17.13 74.09 

OHAIGES IX THE FOOD SUPPLY I!l STORAGE AID 

IB THI ROOTING KIDIUI 

Series !.--cuttings of the White Sim variety 

were taken on Karch 1 and handled as described tn Methode 

and Materials. !he data for the changes in the non-protein 

soluble solids and percentage dry weight for the entire 

series are shown graphically in Fig. a. The values used 

are averages of 5 determinations each. The average daily 

light intensity (7 a.m. to S p.m.) is also shown for the 

test period. It should be noted that any changes in 

storage were not affected by light intensity since ·the 

cuttings were stored in the dark. The dry weight and the 
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soluble solids gradually decreased throughout the storage 

period. The non-protein soluble solids showed a slightly 

larger decrease than the dry weight. The dry weight con­

tinued to decrease when the cuttings were placed in the 

rooting medium, while the non-protein soluble solids in­

creased. In storage the dry weight decreased from 15.30 

to 14.65 per cent and the soluble solids decreased from 

8.54 to 5.20 per cent (Table 4). 

!he dried materials from the dry weight deter­

minations were hydrolized, and the percentages of acid 

hydrolizable materials are shown 1n Table 4. The per­

centages shown represent an average of 10 determinations 

each. There were no real differences in the acid hydro­

lizable materials, due to treatments given in this experi­

ment. The amount of acid hydrolizable material was found 

to average between 72.5 and 74.0 per cent. 
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Table 4. !rends in (A) per cent non-protein soluble 
solids, {B) per cent dry weight and (0) per cent 
of acid hydrolizable material in the White Sim 
carnation cuttings while in storage and in the 
rooting medium. 

~ 
A 8.54 

Fresh March 1 B 15.30 
a 74.aa 

~ 
A 5.84 

2 weeks storage B 15.01 
0 73.99 

} 
A 4.98 

4 weeka ator.age B 14.87 
0 73.69 

} 
A s.ao 

6 weeks storage B 14.85 
0 72.48 

a weeks in sand ~ 
A. 6.36 
B 15.24: 
0 73.20 

a weeks in storage ~ A 8.34 
plus a weeks in sand B 14.58 

0 73.87 

4 weeks in storage 1 A a. 56 
plus a weeks in sand B 14.62 

a 71.51 

S weeks in storage ~ A s. 58 
plus 2 weeks in sand B 14.37 

0 73.73 

Series !.--cuttings of the Killer's Yellow 

variety were taken on Karch 21 and handled in the same way 

as Series 1, except that no teet was made for acid hydro­

lizable material. Fig. 9 pictures the changes due to time 

in storage and in the rooting medium. The performance of 

this series (Table 5) very closely parallels that of 

Series 1, except that, when the cutting were placed in the 
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rooting medium the dry weight remained approximately the 

same or increased slightly. In storage the dry weight 

decreased from 12.45 to 12.17 per cent and the soluble 

solids decreased from 4.82 to 4.04 per cent. 

Table 5. Trends in (A) per cent non-protein soluble 
solids and (B) per cent dry weight in the 
Killer's Yellow carnation cuttings while in 
storage and in the rooting medium. 

~ 
A. 4.82 

J'resh Karch 21 
B 12.45 

a weeks storage ~ 
~ B 12.27 

4 weeks storage ~ 
~ B 12.26 

~ 
A 4.04 

S weeks storage 
B 12.17 

2 weeks in sand 
~ A 4.82 

~ B 12.47 

2 weeks in storage ~ A 4.96 
plus 2 weeks in sand 

B 12.98 

4 weeks in storage } A 5. 24 
plus 2 weeks in sand 

B 12.23 

6 weeks in storage ~ A 5.58 
plus 2 weeks in sand 

B 12.09 



CORRELATION OF THE ION-PROTEIN SOLUBLE SOLIDS 

MEASUREMENTS AND THE DRY RIGHT 

D:ETERMIHATIONS 

46 

Using 54 comparable measurements of the non­

protein soluble solids and per cent dry weight on fresh 

samples of carnation cuttings, a correlation coefficient 

was found to be o.soa. Using the t-test this value was 

found to be highly significant. 



Ohapter V 

DISCUSSIOB OF RESULTS 
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Changes in the food supply in carnation cuttings 

were measured by 3 methods: 1) percentage dry weight, 

a) non-protein soluble solids, and 3) percentage of acid 

hydrolizable material. 

The measurement of dry weight in the carnation 

cuttings apparently gave an accurate picture of the amount 

of reserve food in the cuttings at the time of the deter­

mination. In most oases the changes found could be at­

tributed to certain environmental factors or handling 

processes. The ability of the carnation plants to ac­

cumulate dry weight varied with the varieties tested. 

From the data shown in Figs. 3, 4, 7, 8 and 9 and from pre­

liminary studies, the Killer's Yellow variety normally ac­

cumulated less dry weight than the Sim varieties under com­

parable growing conditions. The dry weight of cuttings 

from the Killer's Yellow variety fluctuated within a range 

lower than the range of the Sim varieties. Under no treat­

ment given in this experiment or in other trials, did the 

dry weight of cuttings fall below 11 per cent. This may 

indicate the approximate lower limit of the food reserve 

at Which carnation cuttings will survive. 



The accumulation of dry weight during a single 

day tended to follow the light intensity for the day 
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(Figs. 3, 4 and 7). In all tests, the higher light in­

tensities preceded the maximum accumulation of dry weight. 

The overnight loss in dry weight was high following days 

with cloudy afternoons. During the time of year when the 

avezage light intensity was low (Fig. 7), any reduction of 

light by cloudy weather tended to give a downward trend in 

the level of food reserves in the cuttings. For the time 

of year covered in Fig. 7, a reduction in the average daily 

light intensity below approximately 1700 foot candles re­

duced the synthesis of food below that utilized. 

The nitrogen nutrition of stock plants affects 

the accumulation of stored foods in carnation cuttings 

(Table 2). Plants grown in a soil deficient in nitrogen 

produced hard, thin cuttings that were high in dry weight. 

various levels of phosphorous and potassium did not ap­

preciably affect the dry weight. 

Carnation cuttings placed in storage gradually 

decreased in dry weight (Figs. 8 and 9). When the cuttings 

were removed from storage and placed in the rooting medium, 

the dry weight remained the same or decreased slightly, 

which indicates that sufficient photosynthesis occurred to 

balance respiration. Since there were no roots on the 

cuttings and no translocation out of the stems, all the los~ 

was due to respiration. 
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The results of this experiment indicate that the 

environmental conditions of one or more preceding days may 

have as much or more effect on the stored foods in cuttings 

as the conditions immediately prior to sampling. Fig. 7 

illustrates the effect of several partially cloudy days on 

later determinations. 

In evaluating the dry weight method of detecting 

changes in the food supply in carnation cuttings, the data 

obtained points up several limitations. It is satisfactory 

for comparing treatments of a particular variety grown 

under the same environmental conditions. Unless nutrition, 

light, temperature and other environmental factors are undm 

control, this method would be unsatisfactory for comparing 

samples from different greenhouse ranges, or for samples 

taken at different times of the year. 

In the data presented and in other trials, the 

range of the non-protein soluble solids of the Miller's 

Yellow variety was normally lower than the range of the Sim 

varieties tested under comparable conditions. The range 

for all tests varied from 4.0 to 8.85 per cent. Under no 

conditions of stress did the soluble solids go below a 

reading of 4.0 per cent, which indicates the lower limit 

at which other stored foods break down to maintain the 

soluble solids. 

The non-protein soluble solids increased durtng 

the day and decreased at night in a manner similar to dry 



weight. The accumulation normally followed the light in­

tensity but tended to fluctuate more than the dry weight 

(Figs. 1, a, 5 and s). When the average daily light in­

tensity was below approximately 1700 foot candles there 

was little or no accumulation. Several exceptions to this 

(Figs. 5 and 6) could possibly have been due to conversion 

from other materials in the plant. 

The non-protein soluble solids varied inversely 

with the nitrogen level at which the stock plants were 

grown. Cuttings from the low nitrogen plots gave high 

soluble solids readings, which would indicate a high re­

serve of carbohydrates. Potassium and phosphorus levels 

apparently did not affect the soluble solids in the 

cuttings. 

The non-protein soluble solids decreased in 

storage due to continued respiration. When the cuttings 

were taken from storage and placed in the rooting medium 

the soluble solids increased. Since the dry weight did 

~ot increase proportionally, the increase in the soluble 

solids was likely due to a conversion of reserves within 

~he cuttings. 

This procedure for measuring the changes in the 

~on-protein soluble solids, although easily made, has 

!efinite limitations. It could be used on samples taken 

from plants given the same growing conditions and handling 

processes, but it is not suitable for testing material 
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grown or handled in different ways. Possibly the factor 

tha.t causes the most fluctuation in the soluble solids 

content is the continual synthesis ani breakdown of pro­

teins in the plant. 

The acid hydrolysis test used in this experiment 

did not detect changes in the food supply in the cuttings. 

This would indicate that differences produced by various 

treatments were changes in the more soluble fraction of 

the food reserve. 

SUGGESTION FOR FURTHER STUDY 

1. A procedure for measuring the total soluble solids 

should be devised. This test would take into account 

the proteins as well as the carbohydrates. It should 

give a more accurate measurement of the reserve foods 

than dry weight percentage, especially under variable 

environmental conditions. 

2. For studies leading to work on the keeping quality of 

cut carnation flowers, measurement of the food supply 

in the plant should be made over an entire growing 

season. These data could then be correlated with 

climatic conditions as well as with the other environ­

mental factors. 
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3. '!'he performance of the cuttings should be compared with 

the food supply in the cutting at the time they are 

taken from the stock plant. Data needed would be a 

measurement at the time cuttings are taken, their 

rooting performance, the number of breaks produced per 

cutting, the timing of the growth of the resulting 

plants and the quality and quantity of production. 
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Changes in the food supply in carnation cuttings, 

due to certain environmental factors and handling pro­

cesses, were determined by three methods. Acid hydrolysis 

tests detected no changes. This would indicate that 

changes in the food supply were in the more soluble portion 

of the material in cuttings. The changes detected by dry 

weight and non-protein soluble solids measurements were as 

follows: 

1. The food supply in cuttings was affected by 

the average daily light intensity of one to 

several days preceding the test. Several 

days of cloudy weather reduced both the dry 

weight and non-protein soluble solids. When 

the average light intensity was high the dry 

weight and soluble solids fluctuated within 

a fairly constant range. This range varied 

slightly with the varieties tested. The 

range of food supply in the Sim varieties 

was normally higher than the range of the 

Killer's Yellow variety. 
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a. In the hourly measurement of changes in the 

food supply, dry weight and non-protein 

soluble solids increased with the light in­

tensity for that day. The greatest ac­

cumulation of food followed tbA maximum light 

intensity by 1 to a hours. 

3. In measurements of the day to day changes in 

the food supply, dry weight and soluble sol~ 

increased and decreased with the light in­

tensity. Normally there was a build up of 

the food supply during the day and a decrease 

overnight. When the average daily light in­

tensity was below approximately 1700 foot 

candles the utilization of the food slightly 

exceeded the synthesis. The overnight loss 

was high following a day with a cloudy after­

noon. 

4. The nitrogen level at which the stock plants 

were grown affected the dry weight and the 

non-protein soluble solids. The percentage 

of dry weight and non-protein soluble solids 

were inversely proportional to the nitrogen 

available to the plants. Potassium and phos­

phorus levels did not appreciably affect the 

dry weight or the soluble solids. 
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5. When cuttings were placed in storage the food 

reserve, as measured by both the dry weight 

and the non-protein soluble solids test, de­

creased throughout the storage period. 

s. When removed from storage and placed in the 

rooting medium, cuttings maintained approxi­

mately the same level of food reserves. Ap­

parently sufficient photosynthesis took place 

to balance respiration. 

!he correlation coefficient of the two methods 

of measuring the food supply was 0.508. The t-test showed 

this value to be highly significant. The changes in non­

protein soluble solids normally followed the changes in 

dry weight. The non-protein soluble solids fluctuated more 

than the dry weight, which was probably caused by the syn­

thesis and breakdown of proteins in the plant. 

The dry weight method appears to be more satis­

factory than the non-protein soluble solids method for the 

measurement of the food reserves in the cuttings. It would 

be unsatisfactory for comparing samples grown under dif­

ferent environmental conditions or for samples from dif­

ferent varieties of carnations. It is possible that a 

total soluble solids measurement might be more accurate in 

reflecting changes on the soluble fraction of the food 

supply. 
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