
TBS OF DEFOLIATION AB  IT AFFiCTS  STJBSEPUENT BEHAVIOR 
OF FIELD-GROW ROSES. 

by 

DAVID HJNTER 

A THESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

MASTER OF SCIENCE 

June 1950 



APPH0V1D: 

■ h^.rf— iTui' .- i.C . 

professor of Horticulture 

In Charge of Ma,jor 

Head of Department of Horticulture 

 ^7— — '  

Chairman of School Graduate Committee 

Dean of Graduate School 

Date thesis is presented May 13, 1950 

Typed by Margaret J. Hunter 



ACKNOWLEDGMENT 

The author wishes to express his sincere appreciation 

to Professor A.N. Roberts and Dr. Elmer Hansen for assis- 

tance and guidance during the course of the investigation 

and to Professors A.N. Roberts and Henry Hartman for 

their constructive criticism of the manuscript. 

D.H. 



TIME OF DEFOLIATION AS IT AF^CTS SUBSEQUENT BEHAVIOR 

OF FIELD-GROIJN ROSES 

TABLE OF CONTENTS    ..,,., 
Page 

Introduction . . . . ,■. . . ............ 1 

Reason for research  1 
Defoliation history   ........ 1 
Nature of problem  2 

Time of defoliation and storage. ...... 3 
Plant maturity and carbohydrate 
accumulation  3 

Review of literature   5 

Starch accumulation and function.   5 
^educing sugar accumulation and function. ... 6 
Sucrose accumulation and function .  6 
.Selection of samples.......   ..... . 7 
Methods of carbohydrate analysis  7 

Extent of present problem  & 

Limitations   ..... 8 
Brief outline  $ 

3xperimental procedure   10 

Time and place of experiment  10 
Materials used and plot arrangement ...... 10 
Treatments of plants  10 
Stripping sanroles .10. 
Pre-storage treatment and samples   12 
Storage conditions  12 
Post-storage treatment. . .   13 
Measurements of field records   13 
Overwinter and storage plant records  16 
Chemical analysis of samples. .  16 

Grinding ...  16 
Extraction of reducing sugars 
and sucrose  . . 16 

'•■?i           Acid hyarolyzable material  17 
Pemi-micro determinations 
(revised Shaffer-Somogi method) .17 

Reagents used and preparation  18 
Analytical methods  19 
Standardization curve   21 

Data analysis  21 



TABLE OJ CONTENTS (continued) 

page 

Experimental results . .... ....... . . . 23 

Iodine starch test. . . .. ......... 23 
Carbohydrate analysis of McGredy^ 
Yellow rose plants. ............. 23 

Heduoing sugars in stems and roots .... 23 
Sucrose in stems and roots ........ 25 
Acid hydrolyzable material in stems 
and roots. ................ 25 

Subsequent behavior of rose plants. . . . . . 27 
Overwintered FcGredy's Yellow plants .' . . 29 
Overwintered Etoile de Holland plants.' . . 33 
Overwintered Villa de Paris plants .... 35 
Storage durability of all varieties. .' . .' 37 
Post-storage spring growth of      *   ' 
all varieties   ... 38 

Discussion of results. . » . . . . ........ 46 

Carbohydrate analysis of stems and 
subsequent behavior of T'cGredy^ 
Yellow plants .....;,......... 46 
Carbohydrate analysis of roots and 
subsequent behavior ......   46 

Overwintered JjcGredy'e Yellow 
plants  ............     47 
Storage "cGredy's Yellow plants. ..... 48 
Other varieties spring growth  48 
Inconsistencies of November 5 
treatment  49 

Time of defoliation and subsequent 
behavior  50 
Subsequent behavior and plant maturity. ... 51 
Plant maturity and carbohydrate 
accumulation.  51 
Carbohydrate accxmulation and tine of 
defoliation , . 52 

Summary and conclusions. ........   53 

Literature cited. ..  55 



TABLES 

Table page 

1 Average percent of reducing sugar . , , 
on a dry weight basis in stems and 
root& of rcOredy's Yellow rose.plants .' . . . 
at time of storage .......24 

2 Average percent of acid hydrolyzable 
material on a dry weight basis in the , , . , , 
stems and roots of FcGredy's Yellow 
rose plants at the time of storage. 26 

3 Record,of average spring growth of      , < , 
the overwintered McGredyfs Yellow 
rose plants, taken on April 4 and      „ 
April 28   . 30 

4 Record of average spring growth .of the 
overwintered Etoile de Holland rose 
plants taken on April 4 and April 28.. .= . * . . 34 

5 Record of average spring growth of the 
overwintered Villa de Paris rose 
plants, taken on April .4 .and April .28 . . * . .36 

6 Record of average spring growth of the . 
fTcGredy's Yellow rose plants after 
storage, taken on April, 4 and April 28.. .. .. . . 40 

7 Record of average spring growth of the 
Etoile de Holland rese plants after 
storage, taken on April 4 and April 28.. . .. .. .. 43 

8 Record of average spr.ing growth of .the 
Villa  de Paris rose plants after storage, 
taken on April 4 and April 28  44 



TABLE OF ILLUSTRATIONS 

Plate Page 

1 General view of the plots on 
November 25, 1949 9 

2 View of rose plants looking across the 
rows on Roveraber 25, 1949 11 

3 View taken on November 16, 1949 of one 
plot of plants defoliated on October 23. .... 14 

4 Closeup vivew taken on November 25, 1949 
of one plant that was defoliated on 
October 23 and one plant to be defoliated 
on December 8 ; 15 

5 Graph of percent reducing sugars and 
acid hydrolyzable material in the stems 
and roots for the five treatments taken 
at storage time of J^cGredyVs Yellow 
rose plants. 28 

6 Graph of subsequent behavior of 
McGredy's Yellow roses left in the 
field over the winter 31 

7 Views of typical replications of each 
treatment of plants that were left in 
the field overwinter taken on April 28, 1950 . . 32 

8 Graph of subsequent behavior of !MTcGredy,s 
Yellow roses after storage   41 

9 Views of typical replications of each 
treatment of plants that were planted 
in spring after storage, taken on April 
28, 1950 42 

1© General view of plots of rose plants 
that were planted in spring after 
storage, taken on April 28, 1950 ........ 45 



TIME OF DEFOLIATION AS  IT AFFECTS SUBSEQUENT Bil'HAVTOR 

OF FI?LD-GROWN ROS7SS. 

INTHODUOTION 

The production of field-grown rose plants is one 

of the important phases of the nursery industry in the 

Pacific Northwest. 

Moderrn nursery management reauires that most trees 

and shrubs be stored over v/inter for early spring 

marketing and shipping. Deciduous plants store best 

when defoliated prior to storage. Nost of these plants 

and especially hybrid tea roses fail to drop their 

leaves naturally until very late in the fall or early 

winter. 

Several methods have been investigated in past 

years for the most efficient means of artificially 

hastening defoliation. T?ilbrath, Hansen, and Hartman 

(9, p. 5-6) in 1940 considered a number of possible 

methods. Removal by physical means was found to be 

laborious and expensive.  "Sweating* the plants by 

placing them in large piles and keeping them soaked 

with water to remove the leaves required too much 

time and sometimes damaged the plants by overheating. 

Undercutting and heeling-in proved uncertain, as it 

depends to a great extent on weather conditions. The 

use of sheep and browsing animals is satisfactory on a 
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limited scale, but is not suited to industry wide app- 

lication. No chemicals, either sprays or dusts, were 

found to be satisfactory at that time. These workers 

recoBunended defoliation of rose plants by means of eth- 

yl ene gas. This method required a fairly simple gas 

chamber with critical temperatures and humidity. 

In 1946 Chadwick and Houston (4, p.666) working 

with several deciduous plants, found a spray composed 

of Naoconal NR plus a summer oil to be very effective 

in hastening the defoliation of rose plants prior to 

storage. Roberts (9,p. 11-14) working with chemical 

sprays and dusts in 1947-48 at Oregon State College, 

confirmed Chadwick and Houston's findings. Roberts 

also noted in this work that "too early defoliation 

resulted in insufficient plant maturity that is ess- 

ential for satisfactory storage and subsequent growth. 

Severe winter injury occurred where plants we e defol- 

iated too early...." From this recent report it was 

apparent that not only the means of defoliation but 

also the time of defoliation was of the utmost import- 

ance. 

Time of defoliation may be reflected in the plant's 

winter hardiness, storage durability and subsequent 

spring growth. Not only Roberts, but also Tukey and 

Brase (12, p. 494-495) emphasized that the most import- 

ant consideration in storage of nursery stock is the 
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treatment prior to placing in storage. Yerkes and 

Gardner (14, p.347) reported that damage to roses from 

decay while in storage varied more with the condition 

of the plant as regards maturity and also with the 

variety than with the water content of the packing 

materials. This report also pointed out that roses 

in storage are more risky than other diciduous trees 

and shrubs since they may break dormancy more readily 

if kept moist. At the same time, they quickly suffer 

from desiccation if exposed to dry air. 

Ideal storage conditions for nursery stock is 

essential if desiccation and disease are to be avoided. 

Truscott (11, p. 2) gives the ideal conditions for nur- 

sery storage as 32 2 degrees Fahrenheit for temperature 

and 90 to 95 percent of saturation for relative hunid- 

ity. 

Nurserymen usually defoliate their roses in the 

latter part of October, and store them in early Novem- 

ber. The question arises:- Are these plants mature 

enough to store, and then grow satisfactorily in the 

spring? Could these plants be improved by defoliating 

earlier or later than the usual times? These and other 

questions are a part of the important problem of defol- 

iation prior to storage and its affect on plant maturity. 

Can plant maturity be determined or defined? 

Plant maturity Is a complex relationship of many 
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factors, yet there is some indication that a relative 

deduction can be obtained by carbohydrate analysis. 

Hooker (6, p.1079) in 1926 reported that maximum car- 

bohydrate accumulation tends to cause apple leaves to 

turn yellow and finally fall. He also pointed out that 

carbohydrate accumulation by the plant was not only 

confined to an inhibition of the photosynthetio process 

itself but also that it inhibited puoduction of new 

photosynthetio machinery as well.  In other words when 

a plant has reached maximum carbohydrate levels, the 

leaves can no longer manufacture carbohydrates nor can 

the plant produce any new growth. This clearly indic- 

ates that carbohydrate accumulation and plant maturity 

are closely related.  If this period of maximum accum- 

ulation can be determined, the correct time for defol- 

iation can be ascertained. 



LITERATURB RSVIEUV 

The literature on carbohydrate accumulation is 

very extensive and varied. A number of papers dealing 

with the rose family{Rosaceae) indicate that maximum 

accumulation occurs from early fall to early winter. 

Carlson (3, p.74) reported that starch content is max- 

imum in December for American Pillar and in January 

for Dorothy Perkins rose stems. Both of these roses 

are climbers. Brandon (2, p.246) pointed out that the 

starch content of several bush rose varieties is max- 

imum in November. These two reports indicate that 

both variety and type of plant are important consider- 

ations of starch accumulation. 

Krayblll, Sullivan and Miller (7, p.266) in a very 

extensive investigation on apple trees showed that 

starch is the most important reserve carbohydrate and 

that maximum accumulation occurs in November after leaf 

fall. Smyth (10, p.271) working on apple trees in Eng- 

land reported maximum starch accumulation in October. 

The difference in climate could explain the inconsist- 

ency of these two reports, but Beattie (1, p.37-39) 

showed in 1948 that maximum starch accumulation occurs 

in September with apple trees. 

Since maximum starch accumulation occurs at various 

times throughout the fall season and since starch is 
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the most important reserve carbohydrate; the condition 

of the plants at the time of defoliation should be re- 

flected in the Quality of the plant in storage and 

subsequent spring growth. 

The function of reducing sugars in rose plants has 

received very little attention in previous work. Smyth 

(10,p.269) did indicate in her work on apple trees that 

reducing sugars have a seasonal variation. The max- 

imum period of reducing sugar is January. Even so, 

very little appears in the literature that would indi- 

cate that reducing sugars have any effect on plant 

maturity or the subsequent behavior of plants in 

storage and spring growth. 

Sucrose has received more attention. Krayblll, 

Sullivan and ?/iller (7, p.266) in their extensive 

work on apple trees indicated that sucrose increases 

in the wood and decreases in the bark at ground level 

from November to December, and the reverse from Feb- 

ruary to April. They also report that "sucrose is 

present in relatively small quantities in all parts 

of the apple tree and is not primarily a reserve food 

material. There is no evidence that the hydrolysis of 

sucrose, stored in the small roots, furnishes a supply 

of carbohydrate material for the young branches at the 

beginning of growth in the spring as has been reported 
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in the literature." Sucrose is not a primary reserve 

material, it is not available in large quantities, nor 

does it appear to affect the subsequent behavior of 

plants. 

While reducing sugar and sucrose accumulation 

should not be ignored, it appears that starch is the 

important reserve carbohydrate in plants of the rose 

family* Tt follows then, that samples of plants de- 

foliated at regular intervals will reveal the period 

of maximum carbohydrate accumulation. 

The selection of samples for sugar and starch 

analysis is very important. Tukey and Green (14, p. 

162-163) show quite conclusively that the carbohydrate 

content of rose stems varies from the base to the tip* 

Carbohydrate is highest at the base andlowest at the 

tip. A uniform sample from all plants is essential 

for good analytical results. 

Many methods are available in the literature for 

analyzing carbohydrates chemically. Heinze and T*ur- 

neek (5,p.22-23) appraised the important methods and re- 

commended the Shaffer-Somogi method as the most accur- 

ate, efficient and convenient for sugar determinations. 

Several revisions have steadily improved the accuracy 

and convenience of this method.  The standard methods 

of hydrolysing sucrose and starch give products which 

are readily analysed by the revised Shaffer-Somogi method. 



8 

EXTMT OF PRESENT PROBLEM 

Studies of the optimum time for defoliation brings 

together for the first time several problems that have 

been considered separately but never together. Defol- 

iation has been a practical problem of the nurseryman, 

carbohydrate accumulation has been an important study 

of the plant physiologist and subsequent behavior of 

interest to the horticulturist. Any one of these prob- 

lems is a task in itself and the correlation of them all 

is a sizeable problem of which the present work can 

only be considered preliminary. 

In this experiment rose plants were defoliated by 

hand stripping at regular intervals during the fall 

months. Samples were taken prior to storage, analysed 

for carbohydrates, and correlated with the subsequent 

behavior of the plants as to winter injury, storage 

durability and early spring growth. 



Plate 1 General view of the plot on November 25, 1949 
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EXPERIMENTAL PROCEPIJRE 

This experiment was started in the fall of 1949 

and completed in the spring of 1950 at Oregon State 

College. 

Two year old rose plants of the hybrid tea var- 

ieties McOredy's Yellow, Etoile de Holland and Villa 

de Paris were used. The varieties were planted in ad- 

joining blocks. There were seven plants per plot re- 

plicated four times for each of the five treatments. 

The twenty plots of each variety were randomized in 

each variety block. The plants were three feet apart 

in the rows and eisht feet apart between the rows. 

Each treatment consisted of a certain date of 

foliage removal. These were October 23» November 5, 

November 17, November 2? and December 8. On each of 

these dates the plants of four plots of each variety 

had all their leaves removed by hand stripping. 

Samples of stsms and roots were removed at the 

time of stripping from the first two plants of each 

plot. The samples consisted of one stem and one root 

selected for uniform size from each plant.  They were 

approximately six inches long taken from the closest 

point from the bud-union. From these samples, thin 

sections were removed from the bud-union end of each 

by means of a sharp razor. These sections were stained 

with iodine, washed with water then photographed in 
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Plate 2 View of rose plants looking across ttie rows on 
November 25, 1949 
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search of a simple test for starch accumulation. The 

remainder of the sample was killed in an oven at 100 

degrees centigrade for one hour then dried at 70 degrees 

centigrade for 48 hours. These were then stored in a 

refrigerator at 0 degrees centigrade. 

On December 8, the last plots were stripped and 

the first five plants of each plot in the experiment 

were dug. Plants 1 and 2 were tied together to be 

used for sugar and starch analysis. Plants 3» 4 and 5 

were tied together and placed in storage. Plants 6 

and 7 were left undisturbed in the field for winter 

injury observations. 

The plants to be sampled for analysis were washed 

free of soil and treated as follows:  all stems of the 

past season♦s wood, up to six inches from the bud- 

union, were removed from the plants, cut into one- 

quarter inch sections, placed in a container, killed 

in an oven at 100 decrees centigrade for one hour, 

dried at 70 degrees centigrade for 48 hours and then 

stored in the refrigerator for later analysis. The 

roots of these same plants were treated in a like 

manner. 

The storage plants were placed in an unused war- 

time ammunition cellar. The bundles of roses were 

stacked in two piles at random. The roots were covered 

by a mixture of moist sawdust and shingle tow to 
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prevent their dessication. The relative humidity and 

temperature were continuously recorded by a Hygro- 

theraograph. The humidity and temperature were checked 

weekly throughout the storage period. To correct for 

unfavorable conditions, the only adjustment possible 

was opening and closing the door to take advantage of 

outside temperatures. 

On March 2, 1950 all plants were removed from the 

storage cellar and planted in the field. The varieties 

were planted in separate adjoixiing blocks. The treat- 

ments were randomised in their respective replications 

of each variety. The rows were five feet apart and the 

plants were three feet apart in the rows. 

On April 4, field records were taken of the over- 

wintered plants and the storage plants. 

The overwintered plants were measured for the 

number of inches of live canes per replication. This 

was averaged for each treatment.  In addition, a total 

count was taken of the buds that had "broken" i.e. 

showed new spring growth. This was also averaged for 

each treatment. 

The storage plants were rated separately for die- 

back, condition of first 10 inches of stems, and bud 

condition. A 0 to 5 index was used for each.  These 

three scores were added for each replication of each 

treatment.  The average of the four replication totals 



14 

Plate 3 View taken on November 16, 1949 of one plot of 
plants defoliated on October 23 
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Plate 4 Closeup view taken on November 25, 1949 of one 
plant that was defoliated on October 23 and one 
plant to be defoliated on December 8 
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was used to indicate the result of the treatment. 

Both the overwintered and storage plants were 

pruned on April 4 as uniformly as possible. 

On April 28, final observations were made.  The 

actual growth of each bud was measured. Each replica- 

tion was totaled and the average of the four replica- 

tions was calculated for each treatment in both the 

overwintered and storage plots. 

McGredy's Yellow samples that were collected at 

storage time were used for carbohydrate analysis. The 

other samples were left in the refrigerator for future 

departmental analysis. Each of the McGredy^ Yellow 

samples was ground in a large Wiley Mill to 20 mesh, 

then ground in a small Wiley Fill to 60 mesh. Each 

sample was well mixed and placed in covered jars for 

analysis. 

Duplicate 2.5 gm. samples were weighed and placed 

in 100 ml. beaker. Twenty ml. of 80 percent alcohol 

was added Sod warmed for 10 minutes. It was then fil- 

tered directly into a 50 ml. volumetric flask. This 

was repeated four times adding approximately 7 ml. of 

alcohol each time. The filtrate was made up to volume 

(50ml.). A 25 ml. aliquot of the filtrate was pipetted 

into a 50 ml. beaker. The alcohol was evaporated off. 

The residue was dissolved in 40 ml. of water. One ml. 

of saturated lead acetate was added to clear the 
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solution and enough sodium oxalate was added to precip- 

itate the excess lead. The solution was then filtered 

into 100 ml, graduated flask and made UD to volume with 

distilled water. After thorough mixing 5 ml, was pip- 

etted out of each sample to he used for reducing sugar 

determination. Another 5 ml, was pipetted out of each 

sample for invert sugar analysis. To this sample 4 

drops of invertase was added and let stand for two 

hours and then determined as reducing sugars. 

The residue from the alcohol extraction was washed 

with distilled water into a 500 ml, erienmeyer flask 

and made up to approximately 200 ml. Twenty ml. of 

1.125 specific gravity HCL was added. A funnel was 

inserted in the neck of each flask which was placed in 

a boiling water bath for two and one-half hours. At 

the end of the hydrolysis, the solution was cooled and 

nesrly neutralized with 5N NaOH, The solution was then 

filtered into a 500 ml. graduated flask and made up to 

volume with distilled water. After thorough mixing, 

5 ml, of each sample was pipetted out to be used in 

reducing sugar determination and reported as acid hy- 

drolyzable material. 

The semi-micro method for the determination of 

reducing sugars was a revision of the revised Shaffer- 

Somogi method as used in thfe biochemistry department at 

Oregon State College. The reagents used were: 
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1. A solution containing 12.5 percent KI and 25 

percent KgCgO, * HgO (potassium oxalate). 

2. A  7.5 N solution of HgSO, that was kept free 

from oxidizable material and rubber tubing. 

3. Standard 0.10 N solution of NapSgO,. 

4. Starch indicator solution containing 1 per- 

cent soluble starch in a saturated JTaCl sol- 

ution. 

5. Sugar reagent "G*. 

Components 'eight in 
grams 

per liter 

CuSQ, .5^0 (copper sulfate crystals) 37.5 

NaKC4H40,.4H24 (Rochelle salts) 125.0 

Na2C0^ (anhydrous sodium carbonate) 53.0 

KI (potassium iodide) 1.0 

NagSO. (anhydrous sodium sulfate) 50.0 

KIOo (potassium iodate) 3.5665 

NaOH (sodium hydroxide)      saturated solution 

The preparation of sugar reagent "G" based on one 

liter is as follows: The NagCOg and Rochelle salts are 

dissolved in 300 ml. of distilled water, after which 

the CuSO, .5H20 crystals, dissolved in approximately 

500 ml. of distilled water, is added with continuous 

stirring so that no free (X^is evolved. The use of a 

funnel with the exit below the surface of the carbonate 
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tartarate solution is helpful. The KI and NagSO, are 

added, stirring until disolved. The solution is then 

made up to the approximate volume of 960 ml. with dis- 

tilled HgO. The strong solution of NaOH is added slow- 

ly with stirring until the pH has reached a value of 

9*48. The pH is determined at 25 degrees centigrade 

with the glass electrode;  the salt error being neg- 

lected. The samples used for testing the pH are always 

returned to the main solution. 

The resulting solution is heated to boiling and 

is boiled gently for ten minutes in a covered contain- 

er.  It is then cooled to 20 degrees centigrade, ""he 

accurately weighed KIO3 is added, dissolved completely 

and the solution is made up to exactly one liter with 

distilled water. Let the solution stand for one week 

in a pyrex container to allow suspended matter to 

settle out. The clear solution is siphoned out and 

stored in a pyrex corked bottle. 

The procedure of reducing sugar analysis is the 

same for each of three sugar analysis i.e. reducing 

sugars, invert sugar as reducing sugars, and acid 

hrdrolyzable material as reducing sugars. 

Exactly 5 ml. of sugar reagent "G* is measured 

into a wide mouth six inch test tube. Piioette 5 ml. 

of sugar solution into the "G" solution and mix thor- 

oughly by shaking.  Fit the test tube with a loose 
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glass stopper, to prevent loss of solution and iiamerse 

at least two-thirds of the test tube in a boiling water 

bath for exactly 10 minutes. Cool the test tube to 

approximately 30 degrees centigrade by immersion in 

cold water. Add 2 ml. of potassium lodide-oxalate 

solution and mix thoroughly by shaking. To this mix- 

ture one ml, of 7.5 N H2SO, is added carefully down the 

side of the inclined test tube in such a way as to 

avoid too rapid a release of OO2. This is best done 

by slowly revolving the inclined test tube until the 

first violent evolution of OO2 has subsided. The sol- 

ution is then mixed thoroughly by shaking. After add- 

ition of the sulfuric acid, sufficient time must be 

allowed for all the cuprous oxide to dissolve and for 

the solution to become entirely clear. The excess 

iodine is titrated with the 0.1 N ^28203, using the 

starch indicator near the endpoint. The normality of 

the NagSgO-a is checked frequently against 0.05 N KIO^ 

solution. Using the same procedure run a blank (5ml. 

of water) as the test sample. The difference corres- 

ponding to the volume of 0.1 N Na-ySg0-* consumed by the 

cuprous oxide is converted into milligrams of sugar 

per 5 ml. of solution by reading from a standardiz- 

ation curve. As will be seen from data presented in 

the standardization curve, the volume of Na2S203Used 

is within reasonable limits, a linear function of the 
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concentration of the sugar. 

The reagents used should be checked against a 

sample of pure sugar frequently, although their value 

reaains remarkably constant over a period of months. 

For the standardization curve, a stock solution 

of Pfanstiehl glucose was made up so that one ml. of 

stock solution contained exactly one mg. of glucose. 

To obtain the linear function, eleven determinations, 

replicated four tiaes were made. « The eleven positions 

determined were for 0,0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 

3.5, 4.0, 4.5, 5.0 ml. of glucose solution along with 

5.0, 4.5, 4.0, 3.5, 3.0, 2.5, 2.0, 1.5, 1.0, 0.5 ml. 

of water respectively. To each of these was added 5 

ml. of sugar reagent "G" and using the same semi-micro 

method for reducing sugars the positions of curve were 

determined by averaging the four replications of each 

determination. 

For the reducing su^ar samples, the duplicate 

samples were averaged, which in turn were averaged for 

each treatment. This value was subtracted from value 

of 0 glucose and converted to reducing sugar equivalent 

taken from the standardization curve. This equivalent 

value was corrected for dilutions and converted to 

the percent reducing sugar in sample on dry weight 

basis. 

For the invert sugars reported as reducing sugars. 
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the reducing sugar equivalent included both the re- 

ducing and the invert sugars. For this reason the 

value found for reducing sugars in corresponding re- 

ducing sugar analysis was subrtacted, giving the value 

for invert sugar. This value was corrected for dil- 

utions then multiplied by .93 to correct for hydrolysis. 

This new value was then converted to percent sucrose 

in sample on a dry weight basis. 

For the acid hydrolizable material reported as 

reducing sugar the same procedure was followed as in the 

reducing sugar analysis and the results reported as 

acid hydrolizable material in the sample on a dry 

weight basis. 

All data obtained for overwintering, storage dur- 

ability, early spring growth and carbohydrate analysis 

were statistically analysed for "F* value at .05 per- 

cent level. Where a significant "F" value was obtained, 

the least significant difference was calculated at the 

5 percent level of each measurement. 
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iDCPSRHfENTAL RESULTS 

The photographs of the sections stained with iod- 

ine did not reveal any consistent information that 

could be used as an indication of carbohydrate accum- 

ulation. 

The carbohydrate analysis of the ^cOredy's Yellow 

rose plants, that were sampled at the time of storage, 

did give a significant correlation of carbohydrate 

accumulation with the subsequent behavior of the plants, 

The percent of reducing sugar on a dry weight 

basis of the stems and roots Is presented in Table 1. 

In the steins, the olants defoliated on October 23 show- 

ed the lowest value, 10.4 percent, of reducing sugar. 

The November 5 treatment showed 11.7 percent, the Nov- 

ember 17 treatment 13.6 percent, the November 27 treat- 

ment 16.0 percent and the December 8  treatment showed 

the highest value, 18.1 percent reducing sugar. From 

the analysis of variance, the December 8 treatment is 

significantly higher than the October 23 and November 

5 treatments and the November 27 treatment is signifi- 

cantly higher than the 23 treatment.  In the roots, the 

values for reducing sugars are almost inversely correl- 

ated with the stem values. The plants defoliated on 

October 23 showed the highest value, 27.3 percent, 

reducing sugars.  T'he November 5 treatment showed 25.2 
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Table 1. Average percent of reducing siigar on a dry- 
weight basis in, stems, and roots of McGredy's 
Yellow rose plapts at time of storage.. , ] 

Treatment 

Oct. 23 

Nov. 5 

Nov. 17 

Nov. 27 

Dec. 8 

Stems 

10.4 

11.7 

13.6 

16.0 

18.1 

Roots 

27.3 

25.2 

20.9 '. 

18.6 

19.5 

L.S.J). at 
19-1 

F value (.05) 

Calculated 

Tables 

4.96 

3.52 

3.06 

5.6 

3.71 

. 3.06 
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percent, the November 17 treatment 20.9, the Noveraber 

27 treatment showed the lowest value of 18.6 percent 

and the December 8 treatment showed a value of 19.5 

percent reducing sugars. From the analysis of variance 

the October 23 treatment is significantly higher than 

the November 17, November 27 and December 8 treat- 

ments. 

The percent of sucrose in rose stems and roots is 

apparently very low. ^ost of the determinations show- 

ed no sucrose present. 

The percent of acid hydrolyzable material on a 

dry weight basis of the stems and roots is presented 

in Table 2.  In the stems, the plants defoliated on 

October 23 showed an extremely low value of 3.52 per- 

cent acid hydrolyzable material. The November 5 

treatment showed 18.9 percent, the November 17 treat- 

ment 17.8 percent, the November 27 treatment 12.8 per- 

cent and December 8 treatment 19.4 percent. By the 

analysis of variance there is no significant diff- 

erence in the last four treatments but all four are 

significantly higher than the October 23 treatment. 

In the roots, the values for acid hydrolyzable mater- 

ial are also inversely correlated with the values in 

the stems. The plants defoliated on October 23 showed 

21.3 percent of acid hydrolyzable material. The ftov- 

emtoer 5 treatment allowed the lowest value, 6.3 percent. 
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Table 2. Average percent of acid hydroljrzable material 
on a dry weight basis in the stems and roots 
of r*cGredyTs Trellow rose plants at the time 
of storage. 

Treatment 

Oct. 23 

Nov. 5 

Nov. 17 

Nov. 27 

Pec. 8 

Stems 

3.52 

18.9 

17.8 

12.8 

19.4 

Roots 

21.3 

6.3 

29.1 

31.7 

19.2 

L..C5.D. at 
19-1 

5.6 

F value (.05) 

Calculated. 3.71 

Tables 3.06 

7.4 

11.25 

3.06 
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the November 1? treatment 29.1 percent, the November 

27 treatment 31.7 percent and the December 8 treatment 

19.2 percent of acid hydrolyzable material in the roots. 

The analysis of variance for these determinations show- 

ed the November 17 and November 27 treatment to be 

significantly higher than all other treatments. The 

November 5 treatment was significantly lower than all 

other treatments. 

The data of these tables are presented in graphic 

form on Plate 5. While all values are not significant, 

the trends of the graphs and especially the graph of 

the acid hydrolyzable material in the roots is note- 

worthy. This graph forms the basis for all conclusions 

in this problem. 

The subsequent behavior of the rose plants was 

measured for winter hardiness by leaving some plants 

in the field over winter and for storage durability by 

placing plants in storage and planting them out in the 

spring. These measures were used not only to indicate 

the effect of the time of defoliation on the subsequent 

behavior of rose plants but also to attempt to correl- 

ate both with the carbohydrate analysis. 

The winter of 1949-50 was one of the worst on rec- 

ord for this region, ^he plants in the field were sub- 

jected to below freezing weather for over a month. 
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hvdrolyzable material in stems and roots for 
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The spring growth data of Mc&redy's Yellow rose 

plants that were left in the field overwinter are pre- 

sented in Table 3. The average number of inches of 

live cane at April 4 for the plants defoliated on Oct- 

ober 23 was 19 inches; on November 5, 18 inches; on 

November 17, 26 inches; on November 27, 41 inches land 

on December 8  40 inches. By analysis of variance the 

November 2? and "necember &  treatment resulted in a 

significantly higher amount of live canes. The aver- 

age number of buds "broken" i.e. showing growth by 

April 4 showed similar results. The plants defoliated 

on October 23 had 14, on Movember 5 had 10, on November 

17 had 14, on Fovember 27 had 24 and on December 8 

had 18 buds "broken". By analysis of variance only 

the November 27 treatment had a significantly higher 

number of buds showing growth than the other treatments. 

The December 8 treatment shewed a significant differ- 

ence over the November 5 treatment only. The average 

number of inches of growth by April 28 for the plants 

defoliated on October 23 was 49.5 inches, on November 

5, 24.9 inches; on November 17, 42.5 inches; on ov- 

ember 27, 72.75 inches; and on December 8 was 64.5 

inches. By the analysis of variance no one treatment 

was significantly highest, but the November 27 treat- 

ment was significantly higher than the November 5 and 

ifovember 17 treatments. 
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Table 3. Record of average spring growth of the 
overwintered I'cdredjr»s Yellow, rose plants 
taken on April 4 and April 28. 

April 4 April 28 

Treatment No. 
of 

of inches 
live cane 

Ho. of 
buds 

No. of inches 
of growth 

Oct, 23 19 14 49.5 

Mov. 5 18 10 38.0 

Nov. 17 26 14 42.5 

Nov. 27 41 24 72.75 

Dec. 8 40 18 64.5 

L.S.D. at 
19-1 

10.9 5.0 24.9 

F value (.05) 

Calculated 10.0 9.6 3.17 

Tables 3.06 . 3.06 3.06 
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fH-imwiymoy 

Plate 7 Views of typical replications of each treatment 
of plants that were left in the field overwinter 
taken on April 28, 1950 
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A comparison of these measurements for the over- 

wintered ^cGfredy's Yellow plants is graphically illus* 

trated on Plate 6. By comparing these graphs with 

that of the acid hydrolyzable material in the roots on 

Plate 5 a close correlation is indicated between the 

subsequent behavior of overwintered plants and the 

carbohydrate accumulation in the roots. 

The spring growth data of t|ie Stoile de Holland 

rose plants that were left in the field over winter 

are presented in Table 4. The results with this var- 

iety are almost identical with the results of ^cGredy's 

Yellow. The average number of inches of live canes at 

April 4 for the plants defoliated on October 23 was 

26 inches, on November 5, 31 inches; on November 17, 

36 inches; on November 27, 49 inches and on December 

8 was 44 inches. By analysis of variance the Novem- 

ber 27 treatment resulted in a significantly higher 

amount of live canes than the October 23, November 5 

and November 17 treatments but not the December 8 

treatment. The average number of buds "broken" i.e. 

showing growth by April 4 for the plants defoliated 

on October 23 was 13, on Wovember 5, 12; on November 

17, 13; on November 27, 21; and on December 8 was 13. 

By analysis of variance no treatment was significantly 

superior. The average number of inches of growth by 

April 28 for the plants defoliated on October 23 was 
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Table 4* Records of average spring growth of the 
overwintered Etoile de Holland rose plants 
taken on April 4 and April 28. 

April 4 April 28 

Treatment  Wo. 
of 

, of inches 
live cane. 

•Wo of 
buds. 

No. of inches 
of growth 

Oct. 23 26 13 27.25 

Nov. 5 31 12 36.75 

7?ov. 17 36 12 36.75 

Nov. 27 49 21 57.75 

Dec. 8 44 13 34.0 

L.;-.r. at 
19-1 

11.9 9.5 17.4 

F value (.05) 

Calculated 5.38 8.54 4.23 

Tables 3.06 3.06 3.06 
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27.25 inches, on November 5, 36.75 inches; on November 

17, 32.75 inches; on November 27, 57.75 inches; and on 

December 8 was 34.0 inches. "By analysiscf variance, 

the November 27 treatment was the only treatment sig- 

nificantly higher than all other treatments. 

It is apparent that these overwintered plants of 

Stoile de Holland have given data identical to ''cGredy's 

Yellow. 

The spring growth data of the Villa de Paris rose 

plants that were left in the field over winter are 

presented in Table 5. The results in this variety are 

also similar to results of ^'cOredy's Yellow. The aver- 

age number of inches of live canes at April 4 for the 

plants defoliated on October 23 was 25 inches, on Nov- 

ember 5, 25 inches; on November 17, 32 inches; on Nov- 

ember 27, 32 inches; and on December 8 was 44 inches. 

The analysis of variance shows the December 8  treat- 

ment resulted in a significantly higher amount of 

live canes than all treatments, the JTovember 17 and 

27 treatments to be signigicantly higher than the 

October 23 and November 5 treatments. The average 

number of buds "broken" by April 4 on the plants de- 

foliated on October 23 was 16, on November 5, 12; on 

November 17, 19; on November 27, 18; and on December 

8 was 36. By analysis of variance the December 8 

treatment is the only treatment significantly higher 
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Table 5. Record of average spring growth of the 
overwintered Villa de Paris rose plants 
taken on April 4 and April 28. 

April 4 April 28 

Treatment No. 
of 

, of inches 
live canes. 

Fo. of 
buds. 

*To. of inches 
of srovrth. 

Oct. 23 25 16 67 

Fov. 5 25 12 39.5 

Hov. 17 32 19 66.25 

T^ov. 27 32 18 65.5 

Dec. 8 44 36 68.25 

L.S.D. at 
19-1 

6.39 9.15 — 

F value (.05) 

Calculated 12.98 9.3 2.64 

Tables 3.06 3.06 3.06 
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than other treatments. The number of inches of growth 

by April 28 for the plants defoliated on October 23 

was 67 inches, on November 5i 39.5 inches; on Novem- 

ber 17, 66.25 inches; on November 27, 65.5 inches; and 

on December 8 was 68.25 inches. No treatment was 

significant. 

The measurements that gave significant treatments 

for this variety, appear to indicate that the plants 

defoliated on December 8 gave the optimum subsequent 

behavior. The other varieties appeared to be optimum 

for the plants defoliated on November 27. From this 

it appears that variety as well as time of defoliation 

is an important factor in determining subsequent be- 

havior of rose plants. 

The storage durability and spring growth records 

of the roses that were stored in ammunition cellars 

over winter and then planted in the field in early 

spring show the same, though not as significant, rel- 

ationship between time of defoliation and subseauent 

behavior of rose plants. 

The condition of storage varied more than was 

desired due to the lack of proper facilities. The 

relative humidity averaged 90-95 percent of saturation 

but the temperature varied from 30 degrees to 50 degrees 

Fahrenheit. 

The index rating of storage durability, determined 
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on April 4* was based on the amount of dieback on the 

canes, the condition of the first 10 inches of the 

canes from the bud-union, and the condition of the buds. 

This information is presented in Tables 6,7 and 8 for 

the FcGredy's Yellow, Etoile de Holland and Villa de 

Paris varieties respectively. By analysis of variance 

no treatment of any variety "ave a significantly higher 

index rating. Only the October 23 treatment of Villa 

de Paris variety was significantly lower. Although 

no treatment was statistically significant, the rat- 

ings of the plants defoliated on November 27 for all 

varieties was the highest. This appears to correlate 

with the results of the overwintered plants and the 

carbohydrate analysis of the roots. 

The spring growth records, of the roses that were 

stored over winter then planted in the fields in spring 

are also presented in Tables 6,7 and 8 for ?!cGredy,s 

Yellow, Etoile de Holland and Villa de Paris varieties 

respectively. The average number of inches growth 

by April 28 showed by analysis of variance that no 

treatment was significantly higher than any other in 

any of the three varieties. The number of inches of 

growth of Etoile de Holland plants defoliated on Nov- 

ember 17 was 51.0 inches. This treatment was signif- 

icantly higher than the October 23 or November 27 

treatment. 
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The results of the McGredy's Yellow plants stored 

over winter are graphically illustrated on Plate 8 for 

storage durability based on diebaok, cane and bud con- 

dition on April 4 and early spring growth based on 

actual number of inches growth by April 28. These 

graphs do not correspond or parallel any previous 

graph either for overwintered rose plants or carbohy- 

drate accumulation. This appears to indicate that 

storage of roses as well as variety, time of defoliation 

and carbohydrate accumulation is an important factor 

affecting the subsequent behavior of rose plants. 
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Table 6, 

Treatment 

Record of average spring growth of the 
HcGredy's Yellow rose plants after storage, 
taken on April 4 and April 28. 

April 4 April 2S 

Index rating 
of dieback, cane 

and bud condition. 

Wo.of inches 
of 

growth. 

Oct. 23 6 43.5 

Nov. 5 8.5 62.0 

Nov. 17 8.0 48.0 

Nov. 27 9.5 67.5 

Dec. 8 8.0 46.75 

L.S.D. at 
19-1 

— — 

F value (.05) 

Calculated 1.31 1.39 

Tables 3.26 3.26 
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Plate 9 Views of typical replications of each treatment of 
plants that were planted in spring after storage, 
taken on April 28, 1950 
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Table 7. Record of average spring growth of the Etoile 
de Holland rose plants after storage taken 
on April 4 and April 28. 

Treatment April 4 April 28 

Index rating of 
dieback, cane and 
bud condition. 

*!o. of inches 
of 

growth. 

Oct. 23 7.75 30.25 

Nov. 5 8.25 49.5 

Nov. 17 7.75 51.0 

NOV. 27 9.25 40.75 

Dec. 8 9.0 44.0 

L.K.P. at 
19-1 

— 8.56 

P value (.05) 

Calculated 1.26 10.53 

Tables 3.26 3.26 
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Table 8. Heoord of average spring growth records of 
the Ville de Paris rose plants after storage 
taken on April 4 and April 28. 

Treatment April 4 April 28 

Index rating of 
dieback, cane and 
bud condition. 

!To. of inches 
of 

growth. 

Oct. 23 5*5 45.75 

Nov. 5 7.0 44.5 

Nov. 17 7,0 5Q.5 

Nov. 27 7.75 48.0 

Dec. 8 6.75 39.25 

L.-.D. at 
19-1 

0.87 — 

F value (.05) 

Calculated 8.10 1.20 

Tables 3.26 3.26 
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Plate 10 General view of plots of rose plants that 
were planted in spring after storage, taken 
on April 28, 1950 
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DISCUSSION OF RESULTS 

The carbohydrate analysis of the stems is inverse- 

ly related to the spring growth response of NcGredy's 

Yellow rose plants. While the reducing sugar content 

of the stems shovirs a steady increase from the first to 

the last treatment, the results of the plants over- 

wintered in the field show two minimuws; one for Nov- 

ember 5 and the other for December 8. 1*his appears 

to indicae r-hat reducing sugar does not increase or 

decrease with plant maturation but with environmental 

conditions. Smyth (10, p.269) has reported that re- 

ducing sugar increases frojn September to January, in 

apple trees. This would appear to correlate with 

plant maturation but the subsequent behavior does not 

bear this out for rose plants. The acid hydrbly^able 

material of the stems is inversely correlated with the 

winter hardiness, storage durability and early spring 

growth data. From these inverse correlations it is 

apparent that neither the reducing su^ar nor the acid 

hydrol^zable material content of rose stems ^ives any 

direct correlation to the subsequent behaTior of rose 

plants or the time of defoliation. 

The carbohydrate analysis of the roots however 

give both inverse and direct correlations with spring 

grovrth response of T'efiredy's Yellow rose plants.  As 

wac poiited out before, the reducing sugar content 
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of roots is inversely correlated with reducing sugar 

content in stems. This steady decrease of reducing 

sugar content in the roots can not be correlated with 

plant maturation. This depletion of reducing sugars 

in the roots coincides with the building up of reduc- 

ing sugars in the stems. These two conditions appear 

to be complimentary but no work in this experiment 

can be cited as proof. 

The acid hydrolyzable material c intent of the 

roots, on the other hand, is closely correlated with 

s-oring growth performance of the plants.  In the over- 

wintered roses, the results clearly indicate that the 

rose plant♦s behavior through the winter is determined 

by its acid hydrolyzable material content of the roots 

at the beginning of winter. The roses defoliated on 

November 5 had the least amount of acid hydrolyzable 

material in the roots.  This treatment also had the 

greatest amount of winter injury, least number of buds 

nbroken" i.e. showing growth on April 4 and least 

amount of new growth on April 28. This is borne out 

more by considering the November 27 treatment which 

showed on analysis to have the largest amount of acid 

hydrol/^able material in the roots.  This treatment 

had the least amount of winter in.iury, largest number 

of buds "broken" on April 4 and the greatest amount of 

new growth on April 28.     A comparison of the «:raph of 



48 

acid hydrolyzable material in roots on Plate 5 and the 

sraphs of subsequent behavior of overwintered roses on 

Plate 6 indicates the parallelism of these four graphs. 

Tn the storage roses, the inconsistent results 

require some attempt at explanation.  It should fol- 

low that since the acid hydrolyzable material content 

of the roots at the beginning of winter is reflected 

in the subsequent behavior of the overwintered plants, 

that the storage roses should show the same correla- 

tion. The November 27 treatment that gave the highest 

acid hydrolyzable material in roots is indiceted by 

the spring field records of the storage roses. Al- 

though not significantly different, the index rating 

of April 4 for the November 27 treatment was highest 

which suggests that diebaclt of the canes was least, 

and cane and bud condition were best. The April 28 

readings of this treatment shows that maximum growth 

also occurred with this treatmentr But the November 

5* treatment, which had the lowest content of acid 

hydrolyzable material in the roots, gave next to the 

highest readings for both the April 4 ratings and the 

April 28 readings. These two readings, though not 

statistically significant, were the only inconsistent 

results of "cGredy's Yellow rose plants. 

In the other varieties some discrepancLe's also 

appear.  In the Etoile de Holland variety the November 
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27 treatment of the overwintered plants had maximum 

readings for live cane, number of buds "broken** and 

amount of new growth.  In the November 5 treatment, the 

results agree with FcGredy's Yellow in number of buds 

showing growth but are not consistent in amount of 

live cane on April 4 or amount of growth on April 28. 

The storage plants of this variety agree with FcGredy^ 

Yellow in the index rating of April 4 but the amount 

of growth readings of April 28 are so inconsistent 

that the only explanations possible from the data now 

available is the wide variation in storage conditions. 

The Villa de Paris variety apparently matures 

later in the season. The overwintered plants gave 

maximum readings for the December 8 treatment. This 

is not so for the storage plants of this variety since 

maximum rating for April 4 was obtained in the November 

27 treatment and the »*aximum growth reading of April 

28 shows the November 17 treatment to be superior. 

From the data recorded this variety apparently matures 

either earlier or later than December 8 and also has 

peculiar post storage reactions. 

The data for the November 5 treatment of all var- 

ieties is the most inconsistent of all treatments, 

^ost workers report steady increases for starch in the 

fall of the year. This work on roses eniDhasises that 

not only the varieties but also the growth habits of 
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the individual plants vary.  It was noted in early 

November that some plants started producing new shoots 

and new flowering buds. This is not uncouaaon for 

hybrid tea roses. Some bloom until Christmas, "'his 

late season growth could account foi^Ithe low lerel of 

acid hydrolyzable material in the roots and why the 

subsequent behavior of a<|st plants reflected this low 

reserve by poor winter hardiness and subsequent growth. 

It also could account for the hie;h values recorded for 

this treatment. By this is meant that some plants 

could have produced late fall growth while others may 

not have done so. This is one explanation for the in- 

consistencies encountered with the November 5 treatment, 

Another possible explanation could be the plants 

themselves. IVhen this experiment was laid out, the 

only plants available were two year old rose plants. 

From the obstacles encountered throughout the experi- 

ment it is certain that one year old plants would not 

only give a more practical aspect to the experiment 

from the nurseryman^ point of view, but also would 

give more consistent results,  ^his was especially 

noted when samples of stems and roots v/ere taken and 

also in attempting to prune uniformly the following 

spring. 

The correct time of defoliation has usually been 

determined by weather and nursery schedules.  It now 
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appears that new factors should be considered when art- 

ificial defoliation is practised, rost nurserymen like 

to market rose plants of hi^h quality. The Question 

arises:- Are rose plants that are defoliated at random 

times, meeting these .standards of quality? While this 

study has not determined the correct time  to defoliate 

all varieties of roses, it has brought forward new 

ideas on the correct time of defoliation. 

The subseouent behavior of rose plants has been 

demonstrated to be directly correlated with the time 

of defoliation. The overwintering ant' storage trials 

indicate that the time of defoliation influences the 

subsequent behavior of rose plants. 

This behavior is correlated with the state of 

plant maturity that the roses enter the winter or stor- 

age period. It is true that variety differences exist. 

Even in this experiment it appeared that Villa de 

Paris rose plants mature ten days or more later than 

the other two varieties. When one considers the vast 

number of rose varieties, the task of determining the 

period of optirum plant maturity seems enormous. How- 

ever rose varieties can be grouped and treated as such. 

The results of the ?'rcGredy's Yellow and Etoile de Hol- 

land indicate that optimum plant maturity for these 

varieties are very similar. 

The relative determination of plant maturity is 
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indicated by carbohydrate accumulation as Hooker (6, p. 

1079) reported. In rose plants the acid hy<3rolyzable 

material content of the roots proved the most positive 

index to plant maturity. As was noted before, the 

period, of maximum acid hydrolyzable naterial in the 

roots correlated with the optimum plant maturation. 

This was reflected very definitely in the superior 

subsequent behavior of the plants overwintered in the 

field and the plants in storage as well as the early 

spring growth records of both. 

From this correlation then, the correct time of 

defoliation of field-f^rown rose plants should be in- 

dicated by the maximum accumulation of acid hydrolyz- 

able material in the roots. 
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SIM*ARY AND CONGLUSIOJJS 

In this study, two year old rose plants were de- 

foliated by hand stripping at regular intervals during 

the fall season. At the end of this period, three 

plants from each replication were placed in storage 

over wintet. These were planted in the field in early 

spring and rated for storage durability on the amount 

of dieback and condition of canes and buds. "Two plants 

from each replication were left in the field over win- 

ter. These were evaluated for winter hardiness on 

number of inches of live cane and number of buds show- 

ing growth. Samples of stems and roots were taken at 

the time of stripping, sectioned, stained with iodine 

and photographed. Other samples were taken at the 

time of storage and analysed for redxicing sugar, 

sucrose and acid hvdrolyzable material in the stems and 

roots. These evaluations and analysis were carried 

out in an attempt to correlate the time of defoliation 

with the subsequent behavior of the plants as to win- 

ter hardiness, storage durability and early spring 

growth. 

From this investigation, several conclusions can 

be drawn. 

Two year old rose plants cause too much variation 

for the selection of uniform samples and for consistent 
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pruning. 

Photographs of iodine stained sections gave no 

indications that could be correlated with time of de- 

foliation or subsequent behavior. 

The carbohydrate analysis showed that neither 

the reducing sugar in the stems and roots nor the acid 

hydrolyzablG material in the stems had a direct correl- 

ation with subsequent behavior of the plants. 

The acid hydrolyzable material in the roots gives 

a good indication of plant maturity and is correlated 

with the subsequent behavior of the plants. 

Sucrose was detected in only a few samples and 

when found was only a small quantity. 

Winter hardiness, storage durability and early 

spring growth is correlated with the time of defol- 

iation. 

In other words, the correct time of defoliation 

should be correlated with optimum plant maturity. 

This is indicated by maximum acid hydrolyzable material 

in the roots which correlates with the subsequent be- 

havior of the plants as to winter hardiness, storage 

durability and early spring growth. 
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