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An Experimental Study of the Rest 
Period in Plants 

Physiological Changes Accompanying Breaking of the 
Rest Period 

FIFTH REPORT 

W. L. HOWARD 

INTRODUCTION 

The object of the physiological investigations described in this 
bulletin was to secure information on the complex problem of the 
specific effects produced by anesthetics and other agents employed 
in breaking the rest period of woody plants. 

The existence of a rest period in plants has been thoroughly 
demonstrated by a number of investigators. At the Missouri Agri
cultural Experiment Station1 approximately 300 species of woody 
plants have been studied and practically all were found to have a 
rest period of varying duration and intensity. 

Approximately 100 species of herbaceous perennial plants were 
studied, and, while the number that could be said to have a rest 
period was not determined, it was thought that from 10 to 25 per 
cent possessed a resting phase. Numerous experiments with many 
of our common species of bulbs indicated that all of them are pos
sessed of a pronounced rest period. Investigations covering about 
200 species of seeds of woody and herbaceous plants yielded the infor
mation that from SO to 90 per cent passed through a resting phase 
some time after ripening. 

The rest period in woody plants is not all the same or even anal
ogous to the winter dormant period. In woody plants, such as peach 
and apple trees, the rest period has been observed to set in as early 
as May in the peach, and in early June in the apple. These, however, 

1. Howard, W. L., Experimental Study of the Rest Period in Plants. Mo. 
Agr. Exp. Sta. Research Bulletin 1. 

-----, Rest Period Studies with Bulbs and Herbaceous P erennial 
Plants. Mo. Agr. Exp. Sta. Research Bui. No. 15. 

-----, Rest Period Studies with Pot-grown Woody Plants. Mo. 
Agr. Exp. Sta. Research Bui. No. 16. · 

----- , An Investigation of the Rest Period of Seeds. Mo. Agr. 
Exp. Sta. Research Bui. No. 17. 

(3) 
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were extreme cases as the trees had been greatly weakened from 
various causes which resulted in an early cessation of growth. The 
rest period probably begins in a given twig shortly after the forma
tion of its terminal bud. It has been observed that apple trees of 
normal vigor form a large number of terminal buds the latter part 
of June or early in July under Missouri conditions. Under similar 
conditions, a peach tree would continue growth until later in the 
season. 

Not all the twigs of a tree begin their period of rest at the same 
time. It is probably safe to say that deciduous trees and shrubs 
usually begin to enter their rest period in July, and thruout August 
and September become gradually more and more dormant until com
plete defoliation occurs and all ordinary vegetative processes cease. 

Herbaceous perennial plants have not been carefully studied 
with regard to the exact time of entering the rest period. However, 
it has been observed that several species at least cease growing in 
late July or early August. The cessation of growth is marked by the 
formation of strong buds on the crown of the root stock. Many 
plants of this kind continue growing until the approach of cold 
weather, when vegetative activity ceases as indicated by the forma
tion of resting buds. While the rest period of woody plants continues 
into the winter, and may even last until spring in some species, it 
probably does not persist so late in herbaceous forms. Some of these 
seem capable of growing shortly after they become dormant in fall, 
while practically all that have been experimented with seem able 
to begin growing without treatment after a dormant period of two 
months or less. It may, therefore, be said that the rest period in 
woody plants in most cases lasts from two to four months; in her
baceous species it probably will not last on the average more than 
two to six weeks. 

Bulbs begin their rest within two to four weeks after flowering. 
As soon as the leaves of such plants have died, the bulbs may be said 
to be in the misdt of their period of rest. The rest period of bulbs 
commonly lasts from June until late fall or early winter, or in other 
words, from one to six months as regards root growth, and five months 
longer if the time that actually elapses before leaves or flowers appear 
above ground under natural conditions is considered. Practically 
all bulbs resume top growth in December, if supplied with heat and 
moisture. The same is true of some species of woody plants and a 
great many herbaceous forms. The rest period of a seed may begin 
at maturity, or during the curing process which lasts from one to 
four weeks after harvesting. The length of the rest period in seeds 
varies as greatly as it does in woody and herbaceous plants. In fact 
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the rest period of seeds in herbaceous and woody species is very 
similar to that of the parent plan: . 

The cause of the rest period is not definitely known. It has been 
attributed to both inner causes and environmental conditions. How
ever, the experimental evidence presented in this bulletin strongly 
indicates that all the phenomena connected with the entire resting 
phase, are closely associated with the work of enzymes. The begin
ning of the rest, particularly in woody plants, appears to be wholly 
due to inner causes, but before the complete state of rest is reached , 
outer conditions may help to hasten the approach of the period of 
dormancy. In like manner the ending of the rest may take place 
from inner causes but may be either hastened or delayed by the 
environmental conditions under which the plant is growing. For 
the most part, tho, it may be said that the rest sets in and later passes 
away, independent of outward conditions. 

Why the length of the rest period varies so greatly among the 
different species is not known. Apparently tho, this is due to hered
itary causes as a ll the manifestations of the rest, so far as we are 
informed, are fairly constant for each species. This is particularly 
true of woody forms. Even with a constant supply of warmth and 
moisture many woody plants of the temperate zone pass into a state 
of rest and shed their leaves. There arc no data showing that inves
tigators have tried to prevent the rest of such plants from setting 
in. Herbaceous forms behave differently. Klebs1 by certain cul
tural methods, actually prevented the rest period, or at least the 
winter rest, from beginning with certain herbaceous plants, thus 
causing them to make an uninterrupted growth thruout the year. 

For the purposes of the present discussion, the rest period may 
be defined as a phase or stage in which plants are, for t he most part, 
incapable of responding to favorable growing conditions. 

It has been thoroly proven that by means of various treatments, 
the rest period of plants, as well as seeds, can be broken and the 
plants and seeds revived, thus causing them to begin growing within 
a few days or a few weeks. Various rest breaking agents, such as 
ether, frost and desiccation have been employed. Many other ma
terials have been used with success by various investigators. 

J ohannsen1 succeeded in breaking the rest period of many plants 
by exposing them to ether or chloroform vapors. Molisch2 origin-

1. Klebs, G., Willkiirliche Entwickelungsanderungen bei Pfia nzen. pp. 
129-138, 1903. 

1. J ohannsen, W., Das Aetherverfahren beim Friihtereiben mit Besonderer 
Berucksichtigung der Fliedertrieberei, 1906. 

2. Molisch, H., Forcing Plants by Warm Baths. Sci. Amer. Sup. 66 
(1908) Exp. Sta. Rec. 20, p. 640. · 

-----, Radium as a Means of Forcing Plants. Exp. Sta. Rec. 27, 
p. 437. 
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ated the so-called "warm water bath" as a forcing agent and found 
radium emanations to be effective for breaking the rest period. 
J esenko1 caused earlier growth in woody twigs by immersing them 
in weak alcohol. He obtained similar results by treatments with 
weak solutions of hydrochloric and tartaric acids. Weber2 demon
strated that mechanicaLinjury induces resting buds to begin growth. 
Lakon3 claimed to have secured earlier bud development by using 
nutrient salt solutions. Ethyl bromide and other vapors were used 
by McCallum.4 Harshberger5 found that resting buds which were 
treated with NH40H grew before untreated buds. Bos6 used the 
galvanic current as a means of arousing plants from their dormancy. 
Placing plants in a vacuum, according to Stuart7 was an effective 
means of breaking the rest period. Bathing the twigs in plant 
extracts, CuS04 , KCl, NaN03, o~alic and acetic acid dilutions have 
induced somewhat earlier growth of buds. Similar results were 
obtained by painting the twigs with Mn02. (See page 45). 

The value of agents and methods for breaking the rest period 
varies with the species and other factors, such as time and intensity 
of application, condition of the twig, etc. Some agents are more 
effective than others. In general, the intensity of all treatments, 
that is, the concentration of the liquids, the density of the vapors, 
the duration of application or the degree of heat, etc., must be de
creased as the season advances and as the close of the rest period is 
approached. Applications which are very effective in December may 
be very injurious during March. 

RESUME OF THEORIES REGARDING THE INFLUENCE OF 

REST PERIOD BREAKING AGENTS 

The miscellaneous materials that have . been successfully used 
m breaking the rest period have given rise to much speculation as 

1. Jesenko, Fr., Einige neue Verfahren die Ruheperiode der Holzgewachse 
abzukurzen. Ber. d. d. Bot. Ges. (1911) 29, p. 273. 

2. Weber, F., Untersuchungen Ueber die Wandlungen des Starke und 
Fettegehaltes der Pflanzen insbesondere der Baume. Bot. Centrlb. 113 (1910) 
p. 166. 

3. Lakon, G., Influence of Nutrient Solutions on the Winter Rest of Woody 
Plants. Ztsch. f. Bot. 4, pp. 561-83. 

4. McCallum, W. B., On Forcing Plants. Arizona Sta. Report, 1909, pp. 
584-86. 

5. Harshberger, J. W., Action of Chemical Solutions on Bud Development : 
An Experimental Study of Acclimatization. Proc. Acad. Sc. Phil. 61, pp. 57-110. 

6. Bos, H., Wirkung galvanischer Strome auf Pfianzen in der Ruhperiode. 
Biolog. Zentrabl. (1907) 27, No. 2. 

7. Stuart, W., The Role of Anesthetics and other Agents in Plant Forcing. 
Vermont Sta. Bui. 150, pp. 451-480; also Trans. Mass. Hort. Soc. 1909, pp. 67-87. 
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to their specific effect. It is, indeed, striking to find that the phe

nomenon of growth is started by such different agencies as heat, 

cold, increased and decreased water content, anesthetics, narcotics, 

gases and liquids, bases and acids, salts singly or combined, elec

tricity, mechanical injury, and in vacuo. In other words, while the 

different agencies mentioned may not all have the same specific 

effect on the plant, they all produce the same ultimate results, that 

is, tend to shorten the normal rest period of plants. 
But how do all these various agencies affect the physiological 

processes of the resting tissue? Do all have a similar influence, or 

do some bring about growth in one way, for example, by desiccation, 

and some in another, as for example, by increasing respiration? 

These were some of the main questions to be answered by the inves

tigations reported in this bulletin. 
Not very much experimental data have been contributed toward 

explaining the specific influence exerted by the various agencies used 

for breaking the rest period in plants. However, considerable has 

been written regarding the probable action of rest period breaking 

agents. Claude Bernard1 thought that etherization caused a coag

ulation of the protoplasm. Raphael Dubois2 found marked dehy

dration taking place in plant tissues which were etherized. Johann

sen3 pointed out that dehydration occurs only after the ether has 

severely injured the tissue. Nevertheless, Dubois' experiments seem to 

have influenced later authors to adopt the theory that ether and chlo

roform have the same influence on plan ts as drying and freezing-viz., 

that they cause a desiccation of the living tissue. Aymard4 supports 

this view very vigorously. Stuart" seems to favor this hypothesis. 

Regarding anesthetics he says: "Their effect upon the plant is to 

arrest growth, extract moisture from the cell protoplasm, and thru 

these physiological derangements, impart a severe shock to the whole 

plant which when removed causes a decided growth reaction." 

Similarly, he believed that toxic substances (acetone, alcohol, etc.) 

and non-toxic agents (freezing, vacuum treatment, desiccation) "ar

rest growth and remove moisture from the plant tissue much in the 

same manner as anesthetics." It is quite apparent that warm water 

baths which are very useful in shortening the rest do not bring about 

a drying effect. In this case Stuart believes that "hot water imparts 

1. Bernard, Claude, See reference to Johannsen, p. 65. 
2. Dubois, Raphael, See reference to Johannsen, p. 65. 
3. Johannsen, W., Das Aetherverfahren beim Fruhtreiben, etc. Zweite 

Anfl.. 1906. 
4. Aymard, J., See Howard Mo. Exp. Sta. Research Bui. No. 1, p. 24. 
5. Stuart, W., The Role of Anesthetics and Other Agents in Plant Forcing. 

Vt. Sta. Bui. 150, pp. 451-480. 
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a distinct shock to the cell protoplasm and tissue and acts as a sol
vent in softening up the winter protecting scales inclosing the leaf 
and flower buds.'' 

Johannsen1 and Overton2 showed clearly that desiccation cannot 
be caused by the mild doses of ether which are effective in breaking 
the rest period. Additional experimental evidence in support of 
this fact is given on page 37 of this bulletin. Johannsen3 believed 
that etherization might either affect the vegetative activity, or it 
might unfavorably influence the obstacles or inhibiting factors of 
growth. He explained that small amounts of ether were apt to favor 
vegetative activity, while larger doses, such as are given when the 
rest period is to be broken, weaken or devitalize those factors which 
are inhibiting growth, thereby indirectly favoring growth. 

According to Drude, Nauman and Ledien4 ether and chloro
form affect plants by checking some of the changes within the plant 
cell, while at the same time increasing respiration. Muller-Thurgau5 

demonstrated that potatoes kept at a low temperature become 
richer in sugar. Beltz6 is of the opinion that ether and chloroform 
bring about an enlargement of the cell similar to that occurring in 
springtime. Molisch7 pointed out that the warm bath method of 
treatment affects plants by reason of the high temperature, the inhi
bition of respiration under water, prolonged contact with water and 
inhibition of water into the plant, thus facilitating the diosmosis of 
substances in the cells and tissues. Iraklionow8 believed that thru 
the influence of the warm water bath the resting mechanism of 
growth is set in motion thru the removal of a "catch." As a result 
of this release, proferments are brought into an active condition. 
These liberated enzymes then function as a lubricant which hastens 
the reactions necessary for life. Kleb9 held that during the rest 
period there is an accumulation of organic foods which have been 
assimilated after length growth has been suspended, but while the 
leaves are still active. He says: "From this viewpoint we can argue 

1. Johannsen, W., Das Aethervergfahren beim Friihtreiben, etc. 
2. Overton, See reference to Johannsen, p. 58. 
3. Johannsen, W., Das Aetherverfahren, etc. p. 49. 
4. Drude, 0., Nauman, A., and Ledien, F ., Gartenbau Versuchein Dresden 1902-03. Jahresber. VII der "Flora" zu Dresden. 
5. Miiller-Thurgau, JH. Landw. Jahresberich. Bd. 14. 
6. Beltz, W. J . The Effects of Etherization on Plants. Exp. Sta. Rec. 16, p. 978. 
7. Molisch, H. Forcing Plants by Warm Bat hs. Sci. Amer. Sup. 66 (1908) Exp. Sta. Rec. 20, p. 640. 
8. Iraklionow, P. P. Ueber den Einfluss des Warmbads auf die Atmung 

u . Keimung der ruheden Pflanzen. Jahr. f. wiss. Bot. 51, pp. 515-540. 
9. Klebs, G . Ueber die Rhythmic in der Entwickelung der Pflanzen. 

Bot . Centlb. 119 (1912) p. 426. 



CHANGES ACCOMPANYING BREAKING OF REST PERIOD 9 

that every rest period can be broken since it depends upon regen
eration of fermentative activity." He pointed out that a combina
tion of high temperature and humidity favor fermentation; and he 
thought it probable that the influences of ether could be traced to 
this factor. He, however, made no direct experiments to prove his 
statements. 

In this connection the statement of Fisher1 is of interest. He 
claimed that the resting buds of trees cannot be made to grow until 
a certain minimum of the insoluble starch has been changed "to 
easily respired and therefore energy yielding material." Johannsen 
and Pfeffer, however, did not seem to think that the presence of 
sugar was the determining factor. 

Gerrassimow2 found that ether caused increased growth of 
Sp-irogyra due to a stimulation of the cell nucleus. Latham8 found 
an increased economy in the metabolism after increased growth of 
chloroformed fungi. According to Butkewitsch4 ether vapor dis
solves starch in the leaves. Lepeschkin5 found that the osmotic 
pressure of Spirogyra cells which remained in .05 per cent to 1 per 
cent chloroform, or in 2.5 per cent ether solution}or some time was 
increased by 0.1 to 0.5 atmospheres. Zaleski6 shd'wed that etheriza
tion increased the protein regeneration in the cotyledon of Lupinus 
seedlings, diminishing the loss of glucose and causing a greater move
ment from endosperm into the growing plant. 

NORMAL ACTIVITIES OF RESTING PARTS 

By first considering the normal physiological behavior of rest
ing parts in plants, the later discussion of "abnormal" physiological 
processes, such as those produced by the various means used to 
break the rest period, will be better understood. 

Plants or plant parts in a state of "rest" are by no means inac
tive. Cuttings of hardwood plants made in winter, form callus 
tissue even tho the buds are incapable of growing. The reserve sub
stances in trees undergo very extensive changes during the course of 

1. Fisher, A. Beitrage zur Physiologie der Holzgewachse. Jahrb. f. 
wiss. Bot. (1891) 22, pp. 60-73. 

2. Gerrassirnow, J. Aether-Kulturen von Spirogyra. Flora 94, pp. 16-26. 
3. Latham, Marion E. Stimulation of Sterigmatocystis by Chloroform. 

Bui. Torrey Bot. Club 32, pp. 337-351. 
4. Butkewitsch, W. Upon the Occurrence and Function of Proteolytic 

Enzymes in Germinating Seeds. Ber. d. d. Bot. Ges. 18 (1900) pp. 358-364. 
5. Lepeschkin, W. W. Effect of Anesthetics Upon Spirogyra. Ber. d. d. 

Bot. Ges. (1911) 29, p. 355. 
6. Zaleski. Zur Aetherwirkung auf die Stoffurnwandlung in den Pflanzen. 

Ber. d. d. Bot. Ges. 28 (1911) pp. 292-296. 
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the winter. Fisher's1 investigations well illustrate this transforma
tion. In autumn, the parenchyma is filled with starch. During late 
autumn the starch is transformed to fats and, in part, to glucose. 
In some cases this change occurs in the cortex only, the starch in the 
remaining tissues being unchanged; in other cases, no starch can 
be found during midwinter. Starch is reformed during early spring, 
and soon reaches a maximum equal to that of the previous autumn. 
When the buds open the starch is again dissolved to be used in build
ing up new tissues. The reserved food in the buds also undergoes a 
marked change. Part is transferred to the embryonic organs which 
at first were free from starch. Quantitative analyses of Castanea 
wood made by Leclerc du Sablon substantiated these observations. 
This investigator found that the sugar content in October was 2.2 
per cent. By February it had increased to 4.3 per cent. A month 
later the quantity of sugar was again reduced to 2.7 per cent. Chan
dler2 found the greatest amount of dextrose in apple twig sap in 
December. The sap becomes poorer and poorer in sugar until in 
May. 

Since reproductive and chemical activities continue to take place 
in resting plants, it might be expected that they also respire. The 
experiments to be described in succeeding pages of this report throw 
considerable light on the normal as well as stimulated respiration. 
In general, the respiratory activity in plants is diminished during 
the resting period, but C02 production continues to go on at all 
times. Hence it may be said that the rest period is not a stage of 
complete inactivity as many physiological functions continue. Their 
activity, however, is reduced and is also dependent upon external 
conditions to some extent. 

RESPIRATION EXPERIMENTS 

It has been known for some time that anesthetics and "poisons" 
in general stimulate the respiratory processes of plants. Likewise 
mechanical injury, high temperature and other agents are known 
to bring about greater C02 production. This is true of resting as 
well as active tissue.3 

1. Fisher, A., Beitrage zur Physiologie der Holzgewachse. Jahrb. f. wiss. 
Bot. (1891) 22, pp. 60-73. 

2. Chandler, W. H ., Sap Studies of Horticultural Plants. Mo. Agr. Exp. 
Sta. Research Bui. 14. 

3. Simon, S. Untersuchungen ilber das Verhalten einiger Wachstums 
funktionen sowie die Atmungs tatigkeit der Laubholzer wahrend der Ruhperiode 
Jahrb. f. wiss. Bot. 43 (1906) pp. 1-48. 

lraklionow, P. P. Ueber den Einfluss des Warmbads auf die Atmung u. 
Keimung der ruhenden Pflanzen. Jahr. f. wiss. Bot. 51, pp. 515-540. 

Butler, 0. A Note on the Significance of Sugar in Tubers of Solanum 
tuberosum. Bui. Torrey Bot. Club 40 (1913), p. 110. 
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Object of the Experiments. During these studies, conducted 
in 1913-14, respiration experiments were carried out with the follow
ing objects in view: 

1. To determine the effect of previous drying and of previous 
freezing on the C0 2 production of dormant apple twigs. 

2. To determine the influence of the same dose of ether on the 
C0 2 production of dormant twigs of different species. 

3. To determine the effect of the same dose of ether on the C0 2 

production of dormant apple twigs at different times during the 
season. 

Method of Collecting Material. The importance of obtaining 
representative material and uniform lots for comparative experi
ments, was carefully considered. The plan of securing twigs for the 
experiments was as follows: In all cases, one-year-old twigs, i.e., the 
growth which had been made during 1913, were used. This material 
had been exposed to the environment the shortest time, and hence 
had not as much chance to become altered in one way or another as 
older material. The twigs used were fully matured, each specimen 
having formed a normal terminal bud. They were taken from the 
tops of the trees where all had had the same exposure to sunlight and 
other conditions. Only those twigs which had made from 20 to 30 
cm. growth were collected. They were cut from the tree just above 
the last annual ring. Where twigs were obtained from more than 
one tree, the material from each tree was kept separate until divided 
into lots. When a series of comparative experiments was to be made, 
the material was secured from the same trees, and just as much was 
taken from every tree as was used from that particular tree in the 
other tests. For example, if material was secured from trees Nos. 
1, 2, 3, etc., each tree yielding fifty twigs, when the same experiment 
was to be repeated a few weeks later, fifty twigs would be collected 
from each of trees Nos. 1, 2. 3, etc. 

After the material was secured, the samples from each were 
divided into similar lots in the following manner: All the cut sur
faces of the twigs were placed down, the terminal buds up. The 
bunch of twigs was held loosely between the hands, and then jolted 
up and down on the table until all cut ends stood on the same level. 
Then the lot was held with one hand, and with the other, the twigs 
were distributed one at a time commencing with the longest and 
ending with the shortest. If the material from each tree was divided 
among six lots, Nos. 1, 2, 3, 4, 5 and 6, then No. 1 would receive the 
first twig, and No. 6, the sixth; the seventh twig would go to No. 6 
and the twelfth and thirteenth to No. 1, etc. When the material 
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from the second tree was distributed, No. 6 received the first and 
No. 1 the sixth and seventh, etc. The material from each tree was 
distributed in a similar manner. In the end, these composite samples 
were almost exactly alike. Each contained the same number of 
twigs; each had just as many twigs from any single tree as the other; 
and every lot had just as many long and just as many short twigs as 
the others. The efficiency of this method of distribution was shown 
by the fact that the weights of the composite samples obtained in 
this way never varied more than 2 or 3 per cent. Incidentally, it 
was considered necessary to have the same number of twigs in each 
lot, because each twig had received a wound and wounding affects 
respiration. Altho other precautions were taken to offset the effects 
of this wounding, still if the precautions were not entirely adequate, 
then the effect on respiration by the injury would be the same in all 
lots, and the results would still be comparative. 

Apparatus. The general appearance of the apparatus used for the 
determination of the C02 production of the twigs, is shown in Fig. 1. 
The respiration chambers proper consisted of six slender specimen 
jars. Each chamber with its accompanying parts formed a single 
unit. The diagram shown in Fig. 2 illustrates in detail the construc
tion of one of these units. The chamber "5" had a capacity of 
2.5 liters. Before the air entered this chamber, it was freed from 
C0 2 by passing tho the saturated solution of KOH in tube "6." 
It left the chamber, together with the C02 produced by the twigs, 
thru the glass tube" 13" which opened at the bottom of the jar. 
The moisture was taken up by the CaCh in tube "14." The C0 2 

produced by the twigs was absorbed by the saturated solution of 
KOH in the Geissler bulbs "7 ". A CaC1 2 tube "8" retained all 
moisture which evaporated from the bulbs. 

In setting up the apparatus, the weighed twigs were placed in 
chamber "5" after which the two-hole cork was inserted. Then 
the glass tubes for the incoming and for the outgoing air were passed 
thru the cork. The KOH and the CaCh tubes were connected to 
the respective glass tubes. After this a strip of heavy paper (2) 6 
cm. wide, was tightly wrapped around the glass flange at the top of 
the jar. This paper form was held firmly by means of a rubber 
band. Melted paraffin was then poured over the cork to a depth of 
from 1 to 2 cm. This sealed all possible openings thru which there 
might be leakage of air. 

The absorption bulbs were connected by means of rubber 
tubing. They were weighed on a delicate balance. 
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After all units were set up in a similar manner, they were con

nected to the same sensitive system. The air was drawn thru each 
chamber at an avergae rate of three liters per hour, the flow being 
regulated by means of the thumb screw at" 15" (Fig. 2). Each day 

the air contained in every unit was renewed eight times, which was 
proven by experiment to be sufficient to obtain all the C02 produced 

by the twigs during twenty-four hours. Suction was provided by 
a large aspirator bottle. This bottle had a capacity of forty-five 
liters. Just before the air entered the water bottle, it passed through 
a CaCl2 tower. The CaC'2 retained all moisture which came from 
the bottle, and which, if not removed, would be taken up by the 

CaC1 2 tubes attached to the absorption bulbs, thereby increasing 

their weight unduly. 
The entire apparatus, excepting the aspirator, was placed in a 

large double-walled box made of heavy galvanized iron (Fig. 1). 
The space between the two walls (5 cm.) was filled with water which 
was flowing in and out continually. The doors were also clouble

walled but they contained no water. The edges of the doors were 
lined with cotton so they would fit tightly and thereby prevent ex
change of air of different temperatures. The box was placed in a 
cool north basement room. 

A self-recording thermograph within the box showed an almost 

horizontal line from day to day. The thermometer registered be
tween 15° and 18° C. 

EXPERIMENT 1. C0 2 PRODUCTION OF TWIGS AS INFLU
ENCED BY PREVIOUS DRYING AND BY FREEZING 

On February 14, 1914, twigs from three King David apple trees 
were collected and divided in the manner described above. Two 

lots were placed in a freezing apparatus as shown in the diagram, 
Fig. 3. The temperature was kept a t -15° to -19° C. Two lots were 
placed in a humidor at room temperature, 18° to 21° C. (See dia
gram, Fig. 3.) Two lots were placed on top of a bookcase where the 
room temperature varied between 26° and 31° C. In all cases the 

preliminary treatment lasted sixty hours. Before placing in the 
respiration chamber, the dried twigs were allowed to regain tur
gidity by immersing them in water for several hours. During that 
time they imbibed enough moisture to bring them up to within 5 
per cent of their original weight. 

The data of this experiment are summarized in Tables 1 and 2. 
The dates show when the material was collected. Calculations of 

C02 productio'n are based o'n the weights of the twigs just before 



14 MISSOURI AGR. EXP. STA. RESEARCH BULLETIN NO. 21 

they were put in the respiration chambers. If the calculations had 
been made on fresh weight, the results would have been affected 
relatively little. It should be kept in mind that while the dry twigs 
had lost nearly one-fourth of their weight, that this was made up 
again before putting the material in the chamber. The KOH bulbs 
were weighed every twenty-four hours and from this the results 
were reduced to a one-hour basis. 

TABLE 1-C02 PRODUCED BY MOIST, BY DRIED AND BY FROZEN KING DAVID 
APPLE TWIGS AT 15° to 19° C. 

C02 production in Mg. per hr. 
Av. Wt. H20 lost per 100 gr. twigs 

Date Treatment fresh during 
twigs treatment 

1st da. 2nd da. 3rd da. 4th da. 

Feb. 14 Moist 116.1gr. 3.9% 2.79 3.57 2.73 1.83 
Feb. 14 Dried 117 .0 22 . 6 8.56 10.34 6.43 4.39 
Feb. 14 Frozen 115.9 1. 8 12.16 8 .65 4. 74 3.84 

The figures in Table 1 show that the frozen twigs produced 
more C0 2 during the first day than either the dried or the moist 
material. After that the dried twigs took the lead. Both the moist 
and the dry twigs produced more C02 the second day than the first, 
but the frozen twigs produced less. After the second day, the respir
atory activity diminished in all cases. 

TABLE 2-RATIO OF C02 PRODUCED BY TREATED TO COs PRODUCED 
BY MOIST TWIGS 

Dried, moist. ..... . . . ....... . ...... .. . 
Frozen, moist .... ............. .. . . . .. . 

1st da. 2nd da. 3rd da. 4th da. 

3 . 07 
4.36 

2.89 
2.42 

2.36 
1. 73 

·2. 40 
2 . 10 

Table 2 gives the ratio of the C0 2 produced by the treated to 
the C02 produced by the moist twigs. The figures are obtained by 
dividing the amount of C02 produced per 100 gr. treated twigs, per 
hour, by the amount of C02 produced by 100 gr. untreated or moist 
twigs per hour. 

During the first day, the frozen twigs produced more than 
four times as much C02 per hour, per 100 gr. of twigs as the twigs 
kept moist. The dry twigs gave off three times as much. The ratios 
fell on the second and third days in both cases; but on the fourth 
day they rose again. These figures show that the decline in the 
respiratory activity of the twigs kept moist went on more slowly 
and more uniformly than either of the treated sets. The figures also 
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show that the respiration of the dried twigs noticeably decreased 
day by day, while the respiratory activity of the frozen material was 
not nearly so marked on the third day as it was on the first two days. 

In this connection it should be mentioned. that all buds on the 
twigs which were given the preliminary treatment and then placed 
in beakers of water in the greenhouse, burst within a few weeks. 
The frozen twigs were a little ahead of the dried ones in beginning 
growth and both were about one week ahead of those that were 
untreated. 

EXPERIMENT 2. C0 2 PRODUCED BY ETHERIZED AND BY 
UNTREATED TWIGS OF DIFFERENT SPECIES 

The species used in these experiments were Pyrus malus, Linn., 
Fraximus Ornus, Linn. , Quercus coccinea, Muench, and Marus alba, 
Linn. One-year-old wood from young vigorous trees was used in 
all cases. The twigs were collected and arranged in lots as pre
viously described. Preliminary treatment was carried out in the 
following manner: The six lots were placed in two 14-liter specimen 
jars, as shown. in Fig. 4, three lots in each jar. The jars were pro
vided with screw clamp lids and rubber washers by means of which 
they could be made air-tight. Just before fastening the lid of one 
of the jars, ether at the rate of 0.5 cc. per liter of space, was poured 
in. The lid was then screwed on immediately. The other jar was 
closed up without adding any ether. The vessels were kept side 
by side for twenty-four hours at a temperature of 20° C. 

Since neither jar contained water, no allowance had to be made 
for absorption of ether by water.1 The absence of water gave the 
cut ends of the twigs a chance to become dry and plugged up. This 
no doubt tended to minimize, tho not to entirely do away with, the 
effect of injury on respiration. However, since the same number of 
twigs were contained in each lot, error from this source would be the 
same in all cases and hence its influence would not affect th~ com
parative value of the results. 

The moisture lost during this preliminary treatment was prac
tically the same in both etherized and unetherized material, the 
amount lost never exceeding 0.5 of 1 per cent. (See Table 3) . The 
moisture lost was from transpiration. 

As soon as the preliminary treatment was over, the twigs were 
placed in the respiration chamber and C0 2 determinations began. 

1. Johannsen, W. Das Aetherverfahren beim Friihtreiben, etc. Zweite 
Anfi. Jena 1906. 
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The results obtained are summarized in Table 3. The dates in the 
table show when the twigs were collected. Calculations were based 
on the fresh weight which was practically the same as the weight 
after the preliminary treatment. The KOH bulbs were weighed 
once every twenty-four hours. 

TABLE 3-C02 PRODUCED BY ETHERIZED AND UNTREATED TWIGS OF 
DIFFERENT SPECIES, AT 15-18° C. 

C02 production in Mg. 
Date Species Treatment per 100 gr. twigs 

1st da. 2nd da. 3rd da. 

Jan. 7 Pyrus malus, Linn. Etherized 19 . 51 12 . 01 9.39 
Untreated 6 . 55 3.51 2.65 

Jan. 13 Fraxinus Ornus, Linn. Etherized 4 . 76 7 . 15 4. 76 
Untreated 3.60 6.27 3.57 

Jan. 19 Quercus coccinea, Muench Etherized 14.29 9.24 7.83 
Untreated 8 . 35 4 . 60 4.01 

Jan. 23 Morus alba, Linn. Etherized 41.19 I 25.77 14.09 
Untreated 17.52 12 . 15 8.03 

Discussion of Results. From the data it is seen that the normal 

respiration of different species varies greatly, being most vigorous 
in the mulberry, next highest in the oak and least in case of the ash 
and apple. In all cases etherization caused an increased pro'duction 

of C02• The relative amount of increase, however, varied with the 
different species, as may be seen by comparing the ratios given in 
Table 4. These ratios were obtained in the manner previously 
explained. 

TABLE 4-RATIO OF C02 PRODUCED BY ETHERIZED, TO C02 PRODUCED 
BY UNTREATED T WIGS 

Pyrus malus, Linn . . . .... ... ... .. ...... . . 
Fraxinus Ornus, Linn ................... . 
Quercus coccinea, Muench ............... . 
M orus alba, Linn . . .. .. ................. . 

1st da . 

2.98 
1.32 
1. 71 
2.39 

2nd da. 

3.43 
1.14 
2.01 
2 .12 

3rd da. 

3.54 
1. 33 
1. 95 
1. 75 

The figures show that the stimulating effect of ether was most 
marked in case of the apple, the etherized material having produced 
more than three times as much C0 2 as the untreated. The ratio 
greatly increased from the first until the third day. In mulberry, 

etherization did not cause such a great increase in C02 production 
as in the apple, but it was greater than with ash or oak. The increase 
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was greatest during the first day after which it became less notice
able. 

The respiration of oak twigs was affected less by etherization 
than that of either apple or mulberry. The stimulation seemed to 
increase from the first to the third day. Etherized ash twigs did not 
give off very much more C02 than untreated twigs. 

In all cases etherized and untreated twigs were placed in the 
greenhouse in beakers of water where they were allowed to grow. 
The treated apple buds came out more than a week earlier than the 
untreated; in case of the mulberry, the etherized buds came out 
several clays before the untreated, but they soon stopped growing, 
allowing the untreated buds to overtake them. The etherized and 
untreated oak and ash buds opened about the same time. Treat
ment apparently had no effect. 

It was noticeable that the species in which C02 production was 
stimulated most by etherization, opened their buds before the un
treated . When the stimulation continued to increase for several 
clays, there was no reaction in the development of the young growth; 
but when the stimulation declined very quickly a reaction did occur. 
When respiration was stimulated but very little, the treatment had 
little effect in causing the buds to open earlier. 

EXPERIMENT 3. C0 2 PRODUCED BY ETHERIZED AND BY 
UNTREATED APPLE TWIGS AT DIFFERENT TIMES 

DURING THE SEASON 

The material for this series of experiments was secured from a 
number of thrifty fifteen-year-old Jonathan apple trees of similar 
vigor, which were growing in the Agricultural Experiment Station 
orchard at Columbia, Missouri. The twigs were collected and 
divided into lots as previously described. The lots contained about 
40 twigs each and weighed about 150 grams. 

The preliminary trea tment with ether was carried out in the 
same way as described in the previous experiment. Immediately 
after the preliminary treatment, the material was put in the respira
tion chambers and C02 determina tions begun at once. 

The dates on which the material was collected, as well as the 
results of the C0 2 determinations, are given in T able 5. Calcula
tions were based on the fresh weight of the twigs. In all cases the 
figures are averages of three samples which represented over 400 gr. 
of material. The KOH bulbs were weighed once every twenty-four 
hours. 

2 
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TABLE: 5-C02 PRODUCED BY ETHERIZED'AND BY UNTREATED JONATHAN 

APPLE TWIGS AT VARIOUS TIMES DURING THE DORMANT SEASON. 

TEMPERATURE 15-18°C. 

C02 production in Mg. per hr. per 100 

Date Treatment gr. twigs 

1st da. 2nd da. 3rd da. 4th da. 5th da. 6th da. 

Oct. 23 Etherized 10 . 40 5.72 3.50 2.96 ....... . . . . . . . 
Untreated 8.38 5.17 3.19 2. 77 . .... .. . . . . . . . 

Nov. 26 Etherized 31. 36 13.52 8.37 7.22 5.24 3. 70 
Untreated 19.91 5 . 31 3.10 3 . 13 2.30 2 . 31 

Jan. 8 Etherized 19.51 12.01 9.39 .. . .... 5.31* 4.87 
Untreated 6 . 55 3.51 2.65 . . . .. .. 2.12* 1. 75 

Feb. 9 Etherized 20.33 13.64 8.23 5 . 59 1.39 . 57 
Untreated 8.75 6.0.5 3.79 3.87 2.46 2.41 

Mar. 8 Etherized 21. 89 13 . 18 7. 37 2.03 1. 25 .72 
Untreated 7.52 5 . 61 4 .42 4 . 55 5.06 4.57 

*Average for 4th and 5th days. 

The data are shown graphically in the form of curves in Fig. 6. 

The mg. of C02 produced by 100 gr. twigs per hour, are laid off on 

the vertical and the days of the experiment on the horizontal. The 

points are located half way between the beginning and the end of 

the days, and not at the end of the day when the bulbs were weighed. 

This was done because the points are averages of twenty-four hours 

being reduced to a one-hour basis from weighings made once a day. 

The Roman numerals indicate the number of the experiments. The 

dates on which these experiments were started are indicated in the 

right-hand corner of the figure. The curves labeled "a" show the 

C0 2 production of etherized twigs; those labeled "b ", of the un

treated material. Ia and lb show the curves of C02 production of 

etherized and of untreated twigs respectively during Experiment I 

which was started on October 23, 1913. Similarly Ila and Ilb, Illa 

and IIIb are parallel pairs. 
A study of Fig. 5 shows that in all cases the etherized material 

gave off more C02 during the first few days than the untreated 

whose C02 production was determined at the same time, i.e., Ia 

gave off more than lb; Ila more than Ilb, etc. 

A more detailed examination show that the individual etheriza

tion curves differ markedly both in their location with respect to 

the curves of the untreated twigs as well as in the amount of curva

ture. In Experiment I, a is but very little above b, and both curves 

run nearly parallel to each other. In II, a is considerably above b. 
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In both cases the C0 2 production fell off very rapidly during the 
first two days. So far as known, the experimental conditions were 
exactly the same during these days as during the remaining days, 
and also similar to the conditions under which the other C02 deter
minations were made. The decline in a and b became less marked 
after the second day. The former fell somewhat more than the latter. 

In III, a is far above b. Curve IIIb is the lowest of the curves 
for C0 2 production of untreated twigs. This determination was 
made on January 8, in the middle of the dormant season when the 
normal activity might be expected to be very low. Curve IVa 
started out much above IVb, the one it is compared with, but de
clined fairly uniformly until it actually went below the latter during 
the fifth day. This curve departed from the behavior shown by 
Ia, Ila, and Illa. All these curves declined much more rapidly 
during the first day than thereafter, and none of them went below 
the respective b curves during the time of the experiment. Curve 
Va behaved somewhat like IVa. It declined even more uniformly, 
intersecting Vb at the end of the third day. Curve Vb declined less 
rapidly during the first day than any other curve. After the third 
day it was higher than any other b curve. This determination was 
made late in the season. The buds, however, were still dormant, 
but judging from the behavior of the C02 production, they had 
passed their rest period and were held back only by unfavorable 
weather conditions. 

Some of the points to which attention has been directed arc 
brought out more clearly in numerically expressed ratios between 
the C02 production of etherized and untreated material. These 
ratios are given in Table 6. The values were obtained in the manner 
explained before. The last column of the table gives the averages 
of all the ratios. 

TABLE 6-RATIO OF C02 PRODUCED BY ETHERIZED, TO C02 PRODUCED 
BY UNTREATED TWIGS 

Date 1st da. 2nd da. 3rd da. 4tli da. 5th da. 6th da. Average 

Oct. 23 . ... ... . ... 1. 24 1.10 1.09 1. 07 .. .. . .. . . . . . . . 1.13 
Nov. 26 ..... . ..... 1. 58 2.55 2.71 2.31 2.28 1. 60 2.17 
Jan. 8 ....... . . . .. 2.98 3.43 3.54 . . ..... 2.50* 2.78 3.05 
Feb. 9 . ... .... ... 2. 32 2.25 2.17 1.45 .56 .23 1.48 
Mar. 8 .......... . 2.91 2.35 1. 67 .45 .25 . 16 1. 30 

* 4th and 5th days. 

The data in Table 6 are represented graphically by the curves 
in Fig. 6. The ratios in the left hand portion of the figure are laid 
off on the vertical, the days of experiment on the horizontal. Roman 
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numerals here as before represent the numbers of the experiments 

which were performed on the dates given in the upper part of the 

figure. The heavy horizontal line 1.00 represents the amount of 

C02 produced by the untreated twigs. 

Curve I is only a little above the line for the untreated material 

Curve II starts out higher than I. It ascends un ti! it reaches a max

imum during the third day after which it begins to decline. Curve 

III starts out much higher than either I or II. It behaves some

what like II in that it rises until the third day a fter which it begins 

to decline. Curve IV starts out over twice as high as II I. It declines 

from the start, at first slowly then more rap idly. It finally cuts 

line 1.00 during the latter part of the experiment. Curve V starts 

out rather high but it goes down very rapidly falling below line 1.00 

even before IV. 

The nearer the close of the dormant season, the shorter was the 

period during which the etherized twigs produced more C02 than 

the unetherized material. 

In the right hand portion of Figure 6, the numbers of the experi

ment are laid off on the horizontal. Since the experiments were 

performed approximately one month apart, the points also indicate 

the various dates during the season. 

Curve A was obtained by plotting the data in the last column 

of Table 6. This curve again shows that during the early part of 

the season etherization exerts relatively little influence toward in

creasing the C0 2 production of dormant twigs. This is shown by 

the proximity of the point I to the line 1.00. A month later the effect 

of ether was much more apparent. About the first of January the 

maximum stimulation was obtained. After another month, the 

stimulating effect of ether became less. It was still less after another 

month. Curve B in which the ratios obtained on the third clay of 

each experiment are plotted, brings out the same facts. 

In connection with each experiment etherized and untreated 

twigs were put in beakers of water and placed in the greenhouse 

where they were allowed to grow. In general, the results obtained 

were similar to those given by other investigators. During the first 

part of the season the twigs grew with difficulty. At first etheriza

tion did not cause an earlier growth but later on growth did com

mence rather sooner than in untreated material. When the stim

ulation of C0 2 was most marked, the etherized twigs grew very 

quickly, several weeks ahead of the untreated. In the latter part 

of the season the etherized specimens came out only a few days ahead 

of the untreated, and in the last experiment, the untreated twigs 
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outgrew the etherized ones even tho the latter opened a day or two 
before. These forcing results with apple twigs are very similar to 
those given by J ohannsen1 for bulbs. 

The results of these respiration experiments are discussed on 
page 45. 

EXPERIMENTS ON ENZYME ACTIVITY 

It is known that enzymes will become inactive if the products 
of their work are not utilized in some way or other.2 As Klebs3 

points out, the leaves of many plants continue to elaborate food in 
autumn for some time after length growth has ceased. As a result, 
the assimilated food accumulates so that the work of the ferments 
is greatly hindered until they finally become entirely inactive. As 
previously stated, Klebs believed that every rest period can be 
broken if it is found possible to arouse enzyrnic activity. Do agents 
which break the rest period have an effect on the enzyme activity 
of the twigs? The object of the following experiments was to deter
mine just what effect some of the principal rest period breaking 
agents have on these ferments. 

Experimental Material, Methods, etc. For the most part, 
one-year-old apple twigs were used in these experiments. In a few 
cases older wood was made use of. The material was taken from 
vigorous Jonathan, Ben Hur, Ben Davis, Payne's l(eeper, Red June 
and Nixonite apple trees, growing in the station orchard at Colum
bia, Missouri. The enzyme activity of one-year twigs of Quercus 
coccinea, Fraxinus Ornus, Forsythia suspensa, and Prunus Persica 
was also determined. 

Method of Collecting. The method of collecting the one-year 
twigs and then dividing them into similar lots was the same as here
tofore described. To obtain comparable samples of old wood, alter
nating sections of the same branch were used for treated and for 
untreated material, respectively. When the enzyme activity of 
buds alone was to be tested, large branches containing an abundance 
of spurs were collected. These were then cut into smaller parts. 
Similar parts growing adjacent to each other were divided into lots 
to be treated and lots which were to remain untreated. 

1. Johannsen, W. Das Aetherverfahren beim Frilhtreiben, etc. Zweite 
Anfl. Jena 1906. 

2. Pfeffer, W. Pflanzenphysiologie Bd. II. 1904. Especially the chapter 
on Periodicity. 

3. Klebs, G. Ueber die Rhythmik in der Entwickelung der Pflanzen. 
Bot. Cantbl. 119 (1912) p. 426. 
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Agents Employed. The agents employed to break the rest 

period were etherization, drying, warm water bath, alcohol bath, 

hydrochloric acid bath, sodium nitrate spray, and mechanical injury. 

The strength as well as the duration of the treatments are given in 

the tables. Etherization was carried out as previously described. 

Suitable checks were used in all cases. For example, if treated 

twigs were being bathed in alcohol, the untreated or check twigs 

were immersed in pure water during the same period. This was done 

to equalize as far as possible any effect that exclusion of free oxygen 

from the twigs might have on the enzyme activity of the tissue. 

Similar precautions were taken in case of checks for other forms of 

treatment. 
The enzyme activity was determined either immediately after 

the close of the period of application of the treatment, or after an 

interval of one or more days. During this interval the twigs were 

kept standing at room temperature in beakers containing about 50 

cc. of tap water. 

Preparation of Material. The outer fleshy parts only were used 

to determine the enzyme activity of the twigs. This fleshy portion, 

including the cortex proper, the bast layer, the cambium and more 

or less of the sap wood as well as the lateral and terminal buds, as 

a matter of convenience, are listed in the table under the heading 

of "cortex." The term is used very loosely. The buds alone would 

have been best for the enzymatic tests, but it was very difficult to 

obtain material of this kind in sufficient quantities. The hard, 

woody part of twigs is very low in enzymic activity. Hence the 

choice of the fleshy portions. 
The "cortex" was scraped from the twigs with a knife. The 

shavings thus secured were then finely ground in a common kitchen 

meat chopper. The chopper sheared the tissue into fine particles , 

but did not squeeze out the juice unless the material was very suc

culent. The mass after grinding was very uniform thruout. 

When buds alone were used to determine the enzyme activity, 

the entire buds together with about 3 to 5 cm. of the spurs on which 

they grew were ground up. Several 5 gr. samples of each kind of 

material were carefully weighed out and placed in glass vials. 

1. Diastatic Activity. The first test was for diastatic activity. 

To each vial of the cortex was added 25 cc. of a 2 per cent potato 

starch paste. The starch paste was made by adding 90 cc. of boiling 

water to 2 gr. c. p. potato starch which had been wet. with 10 cc. of 

cold water. After cooling, 2 per cent toluene was added to this paste. 
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The amount of starch solution added to the vial was just suf
ficient to cover the 5 gr. of cortex so that all material had a chance 
to act, and all starch was exposed to action by the ferments. As 
soon as the starch was added and mixed with the mass of cortex 
material, the vials were put in an incubator at a temperature of 
35° c. 

At intervals of one or two hours, the material in each vial was 
again thoroly mixed by stirring with a clean glass rod. Later Y2 to 
1 cc. of the liquid from each sample was removed by means of pi
pettes and placed in a number of Syracuse watch glasses. Two 
watch glasses were used for each sample. The watch glasses, which 
had fl.at bottoms, were placed on a white surface near a good natural 
light. A few drops of iodine solution were added to the liquid in 
each glass. Whenever the color produced by the addition of the 
iodine faded out, more iodine was added until a permanent color 
was obtained. Care had to be taken not to add too much iodine as 
this would have obscured the color. 

Iodine added to starch produces a characteristic blue color. 
If starch has been subjected to the action of a starch-changing fer
ment, such as diastase, for a time, then the addition of iodine no 
longer produces a blue color, but instead a blue-purple or violet, 
red-purple, red, red-brown, yellow-brown or no color at all. The 
particular color obtained depends upon the amount of enzyme which 
is acting, and upon the time it is allowed to act if temperature and 
other factors are constant. If a given amount of ferment acts on 
starch for a short time, then a blue-purple color is obtained by add
ing iodine; if it acts for a very long time, there is no color reaction. 
If a very small amount of enzyme acts on starch for a given time, 
there will be a blue-purple reaction with iodine at the end of that 
time. A much larger quantity of ferment acting on the same amount 
of starch for the same time may give a red-brown reaction. Since 
the color obtained with iodine indicates the degree to which starch 
has been changed,1 and since the enzymes are responsible for the 
change, then the color obtained at the end of a definite time will 
serve as a basis for measuring the enzyme activity. In these experi
ments the colors obtained at each trial were carefully recorded. All 
determinations were made in duplicate except in a few cases where 
the material was too scarce. In practically every case the dupli
cates showed the same reaction. 

1. Green, J. Reynolds. The Soluble Ferments and Fermentation. (2nd 
Ed. Cambridge 1901). 



24 MISSOURI AGR. EXP. STA. RESEARCH BULLETIN NO. 21 

It should be mentioned here that all the observations on colors 

were corroborated by the judgments of two or three persons who 

knew nothing about the details of the experiment. 
To make the results comparative, seven easily recognized colors 

were taken as a standard. Water color reproductions of these are 

shown in Fig. 7, in the order in which they may be obtained. Each 

color was numbered beginning with 1 and ending with 7. These 

numbers are used in the tables. The smaller the number, the less 

the enzyme activity; the greater the number, the more active the 

ferments. (See Fig. 7, p. 63). 

That the changes occurring in the experiments were due to 

enzymes contained in the tissue was taken for granted from the fact 

that whenever the tissue was heated to 100° C. for a few minutes 

and then allowed to act on starch paste, no change occurred. The 

reaction with iodine was the characteristic blue thruout the time 

of the experiment. The rapid conversion of the starch1 and the fact 

that toluene was added to prevent organisms from developing, 

eliminates bacterial activity as being responsible for the changes 

noted when unheated material was allowed to act. 
This method of determining the comparative enzyme activity 

is, of course, not free from objections. A probable source of error 

is found in the fact that many substances were dissolved from the 

tissue in addition to the enzymes. Some of these substances, e. g., 

tannin may hinder to some extent the free action of the enzymes. 

However, it is likely that the same amount of these inhibiting factors 

were present in both check and treated material, so that the com

parative value of the results remain unaffected. Again, the results 

were not as quantitative as might have been desired. On the whole, 

however, the methods outlined gave very satisfactory results for 

these preliminary experiments. The simplicity of the tests and the 

reliability of the results are points in favor of the method. 

The results obtained with the diastatic enzyme experiments 

are summarized in Tables 7 to 11. In all cases, the dates show when 

the material was collected. Enzyme activity was determined after 

two and after four hours. This activity is expressed in numbers 

which are based on color reactions as previously explained. It should 

be kept in mind that the greater the number, the greater the enzyme 

activity. The plus sign after the numbers indicates that the color 

was close to the next more advanced; the minus sign indicates that 

the color barely passed the less advanced. For example, 2 - and 

1. Bayliss, W. W. The Nature of Enzyme Action. (Longmans, Green, 
& Co. 1911). 



TABLE 7-STIMULATION OF DIASTATIC ENZYME ACTIVITY OF DORMANT TWIGS OF PYRUS MALUS 
AND OTHER SPECIES BY TREATMENTS GIVEN TO BREAK THE REST PERIOD 

No. I Date Kind of Twigs 
I Enzyme activity 

Inter- l-------c-----
Treatment val 

Hrs. j 2 hrs. 4 hrs. 

. \ \ Untr. I Tr. Untr. I Tr. 

-1-,0ct. 14 Jonathan Apple 0.5 cc. Ether 24 hrs. il __ o_j __ 2_! _ _ 3 _ __ 3_ \5+ 
2 Nov. 10 Jonathan Apple 0.5 cc. Ether 24 hrs. 48 I 3-1 3+ 3+ 6 
3 Dec. 13 Jonathan Apple 0 . 2~ cc. Ether 24 hrs. [ 10 i ~ 'I 5 6 6 
4 [Mar. 4 Jonathan Apple 0. 2.) cc. Ether 24 hrs. 16 ! .) , 6 7 7 
5 10ct. 17 Jonathan Apple H20 35° C. 15 hrs. ! 0 i 1 3 + 4 
6 iOct. 12 Jonathan* Apple 0.5 cc. Ether 48 hrs. I 0 I 3 4 I 5 6 
7 Oct. 28 Jonathan* Apple Injured ** . I 96 ! 3 5 4 7 
8 Dec. 2 Jonathan* Apple 10 % C2H,OH 15 hrs. · 30 i 2 3 3 4 
9 Mar. 12 Jonathan* Apple 10 % Na 1\03 Spray ! 150 I 6 I 7 I 3t St 

10 l\far. 3 Ben Hur Apple Dried, 35° C. 15 hrs. \ 48 4 + 'I 6 I 7 7 
11 Dec. 9 Ben Hur Apple 10% C2H,;OH 9 hrs. , 15 . 3 1 3+j 5- 6 
12 Feb. 24 Ben Hur Apple 0.5 cc. Ether 20 hrs. I 48 1 3+: 6 1 6 7 
13 Mar. 2 Ben Hur Apple 0.25 cc. Ether 24 hrs. 15 3+j 4 \ 6 7 
1~ Dec. 6 ~!xon~te Apple 0. ~ cc. Ether 24 hrs. 1 18 3 + 1 4 5 6 
1::> Jan. 11 N1xomte Apple 0 . .) cc. Ether 24 hrs. i 0 2-j 2+1 2+ 4 
16 Feb.21 RedJuneApple 0.25cc.Ether24hrs. i 20 4 1 6 5 7 
17 Feb.27 RedJuneApple 10% C2H 50H 15hrs. '! 0 3 - : 3+, 3+[ 5 
18 Nov. 17 Payne's Keeper Apple Dried 40° C. 6 hrs. 60 : I 3 1 4 
19 Nov. 17 Payne's Keeper Apple Injuredt ! 66 1 3 ' 5 
20 Feb. 24 Woodmanse Apple 0. 5 cc. Ether 24 hrs. i 48 2 4 \ 6 7 
21 Nov. 24 Ben Davis Apple 0. 5 cc. Ether 14 hrs. · 24 2 + 3 1 3 4 
22 Dec. 15 Fraxinus Ornus, Linn. 0.5 cc. Ether 20 hrs. i 0 4 6+! 7 7 
23 , Dec. 3 Forsythia viridissima, Lindi. 0. 25 cc. Ether 24 hrs. I 20 2 2 + ! 2 + 3 

* Buds only used. 
** Injured by piercing buds with needle. 
t Injured by pounding int~rnodes with knife handle. 
t After one hour. 
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TABLE 8-DIASTATIC ENZYME ACTIVITY OF DORMANT TWIGS OF PYRUS MALUS AND OTHER SPECIES 

AS INFLUENCED BY SAME TREATMENT AT DIFFERENT TI.MES OF THE SEASON 

No. I Date Kind of Twigs Treatment Inter
val 
Hrs. 

Enzyme activity 

2 hrs. 4 hrs. 

Untr. I Tr. I Untr. I Tr. 

1 IOct.14 
Nov. 10 
Mar. 13 

2 INov. 28 
Mar. 11 

3 !Jan. 11 
Mar. 12 

4 !Nov. 24 
Mar. 9 

5 !Dec. 10 
Mar. 2 

6 Dec. 15 
Mar. 12 

7 Dec. 21 
Mar. 12 

Jonathan Apple 

Jonathan* Apple 

Nixonite Apple 

Ben Davis Apple 

Ben Hur Apple 

Fraxinus Ornus, Linn. 

Quercus coccinea, Meunch 

* Buds only used. 
** Injured by piercing buds. 
t After 1 hour. 

0. 5 cc. Ether 24 hrs. 

Injured** 

0. 5 cc. Ether 24 hrs. 

0. 5 cc. Ether 24 hrs. 

0. 25 cc. Ether 24 hrs. 

0. 5 cc. Ether 20 hrs. 

0. 5 cc. Ether 24 hrs. 
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No. 

1 

2 

3 

4 

5 

6 

7 

TABLE 9-DIASTATIC ENZYME ACTIVITY OF DORMANT PYRUS MALUS TWIGS AS INFLUENCED 

BY DIFFERENT INTENSITIES OF THE SAME TREATMENT 

Enzyme activity 

Date Variety Treatment Inter-
val 2 hrs. 4 hrs . 
Hrs. 

Un tr. Tr. Untr. Tr. 
---------------

Dec. 6 Nixonite 0.5 cc. Ether 24 hrs. 18 3+ 4 5 6 
0. 25 cc. Ether 24 hrs. 18 3+ 3- 5 3+ 

Dec. 13 Jonathan 0.5 cc. Ether 24 hrs. 10 4 4- 6 5 
0. 25 cc. Ether 24 hrs. 10 4 5 6 6+ 

Feb. 21 Woodmanse 0.5 cc. Ether 24 hrs. 20 5+ 3+ 6 5-
0. 25 cc. Ether 24 hrs. 20 5+ 6 6 6+ 

Feb. 21 Red June 0 . 5 cc. Ether 24 hrs. 20 4 3+ 5 6 
0. 25 cc. Ether 24 hrs. 20 4 6 5 7 

Feb. 21 Payne's L. K. 0.5 cc. Ether 24 hrs. 20 5- 2 6 3 
0 . 25 cc. Ether 24 hrs. 20 5- 3 6 4 

Mar. 2 Ben Hur 0.5 cc. Ether 24 hrs. 15 3+ 3- 6+ 6-
0 . 25 cc. Ether 24 hrs. 15 3+ 4- 6+ 7 

Mar. 4 Jonathan 0 . 5 cc. Ether 24 hrs. 16 5 3 7 6+ 
0 . 25 cc. Ether 24 hrs. 16 5 6 7 7 

8 Mar. 2 King David 0.5 cc. Ether 24 hrs. 15 3+ 2 6 4 
0 . 25 cc. Ether 24 hrs. 15 3+ 3 6 5 

9 Feb. 27 Red June 10% C,H.OH 15 hrs. 0 3- 3+ 3+ 5 
20% C2H.OH 15 hrs. 0 3- 3- 3+ 3+ 

10 Dec. 9 Ben Hur Dried 35° C. 7 hrs. 17 3 3 s 5 
Dried 35° C. 18 hrs. 6 3 2+ 5 3 

11 Dec. 10 Ben Hur H20 35° C. 3 hrs. 19 2+ 2+ 3- 4-
H20 35° C. 6 hrs. 16 2+ 2+ 3- 4+ 
H,O 35° C. 9 hrs. 13 2+ 2+ 3- 5 
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T 0ABLE 1 0-DIASTATIC E NZYME ACTIVITY OF DORMANT PYRUS MALUS TWIGS AS INFLUENCED BY THE 

INTERVAL AFTER TREATMENT 

I I 
: I Enzyme Activity 

No . Date Variety T reatment Inter-
val 2 hrs. 4 hrs. 
Hrs. 

I __ , Untr. I~ Untr. I~ 
1 Oct. 26 Jonat han I o. 5 cc. Ether 24 hrs. 0 3 ! 3- 3+ 3 

I 14 2 I 5 3+ 7 

2 Nov. 10 Jonathan 0. 5 cc. Ether 24 hrs. 0 3- I 2+ 5 3 
48 3 - 3+ 4 6 

3 Mar. 13 Jonathan 0.5 cc. Ether 24 hrs. 0 5 4 7 7 
48 4 6+ 7 7 

4 Feb. 24 Ben Hur 0.5 cc. Ether 20 hrs. 0 4 3+ 6+ 6 
48 3 6 6 7 

5 Feb. 24 Wood manse 0.5 cc. Ether 24 hrs. 

I 

0 I 4+ 5 7 7 
48 

I 
3 4 6 7 

6 Mar. 13 Nixonite 0 . 25 cc. Ether 24 hrs. 0 3+ 3 + 7 7 
28 3 4+ 7 7 

7 Mar. 2 Ben H ur 0.5 cc. Ether 24 hrs. 15 3+ ~ - I 7 7 
96 5 6+ 

200 3 + 4+ 7 6-

8 l\far. 2 King David 0.5 cc. Ether 24 hrs. 15 3+ 2 6 4 

I 96 4 3- 6 5 
200 3+ 4+ 7 6-
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CHANGES ACCOMPANYING BREAKING OF REST PERIOD 29 

The influence of the intensity of a treatment on the enzyme 
activity of the twigs is shown in Table 9. The data indicate that 
in most cases a weak dose increases the fermentative action while 
a stronger dose has no influence or even causes a diminished activity. 
Unfortunately, most of these experiments were carried out late in the 
season. 

It is very probable that during the early part of the season 
a strong dose might have increased the enzyme work when a weaker 
dose would have had no effect. This table shmvs very nicely how 
different varieties of apples behave in respect to their enzyme 
activity under similar treatment. 

Another factor which influences enzyme activity is the intervals 
after treatment as shown in Table 10. In most cases the treated 
material showed a greater activity after an interval than it did 
immediately after treatment. (Cf. l, 2, 3, 4, 5, 8, Table 10.) In 
some cases an interval may bring about less enzyme activity than 
immediately after freatmen t, even tho the ferments arc still more 
active than those in untreated twigs. The interval seems to be 
unfavorable for the enzyme activity of the untreated material. 
(Cf. 1, 3, 4, 5, 6, Table lO.) In a few cases a rather long interval 
seemed to bring about an increase in the ferrnentative activity, tho 
an excessively long interval again diminished the rapidity of the 
enzyme action of untreated material. (Cf. 7 and 8, Table 10.) 

Table 11 is inserted in order to show how the enzyme activity 
of different tissues of Pyrus lvlalus, Linn. vary with and without 
treatment. "Cortex," as previously explained, refers to all soft 
parts of the twig including lateral and terminal buds. "Twigs 
minus cortex" is what remains after removing the soft parts. 
The other terms used in the table arc self-explanatory. 

As might be expected the different tissues vary as far as their 
enzyme activity is concerned. The older cortex was least active at 
the latter part of the season. (Cf. l, Table 11.) The same tissues 
were tested •. for their enzyme activity during October. Unfortunate
ly at that time the plan of recording the enzyme activity had not 
yet been adopted and therefore the results are not included in the 
table. The observations noted were as follows: "Untreated material 
showed a little more action than etherized; bud material showed 
least; 1 year cortex medium; older cortex most enzyme activity." 
This is the reverse of what was obtained in the late season. 

The reasons for choosing the cortex for most of the enzyme 
determinations have been mentioned. Table 11 gives experimental 
evidence which indicates that the one-year cortex is somewhat more 



TABLE 11-DIASTATIC ENZYME ACTIVITY OF DIFFERENT TISSUES OF PYRUS MAL US TREATED VS. UNTRE ATED 

I Enzyme activity 

No. Date Variety and Treatment Inter-
val Tissue 2 hrs. 4 hrs. 

Hrs. 

j Untr. \~ Untr. Tr. 

1 Mar. 12 Jonat han 0 Buds on spurs 4 6 7 7 
0. 5 cc. Ether 24 hrs. Cortex of 4 yr. twigs 2 2 5 5 

Cortex of 1 yr. twigs. 5 4 7 7 

2 Mar. 12 King David 16 Entire twigs 1 yr. old 3- 2 6 5 
0. 5 cc. Ether 24 hrs. Twig minus cortex 2+ 2 4 3 

Cortex 1 yr. old 3+ 4 6 7 

3 Nov. 24 Ben Davis 24 Buds 2+ 3 ~+I 4 
0. 5 cc. Ether 24 hrs. Cortex of young twigs 2- 2 3 
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this discussion, but it should be borne in mind that only a few 
determinations were made. 

These experiments were carried out as follows: A gelatin 
solution was prepared by adding 20 gr. pure gelatin to 100 cc. luke
warm water. Each of a number of similar vials received 25 cc. of 
this solution. After the gelatin had hardened, a set of material for 
the experiment was prepared as follows: In one vial was placed 5 
gr. of treated apple cortex; in another, 5 gr. of untreated cortex; in 
another, 5 gr. treated cortex that had been heated to 100° C., and 
in still another, 5 gr. untreated cortex which had been heated to 
100° C. Next, 25 cc. of pure water-sufficient to cover the cortex 
material- was added to each vial. Also the same quantity of water 
was added to other vials which contained gelatin but no cortex 
material. Toluene was added in all cases to prevent bacterial 
act1v1ty. The series was run in duplicate. The material was 
allowed to act for twenty-four hours at 20° C. 

The amount of solidified gelatin remaining at the end of the 
period was used as an index to the proteolytic enzyme activity.1 

The results of the test showed very clearly that the ether 
treatment increased the proteolytic enzyme activity as the least 
amount of the solid gelatin remained in the vials which contained 
the unheated cortex from etherized twigs. Very little of the gelatin 
had liquified in the vials containing water but no. cortex. 

The experiments were varied by allowing the cortex material 
to act on one cm. cubes of gelatin. Again the etherized material 
showed most action. 

3. Fat Splitting Ferments. A series of experiments were 
carried out to determine whether the fat splitting enzymes of the 
twig tissue were influenced by agents which break the rest period. 
The results of these tests are not given as being conclusive since too 
few experiments were made. 

The material used for these determinations was cortex from 
apple and ash twigs. A series of vials were prepared in duplicate as 
follows: 

la and lb. 5 gr. cortex from etherized twigs plus 25 cc. castor 
oil e~ulsion. 

2a and 2b. 5 gr. cortex from untreated twigs plus 25 cc. castor 
oil emulsion. 

3a and 3b. 5 gr. heated cortex from etherized twigs plus 25 
cc. castor oil emulsion. 

1. Fermi, C. On the Presence of Enzymes. Centbl. Bakt. 2 Abt. 26. 
(1910) pp. 330-334. 
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4a and 4b. S gr. heated cortex from untreated twigs plus castor 
oil emulsion. 

Sa and Sb. 25 cc. castor oil emulsion only. 
One cc. of toluene was added to all vials. The material was 

allowed to act at 3S° C. for from ten to twenty-four hours. At in
tervals, some of the liquid in each vial was removed and tested for 
acidity by adding neutral litmus. In other cases, a few drops of 
phenolthaline were added to some of the liquid from each vial and 
then, drop by drop, ·weak NaOH was also added until the red color 
appeared. The material requiring the largest amount of NaOH, 
i.e., that which produced most acid, was considered to be most 
active so far as fat splitting enzymes were concerned. 

In all cases tried, the etherized material was most active in 
producing fatty acids. The ash material was more active than 
the apple. 

4. Oxidising Enzymes. The work of the oxidising enzymes as 
influenced by the rest period breaking agents was observed thruout 
the season. The C02 determinations, to a large extent at least, 
express the activity of the oxidases. However, the work of these 
ferments can be detected in other relatively simple ways. The 
browning of the exposed flesh of apples is familiar to all. This 
browning is due to an oxidase (maloxidase). Similarly Kastle1 has 
demonstrated that the browning of freshly cut vegetable tissue 
which is exposed to air, is clue to oxiclases. The following experiment 
shows more specifically what may be expected in case of cortex 
material, and it also demonstrates the reliability of using this color 
change as a basis for judging the activity of oxidizing enzymes. 

On February 8, 1914, some Wolf River apple twigs were col
lected. The cortex was scraped from these twigs and ground up 
finely. After mixing this material, a number of duplicate S gr. 
samples were weighed out, and treated in the following manner: 

(A) Two lots in the open air without further treatment. 
(B) Two lots in an atmosphere of ether. (lee. per L.). 
(C) Two lots heated to 100° C., then placed in open air. 
(D) Two lots heated to 100° C., then placed in ether atmos

phere. 
At the end of one hour, all lots were removed to the open air. 

Lots A were somewhat brown. Lots B were very dark brown. 
Lots C and D were a similar green, showing no change in color. 

1. Kastle, J. H. The Oxidases. 
& Mar. Hosp. Serv. Wash. 

Bull. 59, Hyg. Lab., U.S. Pub. Health 
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From this it must be concluded that the brown color was produced 
by a reaction in the tissue. Heating prevents the production of the 
color, and etherization favors it in unheated material. So far as 
known, the oxidising ferments are the responsible agents. 

In determining how the agents used to break the rest period 
influenced the oxidases, the cortex was scraped from the treated 
twigs, ground up and exposed to the air for a short time. The color 
changes were then noted. 

It is difficult to express quantitatively and accurately the varia
tions in the shades of brown which were observed. Hence the 
results of these observations are not given in tabular form. Careful 
notes were made in all cases, and these are summarized in the follow
ing paragraphs. 

In general, the treated material was not much deeper in color, 
than untreated material in the early part of the dormant period. 
Somewhat later the color differences were very striking, the treated 
cortex being the deeper brown in practically every case. Toward 
the close of the season the differences again became less noticeable, 
and in the last few weeks differences could seldom be observed. At 
this time of the year (March) the untreated material showed a 
much darker brown in a given period of time than at the beginning 
of the dormant season. In all cases where the material had been 
heated to 100° C. for a short time, it remained greenish for more 
than twenty-four hours. The brown color of unheated cortex 
appeared soon after grinding. The deeper the color, the sooner it 
appeared on the mass of tissue exposed to air. 

The ground ash cortex did not become brown either with or 
without treatment. Different varieties of the apple showed varia
tions in their behavior as far as coloration of the treated and un
treated tissue was concerned. For example, material from the 
Woodmanse was usually somewhat lighter in color than Ben Hur; 
and King David generally gave the darkest coloration. Just what 
caused these variations is not definitely known. Cortex from 
weak twigs usually remained green for a longer time than cortex 
from vigorous twigs taken from the same tree. Cortex from similar 
twigs taken from similar trees of the same variety, showed about 
the same shade of brown when the same treatments were given. 

The character and kind of treatment used affected the coloration 
to some extent, e.g., injured material became deeper brown than 
dry material. The cortex from twigs bathed in alcohol remained 
a' deeper green than etherized material. In general the more 
intense the treatment, if not too intense, the deeper the brown 

3 
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color of the cortex, and the quicker it was attained after the latter 

was ground up. In a few cases, severe treatments very late in 

the season failed to result in the formation of the brown color, i.e., 

the untreated material was a darker brown than the treated. 

Results, similar to those just given, were obtained by allowing 

the cortex material to oxidize the fresh colorless pyrogallol solutions 

to purpurgallic acid which is a deep cherry red. 1 The methods used 

and the nature of the results obtained may be illustrated by the 

following example: After preliminary treatment of the twigs, the 

cortex was scraped from the wood and ground up. Five grams were 

added to each of several vials. Some vials received heated cortex, 

while others received no cortex at all. To each of these vials, 50 cc. 

of 0.5 per cent freshly prepared pyrogallic acid were added. All 

were then placed in an oven at 35° C. Observations were made after 

a few hours. In a specific case the preliminary treatments were, 

0.5 cc. and 0.25 cc. ether and check. The notes obtained after the 

cortex material had acted on the pyrogallic acid solution for two 

hours follow: "In all cases the cortex has settled, leaving the clear 

liquid above. In every vial, except the one with no cortex, this 

liquid has separated into two distinct layers, the lower one being 

yellow, while the upper is reddish brown. In the vials with the 

untreated material, the upper brown zone is not quite so broad as 

the lower; in the 0.25 cc. ether vial, the upper layer is about twice 

as broad as the lower; and in the 0.5 cc. ether vial, the upper layer 

is three times as wide as the lower. The yellow layer is the same 

shade in all cases. The upper layer grows darker as it becomes 

broader, being lightest in the untreated and darkest in the 0.5 cc. 

ether mixture. After ten hours all vials were uniformly colored. 

The yellow layer disappeared entirely and the liquid was very opaque. 

This method of determining the oxidizing activity of the twig 

tissue is probably a little more quantitative than the one given 

previously. 

In this connection it might be mentioned that treatments which 

caused. the cortex to become deeper brown than that of untreated 

material, usually caused an earlier growth of the buds. When the 

difference in color between treated and untreated cortex was slight 

or not noticeable at all, the treated buds opened just about the same 

time as untreated. In those cases where the cortex from treated 

material did not become as brown as non-treated cortex, the untreat

ed opened before the treated. 

1. Kastle and Shodd. Phenolphthalein as a Reagent for Oxidizing Ferments 

Amer. Chem. Journ. (1901) 26. pp. 526-539. 
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C. SUGAR CONTENT OF TREATED AND UNTREATED 
TWIGS 

In the foregoing experiments the enzymes found in treated 
twig tissue proved to be more active than in untreated twigs when 
allowed to act on foreign material. 

When the tissue is ground up as was done in the preceeding 
experiments, some of the cells are ruptured and as a result their 
organization is disturbed. It is possible that ferments might show 
a different behavior after being freed, than under normal proto
plasmic control.1 How do the enzymes respond to treatments given 
the tissue, when they are allowed to act under protoplasmic control 
in living tissue? In other words, how do they affect the insoluble 
stored foods, especially starch, which are naturally found in the 
tissue? To answer these questions was the main object of the fol
lowing experiments. 

The material used, the manner of collecting the twigs and divid
ing them into similar groups, as well as the preliminary treatments 
given, were the same as in the foregoing experiments. 

After the twigs had received the preliminary treatments, i. e., 
the application of the rest period breaking agent, they were ground 
up in the food chopper. The entire twigs were used. Duplicate 10-
gram samples of treated and of untreated material were weighed 
out. These were then placed in coarse filter papers. Each sample 
was leached with 100 cc. of cold water. The water was poured over 
the material as quickly as possible so that the entire 100 cc. was 
added before any water came thru the filter. 

The extract passed thru the filter very rapidly so that whatever 
material came thru must have been very soluble. In some cases a 
second and a third 100 cc. of extract were obtained from the same 
material, each 100 cc. being kept separate. The presence and amount 
of sugar in the extract was determined by means of Fehling's solu
tion which was prepared according to the Official Methods of Agri
cultural Chemists (U. S. Department of Agriculture). Equal quan
tities of Fehling's, usually 1 or 2 cc., were added to equal quantities 
of extract, usually 5 or 10 cc. These mixtures were boiled for at 
least two minutes after which they were allowed to cool. All deter-

1. Palladin, W. On Respiratory Enzymes. Jahrb. f. wiss. Bot. 47, pp. 
431-461. 

-----, Die Arbeit der Atmungscnzyme der Pflanzen unter vcr
schiedenen Verhaltnissen. Ztschr. f. Physiol. Chems. 47 (1906) pp. 406-451. 

-----, Bildung der verschiedenen Atmungsenzyme in Abhangigkeit 
von dem Entwickelungsstadium der Pflanzen. Ber. d. d. Bot. Ges. 24 (1906 ) 
pp. 97-107. 
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minations were made in duplicate. The color of the supernatent 
liquid after the precipitate had settled was used as a basis for esti
mating the relative amounts of sugar present. A yellow liquid indi
cated that there was more sugar present than was required to reduce 
the Fehling's solution; a bluish color showed that the sugar which 
was present was insufficient to reduce the Fehling. The following 
simple experiment illustrates what has just been said. 

Several 5 cc. samples of an apple twig extract were taken as 
follows: (1) Before dilution; (2) after diluting to twice its volume; 
(3) to four times its volume; and ( 4) to eight times its volume. To 
each of these samples 1 cc. of Fehling's was added. They were then 
heated for several minutes. After cooling and settling, the liquid in 
(1) was yellowish; in (2) a yellowish green; in (3) a bluish green; 
and in (4) blue. The amount of precipitate was greatest in (1) 
and least in (4). 

The color of the fresh extracts was another basis for estimating 
the relative amounts of sugar contained in them. The apple twig 
extract was generally light yellow to deep orange. By diluting the 
deeper colored extract from two to twelve times with water, the 
light color was obtained. Before dilution the deeper colored extract 
showed more sugar than the light colored; after dilution, they con
tained equal quatities of sugar. 

The results of these sugar tests substantiate those obtained 
with the enzyme tests. The following determinations are typical, 
and show the nature of the results. 

1. Jonathan apple twigs were collected September 23, 1913. 
Some were etherized and some remained untreated. Sugar determi
nations were made twenty-four hours after treatment. The same 
experiment was repeated on October 28, and again January 12, 1914. 
In the first case there was no noticeable difference in the amount 
of readily soluble sugar of etherized and untreated twigs. A month 
later, the treated twigs had more sugar than untreated ones. In the 
last determination, both sets of twigs again showed similar amounts 
of sugar. 

2. On December 7, 1913, one lot of Jonathan apple twigs were 
immersed in 10 per cent alcohol for fifteen hours; a second lot was 
dried at 35° C., fifteen hours; a third etherized twenty-four hours 
and a fourth remained untreated. After twenty-four hours the 
treated twigs showed the greater amount of sugar. On February 12, 
1914, the same treatments were again applied to Jonathan twigs. 
In this case the untreated twigs showed as much sugar as the treated. 

3. King David apple twigs were collected on February 8, 1914. 
One lot was etherized for twenty-four hours, another bathed in 10 
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per cent alcohol fifteen hours, a third in 0.5 per cent hydrochloric 
acid for fifteen hours, and a fourth reserved for a check. The 
untreated material contained the most sugar; the etherized and the 
HCI-bathed twigs, a lesser amount, while the twigs bathed in alcohol 
showed the least. 

4. On November 8, 1913, Payne's Keeper apple twigs were 
collected. One lot was injured by beating the internodes with a 
knife handle, the other remained untreated . After twenty-four 
hours, the injured twigs contained the more sugar. When the same 
experiment was repeated on March 9, 1914, the untreated material 
contained the more sugar. 

5. The twigs of mulberry, oak and ash in addition to those of 
apple were also used in these sugar determinations. The results 
obtained varied, with the species and varieties of a given species as 
well as the nature of the agent. 

A number of other experiments might be cited, all of which 
indicate that treatments such as etherization, warm water bath, 
alcohol bath, hydrochloric acid bath, drying, mechanical injury, etc., 
when applied during early winter, increase the amount of readily 
soluble reducing sugars within twenty-four hours after the applica
tions are given. If the treatments are given somewhat later in the 
season, the agents have little or no effect on increasing the amount of 
sugar. If delayed until very late, the untreated twigs will actually 
have more soluble sugar than similar treated material. While a 
given strong treatment applied late in the season may inhibit the 
formation of soluble material a less intense application made at the 
same time might actually cause the production of more sugar than 
in case of untreated material. 

D. MISCELLANEOUS EXPERIMENTS AND OBSERVATIONS 

A number of experiments and observations were made which do 
not fall in any of the previous classes. Those bearing on the main 
problems follow. 

1. Does Ether Have a Desiccating Influence? As previously 
mentioned some experimenters believed all treatments given to 
break the rest period, especially etherization, have a desiccating 
effect. The term "desiccation," as used in this report, has reference 
to the loss of water from the tissue as evidenced by loss in weight. 
The term may also be used to designate the passage of water from 
the cells to the intercellular spaces as when ice is formed. In this 
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case, the tissue does not necessarily lose weight since the water 

remains within the twig.1 

A dose of ether resulting in breaking the rest period has practi

cally no desiccating effect on the tissue as may be seen from the 

data in Table 12. These data are typical. The figures show no 

difference in loss of moisture from treated and untreated twigs. 

When a very strong dose of ether was used, beads of liquid sometimes 

exuded from the tissue. Such treatment, however, did not break the 

rest period but injured the twigs beyond recovery. 

TABLE 12-WEIGHTS IN GRAMS OF ETHERIZED AND UNTREATED APPLE TWIGS 

Untreated 0.25 cc. Ether 0.5 cc. E t her 
Variety 

Before* After* Before After Before After 

Red June ..... ..... . 48.45 48.10 52 . 25 52.00 49.60 49.30 
Payne's Late Keeper 41. 20 40.95 43 . 50 43.00 40.50 40.35 
Woodnianse .. . . . ... . 52.05 51 . 85 52.00 51. 85 53 . 05 53.00 

* The twigs were weighed when collected and again after the preliminary 
treatment, which lasted twenty-four hours. 

2. Color Change in Etherized and Untreated Apple Twigs. On 

November 24, 1913, also on March 9, 1914, one-year-old Ben Davis 

apple twigs were collected. One lot of each collection was etherized 

for twenty-four hours. After an interval of five days in each ex

periment, all twigs were immersed in distilled water at a temperature 

of 35° C. The notes taken on the first experiment read as follows: 

''After six hours from the time twigs were placed in water the bud 

scales and the shoulder just below the buds of the etherized 

specimens are becoming yellowish; the internodes remain normal 

reddish brown. The untreated twigs are normal reddish brown 

thruout. After eighteen hours all etherized twigs are entirely 

yellow. All untreated twigs are normal reddish brown thruout. 

After three days the bud scales and the bud shoulders of the un

treated twigs are becoming yellow. After five days the untreated 

twigs are entirely yellow, the color being similar to that shown by 

etherized twigs after eighteen hours." 
In the last experiment the following observations were recorded: 

"After twenty-four hours the bud scales and bud shoulders of 

treated twigs show a yellowish color while the remaining parts of 

the twigs are reddish brown. The untreated twigs a re normal in 

color. After two days the treated twigs are yellow thruout except 

1. Chandler, W. H. Freezing of Plant Tissue. Research Bui. No. 8, 
Mo. Agr. Exp. Station (1914). 
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for a few isolated areas in the internodes which show the reddish 
brown tint. These areas of normal color are confined to the inter
nodes nearest the terminal buds. A few of the untreated twigs are 
beginning to turn yellow on the bud scales and bud shoulders. All 
internodes are reddish brown in color. After eight days about one
fourth of the surface of untreated twigs is still reddish brown in the 
internodes. All etherized twigs are yellow thruout. They have 
been so since the fourth day." 

These experiments indicate that etherization tends to hasten 
changes which normally occur within the twig. 

3. Amount of Sugar and Growth. Jonathan apple twigs 
were collected on February 8, 1914. Some were etherized twenty
four hours; some remained untreated. The twigs remained in the 
respiration chamber for three days after which some etherized and 
some untreated twigs were placed in the greenhouse in beakers con
taining 50 cc. water. The cuts on the bases of the twigs were re
newed every day so they would take up water readily. 

After four days, the buds on the etherized twigs began to unfold; 
those on the untreated twigs remained normal. Sugar determina
tions made at this time (using the methods previously described) 
showed that the etherizing did not increase the sugar content. After 
a few more days the buds of the untreated twigs opened and by the encl 
of the fourteenth day the leaves had outgrown those on the ether
ized material. This time the sugar determinations indicated that 
the normal twigs had the larger amount of sugar. After another 
four or five days the leaf growth in all twigs ceased. Again the rela
tive amounts of sugar in both treated and untreated twigs was deter
mined, both sets showing similar amounts. 

4. Respiration and Growth. Jonathan apple twigs were col
lected on February 9, 1914. Some lots were etherized for twenty
four hours; some remained untreated. After this preliminary treat
ment, all were put in the respiration chamber. During the first few 
days the etherized twigs gave off more C02 than untreated twigs. 
During this period, and on the second day, some of the treated and 
some untreated lots were removed from the respiration chamber 
and, after clipping off the bases of the twigs, they were placed in the 
greenhouse in beakers containing water. The twigs were allowed 
to grow for a period of four days after which they were immersed 
in a strong formalin solution, in order to stop further growth, and 
at the same time preserve the general appearance of the growth 
already made. After the fourth day, the C02 production of the 
etherized material had fallen below that of the untreated. (Cf. curve 
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V, Fig. 5). On the sixth day, i.e., during that period when untreated 
twigs were producing more C02 than treated, some lots were again 
removed from the respiration chambers and placed under condi
tions favorable for growth. After growing four days, these twigs 
were immersed in formalin as in the first case. The following obser
vations were made: "The etherized twigs which were supplied with 
warmth and moi~ture and other conditions necessary for growth 
within a few days after treatment have made more growth during 
four days than similar etherized twigs which were not placed under 
favorable growing conditions until six days after being treated. 
The untreated twigs in the first case have made slightly less growth 
than those in the latter case." In other words, the respiratory activ
ity of the tissue which may be determined while the twigs are appar
ently clormant, serves as an index to the relative amount of growth 
which would occur if the tissue had favorable conditions for growth. 

5. Fungi on Treated Twigs. Whenever the cut surfaces of 
etherized twigs were left exposed in a damp basement room, Asper
gillus and Penicillium grew abundantly on them. Under the same 
conditions the untreated twigs showed no infection by the molds 
except in a few cases during the close of the dormant season. 

6. Color Changes in Water Extract of Twigs. Decided color 
changes were observed in the water extract of the twig material. 
The following case is typical. 

King David apple twigs were collected March 18, 1914. Some 
were etherized and some remained untreated. Cold water extracts 
were then made of both lots using 100 cc. water to leach 10 gr. of 
twig material. A number of test tubes received 10 cc. each of the 
extract from treated twigs; others received 10 cc. of extract from 
untreated material. The subsequent treatments which were given, 
as well as the observations made, are recorded in Table 13. 

TABLE 13- COLOR CHANGES OCCURRING IN WATER EXTRACT OF ETHERIZED 
AND UNTREATED KING DAVID APPLE TWIGS 

Color of extract 
Treatment Source 

of of 
extract extract At Outset After 2 days After 5 days 

None ... .. . . .. . .... Untreated Light yellow Light yellow Light yellow 
Etherized Dark yellow Dark yellow Very light yellow 

10% toluene added Untreated Yellow Yellow Yellow 
Etherized Dark yellow Dark yellow Dark yellow 

Heated to 100° C. Untreated Yellow Yellow Yellow 
Etheriz ed D rk ell a y ow Dark y ell ow Dark y ell ow 
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The heating prevented any color changes. The addition of 
toluene had a similar effect. Where no special treatments were 
given, the changes were quite marked, more so than the table indi
cates. The extract from the etherized material which had been the 
darkest colored in the beginning was the lightest after five days. 
The changes were apparently due to bacteria. 

7. Gas Formation on Twigs. On February 27, 1914, some 
one-year-old Red June apple twigs were collected. Similar lots were 
immersed in pure water, and in 5, 10, and 20 per cent alcohol respec
tively. After fifteen hours the following observations were made: 
"The twigs in 5 per cent alcohol are entirely covered with small 
gas bubbles; the material in 10 per cent alcohol and that in pure 
water has fewer bubbles; that in the 20 per cent alcohol has only a 
very few, scattered here and there." Similar results were obtained 
at various times. 

8. Gas on Finely Ground Cortex Preparation. Jonathan apple 
twigs were collected on December 3, 1913. Some were immersed in 
10 per cent alcohol for fifteen hours, some were bathed in water dur
ing the same period. After two clays the material was prepared for 
the diastatic enzyme test as previously described. The preparation 
from material which had been treated with alcohol became covered 
with foam after twelve hours; none appeared on the preparation 
from material which had been immersed in cold water. 

9. Effect of Etherizing Frozen Seeds. During 1912-13, Wig
gans1 carried on some studies concerning the rest period of seeds. 
In one experiment he determined the effect of freezing and etheriza
tion of seeds which had been previously soaked in water for three 
hours. After treatment, the seeds were germinated between moist 
filters. At least 100 seeds were used in each case. The freezing 
temperature was a few degrees below 0° C. Etherization was carried 
out immediately after freezing. A somewhat weaker dose of ether 
was applied than in the experiments described in this paper. The 
results obtained in the germination tests are summarized in Table 14. 

It is seen that the freezing of soaked seeds reduced the percent
age of germination in all cases below that of seeds which were soaked 
but not frozen. But if the freezing was followed immediately by 
etherization, the reduction in the percentage of germination was not 
so marked. In other words, the ether treatment apparently hin-

1. Wiggans, C. C. Studies Regarding the Rest Period of Seeds. Thesis. 
University of Missouri, 1913. 
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dered, or counteracted to some extent, the destructive processes 

which were initiated by freezing. (It should be mentioned that all 

seeds of a given variety were soaked at one time. One-third of the 

entire lot were allowed to germinate without further treatment, 

while the remaining two-thirds were frozen. Of these frozen seeds, 

one-half were allowed to germinate while the remainder were ether

ized before placing them undn r.nnditions suitable for germination). 

TABLE 14-PERCENTAGE GERMINATION OF SEEDS OF DIFFERENT SPECIES 

TREATED IN VARIOUS WAYS 

I nclex to Species Treated 
To 

Treatment 
A B C D E F G H 

Average 

1 In H 20, 3 hrs . .... 64 78 12 76 88 84 88 4 50 60 
, ________ ----------------------

2 In H20, 3 hrs.. . . . 30 50 
Frozen 24 hrs . . . .. 

In H20, 3 hrs ..... 

8 

3 Frozen 24 hrs.... . 40 40 18 
Etherized 12 hrs .. 

A Zea Mays, L. 
B Phaseolus lunatus, L. 
C P. vulgaris, L. 
D Citrullus vulgaris, Schracl. 
E Cucurbito maxima, D1tchesne. 
F Spinacea oleracea, L. 
G Raphanus sativus, L. 
H l-Iibisc1ts esculent1ts, L. 
I Allium cepa, L. 

0 40 18 44 14 18 24 . 6 

2 54 54 90 24 26 38.6 

Results similar to those given in the above table were obtained 

when seeds were allowed to soak for six instead of three hours. The 

experiments with seeds are of interest because they suggest a very 

interesting effect of etherization. 

E. INFLUENCE OF VARIOUS AGENTS ON THE 
REST PERIOD OF PLANTS 

In connection with each experiment which has been described 

in the foregoing pages, some treated and some untreated twigs were 

placed in beakers containing water and put in the greenhouse where 

they were allowed to grow. The time when the buds opened was 

noted in all cases. 
The results in general were similar to those obtained by previous 

investigators. It was found that during the very early part of the 

dormant season, the rest period was not so easily broken as later 
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on. Toward the close of the dormant season it was found difficult 
to get any marked acceleration of growth. Heavy dosage of a 
given agent which produced earlier growth in twigs during December 
or early January, was found to injure the twigs and buds if given 
later in the season. The specific behavior of some twigs has already 
been referred to in connection with some of the experiments. 

A few observations might be of interest in this connection. 
In some cases a very strong does of ether stimulated the terminal 

bud only, while a dose only half as strong caused the laterals as well 
as the terminals to grow earlier than untreated buds. In twigs 
which were frozen, the basal buds grew earlier than those nearer the 
tip. In many cases, a given dose of ether stimulated the leaf buds 
while the flower buds were killed by the treatment. In several cases 
mechanical injury just below or near a bud caused that bud to burst 
into growth while the buds above and below remained dormant. 
As a rule, desiccation produced the most uniform results, i.e., the 
drying caused all laterals as well as terminals to come out about the 
same time. Usually on untreated twigs the lateral buds came out 
very irregularly, some of them opening several days before others. 

On January 16, 1914, a number of similar, vigorous, one-year
old King David apple twigs were collected . All were about 75 cm. 
long. Some were left entire; some were cut in half ; while in other 
cases the terminal one-third was cut off. The lower cut surfaces of 
each lot of twigs were put in beakers of water and placed in the 
greenhouse. The photograph (Fig. 8) shows the general appearance 
of the twigs after one month. The twigs at A were those which were 
left entire. Very few terminal buds had opened. The laterals of 
the lower portions of the twigs had made a good growth. Most of 
the laterals farther up on the twig were dormant. The lower two
thirds of some of the twigs are shown at B. In this case the buds 
nearest the injured surface made a very vigorous growth. The 
remaining lateral buds also made more or less growth. The twigs 
at C were the upper parts of those shown in B. The terminal 
portions made no lateral growth. The terminal buds, however, 
were beginning to grow somewhat more vigorously than those at 
A or D. The upper halves of those twigs which were cut into two equal 
parts, are shown at D. In these, the terminals made some growth. 
Some of the lateral buds began growing rather vigorously but many 
of them made only a feeble growth. 

The behavior of these twigs indicates that the water supply which 
reached the buds was one of the important factors in their 
development. It should be mentioned that the buds in all cases 
were fully turgid. 
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On January 22, 1914, a number of very vigorous one-year-old 

twigs were collected from a Jonathan apple tree. Some very weak 
twigs were also selected from the same tree. The former were 
more than one meter long, while the latter were only about 15 to 
20 cm. in length. These twigs were placed in beakers containing 

water and they were allowed to grow in the greenhouse. The 
photograph (Fig. 9) shows the growth made by each set after one 
month. It is seen that the terminal buds of the vigorous twigs 
(A) made much more growth than the weak twigs (B). The former 
opened within a few days after they were brought into the green

house; the latter first burst after two weeks. 
Did the tall twigs finish their rest before the weak twigs? Did 

they have a rest period at all, or did they stop growth because they 
were forced to do so by the cold weather? The terminal buds were 
not as well protected by their natural coverings as the weaker twigs. 
Apparently growth in the strong twigs stopped rather suddenly so 

that no time was left to finish out the buds as in the case of weaker 
twigs. 

NEW METHODS FOR BREAKING THE REST PERIOD 

A few new methods of forcing growth in dormant twigs were 
employed with more or less success but in no case was any attempt 
made to determine the exact dose to produce the most effective 
results. However, there is little doubt that for each treatment there 
is an optimum dosage which will vary with the species, the season 

and perhaps with other factors. The main object of these tests was 
to determine if the treatments given would actually stimulate 
growth. Relatively little attention was given to the degree of 
stimulation. 

Treating apple twigs by immersion in solutions of 0.25, 0.125, 
.0625 and .03125 per cent CuS04 for twelve hours on December 7, 
1913, produced earlier growth than untreated material. The 
stronger the concentration the better the results. The same treat
ment applied to Forsythia at the same time proved toxic to the buds. 

Immersing in 0.5 per cent HCl for sixteen hours was effective in 

forcing apple buds as well as Forsythia. CuS04 treatments appar-
ently were more effective than the HCl bath on the apple. 

On December 17, 1913, Fraxinus Ornus twigs were immersed 
in 5 per cent, 1 per cent and 0.5 per cent oxalic acid for twelve 
hours after which they were placed in water in the greenhouse. 
After twenty-five days, the terminal buds of twigs treated with the 
one per cent and the 0.5 per cent solutions became· active, while 
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untreated twigs remained dormant. Acetic acid baths gave similar 
results . Quercus coccinea twigs did not respond to these treatments. 

A number of different solutions were tried for their forcing 
qualities. Ash, oak, apple, plum, and maple twigs were used. The 
twigs were immersed in the solutions for twelve hours on January 
20, 1914. Those treatments proving effective were: For ash, 5 
per cent NaN03 and 5 per cent ammonium oxalate; for maple, 0.5 
per cent KCl; for plum, 1 per cent ammonium oxalate, 0.5 per cent 
KCl, 5 per cent NaN03 and 0.5 per cent CuS04 ; for apple, 1 per 
cent and 0.5 per cent CuS04 and 1 per cent KCI. 

Good results were obtained with 1Vln02 treatments. On Jan
uary 19, 1914, ash, apple and oak t\vigs were clipped in Mn0 2 paste 
made of powdered Mn02 and water. The paste adhered to the 
twigs and formed a slate colored coating when dry. These treated 
twigs, also normal ones, were placed in a greenhouse in water. Fig. 
10 shows the results one month following treatment. The buds on 
the treated ash twigs had swollen very much compared \Vith those 
on untreated ones. The former had also formed an abundance of 
callus tissue. The buds on treated oak twigs were much more active 
than those which received no treatment. Apparently, the apple 
does not respond to the Mn0 2 treatment so late in the year. It 
should be mentioned that the M 1102 might have influenced the twigs 
indirectly by absorbing heat due to its dark color.1 The apple, 
however, is normally affected by heat, and the M n0 2 treatment 
was non-toxic since both check and treated buds began to grow at 
about the same time. 

DISCUSSION OF RESULTS OF RESPIRATION EXPERIMENTS 
AND OTHER TESTS 

Many of the results presented in this paper supply experimental 
proof in support of the theory of Klebs, viz., that after length growth 
has ceased in plants, the leaves remain green and active and continue 
to assimilate organic foods which accumulate in considerable quan
t1t1es. The rest period breaking agents apparently do stimulate 
fermentative activity. In most cases when diastase enzymes are 
made more active, earlier growth is induced. However, this is not 
always the case. A striking example is found in the case of the ash. 
This species has a very high diastatic activity, yet it forces with 
much difficulty. The same was found to be true of several varieties 

1. Whitten, J. C. Winter Protection of the Peach. Bulletin No. 38, 
Missouri Agr. Exp. Sta. 
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of apples tho not to so great an extent. How can we account for 
these results? 

By referring to the figures in Table 2, it is seen that etherization 
has very little effect in stimulating the C02 production of ash. It 
is further noted that the ash tissue oxidized very slowly. It has also 
been mentioned that some varieties of apples oxidize their tissue 
more readily than others. Those which oxidize most are most eaoily 
forced. 

Th.e respiration curves of the Jonathan apple likewise indicate 
that the increased amount of C02 produced as a result of treatments 
varies with the advance of the season. When the stimulation was 
greatest, the forcing of growth was most marked. 

It is quite possible that a given resting tissue may contain suf
ficient soluble material to support growth as has been pointed out 
by Johannsen. 1 Treatments in such cases might produce still more 
sugar than was already present. However, the food must be usable 
to be of value to the plant. Before it can be used at all, energy must 
be made available. In order to furnish energy, material must be 
oxidized and the oxidizing enzymes are responsible for this oxida
tion process to a large extent. Again, not all food material is readily 
oxidized. Certain substances, e . g., starch, must first be changed to 
sugars before combustion occurs. In some plants, i. e., in those 
where sugar is normally abundant, a rest period breaking agent 
needs only to stimulate the oxidizing forces; while in others it be
comes necessary to set in action those forces which convert insoluble 
food into readily oxidizable and therefore energy yielding material, 
as well as to stimulate the oxidizing agents themselves. 

The question may arise "Do these agents affect the enzymes 
directly or, indirectly, by first influencing the general protoplasmic 
organization?" The more growth there is, the greater the enzyme 
activity, and hence it might be said that growth has already been 
started as a result of the stimulus given by the rest period breaking 
agent, and therefore enzyme activity naturally might be expected. 

There is no reason to suppose that the rest period breaking 
agents single out and influence specific organisms of the protoplasm, 
such as the enzymes. Many other portions of the "protoplasmic 
makeup," a phrase which covers much that is unknown, might be 
affected at the same time. We simply have an easy method of deter
mining the enzyme activity but have no sure way of knowing whether 
other parts of the protoplasm are not affected at the same time that 

1. Johannsen, W. Das Aetherverfahren beim Friihtreiben, etc. (Zweite 
Anfl. Jena 1906). 
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the enzymes are. On the other hand, it is conceivable that such 

specific portions of the protoplasm as the enzymes could be affected 
directly by outside agencies. In other words in one case the treat
ment may directly affect the seat of protoplasmic activity-whatever 
that may be-which in turn influences all other parts; while in an
other case, the treatment may indirectly affect the protoplasm by 

first influencing some specific portion of its structure. 
The thought in the foregoing paragraph might be illustrated by 

considering the complex wheels and cogs and other parts of a clock 
as the protoplasmic structure. By winding the spring, energy is 
stored up thru which the complex mechanism is set in motion. This 
spring may be considered as the seat of protopln.smic activity which 

brings about the movement of all other parts of the clock. The rate 
at which this spring unwinds is determined by a pendulum. This 
part may be regulated so the clock goes fast or slow. In this case, 
we are affecting a specific portion of the mechanism directly, and as 
a result of that effect the entire structure is, in turn, made to respond. 

All experiments seem to indicate that etherization and other 

means of breaking the rest period intensify and hasten the normal 
physiological processes. As a result, metabolic changes are carried 
out in a much shorter time than under ordinary conditions. This 
is shown especially and in a striking manner by the experiment in 
which treated and untreated twigs vvere kept under water. This 
phenomenon was exhibited by all the other experiments. 

SUMMARY AND CONCLUSIONS 

Summary. The existence of a rest period in plants has been 

definitely established, together with the fact that the normal rest 
in most plants may be shortened at will by certain treatments. 
There has been much speculation as to the cause of the rest period 
and particularly the specific effects of ether and other agents which 
produce growth in dormant plants. 

Believing the beginning of the rest period, as well as the break

ing of the rest, was in some manner associated with enzyme activity, 
a series of respiration experiments was begun in 1913 and carried 

on thru a part of the following year. It was known that anes
thetics, mechanical injury, high temperatures and other agents 
stimulate the respiratory processes in both growing and dormant 

plants. The experiments conducted were for the purpose of securing 
information on the following points: To determine the effects of 
drying and freezing on C02 production of dormant apple twigs; also 

to determine the influence of the same dose of ether on C02 produc-
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tion in different species of dormant twigs; and to test the effects of 
the same dose of ether on C02 production of dormant apple twigs 

at different times during the season. 
Special apparatus was designed for conducting the respiration 

tests. There were six chambers consisting of tall glass jars, each 
with a capacity of 2.5 liters. These contained the twigs to be tested. 

The jars were connected on one side with a KOH tube and on the 
other with a CaCli tube and Geissler bulbs containing a saturated 
solution of KOH. The six jars were inclosed in a large double

walled galvanized iron chamber with water jacket. The air was 
drawn thru the tubes, jars and bulbs at the rate of three liters per 
hour. The KOH freed the ingoing air of all C02 and the outgoing 
air passing thru the CaC12 tube gave up all its moisture and the 
KOH in the Geissler bulbs absorbed the C02 given off by the twigs, 
while any moisture evaporating from the bulbs was retained by the 
CaC12 tube next to the aspirator bottle. A self-recording thermo
graph inside the large chamber registered between 15° and 18° C. 
thruout the tests. 

A set of twigs was frozen at -15 to -19° C ., another dried at a 
temperature of 26 to 31° C., and a third placed in a humidor at room 
temperature. After sixty hours all were placed in the respiration 
chambers. During the first day the froxen twigs produced four 
times as much C02 per hour, per 100 grams of twigs, and the dried 

twigs three times as much as the twigs that had been kept moist to 
check the results. 

Dormant apple, ash, oak and mulberry twigs were exposed to 
ether used at the rate of one-half cc. per liter of space, for twenty
four hours. These with control twigs were then placed .in respiration 
chambers. The normal respiration was found to be greatest in the 
mulberry, and least in apple and ash. Etherization caused in
creased C02 production in all cases, but it was greatest in the apple. 

When placed in the greenhouse those species in which C02 production 
was stimulated most by etherization began growing earlier than 
similar untreated twigs. Where the treatment failed to stimulate 
C02 production- as with oak and ash-the growth was not materi
ally hastened. 

Apple twigs were etherized in October, November, January, 
February and March. In all cases from the earliest to the latest 
date the respiration was markedly increased during the first three 
days. In October, November and January this increase continued 
after the third day while later in the season-in February and March 
-the respiration actually decreased very greatly (as compared with 
the control twigs) beginning with the fourth day after treatment. 
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In other words the later the date, and consequently the nearer .the 
end of the resting phase, the shorter was the period during which 
respiration could be stimulated by the ether treatment. All twigs 
were placed in the greenhouse. As before, where stimulation of C02 

had been most marked, growth took place the quickest. 
It is known that enzymes soon become inactive if the products 

of their work are not utilized. Also it is a matter of common 
observation that the leaves of woody plants continue to elaborate 
food in autumn for some time after length growth has ceased, 
resulting, it is believed, in a great accumulation of carbohydrates, 
thus greatly hindering the work of the ferments and perhaps causing 
them to become wholly inactive. Believing that t he secret of the 
setting in of the rest period, as well as the breaking of the rest by 
treatments, was to be found in a study of the workings of the en
zymes in the tissues of dormant twigs, an investigation along this 
line was made. The experiments were as follows : (1) With dia
static activity; (2) presence and activity of proteolytic enzymes ; 
(3) fat splitting ferments; and (4) oxidizing enzymes. The agents 
employed for breaking the rest period in the twigs used in these 
studies were etherization, desiccation, warm water bath, alcohol 
bath, hydrochloric acid bath, sodium nitrate spray and mechanical 
mJury. After treatment the cortex was scraped from the twigs and 
ground into a fine pulp. The first test was for diastatic activity. 
Potato starch was mixed with a portion of the cortex pulp and two 
per cent toluene added to prevent bacterial growth. The materia l 
was incubated at a temperature of 35° C. The tests for evidences 
of the presence of diastase were dependent upon the well-known 
color activity of iodine upon starch. If a starch-changing ferment 
such as diastase acts upon starch for a time, the addition of iodine 
does not produce a pure blue color, but instead a blue-purple or 
violet, red-purple, red, red-brown, yellow-brown, or no color change 
at all. Since the color reaction indicates the degree to which starch 
has been changed, then the color obtained at the end of a definite 
time serves as a basis for determining the enzyme activity. Practic
ally all of the determinations made in this experiment were in dupli-
cate. darker 

To make the results of the t?8t comparable, seven easily recog
nized colors were taken as a randard. Quite arbitrarily it was 
considered that 11Wl .. ~~tl3!iiUter the color-the less the 
enzyme activity; conversely, iii• W. t'*USrker the color-
the more active the ferments. lighter 

The control material for the experiment consisted of a quantity 
of the cortex which had been heated in water to a temperature of 

4 
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100° C. for a few minutes. This upon being allowed to act upon the 

starch paste showed no color reaction with the iodine. The tests 

showed that the agents which are known to break the rest period 

increased the diastatic enzyme activity of the dormant tissue. 

The extent of the activity varied considerably, depending upon 

the species of dormant twigs used, the rest breaking agent employed, 

time of treatment, etc. In general the diastatic activity following 

treatment was found to agree very well with the extent to which the 

treatments broke the rest period, or produced earlygrowth. 

The test for the presence of active proteolytic enzymes in the 

tissue of dormant twigs was determined by finding to what extent 

such woody tissue, after being treated with rest period breaking 

agents, would liquify hard gelatin. The results of the test showed 

very clearly that the ether treatment caused a very great amount of 

proteolytic enzyme activity. 

A few tests were made to determine whether the fat splitting 

enzymes were affected by agents which break the rest period. Cor

tex from treated material was allowed to act upon castor oil emul

sion at 35° C. for from ten to twenty-four hours. At intervals the 

liquid was tested for acidity by using neutral litmus, or a few drops 

of phenolpthalein, and adding NaOH solution drop by drop until 

the red color appeared. In all cases tried, the etherized material 

was the most active in producing fatty acids. 

Evidences of the activity of oxidizing enzymes as influenced 

by rest period breaking agents were frequently observed thruout 

the season during the progress of the respiration experiments. A 

special experiment with treated apple twig cortex in late winter 

showed that etherization of dormant plants may greatly arouse the 

activity of the oxidizing ferments. These tests were dependent 

upon color changes of tissue in the open air, after being exposed to 

treatments. 

The sugar content of treated and untreated twigs was deter 

mined by testing water extract from the twig cortex with Fehling's 

solution, according to the Agricultural Chemists' official method. 

The results of the sugar test substantiated those obtained in connec

tion with the enzyme activity, thus indicating that treatmentssuc h 

as etherization, warm water bath, alcohol bath, hydrochloric acid 

bath, drying, mechanical injury, etc., when applied during the early 

winter increase the amount of readily soluble reducing sugars within 

twenty-four hours after applications are made. If treatments are 

given somewhat later in the season, the agents have little or no 

effect on increasing the amount of sugar. If delayed until very late 
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the untreated twigs will actually contain more soluble sugar than 
where treated. 

Special efforts were made to determine whether ether exerts 
a desiccating influence upon woody tissue. It was found that a dose 
which results in breaking the rest period has practically no desic
cating effect on the tissue, as the untreated twigs lost just as much 
moisture as the treated. There was very little moisture lost in any 
case. When very strong doses of ether were used, large beads of 
liquid sometimes exuded from the surface of the twigs. Such large 
doses, however, did not break the rest period but they did injure 
the twigs beyond recovery. 

From time to time it was noticed that the bark of etherized 
twigs seemed to change color. Special treatments with ether showed 
that this treatment tends to hasten changes within the twig which 
would normally occur in untreated material much later on. 

A correlation was noticed between the amount of sugar avail
able in twigs and the early date at which they were enabled to begin 
growth. However, untreated twigs, while beginning growth much 
later than treated ones, often showed a tendency to catch up with 
and even to outsrtip the treated twigs in point of vigor and amount 
of growth made. 

It was found by experiment and observation that the respiratory 
activity of the tissue of dormant twigs may serve as an index to the 
relative amount of growth which such twigs would make under 
favorable growing conditions. 

It was noticed that species of fungi nearly always grew upon the 
cut surfaces of the etherized twigs, while untreated twigs in the same 
environment showed no infection by the molds except in a few in
stances just at the close of the dormant season. 

It was often observed that etherized twigs, when placed in 
beakers to grow, seemed to discolor the water. Tests made for the 
purpose showed that something was dissolved from the twigs by 
the water, giving the latter different colors. It was found that heat
ing the treated twigs to a sterilizing temperature and also the addi
tion of toluene prevented the coloring of the water extract. The 
color changes were apparently due to bacteria. 

Wiggans studied the effects of freezing and etherizing on ger
mination of seeds. It was found that freezing soaked seeds reduced 
the percentage of germination in all cases below that of seeds which 
were soaked but not frozen. However, it was found if the freezing 
was followed immediately by etherization, that the reduction in 
the percentage of germination was not so marked. Apparently the 
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ether treatment hindered or counteracted, to some extent, the de
structive processes which were produced by freezing. 

The influence of various agents in breaking the rest period of 
plants was studied in connection with all of the leading treatments 
and the results were similar to those obtained by other investigators 
It was found during the very early part of the dormant season the 
rest period was not so easily broken as later. Also toward the close 
of the dormant season it was difficult to induce any marked accel
eration of growth. Heavy dosage of a given agent readily producing 
growth in twigs during December or early January, was found to 
injure the buds when treatments were made later in the season. 

A few new methods for breaking the rest period were success
ful. These were immersion in weak solutions of copper sulphate, 
hydrochloric acid, oxalic acid, acetic acid, sodium nitrate, potassium 
chloride, and manganese dioxide. 

Conclusions. The results of the respiration studies and other 
tests seem to justify the conclusion that the specific effect of all rest 
period breaking agents on dormant woody tissue is the stimulation 
of the enzymes. The experimental evidence submitted shows that 
diastatic, proteolytic, fat-splitting and oxidizing enzymes a re induced 
to become active or, are stimulated into greater activity, by treat
ing twigs with ether and other agents. The extent to which enzyme 
stimulation will result in quick growth in dormant plants will depend 
upon the species of plant, kind of treatment, dosage, stage of dor
mancy and other factors. 

It now becomes possible to advance a theory as to the cause ot 
the beginning as well as the end of the rest period, in woody plants. 
In general it would seem that the rest sets in on account of the inhi
bition of enzyme activity due to over-accumulation of the products 
of their work. The early phases of the rest period occur and are 
passed thru while the plants are in full leaf and often while some of 
the parts are making active growth. The parts to enter the resting 
state first in fruit trees particularly, are the so-called spurs-short 
lateral out-growths-usually from wood that grew the previous 
year. These cease growing early in the season, the writer believes, 
on account of imperfect sap circulation in those parts. It is always 
the spurs that first stop growing. Withholding ·water from trees 
causes early dormancy in all the parts but the spurs are the first to 
form terminal buds. The crude sap from the roots rises most rapidly 
in thoRe branches and twigs that are nearest in a straight line up
wards from the ground. It would seem then, that the spurs on 
account of their position, are deprived of water supply very early 
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in the growing season. Also assimulation takes place first or at least 
most rapidly, in those parts that first approach a state of maturity. 
With a decreased water supply and a greatly increased deposition 
or accumulation of carbohydrates, enzyme activity is soon checked 
if not almost entirely inhibited. 

As the season advances, two factors act together to compel the 
main branches to cease making length growth and form terminal 
buds. One of these forces is the rapid accumulation of carbo
hydrates in branch after branch, and the other is the approach of 
cold weather. Here it may be objected that oak, apple, peach and 
similar trees growing in a warm greenhouse go dormant as usual. 
True, but growth continues much longer than on outside trees 
because only one force is being exerted to bring about a state of 
dormancy. In the mild climate of Central California and even in 
sub-tropical regions as far southward as deciduous trees occur, the 
latter behave as tho they were growing under glass. 

Deciduous trees perhaps enter their most profound state of rest 
at about the time the leaves fall or, under glass, at the time when all 
terminal buds have formed. That the main dormant period 
happens to be coincident with the winter season is doubtless a mere 
coincidence as the winter per se may, and probably does, have 
nothing to do with the beginning of the rest. In the somewhat 
limited observations of the writer in sub-tropical parts of America 
and the Mediterranean countries, away from the disturbing factor 
of frost occurrence, deciduous plants were found to conform in the 
main to the principles of growth and dormancy as mentioned above. 
Indeed, the same principles of growth and dormancy may be ex
tended to cover deciduous plants in the tropics, where, we are told 
by responsible observers, there may be several periods of growth 
and repose, the cessation of growth always being followed by leaf-fall. 

During the period of the main or middle rest of trees all activity 
does not cease by any means. The enzymes doubtless continue to 
work and some of the products of their activity are utilized in the 
processes of respiration. In this way the excess supply of carbo
hydrates may be reduced. This is perhaps the explanation for the 
removal of the so-called "hindrance" to growth in dormant plants 
by means of treatments which break the rest period. The treat
ments in such cases merely hasten the processes-perfectly normal in 
themselves-which would take place later if the enzymes were al
lowed to act in a natural manner. 

The rest period of plants does not end suddenly. On the 
contrary, under natural conditions it ends very slowly. The tran-
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sition stage between the main, deep state of rest and the first begin
ning of growth has been aptly termed the "after rest." During this 
period there appears to be considerable enzyme activity. Also at 
this time rest breaking treatments have little or no effect in hastening 
growth. Indeed, treatments which, during the middle rest, were 
capable of starting growth in a short time, now often injure the 
plants and actually hinder growth. Just as in the beginning of the 
rest period, certain of the plant parts end their rest before other 
parts. The enzymic activity in one twig may be more rapid than 
in another but as soon as the excess supply of the products of their 
work is reduced to a certain point, growth begins. When this 
equilibrium has been established or is about to be reached, treatments 
not only fail to hasten but may even retard the starting of growth. 

Briefly then the rest period first begins to set in on account of 
the inhibition of the enzymes by the accumulation of the products of 
their work. This is the early rest of mid or late summer. In the 
fall, excess supplies of carbohydrates continue to be accumulated 
and the further inhibition of the enzymes is actively aided by the 
approach of cool weather. These factors acting together bring 
about the main or middle state of rest. However, since dormant trees 
are never completely at rest-respiration continuing all the time, 
and doubtless enzyme activity too-the over-accumulation of 
carbohydrates is gradually reduced. Toward the last of this period 
occurs the after-rest which, as the enzymes become more and more 
active, gives place to the beginning of growth. 

The length of the rest (the total time occupied by the three rest 
phases mentioned), varies greatly with the different species. In 
some the rest lasts from June or July to March or April, while 
others may be ready to grow again after two or three weeks of 
dormancy. 
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Fig. 7. Colors obta.inecl w'ith ·io1z.ine and strirch·rlextrose. These colors were 
used as u basis for 11was1ir'ing the (liastatic enzyme activity as ·influencer! 
by tn:atm.cnts fJ'i.von to brcalc the rest period. For eonveniencc the c'olors 
a.re rmml1ererl front .1 to 7. 'l'hc aeeper blue the rnlor reaction the less 
the enzyme activity as no starch has /Jeen convcrterl, hen ce the smaller 
the number, the less the enzyme aetivity; th e greater the number, the 
more at:tive the f erments. 
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Fig. 1. Huspirut.ion avpa.1'1ttn.~. .'>fa: glass c:11linrlurs wUh G1.:i.sslcr lml/Js awl 
KOH and Cac·z .. t1il;es attachcrl , endosc1l ·in llou/Jlc-u:u.llt:tl cha1nl;ur 
with ·1cater jacicct. 



CHANGES ACCOMPANYING IlREJ\KING OF REST PERIOD 65 

1 
Z----.:...· __ _ ---9 

---10 
---tl 

~ ____ ;_ __ 
4---:---'"-'·-: ----12 

----1~ 

5--------

6--------

Direction o~ a.·1r cur
rent i ndica..ted by 
arro~w::::::::~~ 

1 -Ai't' {'-om outside 9:Pd.ra~n Se~I 
~-Pape1" \orm 10-Cork 

----14 

---15 
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e-Ca. Cl2 Tube rn-1?ubber Connections 

17- To ..fl.5pircdor 
F ig. 2. Respiration cham?Jer x onc-toitr th shown in cletail. 
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F ig . 3. Upper, freezing apparcitus and lower huniiclor, shown in detail. 



CHANGES ACCOMPANYING BREAKING OF REST PERIOD 67 

- - ---- --.- --4 

1-Clamp forfa.sternng Lid 3-Rubl?erWasher 
2-L,d 4-Ch()rnber 

Fig. 4. Etherizing chamber x one-fourth. 
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Fig. 5. Graphs showing production of 00,, by ctherizcri and untreated Jona
than apple twigs at different tirnes a"uring the season. 
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.!i'alloof C4?rodvced By Dll,el'ized 

.. _. lgft}o_!!_oduc~~ °,5r_'!_l!tieat~q_ ___ -~
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/\lumber ot qperime"l1t. 

Fig. 6. Graphs showin{J the ratio of CO,, prolluction between etherizecl ancl 
untreated Jonathan apple twigs, together with average stimulation, at 
cU[ferent times of the y ear. 
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c 

Fig. 8. Growth of clijfercnt sections or zones of similar twigs. 'Phis illits· 
tratcs p eculiarities of .orowth fol lowing treatments to brealc the r est 
period. In some cases t errn inal bucls grew best, while in others the 
lateral bucls are more liable to grow. 
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II 
Fig. 9. Comamrativc growth of strong anrl 1Dcak apple twtgs. Both ·were 

pluccrl ·in the greenhouse w'ithout treatment, in late ·wi:ntcr. "A.'' aiul ''JI'' 
show ihe growth that hacl taken place in the strong onrl uwrrlc twi.[Js, 
respectively, after one month. 
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hnO.z. 
------

/!sit 

F!g. 10. Results of treating ash, oalc ancl apvlc twigs in ni·itl-w'iiUcr by 1l·iv11·in1J 
in manganese clioxicle paste. The checlc anrl trcatecl twi[ls arc vtacc<l' 
side by side for c01nvarison. 
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