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THE KILLING OF PLANT TISSUE BY LOV TEMPERATURE.
¥. E. Chandler,
SUMMARY .

1 The term sap density, as often used in this pub-
lication, refers, not to specific gravity, but to molar con=-
centration. These sap densities have been determined by the
freezing point method, making use of the fact that the mole-
cular weight in grams of any non-electrolyte lowers the freez-
ing point 1.,86° C. The sap density is generally given in
terms of depression, meaning the number of degrees Centigrade
that the freezing point is lower than the freezing point of
water,

i By the eutectic point is meant the temperature at
which the substance in solution crystallizes out. At that
temperature there would be at the same time ice, crystals of
the solute, and unfrozen solutions.

s There are several forms of injury from cold, some
of them purely mechanical, such as tearing of tissue due to
tension developed at low temperature, or evaporation from the
surface when the conducting tissue is frozen so as to prevent
the mpvement of water to that tiesue, and killing as a result
of long continued éxposure to low temperature. The temm
freezing to death, however, is spplied here only to a very
specific set of phenomena. With all plant tissues, when a

certain temperature is reached very shortly after thawing, it






will be found thet the tissue has taken on a brown, weter-

soceked appearance, and evaporation from that tissue is much
more rapid than from living tissue. These are characteris-
tics of plant tissue frozen to death.

4, Results of many investigations have shown that dup-
ing freezing ( which may or may not result in freezing to
death), ice forme in the tissue, generally not in the cells
but in the intercellular spaces, the water moving out of the
cells to form crystals in these spaces. The most commonly
accepted theory is that killing from cold resulte from the
withdrawal of water from the protoplasm. The amount of water
loss necessary to result in death varies with the different
plants and different tissues. (Pages 15 - 24 )

5. In the experiments described in this bulletin, the
killing temperature of plant tissue that kills at relatively
high temperature has been reduced whenever the sap density of
the tissue has been increased. (Pages 24 - 77 )

6. In addition to ripe apples and pears, and the leaves
of Agave Americana observed by Mliller - Thurgau and Molisch,
lesves of lettuce kill at a slightly lower temperature if
they are thawed slowly than if thawed rapidly. 1In the case
of all other tissues tested by this station or by others, in-
cluding unripe apples and pears, there is no indication that
the rate of thawing has anything to do with the amount of

killing at a given temperature. (Pages 77 - 89)
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s Rapld wilting of tissue has/generally increased

the resistance of ﬁlants tec low temperéture over that of un-
wilted tissue with a dry surface. However, tissue with a wet
surface killed worse at a given temperature that did tissue
with no moisture on the surface. (Pages 89 - 94 )

8. Slow wilting or partial withholding of water through
a long period increased the resistance of tissue to low temper-
eture. (Pages 94-9¢)

9. In case of hardy winter buds and wood, a rapid decline
in temperature greatly increased the severity of injury from
a givenlow temperature. (Pages 96 - 106)

10. There seems to be no constant relation vetween the
rate of growth of plant tiesue and resistance to low temper-
ature. Young leaves of fruit trees kill at a higher temper-
ature than do old, mature leaves, while the young leaves of
lettuce withstand a lower temperature than do the older leavea
(Pages 127-124)

11. Previous exposure to low temperature above that at
which the tissue kills seems to increase the resistance of
tissue to low temperature. (Pages 134-134)

12. The most important feature affecting the hardinese
of plant tissue is maturity, that i1s, the condition of re-
sistence that the plants reach during the winter dormant
period. Maturity in the case of canbium may be intimately
associated with the process of drying out. However, this

can not be true at least of cortex of winter twigs. There
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is 1ittle difference between the moisture content of un-
frozen cortex in seasons when it is very tender and sea-
sons when it is hardy. The wood at the base of the trunk
and at the crotches of all rapidly growing branches seems to
reach a condition of maturity in early winter more slowly
than does most other tissue. (Pages 106-127 )

13. OCf the tissue above ground during periods when the
most complete maturity is reached, the most tender parte are
the pith cells and the fruit buds. During periodsof rapid .
growth there is litile difference in hardiness of the diff-
erent tissues. The tissue which is most tender at all sea-
scns of the year is the root. There is much lese difference
however, in the killing temperature of roots in summer and
winter than between the killing temperature of twigs or other
wood in summer and winter. (Pages 1368-155 ).

14. Roots of the French crab used as stock seems to be
more tenderthan roots which come from scions of an average
variety of apple. (Pages 162-165 )

15, Marianna plum roots are certainly more hardy than
Myrobolan roots, and Mehaleb cherry roots seem slightly more
hardy than Mazzard roots. (Pages 165-179)

16. That part of the root system nearest the surface
and the largest, oldest roots are more resistant to cold
than are the small roots further from the surface.

( Pages 155-162 )-
17. Pollen of the apple will withstand much lower temper-
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atures than will any other tissue of the flower when in
full bloom. (Pagee 179 - 181 ).

18. CEeales of peach buds do not serve to protect them
from low temperature. Buds frozen in the laboratory with
the scales removed were slightly more resistant to low tem-
perature than were the buds with the sc#les not removed.
(Pages 181-185 )

19. The killing of wood of peach trees from freezing
is one of the most important determining factors in peach
growing. Little can be done to influence the amount of
killing except to have the trees start into winter in pro-
per cpndition of maturity. The weakest growing trees, how-
ever, do not generally reach this condition of maturity in
the most satisfactory manner. Trees one or two years in
the orchard, or old weak trees, are most liable to succumb
to effects of low temperature. Prunning the trees severely
following a winter when the wood has been killed, although
apparently in the best condition of maturity, seems to re-
duce the amount of killing. However, such prunning follow-
ing winters when the wood has been killed on account of its
not having reached the proper condition of maturity in the
fall, generally due to the presence of wet weather following
a drought the season before, is lisble to result in grester
loss than if no prunning were done. (Pages 185 - 191 )

20. .The hardiness of peach buds when in fully dormant
condition seems to be greatly increased by continuous low

temperature preceding the date at which the temperature goes






low enough to kill, This capacity to withestand low teme
peratures seems likely to to be due to the slow fall in
temperature under such conditions rather than to hardiness
developed as the result of exposure to low temperature.
(Pages 191-207 )

21. In the peach growing distriet of South Missouri
and Arkansas, and probably other similar climates, the
most important factor influencing the loss of peaches from
low temperatures in winter is keeping the buds from start-
ing into growth during warm periods in winter. 1In that
section the best means of accomplishing this end is pro-
longing the growth of the trees in autumn, either by heavy
pruning or by fertilizing with nitrogen the spring before.
Some varieties of peaches have a much longer rest period
than other varieties and therefore are started into growth
more slowly by warm periods in winter. (Pages207-230 ).

22, The killing temperature of peach blossoms when
the tree is just coming into full bloom under Missumri con-
ditions, seems to vary from about 22° F. to 25 or 26° F.
After the blossoms are old enough that they are probably
pollinated, end from that time on until the peaches are as
large as one-hclf inch in diameter, at least, they continue
t0 become more tender until they will withstand but very
few degrees below the freezing point, the seeds of young

peaches killing at a higher temperature than other peach

tissue. (Pages 230 - 245 )
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23. 8o far the investigations at this station indicate
that early varieties of peaches are not started into growth
more readily by warm periods in winter than are later varie-
ties. 8ome of the very early varieties of the Chinese Cling
group are the most slowly started into growth in early winter
and bloom as late as any of the varieties. However, after
blooming time these early peaches grow much more rapidly and
are much more liable to be killed by a freeze after the fruit
is set. (Page- 236 ).

24, Killing of the wood of the apple is of considerable
importance in some apple growing sections. Among the most
common injuries are root killing, crown rot, crotch injury,
sun scald, trunk killing-and killing back of top and branches.
(Pages 245-252 ).

25, Killing of apple buds from low temperatures is not
common but has been observed. (Ppges 252-253),

26. The bloosoms and young fruit of the apple will not
generally withstand as low temperature as will the bloosoms
or young fruit of equal age of the peach,(Pages 252-263 ).

27. While the killing of cherry and plum buds is less
common than the killing of buds of the peach, such killing
is often to be obser&ed in some sections. The young fruit
of the Wild Goose plum is among the most resistant to late

frosts in spring. (Pages 265-267 ).
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STUDIES ON THE KILLING OF TISSUES OF HORTICULTURAL PLANTS BY
LOW TEMPERATUEES.

The work to be reported in this paper was begun during
the season of 1904-05. At that time the studies concerned
only the effect of certain cultural methods on the hardiness
of the fruit buds of the peach under climatic conditions that
prevail in the southern half of Missouri. Later they wmre
extended to include the possible effect that a large amount
of potassium or other mineral elements in the soil might have
on the ability of the peach fruit buds to withstand cold.

In taking up this problem it is necessary to distinguish
between some of the various phases of injury from cold. Var-
ious writers have mentioned observations on frost cracks, that
is, & formation of cracke in the wood of the tree during freez-
ing weather. Casparyl showed that the formation of these cracks
is due to a greater contraction of the tissue of the tree tangen-
tially than radially. Later, Mﬁller-Thurgauz made a very care-
ful study of these cracks and confiymed Caspary's opinion, but
showed that this great contraction tangentially is due rather
largely to the shrinking of the cells of the medullary rays.
These medullary rays extend in lines from the center out; and
are made up of rather thin walled cells separated no-where by very
rigid tissue. These rays separate wider strips of ;1gid tissue
extending in a wedge shape from the surface to the center with
No lines of more pliable tissue crossing them. Then where

the cells of the medullary raye contract on the passage of water






into the intercellular spaces to form ice crystals, shrinking
toward the center is limited to the rate of shrinking of the.
strong wedges of rigid tissue, while radially there is the shrinke
ing of the rigid tissue and the more rapid shrinking of the med-
ullary ray tissue.

There seemes to be another type of inJury5 to the wood of
trees, especially the small twigs, due apparantly to the fact
that during a long cold period much moisture will be lost from these
twigs that cannot be replaced because of the frozen condition of
the conducting tissue. Thus death will result from the great loss
of water from the twigs by evaporation. Killing of this kind seems
to be worse in regios with prevailing strong winds and continuous
low winter temperature. Thus Allen* finds a rather direct corre-
lation between the hardiness of the different varieties of apples
and the rate at which water will be evaporated from their twigs.

Another form of injury, at least an injury that has been
attributed to the effect of low temperature, results in the form-
atiod of dead areas on the bark of the tree trunk, especially
near the top of the ground or in the crotches formed by the branche
€8. Buch injury has been studied by Goeppertl. Sorauer<, Grossen-
bacher? and others. Grossenbacher finds this injury greater on
the side of the tree next to the prevailing wind, indicating that
the great evaporation from the bark during a long period when it
is frozen, and especially the tearing due to the bending of the
tree when the bark is under high tension, may have something to do

1 - NO- 1").
Bot. Zeit. Vol. 13, pp. 449-62, 473-82, 489-500 (Bibl. ;
Bot. Zeit. Vol. 15, pp. 329-35, 343-50, 361-71 (Bibl. No. 78)
2Lendw. Janhrb, Vol. 15, p. 453, 1886 (Bibl. No. 78)

3A. Nelson, Wyo. Agr. Agr. Exp. Sta. Bul. 15, 1893. (Bibl. No.

“Uaster's Tnesis, Igwa Agr. Exp. Sta. (Bibl. No. 2).

81)
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to do with this form of injury. This may not be a different
form of injury from direct freezing to death which will be dis-
cussed later.

Sachs observed that the foliage of certain plants wilted
following exposure to a temperature above the freezing point.
He and also Mﬁller-rhurgau4 conclude that this wilting was not
due directly to the effect of cold, but indirectly to the in-
ability of the roots to take up moisture at so low a temperature
to replace the evaporation from the leaves. According to Mol-
isch,5 plants continuously exposed to a temperature too low for
normal metabolism, but above the freezing point, will eventually
die. Under these conditions, death ensues more slowly than where
Plants are killed by a sudden freeze. The plants gradually turn
Yellow and die, or dark colored dead spots are formed on the foli-
age.

l(ﬂller-'rhurgau6 limits the term freezing to death (verfrieren”)
to the most common phenomena to which we have reference in speak-
ing of killing from cold. It ies death of the tissue following
directly, the lowering of the temperature below the freezing
point, with the accompanying formation of ice crystals. When
Plant tissue is thus frozen to death in the case of growing plants,
the foliage in practically all cases has a wilted or limp appear-
&nce. Pronounced color changes take place. Thus in most cases

the green color . due to the chlorophyll is lost, an§ the tissue

1Treber die Warmeentwickelung in dem Pflanzen, etc. Book, 1830.
o{Bibl. No. 44)

Landw. Jahrb. Vol. 35, pp.465-525. 1906, (Bibl. No. 105)

« Y. Geneva Agr. Exp. Sta. Tech. Bul. 28. (Bibl. No. 50); N. Y.
Geneva Agr. Exp. Sta. Tech. Bul. 12, (Bibl. No. 51)
Landw. Jahrb. Vol. 15, p. 453, 1886. (Bivl. No. 78)
Untersuchung fiber das Erfrieren, etc. 1897. Book. (Bivl. No. 75)
6Tamiw  Tamwh. Vol. 15. n- 453. 1886. (Bibl. ¥ 78.)

4






~]15=

the tiesue of leaves and buds. Sorauerl found that epidermal

tissue is slower in showing death after thawing than other

tissue,

REVIEW OF THE LITERATURE ON "FREEZING TO DEATH".

In this paper the term "freezing to death® will be used
as it was used by Mﬁller-Thurgau. only when referring to the
bPhenomena just described. While some early observers were
of the opinion that plants have the ability to generate heat
within their tissues and thus avoid severe freezing, the early
Greek philosophers, observing the presence of ice within the
plant tissues and not knowing of the cellular structure, were
of the opinion that the injury was due to rending and mashing
organs by the ice formation. DuHamel and Buffon® were among
the first to present a theory of the cause of death from cold
based on a partial knowledge of cellular structure. They be-
lieve;};o be a rupturing of the cell walls due to the expansion
&ccompanying ice formation.

Goeppertl was améng the first to make a careful study
of killing from cold. He observed the formation of ice withe
in the cells, and also in the intercellular spaces. Sachs®
found that it was almost always in the latter.

11 er-Thurgau® in his very excellant studies found that

when the ice crystals were found within the cells, it was due

1Ueber die Warmeentwickelung, etc. Book, 1830. (Bibl. No. 44)

2Ber. u. d. Ver. d. Kon. Sachs. Gesell. d. Wiss. zu Leipzig,

1860, Vol. 12, pp. 1=-50. (Bibl. No. 94)
3Landw. genty. Vi, 15, p. 453, 1886. (Bivl. No. 78.
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to very rapid freezing such as Goeppert used, and when the
temperature was lowered very slowly, ice crystals were sele

dom found within the cell. M&ller-Thurgau proved that ice
formation within the tissue is necessary to freezing to death.
It is well known that a liquid may often be super-cocoled sever-
2l degrees below the freezing point before ice formation be-
gins, He observed that this often occurs in cooling plant
tissue in the laboratory, and when pieces of tissue (potato)
were super-cooled, if they could be warmed withoéut ice formation
they were not injured, while if ice formedthey would kill at a
higher temperature than that to which they were super-cooled.
Voigtlander measuring his temperatures with more delicate appar-
atus has proved this perhaps more conclusively. When he supere
Cooled tissue to four or five degrées centigrade below the point
at which it would kill when ice forms, if the temperature could
be raised to above the freezing point without ice formation,
killing never occurred. It was held by many scientists, at the
time of Mﬁller-Thurgau's first work, as well as by a large maj=-
ority of practical observers, that death was due, not directly
to low temperature but, to rapid thawing. Goeppert was of the
opinion, however, from his studies, ihat the killing was a direct
result of freezing and that death actually eccurred before the
thawing began. Sachs from experiments with plants immersed in
cold water to thaw, after freezing, held that the amount of kill-
ing of the plants at any given temperature was determined by the
rate of thawing. MOller-Thurgau showed that the method used by
Sachs of thawing plants in cold water was not a method of slow

thawing, but rather a very rapld thawing since a layer of ice






cristals would form on the outside of the tissue, giving off
heat that would thaw the tissue very rapidly. In fact the
tissue thawed in cold water much more rapidly than in the air
at room temperature.

Mﬁller-Thurgau uséng a large number of plants, thawing
them ffom the same temperature, some rapidly and some more
slowly, was never able to detect any difference in the amount
of killing when thawed rapidly or slowly, except in the case
of the fruit of the apple and pear. Molischl. following the
work of Mfiller-Thurgau, tried also slow and rapid thawing from
the same temperature with a very large number of plants, end
found that in nearly all cases, the rate of thawing had nothing
to do with the killing. In the case of the fruit of the apple
and pear, and the leaves of Agava Americana, the slow thawing
gave less injury, but even with these, a slightly lower temper-
ature than that at which they kill with rapid thawing, would kill
them regardless of the rate of thawing. Mﬁller-!hurgau observed
carefully the freezing of tissue under the microscope and found
that the ice was wery seldom formed within the cell, but usually
ice crystals formed outside the cell in the intercellular spaces
and continued to increase in length as the temperature went
lower, the water passing from the cell into the intercellular
Spaces increasing the length of the crystals,

By placing plant tissue, frozen to various temperatures
in 100 cc., of water carefully insulated, and noting the temper-

atures to which the water was lowered, excluding the losses. of

lunte 1897, Book. (Bibl. No. 75)
zsuchung fber das, etoc. ’ .
2Landw. Janrb. Vol. 9, p. 453, 1886. (Bibl. No. 78).
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heat for warming up the plant tissue, correcting for the heat
of the beaker, etc., making use of the fact that eighty gram
calories are required to melt 1 gram of ice, Mﬁller-Thurgauz
was able to determine, apparantly with some accuracy, the per-
centage of the plant water that is frozen into ice at various
temperatures. Only plant tissue with a determined moisture
content was used, WUith the apple, he gives the following per-
centages of water frozen cut at given temperatures: =4,5°,
63.8 per cent of the water was frozen at =137, 74.4 percent
of the water was frozen; -15.2°, 79.2 percent of the water
Vs frozen, He also attempted to measure the percentage of the
water frozen out of woody tissue by mesns of frost cracks. His
method was to freeze & section of a young tree trunk until a
frost crack of a certain width was formed. On thawing of the
tissue this crack would close. His next step was to drythesection
°of tree trunk until a frost crack of the same width was formed.
He assumed that the percentage of water loss necessery to form
this crack is equal to the percentage taken from the cell during
freezing sufficient to form an ice crack of the same width.
Molisch studied with great care, under the microscope the
freezing of various plant tissueg, observing the same phenomena
descrived by Mﬁller-Thurgau with reference t0 the freezing of
the cell water in the intercellular spaces, rather than within
the cells. Ecth Mlller-Thurgau and Molisch hold the view that
freezing to death results from the rapid withdrawal of water from

the cells to form these ice crystals in the intercellular 8P39ee-

1Compt. Rend. Acad. Sci. Paiis, Vol. 132 (1901) pp. 495-8.

(Bivl. wo 71a)
(] . . 470
2Landw. Versuche. Vol. 65, p. 149, 1906. (Bipl' 5o )






Matruchot and Molliardl observed thet the water is excluded
from the nuclei of plante that have been frozen, dried or sub-
Jected to the action of solutions cf high osmotic concentration.

Gorke has recently offered an interesting theory as to the
cause of death by freezing. He found that when the plant sap
is frozen, certain proteids may be precipitated out amd apparently
those plants that are most easily killed by freezing have their
protelds precinitated out af the highest temperature. Thus be=-
gonia which is very easily killed, had its proteids precipitated
at -3% while sap from pine needles required a temperature of -40°
to precipitate any proteids. Gorke assumes than, that killing
from cold may be due to the nrecinitation of the proteids, and
accounts for this precipitation by the greater'ooncentration of
the salts in the sap as water is removed to form ice crystals,

It is well known that certain proteids can be precipitated out
by increasing the concentration of salts, especially zinc sul-
Phate and ammonium sulphate. Gorke made up solutions of al-
bumen with zinc sulphate and found that after freezing to -20°
there was a large precipitation of proteids,

Lidforssd® working with the wintergreen plants of South
Sweden, has found that with most of them, at least during cold
Weather, the starch is almost entirely changed to sugar, though
o°n the return of warm weather, starch may be again deposited in
¥he cell. He assumes that this sugar is formed during cold weather
®Lundg Universitets Arssk., Vol. 2, No. 13, 1907 (Bibl. Nec 62)
,Bot. Centlv., Vol. 68, 2, p. 63. (Bibl. No. 63.) |

N¥itt, Kaiser Vilkelm Inst. Lendw. Bromberg, Vol. 3, No. 2, pp.

93-115. (Bibl. No. 98); Zeits. f. Allg. Phys., Vol. 12, pp.
323-36. (Bibl. No. 99).
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ae & means of protecting the plant against freezing by lower=-
ing thre freezing point of its sap. He vias able z#lso to ine-
crease the resisteance to low temperature of the leaves of
winterzreen plants and the roots of Zea Mays by keeping them
for a time immersed in five to ten percent sugar solutions.

Schaffnit?, following the work of Gorke, found that the
proteids of rye grown in the open at low temperatures are hot
}eadily precipitated by freezing, while the same temperature
will readily precipitate proteids from the sap.of rye growm
in the greenhouse at much higher temperatures., He also found
that he cuuld prevent the precipitation of proteids from this
sap of greenhouse rye by adding to it small quantities of sugar.
He concludes then that the formation of sugar in wintergreen
plants described by .° . Lidforss may be the means of protecting
the plants against precipitation of proteids. However, Shaffnit
concludes that the precivitation of proteids is the only way by
which loss of water during freezing kills plant tissue,

Maximow! has recently published three very interesting papers
covering work in freezing sections of plants, mainly, red cabbage
and Tradescantia discolor. Thin sections of tissue from the
upper side of the leaves were frozen in solutions of various
strengths of both organic and inorganic substances after they
had stood for varying lengths of time in the solutions. He
found remarkable protection to be exerted by both organic and in-
organic substances whenever their eutectic point (the temperature
at which they crystalize out, giving mixtures of solute crystals
With ice crystals), does not lietoonear the freezing point and
—_—

lRer. der Deutsch. Bot. Gasell., Vol. 30, pp. 52-65, 293-305,
504-16. (Bibl. No. 73.)






whenever the substance is not excessively toxic. He used
strengths varying fromf% to 2N of glucose and glycerine,
and g to 2N of methyl and ethyl alcohol, and mannite. Of
inorganic substancesg, he used solutions with strengths of
0.1N to 2N of sodium chloride, potassium chloride, calcium
chloride, sodium nitrate, potassium nitrate, calcium nitrate,
sodium acetate, potassium acetate, calcium acetate, sodium
lactate, potassium lactate, sodium oxalate, and potassium
oxalate, also magnesium nitrate, magnesium chloride, and
ammonium nitrate, amménium chloride, sodium sulphate, and
potassium su}phate,

According to Maximow, mannite, sodium sulphate, potassium
sulphate, potassium nitrate, and sodium oxalate show little
protection because of their high eutectic point; and magnes-
ium chloride, magnesium nitrate, and ammonium chloride because
of their toxicity, while calcium chloride and calcium nitrate
show reduced protection because of their toxicity. All other
solutions, however, showed great protection that was very unifam
for the same osmotic concentration., Some times a temperature
as low as =329 did not kill all of the cells of the red cabbage.
Probably the most interesting result of Maximow's work was the
Observation that when the sections were immersed in these solut-
lons and immediately frozen, as much protection was exerted as
when they had been permitted to remain in the solutions for
twenty-four hours or longer. The tender Tradescantia cells im-
mersed in expressed sap of the red cabbage and immediately
frozen, would actually withstand more cold than the hardier

red cabbage when frozen in winter. Maximow concludes that the






part of the cell which is injured when exposed to low temper-
ature is the plasma membrane, and that as long as a film of
water was kept in contact with this membrane, death was not
likely to occur. His theory then would not be greatly different
from that of Miller-Thurgau and Molisch, that withdrawal of
water kills, except that in Maximow's opinion killing following
the withdrawal of water seems to be limited to the plasma mem=
brane.

If Maximow's work is verified by further experimenting,
using other plants, it is certainly a very interesting con-
tribution toward determining just what freezing to death-of
plant tissue is.

Mezl studied the effect of super-cooling upon plant
tissue. He finds that where ice formation begins at once
on reaching the freezing point, the killing is not so great
as where there is super-cooling when large masses of ice are
formed rapidly after crystallization begins. By uée of the
thermo-couple he studied the fall of temperature in the plant,
using stems of Impatiens to determine the eutectic points of
the sap solutes. At each of these points there will be a halt-
ing 4n the temperature fall due to the heat given off on crystalle
ization., From this work he concludes that when a temperature of
-8% is preached, all solutes will cyystallize out. He thinks
this should dispréve the theory of Miiller-Thurgau and Molisch,

——

;Flora. Vol. 94, p. 89, 1905. (Bibl. No. 74)
Landw. Janrb. Vol. 15, p. 453, 1886. (Bipl. No. 78)
3Beitr. z. Biol. der. Pfl. Cohn. Vol. 9, 1909, pp. 359-414.

(Bivl. No. 110)






since there should be complete loss of water at this temper-
ature and the plant should never survive a lower temperature

if loss of water from the cells is the cause of death.  He holds
that the heat liberated by the crystallizing of the solutes

and the formation of ice, will after the cells are insulated

be the ice mass, aid in keeping the temperature of the cell
above that of the surroundings. He holds, therefore, that each
plant has its specific minimum point at which death occurs due
to the direct effect of the cold, and that if the supercooling
takes place, large amounts of heat are lost before the cells are
insulated by the ice mass and therefore this specific minimum
will be more quickly reached. The work of M{'xllerbThurgau2 and
of Voigtlanderd, ( a pupil of Mez) where plants supercooled to
below the killing temperature remained alive if ice did not form,
certainly refutes of the theory of Mez. If further evidence
were needed, the protective action of organic and inorganic
substances shown in Maximow's work certainly proves the fallacy
of Mez's conclusion. Even his conclusion that the sap solute
must all be cyystallized out at =62 C. cannot be true since
Sugare would remain in solution at lower temperatures than that.
Further, when we have evaporated the cortex sap of peach twigs
in winter condition to one-sixth or one-eighth of its volume
without permitting the temperature to go above 50° C. ice would
not form when the temperature was lowered to =-220C. though many
of the buds would be killed at that temperature. Mez seems also
TFiora, vol. 94, p. 89, 1905. (Bibl. No. 74).

2 Landw. Jakrb. Vol. 15, p. 453, 1886. (Bibl. No. 78)

3 Beitr. z. Biol. Der Pfl. Cohn. Vol. 9, 1909, pp. 359-414.
2. Blo (Bivl. No. 110.)






FIGURE |.—FREEZING APPARATUS FOR PLANTS THAT
KILLED AT A TEMPERATURE NOT LOWER THAN —12° TO -15° C.

1.
2;
3

4.

Space in which salt and ice mixture was placed;

Chamber in which plants were frozen;

Lid which covered freezing chamber;

Wire leading to small electric fan beneath hardware cloth

bottom on which plants were frozen. (See page 156.)
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FIGURE IIl.—APPARATUS FOR EXPRESSING PLANT JUICE.

The two blocks between which the plant tissues were pressed are
shown at (1) and (2). The juice escaped through a hole (3) in block
(1). The plant tissue was placed between the blocks (1) and (2),
which in turn were placed between the pieces of movable 4//x4// pieces
which are drawn together by bench-screws. (See page 158.)






to ignore the force of imbibition which would tend to hold
the water in the brotoplasm even after the sap solute may be
crystallized out. The fact, however, that when great super-
cooling takes place, plants are more liable %o be killed,

is of int?rest and is, of course, associated with the fact
(which .will be discussed later) that rapid cooling is more in-

Jurious to plant tissue than is slow cooling.

EFFECT OF SAP DENSITY ON KILLING TEMPERATURE. -

If the theory of MﬁlleruThurgau and Molisch be true
(even as it is modified by Maximow) it would seem that some
plants might be hardy because the piasma membrane has the
~prOperty of withstanding great loss of water. Some might
be relatively hardy because of a property by which sufficient
water to protect the plasma membrane at low temperatures is
prevented from freezing, and some might be relatively hardy
on account of the presence of both conditions. It is generally
condidered that after the effect of the sap solute in holding
water unfrozen is exhausted, there is still left the force
of ;mbibition. The relative importance of these two forces,
however, is not determined. Disregarding the forceé of imbibition
(Which, nowever, may be the more important), it would appear
to be true that if the sap density (by sap density is meant
not specific gravity but molar concentration of the sap; that is
the number of gram molecules of the sap solute in one thousand
grams of water) were doubled, then at any temperature below the

freezing point, but above the eutectic point of the solute,






twice as much water would be held unfrozen to protect the proto-
plasm,

With this idea in mind, experiments were started in Sept-
ember, 1908, to determine whether or not an increase in the sap
density would lower the killing temperature.

Seedlings of corn, cowpeas, gardenspeas, tomatoes, squash,
cabbage and lettuce were grown in sand and watered with varying
strengths of potassium chloride and ammonium chloride at first =
later magnesium chloride, sodium chldride and sodium nitrate
were also used - while check plants were grown under similar
conditions except that they were watered ondy with distilled
water. The plants were permitted to grow only as long as they
would make good growth in the sand, probably about the time the
food supply was becoming exhausted. Some of the plants of eaeh
set were then frozen while others had the sap expressed for
osmotic strength (freezing point) determination by the use of a
Beckmann apparatus. As a measure of the osmotic stiength the
term depression will be used in the tables, meaning of course
the number of degrees centigrade below zero mt which, with no
Supercooling, ice formation begins in the sap.

METHOD OF FREEZING. At first an effort was made to grow
the plants in the greenhouse and expose them to outside tempera-
tures to determine the killing temperature. However, this was
Ssoon found to be unsatisfactory and the plants were frozen in a
chamber surrounded by a freezing mixture made of salt and ice.

It is evident that the temperature throughout such a chamber






would not be uniform so long as it were falling and great care
was necessary to secure as uniform a temperature as possible.
The apparatus shown in Fig. I was used. In the lower part was
an electric fan; the upper part was the chamber in which the
plants were frozen. An effort was made to keep the temperature
uniform within this chamber by the operation of the electric

fan just beneath the hardware cloth shelf on which the plants
were frozen. Careful tests showed that the temperature through-
out this chamber was always uniform on the same level though
sometimes it would vary slightly in different levele. Fearing,
however, that this would not always be true, the plants on freez
ing were always placed, not only on the mame level, but at the
same distance from the galvanized iron wall of the chamber. 1In
this way it was practically impossible that plants in the freez-
er would not all be exposed to the same temperature and consist-
ent results were secured.

In addition to being sure that the plants were at a uniform
temperature, it was necessary to control very carefully the rate
of fall of the temperature, since rapid falling of temperature
vVery greatly increases the killing. For this reason it was
Practically impossible to secure results that would be sufficiently
accurate so that one freezing could be compared with anotper,
except where differences were wide; that is, the plants to be com-
Pared muct be frozen at the same time. However, when the differ-
e to make a fairly accurate estimate

énces arelarge it is possibl

of the relative hardiness of the plants frozen at different times,






if great care is taken to duplicate as nearly as possible,
the rates of temperature fall. It was found possible to
lower the temperature of all the plants together to a point
that would probably kill the most tender, and after removing
these to lower it further. The rate of fall would thus be
the same for all down to the temperature at which the most
tender were removed.

The thermometer used in the earlier years of freezing
was a pentane thermometer graduated to one-half degrees. The
zero pbint was far enough above the buld so that when the
thermometer was inserted through a cork at the top of the jac-
ket of the freezing chamber, the buldb would be on the same
level with the plante. Later, special mercury,thermometers
graduated to low temperature were used. These were standard-
ized by themakers. However, new thermometers were checked
by those used with previous work, and also, checked from time
to time, with standard thermometers of the Columbia Branch
of the United States Weather Byreau. No effort was made to
read the thermometers to closer than one-half degrees. Plants
on being removed from the freezer were always examined to see
if the tissue were frozen stiff. In freezing buds and woody
tissue that kxilled at a temperature lower than -15°, the
apparatus shown in figure 2 was used. The twigs or pieces
of tissue and the thermometer were fastened to the inner cy-

linder which was filled with cotton. This was set in a cylinder

eénough larger to leave a surrounding space of about three-fourths






of an inoh, The second cylinder was about six inches taller
than the inner one, and was set with a one and one-half inch
space between them., There was about two inches of space be=-
tween the walls of this third cylinder and those of the one

in which this was placed. The fourth cylinder was well ine
sulated by being packed in dry saw-dust. Ice and salt were
firsd packed loosely and then firmly #s tise in the space be-
tween the fourth and third cylinder. In this wasy the tem-
perature of the twigs could be lowered generally to =-17° C.
When it was necessary to secure a lower temperature, the space
between the third and second cylinders was packed loosely and
later fimly with salt and ice. In this way the temperature

of the air surrounding the inner cylinder could be gradually
lowered at the rate of two to three degrees an hour after the
freezing point was reached. By paeking salt and ice to the top
of the second cylinder the temperature from top to bottom of the
inner cylinder would vary but little. However, the freezing
tissue to be compared and the thermometer buld were always

kept the same distance from the bottom of the cylinder. Since
these cylinders were of galvanized iron and would conduct heat
rapidly, it would seem probable that the temperature around

the central cylinder would not vary. However, fearing that there
might be mome such variation in temperature, the central cy-
linder with the twigs or woody tissue and the thermometer on its
surface wos kept slowly revolving by means of a small electric

motor. During the freezing, this was stopped only for the ther-
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EXPERIMENTS WITH SEEDLINGS OF ZEA MAYS

A large number of corn seedlings were grown and frozen.
The following table gives the date of freezing, the solution
with which the material was watered, the temperature to which
the plants were subjected, the percentage killed and percent=-
age partly killed, and the freezing point of the sap. The
freezing point is given as depression, meaning the number of
degrees below zero, centigrade, at which ice begins to form

in the sap, assuming no supercooling.






TABLE I. Showing Effect of Watering With Mineral Solutions on Sap Density and
Hardiness in Zea May Plants.

e § —— — - ———

] L v ]

] L
WATERED WITH ' LA1E 'TEMPER ' NO. 'PERCENT'PERCENT ' DEPRESSION
‘ ' '=ATURE 'PLANTS'=AGE '-AGE '
' ' ' 'KILLED 'KILLED &
' ' ' ' 'PARTLY !
' ' ' ' 'KILLED '
] ] 1 1 ] ]
Potassium Chioride ' YT Al ' ! L
(.0804 N)....... 'Dec. 12, '08 '=3 ' 6 ' 33,3 ! 83,3 ! 1.10
Potassdum Chloride ! ' ' ' ! '
(.0402 N)....... 'Dec. 12, '08 '=3 ' 6 ' 1.8 100 ' 1.06
Ammonium Chloride ! ' ' ' ' N
(.0804 N)....... 'Dec. 12, '08 '3 ' 6 ' 33,3 100 | .94
Ammonium Chloride ' ' ' ' '
(.0402 N)....... 'Dec. 12, '08 '=3 ' 6 ' 50 ' 100 ' 1.19
Potassium Chloride ' ' ' ' !
(.0804 N)....... 'Dec. 15, '08 '=3 ' 6 ' 33,3 ! 33.3 1.2656
Potassium Chloride ' ' ' ' '
(.0402 N)....... 'Dec. 15, '08 '3 ' 5 ' 40 ' 60 ! .94
Ammonium Chloride ! ' ' ' ' '
(.,0804 N)....... '"Dec. 15, '08 '=3 ' 4 ' 0 ' o 1.16
Ammonium Chloride ! ' ' ' ' '
(.0402 N)....... '"Dec. 15, '08 '=3 ' 6 '100 ' 100 .875
Potassium Chloride ! ' ' ' ' '
(.0804 N)....... 'Dec. 18, '08 '=3,25 ! 7 ' 42,8 71.7 ! 1.26
Potassium Chloride ! ' ' ' ' '
(.0402 N)....... 'Dec. 16, '08 '=3.25 ! 7 ' 14,3 57.1 ! .94
Ammonium Chloride ' ' ' ' '
(.0804 M)....... 'Dec. 16, '08 '-3.,256 ! 6 ' 50 ' 100 ! 1.16
Ammonium Chloride ' ' ' ' '
(.0402 N)...... 'Dec. 16, '08 '-3,25 ! 9 ' 33,3 ! 88,9 ! .875
Potassium Chloride ' . ' ' ' ' '
(.0804 N)...... . 'Jan. 9, '09 '-7 v 13 ' 46.2 61.5 ! 1,315
Potassium Chloride 'Jan ' ' ' ' '
(.0402 X)....... 'Jan. 9, '09 'a7 ' 11 ' 63.6 ! 81.8 ! 1.195
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WATERED WITH

[} N A J | ] Al
' DaTE 'TEMPER' NO. 'PERCENT'PEKRCENT ' DEPRESSIONS
' '<ATURE'PLANTS'-AGE '-ACGE '
' ' ' 'KILLED ‘KILLED &'
' ' ' ' 'PARTLY
] ] ] |} 'KILLED ]
] ' ] ] ] ]
] \ [ ] ] ] ]
Ammonium Chloride ' T J T \ !
(.0804 N)......(Jan. 9, '09'=7 ' ¢ ' 89.8 "' 100 ' 1.005
Ammonium Chloride ' ' ' ' '
(.0402 N)...... Jan. 9, '09'=7 ' 12 ' 66.6 ' 100 ' .935
Potassium Chloride? ' ' ' ! !
(.0804 N)......Jen. 9, '09'-6.8 ' 11 ' 27.3 ' 54,5 1,315
Potassium Chloride ! ' ' ' ' '
(.0402 N)......"Jan. 9, '09'«5,5 ' 13 ' 61.56 ' 84.8 1.195
Ammonium Chloride ! ' ' ' ' '
(.0804 N)......"'Jan. 9, '09'-6.5 ' 10 ' 80 ' 90 ' 1,005
Potassium Chloride! ! ' ' ' '
(.0804 N)..... 'Jan. 9, 109'-7.5 ' 13 ' 61.5 ' 76.9 ! 1,316
Potassium Chloride! ' ' ' ' '
(.0402 N)......'Jan, 9, '09'=7,5 ' 12 ' 75 ' 83.3 1.1956
Ammonium Chloride ! ' ! ' ' '
(.0802 N)......'Jan. 9, '09'=7.5 8 ' 87.5 "' 100 ' 1.005
Ammonium Chloride ! ' ' ' ' '
(.0402 N)......'Jan., "9, '09'-3,6 ' 12 ' Q1.6 ' 91.6 ! .935
Potassium Chloride! ! ' ' ' '
(.0804 N)......'Jgn. 19, '09'=-3 ' 12 ' 1616 ' 50 ' 1.315
Potassium Chloride! ' ' ' ' '
(.0402 N)......'Jan. 19, '09'=3 ' 16 ' 18.8 ' 43.8 ! 1.195
Ammonium Chloride ! ' ' ' ' '
(.0804 N)......'Jan. 19, '09'-3 ' 17 ' 11.8 ' 41.3 ! 1.005
Ammonium Chloride ! ' ' ' ' '
(.0402 N)..... 'Jan. 19, '09'-3 ' 11 ' 27.3 ' 54,5 ! .935
Potassium Chloride! ' ' ' ' '
(.0804 N)......'Jan. 19, '09'=G6.56 ' 20 ' 25 ' 40 ' 1.315
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I 1 (] ¥ ' Y A e
VATERED WITH ' DAYE ' TEMPER' No. 'PEKCENT ' PERCENT ! LEPRESSIONS '
' '<ATURE'PLANTS'=AGE '=AGE ' '
' ' ' 'KILLED 'KILLED & '
' ' ' ' '"PARTLY ! '
' ' ' ' 'KILLED ! '
o 1 1 1 ' ] ' '
Potassium Chboride ' ' J Y ' -
(.0402 N)ovev... "Jan, 19, '09 ' =6.5 ' 18 26 3.5 1.195 '
Ammonium Chloride ! ' ' ! ' ' !
(,0804 ¥)eeovoo 'Jan. 19, '09 ' =6.,5 ' 11 ! 66.6" 66.6 ! 1.006 '
Ammonium Chloride ! ' ' ' ' ' '
(.0402 N)...... ¥Jan. 19, '09 ' -6.,5 "' 18 ' 11,1' 16.7"° .935 '
Potgesium Chloride ! ' ' ' ' ' !
?.0804 N)eeee.o 'Jan., 19, '09 ' -6 vt 13 7.7 15.4 % 1.315 '
Potassium Chloride ! ' ' ' ' ' '
(,0402 N)o..... 'Jan. 19, '09 ' =6 ' 12 ! o ¢ o ! 1.195 '
Ammonium Chloride ! ' ' ' ' ' !
(.0804 N)...... 'Jan. 19, '09 ' =6 ' 11 ! e ! o 1.005 :
Ammonium Chloride ! ' ' ' ' ' {
(.0402 N)evvvuo 'Jan. 19, '09 ' =8 ' 12 o ! o .935 f
Potassium Chloride ! ' ' ' ' '
(.0804 N)...... 'Jan. 21, '09 ' -§.5 ' 21 ! 61.9! 66.8 ! .93
Potassium Chkoride ! ' ' ' ' ' '
(.0402 NX)...... 'Jan. 21, '09 ' =4,5 ' 19 ! 68.4" 68.4 ! .92 '
Ammonium Chloride ! ¥ Q
(.0804 N)...... 'Jan. 21, '09 ' «4,5 ' 15 ' 86,7 93 ! .995
Ammonium Chloride ! ' ' ' ' ' '
(.0402 N)..... 'Jan. 21, '09 ' -4,5' 19 ! 57.9! 63.2 ! .88 '
Potassium Chloride ! ' ' ' ' ' '
(.0804 N)......, 'Jan. 21, '09 ' 44 ' 16 ! o ' 12,5 .93 '
Potaesium Chloride ! ' ' ' ' ' '
(.0402 N)...... 'Jan. 21, 'C9 ' =4 ' 17 ! 17.86! 23.5 ! .92 '
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WATERED WITH DATE TEMPER 0. PERCLNT PERCENT DEPRESSIONS
-ATURE PLANTS -AGE -AGE
KILLED KILLED &
PLRTLY
KILLED
Amnonium Chloride
(60804 N) eeee. Jane. 21, '09 -4 17 17.6 2345 995
Ammonium Chloride
(60402 N) eeeee Jan. 21, '09 -4 16 37.5 50 .88
Potassium Chloride IR
(00804 N) DR W) Feb. 2, '09 -5 10 O 50 1049 [$Y)]
Potassium Chloride ?
(60402 N) eeees Febe 2, '09 5 9 1l.1 66.7 1.143
Ammoniun Ghloride
(00804 N) oo v o0 Febo 2, '09 —5 11 O 54.5 1.17
Ammonium Chloride
(60402 N) evese Feb. 2, '09 -5 13 30.8 38.5 1.325
Potassium Chloride (.0804 N), average eecesee 29.6 5l.3 1.238
Potassium Chloride (.0402 N), average eeceee 34.3 5849 1.091
Ammonium Chloride (.0804 N), &VETUEE eeecese 42.6 64.1 1.037
Ammonium Chloride (.0402 N), average eececeese 46.3 65.8 «969
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It will be seen from these tables that by taking an
average of a large number of these freezings, the percente-
age of killing is uniformly lower when the depression is
increased.

Shaded Zea Mays seedlings were watered with .0804 N
potassium chloride, and others with water with results as
follows:

TABLE II. Showing Effect of Watering with Mineral Solutions
on Sap Density and Hardiness of Shaded Zra Mays Plants.

v BJ |} N ) |.
' TEM-'NO. '% A '

DATE * PER-'Pla-'KILL'KILL 'DEPKES=
'ATURE'nts '-ED '-ED & 'SION

WATERED WITH

D

(] ] ' 'tAIﬂ'LY ]
' ' ' 'KILLED !
Potass., Chloride ¥ | A ¥ Y

(.0804 N)......'Feb,22,'09'=-3 ' 18' 5,6' 5.6 .93
VWater............ 'Feb., 2,'09'=3 ' 17'17.8' 17.6 .835
Potass., Chloride ! ' ' ! ' '

(.0804 N)......'Feb., 2,'09'=5 ' 17'41.2' 58.8 ! .93
Water............'Feb. 2,'09'=5 ' 14'78.6' 78.6 ! .835
Potase. Chloride ! ' ' ! ! '

(.0804 N)......'FPeb. 2,'09'=5 ' 14'64.3" 85,7 ! .93
Water............'Feb, 2,'09'-5 ' 15'80 ' 80 ! .833
Potass. Chloride ! ' ' ' '

(.0804 N)......'"Feb. 12.'09'-5 ' griz,5' 50 ' 1.22
Vater........... .'Feb.12, (09'-6 to7vE7,.1Y 71,40 .85
Potass. Chloride ! ' ' ' '

(.0804 N).... .'Feb.12, '09'-4.5 v g'so ' 75 ' 1,22
!gter....... .'Feb. 12,'09'-4 5 ! 9uoo : 100 : .653
Potassi oride (8.04% XN), averago..'34 7" 55.0 ¢ 1.046
Vater, Z?egﬁé. ..... S....(..?.... 166,70 £9.5 1 .76l

The followtng tables gives results of freezing cow pea
Seedlings that have heen watered with solitions containing
6.3% normal potassium chloride, sodium chloride, magnesium

chloride, ammonium chlotide, sodium nitrate and ditilladd water.






TABLE III. EFFECT OF WATERING WITH MINERAL SOLUTIONS ON SAP DENSITY AND HARDINESS OF COWPEAS.
LA

—

' ' TEMPER' NUMBER' PERCENTAGE 'PERCENTAGE !
WATERED WITH ' DATE 'ATURE 'LEAVES' KILLED 'KILLED & ' DEPRESSION

' ' ' ' '"PARTLY '

' ' ' ' 'KILLED '

] ' ' ] ' ]

L B ) LA R L L\
Potassium Chloride'June 29,'11'-3.5 ! 35 ! 48.71 ! 57.14 ' 1.056
Sodium Chloride 'June 29,'11'-3,5 ! 35 ! 28.%% ! 48.57 ' 1.085
Magnesium Chloride'June 29,'11'-3.5 ! 38 ! 69.69 ! 100.00 ' .975
Ammonium Chloride 'June 29,'11'=3.56 33 ¢ 3.03 ' 15.15 ' 1.035
Sodium Nitrate. 'June 29,'11'=3,56 ! 33 ! 9.09 J 33,33 ' 1.05
Distilled Water ‘'June 29,'11'-3/5 40 ! 77.50 ' 77 .50 ! .8256
Potassium Chloride'June 29,'11'-3,56 ! 30 ! 56.66 ' 70.00 ' 1.05
Sodium Chloride ‘'June 29,'11'-3.,5 ! 36 30.55 s 38.88 ' 1.065
Magnesium Chloride'!June 29,'11'-3.5 36 ! 66.66 ' 7.7 ' .975
Ammonium Chloride 'June 29,'11'-3.,5 ! 29 ! 58.62 ' 75.86 ' 1.036
Sodium Nitrate 'June 29,'11'-3,5 ! 24 ! 70.83 ' 79.18 ' 1.05
Distilled Water 'June 20,'11'-3.6 ! 36 ! 91.66 ' 97.22 ' .825
Potassium Chloride'July 18,'11'-3 ' 21 ¢ 33.33 ' 42.85 ' 1.13
Sodium Chloride 'July 18,'11'-3 ' 2 36.36 ' 54.54 ' 1.17
Magnesium Chloride'July 18,'11'-3 ' 30 ! 85.33 ' 100.00 ' 1.00
Ammonium Chlride 'July 18,'11'=3 ' 12 83.33 ! 91.66 ' 1.165
Sodium Nitrate 'July 18,'11'-3 ' 12 ¢ 0.0 ' 41.66 ' 1,23
Distilled Water 'July 181%11'-3 ' 30 ¢ 90.00 ' 100.00 ' .78
Potassium Chloride'July 16,'11'-2,.75 ! 12 ' 100.00 ' 100.09 ' 1,13
Sodium Chrlogide 'July 19,'11'-2,75 ! 12 66.86 ' 66.68 ' 117
Magnesium Chloride'July 19,'11'«2,75 ! 2 ! 93.10 ' 100.00 ' 1.00
Ammonium Chloride 'July 19,'11'-2.,75 ! 12 ¢ 83.33 ' 100.00 ' 1.165
Sodium Nitrata "July 19,'11'-2,75 ! 12 ! 0.0 ( 58,33 ' 1.23
Distilled Water 'July 19,'11'-2,75 ! 30 ! 76.66 ' 83.33 ' .78
Potassium Chloride'July 20,'11'-2,75 ! 12 ¢ 16.686 ' 88,33 ' 1.13
Sodium Chlewride "July 20,'11'-2,75 ! 12 ¢ 8.33 ' 33.33 ' 1.17
Magnesium Chloride'July 20,'11'-2,75 ! 12 ! 58.33 ' 75.00 ' 1.00

-gg-






TABLE III Con#t.

A v B ) \J \J

] ) L ] ' '
WATERED WITH ' DATE ' TEMPER ' NUMBER 'PERCENTAGE 'PBRCENTAGE ' DFPRESSION

' 'ATURE ' LEAVES ' KILLED ‘'KILLED & '

' ' ' ' 'PARTLY '

' ' ' ' ‘KILLED '

\ 0 1 ] ) '

' v - AN 1 Y Y
Ammonium Chloride 'July 20,'1l1 '-2,75 ! 18 16.68 50.00 ' 1.156
Sodium Nitrate 'July 20,'11 '=2,75 ' 12 ! 58.33 ! 83.33 ' 1.23
Distilled Water 'July 20,'ll '=2,76 ! 30 ! 80.00 93,33 ! .78
Potassium Chldride‘'July 21,'11 '-2.75 ' 12 8.33 ! 16.6¢ ' 1.13
Sodium Chleride 'July 21,'ll '-2.75 ' 13 0.00 ! 8.33 ' 1.17
Magnesium Chloride!'July 21,'11 '-2.,75 ' 13 ¢ 15,39 ! 30.77 v 1.00
Ammomium Chlroide 'July 21,'11 '-2,75 ' 12 8.33 ! 16.66 ' 1.155
Sodium Nitrate ‘July 21,'11 '-2.75 12 16.66 ! 16.66 ' 1.23
DPistilled Water 'July 21,'11 '=2.75 ' 30 ! 86.66 ! 93,33 ' .78

1 L ] ] ' ]

-— - y : :
Potassium Chloride, averag@........ccieveveeennas?! 43.45 ! 57.49 ' 1.10
S8odium Chloride, average........ccceeivieencnconsal 28.41 ! 41.72 ' 1.135
Magnesium Chloride, average.......... ke o " 64.75 ' 80.59 ! .991
Ammonium Chloride, average.......c.ccooveeecesnascal 33.05 ! 58,22 t 1.115
Spdium Nitrate, average......cccceeveeescsncccass! 25.82 ! 52,08 ' 1.17
Distilled Water, average.......cccveeeececanraacs! 83.73 ! 90.78 ! .795

-gg—
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It may be said, however, that the solutions all reduced
the growth of the plants, as indicated by the following weights:

Aver. weight of plants watered with Potassium chloride..2.27 grams
Aver. weight of plants watered with Sodium Chloride.....1.89
Aver. weight of plants watered with Magnesium Chloride..2.33
Aver., weight of plants watered with Ammonium Chloride...l.78
Aver. weight of plants watered with Sodium Nitrate......1.68
Aver. weight of plants watered with Distilled water.....2.63 .

The percentage of killing will thus be seen to be as much
in proportion to growth as in inverse proportion to dspression.

Corn seedlings were also grown where water was withheld,
being watered only when it was necessary to keep them from dying.
The following table gives the results:

TABLE 1IV. Showing Effect of Withholding Water on Sap Density and
Hardiness of Zea Mays.

N Al ¥ Y V

'"TEM 'NO.'P#RCENY'YPERCELT !

A

]
TREATMENT ' DALE '"PER 'PLA' AGE ' AGE ' DEFRESSION

' ' ATURE!NTS'KILLED 'KILLED &'

v ' 'PARTLY '

] | t ] 'Kllm 1]
6 ' ' ' ’ { ]

] v |} L ] \J
WBll watered 'Feb. 2,'09'-4 ' 13" 84.6 ' 92.3 ! .785
Vater withheld'Feb. 2,'09'-4 ' 10! 0.0 ! 40. ! 1.07
well watered 'Feb. 2,'09'=5 't 13" 61.5 ! 74.6 ' .836
Water withheld'Feb. 2,'09'-5 t 5' 20.0?! 80.0 ° 1.07
Vell watered 'Feb. 2,'09'-5¢5 ' 12' 66.7 ' 100.0 ' .835
Water withheld'Feb., 2,'09'«5.5 ' 6' 16.7 ! 50.0 ! 1.07
Vell watered 'Feb.12,'09'=4.5 ' 10' 60.0 ! 60.0 ! .71
Water withheld'Feb.12,'09'4.5 ! 9: 44.5 : 44.5 : 1.085
— T t (
Vell watered, average........... ... : 68.19' 81.,72! 791

'

Vater partially wikhheld,average...

20,27 53.60" 1.074.
' '

It will be seen again that withholding water increased
the sap density.(depression) and lowered the killing temper-
ature, Tt also reduced the rate of growth and probably the

8ize of the cells, 8o we cannot conclude with certainty that
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the greater hardiness is due only to the greater sap density.
Tomatoes were grown in the same way except that there

were three lots - some well watered, others watered only when

it was necessary to keep them from dying, and some others grown

outside at a tempergture considerably lower than that in the

greenhouse., The following table gives the results:

TABLE V. Showing Effect of Condition of Growth on Sap Densigy
and Hardiness of Tomatoes,

! v -t v 7
TREATMENT ' DAIE 'T&4 'NO. OF' RESULT OF ' DEPRES

' 'FER  'PLANTS' FREEZING ' SION

' ' ATURE ! ' '

4 YAl dead.........
4 'Leaves all dead,
'stems slightly

' injured....... ..' 0.84
4 '"Uninjured except '

'very young leaves' 1.16
4 'All dedd %lar er !

'and stockier.%...' .73
4 'lLeaves dead; lowe!

'‘stems alive......' 0.84

] ]
4''0Only few leaves
'Killed..........."'" 1.18
'Foliage and upper'
'one-third stems !

Out of doors. ..'Aprm—Q 11 - 0.78

Greenhouse, wet'Apr. 29, '11'-2

' ]
Greenhouse, dry'Apr. 29,'11'=2
] ]

Out of doors...'May 2,'11'-2
] ]

Greenhouse, wet'May 2,111'=2
| ]

] . |}
Greenhouse,dry 'May 2,'11'-2
] ]

>

Out of doors...'May 4,'11'-2.5
] ]

' ' 'killed..... . .1 0.73

Greenhouse, wet'May 4,'11'-2.5 'All killed.......' 0.84
Greenhouse dry 'May 4,'11'-2.5 'Leaves killed; '

' 'stens uninjured..' 1.16

'Leaves killed; '
tstems uninjured..& .73
'Leaves dead;upper!
'one-third stems '

' dead. veeeaat 0.84
4 'Foliage aﬁl grow-'

‘ing tips of three!
'plants dead; one b.: ..

'plant uninjured..' 1.16

Contrary to what misht be expected, those tomato plants

Out of doors...® May 6,'11'-2.5
(] ]

& & e

Greenhouee, wet'lay 6,'11'-2,5
] ]

Greenhouse, dry'yay 6,'11' -2.5
] ]

[ | ]
] LB

- B P W P W W D W D W P WD W B B B B g o o W W B B WD @ WD -

€rown in the greenhouse but watered sparingly were more hardy
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than those grown outside; also the depression was greater.
The results in this table again indicate that as the de=-

pression is lowered, plants are made more hardy.

Cabbage, kale, and turnips were each in the greenhouse
some watered well and others with water withheld except when
it was necessary to keep the plants alive, while others were
grown out of doors. The following table gives results and

depressions for those plants.,






TABLE VI. SHOWING INFLUENCE

OF CONDITION OF GROWTH ON SAP DENSITY AND HARDINESS.

L3 (] ' ' ] ]
] [} ] ] ] ]
TREATMENT ' DATE 'TEMPER ' NUMBER 'PERCENTAGE 'PERCENTAGE ' DIPRESSION
: "ATURE & OF ' KILLED 'KILLED & '
(] ] ] ] ]
CABBAGE \ , e L i ;
] ] ) ] [} 1
-9 ' ) ' ' '
Out of doors "Nov. 2,'11 ' -5.,5 ! 3 ' 0 ! o} ' T ——
GreenhO\ISO,dry 'NOV. 2.'11 ! -5.5 L 3 ' O ! 0 ' ee o0 0 b ° 0
Greenhoﬂl..wet 'NOV. 2.'11 ! -5.5 ! 3 ! 33.4 ' 33.4 ' @eeve s e 00 00
Out af doors 'Nov. 4,'11 ' -8 ! 3 ' 0 ! 0 ' SEEE R SR
Greenhouse,dry 'Nov. 4,'11 ' 8§ ' 3 ¥ 0 ' 0 ' SRS e A
Greenhouﬂc.ﬂet 'NOT. 4' ' ll ' -6 ! 3 ' 66.7 ' 66.7 ! s 000 000 0 e
Out of doors 'Nov. 17.'11 ' =8.5 ! 4 0 J 0 ' T
Greenhouse,dry 'Nov. 17,'11 ' 6,5 ! 3] ' 100 ' 100 ' P
Greenhouse,wet 'Nov. 17,'11l ! =-6.56 ! <] ! 100 ' 100 ' S Ee .
Out of doors 'Dec. 9,'11 ' =B ' 4 0 ) 0 ' A .
Greenhouse,dry 'Dec. 9,'11 ' <5 ' 4 ' 100 ' 100 ' 5% B = 0 w0 .
Greenhouse,wet 'Dec, 9,'1l ' =5 ' 4 ' 100 ' 100 ! SEEH Y S -
out Of dOOI‘ﬂ 'Deco 9.'11 ' -5 ' 4 ! o L O ' @00 0 oo .0
Greenhouse,dry 'Dec. 9,'1ll ' =5 ! 4 ' 100 ' 100 ' .
Greenhouse,wet 'Dec., 9,'11 ' 5 ' 4 ' 100 t 100 ' Ghiem e en -
Out of doors 'Dec. 13,'11 ' -4 ' 3 ' 0 ' 0 ' 1.18
Greenhouse,dry 'Dec. 13,'11 ' -4 ' 3 ! 0 ' 0 ! .90
Greenhpuse,wet 'Dec. 13,'11 ' -4 ' 2 ' 100 ' 100 ' .99
- o v ' '
Out of doors, average.................. .h «? 0 d 0 ' ceeesesenne
Greenhouse, dry; average..... e . 50 ' 50 B ssesresswis
Greenhouse,wet; average@..........c.cc00vveeoal 83.3 ' 83.3 ' PP T

-Ov-






TABLE VI. Cont'd.

| v L v ] —
] ] (] ' ] ]
TREATMENT ' DATE 'TEMPER 'NUMBER OF'PERCENTAGE'PERCENTAGE ' DEPRESSIONS
' 'ATURE 'LEAVES ' KILLED 'KILLED & '
TURNIPS ' ' ' ' 'PARTLY '
' ' ' ' 'KILLED '
' ' ' ' ' '
Out of doors " YNov. 2, Vil., ' <D.5 7' R- B ) T 100 T Rex 8 &
Greenhouse, dry ! Nov., 2, '11 ' =5,5" 3 ! 100 ' 100 ! e e
Greenhouse, wet ' Nov. 2, '11 ' =5¢5 " 3 ' 100 ' 100 ' o
Out Of dOOI‘B ' NOV. 4. '11 ' -‘ ' 3 ! O ' 0 ! ee 00 00
Greenhouse, dry ' Nov. 4, '11 ' -§ ! 3 100 ' 100 ' I—_—
Greenhouse. Wet ! NOV. 4. '11 ' -6 ' 3 ! 100 ! 100 ! o0 v e 00
e s PP  T—— —— A R T i s i e A
KALE ' ' ' ' ' '
Out of doors ' ' { ' ' '
001dfraln.......'300. a, '11 ! ‘6.5 ' 2 ' 50 ' 50 ' e00so v
Oudp of doer beds'Dec. 8,'11 ' «6.5" 3 ' 0 ' 0 ' EEHY S R
Greenhouse, dry 'Dec. 8, '11 ' 5.5 3 ' 100 ' 100 ' 5w R
out Of dOOI‘S.... Dec, 8. '11 ' -6.5 ' 3 ' 100 ' 100 ' ee v e v
LETTUCE ] ] ] ] ] ]
o\lt 0 00T8,.+. 'n&r. 9. '11 ' -305 ' 8 ' ° ' 25 ' .900
Greenhouse......'Map., 9, '11 ' 3.5 e 83.3 ' 100.0 ' .867
Out of doors....'Mgr, 29, '11 ' <5 ! 18 ' 0 ' 27.7 ' .900
Greemouseo e v 00 'naro 29. ' 11 ' -5 ' 16 ! 68.7 ' 93.7 ' .867
Out of doors....'Apr. 30. '11 ' 3,56 24 ' 30.5 33.3 ' .920
Greenhouse...... Apr. 30, '11 ' 3.5 ! 32 ' 18 ' 48 ' .740
D s - 0D S B e =n ' an s G o i O O A0 P L ] ]
Average, ltttuce out of QOOYBassssascvsssns SRR 0.0 ! 28.7 ' .907
Average, lettuée greenhouse@.....ccovvveeeen. SRR 56.6 80.1 ' .825






Depressions were not determined for each day's freezing
on account of the limited number of plants, but depressions
taken of other lots grown under the same conditions show
similar results. Thus a set taken January 6th, 1812, showed
the following depressions: Plants grown out of doors, de-
pression, 1.470; plants grown in the greenhouse with limited
water supply, depression, 1.035; plants grown in the green-
house with abundant water supply, depression, .990. Here
again increased sap density is accompanied by greater hardi-
ness, and in this case the plants with the greatest density
are also the ones which grew most rapidly.

In all of these cases any treatments that increased
the density of the sap lowered the killing temperature. It
should be said, however, that in most cases where the density
of the sap has been increased, the growth of the plants has
been checked so we cannot say positively that a treatment has
increased the hardiness, due to the density of the sap, since
it could provably be due to the smaller cells or some other
difference in the conditions of the protoplasm. However,
cabbage ahd kale were exceptions to this and actually grew
more rapidly out of doors and yet had more dense sap and mere more
hardy. In order to test the effect of increased sap density
on hardiness under conditions where the effect on growth would
be eliminated, plante of tomato, cabbage, lettuce, kale and

Cowpeas were grown under like conditions. Then the plants were

Pulled, the roots washed clean and placed in sugar solutions am

' ~ataasium chloride and other solutions of varying strencths






TABLE VII. SHOWING INFLUENCE OF ABSORBED SOLUTIONS ON HARDINESS.

ROOTS 24 HRS. IN SOLUT=- ' DANE ' TEVPER' NUMBER'PERCENT ' PERCENT !
IONS OF STRENGTHS MEASURED J ' ATURF' OF ' AGE 'AGE KILLED!
BY FREEZING POINTS GIVEN BELOW' ' 'LEAVES'KILLED ‘& PARTLY !
..............................  RUNRNENERSUIIPRIOE. (WSRO SR S . i W

TOMATOES . ' ' ' ' ' '
Glucose (.460)...c 00eeecere.otJuly 27,'11'-3.6 ' 84 ' (63,0 ' @37.6 !
Cane Sugar (.435(.......... ce'July 27,'11'-3.0 ' 60 ' 83.3' 88,3 !
Glycerine §.430)/ . vc0ecsecee..'July 27,'11'=3.0 * 70 ' 72,8 ' 88.5 '
Potassium Nitrate.(.463)......'July 27,'11'-3.0 ' §7 ' 100.0 ' 100.0 !
vatel‘...... ------------------- 'July 27.'11"‘300 ' 65 ¢ 100.0 ' 10000 '
Glucédse (.460)..c.c0cccveeee...'July 27,'11%'-2,0 ( 60 0.0 ! 0.0 !
Cane Sugar (.438%)............."July 27,'11'=2,0 ' 57 ' 24,6 ' 58,1 !
Gylcerin‘ (.430)..-...........'July 27.'11'-200 ' 44 ! 50.0 ' 53.6 '
Potassium Nitrate.(.463)......1July 27,'11'-2.0 ' 46 ' 60.8 "' "73.9 !
WEEEP: cons cossesssnassnsansans tJuly 27,'11'-2.0 ' 48 ' 62.8' 72,9 !
Glucose (.460)...c.cccveeueeae'IJuly 28,'11'=-3.6 ' 48 ' 91,6 ' 95.8 !
Cane Bugar (.435)...c.cccceeeetJuly 28,'11%'=3,0 ' 47 ' 89,3 ' 95.7 &
Glycerine (.430)..............'Ju1y 28.'11'-505 ' 55 ' 94.5 ' 100.0 '
Potassium Nitrate (.463)......'July 28,'11'-3.5 * 63 ' 98,1 ' 100.,0 !
Water....cooeveneenns R MJuly 28,'11'-3.5 ' 43 ' 76,1 ' 100.0C !
Glucése (.460)....cccccvueeecs'TJuly 28,'11%'-2,5 ' 47 59.5 ! 70.0 !
CanerSugar (.435).c.c.cvc0e...July 28,'11'-2,5 ' 58 ¢+ 13,8 "' 17.2 !
Glycerine (430)cc..civcveceees'TJuly 28,'11%'=2.5 ' 52 ! 9.6 ' 44,2
Potassium Nitrate (.463)......'July 28,'11'«2,5 ' 43 ' 83,7 ' 100.0
WO tvvveieieiiiniie s July 28,'11'-2.6 ' 42 ' 11.9 ' 16.6 "
Glucose (.460)............ cees'July 28,'11'-3 ''33 ' 69.7' 69.7 !
Cane Sugar (.435).......... «..'July 28,'11'-3 t3@ ' 18.,9' 35.1 !
Glycerine (.430)......00veuen. tJuly 28,'11'-3 ''44 v 61.3' 61.3
Potassium Nitrate (.463)......'July 28,'11'-3 ' 46 ' 100.0 * 100.0
WRLE D nuoiunonnnsnseossssssisa 1July.28,'11'=3 ''42 ' @6.6' 66.6 !
GlUCOB@ (4460) ... ciuvereeneennennenneeneeneen teneennnas ' 56.8' 60.6 !
Cane Sugar (.438) average........ccoviveveeeens cecessssses! 45.9 ' 58,5
Glycerine (.430) average........ccueeereneens 2 v L e ' 57.6 ! 69.8 !
Potassium Nitrate (.483), average...........c.ccoeveeeonn ' 88,5 94.6
Water, average@........cccce. SR REE B R D B S TR E S e ot 63.5 ! 71.2 '






]
Roots 24 hre. in solmutions !
of strength measured by '
freezing points given below !
1

-‘--n--------—-----D--—-----&----—

TOMATOES !
Treated 18 hrs.
Vater..... shdBsEReEuES §ueds ) JUNE
Potassium Chloride (.775)...'June
Ammonium Chloride (.360)....'June
Glycerine (2.820)...........'June
WoLOLi s svvossvesnsinnasssnss  SUNS
Potassium Chloride (.775)...'June
Admonium Chloride (.360)....'June
Cane Sugar (.677).......... .'June

CABBAG. '
Cane Sugar (0.77)ecc.ec.....'Aug,
Glucose (0.44)c.cc.cveee....'Aug,
Glycerine (0.66)............%Aug.
Potassium Chloride (0.73)...'Aug.
Ammonium Chloride (0.51)....'Aug.
WEEBE S s csampamevmn s enms ne ... YAug.
Cane Sugar (0,77)......... .. YAug.
Glucose (0.440.......c...... Aug.
Glycerine (0.66)............%Aug.
Potassium Chloride (0.73)...'Aug.
Ammonium Bhloride (0:51)....'Aug.
WREEL: cuzxossiosssissnvassn ..'Aug.
Cane Sugar (0.77)...........{lAug.
Glucose (0.44)......... eeo..lAug,
Glycerine (0.66)............'Aug.

DATE

' Temper ' Number of 'PERCENT'PERCENT

!
?

..... .L---———--l——---a----t-------‘------‘---l--------—-—.

'

'
28,'13!
28,'13!
28,'13!
28,'13!
28,'13!
28,'13'
28,'13!
28,'13!

'
24,'11!
24,'11!
24,'11!
24,'11
24,'11!
2s,'11"
28,'11!
28,'11'
26,'11!
26,'11!
26,'11!
31.'11¢
31,'11!
31,'11¢

' ature

-4.0
-400
-440
‘4.0
-4.0
-400
-3.5
-3-5
-3.5
-3.5
-3.5
-305
“50 5
"505
-505

- B P W D P D P D B B P D D S D

Leaves

LKL K

- @ @ P D G © - o

'KILLED
'

- B P W P P P P D @D D P D P D D

AGE

(1]
.

(o2}
L L] L ] L ] [ ) L]
NIOO0OO0ONO0C

-
(o Ne) o
Moo ommOoO0

100.0
100.0
66.6
0.0
100.0
66.6
66.6
66.6
6616
0,0
100.0
100.0
66.6
33.3
0.0

'AGE KILL- 'DEPRESSION

'BD & PART-!
‘LY KILLED '

- P WD P D W D D WD D WD B D @D O

O O

b=t

2N Oo
OIBOoOoOLROWM
® o o o o o
OPROONOO

+1100¢

100.0
€6.6
0.0
100.0
66.6
66.6
66.6
66.6
0.0
1C0.0
100.0
€6.6
33.3
0.0

- W D P D @ PN > -

- O S @ P B P P P P P P P D @ o

.698
1.103
.863
2.083
. 698
1.103
.8683
1.0563

1.230
1.190
1.270
1.525
1,195
1.080
1,230
1.190
1.270
1.525
1.195
1.080
1.230
1.190
1.270

i
o
w

]






Roots 24 hrs. in solutions ! 'T"EMPER 'NUMBLR OF'PERCENT 'PERCENT '

of strength measured by ' DATE '"ATURE ' LEAVES ' AGE 'AGE KILLED' DKFPRESSIONS
freezing points given below!' ' ' 'KILLED ‘& PARTLY '
' ' ' ' 'KILLED \
feeccncccncccccacnee cemcncan . | colucaanaaaa beccrnnnrloccccccasa R ——
Posassium Chloride (0. 73)...Aug. 31,'11' -5,5 ! 3 ' 30,0 ! 6:00 ¢ 1.828
Ammonium Chloride (0.51)...'Aug. 31,'11' =5.,5 3 ' 66.6 ' 66.6 1,195
vater...................... Aug. 51 '11' -505 ' 5 ' o.o : 00 ' 1.080
- e - ]
Cene Sugar (O 77), BVOTrage...covveeereen.. caspssasassinus? THY 1 ™M ! 1.230
Glucose (0. 44) average............ ..... N ' 66.6 ! 66.6 & 1,190
Glycerine (0.66) average...... RS ESEEEEY 5SS ABE . N 44.4 0 44.4 ! 1.270
Potassium Chloride (0.73)............ . e B B DS @ 3 W 0.0 0.0 ! 1.525
Ammonium Chloride (0.51 average........ ............... .'! 8s8.8 ! 88.8 ' 1.1956
Vater, average...... R ies? DBBO 85.8 ' 1.080

CABBAG! ] ] ] ] ] ]

(later freezing) ' ' ' ' ' '
No Treatment....... ceesese tJuly 1,'13' «4,0 5 ' 80,0 ' 1100.0 ! .780
Potassium Chloride (.775)..'July 1,'13' -4.,0 ! 5 ' 40.0 ' 100.0 1,145
Glycerine (2.82)...........'July 1,'13' 4,0 5 ' 20.0 80.0 ! 1.780
Ammondum Chloride (.860)...!Ju1y 1,'13' -4,0 5 ' 100.0 ' 100.0 ! .950

COWPEAS (] 1] ] ] ] ]
Cane Sugar (1.570)CG...c...."'Sept. 1,'11' =3,0 ! 3 ' 0.0 ! 0.0 ! 1.230
Glucose (1., 740)........... 'Sept. 1,'11' -370 ! 3 ' 100.0 ' 100.0 ! 1.250
Glycerine (l 575)¢eeeeee...'Sept. 1,'11' 3,0 3 ' 0.0 ! 0,0 ' 1.1¢60
Potassium Chloride (0.730).'Sept. 1,'11' -3,0 ! 3 ' 100.0 ' 100.0 1.130
Ammonium Chloride (0.7256).'Sept. 1,'11!' 3,0 ! 3 ' 66.6 ! 66.6 ! 1.140
Water...... cee...'Sept. E,'11' 3,0 ! 3 v 33,3 33.3 ! .870
Cane Sugar (1 570)........ 'Sept. 1,'11' -3.0 ! 3 ' 0,0 ! 0.0, 1.230
Glucose (1. 740)............'8ept. 9,'11' -3,0 ! 3 ' 33,3 ! 33.3 1.250
Glycerine (1.%923)..........'Sept. 9,'11' -3,0 ! 3 ' 0.0 ! 0.0 ! 1.160
Potassiup Chloride (0.730).'Sept. 9,(11' -3.0 3 ' 0.0 ! 0.0 ! 1.130
Water......................!Bept..O.!ll!.vs.O..!... 3 ' 100.0 ' 100.0 ! ).B70
Cane Sugar (1.570).........'Sept. 9,'11' 3.5 ! 3 ' 0.0 0.0 ! 1.230
Glucose (1.740)............'Sept. 9,'11' -3,5 ! 3 ' 66.6 66.6 ! 1.250

-g?.
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'Temper 'Number of 'PERCENT'PERCENT !

Roots 24 hrs. in solutions !

Water.. . ioeteeneecnnnns s I I I Y

------------- ® ¢ 6 06 8 0 00 00 058 0 0 0

Depression

of strength measured by ' Date '-ature ' Leaves ' AGE ' -AGE '
freezing points given below! : : :KILLED :KILLED &!
' ]
e R T . S o115 S
COWPEAS \ \ ! ! : 2
Glycerine.(l 578} encssnsssdhUZg.s 29,711 ¥ =5 ' 3 0,0 0,0 !
Potassium Chloride (0.730).'Aug. 29,'11 ' -3.0 ' 3 ' 100.0' 100.0 !
Ammonium Chloride ((0.725 'Aug. 29,'11 ' -3,0 ! 3 0,0t 0.0 !
Water ...................... Aug. 29,'11 ' 3,0 ! 3 ; 100.0: 100.0 :
Cane Sugar (l B ) o w i wwdim s emmmw wnm wmir & AR EEFET RS v 0.0' 0.0
GLUCOBE (1,740) BYETBZE. ... vnvernrnensnsnennns ceeesessal ! 49.9' 58,3 !
Glycerine (.578) BYOPBEE, » s 4 546 s s vnsmsves Pssuu AL AR S EE NG S ' 0.0' 0¢0
Potassium Chloride (0.730), average.......... . .' 66.6' 66.6 !
Ammonium Chloride (0.725) average........ccoveeuuenens «...'  41.,6' 58,3
Yater, OVeTaRR v ivsseusasvas sk s uawas eanennm s sy ydnw s ot 66.8' 66.8 !
KALE . y X ' 'Percent !

] ] ] ] 'as. total'

' ' ' ' ' leaf '

! ' ' ' 'surface '

' ' ' ' ' killed !

] |} ¢ L * {J

cane Bugar .637)..-.......'3“3 25,'13 ' -3.0 ' 5 ' 0.0' 45.0 '
Glycerine (2.820).........'June 25,'13 ' 3.0 * .'5> ' 20,0 35.0 !
Potassium Chloride (. 775)..‘Juno 256,'13 ' -3,0 ! 5 ' 60.0' 80.0°'
Ammonium Chloride (. 350)... June 25,'13 ' -3.0 5 ' 80,0' 95,0
Wal®Pe: covevnnanssonnnns 'June 25,'13 ' -3.0 5 ' 80.0! 93.0 !
Cane Sugar (.677).......... 'Jui’ 9,'13 ' -1.,6 ! 5 ' 40.0! 45.0 !
Glycerine (2.820)..........'July 9,'13 ' -1.5 ! 5 0.0 10.0"
Potassium Chloride (.775)..!'July 9,'13 ' -1.,5 5 0.0 20.0 !
Ammonium Chloride (. 360) AJuly 9,'18 ' -1.5 5 ! 60.0" 80.0 !






Roots 24 hrs. in solutions TEMPER' No. of'Percent' Percent !
of strength measured by ATURE ' Leaves' age ' age kill!

] ]

] '
freexing points given below ' DAITE X ¥ 'Killed '-ed and ' DEPRESSIONS

] ] ] ] 'partly ]

] ] ] ] !killed ]
o 0 o o e ) T ¢ IS——— | E A —— | R — } R

LETTUCE ' ' ' ' ' '

] L 0 \ ] ]
Cane Sugar (€.677).........."'Judy 2,'13' =2.5 5 0.0 35.0..°% .578
Glycerine (2.820)..........."'July 2,'13' 2.5 5 ' 0.0 30.0 ! 1.168
Potassium Chloride (.775)...'July 2,'13' -2,6' 5 ' 20.0"' 60.0 ! . 655
Ammonium Chloride (.360)....'July 2,'13' 2.5 5 ' 40.0 70.0 . 550
Vater,.....ccooitieeeenennnns 'July 2,'13' -2.5 ! 5 ' 40.0 90.0 ! .430
Cane Sugar.(.677)...ccccc...'July 2,'13' 3.5 5 * 20.0' 85,0 ! .578
Gipeediner(2.820)........... tJuly 2,'13' 3.5 5 ' 0.0' 55,6 ! 1.168
Potassium Chloride (.775)...'July 2,'13' 3,5 ! 5 ' 40.0 ! 656.0 ! .655
Ammonium Chloride (.360)....'July 2,'13' 3,5 5 ' 60.0' 90,0 ! . 550
Water...ciocoieiscercncesssstJUly 22,'13" 3,5 ¢ 5 ' 6600 ' 90.0 ! .430
Cane Sugar (.677)...........'July 8,'13" 3,0 5 0.0 25.0 ! .888
Glycerine (2.820)..¢eeceee..'July 8,'13" 3,0 ! 5 ' 0.0 35.0 ! .728
Potassium Chloride (.775)...1July 8,'13" 3,0 5 ' 0,0 55.0 ! . 690
Ammonium Chloride (.360)....'July 8,'13' -3.0 ! 5 ' 60,0 90,0 ! .690
L ceeees tTuUly..8,1130..+3,0.'. 5 ' 20,0 65.0 ! .597

-Lv-






Here again the hardiness has been increased by increas-
ing the density of the sap. Of course it should be admitted
that even here there is a possibility that some actual changes
in the protoplasm has taken place by treating it with these
solutions. Glycerine has been most effective in increasing
the scp density of the tissue and in increasing the resistance
to cold. It is interesting to obeérve that in the case of
cabbage, the sap density and the hardiness were more greatly
increased with salts like.potassium chloride than with cane
sugar, while in the case of tomatces, sugar was takeh un in
larger quantities and caused a greater increase in hardiness.

. According to the theory of Gorke, if killing is due to

the salting out of proteids, we should expect the taking up

of sugar to increase the hardiness but should not expect that
result to follow the taking up of salts. The salts that most
rapidly precipitate certain proteids are ammonium sulphate and
3ine sulphate. When roots of tomatoerplants were kept for
twenty-four hours in solutions of a molecular concentration as
great as those used in the table above, the hardiness of the
leaves was not reduced and zinc sulphate seemed to increase the
hardiness, These results are not in accdrd with Gorke's theory.
Potassium nitrate does not increase the hardiness as other sub-
stances do. Thus tomato plants with their roots kept in potas-
sium nitrate solution of about the same molecular concentration

a8 the solutions used above, seemed to be killed more easily

than when the roots were kept in pure water, and corn plants






80 treated certainly were killed more easily. This lack of
protective action is probably due to the high eutectic point
of the potassium nitrate since it would precipitate out be-
fore the killing temperature of the tissue is reached.

Apple and peach blossoms were cut from the twigs in such
a way that a considerable area of cortex and sap wood adhered
to the step, and these were inserted in solutions of varying
strengths of sugar and glycerine and later frozen. The follow-

ing table gives the results.






TABLE VIII. SHOWING INFLUENCE OF ABSORBED SOLUTIONS ON HARDINESS OF YOUNG FRUITS.

] ] ' |}
Kind of Fruit ' Treatment ' Date 'Temper ' Number of ' Percentage
A ' ‘~ature ' fruits ' Killed
' ] ' ' '
..................... T o A s o B B s s e e
Rice's Seedling peach ! ' ' ' !
blOEEOm'......... ' FrOSh ...o" Apru 15. 'll ' "5 t 43 ' 70.0
Rice's Secdling peach ' Cane Sugar ‘' ' ' '
blossoms...... (2.250)...." Apr. 15, '11 ' -3 34 ' 3.0
Rice's Seedling peach ' Glycerine ' ' ' '
blossoms......... ' (2.580)....' Apr. 15, '11 ' -3 ! 45 ' 22.0
Rice's Seedling peach ! ' - ' ' '
blossoms........ ' VWater......' Apr. 15, '11 ' =3 ' 50 ' 100.0
Rice's Beedling peach ' Cane Sugar ! ! b '
blossoms......... ' (2.250)....' Apr. 15, '11 ' 3 ' 13 ' 61.0
Rice's Seedling peach ' Glycerine ! ' ' '
blossomd.......... (2 560)....' Apr. 20, '11 ' -3 ' 22 ' 36.0
Rice's Seedling peach ' ! ' ' '
hlossomd......... ! Water ' Apr. 20, '11 ' <3 ' 15 ' 66.0
Rice's Peedling peach ! ' ' ' '
-blossoms, .petals. ' Cane Sugar ! ' ' d
just fallen.......... ' (2.250)....' Apr. 20, '11 ' -3 ! 24 ' 81.0
Rice's Seedling peach ! ' ' ' '
blossoms, petals just ' Glycerine ! ' ' '
fallen.......... ' (2.560)....' Apr. 20, '11 ' =3 ! 21 ' 81.0
Rice's Seedling peach ! ' ' ' '
blossoms, petals just ! ' ' ' '
fallen...........'" WVgter......! Apr. 20, '11 ' =3 ' 13 y 58.0
Peaches in husks......' BPBresh......' May 4, '11 ' <3 ' . ' 12.2
Peaches in husks......' Cane Sugar.' ' ' '
' (2.250)....' May 4, '11 ' -3 ! i ' 8.7
Peaches in husks......' Glycerine ! ' ' !
' (2.560)....!' May 4, '11 ' -3 ! 5 ' 6.0
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TABLE VIII. Cont'd.

S T ————— o ey e oo I o o TSR o RN 0
' ' |} ] t
Kin@ of Fruit ' TREATMENT ' DATE 'TZMPER ' NUMBER '  PZRCENTAGE
' ' 'ATURE ! op '
! ! ' ' ! FRUITS ! KILLED
|} | ] ' |} |}
S S i S T S s s i IR UR— B oo e i oo s s S I o i s
1 ' ] ! \
Peaches in husks......'Water.......' May 4, '11 ' -3 ' . ' 70.0
Peaches 2-5 in. in dia'Fresh...... ' May 11, '11 ' 23,9 ! 21 ' 24.0
Peaches 2-5 in, in dia'Cane sugar ' ' ' '
' (2.250)...' May 11, '11 ' -3.9 ! 2 ! 35.0
Peaches 2-5 in. in dia'Glycerine ' ' ' '
' (2.560)...' May 11, '11 ' =3.9 ! 25 4.0
Peaches 2-5 in. in dia'Water.......! May 11, '11 ' -3.,9°'! 18 ' 38.0.
Apple buds showing 'Cane sugar ! ' ' '
pink............"'" (2.250)...' Apy. 24, '11 ' -3 31 61.0
Apple buds showing ' ' ' ' '
pink............'Glycerine '! ' ' '
' {2.550)...' Apr. 24, '11 ' -3 ! 30 ! 13.0
Apple buds shewing ' ' ' ' '
pink............'"VWater......."! Apr. 24, '11 ' -3 ' 25 ' 96.0
Apple buds nearly open'Fresh.......! Apr. 24, '11 ' =3 ' 30 ' 100.0
Apple buds nearly open' Cane Sugar.' Apr. 24, '11 ' =3 40 60.0
' (2.250)...° ' ' '
Apple buds nearly open'Glycerine ' ' ' '
* (2.560)..."' Apr. 24, '11 ' -3 ' 32 ' 0.0
Apple buds nearly open'Water.......' Apr. 24, '11 ' 3 ' 45 ' 100.0
Apple buds nearly open'Cane Sugar ! ' ' '
' (2.250)...' Apr. 26, '11 ' -3 ! 34 3.0
Apple buds nearly open'Glycerine ' ' ' '
' (2.560)..." Apr. 26, '11 ' -3 ! 34 ! 61.0
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!ablc VIII Cont d.

Kind of Fruit

Apple buds partly open ..' Water
Apple blossoms open......' Fresh
Apple blossoms open .....& Cane Sugsr
v (2.,280) 0.
Apple blossoms open .....' Glycerine
(2.560).....
Apple blossoms open .... ' Water......
Apple-blossom, petals '
just fallen.........'! Fresh......
Apple bPssomspetals just ' Cane Sugar
fallen............ ' (2.250)....
Apple blossoms, petals ' Glycerine
just fallen......... ' (2.560)....
Apple blossoms, petals '
just fallen..........''VWater......
Apples just after petals !

$Bllis isvavenvnnonns .! Presh.......
Apples just after petals ' Cane Sugar
Ly & v (2. 25“?
Apples just after petals ! Glycerine
- b SRRSO S % . P
Avples Juet after petals !
fall..ccoiervernnnenee! Water..vve.o

ApplES ;-3 ‘no 1n dia' e n' Freﬂh. e s 0 0 0

May
May

May
May

T D D D D P DD DD DD D P DD DD DD WP W WP ®ww-

-3.9

P @ DS D DGO O(P O PP PO DS OYew o e

Number of
Fruits

Percentage
Killed

72.0
356.0
9.8
3.0

79.0
41.0

¢oo-¢‘¢-‘o-‘o-o---oc-c--'---—-
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Table VIII. Cont'd.

] ] ' ] '
Kind of Fruit ' Treatment ' Date ! Temper 'Number of ' Percentage

' : : ature : Fruits ! Killed

] '

¢ ' ' ' ]
R A TR AR s D s s ot B i R A P U SP———  P—— - -
Apples 1-3 in. in dia. ' Cane Sugar ' ' !

' {2.250)......"May 11, '11" ' 3.9 ! 27 ' 20.0
Apples 1-3 in. in dia. ! Glycerine ! ! ' '

' (2.560)......'May 11, '11 ' 3.9 ! 31 ' 6.4
Apples 1-3 in, in dia. ' Water........!'May 11, '11. ' <3.9 ' 28 ' 100.0
Wild Goose plums........' Cane Sugar ! ' ' '

' (82250 ......'May 11, '11 ' 3,9 ! 25 ' 4.0
Wild Goose plums........' Glycerine ' ' ' '

¥ (2.680)cuvaxs 'May 11, '11 ' 3.9 ' 25 ' 0.0
Wild Goose plums,.......' Water........'May 11, 'll ' 3.9 ' 21 ' 16.0
Average, Cane Sugar (2.50)............... S e e S8 & B Bih 4 B B ' 26.9
Average, Glycerine (2.580).......c0c00euvnrrnnn. 0 0 2 B 5 SN PR R RS - 19.2
ATBLOE®,; WHEOD s o600 666 665 666565005 60s 6oss s bas s es s nes £ QM NEna T B AT 75.9
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It will be seen again that absorbing the solutions in-
creased the resistance to cold. Depressions were not taken
because it would require too many fruits treated in this way.
However, it is safe to assume that the sap density was in-
creased as it certainly was with the fruits used for the next
table.

Buring the spring of 1913, twigs containing peaches,
apples and cherries were placed with the ends in glycerine
solution, sugar solution and in pure water. These fruits
absorbed the solutions readily as the depression data follow-
ing the table will show. The following table gives the re-

sult of freezing these fruits:






TABLE IX. Showing Effect of Absorbed Solutions on Hardiness of Blossoms and Young
Fruits on Twigs.

] |} ] ] ]
Kind of Fruit ' Treatment ' Date ' TEMPER ! Nunber of' PERCENTAGE
: ' ' ATURE ! Fruite ' KILLED
L] '
S £ e R S SR I . B USSP — | N ——— O, S — -
Twigs containing very ' A ! ' :
young Rareripe ' Water ! ' ' !
peaches.......vc0s00 ' 23 hours 'Apr. 28, '13!' -5 ' 56 ' 86.3
Twigs containing very ' 2 ' ' ' '
young Rareripe ' Cane Sugar ! ' ' '
peaches........... ' 23 hours ‘'Apr. 28, '13' -5 ' 77 ' 2.7
Twigs containing very ' 10% ' ' ' '
young Rareripe ' Glycerine ! ' ' '
peaches............. ' 23 hours 'Apr. 28, '13'" -5 ' 51 ' 11.8
Twige containing very ! ' ' ' '
young Rareripe ( Fresh from ! ' ' '
peaches............. ' tree '"Apr. 28, '13' 5 ' 69 ' 49,3
Twigs containing ' 10% ' ' ' '
young Hiley ' Glycerine ! ' ' '
peaches........... g5 ¥ 20 hours 'May 1, 13 ' -4 ' 65 ' 1.5
Twigs containing ' Fresh from ! ' ' '
young Hiley peaches ' tree 'May 1, '13'" -4 ' 76 ' 1.3
Twigs ¢ containing ' Vater ' ' '
Lewis peaches........! 21 hours 'May 17, '13' -4 ' 22 ' 45.5
Twigs containing '10% ' ' ' '
Lewis ' Glycerine J ! !
peaches............ ! 21 hours 'May 17, '13' -4 ' 35 ' 11.4
Twigs containing ' Wilted ' ' ' '
Lewis peaches........! 6 hours &May 17 , '13' -4 ' 22 ' 45.5
Twigs containing ' Fresh from ' ' ' !
Lewis peaches........' tree...... May 17, '13'" -4 ' 23 ' 43.5
Twigs containing ' 10% ' ' ' '
Bernard ' Glycerine ! ' ' '
peaches,........ IPREINE 22 hours.! May 21, '13' -4.,2 ! 51 ' 13.7

-ggn






TABLE IX. Cont'd.

Twigs Contatning'
Bernard peaches...!
Twigs containing'
Bernard peaches...'
Twigs containing '
open Rome Beauty !
apple blossoms,.....'
Twigs containing !
open Rome Beauty '
apple blossoms...... '
Twige containing !
open Rome Beauty '
apple blossoms......'
Twigs containing '
Jonathan apples....!
Twigs containing '
Jonathan '
apples........ | &
Twigs containing '
Jonathan apples...!
Twigs containing '
Jonathan apples...'!
Twigs containing '
Dyehouse cherries !
Twigs containing '
Dyehouse '
cherries.. '

]
Treatment ' Dave
)
............. |
Vilted '
5 hours ‘iay 21, '13
Fresh from !
treC.susns 'May 21, '13
20% Cane- !
sugar solut-!
ions 20 hre.'May 1, '13
10% '
Glycerine !
- 20 hours 'May 1, '13
'
Fresh from !
tree 'May 1, '13
Water '
21 hours 'May 17, '13
10% '
Glycerine !
21 hours 'May 17, '13
Wilted '
6 houre 'May 17, '13
Fresh from !
tree 'May 17, '13
Vater '
21 hours 'May 17, ‘13
197% '
Glycerine !
21 hours...'May 17, '13

' Temper ' Number of' Percentage

- - . 4 > e e - e

- D B B P D D D O D D B D B ® P D

-ature ' Fruits
........ | T,

]

-$,2 ! 53
]

-4.2 ! 34
]
]

-4 ! 96
]
!

-4 ) 108
]
'

-4 ! 83
'

-4 ' 27
1
'

-4 ' 32
'

-4 ' 3"
]

-4 ' 19
'

-4 " 42
]
1]

-4 ' 43

-_--“----‘--‘-~--‘~-~“-P

Killed

e R e R R I I

69.8
6l1.8

15.6

13.8

40.0
70.4

43.8
86.5
68.4
30.9

13.9

—eg..






TABLE IX Cont'd.

- R e O E DD W W D D N D Do @ S et W G DD D e DD T N W ED P W D D D D D D D W WD D W D T G ED T D D U G R R S S W S W S D W -

Kind of Fruit

]

'

L
Bwigs containing !
Dyehouee cherries !
Twigs containing !
Dyehouse cherries .!
Twige containing !
Dyehouse '
cherries.......... '
Twigse containing !
Dyehouse cherries:.!
Twigs containing !
Dyehouse cherries !

Treatment

6 hours
Fresh from
tree
10%
Glycerine
22 hours
Wilted
5 hours
Fresh from
trees

Average percentage killed, fresh...
Average percentago killed. glycerine.......

® 2 © 0 6 0 0 5 0 0 0 0 0 0 0 0 08 00 0 s e 0 0 e 000 00

.
.
0
.
.
.
.
.
.
.
.
.
.
.
.
.
.

] ] ] '
' Date 'Temper 'Number of ' 2arcentage
' *Adture ' fruits ' killed
b e soemmias | S—— Kot s i 8 o , TP S —— &
L] ' ] '
'May 17, '13 ' <4 ' 36 ! 48.8
) L] ' ]
May 17, '13 ' -4 ' 15 ' 66.8
] ' J [
L |} |} '
'"May 2%, '13 ' -4,2! 39 ( 5.1
|} ] '
'May 21, '13 ' -4.2" 56 ' 21.4
] ' |}
‘May 21, '13 ' 4.2 ' 38 ' 39,6 a
L
' ]
]
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Since it requires a large number of blooms or young
fruite to furnish sap for a freezing point determination, only
one such determination was made. This resulted as follows,

using fruits treated just as they were for freezing:

Depression
Degrees
Cherries fresh from tree....cocieeeveeeeencanes vas 0.905
Cherries from twigs with ends in glycerine 16 hrs. 1.180
Cherries wilted 5 NOUTSB...vvreeereeseneeaaocnsesns . 1.075
Peaches fresh from tree....cveeeeeceencacsncns cee 4965

Peaches from twigs with ends in glycerine 16 hrs.. 1.230
Peachee vilted5hours.l'....‘l..l..'............. 1.085
Apples from twigs with ends in glycerine 30 hrs... 1.408
Apples from twigs with ends in water 30 hours..... 1.335
Apples from twigs with ends in came sugar 30 hrs.. 1.530
Apples from twigs with ends in glycerine 48 hrs... 1.417
Apples from twigs with ends in water 48 hours..... 1.030
Apples from twigs with ends in cane sugar 48 hrs.. 1.160

It seems then practically certain that one is justi-
fied in assuming that the fruits in the above freezing table
had their osmotic strength increased as much by taking up
the glycerine and sugar solutions as this depression data
indicates., The fruite that had absorbed the glycerine were
apparently fully turgid while the wilted fruite were very
flaccid., It is certain that wilting could have had little
Part in increasing the sap density of the fruits absorbing
the glycerine. It may be suggested by some that possibly the
tissue sould not absorb these rather strong solutions as
rapidly as it could absorb water, so there might be some
Wilting to cause the greater hardiness attributed to the

increageqd sap density. Observations were made on this point






in all cases and rarely was there any signs of wilting in the
frozen tissues referred to, In most cases, plants which were
wilted until they were very limp before treating as described
above were still less hardy than those absorbing the solutions.
It is thus certain that the grezter hardiness of the tissue
absorbing the various solutions was not due to wilting. The
effect of wilting on tissue is discussed later in this paper.
Reducing Sap Density by Shading. The sap density of
leaves is known to increase from morning to afternoon. ILeaves
shaded usually have a lower sap density than those in the Xight.
It was thought that this would be another good means of testing
the effect of sap density on hardiness. The following plants
(or twigs containing leaves) were shaded for twenty-four hours
and taken for freezing in early afternoon along with plants under
similar conditions, except that they were in.full sunlight. The

results are shown in Table X.






TABLE X. Showing Effect of Shading on Sap Density and Resistance to Freezing.

e Tt s g ket R Bk G -
o ! 'Percent'Percent ' Depres
Material | Treatment | Date ! ‘emper 'No. of' -age ‘'age Total sion
i , ' ~ature ' plants' A1l 'Leaf Area !
' . \ : 'Killed 'Killed !
\

"""""""""" f""""'“’4"'°"""'-'“1""“"-r"""1""#"ﬁ"""""'f""' =--
Cowpesas Shaded oure 18, '13 ' -4 v 3 ' 0,0 0.0 .852
Cowpeas 'Not shaced ' June 14, '13 1 =4 y 2 y 100.0, 100.0 , .980
Cowpeas ' Shaded vJune 14, '14 , =3 y 3 ) 0, 90.0 .852
Cowpeas ' Not shaded ' June 14, '13 , -3 v 3 ; 0.0, 22.0 , .980
Cowpeas ' Shaded t June 17, '13 , =3 y 3 , 66.86, 66.6 .855
Cowpeas ' Not shaded ' June 17, '13 , -3 v 4 . 25.0, 8l.2 , .947
White com ' Shaded ' June 13, '13 , -4 y 15 \ coney 90.0 .728
Vhite corn ' Not shaded ! June 13, '13 , =4 v 12 ; - 9.0 , .728
Corn ' Sheded ' June. .17, '13 , -3 v 7 ,  18.8, 55.0 , .835
Corn ' Not shaded ! June 17, '13: =3 v 7 ; 0.0, 25.0 , 1.03%5
Tomato leaflets ' Shaded 't June 19, '13 , =2 -1 g 38.2, 65.3 , .708
Tomato leaflets ' Not shaded ' June 19, '13 , =2 ¢ 51 " 0.0, 0.0 , .848
Tomato leaflets ' Shaded ' June 19, '13 4, =3.5 y 35 . 100.0, 100.0 , .708
Tomato leaflets ' Not shaded ! June 19, '13, -3.5 y 36 ; 47.2, 63.9 , 848
Tomato leaflets ' Shaded ' June 25, '13 ., -4 v 6 y 50.0, 87.0 .595
Tomato leaflets ' Not shaded ! June 25, '13, -4 v 5 i 40.0, 56.0 ! .762
Kale leaves ! Shaded ' June 25,''13, =3.5 , b , 100.0, 100.0 ! . €660
Kale leaves ' Not shaded ' Jufe 25, 413, -3.8 , 5 v 40.0, 70.0 '  ,790
Lettuce leaves ' Shaded Vv June 25, '13 . =3.5 R - ' 100.0 100.0 ! .490
Lettuce leaves ' Not shaded ' June 25, '13: =3.5 , 6 ' 100.0! 10c.0 ! . 590
Lettuce leaflets! Shaded ' Juhe 21, '13, -2.8 v 13 ' 23.0! 50.0 ! 570
Lettuce leaflets' Not shaded ! June 21, '13: -2.8 v 17 ' 0.0" 1.4 ! .740
Lettuce leaflets' Shaded ' June 21, 413 =4 v 18 ' 100,0" 100.0 ! .570
Lettuce leaflets' Not shaded ' June 21, '13: <4 v 17 ' 41.1" 68.) ! .740

Red Rock " ' ' ' '
Cabbage leaflets'Shaded 'June 20, '13 ' 23,68 ' 14 ' 0,0! 19.6 ! .860

Red Rock Cabbage' ' ' ' ' ' '
leaflets...... 'Not shaded 'June 20, '13 ' -3.56 ' 14 " 71" Tad 1 .955

Red Rock Cabbage! ' ' ' ' ' '
leaflets......'Shaded 'June 20, '13 & -4.5 ' 15 ' 53. 3! 83.3 ! .860

-og-






TABLE X Cont'd.
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' ' ' : ' ' '

Material ' Yrestment ! Date ' Temper'No. of'Percent'Percent ' Depres-

' ' ' ature 'plants' age ' age Total! sions
' ' ' ' All 'leaf Arear!
' ' ' ' 'Killed 'Killed '

............... PSSO, FGU USSEVUSPR. WU T, . I ———

Red Rock Cabbage‘ ! i ! ' ' !

leaflets.....'Not shaded ‘'June 20, '13 ' -4.,5"1! 12 ' ©50.0°' 77.0 ' .955

Cahbage leaflets'Shaded 'June 25, '13 ' -3.5 ! 38 ' 52.8 ' 1.7 ' . 880

Cabbage leaflets'!'Not shaded 'Junw 25, '13 ' -3.5 ! 38 ' 36.8 ' 63.1 ' .875
Barly hervest ' ' ! ! ' ' '
apple twigs and ! ' ! ' ' ' '

leaves........'Shaded: 'June 28, '13 ' -4 ' 39 ! 0,0 ' 38.9 ' 1.975
Early harvest ' 2 ' ' ' ' '
apple twigs and ! ' ' ' ' ' '

leaves.......'Not shaded 'June 28, '13 ' -4 ' 42 0.0 ! 6.8 ' 2.438
Early harvest ' ' ' ' ' ' '
apple twigs and ! ' ' ' ' ' '

leaves...... . 'Shaded 'June 28, '13 ' <5 ' 47 ' 34.0 ' 70.0 ' 1.97%
Early Harvest ' ' ' ' ' ' '
apple twige and ! ' ' ' ' ' '

leaves.......'Not shaded 'June 28, '13 ' <5 ' 50 ! 0.0 ' 48.5 ' 2.438
Early Harvest ' ' ' ' ' ' '
apple twigs and ! ' ' ' ' ' '

leaves.......'Shaded ‘July 1, '13 ' -4 ' 34 ! 0.0 ' 19.8 ' 1.930
Early Harvest ' ' ' ' ' ' '
apples twigs ' ' ' ' ' ' '

~ and lemves...'Not shaded 'July 1, '13 ' -4 ' 40 ! 0.0 ' 11.2 ' 2.252
Early Hervest ! ! ' ' ' ' '
appl e twik' ] ] |} ' ] ] |

and leaves.....'Shaded "July 1, '13 ' 5,5 ! 38 ! 0.0 ' 40.1 ' 1,930

—'{g—






Table x Cont'd.
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'Leaf Area!
'Killed

[ oA I R R I I )

' '
Material ! Treatment ' Date 'Temper'No. cf'Percent'Percent
: ' ' ature‘planta'age all'ege Total!
' ' ' 'Killed
L ) ] J '
s o A WA —— AS— . B ot it L
Early Harvest ! ' ! ! '
apple twigs : ! ' !
and leaves...!Not shaded 'July 1, '13' -5.E ' 48 ' 0.0
- Pear Twigs and! ’ ' : '
leaves...... 'Shaded ‘June 28, '13' -4 ' 26 ' 24,0
Pear twigs and' ' ' ' '
leaves......'Hot shaded ‘'June 28, '13' -4 ' 28 't 0.0
Pear twigs and! ' ' ' '
leaves......'Shaded 'June 28, '13' -5 ' 25 ' 80.0
Pear twigs and' ! ' '
leaves...... 'Not ghaded lJune 28, '13' -5 ' 26 ' 15.4
PSR T WA T ceeea!
Average, Shaded. exckuding peare.................. ces? 33,05
Average, Not shaded, excluding pears.........ccece....' 30.9
L

Po---o-‘cno‘oopc

In practically all cases the cortex, cambium and sap wood of the twigs were injured
rather severely, and in ell cases the injury was worse with the shaded twigs.

In the case of the pear twigs and leaves sufficient sap for depression determination

could not be secured.






- D D e e W e e G SO OO U EE e TD ORGP G D AP TN D D OGN G G P ED WD P P G T U S G @ G G GE P GO GO AP GN TS OF GP SN BN G S0 @D P W TO B B0 T O- GF S G G5 @S GO G° GF Gr P 0a @0 G0 U5 R WD W5 Gr O G0 G5 OB O= am W @

' ' ]

Material ' Treatment ' Date 'Temper'No. of'Percent ' Percentage ' Depres-

! ' ' ature'plants'age all ' Total Leaf ' sion

' ' ' ' 'Killed ' Aree Killed!

' ' ' ' ' ' '
............... . SUCUNNRIN. SUCIUSIN TN WUNIUIGUE. SN ANT——— SN, SO ——
Labrusca grape ' Shaded ' ' ' ! ! s

leaveg....... ' 38 hours 'July 8, '13' -3 1+ 18 ! 27.2 ! 64.2 ' .695
Lebrusca grapes! ' ' ' ' ' '
leaves....... .'Not shaded 'July 8, '13' =3 ' 17 ! 35.3 ! 58.8 v, 733
Labrusca grape 'Shaded ' ' ' ' ! )
leaves........' 38 hours 'July 8, '13'" =4,5' 22 ' 100, ! 100. " .695
Labrusca grape ! ' ' ' ' ' '
leaves...... 'Not shaded 'July 8, '13' -4.,5' 17 ! 76.4 ! 94.1 ' 733
Labrusca grepe 'Shaded ' ' ' ' ' '
leaves...... .' 22 hours 'July 10, '13' -3.5' 10 ! 0.0 ! 2 .5 ' L7155
Labrusca grape ' ' ' ' ' ' '
leaves.......'Not shaded 'July 10, '13' =3.5' 10 ! c.0 ! 0.0 v ,920
Labrusca grepe !'Shaded ' ' ' ' ' '
leaves....... ' 22 hours 'July 10, '13' -4.8' 10 ! 30.0 ! 30.0 t 785
Labruscs grape ' ' ' ' ' ' '
leaves.......'Not shaded 'Juky 10, '13' =4.5' 10 ! 0.0 * 15.0 ' ,.920
Labrusca grape 'Shaded ! ' ' ' ' {
leaves.......' 22 hours 'July 11, '13' -4 ' 10 '* 10.0'! 25.0 v .835
Lebrusca grape ! ' ' ' ' ' '
leave8.......'Not shaded 'July 11, '13' -4 ' 10 ! 0.0 ! 17.5 ' 1.085
Labrusca grape 'Shaded ' ' ' ' ' '
leaves.......' 22 hours 'July 11, '13' <5.5' 10 ! 60.0 ! 80,0 vt .835
Labrusca grape ' ' ' ' ' ' '
leaves.......'Not shaded 'July 11, '13* -5.5' 10 ! 40.0 " 52.5 ' 1.0856
.......... A 0 0 0 e S B > P Y T W S ES W S R S S D D S & oo ou s @ w enee e en T ] |}
Average, Bshaded.......co0te0vetcesces i e E R TITII T 34,53! 48,61 ' L7861
Average, Not Bhalded.. e rovssossnissunssnnnsnnansnsnsan) eo BODPY 39.65 ' .912

—29—






While the differences are not large, it will be seen that
the sap density of the shaded plants is uniformly lower and the
killing greater.

Ohlweller at the Missourl Botanical Garden seemed to find
some relation between the density of the sap of different plant
species snd their resistance to cold. This is true especially
in the case of the different species of magnolia, where the
leaf structure of species with dense sap and of those with di-
lute sap is similar, so there would not be this influence in-
volved to modify the results.

From the beginning of these esperiments, observations have
been made in autumn as to plants killed by the various early
frosts and freeziné point determinatione were made from lesves
of these to sec if there is to be found any relation between
hardiness and sap density. In the following table the planté
are listed as nearly as could be determined according to hardi-
ness, the most tender first, though it is certain that almost
any of the plants could be changed two or three places in the
Succession and be as accurately placed in order of hardiness.
The depressions are also given. The leaves for the depressions

Were all taken in the morning as soon as the dew was off so

they would be equally turgid.
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Morning Glory (Ipomoea PUTPUTea)...citeiccecarrcanes «920
Coleus (0. Blumel): csvscvsasssasnnvanmsnnnssnessnoss o EoB
Sweet Potato (Ipomoea Batatas).....cccceveecasccnies 96

Moon Vine (Ipomoea Bon&=NOX)......eceeeeeeernnsccsss +863
VWatermelon ECitrullue Vulgaris). ..o ieierecaneas.. o882
Cantaloupe (Cucumis Melo)........ P RSP S ST  SDOB
Cucumber (Cucumus 8ativuB)......cccceeveesencscccacs 4585
Caladium (Colocasia antiquorum).........cveveveecees o745

Pumpkin (Cucurbita Pepo)...... D & & RIS NS RN . .. .785
Tomato (Lycopersicum esculentum)......cceeeveeesescse o832
Lantana (L. Camera).......ccveeeeeencenosnonenonens .. .962
Dallis (Dahlls variabilis) . sscsssvvssssvsnnssmnnans abdd
Blue Salvia (Salvia patens)..y....cecceeeeeenn wssss LaOBS

Red Salvia (Salvia splendens).......cceeeeeececsces .7685
Rose Geranium (Pelargonium graveolens).......e..... 1,835

Geranium EPelargonium Eortorum).csssessnasasns samun L2008
Eggplant (Solanum Melongena)......... SRR GPEEELBE S .o o805
Alternanthera (Telanthera versicolor).............. 1.058
Periwinkle (Vinca major).......... 5SS W ceeee 1,20

“eratm (A. conyzoides ® © 0 ¢ 06 ¢ 006 060 060 0 0 8 ¢ 8 0000 0 8 e 0 1.055
Chard (Beta vulgaris var. Cycla)......cocoveeeeesss o806
elery (Apium gravenlensd).......ccecevieensecasesss 1.442

23d. Anl.Rpt. Mo. Bot. Gard. 1912. pp. 101-31. (Bibl. 87)
Galllardia (G. pulchella)......ceeeeeesecocoocosnos .803
Chrysanthemum (C. SiNnense).........c.eeeeeeesscsces 1,955
Bedum spectabile.......coeeverererrarnascnsceeenes o575

andelion (Taraxacum officinsle)....cceeeeeeessecces. 975
DOk (RUmEX CIriBpUB)......ceoeveeeeecsncsccacanncsss 2997
Verbena (V. Nybrida).....ceeeeeeccsosscssssasoancas 1,003
Hollyhock (Althaea I0Bea).....eeceseeecscscsssssess 1,130
Horse-radish (Cochlearia Armoracia)......c:eeveveees 1,126
California Poppy (Eschscholzia Californica)........ 1.198
Clover (Toifolium pratense)......ccceeeeceeeerascsss 1,290

giolet Viola o0dorata)........- o b D o & GRS E § 8 . 1.225
abbage (Brissica 0lerace@)......ceeceeeoccnsns cewy AdaldB
Plantain (pPlantago major)......... CHFUEE LA 9 B S & B . 1,380

Str&Wberry (Fragaria Chiloensis).....ccccceveeeeces 1,865

All these depressions were deterimed as late as in autumn
88 1t was possible to secure healthy tissue.

Vhile it is evident that other factors than sap density
influence the hardiness, yet it seems true that more of the
Very tender plants are found among those with slight depressions

and & majority of the most hardy among those with greater density.
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It is possible that if a larger list of plants were obtained,
this might not be true.

All of these tests have been made with succulent plants
that kill at a temperature a few degrees below the freezing
point, It is true that some rather hardy plants like cabbage, .
kald, lettuce and garden peas have been influenced in their
killing temperature as greatly as have plants like tomatoes
and cowpeas that kill at a temperature but slightly below
the freezing point. However, in case of winter wood, and buds
that have developed great resistance to cold by some sort of
change, the problem would perhsps be different. This experiment
Started with the idea that it might be possible to increase the
hardiness of buds of the peach in winter by increasing the sap
density through the use of fertilizers., Accordingly, plots of
Peach trees at Dixon, Missouri, were fertilized with potassium
Chloride at the rate of about 500 pounds to the acre, in the
Springs of 1607, 1908, and 1909. Pldots receiving potassium chloé
rlde at the rate of a little more than 500 pounds to the acre
during the seasons of 1906, 1907, 1908 and 1909, were located
in the orchards of the Ozark Orchard Company at Boodman, Missouri;
and plats receiving 480 pounds of potassium chloride to the acre,
beginning March, 1910, were located with the Ozark Fruit Farm
c°mP3nY. Brandsville,Missouri. Potassium was used in these ex-
Periments because some experiments indicate that it is more readily
taken into the cell to become an osmotically active agent than
MO8t other mineral nutrients. In these orchards we have had

OPPortunity to cbserve the results following cold periode that






killed all the buds, cold periods that killed nearly all of them,
and cold periods that left a fair crop, but in no case has there
been any apparent effect on hardiness resulting from the use of
potassium as a fertilizer. Twigs were secured from these plots
in winter, spring and summer and the density of the sap of the
cortex determined by expressing the sap, and determining its
freezing point, end no difference in the density could be detect-
ed between the plotes fertilized with potassium and those receiving
no fertilizer. These determinations could not be made with. sap
from buds because it could not be secured in sufficient quantities.
If it were possible to increase the sap density by accumulat-
lon in the cell of potassium or other materials applied to the
80il, it could possibly affect the killing temperature of the
bloom or young fruits or young growth in spring, even if it should
have no effect on the killing temperature of the buds in their

1 observed apparently a slightly great-

dormant condition. C. Dussere
er hardiness of young grape shoote on vines that had been ferti-
lized with potassium than on vines that were not so fertilized.
However, enalysis failed to show the presence of more potassium
in tne wood of those vines receiving potassium fertilizer than in
the wood of thise that had hot received fertilizer.

It may be said that on our peach plots we have had occasion
to Observe the effect of spring frosts on the bloom, as well as
the effect of winter cold on buds and have failed to observe any
difference due to application of potassium to the soil,

Briefly summerizing all our results with the relation of sap

lBu1- Soc. Sci. Nat. 5, ser 48 (1912) No. 176, pp. 393 (Bibl # 31.)






density to hardiness, we are safe in concluding that, at
least in case of plants not in a resting condition, a large
amount of dissolved material either in the sap within the
cell or in a solution surrounding the cell, will protect
the cell from injury due to low temperature, to some extent
at least. The protection where plants take the material in-
to the cells seems to be much less than where the material
in solution surrounds the cell, if the work of Maximow is
confirmed.

The practieal means of increasing hardiness seem to
be very limited. Withholding water from plants in a plant
bed will check the growth and thus increase the sap density
and the hardiness. It was thought possible that with such
Plants as cabbage which take up pottasium salts readily,
¥atering in the plant bed with a solution of such salts would
tend to increase their hardiness. However, cabbage and tobaaxo
Plants growing in a hotbed soil watered for eighteen days with
& solution of potassium chloride ranging from 4.02 per cent
Normal at first to 16.08 per cent normal toward the last showed
N0 increase in either sap density or hardiness over that of
Plants not so treated. It is mot only in sand cultures that we
have been able to increase the sap density of plante by water-
ing them with solutions.

If freezing to death results fyom too complete withdrawal
of water from the protoplasm, then, even with winter buds and
W0od, if the sap density could be increased with some material

that stays in solution at temperatures lower than that at whicy
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the tissue kills, it would hold more water in solution and thus
lower the temperature at which a killing degree of disiccation

is reached. Mﬁller-Thurgau's measurements showed that a very
large percentage of the water in plant tissue is in the form

of ice. In case of winter resting tissue very little water can
be left unfrozen at a killing temperature. If freezing to death
of plant tissue results from desiccation, then very small quanti-
ties of water must be suffieient to protect the protoplasm in case
of the more hardy plants. Some writers hold that since some plante
continue to live after nearly all the water is frozen out, desic-
cation of the protoplasm can not be the explanation of death from
low temperatures., Others seem to hold the opinion that the pro-
tective action of the sap solute ends at the freexing point of the
S8ap. It should be remembered that so long as the temperature is
ahove the eutectic point of any of the sap solute, there will be
Some water present in the liquid state. The number of degrees
Which the killing temperature is lowered by an increase in sap den-
81ty should be greater with plants that kill at &he lower tempera-
tures. Thus in the case of a solution containing a gram molecule
of a non-electrolyte in a liter of water, the freezing point is
=1.86°, 1In case of & solution with one-half ef a gram molecule

%0 a liter of water, the freezing point would be =0.93%° C. The

f°11°'1ng figures would evidently be approximately true.

Fraction of water unfrozen, Fraction of water

Temperature gram-mélecule, in a liter unfrozen, one-half
of water a gram-molecule, in
Smee- cmeeeeeoooB liter of water __
=0.930 ¢ all all
-~1.860 ¢. all 1/2
=3.720 ¢, 1/2 1/4
=7.440 ¢, 1/4 1/8
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This is, of course, assuming that the eutectic point
of the solution is below these temperatures. It also assum-
es that the freezing point i8 lowered exactly in proportion
to the molar concentration of the solution; that is, if there
be four gram molecules in a liter of water, the freezing
point should be four times -1.86° C. This is probably not
quite true but the difference is so slight that it may be
ignored here. It will thus be seen that with a solution in
which there is a gram molecule to a liter of water of a sol-
ute that stays in solution below =29.76° C., there would be -
as much water unfrozen at -14.88° C., as there would be at
=29,769C., if the molar-concentration is only half as great.

Maximow concludes that the protective action of the mat-
erial he used was greater than could be explained by the de-
Pression of the freezing point of the sap. He may not have
considered the above facts. Another fact should be consicered,
With the plants Maximow used, possibly a large percentage of the
8ap crystallized out at temperatures considerably above the min-
imum temperatures that he used. Maximow used a protective sub-
stance a solution of equal density with the plant sap and with
a low eutéctic point, then at a temperature of say -10° C., it
Would be considerably more dense than the plant sap from which
Crystallization had taken vlace. While thearetically the protec-
tive action of increased density should be greater with plantis
that ki1] at a rather low temperature like winter buds and wood,
Ve have found no way to demonstrate such protective action with
8uch tissue. The only means of increasing the sap density of

8uch tissue that suggested itself to us was by applying ferti-
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lizers like potassium chloride to the soil and this method
has not had that effect.

From the experience of Maximow and experience here with
cabbage and othersplants where the salts in solution have ine
creased the resistance to cold as much as it was increased by
organic compounds, and in some casesmore, it seems that one is
safe in concluding that killing from cold is more likely a ..
mechanical injury due to the withdrawal of water from the pro=-
toplasmic membrane than an injury resulting from the precipis-
tation of proteids as suggested by Gorke,since an increase in
the percentage of any mineral salt should tend to hasten the
Precipitation of proteids rather than reduce it.

It seemed that one good test of the theory of Gorkel
Would be ti find whether or not a lower temperature is require-
ed to precipitate proteids from the sap of twigs as they in-
Creare in hardiness during early winter. It is known that from
the time the leaves fall for at least one or one and one-half
months, the cortex as well as the winter buds and the sap wood
of deciduous trees (at least of peaches) continue to increase
in hardiness. This Station made an affort to determine whether
this increase in hardiness might not be due to such a change
in the composition of proteids that they would tend to remain
in Solution at lower temperatures. Consequently, twigs were
gathered on the dates showm in the following table; beginning
befére leaf fall. Large quantities of cortex sap were express-

ed. After pouring back and forth to insure a uniform solution

1
Landw. Versuchs. Vol. 65, p. 149, 1906. (Bibl. No. 47.)






one half of this sap was frozen at the temperatures shown in
the table, & temperature that would at that time kill the cor-
tex and practically all other tissue of the twig. The other
half was kept in an ice box until the freezing of the other

S8ap was complete, then both were taken to the Department of
Agricultural Chemistry for proteid analysis, the frozen sap
being thawed on the filter except when otherwise stated in the
tables. The analysis was by the following plan, kindly furnish-
edby the Department of Agricultural Chemistry.

Kjeldahl-Gumming Method for Estimation of Nitrogen.

"Weigh out accutately 4-6 grams of the sap by difference,
Place in 500 c.c Kjeldahl flask, add 0.7 gram of mercury and
25 c.c of sulphuric acid, heat for a few minutes until froth-
ing ceases, add 7 grams of potassium sulphate and digest over a
flame until clear, cool; wash down the neck of the flask with
distilied water, heat again one hour until water is expelled.
Cool and dilute with water until flask is 2/3 full, add a piece
°f zine and a plece of paraffin and 80 c.c. of alkaline solution
Containing 500 grams potassium sulphide and 18 kilos sodium hy=-
droxide in 40 liters of the solution. Distil into standard hy-
drochloric acid and titrate back with standard hydroxide, using
Cochineal as indicator®. The factor 6.25 was used in reducing
Bitrogen reading to proteid readings.

Twigs of spple, peach, pear and plum were used with results

88 shown in the following teable.






TABLE XII. Showing Percentage of Proteids in Frozen and Unfrozen Sap from Tissues of
Apple, Pear, Peach and Plum.

D D DS e W WO D WD WD W WD WL D T WD N e e D D D ED WD WD e MD VD WD D D ED WD ED AP GO S WD S D ED GD G D TR GD P W = G D e G ED S W e G5 Co N AL S WD ML W WD e e s G e W W TS W e W e @ WSS

' ] ] ]
Kind of Sap ' Date 'Tempera- 'Average per ' Average per cent proe-
! ' ture 'cent proteids.' teids. 8ap frozen.
' ' 'Sap Unfrozen !
..................... D ot oo S GO s il s s e ey s A
! ] Y '
VWealthy apple twigs ‘'Sept. 4, '1ll ' =17 ! 0.337 ' 0.435
Wealthy apple twigs 'Oct. 2, '11 ' - 9.5 ! 0.556 d 0.544
Elberta peach twigs 'Sept. 4, '11 ' =17 ¢ 1.488 ' 1.894
Elberta peach twigs 'Oct. 2, '11 ' -« 9.5 ' 2.644 ' 2.550
Elberta peach twigs 'Oct. 16, '1l1l ' - 9.5 ! 2.550 ' 2.531
Elberta peach roots 'Oct. 16, ‘11 ' - 9.5 ' 1.563 ' 1.563
Elberta peach twigs 'Nov. 30, '11 ' - 9 ' 2.050 ! 2.100
Chabot plum twigs 'Sept. 4, '11 ' -17 ' 0.651 A 0.894
Chabot plum twigs 'Oct. 2, '11 ' - 9.8 ' 0.819 ' 0.800
Kieffer pear twigs 'Sept. 4, '11 ' -17 ' 0.144 ' 0.031
Kieffer pear twigs 'Oct. 2, '11 ' - 9.5 ' 0.4086 ' 0.375
Kieffer pear twigs ' Oct. 16, '11 ' « 9.5 ' 0.288 ' 0.288
Kieffer pear roots 'Oct. 16, '11 ' - 9.5 ' 0.181 ' 0.208
' -9, ' 0.350 ' 0.375

D D D D W T s D S O D T WD WD D O ED WD W W T W D W S WD D D WD D WD AR D N D WD D WD WD WD D T W CC O N WD VD D WD B LD WD TS O W WD WD W W D D WO MD AD D wh WD WD AP VD W T O W WD W W WD W W W w W
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In no case does there seem to be any conclusive indicate-
ions that proteids were precipitated by temperatures low en-
ough to kill the plant tissue. Since there was no precipitat-
ion from the sap of tender twigs in early autumn, sap was not
taken from twigs later in the season.

Cabbage and other succulent plants grown in the greenhouse,
some well watered, some under dry conditions and others grown
out of doors, also well watered but under conditions where they
Would withstand lower temperatures than would those grown in
the greehhouse, had each an abundance of sap expressed, half of
it veing frozen to a temperature that would kill those well
watered in the greenhouse, but would not kill those grown out
of doors., Samples of each of these frozen and unfrozen were
analyzed for proteids, with the results shown in the following
table;






TABLE XIII. Showing Percentage of Proteids in Frozen and Unfrozen Sap from Succulent
Plants.

D D D W W W W D D S D WD S T W W e W e DD D D N WA S E D Gl ED TS P DS e EDED S e D S S D ED D S R SR R D e Gl os e eSS G D R G ED GRS D W e e

] ]
Kind of sap ' Date 'Temper- 'Average percent ' Average percent
' ' ature 'proteids. Sap ' proteids. Sap
' ' ' Frozen ’ Unfrozen
..... e ] 5 e o o i e el o e o 0 20 A T 5 0
] ' ' ]
Cabbage, greenhouse, dry ' ' ! '
80LY . v vsecaninenninas VADE. 8, '12 " <3 ' 0.975 ' 1.069
Cabbage, greenhouse..... 'Apr. 8, '12 ' -3 ' 0.781 ' 0.838
Cabbage, out-of-doors....'Apr. 8, '12 ' -3 ' 1.406 ! 1.438
Cabbage sap, outside..... 'Nov. 28, '1ll ' -5 ! 1.875 ' 1.8568
Cabbage, inside dry soil.'Oct. 28, '11 ' <5 ' 1.144 ' 1.281
Cabbage, inside..........!0ct., 28, '11 ' <5 ' 0.919 ' 0.956
Tomato sap, greenhouse...'Dec. 1, '11 ' =3.,7 ' 0.594 ' 0.438
Tomato sap, greenhouse,..' ' s '
dry eoil..........see.'Dec. 1, '11 ' 3.7 ' 1.313 ' 1.444
Tomato sap, outside......'Dec. 1, '11 ' =3.,7 ' 0.700 ' 0.713
Pea Sap, inside..........'Apr. 27, '12 ' -5 ' 2.069 ' 2.413
Pea sap, outside.........'Apr. 27, '12 ' -5 ' 3.088 ' 1.625
Lettuce, sap inside......'Apr. 27, '12 ' =5 ' 0.519 ' 0.613
Lettuce, sap outside.....'Apr. 27, '12 ' 5 ' 0.269 ' 0.263
Kale, greenhouse.........'Dec. 16, '11 ' 6,2 ' 1.744 ' 1.831
Kale, outside............'Dec. 16, '11 ' =6.2 ' 1.963 ' 1.904

-gé-
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In case of cabbage, kale, lettuce and peas there is some
evidence of precipitation in case of the more tender green-
house plants, but it is possible that the differences are with-
in the range of experimental error.

In March, 1913, apple roots that had been growing in the
greenhouse for sixty days had sap expressed, half of it frozen
to a temperature that would kill them, the other half not froz-
en. At the eame_time sap was taken from roots that had been
kept in cold storage at a temperature seldom varying from 32°F.,
with the follawing results:

TABLE XIV. Showing Percentage of Proteids in Frozen and Unfrozen
Sap from Apple Roots.

B L WW D DD w D @ u e od e o W W P T T D D D E D D U A TS WD D S D D WD W T S WD DD DM DWW e W

] ] L]
Material ' Treat- ! Date ' Percentage
! ment ' : Nitrogen
' '

Apple stock, cold storage'Wot frozen' Mar. 14, '13' 0.325
Apple stock, cold storage'Frozen & Mar. 14, '13' 0.325
Apple stock, greenhouse 'Not Frozen' Mar. 14, '13' 0.592
Pple stock, greenhouse 'Frozen ' Mar. 14, '13' 0.548

In case of the greenhouse grown apple stock there seems
to be slight evidence that proteids were precipitated by the
low temperature. However, the difference is probably within
the range of error. In these cases great care was taken to
Prevent any change in the soluble proteid content of the sap
before analysis began. The unfrozen sap was immediately start-
ed for analysis, after being expressed. In all cases the frozen

8ap was thawed on filter paper 80 that 1ittle change could take

Place after the thawing.
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From the above tables, we are safe in concluding that in
the case of the cortex of twigs from fruit trees in autumn or
early winter, precipitation of proteids plays no part in the
killing since temperatures that will kill all the cortex will
precipitate no proteids. In the cas; of some succulent growing
plants there seems some evidence that a killing temperature will
precipitate a slight percentage of the soluble proteids present,
but since inereasing the amount of ealts present that are suppos-
ed to precipitate the proteids increases instead of decreasing
the resistance to low temperature, we are probably safe in con=-

cluding that precipitation of proteids does not explain freezing
to death.

OTHER FEATURES THAT INFLUENCE THE FREEZING TO
DEATH OF PLANTS.

Rate of Thawing. The effect of the rate of thawing on the
killing from cold has been discussed previously with reference
to the works of Mfiller-Thurgaul Molisch,? and Sachs.®. However,
1t is not out of place to discuss it briefly as one influence
10 be dealt with in killing of certain plants from cold. As
mentioned before, Miller-Thurgau and Molisch found only mature
fPuits and leaves of Agava Americana to be affected by the rate
of thawing. Practically all plants used in freezing experiments
to be reported in this paper have been tested with reference to
the effect of rapid thawing, particularly because of the effect

8uch thawing would have on the results with other experiments.

1Landw. Jahrb. Vol. 15, p. 453, 1886. (Bibl. No. 78).
2Untersuchung Uber das Brfrieren, etc. Book, 1897. (Bibl. #75)
5Ber. u.d.Ver.d.Kon.Sachs.Gesell, d. Wiss.zu.Leipzig,1860.
VOl. 12, pp. 1-50. (Bibl. No. 94.)






The following table gives the results with peach fruit buds that were thawed
slowly and rapidly.

TABLE XV. Showing the Effect of Slow and Rapid Thawing on the Amount of Killing of
Peach Fruit Buds,

D S W Th G T ) D D ED NP T W WD ED W D WD ED WD D WD D D O D D D WD D WD WD WD W D G WD D GO W G WD W G D D P W UD NO WD W D WD NP WD P W D D W W D W WD W e P =D e G O KD WD W NS W G WD W = WD W W W W

' ' ' ' '
Variety ' TIreaipent ' Date 'Yemper "Number ' Percentage

' ! ' atuve ' of Buds ' Killed
................ o i i s W i i o R o v e s R e e A

' ' ' ' '
Hills Chili.....' Thawed rapidly ' Jan. 21, '11 ' =21 ' 178 ' 40.
Hills Chili.....!' Thawed slowly ! Jan. 21, '11 ' <21 ' 200 ! 51.1 ;
Hille Chili.....' Thawed rapidly * Jan. 22, '11 ' =20.5 ! 100 ' 7.0 2
Hills Chili.....' Thawed slowly ' Jan. 22, '11 ' =20.5 ! 100 ' 23.0 ?
Lewis...cvece...! Thawed rapidly ' Feb., 9, '11 ' =20.8 ' 100 ' 7.00
Lewis$...........' Thawed slowly ' Yeb. 9, '11 ' <20.2 ' 100 ' 20.0
Elbertac.c.c....' Thawed rapidly ! Dec. 8, '11 ' =16 ' 110 ' 20.9
Blbertac.e..s...! Thawed slowly ' Dec. 8, '11 ' =18 ' 100 ' 8.0
Elberta...... ...! Thawed rapidly ' Dec. 13, '11 ! =16 ' 75 ' 94.8
Biberta.........! Thawed slowly ' Dec. 13, '11 ' <16 ' 80 ' 100.0
Rice's Seedling ' Thawed rapidly ' Mar. 24, '13 ' =16 ' 129 ' 72.2
Rice's Seedling ' Thawed slowly ' Mar. 24, '13 ' =16 : 130 ' 84
Blberta: se oo Thawed rapidly ' Mar. 24, '13 ' =18 ' 95 ! 95.8
Elberta.........' Thawed slowly ' Mar. 24, '13 ' =16 ! 83 ' 90.4
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The buds were thawed slowly by simply 1lifting the inner
cylinder to which they were attached and seeing that the tem-
perature was raised to four or five degrees above that to
which they were lowered. In no case was it possible that the
temperature could have gohe back to the minimum temperature
recorded, and usually twelve hours, sometimes slightly more,
were required for the thawing.

Enough buds were frozen to justify a positive conclusion
that rapid thawing does not influence the amount of killing.

The following table gives the result of slow and rapid

thawing of young fruits:






TABLE XVI. Showing the Effect of the Rate of Thawing on Freezing to Death of Young Fruit.

] ' |} |} ] ]
Kind of fruit ' Age of' Date ' ianner of ' Temper ' Number ' Percentage
Fruit' . ' ature ' _of Killed
'in days' ' Thawing ' * Fruite !
Ceanceccen= comeae | R . duceccccvecas cnceclaccccsan | R decrcmmcvcncns -
Lewis peach,;,...'! 30 ‘May 17, '13 'Rapidly in room ' -4 v 23 ' 43.5
Lewis peach......: 30 ' May 17, '15: Slowly in free-! =4 '24 ' 25.0
() zer ] ' i
Barly Bernard ' ' ' ' ' !
peach....... ' 35 ‘May 21, '13 'Rapidly in room ' <4 ' 34 & 61.8
Early Bernard ! ' ' ' ' ’
peach....... ' 35 'May 21, '13 'Slowly in freeze' -4 ' 34 ! 91.2
Elberta Seedling ' ' ! ' ¥ '
peach,.......'! 38 ‘May 24, '13 'Rapidly in room ' -4 ' 2 ' 61.9
Elberta Seedking ! ' ' ' ' '
peach........' 38 'May 24, '13 'Slowly in room ' -4 ' 30 ' 30.0
Elberta Seedling ! ' ' ' ' '
peach........' 38 'May 24, '13 'Rapidly fanned ' -4 ' 25 ' 44.0
arman peach ' ' ' ' ' '
dia, 1 in....' 44 'May 31, '13 ' Rapidly in room' =4 ' 20 ' 40.0
Carmen peach ' ' ' ' ' '
dia. 1 in....' 44 'Yay 31, '13 'Rapidly in sun ' -4 ' 20 ' 45.0
Carman peach ' ' ' ' ' '
dia. 1 in....' 44 'May 31, '13 'Rapidly fanned ' -4 ' 20 ! 45.0
Carman peach ' ' ' ' ' '
dia. 1 in....! 44 'May 31, '13 'Slowly in freeza! =4 ' 20 ' 45.0
Waddell peach ' ' ' ' ' '
dia, 1-1/4 in' 52 'June 6, '13 'Rapidly in room ' -4.5 '' 22 ' 8l1.9
Waddell peach ' ' ' ' ' '
dia. 1-1/4 in' 52 'June 6, '13 'Slowly in freezer -4.5 ' 22 ' 70.0
Waddell peach ' ' ' ' ' '
dia, l-1/4in ' 52 'June 6, '13 'Rapidly fanned ' =4,5 ' 22 ' 80.0
S8eedling peach ' .. '*Junell, '13 'Rapidly in room ' =4,5 ' 15 ' 46."7






Table 16 Cont'd.

' ' ! |} ' '
Kind of Fruit ' Age of ! Date ' “anner of 'Tem- 'No. of 'Percent-
' ruit ! ' Thawing 'nera 'Frukte ' age
' in days' ' * ture ' 'Killed
...................... K R v v e e i i i i i o W e
Seedling peach.........'.. ... ' June 11, '13'Slowly in freezer '-4.5 ' 16 ' 25,0
Jonathan appleé.........! 23 ' May 17, '13'Rapidly in rooh '-4 ' 19 ' 68.4
Jonathan apple........ ! 23 ' May 17, '13'Slowly in freezer '-4 ' 15 ' 60.0
Jonathan apple........ ' 30 ' May 24, '"13'Rapidly in room '-4 ' 23 ' 56.5
Jonathan apple.........! 30 ! May 24, '13'Slowly in freezer '-4 '3l ' 80.7
Jonathan apple........" 30 May 24, '13'Rapidly fanned '-4 ' 19 ' 78.9
Salome appl@......c00.."! "e ' June 11, '13'Ravidly in voom V-4 ' 15 ' 46.7
Salome apnle,,,,,.ec...’! s ' June 11, '13'Slowly in freezer '-4 ¥ 16 ' 33.3
Dyehouse cherry........" & ' May 17, '13'Rapidly in room '=4 ' 15 ' 66.7
Dyehouse cherry,,......! - ' May 17, '13'Slowly in Freezer '-4 ' 18 ' 16.8
Dyehouse cherry........! - ' May 21, '13'Rapidly in foom" ' :''=4 ' 38 ' 39.5
Dyehouse cherry........' ‘ ' May 21, '13'Slowly in freezer '-=4 v4" ' 80.9
|}
Average, Rapldly in roOmMese..ccoeceenercerececetionsoscocasssonnns ceeecsnsenane .'! 55.8
]

Average, Slowly in freezer........ B EE RN R A B C RGO E W e «n? 50.%






The fruits were thawed slowly by removing some of the salt
and ice from the freezer and if necessary lifting the 1id to the
freezer so the temperature inside would immediately cool to a-
bout one desree centigrade above that to which the fruits were
run. This was done in order to be certain that the slowly thaw-
ing fruits did not suffer greater killing by being kept at the
minimum temperature longer than the rapidly thawed fruits. App-
roximately three hours were required for succulent plants and
fruite to thaw in this wag. It is apparently certain that the rate
of thawing hasilittle to do with the amount of killing of young
pe&aches and apples. Not enough cherries were tried to justify
conclusions.

It will ve seen in the table that some of the fruits were
fanned in thawing. These fruits were taken in the frozen con-
dition from the freezer and put at once in the curret from an
electric fan to see if rapid evaporation during thawing and shorte
ly afterward influences the killing. The results indicate that
it does not.

Results at this station from freezing ripe winter apples
agree with those of MGller—Thurgau and Molisch that unless the
temperature goes too low, slow thawing will greatly reduce the
amount of killing. With the very young fruite, however, there
is no indication that the rate of thawing influences the killing.

The following table gives the results of freezing apples in
early July that ripen in September; pears that ripen in August

and September, ripe yellow Swan peaches and Elberta peaches that

ripen about Xugust 15th in Columbia, and Krummel October peaches

Which ripen in September in Columbia;






TABLE XVI. Showing Relative Effects of Slow and Rapid Thawing of Frozen Green Fruit of

Apple, Pear, Peach and Plum

]

'

'
Material : Date

L

Jonathan apples 1-1/2 in.'

in diameter....... ees VYJuly 11, '13

(Thawed Rapidly) ‘
Jonathan apples,l-1/2 in,
in diameter, '
(Thawed slowly)....ccc...!
Jonathan apples, halfe '
grown. (Thawed rapidly)' July
Jonathan apples, half-
grown. (Thawsd slowly.) ' July
Jonathan apples,
(Thawed rapidly).....'
Jonathan apples, '
(Thawed slowly)......!
Blenheim apples, ripe, '
(Thawed rapidly).... : July
]
]
|

July

July
July

Blenheim apples, ri

(Thawed slowl ?.....
Duchess pear, 1=-1/2 in.

in dia. (Thawed rapudly

July
July

Duchees pear, 1-1/2 in,
in diameter(Thawed slow' July
Tyson pear, halfegrown, '
(Thawed rapidly?. N July

11,
14,
14,
17,
17,
14,
14,

11,

11,
14,

P P P w P P W PP P D P BV DD DT DD P PP DD P > PO S

No. of 'Percentage

Fruits

10

> OO O &6 O

10

10::

'Showing Ine

LR B N R A R B B R R R 4

of Fruits

Jury

100
100
100
100
100
100
100

70

60
100

T W O @ W P o DD D DD DD DD DD NS T W -wfY w e ® -

Remarks.,

Seeds uninjured

Seeds Uninjured

Slight injuty
8light injury
S8light injury
Slight injury
8light injury
Slight injury
Seeds of injured
fruit dead.
Seeds of injured

frult dead.
Slight injury






Table XVI Cont'd.
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]
Material ' Date

]

]
....................... O pp——
Tyson pear, hslf grown '

(Thawed slowly)..... 'July 14,
Duchess pear, green '
(Thawed rapidly)....'July 17,
Duchess pear, green ¢
(Thawed slowly).....'July 17,
Krummel October peach
(Thawed rapidly)....'July 12m
Krummel October peach !
(Thawed slowly).. ...:J’uly 12,
Elberta peach, green '
(Thawed rapidly)....'July 14,
Elberta peach, green
(Thawed slowly).....'July 14,
Yellow Swan peach,ripe !
(Tyawed rapidly)....'July 14,
Yellow Sawn peach,ripe !
(Thawed slowly).....'July 14,

Elberta peach, green '
(Thawed rapidly)...'July

Elberta peach, greem '
(Thawed slowly)...!July

Graves peach, ripe '
(Thawed rapidly)..'July

Graves peach, ripe '
(Thawed slowly)...'July

Wild Goose Plum, green !
(Thawed rapidly)..!July

17,
17,
17,
17,
14,

'13
'13
'13
'13
'13
'13
'13
'13
'13

'

'Temper 'No. of
' ature ' Fruits

@ B B B P B B D D P WD D W WD DB P D D D D P D CM D - O W Do

@ WP B W D P D WD B P D W G D D D WV D DD D D D S WD W w DPpe

10
10

o o - o

o

- P W @ WD PP @ P DD DWW D DD DD DD PP P PP w S S w--

Percentage
of Fruits
Showing Ingury

e 00 O0 0P e W W O & w e ww

100
100
100
100
100

100
100
100
100
100
100
100
100

80

P T @ e S P P DD D D DD D DD DD DD DD T WD 0GP W Pr > S

Rheniarks

Slight Injury
Slight Injury

Slight Injury

Seeds of injured

fruits killed

Flesh thawed in

freezer litile less
injured

8light injury

8light injury
S8light injury
Slight injury
Injury slighg
Injury slight
Injury slight
Injury slight

Injury rather severe.






Table XVI. Cont'd.
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' ' ' '
Material ' Date ' Temper ' No. of 'Percentage '  Remarks
' ' ature ' TFruits! of Fruits !
' ' ' ! Showing In '
L] ' L ] 3ury 1
o e e o | R | SR Lenrusnson ST S e J
' ! ' ' !
wild Goose Plum, green ! ' ' ‘ Y t
(Thewed slowly).....'July 14, '13 ' <5 ' 5 ! 1C0 ' Injury rather severe
Wild Goose Plum, ripe , ' ' ' '
(Thawed rapidly).... July 14, '13 ' <5 ' 5 100 ' Injury rather severe
Wild Goose Plum, ripe ! ! ¢ ! !
(Thawed slowly).....'July 14, '13 ' -5 : 5 100 ' Injury rather severe
] |} 1 '
....................... | WSROI, PN SO, ' (o
Average, green fruits rapidly thawed....... G W . 93.6 ' T
Avergge, green fruits slowly thawed......c.ccvevvvuansa! 96.4 '

L X R K R R R R R R R Rl R e I I Rk






Those fruits that were thawed slowly were thawed in the
same manner as the young fruits in the previous table. They
were thawed es slowly as it is possible to thaw them. Ice
without salt was packed over the freezer and left over night,
For those frozen July 14th, the temperature at 5:05 P.M. was
-4,5° ¢., at 5:30 P. M., =-3.5° C; at 5:45 P. M., =3° C, and
at 6:30 A. M. the next day it was 9.5° C. The temperature
rice for the other freezings was approximately the same. The
ice was all out of the fruits thawed rapidly in a warm room
in a few minutes. In no case was there any evidence that the
rate of the thawing affected the amount of injury to the un-
ripe fruits, or even to the partially ripe Yellow Swan peaches.
It seems probable that slow thawing affects the amount of in-
Jury only in case of ripe apples and pears.

The following table gives the results of .slow and rapid

thawing of some garden plants:






TABLE XVII. Showing the Effect of Slow and Rapid Thawing on leaves and Stems of
Growing Plants.

D S S Sh e OO ED D G CP G D R S Tl TR S G S G D D OO TN IS LS SRS AR ST G R A eI GS ORD S ST s RS RS SN N G TGS DG R SR e G S SR P OROE e e D G SR ORGSO eGSOl s e R e e

' ' ' ' 'Percent ' Per-
Material ' Manner of ' Date '7Temper 'No. of 'age all ‘'centage
' Thawing ' 'ature 'Leaves 'Killed 'fotal Swr-
' ' ' ' ! 'face Killed
' ' ' ' ' '
................... oo oo s v s s e M s i e e e
Cowpeas.............' Rapidly in room ' Muy <28, 'a3 ' -3.8 ! 2 ' 26 '
CowpeaB.............! Slowly in freezet Nay 28, '13 ' -3.8 ' 286 &100 s
CowpeaB....... «¢ie..'! Rapidly in sun ' May 28, '13 ' -3.8 ' 25 '100 '
CowpeaS........c000.' Rapidly in room ¥ June 14, '13 ' -4 ' 3 '100 ' 100
CowpeasS........ ceee.! Slow in freezer ' June 14, '13 ' -4 ' 3 ' ' 90
Lettuce.....ccveee..' Rapldly in room ' May 7, '13 ' -4 '27 ' 22.2 ' a7
Lettuce.........v...! Slow in freezer ' May 7, '13 ' -4 ' 20 ' 5.0 ' 13
Lettuce............."Rapidly in room ' May 13, '13 ' -4 ' 4 ' ' 90
Lettuce............."'" Slow in freezer ' May 13, '13 ' -4 ' 3 ' ' 50
Lettuce(Black) Seed-' ' ' ' ' '
ed Sampson)........' Rapidly in room ' June 12, '13 ' -4 ' 9 ' 66.6 ' 92
Lettuce (Black Seed=" ' ' ' ' '
ed Sempson)........'! Slow in freezer ' June 12, '13 ' -4 ' 11 ' 36.6 ' 50
Lettuce (Black Seed-" ' ' ' ' '
ed Simpson.........' Rapidly in room ' June 12, '13 ' -4 ' 10 ' 80.0 ' 97.5
Lettuce (Black Seed ' ' ' ' '
ed Simpson)........' S8low in freezer ' June 12, '13 ' -4 ' 10 ' 90.0 ' 97.5
Kale.....ovvnnn. «...' Rapidly in room ' May 15, '13 ' -5 ' é ' 16.6 ' 20.8
Kale....vcceceeeese..! Blow in freeser ' May 15, '13 ' -5 ' 5 ' 0.0 ' 0.0
Kale.....ceccee000...! Rapidly in room ' June 28, '13 ' 3,56 ! 5 '100.0 ' 100.0
Enl@:csvwswnvavonnsn ' Rapidly fanned ' June 28, '13 ' -3.5 ! 5 '100.0 ' 100.0
Kale....voevveveeve..! Blow in freezer ' June 28, '13 ' 3,5 5 '100.0 ' 100.0
Keleeooo i i, .' Rapidly in room ' July 3, '13 * -3.,5 ' 5 ' 80,0 ' 95.0
Kele................' Slow in freezer ' July 3, '13 ' 3,8 5 ' 80.0 ' 95.0
Cabbage.............' Slow in freezer ' May 15, '13 ' -5 ' 4 '100.0 b 100.0
Cabbage............."'" Rgpdily in room ' May 15, '13 ! -5 ' 4 '100.0 ' 100.0
Red Cabbage......... ' Rapidly in room ' May 15, '13 ' -5 ' 5 ' 20.0 ' 20.0
Ped Cabbage......... ' Slow in freezer ' May 15, '13 ' -5 ' 9 ' 33.3 ' 33.3

-LG»






TABLE XVII. Cont'd.
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' ] ' L ' ]
' ' ' ' ' Percent'Percentage
Material ' Manner of ' Date ' Temper 'No. of ' age all'Total Sur-
. Thawing ' ' ature 'Leaves 'Killed 'face Killéd
! ' ' |} ) ' !
e 4 R A AR s o A . AR . TR—  — U, FpR— -
Cabbage, Flat Dutch 'Rapidly in room 'June 12, ‘13 ' =4 ' 20 ' 100.0 100.0
Cabbage, Flat Dutch 'Slowly in room 'June 12, '13 ' -4 t 10 ' 100.0 ' 100,0
Cabbage............. 'Rapidly in room 'June 28, '13 ' =3,5 ! 5 ' 40.0 ' 85.0
Cabbage=............ 'Slowly in freezer 'June 28, '13 ' 3.5 ! 5 ' 40.0 ! 85.0
Cabbage...cccovveuane 'Rapidly, fanned 'June 28, '13 ' -3.5 ! 5 ' 40.0 ! 85.0
Cabbage, Red Rock 'Rapidly in room 'June 30, '13 ' -4 ' 5 ! 40.0 ! 65.0
Cabbage, Red Rock 'Slowly in freezer 'June 30, '13 ' -4 ' 5 ! 60.0 ! 65.0
Cabbage, Red Rock 'Rapidly, fanned 'June 30, '13 ' <4 ' 5 ' 60.0 ! 70.0
Tomatoes.......... ..'Rapidly in room 'June-28, '13 ' 3.5 ' 26 ' 100.0 " 100.0
Tomatoes.....ov0uue 'Slowly in ffeezer 'June 28, '13 ' 3,56 ' 26 2 10C.0'! 100.0
Tomatoes............ 'Rapidly, fanned 'June 28, '13 ' 3.5 ' 25 ' 100.0 " 100.0
Elberta peach leaves'Rapidly 'July 16, '13 ' =6 ' 9 ' 44 .4 " 58.9
Elberta peach ;eaves' Slowly 'July 16, '13 ' <6 ' 8 ' 0.0 ! 25.0
Elberta peach leaves'Rapidly 'July 17, '13 ' <5 LI Y 4 ' 0.0 ! 17.9
Elberta psach leaves'Slowly 'July 17, '13 ' <5 ' b8 ' 0.0 ! 18.9
Late Duchess apple: ‘! ' ' ' ' '
1eBVeB. .o vean 'Rapidly tJuly 16, '13 ' =8 ' 22 ' 0.0 28.4
Lgte Duchess apple ' ' ' ' '
leaves..........!8lowly 'July 16, '13 ' -6 ) ' 0.0 ! 19.7
Late Duchess apple ! ' ' & ' '
legves.........."'Rapidly YJuly 17, '13 ' <5 t bl ' 0.0 27.4
Late Duchess apple ! ' ' ' ' '
leaves.........."'S8lowly ‘July 17, '13 ' <5 ' 55 ' 0.0 ! 26.3
....................................................................... - o o wnian: ¥
Average, Legves of succulent plants, thawed BlowWly.........evvennneeeeeeennnes o, 68.4
Averag®, Leaves of succulent plants, thawed rapidly........ccceeuu... NPTPIPRE. 76.3
Average, Same, excluding lettuce thawed 8lowly............oc0vun.. R RS e ' 74.4
Average, Same, excluding lettuce, thawed rapidly.......ceoveeeeee.. YLLIT saEEat 76.2
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In none of these plants, except lettuce, does there seem
1o be any difference in the amount of killing on account of
the rate of thawing. Lettuce, however, seems to have the am-
ount of injury reduced by slow thawing. Even with lettuce,
however, e slight reduction in temperature, certainly not more
than one degree, would offset the effect of slow thawing.

EFFECT OF VILTED CONDITION ON KILLING TEMPERATURE.

The condition of plant tissue at the time of freezing
with reference to turgidity seems to have somethiing to do with
the killing. 1In all freezings care has been taken to have all
of the vlants kept in an equally turgid condition, or as near-
1y eo a%}ﬁg%%ible to maintain, though to find to what extent
8light difference in turgidity might alter results, a consider-
able number of plants were frozen, some turgid and some wilted.

The following table gives a 1list of freezings and the results:






TABLE XVIII. Showing Effect of Wilting of Plant Tissue on Its Resistance to Cold (Fruits)

Material

) O P D W S S T G N Oh PGS MG S h e e

PEACHES '
Elberta 8eedling, turgid 'lMay
Elberta Seedling, wilted !

oNn tWigessnvnsisnnnasnis IMAY
Elberta Seedling, wilted !
on 3-1/2 hrs. detached..'May
Lewis , fresh............May
Lewis, wilted 6 hrs. on !
tvigs... ............ . '"May
Early Bernardy turgid....'May
Early Bernard, wilted 5 !

hrs. on twig.... ....... ! .May

'

APPLES '
Jonathan, turgid......... 'May

Jonathan, wilted on twig.!May
Jonathan, wilted detached'May
Jonathan, turgid.........'May
Jonathan, wilted on twig !

6 hours....cceeveee...'May

Salome, tugid............"'June
Salome, wilted on twig...'June

CHERRIES '
Dyehouwe, tugid..........'May
Dyhouse, wilted 5 hrs. on'

EWAE s cvsncnnnmmns ceess.'May

--—-----------------—-—.—————-n-—------——.—---——-u----—-------———--—

19,

19,
12,
12,

21,

‘Temper 'No. of
'"Fruits

tature

1
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Average, percentage of fruite killed, fresh..
Average percentage of fruits killed, wilted in twig...'
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o
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'Percentage ' Percentage Weight
'Killed

L
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Lost

27.6

—06-

4.0

' 34.4






TABLE XVIII (a). Showing Effect of Wilting of Plant Tiscue on Its Resistance to Cold.
(SBucculent Plants.)

|}
Material ' Date 'Temper 'No. of 'Percent 'Percent 'Percent
' ' ature 'J,eaves ' age all'age Total 'age wgt.
' ' ' ‘ ' Killed 'Surgace Kill-' Lost
N A R S . SV ! [ o Nph— W N - PR, J————
Tomato, $UPElId..covscnnos ee.' Aug. 10, '12 ' <3 ' < ' 80.0 '
Tomato, wet and turgid...... ' Aug, 10, '13 ' -3 ' 2 ' 90.0 !
Tomato, wilted.......... ce.o!' Aug. 10, '13 ' -3 ! 2 ! ' 85.0 .
Tomato, turgid.............. ' Aug. 11, '12 ' -2 ' 2 ! ' 20.0 3
Tomato, wet and turgid.....' Aug. 11, '12 ' -2 ! 2 ! 40.0 !
Tomato, wilted.............. ' Aug. 11, '12 ' -2 ' 2 ' 30.0 '
Tomato, turgid..............' June 26 , '13 ' 2.5 32 ! 50,0 72.6 !
Tomato, went and turgid.....! June 25, '13 ' -2.5 ! 32 ! 69.2! 88.4 '
Tomato, wilted....... P ' June 25, '13 ' -2.5 ! a7 43.2!" 62.8 ' 15.8
Tomato, TUrEI@.cousumssnnnsen ' June 30,, '13' -2.56 ! 35 ! e 97.5 '
Tomato, wilted......... eeeee! June 30, '13 ' 2,5 ! 24 ! o6& 58.0 ' 28.0
Kale, turgid.............. .. July 3, '13 ' -3.56 ! 5 ¢ 80.0! 96.0 '
Kale, wilted................ ' July 3, '13 ' -3.5 ! 5 ! 60.0! 85.0 ' 35.4
Red Rock Cabbage, turgid....! June :30, '13 ' -4 ' 5 ! ' 65.0 '
Red Rock Cabbage, wilted....' June 30, '13 ' -4 ' 4 AT 43,9 ' 16.8
Lima Beany turgid...........' June 22, '12 ' -8 ' 5 ! ' 15.0 '
Lima bean, wilted...........'! June 22, '12 ' -8 " 5 ¢ ' 75.0 '
Lettuce, turgid.............' July 25, '12 ' -8 ' 5§ ! ' 0.0 '
Lettuce, wet and turgid.....' July 25, '12 ' -2 ' 5 ' 50.0 '
Lettuce, wilted.............' July 25, '12 ' -2 ' 5 ! ' 0.0 '
Lettuce, turgid.............' July 27, '12 ' -2 ' 5 ! ' 0.0 '
Lettuce, wet and turgid.....' July 27, '12 ' -2 ' 5 ¢! ' 30.0 '
Lettuce, wilted............ N July 27, '12 ' <2 ' 5 ! ' 60.0 '
Lettuce, turgid.............'" July 30, '12 ' .2 ' 5 ! ' 25.0 '
Lettuce, wet and turgid.....! July 30, '12 ' 2 ' 5 ' 25.0 '
Lettuce, wilted............ .V July 30, '12 ' -2 ' 5 ! ' 35.0 '
Black Seeded Simpson lettuce! ' ' ' ' ' '
turgld.covnvssnnnassn ' June 12, '13 ' -4 ' 9 ! 92.5! 66.6 '

—'[6—






Table XVIII (a) Cont'd.

D ED wn n G G P P P CE D CP S Gn G G W G TE CD SR G° GD TO R TP OF G S5 5 G5 UO GO G CF G GP GP G0 € P P W G GP TP WP O° TO G TP GF O WS UL G0 o WD WD T G GO WS P N GD TP G5 W TP T GO GP D SN C° GF G0 O @ O) UGB B @O WP OB @ @ @ e

Material
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'
Black Seeded Simpson lettuce!

wilted...... Ty
Black Seeded Simpson lettuce!
LUl v cvsn s e wmnns '

Black Seeded Simpson lettuce'

wWilted,.ssssssvssnsinss?
Turnip, turgld.....ccco00cee't
Turnip, wet and turghd......:?
Tumip, wilted,.cvvvssvsvens
Thrmip, turgld..ccosssscconn
Turnip, wet and turgid......
Turnip, wilted..............
Red Clover, turgid..........
Red clover, wilted..........
Red Clover, turgid...... Ty
Red Clover, wilted.......c.
Rose Geranium, turgid.......
Reo#e Geranium, wilted.......
Rose $eranium, turgid.......
Roege Geranium, wet and turgd!
Rose Geranium, wilted.......!
Common Geranium, turgid.....!
Common Geranium wet & turgid!
Common Geranium, wilted.....!
Common Geranium, turgid.....!
Common Geranium, wet & turgid
Cemmon Geranium, wilted.....'

- ® W D B P D © D D -

Date

June
June

June
July
July
July
July
July
July
July
July
Ruly
July
July
July
July
July
July
July
July
July
July
July
July

‘temper'No. of 'Percent

'tature 'leaves'age Totel!

'
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'Surface
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'Percentage
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75.0
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Table XVIII (a) COnt'd.

l
Material ' Date 'Temper'No. of'Percent
' ' ature'leaves' age all
' . ! ' Killed
' ] '
....................... TN, [PRSRIIe, [T, [SS——
Morning=-glory, turgid..'July 31, '12' -2
Morning-glory, wet and ! '
turgid......... AJuly 31, (12' -2 5

Morning-glory, wilted..'July 31, '12' =2
Morning-glory,turgid...'Aug, 3, '12' <2
Morming-glorg, wet and ! !
turgid..........'Aug. 3, '12' -2
Morning-glory, wilted..'Aug. 3, '12' -2
Coleus, wet and turgid.'Sept. 3, '12' -2.5
Coleus, turgid........ .'Sept. 3, '12' 2,5
Coleus, wilted.........'Sept. 3, '12' -2558
Fern, turgid...........'Sept. 8, '12' -2
Fern, wet and turgid...'Sept. 6, '12' -2
Fern ,wilted...........'8ept. 68, '12' -2
Pern, turgid...........'S88pt. 6, '12' -2

Fern,wet und turgid....'Sept. 7, '12' -2
Fern, wilted......... ..'8ept. 7, '12" -2
Fern, turgid...........'S8ept. 9, '12' -2
Fern,vet and turgidhi...'Sept. 9, I12' 2
Fern, wilted...........'Sept. 9, '12' 2
Mulberry, turgid.......'Sept. 9, '12' -2

Mulberry, wet and turgidSept. 9, '12' -2
Mulberry, wilted.. ..... 'Sept. 9. '12' -2

Average percentage surface killed leaves of succulent

.“--‘-“-“C-_------"P.

P EE ) D W e @ e

‘--‘--‘-‘-‘O”-‘o‘--o---
-

QOO LPERE POIW O

plantl. Prgldsccsnsnaa
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51.4
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On January 22md, 1913, apple roots from one-year old stock
were frozen to =92 C in 3-1/4 hours:
(a) Two kept in water 18 hours.
All were injured. The crown cuts slightly in cambium;
and the second and third in csmbium and cortex severely.
(b) Two roots kept in saw-dust.
The crown cuts were very slightly injured; the second
and third were more severely than the crown cuts, but less

than the second and third cuts of (a).

(c) Two dried roots - allowed to dry on desk eighteen hours.
Crown cute and second cuts entirely uninjured. Very
slight injury in cambium region of third cut.

.There is some indication that rapid wilting in case of some
Plants reduces the injury fweezing. However, in the case of most
Plants the difference is rather slight and with many plants there
is no apparent difference. In all cases the wilting was sufficient
Yo give the tissue a limp appearance. It seems rather certain
then that wilting so slight that it cahnot be easily detected by
the appearance or feel of the tissue could npt influence the re-
Sults in freezing such tissue as our plants with roots or stem
bYases in golutions. In case of plants with the surface wet, list-
®d in the table as wet and turgid, there seems strong evidence
that tne killing from freezing is worse.

Long continued partial withholding of water is different.. The
date of growth, sap density and possibly the resistance of the pro-

toplasn to the results of low temperature are increased. There is
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no apparent reason to expect this of rapid wilting. It would
temporarily increase the sapp density by reducing the amount of
water in the cell., It probably does not, however, increase the
amount of material in the cell to hold water. Plants growing

With insufficient water supply are generally more resistant to
cold (See tables IV, V and VI). We have also some results of this
effect of continued partial withholding of water on dormant peach
buds. On November 20, 1910, tyvical branches of peach trees were
girdled, a ring being cut nearly through the sap wood; and another
limb was cut off and set up in the tree. This was done with sever-
8l trees. The following table gives the :perténtage of buds killed

WYhen the temperature went to -8° F., on January 3, 1911:

TABLE XIX. Showing Effect of Slow Drying out on Hardiness of Peach
Buds in Winter.

' No. of ' Percentage

] t
Variety Buis From ' Date ' Buds ' Killed
' ' '
et ecccnana ]' ___________________ Lo i i | . bccccuccncaca
garnes 'Girdled branch 'Jan, 14, '11' 321 ! 19.3
RoTnes 'Cut off branch 'Jan. 14, '11' 275 ' 29.5
carneg 'Check,normal branch'Jan. 14, '11' 326 ' 86.0
ocolnolly  1Girdlaed branch ‘Jan. 14, '11' 198 '  68.7
onnolly 1oyt off branch 'Jan. 14, '11' 281 ' 68,0
H:?uolly 'Check,normal branch'Jan. 14, '11' 217 ' 89.9
1y 1 ® Ohili'Girdled branch '‘Jan. 14, '11' 501 ' 11.4
Hi]ls Chili'Cut off branch ‘*Jan, 14, '11' 351 ! 18,0
1- Chili'Check normal branch'Jan. 14, '11' 465 @ 45.2
erage Girdled branch.............. ..... P B 1 |
2;erag, Cut Off Dranch........eeeceseeseennsns on m uws ' 38.5
®Tage, Check, normal DIanch......eeceescess R B - T

w
S e o o o e e e e e e e e e . o = = W = E .. T = E S EE® =" =eoo

It is plain that this slow loss of water in case of winter

reatﬁng fruit buds has increased the resistance of the tissue to

1
ow t°mperature.






RATE OF FREEZING: Pfeffer: makes the following statement
with reference to the rate of frecezing: "Resistant plants with-
8Stand rapid and slow cooling equally well, and it is doubtful
whether a rapid fall of temperature is more injurious to nlants
killed by freezing than is gradual cooling. That the injury is
10t due to the sudden formation of ice after sub-cooling is
shown by the fact that a peeled potato is killed by freezing,
a@lthough no sub-cooling occurs and the iee forms gradually at
=19 ¢., the freezing point of the sap." However, lately winkler,?
Working with Pfeffer, finds that with winter twigs that on cooling
rapidly to -22° C. will be killed, if they are kept for three days
at -168% C., two days at -18° C., three days at -20° C., two days
at <220 ¢,, three days at .26° C., and twelve hours at =300 to =320
C., they were not all killed.

The rate of temperature fall is very important indeed, es-
Peclally in case of winter buds. In fact apple buds can be frozen
in a chamber surrounded by salt and ice rapidly enough that practi-
Cally all of them will be killed at a temperature of zero F., or
8lightly below, while it is well known that they may go through a
temperature of 20° F. to 30° F. below zero with but slight injury
Yhere the temperature fall is not so rapid. No fruit buds have been
foung on the Experiment Station grounds that cannot be killed by a
temperature secured by salt and ice when 1hn:-the most dormant state,
by very rapid fall. The following is a list of the freezing in our
laboratory, with the resulte:

- 2,p.235.(Bibl.#88).
Phys. of Plants. Eng. Trans. by Ewert, Vol.2,p
2Jahrb, f. Wiss. Bot. Vol. 52, 1913,pp.467-506. (Bibl. No.121).






TABLE 20. Showing Effect of Slow and Rapid Temperature Fall on Freezing to Death of
Plant Tissue.

! ' 1 ] |}
Kind of Buds. ¥ Date 'No. of'Percent! Number ' Percentage
' 'Buds. lage ' Buds. ' Killed
' ' '¥Yilled ! v
cemseccerenesea R g becannasae= - mwade wenaw L o s i i b N s s o i
' Slowly to -19.59C* Rapidly to:-17.7°C.
' '
Rice's Seedling peach 'Jan. 25, '13' 80 15 55 ' 96.4
Yellow Swan peach ‘Jan. 25, '13' 64 28 ! 86 ' 100.0
Early Richmond cherry 'J an. 25, '13' 100 16 ! 90 ' 97.7
' Slowly to =202 C. ' Rapidly to -19° C,
Rice's Seedling neach 'Feb. 15, '13!' 117 10. 3¢ 68 ' 100,.0
Yellow Swan peach 'Feb. 15, '13' 95 30,5 64 ' 100.0
Early Richmond cherry 'Feb. 15, '13' 100 45.0! 89 ' 98.8
Dyehouse cherry....... '‘Feb. 15, '13' 83 22.0! 90 Y 97.8
' Slowly t0-18.5°9 C.' Rapidly to =120 C,
Rice's Seedling peach 'Mar. 15, '13' 104 42,3 101 ' 37.6
Elberta peach.........'Mar. 15, '13' 104 97.M 86 ! 61.6
Jonathan apple........'Mar. 15, '13' 35 34.3" 20 ' 70.0
Montmorency cherry....!Mar., 15 '13' 85 14.1! 87 ' 17.2
Lombard plum..........'Mar. 15, '13' 112 12,9 99 ' 47.3
Slowly to -15.59C.' Rapidly to -10°C.
Hills Chili peach.....'Feb. 22, '13' 63 17.. 3" 49 10.2
Rice's Secdling peach.'Feb. 22, '13' 104 10.6" 81 4.9
Early Richmond cherry.'Feb. 22, '13' 094 29.8! 73 ! 54.8
Slowly to =189 C. ' Rapidly to -13.5° C.
Elberta peach.........'Mar. 8, '13' 66 30.3" 92 ' 70.5
Hills Chili peach.....'Mad. 8, '13' 120 20.8! 71 ' 76.0
Rice's Seedling peach.'Mar. 8, {(13' 70 21.4! 82 ' 54.9
Slowly to =180 C, ' Rapidly to -13,5° C.
Rice's Seedling peach''Mar. 22, '13' 138 44.2! 154 ' 51.9
Elberta peach......... 'Mar. 22, '13' 100 88.0! 85 ' 92.9
Jonathan apple........ 'Mar. 22, '13' 34 64.7" 38 ' 75.7
Montmorency cherry....'Mar. 22, '13' 1768 58.5" 184 ' 62.5
Chabot vplum........... IMar. 22g '13' 236 78.3! 183 ' 86.8






Table 20 Cont'd.

' ' ' '
Kind of Buds ' Jate 'Number 'Percentage ' Number 'Percentage
' ' Buds ' killed ' Buds ' Killed
- e e ot e e | R lovascaaa LsGcmimmm s aia L. i nbamcn pem 00 5 e
' Slowly to <16.5° C. ' Rapidly to =11.5° C.
Rice's Seedling peach 'kar. 24, '13' 145 57.0 ' 1658 53.2
Elberta peach ‘Mar. 24, '13' 170 82.9 ' 86 756.5
Jonathan apple 'Mar. 24, '18@' 39 46.2 ' 40 70.0
Montmorency cherry 'Mar. 24, '13' 1686 76.5 ' 189 59.2
Chabot plum 'Mar. 24, '13' 191 100.9 vt 178 73.8
' Slowly to -18° C. ' Rapidly to -12.50C.
Elberta peach.........'Nov. 3, '10' 382 7.8 ' 188 69.1
S}owly to -16.5° C, ' Rapidly to =160 C.
BElberta peach.........'Pec. 7, '11' 150 1.3 ' 200 100.9
Slowly to -16.2° C, ' Rapidly to -16.5° C. ;
Elberta peaches.......'Dec. 7, '13' 210 14.8 ' 150 96.6 =
]
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TABLE 20 (a) Showing Effect of Slow and Rapid Temperature Fall on
Death of Plant Tissue.

Freezing to
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Kind of Buds. ' Manner of Freezing ! Date ' Number of

' ' '  Buds.
SR o o o e A LS S T S —
Montmorency cherry 'Slowly to -20° C.....'Mar. 2, '12' 163
Montmorency cherry 'Rapidly to =200 C....'Feb., 29, '22' 130

Barly Richmond cherry 'Slowly to -20° C.....'Mar. 9, '12! 297
Early Richmond cherry 'Rapidly to -20° C....'Mar. 14, '12' 263

- ® ® @ jv ©® ®© >

Percentage
Killed
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TA3BLE 20 (b). Showing Effect of Slow and Rapid Temperature Fall on Freezing to Death

of Plant Tissue.
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'
Kind of Buds, ' Date
Ny

S e o B g e fi s s AR
Ben Davis apple 'Jan. 18, '12
Ben Davis apple 'Jan. 19, '12
Ben Dabis apple 'Feb, 2, '12
Ben Davis apple 'Feb. 3, '12
Jonathan apple '‘Jan. 18, '12

Early Richmond cherry 'Jan. 18, '12
Barly Richmond cherry 'Jan. 19, '12
Montmorency cherry 'Jan. 18, '12
Early Richmond cherry 'Peh. 9, '12
Montmorency cherry 'Feb. 10, '12
Cherry Feb. 15, '12

. W S D W P o W @@ w e e P ® o=

=21

-2055
-20.5
-20.5
-20.5
-20.5

Rapidly, plus 20° C., to -17°

Jonathan apple 'Feh. 20, ‘13"
Vermont Beauty pear ‘'Feb. 20, '13
Chabot plum '‘Feb, 20, '13 !

c,

2 hours
2 hours
1-1/2 hours
2-1/2 hours
2 hours

1-1/2 hours
2 hours
1-1/4 hours
1l-1/2 hours
1-1/4 hours
12 hours
(Slowly

in 45 minutes.

o-dgc_.-—-----"--

Percentage
Killed

100.0
100.90
100.0

-66-






TABLE 20 (¢). Showing Effect of Slow and Rapid Temperature Fall on Freezing to Death
of Plant Tissue.

' ' ' '
Material ' Date ' Time 'Terperature ' Results,

] ] ] ]
............................ 0 o R s s it 5 s S SR
Elberta peach twigs 'Mar. 21, '13' 7-1/4 hours ' -18 ' Sap wood and pith
Rice's Seedling peach twigs 'Mar. 21, '13' 7-1/4 hours ' -18 ‘only itnjured regions.
Jonathan apple twigs "Mar. 21, '13' 7-1/4 hours ' -18 ' Rice's Seedling
Chabot plum twigs '"Maf. 21, '13" 7-1/4 hours ' -18 'showed the leest in-
Montmorency cherry twigs "Yar. 21, '13' 7-1/4 hours ' =18 'jury. Others injured about
Elberta peach twigs 'Mar. 21, '13' 1£3/4 hours ' -13.5 'the same for twigs whose
Rice's Seedling peach twige.'Mar, 21, '13' 1-3/4 hours ' -13.5 ‘temperature fell rapidly
Jonathan apple.twigs........ 'Mar. 21, '13'(1-3/4 hours ' =13.5 'to =13.5° and those whose
Chabot plum twigs......... ..'Mar. 21, '13' 1-3/4 hours ' -13.5 'temnerature fell slowly to
Montmorency cherry.twigs....'Map. 21, '13' 1-3/4 hours ' =13.5 '218%4 '(Budstinjured worst

' " ' 'in raptdly frozen ones.)
Elberta peach twigs....... ..'"Mar, 22, '13' 1 hour ' «11.5 'Pith and sap wood injured.
Elbert ¢ ) ' ' 'Pith and sap wood injured.

peeach ' ' ' ' Very slight bréwning in
PWIER ssscisnvinnnds ."Mar. 22, '13' 7-1/2 hours ' -18.5 ' cortex; none in cabium,
Rice's ' ' ' 'No difference in injury
Seedling ' ' ' 'vetween rapid and slow.
peach twigs............'Mar. 22, '13' 1 hour ' =11.5 'Pith and sap wood slightly
Pice's Seedling peach twigs 'Mar. 22, '13' 7-1/3 hours ' =16.5 '‘injured in both.
Jonathan apple twigs........ 'Map. 22, '13' 1 hour ' <11.5 ' Pith injured in both cases
Jonathan apple twigs........ 'Mar. 22, '13' 7-1/2 hours ' =16.5 'No. other tissues injured.
Montmorency cherry twigs....'Mar. 22, '13' 1 hour ' =11,5 'Pith injured in both cases,
Montmorency cherry twigse....'Mar. 22, '13' 7-1/2 hours ' =16.5 '
Chabtt plum ' ' ' '
AR e s unnssssssusssnes 'Mar. 22, 113' 1 hour ' 11,8 ' Pith and sap wood injured
Chabot plum twigs........ ...'Mar. 223 '13' 7-1/2 hours ' =18.5 ' equally in both cases.

-_—ANN .
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With these twigs it will be seen that the killing temper-
alure of ravidly frozen twigs was four and a half degrees higher
than that of the more slowly frozen twigse, and even then the

buds of the rapidly frozen twigs killed the worst,
In rapid freezing it required from one to one and three-

fourths hours to reach a temperature of -20° C. In slow freez=
ing it required from seven to ten hours to reach the same temper-
ature., Many young fruits and succulent plants were also frozen
Slowly and rapidly but there was little apparent difference between
the results that the data are not given. The killing temperature-
lies s0 near the freezing point that possibly the slowly frozen
tissue kills badly because it is exposed to temperatures around
the killing point longer. This tender tissue was exposed to the
minimum temperature for from twenty to thirty minutes.

It will be seen that the rate of temperature fall with winter
twigs and buds exerts the greatest influence on the extent of kill-
ing at g given temperature of any feature we have so far discussed.
And in the case of very forward, rather tender fruit bude, the rate
ot temperature fall exerts great influence. This on March 24, 1913,
¥hen a11 pugs, especially of peaches, plums, and cherries, had made
Much growth, a temperature of -11.5° C. killed as many buds with
tapiq temperature fall as a tenperature of -16.5° C. with a slower
temperature fall,

Tests were made to see whether the rapid temperature fall
that does the most harm is in the early part of the ice forming
State, or in the later part. The following table gives the results

itn Peach buds frozen slowly one-half way down to the killing
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temperature and rapidly the remainder of the way, and others
frozen rapidly one-half the way down and slowly the remainder

of the way, and others slowly all the wey down:






TABLE XXI* Showing the R8lative Effect on the Resistance to Low Temperature of Rgpid

D R N I I

Kind of Buds.

D W D DWW S W W WS

Elverta peach
Elberta peach
Elberta peach
Elberta peach
Elberta peach
Elberta peach
Elberta
Montmorency cherry
Montmorency cherry
Montmorency cherry
Montmorency cherry

Barly Richmond cherry'Slow to -12;
Early Richmond cherry'Fast to -12

Early Richmond cherry'Fast to =-20.

Dyehouse cherry
Dyehouse cherry
Dyehouse cherry

Temperature Fall Toward the Beginning and Toward the End
of the Freezing Period.

O W D D D D D D W WD P SO D D W WD WD D D O D GO D WD WD WO O W D WD P WD SO D 4D WD WD M) SO WD WD W D WD T WD D D D el WD b D T W W G O W W W W

1 |} |} |}
' kcnner of Freezing ' Date ' Ho. of' Percentage
' ' ' Buds,.,' Killed
T i O o 58 S B T e R S N R——
'3low to =12;fest-12 to -18 ''Dec. 20, '11' 135 ! 3.7
'Fast to -12;s8low-22 to =16 ' Dec. 20, '11' M 71.4
'Slow to-1%.5........ vensss? Dae, 20, '11' 129 ! 6.2
IFagt 0 =218 cicovcossssnsen ' Dec. 8, '11' 135 98.5
'Slow to -12;fast to -168....' Dec. 8, '11' 113 ! 3.5
'Fast to -12; slow to -168...' Dec. 8, '11!' 135 ! 29.0
'Medium to -12; fast to -16.' Dec. 13, '11' 155 ! 52.3
'Fast to =12; slow £o -20...' Feb, 24, '12' 142 75.0
'Slow to -12; fast to -20...' Feb, 27, '12' 126 ! 15.4
Pt P00 =20, unrasdosnnsssn ' Feb, 27, '12' 130 96.0
'B8low 10 «20ivevissssnnnnsas !.Mar. 2, '12' 1683 ! 3.0
fast to -20...' Mar. 5, '12'" 291 ' 14.0
slow to -20...' Mar. 7, '12' 283 ! 83.0
Early Richmond cherry'Slow to -20. ............... ' Mar. 9, '12" 297 ! 5.0
............. '"Mar. 14, '12 ' 263 98.0
'Slow to -12 fast to -20...' Mar. 185''12' 184 ! 56.0
! Fast to -12 slow to -20..: Mar. 19, '12' 200 ! 99.0
"Pant 80 =20, couxcnvsanan «s.V Mar, 22, *12' 150 ! 95.0
]
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It will be seen that rapid falling in the ezarly part of
the freezing period down to =-12° C., does more harm than rapid
fall in the latter part of the period, from -12° C. to the
killing temperature. This rapid freezing probably has cone
siderable to do with the amount of killing at times in nature,
though just how much i¢ is difficult to tell. In this investi=
gation it was not possible Wo cause, the temperature to fall
more slowly than the most rapid fall to be observed naturally
in the climate of this station. Yet there are probably times
when on sunny, cold days the tempereture of some tissue may
rise to near the freezing point due to the absorption of the
heat by the dark color of the bark. In this case when the sun
i1s off the twigs, the temperature will fall very rapidly. Since
rapid temperature fall near the freezing point seems to be more
harmful than rapid temperature fall near the killing temperature,
1t would seem certain that greater killing should thus result.

It does not seem impossible that "sun scald" of apple trees may
be explained in this way.

This ranid fall of temperature may also be a feature to be
considered in heating an crchard. Thus any one who has worked
With orchard heaters knowa that if on a still night a few of
the heaters go out, the temperature will immediately fall to
about that which would prevail without the heaters. In this case
1t is possible that the tiseue may kill worse than if the heaters
had not been there, since the blossoms or fruit would freeze

very rapidly. We cannot be certain of this, however, for results
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with repild freezing of blossoms at this station have not been
uniform enough to be conclusive.

MATURITY AND HARDINESS:- Probably the greatest factor
in determining the amount of cold that can be withstood by
trees and shrubs that live through the winter is a condition
of maturity. Emersonl has studied the question of maturity
of fruit and other trees in Nebraska and has found that the
varieties most hardy in wood are those that mature early.
WVhere growth can be checked early in the season, as by a gross
feeding cover crop like millet, the trees will also withetand
more cold.

Sblby2 mace a study of the injury to fruit trees and or-
namentals by the severe freeze early in the winter of 1903=04;
and attributes the severe injury to the fact that the trees
gre:?I: the fall on accountof a very wet period following a
pPeriod of dry weather.

Eustace® reports a study of the effect of the same winter
on fruit trees and describes similar conditions. It seems in
this case also the great injury is due to the trees having
grown late in autumn.

Winkler? found that the resistance of native trees in Ger-
Many is least in May, June, July and August, and gradually in-
Creuses during September, Cctober, November and December, and
is greatest in January, as measured by laboratory freezings,
lyebraska Agr. Exp. Sta. Bull. 79, 1903, (Bibl. No. 33),

Nebr. Agr. Exp. Sta. Bul. 92, 1906, (Bibl. No, 34); Neb. Agr.

Exp. Sta. Anl. Rot. No. 19, 1906, pp. 101-10.(Bibl. No. 35.)
20hio Agr.ngp. Sta. Bul. 192, 1908. (Bibl. No. 101,)
% New York (Geneva) Agr. Exp. Sta. Bul. 269, 1905. (Bibl, #3e)
4 Janrb. f. ¥iss. Bot. Vol. 52. 1913, pp. 467-506,(Bibl # 121.)
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In summer the fruit dbuds, for example in August after

they can be easily detected, may be killed by a temperature

of =99 to -10° C., or somewhat lower on some years. At this

time there is little difference between the hardiness of the
buds, the wood, and even the foliage, though the foliage kills
8lightly the worst; while in winter fruit buds have been known

to survive temperatures of -30° C. and lower, and the tree will
survive, under favorable conditions, considerably lower temper- .
ature than that. In fact Macounl cites an instance where a
Pyrus baccata - Pyrus Nalus hybrid - has withstood for five years
& climate whose temperature frequently falls to -50° F., and in
1909 it fell twice to 59° F.

' At the beginning of winter, as observed by the authors above,
the tree tissue generally - whether it is buds, wood, cambium or
Cortex - will stand less cold than later in the winter. Ob-
S8ervation at this station indicates that at least some tissues
increase in hardiness rather rapidly for a short time folldwing
leaf fall. The following table gives the temparature and re-
Sult of freezing peach fruit buds, beginning in summer when they
are first plainly to be observed and continuing unitl January:

lProcs. Soc. for Hort..Science, 1912, p. 65 (Bibl. No. 69.)






TABLE XXII. Showing the Relative Hardiness of Fruit Buds at Various Seasons of the Year.
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Elberta
Elberta
Elberta
Elberta
Blberta
Elberta
Elberta
Blberta

peach buds
peach buds
peach buds
peach buds
peach buds
peach buds
peach buds
peach buds

Elberta peach buds

Elberta
Elberta
Elberta
Elberta
Elberta
FElberta
Elberta
Elberta
Elberta
Elberta
Elberta

peach buds
peach buds
peach buds
peach buds
peach buds
peach buds
peach buds
peach buds
peach buds
peach buds
npeach buds

Oldmixon peach buds
Oldmixeon peach buds
Oldmixon peach buds
Oldmixon peach buds

Late Duchess apple buds

Jonathan apple buds
Jonathan apple buds
Jonathan appke buds

W e W D S D D P T D D D WD WD P WD D VD A S WD UD D ED GP D WD D N WP M KD W D O D WS MWD SO T WD MDD D N D NS W SO W WD WD A O W S D U N W D WD T WO WP P NS M O e TS W G N WE W

(Bibl. No. 69)

See-= Procs.

Date
July 15,
July 16,
Sept. 15,
Sept. 27,

.Nov. 1;
' Nov. 5
'Nov. 14,
' Nov. 12,
' Nov. 17,
' Nov. 18,
' Nov. 18,
'Dec. 1,
' Dec. 1,
' Dec. 6,
' Dec. é,
v Dee, 14,
' Dec. 18,
' Jan. 8,
' Jan. 13,
' Feh, 23,
' Aug. 23,
' Nov. 28,
' Nov. 286,
' Dec. .6,
' July 15,
' July 15,
' Nov. 4,
' Jan, 18,

Soc. for Hort. Science, 1912,

-19.5
-22
-6
-5
-12. 5
-20.5

'

Buds

278

Killed
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The following table gives the results of freezing twigs:

TABLE XXIII. Showing Killing Temperature of “wig Tissue at Different Seasons.
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L e e et

PEACHES
Elberta.........

Elberta
Young Champion

Champion..
Belle of georgia
five years old
Elberta
Elberta,
one year old

oooooooo

Seedling peach

one year old
Flberta
Elbertsa.
Elverta.........
Elberta....
Elberta...
Elberta.
Elberta.
Elberta.

........

Seedling,
one year old

Seedling, one year old.

Elberta.

oooooooo

-------

------

.......

ooooooo

.
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Aug.

29,

Sept.24,

Oct.

Oct.
Oct.
Oct.
Oct.
Oct.
Nov.
Nov.
Nov.
Dec.

Dec.
Dec.
Pec.

S,

8,
14,
19,
21,
26’

1,

2,
16,

6,

18,
19,
7,

'12

'12
12

a2

vi2
'11
e !
111
il
'11
'11
rle

'12

t12
'12
12
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Results
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'13 twigs. Cambium dead in 5; cambium and

' cortex in 8.

'20 twigs. Cambium and cortex dead in all
'Twigs 10" long. All tissue injured in termi-
' nal 6%"; slight injury to cortex only at bvase
' of tree.

'Bark and bambium killed in all stems.

'Bark, cambium and sap wood killed in

' all twigs.

' Bark, cambium and outer portion sap wood killed
'Cambium and cortex injured except at base

' of one twig. Only injury to sap wood was

' in terminal part of one twig.

'Twigs injured in cambium and cortex injured.
]

sGOL=

'24
'38
‘46
' 39

100% dead. Cambium only killed.

Yo Injury.

73% dead. Cambium only killed.

Killing confined largely to cambium.

123 twigs. 60.0% killed. Cambium only injured,

'51 twigs. 84.3% killed. Cambium only injured.

'Slight Injury in cortex. Cambium uninjured.

'Cortex injured in all; cambium uninjured;pith

' ¥illed and eap wood occasionally showed injury.

'Injured slightly in cortex and pith; cambium

'and wood sap uninjured.

'Injury confined to pith~and cortex.

'Injury confined to shoulder below bud and
pith region.

twigs.
twigs.
twigs.
twigs.






TABLE XXIII. Showing Killing Temperature of Twig Tissue at Different Seasons

CE T TR R R R R R R R R R R R

' ] ]
Variety ' Date 'Tempeature Results
' ' ]
............................ s 5 s s e o s T 5 5 B . S R
Elberta CEBEESEE NN N ..' Jan, 11, '13 -20 'Pith dead, other tissues uninjura
Rice's ' A
Seedling, . vvisnnvsnsaws ' Jan. 25, '12 -19.3 'Cortex injured slightly; Cambium
' entirely killed.
BlbertB.cssasnssunnna seswmss? MRY, 21, 118 -18 'Injury to sap wood and pith.
Rice's *Injury to sap wood and pith less
Seedling....¢ccve0eevee.. ! Mar, 21, '13 -18 ' than with Flberta.
Blberta. .cosevses ceeeceseess! Apr. 5, '13 -12.5 'Wood uninjured.
APPLE TWIGS. ’ 4
Jonathan twige....cce0c.00ee! May 17, '13 - 4 'Cortex and epidermis hardiest in -

‘a given part. Near base twigs hami- &
' er than near tip. '
- 4 'Slight injury near terminal part.
-5 'Cambium injured throughout all twigs,
'In terminal 3 in. injury extended to
' cortex, sap wood and pith. Terminal
' leaflets more severely injured than
' remaining ones.

Jonathan twige......coc000ee

May 24, '13
Jonathen twige.............. 7

Ben Davis 'Severe injury in cambium, cortex
seven years o0ld.......... June 26, '13 -4 'and sap wood.
Young Early Harveet......... June 27, '13 -4 ' Very slight injury in cambium
' near terminal
Early Harvest............ ee.! June 27, '13 - 5 'Cambium, cortex, sap wood and pith
' injured. More severe near terminal.
Ben Davis ' 'Cambium and cortex severely injured.
five yeare old........... July 2, '13 - 4,5 ' Sap wood injured.
Late Duchess............... ' July 15, '13 - 6 '4 twigs; no injury.
Jonathan twigs..............' July 16, '13 -5 '20 twigs; no injury.
Young apple......... T A July 27, '12 - 5 'All tissue injured 4" back from term-

'inal. No tissue injured farther back
‘than 7" from terminal. Cortex injured
'‘most and cambium next.
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TABLE XXIII. Showing Killing Temperature of Twig Tissue at Different Seasons,’

JONSTNBN . s 55 saiwe s s oo es

Ben Davis....... “we e
Ben Davis..
Jonsthan....coeceeveeee..
Jonathan.......
Jonathan. (Cne. year 0ld)

Jonathan

one year old.
Ben Davis......... g
Jonathan

one year old......
Ben Davie

one year old......
Ben Davis

one year old.......
Gsno

two years old......
Jonathan,

one year old......
GanO

two years old..

------

.
WD W W B D W P W WD B D P @ P D O B S >

Lete
Avg. 15, '12
Oct. 9, 12
Oct, 13, '12
Oct. 16, ‘12
Nov. 16, '12
Nov. 16, 'l1l
Nov. 27, '11
Nov. 27, 'l1
Nov. 29, '11
Nov. 29, '11
Nov. 29, '11
Nov. 29, '11
Dec. 5, Y1l
Dec. 11, '11

'Temperature !

- P W B P W P W W WD O B B W B D P D W W W e -~ W w W - > -

- 0

- 8
- 905
-15
-18.5
-15

-20
-20

-20.7

Results.
]

SRS i g UGG S Ui

'Cortex and cambium injured Sligﬂb
'ly in all samples. Sgp wood and
‘pith not injured. Only slight
‘difference between younger and
‘older parts,

'‘No parts killed.

'No parts killed.

'Cortex killed; cambium uninjured.
123 twigs. No Injury.

'Slightly injured in cortex.
'Cambium uninjured.

|}

'38.5 inches of twigs;
'in all tissues.

'40.5 inches of twigs;
'in all tissues.

'158 inches of twigs;
'in all tissues.

]
'No
'80
'in
|

' 38
tin
]
'156 inches of twigs;
'in all tiscues.

'113 inches of twige;
'in all tissues.

el

67.5% killed
14.8% killed
34.1% killed
injury.

inches of twigse; 7.5%killed

all tissues,

inches of twigs; 7.8% killed

all tissues.
59.8% killed

15% killed






Table XXIII., SHowing Killing Temperature of iwig Tissue at Different Seasons.

PLUM TWIGS
Mature plum tree...........

Marianna..ccesecessccscesso
Marianna

one year old.......... -
Marianna

one yesr old...... o8 & 8
Marianna

one year 0ld........ o d b

Mariannactot‘aac-.ooo.notlo

D I Y

Oct.
Nov.
Dec.
Dec,

Jan,

112

112
*l1
'12
12
'13

'
\

- - e @ > - @ @ o @

lemperature

-8
=11
-168.5
-18
-20
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Cambium, pith and cortex injured
throughout. Sap wood slightly
injured throughout.

Very slight injury

New shoots. All killed only in spots
at basel ends.

Injury in cortex and pith. Sap wood
and cambium uninjured.

Injury confined tc pith and cortex,
slight injury to pith. Other tisrcues
uninjured.

Slight injury to pith. Other tissues
uninjured.
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Eustacel often observed the greatest injury to peach trees
to be just above the snow line. TFollowing the wiinter of 1904
Green and Ballou? reported that an Ohio fruit grower was able to
save his trees by banking the bodies with manure, thus keeping
the temperature of the truhke near the ground from going as low
as that to which the remainder of the tree was exposed.

To test this point at the Missouri Experiment Station, sec-
ticns of tissue from young and 0ld trees were taken at different
rointe along the trunk beginning near the ground and consinuing
upward intoc the branches. These were collected and frozen at
intervals throughout the ycar, beginning in September and ending
the following July. The results are shown in the following

tables:

: New York (Geneva) Agr. Exp. Sta. Bul. 269, 1905. (Bibl #38.)
2 onio Agr. Exp. Sta. Bul. 157. (Bibl. No. 48.) -






TABLE XXIV.

Showing Relative Hardiness of

Different Tissue.

]
Variety ' Late 'Temper 'Location of ' Resiilts
' tature ' Tiesue '

........................... decocccacccccceeb e e e ccccc e e cc e ———

Ben Davis ' ! 'Sections taken'Current season's twige
apple tree sections..... ' Sept. 4, '12 ' -5 ‘at intervals ‘entirely free from in-

' ' '‘from near the 'jury. In older wood in-

' ! ‘ground to the 'jury was slight end cod-

' ' ‘twigs 'fined to cambium and outside
' ' y 'part of sap wood. The low-

' ' ' 'est part of trunk had ceam=-

' & ' 'bium more severely injured

! ' ' 'than parts higher up.

Sections from eight year ' ' 'Sections taken'Injury most eevere in cam-
014 Improved Janet ! ' 'at intervals 'bium region. Younger stems ,
apvle tree.........cc.... ! Sept. 11, '12 ' <6 'from near the 'lees brcwned than older. b=

' ' ‘ground to the 'Sap wood injured in 56% of
' ' ‘twigs. 'stems,greatest injury on '
! ; ! 'most rapidly thickening

3 ' ' 'side of stem.

Sections from five year s X 'Sections taken'Older wood from near ground
0ld Improved Janet apple' ' 'at intervals ‘'decidedly more brown than
tREE. civssssisnnuninnann .'! Sept. 12, '12 ' -6 'from near the 'younger wood of twigs. Core

! ' '‘ground to the 'tex showed first injury

' ' ‘tvige '‘and createst. Cambium in-

' ' ' 'jury slight. Sap wood injury
' ! ' 'confined to olderrwood.

Ben Davis apple seven years' ' 'Crown (highest'All sectionse from lowest
okd, 2 in. in dia. st ' Y 'point where 'to highest injured in
CYOWN....eoeseeevsecsess! June 26, '13 ' =5 'roots attach ‘'cambium. A}}] above two

Same, 2 in. in dia........." ' '6 in. below 'feet also injured in cor-

' ' 'surface.) 'tex. All sections above
: : '€ in. sbove 'four feet injured ih cam-
|} |}

tof soil)

‘crown (surface'biuk, cortex and sap wnod.






TABLE XXIV¢ Showing Relative Hardiness of Different Tissue,

Variety

)
]
(]
]
]
[}
J
|}
]
]
]
]
]
]
(]
!
]
]
]
]
[}
)
|}
]
]
'
1
]
]
]
]
]

-
o
=
[N
o §

1-5/8 in.
1-1/2 in.
1-1/4 in.
1 in.
5=8

1/2 in.

in,

Ben Davis gple

Same,
Same,
Same,

Same,

Same, 1

Same,

Same,

nd

2-1/2 in.
2-3/8 in.
2 in.
1-1/2 in.
in.
1 ip.

3/4 in.

e e
- SN - SR - T - |

[
=

in
in

five years old
laneter..

in
in
in
in
in
in

in

dia.....
dia..

dia.

dia....

ooooo

diamater.....
diameter....
diameter.....
diameter....
diameter.....
diameter.....

diameter....

at crown

e e

@ WD B P WD WP P P B O D O W PP B D D P D O O =

'13
p B
'13
'13
'13
'13
'13

'13

'Temperature'Location of!

P ® B ® @ W P W P P P W P W WD DD W DD P T W DD - - s w - - P

' Tissue

]
]
]
]
]
]
]
L}
]
]
]
&
1
]
]
]
]
]
]
]
]
]
]
'.
]
]
]
t
!
]
]
1
¢
]
1
1
]
1
]
1

-5

-4.5
-4.5
-4.5
-4.5
-4.5
-4.5
-4.5
-4.5

' 12 in.

The crown was

'above crown'hardies$ and the
‘higher up from

‘above crown'the crown showed
‘the more injury.
'above crown'

' 24 inch

' 24 inches

'368 inches

¢

‘above crown'

148 inches

\

'dbhove crown'

'60 inches

tabove crown!

'72 inches

¢

‘above crown!

'Crown

]

‘6% above

' crown

'12" above
' crown

'18" above
' crown

124" above
' crown

136" above
' crown

148" above
' crown

'60" above

' crown
'

L

]
]
'
'
]
L
L]
'
[}
'
|}
'
'
'
'
'
]

~g11-

B

Cambium slightly injured.

Cambium slightly injured.

Cambium
Cambium

slightly injured.
severely injured

Cambium severely injured
cortex slightly injured.
Cambium severely injured
cortex slightly injured
Cambium and cortex in-
Jjured severely.

Cambium and cortex sever-
ely injured; sap wood
slightly injured.






TABLE XXIV.
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Same,

Same,

1/4 in.

Cont'd,

1/6 in. in diameter....

EBarly Harvest apple, 10 in.

diameter....

Bame, 7 in.

Same, 3 in.
Same, 1 in.

Same, 3/4 to

in diameter.....

1/4 in. in dia..

Jonathan apple, 4 years old

Same, four years old........

Same, four years old...

in diameter...

T e e

-----

Septe8,

Sept. 28,'12
Sept. 28,'12

Sent.
Sept.

Oct,
Oct.

28,
8,

19,
19,

19,

'13

'13

'12

'12
'12

1120
'12'
'

1120

-7
-7

Location of
Tissue

- e e

72" adbove
crown

84" above
crown

96" above
CYrown

Near ground

48" above

ground

96" gabove

ground
12 ft. above!
ground '
15 ft.above !
ground '
(This includ:
-es this '
year's grow!
-th '

'

]

At ground '

12 in. ahove!

ground '

24 in above
ground

Cambium and cortex
severely injured;
gap wood slightly
injured.

Cambium and cortex
severely injured;
sap wood slightly
injured.
Cambium,cortex and
gsap wood severely
injured.

~511-

Buds largely killd,
bark and bambium

taken near ground
severely injured.

The very youngest wood
showed little or no in
jury. In the wood near
the ground, the browning
was uniformly distributed
In wood higher up the
brown was irregular and
in spots. In the young
wood, cambium appeared
normal - only cortex in-
Jured.

No injury
No injury

No injury.






TABLE XXIV. Cont'd.
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four years
four years
four years
four years

four years o0ld,......

Same, four years old.

Jonathan apple four years
0ld, 2-1/2 in. in dia...
Same, 2-1/8 in. in dia.....

Same, 1-5/8 in. in dia....

Same, 1 in. in dia.....

1-3/8
18

Same, in. in dia.....

Same, in. in dia.....

Same, .5 in. in
1/4
1/4

3/16

Same, in

Same, in dia,, s

. =~ . . -
P @ W D W W B D W P B W O W W P P D P W D W W - ~ ~ W v w wfe ® ww

Same, in dia.....

Date 'Temper 'Location of
'‘ature ' Tissue
.............. AU ST P———
Oct. 19, '12 ' 7 '3¢ in. above
1 ' ground
Oct. 19, '12 ' &7 '48 in, above
' ' ground
Oct. 19, '12 ' &7 '60 in. sbove
! ' ground
Oct. 19, '12 ' <7 '72 in. above
g ' ground
Oct. 19, '12 ' <7 '84 in. above
! ' ground
Oct. 19, '12 ' 7 '96 in, above
ct ' ground
' '
Oct., 23, '12 ' -9 ' At ground
Oct. 23, '12 ' -9 ' 12 in. above
' ' ground
Oct. 23, '12 ' -9 ' 12 in. above
' ' ground
Oct. 23, '12 ' -9 ' 36 in. above
' & ground
Qct. 23, '12 ' -9 ' 24 in., above
' ' ground
Oct, 23, '12 ' -9 ' 48 in. above
' ' ground
Oct. 23, '12 ' -9 ' 80 in. above
' ' ground
Oct, 23, 'i2 ' -9 & 72 in., above.
' ' gzround
Oct. 23, '12 ' -9 ' 84 in. above
' ' ground
Oct. 23, '12 ' -3 ' 96 in. above

'

zround (Last

.--‘¢‘-‘-‘-‘---‘-‘-----¢-‘-‘-¢r¢¢¢

4 new growth)

D P D D TE O D D D WD WS O . e e e et e = @D O =

=

=4

No injury

All wood, except 1/4 in.
in dia, or smaller injured.
The most severely brown-
ed section was 2 ft. above
ground, at the crotch of s
rapidly growing branch.
The section at the ground
wae less injured than

the one 1 foot above.
Cortex, cambium and sa»
wood injured.






TABLE XXIV Cont'd.
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four years old....

Jonathan apple

four years old....!Nov,
Jonathan apple

four years 0ld....'Nov.
Jonathan apple

four years old....

- @ B P v w W W - @ w -

Nov.

Jonathan apple, five yea-%
re8 old. (Thickest part
of trunk, 3 in. in dia.)'Jan.

Same////.................:Jan.
BRI, s sssussonsssnsssus s s SAl,
;
BoM®sessevansasssmans ....:Jan.
Jonathan apple, five !

years old. (Thickeet '

part of trunk, 3 in. in ¢
diameter)........... *Jan,
'
Same............ 8 T 'Jan.
'
Same ....iveinienn.a ...."Jan,

14,

14,

14,

15,
15,

15,

15,

15,
15,
15,

112

'12

'12

'13
'13

'13

'13

'13
113
'13

'ature

W W D D D P P D W@ WD B W B D W D B B B P D W D > - - @S @ >

-12

-12

=12

-20
-20

=20

-20

-20
-20
-20

12 in.

18 in.

Tissue

- S ™ = = s e

6 in. above
ground

above
ground

above
ground

'At crown

'3 in.

above
crown

'At level of

' ground
'3 in. above
' ground

]

]

]

'6 in. above
! ground
'12 in. above
& ground
'18 in. above
' ground

Most severely injured.
Cambium cortex and sap
wood injured.

Cambium injured. Cortex
slightly injured.

Cambium injured. Cortex

slightly injured. L
l_J
Cambium injured. Cortex Y

slightly injured.

All tissue injured sevenrely
All tissue injured

- B W P @ P P P - W . - ® w w o -

'S8light injury in bark; none
'in cambium; sap wood injured.
]

'Injury in same:tissue as above
'but not quite so severe.

]

Same as above.
Same as above.
No injury in cortex or cambium

sap wood and heart wood slighte
ly injured.

- W P P P P O > -






TABLE XXIV.
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Jonathan mpple, five years
'“hirkaet part of
in dia)....

o1d.

trunk, 3 in.

Jonathan apple, five years
(Thickest part of
in dia)..

old.

trubk, 3 in.

O Qv oseawiasssaansswis

Cont'd.

------------

ooooooooooo

' '

: Date '*Temper

' 'ature

R i v ) IR

] ]

] ]

tJan., 20, '13 ' -15.95

' '

‘*Jan, 20, '13 ' -15,5

] '

{Jan. 20, '13 ' =15,5
'

? ]

' ]

'Janc 20' '13 ' -1505

] ]

' - '

'Jan. 20, '13 ' -15.5

] ]

' '

"Mar., 25, '13 ' -12.5

' '

'Yar, 256, '13 ' -20,

] ]

‘Mar. 25, '13 ' -12.5

' '

| ]

"Mar. 25, '13 ' =20

] ]

25, '13 ' -12.5

] ]

'Nar, 25, '13 ' -20
]

' Mar 25, '13 ' -12.5
L

'Location of

'

W WD B W P B W B D B WD WD B D D D D B B D @ ® 2 W - -

Tissue

- e e W e w® wd W e

At crown

3

in. above
CTOWYh.

At ground

3
6

12 in,

in. above
ground
in. above
ground
above
ground

At crown.

At crown

o

(N & & »

in. above
crovm

in. above
crown
in. above
crown
in. above
crown
in. above
Zround

Results

D D W MDD S W TS T W ED WS M AP T G PO W O D B VO W e W WS

All tissue injured severely

All tissue injured slightly
less than above,
Injury in cortex region,

Slight injury in cortex
reglon.

-6TT-

V ery slight injury in
cortex regcion.
No injury.

Severe injury in cortex,
cambium and sap wood.

Very severe injury in cor-
tex, cambium and sap wood
Injury in cortex, cambium
and sap wood less severe
than at crowh

Less severe injury than at
crown,

Very slight injury in cortex
and cambium,

Less severe injury than
above in same regions,

No injury.






TABLE XXIV. Cont'd,
] ' ' ]
Variety ' Datie 'Temper 'Location of ! Results
' ‘ature ' Tissue !
el i N T AT 0 B Lo L i b it i P ——— o 5w i e e s
BaN®. s 5 5 ww v w0 YT I '‘Mar. 25, '13 ' =20 ' 3 in. above ' Very slight injury in
! ! ] ground ' cortex.
Same....... Ppapn ...'Mar, 25, '13 ' -12,5 ' 6 in. above ' No injury
' ' ) ground '
SEMGs vs ssnsinwssnnus s JMar. 25; '13 ' «-20 ' 8 in., above ' No injury
' ' ! ground '
Same....... . R '"Mar. 25, '13 ' -12.5 ' 9 in. above 'No injury
] J ' ground '
Same...... 'y . .'Mar. 25, '13 ' =20 ' 9 in. above 'No injury
Same....... N RS A «'Mar. 25, '13 ' -12,5 '12 in. above 'No injury
. ! . ground ' i
Same....... ciereeneeee.'Mar., 25, '13 ' 20 '12 in. above 'No injury 19
' ' ' ground ! g
Same. . I .'Mar. 256, '13 ' -12.5 '18 in. sbove 'No injury
] ] ] ground 1
DM nwsw ks s ns % e .'Mar. 28, '13 ' =20 '18 in. above 'No injury.

ground

|






It will Dbe seen that the part of the trunk that most slowly
develops hardiness on approach of winter is that near the surface
of the ground and near the junction of ranidly growing limbs. All
the tissue at the lower part of the tree is more tender in early
winter then is the upper portién. Cf course this might not bve
true on other sessons. The autumn of 1912, however, was a normal
One, the wood apparently going into winter in a well ripened con-
¢ition, In June and early July the wood in the upper portion of
the tree is most tender. It isalso interesting to note that in
June and July wien the tissue is generally most tender, the tissue
Near the base of the treec is most hardy.

Selbyl observed that the great tenderness in the early part
of the winter is probabiy due to a greater moisture content. He
Observed that the cambium in winter during the time when plants
&re very hardy, is in a much dried out condition and in normal
8easons has to some extent reached this condition by the time of
the early freezes, but in seasons like that one preceding the
Winter of 1903-04 it is still in a somewhat succulent condition
¥hen the early freeze comes.

It is well xnown that seeds in a dry condition will with-
8tand very much lower temperature than when they have absorbed
Moisture. Thus Schaffnit® reduced the germination percentage
°f wheat from 100 to 40 by soaking it in water for eight hours
8% room temperature. In twigs it is probable that a dry condit-

3
lon ig essentiasl to the hardiness of the cambium. Shutt® and also

1 Ohio Agr. Exp. Sta. Bul. 192, 1908. (Bibl. No. 101.)

€

2 Mitt. Kaiser Wilhelm Inst. Landw. Zw. Bromberg, Vol. 3,

NO' 2’ pp. 93-113, 1910. (Blblo NO. 98.)
3 $rocs. and Trans. Rpy. Soc. Canada, ser.2 Vol.9,pp 149-153,
. (Bi®l. ¥o. 104.)

Master's Thesis, Iowm Agr. Exp. Sta., (Bibl.  No..2)
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Allen seem to find a relation between mpisture content and hardi-
neés of apple twigs. However, it does not seem that the increase
in hardiness of other tissue than cambium, at least. of cortex,
during early winter can be explained by a decreasing moisture
content.

During the winter of 1912-13, beginning November, twigs
of apple, peach, plum and cherry were scraped, the cortex ground,
weighed carefully, evaporated to dryness in a water bath (té
which later glycerine was added to raise the boiling point in
the water jacket and thus raise the temperature}, end weighed
at interva.s 01 two to three days until = constant weignht wus
reached. Samples were taken again in January and again in May.
No samples were taken when the tissue was frozen, since then
the percentage of moisture would be smaller. The evaporated
moisture could not be replaced from below. The following table
€ives the results:

1 onio Agr. Exp. Sta. Bul. 192, 1908. (Bibl. No. 101)

2 Mitt. Kaiser Wilheim Inst. Landw. Zw. Bromberg, Vol. 3,
No. 2, pp, 93-113, 1910. (Bibl, No. 98.)

3 Procs. and Trans. Roy. Soc. Canada, ser. 2, Vol. 9.

PD. 149-153. (Bibl. No. 104).
4 Master's Thesis , Iowa, Agr. Exp. Sta. (Bibl. No. 2)






TABLE XXV. Showing the Moisture Content of the Cotrtex in November, January and May.
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Material '
]

Date

' Wt. Fresh ' Wt. Dry ' Percent

{ !
----- -----——--o—c--‘-.‘---.---L--.-----.‘-—--OL————-.—--—-—L-----.-..--‘-----o——---.

!

entire twig !'Nov.
entire twig 'Nov.

Jonathan apple,
Jonathan apple,

Elberta peach, entire twig INov.
Elberta peach, entire twig INov,.

Jonathan apnle, buds, bark !
and cambium........ oo w VBT o
Jonathan apple, buds, bark !

e o 0

and cambium, .. .. .co0000 'Nov.
Elberta peach, buds, bark '

and ocmambium........ «ve0 'Nov.
Elberta peach, buds, bark '

and cambium....... eeeseeNoOvV,.
Jonathan apple, buds, bark '

and canbium.ccsssss54 ..'Jan.
Jonathan apple, buds, bark

and cambium........... ..'Jan.
Elberta peach, buds, bark '

and cambium........... o ¥ Tan,
Elberta peach, buds, bark '

and cambium............."'Jan,

Jonathan apple, entire twig 'May
Jonathan apple, entire twip 'May
Elberta peach, entire twig 'May
Elberta peach, entire twig 'May

15,
15,
15,
15,

27,

27,
27,
11,
11,
11,

12
112
‘12
'12
112
12
'12
'12
'13
113
'13
'13
'13
'13

113
'13

! Sample ' Sample ' age

' Grams Grams Vater
' \ '

' 36.4% ' 17,15 ' O52.95
r 35.82 ' 16.75 ' 53.52
' 26.10 't 12,35 ' 52.61
' 28.84 ' 13.85 ' 51.98
' ' '

' 30.05 ' 13.60 ' 52%.70
! \ '

' 29.95 ' 13.40 ' 55.00
' ' '

' 30.15 ' 13.25 ' 56.00
\ U '

' 30.00 ' 13.05 ' 56.50
' ' '

' 25.00 ' 12.26 ' 51.00
' ' '

' 25.00 ' 12.10 ' 51.60
' ' '

' 25.00 ' 10.65 ' 57.40
' ' '

' 25.900 ' 11.10 ' 55.60
' 20.00 ! 8.96 ' 55.50
' 20.00 ! 8.80 ' 56.80
' 20.00 y 9.15 ' 54.25
' 20.00 ! 9.00 ' 55.00

' Aversage Per-
centage
VWater.

o Ay

56.3

51.3

56.5
56.15

PP P e W W PP PP v~ e W P PP WD e - ® o geow -

54.563
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It will be seen that there is no constant difference in
moisture content of the twig cortex from November to May. The
difference in the hardiness of the cortex can not be accounted
for by the difference in the moisture content, but nust be
accounted for in some other way. The suggestion is sometimes
made that s greater sap density of the twig and other tissue
during the winter might account for this greater hardiness. It
was not possible with our apparatus, at least, to secure sap
from the sap wood. The cortex, however, shows this increase
in hardiness to a slightly grezter extent than does the sap
wood. The following table shows the ¢ortex sap density of
apple and peach twigs at various seasons of the year, through a
period of three years:

Table 26. Showing Sap Density of Apple and Peach Twige Throughout
the Year as Measured by the Freezing Point Depression.

' Elberta peach 'Jonathan aprle : Gano apple

Date '
s 1 Depression -L-Pﬁgﬁﬁﬂﬂﬂfl__-:__3?????5??9 _________
Janua ' 1,902 ' 2.054 ' 1.680
Februa ' 1.841 ' 2,170 ' No data
arch ' 1,758 ' No data ' 1.6186
April v 1,765 ' 1.055 ' .949
May ' 1,055 ' 2.915 ' 1,085
June ' 1,263 ' 1.415 ' 1.289
July ' 1,252 ' 1,500 ' 1.469
August ' 1.852 t 1.623 ' 1.570
September * 1.748 ' 1.605 ' 1.690
Ccteber ' 1.743 ' 1.892 ' 1.728
November ' 1,765 ' 1.924 ' 1.665
December ' 1. 594% ' 2.016 ' No data

#Only one depression taken in December.
It will be seen that while the sap density of the cortex .
°f winter twige is much greater than that of early summer twigs,

Yot it is not appreciably greater than that of twigs in late
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.September and October, when the tissue is still considerably
more tender than in December and January. Some may suepect
that the low sap density of the early summer twigs may be due
to their young and somewhat succulent condition. It may be
said, however, that the density of the cortex of these young
_twigs is generally greater than that of any other tree tissue
~except the leaves. (Data to be published in another bulletin.)
It would seem certain then that while a part of the increased
hard;ness of tree tissue in winter may possibly be accounted
for by the greater esap density, not all of it can; certainly
not the.greater hardiness of December tissue over that cof
October.

In the case of plants killing at as low temperature as
those at which winter twigs kill, it seems possible that the
sap solute, if it remains in solution, mey tend to keep a
small amount of water unfrozen and thus protect the protoplasm
to some extent. If this should Be'true, the eutectic point
of the sap solute would play a very important part in deter-
mining the amount of killing. Some efforts were made to de-
termine whether or not there may be changes in the sap solute
as winter comes on that give it a lower eutectic point. Just
@t the time of leaf fall or slightly before, twigs had the
Cortex scraped.from them ahd the sap expressed in large enough
Quantities that it could be evaporated down to one-fourth of
1t8 volume and leave enough for freexing point determinations

With o Beckmann thermometer. The evaporating was done in a

dry oven where the temperature never was above 500 C., The
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evaporating was done in broad, shallow dishes and was generally
accomplished in one day. There was apparently no formaticn.
In all cases sap taken in October or early November would be
thick and gummy long before it could be concentrated to one-sgix-
th of its originel vélume. It was noticed that it was very
difficult indeed to filter the sap from the twigs in autumn or
very early winter, while sap taken in December or Januaery or
later, filtered much more easily and could be concentrated to
one-sixth to one-eighth of its volume. In this case it would
stay in solution at temperatures as low as could be secured
with salt and ice; that is, temperatures low enough to kill
meny peach buds, indicating that there is certainly a probebility
that at least a part of the sap. solute remains in sclution at a
temperature low enough to hold water unfrozen to protect the
protoplasm. Of course in the earlier season the solidifying
of the liquid may be due to colloidal substances in large quant-
ities, and it is entirely pcssible that the solute had just as
low am eutectic point. It was not possible to determine the
eutectic point by keeping temperature records since no appara-
tus was available other than the Beckmann thermometer which could
Not be used without changing the setting eseveral times, for such
low temperature.

It would seem highly possible that, except in the case of
cambium, the additional hardiness acquired by the different
tissues of the tree as they pass into winter, ie a change in

the protoplasm such that it can withstand the great loss of



September



-127-

water rather than a change in the percentage of moisture or
in édap density. It is also possible that changes in the sap
golute that lower its eutectic point may occur aad that these
may increcse the resistance to cold by holding water unfrozen
tp protect the protoplasm from too complete desiccation at
lower temperatures.

of
Pate of Growth and Hagdiness:- At the time/most rapid

growth of deciduous plants in early summer they are gener-
ally most tender. Whether this is bscause they are furthest
from the condition of maturity they acquire in autumn and
early winter, or becausg of the very low sap density at this
time, it is not easy to say. In some cases the young tissue
is most hardy. Thus Goeppert found young leaves more hardy
than older ones. Apeltl found the young outer ends of potato
shootes t4 withstand lower temperatures than would the older
basal portion. Rein! found young énion leaves more hardy
than older ones. Winkler? found young one-year-old needles

3 found

of evergreens more hardy than older ones. Shumacher
Young yeast cells more hardy than older ones. Fisher4 found
Newly formed colloids to regain their normal characteristics
after being exposed to a low temperature that would irrever-
8ibly change older colloids. On the other hand Bartetzko®
found tnat young cultures of Aspergillus niger would not with-
8tand as low temperatures as would older ones. It seemed worth
while to make some freezings to determine whether or not plang

tissues making rapid growth are generslly frozen to death at

higher temperatures than are tissues growing more slowly.
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Leaves of various plants were used, leaves that were certainly
full grown - in case of those from fruit trees -« and leaves
that had apparently ceased growing, in case of plants like
lettuce, cabbage, kale, etc., were frozen at the same time with
young rapidly growing leaves from near the growing tips of the
stem. The following table gives the resuls:

l Zeits. f. Naturw. Vol. 80. (1908) p. 1. (Bibl. No. 92.)
2 Jahrb, f. Wiss. Bot. Vol. 52. 1913. 467-506. (Bibl. No. X21)
5 sitzungsber der Math. Phys. Klasse d. Wiener Akad. d.
Wiss.4Alt. 1874. (Bivl. No. 103.)
Beitr. BRiol. der Pfl. Vol. 10. pp. 133-23&, 1911.
(Bibl5 No. 40)

. )Jahrb. f. Wiss, Rot. Vol. 47. pp. 57-98 (1911). (Bibl.
0008.






TABLE XXVII. Showing the Relative Hardiness of Young Rapidly Growing Leaves and 01d
Mature Leavesg,

D R en e ™ W W W W @O W S w

Jonathan apple twigs
thawed slowly.....

Jonathan apple twigs
thawed rapidly....

Jonathan apple........

Young Jonathan apple..

Jonathan apple........

Salway peach..........

Elverta peach twigs..

"May 17, '13

'May 24, '13
‘Jupe 7, '13

June 12,'13

May 24,'13

cpoo---O--—

‘June 7,'13

- O e w °® e

- s W s o -

-4
-5

-5

'2 small terminal leaflets of each of the 4
! twigs were injured.

'2 twigs had 4 terminal leaflets injured; 1
'twig had 5 endrleaves injured; 1 twig had 6
'end leaves itnjured. Al) mature leaves were
'uninjured.

'Slight injury in terminal part. Mature

' leaves uninjured.

'Terminal leaflets injured. Msture leaves
'green and turgild; slight injury being con=
'fined to leaf veins. In terminals to to S
'in. of the twigs, cortex, cambium, sap wood
'‘and pith being hardier. Older portion was
'much hardier.

'In freezer with peach on same date. Injury
'not sn great as that to peach, but younger
'terminal leaf¥es showed considerable injury
'while older leaves at the base of the twigs
'were uninjured.

'Very slight injury in terminal part. Mature
'‘leaves uninjured.

'All terminal buds killed. Mature lesves, ine
1cluding those below 2 in. of terminal, had
immdd-rihe ond veins killed, with other tissues

'apparently uninjured. Small leaves adjoining
'tlarge 0ld leaves uninjured. In terminal 3 in.
'all tissues were injured. Of the remaining
'‘portion only the cambium show:d severe injury.

631~






TABLE XXVII. Showing the Relative Hardiness of Young Ranidly Growing Leaves and 0ld
Mature Leaves.

Variety Data 'Temper
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'

'

'

L

'
Elberta peach........ . ' S3lowly and rapidly growing twigs were
' used. Oniy 2 to 3 terminal leaves of
' the slowly growing twigs showed injury
' while cn the rapidly growing twigs 7 to
' 8 terminal leaves are entirely killed.
' Oldest leaves at base of all twigs wcre
" uninjured.
: Youngest 10 leavee of 8 in., shoots dead.
'
'
'
]

May 24, '13
Mature 1/3 of 18 in. shnot uninjured.

Grape shoots..........

- @ w W W S D S D W P D o = O o
-0e 1~

— - - - e - = - e - -
'
>






Black Seeded Simpson
lettuce young leaves
Black Seeded Simpson
lettuce 0ld leaves
Black Seeded Simpson
lettuce young leaves
Black Seeded Simpson
lettuce 0ld leaves
Tomatoe-leaves, o0ld and'

- w e ® w v w® e e - o

120 2o E ol
Tomato leaves, young an

POYBIAsssvsennssnnsans A
Flat Dutch Cabbage,

young leaves....... “s

Flat Dutch Cabbage,
0ld leaves..........
Flat Dutch Cabbage
young leaves........
Red Rock Cabbage
young leaves........
Red Rock Cabbage,
old leaves..........!
COWDOBB s svsvassswasan

P B @ D W G P B o> -

Young tobacco leaves,
2-12 cp. in length
0ld tobacco leaves,
20-40 cm, in length..
Young tobacco leaves,
2-13 cm. in length...
0l1d tabacco leaves,
29-40 cm. in length.

. ® W P P WD o B B > -

Date 'Temper 'Number ol
‘ature ' Jleaves
.............. P, T ——

June 12, '13 :
June 12, '13
June:. .24, ‘a3
June 24, '13
June 13, '13
June 13, '13
June 14, '13

July 1, '13
June 14, '13

'
'
]
'
'
'
'
'
'
J
'
|
'
July 1, ‘13"
]
]
|}
1
'
'
July 12, '13
'

July 12,'13 !
'

July 12,'13 !
'

'

July 12,'13

- P P P W W - - --oc--“oodvcc—_ou---r

-

18
40
12
17
32
30
10

3
4
5
5

6
(Plants)

' Percent
age Sur-

t

' face Killed!

A A N

- O @ @ @D ® @ @ @ © -

L]

............ L

33.3
79.3
83.3
30.0
72.85
63.30
100.0
0.0
87.4
100.0
95.0

'
]
|}
'
)
'
'
'
!
'
)
'
?
'
'
L
'
'
'
'
'

Percent
age lea

ethY-ull

16.8
70.0
50.0
11.7
50.0
30.0
120.0
0.0
75.0
100.0
80.0

'l,eaves all dead; stems alive. 01ld
'and young leaves equally injured.
'Young stems dead; o0ld stems alive

|
'
'
'
'

20.0
75.0
75.0

90.0

* @ o ® -

-

el ) B






In case of apples and peaches the young leaves are unie
formly more easily killed, while in the case of some of the
succulent plants there is little or no difference. 1In case
of lettuce the young leaves are certainly the more resistant.
The density if the sap of the old peach leaves was such that
an average of ten freezing point determinations gave a de-
pression of 1.931 while for the young leaves the depression
was 1.663. With the Jonathan apple, the depression for old
leaves was 1.840 while for young leaves it was 1.202. With
these leaves then it seems that the greater sap density will
explain the greater hardiness of the older leaves. In fact
the following table, giving results where twige with young
leaves were placed in cane sugar and glycerine, indicates that
increasing the sap density of the young leaves to that of the
0ld leaves will increase their hardiness to nearly that of the

0ld leaves.






TABLE XXVIII. Showing Relative Hardiness of Young and 0l1d Apple lLeaves and of Yocung Leaves
that had Absodbed Glycerine and Cane Sugar.
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' ' ' ' No. of 'Percent 'Percent ' Depres-

Age of ' Treatment ' Date 'Temper ' le~ves 'age all 'age surf ! sion
Leaf ! ' 'ature ! ' killed 'ace killecd!

T ——— Y- S - NOE—— Bk o oo .  —— I

! A\l 1 ] ] ' '

0ld 'Viater 30 hours. ' Juy 8, '13 ' -4 ' 20 ' 0.9 ! 55.00 ' 1.4820
Young 'Water 30 hours ' July 8y '1l3 ' -4 ! 26 ' 50.0 82,70 ' 1,340
Young 'Cane Sugar 3 hrs. (10%)' July 8, '13 ' -4 ' 18 I B % | 34.90 ' 1.818
Young '10% Glycerine 3 hrs July 8, '13 ' -4 ! 26 ' 0.0 5,70 ' 3,400
olg 'Fresh ' Huly 12, '13 ' -4 ! 20 ’ 0.0 ! 17.80 ¥ ,..q
014 ;7 "Water.i:i.iivsisuwssmmesvss ' July 12, '13 ' -4 ! 20 i 0.0 28.70 ' 1.540
Young IPPeaN. .. conssonssnsssaw 1 July 12, '13 ' -4 ' 19 ' 26.3 ! 48,70 * ...es
Young IO s crunanssssa @i ' July 12, '13 ' -4 ! 21 ' 71.4 ! 91.70 ' 1.230
Young 'Cane Sugar ............ ' July 12, '13 ' -4 ' 22 vo27.2 48.90 ' 1.792
Young 'Glycerine.......cc0... o' July 12, '13 ' -4 ' 22 ' 22,7 ! 32.90 ' 3.400
0ld L O ' July 12, '13 ' -7 ' 20 ' 35.0 ! 46,20 v ..
0ld 'Water......... snssensnes? JUly 12, '13 ' &7 ' 20 ‘* 80.0 ! 85.00 ' 1.540
Young TPratl s s ronansannse e ' July 12, '13 ' <7 ' 22 L & % S 94.30 ' .....
Young Wal@lesnsvnsnvnnssnuns ' July 12, '13 ' <7 ' 22 ' 100.,0 100.00 ' 1.230
Young 'Cane Sugar....evvvese..' July 12,'13 ' o7 ' 19 ' 57.9 ! 89.40 ' 1.792
Young 'Glycerine...........0.. ' July 12, '13 ' <7 ' 27 ' 44,1 ! 69.40 ' 3,400

o o Ry
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In case of lettuce, however, the depression for o0ld leaves
was 0,575, and for young leaves 0.520, and the young leaves are
the most resistant to the low temperatures. It is possible
that the waxy or oily covering on the surface of the young
lettuce leaves increased their resistance to low temperatures.
In our experience leaves and fruits dipped in glycerine or
paraffine have been uniformly more resistant than have tissues
not so treated.

EFFECT UPON HARDINESS OF PREVIOUS EXPOSURE TO TEMPERATURE

SLIGHTLY ABOVE THE KILLING TEMPERATURE.

Closely related to the question of the relation of mat-
upity to hardiness, and the relation of the rate of growth to
hardiness, is the relation of exposure to low temperature, above
that at which the plants may kill, to hardiness. 1In fact these
problems are so intertwined that it is difficult, if nmot ime
possible, to separate them., Thus in case of the greater hardi-
ness of roots kept in cold storage as compared with those in
warmer places, unquestionably maturity plays a large part but
it is not impossible that exposure to cold also had its effect.
However, by referring to Table 14 it will be seen that there
was little difference among the killing of roots kept in cold
8torage at a temperature of 31° F., those kept frozen up in
8011, and those kept at a higher temperature in our basement
8torgge room. The relation of exposure to cold to hardiness

of winter buds and wood may also be confused with the rate of
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temperature fall. This problem will be discussed for peach
buds in a later part of this paper. In case of some succulent
plants, however, the temperature at which they srew must exert
an influence on their hardiness. Thus when cabbage, kale
and lettuce were grown out of doors in late autumn or early
winter, their hardiness was increased over those grown in the
greenhouse more than can be explained by the increased sap
density. At least their hardiness was increased more than ' .
the same increase in sap density brought about by any other
means would increase it. When these plants were grown out of
doors in early spring or late autumn, it required a much lower
temperature to kill them than was required in June or July. On
the other hand, plants like tomatoes or cowpeas are influenced
in hnardiness but slightly by the tehperature at which they grow.

Goeppert1 found 1little increase in hardiness to continuous
exposure to low temperature whth tender tropical plants, but
there was such adaptation with more resistant plants. Ape1t2
found that potatoes kept at a temperature of 32.5° C. four to
seven weeks were killed at =-2.14° C. while potatoes kept at 0°
C. for the same length of time killed at =3.08° C. Reind found
that a rather large list of very tender plants kept at a temper-
ature of 89 C were not appreciably hardier than when kept at a
temperature of 20° C., while more resistant plants were consider-
ably more when kept at a low temperature. Fisher' fotind that it
required a lower temperature to change the nature of colloids

1 Yeber die Wirmeentwickelung in dem Pflanzen, eéé. book,

1830. (Bibl. No. 44
2(c¢hn's Beitr;ge 2. Biol.d.Pf1.V0l.9,1907,9.215(Bibl. No.3)

3 Zeits. f. Naturw. Vol, 80, 1908. p,l. (Bivl. No. 92),
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kept at a high temperature.

Relative Hardiness of Different Tissues at Different
Seasons:ef the Year:- Wnen trees are in a rapidly growing
condition, apparently the most tender part of the wood tissue
is the cambium and the young cortex, and sap wood cells.
However, in winter after the wood has reached its greatest
maturity, this is not the case. In fact when severe cold
comes, the first tissue to kill seems to be the pith in the
case of young twigs, and there will be a browning in the sap
wood and part of the cortex. In case of the cocrtex the brown-
ing is generally worse in the outer or older cells. This was
observed by Eustace® on peach trees following the winter of 1903-
04. VWe have often observed the same in artificial freezings
ve have made, as well as on peach trees badly injured in win-
ter. Peach trees so injured that the sap wood seemed practi-
cally all browned have, under favorable conditions, had the
cambium form new layers of sap wood surrounding this wood.
This injured wood soon becomes entirely dead amd the tree de-
pends on the new sap wood formed for conductive tissue. We
have also observed dead areas of bark following the winter of
1911-12 when underneath there was healthy new bark and healthy
cambium, In these cases, at least, the cortex was more tender
than the cambium.,

The fruit buds of the peach in late summer during the

lpeitr. Biol. der. Pfl. Vol. 10, pp. 133-234, 1911(Bibl.#40)
2New York (Geneva) Agr. Exp. Sta. Bul. 269, 1905.(Bibl.#38)
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the growing season are generally about as hardy as the core-
tex and cambium, or sap wood of the twigs, though perhaps
slightly less hardy than the same tissue in older wood; while
in winter under normal conditions, at least with peaches, the
fruit buds are generally somewhat less hardy than any of the
wood tissue, with the possible exception of the pith cells.
However, in the case of a cold wave that comes on very gradu-
ally, say during a period of two or three weeks with a very
cold night at the end, some of the buds may survive a temper-
ature low enough toé kill the sap wood badly. Thus following
the winter of 1904-05, when the temperature at Columbia went
to -25° C. after several weeks of very cold weather, nearly
all of the peach trees had a few live buds left while the wood
ves very badly damaged; and in the case of ppaches in New York
following the winter of 1903-04, Bustace observed that the
trees may be badly injured and yet enough fruit bude left for
a full crép of fruit. This last, however, was the condition.
when the tissue of the tree had not reached the proper maturity
before the cold period came. The fruit buds seem, sometimes
at least, to reach about their maximum condition{of maturity
more quickly than wood tissues, especially that near the base
of the tree. Tables 23 and 24 give some information as to

the relative hardiness of other tissues, and the following
table gives the result of some additional freezings where the
buds were frozen in comparison with other tissues:

1 Beitp. Biol. der.Pfl. Vol.10,pp.133-234,1911.(Bibl,#40)
2 yew York (Geneva)Agr. Exp. St44.Bul.269,1905(Bibl.#38)






TABLE XXIX. Showing Relative Hardiness of Different Tissue, Including Buds, at Different
Seasons of the Year.
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Variety
Elberta peach twigs..
Elberta peach twigs..
Elberta peach twigs,

buds and sections o
wood..... o0 @

Champion peach twigs
10 inches long.....

Belle of “Yeorgia
peach tree, five
years o0ld; sections
of trunk and limbs.

Elberta peach tree,
buds and twigs and
sections of trunk
and 1imbe...co00054

Elberta peach twigs
(one year o01d).....

Elberta peach twigs..

Elberta peach twigs..
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July

Aug.

Sept.

Oct.
Nov.

Dec.

29,

113

'13

'13

'12

113

12
'12
11

'12

- o - oo

Results
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23 bude, 78.3% killed. 10 twige 7 injured
in cambium. 3 in cambium and cortex.

50 buds, 100% killed. 20 twigs, all injured
in cambium and cortex.

37 buds, 100% killed. Roots, dead in cam-
bium and cortex. Wood just above grotind
severely injured in cortex and cambium, 4
feet from ground, same as above. Sap wood
and pith of youngest portions dead. This
year's growth same as above.

A S e

“BE T~

95% of leaf surface desd. Cordex injured
6 in. back of terminal. Cambium, pith and
sap wood injured to 8 in, back of tetminsl.
Buds, 100% killed, Young sap wood snd cambiwm
killed in all sections, Least injury to bak
was in three year o0ld wood. Bark, cembium
and sap wood killed in twigs.

P W W P W @ G - - > > W a W -
-

' Buds 100% injured. Bark cambium and outer
: portion of sap wood injured in all cases

! Buds 90, 91% dead. Cambium and cortex injurd
' except at base of one twig. Sap wood injured
' only in terminal part twig.

' 1047buds; 637 dead. 33 twigs; 60.6% killed

' in cambium, other tissue not injured.

' Injury confined to shoulder below bud ahd nih
'

region. DBuds proper, uriinjured,






TABLE XXIX Cont'd.
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Elberta peach twigs..

Rice's Seedling
perch twigse.......

Lgte Duchess apple
tWiEB. cn s nennnuns
Jonathan apple twigs.
Jonathan apple twigs
Young apple twigs,
variety not given

Young apple twigs,
variety not given

Jonathan apple twigs

and wood from three},

-,-“‘-----‘~“‘~_--_-“-‘P-‘.

year 014 Jonathan
Pre@...viivivwssons

'
'

Dyehouse cherry '
young and old waod.'

July
July
July

July

July

July

July

16,
27,

27,

28,

28,

'13
'13
'13

112

'13

'13

'13

B B WP 9 B B P P P P P D WD W P P D L B D S - Y W W e D W - o |

-18

-8
-5
-5

-5

-5

- B W P B P W W W P P B WD P B P B D w P -

100 buds, 88% killed. Injury to wood confined
in all cases to sap wood and pith.

133 bucse, 44.2% killed. Injury to wocd confined
in all cases to sapwood and vith. Injury lessa
than to Elberta.

20 buds, 70% killed. 4 twigs, no injury.
29 buds, 86.2% killed. 9 twigs, no injury.
24 buds, 58.3 killed. 11 twigs, na injury.

12 buds, 100% killed. Cortex browned in places
especially around the buds. Cambium dead in
region of annual ring and termihal of year's
growth, Pith dead in region of annual ring.

Leaves practivally all ibjured. Bark killed
about 7 in. back from terminal.Cambium killed
about 7 in back from terminal. Sap wood killed
5 to 6 in back from terminal. Pith killed 4
to 5 in. back from terminal,

44 buds, 70% dead. Roots, cembium and cortex
injured throughout. Wood, sections just above
ground and 3 feet above dead in cambium and
cortex. This year's growth injured in cambium

and cortex in older parts and all tissue dead
at tips.

40 buds, 100% killed.

-6¢1-






TABLE XXIX Cont'd.

- ® © ® © @ o o @ o

'Temper

- > P ® ©® o o=

ature

Results

----------------------- RGN EP TP S NI R P R S W TP e e s G G5 OO WD e

25 out of 36 buds killed. Some buds ate bhase
of new twigs and on spurs on old wood alive.
Leaves all partially injured; only 25% entirely
killed. Youngest wood injured worst. Slight
injury in cambium and cortex. No injury to sao
woodor two year twigs or older.

-0v1i-
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By referring to this table and to Tagbles 22, 23, and 24,
it will be seen that the fruit buds are in all seasons appar-
ently less hardy than any other tissue, except the pith and
the tissue at the base of the buds, and in early winter the
wood at the surface of the soil.

The most tender tissue of the tree is in the roots.

Thus in case of the tree frozenm July 2nd, 1913 (Table 24)
when the tissue above ground is most tender, the roots in-
jured in the cambium at -3.5° C., and severely injured in
cambium, cortex and sap wood at -4.5° C. Goeppertl found

that the roots of hardy plants kill at a temperature of from
=109 to -15°. A study of the killing temperatures of roots
of various fruit trees has been made at this station. 1In the
summer there is not so large a difference between the killing
temperature of roots and other tissues. However, the roots
do not seem to develop as great maturity as the tissue above
ground. The following table shows the results of freezing

the roots of trees in summer and winter seasons:






TABLE XXX. Showing Killing Temperature of Apple, Peach, Plum and Pear Roots.
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Two-year old Ben Davis
apple roots.........

Seedling two-year old
apple stock roots....

Two-year Ben Davis
apple roots..........

Seedling apple stock
YOOLBscsosnasnins XL
Seedling apple stock
POOEBsssnsswansonnmen
Two=-year Ben Davis
apple roots..........
Two=-year Ben Davie
apple roots..........
Seedling epple stock
rootd from basement
since. December 20th
S8eedling apple stock
roots from basement
since December 20th..
Apple stock buried 5

in., below surface out!

side since Jan. 8th.."
Apple stock buried 5 in'
below surface outside!
g8ince Jan. 8th.cceeee.!

PO e W WS e Pe e W W S e

June

June

Aug.
Aug.

Dec.

Beo.
Jan,
Jan,
Mar.

Mar.

13,

1?7,

8,

'13
113

12
112
12
12

'13

'13

'13

'13

‘-‘--‘“-u-c“‘o“"--‘o-a--‘-c-cr“.

Cambium only injured in larger roots.
Cortex also injured in roots 1/4 in.
in dia. In 2 out of 4 cases, crown
uninjured. In other 2 cases there was
slight injury to cambium at crown.

No injury at all,
¥o injury in roots above 1/4 in. in

dia. Wood just sbove crown wae injured
in cambium.

-cvi-

Cortex and cambium region all dead
Cortex and cambium injured, but less
severely than above.

Cortex and cambium and wocd injured.

Cne small root injured.

Irjury confined to cotrtex region.

Injury slight and confined to cortex region.

One root browned and the other not injured.

All roots browned.






TABLE XXX. Cont'd.

D e W G e OR S W e e W s e e

Iwo yesr Ren Davis
apple roots...

- @ . @ o @ e -

Seedling peach roots
'

Seedling peach roots!

Elterta peach roots
Elberte peach roots
Elberta peach roots

- @ @ WD > - -

Seedling peach roots!
Seedling peach roots'
Marianna plum root !

Marianna plum roots

Marianna plum roots
kgrianna plum roots
Kieffer pear roots..
Kieffer pear roots..

Kieffer pear roots

Kieffer pear roots

T @ W W W P B e @ O W S O o ® >

]
[}
)
'
]
]
]
]
]
]
]
]
]
1
P
L}
]
]
]
[}
]
]

Oct.
Oct.
Oct.

Dec.

Dec.
June

June

Dec.
Dec.
Oct.
Oct.

Oct.

Mar.

21,

'13

'13

rll
| I}

-

YIi

vis
'12
'13

'13

v12
'12
'1l
11

ral

-
=
»

'Temper
Yature

U
=
o

J ]
o (]

8 0
e e o

G N
(9,00~ ¢ } B> OO
w o

]
»

L I |
Ll e I ¢ W -3
Ld L] L]
(ol o}

[}
o
o ]

P W W P W W D P W W B D W D P WD B B D W P W P - B W W = B e G WD @ -

T W @ ® P D P W PP PP DB P PP D PP P WS T W e W w-O W e @~ - -

Recults

0 O P WS WD N TP e Tt P W o G0 W CH G4 @ TI G TP G SE Gm CT SN G D TS W L GR TE WP GRS R W WS O5 B Gn B WS o SEw

Ko injury in first 2 inches; camtium in-

Jury throughout remainder. Cortex showed

next greatest injury, and in smaller roots

sap wood also injured.

Entire system injured in cambium and sap wod,
Injury slightly less in crown.

All roots very ceverely injured in cambium
and cortex and portion of sap wood. Crown as
severely injured and terminal roots. Stem juét
above ground injured in cortex and cambium.

5 roots; 100% dead.

13 inches of root length; 100% dead.

30-1/2 inches of root length; 100% injured
smaller roots injured worst.

Cortex, cambium and wosd injured.

Slight injury.

Largest root injured severely in cortex. No
apparent difference between crown, and remainder
of root system.

Cromn 1 in. in diameter shows slight injury

in cambium; 3-10 in. down cortex injured also;
sap wood also injured towards tips.

8light injury in cortex.

Cortex, cambium and sap wood injured.

14-1/2 inches; 65.5% dead.

5 roots; 100% dead. Twigs at same temperature;
cambium only killed.

33-1/2 inches; 100% injured. Killed more severe
in younger roots some distance from the frunk
than in larges ones.

Injury grading fron none in erown to injury
of all tiscsues where diameter of root was not
greater than 3-10 inch,

i d e

R — —— -~ om—
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It will be seen that the killing temperature of the
roots varies from about -3% C. in summer when most tender
to about =120 C. in late winter with rather rapid freezing.
The roots are certainly as hardy in March as in January.
Thus they are later in becoming tender in spring than are
twigs. They are still very tender in autumn when tissue
above ground has begun to increase rapidly in hardiness.
This may be because the scil is still too cold for growth
well up into March, generally, and continues warm late in
autumn.

The following table gives the result of freezing young
apple roots (stock) kept in cold storage at a temperature
of 319 to 329 F., in the earth frozen up where the temperature
varied from the freezing point to 39° F., and others kept in
greenheuse conditions whereby they started into growth, and
others kept in basement storage room at a temperature varying
from 4° to 15° C. from January 8, 1913 to February 16, 1913 ,

the date of freezing.






TABLE XXXI. Showing Relative Resistance to Low lemperatures of Apple Roots in Dorment
Condition as Compared with Those in a Growing Condition.
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crown cut diameter
3/10 inches....

Second cut diameter'
1/4 inches......

Third cut diameter
1/5 inches......

Fourth cut diameter
1/8 inches......

1/8 inches......

]
]
]
'
]
]
]
|}
]
Crovn cut diameter !
|}
'
'
'
'
Second cut diameter!
1/4 inches......'

'

'

'

Third cut diameter ﬂ
1/5 inches.

Fourth cut diemeter!

1/8 inches......."
'

-7.5

"705

-7.5

-7.5

P P P W P D P W PP W B B W D W P B P B - W W W B W S w w D oo > > =

0-_00—‘--¢-¢¢¢-o--o-—-oa——¢4cp—-‘

' Dasement ' Ccld
Creenhouse t'Frozen Soil ' Storage ' Storage
' ' Room '
............. T ST . S —
’ \ ]
No injury " No injury 'No injury ‘No injury
1 ! ]
No injury ! No injury 'No injury 'No injury
|} ] !
A cortex ' ' '
and cembium ! ! !
brovn. B Cam! ' !
=bium brown ' No injury '¥o injury 'No injury
|} ] ]
All tissues ' No injury 'No injury 'No injury
injured ! ' !
] \ |
A. Cortex ' ' '
and cembium! ' '
brown. B, ! ' '
Cambdum ' ' 5
brown.. ' No injury 'No injury ' No injury
] ] ]
A. cortex ' ' '
and cambium., ' '
brown. B. ! ' '
Cambium bro! ' (|
“Wn........' No injury 'NMo injury 'No injury
' ' t
All tissues ' No injury 'Ne¢ injury 'No injury
injured ' ' '
' A. cambium 'A cambium !
All tissues ' brown..... 'brown. (No injiury
injured ' B. No. in& 'B, No. ina'
' J’u.; . ' j"_lx'y ]

-Gy -






TABLE XXXI. Cont'd.

'Cortex injur-=! ed

] 'ed. |} ]
------ v e s o, L s . B

' ' ! ' ' Basement !
Kind of Root. 'Tonp2r '"No. of! Greenhouse 'Frozen Soil ' BStorage 'Cold Storage
'ature 'Roots ' ' ! Rdom '
............ O S S e S B S S 1 Rt s e i i B o o DA AT 05 AR
|} ' ] t \ ]
Crown cut diameter ! ! ! Y ! !
3/10 inches... ' <5 ' £  'All tissues ' No irjury 'No irjury ' A. Cambium
' ' ) ' ' ' dinjured.
! ' i Y ' ' B. No. injwyx
Thirg cut diameter ! ! ' ' ! '
1/5 inches..... ' -9 ' 2 'A11 injured ' Cambium in- 'All injure&.All injured.
' ' \ ' dured 1 '
Fourth cut diameter! ! ' ' ' ' !
1/8 inches.....' -9 ' 2 'All injured 'Cambium and 'All injur-' A11 injured. e
L \ U ] [+
' ' .
1 L






TABLE XXXI (a). Showing Relative Resistance to Low Temperatures of Apple Roots Kept
in Dormang Condition as Compared with Those in a Growing Condition.

(]
(]
i
t
L]
!
]
]
(]
[}
[}
]
]
)
[}
(]
[}
]
[}
[}
(]
]
|}
1
]
]
i
1
(]
]
]
]
]
i
]
1
(]
]
]
t
]
]
$
(]
[
[}
]
[]
1
]
]
'
]
]
$
]
]
]
[}
)
[}
)
]
1
]
1
]
]
]
]
)
]
t
1
]
]
]
]
1
]
]
]
]
'
]
]
]
\
]
(]

Kind of Root

Crown cut diemeter
to 1/4 inches...
Lower cut cdlameter

5/16

1/4

to 3/16 inches........

Crown cut dhameter
to 1/4 inches...

in diameter.....
Crown cut diameter
to 1/4 inches..

Lower cut diameter
to 3/4 inches..

Crown cut diameter
to 1/4 inches..
Lower cut diameter
163,16 inches.

Crown cut diameter
to 1/4 inches..
Lower cut diameter
to 3/16 inches.

5/16

Lower cut 1/4 to 37ié.in

5/18

------
......

......

------

oo--0--‘-----c‘c-¢---¢‘-¢'-.---

-10
=10

. B D O G P D P B P D D P P B D P - W o B s e ® DS w - -

® P W W P P P P D P W P P WD P D T D - @ e w > P wpe ® >

Outsilde

- e eGP GO G GL R ON EE OB 0 On TR W @ @

No injury
No injuéy
No injury
No injury
No injury

No injury

No injury

One root brown;
other not injur
ed.

All browned.

All browned

P P P e @ P @ PP PP W W - w B D@ o W e - D e w - -

Greenhouse

Yo injury
No injury
No injury
No injury

One root very brown; other
slightly.

Both roots brown in cortex
and cambhium.

D G 0 o e e T S EE W T ED O D A W R e @ SO S G T TP G GO WD TP P o TN WP T P G TP G GO @R T T e D W S R TP P P TS e @0 G B0 W5 G5 W G4 G0 T TP WS T TN GO T CH TP TF TP W R D T% G5 W GO WS G5 W0 G0 G o o @ W

Stored {anuary 8, 1913.
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TABLE XXXI (b).

Showing Relative Resistance to Low Temperatures of Apple Roots Kept in

Dormant

Condition as Compared with Those

in a Growing Condition.

(]
]
(]
]
[}
]
[}
]
[}
[}
[}
)
]
]
[}
[}
[}
]
[}
]
[}
]
[}
[}
[}
[}
[}
[}
[}
]
]
]
]
]
[}
]
]
[}
[}
[}
(]
(]
]
[}
[}
]
[}
]
]
]
]
[]
]
H
[}
]
]
]
[}
1}
]
[}
[}
L
[}
[}
]
[}
]
’
]
i
1)
]
)
[}
(]
[}
]
[}
]
[}
]
(]
[ ]
]
[}
]
]
]
[}
]
]
]

Vhen Stored

--------- -------n--t-----------

Outside

Outeide
Qutside

Outeside

a) Cold Storage
Cold Storage

Cold Storage
Celd Storage
b) Greenhouse
Greenhouse

P--‘-“-o----‘-‘-“----

Largest
Diameter

<3 inches

.3 inches
.3 inches

'
)
'
L
(]
]
]
]
.3 inches ' 9
'
L]
]
1
]
1]
1
.3 inches '@
]
]

.25 inches
'

.35 inches!
.3 inches<!
«3 inches ‘12
«25 inchea:lo

QOO 0w 2

'

4 in,
¢ in.

+ in.

- w® W P W ® P W P W w v W o =

inches’
]

inches'

'
inchese!
inches!
inches!
inches!

Temperature

-9

-9
-9

-9

]
]
]
]
]
[}
]
]
]
1
)
re
1
1
]
]
]
1
1
]
1
pe
]
]
]
1
]
]
]
]
|
)
]
]
]

'

Results

L-------------- ------------------------

]

- - -

P ® P P P P D P D P D P o @ w > >

No injury in first 6 in. from top.
Cambium and cortex slightly injured

in remainder.

Cambiun Injured slightly in last 7 in.

Cambium injured slightly in last 7 in;
cortex alsc injured in last 5 in; sap
wood injured only at terminal.

Cambium injured slightly in last 7 in;
cortex injured in last 5 in; ssp wood
injured at terminal.

No injury in first 5 inches; slight in-
Jury in cortex and cambium in remainder
No injury in first 6 inches. Cambium
injured in remainder.

Cambium injury throughout.

Slight injury in cambium throughout.
Slight injury in cambium throughouti
Very slight injury in cambium in first
5 inches. Cegmbium and cortex injury
throughoutt the remainder.

]
]
]
]
1
]
[}
]
]
1
]
[}
1
1
1
1
]
]
]
]
1
]
1
L]
]
?
[}
)
1
1
[}
]
)
?
]
L]
1
]
’

In cold storege since January 12th, 1913.
In greenhouse since January 12th, 1913,

-8v1i-






TABLE XXXI (c) Showing Relative Resistance to Low femperature of Apple Roots Kept in
Dormant Condition as Cpmpared with Those in a Growing Condition.

YRS e @ E S0 T er G G T A ES T N Ge G OF R P G GA N S G W e

] ]
V¥here stored ' Tenper ' Results

' ature '

D WS SR S T O S S AN ER RS R YR e G YSRGS A SR AR e L ----------- L ----------- GR GO SR SR G G0 GN OF O On TP G0 GF R G0 Ge OB 5 G B T @ Lo o
' A\l

Greenhouse since March 29th, 1913 ' =7.5 'Injured in cortex, cambium and sap wood
' ' throughout,
|} ]

Cold Storage since April 1st,1913 ' -7.5 'Cambium injured throughout entire root.
' 'Cortex showed injury only in the termin-
' 'al 3 to 5 inches. No injury in sap wood.
! B

Basement stare room since December! '

1912 ' «7.5 'Slight injury.

U '

(]
]
!
]
]
¢
’
!
]
1
]
1
[}
]
]
]
!
]
]
]
1
]
!
1
]
)
]
'
!
]
]
]
]
1]
P
1
1
[}
]
!
1
[}
i
]
]
]
'
'
!
]
]
1
1
!
1
'
)
1
]
]
]
!
)
1
1
]
1
]
t
1
]
]
1
]
!
]
]
i
;
[
]
!
1
]
]
1
1
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It will be seen here that there is little difference between
the killing temperature of those in storage and those in a storage
room st 10 to 37° F. higher temperature and those kept out in the
scil. However, those that were in a growing condition were less
hardy but with nothing like the differende that would be observed
in the cases of twigs kept under similar conditions. The reason
the roots kept in the basement store room were more hardy thah we
should expect, is possibly becauseof their being kept in a some-
what dry condition,

In the case of young peach roots, those kept in cold storage
showed a greater hardiness than those kept in the soil outside.
Some growth may have taken place in the roots kept out in the soil,

The following table gives results of the freezing of peach roots:






TABLE XXXII. Showing Relative Resistance to Low Temperature of Year-old Seedling Peach.
Roots Growing and in a Thoroughly Dormant Condition.
Date of Freezing, March 22, 1913.

R R R W R

Cutside since
January 12, 1913

Outeide since
January 12, 1913

Outside since
January 12, 1913

Outside since
January 12, 1913

of

2 inches below

low surface

4 inches below
surface

6 inches below
surface

AR IR B e R I B I e e

.65 inches

.35 inches

.3 inches

.3 inches

12 in.

12 in.

10 in.

W M W B WD W W DB WD D B W W W WD w @ ™ W WD . WD —w B - -

'Yo injury in first 2
'in. below the surface
'of the soil. Cortex,
fcambium injured in next
'4 in, All tissues injure

'ed in remainder.
]

' Cambium and cortex in-
'jured throughout. Sgp
'wood slightly injured

‘in lagt 3 inches.
'

'Cortex and cambium ine-
'jured severely throughe-
'out. Sap wood and pith

'in last 8 inches.
'

'
'

'Cambium and cortex in-
'*ured throughout. Sap
'wood and pith in last
'6 inches.

=161~






Table 32 Cont'd.

D N e O e e S v et S GRS W G e e G0 @ s e

Cecld Storage since
January 12, 1913

Cold Storage since
January 12, 1913

Cold Storage since
January 12, 1913

Cold Storage since
January 12, 1913

Greenhouse since
January 12, 1913

Root :

Top even with!

surface '
]

'
'

2 inches below
surféace '

—---——-o---o§b'—¢o-

'4 inches be-

'low surface
\]

\]
|}
|}

'6 inches be-

' lcw surface
'

Top even with
surface

T W W P W W P B B B WD W D B B WD W W W ey W W =

- P @ e P @ D o> -

1
]
]
]
]
]
]
]
1
]
1
]
]
o
]
]
]
1
1
1
)
]
'

.7 lncle

.dinches

.35 in.

<3 in,

.7 in.

Location of'Diameter ' Length

wr -~ <~ e

‘--‘-‘--“‘-‘-‘-‘---@-oﬁ—---.

e

- - -

.1l inches
.9 inches
.8 inches

.8 inches

]
]
\
1]
]
]
4
1]
1
]
]
1
]
1]
]
|}
¥
]
'
]
|}
]
'
'
'
.11 inches
]
]
'

Temper

ature

'
O

!
O

'
©

'Very slight injury of
‘cambium throughout. Cor-
'‘tex slightly in last 2 in,
L

'
]

'Very slight injury of
'cambium throughout. Cor-
‘tex injured in last 3 in.

'
'

'Cambium and cortex injured
'thircughout. Pith injury
'last 3 inches.

|}

|}

'

'Cambium and cortex slight=
'1ly injured throughout.
'"(Injury in all cases very
' much less than in those

: kept outside.)

]
|}

'Very severe injury througs
‘out in cambium and cortex.
'Pith and wood less severe=-
tly injured.

A Ay






Table XXXII Cont'd.

' |} | ' ]
Where Stored ' Location of ' Diameter ' Length 'Temper ' Results
' Roots ' ' 'ature !
o e B S 8 S A AT i s s s st PR PR | WERE———— L s s R -
] ] ! | '
Greenhouse since ' ' ' ' '
January 1<, 1913 '3 iaclres below ! ' ' !
'surface ', 55 inclres' 15 ir, ' =9 'Very severe injury in
L ' ' ' ' all tissues.
] ] ' ) ]
Greenhouse since ' ' ' ! '
January 12, 1913 '3 inches below ! ! ' '
' surface ' .5 inches! ' -9 'Very severe injury in
' ! 1 ' ' all tissues.
] \ ] | |}
] ] ] ] ]
' |} ' 1 |
', 1 ' B o B T R T AT A
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The follcwing table gives the results of freezing Merianna plum roots:

TABLE XXXIII. Showing Relative Resistance to Low Tcmperature of Yeer-0ld Seedling Plum
Roots Growing and in a Thoroughly Dormant Céndition.

G O T h e G S e G W UL R D P R TP GO e Eh TS G0 G TR T OF G U GD GE O P % WD P SO I S G P OR O G5 W OO U5 O WY WS P Gh W5 OO G5 SN WP Cu WE Sn OF G OF N B TP N GO Gb G T W 00 00 GF O5 G5 OF GF e TR OP W 5 B B T e

@ € 0n O P e W e

Cuteide

Cutside

Outside

Outsice

Cold Storage

Cnld STorsge

.“-‘4‘0‘-‘---‘-‘0-_-_‘4¢‘-¢—¢'--¢¢

Root

Tcp even
surface

with

.8 inthes

3.5 inches be=!
low surface

4 inches
surface

4 inches
surface

Top even
surface

below!
1]

' .3 inches
]

'

.3 inches
]

below!

with

P P W @D D W o © @

.25 inches

.8 inches

7 inchee below!

sprface

'.35 inches
]

e ®» = -

. P P W W W W P W PO D O W WP P wwW W > @ e e e = -

'Temper ! Results

'ature

'

------ ----L----—-—L-—----—-----------uu

12 in.

14 in.

6 in.

9 in.

8 in,

]
©w

| )
©o O

-
' )
o ©

!
©

B W W D P P P P D O g B BT W D P B P B B WD WD P @ D W - >

|

'‘Very slight injury

'of cambium in first
'10 in. Cortex and cam-
'bivum injured in re-
'‘mainder.

]

'Cambium and cortex
'injury throughout.

'

'

'Cambium and cortex
'injury throughout.
'

'
' Camrbium and cortex
tinjury throughout.
'Pith injured slightly
'in last 4 inches.

|}

'
'Very slight injury in
‘cambium in first 7 in.
'Cortex and cambiuvm ine
Yjury in remainder.

]

-G T~

'Slight injury of cambium

'and cortex throughout.
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' ] ] ]
Where Stored ' Location of ' Diameter ' Length 'Temper ! Results
' Root. ' ' 'ature !
.................. o o s s W e 0, 0 5 S P
L \ ' ] '
Cold Storage '?7 inches below ' .35 inches ' 7 ZInches ' =9 ' 8light injury of cam-
' surface ' ! ' ' bium and cortex through-
' ' ' ' ' out.
1 ' \ (I )
Greenhouse 'Top even with ! ' ' '
' surface ' .7 dinches ' 7 inches ' =9 ' Very severe injury of car-
' ' ' ! ' tex wnd cambium throughout. |
' ' ' ' ' Pith and sap wood injured. e
] ' \ ' ' Ul
Greenhouse '7 inches below ! ' ' ' ‘
' surface '.45 inches ' 10 inches' -9 ' Very severe injury of cor-
' ' ' V. ' tex end cambium throughout.
1 ' ! ' * Pith and sap wood injury.
' ' ' ' ' '
Grecnhouse '?7 inches below ! ' ' '
' surface '.35 inches ' 3 inches' =9 ' Very severe injury of all
' ' ' ' '

tissue.
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]
1
}
[}
]
1
t
1
!
1
]
]
]
]
1
]
1
'
]
]
]
'
]
!
]
]
)
]
]
]
]
]
]
]
]
]
t
1
]
[}
1
!
]
[}
]
'
]
]
]
]
]
]
)
]
]
]
]
]
]
]
1
1
]
]
]
i
]
]
]
[}
)
[
)
1
]
1
]
1
]
]
1
]
1
1
]
]
]
]
1
]
1
]
1
[}
1
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In the root system of trees growing out of doors there
is great difference in the relative hardiness. The crown of
the tree - that is, the part of the root just beneath the ground-
will withstand considerabiy lower temperatures than parts of the
roots lower down, and the small ends of the roots kill more
easily than the larger parts. In fact as the roots extend away
from th® crown they become more and more tender and apparentiy
their tenderness 1s greater on those roots that extend downwafd
into the 80il. Goff thinks that in Wisconsin the ends of the
roots may be killed during every winter, The following tadle
pPresents data covering this point, The Angers Quince roots
were frozen on January 25th, 1913; the seedling peach roots
on March 22nd, 1913 and the balance on March 24th, 1914, See

also Table 38 for the same kind of data on plum and cherry roots.






TABLE XXXIV. Showing

Relative Hardiness of Various Parts of the Root System of Fruit Trees.

Kind of Root

L e e

Two-year Kie;fer pear
on Japan stock

Two-year Kieffer pear
on Japan stock

Two-year Kieffer pear
on Japan stock

Two-year Kieffer vear
on Japan stock

Kieffer pear'roots

Kieffer pear roots

"

B WP D P P @ W P W G PP D PP P WD . 0 PP = e P m B WSS W@ s e > ® >
.

Location of
Root

Yop evem with
surface

surface

surface

surface

Top even with
surface

4.5 inches bve-
low surface

“4 inches below!

4 inches below'

4 inches below'

- S W P P D W P P @ O D @

Lérgest
Diameter

.45

.3

in.

in.

1.2 in,

06

in,

.--a--oocd—oooocaogc‘---'_--qo.-'.-_.

- e e en e wow

12

10

15

12

in.

in,

in.

in,

in.

'Temper ! Resukts

' ature !

 — | AT e, A
\ ]

] §

' =10 'No injury in first inch.
\

T W W B P WP P B P WD B D W W WD W WD w w W W - W G

=10

=10

=10

=10

-10

'Cambium injury throughout
‘remainder. Cortex injury last
'13 inches. Sap wood in last

' 9 inches.
'

]

'Cambium and cortex injury
"throughout. Sap wood in-
‘Jury in last 8 inches.

~9GT~-

'Cambium, cortex and sap

'wood injured throughout,.
'

'Cortex,and cambium injured
' severely throughout; sap

' wood in last 5 inches,
]

'
'No injury in first € inches;
'slight injury in cortex and

tcambium in remainder.
'

1
'No injury in first 2 inshes;
‘cambium and cortex injury
'in remaknder; pith injury
'in last 5 inches.






Table XXXIV. Cont'd.

G e e T e G e e R P G G G e e S e S S W SR GO G Ge WS SR G W TR N O P G N W U GF R ER T TE P G S Ge - G U W TP e R e SO R SO G SO 4D G0 9P OF GF WD S TE TE S Gn Oh G5 A OF CF SP @5 90 0N OF @ WO 4 Gn OF 5 W on T4 W e @ e

! ! ! ' '
Kind cf Root ' Locuticn of 'T.argest ' Length ' ‘emper ! Results
' Root ' Diameter ! ' ature
.................... | RN TRRITPTREUNNE ST JPL YD S ——
] t ' L] ]
Kieffer pear roots ' .3 inches below ! ' ! '
! suarface ' .4 inches ' 12 in, = =103 'No. injury in first 3 in.
' ' ' 'cambium and cortex and sap
' ' ' ' ‘woo3d injury in remainder.
U ] ] ] |}
Kieffer pear roots ' .3 inches bekiow ! ' ' '
' sunrface ' .3 inches * 8 in, ' =10 *Cambium and cortex injury
' \ ' ! 'throughout. Sap wood
' ' ' ! 'injury in last 4 inches. '
' l ' ' | ;
Two-y2nr Ben Davis ' ' \ ¢ Fy
eprple roots ' Top even with ' ' ' !
' surface ' .8 inches ' 12 in, ' =10 'No injury in first 2 inche
' ' ' ' ‘from top. Cgmbium injury
' ' ' ' 'in remainder. Cortex injuy
! ' ' ' 'in last 3 inches,
] ] |} ' L
Two-year Ben Davis ! ' ' : '
apple roots ' 8 inches below ' ' '
! surface ' .25 inches'! 10 in., ' =10 'Slight injury in cambium
! ' ' ' 'throughout. Cortex injury
' ' ' ' ' in last 2 inches,
' |} ' ' '
Two-yesr Fen Davie ! ' ' ' '
apple roots ' 8 inches below ! ' '
' surface ' .25 inches' 8 in, ' -1C 'Cortex and cambium injury
' ' w A ' 'throughoug. Pith injury
! ' ’ ! 'in last 5 inches.
! ' ' J '
Two-yeor Ben Davis ! ' ' ' '
spple roots ' 6 inches helow ! ' ' '
: surface : .2 inches : 6 in. ' =10 'All tissue injured throuzh
!

'out,






Table XXXIV Cont'd.
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S eh e en e m e e W W S o = e

Two-year Ben Davis
apple roots

Two-year ¥en Davis
apple roots

lwo-year Benh Davis
apple root

Two=-year Ben Davis
apple root

Two-year Ben Davis
apple root

One-year French
seecdlings

'
wocutlicn of ' Largest
root ' Diameter
................ becmccacecce=
'
'
8 inches below ' < ir.
surface !
\
.t
L]
Top even with !
surface ' .8 in.
\
i
'
5 inches below !
surface ' .25 in.
'
'
'
9 inches below !
surface ' .36 in.
'
'
]
'
11 inches below'
surface ' .3 in,
|}
J
'
"
! 4 in
!
'
'

14

12

in.

in,

in.

in,

‘ature

D P P @ P @ P P P D B @ O P P P P P G B @ . B W B -

=10

=10

-10

-~10

-10

'Cortex and cambium injury
*throughout. Sap wood in-

' Jury in last 6 inches.
]
]
1

*Cambium injury throughout.
‘Cortex injury in last € in;

cap wood in last 5 inches.
'

'Very slight injury in cortex

tand cambium in last 2 inches.
'

'
L

'Cortex and carmbium injury
'throughout. Sap wood injury
'in last 5 inches.

'

-E61~-

'Cortex and cambium injury
'throughout. No injury in

' sap wood.
'

¢

*Cambium injury in last 11
‘in; cortex injury in last §
‘inches; pith injusy in 1last
'2 inches.
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One-year French anple
seedlings

One-year French apple
secdlings

Cne-year 0ld Japan
pear seedlings

One-year Japan pear
seedlings

One-year Japa pear
seedlings

Angers Quince Roots
Angers Quince Roots
Angers Quince Roots
Angers Quince Roots

"--““‘--“-‘---“-"‘-‘-“-‘-‘--“P‘-.

Location of
Root

o o om s e e w oo e

MRS R AR I 2 2 B AR 2 R IR 2R 20 2 IR ST e R R I R IR

Leargest
diameter

- s on e e @ o we o o

.4 lL.cles

.39 inches

.4 inches

.4 inches

.35 inches

.95 inches
.25 inches
.18 inches

.12 inches

T = @ @ e e 9w @ e v @ o ® e e e -

T B P P @ P WD P B D WD D D W P D B D D

8 inches

11 inches!

10.5 in,

9 inches

T B P P P W P P g P W P D D D B D g B -

~1C

-10

[}
~2 2 2 ~2

'Cambium injury throughout;
‘cortex injury in last 10
'inches; sap wood injury

'in 1ast 4 inches.
]

t
'Cambium slightly injured
'throughout; cotrtex injury

tin last 3 inches, '
\

'Cambium injury throughout;
tcortex injury in last 7 in.
'sap wood injury in last 3 i
P

'
'Cambium injury throuhgout.
'cortex injury in last 8
'‘inches; sap wood injury in
'last 2 inches.

' "

'

'Cambium injury throughout;
'certex injury in last 7 in.
'sap wood injury in last 4 i
]

'Cortex slightly injured.

'

'Cortex injured.

'

'Cortex and cambium injured.

'
'Cortex and cambium ibjured.
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!
[}
]
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]
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|
]
]
1
]
\
'
|
[}
]
]
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]
]
]
]
]
]
]
]
]
]
]
[}
1
[}
1
1
]
[}
]
1
!
]
1
]
!
]
]
)
t
L}
]
)
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
[}
]
!
t
]
'
]
[}
]
1
1
]
1
]
!

Kind of Root

W et G e e e - e

Angers Quince Raots
Angers Quince Roots

Angers Cuince Roots
Angers Quince Roots

Seedling Peach roots

Seedling Peach Roots

Seedling Peach Roofs

Seedling Peach Roots

Leccation of
Roots

- - -

1
]
1
]
]
]
]
i
(]
]
!
]
]
- ® e -

Top even with
surface

2 inches be-
low surface

@ W WD P P WD D P W B @ . W O W < B W WD W WD 4 » w -

'4 inches be-
Ylow surface
|

'8 inchee be-
'low surface
]

P B W D W P WP P B W W B B T W WD W D B P B B W W @ W W w > W W W > -

]

Largest
diemeter

.85

inches
inches

inches

inches

inches

inches

inches

inches

.~® @ = o - =

(¥ @ @ @ o @ ©® ©® @ @ @ D VWP ® WD WS~ ~ =

14 inche

12 inches

18 inches

10 inches

.Cocoo‘coccocoooooccwo_-—--;—-----P‘o.

Results

Cortex injured.
Cortex injured.

Cortex and cambium ine
Jured.

Cortex and cambium ine
Jured.

T W - @ w® @ e 0O @ e e -

]

'‘No injury in first 2 in,
'from top; cortex snd came
'bium slightly injured in
'next 4 in; all tissuee in-
'jured in remainder.

'

=09 T-

'Cambium and cortex injury

'throughout. Sgp wood slight
"1y injured in last 3 inche
'Injury very slight nearest

'crown,
'

'

'Cgmbium and cortex injured
'severely throughout. Sap
'wood and pith injury in

'last 8 inches,
'

'
'Cambium and cortex injured
'severely throughout. Sap

'& pith injury in last 8 in
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Four-year o0ld Blberte peach roots subjected on October 19th, 1911, to a temperature of
-4% C., showed both live and dead tissue intermingled. The younger roots lying some distance
from the trunk of the tree showed the tissue to be all dead, killing worse than the targer

roots near the trunk.

=L[IT=






These roote were in all cases kept during the time pre-
ceding the freezing in such a position that all parts must
have been exposed to nractically the same temperature, so
it is not possible that the diminished hardiness of the parts
furthest from the crown could have been caused by their being
exposed to a higher temperature during the period preceding
the freezing pneriod. It probably presents the most rapidly
growing tissue, but at times of freezing the tissue had not
been growing for at least three months. It also represents
tissue that under normal condition is not so liable to be ex-
posed to low temperatures so in the evolution of the plant
it would not be so nevessary for it to develop hardiness.

Of great interest, practically, is the hardiness of
various stocks of fruit trees. Thrcugh the courtesy of Mr.

E. S. Welch of Shenandoah, Iowa, this station was able to
Study various stocke. In the case of apple trees worked on
French Crabs, a considerable number of trees were furnished
that had rooted from the scions , as well as from the stock,
thus permitting a comparison betwesn these scions roots and
the roots from the stock. The treesa were received December
20th, 1912 and were heeled in - in the shade. The roots were

thus at a temperature near the freezing point from the time
they were received until they were frozen. The following

table gives the result:






TABLE XXXV.

Date of
Freezing

Meemewe m v w W .

Feb. 18, '13
Feb, 18, '13
Feb., 20, '13

Fan. 20, '13

Feb. 20, '13
Feb. 20, '13
Peb. 20, '13
Feb. 20, '13
Feb. 20, '13

Feb., 20, '13

Showing Relative Hardiness of Stock and Scion Roots.

Temper
ature

DD WD D W W D D D B W YD D M D D D e S D T WD D D SO TE WD M) D M W WL VD WD NP S VD GS G SO W D W CE D W W D AD B U VO WD WD D wh wh D W WD D D WS W B G P w W

¢

e P P g propenyn e M WD WD D D G TR W D EE WD W NS W s e e e N D D M S W W R e @ W W D ED R WL W W W WS S W S B e wd

S W W AW B W W P D W W P WD W D W W G W W W W W B W W W W P ® -

-11

-11

=15

«15

«15

=15

=15

=15

-15

=15

' Two-year old Ben Davis Apple trees.

'Scion root diameter 3/16 in. uninjured for first 6 inches. Cortex
' and cambium injury in remainder.

'

'Similar root from stock diameter 3/18 inches, uninjured for first
' 7 inches. Cortex ard cambium injury in remainder.

|}

'A. Scion root, largest diameter 1/8 in., length 14 in. No injury

' whatever.

]

'B. Scion root coming from scion 2 inches below A. largest dia. 1/8
' 1in., length 12 in. No injury in first 5 inches;last 7 inches were
' s8lightly browned.

|}

o

'C. Sciop root, 2 inches lowen-than B. Largest dia. 5/16 in. length

' 12 inches., No injury in first 4 inches; slight injury in last & in.
'

'D, Stock root, 1 in. below C. Largest dia. 3/8 in; length 10 in.

' Severe injury throughout.
'

'B. Stock root, 2 inches below D. Largest dia. 1/2 in; length 10 in.
: Very severely injured trrcughout.

'F. 3tock root, 1/4 inch below B. Largest dia. 3/8 in; length 12 inches

' BSevere injury throughout.
]

'G. and H. Ariee at same point as F. Bach 1/4 in. in dia. at largest
' point; both 12 inches long. Severe injury in both,
'

'Main root. Largest dia. 3/4 in/ No injury to scion part. Injury to
' cortex in stock part.
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Dpote of

Freezing
Feb. 20, '13
Mar. 3, '13
Mar. 3, '13
Mar 3, '13
Mar. 3, '13
Mar. 3, '13
Mar 3, '13
Mar. 3, '13
Mar. 3, '13

T B w P D P T D D D D P D D D P DB W O PP W D D D e WS DYy o - w

Temper
ature

-15

=15

=15

-15

=15

-15

-15

e B DD D D DU S G D W WO D WD D D D U ED G D DD D AP W N D W D W D WD DO D D WS HD D LD B D MDD URUD S AU D W D D B 2 S

'Pibrous roote under 1/16 in. dia. Injury on these from stock and
' not on those from scion.

]

'A. Scion root 4 inches below ground. Largest dia. 1/2 in; length
' 10 inches. No injury in first 5 inches. Remainder very slightly
' browned.

]

'BE. Stock root attached 2 inches below A. Largest dia. 1/4 in;

' length 14 in. Injury throughout entire length/

]

'C. Stock root 2 inches below B. Largest dia. 1/2 in; length 10

' in. Injury in first 4 inches slight; remainder well browned.

[ ]

-%0t-

'D. Stock root same size as C., Attached at same portion of main
' root. Injury somewhat more severe than C.
'

'Main root. Scion part, dia. 3/4 in., shows no browning. stock
' part, dia. 1/2 in. is slightly browned.
'

! Two-year old Wealthy apple trees.
!
'A. Scion root. Largest dia. 1/2 in; length 12 in. Wo injury in

' first 7 inches; remainder slightly injured.
:

'B. Continuation of main root. Largest dia. 348 in; length 8 in. No
' injury in first 3 in; last 5 inches slightly injured.
'

'C. Stock root. Largest dia. 1/2 in; length 12 in. Arises nearly
' opposite Root A. No injury in first 6 inches; remainder slightly
' injured. IJo marked difference between A and B.






In most cases those roots that came from scions were more
hardy than those of the same size coming from the stock, in -
dicating that the French seedlings roots are less hardy than
roots of a variety like Ben Davis. This station has been unable
to compare the hardiness of scion: roots from hardy varieties
like Fameuse with those from very tender varieties l1ike Jonathan,

A comparison similar to the foregoing was made with different
8tock of plums and cherries, using the Myrobolan and Marianna
varieties of plums and Mazzard and Mashaleb varieties of cherries.

The following table gives the results:






TABLE XXXVI.

Showing Relative Hardinees of Mazzard and Mahaleb Cherry Stock and Mgrianna
and Myrobolan Plum Stock.(Date of freezing, Jan. 25, 1913.)

D e WD W D W D WD W T D W D T Tm G D D G U R W D D GO O W W D W e G W A P D W S N M W WD D D U MO WD WD D WD WS WD WL WD G D D D W G ed D D D O W G G SO O WD WS WD W YD VD N D W W W @ e a8 W

D et B D W DD D D W - S w e

Mazzard
VNazzard
Mazzard
Vazzard
Mazzard
Mazzard
Mazzard
Mazzard
Mahal eb
Mahaleb
Mahaleb
Mahaleb
Mghaleb
Mahaledb
Mahaledb
Mahaleb
Mazzard

Mazzard

¥ezzard

roots

roots

Root

PP W D P P P D P D D D W P W P WP WD P WD D D P O D W e je e =

Location of

3 inches be-
low surface

3.5 inches Yve
low surface

4 inches be-
low surface

Largest
Diameter
+/2 inch.
1/4 inch.
3/16 inch
1/8 inch
1/2 inch
1/4 inch
3/16 inch
1/8 inch
1/2 inch
1/4 inch
3/16 inch

'1/8 inch

1/2 inch
1/4 inch
3/16 inch
1/8 inch

1.1 inch

.3 inch

.3 inch

'Length
'

i
]
]
)
‘
]
)
)
]
]
]
[]
]
s
]
]
]
[}
4
)
H

- -

7 in.

5 in,

?7 in.

W W D WD P O WD B D WP D B P D P P - B 9 W B B B B D o

'throughout. More -
'than above.

gevere

'Tempex ! Results

' eture !

 THP— S S
&7 '‘No injury

to&? 'No injury

LN '*No injury

LI 'Slight injury in cortex,

' -9 '‘No injury

' -9 'No injury

' -9 'Slight browning in cortex.
' -9 'Cortex and cambium injured
N 'No injury

LN 'No injury

LY 'Cortex injured.

U 'Cortex injured

L <) 'Cottex injured.

' -9 'Cortex and cambium injured
' -9 'COrtex and cambium injured
vt -9 'Cortex and cambium injured
|} '

' «10 'Cambium and cortex injured
' 'trhroughout. Least severe

' 'near crown.

' '

' <10 'Cambium and cortex iniivred
! 'throughout. Least severe

4 'near crown.

' '

' <10 'Cambium and cortex injured
'

'

'

e 1R A






Table XXXVI. Cont'd. Date of Freezing March.18th, 1913
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"injury throuchout.
'Least injury near crown

] | ] - L] ]
Kind of Root. 'Location of ' Largest ' Length 'Termeragure! Results
' Root “* Diameter ! ' .
...................... I e e 1 it T s e Do 0 0 S s S SR 4 .8 R0
Mazzard Cherry roots '4.5 inches be=! ! ' !
' low surface ' .3 inches ' 12 inches' -1 'Cambium and cortex
' } ! ! ‘injured severely through
' 1 ' |} 'out.
' ' ] ' \
Yazzard Cherry roots ' 5 inches be- ! ' ' '
' low surface ' .45 inches' 8 inches' =10 'Very severe injury in
' ' : ! 'cambium and cortex .
' ! ' i 'throughout. i
) ' ' ' ) o
Mazzard Cherry roots '5.5 inches bes! ' { ' '
'low surface ' .4 inches ' 10 inches' =10 'Very severe injury in
! A ' ' 'cambium and cortex
y ' ' ' 'throughnut.
! ' ] 1 '
Xazzard Cherry Roots '5-3/4 inches ! ' ' '
'helow surface ' .28 inches' 28 inches' -10 'Cortex and cambium
' ' ' ' 'injured severely. Pith
' y ' ' 'injyred slightly.
' ] ] |} Ll
Mazzard Cherry Roots '6-1/4 inches ! ' " '
'below surface ' .15 inches! 8 inches' -10 'All regions injured.
' ¥ 1 ' '
Mazzard Cherry Roots '8-3/4 inches ! ' ' '
'velow surface ! 2 inches' 6 inches' =190 'Al). reglone injured.
, ' ' ' ' '
Mazzard Cherry Roots '9-1/4 inches ! ' ' '
'below surface ! 1 inch ! ' =10 'All regions injured
' ' ' ' '
Mazzard Cherry Roots '2 inches below' ! ! !
' surface ' 1l inch ! 8 inches' =10 'Cortex and cambium
' ' !
|} |} '
' ] '

'
]
\

'Pith killed laet 5 in.






TABLE XXXVI Cont'd.

Kind of root

..................... L--‘------_----’
'3 ianches below

Mazzard

Mazzard

Mazzard

Mazzard

Mazzard

Mazzard

Mazzard

Mazzard

Cherry

Cherry

cherry

Cherry

Cherry

Chervy

roots

roots

roots

roots

Roots

roots

'Location of
' root

' surface
]

'4 inches below

' surface

surface

- ® ® ® ® ® - e o

'4-1/2 inches
'low surface
]

]
|}
'8-1/2 inches

'low surface
'

'7<1/2 inches

'low surface
]

¢

'9 inches be-

' low surface
]

'

'10-1/2 inches
'velow surface

4 inches below

° © © =

------o--cca--co-oo.—--.—-o..-co----

o'
]

be

Largest
Diamater

d inchnes

.3 inches

.5 inches

.45 inches

.4 inches

+2 inches

«15 inches

.2 inches

]

'
'Lencgth 'Temper
' ' ature
S —. Rt i
1 ]

'3 laches' =10
' '

' 1
'10inches' =10
' ]

' )

|} )

' ]

' '

'10 in. ' =10
' (

i 1

! i

| !

'14 in. ' =10
' '

' ' L4

' '

' '

' '

' '

' '

' '

' § in, ' =19
' '

' '

' '

' 6 in. ' =10
1] ]

' '

' '

' 4-68 in.% -10

W e M e e e e W D D D S W CE U e e GO W G WO D ED W WS ED TR WD WP TR Ge GP Gn e TP D D P SO W GD G D WD e GP GD ED P A G e W WD SO GD O WD ED WD D CE s D W G TS O WD WP GY SPGB S N YD AR GO e G SO WD W G D > @ WO WD a5 =

Results

'All tissue severely injured.
'

]

'Cambium and cortex injured,
'sverely firet 3 inches of
‘ronts. All tissues injured

' in remainder.
1)

'Cambium and cortex injury
'throughout. Pith injury
'last 5 inches.

]

' Cambium and cortex injured
'very severaly throughout.
'2ith injured in last 12 in.
g

=891~

'
'"Combium and cortex injured
'very severely throughout.
'Pith injured in last 3 inches
]

'

'All tissues injured throughe

'‘out.
]

'
'All tissues injured throughe-

tout.
1]

'All tissues very severely in-
'jured.
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€D B D W D D D D W D D W D W W S N AT DG D P T D WD D HD G WD WD U W G W O S S WD e e S N A A U S NS e e S S ST WD CD D D ND el WD D D GD R S WS GN WD G N e st O W el W D UD WS D @ e e O W W W

L R R I R R I N

Mazzard Cherry roots

Mahaleb Cherry roots

Mahaleb Cherry roots

Mahaleb Cherry roots

Mahaleh Cherry roote

Mahaleb Chery roots

Mahaleb Cherry roots

' Location
' root
L‘ .........

'8 inches Yelow

' surféace
]

'2 inches below

surface

8 inches below

surface

10 inches
surface

'

'

'

1

?

\

'

'

'

'

'

L]

]

' 6 inches
' surface
]

!

' 2 inches
' surface
L

'

]

(

L

]

'

'

é inches
surface

below

- W P @ W D W © ® DO © O <o - > o=

!
l
'

below!

below'

below
]

'
'
¢
'
]
L

Largest
diameter

.15 inches

1l inch

.2 inch

.35 inch

.1 inches

1l inch

.4 inches

e m et ® W - -

3 inches

13 inches

4 inches

4 inches

4 inches

14 inches

8 tnches

‘--‘-“‘--"-“-“‘---‘“--‘--l-.-.'_—-‘

.----‘---‘-“‘------‘04—--‘-‘--"-“.

Temper ' Results

ature !

........ s v o o 8 S G BT
-10 ' All tissues very severe-

-10

-10

-10

=10

=10

=10

"1y injured.
'

'

'Yo injury in firet & in.
'Very slight injury in cam
'vbium in next 3 in. Came
'hium and cortex injury

'in remainder.
1

'

' Cambium and cortex in-
'jury throughout,
'

'Cambium and cortex very
'slightly injured.
'

'Cgmbium and cortex in-
'jured severely.
'

'No injury in first 4 in.
'Cgmbium and cortex ine
'Sured very slightly

'throughout remainder.
|}

'
'Cambium and cortex ine
'jury throughout.

'

=601~
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Xind of roots.

Mahaleb Cherry roots

Mahaleb Cherry roots

Mazzard Cherry Roots

Mazzard Cherry roots

Mazzard Cherry roots

Mazzard Cherry reots

t
'
¢

! !
' Location of ' Largest ' Length 'Temper
' roots ! Diemeter L 'ature
RO ——— S R— A | S
' L ' ]
' 10 inches Yve- ! ' '
' low surface '.35 inches ' 2 iaches' -10
? ! ' '
] ' ' '
19-1/2 inches be' ' '
'‘low surface " .2 inches ' 3 inches' =10
1 ' 1 i
' Date &f Freezing, lMarch 21st} 1913,
? |} ' ]
'At surface '1.1 inches ' 11 inches' =10
] ] L}
! ! t ' (
] N 1 '
! ' ! '
'3 inches below ! ! !
' surface ' .45 inches!' 8 inches' =10
' ' ' '
' ' ' '
' ' ' '
| |} L '
'3 inches below ' ' '
' surface ' .3 inches ' 4 inches' =10
' ' ' '
' ' ' '
'3-1/2 inches ! ' \
'below surface ' .4 inches ' 6 inches' =10
' ' '
' ' '
' ' '

'Slight injury in cambium
tand cortex,.

L

'

'Cambium and cortex injured.
]

]

'

'"Cambium injured thrsughout.
tCortex injury in last 8 in.
'More severe terminal; least

'injury near crown.
L]

'

'Cambiur injured throughout
'Cortex injured in last 5
'inches. Least injury near-

'est crown.
'

'"Cambium slightly injured
'throughout.
'

'Cambium and cortex injury
'very slight.
§

=04LT=
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Kind of roots

D D D R D D D N NS e O W W w S

Mazzard Cherry

Mazzard Cherry

Mazzard Cherxy

Mazzard Cherry

Mazzard Cherry

Mazzard Cherry

Mazzard Cherry

roots

roots

roots

roots

roots

roots

roots

Location of
root

- W e W e e W -

5 inches YLelow
surface

surface

At surface

2 inches below
surface

2 inches below
surface

2-1/2 inches
below surface

3 inches below
surface

“-“‘-A“-----‘---"-\‘-‘-“-—-“‘P--‘

10 inches below

- ® o ® e e

L W P O P P D W B A WD D WD B WD W P D WD WD W W D w > ) -

e e e e

.3 ilnches

.3 inches

1.1 inches

.5 inches

.45 inches

.5 inches

.3 inches

'Length 'Temper
' '‘ature
O
' '

' 10 in. ' =10
|} 1

] )

' '

) )

' 8 in- ' -10
(] ]

] |}

' '

' 13 inch' =10
] '

' '

' '

' '

' '

' 10 in. ' =10
' '

' '

' '

' '

' '

' 8 in, ' =10
' '

' '

' '

' 5 in, ' =10
v '

' '

' '

' 5 in. ' -10
' '

' '

- S S @ W D D WP GO W D UL WS e GO D WD WD UL WD < O TP D 40 WS GD SO G W D D WD G WD D D W W N WS S UGS WD e O TE VD GD D D WD S W WD WD TP W P WD WD D W D D WD YD D D W D W WD W) WD T W WD D W S DU W WS W W O W O W -

e e e . D D D WS NS MR e e e R W WE W e M we Mo wm e

*Cambium and cortex injured
'throughout. Pith injured
'in last 3 inches.

|}
'Cambium and cortex severely
'injured throughout. Pith

'injured less severely.
L

'Cgmbium injury throughout.
'Cortex andcambium in last
'8 in. Cortex, cambium and
'‘'pith in lest 5 inches.

'

'
'Cambium injury throughout.
'Cortex and cambium in lest
'8 inches, Cortex, cambium
'and pith in last 5 inches.

Cortex and cambium injury
throughout.

Cortex and sambium injury
throughout.

- WD W P P w @ > o

]

'Cortex and cambium severely
'injured throughout. Pith in-
'jery in last 4 inches.

ot v
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! root ' Diameter
5 S B Al T —
Mazzard Cherry roots ' 7 inches bvel '!
'ow surface '.25 inches
\ . '
' \
' 1
' '
' '
Mahaleb Cherry roots 'l inch below !
' surface ' 1 inch
' g
1 !
' '
Mahaleb Cherry roots '2 inches below!
' surface ' .15 inch
' '
' '
' '
Mahaleb Cherry roots '3 inches below'
' surface ' .4 inches
' '
' 3
: '
' '
Mahaleb Cherry roots '4 inches below'
' surface ' .4 inches
L ]
' '
' '
' '
' '
Mshaleb Cherry roots (5 inches below!
' surface ' 3 inch
' '

'Cortex and cambium injury
'throughout. Pith injury in

‘last 3 inches.
| ]

Date of Freezing, March 21, 1913.
] ? ]

- W B D P D WP D D e P P WD O P P O D W W S -

10 inches

6 inches

8 inches

8 inches

"4 inches

T P P P P P P P W W W P DB WD D@ P P C P YV W G S D © @

-19

-10

-10

-10

'No injury in 5 in. nearest
'crown. Cortex injury slight

'in remainder.
1]

L

'Cambium slightly injured
'in first 2 in. Cambium and

‘cortex in remainder.
'

'Cambium and cortex injury
'throughout. Very slight
'nearest crown., Bith injury

'in last 2 inches,
'

]

'Cambium and cortex injury

'slight in first 2 in; more
'severe in next 2 in. Cgme

'bium, cortex and pith ine

'jury in terminal 2 inches,
e

=ZLT-

'Cambium and cortex slightly
'injured.
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Date ?f Freezing,

tand cortex.
' '

March 18, 1913. !
'

'
' '

7.5 inches =10 'Cortex injured first 5 in.;
' 'cortex and cambium injured
' 'rext 2-1/2 inches.

2 inches below'

surface ' .8 inches
'

Myrobolan plum roots

! ] ' t |}
Xind of root ' Location of ' Largent ' Length 'Temper ! Resul+ts
' root ' Tiameter ! tature !
e R e Ao cmcvencecnenme=—- demcmenenne- demccacaccne= demmanw- demcwecrccnen e e srmm e n- - <=
Mghaleh Cherry roots ' 1 inch below ! . ! '
' surface v 1 inch ' 14 inches' =10 'Yo irjury in hichest 7 in.
' ' ' v 'Very slight injury in cam-
' ' ' ' 'bium and cortex of remsinder
' 1 |} ' '
Mahaleb Cherry roots ' 4 inches below! ' ' '
' surface ''.3 inches ' 8 inches' -10 'No injury in first 4 in;
' ' ' ! 'slight injury in cambium
' ' ' ' tand cortex in rerainder.
|} ' ] |} ] '
Mshaleb Cherry roots ' 4 inches below' ' ' ' =
' surface '.45 inches ' 10 inches' -10 'No injury in first 3 in.; G
' ' ' ! 'cambium and cortex injury
! { ' ' '*in remainder; injury bve-
! ' ' ' ‘coming more severe nesr
' ' ' ' 'terminal.
] | ] ' L
Mahaleb Cherry roats ' 4 inches bhelow! ' ' '
' surface ' .5 inches ' 5 inches ' =10 'No injury first inch. Cgm-
' y ' ' 'bium and cortex injured
' ' ' ' 'in remainder.
' ] L ] '
Mahaleb Cherry roots ' 7 inches below' ' ' '
' surface ' .3 inches ' 3 inches ' =10 'Slight injury in cambium
] ] ]
' '
' '
' '
' '
! '
' '
' '
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® B s n e SR el s e W e e W W

Myrobolan plum

Myrobolan plum

Myrobolan plum

Myrobolan phum

Myrobolan plum

Myrobolan plum

rootse

roots

roots

roots

roots

roots

Location of
root

3 inckes telow
surface

‘--‘P“‘

'8 inches below
surface

9 inches below
surface

12 inches below
surface

14 inches below
surface

2 inches below

'
'
'
!
'
]
'
'
'
'
!
'
g
'
'
]
'
'
$ surface
\

'

'

'

'

Larzest
Diameter

+2 in.

e

in.

«256 in.

1l in.

.7 inch,

-t et = ws =

€ in,

3 in,

3 in.

12 in.

- @ P P P W D P P W P WD P W D WD D W W@ W W o G W W W D W -

U
(]
o

-10

-10

-10

=10

I e R e R I Y

Cortex and cambium ine
jured in all, Pith injur-
ed in last 5-1/2 inches.

All regions injuréd, less
severe near point of atta
enment., .

- T - @ @ @ P @ @ w e > -

'All regilons injured, less
'severely near point of

‘attachment.
'

]

'All regions very severely
' injured.

'

'All regions very severely

tinjured.
'

'

'Cortex injured slightly
'in first 3 in.; cortex
'and cemkium injured slight
'ly next € in.; pith in-
tjured and cortex and camdbi
'-um severely in last 3 in.

«PL1~
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Kind of root

'
[}
]
]
(]
(]
’
]
]
()
]
]
[}
[}
]
]
]
]
]
1
]

Myrobolan plum

Myrobolan plum roots

Myrobolan plum roots

Myrobolam plum roots

Myrobolan plum roots

Myrobolan plum roots

Marianna plum roots

Marianna plum roots

—,----o--—-ocoo-‘—c-o_--4¢¢¢o~c-—_—|¢¢¢-

.................... levonenanane

2-3/4 inches below
surface

3-3/4 inches below
surface

4-1/4 inches bvelow
surface

4-3/4 inches below
surface

11 inches below
surface

11 inches below
surface

Date of'Freezing Ma*ch 20th,

7 inches below
surface

9 inches below
surface

'Largest

' Diameter

.2 inches

.3 inches

.2 inches

i1 inch

.6 inch.

P @ P @ @ W e =

.35 inchea'
1]

.15 inches!
]

'

P W @ P P o @

- ow -

.8 in.

10 in.

9 in.

3 in.

3 in.

2 in.

12 in,

1]

' Temper !
' ature !
%

=10

-10

=10

Results

'Cortex injury in first
'inch. Cortex and came
'bium injury in remain-
‘der, severe near ter-

‘minal.,
]

\

'All tissues injured.
'Injury most severe

tnear terminal.
'

'All tissues injured.
'Injury most severe

‘near terminel.
]

'
'Same as above,
'
'
'Seme as above,
'
'

'Same as above.
]

=GLT=

'No injury noticeable.
'

'Slight injury to cam-
'bium in first 6 inches;
'All tissue injured in

' "Eynindar /!
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Date of Freezing, MArch Z24sh, 1913.
1 '

'

Marianna plum rootd 2 inches below

' ] A\l ] ]
Kind of roots 'Location of ' Largest ' Length 'Temper Reeults
' root ' Diameter ! ‘ature !
..................... T e S S T e o v s b e e 500 S S B I IS
! 1 | ! ]
Marienna plum roots '9 inches below ! ! ! '
' surface ' .35 ianches ' & ia/f - =10 'Cambium injured first 3
' ' ! ' 'inches. Cambium and ccrtex
' ' ' ' 'in remainder.
] ) ] 1 '
Marianna plum roots '9 inches below ! ! ' .
! surface ! 5 inches ' 12 in. ' =10 'Cambium injured first 3
' ' ' ' 'inches. Cortex and cambium
! ! ' ' 'next 2 inches; cortex, cam-
' ' ' ' 'bium and pith in remainder. 4
\ ] ] 1 ! -J
Marianna plum roots '9 inches below ! ! ' i T
' surface ' . 5 inches ' 5 in. ' =10 'Camblium and ccrtex injured
: t) e i '‘very slightly throughout.
' |} |} |} '
Marianna plum roots '9 inches below ! ! ! ;
¥ surfiace ' .45 inches '10 in, ' =10 'All tissues injured.
' |} |} ' '
Marianna plum roots '12 inches below ' , ' ' '
' surfice ' o2 inches ' 6 in, ' =10 'All tissues injured.
' ' ' ' '
Marianna plum roots ' 9 inches velow ' .4 inches '10 in, ' =10 'All timesves injured.
' surface ' 1 ; '
¢ ' ' '
' 5 4

' '

' ] ] ]

' surface ' .4 inches ' 8 in, ' =10 'S8light injuty in cortex

' ' ' ' 'anéd cambium throughout.

' ' ] ' 1
Marianna plum roots ' 2-1/3 inches bel: ' ' '

'low surface ' .3 inches ' 10 in. ' -10 ' Sgme as above.

' ' ] ] ]
Mariasnna plum roots ' 2 irnches below ' ' ! '

' surface ' .2 inches ' 8 in. ' =10 ' Sare ae above.
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L LR R

Marianna plum roots

Marianna plum roois

Marianna plum roots

Myrobolan plum roots

Mtrobolan plum roots

Myrobolan plum roots

Myrobolan plum roots

Myrotolan plum rcots

Location of
root

6 inches below
surface

8-1/2 inches
below surface

—-~ - ® @ o > e @ @ P e e o

'10-1/2 inches

'below surface
]

1 inch- below
surisace

3 inches below
surface

4-1/2 inches
below surfeace

5 inches below
surface

At surface

- W P W W D P D WD P P P @ W P P D D e -

- - - - w @ ® ® @ © e e = =

- ® B @ @ P WD @ P G P P WD P W © W@ - cm > > -

Largest
Diameter

.
(83 ]
o~
|
e
.

.15 in.

.45 in.

.3 in.

.25 in.

. 8 in.

10

10

in.

in.

in.

in.

in,

in,

in,

-10

-10

=10

-10

-

'Canblan and cortex injured
'throughout. More severe

‘last 8 1n. Pith last 4 in.
'

b

' Zambiun and csrtex injured
' throughout.,

'

'

'Cambium and cortex slightly

' injured.
t

1

‘Cortex, cambium and pith in-
'jured slightly throughout.

1

»LLT~

'
'Cambium and cortex injured
! severely throughout,pith
‘injured elightly.

'

'Same as above.
]

All tissues severely
injured.

- - o

'

'Combium, cortex and pith
'injured in all. Morec ecvere
'ly neer tip.
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' ' ' ' '
Kind of root. ' Location ef ! Largest ' Length 'Temper ! Results
' rect ' Diameter ! tature !
..................... s s o ot o o o o o R i 94
1 ' ' ] 1
Myrobolan plum roots ' O linuches below ! ' ' '
' surface ' .35 inches' 8 iu, ' -1C ' Cambium and cortex se-
' ' ! ' 'verely injured throughait
' ' ' ! 'Pith injured in last 5 in.
' ! 1 ¢ ]
Myrobolan plum roots ' 5 inches Telow ! ' !
{ surface ' .2 in. ' 4 in, ' =10 'Cambium and cortex severe-
' ' ' ' "ly injured throughout,
' ' ' ' ‘Pith injured slightly.
] ' ' 1 ]
Myrobolan plum roots ' 7 inches below ! ' ' '
' surface v .2 in. ' 4 in. ' =10 *All tissues severely injured.
' \] ' 1
' ' ] \
! }

TB e e P S P G EE G WP N S TP W S D P W PO S S M W s M P G D WP TR R D S e W e G W e

=gll>
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Freezing to Death of Pollen. The killing of the bloom

and young fruit of the peach, apple and some other fruits will
be discussed later in this paper. However, it is perhaps not
out of plsce to discuss nere the killing of pollen, Schaffnit’
exposed the vnollen of a number of species of nlants to a temper
ature of =170 C. for eight houre with no apparent harmful effects,
while Sandsten< apparently reduced the germination percentzge of
pear, plum, cherry and peach pollen by exnosing for six hours to a
temperature of 1.5°%, At this station pollen of the Jonathan and
Cillago apples were frozen with the result shown in Table 37.
The pollen was frozen for eighteen hours and then germinated in
a 10% sugar solution.

lyitt. Kaiser Wilhelm Inst. Landw. Bromberg. Vol. 3, ¥o, =2,

¥p. 93-115, 1910. )Bibl. No. 88.)
<%is. Ahr. Exp. Sta. Research Bul. 4, pp. 163-5. (Bibl. Nc.97)
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D e e 04 T TS S WA R Cn S Or W R GR e G W e e w

Jonathan apple
Jonathan apple
pollen dried

Cillego apple
Cillago apple

Showing Effect of Low Temperature on Germinating Power of Pollen Grains,

D ee B v G h G Gn W G e E e EE AR W D Sn e e T e e e SN G e e G G OP W WD SN R G5 OF G SS GE R R R e T e WP W GC B W —e GT G S WD O > e s B Sm BT BN SR Gh R TS G em e G SR GS G5 0P e T T N G W = G w o W - W

! ' ' ‘Percentage
' Date ‘Tenper 'Time at ' Germination
! 'ature ' Minimum t Unfrozen
R —  S— S —— T ——
] ] ] !
'April 24, '13 ' -3 ‘a5 nin, ' 84.0
] t ' '
'May 29, '13 ' =13 '80 min. '.' 26,0
] ' ! |}
' ' ' '(Estimate)
' ' ) '
‘May 10, ''13 ' -8 '30 min. 66.88
] ] i
‘May 10, '13 ' -12.5 '30'min. 66.68
\ '
]

\
'
'
1 '
'
1 X

- eh em O W G W o0 W W W e

' Fercentage
Cermination
Frozen

B M es 0P TP W T ehem W 8 o wr e

20.0

25.0

o
o
o

=081~

wch oo mecrnmmrreree-
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Thus the poller. will still germinate after exposure to
es low temperature as -89 ¢,, and dried pollen at as low a temper-
ature as =13, 2 much lower temperature than the other flower parts
will withstand.

Discussion of the killing temperature of other flower tissues
will be found in a latter part of this paper.

REST PERIOD OF FLAUTS. Closely associated with the question
of maturity in the fall is that of maintaining a condition of
maturity in late winter. Plants that have started into growth
in spring soon reach a condition whereby they are as tender as
they were in early fall, and sometimes even more so. Under
conditions such as prevail in the asouthern half of Missouri,
where growth may continue late in autumn, and where in January
and early February, there are likely ta be days warm enough
for considerable growth to take place, it has baean found that
with the peach, the winter rest period of the fruit buds is an
important factor in influencing the amount of killing from cold,
By the rest period is meant the perisd during which the buds will
not respond ir growth to favorable temperature conditions without
Special treatment. This rest period is shorter with some varieties
than with others, and with all varieties tried at this gtation
the rest period is prolonged into the winter if the tree makes
a vigorous growth and continues growing father late in the season.
They will not, however, respond so readily to warm periods that
may come in late December of January.

WINTXR PROTECTION OF BUDS. The buds of trees in winter are

covered with bud scales. Some hold that the insulation formed
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by these scales will keep the buds from reaching a temperature

as low as that of the surrounding air. Wiegandl however, found
that when a thermometer bulb wae carefully inserted in large buds
there was no éreat difference vetween the rapidity of the fall of
temperatare 4n such a thermometer and one with a naked bulb. He,
therefore, holds that the bud scales offer little protection in
the way of holding heat in the buds, but that their protection is
against evaporation. To test this matter at this station the
scales were removed from buds of peaches in winter before freering
in the freezer previously described with the results shown in

Table 38.

1 Bot. Gaz. Vol. 41, »p. 373-424. (Bibl. No. 117.)






TABLE XXXVIII. Showing Effect of Removing Scales From ne Buds Before Treezing On Their
Resistance.
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of Buds.'No. of Buds.'FPercentage 'P:rcealoy«

Variety ' Date of
' Freezing

...................... , TR s
Elberta ' Nov. 12, '09
Elbefta ' Nov., 12, '09
Elberta ' Feb, 23, '19
Elberta, wilted ! Dec. 15, '10
Elberta water soaked ' Dec. 15, '10
ZElberta, normally '

turgid........... * Dec., 15, '10
Elberta, wilted ..... ! Dec. 23, '10
Elberta, normally !

turgid..........."'" Dec. 23, '10
Blberta, wilted...... ' Dec. 24, (10
Elberta, normally '

turgid..........."' Dec. 24, f10
Elberta watersoaked ' Dec, 27, '10
Elberta normally !

turgld. .. svsvassi Dee, 2%, Y10
Elberta water soaked ' Dec. 28, '10
Flberta, normally '

burgld. i sanas ' Dec. 28, '10
DlAmixXon:..cssiassssss ' Nov. 28, '09
ClAmixXon. v svnsnanaos ' Nov. 26, '09
O1ldmixof. s s vvssnws ..! Nov. 26, '09
OLABAXON 5 ¢5 45 685 5 5.5 4 & ' Yov, 28, '09
Oldmixon,,....... ... ' Jor., 26, V09
Oldmixon............. ' Nov. 26, '09
O1lAmixon. .« vussss ...!' Nov. 26, '09
Oldmixon.......... ...'" Nov. 26, %09
Oldmixon...c.eovveees ' Dec. &8, '09
Oldmixon........... ..! Dec. 6, '09
QLAMIXOM . & o s i 5566 0s ' Jan. 14, '10
Oldmixon....... ceeve! Jan, 15, '10
Oldmixon.......ve0 e ! May, 23, ‘10

Temper

g g
aovdre

-20.5

-20.5
-19.7

-19.,7
-2005

"ZOQ 5
-18
-15
-21
-21
~-14
-14
-21
-21
-22.5
-18.5
-21
=21
-10

Seales
off

- D WD W W W W W P B W W AW W B w W W W W W AW W B D - - w

Scales

on

137
92

151

198

76
132
290
223
282
140

- W W P B @ P WD T W W B P P W B T @ - W W W -~ =

=81~

Killed., ' Xilled
'Scales Off ' Scales On.
L
2.8 Y 1.5
2.0 U
47.8 ' 63.6

59 t 381l.
€4 vl

]
48 ' 75
45 '100

'
595 ' 78
74 '100

]
52 v 32
93 ' 19

]
57 75
94 v 45

|}
79 LA |
2 ' 4.7
18.4 ' 73.5
6.2 vt 13,8
2.5 'o17.4
14,6 ' 82,2
1.4 ' 47.9
81.2 t2%.9
64.8 ' 9§,
15.7 ' 54.5
40, ' 93,1
98.6 ' 99,5
75.6 97,7
57 'y 57,1






TABLE XXXVIII. Cont d.

' ! ' No. of Buds,.'No. of buds. 'Percentage 'Percentage
Variety ' Date 'Temper ' Scales ' Scales ' Killed ' Killed
! ' ature ! off ' On 'Scales Off 'Scales On
................... Kl ey s e e o e R S 5 L i S ST RS e i e 6 o R e T N i o P B S e i
’ \ 1 ) ! '
Bell's Oct. slowly ' Feb, 7, '10 ' -29 : 210 ! 107 ' 33.8 ' 83.1
Bell's Oct...... ...» Yeb, 8, '10 v -20.5 298 1 230 1 48,8 ' 83.8
Bell's Oct......... X Feb. 15, '10 ' -20 ! 287 ' 353 ' 100. y 97.4
Bell's Oct. rapidly' Feb. 16, '10 ' -20.5 200 ! 249 ' 100. ' 100,
Bell's Oct.........' Feb, 17, '10 ' -20 ' 180 ! 200 't 100 ' 98.
Bell's Oct. slowly ' Feb. 18, '10 ' =18 ' 121 ' 195 ' 1743 ' 40.9%
Bell'es Oct. rapidly' Feb., 19, (10 ' -18 ' "6 ' 245 ' 82.9 ' 93.0
Bell's Qct......... ' Dec. &, 110 ' =21 ' 69 ' 100 4 68. ' 45
General Lee.slowly.' Feb. 26, '10 ' -20.3 ! 233 ' 220 ' 8.5 ' 1%.8
General Lee... ....! Feb. 26, '190 i -21 ' 71 ' 111 'o11.2 : 19.8
' L] ) ]
Sl 1y s s s s i AP ' '
. T : , :
Total number of Dudd........ccvuuuelennn.... 4430 ' 5078 ‘ '
Average percentage killed.... ..... S : . 51.0 . 8.5
’ ' '
’ |} \]
' 2 '
’ [ |
] ' ]
] 1 L

- - W - > @ -
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it will be seen that not only in this case were the scales
no protection against the cold, but in actual fact those buds
that had the scales removed had very uniformly a smaller nercent-
age killed than those still protected by the bud scales. This is
at least true during the most dormant condition in winter. Toward
spring when the buds have swelled considerable, during warm days,
there seems to he practically no difference between the percentaze
kilied with the scales removed and those with the scales on., Thie
seems to demonsirate conclusively, that at least in the case of peach=-
es, the bud scales do not serve to protect the bud from cold, hut
as Wiegand points out, the bud scales serve only to protect the bud

from loss bf water by evaporation.

RELATION OF LOW TENMPERATURE TO PEACH GROWING.

Peach Wood XKilling. As mentioned previously, on som¢c years
the peach wood is badly injured. Generally this injury follows
very seveig}zinters with lower temperatures than are necessary to
kill the buds. However, on some years the wood has been renorted
Yadly injured even when a fair set of bloom followed. It is diffi-
cult to say just what weather conditions favor winter killing of
Peach wood in all cases. In the case of young trees, one to three
Years 0ld, EFmersonl found that in Nebraska they are more likely
to survive the average winter if forced to mature their wood early
in autumn, by using groes feeding cover crops as previously mention-

ed, though older trees were not benefited by such a practice.

1 Neb, Agr. Exp.1Sta. Bul. 79, 1903. (Bibl. No. 33)
2 N. Y. (Geneva) Exp. Sta. Bul. =269, 1905. (Bibl. No. 38)
3 Ohio Agr. Exp. Sta. Bul. 157, 1894. (Bibl. No. 48)
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Fustace< reports that following the severe winter of 1903-04 in

Mew York, peach trees more than seven years of age were killed
worse than peach trees about seven years of age or younger, except
trees one year in the orchard which killed the worst. Greend® and
Ballow, fcllowing the same winter, observed that the old trees

were killed worse than young trees and that trees kept in a good
condition of viger »y use of stable manure, mulch; etc., were in
better condition than trees that had been permitted to become

weak in their growth. This may have been partly because of the

dry weather in early summer followed by wet weather late in summer
and fall., The old trees would have been checked in growth more

by the drought and thrown intec more succulent growth by their later
rains, while the more vigorous young trees would be better able

to secure sufficient water and tend to continue their growth thrauch
the drought, and be just starting into their normal dormant neriod
when the wet weather bezan. They would, not therefcre, be so easily
pushed intn new growth as if they had passed through a drying out
neriod. At le~st observation indicates that the weak tree which
ceases growth early in the season is most readily pushed into sprins
like zrowth in autumn.

It is probably also true that the ygung tree would offer less
resistance to the movement of sap upward in spring. It would thus
Ybe able to secure sufficient water supply to prevent drying out
until a new leyer of sazp wood is formed. The o0ld tree would have
a greater leaf surface to evaporate moisture and would offér.more
resistance to the movement of the sap. It would, therefore, seecn

2033ible thet “xc young tree might recover from the freeze tetler,
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though its injury had been greater than that of the older tree.

In the peach orchards on the Horticultural grounds and at
Brandsville and other points in South Missouri, following the
severe winter of 1994-05 and again following the severe winter
of 1911-12, the trees in a healthy, vigorous condition of growth.
At Brandsville and other extreme southern Missouri points, follow-
ing the freeze of 1911-12, recovery was much mare satisfactory
from trees that had been fertiliezed with nitrate of soda than with
trees that had not been so fertilized. This was even true with
one year 0ld trees which is contrary to the experience of Emersonl,
but it should be noted that the soil is more conducive to early
maturity and the old growing season longer in southern Missouri
than in Nebraska.

As to the best means of securing recovery of trees from winter
injury, a great deal depends upon the nature of the injury. Thus
following the winter of 1899, Whitten? reports that trees very
severely »nruned, leaving the branches only a few feet long, re-
covered better than the tre2s not headed so severely. Following
the severe winter of 1904-05 trees rather severely headed-in re=-
covered better that had only cne-third or one-half of the pre-
vious senson'e wood cut off. However, Eustace® found that this
severe heading hack of the trees in New York, following the winter
of 1903-04, was very harmful to old trees, though apparentily bene-
ficial to young trees. Moderate pruning gave xesmukig much better

1 Nebr. Agr. Ezp. Sta. Bul. 79, 1903; (Bibl. No. 33) and Neb,
Agr. Exp. Sta. Anl. Rpt. No. 19, 1906, pp. 101-10 (Bibl. No. 35.)

2 Mo. Agr. Exp. Sta. Bul. 55, 1902, (Bibl, No. 115)

3 N. Y. (Geneva) Exp. Sta. Bul. 269. (Bibl. No. 38).
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results.

Waitel renorts that very severe pruning of trees in
Michigan and other parts of the North, following the same
winter, did not give as good results as light pruning-re-
moving about one-third to one-half of the one year old-
wood,=- and in Missouri, bvothin the Experiment . Station
orchard and in orchards at Brandsville and Hollister of
southern Missouri, old trees that were severly cut back
following the severe winter of 1911-12 did not recover
as well as old trees with eveh no cutting bvack. The amount
of cuttiing that seemed to have been the most desirable,
following either the winter of 1308-09 or 1904-05, in Miss-
ouri, was in a large number of cases fatal in 1911-12.

At Brandsville a large block of trees that had reached a
height of something like fifteen feet had their branches

cut back to stubs four or five feet long, and a large per-
centage of trees died, after making some slight growth in the
spring, while trees with no pruning or very light pruning
recovered much better,

Just what the difference is it is hard to say, except

that preceding the winter of 1911-12, growth conditlions were
much the same as those described by Waite, Seldby, and Eustace
for Michigan, Ohio and New York preceding the winter of 1903«
04, that is, dry weather in the early part of the season,
followed by very wet weather causing a late succulent growth,

1 y. S. Dept. Agr. B. P. I. Bull. 51, pp. 15-19.
(Biv1. No. 111.
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In deciding how much pruning to give a tree following
a severe winter, one must consider the kind of injury. If
the lower part of the tree is very severely injured, as it
will bYe when the tree is forced into late succulent growth
following conditions that seriously check its growth earlier,
the pruning should prebably be such as to remove not more
than one=half of the one-year-05ld woocd, while if the injury
is distributed throughout the tree, and it is not so severe
that the cortex snd cambium are entirely killed at any point,
it would seem highly probable that more severe cutting back-
say into two-year-0ld wood-would be desirable. Such cutting
back 1s often beneficial to the trees even when they do not
need it to help them recover from severe freezes. However,
very severe cutting back, such as Whitten describes, is: pro-
bably not the most desirable following any}kind of a winter
gince much less cutting will give entirely satisfactory re-
sults and a better tree with more fruit buds for the following
season's crop. Cutting back to induce recovery from winter
injury has always been more successful at this station on
young trees than on old ones and on trees kept vigoroues by
severe pruning during previous yeare than on less vigorous
trees, In fact if trees are o0ld a nd neglected, severe cutting
back all in one.year should always Ee avoided.

Eustace reports that trees pruned in January, shortly
after a severe freeze, gave much better results than trees
pruned in March, probably because a large amount of drying
out had been avﬁided by reducing the top. At this station

better results would have been secured by the early pruning
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Fertilizing the soil with a nitrogenous fertilizer, as nitrate
of soda or ammonium sulphate, has at Brandsville, Missouri, re-
sulted in much more satisfactory recovery from winter injury.
Where the fertilizer was applied both the year vefore and the
year following the freeze, very slight permanent injury was to
be found when surrounding unfertilized trees suffered great
injury.

Hardiest Varieties in Wood:- The effect of the condition

of growth on the hardiness of peach wood is so great that it is
difficult to reach an accurate conclusion as to which are the
hardiest verieties. Observations must be on a large number of
trees, and through a large enough number of years to include

many different seasonal conditions. Hedrick,l basing his

opinion on replies secured from New York growers, places Crosby,
Hills Chili, Stevens Rareripe, Gold Drop and Elberta as most hardy
in wood; and from replies from Michigan growers, Hills Chili,
Crosby, Gold Drop, Kalamazoo, and Bernard. Elberta, Smock and
Salway, considered hardy in New York, were considered tender in
Michigan. Wager, Jaques Rareripe, Carman, Belle of Georgia,

and Hale's Early were considered above the average in hardiness.
Eustace® found in New York, following the winter of 1903-04,

that Stevens Rareripe, Elberta, Thurber and Salway showed little
or no wood injury, while Chinese Cling was the most seriously
injured. R. F. Howard, formerly of the Nebraska Experiment
Station, states in a letter that Russelld is one of the most herdy

in wood.

Procs. Western N. Y.Hort. S0g.1908,p.180.(Bibl.NO.55.)
¥.Y.(Geneva) Exp. Sta. Bul. 269,1905.(Bibl. No. 38.)
Yearbook, U.S. Dept. Agri.1911,p.429.(Bibl. No. 109.)

KN ~
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At the Missouri Experiment Station there is a peach or-
chard that has been exposed to the severe winters of 1898-

99, 1904-05 and 1911-12., These trees have had such different
treatment that they necessarily went into winter in conditions
not equally favorable to withstanding the low temperature.

e are, therefore, not able to place the varieties as to hardi-
ness with any degree of accuracy. However; it can be said with
certainty that, although Elberta is very tender in bud, its
wood is exceeded in its ability to recover from such winters

Wy very few varieties. At least this is true of any but one or
two year old trees. Hills Chili, Salway, Bernard and Gold Drop .
have also proved hardy. Chinese Cling has been probaﬁly most
tender in wood, although it is rather hardy in bud. The station
orchard contains no o0ld trees of the Greensboro or Belle of
Georgia varieties but young trees of these varieties, and of
Victor and Russell, were among those that recovered best from
the effects of the winter of 181112,

It is interesting to note that Elberta, Breensboro, Belle
of Georgia, Victor and Carman are among the more hardy varieties
in wood, and are seedlings of the Chinese Cling, which is one
of the few most tender varieties in wood.

Killing Peach Buds:= In the case of fully dormant peach buds

there is but little difference in the killing temperature of the
different parts of the flower. In practisally all cases where
there is killing at all, all of the flower patrte are killed and,

in addition to this, generally some of the vascular tissue extend-
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ing down into the twigs from the base of the buds. This
was broughtout by carefully sectioning of killed buds by
Mr. R. G. Briggs.l Just how much cold a fully dormant
peach fruit bud will withstand, it seems practically ime
possihle to apvroximate. According to Bustace,? the mini-
mum temperature that prevailed in Western New York in the -
winter of 1903-04 ranged from =10° F, to -15° F. Un most
orchards of that section there was a normal crop although
the wood was badly injured, indicating that under some con-
ditions the bud will actuallt withstand a lower temperature
than will some of the woody tissues.

In a letter from Professor F. A. Waugh, he says that in
Massachusetts practisally a full crop of peachee has been
harvested from trees that had been through a temperature of
-20° F. and a partial crop of Greehsboro had been secured
follewing a minimum temperature of about -27° F. 1In a letter
from Mr. Elmer B. Parker of Wilton, New Hampshire, he states
that after a temperature of -14° F, in January, a sudden drop,
the Elberta crop was a practical failure while Carman had 50
to 75 percent of a full crop, and §elle of Georgia and Champ-
ion had practiecally a full crop; and in 1910-11 a temperature
of =129 F., in December failed to kill endugh buds to prevent
trees from yielding a full crop. In these cases the buds had
not heen started into growth by warm periods.,

1l Thesis, University of Missouri, 1912. (Bibl. No. 13)
New York(Geneva), Exp. Sta. Bul. 269, 1905, (Bibl. No 38)
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In the year of 1901-02 all of the buds were k%illed at the
Missouri Expériment Station orchard by a temperature of -23° F,
on December 20th. In 13902-03 practically all buds were killed
by a temperature of -15° F. on February 17. In 1903-04 buds
were killed on all varieties except General Lee, Chinese Cling,
Thurber, Carman, Gold Drop, Triumph and Lewis, by a temperature
of =14° F. on January 29th. During the winter of 1904-05
nearly all the buds were killed, yet practically all trees had
a few left alive and Triumph and Lewis a fair crop, following
a temperature of -25° F, on February 13th. The following table
gives the percentage of buds, killed for a number of varieties
during the season of 1905-06 and the seasons following up to
1911-12 when all were killed by a temperature of -200 F. During

1312-13 there was no severely cold weather and practically none

of the buds were killed.
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TABLE XXXIX. Showing The Percentage O0f Buds Xilled Cn The
Years 1906 to 19211 Inclusive.

Febraury 5, 1906, Temperature -3° F.

' Nuuver
Variety ' Buds
' Counted
............................... O ———
LOWIE counssr - vrassnns I8 RHEd LS ! 1347
Chinese CLING csvvssvnsivensa ol 599
Smock ......................... ' 599
Barly Mlohlgal,.ccsssvssansnsann ' 121
Poole's Favorite........ TITIL ! 901
SN@EA: s s vim@isswicinsauiieiasns ' 641
VEDMOE scxomsrxssnssns snaswnwsxs ' 617
LY DPOPsvsnsnsnnbannrnanssws ! 744
BAOW: s csssssssccscisnves dosds ! 895
General Lee.... . . ........cccouu. ! 529
Biliwm CBild. s vasncecsnosnnnaas ! 64"
OEIWBY wssssapinnsrsamusmsisns ' 675
Barly T11losbon..c.oensmnsnsasns i 541
Krummel Octobericiscvvissnsnns : 539
Alexander......cveeee A Tpp—— ! 1532
95 4 5 b U SR R ! 1930
Triomph, s s vsnvsinsnssnsons s snns ! 1111
REPEPIDE, . s s snasubsansnnsans ' 568
Crosby.......... SRR H 898
Family Favorite............... ' 1012
Captain Bde................... ' 704
Crawford's Barly....covvven.n. ' 994
BOMNBLR. w o usvunt s wansvnsssnn i $ 513
Brisg's Red.....cooocvvvenenee ' 470
BIberta. o cnss inonessonesanss ' 1680
Qldmixen CIINEusscssvnvvnnnins ' 2080
o458 o < ' 519
Henrietta...........ocvvvun.. ! 592
B OB e wn o vw € s s 56 € 0 0k d s ' 889
Oldmixon Free.. ...coeveeennnn. ' 1040
Fitzgerald.........ciivvvvennn ' 641
Kalamazoo.......coivienneennnn '...1249
Heath ClIng.scvosrcisssmnunans Vass T8,
CHAMBIOT . v sussroosssssabsness - 608
Early Bernard..... PR SN AR S ' 752
Shipley Red.vvevenunnn. SR H R ' 542
Yellom 3t. John .............. ' 512
Crawford's Late....... HEEE NE S ! 677
Susquehanna. . 0 0 6 W L o 692

Percantage
Buds
Killed

e e I I e
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' Number ' Percentage
Variety ! Buds ' Buds

' Counted ' Killed

................................. S NN ——
February 4, 1907 TeTperature plus 1° F.

............. s e sns v i e o e A o o O SRS

] ]
Ba¥ly T1110t80n.cccovsusssvsanens ) 535 ! 18.8
GULE DIOD.csusasnniben assassensin ! 765 ' 31.5
Lewis........ e e e ' 162 ' 42.5
Dldmixon CLINBesvsvnsssnssmn onua . 1442 £ 44 .4
Rt T ' 642 ' 44.8
Poole's Favorite.............. cwa 1003 ' 54.1
Blhett8 . sssvsnavnsssnssasvanenss : 409 ' 59.9
SmockK.......o0 2 08 0k e B 16 R 8 18 0 D ! 804 ' 61.7
O1dmixon Free.....oviiierinenenens ' 504 y 90.8
................................. , SR, S ————

February 2, 1908. Tehperature plus 20 F.
............ o e s g s o s el S R
Crawford's Bavly. svssvsnsnsnnnss ! 250 ! 18.9
BlOSPER, v vs s snnsivrsoes VS R ! 977 ' 35.3
Kalamazoo. . ioviiiiieeineranneas " 1104 : 43.4
Femlly Toverite...ovinsnvosssnsa ' 671 ' 44.9
Oldmixon Free. ...t ' 11242 ' 48,7
BPELRy s v e smsnvynn sy uenss o 6 e e ' 1177 ' 50.8
BNoBH . i cssnsuspsssnevsnessanaos s ! 1662 ' 57.5
Dewey Cling....vcvvviiiniiennn. gF 1204 ' 80.9
Januery 12, 1909. Temperature -11° F,
P LB - R ' 975 ' 56.2
Barly Mlohigan..cc ossvavasonssas ! 463 ! 63.0
Heath Cling...... i e 6 yewE vddh el ' 455 ! 74.7
Hills Child.. .. ...ttt ' 493 ' 75.2
BHBOR cas ss sus s oaa 5508 EFEFE S0 6N 5L ... 230 ' 78.8
BAIWAY s s vsssossassamionnassasass ' 1864 ! 79.1
0 B IR /2 — 2355 Y 80.8
2 T 5 ' 333 ' 81.8
POBEY svsssnns cnasrasassdaassd ®an ' 520 ' 85.3

General Lee.....u.vueerenrnennnn. ' 426 ' a8".7
Family Favorite.................. ! 843 ' 89.9
Dawey ClINGussssnssonnasscssssnus ' 484 ' 89.9
ChamPion. cv e it e i it ii i ' 550 ' 91.2
Barly Bernard.........covvvennnn, ' 544 ' 92.2
BURRRD R . 29 5 .56 55 €8 #5065 0ES ® 5550883 ! 1792 ' 82.2
ROEMBIN R . v wppmmmes cveeEEEe e s ' 753 ' 93.3
Oldmixon Cling....ovvveevennnnnn. ' 2994 ' 96.3
B R sww g €834 ' ©7.3
Fitzgerald. ..o veeeneenennnnnnnn. ' 249 ' 97.7
Crawford's BaATIVcssnnasowecnsvnns ' 848 ! 98.6
Crawford's Late........coconvnnnn. ', 464 ' 99.5
RINgoLd. . o vove i inernennennnnenns ' 1030 ' 99.5
Oldmixon Free......coveeveununennn ! 997 ' 100.0
Golden Gete.......oovueeunnn.n.. B 167 ' 100.0
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' Buds ! Buds
Variety 'Number 'Percentage
'Counted ' Xilled
..................................... Lececcmcmcemmeb e cccccaeae
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Chinere Cling.ccosvvssnpavmsninnnings ' 75 ! 2.6
Family T‘aa:\m.c'i‘ce ..................... ' 200 ' 3.0
Triumnh .............................. ! 174 ' 7.4
Hlley. ............................... ' 150 ! 11.3
BRBes v 6 s e r AT S e AT e w omE o 185 ' 12.9
Brige's Bedu.cvvuvansan T ' 100 ! 13.0
Darly MICHAGAN, s ansv sy pansns o8 %o res ' 126 ' 14.2
General Lee..... v vt teeeennnennnns ' 150 ! 14.6
BOLWAY .« s v s svvanssssssusnssnnEEn® s agS ' 559 ' 14.9
01dmixXon FPre@. e it ittt ittt ! 200 ' 186.5
AlTONcnswscmmoemssns o wd 5w §ikisl 6 B E b e 5 250 ' 16.4
Rive's Beedling,.vsssvssnnssnvwanssas ! 300 ! 17.0
Rldmixon CliNE==c srvcsonsssnsnsonsssa ! <00 ( 21.0
O Y )5 2 ' 148 ' 22,
10T, . .. e it ! 400 ' 24.0
D s e s s IR ESAG AP N AR GRS BY &34 : 200 ' 27.0
Fitzgerald.....oooii ittt nnnnnns " 100 ¥ 31.0
Heath CLING: s iosrnnnpmsssvnasynnssa ! 141 ' 31.2
Rl v« ccornsusnpsssnasruaRsvEniy ' 150 ' 33.3
Crawford's Lat@.....ooitiriieneennnnns ! 148 ! 44.5
BORNEIB . oo s v a'ssmvs v55s 56 s sv AREESE ! 150 ' 51.3
Barly Bernard......oooviinecncennns ot 100 ) 2.
Kalamazoo ............................ ' 150 ' 28
January 3, 1911. Temperature =-3° F,
TrIUMDM. s s assaanaeiBsReEsF o N2 B bsdws s ' 275 3 29.8
Tk R ' 309 ! 34.9
Henrietta. . oovuen i ' 237 ' 43.4
Krunmell October.....covveeernnnnn .. ' 261 ' 45.9
Wy 55 50 oo b P DARSE HO B0 EES T D0 EBUES @ ' 530 ! 52.8
Carman..... bR s 1 B et B S R B 1P ek 1 15 ' 203 ' 52.
GEatE BlilE. conusasuns aary s mess mns «ses ' 234 : 58.1
CaDEaIn AN,  wxwonoanmssns s ®msnesss s ! 244 ! 58.1
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It will be seen that on January 12, 1909, practically all
the buds were killed except on the most herdy varieties by a
temperature of =119 F. In fact fewer peaches were borne at
Colundia following the winter of 1908-09 than following the winter
of 1904-05 when the temperature fell to -25° F, on February 13th.
A temperature of -12° F. on TFebruary 2nd, killed only a very smal}l
percentage of the huds of such tender varieties as Yellow St.
John. It may We said too that a temperature of -15° F. on Janu-
ary 7tah, 1912, killed practicelly every peach bud at Ksshkonong,
Missocuri, By referring to the adjoining chart, showing maximum
and minimum temperature curves from December 1st to the date of
kXilling each year at Columbia and at Koshkonong, and for the
year 1908-09 and 1909-10 at Geneva, New York, it will be seen
that there was not more warm weather to start the bhude preceding
the freeze of January 12th, 1909 at Columbia or that of January
7th, 1912, at Koshkonong, than preceding the freeze of February
13th, 1905 at Columbia.

It would hardly seem possible that the buds in either case
c¢ould have been started into slight growth preceding the freeze.
Buds start very slowly even at high temverature early in Janu-
ary. By referriné to the chart it will be seen that the low
temperature of 3_'a.nu¢ry 12th, 1909, came suddenly, following high
temperature, while that of February 13th, 1905, came following
forty-two deys of rather low temperature. For sixteen days the
minimum temperature didnot go above the freezing point,

There seems to be two possible explanations for the greater

hardiness of the fruit buds during the seasons like that of 1904
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=05 in Columbia. It is pcesible that a long erxposure to
low temperature the buds develop the ability to withstand
lower temperature. Since freezing to death of plant tissue
seems to result from withdrawal of water from the cell, the
fact that slow dryimg out of the tissue (See Table 19) in-
creased the rardiness of the buds would lend weight to this
theory. The cells would be greatly deesiccated during the
period of low tempernture which preceded the freeze of Feb,
13th, 1905.

The oth2~ possible explanation of this greater hardiness
of the fruit bude in 1905 is & very slow falling off of the
temperature (See Table 27). It will be remembered that the
greztest harm resulted when the rapid temperature fell occur-
red for the first 159 below the freezing point, though.rapid
tampersture fall during the last 10 or 15 degrees before the
killing temperature wes reached also caused greater killing
than where the temperature fell slowly from the freezing
point, (See Rable 21). This station was enabled in its
laboratory experiments to maintain a continuous low temperature
that would approximate temperature conditions that prevailed
outside when buds withstood such extremely low temperatures
as in Februery, 1905, However, bude of varieties known to show
greater resistance on such winters were not killed by temper-
atures that killed buds of vardeties iike Elberta, known to be
tender., The freezing tests in the laboratory then were tests
of the relative hardiness of the buds, either of different

vVarieties or -f the same variety differing in hardiness on

4
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account of local conditions, Twigs to freeze were obtairned

from New York,from Scuth Missouri, and from Georgie , thnrough
the kindness of Professor U. P. Hedrick of the Ceneva, N, Y.
Exneriment Station; of‘the Ozark Fruit Farm Company of Brandse
ville, Misscurt; and of Professor of H. G. Stuckey of the
Georgie Experiment Station. The following table gives the re-

sults of our freezings:
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It should be sald that where more limature or partially
deveoped buds thal were killed by a rather high temperature
on the twigs from Geneva than on the twigs from either Colum-
bia or Brandsville, which precbably exrlains the iigher per-
centage of buds killed on the Geneva twigs.

It will be seen that except when the freezings were late
in February when bude in Missouri had been started into zrowth
by worm days, the buds from New York were not more hardy then
those of the same variety from Colunbie. 1In the preceding
chart will be found curves showing maximum end mérimum temper-
atures from Geneva, New York; for Koshkonong, Misscrui, eix
miles from Brandsville, Missourl; and for Columbia, Missorui,
It will be seen that the buds from Geneva, New York, had been
exposed to lower temperature and to more continuovely low tem-
perature preceding the freezing. Yet when they are thawed out
before freezing and the temperature fall is equally rapid,
there seems to be no difference between their hardiness and
the hardiness of the buds from Central Missouri. It is possi-
tle that the buds from New York were started into some growth
in transit shipment haviﬁzjﬁade by exnress, Hcwever, the buds
from Brandsville, Missouri, came in the same way and, on account
ef poor railway connections into Columbia from the south were
about as long in coming., If they. were not as long in coming
they were kept in a rather warm basement room until the New
York twigs came. While the data are not such that absolute

conclueions could be drawn, at the same time they certainly
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seem to suggest that the buds from New Yerk had not acquired
apprecliably greater hardineses due to their having been pre-
vicuely expcosed to low temperature. It seems poesible that

the buds are more resistent to a low temperature at the end of

a long period than are ecually dormant tuds to & low temperature
that comes with a sudden drop, not so much because of a greater
resistance of the protoplasm brought about by prolénged exposure
to low temperature as because of the very low temperature fall,
If thie e true, & freeze following a thaw in winter should
result in greater injury than if there were no thaw, even if

the temperzture during the thaw dées not go high enough to cause
growth. This seems to he the experiende of growers infhe Norilh.
Letters frok men in Connecticut, New Hgmpshire, and peach regiors
of Canada state that with them killing of the buds generally
occurs when the cold period follows a thaw. It would hardly
seem possible that weather warm enough to start growth would bve
experienced in those sections. It would seem more nrobable that
the killing results from the rapid temperature fall, while the
greater resistance of the buds following a prolonged cold period
ie due to the very slow gemperature fall with the resulting slow
withérawal of water from the cells, especially while the temper-
ature is still near the freezing point. (See Tgble 21),

The conditicn of the tree when it enters the winter should
not be lost sight of in considerations such as the above on the
killing from cold in winter. Ae mentioned previously, maturity
plays an important part in the resistance of winter tissue to

low temperature. It may be said, however; that reference is
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had to the same trees for 1205 as for 1909, They were older in
1709 and were unquestionably as mature. In fact in 1909 there
was no apparent difference between the hardiness of the buds
on the most vigorously growing trees and trhose growing most
slowly in this orchard, indicating that all the trees went inte
the winter in good condition. That the condition that favors
greatest hardiness of bude is one of greatest maturity is
apnarently cormmon knocwledge among peach growers in Northern
Sections. One each such winter in the Missouri Experiment
Station nroherd these trees V2l ceased growing and become dor-
mant rather early in the season before carried the largest
number of buds through the extreme cold unirjured. The came
phencmena were observed in Southwest Missouri following the
winter of 1911 and 1912 when there were no warm days to start
that buds preceding the extreme cold that killed them. 1Ip this
case only those trees that were large and matured early and
hed a large amount of small growth down in the tree had any
large percentage of buds to survive. These same phenomena
have been observed in orchards on other years in Missouri.
However, the average budson a later maturing tree dé not seem
to be appreciably less hardy than the average buds on early
maturing trees. In nearly all ceses those buds that survive
were buds located on small spurs where there would be a whorl
of three or four leaves with only one or two buds on the spur,
and there are few such buds cn a heavily pruned late maturing

tree. It was shown in Bulletin No. 74 of the Missouri Experi-
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ment Btatidn that generally the largest percentage of buds to
survive cold are on the bese of the twigs of mature size; the
next largest on these small spurs mentioned abofe; and the
smallest percentage to survive will be on the ends of the twigsd.
Fowever, vith extreme cold that will kill all the buds at the
base of the main twigs or practically all of them, there will
often be a few on the spurs; that ie, the buds on the spurs
vary more as to hardiness than do the buds at the base of the
whips. Thies would naturally be expected eince the con@ition
of growth with reference to light, etc., will ¥ary more. While
the percentage of buds surviving cn the tree when enough are
killed thet practically all left are on these small spurs, would
naturally te very small, it shouldbe remembered that only e small
percentage of btuds on a large healthy tree would be sufficient
for a crép that would be profitable to handle, Under conditions
wvhen the buds ere killed in a fully dormant state, or are killed
after some starting following a warm period coming late enough
in the season so that the rest period does not affect the amount
of sterting, the best plan for handling the trees is to prune
them down to a size that can be conveniently handled in spray-
ing, pruning, picking, etc., and to practice of pruning end
cultivation such that they will cease growing as early as
August in Eentral Missouri.

Varieties with Yost Nerdy Fruit Buds when Fully Dérmant.
There was a great difference in the degree of cold that differ-

ent varieties will withstand even when fully dormant.
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Hedrick gives a list of the hardiest varieties for New York

and for Michigan, basing his conclusions on letters received
from a large number of New York and Michigan growers. The

New York growers name Crosby, Hilles Chili, Triumph, Gold Drop,
Stevens'! Kareripe, and Kalamazoo as being the most hardy in
bud, Crosby end Hills Chilil heing listed by a much larger
number of growers than either of the other varieties. Hills
Chil%, Gold Drop, Crosby, Kalawazoo, and Bernard are the
hardiest varieties according to the opinion of the.michigan
growers, Waug lists Greensboro as one of the hardiest under
Massachusetts conditions. Growers in the ncrthern part of
Missouri have also found Greensboro probably the hardies peach
in bud that they have grown. Judging from years when the

buds viere killed without any starting into growth by previocus
warm veriods, Hills Caill, Lewis, Thurber, Gold Drop, Trtiumph,
and Crosby had been among the very hardiest in bud in Missouri,.
Lewis is a secedling of Hills Chili. Mr. R. F. Howard, formerly
of the Nebraska Experiment Station, end others in Nabraksa
placed Russelll, another seedling of Hills Chili, as one of the
very hardiest peaches in bud,as well,as in wood.

In Missouri, besides Greenboroc and Thurber, Carman, Belle
of Georgie, General Lee, and Chinese Cling, and some other vari-
eties of the Chinese Cling group, have been more hardy in bud
even under fully dormant conditions, than the majority of the
well known varieties. The @reen Twig grcup, especially Snow
end Rice's Seedlings, have been found hardy under the same
conditions., Champion is also above the average in hardiness

1 Yeartook, U. S. Dept. Agr. 1911, P. 429. (Bibl. No. 109.)
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under fully dormant conditicns, so far as observations in
Missourl indicate.

Cf the more tender varieties when fully dormant Hedrick
lists, from the opinicn of New York and Michigan grocwers,
Crawford'se Early, Crawford's Late, Chairs Choice, Reeve's
Favorite and Elbverta.

In ilissourl these varieties are among the most tender
on such years under Missouri conditions, with other peaches
of the same tyne as Golden Cete running even mere tender,
and Oldmixon Free and Cling and the Heath Cling group, and
Fitzgerald and Early Bernard, being slightly more hardy.

Rest Period 0Of Peach Fruit Buds., During some of the
seasons mentioned above, especially that of 1905 <06, a large
percentage of the buds were killed at a high temperature be-
cause they had been previcusly started into growth by warm
weather. By referring to the temperature chart it will be
seen that on: many years in Columbia, and on a large majority
of years at Koshkonong in the extreme southern part of Missouri,
the temperature for December, January and February will average
as high as for those three monthe in Columbia for 1905-96,

During the writer's observalions there has very seldom been
a year when buds in the peach section of southern lMissouri have
not veen started sufficiently By Feovruary lst to be killed oy
a temperature considerably higher thah would be required to
kill buds in northern Missouri, or certainly in Michigan, New

York or New Englanfi on the dame date.
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VARISTIES WITH THE LONGEST PERIODS.

Any cne who hae had experience with a large numndber of vare
ieties of peaches in a climate like that of southern YMisscuri
has obascerved thnat there is a wide difference between the amcunt
of starting Ly February 1st on different varietles., Thus 1t
will be seen hy referring to Tgble 39 that the smaller nercente
age of bude were killed In February 3th, 1906, vy a temperature
of =-3° F., following a werm neriod, on General Lee, Chinese
Cling, and Sneed of the Chinese Cling Group, and the Green
Twig varieties such as Snow and Ortiz, and on Lewis and Zarly
Michigan of the Hills Chili group, thén were killed on varieties
like Crawford's Zarly, Elberta, Fitzgersld, and the Heath Cling
Varieties,

Experiments at this atation have indicated that the reas=on
for this is because these varieties have a longer rest period.

variocus
Attempts to férce ithe buds of /varieties into growth in the
early part of the dowmant season, by keeping the twigs in the
greenhouse with their vases in woter, were published in Bull-
etin No. 74 of the Missouri Experiment Station. The following
tables summarizes these results for some of the different
types of peaches, giving alsc the percentage of buds killeéd
by a temperature of -3° F., on Fehruary 3, 1906, when the

killing at so high a temperature was due to the buds having

been started into growth by previous warm days.






TABLE XXXXI. Percentage of Buds That Could Be Started Into Growth By December 12, and
December 22, 1906, On Varieties of Hills Chili, Chinese Cling,
Green Twig and Other Uroupd.
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It will be scen that especially the Chinese Cling group
of peaches and the Green Twig varieties have & long rest rer-
iod and cainct be readlly nushed into growthh »y varm periods
2nrlier than about January 20th, while such varieties as Craw-
ford'es Early, Foster and all the Heath Cling varieties could
be uch more reacdily pushed into growth in the early season,
Fitzgerald and Farly Bernard are not included in these experi-
ments, but experience with them proves that they have a shcrter
reel period as Crawford's Early, and are equally tender und«r
Missourl conditions, Elberte, a Chinese Cling Seedling, the
other parent of which is thought to be Crawford's Barly, has
a short rest period like Crawford's Eerly, while Cazmen re-
sembles the Chinese Eling in bud habits. Since the publication
a7 3ulletin #74 there has been opportunity to observe *lc¢ push-
ing during February on Carman as compared with Elberta in south-
ern Kissouri, end uniformly the Elbertsa pushes muich more rapidly
curing January and February, and even March, than Carman,and on
nearly every y=22r it blooms earlier, though in North Missouri
where peaches bloom later and the effect of the rest pericd will
thus be entirely elminated before blooming time, Carman and
Flberta are likely to bloom together.

THE EFTLCT COF VIGOR OF THE TREES ON THE REST PERIOD,

It was founf as published in Bulletin #74, Missouri Experi-
ment Station that prolonging the growth of neach trees in the
fall will prolong the rest neriod so that the fruit buds are
not so liable to be killed by cold periods following warm per=-
iods. This prolonging the growth in the fall was generally

accomplished by nruning the trees severely, in this case two






years tefore those testswere made. This caused them to grow
more vigorously throughout the summer snd to continue growth
later and to hold their leaves late in autumn. WVhile the

more vigormus growth continued txhrough the second summer sfter
prunling, the additicnal vigor over the unpruned trees was not
sc great.

To test the effect of this additicn of vigor on the rest
periocd, twigs gathered on various dates from November 23rd,
te Jenuary 13th were forced from twe to three weeks in the
greenhouse. Following is a sumary of the table published
in the Missouri Experiment Station Bulletin No. 74 giving the
recsults of these tests made during Rmxing the season of 1906w
07 the vigorous, pruned trees are termed "cut back" trees.

Average percentage started on trees making large growth

{out Baoky.vocsvsannae "y N 20,5
Average -ercentage started on troea making small growth

(Het TO% B0 « c unnvrons s cma s vas @ sa s sennsssss pms s osbn ee.31.2
Number of varieties in which ireces not cut back started

Lirmb.csonnrnennssissnnssae S T I I r 20,

Number of varietiee in which treee cut back started
Funibet in shish hotl statied wbanb equaliz.. rireiimis 4

Quoting from the publication referred to:

"It will be seen that only iwe thirds as large a per-
zertege of buds started on cut back trees as on trees not
cut back. It would be expected then that when 90% cf the
buds had started on trees making smell growth, only 687 of those
on trees making a large growtll weculd be started. This is borne
out in above table. If we take the average of buds started

on twigs taken December 2Znd, or later; that is, when the rest-

ing period was riearly ended, we have:-
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“Fcr trees making growth (cut back) 28-3/107 started;
for trees making smaller grovwth (not cut back) 48-5/10%
started.

“Taking only those varieties in which cne tree had
604 of buds started, end therefore may be coneidered to have
finished its resting period, _we have as an average:-

"On trees making large growth (cut back) 44+3/10% of
the bucs started;

"On treers making smaller growth (not cut back) 83.4
percent of the bud: started.”

Results during the previcus season when the difference
in vigor of the trees was greater, were even more conclusive
though perhaps not enough bucs were used in the expgriment.
Thus with Elterta buds on twigs gathered December 2nd, 1905,
G¢ percent of those from slowly growing trees clearly showed
svelling by December 21st, vhile none from the vigorously grow-
ing cut back trees showed any swelling. ZEven when the buds
from vigorous trees were counted as started, they had not gen-
2rally made ag much growth as had those from weesk trees. It
should e said, too, that the trees listed as weak trees were
of average vigor when compared with those of most commercial
orchards.

Since the publication of the bulletin this staticn has
made obeservaticns on the effects of severe pnruning and late
growth on the rest pericd of buds in the extreme portion of
southern Yissouri where there are many days in January and

Februaggygéough to start growth. It has been generally found
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that the mule¢ cn weak trees are mh7c foivard than on trees
that have grown late in the fall, At Doniphan, Missouri
(in one of the extreme southern counties) during the spring
of 1608 in an orchard owned by a Mr. Neal, old Elberta trees
that h2d been weakened by late summer pruning and others
that had not been pruned at all were in full bloom by Mgrch
15th, while young Elberta trees that kad been severely prunec
the spiring and late winter before were not yet in blodm, being
apparently at least cne week more backvard in blooming thah
tlhie weakly growing trees, Other orchards in the same community
showed similar conditions, It should be seid, too, that this
was not an abnormally early bloom for extreme southern Missorui,

During the spring of 1910 a number of Elberta neach treee
vere pruned back very severely in the orchard of the Ozark
Fruit Farm Co., at Brandsville, Howell County. The fellewing
winter was so abnormal that nearly all Elterta trees were al-
most in full bloom by Februa.ry 22nd, when a temperature of
14° F,, was experienced., Of course the bloom and some of the
unopened buds c¢f such trees were killed, At that time the fruit
buds on these severely pruned trees that had grown late in the
fall were not epen,and they suffered much less injury than dic
bude on trees not cut back.

Agein on March 16th, a temperatu:e of 20° F. was experienced.
Buds on these cut back trees had not yet reached the stage of
development that had been reached by trees not so treated by
February <2nd, the temperature between trose date teing too low
for much growth to take place. The following table gives the

percentage of buds killed on the severely pruned and on the






unpruned trees by the freeze of February 22nd, and by the
freeze of March 18th.

TA3LE 4%. Showing the Percentage of Buds ¥illed at Brandsville,
Missourl, by the Freeze of February 22nd, and March léth,
1911, on Severely Pruned and 'npruned Trees.

)
:
:
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!
:
:
g
:
:
1
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:
:
:
:
:
i

! ' Feicentage of ‘lexrentage of
Treatment ' Total ' RBuds Killed ' Euds Killed

' Nurber ' By Freeze of 'By Freeze of

' of Buds ' Feb. 22nd, 1911 'Mar. 16th, 1911,

1 \ '

! ' ]
................... s v oo o i ks v, i el 5 o A R
Mot cut back....... ' 104 ' 85.6 ¢ 98.08

' ! '

Cut back icsswscns ' 183 ' 48.1 ! 81.9
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Thue 18.1 percent of the huds on these cut back trees were
still alive after the two freezes., These trees set practically
a full crop while trees around them bore not more than one or
two neaches to the tree. On the same year, trees heavily pruned
the previous spring at Doniphan, Missouri (another southern
courty) were more tham three weeks later in blooming *lan trces
not so treated, as reported by Mr. J. R. Stevens,

The rest period can also be as readily prolonged by ferti-
lizing by nitrogenous fertilizer, thus prolonging the growth
into the fall. In the Brandsville orchard mentioned atove,
in 1910 a plot of trers was heavily fertilized with amonium
sulphate. OCne plot of 30 trees received - 100 paunds and an-
other plot of 60 trees raceived 100 pounds, The following table
gives the vercentage of buds killed on thése trees receiving
the heavy application of fertilizer on February 28dd and on
March 16th, and also the percentage killed on adjoining trees

not so trected, ond an trece fertilized lightly with sodium
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nitrate in 1909 and in 1910:

TABLE 43. Showing the I'ercentage of Buds Killed at Brandsville,
¥c., by the Treezes of February 22nd and March 1€th, 15811,
on ¢trees fertilized with Nitrogen and "rees not =mo
Fertilized.

' Yote '¥Porcentage ! Percentage
'"Humber 'of Buds ' of Buds
1

Treetment 'of Bude 'Killed by Killed By
' 'Freezes of ' Freezes of
' 'Feb. 22, 1911' Mar. 16th, 1911.
' 1 ]
.......................... s s i s s i i s o e S
\ ' '
Fertilized with Ammonium ! ' '
sulphate ...ccioccvvenns v312 ' 44.6 : 77.6
i ] i
Check, not fertilized....' 188 ' 91.5 ! 98.4
' ' '
Fertilized with Sodium ! ' ve
nitrate 2 Z/3........ o3 ' '
pounds to the tree in ! ' '
1909 erd one pound to ' '
the tree in 1910 ' 2256 ' 80.4 ' 87.1
.......................... | PSP SN, S A ——————

On the trees fertilized heavily the spring bvefore with
armounium sulphate a percentage of buds large enough for a
full crop was left after both of the~e freezes, and the trece
get and ripened a full crop of frulf while the adjoining trees
had nothing. Trees fertilized with sodium nitrate but not so
hesvily, did not show such marked results, and vet there were
buds left for a fair crop, if all the orchard had set as much
s¢ that activities ~ of the curculio would not have tcen con-
centreted on so small an aree.

It mny be said also thattrees on ancther plot fertilized
with 63 péunds of sodium nitrate to 36 trees in March, 1909,
had a smaller percentage of bude killed during the winter »of

1909 and 1910 and set a heavier crop in 1910. From these

results it is evicdent that vhere there are & large number of
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warn nericde in the early part c¢f the winter vefore the rest
period is entirely ended, snything that prolongs the growth
in the fall greatly reducesd the percentage of buds killed.
In fact, from “r.e southern tier of counties in Missouri,
south, even where the freezes follows warm days as late in the
scason as February, it will still be a benefit to have the
treee grow late in the fall, as witness later blooming of the
more vigorous trees mentioned above.

It should be c=rid with refererce to the ending of the
rest period, that so far as we can tell, this does not occur =zt
a definite time, but buds that will push very rapidly when
taker into a warm greenhouse in March can be pushed in January a
and ecrly February, but not nearly so ranidly; so that whatever
the ending of the rest period is, it is certainly a gradual
process. Vhile tre differences between the r-te of pushing on
vigorous and weak trees would he smaller following warm days
late in theé seceon, s°y in February, than as early a& Decenmber
and Jaruary, yet with trees in extreme southern Missouri,
there are some differences to be obaefved as late as February or
¥arch a8 mentian~d above, Thls was certainly true in the caese
of blooming of peaches in February 1911 when the more vig-orous
trees did nct vloom until more thas a month later than the
weok trees bloom. Hawever, in years when the bloom wvas rather
late there will be little or no difference vetween the blooming
of vigorously growing and weakly growing trees. Thus in the
spring of 1913 the full dloom on the Elberta trees that veve
coptilized with sodium nitrate in the spring of 1812 and thése

that were not, came at practically the same time, which was
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approximately April 5th. Carman, though, was at least four
days earlier in coming inte full »loom than Flberta, ard
v~ f23u our expevience has a longer reect jperiod tren Ta
berta.

As far liorth a= Colunbia, Missourl, where the peoch bleocn
ls never earlier than March 20th, and 1s usually in Apwi?,
weak trees have never bloomed earlier than vigoruous trees,
anc varieties like Carman, Chinese Cling, etc., kave never
hloomed during our observations later than trees with a shorter
rest period, Thus neither by fércing late growt to zraolong the
rest period nor by choosing varieties, such as those of the
Chinere Cling group, with long rest periods, can the date of bloom-
ins often be appreciably affected as far north as Central Missouri.
In Southarn Misscurl, sm account of the protection from early
autunn frosts rendered by the excellant alr drainage and on
account of ites being further south, the trees grow later in
antumn and for the same reasoms, blooming is likely to occur
from a veeXx to occasionally six to seven weeks earlier tren
central UAissouri, Thue the season there bYetween the beginning
of dormancy and blooming time 1s ofter short enough that the
influence of the rest period may be observed even at blooming
time. Trees of varieties with a long rest periosd or trees
that grow late in autumn will bloom later, as in the case
of the pruned and fertilized trees mentinned above,

Zolation of Thinning the Frult to Hardiness: Another

phase of orchard practice with wiizsh it seems it would be

nossible to influence the rest period, is thinning the fruit.
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In tests reported in Bulletin No. 74 of the Missouri Experi-
ment Station where “»ees had dne-nalf of the frui< lthinned
and the other nelf “2ft to bear a full crcp, out of five
trees so treated in each case during the following winter

a larger percentage ¢ bHuds were killed cn the side that was
not thinned than »n the side that was thinned, and where the
thinning was very heavy or where all of the fruit was taken
off, the difference was very marked. The following tabdle

gives the results;






TABLE XXXXIV. Showing Effect of Thinning on Hardiness, Buds Started Into Growth By Warm

Period Before End of Rest Period.

! ' Number
! ' of Buds
Variety . Treatment ' Counted
] '
.............................. W o e i s i P i ol o
' ]
Beedling...... . .cciiiiieianann ' Fruit thinned........... ... vt ..'" 1529
Beedling. .ssevnensss IR ' Frult not thinned.....c..s. YE GBS ' 1657
Elberta Seedling............. «V Prudt thimed.ccovsvuvcsnes §FE R ' 1020
Elberta Seedling.............. ' Fruit not thinned............... sews’ L1148
Oldmixon CliNgescsvsosannmans . Fruit thinned......... NEp T ceeseast 1442
Oldmixon Cling........... eeees! Fruit not thinned.............. eveas! 1149
Poole's Favorite........cec00se! Fruit thinned.............cccvvnn. ' 818
Poole's Favorite.............. ! Prult not thimmed....scossvsvmnsassss ' 8o"7
Poole's Favorite......... eveee! Fruit thinned....... B ¥ O BB B S B ' 1563
Poole's Favorite.............. : Fruit not thinned................... ' 1200
|}
Average (thinned).......c.ceeveeeeereeeenennecocasosasnnnnnns 25 RESRE REEE S B ke
Average (not thinned)...... T T T IT. T
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During the season of 1908 this study was continued and we
have the results fo2r the freeze of January 12, 1379, where tre
i1 ing was not caused by cold periods following wamm periads,
but by co0ld periods when the huds were fully dormant, as the

following tadble shows:






TABLE XXXXV. Showing the Percentage of Buds Killed on Thinned and Unthinned Limbs of
Trees When the Buds Had Not Been Started Into Growth Before the Freeze.
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' ' ' '
Variety . pate 'Junber of 'Percentage ' Number of ' Percentage
' ' Buds '‘of Bude ' Buds ' Buds
' ' Thinned 'Killed. ' Not ' Killed.
' ' 'Thinned. ' Thinned 'Hot Thinned
....................... B s v e e 5 R s i T i 058 S 2
Salvay... ............... ! Jan. 12, '09 ! 345 ' 74.5 ! 425 ] 84.7
RINgoldsssvssnnsansnnseas ' Jan. 12, '09 ! 397 ' 06.8 ! 289 ' 98.6
Family Favorite......... ! Jan. 12, '09 ! 274 ' 90.8 . 569 ' 89.1
BlOeYLB i, chsssnnsmmnns ..} Jan, 1%, ‘09 ! 333 ' 99.4 ' 334 y 94.4
Plbarta ccicenvswvanius ..' Jan, 12, '09 ! 613 ‘" 85,3 ' 454 ! 86.5
Elberta...... sasussssaew) OBl 18; Y09 1 538 X 99.9 : 608 : 100.0
Triumph ..... S hEEE e «ess! Jan. 12, '09 ! 292 ' 92.1 ' 242 ! 90.9
Magnum Bonum ........... ! Jan., 12, '13 308 ' 100.0 ' 250 ! 99.2
Crawford's Early....... .' Jan. 12, '09 ! 412 ' 99,2 ! 436 ' 97.9
Alexander ..............! Jan, 12, '09 ! 230 ' 94.7 A 194 ! 91.2
Oldmixon Free.......... ' Jan. 12, (09 ' 152 ' 100.0 ' 182 ' 100.0
Hills Ohills csvucionasns .! Jan, 12, '09 ! 397 ! 94.9 \ 405 ! 95.0
Bonanza .......... ceesss! Jan, 12, ‘09 ! 421 1 95.9 ! 352 d 96.8
Early Michigan ....... ..! Jan, 12, '09 ! 145 ' 84.8 ! 496 : 82.8
Barly Michigan..........$ Jan. 12, '09 ' 243 : 78.6 ' 154 ' 9.8
! ' '
Total number buds.......'.............. ! 5090 Vesssvannwns? 5390 !
Average. ............... sVinns wawaeson s Voswmnwmneus ' 93.2 Y ansdiaameend ' 92.5
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During the same scason artificlal freezings of buds from
the thinned and unthinned sides of these trees were run, and
in this also there was no constant difference between the per-
centage of buds killed from thinned and unthinned limbs, These
fesults suggest that thirring hae its effect on the rest period
rather than on the intrinsic hardiness of the buds. ¥Where the
tree is bent under a heavy load and under the strain of bearing
a heavy crop, as when it is not thinned, the molsture supply
probably being partislly shut off, the seme confition will pre-
vail, at least to some extent, as when the trees are not cultivate
ed; they will become dormant earlier and end their rest period
earlier. Thus *+hirning, like heavy pruning and fertilizing
with nitrogen can be expected to increase the hardiness of peach
fruit buds énly ih climates that from Central Missouri South,
where there is likely to be weather warm enough to start the buds
into growth before the effect of the rest period ends.

It may be said also, especially concerning thin soils such
as are to be found in the Ozark regions of Missourl and Arkansas,
if the trece is permitted to bear an exceptionally heavy crop, it
sets a much smaller number of fruit buds. While experiments have
not always indicated that this is true with apples, any one who
has had an opportunity to ohserve a considerahle number of peach
orchards where only part of the trees have been thinned will bve
readily convinced that it is true with peaches. This fact has
its bearing on the problem of killing from cold since with a very

light set following a heavy crop, if as many as 75 per cent of
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the buds are killed, there will not be enough buds for a good
crop, while if the trees were thinned, 25 per cent of the buds
would be enough for a heavy crop. 3By consulting Table 39 it
will be seen that in a large number of years as many as 75 per
cent of the frult buds are killed on Elberta trees. In sections
like South Missouri where the rest period seriously affects the
amount of bud killing, thinning, when necessary, would thus scem
to affect the size of the following crop on nearl}y every year.

The greater hardiness in late winter of fruit buds on severe-
ly pruned trees and on trees fertilized with nitrate, like those
mentioned above, represents a difference in time of ending the
rest period vetween fruit buds on very vigorous trees and on trees
of medium vigor. Where the rest period was prolonged by thinning,
the difference in hardiness represents a difference in time of end-
ing the rest period bYetween fruit buds on trees of medium and on
trees in a rather weak condition. In case of trees making a weak
growth for any reason, as compared with trees making a moderateky
vigoraus growth, so far as our observations have gone, the differ-
ences while not so grent, are yet often appvarent. In a number of
years the buds er blossoms have been 80 nearly all killed that
the crop in extreme South Missouri on weakly growing trees, amount-
ed to nothing, while trees of medium vigor, like an average six-
year-0ld tree, bore good crops in the same year.

In attempting to increase the hardiness of peach buds under
the climatic conditions prevailing in southern Missouri, by
largely increasing the vigor of growth over the average growth,

several limiting factors must be considered. In the case of
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pruning, such large increase in vigor of growth can practically
be secured only following winters or springs when the fruit buds
or blossoms have been killed, since the cutting back so severely
in other years would cause the loss of the crop following the
soring. it is done. However, in the Missouri neach section on

all except the high land, at least,the crop is likely under
average conditions to be lost probably half of the time and in
such years it certainly is advisable to give the trees rather,
severe cutting back. In none of the experiments above mention-
ed, however, has it proved an advantage to cut the limbs back

80 severely that only short stubs, say two or three feet long,
are left, In this case the growth will be so vigorous and there
will be so much shade that very few fruit buds will form, during
the following summer. The tree will also be 80 greatly reduced

in size that even though a crop may be secured the year following,
there will be a bearing surface for only a small crop. Cutting
back into two year old wood or sometimes into three year old wood
and shearing the small growth off the limbs so that there will be
only stocky, vigorous twigs to form in summer, has secured the
best results. The cutting back should be light enough that buds
will form practically to the base of all of the new twigs. With
pruning 1like this a large bearing surface is left and a large
number of buds generally set. Observation has uniformly indicated
that following periods when part of the buds are killed, most of
the fruit will be borne on the twigs down along the limbs rather

than on the very vigorously growing twigs that form along the






limbs where the tree has been given too heavy pruning as where
the 1imbs are left only three to five feet long.

For these southern Missourli conditions the pruning in years
vhen there is a crop should be as severe as can he given and yet
secure a maximum crop of the best quality of fruit from the tree.
If this is practiced there will be a later pushing of buds the
following winter and in some years a slightly later blooming on
trees 8o pruned than on trees that have had less pruning. However,
where the soil is very thin it may be possible to keep the trees
in a sufficiently rapidly growing condition to secure a prolonged
rest period without too greatly reducing the size of the tree.

In this case the vigor should be kept up by a combination of
pruning, cultivation and fertilization with nitrogen (or a come
plete fertilizer if it is proved that other elements than nitro-
gen are needed in the given soil.)

In fertilizing with nitrogen, however, to keep up the vigor
of the trees, caution should be used because heavy applications
of nitrogen-benring fertilizers seriously injure the color of the
fruit borne the summer following, and cause fruit to Pot. This
has been our experience each year at Brandsville, Missouri. 1In-
crezeing the vigor by pruning does not have this effect to any
appreciable extent, but generally tends to improve the quality
of the fruit by increasing its size. Fertilizing with nitrogen
should be as light as it is possible to give and yet keep up pro-

per vigor and size of the tree by combining nitrogen fertilizing






with pruning and good cultivation. This may be said, however,
that since it has become the regular practice to spray peach-
es, this injury to color is not so serious as it formerly was
because the spraying burns into the peach generally a rather
brilliant color. If in addition to spraying the fruit is
thinned and the trees kept well open, the injury to color
and diminished resistance to rot from the use of nitrogen
is not so great.

Probably under average conditions a good system to
follow would be to fertilize with the equivalent of one
or one and a half pounds of sodium nitrate to the tree and
to prune as much as possible without reducing the crop of
high-grade fruit in any year. The nitrogen should be applied
not every year but only often enomgh to maintain the desired
gsize of the tree, since the pruning has a dwarfing effect.
It may be observed that inducing vigorous growth will cause
a late growth in autumn; and that therefore the fruit buds
and wood will not be in a desirably mature condition for
winter. This is certainly true in some northern sections
and tn case of buds has in several ye~rs since 1901 been true
in Columbia. Since 190k there has probably been only one
winter when a larger percentage of buds were killed on late
growing than on ecrly maturing trees in extreme southerm
Missouri, and even in that year - 1911-12 - the wood of the
vigorous trees best recovered from the effects of the winter.

It should be remembered that in southern Missourl the soil






is so light and the season so long that it is not easy to
prolong the growth of a peach tree more than two years from
planting enough to prevent its going into winter in the best
condition for that section.

It may be said that before recommending & method like
this for increasing the hardiness of buds, it probably
should be tested out during a period of tem or twelve years
80 that observations will extend through enough seasons that
one may be sure he has struck an average. However, this may
be said, that the methods here recommended are certainlky
the best for the orchard, regardless of the effect on the
hardiness of the tree. Fertilizing with nitrogen has caused
the tree to resist certain diseases like shothole fungus, as
well as to recover from the effects of winter freezes, henvy
crops, etc., and has, of course, given a larger tree that
could bear a much heavier crop. Heavy pruning has had simi-
lar effects except that it generally tends to reduce the size
of the tree, though in very thin, dry soil, heavy pruning has
also increased the size of the tree.

Whitewashing Twigs to Retard Bud Growth. Another means
of holding the buds dormant in winter is to keep all twigs
and buds covered with whitewash. This keepsdown the tempera-
ture of the buds during warm days by reflecting heat that would
be absorbed by the dark colored pigments in the twigs. The
effect of color on the femperature of the twigs has been worke
ed out by Whittenl who found as great as eight degrees centigrade

lyo. Agr. Exp. Sta. Bul. 38, 1897. (Bibl. No. 114). Das Ver-
n#ltnis der Farbe, etc., 1902. (Bibl. No. 116.9
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difference between air temperature and that of putple twigs in
winter, He also found by carefully sectioning buds that when
the twigs are kept whitewashed during the winter they do nhot
push as rapidly during warm periods as do buds on twigs not
whitewashed, and in some springs, though not in all springs, he
was able to cause the blooming time to come somewhat later.
However, 1t would not te eXpected that such a process would
affect the blooming time as much as it affects the amount of
starting during warm days in early winter, since at blooming
time the buds are for a good share of the time exposed to an
optimum temperature for growth or nearly so, and during warm
days in winter the air temperature is below the optimum temper-
ature for growth and often below the minimum temperature, The
f{emperature of these winter twigs may be raised by absorbing sun=
light to at least above the minimum temperature for growth and
in some cases to the optimum temperature. Thus those who have
exnected whitewashing to cause an appreciably later blooming in
spring would naturally, in many cases, be disappointed. In sec-
tions, however, where much killing occurs in winter following
the starting of buds by warm periods, it should be expected to
give good reéults.

While prolonging the rest period by causing growth late in
winter by the above method applies only to sections far enough
south there there would be a considerable number of warm days be-
fore the rest period is entirely ended (sectione like the southem

half of Missouri and farther south), the benefits from whitewash-

ing would be expected to be as great say in New York or Canada
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in March before the optimum temperature for growth is reached
as in Missourl, unless the sunlight should be less direct and
there should be less increase in twig.:temperature caused by

the abortion of light by the dark color. However, the cost

of whitewashing an acre of trees, (even assuming that the cost
of one of the sprayings could be deducted since it could possi-
bly be made to control either San Jose scale or oeach leaf
curl), would be in the neighborhood of $10 or $15 an acre, so
before one would be justified in recommending such a method,

it should be tried under orchard conditions for a long enough
term of years to be sure that, say in twelve or fifteen years,
enough peaches would be saved to justify the expense, There
would unquestionably be some years when no benefit would be re-
ceived in return for the whitewashing.

Killing Temperature of Peach Blossoms: A considerable

amount of effort has been made to determine, under average
conditions, the temperature at which the blossoms of peaches
are killed. Unquestionably there is a considerable difference
in the killing temperature of bloom in different years. The
killing temperatures indicated by laboratory experiments will
be given in the last part of this paper. (Table 51). Here the
temperature at which bloom and young fruit has been killed in
the orchard, and the conditions which favor the smallest amount
of killing will be discussed. During the spring of 1908 a freeze
came on April 3rd when the temperature went to 24° F. at Col-
umbia. Phenological notes taken that spring show that the first
bloom of peach trees ranged from March 25th to Mgrch 30th, and

full bloom ranged from April 5th to April 8th. The following
table gives the percentage of bloom killed by this freeze:






TABLE XXXXVI. Showing The Percentage of Peach Bloom Killed on the Bagsal End of the
Outer Tind of Twigs by the Freeze of April 3rd, 1908, When the Temperature
Went to 24° F,
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Variety ' Basal half of twigs ! End half of twigs _________

'Number ' Percent- ' Number ' Percentage

! Buds ' age killed Buds ' Killed
................................. - AP W s, S N Y T————
Olamixon. ..« SR B RS E TR ¥ ' 159 ! 70.44 ! 263 ' 84.39
OLAMLIRON : x5 ss0n s . s us . 426 ' 11.03 ! 598 ' 41.97
DAL w v v mmms 5w wd EAEEE R 648 ' 15,12 °* 828 ! 67.23
BlbsrtBuescvonanunsenmunys cwmurnwn’  OTE ' 19.78 ! 603 ! 44.92
Elberta....... G E O S i 121 ' 38, ' 205 ! 69.2
BLDOPER. 54 s sursrnnasssdissansnany’ 163 ' 52.1. ! 143 ' 71.38
Crawford's Barly........ccoueeuunn ' 95 ' 5.26 ! 1565 ' 25.18
OOUEE. o x50 0m 5 e wows mmmn s % b oY 623 ' 46.70 ! 553 ' 55.50
Bneed....soesss A 503 ' 14.256 ! 492 ' 65.44
L R T T I ) 354 ' $5.48 413 ' 53.75
BAOBAysss s ssusssssnws CERES RS Eae ) 251 ' 23.1 ' 186 ' 50.5
Kalamazoo....voveeneooeneanns IR 579 ' 32.29 ! 529 ' 54.23
Family Favorite.................. ' 483 ' 26.70 ! 431 ' 63.80
Family Favorite...... G o E e e ' 256 ' 22.22 ! 192 ' 66.14
Golden Gate.............. TYTIT L 129 ' 85.2 ' 72 ' 50
Dowey Crlinge.aserssnssnnonarsnnna ' 108 ' 14.1 ' 109 ' 73.4
Dewey ClLING . cssvesccspssnvmrsvans ' 171 ' 122 ' 111 ' 17l
Blberta S8eedling .. sesssccssvans i 151 ! 5.9 ' 216 A T3
Elberta Beedling, .. .«rvsssnssnsas ' 1850 ' 11 ' 980 ' 18.3
CUBBOE o an mw 3w 16 5 % 85w 0 04 @ 5 5% 058 ' 335 ' 11.1 ' 507 ' 43.1

] ] 1 ]

1 L ] v ]
Total No. buds. o esecsas L ENE RS ' 8387 T !. 82567 u
Average pnercentage killed....... VP sonsempenns ! BT Vscansrsusss ' 53.83
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0l course many of these blooms were not yet fully open
and ¢ much larger nercentage of the flowers were fully ovpen
on the outer half of the twigs than on the basal nalf, ee the

following tavle will show:

TABLE XXCIXVII, Showing Percentage of Bloom Fully Open On
the Basal Half and the Outer Half of Twigs
By April 4, 1908.

S R ec e Th S Gr G D D D WS O P R TP W @ T P @ P S D O WS B e S WS R P T ED e Gn G S TS MU O er D CP WP G CE R Gr R WD R S T M e e W W

]
Variety ' Basal half off twigs 'Outer half of twigs

' ' ] '

' Number 'Percentage 'Number ‘'Percentage

' Euds 'Unopened ' Buds ' Unopened
................. | SR SIS SSRGS, SE———————————
Elverta Seecling ! 151 ' 13.2 ) 216 ! C.0
Elberta Seedling ' 1850 ' 22.7 ! 980 ! 60.2
Connet ! 335 i 65.8 ! 507 0.0
Sneed ! 174 16.0 \ 262 0.4
Elberta ! 251 y 6.7 ! 186 0.0

- S —— | I—— & S—

R R

Not nearly so large a percentage of unopened as open
Vlcem was killed, &8 the following table will show:

TABLE XXXXVIII. Showing Percentage of Oper and "nopened Bloom
Killed by the Freeze ol April 4, 19CE.

' Buds Open . Buds Unopened
Variety '“Number  'Percentage 'Number V" Percentage

' Buds ' Killed ' Buds ' Killed
______________ B o e e R st B
Oldmixon Free ! 253 ! 59.9 ! 30 ' 36.6
Oldmixon Free ! 326 ! 25.4 ' 241 ! 15.3
Elberta ! 547 ' 24.4 1 cd ! 7.1
BElberta v 209 ' 581.18 2 ! % |

[] \ ' ]
______________ L....-.._......-..l----———----——J----_......_..._I.........--__,___,

It will be seen that enough fully open bloom wae uninjured
at this temperature, 24° F., for & good crop if the tree had a
heavy set of oloom. In fact a minimum thermometer that checked

with those of the U. S. Weather Bureau registered a temperature

in the Missouri Experiument Station orchard of 23%9 7., so in
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some yeurs al least, peach vloom may Dbe cxpeéted to withetand
a temperature that low,

Those turee takles bringing out the facte that the bloom
Just before the petals cpen will withstand lower temperature
than fully open flowers; that the flowers open more rapidly
toward the tips of the twigs; and that therefore flowers cn
the outer half of the twigs are less likely to survive a spring
frost cuoming before the bloom is fully open, suggest that the
tree should be pruned to a suificiently open head that the leaves
at the base of the twigs will an~t ve shacded off Lefore fruit buds
are formed.

“he greater hardiness of unopened buds is apparently not due
to the protection of the petals. In freezing 59 unopenéd blooms
to a temperature of =3° C., 11.8 per cent of the pistils were
killed while of 50 unopened bloom with the petals and stamens re=-
moved, no pistils were killed.

On April 30, 1908, the temperature fell to <80 F., in Col-
umbia. The calyx tube was just breaking from the young fruit.

The following table gives the percentage of fruite killed at

Columbias
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TABLE XXXXIX, Showing Percentage of Young Fruits From Which
The Calyx Tube has Just Fallen Killed By A Temper-
ature of 289 F. April 30, 1908.
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' '
Variety ' Nuaber ! Percentage
' Fruits ' Killed
------------------------------ L—---———---—L-——--———-O-—-—--------
' '
Kalamazoo..oeeeeereeoooenseas - 749 ' 26.3
Globe. ........... ® & & & & 8 0 0 0 . .' 279 ’ 22“5
Blb@Pta. . «.:sveismassmines e ' 248 ‘ 7.8
Hlberta. .o i iie i netenneas ! 301 ' .33
Elberta. oooooooooooooooooooooo ' 300 ' 5.6
Bneed....;iii54% . —— 442 ' 85.0
AleXBNACT. s vt v vttt et e e ! 411 ' 76.8
BONanza. .. ...voieeeetecaneenn ' 454 ' 5.94
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It will be seen that large percentages of the fruitse viere
killed only on early varieties like Sneed and Alexander itnat had
reached a larger size. iu the southern porivicn of Missauri where
the fruit was larger, more was killed that at Columbia, though
the temperature wae higher, Xcshkonang reporting 32° F. Of
course in the lower land where most was killed, the tempefature
was naturally lower. It is apparently certaein then that under
average seasonal conditions, the older fruit at the time of the
freeze, the more easily it kills. It is possible that this would
not be true in years when the bloom is pushed out very rapidly
by exceptionally warm weather and when continuous cool wezther
follows the setting of the fruit. There is a rather general
opinion that just when the calyx tube falls, the fruit is left
more susceptible to cold because it has lcst the insulation fur-
nished by the calyx tube and requires time for adjustment. The
fact that pistils of unopened flowers are not more easily killed
when the external flower parts are removed, and the fact that buds

of the peach were not more easily killed by freczing when the






scales were entirely removed, would indicate that with the slow
falling of the temperature that prevails under natural conditicns,
the insulation amounts to but little. It seems certainly true,
from the experience of the season of 1908, that peach fruits are
more tender a week or more after the calyx falls than say one day
after it falls.

In exemining, the fruits that were killed in the southern
portion of the State in that year, in very many cases no injury
was found to the flesh of the fruit, but the seecs were killed.
Where the rate of fall of temperature is not too rapid under lab-
cratory conditiond, it is generally the seeds that are killed
at the highest temperature. 1In fact from a large number of ob-
servations upon the results of freezing peaches in the laboratory,
the tissue kills in the following order, beginning with ilie most
tender: the veins surrounding the seed, the kernel, the flesh.
wnen the peach has reached considerable size, the woody covering
surrounding. the kernel is most hardy.

The greater tenderness of the seed may be accounted for by
the difference in sap density. Thus the freezing point depression
for the seed keenels, when they are large enough to separate from
the seed practically, was found to be 0.765° C., while tuat for
the same fruit with the kernels excluded was 1.075°,

At Xoshkonong and at Doodman in 1908, following the freezeo
¢¥ .pril %0%l, the fruit was injured least on the young virgore
ously growing trees. Thus at Koshkonong in the orchard of Mr, W,

C. Paynter, weak trees in various parts of the orchard and trees






on rocky, uncultivated portions had all the fruit killed, while
vigorous trees further down the hill where the temperature must
have been lower, &8 well as further up the hill, bore a full
crop. In the case of the killing of buds in the winter, whether
they have been started into growth or not, and in the case of
killing of blossoms in spring in the southerm part of Misscuri,
in some years the Blberta is one of the most tender varieties.
Yet where it is the young fruit thet is killed, the Elberta seems
to be one of the most hardy varieties, at least other varieties
were killed to a larger extent than Elberta in that year. Early
varieties vwhere the fruit was large at the time of the freeze
uniformly killed worse than later ones. In Missouri, at least,
early varieties do not bloom earlier than late varieties like
Salway. In fact in extreme South Misscuri such early Chinese
Cling Varieties as Sneed, Victor and Carman, on account of their
longer rest period actually bloom later than lale warieties like
Flterte or Crawford's Late or Eeath Cling, yet from the time of
Pollination there is much more rapid growth of the young fruit
of the early varieties. Thus when the calyx tube is dropving
from the Zlterta peaches, the young Sneed will te much larger.

Ag to means of handling the trees to avecid injury at tloom-
ing time oy after fruit is set, there is not so much that can be
done except that, &s mentioned above, in the most southern portions
of the peach belt it is possible, by increasing the vigor of the
tree, to cause the blooming to be later and, therefore, the ycung

fruit at any given time after the bloom falls, to be smaller when
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the frost might come. This,of course, would apply further
North. Vigorousf trees may also have their fruit killed

to a smaller extent because, in their tendency to make
wood growtn, ithe fruit developes apparently more slowly,

ot least fruit is practically alweys later in riﬁening on
vigorous trees than on weakly growing trees. The whitewashe
ing might alsc in some yezrs have some erlfect on the amount
of killing at tlooming time, though it would probably have
very slight effect on the amount of killing of young fruit
after the bloom has fallen,

EREEDING VARIETITLS HARDY UNDER SQUTH MISSOURLI CONDITIONS.

The most important ultimate means of reducing the amount
of injury to both fruit buds and blesesoms from low temperatures
is by plant breeding. From what has been said above, for this
southern region the varieties that would seem the most prom-
ising to use in breeding in hardiness would be some of the
Chinese Cling group. With but few exceptions, the varieties
of this group are more hardy than the average peaches, not only
for this southern peach belt, but fortunately for the northern
seclion alsn. IZlberta, however, 1s a marked exception. It
may be sald further that the Chinese Cling comes nearly enough
true to seed that it has been vexy useful in securing new var-
ieaties with size and shivping quaiities desired. Tne quality,
however, is rather low end the color poor so it must be crossed
with something that will give color,-preferably yellow,- and
quality. It seems highly nrobable that desirable hardy varie-
ties of long rest period could be secured by crossing this

strain with some high quality yellow fleshed peach like Fitzgerald,






-238-

etc. However, the Elberiy, tiue most promising example of this
crossing, has certainly neen a failure so far as hardiness is
concerned. The Gold Drop and Lemon Free, bYeing peaches of yeliow
ilesh, {air quality and very nardy in bud fo® northern or southe
ern climates, and rather hardy in wood, is promising, though so
far we have been unable in tie first cross to secure yellow flesh.
The Hills Chili group may be among the hardiest varieties in both
wood and dbud for southern as well as for notthern climates, but
the quality is poor and resistance to fot 80 slight that it is a
question whether they will be desirable for use in developing new
nardy varieties for market conditions., Reference to Table 41

will show that the Creen Iwig varieties have as long rest periods
a8 those of the Cainese Cling group. In addition to tais they

are hardy because tiieir pale color reflects the sunlight instead
of absorbing it;l yet their small size and indifferent quality,
together with the fact that in all crosses with Purple Twig varie-
ties they have taken the typical purpie color,would seem to el--
iminate tihem as promising material for breeding hardy varieties

of desiravle quality.

Hardiness of Seedlings: With reference to the opinion some
people have that seedlings are, for some unaccountable reason,
more hardy than budded fruits, it may be said that in the season
of 1911 tne Missouri Experiment Station was able to secure the
percentage of buds killed by two different freezes, one before any
buds Lad swelled and one after some swelling, from seedlings of a
nunoer of common varieties, the most important being seedlings

of Culnese Cling, General Lee, Elberta and Family Favorite of the

Chinese Cling Group, Lewis, Early Michigan and iills Chili of the
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Hills Chili group; and of the Snow, one of the hardy Green lwig

varieties. 1he following tavle gives the results:






TAELE 50. Showing the Relative Honrdiness of Scedlings o{’yarioua Varieties of Peacn as
Indicated by Percentage of Buds Killed by a'“¥emnerature of =89 ¥,
January 5, 1911, and by a Tempcrature of plus €° F., Feb. 23, 19011,
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' 'Fercentage 'Percertage ! Percentage of Fuds
Variety 'ITumker of ' of Buds ' of Buds ! Alive

' Buds. ' Killed ' Killead ! After Both

' v Jan. 5, 1911 'Feb. 23, 1911 ! Freezes.
.................. R i i o o i e L 0

L] 1 ]
Elverta ...ccc... . 32 ' 96.8 ' 0.0 3.2
Elberta.c.ccccceees! 89 ! 75.8 ' 7.8 ' 12.4
Bloerta....cce0..0! 57 ' 93 ' d.4 ' 1.6
Elberta.......c...! 100 ! 96 ' 4. ' 0.0
Elberta....... cece! 133 ' 66.9 ' 9 ' 24.1
Blberta...csovssenl 36 ' 100 ' 0.0 ' 0.0
Blbherta..ccssceiss’ 107 ! 80.4- ' 12.2 ' 7.4
Elvberta...... wedan) 2 ' 41.7 ' 51.4 ! 5.9
Elberta...........! 103 ' 77.6 ! 16.6 ! 5.8
Flberta........... ' 110 ! 79.1 ! 17.3 ! 3.6
Flberta....... —_— 60 ' 85 ' 13.5 ' 14D
Blberta. . ississvisel 28 ' 96.4 ' 0.0 ' 3.6
Flberta..eeeeeeeees? 44 ' 88.7 ' 2.3 ' 10.0
Blverta....o.e.... ' 60 ! 66.3 ' 20.0 ' 13.7
Blberta..ccovsaanasl 100 ' 4.0 ' 10.0 ' 6.0
Elberta........... ' 38 ' 8.9 ' 2.6 ' 18.5
Elberta........... ' 52 ' 71.1 ' 9v6.. ' 192.3
Blberta..cccscisss ' 54 ' 98,2 ' l.8 ' 0.0
Elberta.......... D 94 ' 81.7 ' 8.5 ' 29.8
Elberta.......... ! 9 ' 100. ' 0.0 ' 0.0
Floerta.......... . 55 ' 81.8 ' 10.9 ' 72.0
Flberta... . ' 26 ' 38.4 ' 11.€ ' 0.0
Thurber...... s emmn 66 ' 5.7 ! 18.2 ' -
Thurber........... ' 63 ' 46.0 ' 33.4 ! 20.6
Thurber....oco.e.. ' 52 ' 94.2 ' 5.8 ' 0.0
Thurber...cceeeeee’ 90 ! 75.5 ' 18.1 ! 6.4
Thurber..........." 75 ' 73.3 ' 8.0 ' 18.7

-egc-






Table 50 Contld.
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]
Variety ' XNumber of

' Buds

]
..................... L o o s i e
HG TR 0T S : 138
SR eTs s e s wn s s mas ' o8
Thurbele. csasws anss s 80
TEATEEP .« s nwss vevas " 112
SNUYEEL: s s svs s eo o5 s ' 101
BN THOE s 555556 mmwns s 110
SRUPBER, v w5 s 450550 ®as ' 32
B TS 5 1T - o R, ! 128
ThuIDe s ssuvsensaess s 56
U TbEP s ssos snumas s ! 83
Thurber.cceccceceieess ' 122
Thurber.......ccee... ! 88
N TbD e s sossusssniea ' 160
ThurbeYecssosansss . 174
THUYDBY s s ssnasvnnusws 143
Thurber..ceeeeeeeenns ' 108
0¢ 1 5l o L SRR e ' 63
CRUPBEYs . savinianr on o 140
AN TDers s su s wus s o ma 150
THOAYERL. o sn s v sivsvwaas ! 108
Thurber....ccevveeee i 48
Thuarbereeeeescass mp— 118
Thurber......ccoov.. 3! 120
LNNFDBL s s sessssains ! 78
Thurber..... AR EE B AR W ' 188
Thurber......coeeevus.! 133
TROTOBD s v o s v svn s assns ' 134
PnUrhe™ . suvsssnnsmuss ( 152
Family Favorite..... . 11¢
Family Favorite..... 106
Family Favorite......! n2
Family Favorite..... A 86

I'ercentage of
Buds Killed
Jan. 5, 1911

75.2
57.3
71,9
b7 O |
57.2
49.3
31.9
70.9
28.1
85.8
68.5
68.5
82.0
3.1
67.5
8.3
M.l
84.7 '
56.6
97.4
75.0
92.5
70.9
82.8
2.7
75.4
86.2
4.4
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Percentage
of Euds Killed
Feb. 23, 1611

Percentage of
Buds A live
After Doth Freezes
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Table 5C Cont'd.
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Percentage of Tercentage cf Percentage of

' '
' '
1 ]

Jan. 5, 1911 ' Feb., 23, 1311 ' After Both Freezes.
L L

' '

' '

' Buds ' Buds Killea Buds Killed Buds Alive

] '
_____________________ Lo s o e i e e g o (T 5 i
Family Favorite..... ! 75 £ 856.6 ' 10.7 L
Temily Favorite...... ! 108 ' 59.3 ! 32.4 8.3
Yamily Favorite...... ' 97 ' 420.2 J 36.0 ) 28.8
Family Favorite......! 107 ' 74.8 ! 15.0 ; 9.3
Family Favorite...... J 103 ' 95.2 ' 3.9 ' 0.9
Family Favorite...... ' 100 ' 4.0 : 3.0 ! 3.0
Family Favorite...... ' 44 ' 86.3 ' 3.7 ' 10.0
Family Favortte...... ' 185 ' 48.1 ' 44.3 ' 7.6
Family Favorite...... ' 124 t 7.4 ! 20,2 ! 2.4
Family Favorite...... ! 98 ' 79.5 ' 19.4 ! Lxd
Family Favoritie,...... ' 134 ' 66.4 ' 27.6 1 6.0
Family Yavorite......! 122 ! 2.9 ' 24.6 ¥ 20
Family Favorite......! 91 ! 84.6 ¢ 18:1 . Jed
Family Faborite...... 132 ' 72.7 ' 25.8 ' 1.0
Tamily Favorite...... ' 142 2 64.8 ' 34 .4 ’ 0.8
Family Favorite......! 145 ' 79.3 ' <0.0 ' 6 P
Family Favorite......' 161 ' 45.3 ' 38.5 ' 17 .4
Family Favorite......! 133 ' 75.2 ' 24.8 ' 1.5
Family Favorite......' 101 ' 92.2 ! 5.9 ' 1.9
Family Yavorite...... ' 154 ' 70.1 ' 28.5 ' 1.4
Family Favorite......' 167 ' 79.4 ' 18.% ' 1.9
Family Pavorite......' 124 ' 86.3 ' 12.9 ' 0.8
BIOW % v vk x mow & wwn ® ol 281 ' 03.8 ' 51.6 ' 14. 8
BIOWen wopuwmossiininss ! 170 ' 32.4 ' 61.7 ' 5.9
BOBWs s suncuwgancnsns . 290 " 34.5 ' 98 .6 ! 6.9
EYIOWa s o anmnonwnsns ot 1456 ' 40.7 ¥ 43.4 ' 15.9
BHOWossonunsmssosnsas ’ 265 ' 35.6 ! 57.8 s 6.6
BUGWssapsssvcessssps - 231 ' 33.17 3 57.8 ' 8.5
BHOW. s sussonsnssn = - 224 ' 40.0 ! LE.8 ' <.0
BEOW s 6ns s hs & 8o e i &8 an o 232 ! 43.5 ' 54.3 ! 2.2
:1n3 (NPREP—— 208 ! <H.1 ' 61.4 ' 13.5
BHOWsscnvsssnnsnmossy wt 226 ¥ 28,7 ' 60.0 ! 1.3
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Table 50 Con't.
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] ' ] i
' Yumber of ' Percentage of ' Ferceritage of ! Percentage of
Variety ! Buds. ' Buds Killed ' Buds Killed ' Buds Alive After

1 ; Jan. 5, 1911 ' Feb. 23, 1911 Both Freezes.

] ] U ]
5 et e o e oy e B 5 e 1 T o T s e L-é ................
Hills CRAYL.covnsanwmns 161 ' 74.5 ' 24.9 ! 0.6
Hi1le Ohili..ccsvsanans ’ 118 ! 83.0 ! 16.1 ' 0.8
Hills Crnildi........... ‘ 7% ' 79.2 ' 19.5 ' 1.3
Hille Chili........... v.. 133 v 7.4 ' 19.6 ' 3.0
Hille Child.cscusvsunva ! 153 ' 87.3 ' 32.C ' G
Hillm CRIE ... .cnicuuns ' 1G5 ' 50.4 ' 44,7 ' 14.S
Hills Cnildi........... ' 136 ¥ 681.8 ' 30.8 ' 7.4
Hille ChAli .cicnnnvusy ! 136 ' 85.2 ' 40.4 ' 4.5
Hills Child,.c.cass0us ! 111 ' 54.0 ' 34,3 ' 11.%
Hills Chili........... ! 136 ! 57. ! v 1 P ! 11.9
Hille Childi........... ' 155 ' 53.5 ' 42.0 s 4.5
Hills Cnili.......... " 154 ' 55.2 ' 36.d ' 8.5
Hills Chilf.. cisusussa ' 89 ' 75 ' 20,2 ) 3.5
Hi11e Onilt.ccisssnncsw ' 233 ' 49.8 ' 45.5 ' 4.7
Hills Chili........... ' 127 ' 51.1 vo44.2 ' 4.7
Early Michigan........ ' 153 ' 81.0 ' 9.0 ' 0.0
Early Michigan........ ! 181 ' 47.0 ! 26.5 ' 26.5
Early Michigan........ ' 94 ' 57.4 ' 16.0 ' 26.5
Barly Michigan........ ' 93 ' 48.3 ' 42.0 ' 9.7
Early Michigan........ ' 3l ' 39.5 ' 12.3 ' 48.2
Early lMichigan....... y ! 86 ' 56.8 ' 32.5 ! 11,7
Early Michigan........ ' 112 ' 62.5 ' 12.5 ' 25.0
Barly Michigan....... o! 67 ! 43.2 ' 38.8 ' 18.0
Barly Michigan........ ' 184 ! 27.2 ! 47.3 ' 25.5
EBar;y Michigan........ ' 71 ! 40.8 ! 23.8 ' 35.3
Early Nichigan........ ' 57 ' 33.3 ' 54 .4 ' 12.8
Barly Michigan....... . 81 ' 61.6 ' 29.6 ' 7.8
Early Michigan........ ' 74 ' 37.8 ' 35.1 ' 27.1
Parlv Nichigan.. ..... ' 78 ' 42.3 ! 47 .4 ' 10.3
Farly Michigan........ ! 75 ' 90.6 ' 8.0 ' 8.6
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Tavle 50 Cont'd.
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Barly Michigan..ceseeees
Barly Michigan.........
Farly Michigan........

Early Michigan.
Barly Michigan.
Lewip.......
T'”is-

Lewls..

Lewis.
Geneéral .
Genéval .
General
General
Yeneral
General
General
General
General
General
General
General
General
General
General
Genersl L
Genecral
General
General

.........

-----------------

...............

----------------

ooooooooooooooooo

ooooooooooooooooo

ooooooooooo

ooooooooooo

Buds

P e R e

112
170
131
115
105
101
114
1C9
100

Percantage of
Buds Killed

- an e er e e s e s n e ow e w -

85.8

51,9

~2
(2}
L]

V]

4770
56.0
86.2
71.3
38.9
44,7
22.4
60.3
65.4
32.4
39.6
77.2
75.3
78.0
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Percentage of
Ruds Killed
Feb. 23, 1611

|

' T'ercentage of

' Iuds Alive

' After Both Freezes
'
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Number of Perce:ntage of ' Pexrzentage of ' Percentage of

]
]
Vartety ' Buds ' Bnds Iilled ' Buds Killed ' Buds Allve

' ' Jaa. v, 1911 ' Feb. 23, 1311 'After Botlh Freezes,
...................... K . s ooy o e gy s o o e e . s i B

! ' ? !
General Lee........... ! 162 ! 50.0 : 28.5 1 21.5
General Lee........... ' 131 ' s ' .9 ' 0.0
Chinese Cling.........! 154 ! 63.6 ‘ 35.0 ' l.4
Chinece Cling....c..... ' 149 I 62.4 ! 14.8 ' 22.8
Chinese Cling......... ! 118 ' 37.2 ' 28.1 ! 34,7
Chinese Cling......... ' 204 ! 33.3 ' 20.0 | 46.7
Chinese Climg.........! 64 ! 84.4 ! 12.5 Sad
Chinese Cling.........! 123 ! 54.5 ! 32.5 13.0
Chinece Cling.........! 121 ' 39.68 ' 38.1 ! 21 .3
Chinese Cling......... ' 173 ' 34 .6 ! 28.4 ! 37.0
Chinere Cling....c.... ' 219 ' 4.2 ' 13.2 i 51.6
______________________________________________________________________ '
Rlbevrta, AVErAZO.cvsvissananwoswssmessenss Y ST E LT R ! 10.92
THORPHEL ; ATVETBZO s s s 55504 s s TR TSGR F S0 s 6 §ETEBS GF T 64 AFEFHF AT 0§ HE Tl &0 : 11.56
Family Favordfe, Average. ... . cceeeecescrtosansstectsancans SEBEEET R E G - 5.4
Sncw, average...... CERREESE RN 56 L et e e ettt e ettt ae e ! 8.7
Hilles Chilil, avevage.s.sssssssswnssinss G 1 0606 O O 50 0, 5 6 B G B 8 W R . ut 8.3
Early Michigan, averaze......veceee.e S RAE R AR E T p e F b N R RS RS PESE ' 19.9
Lewis, average..........ccouueeuuee. R O R B 10.4
BONeral 1760, AVEIAZ@. cu et et eeeennseeenneeennnesennnsenensosnnneeens ! 21.6
Chineee Cling, AveraZ@. ... ...ttt e reenonneeeenennnnnneseesas . 23.5
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It should be said that the varieties of the Hills Chili
group are usually less vigorous growing trees, and since these
scedlings were very closely vlanted, trees of the Hills Chili
group w>11ld suffer more from shade in summer and thus have a
larger percentage of buds not fully developed that are killed
even a mild winter. It will be seen that as a general thing
those varietles which are almost hardy have given seedlings
that are also mos® hardy. By referring to this table and to
Table 39 it will be seen also that these seedlings were gener-
ally not more hardy than the parents, though, of course in the
case of Elberta - a cross between the rather hardy Chinese
Cling and Crawford's Early, and tender like Crawford's Earlye

some of the seedlings would tend to be more hardy than Elberta.
KILLING OF APPLES.

Killing of the Roots. Killing of the roots was not dis-
cussed for peaches because 80 far as cén be learned, the kille
ing of apple or of other fruit-tree roots. The killing of the
apple roots is provably a more commcn phenomendsn tnan the kill-
ing of pe~cn roots us oeach wood or apple fruit buds. On ac-
count of the greater tenderness of wood and fruit buds, the
psach tree is not grown commercially in as severe climates as
those in wnich apples are sometimes grown, yet killing of roots

of peach trees is observed in fairly immortant commercial

peach districts.l

lgtone, Mass. (Hatch) Exp. Sta. Rpt, 1911, p. 66. (Bibl. No. 107)
Green, W. J., and Ballou, F. H. Ohio Agr. Exp, Sta. Bul.lb7. 1394.

(Bivl. No, 48.)
2, Canada Bxp. Sta. Rpt. 1907-08,pp.110-156.(Bibl. No. 68)

3. Nebr. Agr. Exp. Sta. Bul. 79, 1903, (Bibl. No. 33)
4. Iowa Agr. Exp. Sta. Bul. 44, 1900. (Bibl. Na. 25)
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Macoun< reports ithat xilling of apple roots is fairly
common in the northern pcivinn of tlhie apple growing section and -
soys that the root killing they have had in Canada has been
when apples were worked on seedlinge o¢i eouthern forms, and inat
since the crab has been used as stock, the killing has been
much less.

Emersond at the Nebraska Experiment Station planted apple:
trees in boxes two feet square and eighteen inches decp, each
box having twenty-five young roots. 1he boxes were left out of
donrs ebout the middle of ﬁecember, the 801l having different
percentages of moisture. The trees were examined on February
25th. In an unprotected box containing 10.4 per cent of moist-
are, twenty roots viere killed, only five remaining uninjured.
Another unprotected vox containing 15.2 per cent of moisture
had niﬁeteen killed and eix injured. In a box containing 19.8
ver cent of méisture, three wcre killedy ten injured and iwelve
uninjured. A box covered with straw mulch and containing 16 per
cent 57 moisture had none. of the roots killed, and only seven
injured. A box covered occasionally with snow and containing
15.8 per cent of moisture had seven dead, eight injured and ten
uninjured. No roots were injured in a box stored in a cool, dry
cave, though it contained but 10 percent »f wolsture. It ie
shown from this éxperiment that thc low moisture content &n
itself did not do the harm, but the low moisture associated with
low temperature. It does not seem, however, that ocne is justifia

in concluding, as Macoun apoarently does, that plants at any given
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temperature kill worse in media with as small as 10 per cent
nf méisture than in media with 20 ver cent of moisture. From
experience iere it would seem likely that the reverse is true.
Careful temperature records would probably indicate that the
temperature was lower in the boxes coniaining the smaller moiste-
ure content, and a dry soll will freeze more deeply than a moist
soll. Thus a mulch or sod or ccvar crop that tends to prevent
evaprcration from the so0il will prevent 1ts freezing so deeply
and thus prevent injury to the roots by keeping the temperature
higher.

Craig? studied root killing in Iowa for the winter of 1898
-99. The injury was worse in light dry soils not protected by a
cover crop. In case of light soils like the "loess" he found
that deep planting helps to reduce the danger frcr =nt killing.
Such soils would of course freeze more deeply and the temperature
of the roots would be lower. He had little opportunity to obe
serve directly the difference in hardiness of different stocks,
except in une case where Shield Crab was used as stock, three=
year nursery trees of Jonathan, Waitney, Grimes and Willow came
through the winter in good condition, though nursery trees
generally were badly injured. In examining injured trees he
found tnat the stock at the union of strck and scion was often kill-
ed while immediately adjoining scion tissue was uninjured. He
found scion roots to be more resistant than stock roots. This
is in accordance vith experience here in {reezing roots in the

laboratory. We have also found that the root system becomes






more tender as it gets further from the crown. Emerson and
others have observed that roots of irees kitled at a much
nigher temperature than are other tissues. 7This has been our
experience. Results with freezing roots of orchad trees will
be found in Tables 30, 31, 32, 33 and 34.

In case of one-year old roots of the French crab used as
stock by most of the nurservmen, about 5° C. to -89 C, is aslow
a temperature as they can be depended upon to withstara with no
injury. Of 90_Jonathan apple grafts with French crab stock
frozenm to a temperature of =99 C, or lower and then planted
in soil in the greenhnouse, none lived. TFour oul of ten lived
after bveing frozen to a temperature of'-8° C.; three out of t{en
after a temperature of =70 C,.; six out 6f ten after a temperature
of -89 C.; and practically all grew after a temperature of -59 C,
These roots nad not veen exposed to a high temperature during the
winter preceding tie freezing, which was done from March 2, to
Marcn 18, 1911. | |

According to Crailg and also Stone, when ine roots arg'frOZen,
+he results do not show to the inexperienced at once in eoring.
The trees will often bloom and usually the leaves will partially
expand before the injury begins to show clearly. If only a part
of tue root system is killed, only certain connected branches
will show tne effects of the wot killing.

Injury o Apple Wood: Macounl lists a numrer of forms of
winter injury to wood of fruit trees, especially the apple, as
follows:

Bark splitting, which he says usually occurs when growth has

continued late in autumn and an early summer has preventéd the
1Canada Exp. Fla,rm &t. 1907=8.90.110=148_. (Rihl Na g0 1\
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soil from Ireezing.

Trank splitting, sun scald, a killing of the bark on the
south or southwest slde of the tree which he revorts very seri-
ous in northern ard custern Ontario and in the Province of
Quebec.

Killing-back which he says results from inherent tender-
ness of the variety, or froé?sufficient maturity of the wood.

Crotche-injury, a killing of the cortex and perhaps other
tissue in crotches of the lim-s, Macoun, Morse, and Grossen-
bacher have studied this form of injury, and have found it teo
follow severe winters. MNMacoun and korse attribute this inijury
to the lodging of ice in the crotch, while Grossenbacher attri-
butes it to tearing caused by temsions developed by the shrink-
ing of the tissue during its frozen condition. Grossenbacher
observed this form of injury most commonly in the crotch formed
by vigorously growing secondary branches.

Black-heart, a condition whieh follows the killing of the
sap wood when the cambium is left alive to form new wood outside
the killed area. It is troublesome to nurserymen in northern

gections,

Trunk-injury or body-injury, a killing of the older parts
of the tree above the snow line. Macoun thinks this injury may
vYe due to loss of water while the tree is frozen. Grossehbacherl
descrives a similar injury a8 Crown Rot, and attributes it to
tearing from tension in the tree when frozen, and to a loss of

water while frozen. Le seemedto find it worse on the side of

the trunk next to the prevailing winds.

1 New Yorx (Geneve) Agr.Exp. Sta.Tech.Bul.23,1912. (Bibl.

No. 50). New York (Geneva) Agr.Exp.Sta.Tech.Bul. 12,1909 (Bibl 1o 51)






The experience of the lMissouri f£xperiment Station where the
wood of the body of the tree, especially at the base of the tree
trunk and at the crotches, Lecomes hardy more slowly in autumn
in some years, at least than does the tissue of the secondary
branches or even itne twigs (see Table 24) may have some bearing
in connection with some of the above forms of injury, especially
crotch injury andd body injury, or crown rot. It seems possible
that those forms of injury are merely direct freezing to death
and that such injuries are more commonly found at the base of the
trunk, or at the crotch, bvecause on such years these are the most
tender noints.

Grossenbacher thawed the bark of a tree with warm water and
worked the tree backward and forward when the temperature was
-26° C. on January 8. In March practically all of the bark was
found to be dead, shcwing apparently the characteristic browning
of direct freezing to death. t would seem doubtful if this cone
dition of comnlete death of tissue with the browning would be
found soon if it were merely a mechanical'injury such as tearing
loose of the bark. In this case it seems highly vrobable that
the killing resulted from vapid temperature fall. The thawed
tissue would fall to the temperature from which it was thawed,
very rapidly, and from experience here with rapid freezing
(see Table 20) it would seem probable that this tissue was kill-
ed by direct freezing the same as buds would be on account of

this rapid lcwering of the temperature.
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Sun scald is generally thought to result from the effects
of the hest gathered by the dark tissue that is in the direct
sunlight. B8ince Macoun reports sun scald as being serious in
climates =8 far north as the Province of Quebec, it would scem
doubtful if there would be enough heat gathered on the sunny
side of a tree trunk in winter there to raise the tissue {0 a
temperature high enough for growth to take place. From ex-
perience here where the rate of temperature fall makes such a
large difference in the killing, it eseems highly »robable that;
at least in northern sections, sun scald may not result from
the tissues starting into growth, but it is more likely results
from the temperature being raised to near the freesdng point on
sunny days during cold weather and dropping very rapidly to the
temperature of the alr as soon as the sun is off that part of
the trunk,

Aa‘to varieties most hardy in wood under extreme conditions,
Macaunl reports an examination of about 700 varieties in whikh
he found that summer and fall apples vere generally more hardy
in wood than late winter varieties, probvably because their wood
reaches a condition of maturity earlier. 1In his experience some
of the most hardy varieties were: Canada Baldwin, Winter Rose,
Ontario, Stockton and McIntosh, all apples of northern origin.
.Oldehberg was cited by him as being one of the hardiest in wood.

The group of apples which Hedrick lists as hardy for the
coldest part of the State of New ¥ork are: of summer apples,

1 Canada Exp.Frt. Farms, Rpt. 1906,pp.291-92.(Bibl. No. 70)






Yellow Transparent, Tetofsky, Oldenburg; Red Astrachan and
Liveland Raspberry, and of fall and winter apples, Wealthy,
Hivernal, and Fameuse groups. Among the varieties that would
not withstand the cold in trne northern districts were: of
summer apples, Early Harvest; and of fall and winter apples,
Baldwin, Black Gilliflower, Jonathan, Rome, VWinesap, and in
the very coldest region, even the Northern Spy group.

The Killing Of Apvole Buds. The buds of apples will withstand

rnuch lower temperature than will the buds of peaches or of e¢ven
plums and cherries, and Macoun reports the killing of buds of
apples even in very dormant condition. Whinplel describes a
considerable amount of killing he has observed in Monatana.

Vhen apple buds are kxilled it is not necessarily itrue that all
parts of the buds are killed; generally only the flower parts, eo
that the buds will cpen in the spring into a whorl of leaves

and for this reason the fact that any killing occurred may not
be observed. He found also that in some cases not even all the
flower parts wcre xilled; thus in some the pistils were entirely
absent end in some both stamens and pitils., In some cases seed-
less apples were developed from such flowers,

Under Missouri conditions, especially in the Ozark region in
the thinner soil, we have observed a considerable amount of kill-
ing by the freezes of iecember 9 and 29, 1909, when the temper-
ature went to -5° F. and =82 F. respectively. During the same
year budes of the lew York Imperial, as well as Jonatnan, that
had been largely killed by the same freeze, were sent in from
points in Illinois. In most cases, however, the entire bud wsas

1 dntana Agr. Exp. Sta. Bul. 91, 1912. (Bibl. No. 113)






killed. The Jonathan 1s the one variety in which a considerable
amount of such injury has been observed. 1In low places where

the cold air may settle and result in a very low temperature,

all of the Jonathan buds were killed, even on healthy trees.
However, in the Missouri Experiment Station orchard following

e temperature of =200 F. on January 7, 1912 not a large percent-
age of the buds were killed. Of 200 Jonathan buds counted, 38
per cent were found to have been killed, znd of the same number
cf Ben Davis buds counted, none were found dead. Of course,

some bLuds in which the flower parts were injured may have been
overlooked. However, a good crop was secured in that year. Ip
this orchard the trees had been kept in a healthy condition,
vhile practically all the orchards observed, and all the orchards
from which twigs were sent, vere neglected orchards vhere the
trees had madé a weakx growth the summer before and had set their
fruit buds very early, probably pushing them too far early in the
scoson before this freeze.

Killing of Apnle Bloom. Killing of the flowers is a common
form of injury tc apples resulting from low temperatures, at
least under Missouri conditions, An effort was made to determine
whet is approximately the killing temperature of the full bloom
of apples. The following tables gives ilic results of freezings
with apples, peaches, and other fruits, just before the bloom
opens, in full bloom, just after the bloom falls, and when the

fruit is as large as it has been when it was killed in Missocuri.
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The material was generally kepnt at the minimum for thirty mine
utes. The temperature fall was as slow as it could be made with

the freezer used.






TABLE 51. Giving Results of Artificial Freezing of Fruit Blossoms.
' Condition of ! ' Temper ' NMurker ' Percent
' Flowers Vhen : ' ature 'Blossoms ' age
Material d Frozen ' Date : : 'Killed
\ ] '
.......................... § IS IO ORGSO SR URpI U, ISR G NI UGS SIS IS IRPURY IS S TGN
. \ Y b/ ]
Apple, Ben Davis 'Wot fully open 'Apr. 14, '11 * 27.5 ! 37 ¥y B1.0
Peach, Elberta Seedling  'Fully open ‘Apr. 14, '11 7.5 : €6 ' g.1
Pear, Kieffer 'Fully open ‘Apr. 14, '11 ' 27.5 ! 40 0.0
Plum, ¥1i)d Goose 'Fully open YAop, 14, 11 ' 29.5 : 60 ; 0.0
Cherry 'Nét fully open "Apr. 14, '11 ' 27.5 : 97 ' 50.8
Wpple, Stannard 'Fully open ‘Apr. 18, '11 ' 27.5 ' 45 ‘' 40,0
Peach, PBlberta Seedling 'Fully open 'Apr. 15. '11 ' 27.5 ! 37 ' 60.9
Pear, Kieffer 'Fully open 'Apr. 15, '11 ' 27.5 : 70 v B32.8
Plum, Wwild Goose 'Fully open 'Apr, 15, Y11 ' 27.5 " 50 ! 0.0
Chnerry '"Fully open 'Apr. 15, '11 ' 87.5 ' 91 ' 58.2
Apvle, Ben Davis 'Fully open 'Apr. 15, '11 ' 27.b ' 61 '22,9
Peach, Rareripe 'Petals falling 'Apr. 28, '13 ' 26.86 ! 86 . 2.5
Apvple, Jonathan 'Wot fully open 'Apr. 28, '13 ' 26.6 ' 100 ' 8.0
Apple, Jpnathan 'Fully open 'Apr. 28, '13 ' 286.6 ' "8 ' 56.4
Apple, Jonathan 'Petals falling 'Apr., 28, '13 ' 28.6 ' 120 ' 13.0
Cherry, English Morello 'Fully open "Apr. 28, '13 ' 26.6 ' 130 ' 48.6
Cherry, English Morello 'Petals falling ‘Apr. 28, '13 ' 26.6 ' 107 'o67.1
Apple, Rome Beauty 'Fully open 'May. 1, '.3 ' 24.8 ' 83 ' 4Q.9
Peach, Hiley 'Young Fruit "May 1, '13 ' 24.8 ! 76 ' 1.3
Cherry, Montmorency 'Fully cpen 'May 1, '13 ' 24.8 ! 40 ' 52.b
Apnple, Jonathan 'Young Fruit ‘lMay 10, '13 ' 25.6 ' 53 ¥ 1.3
Peach, Early Bernard 'Young Fruit '‘May 10, '13 ' 25.6 ' "4 ' 34.6
Peach, Gold Drop 'Youngz Fruit 'May 10, (13 ' 28.6 ' 65 ' 75.4
Caerry, Myehouse 'Young Yruit 'Mfay 10, '15 ' <u.6 ‘ 44 & 70.4
Plum, Kieffeem 'Young Fruit ‘llay 10, '13 ' 26.6 ' 93 ' 16.1
Pear, Kieffer 'Young Fruit 'May 10, '13 ' 24,6 ' 32 ' 78.1
Apnle, Jpnathan '"Young Fruit Yay 17, '13 ' 24.8 ' 13 ' E£8.4
Peach, Levwis 'Young Fruit M 17, '13 ' 24.8 ' 23 ' 43.5
Cherry, Dyehouse '"Young Fruit 'May 17, '13 ' 24.8 ! 15 ' (6.6
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Thece artificial freezings are not accurate in determining
the minimum temperature which the bldom, etc., will withstand,
since it is not nossible to duplicate in the freezer the rate
of temperature fall, etc., ouiside, nor is it possible to make
two freezings exactly duplicate each otner. However, it is safe
to conclude from this table that the unopened flowers are slicht-
ly more hardy than the fully onen ones, and that the fruits
are slightly more tender than the flowers. The difference with
apples, judging from these freezings and from our observations
on freezings outside, is not so great as with peaches,

These results would indicate that peaches, either in
bloscsom or young fruit, will withstand slightly lower tempera-
tures than will apples. The greater hardiness of the peach bloom
is probably under-emphasized in this table. In the year 1911
the Elberta Seedling peach tree came into full bloom on April
12, while the Ben Davis apple came into full bloom on Anril 18
to 22, and the Stannard apole on April 20. It is almost certain
then that the peach blossoms listed as fully open were older
than the apple bloscome so listed and had not been pollinated
and had started rapid growth, while the apples had not. 1In 1613
the Early Bernard peach came into full bloom on April 11, and
the Hiley and Rareripe on April 16-17, while Jonathan apple came
into full bloom April 24, and the Rome on April 29. Here then
the young fruits of the peach were older than were the young
From results of freezes as seein the orchard,

apple fruits used.

vwe are convinced that at times, at least, bloom and young fruit






of peaches will withstand lower temperatures than will’annle
bloom or young fruit.

The freeze of April 30, 1908, when the temperature in Col-
umbia wentto 28° F., killed only the percentages of young peach
fruit shown in Table 49, and an excellant crop was secured from
the peacn Treces the summer of 1908, while practically all the
apple fruit was killed; yev the peach fruit had been set longer.
The peach tree in that year came into full bloom from April 5 to
7, while the varieties of apples like Fen Davis, Jenathan and
Grimes, fruit of vhich was all killed in this orchard, came into
bloom from April 15 to 17. The Ingram apple in that year came
into full bloom on April 22 to 24 and had some bloom left when
tne freeze came. It had a fair crop of apple left, and the Ralls,
which came into full bloom from April 23 to 25 and had a considere-
able amount cf open bloom when the freeze came, had very few fruite
or blooms killed. If peach blooms or fruits are more often killed
in spring than that of the apple, it is because peaches usually
bloom considerable earlier.

In avoiding a loss from low temperatures in spring, the most
important factor is late blooming. Some varieties like Ingram
and Ralls bloom so much later than ordinary varieties that, except
in very few sections of the State, they are practivally never
kiiled by spring frosts. Other varieties that apparently are
seldom killed under Missouri conditions are Benoni and Mother,
accnrding to information furnished by Mr. F. W. Faurot, formerly

of the Missouri State Fruit Experiment Station 'at Mountain Grove,
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Missouri. Crowers in southern Illinois alsc report Benoni

as peing rather safe from frosts. Rome Eeauty on many years
Dloom enough later than other varieties to escape injury.

Whetrer in the southern portion of the apple growing region

this blooming in spring can be caused to be delayed by prolonging
the rest period, as in the cases of peaches, has not been studied.
Mr. Faurot a~..ver, vells of an instance in which cultivated

trees of the same variety, with like treatment in every other

way. 1The fact that the buds on well kept Jonathan orchards on
gond s0ll were not killed to such a large extent by the freezes

of December, 1509, as were the buds on trees in neglected ~rchards
that had gorie dormant much earlier the season before, seems to
indicate that the buds in early winter, at least, are kept dormant
later by xeeping the tree vigoicus.

An opinion is held by some fruit growers and horticulturists
that if the tree is in a vigorous condition the bloom or young
fruit will withstand lower temperatures because of the healthier
condition of the bloom or young fruit. Three Gano aponle trees
on the 3tation grounds have been left ungprayed and uncultivated
and are in a weak condition, one of them in a very weat ~onfition,
At times bloom or young fruit from these have been frozen along
with bloom cr young fruit from well kept Gano trees. These weak
trees and the vigorous trees in Columbia bloomed at the same time.

The following table gives the results:






TABTE 52 . Showing Relative Hardiness of Blnoom and Fruit From wWweak and From Vigorous

Gano Aonle Irees.
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Material Jale
______________________________ L
\
Vigorous sprayed *tree ! May 1,
Weak unsprayed tree ' May 1,
Vigorous spraved tree ' May 1,
VWeak unsprared tree ' May 1,
Vigorous sprayed tree ' Mey 4,
Weak unsprayed treaé " May 4,
Very weak unsprayed tree - May 4,
Very weak unsprayed tree May 18,

!

] (fruit 3/8 in. in dia,) !
Very Weak unsprayed tree !
(fw1it 1/8 in. in dial '

R e e T R R Y

Yemper
ature

-3
-3
-8
-5
-2
-2

-8

Numher
Trozen

iilled
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It will thus be seen that there is no constant difference
in the hardiness of the fruit from the weak and the vigocrous
tree. Casual observers may mistake loss of crop from cool. . wea=-
ther at blooming time, pgoor pollination, or othcr reasons, for
injury from freezing. It is certainly true that a poor Set of
fruit is often attributed tc frosts when a careful observation
following the frost would have shown that no bloom o2r fruits weee
killed.

KILLING OF CHERRIES AND PLULS.

¥illirg of various tissues of other fruit has not been
extensively studied at this station, except as desciribed in the
early nart of this paper. As to killing of buds, Macd\unl states
that under Canadian conditions, especially in the Province of
Ouebec when away from the protection of a body of open water,
Buromeor and Jananese pluns, and cherries are injured more or less
every winter. e lists Mount Royal and Raynes ac new varieties
very nardy in bud. Japanese plum fruit buds have killed in Miss-
ouri only after cold periods following sufficient warm weather
to start them into growth.

In case of killing by spring freezcs, the Vild Goose plum
is very resistant to low temperature as will be seen by reference
0 Table 51. On April 24, 1910, when all other fruits in the
Station orchard, except Ingram and Ralls apples waich were just
in bloom, were killed by a temperature of 2709 F. Wild Goose

1 Canada Exp.Farms,Rpt.1907-8,pp.110-16.(Bibl. No. 68.)
5 16th Am.Rpt.Vis. Agr. Exp.Sta. pp. 283-58,1809.(Bivl. No. 46)
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pluus were uninjured though they had reached a diameter of
3=16 of an inch. Ve are not prepared to say, however, that
the young Iruit ol tane wWild Goose plum is nuv more hardy than
the bloom,

In the case of the cherries observations have been made m
the killing of “.ie Barly Richmond cherry buds to a large ex-
tent, and otner varieties to a small extent, esyecially by
cold periods fallowing warm weather. On January 7, 1912, the
following pnercentages of fully dormant cherry buds were killed
by a temperature of =200 F.: Early Richmond, of 200 buds count-
ed, 52.5 percent were killed; Montmorency, of 15C huds counted,
13 percent were killea; uyenouse, of 175 buds counted, 11.4 vper
cent were killed.

Macoun holds that fruit buds of cherry, peach and Japanese
and Burovewn nlum kill more easily than do the buas of the apvole
and the pear because they have less protection from evaporation.
Goff<? found a larger percentage of cherry buds to survive a tem-
perature of -27 1/2° F. in Wisconsin in February, 1899, in the
central portion of the tree than on the ends of the outer branch-
es. He concludes that this results because those near tue center
of the iree were partially protected from drying winds. It does not
seem probarle tuat evaporation affects the killing of buds unless
it be directly by the drying out of the twigs. Cherry buds are
more tender than apple buds when exnosed to sudden freezes like
that at Columbia, Missouri, January 7, 1912. They are alsoc mcre
+ander when frozen in the laboratory under conditions such that

buds with the scales removed kill no worse tha normal buds.
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Evaporation could certainly play no part there. The buds at the
ends of peach twigs are generally more tender than those near the
vase of the .wigs or on spurs along the branches, but the buds

on the ends of the uwigs down in the iree are as tender as any,.
1t ispossible that the tuds that GoIf found more hardy toward the
center of the tree were formed earlier in summer and were more
mature when the freeze came.

One of the most promising mcans of evoiding loss from low
teniperatures is by orchard heating, burning oil, coal or othér
material. In some sections this practice is followed profite-
ably, and it is recommended in others. This subject is being
studied at the Missouri Experiment Station ny Dr. W. L. Howard.
Ip the work here reported, no data has been gatnered that is of -
value in a study of orchard heating, unless the results with
freezing bloom and young fruit may be of some value in determin-
ing the temperature of tne bloom of fruit to be protected is very
essential in orchard heating, otliecrwise the heaters will too
often ve lighted and large exvense incurred when it is unnncesa-
ary, or perhaps somctimes they may not be lighted wﬁen it is nec-
essary, and loss will bc incurred. A study of orchard heating,
like a study of the value of whitewashing as a means of preventing
killing from cold, should be carried on through a large number of
yvears since heating involves nn expense certainly not less than
an average of $10.,00 or $12.00 per acre a year, vesides a large
initial investment, and the mere fact that the crop can be saved
by heating is no positive indication that in a period of twelve

or fifteen years enough créps will be saved, in spite of accidents
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innevent in the method of heating, to pay for the cost of

heating.
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