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THE KILLING OF PLANT TISSUE BY LOW TEMPERATURE
W. H. CHANDLER

Summaory

1. The térm sap density, as often used in this publication, refers,
not to specific gravity, but to molar concentration. These sap den-
sities have been determined by the freezing point method, makmg
use of the fact that the molecular weight in grams of any non-
electrolyte lowers the freezing point 1.86° C. The sap density is gen-
erally given in terms of depression, meaning the number of degrees
Centigrade that the freezing point is lower than the freezing point
of water,

2. 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.

3. 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 con-
ducting tissue is frozen so as to prevent the movement of water to
that tissue, and killing as a result of long continued exposure to low
temperature. The term freesing fo death, however, is applied 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 that the tissue has taken on a brown, water-soaked
appearance, and evaporation from that tissue is much more rapid
than from living tissue. These are characteristics of plant tissue
frozen to death.

4. Results of many investigations have shown that during
freezing (which may or may not result in freezing to death), ice forms
in the tisswe, 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 results
from the withdrawal of water from the protoplasm. The amount
of water loss necessary to result in death waries with the different
plants and different tissues. (Pages g-17.)

" 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 17-49.)



=M

r‘ - R 3 - 6-

6. ""In addition to ripe appl&a‘and‘pears,-md t!le leaves of £gm¢ . ’
Am qﬁcm nbshrveﬂ by Mli]ler-Thngalt and Molisch, Jeaves ‘of let- -
tuce kill at a lightly lower templ:rature if they.are, thawed slowly * |
thau it thawed rapidly. Tn’cdse of all other-tissues tested hj' this
atatp:m or by others, including unripe 2pples and ,pears, there is.no
indication 'that the “rite of thawing has- anything. to_ do . with ‘the
amount of killing at a #iven témperature. -( Pages . 49-56.) .

o Rapid wiltinig ‘of tissue has not. generally. mcreased “the. re-
sistance of pla.nts to -low temperature over that of. unwilted, tissue
vnt!: a dqr ,surfa.ae However,: tissiie 'with a wet.surface kﬂ!ed worsc
at a given tﬂ'npefature 1I:|an dld tissue with no moisture on the sur-
face. (Pagcssﬁv—ﬁo} TONT msgn YN mer

8, Slow wilting or ‘pattial withholding pf wmr thrupgh a lnng
penod increased the remstance oi t:ssue to Iow temperat‘nre (Pages
60-61.)

i In case of hardy winter buds and wood a mpld, chclmc m
tﬂ:l:lperatut*e ‘greatly ficredsed the aevertty of mmry from a given low
temperature. [Pages Br67.)

. IO, There seems to be’ no constant relatmu I:ehveen the rate '
of, growth of p[ant tissue and" restitance o low temperature, Young =
leaves of fruit trees kill at a highér temperature .than_do, old, mature ’
‘leaves, while the yourig leaves of letfuck withstand a lower temperature '
than dn the plder leaves. ' (Pages 80-85.} - - - .

Previous exposure to “low temperaturs abou tl;.al at wh:ch
the t:ssm: kills seems to' mcrease ﬂle re&lstam:c of tissue to low tem-
perature (Pages 85-86.) - ‘-

. The most mportanf featune affeeung the hardmess of plant
I:lssue s maturity, that' is, the-condition of resistance that the plants
reai;h duﬂr!g the mnter dornmant period. - Maturity. in, the case of
camb:uru may be mt:rnately iagsociated swith- the progess of. drymg
out. However, this can not be tfue at least. of gortex of winter,
twigs. There is litlle differénce between the moisture content of
unfrﬂ:en corfex in seasons when it is very tender,and seasons when
it is hardy. The waod at the base-of the trunk and at the crotches
pf all rapnd]y growitg' branches- séems to reach..a . condition of
matunty in early wmr.er more slowly thau does most other tissue:
(Page 79.) '

. 13., Of the tlssur.‘ above ground dunng *penud.a. whq:n the most
«complete maturity is Teached, the most tender parts are the pith
«cells and the fruit buds. During periods of: rapid growth there is
litfle' differenicé in “hardiness wof the’ different, tfssmg. The tissie
which is most tender at all seasons of the year is the root Thefe
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is much. Jess difference, however, in the killing temperature of roots
in summer and winter than between the killing temperature qf twigs

o or othes; wood in' sumimier ‘and winter. . (Pages. 86-103.)

14, RootioftheFrcnchcraBuudaSstockseuntubemﬂre

' tender thn robts’ which obomc Irol.m scions' of an average \ranety of

apple. {Pages 103~105’) E B a
: 15 Mana.nna plum roots are r:erta:nly more hard}' than Myro-

.. bolan_ roots, and Mahalel cherry robts- seem -slightly more. hardy than
; Mazzard mots (Pages 109115) Proe i

.16, That part of “the root system neare.st the surface am:l the
largest, oldest roots are’ more resistant to' cold. than are, small roots
further from the surface: i [Pagts 8g-115;)

17 Pallen of the apple will ‘withstand much lower temperaturts
.thar%) will any othtr ‘ussue of ‘the flower ‘when.in. full bloom. (Page
115 - f. ] ! T 1 ._ .-I '

o I8, Scales of pw.dl buds do not serve to protect them fram low
temperatu;e "Bids froken i the-laboratory with the geales removed
.- were slightly more resistant’ to ‘low tmpn:fature than were buds with
the scales not femoved. (Pages 116-118.),

19. The killing of "wood ‘of' peach trees from frcezmg is one of
the most mgoﬂant determining' factors in peach. growing. Little
can."he done to inﬂuexk.é the amourit of killing except to have the trees
start into winter in proper ‘coridition -of maturity, .The weakest
growmg trees, however, 'do not generally reach. this .condition of
matunty in I:he most satisfactory mansmer. ‘Trees one or two years in
_the orl::hn.rd or ofd Weak trees, are most liable to succumb to effects

, of low temperature.’ Pruning ‘the 'trees severely iuﬂpmng a winter

wh-m the wood has’ been 'killed; altha -apparently in the best condi-
. tion of matnrrty, seems to reduce the amount of killing. . However,
,such pa'l:nmg following wirters when- the ‘wood has been killed on
“account of its not' Hiving*reached the proper .condition of maturity

in the fall, generally due to the preseace of wet weather following
. R dronght the s-e&son ‘beiore, is liable.to resqlt in gruter loe;s than if
. No pruning were done. (Pagu 118-122.) .

20, The hardiness of peach buds when in fuI!}' dormam condi-

o non ‘seems to 'be 'greatly increased by continuous low temperature
' preoedmg thie' date at which the temperature.goes, low enough to kill.

. This apaut}* to withstand low temperatures seems likely to be due
tu th& slow fall in ‘temperature under such canditjons rather than to
hardmesa &vdoped as ‘the result of exposure to low temp-emure

(Pages 122-131.) - s



