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History 

truller-!hurgau (1)* published the results of his investiga­

tions in 1886 concerning the effect of frost upon plants. llis 

work was c onfirmed by that of Cavallero (1}* in 1888. These 

two men found that a cell did not suffer injury from t he for­

mation of ice crystals in the nrotoplaam. They also f ound that 

under the action of frost a rupture of the cell is very rare. 

Their r esults show that the formation of ice crystals occur in 

the intercellular spaces of t he tissue of both hardy and 

delicR.te plants. 

Abbe {1} summarizes the conclusions drawn by these two 

men as follows: Water exudes from the cell as the temperature 

is lowered. As a result, the contents become concentrated and 

injury is affected through chemical changes of the protoplasm • 

The water exuded from the cell is frozen in the intercellular 

spaces. If the temperature becomes very low, the protoplaam 

may freeze. The ice crystals formed in the protoplasm fill the 

space left by the exuded ~~ter . The cell ~all is rarely broken 

for this reason. Some water may return to the cell but the 

ma.,1or1 ty is transnired or evaporates from t h e tissue as t h e ice 

crystals melt. 

l~ller-Thurgau concludes from h is numerous experiments 

concerning freezing, that the exudation and freezing o f water 

from a cell results in the death of that cell. Some few oa ses 

* Wller-Thurgau and Cava llero ml!ntioned by ~bbe in .d!.£.. 

Ipfluence of Co ld on Plants. 
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have been reported since the time of ~ller-'fhurgau in which 

cells have experienced an exudation of water caused by low 

temperature without the formation of ice crystals. This was 

found to be true by Greeley (3) who shows that if the animal 
0 

Stentor is subjected to a temperature near 0 C., tt will con-

tract and become cyst like, probably with the exudation of 

water. 

Livingston (5) has shown that when Spirop,yra is mounted 
0 

in oil and subjected to a temperature near 0 C. for six hours, 

the protoplasm will contract with the exudation of water drops 

into the oil. J!olisch (10 }*found that in some stamen hairs of 
0 

Tradescantia subjected to a temperature of -5 c. for six hours 

the plasma membrane seu~rated from the wall but no freezing 
0 

took pl~ce until a temperature of -15 c. was reached. If sub-

jected to a temperature at which crystals VTere formed i l"1T1ed-

iately, the sepnration of the membrane from the wall occured 

rapidly. 

Wiegland (10} believes that the extraction of water from 

a cell by freezing is a vital factor in the life of that cell. 

Pfeffer (9) also supports the fact that dessication of a 

cell by freezing is a vital factor in the life of that cell. 

He states that owing to the progressive withdrawal of water 

with decreasing tel'!lpera ture, all plants which cannot \71 thatand 

dessication must ultimately be killed by cold. 

Harvey (4) states that the precipitation of proteins in 

* Maliech mentioned by Wiegland in The Passage of Water from 

Plant Cells During ?.reezing. 
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plant cells is a vital factor in connection with the death o~ 

cells by freezing. He states that the precipitation of pro-

teins is due to an increase in the salt and hydrogen ion con-

centration of the protoplasm. Such an increase in the concen-

tration of salts and hydro~en ions is caused by plasmolysis 

or dessication of the cells during freezing. The extraction 

of water from plant cells during freezing must be a vital 

factor in such a chemical change. 

ueyer (6) has recently worked on the hardening process of 

Pitch Pine. He states that the seasonal variation in the rela-

tive proportion of bound water is the most 1moortant factor in 

the cellular physiology of the leaves of this soecies in re-

lation to cold resistance. yer believes thnt the protoplasm 

of the cells in Pitch Pine leaves increases in colloidal con-

tent during the cold months. Such an increase in the colloidal 

content offers resistance to the extraction of water from the 

protoplasm of the cells. 

Gail (2) worked on the osmotic pressure of the cell sap of 

the leaves of some non-deciduous trees and shrubs. He found 

higher omnotic pressure during the winter months and lower 

osmotic pressure during the summer months. 
0 

Newton (8) studied the effect of low temperature on winter 

wheat. He found that wheat which had been subjected to low 

temperature for some time was resistant to injury by freezing. 
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Introduction 

lluller-Thurgau and Cavallaro f ound that ice crystals form 

in the intercellular spaces of plant tissue as the te~perature 

is lowered. Their results are generally accepted today. 

)iegland (10) states that there is no d~ubt but that cells 

exude water during freezin~. There is, however, some daubt con­

cerning the cause of death to cells as ice crystals are formed 

in the intercellular oapces of the tissue. It is desirable to 

know the most i mportant of theoc in studying the resi~tance of 

plants to freezing. 

A few casca are known where a contraction of protop lasm 

has been observed without the formation of ice crystals. 'fhis 

does not warrant us to conclude that all cells are affected in 

the same manner at the same temperature. The uriter is unable 

to find any record of living cells whose protoplasm c ould not 

be contracted if the formati on of ice crystals was sufficiently 

severe out side the cell. 

Wiegland (10) states that water on the outer surface or the 

cell wall contains a relatively small amount of solute when com­

pared to the protoplasm. As a result, ice crystals for.m on the 

outer surface of the cell wall when the tissue is subjected to 

a freezing temperature. He states that this formation of ice 

crystals causes water to be removed from the cell wall. The 

equilibrium in the water content of the wall and protoplasm is 

disturbed in this way. Water, which possibly contains s ome 

dissolved salts, is then drawn from the protoplasm by imbibition 

into the inner surface of the wall to re-estaclish the equilib­

rium between the water content of the wall and the protoplasm. 
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The process continues as ice crystals form outside the cell. 

The protopl~s~ is contracted a a a result. 

Method 

There are other reactions apparent in plant tissue sub-

j ected to freezing which the v1ri ter has been unable to find in 

the literature. Several experimonts are cited which may in­

dicate the nature of theee reactions and throw some light upon 

their importance in connection with the death of the tiusue 

caused by freezing. 

Filaments of Spirogyra were mounted on a slide in water in 

which the plant normally grew as a mounting medium. The fila-

menta \Vere examined under high power of a compound microscope 

to determlne if the c e lls were in a normal condition. ~he slide 

was then pl aced in a large test tube, six inches long and two 

inches in diameter. A c ork, through which a thermo::aeter had 

been inserted, was placed in the test tube. ~nis made it 

possible to acertain the temperature of the atmosphere in the 

test tube. Normal cells of Spirogyra mounted in this r:ay were 

subjected to a gradually decreasing temperature by placing the 

test tube containing the slide in an ice salt bath. 

l!icroscopic oxe>..minations of the same cell were made at 

different intervals. The cell remained norr~l until a temp• 

er ature was reached at which ice crystals were f ormed in the 

water outoide the cell wall. Plate 1 shown camera lucida 

drawings Gf two cells {1 and 4) 11hich have been subjected to 
0 0 

a temperature of -3 and -4 c. respectiYely. Figure 2 shows 

that the ~rotoplaam of the cell experienced a slight con-
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traction at a temperature of -3°C •• Numerous tests proved that 

no contracti.on of the proto )la.sm took place in the fila>n.ents 

studied until a temperature o~ -3°C. had been r eached. Ice 

crystals vrere alwc.ys evident out side "";he filament e.t this temp­

erature. Cells subJected to very l ow temperatures i:)roduced by 

co.rb~n d icxide gas w~re all se1·erely pln.smol ized. The umo'mt 

of solution exuded -;as found to vn.ry directly "i.a the temperat­

ure \vas lonered. 

'!.'he elides containing the Spiro.syra cells were now pl aced 

in room ter'lperature and the crystals a llowed to melt. !'he 

plasma membrane r etur!led n.p-nroximatoly to its li::>r.m9.l position. 

Three definite r~actions ~~ve occurcd in the cell ~3 follows~ 

{ 1) an e:xud9.tion of sol1tion from the p:"otonl~am caused by 

freez in~ , {2) an absorption of s olution as the ice ~rystals 

our r'Jund1.ng the cell melt, and (3} an absorption of solution 

by the plastids. Pl ate 1 ~igure 3 and 6 show cella after these 

re~ctions have taken pl a ce. The plasma membrane is very slight­

ly contrncted and t he chloroplactids hn.'re deft~li tely changed 

thelr form. The cells we·:e now p laced 1.n normH.l conditinns for 

seventy-two houro. 1\t the end of this time, the chl oroplasttds 

appeared as rounded bodies. 

The ·first re~ction caused by freezing in the cells of 

Suirogyra is an eY.'.ld3.ti~n of wnter and solute which ha.a been 

described. It is evident from this experiment thut u slight 

exudati on of so l utiJn fr'Jm the protopl asm occured nt tho temp­

erature of -3o tJ •• Osterhout(?) h~s shown definitely that 

some di3solved substances pass into the protoplasm of living 

plant cella. This fact offers reason to bel i eve that the 
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liquio exuded by a cell during freeztnc is not uure '."ater but 

is more concentrated than the solution inmedintely surrounding 

the cell Tiall. 

If the ice crystals are now allowed to rnel t ot1tside the cell, 

'.7n.ter or a vor~ dilute colution is reabsorbed into the ryroto-

1)lasm by osntoaiG. Plate 1 Figure 3 shows th~_t the plasma me~­

brl!n~ does not «1Uite return to its norm'l.l position as a result 

of ta'k'int.: up this dilute solution. This fact may be ex9lnined 

in the :follo--:i nz ms.nner. The solution is \fi thdrawn from the 

p~otoplasm of the cell during the process of freezing. The 

oolution thu~ exuded is diluted by the wate~ pre~ent nn the 

onter n'trf3.Ce of the cell '1.S the ice crystula melt. ~='rt of 

this dilute solution is then reabsorbed into the p1."oto-pla.BM of 

the cell hy 09~oais. The v~ount of solute uresent in the 

cyt~ol~sm is lowered in this manner. 

~~ch a reduction in the concentration of solute ~resent 

in the oytopl~em may e~lain the behavior o! the plastide in 

these cella _ollowin~ the ~reezin3 nnd thawing of the tissue. 

The chloroylaste decrease in length and incre~oe in vidth follow­

in~ the melting of the ice cryst!1.l8 surrounding the cell. The 

nucleus, which to normally of a convexed lenae shape, becomes 

aph&rt~nl. late 1 iGures 3 and 6 show cells which contain 

· plastida in such n condition. The following experimentP are 

cite~ to show th~t a ~educt!on in the concentration of the 

cyto1l~sm of cells of Spiro~yra will produce such an effect 

upon the olastide. 

Filaments of Sgiro~yrn were mounted in water in which they 

naturally grew. A normal cell was then injured mechanically by 
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breaking a hole in the cell wall. Water was allowed to come 

in contact with the cytoplasm in this manner. Care was taken 

to avoid injuring the chloroplastids. ·•r1 thin two minutes the 

chloroplastids be~an to decrease in len~th and incree se in 

width. The nucleus also became spherical in shape. ~ytoplaam 

exuded through the hole in the cell wall in severe ce.ses. 

The final condition of the pla sttds was similar to that pro­

duced by freezing which is shown in Plate 1 F1~ures 3 and 6. 

The results of this eX9eriment a~pear very reasonable if 

we consider tha.t there ia normally an osmotic equilibrium 

maintained between the chloro9lastids and the cyt0plasm in 

which they rest. This equilibrium may be varied by changing 

the concentration of the cyto-s>laam. The swellin{$ of the cyto­

plasm of the cells used tn the expe~iment just described shows 

that water had been taken up. The concentration of the cyto­

plasm is reduced in this way. The chloroplaetids and nucleus 

then took up water to e~ tqbliah a new equilibrium. Their 

appeara~ce resembles that nroduced in cells subjected to low 

temperature. 

The same effect was produced in chloroplastids when they 

were placed in a solution of a known concentration which ~as 

lowe~ than the protoplasm. The conoentratton of the protoplasm 

of the cells used w~s TQUnd to be 6.2660 atmospheres ~hen 

determined by plasmolys!s with sodium chloride solution. The 

concentration of the wa ter in which the ulants naturally grew 

was determined by the use of a ~eohman thermometer, and found 
• 

to be 0.2410 atmospheres. The normal cells of the plant were 

now mounted on slides in the water in whioh they naturally grew. 
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The chloroplastids were then forced outside the ruptured cell 

wall of several cells. This was accomplished by pressing on 

the coverslip. The chloroplastids enlarged due to .~~~orbed . .. . . . 
water as they came in contact with the dilut~ ablution outside 

the cell. They immediately decreased in length and in~reased - . 
in width. The effect on the plastids appeared to be the same 

as that produced when the wall of the cell was injured and the 

concentration of the cytoplasm was reduced. 

Another experiment was conducted in which the concentrat-

ion of the cytoplasm of cells of Spirogyra was definitely low­

ered. Normal cells of the plant were placed in distilled water 

from a metal still. The water contained two parts of solid 

matter per two million parts of liquid. Within twenty-four 

hours the chloroplastida assumed a position shown in Plate 2 

Figure 1. The nucleus became spherical in shape. Plate 2 

Figure 2 is a drawing of a cell having been in distilled water 

eighty-six hours. Plate 2 Figure 3 is a drawing of another 

cell after having been in distilled water thirty-two hours. 

This cell was then placed in water in which the plant naturally 

grew and kept in a normal condition. Plate 2 Figure 4 shows 

the same cell after having been in a normal condition for 

seventy-two hours. The cell did not recover from this condition. 

It is known tn~t the medium immediately surrounding the 

chloroplastids became less concentrated in the two experiments 

just described. The plastids took up water by osmosis. The 

shape of the plastids was definitely changed by this proaess. 

The change in the shape and size of the plastids due to this 

absorption of water appears similar to alterations in the shape 
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and size o~ plastids produced by freezing and thawing. 

Cells in a filament of ~ss protonema were found to contain 

chloroplastids having an average length of five microns. The 

average width of the ohloroplastids was two and five tenths 

microns. The slides were subjected to a temperature low enough 

to freeze the water in which the filaments were mounted. 'the 

cells were slightly plasmolized in this way. It was found that 

as the ice crystals melted from the slide, the cells partly 

regained their normal turgidity. The ohloroplastids took up 

water and became round. The average diameter of the plae'tids 

in this condition was found to be three and eight tenths 

microns. 

These experiments show that solution was exuded from the 

cytoplasm of cells of Spirogyra and J oss protonema as freezing 

took place. The solution thus exuded became less concentrated 

when the ice crystals surrounding the cells were allowed to 

melt. The dilute solution thus formed was then partly re­

absorbed by the protoplasm. The concentration of the cyto­

plasm was lowered as a result. The equilibrium between the 

plastids and the cytoplasm was disturbed . The nucleus and 

chloroplaetids took up water as a result. 

It has been found that cells of DOss protonema and Spiro-
~ 

gyra are not injured by short exposures to freezing temperat-

urea unless such cells experience a contntction of the proto-

plasm due to the formation of ice crystals. Very slight 

plasmolysis incurred by freezing in the cells of these plants 

was found to be fatal. The point at which there is a visible 

plasmolysis of the protoplasm of a cell' suujeoted to u decreao-
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1ng temperature appeared to be a close index of the temperature 

a~ which the cell is injured. 

It is eTident that some plants are able to increase their 

resistance to low temperature during the winter months. Heyer 

{6) found that the leaves of Eitch ine were frozen at a relat-

1vely high temperature during the summer. The same temperature 

produced a very slight effect u~on the leaves during the winter 

months . Oa.il (2) found the leaves of various non-deciduous 

shrubs are able to resist lower temperature during the winter 

months than during the summer. Harvey {4} states that cabbage 

plants increase their resistance to cold when they are sub­

jected to a moderately low temperature for a week. Newton (8) 

found winter wheat could be injured by a relatiTely high freez-

ing temperature during the summer months . The same wheat was 

not injured during the winter when subjected to a theoretical 
0 

temverature of -54.9 c •• 

Various suggestions are to be found in the literature 

concerning the factors vhich may cause such an increase in the 

resistance of plants to cold. Some of these fa.ctors are: an 

increase in colloidal content of the cell; an increase in the 

osmotic pressure of the cell sap; a decrease in the ease with 

which proteins are precipitated from the cell sap. 

It has been found in unpublished work of Dr. ~. w. Gail 

and the writer that the osmotic oressure of some plants increas-

ed as the concentration of a lkalies in the soil in which the 

pl ant s were growing was increased. The following experiments 

were conducted in an endeavor to determine if the resiotance 

offered by the plants studied to freezing was in any appreciable 
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degree due to an increase in the osmotic pressure of the cell 

sap in ehese plants. 

Flax seeds wer~ planted in soil which wes free from al''ali 

and alno in soil which contained a relatively large amount of 

alkali. The analynes of the s~ils us~d are g iven in able 4. 

The external conditione were kept the seme through~ut the ex­

periment since the plants were grown in the Department ereen 

house. The oeedlings in the neutral soil were an inch and one 

half high at the end of three weeks, while those in the alka­

line soil were only one inch high. 

The osmotic pressures of the protoplasm of the cells of the 

plants in the neutral and alkaline soil were determined in the 

following manner. Thin sections were made through the mesophyll 

of the cotyledons. These sections were mounted in water solut­

ions of sodium chloride of concentrations ranging from .20 • 

to .51 u •• The concentrations of the sodium chloride solutions 

used varied as follows: .20 H., .21 J., .22 H. etc. to .51 M. 

solution. 

A solution of sodium chloride was selected whose conoen• 

trntion would just slightly plaamolize the cells of the tissue 

which contained chloroplasts. The o~otic pressure of this 

isotonic solution was then determined by the freezing point 

de~ression. A standard Bechman thermnmeter was used to obtain 

the freezing point depression. The results are given in Table 

4. It may be seen that the atmospheres of osmotic pressure of 

the protoplasm in cells from plants grown in alkaline soil is 

nenrly two timco greater than the atmospheres of 9reesure in 

cells of ~lants grown in ne ~tral soil. ft~ endeavor was now made 
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to dete~ine if the increase in concentration would appreciably 

lower the freezing uoint of the plant tissue. 

-~e actual freezin~ point of the tissue of the plants 

gro~n in the two different soils were determined in the follow-

ing manner. Sections were made through the mesoghyll of' the 

cot~,rledons of plants grown in the respective soils. 'These 

sections •ere mounted in distilled water and were found to 

remain normal in this condition for thirty minuteo. 'fue time 

required to conduct tl1e following experiments ~as never longer 

than fifteen minutes for each reading. The slides urepared in 
I 

this manner were subjected to a gradually lowering temperature. 

A point was mi~roscopioally determined at which slight plas­

molysis took place. The formation of ice crystals at this 

temperature was evidently sufficient to withdraw solution from 

the protoplasm of these cells. 

Table 4 ohows that the temperature at which injury took 

place in cells of plants grown in alkaline soil was -6 C.. The 

critical temperature of cells of 9lants grovm in neutral soil 

was -5 c •• The table also shows that the difference in the 

osmotic pressure of the cell sap of plants grown in the re­

spective soil is 9.549 atmospheres. It 1s evident from these 
' 

results that an increase of 9.549 atmospheres in the concen-

tration of the cell sap of flax lowered the temperature at 

which injury occured one de ree. Such a alight resistance pre• 

ouced by increased osmotic pressure will only yartially explain 

why the critical temperature of aome plants is decidedly lower 

during the winter. 

The osmotic 9ressure of Moss protonema was also studied in 
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connection with their resistance t~ low te~eraturc. 1~e con-

oen~ration of the protoplasm o~ the cells was determined by the 

uGe o~ 1sot':''1i.c solutions. A balanced solution ua.s prepared 

by adding 95 parts o~ l lf. NaCl to 5 parte of 1 • CaC12• The 

balanced solution was then diluted until a concentrn.tion VIas 

reac~'led ·:vhich would very slightly :plasmolizc the cella. Such 

a eoncentrat ion Ytas produc ed by adding 13.5 cc. o:r- ':later and 

5 cc. o~ the balanced solution. This oolution was selected as . 
representing the omnot1c pressure of the ~rotoplasm of the cells 

of ~as protonema grown in the laboratory. HOes protonema rrhich 

was ~rown out of doors t3uring the spring n.ontha and accustomed 

to low temperature was collected. Tne plants gro~m in the 

laboratory and those grovm outside were placed oido by :1ide in 

various concentrations o~ the balanced solution. The ~las-

molysis produced by corresponding concentrations of the balanced 

solution was the oa.me in both plants. i. solution comuooed of 

13.5 cc. o~ r-ater and 5 co. of balanced &olution ~as found to 

represent the oamotic pressure of the 9rotoplattm of protonema 

srowing in the laboratory and tha·~ growing :>utaide. An ina­

tonic ;;olution \!fas o.lso :p~epared from a 1 :U. solution of ~iaCl 

and of a 1 M. solution of CaCl2• The isotonic solutions of 

these 9ure salta also indicated that the osmotic pressure of 

protoncma e r owing inside wao the name a s that of protonema 

accustomed to the lower temperatures. 

ilaments of the plants were then mounted on elides. The 

water in which the sa protonenm. was grov.·1ng was uocd ao a 

mounting medimn. The slides were then subjected to low tem~­

erat~re by placing them in a large teet tube vrcvioualy described. 
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?he cells of lloss protonema. g r owinp in the laboratory ' ere 

plt!IEJW:>lir.ed by s. temperature of •5 ° ~.. Cells of' l~o ss protonema 

grown outside a nd accuetomed to l o" temper~ture ere t.re~ted 

in t11e same mAnner. The cells \'/ere not affected until a temp­

erature of -l0°C. was reached. Very slight Jlasmolysia oro-
' 

duced by freezing ~as fatal to tbe life of the cells studied. 

The reDul ts show that a tenmerature at whicll injury occured 

in the cells or plants accuotornecl to low te1nperatures was rt ve 

degrees lower than tl1e temperature at which injury occu:ced in 

the cells of -plants grown in the l~boratory. The osmotic 

pressure of the protoplaam of the plants grown under the 

res9ective con! itions was tho se~e. e EJE,y oonclt.tde tb.at 

~sa protonema are able to increase their resistance to freez­

ing. 1'hit: inCl1 ease in resi stnnce was not accompanied by an 

increase in the osmotic preseure of the orotoplaQm • 
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Conclusions 

1. tf.he protopla~ of cells of the plants studied may be plas­

m-;,lized by the formation or ice cryst:ls in the ao lution imned­

iately surrounding the cells. 'T?l asm<ilysis is not visible in 

these cell s until ice crysta ls <n.~e formed outside of the cell 

wall. 

2. The p l ants studied do not experience injury from a ra!>idly 

dec:t.'en.sinz temperature until _.1lasmol ysiu occurs. 

3. A very sligi1t ;,>ln.sr:l'J lysia cn.used by freezing proveo fatal 

to the cells •)f .To ss yrotonema s.nd Sptrogyra. 

4. The temperature at which there is ::::. visible pl:.:..mnolyois of 

a oell A--ppears to be a c lose index to the tenrj,'lerature n.t \'>hich 

the cell is injured . 

5. Thr.ee reuctions are evident in the cells studi ed during the 

procesa 0f freezing o.nd tho.wtng. Firot , there is s.n exudation 

of oollltion from the p rotoplaom due to the form~tion of ice 

crystals vut <;oide the cell ''~tlls. r:econd • the solu"drm uhich 

i s drawn out of the cell in this vTO.y, becoma.s less concentrated 

as the ice crystals melt and in partially reabsorbed i nto the 

protopl asm by osmosis. ':'he concentl"'::o..t i cn of the cytol)lasm may 

be reduced in thie manner. Third, tho plastids now t~ke up 

vm:ter to re- establish t he equilibrium. 

6. Increased oomotic '?reos1.lY.'e is cnly a sl i ght factor in the 

resistance to freezing in these plants stttdied . 
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.. P~ate 1 • 

.. 

4. 

z. 

6. 

Figure 1 s~ows n normnl cell of S~irogyra. Figure 2 shows 
0 

the same cell Pfter being subjected to a tem~erature of -3 c. 
Figure ) shows the cell nfter ice cry~t11s hnd melted from 

the slide and the temperature had ret•trned to normal . Fi,Q,"Ures 

4 , 5 and 6 show a cell subjected to a temperature 
0 

of - 4 c. and 

allowed to return to normal temperature in a similar manner • 

• . 



• 

~0 

4-. 

Figures 1 ~nd 2 show cells of Spirogyra after having been 

in distilled water twenty-four and eighty-six hours respec­

tively. Figure 3 shows a cell after having been in distilled 

water thirty-two hours. Figure 4 shows the same cell after 

haYing been in normal conditions for seventy-two hours. 
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Table 4. 

Perc nt Present 

n ')Of) 

0 

Atmospheres Osmotic 
Pre~sure of Is0to1ic 

tio 

11 t 2 

Temperature 
PlO.S!Tl 

0 

Pf"rce'!lt Prese 

0 f10h 

I) 490 

1 29 

1 • 0 

Atmos pheres Osmot ic 
Pressure of Isotonic 

l ti l' 

20 

at ·.:~i ch 

~his table oho~s the chemical analysis of alkali salts 

contained in the s oils used and t he atmos-oheres of osr.1otic 

presrure of isotonic sodiu~ chloride sol1tion re"Oresenting 

the concentration of the protoplasm of the cells studied . 

It also shovm the temperature at which plasmolysis occured 

in t he cells of the Flax plants gro\\-n under the respective 

conditions . The analysis of Pnlouse silt loam given in the 

above table under ~rormal Soil was taken from the work of 

Neidig and Magnuson (11) published in Soil Science . 
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