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Table 1 . Dally Baud >paturos for |b
% ,—. ^-> % j^5^5^5^5si

Date '»"

Oo't'o!

Stoma* 1
obc: , 1951 to Fc r «^>»

iF©brui)or : woveaa
•-

Janus:
-?.!-;•"- ""

.. .•BBfTfETn :

|

i....«

L
•

-i L

X 27 64 37 7

2 37 41 17 6 57 10

54 17 44 7 23

55 17 40 '».*_

5 29 19 50 30 a 25

!

> * 29 l 45 10

21 * * 30 | 20

m 48 1 45 66 27

9 66 «0 m 11 «| £<*#*» 45 20

10 74 o. 65 15 9 66 25

11 49 70 41 21 42 9 OS 22

12 GO SO *„ '"... 47 27 24

. 5G 71 52 25 49 23 47

14 47 61 30 29 59 26
15 76 44 57 ••G H 22 2C

1C DO #f 41 -6
17 71 45 21 19 9 -7 52 37 19

15 42 29 11 2C I 23 51 22

10 51 42 4 GO CO

52 40 25 M 9 52 47 17

CI 7C 50 57 9 41 22 12

22 75 20 -4 17

25 55 51 17 12

24 31 19 9 4
25 6B 37 31 20 11 13

2G CI 50 40 1 51

27 54 40 22 25 5 45 20

! 40 31 30 15 20
35 20 48 50 35 7

50 41 32 54 4 33

51 53 30 64 25 55 17
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.ca*e £*©•*&£ 1 4 ^80NMM

i
aUEsJber oi' orfciTleial fro»aea

HwpjjflMU
trial i o f 1 I 8 a | 1 1 3

IMmNHP
J
*** J 1 1 Vf i 8 | w 5 s | 1 { * 1 w

1 3 8 10 10
8
5 & CG

4 00 80
1 00 0

11 8 5 40 40 Ml

IS 8 GO
1G 40 40
<fc^8

CI 6 #Q
1 & go
38 3 40 48 90 00
ii 5
LJ5 XO 10 80 . 00

8 8 40 40 70 00 00
c^: & V.

« 10 10 40 18 X; Ml
u 10 10 30 40 OS 1

m 10 10 80 60 00 I

u 10 10 30 00 50 H 90 H 100
10 X0 80 5C 00 100 100

48 G 6 30 00 OG 100 1:-

*--'_ s 3 30 80 100 100 100 o 1

fi 8 80 go '. 48 100 io '

01 10 10 80 30 m 00 00 100 100 *S #"W%
198

5£ 10 P & 40 00 GO 100 100 100 100 100
Do

&
10 SO 30 80 00 100 100

ft
10 40 40 50 SO 00 1 „„ .,> >..

10 10 30 30 GO 00 It OG .

» 8aoh freesiog group u#©4 f

to doaiipiato tL**ao

.: '.5 -.'-. 0,.- J. i MM i

•r pota each. V
1

' v .-' '

.
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tfablo III. B93Pt»nt i killed as a r eault of subjecting
•boat plants oo on© 02? nor© freases at 4 degress
Paiaronho tft*

tow
t

o£ as»fclfioial Cresses

trial 1

i 12 3 -
ft G

nucfoes? A®* ta 1 i
. „ i ,.

B 1 E W B

1
1
G 10

4 00
G

an 4 15 12

is 10 12 12
15 17 10

1
11 11 4G
. 10 20 1G

21 4 7 m •1 83
22 4 tt OG 23 2G
2G 14 10 OG 01 70
24 25 GO 01 03
85 U GG GG 02

GX 30 Gl 77 06 01 02
90 77 70 OG 00 OG '77 87

G 3 52 M 72 72 100 100
84 i 10 03 100 100 100 100 100 100
35 30 33 M 03 07 m ) 100

41 4 40 70 00 00 00 Q 100 100 100
s
^G

G • 10 10 100 Go 100 x i 100 100
15 27 61 7G GO 100 DC 100 100
22 10 42 100 loo 1 1O0 100 100

4S 1G 20 G2 40 100 300 100 loo loo

51 1 42 02 02 100 100 100 100
02 GO 100 100 100 100 100
GG 4 1G GO CI GO 100 OG 100 100
u GG 30 G2 Gl 100 100 100
GG i u 40 lOO 100 100 100

* Each Xfcaaainc group usod for oaeorvatloa waa divided into 2
aopa?ato groups or saoploa o£ ota oaoa* & *P are
uaod to dooijjaatd those groups*
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capor incuts. 2a th© atatistical analgia, therefore, the error

variance was computed as a separate probXcsa* uaing the formulae

Sum or Squares S Sum of x2 - (Sum of Y)2 an!
n

Varianoo « guanos
Dogroes of tfreec

as outlined by Batorson (20). Ikvor variance for both top growth

Injury and plant mortality ware computed and used in tea

Interaction and sain effects for statistical si£nificanoe» Results

of those computations are ^ven in Tables 5 and 6.

TJie average percent of top growth and plants killed by freeeea

at 4 dadoes Fahrenheit and th© percent of o to top growth and

plants remaininc after the preceding frees© are shown In Table 4.

It appears that a reduction Is top growth of approximately 1/3 was

sufficient to cause death of almost l/G of tho plants. The percent

top growth hilled and the percent of plants killed increased with

each frees©. It is interesting to note tho close relationship

between these 2 factors as bfY of free reasc- .

After 2 art oosoo plants showed almost tho same degree of

top growth -y end mortality. Unly 2 froocoD ii | degrees at 4

roos were required to hill aimo3t 60.0 percent of top growth and

cause the death of more than 1/2 the plants • As is shown by the

data in Table 4, only 2 or 3 successive freesos at 4 degrees were

necessary to so materially reduce plant {growth and plant numbers

that the plants were almost or entirely worthless from the prectloal

end financial standpoint of th© wheat producer. If field conditions

were closoly related to conditions of this experiment, fariaere would
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surely abandon the acreage devoted to wheat.

It oust be emphasised at this point, however, tbat the reaults

diaoussod herein are I M* obta under >al field condi-

tions where a anow eov .iral aoil insulation tend to reduce

injury appreciably* However, it aeoiaa reasonu W asauac that

results of oucccadvo ffrtsijw under a.. "«o M
indication of troiada of top gr injury and mortality which would

occur due to several sucoeaaive freosea under natural field condi-

tions of the far .

A hl^ily significant correlation of ,058 at I rees of

freedom was found between percent top trowth injury and percent

plants tailed, showing tiiat a very definite association did exist

(see Table 7). Fro© data prea anted and results of a statistical

analysis, then, a reduction of nore than X/& of the top growl

would be expected, in the oajority of instances, to result in an

Increase of plant aorta:

2ho effect of z»epeated or recurrent froesea on winter wheat

my bo doteruinod by comparing the Sfflwtti iff oa acoosive

frooso -t survived the preceding freeze. Data

tliis nature are shown in Sable 4. Since plants were froaen for the

fii'Uo, second, ul.lrd, fwortfcj a ..th tkaoa on the aaas dato; i.e.,

were in the freesei lie aa o, it is possible to directly

conpare these data*

4s shown in Steele 4, natural weal; jar conditions accounted for

the injury of C*0 percent of top growth end the killing o£ 0*S P©*"~

cent of the plants before they were artificially frosen* Of the

material regaining, the first artificial freese at 4 degrees
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Cable 5. Analysis o£ vc Injury in free:

trial Eudbora 41-40 and 01-55 :
.
froo freesos

at A dospooc Pahrenbelt.

m il ill i i -lr H iMni i . n i.n i n n rr - - i •-WW. »'« ' " ">» — '

~«..«»-r.»»«. -»-"-*Wi'»""'^"l'—

"

T 'f"

um i , i.imlili . .. . M ill *i 'l.

i d£ t as i var. j

Between freoBins triala 9 000,09

Between nupifrer of tinea
SoSil^ a 71607.48 14277.40 £0.0.91**

SifcoraotioiiJ freesing trials
x nuEkcr of tliaos I 45 8000.41 44.03

50 74254.02 1241.61

Bteror variance1 129 073.27 0.77

3 STflnii'ioant at percent level
<:<• |j at 1 pcro<

1 Error varloxio© ua« cc kS a aeparofco problon and used la

testing the lateraotio oi-octe for statistical aiGnifi-

oanee«

Sablo 0. Analysis of .-co of Bjortality in frees ~al

nuuborc 41-4C a u 51-55 resulting fron frconoa
4 cLo^cc.

K. W illWl «H»_ Wl l 'i'—JM.MW.

I pus | v HI IN MVWHHMMI MMHHPMWMNP

[
df oj var. P.

- Tl.UII—Tl Ttl 'TT-> TT11T7 T- T —i- n.i^n.f*
. . ii ...—.«-: HMHi»i«

fcMtt froosinc trials 1570.05 174.08 2.10

Between nuc&or of tinea froaea 8 98640.77 18529*05 222.03*»

InteractionJ freeslnc trials
» nunbor o es £ro*» 40 3741.17 03.14 2.2

Total SO 07001.09 1GC0.3G

Sterae variance* 188 . • 30.84

55 sioaificani at 1 pereent level
"""""

1 Error variance was ooasutod as q separate probloxi and used in

testing the interaction and aain effecto for statistical
Significance.



Tttblo 7. Analyc : co-vi .at ion of top
;h injury and plant CP freezing trial

. ...,„.•:.. :L-_... a. :,u CC-53 vo.. Iting fiHl fiNMMNM H •
fttgPiti Fahrenheit.

FftQtora !<^! "x S % ! % I ?

;ween freezing trials 9 , J9 . 907.02 .773
Bet. no* of tinea froaen 6 71 • ... .77 1105 • X .997**

: freesing trials at

no. of tines froaen 46 . 3741.17 . .70S
Total .90 97901.09 Bl678«6G .9Q0«*

#» Significant at one percent level

injured 20.8 percent of the top growth and killod 10.0 percent of

the plants. is evidence suggests that plants can withstand a

substantial amount of injury bef oy are killed by free. •

The initial 4 degree fP9*9i aoemod to weaken the aurvivi

planta, .ay were acre aeverely injured and t or pei^cc

of the plants wero hilled L second 4 degree freese than

the first. Data reported in Table 4 a. b« second free

killed . . o top I 41.5 percent of the pi;

fcbat survived the first 4 degree freeao. Theae figures also in*

dloate that the plants surviving the initial 4 degree freese were

in a soraewhat weakened condition in that a level of top growth in*

Jury resulted in alaoat the saae level of mortality. This would

seen to indicate that the top growth oould not absorb further

danage before the plant began to die*

The hypothesis that plants are weakened by a freese so that

the surviving plants are leas able to withstand a subsequent freese

aooria substantiated also by results of the third, fourth, and

fifth successive frooseo. The third £\ injured 00.1 percent of
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A statistical analysis of showed that oi^ificantly

Npt tissue was destroyed arid su** with each succes*

nlvo freezes

m 4 and 5 (least ss between frocso rioans

equaled S.47 for top ^'owth * - jrtallty)* iSach add*

itional freeze, the»j o;. -osultod la a statistically

iific ssss In top growth and plants killed as a result of

the fi^eese. In t: is las,
i

lac'i laeteriel seeasd to be

the liraitli. sfl* and resulted in fcixe low sjaount of injury and

nortality resulting from the fifth freeze, ilait M#? percent of

top growth and 97.9 percent of all plants were killed as a result

of the precedi I Cr^S4MB«

Sffect of Ffresttng Sheet at 4 Decrees Followed by
ftpeeslnc at 10 Decrees

An attempt was saaAo to determine tl feet of a freeze at

10 decrees on plants 4Ul : not been frefleS artificially aid

plants wi W* ;r .; artificial ffctesos*

With this purpose in rind, plants v;ere frosen onco, twlS*, and

three tiuos at I degress. A portion of each freezing group was re-

frozen at 10 degrees so tiiat each ixoup of plant MB one or

|g tlcsee at 4 degrees was subjected to an additional freeae at 10

degrees* Results of this experiment are ahoisn in Sables and 0.

The experiment was repeated Q tines* The data in 'fable show that

each slat the plants were frosen there was a considerable increase

in the aiaount of top growth klllod* Likewise, additional plants

were tailed at each fteestoi , as la shown in Table 9*
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As reported in Sable 10, plants which bad not been froaea

previously by artificial were injured to tlie ©stent of 21 •?

percent additional top £jro* and 56 »5 percent of plants

killed tfion subjected to a eingl© 10 do^pee freoae* Shia amount

of #?fm0* was almost aa much aa that added by a 4 degree freese

when the plants were In u laydened oondition oa ohown $n Eable 4»

This greater damage may have bean due to the lose or some winter

hardinesa with the advance of the season* as the experiments re-

ported in Tables S and were made from February 3LX to February 23#

while data reported in 3?aJblea 2 aid 5 were made from December 26 to

February 11* «Juct previous to the time the later experiments were

begun weather conditions were fairly alld for aovoral days, as la

ahown in 2abl© 1, As was pointed out in the review of literature,

wheat plants sometimes lose a sjreat deal of winter hardiness in a

very short tine. Saloon (23) found that a s*wenhouee tospesatttrea

winter hardened gp»in plants loat a perceptible amount of hardineae

in 84 hours and much of it in 120 hours . Laud© (0) found that

after 8 weeba at gseenhouee temperatures nearly all cold resistance

bad bwm loat. l>oring the 10 day period preceding these experiments

the average daily temperature was 53*2 degrees Fahrenheit, with

the avera©a on 5 of theae days above 40 degrees <aee Sable D*

While these teopewitures «?ero obviously not optimum greenhouse

temperatures, it seems reasonable to assume they wero sufficiently

hlQfc for the plants to lose some bardineos, since plants izavo been

observed to actually miss some growth at a temperature of 40 de&?eea«

Bewton and Drown (10) augcoot that cold hardiness is determined, in

part, by the protective action of certain sucsre and timt dormancy
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and slew respiration rate say account Tor the low augar loss of

hardy varieties* Xhty also suggest tiiat as temperatures rise,

the respiration, rate Is increased wit loss of sugar and eold

hardiness ftba final result* 2hey believe that the norctal respir-

ation :e living plant during the winter gradually decreases

the nutrient reserves which pro: ;sens oold hardiness |

late winter* Sfaus* it is quite provable that the average daily

tenperaturoo noted a wore fully hijh for tiio rate of augar

loss to increase and the amount of cold ittrdiness to decrease by

the tir.10 these e^porioants were begun* Also., suneson aad Saltier

186) found tho hlitmtt ouount of winter hardineaa approximately

3 weeiai after early fiooonbor and that winter hardiness was arc.

ually reduced oftor that tino, 3Iioir findings would indicate

that plants used in these exporiraenta had lest socio of their winter

hardiness* since the exporinents were begun setae 48 days after the

trntsXram hardiness point probably had boon reached*

As was the case with plant a frozen at 4 decrees > there waa

a highly significant correlation of .333 at 23 decrees of freedom

between percent of top growth killed and percent of plants killed

(sec Sable 15). She relationship between top growth iajury and

plant niortallty ia shown in graphic la frig* 2# hothoda of

•sampling and computation of error variance were the saiae as out-

lined for e^periuonta with successive 4 degree free&ea* Results

of the analysis of variance and co-variance ore reported |r tables

U, IS, ar^d 13.

Data reported In Sable I m a oonparieon o average

percent injury to top growth and plants killed by a freeae at 4



N

2«bl© 11* Analysis Of

from froccoo

MMM

lilting

: assmsamm a pt

Between freezing trials

Between nuabor of tiiaes

£VQTJSXX

:
.

vaiu F

s .vi .use

I 10435*<LS 0140.13 It**

Interactions froealau trials A „ rt. .« „-^
x mabtt of frooaea 10 4000*30 207.01 39*44**

Error variance*

23 10479.17 046*86

24 102*40 6*77

$** SignifTeant toTpcrc aT
1 variance *as oooputed as a separate problem and applied
to

Table 12* Analysis of variance of aorta: -esultinc ^pob
froosea of 4 do. roes and 10 docpooo.

E3t*een frc trials

Between waxxv of freeaes

Infceraetiona freesin- trials
& xns&o? of froeaes

: ;••

9feal

Efrror variance1

:

v;ir. P

6 400*71 ,10 ..35

3 10700 • 6170*37 120*47<**

10 970*00

S3 £0100*32

M 1230,96

|

87G*10

1*87

•AM* *

Ignlficant to Ipercent level
1 Error variance was confuted aa a separate problem and applied
to the results.



Sable 13» Analgia o:? co-vor; wing correlation or top
,jortali.ty result

'i f
Factors t df 3

MM

Bet. CM ; trial* 38.55 420.71 . 3 .021*

Dot. oo« tiass froaea 3 15433.42 10783.G6 17134.65 ,98&*#

lots frosaing trials x
no, ties* froaea 15 4QQS#20 , 1540.21 . . 3*

Total 03 10479.17 20150.22 17406.70 .0C3**«-

* Slgnlfleant} to 5 p*r**at level
** Significant to 1 percent level

degree* and top growth and plants tailed by a 10 decree frees*

after one or nor* freezes at 4 degrees* Also shown in Sable 10

la the percent of deiaaso to top growth and plants reaalnin;; after

the preceding freose.

ELate II shoos a comparison of recovery of *heat which had

not boen froaan artificially with wheat frosea once at 10 dagr***

and at 10 degrees after ono previous 4 decree froece. Sfce photo*

graph was taken 2 w**te> after fraesins. Hants in Fi^. 1 of

Hate XI were estimated to laavo lost an average of 10 #0 poraent of

their top growth as a result of exposure to outdoor winter con*

dltlon*. There was relatively no nortality in these plants

.

Hants in Fic» 2 she* the effect of a 10 decree frees* and plantain

Fig* 3 the effoct of a 10 degree frees* after a 4 degree frees*

»

Data reported in 'fable 10 are not consistent in 8hox7iag whether

plants damaged by cold are raore or leas susceptible to damage by

subsequent exposure to cold temperature* . 2h tl.ooo experiments

dojaa&ed plants on the average suffered about as soon additional

daxsage wh*n esposed to freealnG at 10 d©©?*** as at 4 decrees.
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3ii attempting to explain the differences in effects of the varioua

ocebinations of testersturos to which plants were subjected. It

oust be roiasfflberea that by the tine those experlaonta had begun

the plants bed lost a considerable aaount of the hardiness they bad

gained previously* Thus, It Is reasonable to asauoe that planets In

this oonditioa al#it be Injured severely by a sudden exposure to a

lev temperature* Mi assumption appears to be true, since, as was

shown in Sable 10, a toaporature of 10 degpeoa wac iclcr.t to In*

jure 1/5 oZ the top growth and kill about 1/3 of plants remaining

frau . ot of i3 'Jdoor temperatures, wail© a froose of

4 docrocc red 1/Z of the top Ife and 2/ .>eiaainlng plants

were killed; !©«, tho freese at 4 decrees resulted in app«wimtely

twice the dassge ca oho 10 degree freese*

Ho infowsatloa was obtained on plants frosen at 10 degrees

after being froaen 4 or Q tlK»s previously at 4 degrees, but it was

assutaed the a*m effoots would be noted J i.e., essentially ao dif-

ference In the effects on regaining plant nsatoriai fron freesea at

10 degrees and 4 degrees after one or nore freeaes at 4 dadoes*

la ail probability* however, gubseouert freeees at either 4 or 10

degrees would add less additional damage to plants aa the nuiaber of

freesea Increased, since the upper Xlait oust soon be reached where

no plant material would be alive*

affect of Sfceeaiug fteost at 4 Degrees Buring
foliar and "Spping* stagoc

Purine certain years winter wheat in Kansas baa been sub*

Jceted to freeaing temperatures at or just before tho tiuie the

plants started spring growth* As noted previously, average dally
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temperatures w^ sufficiently high for the plants to have lost at

loaat sons of their previously acquired oold hardiness* Oafca re-

ported In Eable 14 give a ooni '.."slants resulting

frcea freesea at 4 degrees d the asln*lw* period wl^on plants

into fully hardened and ds* after plants

bad lost at loaat a portion of their winter hardiness*

a single freeae at 4 degrees resulted In almost twice the top

growth injury asid nore than 8 1/2 UMSfl as aaioh Ewrtality after the

plants bad lost part of their winter hardiness than when froaen in

ordened condition* It is interesting to note that after a fiingle

freeae at 10 decrees when plants ware In the "spring" condition,

almost as auefc top growth was dead and almost twice tbe rwobers of

plants were dead as when the plants were frozen once at 4 degrees

in their fully hardened condition (see Table 14 )•

aro freosea at 4 degrees aeojued to add about the sano amount

of additional damage to top growth, but fo«er additional plants

were killed during the ^spring" freeaos, according to data reported

in Table 14* ft*M freeeea at 4 degrees ream -ess injury

jrtallty aoong plants surviving the second freeso in tbe

"spring** At first sight it would ai-voar that each successive

£reeee during the "spring** affected tbe plants less, and that per*

baps those plants surviving tbe initial i'reese were hardened to

better withstand the aubeoquanfc frocsea. However, this difference

could be due to an ecological advantage, or to the fact tl*t tbe

upper limit of remaining plant material was being reached when

plant losses would necessarily be lowered* rbus, tbe assumption

that plants were hardened bj the first f?eese to better withstand



m

subsequent freezes cannot be proved to a groat degree or assuranoo,

Kffect of Fm on the Crown Tissue

It was evident that the nuiaber of planta whiah wwe apparently

recovering days after freezing was great c. » at the end of 16

and 24 days. Bill was due to the injury of some plants which at

first showed signs of lifo, but lator died, ft) an effort to doter-

nine the typo of injury which cov. aaibly bo the cause of further

plant deaths, crowns of unfrozen and frozen plants were examined

and compared*

Plate III shows the interlay of crown tisauc a I frozen

..porature 1 to 5 tluoo as compared to that of an

. plani,. '-ho crown ta. ifrozon pla: 1 of

Plate III) shows unstained whi iisue from ths> top of 1 ~;asi

.ondirig down be baso . . She roota are vigor-

ous* well branched and uudaiaaged. 9 1 of Plato i gives an I

dioation of the average growth of a plant of this nature* A» re-

ported in Table 4, only . percent of top growth and 0*5 percent

of the plants were killed by natural com js*

She crown of a plant frozen one time at 4 degrees is shown in

2 of Plato III* The tissue appears to bo healthy in the upper

part of the crown ml stem* but in the lower part tt crown the

tissue had turned dark in oolor« This dark tissue had been killed

as a result of the freeze, o average, as ahown in

about 1/5 of the top growth and almost l/G of the plants we

Hlliii The plant shown in .uro remained vigorous, although

.1 been injurec.



She plant shown in Flo* 3 ®£ plato III had been frozen 2 tlDM

at 4 degrees* 2ho interior of the crown shows a acre definite

dar'j»iil.-£ of the lower port oxtendias upward MM lower portion

of MM oonter stem* Steeds and roots of this
|

appear to be in

good condition, but there was a narised reduction in top ^owtn, sad,

aa reported in Sable 4, r.ioro tlaan 1/2 $$tt plants were killed as a

result of the 2 froesea.

2h© crown shown in | 4 of Plate III was talon, frosn a plant

frosen Z tiaea at 4 degrees * 2hlo orown had dead tissue covering

its entire base and tsMrfling upward I -oft •*»* At

the tfe» tho photograph *?as tahm, tfct ate; as «ao vary wc .

4s a result, the dead tics .rot oloarl. ->f

V gflfflft awovor, it qp poors to cut entirely across the

asx UpWiMBi a liv (center) froa a livinc steta (ri$it).

Aa reported in £ablo 4, the reduction in top pnwHi and nus&ors of

plants aaounted to about 30 gft percent aftor 3 freeses at 4 decrees.

A crown fron a plant frosan 4 tiuoo at 4 decrees la shown in

Fig, S of Plate III. llio average percent of to. Hod

plants in this olass was 9C»7 percent while 97f percent of the

plants wore killed. It is easily aaen that such would be the case,

sinoo the tissue of the crown as well as tfeftt of the loft and

center stetss is dead,

She crown in Fig* C cane frota a plant frosen 5 ti^es at 4 de-

grees. Both tho crown and the right ates wove dead. Ml showed a

||g n tho p!v for tho san© reasons aa Given for the

appoarance of the crown In f| .« :. Plants in this class m &
100 percent ;:,ort . and loss of live top growth*



II

Pron the data pa , It would aooci that tliere is a def-

inite aasooiation between of the crown tissue arid

the percent live top growth remaining and plant survival* However,

a iiaall amount of injury to the crown tissue dooa not seeia to de-

press regrowth after freeaine or cause niortallty to a ^reat extc

As the injur/ to tho crown increaaea, thougha :ere seoea to be a

raore definite increase in ; t top ;^rowth injur?" and loss of

plants •

Plate III shows that froat injury to crown tiaav at first

A to t Ion of , but ;da upiward as

I injury incroaaoa* . final1 o all tho crown

.ema* and part of tho roots .da dark bro^n or bleu

in ool B no longer 1."

As pointed Out previously* plants whioh were apparently re-

covoriu.; ftp juried result!:;;., frou rroezee suddenly dle» The

crown in Fi. • HLato III may bo used to good advantage in

diac .-.as- o possible cause of tide rence* The photograph

. crown allows that the upper portion of tho loft ml carter

stenia was still alive and apparently atill funotIonia . -...o pi at

,1 seema to Iiuvo aad live tiasua throuijhout* The general con-

dition ia borne out by the ^pearanoe of oorreapondiri£ plants

in Fie* 5 of Plate 1} !•©*» a rjreat roduotion of top Growth and at

least ono aton still func » Sven though portions of tho sten

were still alive, howovor, It would bo vory questionablo to aaauna

:jy would i^vo continued to live for longer than a few days

or a week, alnco all vasoular connect ions to the roots had bean

to tho death of t tire crown tissue, ,, it la
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poealble for a wheat plant to appear very such elivo and to ap-

parently bo recoverlnc **aa a frease* yet suddenly dio when nutri-

ents and water above the dead opown ties v© been enhauated*

Dy oowparins orowis of i , 3 a»J 5 of Plate III with plant*

in Flo** 2 aid 3 of Hate I it ts evident tnat In crown tiasuo

a not been too aeve od there pay yot leiaatt

vaaeuier connect iona befcwac ate f planta to U
la hypothesis could be correct, ova; thgM#i< aa waa pointed out

the dlaauaalon of Sable 4, top arowth iaay be notarially reduced

and poreant iiortali oraaaed when the plants are coo-

pered to unfroaan plants or thoaa which iwv& boon freaen <ml# 1 or

8 tinea*

Itewnee wheat woe frosen at 4 deforces and at 4 and 10 decreee

erlaa of experiiaonta at lonha-ttau. Kaneae* baclanln,;; December

I and ondlii^ February 03# 1958* l*aa*lng oqulpraan* eo.

elated of a froeain^ oTiejrthav aurrousided by a thlek layer of cork

with a Uioraoatatioaily controlled re

vide I id teaperaturoa* The deal^n of tiie exporiiscnt was tuoh

that plants could be froeen I a firat, aaeccd toll , fourth,

ana fifth ti&es on a single free M —ot £** &"»y were all

in tho fyaaaor at the eatae tine* iOaata vara allowed one weak to

recover outaide the ^eonhouae before bains frosea again* She rel-

ative effect of the recurrent froeaee waa Esaaeured by eati&atlns

the pore t top $*owth apparently killed ant dotenalnlng the

percent of plants killed* In another part of t tie experlaent crowna



or froze unfrozen pla Bit exaained and compared.

An incroec -«ry and plant mor-

tality resulted as the of 4 ceased frocu X

to 5. At the end of the fifth freeze all top growth and plants

were dead. 1Mb successive freeze d to weaken plants MM and

re ao that they wore less able to withst ttJMOl freezes.

Plants prevl artificially sisBOi to be able

to withstand considerable o top growth before plants were

killed. An initial freeze, m$ seened to weaken the plants,

so that as the nuubor of si ssfe froezeo was increased an in-

I living tissue was trill- .

2o dc MP a plant was woakonod by a 4 degree

KM so that a MBS free, her tenperatore might

cause ;;oro injury and higher ..vorts. e:tpe:.- - was planned

whereby plants wore frozen 1, 2, and 3 tfcnes at 4 c

freesing group was than rofroaen at % reea and the results

compared with the previous experiment in Wl ad degree terapor-

I used, ftm data proved to bo very inconsistent, but in

general it was found that when healthy plants previous 1 vozen

by artificial saoana .ere frozen, a 4 degree freeze caused con-

sidorably raore danago than a freeze at 10 decrees, but essentially

no difforenco was noted between these temperatures durin u se-

quent freo. ...

Plants frozen at 4 degrees b in a seiii-hardened condition

were injured and hilled sal -re than when frozen «t the same

temperature while in a hardened condi: . here appeared to

no great differe co Xa amount of top growth injured and S3* of



plants killed after 2 froeEoa at 4 de « Three freeaea at 4

degrees appeared to result in leas Injury arid mortality to planta

in a "spring" oo. . owever, ai zmj have been

due to an ecological advantage, » Tact t!*at the percent of in-

Jury and mortality waa approaching a point above wi;ich no plants

were alive, and, thus, cannot be aaid to de. oly be caused by

a hardior condition of the Ata

It was noted that the nuaber or pleats apparently surviving a

.on freeae was greator on than i 1 sixteenth

or twenty f after . To dotcrr.ine tho cause of

U occ . t#f crowns of n and urifrosen plants were euaai

and ootaparod. It was found that 9 planta to I

tinuo tc m evon t a portion of .jrown I VM

4*4 :t if tftjn WN* tlaauo was too Ml -, planta

ht die aa a roa^Lt of 1 t of wator I I itrleata

rather tljan injury to itaolf.

OQWUMlOim

Pros an examination of tho data arid personal observations

several conclusions have been femulated as to the effect of re-

current freezes on winter wheat plants?

:der laborator oro no snow cover or

natural protc Ji Trocsoa at a temperature of 4

degrees resulted in injury so severe as to m o wheat plant

f loncor of economic value • *4 few as 5 re- t froeses at

this tttaper above conditions resulted in 100

cent killing of it plant:,.



An increasing proportion of t op growth injury and plants

killed uay be expected an aha nunbor of successive froonea ia in-

creased. Aran i In t experiments, it would aoeta

ach a; ccoasiv© freeze v;o the planta aMffw and uore ao :

are leaa able to wii u subsequent frcesoa,

ared to bo a relation between pe:-

co.it of top p -led • - 3S*tality« Thla was indicated

•elation cc . i .303 at 50 uA 2, oea

of freedom, reapectiveiy* Aa little aa 53.5 percent reduction of

top Growth result . :, .0 percent of the planta.

Plants w. era apparently dead raay have had from 1 to 5

axillary buda which were still alivo. MM ari. _'ron theae

buds did not jrov; to an;' great exto ij jwever, and soon died»

b early deal C itMWt arising froa axillary buds may be ex-

plained, in part, to the cutting off or vascular connections be*

tween tops ond roots due to severe laj crown tissue by

freezi • After water and nutrients abo\ crown were exhausted

the stews of the axil: rods died.

Khan winter Wheat planta are froaen^ a freeze at 4 de

way acco -iidorabl anage than i frooze at I de-

grees* Oata in those ex -a were ,
aeouod to

in su. -oesoa after initial da.

freeze, a froozo at 10 degrooc as ouch daaage aa a fro,

at 4 degrees,

A single freeze at 4 decrees duri. joadition re-

sulted in approximately twice the dexuage to plaut3 aa cotapared to a

freeze at the aaao temperature during the "wL-tor" condition when



tha plant lias loct on t| cold hardiness* From tl-se data in

periiK soared to bo no essential difference in

aiao ;ill©v. roese*

at reea during jt" ata^o compared to tho "aprln

sta.jo.

ore la apparently a relationship between the injury to crown

tissue and future top Hi after freezing* A limited aiaount of

injury to tho orown tissue seonod to have little effect on future

-jpowth of tho crown. Slsiftj ,lanta c .1 to function* even

u$i an appreciable aiaouut of tho crown was dead, but probably at

o. If injury to tho crown tissue was so aovero that

vascular cceinoctlona betwoo.: tops and roata r/oro I ., .e

plant wo; on aa nutrlont3 a.;.d \/ater

i crow;i % tA bc

-ion of top vo in. ly that I

pla !

.

freeze

•

jf maaat plaats froia free I . uures saay not

be freezing of tho poi^tion of tho plaj.it abovo ground so

ouch aa lbs cuttin la top growth fror/i tiiO roots . &

sevoro injury or deat- ho crown ties . i'hia I jo bo a

reasonable e;;plar.at. ?eat rod :.ctlon of numbers of plants

in Kansas w'neat i i winter and oarli *M what

load appeared t o be little or niodorate loss in standu

.
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Introduction

The Kansas wheat c:>op is subjected each year to freezes

througiout the winter •«• I . In u oara darx have

occurred after the wheat plants atartc. their rowth. The

aos of viator klUlag havo been fairly well dotonvl led, but very

little research haa bee. carr: • effect of

audden low tetape -nta I i* withstood one

or several previous &as* .It would seeu an advants,

to bo I reoc vo a Det

atandlnc of t: Jocta of repeated free o wlic

It WL ojc expo. ^a we:

. .orials and Methods

Ittfioe wheat plantod in the fall a artificially

a aeries of expe: ^a at iuanhattan, Kansas,

Dooember 26, IMA W*A ending i'ebrui U .o plants were

gpown outside In order to attain winter hardiness under aa near

natural conditions as possible* A thermoataticall; rolled re-

frigeration plant was used to provide the col peratures. The

dec oxpori;.iont waa that plants could be froaen for

first, acco Ivdj fourth, and fifth times on a a.

ate; i.e., t:.ey were all In t: ->er at the

eaxao tine. A uniforn froc:, of M at

,
t cx expe-. Hanta were al-

lowed one wee". o,. m outaide t house e be!

froaen asa .



A XO pot aaniple of croup ^ao placed la I

greenhouse for obaervation under tione mora favorable for

:_v a*', v'. a -.''.-•. ci..:\J -.-: yJ2oo$ of the recurrent freesea wee taeured

'.Hod and de-

ter .q percent of top 0*0*1

injury v.. jiuated at a 12 days aft. wfttaj .- la

the percent of plan ..led was dee
(

lc, a.d 24 daya

after frees.

In ens the experiment crowns of froaen and un*

froaon plants were examined arid oompared. rovn waa cut

inally through Its . Cam vaa takon to cut t

crown in a r ao aa to show a portion of tho stem and tSie root

3 tern aria lag fro baaal section of the crown aa wall aa the

crown tlaaua itaolf . She extent of injury to tho interior crown

tiaaue waa compared with that of the top crov" 1 the per-

co;rL of planta billed in the partlc froozing .group from which

crown waa taken and With the ability of lant to reostabl

itaelf after the crow; n damage

fteeulta

dor laborator..
: where no snow cover or other

natural on waa present, .t a temperature of 4

reea - ed in ir. 30 severe aa to make the wheat planta

no longer el .exile vai .o, Aa few aa 5 recurrent freezes at

peimtufl under Hat above c ^na resulted in 100 percent

killing of the wheat pit:

Plants not previously frozen artif jeemed to bo able to



3

wit .orablo injury to top ofore plants

LiUFitltrit proportion or top growth injury and plants

killed resulted as -3*8 »*• increase

artificial freeze re of 19 poroent of I

plants. g plants rer.iainln£ # 42 percent were killed by a second

freese* A third a killed 02 yorce -t of the plants still alive

after to second freese, while a fourth frees© resulted in the

death porcc after t ird free: .

At the end of the fifth freeze all top Growth arjl plants wore dead,

Froai data reported *&& ••*3 tiwt eaca

are loss

ab'i •-•and . .t froeaos.

There t -ween per-

co :t gf |
. . ty. OV.is was indicated

by correlation cooff I of »35G and . I at li II degrees

of freed a i rem) i ctivel; .

winter' • plants are froaen, a .o at 4 degrees may

,t for considerably . .ore daraage than at freoaes of 10 decrees*

:ra. c.-cr I comparing tlie 2 love free-

co nt> but seeded to indicate that ts aid .at freezes aftor

I initial da drooso* a freeze at 10 degrees did about aa

Beta | as a froeao at 4 d

A sincA© freeze at 4 decrees dur. e "apri:
;T

c

when plant o .oat a portion of their col MM jjcoo

fo- ;o to plant* as ooupar



There ia appa. tp between the Injury to

crown tlaaue and future top 0PM *«8ltt$f A. limited a-

it of in seemed to liavo little effect on

future crown and plant (growth,, Plant* oo tinned to function, even

>ugt a .'ocioblo auount of the crovsi wan Am >ly at

a disadvantage. If injury to the er juo waa oo severe

i roots wo «

plant wc. robably die aa soon a .vator above the

a tissue had b©0n - iti , oven thouQ | auount and

ooriu jd previously tiiat the

was rec eta of the freeao.

Hants tfiioh were apparently dead nay Iiave lad t

axill. da which were still alive. arising fro MM

buds did not nrow to a oat extent, bOMVW'i a A soon $$m . -he

oar: aristae frcti axillc a attributed,

art, to the ci.tt vascular connections :en tops and

roc o to sev ry of the crown tissue by freoairic. After

water an >ove the crown were exhausted the steias of

. . :.;uds die .

)0t pi. ot

be duo to t :-"o

tp urov

sever. ry or death Of the crown tissue .his aeena to be a

. able oxpla it I jreat reduct -libera of plants

iri .it fields t. oa occurs dm? ...ia winter s

early sprk- .


