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Z’REFACE

Psﬁimataq ol the logs of frolt eropd due to
froat demege ave neaaﬁsarily Inosact, but 1t 18 evident
fhat this factor 1g a m&jav @an o af erep reanetion and
in excepblonal yosrs may be vesponsible for total faile
[Ex =18 GrainyEr*(unyubliahﬂd} osbimabted the value of the
frult crop in acetlaﬁa loss, due o the severs Hpring
foost of 1945, to be about half a million pounds.,
push (1948) gives cvoppiug figures for apples in the
United Klngdom for 1054 t@_lﬁﬁ@ ~ this pericd includes
two yonvs of major Hpeing fvosts, 1985 and 1958, coin-

clding with excoptionally low ylolds i

Jeaxr Apple crop in Long
1934 527 , 000
RASKYSH 135,000
1036 511,000
105% lGa G850
1058 126,150

Tho Low yield in 1057 was nob due te frost but probably
to unfavourable weathor during pollination, combined
with the tendency off many varletles to orop poorly
following a glub year.

The great majorlty of sevors froats during lebe
fpowil and May in this country are radiation Irosts,
cocurring under rolatively calan conditlons, Severe
frost accompented by sirong wind ls of relatively rare
oscurrvence In latie &pﬁing, aﬁd since the dontwyol of
such twind frosbs? presents appavently Insuperable
QIfficudlbles, they are not considered iIn this Inveshle-
sabioms The conbtrol of radistion Ifrvabts is technically

bossible bub it vewmains o bo proven vhat any method st




The presend; im@sﬁi@ﬁim falls lnto four
goctlong e

(1) & study of the various pe m:gi::*aphic, topographic and
m:i.& fs,eieez*ﬂ *;mmh d@ﬁm‘mna t}m s&veri'_@' of
:riac“iiaﬁlm :t’z'aaﬂa

The problen was invesblgated :E”mtly by an
anelysds of the dats aveilabile in the Nonthly Weablber
Roport (1989 « 1945) on Tho incidence of frost ab
Loteorologl eal Reponbing Stotions in @rmt Britain, In
olatlon to thelr geopgrephic locatlion and loscal bopow
loraphy, and secondly by bhe Inbensive study of nocturnal
tenporature distribubtion and the factors influencing it}

in & compact aves aam@x*ﬁ.smg* a gectlon of the Ayr wvalle;

£t

adjecent to Auchinerulve,

In aﬁé&%ﬁen,, z)ralﬂ.mimwy-smaﬁ@as wore commenced
on the effect of soll type, soil moisbture content and
by the soll surface wuxler Fadistion froest condiblons.

(2) femperstuve redablons of buds axd blossoms

A gtudy of the inbernal bappersiures of buds and

of Brangiiratlon and radlabtlon iu caunsing depression of

plant tomperotures helm thot of the air.

{(3) Procvlenl wothods of frosbt gonbrol
8} By orchard hoabing.

b} By alx wizdng with blowers,

present under trial would prove economic in this country.

degree of ac:mmcstirw;, on the ninlmum tenperature sssumed

blogsome In relabieon to that ol the alr, and of the roles

il




. by mgans of relrisewation lbests
(4) An investlgation of Sprins frost lnjury to frulb
by mgany of relrloepation jeusts

The effect of the Pollowing factors on the

pncidence and severity of Injury was studloed -

n) Tomperature.
b) Time of oXDOSVRIO.
¢} Rate of childing and thawing.

d) Influence of shage of development
on suscerbibliity.

o)} GLfect of locablon of the blossonm
truas on the plant,

£)  Vardatlon 4o varietal susceptliiliby,

1) Euviromenbal fastors affecting
sudcepvlibilivy,

h) Errabtic supercooling as o cause of
vavighiion in preaponse Lo
refplpeorsation.
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SECTION I

A STUDY OF THE VARIOUS GBOGRAPHIC, TOPOGRAPHIC
AED SO0IL FACTORS WHICH DRIEBRMINE THE SEVERITY
OF RADIATION FROSTS




Introduction

The minimm nizht temperature at any glven
location under rediatlon frost conditions is determined
by & corplox of factors, chief among which are the
following =

nd_topographic factors

a) lebtitude
b) Altitude ‘
¢) Relationship to the sea and to
the diaposition of land muases,
ocean currents and prevallling
winds, S
d; Ground contour,
Ground aspect or slope. .
- £) Relationship with the surrounding
countivy » ‘
g) Distributlion of ahelter,

N

'(B) Bpil factors

a) Soll type,.

b)) Soil molsture,
¢} Boll cover.

d) Cultivabions.

(¢) leteormoloploal Factors

&) Gloud amount and height,
‘bg Atmospherdc humidity.

¢) Wind veloclty.

d} Tomperabture profile,.

The predent investigation bas approached the problem
from two angles .
A, A survey of the effects of goographic,

topographlc and soll factors on frost
liability In England, Scotland and Weles,

Be An Intensive oxamlnation of a relatively
small area of characteristic conformatlon.




EART I, A SURVEY OF TNE GRTECIS OF GEOGRAPHIC,
| ZOPOGRAPHIC AND SOIL FACTORS ON FROST
LIARTIILY TN ENGLAND, SCOTIAND AND WALES

Rewleow of the liberature

Iewlas (1943) ;anésmgatad the seasonal dlstribe
ution over the British Isles of the number of days with
secreen minimn tempevatures, of 52°F, or below, She
showed 'bmziz wellsdofined aroas of high frequency genw
erally gmtngi&e\wii_;ﬁ‘ the waln upland sress, but that the

flat disbrict surrounding Cambridge constitubes a
| secondary srea of high frequency. Low lroguency areas
are located in the vales of Berkshire, Gloucester and
Evesham, The euntire coastal sesboard was shown Lo have
an exceptlonally low freqiency, t&agt of the west falling
below that of tho enst,

Hawke (1935} discussed the characteristies of
reporting stations, showing extreme renges of air
tempevature in the Beitish Ysles, Such sbatlions also
exhiblt notebly low minlmm temperatures aml arve gen=
erally loceted in valley beﬁtcm; Lxamplos are cited?
in Rickmensworth, Attenborough, Welshpool, Halstead,
Gandle and Wokingham, |

Manley (1944) investigated the effect of a
number of factors including reliefl; proximity ko the
consgt, soil differences and wrban conditions, on the
ineidence of frost, by reference to the data from
loteorological Reporting Stations, and estimmted the
wean frost-free pericd for (a) an enclosed urban site,

(b) a Favourable hill slope, (¢) a normal low=-lying

i




Llat, {_c‘i‘)‘ 2 frost hollow, (e) on extensive sandy low-
land, Kinoer (1941) publishes stabistios of the Lengt
of the frost=fres period in the individual states of
the U.S A, including a serles of maps showing the dis-
tributlon of aress coinciding in the onset and termin-
abtlon of ﬁh@s frogt=ree perlod.

Dey and Pease (1937} analysed the occurrence of
Mey frosts during the perlod 1926 to 1935, in Enplend,
| Weles and Sootland. They divided the country into
oight dlstricts and pecorded in each year, the mumber
of Neteorological Reporting Stations within emch

dlstrict ab which absolute minimm temperatures of 28°F.

or bhelow omm:i‘raﬁ s and similarly the ocourvence of
absolute minimun temperabures within the range 20 bo
81°F, They point out thab this date doog not in any
vway provide g quantibetive analysis of the Incldence
of MNMay frosta.

Nethods

| The detormination of the effect of geopraphic,
topograpnic and soll factois on the incidence and
geveribty of Spring frosts i compliceted by the faet
that meteorolopical conditions apre nover uniforn over
the country om occasions of radiation frost, and |
variatlons in cloud cover, wind velocily and humidity
inevitably medify the severldty of frosts in diﬁ‘:}:‘ewnﬁ
ayreas . ‘;

In the following investigation, the mean of the

absolube minimm bemperature recorded in the monbhs of

April and May, over & perlod of seven yoars, has veen

Cd




used as o comparative ostlmate of the mean frosy
liability of each reperting #‘aaﬁim in these months ..
Reocoxrds of the a’és olube minimm temperature in each
montl-ave published in the Afr Ministry's Nonthly
Woathor Report for e wide range of meteorologlical
reporting stationg.,

It wos necesgery for hhe purposd of this invest
igption to obtaln exact infomatbion relating to the
aituablon, local bepography, soll type cte., of each
roporting stations The Climatologleal Depariment of
the Neteorologleal Office very kimdly agreed to co-

L ]

operate in obtaining this Inforwmation, and through thelr

agency a quostionneire (Appendiz I) vas circulabed to
reporving stetions, On the basly of thoe replies
recelved, statlions were classified into various topo-
graphic and soll type cabepgorlos. |

Absolute minimum 't:em};émmmea for the months of
Appll and May relating to these stablong weré pbatract

from the Menthl)y Weather Report over the perlod 19359 &
1945, The seven-year mean of this date was derived fo

each stabtlon, separately Lfoxr the montha of April end M

This menn was corrected bto sen level on the conventiongl

agsumpbion that albltude imposes a depression of
temperature of 1°F, per 300 £H. This oxtensive data
wag then treated in the following way i~

(a) Stablona were grouped in twenty geographic
areas and dlvided inbe two classes, tcosstal! (within
three miles of the coast), and !inlend’,

(b} A mean absolute minimum tempersture was

acd

£~

e

Y »




obtainsd for sach geogravhic ares for both Aprill and
My, derived from inlond stations only, hereafter
vefopred bto oy the ?&ma loany . The 1:';&3_1;313_9:1 of
aocastal stablons in %she deidvabion of the area neans ,
would resuld dn an uneqaal welghbting of the means
apcording to the proportion of coastal sﬁs@tiam con=~
tributing o them. Avpendix I (8) lists i:hé twenty
goographic areas and thelr corpesponding ares means
based on Inland zsmtinns‘

{n) %he Geviatlons of individual sbabion means

both inland and coasbel, from their appropriasbe inlaml

y

ares means wera reoonrdsd for bobh moenths. These gbalion

deviations provide a comparabtlve esbimate ol the frost
liablliivy of the individual stablons within cach avea,
when the effeet of slbibude has been discounted. The
data is vaeeecrded In full in Appendix II {(a) and (b)
together with the range of the deviatlons wiétmn each
Area .

It ahonld be noted that all inland siatlons for
which daba was gvallable, over the seven year perded,
were incinded for the purpose of cbtalning the ares
moang. Topographle data was iioi: evailable for many of
these stabions, which could not therefare be included
in the following anelysis. Those stations Yor which
topogrephic dats was avalleble comprised 66 coastal
and 101 inland stabions, The above troabtment eliminatb
os far as possivle, the offect of albitude and g eogz*a:@]
location from the datas Coastal and inland statlons

were separately analysed,

hic




(&) &tetions were then alloeabed according bo
location Ho -}:hf: following broad topegrsphlical olssses:s
1 HLll dop locabions,
11 vslley bottom locationsz.
18 FEIL op valley fienk locablons,
v Plain Jocatidons.
v Broad valley locablons.
{9) Prowm tho vrocards of the deviations of all

stationy within onch Hopographie class, & mean deviaw

tlon was calonlebed fow cach ckass. This gllows us Lo

compare the moan frost llebllity of the fiwo Hopon

grephde elugses .

(£} The sigpiPlenncy of vhe olass dififerences

was paseased, asing tetests throughoubs

This method of renbnont makes the leglbimabe assumpe

tion thebt the absolute minimun temperature for the

months of April snd May generally occurs under padistipn

frost condlbions, The mean minlmmnm ﬁ:emiszamré would
cbvlously not provide a vellable lnder of intengiby of
frequency of padlabion frostss lenthly frequency of
ground frost and air frost hoth provide a qualitative
rathee than a gasntitative osbtimate of ligbiliiby to
radiation froub, in bhis velation it in s’meewsﬁmg

to note that the daia abstveebed by Lewis (1945), namoly

"Mean Fremensy of Spring Alw Fooste!, ranges abations
in o sequence as regards Liability bte £ vest, closely

similer 1o that obiained using the mean gbaolube mini-
aam tomperature for the momths of April and lay

(uncorrected for height) Uable 1. A highly signifi-

Ed

7




Ceant lavgese coprelatlon scocuwrs bebucon the two ¢olle

erie caleulated fow the wwenly stallons compon to both

Iavestigations . {p=r 0.90F p = G,81)
Table 1, Compardson of mean frequency of

Spring aly frogys with mean
ahsolube wonbhily minimum bemperature

(%p.)

fﬁaah fraquone Mean of 8he Bequéme
gy of Spnlng jsolute moa~ jof moan
Statlon alr frosts  |thly wminimomjabsolute

pariod Maurch | tomperaiures ponthly

bo Nay for Aprll & iminlwam

liay 1959 -  {bempor-

1045 aburos
Beldalominr 3.8 2841 S A
Naylileld : 85 ¢l 23 45 2
Cambrldge 19 .Y 895 4
Rentyew 1644 £ o8 5
Port Willian 198 E0a5 6]
Shrowabury 18 W0 - B840 5]
Cranwell 17 5 BLab 8
Nowwieh 13,1 K P § 7
Oxford 15,0 GO 16
Stonyhnaret Lz 0 a2el 15
Rosg on Wye 12.2 31.8 9
Southampton 1l el 55«6 A7
dtornoay 10,8 BE., 14
Tywipre - 1044 ‘ SG3el 11
Birmingham 10 0 X 16
Rew ‘ ' eSS GH L8 18
Soubhport 9.0 Bl 16
Rothesay . 7 48 B4 15
Povngles Te0a00e 5.6 G W2 18
Fa Jiouth Bal 57 o6 20
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metim

'Mﬁ

. Wou of Jeic
-t Bbablons

O,

| stevdard -
deviation{
) @,

Svanderd

error:

R ﬂ@k

Range
of

7 yrs
mean

mELl bop
1121 £lanlk

Valley botiom

Brosd valley
Plain

.
o

.

0451

0a28
Labd
0451
0,03

- APRIL
L98,)

2414

1496
1@69‘
2.08
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04440
04309
04398
0,668

545

842

Vﬁé

T2
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1408
0485
1400
078
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QL350

04388
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04508

04406

0570

740
‘.%Mé

11l tep
HLLL flagde
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Broaﬁgv#l&ey
Plain

o+

- -

0476
ﬁgﬁ%
1482
QB2

- G 0B2

Labd

1,95

1448
2401

9@331
Q*ﬁ?ﬁ

- 04450

0250

Combidned data for April and May
QB30

848
8ed
6.45
748
5t




4 f}za.b-lé E I

Anelysls of ceastal obatlions

10

' o Mean: deviam e ﬁ

Location Hosof |btion from |Stendord |&tandard] Range
Biabions |sarvea mean. [deviation} error of

| Yy op, D ;ngj

APRLL, |
{98, )
HL1l top 12 + 3449 LaB4 0,388 | 5.2
HALY £amd 15 + 8,02 1499 0,586 | Ga2
Valley button 8 + Ba56 a4 | U487 | 845
Broad velley 9 + Ba09 1»l2 0a874 | B4S
Plain Qs * 208 La5d OaBld § 640
| ‘ WY

HALL top i 4R ¢ 1401 0,800 | £a9
Ha1l Llenlk 13 + GyBB 2ald 0.504 | 7.1
Valiey bobiom | g T Re¥Q LaR4 | 0040 Gab
Broed valley g * 2,00 1426 | 0,75 | 4.2
Plain 24 * LiT6 1468 0,543 | 5.5
C Gombdned dabe fopr Apeil c«zaﬁi My

H1LL top i 4,01 127 04259 | 5482
HilL Mank NAE * HuRf 2400 04502 77
Valley botton’ 8 + 2.64 1830 04800 { 5.8
Broad valley | . © + 2407 1.24 | 0,294 | 4.3
Plain 24 182 0,868 | 6,0

T LS9




T&blﬁ 4 o

1l

Statistionl comparison of topographic
clusgan

- indend
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Broad valley
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L ’Mﬂ

U ;1;@’
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| APRIL,
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<8401 03/ 0 o4 Ouk 046/0.7
Valley £lenk LiBe 0389 O eD8
<0401 .éfﬁ*& 0.4 &f@*v
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<040% D870,

Bill hop
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Qi
{} » &f}f {) xxée‘

i Wb
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0 58
G h‘s‘f’;}t &
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1,09
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D4l 0B
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Plain

Broad valley

COMBINED DARA FOR

;.,.,gdg’

<0,01
1486

<0,01
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<Y if@l

1409
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1085
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07
.haf (4382

Qedf
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Statistlcal comparison‘cf topographic

aingson

12

Losabal Stations
Tapogr&yhic" V&liey Broad Blain Valley
olosaes bottom Talley T Tlank
. APRIL
B11) Bop 18 1440 0463 0al%
<0,9% <0401 0a1/0 42 0.46/0.7
Valley flenl 120 Ladd Q86
S 2.05/0,1 | 0,05/0.% 043/0 o4
Valloy bobliom Q.04 Q.47
: O w3/ 004 Cud/ 048
Broad valiey 8,07
. _ MAY,
HALL top 276 | 288 1.88 1217
<G.0L <0401 < 0,01 0,08/041
Cvalley flaak | 1459 Taty 0465
. 0.05/0405 | Cud/0i2 048/044
Valley botbon .04 0446
O,k DA/ 0.5
Brosd vallsy (e
QQ&}G‘{)
. COMRIRED DATA FOR APRIDL and IAY
HL11 Hop 2.8 1,84 187 0.72
< 0,01 <0,00 140.0170,08 | 0.1/0.2
Valley £launk Lot leiz D68
€ 0401 0408/ 0.08 0.350.8
' Valley bottom | 0,75 0.
chﬁf @Ql Gti?v’l‘:)gﬁ
Broad vallioy Qi -
Qg%/ﬁﬁﬁ




P the geven~year wmean of the absolubte menthly
miniman bemporoture is, In facv, & relisble osblmate of
the stabtlon’s 1iabiliby to fyost, then the April and

Moy meen devlptions of each stabtlon from lbs area mean

should be clogoly similar, The moan difference botween

theae deviatlons for all stavions fov the Two wonths id
0.8%,
The corrolabion coofficlients between April and
Moy mean deviatlons of 144 inlend suntions and 66
coastal sbatlony are as ai‘c::t,ibws $
Inlend stations 1 = 0.86
P w 0,01
Coagtal ptab ;!.ézz‘-‘sx al' w078
¥om 001
indicabling that the data doos provide s dn general, &

good estimate of wean frest Llablility.

Resulbs | -

Tables 2 to 5, and Fig. 1 glve the results of
this mnalysis whiéh mey be considered uwnler several
headings .

Toead, i‘apﬂg&;r&;::hx

Topogrephic differences undonbtedly account foy
the wajor portion of the variation ovceurring beiween
statlons within cach geographic aren., Comparing the
fiat erca of Norfoll, Suffolk, Eesex and Cmmbridge wibh
the mountainous ares of Stirling, Perth and Inverness,
wve find the range of statlonts wean devintlions to be
2.9 and 3 &VF,. Tor April and ey compared with 8.1 snd

8,4°F, within bthose reppoctive areas.




Mea 3 and Tables fcf; end & swmwarize ﬁhe nean,
offoct of locablon on sbsolute wadnrm Lomperature, &
An the mein, to alr dralnage efifects. Yhe wesulbs for
Inland atations, Rable 2, awe in accordance with expect
atdon, Ll top stabions have a significaunbly highex
abaolute minlmm berperature than velley bobitom stablom
(moan diffevenue BeOY Or.) with fionk » bilain and broad
valley stationg cecupylng inbermsdiste posiblens in
bhwt sequence. Yablos 4 snd 8§ give the roelalifve sipgw
rificance of vthe difference bobwesn amy Hwo c¢lasy means

The amalvads of ‘noaﬁ-lm:!. statlons, Table 3,
indientes bhat coantal z}lrzxm locations covstitute the
coldest cless in thuls gweups, The roletiively higher
values of the ‘valley bobbom! amd thread valiey! classd
may Lo actounted fopr by the fact bthobt velleys in the
neighbourhood of thwe coast dobouche upon the sen and

coid el readlly degins from bhon.

ty

Height sbove walley .:.lﬂaz*

The cx.gmmrﬁmm::sn of bewperature lu valleys,
wider radiation frost condifons, hes baen sbudisd Top
a wide range of valley types runging Trom small frost
noliows bo valleys over 1000 £, in depth. The form
of The temporabure disivribublon ls constant, ab least
a8 regaxds the lower glopes, tempereture inereasing
with height above the valley £lcor, fIhe scale of the
effoct iz kuown to vary frem o degrec or two fn the
case off small frost hollows, Lo over 30°F, in the caso
off vortain deop valleys In the Jorollme highlends in
MAwerice (Uoz, 1019},

R4

1]

L]

8

Tt
i



The dely herg wdler roviaw 4s dvawn fron .ammtIy
vhere the hille waroly nipe ghove 1090 £4, Mg, B plots
the dewiation o 42 lanlawd stations locoted In Cthe
bobbom and Am- the Tianks of leleya or oo RILLl glopey
owerleoking a plain, agpinst thelw Eﬁe‘!mb above the
valley Flogr o the devel of Lhe pleine The coather of
poinks ot any one ."r;xéigjfrb is & peswure of the dispersion
abtributable bo the dlifering foen of the valleys u.:“c.n
which vhe data lg drewmn, renging foom mperow, deep and
poorly dealned, ko by pad, shalilew and well ﬁ:c:*c-z.:im;d,

5

which ds, dn olfoet, leiiellngudsheble frem o freeh plain,
Jaoopder o debevmine the nean seals of thne
deaisese affoeb the 49 ehablions wepe allaebied be five

classes soconding bo height above valley or plaln floo

L

Tablo 6 recueds the mean deviaticn of each clows fron
Bha gren netl.,
Peble 6. Relabtlénghip bebweon belght of

locatlon above vallsy floopr and
wean abyolube minimum temperaburve

Holeht nbove Woe of Yean doviabion !

valioy fleor § Shabtlons | from area mean
R 10b y Ehea

25 £, 15 - 1a6L 01,

25 & 50 I, 9 » 1 aE0

B0 ~100 b, 8 O #0388
1GO -800 ©%. 1l ; C 0L8R
800 =500 £h. & L6

The rosulbt g vopresenied graphically on Mg, 8. Mean
ﬁwi&tim Inepeages positively with dnorepsing holghb
above valloy or plain floor to 8t lesst 150 £4. Above
vhntd hedght the mnber of avallable stetions 1s ln-

sufficient to pive a woliable inilieablon.




The pange of the dralmge affect ab the bobbom
of the valley may be bahen teo lie behuwsen the lowes
extreme within the velley bebbom eless end the wesn of

The broad valloy claes, L.o. =40 sud ~0.85"F. (Flga2),

Pepdvheral sbalions of the scablen diagvem (Riged) ave

and. epon, and (B) deon and DErHoT .

The deviabiong hore sielyeod Insorpovabs L
copreehlan redueing Bhe absoluie winimm benpovebures
W sen loevels Thde effeet is dn opposdiion Lo e .
drainage affect, Ko Fig. O & bheorebical ddegrenm has
been corpbynotaed, bosed on tho deba of Pable & 2 bo
Lllusbyate the conbined offect of heighi above valley
Fdoor and beight above sen level on pesn absolute
kol 'z;:am;g;sa:saﬁuzé? Dy

The gewmies of onrves woppegent Lhe helgnt/
Gempeeaticre Folabionshie of & scrlon of entloal valls
the 2loovs of whieh vange from O fe 800 £1. above sen
lavols Yha welablonehip do peobably not se slmple ag
sNzges ted Dy Wi, D Taerogaed. exposure Bo wind with
Inoreaning belsbt, ad the fell fu vegous prespuwre and
consequent inoreass dn fntensity of oubgoing radliatlion
with Inevensing helehl above sou level ave Faoebora

vhiob will wndoubbodly Gewn! bo mod Ay bemperatura

relobiong In bigh valleve .

Frowindty to bhe vongl

The mean of the devintlions of all coosbal

soavlong from thely soprepriabo apes weans {baged on

voprogontaltlve of exbrame types of valloey, d.oa (8} brbad

NN

16



Indand statlons owdly) 1o as T ollows s -
Azmdl o+ Ryeeteyg
Moy R GTH0E
& coppardson of stebhlonn on the Bast, South and Yeud

3

consby showa no gignificont wrlebion In fhis effech

Yean devintion (OF,)

hent Bl b 2,40
Soutd L 9,40 4 D0Y
esth .65 4+ 2450

These Digures portvay the gonoral effect of coasbal
location on the abselute ninduw benperature, wubon

which the topographic edfecty, summwarized in Yable 3
fta) ¥ E

are superdmposed, Nonley {(1944) states that any apmroedi=

able effect iz confined to o wone nob emoocding Lour
miles from the const, but in the absonce of any cloze
range of observations In coastal districts this 1g

dizTiewlt to verliy.,

Ihe effcot of soll Lype
Phe Influence of goll bype on absolube mintinm

Hemporature is lorgely masksd in Metoerologlenl Stabtior
obunervationg by the Lach bhat bhese aye mnde over a
grags surfass, Nevepthelvas the eifeet is apparent in
& comparison of two exbreme types, vawely elay solls
and sandy solls,

) Paplie ¥ glves the results of & cowparison of
§9 dnlend steblons; 168 on n&zw, aud 21 on sandy selld,
and &1 copstal stabions, 8 on olay, and 25 on eanly

ﬁﬁiln

Y

33
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Table 7. MNean differonces betwsen statilon
deviatlon and topographlic class
mean for stations overlying clay
end sand

| T lican aifrerence
Soll typo | epom topographic
cless mean (9p,)

Inlend Olay + 0,57
stations | Sand o '
sandy loap = 0,60

Constal | Clay + 0,21
shations | Sand or '
sandy loan - Q47

The mean dlfference of 1,179F, between soll types is
significant in the cose of inland stablons (p = 0,01)
but that of 0.68°F. between constal stations is not
(p = 0.2)

Bilham (1938) bas commented on bhe dlfferences
in temperatures recorded in large towns and in rurel
sitegs Uhis effect is undembbedly & gource of variatidn
in the present data. A comparison has therefore been
made between fourteen statlons located in London and
ethor large Industriel towns, and twonby-eight rural |
atablons, in order to determine the memn eff'ect on the
ebsolubte minimum temperature atﬁriﬁutabla to thls ceuse,
In this casv tho proportion of stations drawn from
Aiffervent topographic clansses were matched in the two
categories tiown! and Yrurall, thusi-




Town Stations Rural Statlons
8 Valley flank 16 Valley flenk
4 Plain 8 Plein |
2 WAL o 4 1111 %op

The mesn of the sbsolute minlma for town stablons oxw
ceeds that Lor rural statlony In botl mouths, by the
Pollowing smownts.  IF bhe dete for both months is

conbined, the dif'terence beovomes ghtatisbtloally slgnif=

lcand,
Appii 0.96%,  (Ip! 0,16)
May O 095, {1 {‘};1&3)

Gorbined dats 69659 {Fp1  0,03)
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APPENDIX 1
. Tame of Stablon

County
QUESTIONNAIRE
Location of Mebeorological REPIY and RENARKS
General nature of country | gtgpiion in relation &0 (In the case of 1.8

topography lnsert a,b, ¢ or d
as appropriate)

R

i (1) Flat or genbly
) aloping plain?

- (2) Gently uvndulabling é% ) %g;tglm 1‘3;{’82"“"""

country? (¢} Tnberwediate on slope®
3} ' (a) A% base of hills
() Broad valley or (b) Bituated some disbance

%ﬁ_’i’g?ﬁ' lanked by from base of hilis

(¢ive approx, distance)

a) Iip of valley
} Bottom of valley
¢) Mank of valley™

Hilly cowntrey alter- (a,g HI1L top

nation of hill an ib txposed m.llsme"
vallay with li’utle on c-% Valley £lank®

no flat ground? (a) Valley hotbom ’ P

| (4) Plain cut by deep {
or shallow valley? &

sa) i1l top

b) Bxposbd hillslde® W
(e) Valley flank®

(d) Valloy botbton

T
e grmpeone] Tt oo
ﬁ._vagley? RN “(¢) Base of oscarpment

1.¢e) ":-»'M‘mn’“in@uﬂ countey? |

8). ‘Gomparqtivelg uolatedin) H11l top
G ridge o hilligver~ 1 (b) HL1L side®
i looking & plain? l(c “Bage of hill

If: situated on a hillside or valley flank,

(a) Give ir "Jossib:l.e the approximate height
‘above *th Valléy £loor or plain,

: (b) Indieante: wh:at;her it lies 1=

; (1) On an exposed convex ridge or spur

; E% (l;n ghconcﬂve dg;levltylor gully

' n e. comparatlvely flat fa i

i the hill a valiey ylank. o @

(10} - Ir ai‘buated on:aloping. ground i

(a) Giv spac‘l: off §dape, _m W, W, SW, 8,

SEy _ : )
: {v) Ind:.cate the nature 6f the slope, o
8light, moderate, steep,

(11) Mature of surrounding country? .
(e) Open country, pagture or arable land,
ib Well w .
e) Bu:z.lt

. tal; g !
(2) sparcely: uilt

(12) Nature of soll 3
; Iight sandy,.
Ioan. )
: o) Olay
Cha

sy r

f ’(15 } Distence from sea cosst.
| } ~ (If less thban 50 miles) }
T "Is the station sibuated near a lake, estuary on

rivert If =o, give FAT R 1ooation in rolation
to this,

18 the locabion pricus . to radia’sion fogs
‘dsvelopinzr on clear nightse 7

i

Is. hhere any_ ba acle (énbankment. ithick hedzre) 4
downalope the statLon; in duch a position:|

g6 of cold air? .
: hab such obstacles exist
a:n a;everal stationa;which repoz-h umeually low
m

l’f the uoation of.‘ your statﬂ.on wi'l.l noh .f.‘;rb inte the above !
‘elassification, plense supplenent with & brief desepipbion’ of
its. pecullapitles. Any sdditiobal IFformabtion which in your
opinion, nay have. s bearing on- the i‘rost coiditilons ‘at your
ta‘bmn wnuld be weleomedp :

Signed
Dﬂ‘ﬁj_e 3;' A
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PART II. MININUM TEMPERATURE DISTRIBULION AWD

BATABATIC WINDS I TIR AVR VALLEY
UNDER M}DI&‘?}!XQI‘}’ FR()ST GONDIT TONS

Inbroduction and Review of Idtorature

The factors determining nocternal vertical
teomperature structure and temperature distrlbution over
ground of lIrrepular conbtour, are xaamr and complex, In
the following paragrapha an abtempt is made to analyse,
from & theoretical standpoint, the mein factors involved
and to relate them to observed temperature structure
and dlstribution.

The fall of air ‘h&mpex*a’mx*e under radiation
conditlons is determined, z:«x*imarily, by the fall of
s0ll surface temperature, Consider first, a flat aite
at the approach of sunsed, under calm vadlablion con=-
ditions, The temperature lapse rate flrst approximates
to the dry adisbatic (Fip.4 TqA'A). The ground surfape
cools from *:B;, to T3 by net radiation losa, The overw

lying air cools by conbact and the temperature fall

-

tends to be propagated upwards by (a) eddy diffusion or
turbulence, and to a mach smaller extent by (b) rade-
ﬂ.amen-dii‘i‘usmh and (e) moleculer diffusion, BAdY
diffusion is rapld when the atmosphere is unsitable,
le0, vhen the lapse vate is large, approkimetlng to the
dry adlabatle, but becomes progressively damped out as
we pass bo stable, temperature inversion condiiloene,
Oeze TB1B. Fige 4. CGowling snd White (1941) and
Lonpgley (1944) have deorived mathemabically the relation=
ship between lapse rate and transfer of heat by eddy




diffusion, It will be seon that the eycele reinforcos
itself, Inversion aom«itima é,lqw down the upward pro-
pagamm of cooling am.t:h:.s in turn ineresses the raete
off ‘grw*sh a:{‘%sw inversion, Under such Sm&iﬁim& the

£low of heab é;iwiamgatﬂd downwards fiom aly to soll sur-

bt

Tace, Fgy, is swall compared with the flow arriving fron
the lower soil hordzons, Fy, under bthe influence of the
soil tomperabuve gradient. The twe are appreximately
equated with the net less by radlablon from the surface,

Rnﬂ . A

Suppose now that & wind develops. Turbulence causes
Porced mixing in the inverglon zone and the veritleal
temperature strucburs fends bto approach bthe dry adiabatic;
how clogoly, depends on the wind velooity. lHeet 1a
rapidly propagated downwards and 8 mich symller fall of
temperature is spread through o much greater ver*aic;al
depth of air, the tomperature in the imversion zone

rising sharply. (6 ! By Plge4). A strongly condensec

o

temperature gradient between the soll surfece and the
alr imeediately above it results (T, O Fig. 4). Heat
transfer from alr o soll seross this gradient is repid,
and In solls and moll cover of low heat eapaciby, such

as peat or matted grass, this may result in a consider

able rise in the btewperature oi the surface (T4 to Ty

Fige 4). Ultimately, equilibrium is established again

and with 8,, constant,

Bor Bty wReme G2 §
end B, <F




Eabtubatic flow

- The ﬁDG‘V@ congliderations way now be applied to
& 1A1l1 ‘s Tope shoh
Temporabure i’fi%mima develop ‘Ao the zone near the

Ming katebatic arainege of cold air,

ground iun exaetly the same waye This vresulbs ln une
steble conditions and the cold alr in the inversion
zone tends o flov deinwards, The velocidy and depth
of the flow will dépend on the sive of the inversiws,
the slope of the ground, the length ‘fD‘f;" tha alope Lravs
eraed, andi also the contour of the ground whether conwe
cave, tonding to cmemi;mﬁ:a the low, or ponvex, Len-
ding %o disperse 1b. Brunt {wﬁm mentions bhat kataw
bable winds of ¢onsiderable strength develop over long
snow slopes, a surface dva& which extmmly Jarge in=
verslong develops The flow contlmes unbtll the cold
aix reaches a horizon in the valley bottom of approxie
mately ldentlcal temperature, Hewke (L988; 1944) in
his inveav%@"ﬁen of the nawima froat hollow at Rick-
mansworth, damemtmta& by means of ‘amoko tralls this
spreading oub »f *b;m ka’baﬁatw stream on the surfece of
the cold lake which formed in the valley bobttom, Both

he and Hewma (1933}, who Investigated kabababtic wmdi
t

in 2 valley below Ieafield in Oxi‘@z*damre, observed tl
the katebatic flow tonds bo cease in the valley bottom
early in the night, duc to the formation of this cold
leke into which the katabatic Flow does not penetrate.,
fhe downsflow must be replaced by an ‘inﬁlgsﬁ
from the froo atmosphers at some lovel towsrds the toep

of the slope, eg; for instenes, in the fneutral zone!




referved Lo by Cornford (1938), which divides the nor=
ml hillbop, gredient wind from the upper limlt of the
katabatic flow, when these two oppose each other In
dirvection, The bulld up of a temperature inveraion in
this inflow procceds as the apir flows downslope, The
flow ls relatively non~turbulent, at least at low vel-
oclbles, Heywood (19855) observed a narlked absence of
égustimsa in the snemometor tyraces of the katebatlc
winds which he recorded, The temperature fall wibthin
the kebtababic flow will be determined by the height
above ground level, the nature of the ground surface,
and the time during which the streem is subjected to
cooling from below, lee, 1% Will be o function of the
veloclbty of the flow and the lengih of the slope trave
ersed. The fall in temperature with distance down the
slope 1w apparent in Carnford's rocords (1938) over
both grass and bare 8ol slopes. We should expect low
temperatures and large inversions to develop ¢n gentle
slopes whore the ketabatie £low is slugmish, and also
over the lower portions of long slopes over which the
flow has a long track. Heywood (19U88) noted that the
flow originated as s very shallow current on the upper
slopes of t;ha'vallay flank and increases to a depth
exceoding 16 ft, lower down, The extensive observatior
of Day and Poace (1957) on the distribution of frost
damege in forest plantetlons, in diverse types of
country, amfﬁmm in many ways ihese sugzestions, The
following examples ave of partioular interest., The

flank of Glenshisl, whieh rises te 5,000 £+, carried s

3
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aband of 31tka avaua@‘wﬁ@nﬁin@; from the hottom of the
glen to a height of 1,300 ~ 1,500 £, Sovere damage
was vegorded in the bobtom of Vhe glen, but the remain

der of the stand showed a aniferm degree of frosting up

5o the upper limibt of the sband, Hewe, the long slopes

above the foresd mual have gonevated a kabtababic flow
vihdeh dooled Jn sufflelent depth to causo Lrenblung
throughous the repeiuder of Ihs twack, Heweautleton
Forest on the Dordey, coverg & svwles of vonndod bills
m'smgg z%ﬁ,;-nm 680 £H. &t the bese to & maninum helpght of
1,200 f4y Planbabions of Siike spruce shoved fwost
damage dncweesing in severity from 1,200 £ty down to
6850 £t ab the baee, aaﬁ in addibion, wheore the alopes
tended Yo flabben oud, frosting was severe at whatever

helght these shelves occurred. Such ovidence, though

suggestiva, ig nobt whelely trustwerthy, since altitude| '

and also exposure, determine bto some sxbenit the stage
of advancenent of growth in the Spedng, and therefore
sugceptibility to frost.

The katababie wind velocities rveported by
Hoywood (1855) and Howke {1044) wwé in bobh cases of
the order of less than 1 metre per second, but in both
locations the drainage of cold alr was impeded,
Newrhan (1918) on the other hend, refers to 2 flow of
9 metres per second near Benson, at the foot of ‘2 long
slope of the Chilberns, with a fall of BOO feobt, In
mountainous country and over snow, katabebtic winds of
considerabile veloally are hnown to dovelep, bub actual

determinations are unck available, Oornford {(1953) fow

*
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that ketabatie winds tend to flow over ohatecles, such
ag walls, lying ncrogs theldr path; nor wem they
soplonsly obstructed by o woodl of falriy dense scrub
Iying in theld track. Day &zi& Posce (1937) on the other
hand, suggest thel e belt of trees lying aoross a slope
does sertously reterd the flow, particularly when tho
;@;mum carries a high cover of rough growbh, such as is
ususl on afforsted slopes, and an acoumilabion of cold
2ir poours a&gng the top bovder of the belt, Brunt
{1948) suggosts thab ketababie flows might be diverted
by running & thick hodge diagonally across e slope,
thereby canalizing it end affording protection to the
area below the hedge.

Yxposure te wind

The preceding paragraphe have dealt, cgsentials

1y, with cala conddblone, Over high ground such cone

1‘

attiions a:*é::*af&zr oxigst, and the gradient wind is Dreguen
ly sufificlently strong bo prevant the developuent of
ketabatic flows, Heywood (1988) found that no habae
babio flow developed in the velloy below Ioafield when
the wind on the oxposed bill Yop exceeded § mebtres per
second st 15.4 melves, Cornfopd (1068} observed thet
katababic flows could be observed ovexr the lower, bub
net the upper slopes of the Wedway valley when the
surface wind on an adjlacend 600 £4 hill, was of the
arder of b bo 10 m«pehy (245 %o 5 metbres per seec.),
Best {1935) &nﬁ%&‘%&i@a‘m@' the influence of wind
velocity uwpen the size of .tsﬁm temperature inversion

between the limits 2.5 cmy, to 30 cme,, and 2.5 cme, to




L2 motres above ground level, Uhe sibe was level snd
well sxposed,; with a cover of short tuwef, Mo shows
that Inveralon sime falls 2apidly a8 the wind velocity)

mogsuzed sl 18,4 metres abeve ground level, increases

from & te 8 webbes pep seeond, Above this limib, Lloverps

sleny are reduced to swall dimensions, We moy roaseonw

£

ably conolude thot the tpper Limlit of 2 motoes por seud

ond virtually determines the uppsr Limlt of ¥he gradient

wind above which kababatie winds carmoet develep.

Condibdons favourable ﬁﬁ the developmont of .
katabatlc 'wizfziia nmoPs fmqnén"aly rrovall over the lewen,
sheltered flopos of o valley thunm on the higher, more
a:xa;;mﬁez’i hiil sides, The geedient wind veloclby la
thereffove of great importanve in dotermining the offecst
Bive slune of The cabobment area which conbrdbubtes o
the katababie peoling of cuvld aly in & valley Em‘: Eon,
as well na in detormining the sige of temperatvre
inverslon iteelf, |

Young (1923) oltes e rermrkable exsmple of the
relabionshin betweon wind speed end minimum bemperaturd
on lovel grounil, e shows thab the wind which bleows
through the Cajon Pass may conbinue as o stresm across
the Ll growing pladn be the Hest of Ios Angeles,
and ereate o lene of hipgh mindmom temperatuve in 1ts
poth on ¢loar, calm, rediabion highis. m&iag; the
severe {roeszc of 1002 the mesu minfmum bempevetire ine
side the lene was ~2.,4°C, while oubsido it £ell bo
whad o =6.7%,

o




Gelgor (1927) nobes that large forest nlearing;f
behave as frost hellows, prosumehly due to the protecs

tion from wind efforded by the surrounding forest which

permits the development of large inversiony in stagnany

alr.

Megnibude of the cold aiv dralmage sifect

The following vbaervabions Indleabe the scale
of Hempoveture alfferance which may develop between
hill top, o hill flank, and vellsy botlon locatlons,
attridubable Lo ndr deainage.

Hawite {39533 1044) msde & most bhorough cxame
ination of bemperabure vm'i&%m in the notables Lrost
hollow ab Rickmensworth in Hertfordshive, 18R i, above
neaa sea level, UYhe aite is & navvow valley damned by
a ralivay orbenlmont, the soil, sandy gravel overlying
chellk, and therefove perdechtly dvained, Under severs
radietion frost comdibions the minlmm bemperaturc ad
the bobton of this valley mey fall 1{%95‘,. below that of
Groydon. Comperison with Rolhemsted Stablion, 480 fh.
gbove ﬁfr:?{:‘m,’t.‘;u locebed 14 miles Yo the North on an
exposed, {labbened ridge of the Chilterns and lying on
heavy leam, shows thet the absolute wenthly minimum
vempereture falls below that of Rebhamsted Ly an averw
ago of €.,7°F, Bilhem (1998} commonts thot the night

olimete of this hollow is aimost oxactly comparable

with that of Braemer, lying at en elbtibude of 1,111 £ty

ebove MeS.ley tn the Abordeenshire pletoau, which e
abovs the coldeat Inhablied reglon in the Pritish Tsles




The observations of Selmidb (1934) of minimun
tomparatursys. ab the boktom of & §500 £4 deep Ydolinet
or hollow, ab Gatobinerelm in Anatrle, are oven mors

romarkable «  The hollow s complebtely enclosed, the

lovest poind o the ¥im being LS80 £%. above the bobtowu)

ﬁﬁiimiaa;mnz bemperatures rocorded in bthe hollew wore as
much a8 85°0. {259, ) lower than those observed ot a
nelghbouring exposed sibe ab spproxinately the same
alhidtude. An extracrdinary winber minimum of «829¢,
(«60°F, } was vocorded vhon the minlmum at Sonnbliok,
1,950 me higher, wag -18°0, {«899,), Furbher large
seale diffcrvences ave reporbsd by Gox (1838); 51%,

betweon hillside and velley bobbom loceblong in the

Garelineg :ﬁi:i.giz.&aiaﬁa, gilffering n aliuibtude by 1,000 £6.

ard by Young (2021); £3%, hotween & corvesponding
mle of gteblong In the Pomons vallaey, Celifornis,
@rfrering fn aldltude by 285 06, The very lovw bhumid-
Atlen experienced in thess latter aveas conbribubes to
theae lavge differences, Sfamg {1920) studied the
vertical exbtent of pooling of eold silr, ami of the
Semporatuwe dnverelon in the Medwey valley in Oragon,
making ude of 4 rafio tower 100 mobres high, locabed
on the valley fleooy, to cbtaln reoprds of the vertical
tomperature profile .

In Englend, Manley (1944} conpares the avérage
exbreme monthly mindmwn tewperatwros of dhwee ntabions
in the Durham axens, Ushaw College, 594 £5, and Burhan
Observatory, 556 fi., on vidges ebove the Wear Valley,

end Houghall, 166 £4,, on thoe broad floor of the walle;




The mean difference hetween Ushaw College and Houghall
was 6°F,, and that betwoen Durham Observatory and

Houghall, 3.3%F,; no seasonal fiuctuation was spparent

L13

flo notes a similde mean dlfference of 6°F, hetwoen

gbove the iloor of the Sovern Valley. Tinn (1953} .
analysed the miniwtan hempevature records of oighb
gbablions in the Notbingham digsbpled and nobod the fre-
guent occurrence of &i:&‘i"emanams of bhe oeder of 4 to
7°7s  hotween Cmstly, 215 £b.; on o spur overlooking
the Tvrent Valley, and Abtbowboroush, 09 £i., In the
valley bobloms WThe maximum recoriod difference wes
10"’3?‘, Farther oxamples ave piven by Cornford (1938)
and Geiger (1927).

Dag and Peace (1957) dvaw attentilon to bthe
Fack that quibteo small hm:i..lo\;e'ﬂ and undulsbions exhibit
the eiffecks of aiy draivege. Uhoy observed differences
of up to 8°%, at & helght of L £t ebove ground lovel,
vetween the 1ip and the hobbom of a holllow anly 2 £,
2 in, ln dophh, ‘.Lﬁiiﬂ Lypd of ground cover, which mey
contribute Jlangely Ho the effoct, s not memtionad
hOTOver .

The above exemples Iindicabe the range of the
offoct urndor the condltions provailing in this country,
though more oxtrens exemplos doubbless oceur in the

more mountvainomg regdens .

L]
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- that thoe effecbs of goll cover ave at lenst as Imporia

ﬁm,;wmmr
The passage of adnr mtsges over eonbinental lans
wesaen And oneans imposes Q}mrfrlnﬁsréisﬁiﬁ Semporature
profilen on thom. S*ﬁmlwlm fn miniabwre, the flow
of adr over land surfaces oaf diffecting surfece Lamps
sratupe, suek os bers soil and geasslond, dnpose
corpasponding chenges in heuporature pe widle off the
lowsst few Peshs Copnford [I93Q) has shown Lheh the
bype of soll ﬂ'ﬁwxf«? warkadly affoets the nintmom Sompe

erature of the olp above 14, Ho precovds temperabturen

ne mach 88 6.56°F, lowsr over gress than over bare soils,

st & helshd of & £he; and he also shows thah, whevs th
siv 38 woving showly over the gresslend, the offset is
translabed soms coneidershls distance %o the leoward
of the grass. U2 made a study of the bewperatures ab
a helght of § D4, in & varloby of crepr, including
woodland with a ocomplete csnopy, twee Lfrulis over bare
godl and over grass, and mesdow grags. Conditiena
within twen feuld plentablons over bare soll differed
Mitble from those over bare soll liself, Gressed down
oroherds were, however, connlderably colder -in Spring

when the leal canopy wes nob complebe, He susgesbs

ag those of bopography.
- HocDonnld {1940) pefors %o diffevences of 8
o @‘?ﬁ% in windsum tennavabure bobweon areas with awvd

without vegetablon cover in the ey Ordvens distelct,

Gelger (1927} noted bthe effect of vegetablon in inducing

low minimum temperabures and in modifying the temp-

P24
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erature gradient in the soll beneath, Nanley (1944)
suggeats bhat soil diffevences may be responsible for
thoe lavge differences in minloun bemperabare, anounting
on oocasion to 18°F, between Lynfield, lying on dry
sandy soil, &nd Combridge. Both peporilng stablong ab
Conbyidpe sre on iight seil, hewevers BSoebanic Gardens
on 1ight sandy loam and University Farm on gravel, axed
it sowme proboble bhel obbey rousons wust be soughb,
The fact Lhat the difTerents ig oliminadted under snow
cover lundlcabes thad Vopographle dlfTerdnces caunob

e the cansex

Methods

n vhe following investigatlion of minimm tempe

erature distributlon in the Ayr valley, tenperatures
were recorded of three helghts, 4 £5., 1 ©F and ground
surface. AL the fivst two heights, Stenderd Mebeorols
ogloal Office pabbern minlmue thermometors, scroencd
with deuble eylindrical scresns of pelisned aluminlnm,
adequetely venbilabed, were employed, Mindwom thormos

metors al ground levol wore unscrsensd, and recovded

appronimately bthe tempesrature of the surface over whicl

they lie. Highly pollshed mebal la chosen ag a 8oresns
Jng m&ﬁ&ii?i@“ on aceount of 4bs very low enmlsalvity,
whlch epsures thaet eoollng of tihe screen below alr bem
erature by radietion s minimised. Molomald (:Lg@m

states thab lack of shialding inbtroduces errovy Pangine
from B o 89F., under the noctumrnal radlation ¢ondibion
prevailling in the woubbern sbabes of U.8.4, Thormogray

and hygropraphs were also saployed io obtaln conbirnaous

e

*

>
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eppingt wob and dey buld deberminnbions of relaiive

Iamdd by

level by wesas of gensibive oup dnwwowebors, Hotecys
clogleal Cffdce Patbern, Mobesr 4. Thess Inatyruments
aré capebile of rocowdiag wind volesibiee o low as one
Bo bwo 16, por second,

The vertionl teumperaturs gruehure wag, on
cceanlons, measured Go a helght of 60 £b. by o thermos
eloabric nebhod, & Dine sopper soonehantan i?hemmmmgﬁé
edenent of %6 gouge wive wae ewployed, The aie Jaroblo
wes ungoreonsd while the oold Jjunabisn was mainbained
in s small tebe of ewshod _mﬁﬁ‘i‘%ﬁs‘ﬂ:&g nee and watoy, well
Logulatod with cobton wools The oconple wes sopriod by
theaa 00 ine hydwvogen Cilled balloons aond & 60 %, leng

eff Mighb-welght flex aoled ad cable and conducber,

rlovowrolsneber, vraviowely ealfbrabed with the thepmo-

couple and flex.

The aecowmpanying sketoh map (Mig.8) showy the
contours of the sectlon of the fyr Valley in which
recordd wera taken. ‘The valley Ls of the ':i;miae;gfi i}‘é},’?@@
about hall & mile wide between the 100 b, amm@s ¥
running through an undulating coastal visin with no
mariked hills in bthe danediate xieighmwhmd, o hish
ground at A, 165 £h,., slopes down genhly in 2ll dip-

ectlons excopt to the 8,0., where it falls away ina

compurative records. The Iatler were ohechked frequenbly

Temprratures were vedorded by a direct reosding Sembridge

Wind velusity was measured &b 4 £, above ground

4]

£
£t



sharp escarpment to the flat alluvial valley bottom,
PORS, which s lopos very gently. to the river with a botal
£all of leas than 20 fte from the base of the epcorpgment
to the river bank, The totval fall from 'Af o the
alluvial river £labs is 100 £t UFo the novth of 14!
lles e sxeldd enclosed frogl hollow € falling abt ibg
lowrost podnt Lo 105 b

P Ay an doolated mise similarw to *AY, albie
tude 168 £t. cbove Ma.8h.

The digtributlion of ploughlend, grass, weolland
ebc, s Indicated.

Qbsorvations : first sevlen

Chagrwyablons wore wado ab vhe felloving poinbs
Inddonbod en the wapiw

B 340 £6e. On the creoat of o alight »idge,
Fally ewposed bo wind,

H 156 fv. On the alope beliewmy down the
Lrost Lollow, N, exposwre.

G 108 £5. AL the bobbow of the frosth hollow.
The above stablons wepre over bere soll.
K 150 b Over ahord turd $0 £t. below the
edge of the oscaprpmont. Db,
SRDOINDE o

W 55 fb. Owver stubble, wilth ¥hin grade ond
clover, on the wnlloy £loor.

N 88 £b, Over bave soll on the wvalley floow,

Apert from the sheltor afforded by the velley
Planks, ¥ ard ¥ are fully exposed on fiab ground.
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ghservailong: Socond serden

& A8 £h. AY the orest of the hill over
) bare soil.

Foles £, AL the cresh of an adjacent hill
: wror short mead ol grass.

- RBobh bhoavs exeellent expogure to wind from
all quarbtors, but P Ig gilghtly protected from
the wost by o sueldl wood.

T 185 Phe Ona flat gheld covered with cospns

BLATRNG

Open to the sast bub protveeted fvon wind on
Bhe gseouth by & LOlt of rhododonirons and on the
north and wast Ly the hill ¥,

& 130 £, Over gimillar cover bo MY dn o 497
ghaped hollow, efit for e¢old alw
ftupeded by woods, Shelltered frown
wind from 611 aspoehs,

wo) : “
2 An in fival sewrisg .
"

Brmandiy TIX records the cbsorvations mads ab
the abore locpblions Debweon Docexber drd snd Vaveh 94h,

Tempereiure difloponces due o soll cover

Table & and Fig. 312 show the dilferences
pooorded on reletifvely ealm, radlation nighbs beolween
minimm temperature recomded ot bthree lavels, over grass

pud over bare soll at bthe hill top locablons 4 and 0,

Ie will e seon that &t one inch the gressland has merk

o

has practically dilgsappesred ab ons £, and is nob

glten f8 amelld and appaently randoms

edly lewer minima than hog the bave soil,. The diflerence

detectable nt 4 6., at which level the woriabions between




Table 8, Temperature dlfferences hetween
- hill bop locations 4 and ¥, over
bhare soil.and over greps

1 Wexirmm differ~ | BO% of the observed
Hotlend| N0, Srsscland | diffevencos Lie
= cotden then bewel botwesn bhe followd
soll. - I Limite,
& fhal 048 1o 04D B0 0ub
L e Lad w Dad bo 0.4
L oin. &l S O Lt

Table 9 and Pigs © show corvesponding differe

ences fow bare soll and grasslend in comparvable sitves

X

Moand M, located on the floor of the Ayw valley, Oreat:

L

ep differeanvss aye ahﬁ@rm&_ vhes in the expoesed hill bop

loentdlons , dut egadn the differonce falls off rapidly

with holght sbove geoupd and ig generally less dhan :‘-3?12‘-.

at & %,

Jlable 9, Tempsvature diffevences hebwsen
Conparabio vailey floor locabtions

B and ¥, over bare aoll and evep
avaas

Mexdmam differ~ | 508 of the obuerved
Helght | enee, Grassiand | dgiffoevences lie

colder bhan bare | behbween the Followw
anll, - { dng Limibds,

{ﬁ:ﬁt‘:‘ (QF”}

g

g £%. Rad Q7 Ha 1.5
LD gq? ‘292 13(}‘ G el
1 in. } Oyt et Bo  BL0

In comparing the bill boy locablong (Pable 8),

the leok of appresiable differences ab & £ ond 4 Fh.

»

Ut o atbtribubted bo exposure teo wing, which teunds bto

cedios the alixe of bthe beomperalure lwwersion bo swail




peoportions in 2ll babt a very ehellow gromnd loyer,

Agedn the prodominence of presslond in the avea bends
to dnpose o temperabure profidle, chiavecherdstlce of
grasslend over the vhole ares, whlch the relatively
amall dslends of pleoughlend medily only in & shallow
grovnd zone. This s moce clearly shown when Bampeiss
ature inversions over bare soll snd grasslend in the
area are shudied (Fig: 15 apnd 16},

The differences obzopved dn the valley bhotbom
gre probabiy gmaller then would o wzs«:ﬁ votwean lenge
flat tractys of grassland awl pleupblomnd, fop ths beompe
ovature strucburs of the aipr overlying the valley bebtd
i not mervely tho produet of oocoling from below by

olther grass ov bare soll, bab of such ceoling {(ow

warming} bwposed on o body of cold alr which hos moecum-

uie bod over the floor of the valley Yy katebabic poold
Sueh peoling will maberially veduce diffevences lupose
by the bype of soll or sell cover, An examingbion of
the temperature profiles ab M axd N in the valley bobd
shows Bhis o be the case {(Fig. 16 e, b & d).

Table 10 und ¥ig. 15 vecomd the differences
ocouring bohween Joeedlons A and B, hlll top leocebion
over bare soll, and a flab shell over mabted goass
respostively. The labter locabion is rather move
ahelbored and may recelve slight enld alr draz,n*:,:ﬁéiga

frow Ghe & lopsa of @0,

Ll

L1il .
¥

DL

D



Table 10. Pemperabure Aifferences bhobweon
loonbions A and H, over hare
soil and mabted grags preapectlvely

ol s M&*:ﬁ.mzm {iifﬂ?arw' 50% of chaerved
BOLEOT | enon,  Mabted differences Llie
grans mb ter Bhaa | betwsen the L"czl&m;»
o gold ing Limive
rerd anrwre (0}5} ‘} < 5 " o “ (91“*) ke S Lot
4 £ . & q’ 1.v to 3;‘1
104G 4 246 B0 BB
i in.. 108 B.0 Ho 9N ]

Gold sir dreinase affach

e, W0 and Table 11 record the dlifoerences
evising betwoen hill top & and valley boutom N on wels
atively calm nichbs over bare goll.

Brhle 11, Temporeiure Aifferenco beiween
iocations A snd N, hill Boy and
valley £loor vespestively, bobh
over bave 50.13,'

Magcd i G5 ‘i‘:ﬁ"« »-E'L%Q? Q-f-' oheorved
Hed ght | ence. WVelley dif fevences Lio
) Sloor ooolop hebweoen bhe follow
_ Ing Limibs

(“r,) (V)

¥ by o i
4 D6 70 CRBel to 448
18t ¥ 8 Za Lo 4.8
1 oAria. o8 S Lo Jud

The edfech ie most stvongly marked at 1 and & ki

of the soll surlface temooratove, The air bmnfmm 1 and
4 Ub. over the floer of the valley clearly mvem 1hs low

-

tomperature to ibs origin over the prass Planks of ths

X 9}

vallay, and may be appreciably colder than the soil

supface ever wildh It subsoguently collects, as the

b

The readlngs at I in, more olesely peflect dhe Anflusnde
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temperature profiles indlcebe (Flg, 15 a, b & A).
 Maxtmu diPforences bemoam R ton and valley

kot tom are reem?c}.ét"i betweon hill t«c}z\:{ Tocetion A over .

bare soil, and valley bobtom locatlon M over gvass,

TMims AR and Tahie 2, whore the affects of iy drainese
o » <]

Al

arae paddod o bhoso dag S50 soll cover.
Pable 12,  Teupsvatbure differencos bebweon
losptGlons A aud W, hIil bop dare
oll and valloy botion prags
reupaebively

Toazimm differ- 50% of obyerved
Helght | ence, Valley | dlifferences lie
botbon Q@}‘ﬂm* I:m bween Hhe followd
dng Ipits

{9, (%)
4 Ly 8.0 Sad Bo 448
L O ol Ged ho  G.8H
L ina D48 4B o Q}-gé‘

ey

Lmeabtions H and O owed mathed grasy soparated
An hadght by ondy 88 £V, how oleardy, the ralatdvely
lmportant offeet of alr drainags on o gmall goale, ovey
grovwd cover whied lavours tke devel opwent of low

minima and lapge L Anvershons . .

Tﬂ, LQ J\

o b At

Yemparaturs diflersness Debwosnn
i B, and bagsa Oy of froud
hollow over mabbed grass

Vosinum 0417 e -Eif.)‘,"éré:f" e ey
Helght] once, Bage of i:i:‘fammms Lie

Lhollew colder batwoon the follow.
ding X l.m%m

O -
3 “g
ot s b { ".. */ ) S Mm iR ’ . ¥
4 P G.9 Bed Lo 5.0
L% Bl defi G0 8.8

£.Q

:%v- S\al] L3 3'>(} iﬁ

ey
E N

*

£
el
(%3
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Betwizen the lecsblony B and €, on a ridge and

‘at #he base of aa mw.i gl holior over bare soil, G1ff
ering in halght by 80 £6., the differences ave of much

e ller sesle, Though the hoellow s rabher more exposed
Lo wind,

Teble 14, Tampevaburs dlfferences between
the Lip B, and the Dasoe ¢, of &
Peogt hollow over bawve sell

Womdsus Aiffer« | 505 of obaerved
Hedghbh | onea, Base of diffaponaes lie
{ hollow coldowy bobween the
: following linlta
{("Fa) ) ("8

& £hae 3.8 ‘ Lad bo B0
I 2o " 0.8 Ho 1.5
1 ine Luld Qpﬁ; h:i4} "«3?*?:}

The nabure of the ground cover on ths s lopss
conbtoibuting o cold aily dralungs ip obvionsly of mmjop

Luportanee in determlulng the magnibude of thw temp

srabupre di “*5 arenecy developlug 1n sueh frost Lollows .

Temperebure frversion hww@ﬁn LoAn. nod 4 4%,

Tne neturs of bthe ground suwriace 'lawgaz.y‘ dober:

¥

wings the nagntiude of the semporabure loverslon unler
calm radiation condibions . Ples 34 recunds the sine
of temperature imversiens in the Lecablong previcusly
gpoecificd on seleobod wadliablon fronk nights. Tv is
prosuned that tha wminimum Tompsrabure colneldes apprexy
drptoly fn bime ab both L in. and 4 6. end that theiw
differsace ix, therefore, the btrus velue of lLomperabure
Inversion at the time of minlmw bemperavure., Thls 4

not necessardly the maximum veluo soguwed by HThe invor




siom during the nlght which way pocur at any howe, ag

Johnson (1989) and Johuson and Haywood {1838) have

o evvad .
Tablo 18 stnmprise

off the :i.:gwm"zi on hebween 1 dn. and 1 06 and bebwean 1 1)

Nl

and 4 h, dn specifled locabions duving a sopdes of 1

ra@lation foosbe

B

AB. lean and exmbvepe inverslon values
hatwoenr 1 In. and 4 £4. and betwean

L oant 4 9. ab ’uha Plmag of wlinl~
s Le:wagm* atnre aoourrences during

thivteon radiation foosbhs

g the mean and extveme valueg

- LIRS AL A e S p. B AT R AR LA F e st
: {;.{S:ia nd dnterval § Helglhw Intervel
Toogt ian and 1 5, 4 Pd
= . Lite = & £U I_i..z. w & £,
EROUTT. SOVOT frmimri o i e 4 285
Hoen ianlnm  fioen Hextmm
, , Lmraraion .m.%wmim ww&gim :?,mf}““zmxr
& Bare aell, ‘
hill Gop 1.8 S &b SR E} 5% Leb
P Neadow :3";5 am s ‘
RILL B 5 { o L85 2:6
N Bave s m‘.s,,m s
valley 1.85 3 el L 55 2eY
hothom
M Sruss and
gtubble, & o 8.8 & wid e
valley
hobtoen
H Metbed ahras gy
flah &hﬁﬁ:{“ 8 yb: G afd ReB3H v
¢ Matbod prasss ‘
froat
hodlew g L8 L & Q‘é’.‘@ Gt

£rass ,
layger on tho
botbon.
b0

aione I¥,

It will

ndll

howevep,

the metn fhversion beobween 1 in. ard 4 £L.

the mwertlen value batween 1

Da obesrvad that over bere seil and

is

Lop than in the aheliered volley

This is contwery bo expectatbion i exposure

Lhde
KAy

the wind alone detemuines the magnibtude of hhe Inver

ang

*
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4 %, are consildered ishe,y‘do conform to exp&ctaﬁian, the
larger inverslon iuverlably odcurring In the valley
bottom. Inspection of “the temperature difference between
1 in, and 1 £F over bare soll in the valley floor on |
19 occasions of radlation frost actually show a pre-
ponderance of lapse yates (temperature decrease with
height) over inversions, es follows:=-

4 inversions greater than 1%,
5 inveraions less than 197,
10 lepse rates renging up to 1,4°F,

This reduction or elimination of the temperature inver

slon in the immediabe ground zené must be attribubed tb
the pooling of air, Which originated over the cold,
grass covered flenks of the valley, over the relatively
warmer surface of the bare soill of the valley I loor,
The soll surface in many cases subjects the pooled alr
to slight warming from below, resulting in the produc=
tion of the characteristic temperature profiles shown
in Fig. 16 &, b &d, Over the thin grass ami stubble
at TH' the effect is still evident, bub lesa marked,
though it I8 no doubb reapmﬁsibl«a for the small size of
inversion between 1 iIn, and 1 £ in the valley floor
as compared with the much larger values observed at 'F!
on the hill top,

Temporgbure profiles over the frost hollow B
¢ D (Fig. 16) indlcates the same type of effect, The
grround 1s bare, but to the 5.W., and higher on the
slope lies an area of grassland which is probably the
“aource of the cold alrx in this case,




Iven in the frost hollow 10! over mabvbod grass,.
the inversion froquently tonds to be smaller bthan over
the flet sheld tH!, over the same cover,

Katabat ic winds in the Ayr valley

fhe development of katabmic winds on the flank

and 6\?31' the floor of the Ayr valley and thefr velation-
ship to the gradient wind observed on the hill tep, were
investlgated, Observabtions were chiefly confined to
o steep portion of the escarpment on the line (A?) -
(1) Fige 8. |

Fig. 17 shows the profile of the slope which
has a fall of 1'3‘3; 546 over the sbeepeat portion, The
ground cover was coarse grass on the slope and rather
thin meadow grass over the valley floor. The only
obstruction to a katababic flow was & low, thin hedge
et tho base of the escarpment, rumming papnllel to it,
- The position of anemometer and thermometer #taﬁioxxa
set wp on the line of fall from (A') to (B), are also
indilcated. The aixbh stetlon wac located at (M), on
the floor of the valley, and addibional records were
taken ab t—harmnmﬁex? station (3), on the valley floor
betwoen (B) and (M), on the night of March Brd.

Records - Mepch Bth, 1947

The rollowing observatlons were recorded
throughout the period 2000 = 2300 hr,

{(a) VWind speed mand direction at stations
, (at) o ().

(b) Alr tam;geramra et 4 i‘t. at stations
{At) to (M).




{e) Tempdrature inversion between 1 ine and
4 ft. at stabtlons (A') and (M) over
SOALS cover, ¢
.&he shemomebers wore read at intervals of approximetely
20 ~ 25 min, and the mean wind speed determined for
ench porded, At each of the six locatlons, Wind dine
oction was debermined by smoke drift and wel&fmca had |
to be placed on smap readings at each location, Thesse|,
however , gave falrly consigtent results except in the
transltion zones, |
Pigs 17 sumarlzes the wind records diagramu~
a*bioa&lﬁu Each horwcntal line represents the direc-
blon of the line of fall of the slope (A') - (E),. The
directlon of the wind arrows is orlentated with reapec

T

to this line, rue north is also indigabted, Wind
apeed In feet per second is shown within the circles.,
The a;opraxiﬁnﬁe rerlod 1a indicated at the end of the
iine; a flucbuabi dz‘.& of plus or ninus a few minutes in
the limits of the perlod occurs in individual reconds,
due Lo the inabillty of two observers to take aimul-
taneous records ab all lqeatiensa

| Fige 18 sghows the £all of temperature at
stations (&) to (m), and the magnitude of the temp~
erature Inversions at stations (1) and (m).

& gradient lw:'!fnd, blowing upuﬁle@e s Of approx-
imately 6 to ¥ £.p.s, porsisted throughout the period
at (A') at the crest of tho egcarpment., At stabions
(B) and (Q), below the grest, the yeloeiby falla off
rapidly, and at (D) lcht variable conditions arve
apparent with an intermittent tendency for s katabatic
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down=£low to establish iteelf. In this locatlon &
fairly steady ketabatic wind was notlcesble at 1 £t
above ground level, At (E) the Katabatic is clearly
established at 4 £t, and shows gome sign of being devs
iated in p direction aawxi the valley, while Vi obvion
ly lies in the main ketebatic flow travelling approx-
Inately down the axis of bhe valleys

ﬁ?a-#mmmm fall 1s falrly gteady throughout
the perdod: A mean difference of less than 2"9; at
4 £, 1s apparent between the hill top and the valley
Lobbon, '

The wmean inversions between 1 in, and 4 £t are

pespectively 4,6° Pe and 6@'&&3‘; ‘on the hill top and in
the valley floor and reflect the differsnce in exposur
o wind, The fluctuation in the inversions are tebled
below, | -

Table 16, Temparnture inversion in hill top
and - valloy flooy loeations, March

W

-.)'bhg 3:9‘4%‘?
. " s ;; Y e o - w.'
Location 11:11& ki Raights mwm&l
o o 3. in.wé ftu 1. 34"3‘*4 :ﬁ‘%a l:ln.wli‘b
‘ ‘ (gﬁ‘n)
- 2025 | 449 e | s u
1310, top 1 2107 &4 1.4 © BB
2127 448 142 8.6
& 2152 443 le2 | Sl
: EEZL'? 440 1‘,0 :5.0
o 2058 68 . | B B4l
Valley floor | £081 67 BB 4.2
» 21885 740 21 4.9
u 2200 642 | :L.B 4.7
2"2&) 498 .6 S48

This e:ﬁ‘fect of* mdmtisn o the tammratm'& inversion

In exposed 1naaismns cortribubos subsbanklally to the
temperature difference hetween hill top and valley
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floor ¢uite apart from cold alr dralnage.

The steady fall in the size of the Inversion
between 1 £t and 4 £, ab (M) on the valley floor may
refloct tho tendency for the pooling of cold air to
produce an isothermal s;i:‘m@mra to veplace the original
inverasion, bub later records do not aliogether suppord
this view, o

The gradient wini of 6 to 7 fps%s 6t 4 £, on
the 1111'1' top 1s apperently the limiting value above whi
latabatic flow will fail to develop ovor any porbion of
|the slope under comparable radiation conditions, .

Rogords =~ Hapch Syd, 1947

_ Thig occarion 1s of particular Interesat since
a reversal of the g:*ﬁ@ian%; wind acourred during the
observations. Dotween 1700 and 1840 the gradient wind
blew down=slope, the veloclty at the hill top lying
bebtwoen 1,8 and 8.7 o, per gooy The reversal of direc

tion took place hetween 1340 and 1930 hr. It mey repre

velocity ineresged from 5,8 L0 6.8 fap.s. between 1050
and 2010 br. (Fig. 19),

During the first period o slight acceleration
of tho downward slope wind is spperent abt locations (C)
and (D); the deviation of the wind down the valley is
apain apparent at (V).

flow establlshed iteelf over the lower porbtlon of the
slope (0) to (R), the veloeiky verying from 1 £ip.s. b0
2ed Lupets The £al11 of temperature is falrly remler

sent the onset of a light land breeze from the 8.:. It#

After reversal of the gradient wind, e bntabatic

oh
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throughout most of the period (Fig--~ﬁd-) and reflects, o
may suppose, the ghsonce of any major fluctuabtlors in
wind vaii.‘ae:twy The inoresse in veloclity between 1930
and 2010 hre is veflocted, however, in riaﬁ.’ng‘tempemm
ot &t Ss:aés*is & chock in the fall, at all stations.

The pooling of cold air in the valley botbtom
is evident in the records of stations (e), (J) and (m).
A moximm diffevence of 6.5°F, bullt up between bill to
and valley Cloor by 1920 hr. which was yeduced to apﬁro
imetely 4°F. by the effect of inocremsing wind velociby
by 2000 by, |

Inversion comi'bio;m are notable and do nob
paraliel those of Maren Hth, They are tabled below,

Table 37, Touperature inversions in hill top

axd valley bobtom S.acations » Harch
Brd, 1947 ("F )

o

s oL

i;ccaﬁﬂ.oﬁ | ‘335.:'!19 o | i*ﬁi":‘,lw imer\ml _
l ine=gd if'bi l I'ﬁ“‘ﬂ: 1'*5:. 1L in.~1 £t

1801 Dad lul 883

HiLL top 18352 8.8 O 7l

. 1940 114 140 Deb

Al 1086 2% L o8 648

2000|510 12 | 58

1810 4 46 309 0%

1886 4,7 Gl 1.6

Valley floor 19@»@2 ‘fgq@ 6.6 1*(3

1640 4.7 3,7 1.0

M 19565 5.5 4,0 Y )

wne total inversion s mueh larger on the hill top than
on the velley floov, at least to & helght of 4 £t, Ab
the uppor locsblon, however, the steep gradient between
1 ineand L £ scoounts for esbout 0% of the total
inverslion and the differonce betweon 1 £t and 4 £t, 48

6
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suall, alwuays <2%, Braotly the peverse l1s true of mi

valley botbom Inveraion. The temperature lnerecase iro
1 ine. Bo 1 Y never ‘excoods 3.:..(«3%%, whils that betwoen
1 £% and & £t. s of the wder & to 4°F,

gondibions at (A') peault from the dhiek tupd
cover which produsss & low surface temperabure; while
asmposiire to the relatively burbulent gradient wind
confines tle ateop gradiont to a wery shallow ground
layer, AL (M), the pooling of cold afr voduces tho

botal luversion. The lsrge diffexenco bobween 1 £t and

30

4 £, can only be preserved In the asbsence of turbulence,

a comilbion chavacteriatic of s kababatie flow, bubt nob

of a grodient wind of equivaleont velooiiy.,

Records - Febyuary 24th - pSLhL, 1047

On bhis oocasion a peralstent essterly wind
was vocordod abt (A') which incressed from 5 £p.8,4 tO
8 maxinmn of 10 £apes vs daber in the perliod, No kataw
batle wind developed over the sglope up which the gradie
wind blew transversely, though at (), abt the base of
the slope, the wind weas mainly Ight vapiable snd showe
indications of eddy fovmabion,. ?éim 2L indlcabed the
fluctuatlion of temperature ab thermomater stabtlons {(a)
to (1), the wesn wind velooity at {A') on the RALll top,
and the varlstion in the size of the temperature invenrd
slon between 1 ani 4 £, en the hill top and valley
floov, The aomﬁé&aﬁim betwean wind spead and temperal
ah 4 Dby s narked. Temperatuye fluetuetlon s
greghtest ot (a}, on the hill top, Pully exposed Lo the
wind, The bregkdown of the Inverslion and rapid rise in

nt

d
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Lenperature beobtween 2040 and 8150 rs,, is probebly the
result of & brisf poried of gus ‘éimw rather than the
inerenge in mean wind specd. The effect is much loss
marked ab stations v(b.) - (m) below the hill tops The
further :&mﬁa&@ in wind -spami from 6 to 10 fapeSa, 18
reflected 1In & second perdod of rising temperature..

This Is partionlarly nerked atb cm); on bthe Tloor of the

{compare with Pig.20) and the bemperature differences
msh be atmi%;uﬁ@ﬁ to the effect of exposure on laverw
sion development, The fluctuation in inverslon sige at
(A') and (}) tabled below, alse reflects the varisbtion
in wind veloelty. '

Zable 18, Temperature inversions in hill

top and valley bobtom locablions,
Pebruary 24th = £5th  (°p,)

valley. Thore ds 1ittle evidence of pooling of cold alr,

- . Helght dnbecval

‘vopti DIMO  frowmmenns oS b et ettt
Fooatien m Groupd - 11t = & £,] Ground -
4 b | k ! Ryl

2008 Ged a6 245

2080 Sed A3 S8

HiM1 £140 40 0.8 346

top 2230 | 445 140 1 8.8

2318 2al Qa6 LeB

0050 245 08 1

i 2080 740 8.0 1.0

211% T otk 540 Zed

Valley | 2140 847 5.8 D45

bebbom | 2268 $48 345 240

2340 440 1.2 248

0084 240 140 | 1.0

Inversion condltiong parallel those of March 5th, in

which pooling of eold alr is nob evidenb. The fall in
the sige of the lnversion with inereasing wind velocity
is very obvious, ‘

S



Records - Tebrusry 19%h » 20th, 1947

- On this ocemsion exceptionally ocrlm cmﬁi'bioﬁs
provailed throughout the night. The hill top wind lay
between B and S.5.8. and was generally less then 3 f.prs,
A difference of .‘?-QQOE’TQ betwesn the hill bop and valley
bobtiom minima &t & hedght of 4 ft, oceurred, the highest
roaoxrded, Hababable windg of the order of 2 «~ 4 L.D8j
were observad early in the poried between (B) end (D),
brt winds were verlable over the lm?ztzr slopesa. The
me.ln kebabatic flow down the valdley vas woell marked aml
of the crder of 2 = G4b Lapeds

Fig«22 showa the vertiocal temperature stxvucﬁma
%o a helght of 60 £b. at the hill bop (A') and over the
velley floor (M}. i the BALL top lecablon the varti:Ll
bemperatnre situcture sbove 15 £4. s practionlly ‘
isothermal end chax g?s Livtle }m%&sém R3e0 and 0130 hn,
In the valley botbom, however, the virtleal strueture
may be intewprated as vesulblng from the oxtensive
pogding of mm aip in the mﬂ,:t.éfsr baﬁi@mw Thove ls a
marked inflexion in ke curve ab 40 ffs‘; above ground
level on the flved sscont which Ry possdibly merk the
apper Lindih of the cold alv, This hog disappearved in |
the seecond ascent » posgibly due to & further inerease
in the depbh of the cold alr. Strict comparisons of .
the ill vep end valley bLobbom aace}ﬁﬁs are nobt valid
on account of thelr difference In aiti?-ude and time,
Nevertheless, the ween Gemperaturve differences of the
order of 4 to B F, betweon the Dirst ascents s 8240 %o
2540 hrs ia the interval 10 = 40 b, and of bhe ovder
off Ge = ’hﬁ%“. potwaen the sscond asconts, OLIY Lo




DELO hre, will glve soue measure of the magnitude of
the cold alr dvaimage effect, This 18 larger and of
sroater vorbieal exbent than wag. anbleipaied in This

locabion.

Gonedus ions

The effecbs of soll cover, wind velocity and

iv dr&imga « bogether with the mebteorologiecal conditions
ebormining the magnitude of the net radiation loss,
re inextricably inberwoven in detemmining the temporw
slimrc, profile at any locabtion. |
Differeonces in goll type and cover may produce

semparaiuve diffovencos exé&eﬂfmng l@ﬁi% ab ground level,

F o S

b spoh diffevences deerepse vory rapldly with ine-

3

veasdng helght above ground lovel, 4 grownd lovel

1rference of 8%, betwesn bare soll and matlied gress

[

L)

flalis to 287, or lews ot 4 Loy &nd 8, no doublt, further
Heduced at geoater helsibe.
The obsgevvabions lvwre recorded apply Lo an area
with g xezzéﬁ:}mﬁ,mm ggaﬁaaalsﬁxaei gover which probably Juposes
# conservative jemperature profile on the alr btraversing
$oe This profile mry poralst over the bare soll, medified
only in a shallow ground layer. Yhe differences rocorded
mey therefore vnder-ecatimete those occourring bebween
large tracts of ploughland and gragsliond, each doaveloping
its characteristic profile, Those remarks apply with
equal force i;r:% the bare soll and grass cover loeations
in the valley bobbtom where the pooling of ¢old gir
parblally marks the bemperalure difference sa*aw:!,butamé
to s oll cover. INevertheless the maximunm differoence of




0.8°F, bobween grasslaml and bare soil in hill top leca
Tlong, and of ‘3;&%‘. in valley fluor locablons 4t the

4 £, leveld, a}g@é-:aar swadl compared with Corafordts (193
obs e:evai';ims op 8° P, botwesn s lnilar loeations ovep goa
and bare soll at & L. abovae soll level, iy vecords

wore taken lotor in the scason wiva long moadowW ppass

may not only favour lower relabtive gsurlace temperatures
bub may raise the mé{iaf%:ﬂ;mg surface & foob abeve grouad
leveld, tlne materially incvecsing the dlffovence, The
fmportonca of the bypoe of grass ¢ovor s woll illusbrat

by the much lover temperatures obbaining over coarse

halow that over bave gsoils

(haervations on thy wind speed and size of
temperature Inversion ab the hill top lecatlion wers nob
sufflclently numerous to esbablish & relatlonship:
following table Andleates the soale of the affech,

however, The relatloanship iz meddifled by the effect of

Jqeloud eover and atmospherie humidlby on tho net radleti
losne
Tabla 19 Relatlonship bolween wind
veloolty at 4 £t., and temp=
erabure lrversion on eleay nighbs
A R R L ol T
Wind velocliy
at 4 fhe, In <2 Bw 380 ¢~-63 ¥ -1
Lepes
Temperabure ) _
Tavorsion . 2e0/8401 140/Lid | 140/264 ) 0483/0:6

wind dpeeld, meamred at X34 motres,; sad gige of bewpw

evature iaversicn Lo the layers 2.5 to 30 cmeq, and

metbted grags, which, ot 4 fh., mey £all as nuch eg 5.7°

The

3 )

 J

e

]

o1k

Beat {(1£35) hog debermined sthe wean relatienshin hobwedn




S0 cmsu sod- 50 G v Bo LaB mey @ clesr nighbsy in g
fully expowed looation over shord grusd, Ihe latber
inberval roughly corrospends width the inberval 1 to 4
5. bub the wind velvcliles ere, of course, ot compsi
able, The following beble is devived fvom his date,
Pahlo 80. Relationship bebusen wind veloolty

ol 18,4 metren end temporabure
invergslon

Mean wind veloedty et A ‘
1544 m‘aﬁ"*m in f‘ﬁ;»m Lo | Ga J1E4Y | 100 26,44

bt oF t:msvaatmm R T T T a

Nean -bamzzafm WO ali"fw A . ' -
oronge B0 oms, Go 1.2 | RB4| 1.49]077 | 0,82 10,55
Wa ‘s

His figures for the maximum hourly value of the tompw
erature lnversion observed in ocoslh month are ag folows
Table 21, Mexlimun hourldy value of the bomper—

abure Inverslen ahacﬁ:weﬁ in aaoeh
menbh of the yoar Uy

WM gg*mx ‘ixﬂz (‘*ﬁ"ﬁ'&l
Honbin s '
:ng - 30 csm.a. 30 mmﬁ. - h% na
J‘mamry \ 4ol ' Deid
vabruary o 5.8 KRS
Mareh 78 4,1
b Apedd Gl ! %4l
3;‘!&‘,3! S i«:{» Rad
June Gl Ga0
Jul Y P ‘ B 7
Am{ma kY & QQ LN 3
Sentember |} 248 5.8
Oohohar T8 64
Wovenbery § a7 , 248
nas@mi}w Gad Sk

~Ewanbatiu winds are velabtively nen-turbnlent szt low vels
seliys one would therefors x::«r.xnmt the abeve relationshiy
potween wind veloeldy and Arvewvaion size Yo he invalid
for such winds, ¥t i, z::mmi’%&m& of inberegt to note

E
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that Lfnvewslons of magniitude ¢4 « -&fsq:ﬁ*,- betweon 1 and 4

dowa bthe valley of approximatcly 2 4. por soc, ab 4 It
The developuent of a ketabatic wingd on & slopse
15 condIbicral on the estebllshmoend of o temperabure
Lawersion of pufficient slzes Buedh winds ave, Shepalor
to be ohserved much more froequently on aloped Wilkh a
thick prass cover than over hare doil, The limibing
winl wvoloelity above which level katabatlic winds do nob
develop was obndrvad to be 6 =« ¥ Ity pew gvo, on the
hiil top &t 4, bub would be substanilally smaller over
a compamhfm slope of bare goll, Veriation in exposure
and gradiendb of slope, as well 88 soll covor and wind
Alrectlon, all cowblne bto determine the value of the
hill vop wind which linits the development of o kobow

batle flow et any given gaite,

between 1ill top snd valley bobbom, conbribuibes to bt
temperature dilferonce between thewy by favowring the
developrmont of larger invorsions in the more sheltered
locatlon, though it is not easy to determlne the secele
of thoe sifect,

Temperature difdferences due to tho pooling of
eold air, are frogquontly of considerably greaber magni-
tude &b L £6 and 4 £, than difforences abtiribubeble to
soil covor, }t)ifa?ex*@hcea of '?ﬁif‘,. mey develop on favour=
able cceaslons Belweon the “llp and bhe Lloor of the Aye
valley at 1 to 4 :{‘ia. above soll level, while comparable

differences wore also pocorded bebween lip and besoe of

viere resorded in dhe valley botbom wilih & hatebolio flow

The offeev of shelter in wreduting wind veloeliy

O

3



the small frost hollaw ab 10 with & gover of matted
praas. AL ground lavel the effosty of bhobh soll cover

and aivy drainege pay be lepge, ad may combine Lo pro=

raoorded ou o ch G, 1947, ii’he—z minduin tenperatuwe
ab Y4 ovor bave soil was 14,39, , ab tHY, ovey mabled
gpess b was %}gﬁ%g » Wnide over Lhe saue cover at YO!
in the bobbvom of the hollow &b Fell to ~0,5%F. The
coripined effect of both factors wesulied inm a bobal
giffevence of L4.6°F, bebtween Hhe Ywo exviome locabiong,
The tempeveture -c:xz? vhe eold air draining from
the £lenks of $he velley and collectling over iits floon
way e hower bthan ket of the ground surface of the
valley fleoor, & cheracborlstic bemperature profile
then results in vhich the tewporaiure fnwverslion is row
versed lu £ sbhallow grourd sone. Sueh o condibion
develebs vhen the flexnks of the wvalley are grass covered

and s Dloor bars so0il.

duce aulite remarkable toemperabure veydableons guch ss dhab

&7






BARY L1¥. TEMPERATURE OF BHE SOLL SURFAGH UNDER
FOCTURTAL RADIATION CONDITIONS

Introduction

Phe fundamental Tactor controlling the minlmam
temperature of the aly in the done near the ground under
nocturnal radiabiion conditiong is the homeerature assuwed
by the seil surface. In the following section the

facbors which affoct this ave consldered in detail.

Pyevious work

The relationshlpy bebtween the neb vediation loss
from the ground and vhe fall of tewmpersture alb the groand
surface under aocburnel radiabvien conditlons, bas been
enaliysed by Bruuk (10852).

The groumnd surface bebavesg as & periscet radiator
for nocturnal longewave padiabtion, he oculgoing radiae
tion fron the sarth's guriface, 'R is thusi-

Tt m g ﬁ}é‘: e o o v €5 e v € b (1}
where ’fﬁfﬁ is the pbsolute vemperature of the wvarbhis
surfece and Yot Btefan's coppbant, Weber veapour in
the atnesphers, snd to a lesger exbend &GQ » absorb and
radiste bag¢l to earth, long~wave radlation within the
Tange 4 Lo 40 ) This Jg the souree of the jincoming
sky radlation, Ry, &b alght, in the absence of cloud.

Byunt shows that Ry ney be approximabely oxprogne
ed emplirically ag a fundbion ol the black body r»adiastion

at the temperaturs of Lhe eapthts surface, md of the




vopour pressure ot ground level tot ¥

Yhvg, e e
Rg = o~ (84D /8)  wmmmmen(R)

where a sand b are consbants, ta? ‘relates Lo the contri-
bution of U0p and b /e? to that of waber vapour in bhe
sky radiation,

The net madliabtlon loss ab bhe sarth's suprioce,
Rygs do thos HeRg .

By o m{}?“z{& - ow B ,@} o (B )

The £oll in Y07 Auring the nlght is small {m:@mwfl with
tPr tself, bhevefowe Rywmey be apgumd bo reuwsin const
ant dordug Bhe plghé, |

Brunt deducos thab the Lall of fouperaturs ab
the soll suriece after sunsed with Ry asguwed consbant

cant He axpressed Lhuss

‘:ﬁ}* e ﬂ?ﬁ ﬂg:\ o "Eiiﬁ o /Q} wm(uuwmmmu{é}

nm ~ &/

Where Ty w sereen Heumperature Y51 hours alber sunsey,

By e Boveon bouperabuve st sunseb,

A= ol dowsihy
¢ &= gpeelfic heat of the scll.
¥ s spoeific comduebivity of Hhe soil.

Then substiliwting for By in squation (4)

My e B - [ B Gi@:"?i}. B ﬁ%/‘*‘*)/’f] e {5
. ~< e Jk 7

in benperabuce in bilre 1§,

The berm within the sguare boockets represents the falll

# & Tull trsatment of the measuverend apd ostimabion
of atmosphoric radiation when the verbtlesl distribubion
of wabter vapour in the atwmosphere ls Imown is givey by
Robinsen (3047} Brooks {(1041) hog ghown that the gky
radietion attributable bo C0g is voulvalent Lo 18.5h of
black body padiation at seoredn bouperalure.

a0



The Pfall In temperabure Lo proportional bo thweo focbtors.

Lo A 801l facbonr wmemeeve et
- ok
ii, The not radiation loss ~THL - & - b e)

Lide Winme facbtor /!:;

The veriavion of V"‘ » tet and 'Y with soll bupe end
goil molsture conbent lz coneiderable and these faclors
play no small pard in conbrolling the severiby of froals.

Avallable duba on the magniitude of those feacbore in

o]

aolla of di0fering Lype is weviewed below, It 48 by n
meang complebe, hut nevertheless indicabtes the range
of verinbion within osch Lactop,

/< welors to the pppaveont denalby, Lo, d@ﬁs&ty
of soil perivicies pluy aly gpace. This 18 deg;x@nftent
upon the degree of counpashing of tha soll ae Well as
the soll mabterial, Gultivetlon of the ssll reduses ibp
appavent densliby by the inclusion of siv in thoe top sofl,
The edditlon of lipht hunmse-{orming material has the
same oeffect, The following dedewminations mmm by
Keen (10381), show the range of apperent d::a:cas;’fi;;sr in

cortelin soll congtituents e

Mateniod Ammarent densiby
Sand 1.58
ey 1204
Hamug ‘ R ¢ IR
Dyy peal, 5A% water 0,08
Moist peat, ITVE waber 0446

The sharp #isse in apparond denslty which is preduced

£

by the addivion of waber Lo the soll pertially exmplain
the abgonece pi severe {reoab following heavy paln,
The following table 1lats the specific heals of

a geries of soll types, as determined by Patben {(1909),




Specific heats of solls (egueld weilghts)

Holl bype - Bpeeiilc heat
Sands of verlious tyue 0,160 » 9,190
Podunk sandy loan 0285
Isenardsbown 8330 losm 0 B4
 Hapgepabowm Loan 04103
Galveraton olay 0810
Muek soll {(26% orgenic mabber) | 0,L8%

Inevense in wobor conbent kag & lavpe offect in

elso by Patbon (1909}, illusbrate:-

Specific heat of Podunk fine sendy loan with
vayying molsbore conbtent

Modsture content . . .
% dry wolghb | §§§emf$e hoeet

0,808 0,188

8O 035 OuiGE

Doberminailons of the ralative conducbtivities o

]

varlous #oll maberials have been made by Poltl, whose

valuses guobed by Baver (1948}, are glven below,

Relebive conduetivity
)ﬁm tﬁ? 3‘ '3‘“?\ _ . ' . . x}‘z’i Er - L 4 ‘\&‘;ﬁ t
7 foose jUompaet
Guarta 100 10607 | 20L.Y
Poitb Q0.7 QGY | DD
{ha i BHWE 08.6 | L05.2
Gloy with liwestone
stonagg d3Lsd - -
Clay with auarbs : _ o
shones 11546 - e
fuartz sand of varions ' _
types 100 ~ 1065 - 188.0

The lorgs Influsnce of water ocontent in censlng
an incrense in conductivity s due mainly te the estab-

lishnent of conbineliy betweon soll particles.

increasing speeific hent, as the following determinations,

&7



Vethods
The benporehures assumed. by the suriface of golls

off diffarent type and wmolature content urnder nocturnal

radistion condibions con he mout convenlonbly studled

in adjacent £i0ld plota,

Fo
Foa

soxies of elght aveh plots were ladd down of
the Foelloving molld typsa:s
Nedivm loam Tdoy! in e loose Lilth.

Hoddwe losy Tdvy’ compacted by treading,
Hortlowlturald peadh tdpyt,

Hopticultneal poab woist.
M&éﬁ%’am gaﬁg:i@ g:r.‘ conras s o

) Differing in
Y matature oconben

{7

5

HModiwm losw nolad
Fading lLoam nolad

3t

T L T o e g

hﬁ,wﬂmﬁﬂ
O TR

bcat s oo

Bach plob was & yvavd souare
The wnifovm vndorlying soil

o Hle supface SOnperatures

« lopge t31lth.

w qompacted by treading.
ond 8ix iunches in depki,
will heve g negligible oifect

off Hhe plots sinco the anpl-

tude of the diurnal tswperabure fluchuablon at thai

depth 1o quitio smails The plots were all freely exposed

Yo the aky et nighb, bub the piobs wiih low molsture

copbeut webe covered duving maln. Surface ninivom bengw

argbtures vore peeorded using sbvenderd Metecvelogleal

Office pabborn minlwmom bheimowebters, the bulb being sunk

-
]

o bald Ihs dlawmeber 3
3= K ~ S, - " * & =3 » -
that such & method does, in fact, vocord the brue soil
swrfese temporabure with & high degroe of fcouracy.

Minhnun temperainess were mecorded sach mopning and

susface Leumperatures were also roaouded lu gome Insbanges

abt sunsed and In othery ot wnldeday. Nolsbuare determingtions

wore ande on Hhe geries ot weeldly Intervals.

nophe soll. Robinson (394%) stedles



Rosulle

Table 82 and Tlg, O ond 7 sweesriss Bho mininam
Lampera bunres K%.xoc;@dm& during She moutls of Novenben,
Docunher, Javuary, Fobruawy and Marah, 184Y-1243 and
Tabla 29 reconds Hhe soll mmi&amwé} sonteats on apscifle
datos .

Flame 6 Illusiratbes graphically the range of

Al feronce babweon the mindman Penpoirabures developin

zz"';
2

at the gurfece of Lfour soleched soll types. The solls
romaln raoged in fdenbleal seguence an regerds nminlmam
Hemporature, with winor cxeepbions, throughout the seri
Nights of severe frost resuld in large dlffercncey
between the two exbieme goll types, molst conpacted
Josm and peab. On seven cecapions the difference lay
within the renge 12 to EL(%;.&SQ‘F* These bwo solls differ
papkedly dn all three factory debermining the temperatuy
falls Yoob conbines lLow heat capacibty and poor conw
duetivity, Molst compeobted lonm conblnea high beab
copacity with good conduobiviby .

Dry voldls come to a lower minimuw teamperature
than modst. Yhe efPect ls most marked in ponb where a
differance i ¥ .3.936“., o rocopdad on bBwo coopIlong.
Botweon molst and dry sand the maximm difference is
2,4°%7, whils betwesn meisd and dary leowm { loose frisble)
1t e 5.3, 1% is nobable that on this labbor ocessio
freah plots hoad been sed up employing & Fyeshly dried
sample of Gry loam of exeepbilonally iov waber content.
A Palaly repid vlse In Lthe wabter content of such & soill
takes place when in contmel with the underlying moist
ground and subjoot to dews,

=

W

Se

L.

b

84



Miniim tenperatures pecopded at the surface

6b

Table 22.
T of soil plobts of differing hype and moisture
centenﬁ, 194?~1948 (°F,)
Dete Dryﬂlpkm“ ) | Sand | Maisf}lp&mr
- Ioose | Compact=} Dry [N “Dry. | Woist. | Tonse. Bompact-
t11th | ed | 1 t1lth | ed
NDVQBS 20,0 | 8447 |13, 5 | 21,21 21.01 207 | 257
G 1¢) 2046 25.9 SRR | 17.1 2044 30.0 20,0 25.8
3 1.9 82,9 ‘14,8 | L7.L | 8149 9ﬁ(9 217 | 25.1
“ 4 3047 5044 | SLal | BLWO | Sle2 | DL0O | BLe5| 3046
top 20,3 | 20,28 | 28.8 | 20.1 | 28,9 28.6 se.s 29,6
¥ o9 28,1 29 42 19,0 | 2546 | 7.8 | 25.8 | 28,7 2946
* 23 81,7 - 14,8 - | 28.3] 2448 27.01 20.7
o4 26,2 - 13,5 - 21.0]| 81,8 | 24,6 27.2
" 29 28 .9 - 1 23,0 - 30 Qé 29;6 &Oqé 50.5
Feb, O 55.7 - 20 | 32.6 | 36. ue.s 37,11 37.8
R 5045 - 24,0 | 28,6 | 1.2 | 80,8 | BL.5| 32.6
18 25 o7 - 13&6 1947 § 91 » 2 531 o1 26,0 P -1
"oo2 28 40 - 20,8 | 25.6 | 26,1| 25,7 | 28.2] 28.8
t 23 B046 - 7.3 | 29,9 | B1.3 | 50,5 B1l.1| ®1.,8
" 24 319 - 2645 2343 B3 ek 31 o2 52..3 31,9
" a5 29 42 - 25 45 7.1 | 2849 2047 | S0.6] 50.2
w28 25..8 - 16,0 21.0 | 22,11 245 27.0 28,1
- 24.4 - 0.5 17 6 | 19.1 20.0 24,91 26,5
" % 29 *G . 31;3. ’ (‘-.ls.-e &s\i} :‘:‘ﬁ? wi%} a?’ f;:g gG 50;0
" 29 29.0 - 2045 25,6 26,8 2?»5 29411 80,0
Ylr., 3 B35 .6 - 20.2 | 52,8 | 85,0 | 36.1 | 35.5] 96.8
¥ o4 50.82 - 2242 | 8647 | 30,0 ] 30,7 | 31,0} 32.8
" 5 20,8 - 19.0 2345 | 27.0 27.6 29,7 30,8
" 6 28@9 - 1.6 »4 31 6 24:2 25,0 %aﬁ 29.1
Table 234 Maiature contents of soll pleﬁg expregsed as
o a pereentage of dry'weight
< | Date S
Soll & ot o —— — —r
P leynTene pyie [1s/2 [eo/e w2 |o/
Dry ( Toose hilﬁh 324 S 4B 246 17 .5 22 o5 24.0 29,2
loam ( Compscted 3346 56,0 - - T SR "
Noist { Loose tilth| 4l.1 | 41.2 [82.6 | 30.1 | 54,6 | 3640 | 87.2
loam ( Compacted 58.9 40,5 |31.,9 | BO.4T] 36,2 | D74 | 88,3
{ Dry. Bled | 5446 {85.0 | 40.8 | 5L.4 | 56,7 | 56.2
Peab ( Moist .QlV:Q A7 6 - 1I72.5 {181,383 1150.7 | 155,38
samd ¢ DFy Bud | 546 | 48 | Bua| 88| 6.2| 5.1
' ( Molab 10,0 1547 {10.5 Y- 10,7 1041 11.7




{be oqual, sceording bto Brunt {1932)., 5he freeszing of

Lower temperatures dsvelop over loosely packed soll as
compared with :e-éﬂmactef:"!:‘;a oll, due to bthe 1@ hest cap=
acity and low conductivity of the former. A meximum
diffexrence of " Bal T, wes pocorded fox moist soils, The
differences tend to fall in value 1f the plots remsin
undisturbed, due to the tendeney for a loosely packed

soll to fsettle? and establish lrmproved conductiviby,

the fall of tempergture over dry peat on two sudceasive
over molst compacted loam then the ratio ."3' & % should

the soil moisture, however, iz a factor which tends to
invaiiﬁate this ratio by velarding the fall of Gemper-
ature during the liberation of latent heabt. In a com-
parisén of the fall of bemperature over these two soll
types botween sunset and the ;kime of oceurrence of mine
imum temperature, this ratlo is found to vary within
fairly wide limits as the following table indicates.

fable 2¢. Ratlo of the fall of temperature from
sunget Lo dawn, at the surface of dry
peat to that at the surface of molst
comppet loam, on seleoted radiation nlghts

Discusgion. On theoretioal grounds, if A end B vepresent

radiation nights and 'a¥ and 'h!' the corresponiing falls

| - T Date

Ratlo ' » o R e ar— ‘

|yl oo/ | oy/al /2| o5 elos/oig el ae/alen femyeley'  5/5 |4/ (55 | o/

"Dry ' ‘ | d
R08E L 1246]540]1546|B42(2e4 11027211242 12,0]28,11245]1.6]1.7 [1,8
Molst ) ' R T S O .

compact!
R +




The larger ratios gonerally colinclde with very low mins
Imas; & fact which auggests that the fall of temporature

by extensive freozing of the soll molsture, thereby
incressing the vatlio. The data -‘is; however, not con-
sistent In this respect.

The effect is very apparent in -a;m fall of ',temp
evature of wet peat, dry peat and wet compacted lomm on
February 27th. | |

) Temporature fall ('OK?,,,) §a§§1
. e e A 8 "
Ury poat 1447 62 20,9
Wet peat 5ub 11.0 135
Molst loam BeB 445 8,9
compached

the fall of btemperature is a slmple fum tion of conw
ductlvity .

Keon (19581) notes that distillation of water
|vapour on the colder soll reglons accounts for large
transfers of heat from the warmer to the colder soll
horizons . ©On this account the apparent conductivity of
the soil varles between wide limibte. Swinbank (1948)
found 1t impossible to obtein any constani ‘valﬁeé of
soll conductivity for this reason. He suggests that
the condensation of very small amounts of waber in the
coldor horizons of the soll near the surface, liberates
sufficlent heat to mask completely, the transfor of

over moist loam may indesd heve been considersbly reduced

Two further factors seriously nodily the asaumz:pmeﬁ that
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sensible heat, due to the vemperature gradient. The
effect w:‘il:i.,, of qmarée, be exagsevated in soills of low
apecific heat auch &8s peat.

Pew formebion and heoar frost feormation al the
soil surface are comparable factors having & very conw

eiderable offect in reducing the surface fall of tempw

erature by the release of latent heat, and they, likewi:

will have a greater effeet with soils of low specific hn

These last two factors will tend %o reduce,
markediy, the rabtlo of the fall of temperature over sol
of low heat capacity and low conductivibty, to that over
solls of high heal capaclty and comluetivity. A com=
parison of the estimated retie for peat and mcoist loam
{seo Brunﬁ(l@é@) gnobed above) with bhoss obhieined ox-
perimentally, is of inberest. The value of the heat
capaclity and conductivity of the two scils can Lo dedue
only approximately. The flgwes for heat capaciby and
conductivity of peet and loam are those of Von Sehwarg
(1879) auoted by Baver (1948). |

Hoat | Comperative
A o ~jeapaclity § conductlvity
Feabt, air arys (B0 to | A von o
* 408 motatuze) 0.191 | 5145

Moist loam ] 04762 U9 48

Heat capaclity = 2.c.

Ratic of the value of —e—itoe y» boabs sand, = 5.5

ek |
This considerably exceeds the highsyr values obbained
oxperimentally, and gugg&éﬁs that the factors above men

are indeed of major lmportance in & comparison of such

6a

21k H u
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tloned

disslinilar
solls.
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SUNMARY

gectich I

Port 1
Rocords of the absoluite minimum temperature in
the months of April snd Nay, were abstracted from the
Monthly Vieather Report for the years 1939 to 1945, for
220 leteorologlcal Reporiting Stations in Brnglayndy Scob-
land and Wales,. Yopegraphlc date relaulng to 66 cogstal
stations and 101 Inland stabions g%g“oh‘aaimd. The

stabions were divided inte five broead topegraphical

clagses and the offect of topogravhy on the mean absolube

mininum temperature was assessed, e liminating, as far

ag possible, the influence of latitude and longibude and

of altitude. The offect of the height of valley flank
stationg above the floor of the valley was Inveshlgabted
and algo the influence of proximity to the coast, soil
type end urban coniitions, upon the mean sbsolute mini

mum bemperature,

Povt £

The following factors influencing the distribuw
tion of mindwum tempernture under radlation frost cond-

itions, weroe investligated In a section of the Ayr valley

adjacont to Auchineruive,

{a) Soil cover, o

b) Cold air drainage effecth,

() Wind velocity and exposure to wind and its
reiationship to tho development of temp=
opature Inversions in the alr zone within
a few feot of the ground and to the develw

oprent of hatwbabic wind fiow,.

Diferances In surface cover, as for inatance, between

bare soil and coarse grass,were found to be responsible
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for differences in minimm i:ﬁm;ﬂe.mture exceeding :.'LOOF.
at ground Jevel, but such differcnges decreased rapidly

with increasing helght above grom;&l level., The differ=

ences In minimum tomperature bebtweon hill top and valley

bottom lecatlons dii‘i‘er:!:xig in helght by only 100 ft.
occaslonally amounted to ‘7033‘;

¥ouy i‘;ymcaﬂ. occoslons when clear radiatlon con
ditions prevalled wore snalysed to indicete the inter=
relatlonships bebween the gradient wind wolocity and th
development of ketabatic alr flows down the flam of ¢
valley, rosulting in the pooling of cold alr over the
floor of the valley: and, also the relationship betwee
wind veloalty ond vertical btemporabure profiles on the
oxposed hill top and iIn tho valley bobton.

Popt. &

A series of ohnervations were made on the miniw
mam temperaturos assumed by the guriaces of solls Affw
ering in type, molsture content and degree of compactin
under necturnal radiastion condltions, It 13 shown that
while large differcnces are obsorved bebtween soils of
low heat capaciby and thermel conduetivity, such as pea
and Jarge heat capacity and good conductlvity, such as
molst loam, theso differences would De even larger werse
16 not thab the distillation of water vapour in the ocol
suriace zZonea of the soll, preably incresses théué.ppar-
ent conduci;i.vity.‘ of' solls whose theoretlcal thermal con

duetivity is low.

L
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21

70



SECTION LI

TEMPERATURD RELATIONS OF BUDS AND BIOBHONS
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dntroduction

Flant perbs ccol under ncctuenal radiation
conditions:

(a) By nobt loss of heat by radiations

{(b) By cooling due Ho trenspivablon,
The tempevabture differsntlal between alr and bud which
resulbs from (a) depends upon the rabe of net radiatleh
losz and the wirnd spesed, Uowvecbive warning of the buii
by the air to compensade for radiatlon loss is rapid
when the wind speed 1s high, and a small bemperature
diffepential betwoen bud and air provides the necessary
fldx of heat from aly to buei_ « Urdep ocalm corditions a
ccnai&a:eabm largoer tempersture diffevential must osi~
ablish itself bto maintain the seme heat flux. |

The rate of transpiretion largely controls the

degree of cooling due to this cause, This is ﬂei;ermmg
ed by plant factors, moisture sonbent, distribution an

movenent of stomnte, nature of the cubtlele ebe., ami

by the metecrologleal fechors, hmidity and wind spsedl

Depressiocn of buad temperature duo Lo transpiretion may
be expected to simulate the depression of the wob ulb
tepperature unlogs modifled by stomabtal movemond op
other interral fectors, The effect of wind speed on
the wot bulb depression is mméyiﬁm in the introducs
tion to the leteorologlcal Office publication ‘Hygro-
motriesl Tablest (1940), Wet buldb depression increases
with wind speed up to approximately 5 mupshe, above
which level furither Increase has Little effect,
The following example illustrates the effect at
temperabures just below freezing.




Dry bullb  loepredgioh of the wot | Wind spoed
temperature fbull’ tomperature ‘
- H{Vapour presdure
constant; 2.2 mba,)

(°r,) i (°r) {me por soc. ).
50 5.9 0 = 045
B0 5;8 . l - lis

5() 4 640 i 2;5

Tt should be nobed that pnly rarely hes the
vapoeour presgure been hkmown to fall to 8 mbs. in this
country, and the above figures remesant the méxzimm
posalble depregsion of the weh bulb likely to be en~
countered with dry bui‘b temperatures below freezing,
In plant parts with a low rate of transplyabtion, the
depresalon of temporature will bo considerably less

than that of a wet bulb thermomoter.

Review of litersfure

iradnger and Allen (1950) measuved the internal

bud bemperature of dorrant and oponing bwly of spple,

blackourrant and vaspberry, In rolabtion to alr temper-

ature, by means of fine thermo-couples inaserted indo the

buds,. Pwy found that all buds were ceooler than alp bgT

nlght ., Blackeunrrant bhuds vemmined seolar throughout

the day alwo, bub ilngelatilon by day ralsed bthe tempore
ature of apple and raspberry buds above that of the aly
Apple buds sereenod against radioivlon t{& the sky or in«

soleblion, were cooler than the nlr at all timos. 'Their

depyession of bomperabure appearved to be corvelated with

hunidiby, being larger dy day than by night., Unscrsengd

buds were cooler than goreened buds by nlght, The temy

erabure depression of scrooned buds wans assumod e be

Jw




dus to cooling by transplratlon only; thab of unscreen
od buds, to the combined éffagt of tr&nsgir&timn and
radlations It was concluded that ocovoling by traﬁspir&-
tion was the ﬁg§ar\éf the two erfects, though in the
example quoted for apple (Ffige. 6) the d epression due to
radlation would appenr to be consideiably the greater.
Grainger (1039; 1840} suggested that huwidificetion of
the air during orohard heating would tend to reduace
cooling due bto branspiration while dry hmatiﬁg?wanmd
Incrense It

Similar thermocouple mebhods have been ewployed
by Blackmen and Natthael (1905), Ihlers (1918), snd
Clunm (1925) in the measurem.nt of the inbernal tenpar-
atures of leaves, while Hehweve (1019), willer and
Seunders (1925), Foton and Pelden (1929), Watson (1833
1954 ), and Curtis (1956) determined loaf surface temp-
eratures by comparable methods,

wiliar and Saunders (1923), working on corn,
sorghum, cowpesas, wabter melon, pumpkin amd alfalla,
observed thal by day, the temperature of turgid leaves
in diffuse 1&ght'was conalsbently lover than that ol
the surrounding alr. Ths difference varied ébom.@,l ta
3%, In ddrect sunlight they fluctusied slightly above
and below air temporsture (aifalfl generally slightly
below due to its rapid vate of btranspiration). ‘Btming
the night, leaf tewporaturoe foll Lo the sane level, ar
plightly below that of the alv, Curtis (1936) vooords
that all leaf temperatures measured in direct sunlight

were higher than alr temperature. Ho aupgosts thab




Hiller and Saunderst method of measurding alyr bemporaiun
in the shads of a thiok canvas scereen, ylelds btemperate
2 to ﬁaiji‘.f too high, thus explaining the discrepancy,
Baton (1950} fourd thab young gobbon leaves might be
redueed 4;108. below the surrvounding aly Lemperabure.
Millex and Seunders (19é:~3> and Bhlers (1015) bokh obw
geryed that leeves agsumed lowey @mmm’cums in sune
3ight wheon euposed to wind, than whén in still alr.
Millor and Saunders (1925) sbudied the relation
ship bebween brensplrvation »aie and gwrfacs temporaiurs
iIn turgld and Wimeé legves or corn, sopghum, soyabosn,
end sowpens. Turgld loaves weve ag much a8 8,7°F. cool
than the coevrosponrding wilbed leaves, corn showing the
The vablo

of the branspiration ré“"ue of turgld bto willted loaves of

minimun and cowpeas the nexinum dlfference.

corn wag § %0 1, while that of cowpeas waz 16 to 1.
Clum (19268) used on alvernabive wmethod of vaselining
the leaf surfacs to eliminebe transpirvation. Hils resul

substantially confirmed those of M ller and Saunders (1

but he found no direct correlation belween transpiration

rate and difference between legf and alr teamyemture'.
This may be explained by variation in the Intensity of
the sunlight incident on the 1loaf.

Briges and Shanbz (1918) polnt out thel under
the condiilon prevalling in Akron, Colorado, .‘lai:igl‘tsmns«
pirabion loas frem bthe leaves of varlous orops betbween
sunset and svnpise, amounts to only & o 6,% of Lthe swola
for the 24 hr, peried. The awount of waber evaporabed

from a free water surface vapresents o mueh greater per

Y geid]
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conbage of the Sotal, usually of the order of 30 to 40%.

I% may be inforred thal gveporatlonal sooling of the

leaf by night sust be &mmﬁ-@{amm@w snall e

Methods
Ale & eammmmm@ and intarnal bud temperabures

wers messurad by mesng of fdne copper-conatantan therud

couples, nade by sollering Junctions of 36 gauge coppexr

and condbapnban witre. The junction for insertlon inbo
buds must be ghort, of the order of a willimetre, in
arder that 1t may be totally enclesed An the bud., Ib

shonld he noted thot the enployment of consbanbapsiron

couples, Grainger and Allen {(1086) end drainpger (1932)})

intyoduces the possibility of srror due tn bhe secondary

thermoelectric ailests at the junetlons betwean the

eopper leads mnd the wire of thoe couple lementa, shounl

these jundbiong AlfTer in tompoveburoe. Mesvy, insulats
copper leads of constent length cornected the coupleas
to the recordling ingtrumeni. This was o Unebeidpe twos
poink fi‘&maaﬁ Reocander (Model A). émm ins trament pave
& deflechion on the obart of 1.27 wm. per F. and had
an extweme renge of 100°F. The support for smech an

ingtruament I8 of grent lmporbance whore smell b emperaty
Aifferentiales ure Ho be veoorded. Alighk warping of a

heavy bench due to the flustlon in temperabure of.a

Rt

nearhy radiabor was found to sccount for & alow zore
Fluctuation of 0,5 to lgﬁ}ﬁm This was #liminated on &
conerete Lloox .

The measurement of alr bemperature requives the

maintainance of oneé junection ab consbant tomperature.

¥
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In some cases this teeld! junetlon wos Immevsed in 2
vacuum flaghk of m,l'bingg leo, .Mmc;wfm{sivaz?f it vasn
placed at the botbom of an iren tube, sunk veridically
8 £, below ground lovel. The junchion togethor with
a thermomeber was Immersed in s bube of water, The
temperatwre at this level romaine rolabively constant,

the dlurasl fivciustion rayely exeeoding ZLQFQ

Junetions Tor the measwrement of aly temperabwe,

and buds, when necessary, wers ascorvesned agalnst rediation

bo bhe aky by swall conlicsl, double sereens of polished
copper, Radliatlon of The junoblon $o bthe ground swflad
which, ot nighh, 1s comevint below the Somperatuvre of
the air nbowe 1%, was nob consldered 1ikely o introiuc
pay sprrocinble orpron.
The following palrs of records were made imals
baneous iy uwnder various meteorclogical condiblons, in
the courae of the investlgation.
{1} Ade tomperature. :
Teonparebure differencs nebwson &ir and
une ereened bud.
(8} 2ir bewperature, |
Tanparatuve differenge Hobwsen porcunsd
and wasocrasnod buds .
{(5) Tewrperature differunce bebtween alr and
pns cracned hud,
Temparature difi'erence bebtween alr and
sorecencd bud. ’
(4) Doprossion of the wob bulb baupsraburs, . .
Tomperabure Alfferoncs between alr and
gorecned bud.
ALy temperabuces ware always measured ab the same level

ag, and withian, & ins of the btud, BHuds were pleresd

¥

with e fine needle and the thermecouple junction ingers
ted with as 1ittle dinjury Vo the bud as possible, In

&
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Jthe cade of open Dlowers bhe Jumcblon wos lmeorbed inbo

the rogeptacle,

Rosults

. The temperature diffevence esbablished betwsen
bud or Dilowen &_nefi ﬁifs.é ain alt an equivalent level, was
detormined wndey vapying conditions of wiml, olowd and
relatlve kumic%i‘&y o Tor the buds of 8brawberry, poad and
rasphorry, The effoct of screening sgeinsd rodistion
on the dopresgion of bud temperabure on cleuk radiation
mghbs was obuserved, and the velabionabip bobween Lhe
depresaslon of bl %rm‘in buld temperaturs and ithe deprossion
of bud temporsbure was axamined,

AUravberyy

Buds and Llovera ol stvawbaryy wore found o b
|dnvardanly coolex then the alv ab 2un sguivalent hoelght,
by alght, COpening or fully open {lowors showed A3ffor-
ences ranging from Loss than 0.5, to 5,0%, bolow alx
Lompeyeaborae, The lavger values faverisbly ocourved on
calm, clear nights; while under clouwdy and windy con~
ditlons the dAifferonce did nob exceed 1°F. Fhis strongly

suggests that the Lenperature depression is chiefly

*

atbribubsble %o cooling by yedlabtion logs, and the cons

sequent dove lopment of & cunalderable bumporature grods

ient bebween the bud and the surrounding air. & come
parison of the depresslion of Bud temperabtuvre at bhe
time of ocowrrence of minfwm temporature, with the
slae of the tempewvature lwversion develepling between
ground Jevel and 4 ., will provide confirmatlon of

this interpretabion, Both wminlma are assuned to ccour
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% approxiuately the Same” tive. The following table
also fngindes the ostlimated deppasaslon of the webs bulb
Bempoezabire al the tine of ocoypvrance of mindsam bomps
CLatnTe .. ‘1’115.& war caloulabed from the 9 n.nm. dewnoint
of the Collewing m@:m:;:l.rsg; and the minlmam night Henper-
abuee, on the assunpltion thalb the dewpoint had renained
approximeboly constant bedween the Lime of wlnimim
vemperaburs and ¢ o.m. Roconds heken with open o open
lag £levers onbly, are inclnded,
Sebls 26, Towpeeratuwve depresalon of gtrawberyy
biossomy and corresponding valucs of
the wempexaitnure Inversion, and wet

buih deprospglion recordod at the tiwme
of minimaun nlght Gempevature

Repression | Temperaitnre luvere)Depression off {
of Flower jslon bobweon gmundlwed balb tewmp-
- bonperatureland 4 £t, ab Tine {erabture ab
Date of minlmam temp~ §Hime o mini-
o ' w?ﬁ,ax‘o aum %:%mpm?:zﬁ;m?s’
("Fs) ( xn,.; _ {"8.)
Moy 7 545 2.8 043 }
g Z40 . 748 QWG
LU T 4 o5 1‘1 ol 2ol
:’ 13 145 ¥ ab 0,0 !
* 15 10  4a8 Hedk
" 3«4 240 '5*2 Bl
"3l 1.0 Bl Gl
dJuna 1 Zab S 10
o 2l et 0.0
o3 05 5 a3 T4
The cowwelabtion coefflicient caleninted botween

bud depregsion and temperehure Inversion has
00848, and 18 highly slgnlfleant (p<00HL) o
shows that uno carvelablon exists helbwesn bud
and tho vsblimted depressalon of the wet bulb

Iavge lnverslons ars cherncheristis of high nef

radiablon losa, and -wvery low wind velocity.

Exactly

he value
Ihepoohis

duprotggion

I

temporature.,




the same factors debermine the tomperature gradlent
betweon bud and air and caﬁzaﬁqu@nﬁly the tempémtme
differential between bud and aiy, if caaiing; by trang-
piration ls ignored, '
Comparison of fbhé temperatures assumed by screen~
ed and unsereencd buds provides a method of evaluabting
the size of the Lomperature depression due to radlabion.

Under cloudy and windy conditions, the temperatures of

L)

sereonsd and unscreened buds and blossoms never differd
od by more then 0,5%. On the nights of May l4th and
15th, when relatively calm clear radiatlon frost cone

ditions provalled, the temporatuves of the unscreened

flowers were hetween 0,5 and $4.0 ¥, cooler, the differ
ences belng generally of the order of 1.5 to 2.5%F,
| The d:lffaranees gt the time of minimum temperature wersg
240 and l,{'}o}?, corresponding with tempepature inversions
of 7.1 and é&w{’};‘_‘. rospectlively. These are of the asame
order as the differences between the unscreened flower
and air, with inversions of corresponding size (Table 25).
The tomperature depression of young frulblets
appears to be rather smaller than those of opendng and
fully open flowers. The efTect may be due to the
ggxieaﬁer exposure of the frultlets to wind following
the lengthening of the peﬂs%ﬁel of the flower txfuss‘ .

Raspberry
Ag in the case of strawberry, the buds and open

Ing blossoms of raspberry were cocler than the alr by
night, bub the han@efamm differonce was slight, gen=
erally of the order of 0.5°%'. on rolatively calm rad-




iation nights, and the largest recorded difference ovex
a period of 18 min. way les s‘ than 3.°I*”. The differences
were too smll to analyso with vespeet to the size of

the temperature inversion.

Peanp
Relatively fow records wore taken with pesr buds
which coineided with calm radiation conditlons. A& mean
temperature deprossion of 2 to 2.5°F, was recorded on
Vay L8th, 1947 with open blossoms, and of 1.5 to 1.8°F,
with buda in the grwh cluster atage, on May lst,
The very hilgh values of ’bhé daepresgion of bud
temperatures recorded with strawberry blossoms underp
calm radiation conditions nay be largely explained by
the position of the floﬁer tpusses close bo the groundl
In this zone, air movement lIs slight compared with that
at three or four feel, and mueh largor temperature
di:t‘i‘arénhial# between radiating a‘a};}@c’bé and the alr can
develop,

Cooling due to trensplration

The megnitude of the cooling effect due bo
trangpiratlion can only be evaluated in the gbsence of
a net radlabtlon losg or gin, 1.0, under cenditions
in which the bud and the objeots to which 1% raaiawa
and from which it recelves radistlion are of az:aproxima'maly
the same temperature, These condlblons are approximatply
gatisfied In a room.in which the walls and the alr are
at approximately the same btenperatuve, ﬂen:i:!.ﬁiens

within a Sbevenson screen are pather simliar, in the




abseunce of rapld changes of alir temporature . ih order
Yo obtaln a wide range of relative humidities, cbsore
vations were made in a varlety of locatlons, in the
laboratory, In a damp, underground lysimebter chewber,
and within & Stovenson screen. A small fan wvas employ
ed to maintain a steady alr cuwrrent past the bud end
wet and dey bulb thermometors in the laboratory and
lysimeter chapber., Table 26 records the mean depresgl
of bud temperature observed wnder varying eondiﬁions
of humidity and wind speed and alr temperature,

It is omlte evident that the cooling of buds

and blossoms by transpiratlion represents only a relatlvew-

ly smell perconbage of the ccryasponding depresslon of
the wet bulb; this varles from approximately 5% in th
cage of dormant buds in s41ill alr, to a maximum of 254
in tho cage of open poar blossoms in an aly cwrenh of

7 Lepese The abaolute minlmam vapour pressure encpunt

with tempovatures of 52°¢, or belaw, is of the order of

2 ubs . which coincides with a wet bulb depression of
6%, Thevefore the maximum possible depression of bud
temperature due to transplration ls ¢f the order of 1,
vhen alr bemperature is at or below freezing point, an
undey normal radiatlion frost condlitlons it will rarely
oxceoad 1°F. The observations on May l12th on tho opsn
£lowers of pean, @able 26, are characteristic of the
records of screened buds wnder condlitions of falling
temporature and lacreasing relative hwmidiby, . Thg
progresslve deocrease in bud depression is obviously

correlatod with theo above Lfactors.
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Table 26 Depression of bul temperature due
' to transpiration

o Dovelopment | Doy Yopres «| Depros-
Date Material | . stage - (bulb ion of |sion off Wind
: . {bemper~ithe wet] bud. | spoed
Clature {budb  |temp. |
| Poar | 54,0 | 7.4 | 0.4 <2
VMar +19 o © ] Bormaat bud o
Apple 1 BBy | 7y6 | O0wd |2
o 5646 | 5.7 | ow <2
liar.29 Fegr 4 Lt
,. 5640 ¢
Bud burst | P60 ¢ B 1 L
85,0 H49 0a5 <2
Mar.3l Pear : .
' . (] 5055 § 5a5 1ad 7
S 6650 11045 | 15 |42
Apl e 34 Peor Gé‘iﬁtg;ﬁ e ' i"' . wr <
' o 654 11050 240 6
. . , B7:5 | %43 ) 0.3 |<2
May 9 | Pear Open f£lower . ,
. . o S8:0 | S48 | 045 <2
May 9 - B7.8 536 045 2
Peay Pinie bud S ' : <
May 12 CB7W5 L 6 1 0,9 5
- 88.5 | 748 | 29 @
May 12 Pear Open floweri 545 545 144 5 o 8
‘ : BR2:0 ] S4B 0.8
- — 4845 | Bid 08
May 21 Pean Open Tlowert &g,y B 05 (<8
Mey 10 , 528 | 2.0 | 040 <8
Ney 12 | Raspberry Bud | 5648 | 67 | 048 5 to 10
May 21 | 53,0 | 345 1 0.2 <z
May 12 x | 500y e .4 '
Stravberry! Open Tlover 5940 840 : 149 8 vo 10
Moy @1 6140 | 440 1 o7 i<z

- ® yariable.
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Discugsion

Grainger (1950; 1840) suggests the posaibiliby
that the efficlency of orehard heating by oil 'bt;ming;
heators 1ls considerably reduced, because the ralsing of
alr btemperature results in s fall In relative humidity)
which in turn is reflecbed in greater deprossion of bud
temperature below.'{;ha“b of the air. Ho maintains that
the expendliure of the same amount of heat iIn warmlng,
and at tha. same bime humldifying the a&lr, resulds in
higher inteprnal bud temperatures than does heabing
wilthout Immidifiéa'hian. A theorebtleal considerablion
of the problem shows, however, Lhat humidification is
certalnly no !zmré officlent in maintaining bud temp=-
evatures than la :dmr heoating 1L the buds behave as web
bulbs, and emmiéwrébly less so if evaporational cool-
ing is loss than that of a webt bulb.
| A cuble metre of alr alb N.T&. with a relabive
hunidity of 70% has o moleturs dofieil of 14 g., 1.0,
that amount of wober vapour 18 requlred to raise the
relative umidity bo 100%. The conversion of 1.4 g
of waber to waber vapour regulires the oxpoendiiure of
755 ealories (labent heat of vaporization of wabter,
559 cal. POr Zels

Phe wet bulb dopression atb 5%61?‘. with R.H. 70%
18 2,8%, The galn in wet bulb temperature in ratsing
the humldity to 100% lo therefore 2.8°F, |

The spplicabtion of the same quanbily of haé*a &b
& cuble mebre of alv ab YOL Rl would vesult in the

i’all:)wiﬁ@ rise in tempurdture,
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7656 x 9
1895 ® 0,887 % B
Donglty of alr ab N .P. ® 1,808 gpor 1.

Specific heat abt congtant
pressure 5 0.257 cals per ge

e 4 méof*‘ »

The above caleulation has been mpde for dry e:-xir'; the
correctlon for the molsture conbent ab 704 ReHe 15 ama

1658 than 1. (Weigbt of 1 m® of dry air = 1293 g,

noiature content at 704 R,H, ® 3.4 g}, The corvesponi- |

ing caleulated deprosalon of the wet bulb tempervature
18 442°F. and the galn in temperature of the wet bulb
3,0°F., This is practically identical with the rosuls
of homidification, The bud, howewer, does not hehave
as 2 woebt bulbs 3ibts depression hes not béen obaerved
to exceed 25% of the wob bulb depression. The come
pareble gmins in bud temperature by the two metheds of
heat expenditure will be 0,7°F, and 3,3°F. Humidifi-
catlon is obviously a much less efficilent method of
roalsing the temperature of pland parts then is dry
hesbing. There remains the pessibility that the pro=-
duebion of a fog of steam and smoke by humidification,
may behave as a mabural fog in reducing the radiastion
loss from plant and goll surface, Againat this

posa ibllity must be welghed the efiect of the condenw
satlon of molsture on the plant surface, which undoubt

edly inpyeasep 1ty ausceptblbllity to frowt damage.

11,

3
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Aang thoemmocouples and a Cagbridge Recorder to wmeasure

SUMMIARY

Section IT

42

The deprossion of the tomperature of fruit bud

and blossoms bolow thet of the surreunding alr, under

nocturnal radiation conditilons, was Investligabed omploy-

the dnbornal temperabiwes of the buds, OF the two
Factows vhich may cougse this bemperature doprosgion, =

net loss of hoat by radiablon 4o ouber space snd coole

“ing due Go tranapivablion, - 1t wos cloarly osbablishod

that, under calm nochturnal vadlatlon condlitions, radi-
atlion by thoe bud or blosaom accounted for the mjor
portlon of the depresslion of bud demperabure below alr
temporature, The cooling due to transplration from the
bud surface waa shown to repregent certainly lesé then
25% of the correaponding depression of the vet ﬁulb
thermometer under identical conditions. it was %ha§e~
fore concluded that humidiflcebion of the elr as an
adjunct to orchard heabting could confer no a@@ﬁ@&i&bla
gain in bemperature vo plant parts by reducing brange
piration, whabever 1ts effect mlght bo in blanketing

oubgoing radlation,
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SECTION IIX

THE GONTROL OF RADIATION FROSIS
{a) BY MPANS OF AXR CIRCUI~
ATION

(b) BY MFANS OF ORCHARD
BEATTNG
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Introduetion

The raising Qi“ orchard bempeoratures during
ragiatlon frosta, elither by évchard heatlng, or by aln
circulabion with blowors, is gtrictly limited by the
form and size of temperatuvvre inversion In the lowest
50 £H. of the atmosphors. On thooretical gmu‘ma it
would bo oxpectdd theb alpr clveulation or mixmg » Woull
vend to iﬁe;ﬁl&ae a hempersture Invers ion structure by al
toniperatwrs profile approzimebing te the dry adlabatle

lapsg pabe, which, In o shallow zZone, Will not differ

appreciably from an isothermad layer. The destruciion

of an inverslon by wind schieves just this rosult. UThe

tenpopature of Uhe layer should approxinate to the
original tomporature towards the Sop of ¢he sone in
which uixdng has baken place, The single trial of aiw
elronlation which was capried oub here, pertially cons
firms bhds exmpechation, IF this ls gonerally appliceb
it provides a mothod of deherulning the expected gain
in tempevabure ab any helght within the nixed zone, v
thie form of the Lomerabture inverglons This temperaty
gadn should roesch & nexinman neoer the ground and fall
off papidly with increasing hedght,

Daba rolating to mean inversion size up Yo 50
4+, on occosions of severe vadiation frost, ls ossent
in oeder Lo éevaluabe the probable effectlivoncss of air
eirvenls tdon in relsing ercherd tewperaturess As we

have alveady nobted, invernion size s debormined by

d

le,

ol

]

sal

locatlion, as 1t affecte exposure to wind, and alr draine

age, and also by groumad cover, Inversion conditions
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over £lab g?aﬁnd covered with short grass, in an
exposed sibe, hove heen vecorded over long periods by
Johmnson (1929) and Johmwon and Heywoud {1658},

The gize of the temperature inversion sinmll-
srly tends to limit the tewperabure vise which may be
obtained using standar&'oil‘buﬁning oiehard heateors .
fhe heat sources must be small &nﬂ wall distribubed
within the heasbed area, A aingia lappe hoat source
would produce inpense convectlon and cerry the wormed
ale woll above useful limibs; many smell sources of
heat serwve to ¢ liniunabe Lhe bemperature inversion in
a.rﬁlaﬁiVﬁlyvshallew groand zono and fha heabed alp
1s votained bonesth the inversion,

In boath types of attenpled temporaturs control
tho Arift of warmed or miwed eir oub of the heatod
“one 19 & mjor factor in deternduning the efilclency
of heating, and for this veason bhe heating of swall
ér@asaﬁ AONWCONPAcT Qreas wush mﬁéeaaarily we lu=
erflclegt, The velatlve guocosgs of heabing in
Gallfornisn olbtoug ovchards Zs dus to the large scale
on whieh It 1o undevbaken, end to the facht thav the
frosts which have to be combatbed are ravely severe

Jo hds gren,
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(a) Alr Civoulobtion by Means of a Helicopter

Mothoda

4 triald of the offectivensss of alr mixing was

wade possible by the able cowoporetion of Wing Commander

Capper, who hag boean assoclated with the development of

9

the sgricultural applicatlions of the helicopnter in

- apraying and dusting crops from the air,. The holicoptor

rotor provides can offecebive blower, capsble of pro-
ducelng substantial air sireulation over a considerasble
arsn.

The site chosen for the trial was the flab
floor of the Ayr valley adjacent to Auchincruive. The
ground cover was thlck meadow gress sboubt 9 In, high,
Both the site and the ground cover favour the developw
ment ol low surfece tomperabures and large Invevrsions
under rodlstion frosth conddbions,

Rorocasts of swulbable condihions for the trisld
wore obbalned fron the Meteorvlegleal Office ab
Prestwick Aivport and, efter a considerable delay, such
cordlilons areosé on the nlght of Mey 18th, Plg. 28
11lustrabos the layout of the trdol. In the Pivst
trial the hellcopbor was used as o steblonary blower;
in the second, its effect in deatroying the Lonperature
Inversion when fl;ringg overw the trlael area at a helighi
of approzimbely 50 £4. wore bosted,

Thermomeber posty were geob In two lines atb

right angles, converging on the hellcopter, A Yo T and) .

P to T, at inbervals ol 10 yd. In the rwis, the nearesd

belng 15 yi. from the rotor. Thermometera were set ay
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1 £t sad 4 I'h, above growd level, &n addiblional pole
¥, 13 yd,. from the helicopber corried thermometers at
10 £y and 1T fb. ALl thermomeboers {mm sereened as
previously degewihed,

Wind spood duving the pevlods proceding and

fellowing the Fivet twrial, end durlng and following th

gecoad brlal, was reccrdsd by a senniblve cup snomowebp

ot &, The speed of aly oubflow Ifrom the hellcopler
ﬂ.ﬁ#m{@mm wasg wmedsured by a4 8 orton of five anemomsbor
& bo By set pb 4 £5. € m. abeve ground lovel,

The nuuber of obsorvers avallable were ine
sulficlont to perwmld @b&i&i{-‘vmmm being taken both in
the experimenial ared and lun a corwespondlng control

aren. 46 was therefore deoided to use the diffesence

bobueen the alr temperature duving mixzing and bthe estpas

poleblion of the cc;e:slémgg cunve prilor to mixing, as a
werawre of the vomperatuve gein abt sach locablon and
ab ench hblght., The thesmogreph braco during the tria
showod & very reguloy fall, undisturbsd by any major
breaikdown in the temporature inveralon, and it may
thorefore e assumed that the temperabture fluactabionag
rogorded, way be corveetly atizlbubed to the helleopte

clreniation and not to local wind fluetuablons,

Temporatore proadings were takeon at 3 to § min,
intervals ab all locations throughout the trials.
Anemometor readings abt one wmins intervals were Laken
at locatlon A with the cxeepbien of the perlod when

the helicopher was operating as a blower, During this

-3
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perled anepmomoter readings at & to § nin, inbervels

were teken at the five locations 4 fo M. Obgervations

were suspendod fow a brisf poriecd of 10 min, prior o
the sescond trial.
The recerdings cover bhe following perieds,
(1) 0112 to 0182 kv, 16 min. Calm,

{R) O18F to ©144 br, 16 min. Rotor operating
: a8 8 Dlowor.,.

(B). DLA4 to ORI hr. 27 mins  Calm,

(4) 0811 o 0207 by, 18 min. Hielicopter in
Flight over aron

(5) 0227 te 0248 br, 19 win,  (alm.
Fles 85 2,0,0,4 and e, show gonnbleally the bewporaburs
Slaotuablony ot sgeh heipght and localilon duving the b

Piwsh twiol ~ heliconter atebionavy on the
ground, employed es s blowey

L& suwmnary of tho btemperature gains abt each
height and Loecablon, &b 0140 Lo 0142 hr, towards the
end of the air cireunlation peried is given in the
followlng table,. |

Tab%::i 27, Temperature gains at loesbions 4 te B,
and P Ho ¥, darlipg the oporatlon off
the helicopber as a statlonary blower

{‘% )
M;&@h‘u above samw,xma from t“ﬁfsa poLon
ground dn feet , i) _gORCE
_ . B 128 1 B8 1 48 185
1w 0,8 |
10 Lpld
serdes
4 A to B B0 | Lad 10,8 | 0,56 0.8
"'3« & to iy 6#8 E’L‘w ] n.ln‘g: (}w o @g*’l
L Ato B 1096 | 448 [ 8B40 | J48 {07
i P te® Qgé ?ﬂ@ 6.9 2.6 240
. . i

o

olg ”
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Virtual destructlon of the temperature inverslon talkes
plaes 13 yd. from the robor as the following. flgures
recording the temperabure profile beifore, and during

the oporation of the yrotor, Indicate,.

'ﬁaighﬁ' ingroease of ﬁeﬁ@éﬁatﬁfe wiﬁh‘ﬁaigﬁﬁ‘
Interval , {°i,)

jpetor atationary | Robor in mperaﬁiﬁn

1 - 4 £, 6.8 1.8

l "‘1‘3 £ 5315\? ’@ga

1 -7 b, 96 - Qa7

The form assuned by the bouperature proflle during
Qixiﬂg, Lllustratod in #lg.86 a ond b, shows a curieaa‘
dayafﬁ&r@ Lrom the anticipated lsothermal siructure in
that the temperalare st 4 £t. éxcoeds thet ab 17 s
by 0e8 snd L7°F, at 4 and P vespectively, indlcating
e suporadisbabic lapso vate botween bthose lovels. The
compregsion of the sir in the outfiow zono cloge to
the rotor, may accownlt for this éxcessive temperature
1nafe&aﬁg A bemperature iﬁ@ﬁﬁéﬁ@ af 1,7°V, results
from an inorease in pressure of 11 wbs., roughly I¥ of
atmogpheric prossure whdoy aﬂ&aﬁat&e condlitlions. An
incrosse of thls oxder ls qulie probable in the outiiow
zone near the matav» e rapid fall off in ﬁhﬁ temp-
erature gain, both with inereasing helght above ground
level, and with increasing distance from the roéég; 18
very evident, Thiz fall off i1s much more repid along
the line A to B, than P to T+ This difforonce can be
attributed to the katabatic wind whlch, blowing roughly

in a direction from § towards A, would tend to produce
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a deformation of the form of the alr circulatlon, which
1y reflocted In the deformation of the isothormal supe-
faces which would otherwise be gymmotrical.

The wind velocity, wmeasured at minute lntervals
at 4 during the btrials, had the following mean and

maximan values s«

Calm periods |Mean veloelty | Maxiwum velocity
over & 1 min.,
poriod
(hr.) C{FiDe8) (Tapeiie)

0112 to 01g8 1.7 5.0

0144 to 0211 1.1 21

0RE7 to 0846 la4 247

CDuring £lisht
OBl to ogaw el ‘ G0

Puring bhe operation of the hellcopter as &
blower the following moan ale veloolbies were recovded
at tho snomomeiters stabions A fo Be

A 13 ya, from rotor 1343 FeDabia
D it H H it

B ‘ < 1.8

¢ ag it i 144 2*8 i
D a3 ] 1t i o ‘Q 1
m B3 it it 1 1 '5 1t

The very rapld reduction In the outiflow valqaity wibth
increasing distance fron the notor, suggosta that a
closed elreulabion of a vortes ring type pyobably
develops. One would empect that the oubflowing alr
would tend to flow along the lgothermmal suerfaces, whioch
slope upwards and ouwbwards from axis of the robor, in

o bowl shaped conformation,
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Socond trial = hellcophber in £1isht over the
Sxperimental avea

In the getond. brial the helleopter Plew over

the area at an approxisate holshi of 50 P4, for o perled

of 16 mine Its track was along the Mne of posts P to
T: it made a clrcuis of sbout halfeg-nile diasmeber,
recrogsging the area aboub evoery two min. during the
peried, She naximun temperature galn ab esach helght is
pumparised in Table 28, The mean galn of each of the
two gevles, A to B and P bo Ty are sopuratoly glven,
Table 28. Haxlmwn bemperature gain at locations

A Lo B and P to ¥, with the helicopter
In £light over the ayea

Holight above | Meximum bemporature gain {°F.)
ground level | {lean of sordes in the casae of

dn fte 1 10 and & T, lovels)

17 1.0

Geprlos

4 A to B - 240

4 P to ¥ B0

LI 4 to & 440

I P to ¥ T4

The wean tomperature profile at the comencement and
tormination of the flight 1o Labulated below.

Helght intverval | Inersase of btomperature with
o heisht (%F,) .
in £, tommenconent [ Peruinatlon
. R of Rldeht of flight
1l be 4 Sal LB
1 o 10 10,8 Ge3
1 to 1% 10,8 Gab

Afvor boermlnatlon of the flight, the Initial
topperature galn fell Hto half its value in ¥ min. ab
4 fHe, and in 11 min. at 1 {t« The merked dlfference

botween tho gains rocorded in the two series A to B




and P to T, can bo atbribubed in port Yo ithe residual
effeet of ’t:hé Mret trlal; btempovatures in the geriles
P bo T still re:méinec‘i hlghoew than those in the sories
A Bo 8, | but the main cawnse of the groater gain 'in the

P to T sories must be abtiributed to the effect of the

helicopber on takew-off, which subjected the area ooccupl

by tho line of posts P to ¥, to a vigorous downedraughts

The area & vo I was nol so affected. The rosulis are
clearly Lo be seen In Fig. 86 ¢ and ds A considerable
tomperature rise took place in tho series P to T
immediatoely aftor takesofs {0811 hwe) whoreas series A
to B ghow no appyrociable ;n:&sa unbll afbor 0820 hy. It
should ‘53 mentloned thab 'Gn the fivat two or three
elrcuits tho piloy wag {lying conslderably sbove BO ft,
and only after .i‘ma&liarizmg himgeld with the configurs

atlon of the valley d4ld he descond Lo a helght of &0 £,

The continued rlss In temperature in the series P to 7
between 0217 and 0820 Ix, whioch Is not in evidence in
the series A to B is wore aii:ﬁ’:;‘i’icmi‘t to Intervret. It
can only e suggested that the pmetratlon of the dovms
draught from the ailrveraft would be facilliated by the
partial breakdown of the lnversion already in ovidence
in the area P bo P, whoreas the pronounced lnversion
condlitions stlll prevalling over the area 4 to B would
resist §§enatbatiaiz and twrbulent mixing,

In view of those eclyeunsbances the palos
recorded over tho aves 4 Yo B masd bhe x*agaz:@:;cmﬂ ag a
moxre weliable measure of the true effect of £light over

.the qron, than the sevies P to W4
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(b) Orchard Hestins Trials

Methods

Two trials of orchard heaters were cavrlied out
en the nights of Aprll 25th and May lst, 1948, in the
same locabion as that chosen for the hellcopber trials,
A sheltered valley bottom location, such &s this, might
be expeched to provide favourable conditions for heatin
An unavoideble difficulty arises in the carrying ecut of

all such experimental trials - that of scale, Commercial

orcherd heating should be untertaken on compact areas
|of not less than 10 seres, A trial on this scale is
imposslble, unlsss undertaken In co-operation with a
conmercial grower, on account of the heavy demands of
oquipment and labour Ainvolved. The present trial on
the scale of one acre, must nocessarily be very much
leas efficient, nor can an exact cstimote of the loss
of eificlency bo obbained.

Blxty heaters of the modified Harrington type
were employed., UThese cmbody & chimey in which the oll
vapourizes and bubns with 1ittle or no smoke produciion
Tho fuel used was Pool Gas Oil, & grade of diecsel fuel

The heated and control areas were located on
the flat fleor of the Ayr valley so that the line Joins
ing their contres lay transversely across the axls of
the valley. Thus the normal line of flow of the katow

batic wind drift which persists down the valley under

| calm radistlon coxdibions, will not ecarry warm aly fron
the heated to the control arvea, Fig.24 shows a plan of
tho triel, with the disposition of heaters and of

He
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thermometer poles, three In the control area and nine
in the heated area, In the heated area those were set
equidistantly between four heators, except in the caso
. of pols et which was two yards i‘:éom o heater, The
poles carried aamamﬁ thermomebers at 1 £% and 4 £'%,
above ground 1evé3., Two further polea, one in the
contre of each area, carried thermometers at 10 £t. an
17 £, | |

Forty-nine heatai*a were dilsposed in seven rows
of seven, ab intervals ei; 11 yd.; the remaining eleve
heaters were seb mlong the windward border of the area
%o provide border heating of the cold inflow. In the
firat trisl, only the hoaters in the body of the area
were 1lit, in the second, the border heaters vere also
employed ¢ ' _

011 oonsumption was determined for six heabers
in eagh trial, an@ shye an average value of 0,40 gall,
por hr per heaber,

The ground cover was meadow grags about 3 to

5 ine longe

Recowdy

As In the helleoepbor trials, temperature and
wind speed were recorded at the various locabions
throughout the trlel, with the exception of the period
daring which the hoaters were bolng lit, Records were
commenced aboubt an hour before the heaters wero lit,
in order that any differences bobwweon the temperatures
originally prevailing in the heabed and control areas
might be taken inte account.

d
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Meoteorological conditions

On the occasilon of both trials the sky was
cloudless and the wixﬂ iifghh The dewpoints on the eve:
ing preceding the ﬁxsiiui- and on thé ‘i‘cﬂlov:iné; mdrhing;

were as followas~-

<
o
fyening April 25th 4245
Yorning "  26th 42.6
Gvening May lat 80,0 (hoar-frost poir
Horning ond 3440 ,

On both occasions & steady kabsbatlc wind persisted Gows
the valley bthroughout the twlalss The high dewpoint on
the occasion of The firat todal z:rw@ntgd & lavge Dall
of bempergture, and Ly nidaight thoe Ltemperature had
become stavles the mueh lower dewpelint ox the pight of

and a & creon minlmum of 28,27, was recorded ab the
leteorologleal, Station on the adjacent hill Lop.

Temperature rosords

The mean htemperature differences; .pixlor.to
heating, between the e:écpm?iman‘bal and conbtrol dreas, are
boooyrded In the following table,
Table 20.. Yoan temporature Qifferences bebween

exporimental and control areasprior
to lieating

| Wean temperature Qiffercnce. ‘ '
Height | Experimontal ares minus control (%F.) |

(£54) April 25th |  Vay lat
4 = 0,08 - - 0,2

ey lat was corvelatiod with a lavrge fall of tomperature

)
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It was nosumed that the above differences
would \m-va persiasted thr‘éﬁg}lﬁt the heating trial,
elthough this mey be open t

i:heréfore applied as corroctions Lo the rocovded tompw

Qrestion, and they were

opature ga,ﬁna An the heabed arsa, The tanmporatures
within the {two blocks show i’aiﬁrlﬁf close agreement
oxcopt 6t one foobs

Fige ©F and 86 wveoowd graphieslly, thoe megn
temperature verdatlon at each level within the heabed
| and control areas, and the fluctuation ln nwan wind
velooity throughout the tyrials.

‘ | In the Pollowing btabley ‘%}m menn temparsiure
galins within the heated area are recorded. It will be
obgerved that these decroase with Increasing hoishh
above ground Z!.avé_h

fable B0, lNean temperabure gains within the
o heated aves in oW,
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(fec

o L April g6th, 1948 llay 1st, 1048

8 - Time (br.)

| 6153 0150] 0208 0BaY] 0987] 024B| 0200|0821 ] 0246 10500 |0

515

17
10

Opd 100 10,8 1240 1248 1046 {144 {145 {141 {16 13
Dad 10T 10 1140 L8 (048 1*4_ Le7 k3 [ReB 1

Led [ 240 |24 {242 [244 188 448 14,6 {247 [49 |4

0.6 112 1348 13 | 140 | Qa7 J240 1149 [1:0 (2.8 [

» 5
o5

M

The effect of heating on the size and form of
the temporatuve inversion 1s iliusbtrated in the follow
ing record of inversion sigze in the heated and control
areas a'l;. the timé of miaximdm tempersabturs gain at 1L b
in sach trisl.
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i?ai:la 31y Temperaburs -inversion conditions
during heating

i |APRLL26th 0805 be,| ey lst 0500 ke, |
tguorvar | TompeveUITe Lioveise Vit height (05.)
{Tt) Heatod | Control |[licated Gontrol
area ares  jares ereq
1L~ 4 Sl 249 Bl 5«2
L o~ 10 .1 a8 J &8 6.6
1 =~ 3% 3.0 5.8 546 . 6.6
mamﬁa&m

E;ilzme the effecbivenecan of orobhmrd heabing and
1

alr clreoulatlon depends wupon the size of the ténga@ra*hure

inversion prevailing in the loweat 30 e 40 £%. of the
atmesphere, dabe reloting to invepsion coaditions in
charvacteristic locabions is of great intewest, Ui
fortunebely 1ittle data is aveilable in this counbry
other than for flat exposed slbes, In Amevicn theve
i1s & considerable body of debe Por bhe eibrus growing
areas of Colifornia and Oregoh as a rosult of the
climabologioal studies of Youmg (1920; 1921), wade in

cormecblon with the "extensive orchard healtilng practigef

in these dlatricte.

‘rﬁ@ following compardsens of mean and exireme
inverslion condlitions in Ingland and the UJS.4. must be
regarded as approximste, due to differences ln the mode

¥

of measuremsnt of the inversiony in the basis of ‘cless
 ificetion of the data, and in the height intervals
adapted, 4 proporticnal adjustwent of the American
.valu.es‘ to reduce the hase line from which invers Jons
were monsured, from 8§ £, to 4 f£t, hes beon made .
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Jobnson (1929) snd Jobnson and Heywood (1938) provide
date for Porbon end Isalfield In soubtharn lngland, baseg

on conbinuous btemperature records over & number of yoaps.

Young {29203 1921) progents exbensive ﬁg.tfi for the
Pomona Valley, California araﬁ the Rogue Rivow Valley
negr Medford, (regon, His determinatlons of inversion
size ove based on the dlffersnce between the minimum

tempevabure peocrded &t spseifiod heighis. The dwo

Bnglich sitos ave bolk relntively £lek and woll expos
and nelther are subjeet to ely drainage ea’?i‘aa%ﬁ;; Bot
Anerican sites are locebed In the bobiomy of very broa?
open valleys; .  the Pomona Valley slbo was over a nile
'from the baso of the nearest hills flanling the valley,

and the Bogue River site appears to be equally un~

constrictods The alr dralnage offect fyrom the relatively

low surrounding hills could net he very pronounced,

Date for Porten, Selisbuwy Plain, Wilts,
Adeltude 365 fta, Jobnaon (1089)

Uean dnveralon fov clewr oighte in June with 1iehb. winds,

Popied 2200 0 0300 hva

Holght interyal ° Meen inversimm
4 to 25 Ph. 24501
4 Lo 86 £by 345 F,

Itreme fnversions dunlae Boring

\ S m b g ey W
Poriod Vabreme dnversiong “F.
e 2 b0 85 £, | 4 to 866 £,
1028 540 - 540
Hareh 1924 5.9 . 043
L9585 Lald 646
FREAE] o Bab 7.0
April 1924 6al 549
1985 ! 640 7 46
P 1055 3 ok 248
Hay log4 | 446 548

. 1985 - B 5.48
{ Mean of extreme Bal - BaY
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Poabe fap BHeaflald, souble-cosh ftdag{z off Cotswolds

Albitude 612 Fh., Johnson emza ;zeywand (1938)

Meon inversion for oleawv nishbsg in June with i!.s.gaht winds,

i“mrimi 22e0 to 0500 lm.

Hedght Intorvel Hean Luversion
4 to 41 £5, R490Fe
4 %o 288 Ll  AeBR,
Bebwene fnvepsiong dueing Sprlng
& Ttrome inyension (OF.) ']
Voo (Helght mtax*m:i + 4 to 41 £6,)
. Maven | hpwddl ey
1986 | 5. Gl 440
legy - Gab 4,5
19gs8 Cdal Dabd 5 G
.1‘&)1;"9 10,1 DSa9 _ 8.6
:ﬁf} aﬁiﬁ% ; 6& } 5'1‘3

Emaan af ﬁmwema P m‘i I‘

Bate for Fonona Valley, B. Oaliforuia
Young (1681)

Based en mindmam temperabtures yecovded at & f‘ﬁ intervals

on 2 40 b bower set on the valley f'i.e we (OF,)

T [ Bemsion TR Toversion somvocter]
) Mean ;m:trema (£54) \ *a.m ‘mwem '
510 | Lek| Bu2 | 4w 01 1. 5.8
516 | 2l 48 | 4-35] 50 | 5.
5@ | By6| 840 | 4~230| B | 8.6
5egs | 5ul| 938 | 4~ 28] 5ua 10,0
=50 | O45| LLO | 4=50) 646 | 1146

5 » 55 el ] 1220 | 4~ 35! % 12+6

5 « 40 Bed | 360§ 4 - 20[ 8 1846 |
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Based on miniuum bHemperature ooords at 10 £i. Intervals

Pote for Ropme Riven Valley, Nedford, Oregon
Young (1981)

on & 55 £1 towsr set on the velley floop, { °F,)

“Helght | imversion | Helght | inversion corvected b
INTOPVE L fomimmimmprimisimimmad  ANGOPVALI 0 buse line of 4 £H.
| (£6e) | dosnl Bxtwomd = (fbe) | Wemn | Txbrome
5 ~35 | 3.9] 248 | 46| 241 842
5E =285 | BJ.6 B3 4w 85 548 . 346
8 = &5 442 1. B,8 4 - 35 Get | sl

The inversions recorded during the trisls of
orchard hesbing and air mixing in bthe &3:' valley at
Auchinerulve are ag follows . |

Helght interval 4 £, to 17 £,

Pato llean dnversion
1948 ey
Appil RBbL 1%
Way st £ad
May  1Bth Sa8

T4 shonld be nobed that exlrems inversicny ave nob
necessarily cheracteristic of the most severed' frostsl,

They way £follew excepbionelly werm doys vhen the sure

face godl temperaburs, and theorefore the freo air temp
erature, have rigen Lo abnormal levels. The very rapld
cooling of this suporilelal leyer of soll resulbs in

Lthe development of an abnormailly large inversion. The

moat severe frogis follew days on which the ground surd

foce temperalure roempins relabively low throughout the|day.

For the purpose of comparison, thess four sets
of data are presented grephically (Fig.20). Ib will be

notleed that inversion sizge at the two sites in Amorica

gererally excoeds those recorded in this counbry, While

104




the valley locatlaa of tho foumey prebably cocounts Lol

3

a proportion of the dilfferense, & further and prebably

more important souwrce of differsyee Lies in tho exceptionw

ally low rolative humidlbies cheraochboristic of bhis arp
" Q. .
of America, Dowpolnbe frequenily fall to 88,, sud

T

rolotive bumiditlos of 5% hwve heopn vecordsed by day.

This favours an erxceptionslly hisk vate of not wvadlatibn

looz, awl exbvemely rapld coocling of the avil surface.

Yhe greater gonle of differvence hetween hill

Sop and vallsy botion nlundwum tempevatures in Celifornis

28 r;smgmmcﬁ with this eounbvy,; alvsady reforred to in
o previouws sostlon, can also be attwlbubsd, in pard,
0 the sape cause.

If we meke the arbitrary sgsumpbion bthat a
blower desbroys the tempsvaiure inversion betweon 4 £ul.
and 20 L.y then the estimabed ﬁesixzpexéaz_fhzz:ﬁa salug &b
& L6, and 20 £5. dn the voviovs sibes under poview,
under mean and extreme inversion conditions, would be

of the following order.

Auproximate tempersture
e 030 (OF, )
3ike 4 b 30 Ph,
Invorsion conditions
o Neanjlxtrons | Moan jixbrone
Lealiald Lath G el | Bad
Fortion Bel Ga¥ | LaB Ltk
Rogne Rivey Vallay, :
Oregon G40 4485 183 27
Pomora Valley :
ga lifeornia dal3 Sad Bel | 448
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Theso figuwen assuve thob mixing is complete
and conbtinuously maintained. In practlee it is do ubt
fuk vhether such conditionn ean he mainbalned over a

lavrge evea, sconomlcally, with the types of blower atb

present under trisl. The expected gains in this couniry,

on level, exposed ground, 1¥ Bo% of theovetiecnl figure
1s atbained, would havdly appenr bto justlfly thelr use,|
In valley bothom igmi;iém, where the valus of the

temperaiure inversion bhetween 4 ond 20 b, might be
double thobt en level @:ﬁmimi., galng of the ordor of 3 Hb
5%, at 4 £t,, and 2 bo 259, at 10 4., might be

anblelpatod under very favourable coriibiong assuming

that G0% of the theovebieally possible geln is abiainef.

Hore information ls ebvicusly regquired on laversion
conditions in velley loeatlons, umier severe vadlablon
frost conditlong .

Purning now to owchard heatlng, veference bo
Plpe2b suggosds thet, umder mean inversion condiblons
at Iealleld and Pordon, ithe valsing of the alr tempere

atore at 4 Lo by 3°F. and 4% . vespoctively, wuld

climinate the ifnversion to a helght considerably exceolw

ing 50 £4,. 2wl so preduce & very high coaveetion cellin

For the warm alre Undor oxbreme lrnversion condibions

the ralalng of bhe temporature ab 4 ft. by 6"¥, and 7%,

respectivoly, would producs & comparable o liminatlon

of the inversion and 2 correspondingly high Inversion

celling. When bthese heebing levsls avre approached under

the specified Inversion coniitions, the employment of

addltlional heabers must mesuli in progregsively smallel

b 4
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tﬁz}'{pera%&wa aodng . Wider mean Inverslon conditlons In
the Pomona Valley, & tempervature paln of approximately
a®p, ot & PH. con be praduced while the couvection
geiiing romaing losg bthen B0 063 while uwler oxltivaps
Laversion conditions 2 simllar ehdsing of the Gowpere
ature a% 4 b, would weguld S o bonveellon colliug of
o fithis over 20 £t. The efficlency of hﬂ@.ﬁﬁ.ﬁg nnder

suoh eonditlong will obviously be wery conaidarably

gregber fhan thet whish 1t de posslble bo achisve undey

%
the feobler luvorslon tondiilons which ave suspected b0

[ 23

pravedl dn geneeald in bhis aounbiy,

SUNHARY
S g A A

Bection ITY

Throngh thd co-opovablion of Wing Coepmanden

%]

CCeoper of Preatwlick Alvport, & beled trlal of the

elfachlvencss of nir fleoniatlon s o sdans of Jdestroy

lug the temperature inverslion sud of raising the tempe

eraturs of the zope of alr peer the ground, undey

radigbion frost conditions, was undertaion, The gervid

of & Bell MHelloopber were ssoursd Yo achk as bobh &
ghatiomery and o mobile blower,

On the night of My 280k, & trial was corriod
eut on the Dloor of the Ayr valiey, under calm redie
etlon condiblens which resulted in ¢ large Sempevatupe

Aavorslion.

Recomis aye presented of the btemperatuve changes

cosuRring during operatlon of the belicopber robor as

& stasionary blower, over an ares exbonding B3 yd. fror

b5

és

3
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from the vobor and Go 2 height of IV £t, above ground
Jovel.

. O . p
Temperptire geing of 6 to 871, were vecopded

at 4 £t, above greund level lu the neay vielalty of the

eobor, bub theose galns felld off very papldly with
ingransing dlatance frowm the fobor and also with ine
oroasing height cheve pround levsl, Recerds of wind
sposd ducdng the tial, of the pate of hovisontal oui-

X,

flow from Lthe down dvawvght of the wobtowr, and of the

rate of PEmes toblishment of tThe bewpevabure lrnversion

afboy the robor ceased Lo operate were also taken.
Tho effecd of the alrveralt In £Light ovor bhe

ares wag peeepded in o docond trisl., The holicopber

conblawous ly eogrogyed the experinenbal aven at intoxrvals

of approximicely o minubes, Tlylag abt o hedghi of
phont 50 £, Yomporobure gains of B to &F. were obw
talnod at 4 £he above ground level, falling bo 1°F . at

I7 6.

On the game glte, twa limlbed trlals ol orchard

nesters of tho modified Hoavedngbon Htype were capyied
ot on the ndghss of Aprll 26tk snd May lst, 1948,

The heabers were uscd at o densibty of 60 pev
aere over o souere ares of L sere. In the socond trlae
hordey heatlng on the windward edge of the avea waa
adopied «

Raoowds of the bemperature gaine obbalned ab
heightao of 1 $%, 4 fla., 10 £%,, and 17 L., within the

Y

bested area, are proesonbod .

¢

On The night of Apell 28th these guins weze off
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the order of 3,%; at 4 0., and sllghtly Jesa than L°F
at 10 £5¢ On the nlght of ¥ay lot, a largor temperatu
ii:veaz*ss.em prevalled and hoatlog vos wore sffectivae.
The Gemperatura mins were of the oxdey of 2 to 8.
ab 4 ¥, and L6, ab 10 £,

The rolablonship betweeh e form and sizo of
the tepperature Inverslon and the effectiveness of

bosh blewery and oxchard hoalors Jn velsing the

temporatore of the alr in the ground zone, 18 diseunsef

e

.
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SECTION IV

TG SUSCEPTIBILITY OF STRAWBERRY, RASFBERRY
AND APPLE BIOIZONE TO PROST INJURY




Introduction and Review of Lite;gmra

The importance of frost injury in limiting the|

geographilc arcss in which crops can be grown has naturs

ally led to an intensive investigation of the factors,

genetice, physlolopgical and environmental, which determi

or nodify susceptibllity to frost lnjury.
It would be out of place here, to atbempt to
review in detell the larpe mess of exporimontal date

relating to frost injury, or the mmerous theorles

which have been put forward to account for its vagsries,

For such detailed accounts the reader is referved Lo

the foilowing reviews and bilbliographies; INaximov (1929),

Harvey (19355), Luyet (1940), Imperial Burecau of Plant
Breeding and Genetics (1939), end Devibt (A94l). oOf
thesa, the critical review compilled by Lovitt (19541)

glves & very complete account of the expeorimental data

concerned with the factors controlliing {rost injury and

reviewvs current theories of the physilologleal nature
of frost iInjury ln considerable detall,.

It 18 neverthoeless essential, for the correct
Intorpretation of tho results of this iﬁvestigatién,
to include a brlef resuwé of what is known concernlng
the physlological nature of froat inju:oy; In the
interests of brevity, roference to the original Work'
on which pany of the coneclusions, referrved toﬁalo\v,'
ere based, has Frequently been omlbttod, excopt in the
case of work gpeclffleally concerned with hardy fruits.

There 1a no evidence that low temperature, in

the absenco o ice formation within the plant tissues,

ne
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can cause bLypleal frost injury, thoush obther types of
phyaiol&@ioal breakdown mey result from prolonged oxe
posure to temperatuwres in the neighbourhood of freezin

partlcularly when sccompanied by strong winds and low

relative humidity. Cooling of the plant matorial below

the freezing point of the cell sap, without the format
of ice, 1., supercooling or tundercoolingt, is of
froquent occurrence and is never dlvectly injurilous.
In most plants, however, lce formatlon occurs when the
temperature falls a few degreos below the freeszing
point of the ¢oll sap,., Ice geneprally forms oxbraw
cel&ulgrly, in the iubercelluler spaces, As freezing
proceods, thers is a progressive migration of water
from the interior of the cell to these lce foci. Rapi
froezing rosults in the fermation of numorous small
focl, whereas slow freezing generally produces a limit
nugber of larger lco masses which grow in size., In
non=hardy plants, extracellular ice formatlon resulbs
in typical freesing Injury. In most piaﬁta the ine
creasing concontration of the cell sop resulbing from
the progressive withdrawal of water, is sufficient to
provent the formation of intrgcellular jfce in the

vacuole or within the actual protioplasm of the cell,

Intracellular ice formabtlion does cceur in certaln cases,

and usually resulbs in the death of tho cell. Tevbaln
in cages where 1t fs Induced Lo form artificlally, by
rapld freezing or extreme suporeocoling, followed by
almost instantaneous freezing, injury ia much move

sovere than that caused by extracellular jce formatlon
at the game wuperature,

=

i

don

Ly
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In the cuse of herdy plants, the water extracted
by extracellular ice formatlon is repldly reabsorbed on

Athawing, and the cells regain thelir normal turger, Not

A1

80 with bender plenbts. The waber resualting from the
thawing of the oxbraceliuler leco romalng unsbsorbed in
the intercellular spacos snd the tis aue agssumes the
waberlogged, sodden, [laecld apposrance, characteristic
of Drost Injury.

Mueh of bhe experimental work on frost injury

has almed at elucidating the physlologleanl nature of

o
-

the difference bobween hardy and non-hardy plant tlesug
frequently with a view to discovoring & relatively simple
epitorien For the measuvemont of £rest hardiness in
grop plants,

So far & complobely werified theory of the
nature of frost Injury has npt Deen pub ferward} the
most probable theordes romalin partly spsculative beeauge
the call properties which are bolleved to be invelved
Ju resistance oy 'smsvzsazﬁmﬁiiliﬁy, namely, cell permlability
to watier, and proboplesmic consistency and abtrmecture,

arge exbpremely difficult to Inveatlgate, o single,

(=]

gimple physiological property hos bean discovered which
wWill serve to aasess frost suscepbibllity.,
It is not proposed bo deal with those theorles
relating to the injury resulbting from intracelliilay ice
Poryabion, since 1t seems douwbiful if such injury ia
encountered during Spving freats. Only ishé noye

important theoriss concerned with injury resulbing frol

f=3

exbracelluler ice fermabion will be roviewed,
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Gonbrary to the contentlon of Stuckey and
gurtis (1038) that no evidence has been addvced to show
thaet extracelluler ice formatlion is capable of causlng
the dnjury and death of plant cells, many lmvestigators
agree in roporting injury under Just these condltlons,
and In the sbsonce of Intracellulsr lee, There is
foirly goneral sgreoment that the injury which follows
gxbracellulor ioe formation is the result of dehydration
of the cells, On the othor hand there ls no agreemont
as to the exach mole in which dehydration operates to
prodice Injury. |

Mamimovr (1914) suggested that injury is in thd
nature of an deveversible coalesconce of the portloles
cansbloubling the plasme collolids uniler the conbined
actlon of dehydration and prossure which he belisved
resulied from los formablon oither oubside the cell, aif
between the ¢oll wall and the pmtnmas‘m The theory
was put fovward Lo rvesolye the Alfficulty that, whlle
many plants ghowed parallel Injury to dehydratlion by
drought nnd dehydration by freszing, notable oxeeptiozaﬁ
ocourred which might be atbtributed to a difference in
senalbivitby bo pressure, further evidence has tlhwown
doubt on the part played by iee pressure partleularly
In leaf tlosues In which the large ilbtercellular spacoes
my easlly accommodate lavge ymsges of intercelliilar ice
without constriction, .

I ter-Thuraan {1680} recognised the inporbance
of dehydratlion a8 & probable csuse of Injury. Hoe made

egtimbens of the gquunbiblios of water withdrawn fronm
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tigssues in the course of freezing. He sugpested that
the esgential structuve of %m prétazpmsm wes destroyed
by the progress of dehwdeablion heyond & critical pe:mp.
The ﬁel&mﬁian; without Injury, In ¢orbaln cases, of

the removal of & lurger g;;m:gamjﬁiqn off water by dvought
dekbydration or plasmelysis, be abiribubed te the fact

that debydration during Preeozing is oxceedingly wapid

compared with that econreling durdng plasmolysis or drying.

‘i‘he- groater the water content of the tissue bhe greater
the change in the rgpatiall relations ol the gell collolids
when 1% e withdeawn, and consoguertly the greaber the
Injuey. The theopy agoumes thet the amownt of ice
formed 1n vhe tlssue ie, in soms degree, proporiional
to the i*;emm:mﬁumi‘alh Ihis, of course, is trus,
only above Yhe cubectic poinbt, If, hovever, freczing
injury fs woerely debydration injury, one would expuch
the vresistance of plant tlgsues to bobh drought and
JArost Injury Yo run clescly parallel. YWbile Yhis 1s to
some extens i:h;ss Cas e, many emae@ﬁiam ave beon observed
noveover, bthe grosker mosistance of wlilbed bissue to
frooplug Injuwry romaing unesplained, Hewe, 1% would
seem Hhat o cortaln measuwre of dehydrabien by drought
protacts agalnet a fupther measure of déhydration by
feroozing. Vovorthaless the changes which talke place in
planbs expoged o drought conditions and which inersase
thelr mosiotance to subseguont ciréuggh'%s injury, ave
clogely siwmlliar to those ocourring during the frost

havdening of plants; nomelyt~
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(1) Hydrolysis of starch Lo sugar.

{2) Increase in the permiebility of
the protoplast Seo water.

(3) Ineresse in cell sap concentrablon.

. {(4) Incroased resistance to deplasmolysis
Injuwwy.

Soarih and Pevitt (1957),
e thoory that the injurlous effects of dew-
hydrotlon wmlight bo of a chomlosl vather than o physical

vabure, wos firad gugeested by Sach (18%8). #Sincs then

mmerous workers have bronght forusad evidencs in suppart

off the view that the concondrablon of selts In the cell
sap eogulbing fron Freozing doehydration, causes prew
eiplbation of the cell praticing . In oppositilon to this
viow, Btiles (1980) veomevrhs thal an equivalent degrec

of ¢el) sap coneentratlon within the wacuole, induced

by placmolysls, is fweguently none-injueions. Paebhermore,

In the saas of tender plants, frecsing ab & lovol which
eeselis In only slight oo Lorppblon, gulbte Imgufficlent
o Induoe precipiibabtioa of Hths colloldal protelns,

nevertholess kilis the tissue, Iastly, the probective

acblon agelnat fesasing Injupy of aald solutions, applied

pithar exbernlly to the Lrozen tlssus or pobaally
abaoubed to vome degerat by the Llgsue, ls inexpllcable
on this thaoRy.

Wme s wm@z&s Egmw atbempbed bto corralate
hardlness «with the ablliby of the pland tissue Yo resist

the withdrewal of waber fwom 1%s cells. They maintaln

that & ocorbaln propertion of ke waber conbent ig thound?
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(1o82s 1924; 1924a) clalms %o show that in wheat, the
proportion of Yhound! water incronses markedly at the
onset of winbter. A8 6 m%amﬁ*es of Thound? x#atm:‘ content
he detormined the amount of water which was retained by
the tissne after cxproseing 28 much water as possible
undor pressures of thoe oxder of 400 u*&zszwhmms + &b is

diifiewit o belisve that sgoh Bigswes do ln faslt posse

fnhibibionnl pressudye of this opdey vwhile retoining over

0% of thody botal wabtor conbent. The reslgbanee of a
tisgwe bo the pemoval of wabor under presours i a
mogawrs rather of the voslisbamer of the tlysue bo
mechenical crushing end disrupblon of the individaal

eells than of Ybound? waber conbonly, Yevertheless,

Ross (1991} working on cabbage, and Newten (1924 wmj)

on verdotion of whesd differlug iu bardiness, have sh
thal the percanbege of wabtor rewvsining m‘mi‘:mséﬂ is
higher in handened, as 'compared with wherdensd coabbage
and in hopdy as cowpaved with tender vaviebics of wheal
It shonld be notsd, however, that those differonces ben
wo dlgappear LF She povoantags of waber raualning wae
Teoxen s cedoulabed on the basly of the dry welght of
the tlesue, instoad of the Trosh welghb., The lesue 1a
oconlused by the wide veapdety of nethods omployed, puve
porbilag Yo weasuee Thound? wabter and by the diffioulby
of dlgbingulehing boebween colloidally bound vaton mad
wabey held by the esmobio pregsure of the ooll sap. It
I possible et an increase In solloidaliy bound wabex
may pley some pawd in the winber havdening of the

sorbical colls ﬂi"wam&y planbts which nowmelly possesa

88
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g high protoplasmlic conbent. M counbrast with such
cells, the parenchymtous tissue of ft;;'”:i‘ta‘ mejorlty of
herbaceous plants, and of the soft growth of woody plan
13, Tor the most part, made up of cells in whlch the
proboplosmic colleide occupy & very small Lraction of
the tobal il vojume. It ls dnconcoivahle that the
small guentidy of bound waber fsseelated with thoge
¢ollolds 1o cpprble of proboctlng such blasues ppaiosh
dehydeablon Injury.

Searth, Lovith aod Slmonoviteh (1840) wove 1@«1
o conelude that the fvost rosisbance of hardy plants
was lapgely due Uo bhe dpherent roslisbance of bhoe poow
Boplagnm o The dnjurlious effects of dehydration, rabhex
than W the reducbion ov provention of 1o foruablon,

Lovibt (A938) polnts oub Shab havdeped cabbuge Lslevats

without Anjury, & much higher dogres of dehydration than

foos Dhe uhandened tigows, and alao 8 much groaber
persentags chenge In ¢ell volues. MNorcover the lothal
volune chionge, whother liaduced by froezing o plasmolyd
agross Sn being highor in hardensd, than in woherdened
The view of the nature of fraozing injury pub
Torword by Devitt (1941} streases tha fact dhad theve
i uedovbtedly more tean one slngle conse of injury.

Ho suggests That delydrabtlon of bthe proboplost, 40

ts

By

is,

tlasue.,

gareled boyond & eevtain polnt, roesulbs in ir:s’wm"simﬁ

congulatlon of the proboplesmlc collecdds, e cousiders
however, that dnjuey may oconr before this stege is
roached, dus o the Agovganisatlion of the sitrueture of

the cohioplasw and plasne wewbrens resulblng from tho

*




1lie

shyinking of the coll and the awtrone deformatlon in
shape vhich sceompnnies 45, Yhis produces shwaring

strenses which dlgrupl the gol layers. Ia this connselion,
it g inberecating to note thak bhavdy planbs resgigb

mechsmical injury during the wonipulation of thelr coll

ic

botber than do bender planbs. A Third guggested coumy
of Injury ks beund wp with the @@:rr;xla%gi’. Lity of tho pros
voplosl to wabter, 0Ooll porniabiilty o waboy ls gonsi
ally lower in vender than in haxdy plants. Unds nay
predispose Lthe plant o Lreoping injupy in Ywo ways;
Pieatly by obsteucting ezosmesls of walsr Ivom fhe cell
vacuole to exbvacellivlar lce feel durdng slow fresaing,
thereby faveuring mrkedl auperconling of the oell cm:rt;ejnt,
and perbaps inbrecellular joo formablon, with its
attandant Injurys secondly, low perplabd ity may lesd
to injuyy dbwring thewling lo the followlng marmep. I
thawing e vepld, the waver roleased lan the Sabtercellularp
gpacos rardldly ponotrabes the ¢oll walls which gulokly
exprad Bo slmost thely normal shape, Owing b0 the low
pormiabllity of the protoplasmice nembraene the uptake ol
water by the vacwole and proboplasd iz conslderghly
alover. It thevefovs hecomes sopavated fyom the cell will,
perhoeps Becoming btorn in the process. On the other hand
18 Sho protoplast Jo hipghly 3;7@1\3@.13%&3, the expangion of
the provoplest keeps paes with that of the cell wall,.
Injury of this nabtnre Ls desoribed by Iljin (1L988) in

| the course of the thawing of the opidermal cslis of rod
cabbapgo. The relabively bighey regisbance of sanll

celled Glsouss Lo frecaing, or bather thawing, Injury




s roadily espllioable on this basis, slves the rabio of

the suplfeee apse of the cell P¢ 1bs wvolvme 48 lavygo,

and m phgungs of weter throuh the proboplngnic meme

hpand m&m ;é_‘ixm* beteds  Sheselng styesses ave likewlse

eoduoed With doeveased cell sigee Ib I algo olgnilicand

‘\

fhaa i*. The consistensy of the probtoplegt In the celle of

g *d;x,: dormant bisgue bende B0 Lo Reps viseoww than tHhab

ol meblvely growing bilssue, This will be reflechsd in
& grenteor wlssbicity ol the dehydvaied proboplast apd

2 redueed teadongy to dlsrepblion duping freszing an

thawing, The proboplesm owes s groester mobility bo
& grecher degree of bydweblon, which in turan debermines

& groaber parrlebility of the peobuplast to waten. &

suplong QLiffloulby hoye mrises; Uhe ochange te the herdy

condililon le, in most shaog, aocompanisd by & decronse
in e totad wator conbent of thne btissue, This is
QAflloall So rocoacile with an fncresss In proboplasmie
hydrabiony

O the Deobery Suvolved in the avove theoory of
the nabure of froad fnjuey, coll porpiabllity snd prow

boplagmle sleueture and consbonoy ave jichorenbly

AAEPE .

Iffienudt Yo favestigebe and Durthey condivmabtion avalbs

sn advanes In the mebhody avellable for their exploratbi
Tueaing now to bhwe Lavostlgabtion of Srost

injury o havdy fralbsy  the work e seen to fall inbo

bwoe Lroad ocabuporlog e

{oe d Inveatlgatlions priuarily concsrned with the

wintor killing of the plenb, or wibh winber injury.

or o




(b} Thoge dealing with spving frest danage Lo the
developiog blossoms end frwitlets in the post~dormant

sbagoes .

This Latbor class falls again into two groups,
the fived ﬂeaiing with observetions on the effects of
naturally ocourylng Spring frosts, and the second wlith
the investigetion of frost suscepntibllity by means of
ariificlal »ofriceration treabments.

In this country, valuable rocords of the lne
cidence of Sm-im- frosts and the resultunt damege to
the fruis m:*chz:». are avallable in the Annual Roports of
the Hast lalling and Long Ashbton Research Statlong,
Pﬁsx:*fs:t.an ney be nade of the review of Spring f£rosts and
of the Ineldence of frost damage during the poriod 19156
bo 1935 (Hoblyn, 1935). 8pinks (1936) also gives an
socount of the resulbs of the severe Spring frosts of
1938 In the west of Ingland. '

0f papdienler value are the observations of
Taylor (1029), Potter (19483 194:5) and Bush (1945) mﬁ
the verletal resistance of e wide range of frulbs bo
frost damage In the fleld, In every case. estimetes of
relative bandiness are based on many years observationg
of the varlebies in questlon. Bush (1945) draws ex~

tonslvely on the expeplence of Iy Wormon Grubb off Bast

alling Reassarch Siatlon and Mr 8. Roper Dixon of Teynhem,
Eent, concorning bthe relative hardiness of cherries,
and the late Mr J, Amos of Hast Nalling Regearch Station

coneerning naara .




Yerdatal Alffévonces in ¥he onsot and duration
of the Llowering poviod, (Fobts 3:* s 19453 Hatbon nod
Gindbb, 1ORG), conplicabe the ; 210 %m’w B varisbal
grgooptlinility, sines this fostor verles sonaidorably
feow season o ponson, and asy ?;:fa'*num},ifs‘?ﬁe ad o & limited

axbord by praning avthods, T an oxceptlonslly labe
aoastng. Bhe Llowesring of all varlsoties wmay be condenged
e & yery brlal pordaed, and @lfforences in developuen
gvege may be of 1istle agoound In the owvent of a labte
froat, wheress in o nove norasld soagan they vy be the .
dogdfunnt factor dobermin Aw‘ bhe variebad fnellance of
Anmeg e o

Pobbor {1048} polonts eub bhabt roaiw @mc, WaY
boe podified dn the chge of applos by Lthe Sype of voote
gtool, ¥elling stooks I and II apparently confeveing
glightly greebey weslolence on the gelon than Malllng X
He hag ebservad that, In geaeral, labe keoplng vaplebie
solfer grenker damage bhan eaxly or mld-season Lypos,
and that yoeuwng treos ape mors suseapbible than old.
Mony davestlgators Lave abtempbod to dvad up

Sables Indlcnting tho exdbical tomporatures &b whigh
Qausge ccours du verlowe finits oF varlous stagos in
Phele dovelepment, hased on ovehord obhuervabiong,
(Gowdnor, Bradford and Hookew, 19903 West and Hdlefyen

10811, While of some valus sy & rough zuide bo the
minfinis tenmperabues condltlons wnder which danunge may
e anblelpated, the Limltabtlons of such bables et e
fagllized, Thoy ignore the effesh of the xﬁ.n‘r&‘ftidf“u of

the low bemporebure; they tesibly “ssuws bhel poasuros

tal
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ment of evcherd wiaimum bemperainres hes boon stendardised,

whapens in fact, many depayiupes from bhe atandard

monguranent made ab o 11@3;@?@ of 4 £%. With o soyoeened

winimuoy thermomebor, contribute to the records, A single

minimua bospoevabtuwe observeblon L8 Lreguently assuned
'ﬁﬁ b reprosentaiive of condibiony over o comvsiderable
m:’-géa ol wrohard, dn which wide verilaticns do, in f£ach,
oecur, Agedn, Litble secgunt ds telan of bthe shawep
vertical bemperature grodimmb whieh may resuld in sovexe
j;“**"mb iog of cordon tress wivlie gipndards escaps much
mrs Llphbly .
Gopednan {1{9535} o ghudy of bhe indury

anffered by thw Llover buds of Hontmorency ehsrey in
aeiweal froate, oone luded Bhek the ecnsiderable Qiffens

anoed In hordiness nobed bBedbwesn Indlvidenl blossom bhuds

£

could nob be abtivibubed to diffcrences in thely slawpe
of deve lopment, whiech was pelabively unlfomm ab any
paebleouler dabe dn o gingle loonllty. He suggosts thal

the buds are pore gensitilve to frost Injury when they

are & querbey to & held Hthe Jnal sige whilch they ebiain

bafore FLoverlings then when fully developed, Ne dooe
nok make ,;,b cloar, harever, that the grealer Injuy
pay Do asgocighed with Lroats of greeber sovapily
sneourtered &% the eavlivr piages,. o also o omenbs
on The fact hat the vavietles sxhidlbing sxcapiional
winber hardivces of the flowss bulds did wet nevewsarily
ghow covesspondlng dpeing ardiness. The saus lack of
gorraleablon betwoen winber rogistbance and spying

X

raglatenes bo frost dnjuwey was Qs sE v by Brlerley and
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Tandon {(19243) in 2 otudy of atvavbepey vardohles.

Tha eﬁwﬁ lagt exbouslve fmg;mimmma& wopls on
the froat susos nﬁ:ﬁ“xi‘i,ﬁ_ by of frodt blosgons and the
Lacbors modifeing 14, wry capeied oub by Wesh apd
Halereen {1981). They asmployed a velpiperablon choubor
chilled by a Preeping wlxbave of s2lt ard lee, and
mrinbalned ab o pradeferpined bopperatiure by & small
Hhopwosbatloally conbrolled heabing lowmp. Yhsy Invosbs
fonted Preesing injury to The blessoms of Hea Davig

apple, subjocted to homperstuves vavging Trom 20 bo

28R,

smploving bolh 4 "*"“c:'%w{} rod growing branches . Loquivalend

fraatmenbs produssd pather greater domngs dueding She

poplal whon thé ;‘?;«t.*‘:f,:i-%; wag ‘sobting?, petal Dall piage,
than at full bloom, ey also resaerk upon the exbreme
vodistomes of oecaslonel hleseoms o injuey. Uscasiond
Pratbe woburesd on Dranches which hod bosn subjected bo

:fﬁﬁaif’» et Pull bhlosuow ahaoo .

g

Osbermelder {10485 1948) sewrrisd ouk sxbensive

vofplgoretion expordnonts on the blosswam of clwrries,

apples and pogvey lavestlgabing the effect of variation

in pefeigeravion bomperature and duration ol treatwend

gnd obhwr additliosel faciors. Lo renarks on the inered

»

gsuscoptibility of wel plants bo injuwry. Syeinglag the

Prosen Dlogsoms wiih water was fouwad to be wiithoub
elffoet dun witigasing injwry, while bthe use ai‘ 2% salb
| aalublon proved definisely bavmial,

dn tale ocounboy the wmost sxbeasdve work o the
oot puscepuilililby of Lfrudd blossoms was u’ﬂ&wﬁmm

by Flold {3939}, Relrigeration tulals weve shrried oul

L1,

ged

e
¥




with the onb blossom brusses of ocrab apple ond the late

flowering apgle veriety, Gourt Penduw Plalkt, and in

addlivion, with blackberyy blossoms, UConsbant bemperatyre

chambers running et 26 to &%GFQ wore ewployed, and the
perlod of refrigoration waried fwvem 1 to 18 by, Dotall

desevigpblong of the appeapance of Trost dnjury av etch

developmenbal stnge are glven., fepdd chllling vesulied,

in general, in slightly greabor lajury than slow ¢hilld
slow thawing on the obhey hand, had Aluble eflfect in
mitlgating depage. In the eass of owxab, idenvlcal
ecatmante produced aoroe sovere lajury bto bhe open £iow
than to the bud stage, a8 delemmined by beowning of

the ovary, bub Ian the vardeby Couvnd Penda Plati bthe

ravorss was obaorved. LU abowld be noted, however, that

Prupges In bobl Ghe greenbud stage amd In Lull flowen,
golleched progumably ab the same Lime {rom aaaj&’aem (ias
are hore compaped, and 16 musb nobt be canoluded i;i:;zéaﬁ a
comparlyon ¢f the rolavlive suseceptlbility of the green

bud gtvage with the full bloom gtage when the tres as a

whole is peredesdaantly dn one ox other glage, will yleld

g simdler resulb. Hesisbamcs was nob approciably

increased by preliminary chilling btreabments with a vigw

bo hawdoning the blosaoms, prior to relrlgerabilon. Sbnhe

grocess wad obbained in protecbiug buds aud blossoms.

Lwom injury by the application of solubions ef giycerine,

VPR G0d SUGRR e
The dovesbigatlon was later eabondod (Fisld,

1948} to inolude & study of the comperative suscopbibil

of Lhwee comwerelal apple verieties, Coxts Orange Pippin,

Lod

ey

o8,

1ty
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|Goslin (1089) finds o steady inovesse in sugcepbibility

Bramloyts Seedling, and Worcester Pearmaln, Identical
rofrigeration treatments of pobt grown trees and ocub
blosgom trusses from vhese trees, showed comparable
injury end establisbed the valldity of the use of cut
trusses as a gulds o the behaviour of the gprowlng plan
A comperison of the relgbive resistance of the hlossoms
at four stages of developmont showed that, in each
varliety, the groen~bud atage was most asusceptible to

G

injury. The variety Bramley, showed inchensed resistance

throughout the sequence of sbapes Ifrom greenwbud to

petal=fall; &b ovory stage it was more suscephtible tbj.n
r

Worcoster Pearmain, bub differed little from Cox, Oth

workere, however, are in disasresment with this result

from closed bud bo fruitlel stage in Loth powme and stone

-

frults, Fileld absex'mmané, with few exceptions, notably

Pobter (1048), also suggest incrensed susceptibility at
the laber, fuli bloom and petal-fall stages, and the
frequency with which late flowering verietles escape

frost injury when earlier varietles suffer damage while
in fulld bloom, provides addiblonal evidence, Variation

in molsture content from stage bo sbage, or between

trusses in the same sbtage, could nob be correlated with

dlfferences in the degres of injury, While surfece
molsture on the I lowers or buds pgreably inoreased their
susceptlbility, the water supply to the tress grown in

pots, mci little effect on the resistance of the blossjma
X

and oven when molsture c:‘s.eflmit cauged the {lowers to w

thelr resistance was only slighily increased. Gmtimqua

1t,
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freoging at a glven temperatupe was more Injurlous than
Inbermittant freezing ab the 5 ane temporature ,... for the
game total perioed, This conflrms tim zax'sviaus findings
of Diehl end Wright (1924) working with spple frults,
E&Wi@x:&ng pollen showed conglderable, though
veriehle resistance to Injury: Orange colouration of
the groaing was an indlcation of damage and non-viabilit
as":gxmsmﬁmg graling on the other m:&i » Were very suscepl
being injured by brief exposure to a temperature of 299
Relisnce upon the effects of natural freosts: ag
o noans of eatablishing the relative susceptibillity of
the varieties of hardy :ﬁ‘mﬁs to spring frost damepge

may demand & period of meny yesrs before thelr individy

performance can be ssgesged with any degres of acowrsc:
The many favbors such as differinz orchard locablons,
'soll eover; state of nuleltion and stete of advencoment
of blossoms,; may ser“imxély diminish the value of many

of tho comparisons upon which the conclusions are based

The need for a rapld experimental rethod of
establishing the frost suscephibility of established an
newly introduced vapriebies, and of breoeding maberial is
vory evident,

Refwlgeratlon btrigls provide & conveniend
method of c‘i@ﬁammg suaa'epﬁibiiiﬁy to injury under sons

427

y>’
ible,

A
.

al

"%

s

trolled condibions, ¥The following factors muat; “howe

vexn,
be borne in mind in applying the results of such tri,alj

to natural Irostszs
(a Refrigeration trials are necessaril:

' 3@&1*:*&5& égut elther on potied plants or yen

froghly eub mabterial, neither of whilch 1a

entirely sebisfactory. The adaptation of




a pofrigerator for use in the fleld 1a a
posaibility which might be further explored,

(v} Under ‘hatural frost conditions plent parts
are cooler than the air, and dow.or rime
tends to be deposited on them, Within a
refrigerator; condensation and rime formabion
talkes place exclusively on the cooling tubes
and faces and not on the plant mabterfal,
It 1s sugpected that this factor may have
8 large influence in deternining the degree
of super~cocling of the plant tissue, apd
therefore on the emount of injury sustelned.

{¢)  The mate of cooling and thawing in
refplgeration experiments does not sbtimulate
ratural frogta.

The refrigeretion trials carried oub in this Inveabipnt

were designed to obhain the follewing Anformationi=

(1) = To determine the changes in suscepbw
ibility o frost injury which accompany
devalopument fyom bud te fruitlet stage in
strawborry, raspbernry and apple,

(11) To compare the frost susceptibility
of ceptain vardetles of raspberry and apple,
which show marked differences in the field,

{1131) To inveatlgate the cauwse of varlation
in response to freeming, of apperently
unlform samples of materisl of the same
vardety, And the pessibllity of elimineting
such variation as may be attribubable to
errabtic superwcooling.

(av) To determing the effect of (a) length
of ehilling perdoed, (b) rate of chilling
and thawing, (¢} imbibitlon of water,

(d) surfece wetiing of the material, and
(e) mechanical shoclk, on the ineidence and

severity of damage.

ion
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| e thods

fhe vefrigerator used in this investlgation wa
builhs to the design of Dr J. Grainger, by Messrs A, & D
Hall Iid, of Dapbford, Kenb,

The internal dimensions oft the refrigeration
charbor were & £t, 4 ins x 2 t, 5 in, Yalls end doovrs
|were 4 in, in thickness inclvding approximabtely 3% in.
of insuleting waterdal, Cooling faces escoupisd thres
gides of the chawber, and ar inspection winlow covered
|by an insuleted door, a fourth, Double, hinged doors
of similar construction to the walls, geve access Lo th
chanber at dthe ends

& fan heoused In a compayrimont behdird the back
eooling face and driven by n mobor sxbternal to the
chawiber, civoulated the air continuously within 4t end
ensured relatively uniform temperature dlstribution.

Temperature wod conbrolled by meang of & 'Sunvie! variable

thermostat, typs T84, and hob wire vacuum switch. By
careful adjustmendt it was found possible te conbrol
temperature within the ldmits * 0,9°F, The large heat
capacity of the cooling faces, rosults in the contin-
uetion of coollng after the compressor has ocub out,
This causes the tempereture Fluctuatlion to exceed cone

siderably, the tenporature differential of the thermostab,

It may be possible to overcome such sxcogslve vgﬁi&him
by elther of the followlng modificatlons. An funer
cheplbex o tho lines of a water oven, with oll-filled
walls within the vefrigervation chamber weuld effectivel

damp the bvemperature fluctuation, Albernabively, m

e
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thermostet could be used to control the temperature of
the cooling faces alightly below: that required in the
chember, and the fine control of alr temperature then
achloved by thermostatlcally controlled leow temperabture
hoating coils, which, being of low Ledat capacity, would

erature aifferentinl of the thermosteb,.

During adjustment off the thoweostat, records
of ﬁh@r yemporature fluctuation within the chamber were
obtained on a Combridge Recorder, $he mean tempersabure

remained constant within quite gwull limits, aithough
The period of the fluctusiion v@iéd eecording to the
tomperature d4ifferonce between the chuber and tle
extornal alp,

Temperature within the charber was normally
rord by mesns of o screencd minluum thermomnetor checked

agadnst readings of a scpreened standard thermometor .,

was pliced in vhe wefplgerator whivsh wag rumning at the

roqulrod chilling tempevature., The alternabive of

conling wave of the vefpigerabtor, while Lo soms extonb
slanlebing tho conditions of & natural frosit, has the
moitt gerious dlsadvanbage Yhat et widely Giffering
exbormad aly benporatures, the Gime baken fop the re-
frigovaltior %o £all to the veauived vempergbture veries
wibhin wide Limlts. Since bthe leungth of time to which

provide a temperature control approaching the true tempw

and the amplibude of the regular tempemtui'e fluctuations,

Ixoepl where stated, the material to be chilled

bringing the temperabture of the refpigorator and maberial
down o Lhe required chilliing temperature abt the natural

150




the matorisl 18 swbjected to the chilling temperatuve
is a most important factor in determining demage, such
variation is lpadmissible.

invewtigations=

2 y» old pluntes from the
open ground.,

Pot grown rummevs roobed
the provious August.

Auchiverudve olimax

Y oyr ald plandy fvom the
apen ground .

In the stcond yoar s considerable nuber of the stock
of Leltel® stowed vAPus symptoms, while others were
found to bo infected with trod cove! disenso, Suspect
plants wove not &mcmﬂ%@ in the trials.

Ragphogar
The waln fnvesligabtion ves confined to twe

holme Seediing and Fopfoll ddant. Idalied vaplebal
trlals of welatlve sweopbibiliby were carrled pub on

16 variobiss Inbhor snmumerabod.

APpIo
Trials of verietal suscephibllity were carried

out on ¥ varioties of applie.

The following frult vavietles wers used in thel

varistlos, widely planbked in the 0lyde valley, » Burnsty
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) £ha 4 wigs N " )
Crawley Depotosad Dasgort

Branley's Scedling  Jwnes Criove

Hevton Wondep Oty Urange Pippin
Grawloy Demuby ¥liteonts Uvange

Bdward VIX
Tho matorial was cobbained fiom young: trees on-lo«lI
Malling Stocks, 'Waﬁ}ﬁ Hhe ewcanbion of Crawley Beanby

whieh was on NoW X

Regords.

Ao  Stravberny

& compayisoa of the f'rost injury sustained by

brusses of similer pob plands shovwed 0o o Landfloant
difference in incidense or dogree, ke use of outb
blosgon t:c"u,ssea imfy vherefowe bo vxpected o provide o
comparatively reliavly gulde Lo the guscepbibiiity of
the mrowing plant, Pield {(1939) found Lhe wsme o be
true of the blossom trvgses of pot grown troos of apvle
In respoerey, however, larpe and ﬁiggzmii“icani; Aliferonce
were nousd botween Lm’ pesponss Yo ddentical chllling
treatment of trusses of btuds, and buds detashsd Lfrom
the tmws, The possibility of such effects in dealing

with dolached trusses must be borne in miad.

(1) Sypboms of injuey |
Injury of incressing severiby exhibits itself

In the following setuence,

() Slight olive discolouration and wabers
logging ab the base of the curpels at the
Juneblon of the abyle.

the flowers of pob plants of sirvawbéwey and oub blosson

3
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(1) | Digeolouratlion ard waberlogging
apreading to bho entive carpels and
C styles which subsequently burn blacl,
Typleal black Trosy toyel,

(c) Woberlogeing extending to the

receptacle.,

(@)  Discolouration affeching the filaments

of the satamens.

(o) Browning or yellowing of the petals
and anthers and waterlogging of the
sepels and petiole of the Llower,

e

In oeder bo ehbalin & quaabitebive cubimate Qf the demag
to a gample, guallitabive differcnces in the degres of
1n3ui*y wenre Lpnoraed and tho presonce o sbsence of

InJury alone was scorad, Whe albternative of él&a%ﬁin@

wolghting factors to dilferent grades of injury is

unsatlsiactory sincs the grades cnmob bo clearly defined.

(41) Zreatments

Refrigerations in 1947 covered the six-week
perlod 6bth Ney to 15bth June. The late Spring resulted
in an oxeeptiopally late flowering perioed, preceded by
very rapld developmenti. In the course of each weekly
porlod, refrigerations of one hour duration weréd mede .
at ¢ or 5 temporature levels, graded to give a range
of Injury from slight 4o soveres Ixact refrigerator
temperaturos can only be obtalned at the expense of a
great deal of tlms in Lhe ad justmont of the thermostat

e

1354



It was thevefore decided vo alisw zome lotitude In the
thermosbat .aebbling, provided an ;@“;%‘.s;t;miw range of %amgn
eratuid was covereds s?ﬁfamp‘i@-ﬁ em&;ﬁ_ﬁ tad of 20 bud or
bLog som %:s‘.ﬁ,z;ssse:;:s, and the pevcentage of buds showlng
injury was rocwded 84 hy, afiter remeval feou the va=

frigoraton s

PLgaB0 wecords the bempeyabuws Jevels ot which

trcabnenbs wore made in each of the six weekly periods)
apd the poreentoge demage tecorded al gach level, with
the verdety L.R.10, Weekly pesulis wore graphed and

the approximie bopporature level coinciding wibh 50J%

Injury derived, This data s also swmerlsed in Flp.s0,

toggiai:mx* with e mean stage in development of the mosi
edvanasd flower tvassed.
A shapp rige in the temperature causing BOY

ST T .
1ajury, £rom approximetely 88°F. in the almost sessile

bud sbage; tH 27.5%. ab the peried of maxdiuum £ lowering,

is evidents

Simllor refwdgeration trials on & resbricted
ééa.l&} y Were carxded oub on pob @&&ms of the same varid
grown in the ¢ 0ld grecvhouse, Twelve broatments, of
six pobs ecach, were made during the four week peviod
Aprll Blst o lay Wbh, 194V, Dovelopmenb was mbre
rapld, amd flowering commenced 14 days earlier than in
oubdoor zﬁi&n*cm The estimation of the bemperature leve
’ ca{.zs:’i.ng 50% injury arve indicsbod on Flg.S0, ‘Ihose pefe

At

to plants coinelding in the stage of development, bub
noty, of eourge, in bthe date of refrigsration, On the

approach of flowsring, and during flowering, the Hemp~

by,

1s
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orature lovel necessary to producoe ogulvalent damege

appedrs Lo bo aboub 1%, lower for greonhouse plants.
This unsrpooted yesuld may posaibly be the wesuld of 'a ,
restricked root system and o pertial curtallment of -
water supply in polt plants, grown wder greenhonse oonm
dltions. She sxwror in the estlwatlon of the temperatune
lovels producing BO% damge is n&meaaé:@ily greater,

being based on fovwern troabments and smaller aamplos .
in contragt to the above weswll, the lowoy relfpigerabtlion
wemperatures (Bl-2 QT’,) produced lnjm‘y, in the form of
wateriogeing and subseguent browning, of the interviengl
purtiona of the youngow leavesd :in grooxmhiowsy planbts; a
sympbom nob obasrved in pot grown pleunbs, grown oubt of

Ao0ps .,

(111) JIensth of vefriperation period
* Incwessing the lengbh of the refrigeration
perlod resulted in an increase in bobth the Ineldence
and peverity of the resultlng demage, Table 32 glves
the rosulis of £ive treatments with ehilling poriods
of %, 1 and 2 hr,
Table 58, Peoroontage of buds and ¥lowers

showing injux*y wﬁm refriglration
porlods of %, 1 and 2 hr,

| Refrigeration|Percentage of injur~
Date tamgsﬂature ..2d buds ;
| ) v Tiwne (2w,
May 24 BG4 0 20 22
) 260 0 O 17
2y 85.7 38 100 100
30 B W5 4 8 98
June £ 23.5 S 25 46

135




{iv) Variebtsl differences
In 1948, the welative susceptihility of the

two vabistles L H.19 and Auchinemuive 0linox was
compared. The resulis, sunmerdised in Table a3, suggest
that T.R.10 L= vather wore suscepbible, bub the ALlffer
enoe 1y not &a&*'gé:, axd probably doponds oh tho labe

riiowerdag habit of Auchincralve C1limax.

Teble 88, Percentage of buds and flowers:
‘ showlng dnjury In two vaplotiles
of gtrawberyy, subjected to
Identieal ohilling treabwenbs

Avoldogrulve Qlimex
Daveals
ovment
sluge

 EaBal®
B inevelw

3 {opment S
"istage PRIWY

i

Injury

May © | &40 fote bud § 100 (Buwd 40

. ?\ B . A
Commeneding 7 e Tirar !
Ploweciog s Tete lnd ; o

1

=
f
o

Ci
e

HOAB ] 5.8 Flowering 87 {(Comwencing!| 46
| | ‘ flowering

ool b B6.8 FAowen & 9 IRlovering 0
Fruitied l

(v) goverity of fnjucy

With o refrigevabion poried of i hw, :i.ﬁjuzsy
Aurlag the flowering peried bppsars Lo inerease from
nll o wery =llight, bo severe damage of practically all
Plowowrs and buds, vithin a tomperaturs interval’af
approxlintely § bo 5.5%,

Prom the tlws flowering commences, bwl and
flower trusses can be found Lo diverse sbapes of devels

opment on Bhe some plante These all show & close

ALl

Lt §

2
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o au.i:;r; im the level ab which Injury ocoucs. Opon
ilowers do shwf: a pabher greater ineldsnce of injury
Than buds, bab B gifforence is slight, The plant

appeavs to bohava 88 a wnlb an rogards Inopreasing sus=-

copbibIlity. Ove wust conelude bhat increasing Bl oep
BABLIAS Sy is gorwelabed legs "”r:si,,ia the stage of develop=
ment of individusl buds, than with the stuge of devels

opasnt of The piend as o whole,

Bud trusses were obtajined from a plentation of
vigorous Beyesr vld canes of thé varietics Burnotholme
Seedling end Newrfolk Giant, The pround had rocelved a
moderate dressing of dung before planbting and an emual

187

dresalng of pgeneral fertilizer at the vate of about 4 owb,

to the nove was applied cach spring.s

v onme ol igsﬁmz‘y*

t

In whe early bud shages, increapingly severe

injury shows ibueld dn bhe £ oliowing segaones .,

(1) Disecolouration of the cmrpels and styles.

(2) Discolouprabion of the entive bud contents,

| spreading to the racepbavle,

(8) Discolouration of the bud conbents and
watorlogging of the sepals swd pedicels V
G%‘? tho buds, The whole truss assumos a;té'
olive, watersoaked appearvance. IJa Iabey
bud stages, the sequence is similar, but
the anthers remain rather more resistant
o injury than the rest of the bud conbenta,.




Dascolonrabion in the receplacls fivshd
appears at the Lase of the carpels and

exbonds dowa the vaseular bundles.

Here sgeln & quantibtative eatimate of damage was based
on the m‘a@rs@:{m of gbaonee of Injury to buds withoub

roference o lbs severiby.

(11) Zresbmonts

Vorpdation in suscoptibility daring the devolw
" epment of t?:i&a buds wae fellowed in theae bwo varietlew
ducing & soven week perlod from May 18bh to June 29Uk,
1947, and in bthe corresponding dovelopmontal peviod,
Appil 124h Go Juno 6th, In 1248, Dovelopuent of the
buds was reterded and flowering was 20 to 24 days latey
In 194% than dn 1948 due to the excepbionally celd
Sorling of the ormor poar.

The refrigorablon Weabmont was identical widd

o

that adepbed for steavberry, Sanples s Gach of 80
trugsos, were gublecbed Yo pefrigerabion peoriods of &,
Lapnd 2 we 06 o vange of bompoyabure lovels » Tho one

howr treabuonts weore wainbained Lhyowphoub ko b vials,

but the & and 2 hr. treabmenbs were omitbod when orossure

of apace denendod.

(iii) Records

Plge 51 and B2 sumardze the broabmenhs ob
various temperature levels throughout the seven » Weekly
periods. Ureatments were commenced one weok laber in
194%, and two weecks laber in 1948, with the variety
Norfollk Glant, due to the lmmature stete of the buds of
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this lader floverdng varishy, whioch makes Uhe paccrding
of Anjery ALfficult wheve lerge nuubers of bude iiuva to
be erxmmined,

P88 shows $he cyodponding b emparabure
Lovels ab which 507 of the buds sxbiblb injory i sach
ok ly perlod.

In 184% no marked risge ln Lhe bemperature levy
L m:?msimj; Infupy with the appeoach of £ lowerding ls
appaventi. & allehi rilge Srom S, bo @780, dn bhe

cO8 6

Yorfoll Glant, 8 f&zx}pﬁ:ﬁ*&xm «  Now do the bwo wverisebios

bo 1948, the form of the suseoplibility graph is steikin

vy different, On the approach of Llewering, the S0F

Toom 8548 %o “3‘%* % e S0 fn thalt of Nowfells Glend, fron
LHab to %,3‘3&‘, This fall wes usndoubhodly real; It wa‘ﬁ
checked by duplicatlon of trosbments with roplicaue
Taﬁm}gl&ﬁ ot the lower bemperalmee levels reguizred to pro-

, . . 0, . .
duce dnjwrys & ohevy ride bo 24.5 1 followed in the

ﬁ

sagn of Noxdoll Gfant, ln tho poried 3lat May to.Gbh Jun
Weather condiblons during the coryesponding

perlods of developueant in 1047 and 1948, svpgest a caume

i,

coy thils dlsperiby In bebaviour, In 1947 abundoanis railne-

$olk

all and high beppersture snd humldity provailed during

e

he daher bud devoelopment sbhages. In 1948 those labar

ghages colinclded with a porisd of cowparabive deougbb,

¥

Fith high temperabuve and low mean relative hiwidity.

frovk

pelng the peried Bay Sth to £%th, the fotal rainfall

of Burxetholme tnd from 95.0 bo 7.5 ¥, in thoe casg

dppenr to Aiffer appreciably in suscepbtibility. Turning

Injuyy mm:mmm lf:aw.g fadld dv Uhs case of Buraetholme

1

g-

B
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wes 0.1 fach, Dronshb mby be sxpecbed bo ek repid

oF e

affoot on & shellioy poobing plant such ag the raspberyy,

and oowbloed wibh excossive teavgpirabtlon, mey weberla

inorsase ite Prost vosistence by portial dehydrabion,

140

L1y

or altoration of the pevmeabllity weletlons of the cells.

In $he covess ¢f expaxdimenits on the affest of Iwbibibi
of wabor by. cub trusses of buds on thely Trogt suscopt
1biliby, wecowds were baken of the gquantibty of weber
imbibed by btrusses In a saburaled atmogphere, GRIFHSSEe
as a poreontage of the frosh %m.agamb o Those were aa

followsge )
NMay I8t 2.6
Wo2lat B0
June 4th 0«5 {(fellowing heavy vainfell)

It fg9 evident that » tonsiderable wator doflield had
develeped within the bud trusass, at least by dey,

duing the period of Lthe droudhb,

{(iv) Ieagbh of refelssretion popdod

&z X bhe ease of strawbercy, an inovaase in
the lengbh of She refrigeration period is gounsrally
accompanied by 2 sowresponding incveass in the
Insidence and soverity of damsge. Table 34 shows
rgpragentatiive regsulis with the variehy Burnetholme

t14]

*
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Teblo 54, Porconbage of buds showing Injury
sTm— with refrigeration

. {(Pertods of ¥ hr, 1 hr and 2 hvy)

. |Refrigeration [Percontage of buds showing injury !
bate | pogperalupe [ R R
TR IR e TR N vor | 8ho,
Aggl R T I 1 % 34 Qo
4% 2740 o 18 15
R 2645 10 B9 50
ooy 8840 & 10 20
"oee 24.5 20 66 82
May 5B | 2448 85 44 6%
10 S 45 G L7 18

(v} Vapistal trials

Apipls wore copedod ovb 4n 1948 with o collecs
tlon of fourbesn vespberny varlebles, including sone
uanauntd seedlings sent oub Crom Bast Malling Hoseapeh
Shabion poder wmodber. - ALY the varietles wore prowing
in o soubh facling bovder urder closely silmdlar condiblons
off #okl, locabion and GrpoHCe «

The vesalis of Llwees refrigerations with

sauples of BO bud trusges per verleby, 2t the :«i"@':z.';%..u:ming

o

foumperature lovely,
May 18tk 1 kv at 25.8%,
At L be et 24,0
*a8bh 1 he at R4.0
apre conbived te give a single Ploare ‘i;cz* mean percentage
of Injured buds.

Poavoonbame domane

8o
Lloyd Guorge 68 {3tock showing
severe wirus sympboms)
N: ,,;ﬁgylésﬁ “11
Hewburgh 38

Balling Fromiss B85




Varlety Percentare domape
Burne blhglme 35
N Se/160 50
Y B8/ 54 50
Malling Iandmark 29
Mad Ling Babevppige s
Horfolk Giant 28
K G5/115 RO
$3f43 g
55/ 158 8

{vi}) The cauvses of varietion in the resnonse to
m:ﬁ'zaigamman of apparently unlform bud material,

The vather wide varistion In the rogponase of

bud trusses In the sewme sbage of development, bto ideni-

ical rofvigeration tregbieabs mey be abttrlbubable te
several couses, anongst which the follewling may e of
Impovtance,

Variabion in svscepbibility of In~
dividual coanes .,

Verlabion in suscepbibility dus Yo
the posltion of the truas on-cane.

Variation in response due to eprabie
snd unpredictable supercopiing of the
neterlal.

6) Dffesh of postilion of the truss on the ceng
Compardeons weve made bebween the deprse of
lnjury susbalned by bud vrusses selechod from Lhe Hop,
wlddle snd: boltom of the coney, The. top trusses were
of short thard! growbh, while those looatsed lowor down

were borue on inoreasingly lovger peduncles of sofber

-

growiths. Comperdsons were aglse made hebween .ﬁalaa%smna

off those twe exbreme btypes. ¥he resulls ave .zxumrnwiaed
In the following bablos

14
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Teble 85. Hffect of position of bud truss on the
eane, and btype of truse on the frost
.mmwmbmmy of Horfoll: Giand

Deta Trenbs kse;si im a:»sa ?avc@nme’a Watm* cantent
ment | type of truesiof buwds ol a4 comparsh
(8 3},{* ~ tshowing sample of bud
1948 | ingury A8 & % of
- 3*” H o i fvesh wcigvhb
' Top 1. 8O VP
Bobten 16 ol
May 80 | 80«8
Shopd Thopat GO -
Ieng succulent 5O ) -
Tow B8 548
Bobton AR , Thed
Nﬁl‘jf 2y  BS e . :
dhort Yhapd? K HO 48
e Sueenlentd 20 Ve
T : 5207 ' W
dunge 4 89,0 Misddde & ' F&a6
Botbon 2 VL
: i Top Vi )
June & | 84,0 Middle 4% iRy
. Boltomn O W44

The eredustion In sus m@@ti@:ﬁilﬁ;y s definite
ond mayked, and ig rebher Lhe veverse of whabt might hav
beon mrt:iai@mmci, In 13&&:&*& the vuper truases wilth shord)
thapd? . growilh are subject Lo coannldevebly greaber Lnjni
This gradation cannet be stbeibubed to diffevencos 5 I
molabnre gontent off tho buds which shm"sns;, iF anybhing,
a allehd ineroase feom shove downwerds, An idenbical
gradustlon of injury has been a?mwmﬁ In frosted ragps
berry bud btrueses in the Pleld, bub was abbeibubed ab
the Ltlme Ho pren enpothane  of bhe upper trusses Lo

radiation.

kil

Vo
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conos showed differences not excceding bhose occurring
between rondom a&ﬁ?&@& of compaveble sipe, araded as
regards positlon on the cane to correspond with the
trugsses of an indlvidueld cone, |

In the courge of oczmperimonts conduebted by Dp
J. Groinger on the fveesing of pobabo tubers, it was
sagpestod That the espatis vespouge to chilling - some
tubers ghowing complote disorgonizabtion while obhers of
the same semple ronainsd unlnfured - was due to the
Pandom supereooling of o portion of the sanple. Ine

ocriablon of pach tuber with an 1oe ceyebal during

‘s

p

rafrigoraltion olimdnated this variation, snd produced
onifoem injuey at ighor wefvipsration tomwersitures,
The respoate of bud truspes to freozing is als

+

hlghly cherecterisble; du the greab mejority of cosen

all the budys of a truse colneide in showing the presenclk

-

or hbsence of injury: in othor words the trues, and nob

the Individuel buds, genseally bohaves. sz 2 unit, This

ot
8,

may be explained by essuming thabt ico formation telkes

place ab a focun and sproads theoughoud she trugs .

Alternatiively, of course, the bude.of a single truss may

all possons o epociiie suscophibiliby, and susespbiblliby

Ry vexy bebtween Lrusses, or af oppenrs nosd probable,
both asswmpilons wmay be porbtislly teue,

) The guestion wy bo dosidad by splitsiing o sov
of Trusans Into two perblons and nobinzg ths vosponse of

the separate paris to refrlgorabion,

4]
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A& gerisza of 60 Prussos vere #o byvested, twe buids
belng vemoved from cach thuas, and trigpes and deteched
buds pubjoected bo identlical refvigeratlonss The eccasions
on which tpusses and corrsgponding buds showsd slmilar
damegs, and on which they ddffored In responsc, ong
ahowing lojuey and the obthor noane, wre recorded Helow.
Tyusges and buds eodaeiding dn ehowling o conplebe abgence
of damage coneblibuts the pexalader of Lhe shnples .

e ; Y

harber of drusgesiMmber of brusses
Duts | Ivesbuenb| yoineading with |differiag feom

{ Y.} laetached Dude in ldetechod buds in
showving lajury showing preoaence
o dbpenge of

, Injuey
Moy 811 he 28.8) b 8
5|2 hweid.as & 7
®lele wou,e 0 0 9

In eontrast, relfriperatiom of envire trusaes

| on Moy 10bh and 18%h resulted in damage to every bud in
thoss trussea showing injury, oxi it 9 genevally the:
oxcepblion %o find damage In & proporbtion only of the
bads of o truse, oxcept at the highor Pefrigorabtion
Lemperatures where injury is just appesring dn the trusses,
The Irowsased suscenbibllity of wet matorial
vo freesing Inlury which hes frecuently been vacprded
(Fleld, 1948) snd which emperirernds hers have aluo
confiyvmed, wmay be atiribubted to the ellmination of
supercooling by tho provision of an ice coating which
pay be assunsd bo provide the necsssary fnucleus! from

thich lce formation may spread to bthe tissues. Abtempts

4t




wore made to eliminate suvpercesilng in debathed buds by
subjecting thedr container, duelng welfelgoration, o
lnbermitient viporous vibrablon by means of an eleetrile
hell, bub withomi posdtive resulis, In potabo, the
fraoping of Hilssue pupercoslad *3@3’*?‘ » bolow ius freczing
point can be readily lnduced by mechenieal shoelk; bub
in very 1lighié ebjects such ag buds, & cowparable come

prasgion offeot 18 mope GiPficuld Lo obiain,.

(b) The effect of moiuture conbent on suscephiibility

Although difference in molsture contont is nob
reapousible for the differonces in frosh susceptlbility
Lound in brusses dilYering dn posliion on the cene, it

can, when produesd artificially, cause differvences 4dn

the degres of injury sugtalned, as the {ollowlng expers
iments dndlcake .,

Freshly cut biusses were compavred with trusses

whooe waber conbent was artiflelally incroased by placing

bhem with thelr cub ends In weber snd theilr tops in 8
satorsted atmosphere Lo D lws, pviop Go vefrigeration,
The ponaibilihy that sunfsoe wolstuwre on the soaked
trusses might faveur more undform injury by oliminabing
suparconling, wra clrounvented by ':ew:'ia*i;amﬁ.ng the bases
off the uwnsoaked drusges, snd drying bhoth sebs, as Par
ag posaible, baizwees'ng cloth before 'r@:er:z.é:g@z%ati@;;@
The following table recerds the differences in
melgbure oonbent, and the corvesponding differencss in

wogponse Heo vefrigoration obbalned in Hlwee such trialg.
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Table 36, BLffect of increasing nolsture
cemem on the sus cepmbility of
sagpberry budes to frost Injury

Date '{Eregﬁm&nﬁ Mean molsture content Parcezmage

: ‘g | Peveentage of fresh | of buds
1048 | (2 hre ol welght | showing
N B A _ | inﬂm’:v
vey 38| 24,5 | Presh frugses 779 55
| | Soaked 80.5 | 89
Moy 21| 24.6 Frosh emasas 78,0 60
Soaked 85,0 100
June 41  94.0 | Frosh trussos 5.9 &

Sonked Y T4.4 40

It is significant that the water deflelt of the
‘buds 18 considerably greater during the drought perilod,
Yay 18th to 2lst, than following rainfall, June 4th,
and that the consilderable increase in susceptibility I
the sonked trusses ls assoelated with appreciable in-
ereoage lIn watier content of these trusses, and 1s not
apparent in the final treatment where this Aincrease ias

gmall e

A series of reofrlgerations on seven verieties
of apple was made urdng the Spring of 1948. The amow
of materilal avallable was somewhat limited and treate
rments were therefore confined to & standard peried of
one hour, The size of samples had also bo be rostricts
to 10 trusses of buds,

(1) Symptoms of dnjury

The gequence of sympboms observed with ine

creagingly severe frost Injury have been deseribed in

N

r ™

17

el
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detall by Fleld (1038 }' s working on two varietles of
apple, Court Pendu PRlaly and amﬁmon crab. They apree
in all respects with our own cbservatilons and may be
|summarised briefly as followgse

(1) Loossning of the pericarp skin, commencing
at the stylar end, and exbtending in more severe

coues towax;da the atalk,.

(2) DBrowning or discolourabion of the stylos,

sproading in more severc csaes to the placenta.

(3) Ixtmnslve browning of the placenta and

ovules, and also of the fllamonts of the sbamens,

(4) Browning of the pebals and waterlogging
of the calyx.

I mhonldd be noted theb soveral workers have
obgexyed that bDlossoms anl fraitlets may recover from
the first category of Injury; ¥Fileld (194R), Dorsey
(1940) and Rosen (1936). The pericary skin reunites
with the underlyling tissue, more or less compleboly,
though pavriial failure to do so, or ;geax*ﬁaps the partiall
inbhlbition of camblal activivy In this zone may resulbt
in ruaseting and cracking of the sltin of the fruit at
& lnter stage. |

turn brown wmier severe frosting,. When In Dlower or in
the hooded petal stage, light frosting, swlficient to
canse loosening of the perlcavp skin, freguently cauvos
the antbers to turn a light orange folour,

In the ocarlier stages up to pink bué, tha‘ stamens
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In ordor bto obbtain o astilsfactory guantlitabive

psbimate of injury for the purpose of comparing the

susceptiibillity of verdieties, 1t wae doeclded o allocute

buds, flowera and fruitlels Lo thyree cabegories as

rogerds aoveriby of Injury, a8 followssw~

Lo

+
i?f »

Buds

Silsn doose

As gbove plua,
atyles and
placentn Lrown,

&g above plus,
severe brownling
of plasonia and
ovules and pors
haps discolop=

ation of petals,

sopals, stamens
and perloarp,

Plowers

Shin lovse or
akin loose and
anthers orange.

As above plus,
atyles and
placenta brown,

Ax above plus,
severe browning
of placenba and
ovules and persw
haps dispolops=

atlon of remalinw

Frultlets

Skin loose

As above plus,
placenta brown,

Az above plua,
severe hrownlng
of plaegenta and
ovules perhaps
sffecting the
whole perlearp,

ing Tloral oprgaus.

The threo damage catepories were allotted the

arbltrery factors 1, 2 and 3 In scoring the severity of
demages Thus a seamplo of 60 buds all showing the third
category of damage would show the maximum s core of 180,
while o sinilaxr sauple all'shmwing the flrst cobegovy
of damage wounld be scored 60, This aystew ls evblirory
and artificlal, as smet be any systom which sttompts b
glve guantibative &xpveasi@nvﬁm qua L tatdve differences,
but it dees provide & wseful, if Imporfecht, basis for
the comparlson of varleties, which is certalnly better

than the mere presence or absonce of injury,

(11) Zreatments ond Records

The following table sumuarises the depree of

Injury, oxpressed as g perconbage of the maximum possible,
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sustadned by the seven varietles in the course of 15
refpigevations, The stages of development of the ine
dividuel varlebies is also indlented, In the final
Line :m gdven.the sum of the pervcentmges of injuwry in

the f;em ra:f'rig@mﬁsiana g fop which eaml@&:a date for all

seven varieties is available, This figure may be
rogarded a8 an approsimmbe measure of the ¢omparative
dusceptibl L1ty of those vardleties to artificial frost
inJury over the perled under consideretblon,

Lable 57. Fareanﬁage Injury te the buds anmd

- bloasoms of soven apple varieties
An the courde of fifbeen r@i’?‘i@ﬁra‘biem
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T4 widd he seen that the vegponse to relyigsr=
atlon iz sovewhat awatic and et refriperations on
aucosading days ab mwmmw the same bewperature
level, ag on Moy B20th and mm; viald avbstantislly
different results, The prsater goneral susceptibillty
of Goxts Oranze Plppin and Broamloyts Seedling, and bthe
relative msiﬁiﬁmm of Bdward VIL are potavle, howaver,

The grading indiconted by the svobal of the pore
contage For ten refrigovebions 4im which all seven vape
letles were included, given in the finmal line of the
table, are below set ageinst Potberts (1945) grading of

these variaties, based on hisg cbservations in the

Hatlonal Fruit Trials, following the severe Spring frosts

of 1941, Ue allocabes varistles to three cabegordes of

suscopbibility.
C Broun 1 Group 2 Fronp O
Repisvank Ibterpedinteo fasceptible
(657 ) Crawley £453% ) Rramleyts
beauby Seedling
(507) Ellison's  (284) Bdaward (549) Wewhon Wonder
Owangs VI , ‘
‘ . (445) Coxts Crange
{592} James Grieve : PAppin

Phe chiel discrepancles are nobed in the vapw
lebies Baward VII, outstaniingly vesistent in our trial
liewton /Wonder also more veslsbtant, and James Grieve,

relatively susceptlble, There ls good agroement in

By

respect te the varieties Bramley's Seedling, Cox's UOrange

Pippin and Blllsents Opange. Bobh the limlted sgale of

our bronbmendts arnd ploo true séasonal difTerences in
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suacepblbllity, bogethey with the faob that our materigl
wag obbained from young ti*ms, msm geverally contribubte
to these discropanoies, ':,1?::3. other pospeocby the yosulbs
of wefrigoratdon txdels appear to differ from the effect
of natuwral frostes in particuler, open blossous undep
matural redlatlion frost cordiblons always appear to he
wore severely injuwred than bud stagess This ls nob

apparent in refrigevpbion triels .

(131} Lemperatures causing Gamajle

Inspection of the vesulbs does not suggest thal
sugceptibiitty invreases merkedly betweon preen bud and
open blossom stages, and covbtalinlky rob on the scale of
abrawberey, The data is lmdoouate to detevming the

magnibtude of suoh & chenge though iv would appony un=

1ikoly 6o exosed 1°F, During the £lowering pericd slighb

injury, locsening ‘of bhe perlearp shin, oppears in the
nedighbonrhood of £8%F. snd injucy becomss severe and
widesprend ob bemperatures of R26°F, aud below., Potber
{1948} notes thet in the fleld, bloesom trusses appeer
o be most suseopblble Iin the green bud and the open
islmssem slages, and in compavison the pink bud stages
showe some degres of vesisbance., In the case of the
graen brd stage, however, iajuery Yo chisfly confined td
locgening of the perlcary sikin and does nob ai‘i;"e;sggﬁthe
ovalos . |

A comperison of buds of one veriety, (rawley

Beauby, solscted in different sbapes of development, bub

on the sawe date, and subjected bto the seme refvigeration

troatments, shoved fthe following percemtage injury to

8
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tads in the ggmeix and pink bud stape, scored on the
gysbon already desepihed.

Green bud,  53%
Pilok bud 409

A =ginilar comparison of open Llower snd pink bud gtages
show the Following injury -

Pink bud 443
Opon flover 61%

The two comperisons are made sevarately since open flowers,

pivk: bud and green bud stgges ave not all preogent on
young troees ab the same time, In nelbher case ias the
difference large, It should be noted thalt this differs
from a comperison of the relative suvscepbliblliby when

most of the brusses ave in bthe green bud stage, with

that whon the tvee is, in geneval, in the pink bud stage,

or in full flower.

Unlor fiold condlitions, the greater suscepblivility

off open bilgssom bo Injury can peobebly be atiributed Ho

the direot expoeaure of the fioral orians, sud in
paytleular the gbtyles, to coollng by rediation, and to
the lavge swelace preasonbed by the opsn flowswy to the
skys ¥Polbor nobes that bloswess which eseape lofuey
in a killing frost sve uswilly situsted on the undep
side of the Flower cluster whewre they are probecked

from dyoct readiation loas,

5%



SUNIARY,

Secgtilon IV

A series of vefrigorations was carpried oub on
the sut blossom trusses of strawberry,; raspborpy and

apple, ‘Theiwr suscephbidility bto frost injury wag debows
mined throughout btholr development fmom dud bo frulbled
ﬁ'hag;aQ

Stravherey

in the variely L.i.19, sveceptiblility rossc
sharply during development, In the sessile hHud siage,
50% of blossom buds showed Injury with L hrts treatnent
at 22°F,, while at tho poricd of neximum flowering,
correspending injury wes susbaloed at 2% .50,  Grecnhoise
grown plants brought inbo flower sbout 4 weelts eariien|
Aiffered 1ittle in thelr suscopbibiliby abt corveosponding
developmonbal shages. .inaiﬂenaﬁ off damtge incoroaasad
'with Jonger vrofrigerabion perlods,

A compaxison of the wapdiehy Auvchlusruvive Climan

with Tl 16, shoewed the foymer te Lo rathuer move

rogdeband o Induwry dve, probably, e 1bs latior Llewons
ing habit, |
While the stage of development of the individual
bud pavily detevmines Jbg suscepbibility, the suscept-
1biliby of nll stages tendy bo incrsnse with bthe

advancing seagon,




Refwigerations carpded out In 194Y on the vay-
lebles Durnethulme Besddilng an »'cl Topfolk Glant, showed
thaebd dneresse in suseepbibility duvring the development
of tho blossom Trusses was relatively small: Ffrom 24.8°%,
in the eaxly bud sbage, to 27.0°F, when approaching full
lower, in the eziae: of Durnetholme Seedling and &

corvasponding increase from 26.0¢ U » o 27.8 5%

Fy With
Worfolk Giant,

The effest of drouglid condifliong wws noved In
the course of the rorrigerations pude in Bpring, 1948,
The developmont of droughd wos accompanied by a sharp
fall in tho bamgrwn'bm*ﬁ causing 509 injury, from 2545/

258 %8, Bo 25, W‘é&i‘z.ﬁ“‘, Ferogrosgively grenter Injury

was irxduced by Inereasing thoe rofrigoration neriod frow
% he to 2 he.

apdebal telols with 14 verletles shewed wide
Alf feovences in suscepbiblility, ranging fyom Q0% mjwaq
buds dn the varioty 8t Wallrid, to 8¢ snd 8% mespootively,
Lz the Peat Malling verlebtles 3%/41 and ¥ 3%/ 198 s undex
fdevhilosl vedrigerstion bregbunenis.

An abbompt was nade to debormine the covwse of
Phe wide verlation In bthe vesponge of apparently unifonm
bud matovial, to refvliperadion treabtuonbs . Posd 'b:’z,cm 6f
the blossom trugs on the cane wes found %o a,f‘ﬁ'ec‘b
markedly, I1ts suscepblbility, Buscepblibility inercesed
from below upwards, the incidence of Injured buds heing
bwo to iy Tlmos gresber in the top, than in the Lotbonm

trusses, Vavletlon irn the water contend of the buds




| 444 nob a.@mmr!:» for the Gifference, MIferenves in

guecepbibility bebweon individuel canes was small In

compardison with the vertical gradabtion in suscepbibility.

A1l the buds of an individusl btruss generally
react ddentieally In showing presence er absence of
injury. UYhis m;j;i“émnﬁ.ﬁw of rosponss ls destroyed when
Individual buds ave separsbed from the truss, Yhe

geparabted buds vhen bshave in an entirely roandom manney

in shouwlng ppesonce o absongs of Injury. The supgesited

copse s eryatle superceoling of the matorilel. It lg
mlﬁﬁvm theat the onsed of lee formation in any pard of
bhe btissue of the btruss resulvs flually, in injury to
2ll the buds of that Wwuss,. Avbenpbs bo elininate

gupavrcooling by violent latorpmibbent vibrgtlon during

refrigevatlon were unsuccesaful, An ertificial fnepease

in the wabter conbent of oub trugsesn, indoced by allowing

thom to izbibe waver thvough their cub emds in o sabe
urated atmosaphsre, was found Lo Inevease tho incidence

of Injury, albthough the sdfect cnnld only be produced

upder parbial drought conditiong on plonis whose blssues

showad considerable molsbape defioll,

Gomparative trials of the firost suscopbibiliby
of seven commercial variebies of apple were underhsken;

namely, Coxta Orange Plppin, Rrawleyls Seedling, Jenes

Grieve, Newbon Wonder, Hlllsonts Orange, Hdward VI and

Crawley Beauly.

The somewheb evrable vesponse of the wefierial

Ll

to rvefrigerabion treatments fandicabted that the sceouratbs

¥



popessuent of veristel suncertlibilliy b cach stage of
developuent would Soppnd o mach more oxiensive Luveste
igﬁi;:s,am with Jerger semples, than wera heve availsble,
Gn the bopls of 2 mesn asposewent of relotive suoooephe

1pility throunghoul developsent Prom bud o blossowm, the

Bramleyts Seedling } Susceptible
Coxts Orange Plepin)

dames Griove

Greviiey Desusy ;
Howbon Fonder |

Bllisonts Ovangs

Réwared VIT Basiabandy

Ho greal change ootwds Ln sudcepbibililby fron

groen bud o frultlet mtage,. A compariscn of buds in

on the some tree also showed no gignificand diiference
n wolgblve suseepbibility. NHelbher did conporablse

coliecitions of mabterdianl in the vink bud and opon Llowel

Tat

plagsy ,
S3lght induwry began o wenifest ftsell lan the
nelgbhonrhood of oo, with ome hour treshment and

Injury became sovers and widssapreed ot 5%, and below

seveon vwrlobise can be ranged 4n the Lellowing seonsdsnod.,

the preon bud and pink bud stsges occourring simulbaneously
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