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the heat brought in and adding new quotas of ever 

14. Under certain conditions it ma sometimes occur 

high up on the hillside is warmer than the adjacent free 
air. These temperature relations will cause the warm 
surface air to convectively change places with the adja- 
cent cool free air, and to this extent the rate of coolin 
of the surface air on the u p  er portion of such slopes wifi 

temperature of this surface air has become the same as 
that of the adjacent free air at nearly the same level, the 
convective exchange, with a cooling effect, will cease, 
hut a similar exchange will set up again in the reverse 
direction with a warming effect, when the temperature 
of the surface layers has been reduced still lower as a 
rpilt of radiation. 

15. T t  t,herefore'ap ears that durin the nightkinie the 

reservoir of heat which is drawn upon by the operation of 
tlie convective exchanges described in the foregoing to 
conserve, the temperature of the adjacent hillsides and to 
prevent the fall of temperature that would otherjyise 
result from the loss of heat by nocturnal raditition under 
clear skie--a fa.11 that does occur a t  the hotstom levels 
of the valley where convective eschanges are impossible 
or trhe quantit of free air is too small to afiord material 

little during the nighttime, the stagnant river or lakelilce 
mass of cold air t.hnt- fills t,he lower levels of tho v d e y  t.0 
a greater and reater clept,h - 

16. The sur B ace of the river of cool air is defined by the 
simple condition that its temperature is gren.t,er than that 
of any adjacent, nir either nbove or below. This surface, 
moreover, is essentdally horizont,al ~ S C C  tm dong t.lie shore 

Tn this region coolin is goins 011 soinc!wha.t, rttpic1l.V rind t . 1 ~  
adjustment, t,o equikmum 1s not ns yet coniplet,e. Tlw 
shore lines of t.hiis river In the enrlv morning hours locti t.e 
t.he niuch desired thernial belt, of  the orchririlist . llon. 
deep the river will be at claw-n under iiwrq!? cliiiiatic 
conditions in a given valley, C A ~ .  Imst be est.ii1-;lisIicd aid! 
by suitable observations mcl interpolat.ions, although 
eatmimates thereof ma,y prohably hc made froai careful 
study of the several physical elen~ent~s of t h  prohleni. 

17. The foregoing clearly iiidica.t,cs. it  is beliovsd, the 
essential chnrnct~eristics niirl priiwiples rif air drainags as 
i t  a.cturllly occurs under hill nncl va.l!ey roldit.ions, n n i l  
t.he reasons t,horeof. Man?- niiiior det.ails httvct ~it?cc~ssii.rily 
heen omitted, end t.he dific?reiices in results with nsscnt>itinlly 
different conditions of bopography , while nflording int,er- 
esting applicat,ions of the pr1nc.i ley  present,~rl ahove, are 

chief importmwe, perhaps, is the fact t.hn.t the soiirce of 
t,he heat that conserves tlin t,empernture of t,he slope siir- 
fa.ces is t.he great, volume of w a r i u ~ f j . ~  n.ir facing the slope. 
The volume of this air near the hot,t.oin nf the valley, 11.8 
a.lrendp stat,ed, is too smnll to gire mtit,oritil prof ectioii. 
such as is afforded at  interniediai.t,e levels. While unliinit,ed 
Inasses of free air may be available higher up, the l.em wr:i- 

than that of the adjacent surfaces. C!onsaqiwiitly att first 
these n.re rri idly cooled by bot.h ra.dint.inn a.nd the con- 
vective esc E anges. Lator on these c.sc1ianges have a 
warming effect end conserve the surface temperat-ures 
against radiation losses, but the actual teniporature may 
be much below the requirements of agnculture. 

co 7 der and colder air to keep up the circulation. 

during the afternoon or early evening t i at the surface air 

be increased for a time. f' ust as soon, however, as tlie 

warxu free air facing t \ e slopes of a va T ley, acts as a great, 

irotection. .ry he circulat,ion described also forms, little by 

lines where the surface rises t.o nieet t.he f >rink tangentially. 

not a.ppr0priat.e t,o the pres~nt  c 7. iscussion. Thc pointj of 

ture in these levels, even nt. niitlafternom, ~ n n y  tw 1 ower 
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PROTECTION AWLINST,~ROST IN GEORGIA. 

By C!HARLES F. VON HERRYANN, Section Director. 

[Ihiterl Weather Iiureau. Atlanta, cia., Nov. 27. I 9 l 4 . j  

r -  i Iic iirhil, shipment. of ~ ~ a c l i t ? s  from Georgia by i-efrig- 
rrcltor ciws 011 11 c.c.)nimercld scale was nindc! in 1SY4. The 
rapid inrnmc-! of the indust,ry is ,robably best indicated 

ahice \.nriilt,ions in the quunt,ity of product i s  so argelg 
depoiidn~it~ upon fitrorahle or unfavorable climatic con- 
dit ions. 'I'ho nuiiihcr of peilch and nectarine trees in 
Georgin in 1F!W w i : 4  2,7S'T,MR. in 1900 it WBY 7,668,639, 
awl in 1910. lO,GOM,119.  The t,otal value of orchard 
€mils produced annually iiow esceetls $3,000,000. 

Tlic principal pee.ch-growing clist,rict,s of Georgia lie 
iiorthwest and south of At,la.iita.. According to the cen- 
sus of 1910 tho number of peach trees in each county in 
tho main sections were as follows: 

Norihwmern seciion. Fort Fallcy disirict. 

hv the c.c)1iipilra!irfi iiuinber o ? tmes of bearinp age, 

I 
COUIlt y. Number. 

Walker.. -. -. . -. . . . . . . . . 3S3,OOO 
Chattooga _..__. . - -. -. -. . 136,000 
Whitfield. -. -. . . . . . . - . . . . 269,000 
Floyd ._._.__....._. ..... 411,000 
Gordon ..._____.._. . . . -. - 323.000 
Bartow.. . __. - - -. - .  . . -.  . 586.000 
Pickens _.___. - - - -. . . . . . . 1%. 000 
Cherokee ..._._._. . . . . . -. 163,000 
Cobb .____.__..__._.___.. 3S1.000 

Number. 
5 Iding ..______.._... 127,000 

195,000 
Monroe. - -. . . . __ .  . . . . - 145,000 
Meriwether. . . -. - - . . . . 142, 000 
Crawford.. -. - __.. - - - - .  . 378,000 
Taylor.. ______.  . . . . -. . - 271,000 
Macon.. . -. . . . . . . . . . . . 576,000 
Jones. -. . - .  . . . . . . . . -. . 42,000 
Houston. -. . . . . . . . . . . - 1! 385,000 

pSUI1.. -. . . _. -. . . - .  . . . 

The deselopriient of meth~ds  of protection from frost 
him kept pace with the rapid growth of horticultural 
interests in Georgia. ,411 iinpetus was given to the study 
of this question by the accidental roduction of a full 

eaches in one orchard near $art Valley in ISSS, 

State on account of late spring frosts. The woods west 
of this orchard (the Hilej- orchard) were accidentally 
fired the night before the frost, and thick sinoke settled 
over the orchard which helped to produce a full crop of . A linib containing 35 peaches'cut from an rat+ .lbeitn tree in the Hiley orchard was photographed 
and for ninny peais figured in all the nursery cata- 
lo lies. 

$en years later, in 189P. the use of siniitlge fires as thti 
most eficieii t8 and practical means of protection from 
frost, was quite gencral in Georgia, with varying de rem 

with pine atmm, and 20 to 35 fires to tlie acre were needed 
to rodiice R suficieiitly dense smoke. 

rE~ir severe freeze of February, 1899: during which 
temperatures below zero. Fahrenheit, were experienced 
c ~ e i i  to the souther11 limit of the State and which, rc- 
stilted in the dcuth of nianv trees, marked decline in the 
shipnient r)f paachos. and seems t,o have discouraged 
filrther efforts to protect, the peach crop. Since 1899 
t,ha following yenla only have given full crops without 
t,Jia necessity for protaction. v k :  1901, 1904, 1908, 1912, 
tLllrl 1914. 

IIiirina. tlie rainaining 10 yexis the crop was generally 
a partit3 or complete failure on account of freezing 
wcather in early spring .or late frosts. The whole matter 
of protecting peaches ui Georgia is now in a state of 

crop while Of t! P ie crop was n general failure throughout the 

of success. The fuel most frequently used was coa 7 tar 

_ _ _ _  
1 See MONTELY WEATHEB REVIEW, February, lSW, p. 69, and Chart XIII. 
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desuetude. Only here and there occasional efforts .are 
made to protect peach orchards, generally by the older 
methods. There can be no doubt that by the applica- 
tion of the newer methods of protecting orchards most 
of the crop failures since 1890 could have been avoided, 
and it is unfortunate that peach growe1.s havc not kept 
abreast of the times in this respect. 

The reasons for this notable lack of interest, in the 
subject a t  resent may be stated as follows: 

cient methods of o~chartl protection now successfully 
used in the West, which depend not, so much on the 
protection afforded by smoke as on the nctiinl warming 
up of the air in the orchard. 

2. Lack of faith in the efficiency of the newer methods. 
3. The expense involved, since it is known that devices 

for heating the air are es ensive; their value depends 

distributed fires. “he cheapness of fuel and labor in 
Geor ia, however, should not be forgotten. 

4. 5 t is though that peach trees can not bear full  crops 
in successive years, therefore a full crop is not espected 
more than once in tlirce years. The profits during the 
full years overbalance the losses during the lean yeais. 

5. The lack of cooperntion aniong neighboring or- 
chardists. 

In  the early part of the year 1914 this matter was 
brought to the attention of about 60 of the laruest peach 
growers in Georgia, by the official in charge 07 the local 
office of the Wenther Bureau t i t  Atlttntit, and bulletins 
on the subject were widely distributed. 

The. use a t  present niade of the frost wariiings in 
Geor a, as far as known, is limited to efforts to protect 

quarts were producecl in 1909; also to protect truck 
crops and tobacco beds in the springtime by thc usual 
methods of covering with straw, pine needles, cloth, or 
earth. In  the aggregate the resulting saving must be 
considerable. The frost warnings when issued with tlie 
daily forecasts are available by free telephone tlistribn- 
tion to over 75,000 peoplc. The special frost warnings, 
however, are issued to only 23 addresses. In  autuinn 
the frost warnings are utilized not to protect, but to 
enable a farnier to gather as uickly as possible the crop 
threatened, as, for esample, le11 peppels and tornatnow, 
which are left on the plants as long ns ,ossible. 

tion of the frost warnings is possible. 

1. A lac- i! of knowledge of the iiowor and niore efi- 

upon a comparatively sti 3 1 air and numerous well- 

smal F- fruits, chiefly strawberries, of which 1 ,2G2,000 

It is evident that ui Georgia a imic In  greater utiliza- 

PROTECTION FROM FROST IN UTAH. 

By ALFRED H. THIEASEN, Section Director. 

[Dated Weather l3urssu, Salt Lake City, Ut&, Nov. 27, 1914.1 

There are two seasons in Utah when a ricultural 
roducts are subject to frost. The first is in t % e spring, 

rrom April 1 to 15, when apricots, cherries, peaches, 
and sometimes need protection. The second is in 
early fall, tomatoes, onions, and alfalfa 
seed are in danger. 

The ’ temperatures a s  obtained from the ordinary 
records of cooperative observers give a very accurate 
idea as to the period when fruit may be menaced by 
frost in spring, as the thermometers are exposed a t  about 
the same elevation as the zone of greatest fruit roduc- 

pressure area over Colorado and a high pressure area over 
tion. The condition to be most feared is that wit P 1 a low 
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the Northwest. This means the importation of cold 
air from the north accompanied by a settling of cold air 
from h‘ her altitudes, and as this condition is usually 
attende Y by wind, therefore protection by orchard heatera 
is very difficult. 

The fruit districts center around the following laces: 
Tremonton, Brigham, Ogden, Salt Lake City, and % rovo, 
all on the western slope of the Wasatch Mountains and in 
the Great Salt Lake drainage area. During the frost 
period in the spring telegraphc reports are received from 
the above-named places every day, and an attempt is 
made from this data and the weather ma to forecast the 

those laces on the following mornin I n  a country of 

difference in temperature within short distances. The 
growers, to take advantage of the frost warnings, study 
their local conditions as compared with the “key sta- 
tions.” The forecash are given for the key stations, and 
if a ,power has found that hls lace is consistently warmer 

when warning for his key station is received. 
The method of protection is by heating with the 

orchard heater, using either coal or oil as fuel. It can 
not be said that protectina the fruit from frost is universal 
in Utah. As a matter offact, only a few farmers, com- 
paratively, are convinced of the practicability of this 
method or any other method of protectin their fruit. 
There is a sufficient number, however, who B ave faith in 
the oil pot or coal pot, so that the Weather Bureau coop- 
erates with them, a s  some have very large orchards. 

cooperative observers 

protection of tomatoes and alfalfa seed in the fall is 
needed. These cro s grow low, and a t  the special key 
stations, Willard, Joy, Neihi, Mills, and Deseret, the 
thermometer shelteis are laced on the ground so that 

surrounding vegetation more nearly than if mounted in 
bheir usual position’4 feet above the round. 

The tomatogrowing industy is very 9; arge and is encour- 
aged b the presence of large canneries in this State. 

the last of the crop is spoiled by fall  frost if not 1-0- 
tected. Tomatoes, onions, etc., are protected by smu&es 
which are quite effective as very little wind accompmes 
early fall frosts. The alfalfa seed cro is protected in a 
much different manner. When alfal P a becomes frosted 
the seed is blackened, in which condition it sells at a much 
lower price than the bright, unfrosted seed. It is said, 
however, that its germinating quality is uninjured. The 
alfalfa seed grower as soon as he learns that frost of s a -  
cient intensity to blacken the seed is expected, puts to 
work in the field all the moweis he can, then he stacks the 
grass. Only a small percentage of the seed is frosted 
when in this condition, and the crop will then have a high 
selling value. 

It may be asked: Why does not the grower cut his seed 
earlier ‘4 Alfalfa seed matures very unevenly, therefore, 
an early fall  frost catches the seed in all sta es of growth 
part being in the ripe stage, part fully devioped but f d  
of sap, and part not far enough advanced to germinate. 
Durin this period, about 10 or 15 days before the crop 

100 pounds per acre every 24 hours. The grower, there- 

until the last minute in order to secure this increase, 9 an 
fore, is tempted to allow the plant to remain stan 

aa seed is now selling for about 12 cents a pound, the 
increase in weight is valued at from $6 to $12 per acre 
per day. 

probable minimum temperatures whic % will occur at 

such a iversified topography as Utah, t t ere is considerable 

or colder than the key station ?tl e can then act intelligently 

The tem ieratures obtained b 
will not in i l  ’cate very accuratey f the period at which 

the thermometers will in c r  icate the temperature of the 

Tons o 9 tomatoes are raised every year, and frequently 

shod if be cut, the seed increases in weight from 50 to 


