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( 0, + 0‘9) ( T’ - 273), which, since the process is adiabatic, 
is equal to the heat in the initial stage, 

That is: 
1 .  The heat content of any air equals the heat content 

of the same air saturated a t  its wet-bulb temperature 
minus the heat content of the liquid water required so as 

C,(T-273) + ~ ( T ’ - 2 7 3 ) .  

- 
saturate it. 

- 
2.  The webbulb temperature of air adiabatically 

cooled, whether much or’ little, by evaporation into it 
from s ray or other source, is constant. 

air are e ual that of their mixture will be the same, 
however 1 ifferent their actual temperatures. 

Furthermore, since the quantity of heat added to an 
object divided by the current absolute temperatwe of 
that object is the change in its entropy, the entropy per 
am of dry air a t  the absolute temperature T, counting 

Eom 00 C. is 

3.  I P the wet-bulb temperatures of several portions of 

Similarly the entropy of 1 +z grams of saturated air at 
the absolute temperature T’, also from 0’ C. is, since the 
specific heat of water is one, 

T’ T’ Lx 
273 T” c, log w3+z log -+- 

in which L is the heat of vaporization of a gram of water 
a t  the absolute temperature T’. 

But - _ _  
T’ Lx T 

c p  log 373 = Cp log 273 - + -’ T’ nearly, 

since, on putting Lx = CP( T- T’), the expression re- 
duces to 

T T  T 
T’ T ‘  log - - = - - - 1 - +  

nearly, which is true for all ordinary values of T/T’. 
Hence, in Normand’s words: 

The entro y of any air approximately equals the entrnpy OF the aame 
air saturate! at ita webbulb temperature minus the entropy of the 
liquid water required EO to saturate it. 

ATMOSPHERIC TEMPERATURE AND THE CODLINQ MOTH. 

By CHARLES C. GARRETT, Meteorologist. 

[Westher Bureau, \V&s W8lI8, Wash., Gept. 8, 1922.1 

Among the numerous insect ests that infest the 

fruit growers, undoubtedly one of the most destructive 
of those that attack apples and ears is the codling mot,h. 
In a letter to the wnter the &strict Horticulturist for 
the southeast Washin ton fruit district stated that in 

suffered a loss of over $2,000,000 due to the ravages of 
the codling moth alone. The Walla Walla district fared 
somewhat better, but the shippin data kept by the 

the ap les were culls, and in accordance with the Stat.e 

orchards of the United States an 1 cause great losses to 

the season of 1918 t h e Yakima Valley apple growers 

Horticultural Department showed t % at 28 per cent of all 

7-l horticu s tural laws were necessarily ship ed to by- roduct 
left to rot upon t e grounx Con- 
at  least 26 per cent of this total 
the codling moth. 

winter in a cocoon, mostly 
trees. In early spring the 

larvae begin to transform into pupae, and soon after the 
apple blossoms have fallen the moths begin to emerge and 
continue to do so until the middle of summer. They lay 
their eggs chiefly on the leaves of the trees. On hatch- 
ing, the oung larvae seeks the easiest place to enter the 
a ple, w h ‘ch is furnished by the calyx, or blossom end of 

stem end or through the skm. Between three an four 
weeks are spent by the larvae, or worms, in the fruit. 
Most of the wormy fruit falls before the larvae emerge. 

In ordinary seasons, in northwestern apple distric;ts, 
the codlin moth has three generations and a partial 

broods hatch at  distinct periods. Dates of the main 
portion of each brood’s hatching are determined, from 
which proper dates for spraying can be ascertained. 

The means of control of the codling moth consist in 
covering the fruit and foliage with a poison mixture by 
spraying with a force pump. The first, or calyx spray, 

8 t % e fruit, although a certain proportion enter throu h the 

fourth. A f 0,  under ordinary weather conditions, the 

is begun when most of the petals have dropped, with 
cal x cups still open to receive t,he poison, and finished 

as cover sprays, are applied at  varyin intervals during 
the 1at.e s ring and suinnier seasons k r  combating the 

As the cost of spraying adds materially to the expenses 
of an orchard, it is very essential that the work be done 
when it is most effective, and that, in order to avoid 
waste, no niore be done than necessar to combat the 

pend u on t E e advice of the State horticulturists for 

Codling moth cages, in which dormant larvae are 
placed early in the season, are distributed throughout 
a district, care being taken to have each cage correspond 
in every way to natural conditions. The length of time 
from the appearance of the moth, or adult butterfly, to 
the appearance of its offspring, the young larvae, is a 
known quantity, provided the atmospheric temperature 
is observed and recorded. While it has long been recog- 
nized that climatic factors influence the severity of the 
ravages of the codling moth, it was not until recent years 
that the close relationshi that exists between the 

Here is 
where the services of the meteorologist are needed in 
cooperation with those of the entomologist and horti- 
cul turist. 

In a letter to the writer, dated Au ust 21, 1922, Mr. 

Entomology, who has been engaged for several seasons 
in deciduous-fruit insect investi ations in the Yakima 
Valley, Wmhington, stated: ‘.%dlinT moths do not 
deposit e gs when the ten1 erature is be ow 60° F. Three 

Mr. Newcomer kindly furnished a diagram which is repro- 

be B ore the calyses are closed. Succeeding sprays, known 

later broo i larvae. 

pests. Most rogressive fruit growers z ave come to de- 

proper c 1; ates for spraying. 

tem erature of the air and t R e development and activity 
of t R e moths has been studied and charted. 

E. J. Newcomer, entomologist, Unite f States Bureau of 

fourths o 7 the eggs are lai z between 3 p. m. and 9 p. m.” 



M. W. R., March, 1923. 

FIG. 2.-Moth eaga. 



M. W. R., March, 1923. 

FIQ. 1.-Snowfall at Lacrosse, Wis., March 4,1923. 
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duced with this aper (fig. 1). This diagram shows Newcomer, a tein erature of 60" or hi her at  8 p. m. for 

afternoon and evening tem erature h d  the number of 

perature for the 6-hour penod, 3 p. m. to 9 p. m., is 

eoo 

76' 

720 week. 

graphically the re I! ationship that exists between the late two or three nig E ts in succession wi P 1 produce enough 

T egF codling moth eggs lad d a y .  .p 
He P urther states that if the weather turns cold, that is, 

to make a spray necessary, and that as these e 
The average daily tem- wi 1 hatch in from one to three weeks, depending on t e 

tern erature, the spray must be applied accordingly. 

with mLsiniuni temperatures of 70" or lower, after these 
eggs are laid, tho spray would not have to be on the trees 
for ten days or two weeks, while if it remains warm 
(nieuimum 75' or higher) the spray should be on in a 

With tlie desire of cooperating as fully as racticable 
with the office of the district horticulturist in t Yl e work of 

6 4 O 2  determining the proper sprayhw dates for codling moth, 
w 2 the Walla Wallu station of tRe Weather Bureau has 

60'2 installed thermometer shelters in three different parts of 
the Walla Walla fruit district. Each shelter is equip ed 

56* with niavsiniuni and inininium thermometers anc? a 
short-ran e therniograph. As the temperature varies 
considera ly in different prtrts of the district owing to 
diflcrences in topo$nphv, more than one station is 
needed for best resu ts Two of t,he shelters are located ::: in conimercial apple orchards, and one in the yard of 

MAY JUNE the writer's home in the city of Walla Walla. These 
special sttitions have been in operation for the last five 
seasons, and the records, in the words of one of the horti- 
culturists, "have played a large part in codling-moth 
control in this district." Those that are located in the or- 
chards are in close proximity to the codling-moth cages, 
and the records are ke t by the orchardists who also 

the moth cages is shown in Figure 3. These are located 
in tlie Pomona orchard, northeast of Walla Walla. 

68' 
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Fro. I.-Rehtlonship between late alternoon 3nd ereninq temper.iture and tlie uumher 
of eggs laid duly by the codling moth. 

shown on the chart by the broken line. The number of 
eggs laid is indicated by the solid line. Mr. Newcomer 
states that this is merely a sample taken from their 
records for four years. It will be seen that when the 
temperature drops below the 60° line, the number of eg s 
laid drops to zero or nearly to zero. According to Ivr. B 

keep the records of mot R emergence. A view of one of 

THREE WISCONSIN SNOWSTORMS. 

By W. P. STEWART, Meteorologist. 

[Weather Bureau, Milwaukee, 14% , April 21,192'3.1 

The average snowfall in Wisconsin during March, 
1923, was 19.8 inches. This is the greatest of record 
and is more than double the usual March snowfall. The 
greatest previous average for the State was 18.3 inclips 
in 1891, and the least, 0.8 inch in 1910. Because of 
snowdrifts, highways throughout Wisconsin were impass- 
able except for horse-drawn vehicles during the greater 
part of the month. 

In most sections it was a month of frequent and heavy 
snows. Snow fell in some part of the State every day in 
the month but one. The first eneral andconsiderable. 
snowfall occurred on March 4. 4his was heaviest in the 
vicinity of La Crosse where niuch damage was done to 
trees and overhead-wire systems. This was followed b 

lowed a series of 3 storms during which most of the 
month's snowfall occurred; crossing the State in rapid 
succession they made almost one continuous snowstorm 
throughout the second decade. These storms dela ed 

hi hways, and caused an economic and property loss in 
dsconsin estimated at  over $1,000,000. 

intermittent snows from the 6th to the 9th. Then fo T - 

rail trafFic, damaged overhead-wire systems, bloc l ed 

The first of these three storms occurred on March 11, 
13, and 13, in connection with the movement eastward 
across the State of a barometric de ression of unusual 
intensity. During its passage the !I arometer at  Mil- 
waukee fell to 28.82 inches, sea-level reading. This is 
t,he lowest of record with one exce tion. The snow from 

notwithstandin n gale of 30 to 60 miles. The snowfafi 

inches, the heaviest being in southern counties near Lake 
Michigan. The moist snow, at  first mixed with somerain 
and sleet, stuck to wires, poles, and trees, and froze there. 
This made a coating of porous ice, or mixed ice and snow, 
which on wires and the small branches of trees and shrub- 
bery was about 13 inches in diameter. Over a wide area 
in southern and southeastern Wisconsin branches of trees, 
and in many cases whole trees, broke down. These in 
turn, aided by the gale, bore down thousands of tele- 

aph and telephone poles and many miles of wire. 
8ne company alone estimnted its loss from this cause at 
$250,000. Telegra h and telephone services were more 
or less seriously de P ayed for approximately 5 days. 

this storm was unusually moist, so t \ ere was little driftin 

in southern m f eastern Wisconsin ranged from 6 to 20 


