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INTROCDUCTION

The peach borer (degeria exitiose Say) ! has been one of the most
sarious inscet pests atiacking peach trees cast of the Rocky Mountains
since the lime of the early settlers, and until recent years no satis-
factory control for it wus known. DPrevious to Blalkeslee’s ? discovery
of the value of paradichlorobenzene for peach-horer control, the
laborious and only partially effective method of removing the borers
~with a worming knifo in the fall of the year was resor ted to by most
peach growers.  Since the appearance ol Blakeslee’s report in 1919, a
groat deal of experimental work with paradichlorobenzene for peach-
borer contrel has been conducted in different parts of the country,
and its use by peach growers has increased tremendously during the
last few years. Peterson’ has given & very complete report on the use
of paradichlorobenzene and other materials for the control of the
peach borer in New Jersey.  His publication also contains an excellent
bibliography of the most important papers on the peach borer. The
authors 4 have issued a report of progress on their prardichlorobenzene
studies in Georgis during the 1921-22 season, and detailed directions
for the use of the chemical ngainst the pesch borer were given in o
bulletin by Qua'mtance &in 1921.

i Drdor Lepinlulltum famll) Acgenidm.

1 BLaREsLEE, E. B, USE OF TOXIC GASES AS A MDYSIHLE MEANS OF CONTROL OF THE PEACH-TREE HODED.
u. 5. Dept. ;\;.r 13nal, VHG, 23 p, s, i,

I PETERSON, ALVAH. THE FEACH WOLER 1X NEW JERSEY (WITH XOTES ON SIMILAK rENTS). New Jorsey
Agr. Expt. Sto. Bul. 301, 143 p., illas, 1922,

185ary, Quiven L, wnd ALDEXR, CHARLES 1T. FURTINER YTCDIES WITH PARAMUHLOROLENIENE FOR
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Tal. 1164, L8 p., Hlus, 149383,
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This bulletin gives a comprehensive report of paradichlorobenzene
experiments, with conclusions and recommenduations, which were
conducted in the Georgia peach belt from 1922 to 1926; it also males
reference to the work conducted in 1921. Six vears was considered
the minimum tree age for the sale use of paradichlorobenzene when
these cxperiments were started; conseguently, most of the experi-
ments have been confined to peach trees ranging in age from 1 to 5
years, in an eflort to extend the use of the chomicnl to young trecs
with salety. The results of the experiments herein reported show
that paradichlorobenzene is safe for use in the South on peach trees
5 years ol age and older, and fairly safe on 4-year-old trees, but
unsafe in this latitude on 1, 2, and 3 year old trecs, especially when
weather conditions cause & rapid evaporation of the erystals, or
retard the normal diffusion of the gas through the soil, resulting in
an nbnormal gas concentration around the tree trunk st and bolow
the ring ol ervstals.

EMERGENCE OF PEACH-BORER ADULTS IN GEORGIA

Gas for peach-horer control is most effective in the fall of the year
at the close ol the oviposition period of the insect.  As a part of the
prradichlorobenzene application experimenits in the Georgia peach
belt, 245 peach-borer cocoons were collected from peach trees near
Fort Valley, during Mugust and September, 1923, in order to obtain
data on the emergence of peach-borer adults. Of these €0Cco0Dns,
192 contained cither peach-borer larvae or pupae, and 53 were empty,
the adults having issued fror the empty cocoons some time previous
to the date on which they were collected. From the cocoons con-
taining larvae or pupae, 25.8 per cent of the moths emerged during
August and 74.2 per cent during September, the last date of emer-
gence for the Temales heing Septermber 24, and for the males Sep-
tember 28. Starnes,® in his work on the life history of the peach
borer in Georgin, shows that in 1904 there was a moth emergence
of 15.9 per cent in August and 84.1 per cent in September, and that
in 1905 there was a moth emergence of 8.3 per cent in August and
91.7 per cent in September.  The greater part of the moth emergence
in Georgin, therelore, occurs during September and practically all
of the egr deposition and hatching is over before the time for the
applieations ol paradichiorobenzene in QOetober.

CHEMICALS TESTED FOR PEACH-BORER CONTROL

In addition to paradichlorobenzene, both in the sublimed and
unsublimed form, orthodichlorohenzene, paratoluidine, and calcium
cynanide were tested for the control of the peach borer and for data
on tree injury. These chemicals were all applied like puradichloro-
benzene, except that the calelum cyanide used in 1925 was placed
in a shallow trench around the trees and lightly covered with soil.

Orthodichlorobenzene, which is a liquid, was used during the fall
of 1922 at Byron, Ga., and at Winchester, Ga., on 5 and 7 year old
trees. Three-fourihs and 1 ounce doscs were used, and were allowed
to remnin around the trees for six weeks. This material proved to
be an effective larvicide: but it caused very severe injury to the trees,
finally killing many of the 5-year-old trees and a few of those that
were 7 years old.

¢ 8rarxEs, FIvge N.  TRE FEACT TREE nokEL.  Georgio Exp. $ta. Bul. 74, pp. 147-180, jllus, 1906.
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Paratoluidine, which is a nearly colerless solid of thin, flat crystals,
was used on a few 2, 3, and 11 year old trees at Fort Valley and at
Winchester during the 1922-23 season.  No trev injury resulted from
34, 34, and 34 ounce doses, but the chemical fuiled to control the
borers in the 11-year-old trecs, probably becsuse it was not applied
until November, The cost of this material at the present {ime renders
1ts use for borer control impracticable.

Caleium eyanide, in both the dust and granular form, wos used in
the sprivg of 1924 on o few G-year-old trees at Lee Pope, Ga.  Final
examinations showed no injury to the trees from 2 ounces of cither
kind; however, no information was obtained on its effectiveness as
a larvicide on necount of the abseuce of horers in the trees: During
thie Tall of 1925 rather extensive tests were made with this material
ut Fort Valley sround 1, 2, 3, and 4 year old peach trecs. Forty-
four lurvae were talken from the trees treated with from I-ounce to
3-vunce doses exposed (rom 4 to 8 days.  Thirty-five of these larvae
were dead, showing a mortality of 79.5 per cent.  There were 11 live
borers in the untreated trees.  No tree injury was noted at the time
of examination lor borer mortality, but later in the fall discoloration
of the cambium was noted on some of the trees that were treated with
the 2 and 3 ounce doses.  Bxaminations made of the trees the follow-
ing spring showed these results: The I-year-old trees treated with
the 15 and l-ounce doses for 4 days showed no injury. Of the
Z-year-old trees exposed to the gas for 4 days, 1 was dead nnd 4 were
uningured from the J-ounce dose; 1 was injured and 4 uninjured
from the 1-ounce dose; and 1 was dead and 4 uninjured from the
Ilw-ounce dose. The 3-year-old trees treated for 4 days with 2
ounee showed no injury; however, 2 ources for the same length of
tie injured one of five 3-year-old trees. Of the 4-year-old trees
exposcd to the gas for 4 days, 1 was injured and 4 were uninjured from
botlh the 1-ounce and 2-ounce doses, and all 5 were severely injured
irom the 3-ounce dose.  Of the 4-year-old trees exposed to the gas for
8 days, 1 out of 4 was injured from 1 ounce; 3 out of 4 were injured
[romn 114 onnces; and 4 out of 4 were injured [rom the 2-ounce dose.

Table 1 gives & summary of the results that were obtained ju tost-
ing the several chemicals, except paradichlorobenzene, for peach-
borer control in Georgin.

Tavig 1. -Results ofitained from orthodichlorobenzene, paratoluidine, and calrium
cyanide applied lo peack (rees for obsereation on tree injury oand peach-borer
mortality; COrorgia, 1822-1925

- z g iz o
z E g i 2 :
s ] = = EEE . Epinjury to trees nt time of
Material! = = z ol I fitnd examination
= = & e 1 = ]
= @ = P
= = = - . ]
. R Sl _—— .
0 iam MR Dupy Years Pret|
Ornndivhlorobenzene . 3 O, 13 Nov.2: 420 5 1g 35 {3 dead, ¥ severely injured.
oo, .. wee LY adan oo D R 500 180 L dend, 7 dying, 2 saverely
' ' injured.
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1 These cheanicnls were sb! applicd like preadiclloroienrene, excenl thal the valeium eyanide used Jn 1925
was placed it a shallow treneh around the trees and lighily voverad with soil,
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Tanuy L—Resulis oblained from orthodichlorebenzene, paralohuiding, and calcium
ey ndide tw{‘:hed to peach lrees for obserealion on free fugury and peach-bover

mortality; (eorgia, 1922—1525~Continued
_ T &
1z £ 51y
Materknl = = g EE | =
=] o ] AR o
g o o PR 2
g & 5 ‘2 | &
G| A & 8 [ <
. ' (bs] 12« Dagai Yenrs
Paratehitidine CNov 10 Apr 2 (4 “
e, . ST T | T S Y {1 2
Da.. io. L 3
Vo . 4y 3
To.. .. £ 10
o . i 10
. Do G 10
Canirg! PR B 11
. : 1094 1924 i
Cadeiiay eyandde fdusty 02 VApn 1 ol ... ha, 6
L‘?I{-I;:m eyauble (prang- @2 ll,.-da..‘.. mmmnmmee, 5 §
uri. ' i ) '
Control. ... e My S0
13 r
. U oams W
Caleivm cynobde (dusty.. ¢l Oct. i3 | Ocl. 19 A4 1
Culeliim evanitdo (gramt- | e doo. . R [ TR i
inr},
Calolinn eyanide (asty .. i !i_--do R U+ | SO B 4 1
{'glehem oynnide fgrubu- |1 i._.(in JRUR s - 4 1
nri. i
{"ajeinm evanida (dast)-. .| 4o, - 1 T 4 2
(‘?lcium cranbde {ranu- ,l‘jl.._(in. Lo . 4 2
wrl.
Calelum eynnido (dusty .41 fodo. T S, [ 2
Caleinm cynnide {grann- 1 i do . _]...do... . 4 2
o}, i
(‘nicgum cyaulde {dusty | 14e__do. o doo . . + 2
Cadeften eyanide {prame- | 134 do o oo L 4 2
inr. i
Cateitim eyanide (lust)...p 1 oo | _do__ . 4 3
(‘nici‘um eyanide {goani- |3 dool o doa... 5 3
tnrt, .
Cateitun eyvanide dusty...| 2 - doo Ll sdoal 4 3
Celgiwin eyanide (gront- |2 . _doo .2 LT S 4 a
nry.
Cajebm eyanbde fustio 1 ode (. do.. 1 4
Caleinm eyanide (granu- 11 @ de . do.. .. -4 4
ary. .
Colelun eynnide (dusty L) 2 e ) do. o 4 4
1
Caledtim cyanide {grapn- | 2 ' ol L dool L 4 4
ar). i
Caichum evanide (dust) ..} 3 g._.tlo. JO (LT T 4 3
(‘nlu;um eyanide (gravo- |3 oo . L 4 4
lor .
Conttol. . vamnennssnn S SN N I+ WU T
Culeluns cyanide (dusly )1 {0el 20 | Oct. 28 8. 4
Caleinm eyanlde fprnou- 11 __ido.... .- -do U 8 . +
ar). : .
Calelum oyenide ddust) o) 1304 o). dooa o g 4
Calelum eyanide farnny- 3 4
fard.
Caicinm cynnids (dusty 2 s 4
aleiva evanhde fyraou- 5 3
far).
Coutrol. oo - do.. oL 4

1 o larvao.

+ Orvar winter,

! Mot oraunaed.

410 live lurvae,

e

15 %=d &

(=224

o M MW K

(-]

(=R -]

. Nuiuberof trees

Lacvae killed

0}
&

&
9
]
4]

(3

g

60.6
0.3
‘50 H

nE :
i
}

&

Injury 1o brees ubt time of
finnd exnadination

Da,
pety

Po.

To,
o,

Do,
Do.

1 dead, 2 uninjured.
Noinfury.

Do.
Canhbimia injnred on I
trea; 1 uninjured
1 dead, 2 uninjured.
o injury.

Da.
Da.
1 slightly injured, 2 upin-
jured.
Mo injary.

1 with esmbinm kifled in
spois, 2 unbnjured,

' Noinfry.

.1 wilh cambium killed in

spols, 8 wninjured.

. Mo injury.

3 irecs with cambinm se-
vorely injured.

2 treps with cambium se-
verely inlured,

No iojury.

1 with enmbivm kiied In
spots, 1 upinjired,

Mo injury; 1missing.

1 with cambium killed in
spols, 1 missing.,

2 with cambiom killed in
spots, 1 unfnjured,

{2 with cambinm killed in

spats, .
2 with cumbitin killed in
spots, | missing.

! Mg injury.

4 dive larvae.
7 Hve Inrvoe.



[1d11

EXPERIMENTS FOR PEACH-BORER CONTROL

PARADICHLOROBENZENE

Prradichlorobenzene, CeHCly, 1s a shiny white crystalline solid
at ordinary temperatures. 1t is insoluble in water, has a boiling
point of 172° C., a melting point of 53° C., and a low vapor pressure-
at ordinary temperatures, being sbout 10 times as great at 100° F.
as at 50° I'. It has a specific gravity of 1.268, and a molecular weight
of 146.96. The gas is heavier than air, and nentoxic to man, but
toxic to most inscots.

The rate of evaporation of paradichlorobenzene crystals in the
soll is dependent upon temperature, moisture, aeration, and the size
of the crystals. Only unadulterated paradichlorobenzene of about
the finoness of grenuvlated segar should be used, in order to insure
evaporation of the desired rapidity snd uniformity. Pure paradi-
chlorobenzene that will pass g sieve having 10 meshes to the lincar
inch has been found very satisfretory for peach-borer control.

Belore paradicblorobenzenc is applied, al! grass, stones, and trash
should be removed from argund the tree for a radius of about a fooft,
and the soil surface should be made smooth with the back of a
shoval. The erystals should then be distributed in a continuous band
on the soil around the tres. This band of crystals should be 114
inches wide, and about 1V4 inches from the tree trunk, and should
he above the point where the topmost borer is working in the tree.
The crystnls are then carefully covered with a shovelful of clean
soil, after which several more shovelfuls are added and packed to
form a conc around the tree. (Figs. 1 and 2.)

The 34-ounce dose ol paradichlorebenzene should be used for 4
and 5 year old trees, and the mounds and unspent erystals removed
four weeks after the application. For (rces 6 years of age and older
the 1-ounce dose should be used, and as an added precaution against
treo injury the mounds and unspent erystals should be removed six
weeks after the application to trees of those ages. Paradichloro-
bonzene should not ba used on 1, 2, and 3 year old trees in the South,
#s under some weather conditions serious tree injury may result if
the chemical is applied to trees of those ages. A trec is considered 4
vears old when it has been in the ground for four full growing seasons.

Paradichlorohenzene should be applied in central Georgia between
October 10 and 15; in northemy Georgia between October 1 and 5;
m the mountainous section of northeastern Georgia between Septen-
ber 25 and October 1; and in southern Georgia between October 15
and 20, The chomical should be applied on ihe same dates in similar
latititdes of other Southern States. Effective results can not be ob-
tained unless the material is applied on or close to the above dates,
and according to the directions. (Figs. 1 and 2.) Poor results will
be obtained if the material is applied as shown in Figure 3. If, for an
unavoidable reason, the usual fzll application can not be made, the
chemical may be put out in the spring about April 1; however,
spring applications are not as effective as those made in the fall, and
furthermore they allow the borers to work unmiolested in the trees
more or less throughout the winter.
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FIa. 1.—A, Spil nround peach tree made ready for paradichlorobenzene tregtment; B, applying
prradichlorobenzene with a handy concshaped container that holds cxactly 1 ounce
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Fig, 2.— A&, The ting of crystals should be nbout 11w inches wids and 114 foches from the tteo trunk;
12, severnd shoveliuls of soil ghould be ploeed on Lop of the ring of crystals srd nocked geotly with
thie bark of o sheved
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Fia. 3.—~Incorreet methiods of applying parndichlorobenzene: A, The mound should linve beer: placed around. this tree where borers nre working so that the crystals could be
'{)lnceél nbl«{wru tb?fm;u]}, Whe?t the chemical is placed aguinst: the trunk ns shown severe injury to the tree may result; C, in this ease the ring of crystals is too far from the
ree trunk for offective results
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PARADICHLOROBENZENE EXPERIMENTS IN ORCHARDS, 1921-1926

A large number of paradichlorobenzene experiments were con-
ducted in Georgia peach orchards from 1921 to 1926. Table 2 gives
the location of these orchsrds, the year they were used, the age of
trees, type of soil, and condition of trees at the time of trestment.

Tanne 2.—Location of paradichlorobenzene experimental orchards, aiye of {rees, year
used, type of soil, and condition of trees al time of applicalion; Ueorgia, 1921-
1925

[l
b

Condition of {rees at

Location of prehnedd | Ape of troes {yenrsy ' ::see‘:lr ype of soil lime of application
Marshellciile. | i tand 2. oeieeel. 19N Red sandylonn. .o ... Good.
Foru Valley. oo o080 coooolaoaoo M Ll L= Do
Murshativiile, ., 4L o0 L 1920 Sandylesmo .. _.. Funir.
Wesley Chnped I 17 - S 192 Gray snndy logm Do,
NMnrshaliville 4128, end <1922 Red sandy lonin Geod.
Fort Vailey - dond 0. P 11 S do ... Do.
Byron_ LIS S T ¥ leam. To.
Fort Valley L85, T and 1L . Do.
Marshallville S |1 Do,
Yemftho.... . R S [P oo 1833 o.
Lew Pope. .. F S P . iy Do.
Fort Yalloy_ .. PR T O 17 | S 1 <31 To.
Morshaiivinle. . T P |5 Do.
Zenitho .o 1 ©o18 De.
Foct Vallay. ! 1925 Bo.
Alarshallvilie i WS Do,
Montezumn. ! jLix5] Tio.

! Drainage wos excellend 1 ali the orebards,

The experiments were condueted in 35 different orchards, the trees
in which ranged in age from 1 to il years, although in most cases
trees from 1 to 6 vears of age were used. Most of $he trees were in
good condition when the experiments were started, although a few
showed only fair condition. The 3-year-old orchard used at Fort
Valley in 1921 was used also for cach succceding year including 1925,
bence paradichlorobenzene was used around the same trees during
five consecutive years. No discernible trec injury resulted in this
period and the peach borer was almost completely eradicated. Fort
Valley has been the location of most of the experiments. Others
were conducted ab or in the vicinity of near-by towns.

Summarics of the resulfs of parsdichlorobenzene experiments in
orchards during the {our seasons extending from the fall of 1822 to
the spring of 1926, together with the dosages and exposures used for
trees of cach age, are given in Tables 3 ang 4. Table 3 presents the
results of the experiments with reference to tree injury noted at the
final examination, and Table 4 shows the mortality of borers found
in the trees that were examined for borers.

73339—28 2




Tanvrw 3.—Tree injury resulting from use of paradichlorobenzene in experiments for peach-borer conirol, 1922 to 1926, inclusive; central Georgia

01

SEASON OF 1022-23

T ) : |
Age {} Length One-fourth ounee doge . | One-hslf ounce dose Three-fouirths ounce dose ; One ounce dose ¢
¥ Len } ) { . Y
trees i Time of ﬂm’“‘ of expo- e e e : I R el (ﬁ"éé’l’]‘if&
m (| cation? "‘f‘:‘:ﬁ,‘f Number | Tree injury at final | Number . Tree injury at fina) Mlmber Tree injury at final ~ ! Number . Tree injury at fingl © trees
WECKS i af trees examination ! of trees examination i of trees examination i of treeg examination

per |
|

SOt 10-15 . 10" None.. 1} None

: o - E » 10 ..do. . 10 ’ ~do

] 10 do . i B .

oo 10§ None. ... .. ... 10 "1tree with burkhners
; flecked.

10 do.. .. .- I tree with burk layers 0.
! i flecked. : ;
10 Loadoa L 2 trees with bark layers 10 | 1iree had cambium |
flecked, injured, 3 had bark .
. X flecks,
10 {.cwndo.. Dol 1 ! tree with bark layers 3 trees with severe,.___
; flecked. bark layer flecking.
None ....... .. ... ‘\onaa‘..““..\..-.-._

IdAd 'S 1 ‘8¢ NILATING TVOINHOLL
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Lo R 2 R L NN,

SEASON OF 1923-24

Slight flecking on 1; Slight -flecking .. on
severe fleckingon 12, severe: flecking on 9.

None, 3; slight, 2;-se- None, 1; slight 7; severe,! 20 | Slight, 3; severe, 14;
vere,20; cambium, 5, 14; dead, 8, dead, 3,
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.do
ST 5 o
Oct. 184, . e R o . . do. .

Oct, 10~15 40 I S J . . Slight, l,nom,g i "'No
o . [ o AR S O RS . 0] NONC...oneun o hhght 2 none R
do.o. P S P T S coeedo.. oLl 10 %hx,ht, 1 severe, 1
: H : ; ! none, 8.

_dn . i ) [ . I A RO I AU lo§\one.., JCI
Oet, 24-29 . P e P T B P DY 10 0..

Nov. 7-12. . Lol e 10,
Nov.21-26.
Dee. 10-15.. .
Oct, 1015, nnd

Ot 205

Oct. 10-15.. .. . L eees il
ol Ll None.,... ...
¢ i SN : oadoo

Lo e e
Oct. 24
Nov. 7-12.....
Oct. 10~15

!
{
t
1
!
1

[N A

. Oct. 2420777
3! Oct.10-15.....

(&1

do ; Note.o s e i
tree with flecks in. 2 trees with flecks m- ..... PR
bark layers, ; i bark layers.

' 511 tree with (flecks in. ..........
i bark layers, i

i Applications made on a day within the range of dates given. & Unsublimed substituted for sublimed paradichlorobenzene.
2 Over winter, 8 Until 6 weeks after Apr. 1.
3 Coarse paradichlorobenzene. 7 Equal amount of sand as filler used with the specified dose of paradichlorobenzene.
4 Paradichlorobenzene placed against trunk. ¢ Paradichlorobenzene crystals placed 4 inches froin tree trunk,
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TaBre 3—"Tree injury resulling from use of paradichlorobenzene in experiments for peach-borer control; 1922 lo 1926, inclusive; central
Georgia—Continued

Gl

I One-fourth ounce dose : OUne-half ounce dose Three-fourths ounce gose One ounce dose

Atge of! . . i Lfength i : Number
rees . ‘Timeof appli-| ofexpo- - R T s e - 5

in i : of control

years cation i{‘ﬁg,f‘s‘ { Number | "Tree injury at final Number . Tree injury at finsl * | Number |  Treeinjury at final | Number ;- Tree injury at final trees
K of trees examination - | of trees exemination of trees examination of trees | examination,

SEASON OF 1025-26

Nene

2 trees with flecks in
bark layers.

2 trees with flecks in
bark layers.

4 with slight, 2 with
moderately severe
flecks in bark layers.

None. —-

9 One-half ounce dose of paradichlorobenzene at 2 levels.

2Qver winter.
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Tanue 4.—AMortality of peach borers in paradichlorobenzene experiments in orchar ds
1822 to 1985, inclusive; cenlral Georgia
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1521-22 EXPERIMENTS

The resulls of the paradichlorobenzene experiments conducted
during the season of 1921-22 have been myzsented by the authors in
United States Department of Agriculture Bulletin No. 1169, and
therefore no detalled aceount will be given of that work in this
bulletin. That scason was very favorable for the use of paradi-
chlorobenzene, as revealed by observations, and no serious tree
injury was noted on any of the trees used, except a few brown lesions
in the outer bark layers of some trees at « point opposite the ring of
¢rystals.  The regular fall applications, commencing Octobar 10, gave
6 borer mortality of from 95 to 100 per cent. Poor results were
obtained with large dosages for short exposures, and only fair results
with small dosages applied at the regular time for long exposures.
Very poor resuits were obtained when the erystals were applied during
lete November and early Deceruber.

1822- 23 EXPERIMENTS

Peach trees 1, 2, 3, 4, 5, 7, and 10 years old were used for the
peradichlorobenzene experiments during the 1922-23 season. One
observation was made for borer mortality, and three for tree injury,
the finul one of which was about 10 months after the material was
applied. Suwmmaries of results of the 1922-23 paradichlorobenzene
experiients are included in Tables 3 and 4.

The 1-year-old trees showed po injury from the 14 or 34 ounce
dose at any of the cxaminstions for tree injury. No data were
obtained on borer mortality in these trees, as there were no borers
present, even in the control ar untreated trees.

At the time of the finsl examination none of the 2-year-old trecs
showed any signs of Injury from the l}4-ounce dose of paradi-
chlorobenzene which was exposed to the trees for a period varying
irom 3 wecks to over winter. The 2-year-old trees treated with the
3 -ounce dose showed no injury for the 3 weeks’ exposure; 1 free
showed flecked bark layers from the 4 weels' exposure (fig. 4); 2 trees
had flecked bark layers from a 6 weeks' exposure; and 1 showed the
same injury from the overwinter exposure. The 2-year-old trees
treated with the I-ounce dese showed 1 tree with bark layers flecked
from the 3 weeks' exposurc; 1 with flecked bark layers from the 4
woeks' exposure; 3 with flecked bark layers and 1 with the cambium
slightly injured lvom the 6 weeles’ exposure; and 3 with severely flecked
bark layers from the overwinter exposure. None of the injury was
severe cnough to kil any of the trees.

The condition of the injured trees in the 2-year-old orchard at the
fall and spring examinations was somewhat different from that found
at the time of the final examination. Of the 10 trees treated with the
L4-punce dose for 6 weeks, 5 showed moderately flecked bark layers
at the fall cxamination. At the spring examination only 2 of these
trees showed moderately flecked bark layers. Of the 10 trees treated
with the 3{-ounce dose for 6 weeks, 4 showed slight flecking and 1
showed moderate flecking of the bark layers at the fall examination;
whereas at the spring examination only 2 of these trees showed moder-
ate flecking of the bark layers. Of the 10 trees treated with the
34-ounce dose for an overwinter cxposure, 1 showed slight and 3
showed moderate flecking of the bark layers at the spring examina-
tion. OQf the 10 trees trented with the I-ounce dose for 4 weeks,
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1 showed very slight and 3 slight flecking of the bark layers, and 1
showed a flecked cambium at the f{all examination. At the spring
examination 2 of theso trees showed slight and 4 moderate flecking of
the bark layers. Of the 10 trees treated with the 1-ounce dose for
6 weeks, 4 showed slightly flecked bark layers and 2 showed flecked
cambivtus at the fall examination, wheress at the spring examination
5 showed moderate flecking of the bark layers. Of the 10 trees

Fig. +,—Flecked condition of the bark layers of 8 2-vear-oid peach tree resulting from the use of
n ¥-cunco dose of paradichlorobenzene for four weeks

treated with the 1-ounce dose for an overwinter exposure, 4 showed
an injured cambium, and 1 moderate Secking of the bark layers, at
the spring exsmination.

Only one borer was found in the 2-year-old trees. This individual
was three-fourths grown, and was killed by a 34{-ounce dose in three
weeks. There were no borers in the untreated trees.

The 3-year-oild trees showed no injury from paradichlorobenzene
ab any of the three examinations. Borer mortality was as follows:
COne one-fourth grown and 3 half-crown dead where exposed to a
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Li-ounce dose for 3 weeks; 1 half-grown dead where exposed to &
Yé-ounce dose for 4 weeks; 1 Jess than one-fourth grown and 1 one-
fourth grewn dead, where exposed to & 34-ounce dose for 3 weeks. No
borers were found in any of the frees treated with the other dosages
aund exposures, and none was found in the control or untreated trees.

The 4-yenr-old frees showed no injury from psaradichlorobenzene
gt suy of the three examinations. No borers were found in any of the
treated trees that were examined for borer mortality. Seven live
horers were found in the untreated trees. .

The 5-year-old trees showed no injury from pargdichlorobenzene
at any of the three examinations. Borer mortelity was as follows:
Two half-grown dead, and 1 hali-grown stupefied, in trees treated
with the 34-ounce dose for 3 weeks. *No borer observations were
made on the remainder of the treated trees. There were 43 live
borers and 1 dead borer in the 5-year-old control or untreaied trees.

The 7-year-old trees showed no injury from either the usual
grunulated or conrse grade of paradichlorobenzene at any of the three
examinations. No borers were found in either the treated or
untrested 7-year-old trees.

The 10-year-old trees showed no injury from paradichlorobenzene
st either of the two examinations. Borer mortality was as follows:
Three one-fourth grown, 53 one-half grown, 45 three-fourths grown,
and 7 over three-fourths grown, dead; 5 one-half grown and 2 three-
lourths grown, stupefied; and 4 one-half grown and 2 three-fourths
grown, active. These 10-year-old trees werc all treated in the spring
(April 4 and 5) with the l-ounce dose of paradichlorobenzene, and
exposed to the gas for & period of 6 weeks.  The borer mortality from
this spring trestment was 89.3 per gent. There were 33 live borers
in the 7 untreated trees.

The data given in Tuble 3 show that during the season of 1922-23
the fall applications were in most instances {atal to the peach borer,
even when as low as one-half ounce was used for only three weeks.
Many of the trees that were treated with the 34-ounce and I-ounce
doses were nob examined for borer mortsality, as tests with these doses
the previous yvesr gave conclusive evidence that they were effective
for borer control. The chief observations were made on the effect of
different doscs of paradichlorobenzene on peach trees of various ages,
particularly those under 6 years of age, and how they reacted fo
different periods of exposure to the gas. The results obtained from
the experiments revealed that the season was favorable for the use
of paradichlorobenzene. Not a single tree of any age died from the
treatinent that season. Three examinations for tree injury were
made in the fall, spring, and summer, the final examination showing
no injury to 1, 3, 4, 5, 7, and 10 year old trees. Except in the
case of one tree in the 2-year-old orchard, the injury to the 2-year-oid
trees was confined to flecking of the bark layers. (Fig. 4.) The
spring applications caused no tree injury in 1923, and gave a borer
mortality of 89.3 per cent.

1923-24 EXPERIMENTS

Peach trees ranging in age from 1 to 7 years were used for the
peradichlorobenzene experiments during the 1922-24 season. Un-
sublimed paradichlorobenzene was tested on the 7-year-old frees.
Ohservations on borer mortality were made in the fall and spring,
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and on free injury in the fall, and the following spring and summer.
Tables 3 and 4 give summaries of results of the 1923-24 paradi-
chlorabenzene experiments. It was originally planned to allow the
material 0 remain sround trees in the l-year and 2-yvear orchards
for 6 weeks, and around trees in the 3-year-old orchard for 6 weeks
and over winter, but as severe injury developed in the 3-year-old
orchard after 4 weeks exposure to the gas, all mounds were torn
down and the material removed from sround the 1-year, 2-year, and
3-year-old trees after they had been exposed to the gas for 4 weeks.

At the fall examination the l.year-old trees showed injury us fol-
lows: Flecks extending into the cambium of 5 trees exposed to a
14-ounce dose for 4 weeks; flecking, which in one case was severe, in 4
trees exposed to a 34-ounce dose for 4 weeks. This injury was not
evident at the time of the spring examination, except on 1 tree
exposed to a 3{-ounce dose, which showed = little flecking of the
bark layer. No injury was found at the time of the summer exami-
nation, which was 10 months after the spplieation. No borers were
found in either the treated or untreated 1-year-old trees.

At the fall examination the 2-year-old trees showed injury as
follows: Thirteen that were trested with the 14-ounce dose for 4 weeks
showed flecking, two of which had the flecks extending into the cam-
bium layer. Eleven trees treated with the 34-ounce dose for 4 weeks
had flecks in the bark layers, which in 3 trees extended into the cam-
bium layer. The spring examination also showed flecking of the
bark layers from both the 14 and 3{ ounce doses. The final ex-
amination, which was msade 10 months after the application,
showed 1 tree with slight flecking and 12 trees with severe flecking of
the bark layers from the 34-ounce dose exposed to the trees for 4
weeks; and 2 with slight and 9 with severe flecking from the 3{-ounce
dose exposed to the trees for 4 weeks, One three-fourths grown
dead borer was found In the trees treated with the l4-ounce dose
for 4 weeks. One live borer was found in the untreated trees.

The 3-year-old trees showed severe injury from the 14, 34, and
1 ounee doses of paradichlorobenzene at all three of the exami-
nations, snd at the time of the final examinstion 11 trees had died
from the 34 and 1 ounce doses, which were exposed to the trees
for 4 weeks. An examination the following fall {which was about
one year after the paradichlorobenzene was applied) for dead trees
in the treated plats, showed that none had died from the l4-ounce
dose, 8, or 26,7 per cent, had died from the 34-ounce dose, and 3, or
15 per cent, had died from the l-ounce dose. All of the control
or untreated trees were alive at the time of this examination. Other
trees in the treated plats showed injury but Lved. The most
severe injury occurred on the sunny side of the tree, where the injury
appeared first. (Figs. 5, 6, and 7.)

Four one-half grown, 2 three-fourths grown, and 1 more than
three-fourths grown dead borers were found in the 3-year-old trees
treated with the }4-ounce duse for four weeks. No borer mortality
observations were made on the trees freated with the 34 and 1 ounce
doses. Twelve live borers were found in the untreated trees.

The 4-year-old trees at the fall and spring examinations showed
the following: Bark flecks on 1 tree treafed with a 3{-ounce dose
exposed for 6 weeks, bark Hecks on 1 tree frested with & I-ounce

76339--28——13




F16. 5.~A, Bark layers reinoved to show injury to the cambium of a 3-year-old peiicli tree fotir Wweeks nfter treating with 1 ounce of paradichloroberizeue (fall; 1023). Note that the
injury begins at a point opposite the ring of erystals and extends downward; B, bark layers removed to show injury to the cambium of a 3-yeer-old pench tree four weeks after
{ treating with one-half ounce of paradichlorobenzene (fall, 1923); C, bark layers removed to show condition of normal eambium of a 3-year-old peach tree in the control or

untreated ‘plat
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dose for 4 weeks, and the same injury on 1 {ree exposed to & l-ounce
dose over winter. At the time of the fingl examination only 1 tree,

Fia, 6,—A, Peaclitreesin ad-venr-old orghnrd killed with three-luntihs outhice of patadichiorobenzene
appiled connmnercially in October, 1823, and exposed four weeks; B, dead,dying, and injured peach
trees bn oo 3-yeet-old orchard at Woodbary, Go.. which had been (reated by a prower with three-
fourths ounee of paradichlorebenzenc in Oclober, 1033, for o four-weeks’ exposure

which was exposed to a l-ounce dose for 4 weeks, showed slight
flecking of the outer bark layers. No injury was noted on the un-
treated frees. :
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A few of the 5-year-old trees showed flecks in the outer bark layers
at tho fall and spring examinations. At the time of the final exam-

Fig, 7.—A, Three-year-old peach tree {n experimental orchard killed with three-fourths qunce of
!mmdich'lurobonzone appdied in October, 1923, and exposed four weeks; I3, 3-year-old peach tree
n experimenin! crchard killed with I oonee of paradichlerobenzene applied fn October, 1023,
for o fur-weeks' exposure

ination, 10 months after the paradichlorobenzene application, slight
flecking of the outer bark layers was noticed in 1 tree that had been
exposed to a 34-ounce dose for 4 weeks, slight flecking of the outer
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bark layers in 2 trees exposed to a 1-ounce dese for 6 weeks, and slight
flecking of the outer bark layers in 1 tree, and severe flecking of the
bark layers of another that had been exposed to a I-ounce dose over
winter. None of these trees were permanently injured.

None of the 6-vear-old trees showed injury at any of the exami-
nations where the paradichlorobenzene had been applied once in the

Where two applications were used, 1 ounce in October at the
regular time and 1 ounce the following April, 2 trees showed injury
to the bark layers and cambium following the second application.
Observations showed borer mortality as foliows: One one-half grown
dead borer in trees treated with 2 l-cunce dose 6 weeks later than
the recommended date and allowed to remain around the trees over
winter; 2 one-half grown and 2 three-fourths grown dead in trees
treated April 1 and exposed to & 1-ounce dose for 6 weeks. There
were 8 live borers in the 20 untreated trees.

The 7-year-old trees were treated with unsublimed paradichlore-
benzene mstead of the sublimed form, which is usually used. No
injury to these trees was noted at any of the examinations. Obser-
vations on borer mortality were as follows: Three one-fourth grown,
4 one-half grown, ¢ three-fourths grown, and 1 over three-fourths
grown dead borers in the trees treated with the l-ounce dose for
6 weeks; 1 over three-fourths grown and 4 three-fourths grown dead
borers, and 1 three-fourths grown active borer in the trees treated
with the I-ounce dose and allowed fo remain around the trees over
winter. There were 38 active borers in the 10 unireated trees. In
all probability the treated trees contained as many borers as the
untreated trees at the beginning of the experiment, but many could
not be found after the treatment on account of having become
decomposed or disintegrated after death.

As during previous years, the results of the 1923-24 experiments
with paradichlorobenzene showed that the material is a very effec-

- tive larvicide when used in the fall on the recommended dates.
Most of the observations that season were for tree injury, and unlike
previous seasons, very severe injury developed from the use of para-
dichlorobenzene around young trees, particularly those 3 years of
sge. Table 3 shows that flecking of the bark layers occurred on trees
2 and 3 years old treated at the regular time with & 4-ounce dose
for 4 weeks. No injury occurred from the use of the l4-ounce dose
around l-year-old trees. Thirteen out of twénty 2-year-old trees
had the bark layers flecked from a }4-ounce dose exposed for 4 weeks,
end eleven out of twenty had the bark layers flecked from a 4-week
exposure of o 34-ounce dose. The 3-year-old trees were severely
injured from doses of all sizes used, and some were killed by the
34 and 1 ounce doses after 4 weeks of exposure. The final observa-
tions for injury to the 3-year-old trees {all trees exposed to the gas for
4 weeks) showed the following: Three trees with no injury to bark
layers, 2 with slight and 20 with severe bark injury, and 5 with cam-
bium injury from the l4-ounce dose; 1 tree with no injury to bark
layers, 7 with slight and 14 with severe bark injury, and 8 dead from
the 34{-ounce dose; and 3 with slight and 14 with severe flecking of
the bark layers and 3 desd from the 1-ounce dose. No injury of
any consequence was noted on any of the treated trees that were
over 3 years old. :
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The results of the experiments conducted during the 1923-24
season showed that the season was very unfavorable for the use of
paradichlorobenzene on trees 3 years of age and younger. Con-
ditions were unfavorable both at the time of application and during
the generation of the gas, owing to abnormally high temperature
and lack of moisture.

The unsublimed paradichlorobenzene used on the 7-year-old trees
gave a borer mortality as follows: One hundred per cent mortality
where the 1-ounce dose was used for 6 weeks, and 83 per cent mor-
tality where the 1-ounce dose was allowed to remain around the trees
over winter. No injury to the 7-year-old trees resulted from the use
of the unsublimed material. )

1924-25 EXPERIMENTS

During the 192425 season, peach trees 1, 2, 3, 4, 5, 6, and 10
vears old were treated with paradichlorobenzene, either pure or
mixed with sand as a filler. The applications were made either in the
usual way, or the dose was placed 4 inches from the tree trunk.
Observations for borer mortality were made in the fall, and for tree
unjury in the fall and the following spring and summer. Tables 3
and 4 give summaries of results of the 1924-25 paradichlorobenzene
experiments.

A considerable number of the 1, 2, and 3 year old trees showed
injury at the Iall and spring examinations, mostly in the form of
flecks in the outer bark iayers. The trees treated 2 and 4 weeks
later than recommended had more serious flecking of the bark layers
at these examinations than did those treated at the regular time of
application.

Of the five l-year-old trees treated with the l4-ounce dose for
4 weels, all showed moderately flecked bark layers at the fall exami-
nation, whereas only one showed the same injury at the spring
examination. Of the five 1-year-old trees treated with 14 ounce of
paradichlorobenzene and %4 ounce of filler for 4 weeks, 3 showed
moderately flecked bark layers at the fall examination; at the spring
oxasmination 3 showed moderate and 1 severe flecking of the bark
layers. Of the five L-year-old frees treated with the l4-ounce dose
4 inches from the trunk for 4 weeks, 2 showed slightly flecked bark
Inyers at the fall examination, and no injury at the spring examina-
tion. Of the five l-year-old trees treated with the 3{-ounce dose
4 inches from the trunk for 4 weeks, one showed slightly flecked bark
layers at the fall examination, and no injury at the spring examination.
Of the five 1-year-old trees treated 2 weeks late with the l4-ounce
dose for 4 weeks, two showed severely flecked bark layers at the fall
examination, and four moderate flecking of the bark layers at the
spring exammation. Of the five 1-ycar-old trees treated 2 weeks late
with 34 ounce of paradichlorobenzence and 34 ounce of filler for 4
weeks, threc showed moderately flecked bark layers at the fall exami-
nation, and no injury at the spring examination. Of the five 1-year-
old trees treated 4 weeks late with the }4-ounce dose for 4 weeks, all
showed moderately flecked bark layers at the fall examination, and
4 showed the same injury at the spring examination. Of the five
1-vear-old trees treated 4 weeks late with the 34-ounce dose for 4.
weeks, three showed slight and one severe flecking of the bark layers
at the fall examination, and two shewed moderate and one severe
flecking of the bark layers at the spring examination. "
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' Injury to the 2-year-old trees at the fall and spring examinations
was as follows: Three trees with bark layers moderately flecked at
the fall examination, and 2 trees with the same injury at the sprin
examination, from the use of 14 ounce of paradichlorobenzene an
13 ounce of filler around 5 trees for 4 weeks; 1 {ree with bark layers
moderately flecked at the fall examination, but no injury at the
spring examination, from the use of the l4-ounce dose applied 2
weeks late to 5 trees for 4 weeks; 1 tree with bark layers moderately
flecked at the fall examination, but no injury at the spring examina-
tion, from the use of the 34-ounce dose applied 2 weeks late to 5 trees
for 4 weeks; all 5 trees with bark layers severely flecked at the fall
examination, and 1 tres with moderate and 1 with severe flecking of
the bark layers at the spring examination, from the use of the ¥4-
ounce dose applied 4 weoks late to 5 trees for 4 weeks; and 1 tree
with slight and 1 with severe fleeking of the bark layers at the fall
examination, and 2 trees with moderate flecking of the bark layers at
the spring examination, from the use of the 34-ounce dose applied
4 weeks late to 5 trees for 4 weeks.

Injury to the 3-year-old trees at the fall and spring examinstions
was as follows: One tree with bark layers moderately flecked at the fall
examination, and 1 tree with very slight and 1 with moderate flecking
of the bark layers in the spring, from the use of the l4-ounce dose
around 5 trees for 3 weeks; 1 tree with moderately flecked bark layers
at the fall examination, but no injury by spring, from the l4-cunce
dose around 5 trees for 4 weels; 1 tree with the 1923 bark layers
severely flecked at the {all examination, but no injury by spring, from
1{ ounce paradichlorobenzene and 1{ ounece filler around 5 trees for 4
weeks; two troes with very slight and 1 with mederate flacking of the
1923 bark layers at the fall examination, and 1 tree with bark layers
moderately flecked at the spring examination, from the use of the 13-
ounce dose around 5 trees for 4 weeks; 3 trees with very slight flacking
of the 1923 bark layors at the fall examination, and 2 trees with the
samo injury in the spring, from the use of 14 ounce paradichloroben-
zene and 14 ounce filler around 5 trees for 4 weeks; 1 tree with bark
layers very slightly flecked at both the fall and spring examinations,
from the use of tha 3£-ounce dosc applied 4 inches from the trunk of 5
trees for 4 weeks; and 1 tree with bark layers moderately flecked at
the fall examination, and 1 with severe flecking and portions of the
cambium layer discolored at the spring examination, from the use of
the 3{-ounce dose applied 2 weeks late to 5 trees for 4 weeks.

None of the trees of other ages treated during the 1924-25 season
showed injury from paradichlorobenzene at the fall or spring examina-
tions. Control, or untreated, trees were kept in each of the plats of
trees of the several ages that were treated, and none of these at
any time showed flecking or other injury similar to that caused by
paradichlorobenzene. With the exception of a few 3-year-old trees,
none of the treated trees showed any injury from paradichlorobenzene
at the time of the final examination, which was made about 10 months
after the material was applied.

Observations for borer mortality were made on the trees from 1
to 5 years of age and on the 10-year-old trees. Very few borers were
found in trees 1 and 2 years old, as was the case during each of the
years that these experiments were under way.

All of the borers found in the treated trees of the l-year-old crchard
were dead, and none were found in the untreated or control trees. All
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of the borers found in the treated 2-year-old trees were dead, and 1
live borer was found in the untreated trees. In the 3-year-old orchard
75 per cent of the borers were dead and 25 per cent active where the
trees were exposed to a 14-ounce dose for 4 weeks; 66.7 per cent of the
borers were dead and 33.3 per cent active where the trees were exposed
to a 34-ounce dose for 3 weeks; all borers were dead where the trees
were exposed to a }g-ounce dose for 4 weeks; all were dead where
exposed to a 34-ounce dose for 4 weeks; 85.7 per cent were dead where
the 34-ounce dose was applied 2 weeks late and exposed for 4 weeks;
all were dead where the Y4-ounce dose was applied 4 weeks late and
exposed for 4 weeks; all were dead where the 34-ounce dose was
applied 4 weeks late and exposed for 4 weeks; and 5 live borers were
found in the untreated trees. In the 4-year-old orchard, 75 per cent of
the borers wero dead and 25 per cent active from the 3{-ounce dose
applied at the usual time and exposed for 4 weeks; 75 per cent were
dead and 25 per cent stupefied from the 3{-ounce dose applied 2 weeks
late and exposed for 4 weeks; and there were 7 live borers in the
untreated, or control, trees. In the 5-year-old orchard, 66.7 per cent of
the borers were dead and 33.3 per cent stupefied from the #{-ounce
dose exposed for 4 weeks; all were dead from the 34-ounce dose applied
2 wooks late and exposed for 4 weeks; and there were 13 live borers
in the untreated, or control, trees. No observations for borer mor-
tality were made in the 6-year-old orchard. In the 10-year-old orchard
93.8 per cent of the borers were dead and 6.2 per cent stupefied from
the 1-ouncc dose exposed for 6 wecks; all were dead from a 1-ounce
dose split into two equal parts and placed at two levels for 6 weeks;
93.4 per cent were dead, 3.3 per cent stupefied, and 3.3 percent active
from a l-ounce dose applied 2 weeks late and exposed 6 weeks; and
there were 28 live borers in the 5 untreated trees. The borers killed by
the gas varied in gize from under one-fourth to three-fourths grown.

Tie results of the 1924-25 experiments again showed that para-
dichlorobenzene is very effective against the peach borer when used .
as recommended by the bureau to growers. The l4{-ounce dose
applied nt the usual time, October 10 to 15, to young trees gave a
borer mortality of 75 per cent. The l4-ounce dose gave a borer
mortality of 100 per cent when applied to young peach trees at the
usunl time and allowed to remain around them for 4 weeks, but
only 66.7 per cent mortality when allowed to remain 3 weeks. The
34-ounce dose gave a mortality of from 66.7 to 100 per cent in trees
under 6 years of age, but all live borers found were above the ring
of crystals. The l-ounce dose gave & borer mortality of from 93.4
to 100 per cent. All larvae in the untreated trees were alive, and the
average number per tree was much higher than the number found in
the treated trees. This Is due to the fact that many borers can not
be located in the treated trees at the time of the borer-mortality
examinations on account of their having become decayed or disinte-
grated. At the time of the final examination, which was 10 months
after the application, no tree injury was discerned from any of the
doses used on any age tree when applied at the regular time and
removed from 4 to 6 weeks later. A few trees in the 3-year-old
orchard showed flecking of the bark layers when 14 and 3{ ounce
doses were applied from 2 to 4 weeks late, and allowed to remain
around the trees for 4 weeks,
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192726 EXPERIMENTS

The paradichlorobenzene experiinents of 1925-26 were conducted
chiefly to check on the reconmendations that were made to peach
growers, although a few trees 1, 2, and 3 years old were treated for
comparison with the effects of the treatments on trees of those
ages during previous years. Tables 3 and 4 give summaries of results
of the 1925-26 experiments. Three examinations were made for
tree injury, the-final one of which was made about 10 months after
the application. One exsmination for borer mortality was made.

The results of the examinations that were made in the fall and
spring for tree injury were as follows: Of the five 1-year-old trees
treated with the M4-ounce dose for 4 weeks, 1 tree showed a sour
spot on the sunny side at the fall examination, but ne injury at the
spring examination. Of the ten 2-year-old trees treated with the 14-
ounce dose for 4 weeks, 1 showed slight fiecking and 4 severe flecking
with partial discoloration of the cambium at the fall examination;
and 1 showed moderate flecking and 3 severe flecking with spots in
the cambium at the spring examination. Of ten 3-year-old trees
treated with the 14-ounce dose for 4 weeks, 5 showed bark layers
flecked with partial discoloration of the cambium at the fall exami-
nation; and 1 showed few flecks and 1 severe flecking with spots in
the cambium at the spring examination. Of fifteen 4-year-old trees
treated with the 34-ounce dose for 4 weeks, 1 showed slight flecking
of bark layers and 7 severe flecking and cambium discelored in spots
at the (all examination; and 3 trees showed slight flecking, and 7
severe [lecking. TFour of the latter showed spots in the cambium
at the spring examination. Of the fifteen 3-year-old trees treated
with the 34-ouuce dose for 4 weeks, 1 showed bark layers flecked and
cambium discolored in one spot at the fall examiration, but no
injury at the spring examination, Of fifteen 6-year-old trees treated
with the i-ounce dose for 6 wecks, 1 showed slight flecking of the
bark layers at the fall examination, but no injury at the spring exam-
inntion. Of ten 7-year-old trees treated with the l-ounce dose for
G weeks, 2 showed flecks in the outer bark layers at the {all examina-
tion, but no injury at the spring examination.

The results of the examination for borer mortality were as follows:
No borers in the trested or untreated trees, 1, 2, and 5 years old;
1 onc-hall grown dead borer in the treated 3-year-old trees; 2 one-
hilf grown dead borers in the treated and § live borers in the untreated
4-year-old trees; and 3 one-half and 2 three-fourths grown dead
borers in the treated 6G-year-old trees. The 7-year-old frees were
not examined for borers.

The 1925-26 results again showed that paradichlorobenzene is
effective against the peach borer, since it killed all larvae in the
treated trees, although very few borers were present, especially in
the younger trees. The doses used in 1925, varying in size from
one-hall te 1 ounce, gave complete contvol of the borers when allowed
to remain around the trees from 4 to 6 weeks. All of the larvae
found in the control, or untreated, trees were alive, and in them the
percentage of borers per tree was higher than in the treated trees.
Ividently some of the borers in the treated trees could not be located
on accuunt of decomposition before the examination for borer mor-
tality was made.
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At the timo of the final examination, which was made about 10
months after the applieation, no tree injury was observed on the
1-year-old trees from either the 1{ or 14 ounce dose exposed for
4 woeks, In both the 2 and 3 year old orchards there were 2 trees
out of the 10 that showed flacks in the bark layers from the Y4-ounce
dose exposed for 4 weeks. In the 4-year-old orchard there were
4 trees with slight and 2 with moderately severe flecks in the berk
layers out of 15 trees that were exposed for 4 weeks to a 34-ounce
dose. At the time of the final examination no injury was found on
the 5-yanr-old trees treated with the 34-ounece dose for 4 weeks, or on
the 6 and 7 year old trees trested with the I-ounce dose for 6 weeks.
All of the check trees wers normal throughout the experiment.

LABORATORY EXPERIMENTS WITH PARADICHLOROBENZENE,
1921-1925

1921-22 EXPERIMENTS

The 192122 laboratory work with paradichlorobenzene was
reported upon in detail in a previous publication.” The chief points
revealed as o vesult of these studies were that paradichlorobenzene
will kill peach-borer lurvae as far down as 1 foot below the soil
surlace when the gas is controlled by confinement in battery jars;
that the gas is liberated at about the same rate in both sandy loam
and elay soils: and that the lower the temperature and the higher
the moisture content of the soil, the slower is the evaporation of the
crystals and the action of the.resultant gas on the borers.

1922-23 EXPERIMENTS

The laboratory experiments conducted during the 1922-23 season
were on the rate of evaporation of paradichlorobenzene under various
conditions of temperature, moisture, depth of soil, and quantity used.
Experiments were also conducted on the rate of mortality of peach-
horer Iarvae exposed to paradichlorobenzene under varying tempera-
ture and moisture conditions. All eage experiments were conducted
in the laboratory vard and subjected to normal orchard conditions,
except the cages that were artificially moistened with known quanti-
ties of water.

Table 5 gives a summary of the results obtained on the rate of
evaporation of paradichlorobenzene crystals.

7 See fuotonte 4.5 1.
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TasLe b.—Ratle of evaporalion of paradichlorabenzene crysials in ouldoor cages af
the laboratory, Fort Valley, Ga., in lests staried Oclober 10, 1522
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It will be notod from Table 5 that when the experiment was closed,
after 229 days had oxpired, none of the dosages had completely evap-
oratod, although the cages maintained under prevailing weather
conditions with no extra water added showed a greater amount of
parndichlorobenzene cvaporation than did those to which water had
been added. 1In connection with this experiment, 14, 34, and 1 ounce
dosos of paradichlorobenzenc were exposed on the soil surface to the
direct sun rays to dotermine the speed of evaporation. These dosages
wero cxposed October 24 at 11 2. m., and on October 25 at 5 p. m. the
Y4-ounce dose had completely evaporated. The 34 and 1 ource doses
were all evaporated October 26 at 11 a. m.

The amount of rainfall from Qctober 10, 1922, to May 27, 1923,
was 38.78 inches, which was the quantity received by those cages to
which no moisture had been artificially added. Water at the rate
of 0.1 inch ¢very three ox three and one-helf days, unti! sll borers had
died, was added to those cages to which moisture was supplied arti-
ficially. This water was measured in a standard United States
Weather Bureau rain gauge. The cages used wore cither ordinary
flower pots or battery jars about 6 inches wide and 10 inches tall,
with bottoms not romoved. Tive larvac were used in- each cage.
The mortality of peach-borer larvae under different soil-moisture
conditions, time of application, dosages, and depth in the soil below
the ring of crystals s given in Table 6,
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TaBLE 6.— Mortality of peach-borer larvae under varying condilions of soil motsture, time of application, depth below.ring, and length of exposure
to paradichlorobenzene, Fort Valley, Ga., 1922-23
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Table 6 shows that all larvae were killed in 7 to 17 days when
Ppleced from 6 to 10 inches below the ring of crystals. A l-ounce
dose under normal conditions killed all larvae 6 inches helow the
orystals in 7 days, Smuller doses, such as one-half ounece, required
somowhat longer to Idll, ss it did in those cages to which water was
added. However, all cages, exeept the sontrols, gave a 100 per
cent mortality within 17 days. No larvae died in the control, or
untreated, cages.

When peach-borer larvae are placed on peach bark in soil cages
at 6 {0 10 iiches below the paradichlorobenzene crystals, they gener-
ally feed to some extent before they become stupefied by the gas,
espeeinlly when water is added to the cages at the beginning of the
experiment. Il the Inrvae can burrow into the bark and conceal
themselves, they will ive longer than those remaining on the surface
of the bark. The larvae used in the experiments were all about
onc-half grown. A corrclation of the results of these experiments
with field conditions indicates that newly hatched larvae just enter-
ing the bark tissues at about the time of the application of para-
dichlorebenzene would all be killed.

The gas in the test cages generated very slowly during the 1922-23
season, but borer mortality in them was rapid in spite of the cool
and damp wenther. It would appear that u very smsall amount of
the gas is required in & container to kill the insect.

1913-24 EXPERIMENTS

During the 1923-24 season experiments were conducted to deter-
mine the rate of evaporation of the several different doses of para-
dichlorobenzene at different durations of cxposure, such as were
recomamended to the peach growers for use in commercial orchards.
Table 7 gives the results of these experiments. The containers for
the gas were either 6 by 8 inch battery jars with bottoms not removed,
or mounds of soil such as are used around peach trees after the
paradichlorobenzene is applied.  The paradichlorobenzene was placed
4 inches down in the soil in the baitery jurs; and in the case of the
s0il mounds, such as are used in orchards, the chemical was placed
on the soil surface and then covered with soil to a depth of 4 inches.

TannLe 7.~Rale af eveporation. of different doses of peradichlorobenzene at different
duralions of cxposure: Port Valley, Ga., 192524
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The datx given in Table 7 show that, under normal orchard con-
ditions, about 6 weeks are required for complete evaporation of the
14 ounce dose and 16 weeks and 2714 weeks, respectively, for com-
plete evaporation of the 34 and 1 ounce doses. In eech case the
material was applied on the usual recommended date. The data
given in Table 7 ulso show that the addition of water to the soil
retards the genoration of the gas.

1424-25 EXPERIMENTS

During the 1924-25 season experiments wore vonducted to deter-
intne how far above the ring of crystals the paradichlorobenzenc gas
is effeetive in killing peach borers. Two types of cages were used for
these experiments. ’}.‘ho first six wera 6 by 8 inch battery jars with the
boltoms removed and sunk into the soil to o depth of about 4 inches.
The last six were merely soil mounds, the puradichlorobenzene being
placed in tho ground and the larvee placed at specified distances
above the chemienl i a mound sunilar to that used when applying
the material nround pesch trees in an orchard. The borers were
dug out of peach trees on the day the experiments were started.
Fresh orchard soil was used in all the cages, und five larvac per cage
were placed in the soll ut the indicated distance sbove the ring of
crystals. The larvae, which were all about one-half grown, were
supplied with fresh peach bark for foed. One ounce of paradichloro-
benzene was placed in each cage, except oue control, or untreated,
cego, in which no crystels were used. All cages were placed in the
open without tops and during a part of the day were subjected to
direct sun rays. Table 8§ gives the results of these experiments.
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TasLE 8.—Mortalily of peach-borer larvee al different distances above crystal rings
censisting of I-ounce doses of paradichlorobenzene; Fort Valley, Ga., 1924
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Table 8 indicates that the 1-ounce dose of paradichlorobenzene is
eflective in killmg peach-borer larvae up to 3 inches above the ring
of crystals when the material is exposed to them for at least 3 weeks,
and partially effective in killing them up to 3 inches above the erystals.
All of the larvae used in the experiment were killed within 3 weeks,
except those that escaped and those in the untreated cages, which
remained healthy and active throughout the experiment.

SPECIAL EXPERIMENTS WITH PARADICHLOROBENZENE
RATE OF EVAPORATION

Special experimentation was under way during the 1924-25 and
1925-26 seasons to determine the sum of hour-degrees of temperature
{above 55° F.) necessary to evaporate the 14, 34, and 1 ounce doses
of paradichlorobenzene under prevailing quantities of precipitation
for those seasons. Narrow, loosely woven cloth sacks (fig. 8, A) were
made to contain the dose of paradichlorobenzene crystals; these
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Fii. 8.—4, Loosely woven cloth sack used for holding the dasg of paradichlerobenzene in connection

with speeint evapomitton studies; H, cloth snck contalniog paradichlerobenzene pinced around
peach tree hefore mounnding
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were placed around the trees (fig. 8, B) and covered with soil mounds
similar to those of the regular treatments. Each week sacks con-
taining the three different doses were removed from around the trees
and weighed in grains, the loss in weight between dates representing
the actual evaporation of paradichlorobenzene for the week. The

FIG. Y.—5ell thermograph placed in the experimental grebard for use in conpection with specinl
evyporation studies

sum of hour-degrees above 55° Fahrenheit required for the amount
of evaporation each week was oblained from a soil thermograph
which was set up in the orchard where the experiments were being
conducted. (Fig.9.) Data on tree injury and borer mortality were
taken each weck when the sacks of crystals were removed.

Table 9 gives the results of these special paradichlorobenzene
experiments for the two seasons.




TABLE Q.~1esulls of special lests Lo determine the swm of hour-degrees of temperalure (above 55°F.) necessary to evaporale different doses of
paradichlorobenzene under prevailing weather conditions; Fort Valley, Ga., 1924~25 and 1925-26
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Table ¢ shows that the rate of evaporation was much faster in
1924 than in 1925 on account of the higher soil temperature during
the generation of gas and the lower precipitation. However, no tree
mjury was observed in 1924 ,'whereas in 1925 all sizes of doses pro-
duced injury, in some cases severely flecking the bark layers and
discoloring portions of the cambium layer. If Is believed that the
injury in 1925 was due largely to sn sccumulation of gas near the
tree us a result of the large amount of precipitation which prevented
the normal diffusion of the gas through the soil. Borer mortality,
from all sizes of doses used in these special experiments, was excel-
lent during both years, all borers being killed within the recom-
moended period of exposure to the gas. The control, or untreated,
trees thal wore maintained both years showed no tree injury or
borer mortality.

When caleulated for the entire period, twenty hour-degrees above
558° F. were required to evaporate each grain of the Y4-ounce dosc
in 1924, as compared with 19.9 in 1625; 15.6 hour-degrees were
required to ovaporato each grain of the 34-ounce dese 1n 1924, ss
compared with 16.9 in 1925; and 15.5 hour-degrecs were required
to evapornte each grain of the 1l-ounce dose in 1924, as compared
with 14.4 in 1925. This gives n varistion of from 14.4 to 20.0 hour-
degrees above 55° . required to vvaporale ong grain of paradichloro-
benzene.  When calculated for weekly periods the varistion in the
number of hour-degrees above 55° . required to evaporate one
grain of paradichlorobenzene is much greater, ranging from 10.4
to 37.3 caleulnted on the basis of the first weck. Therclore no
direct correlution was found between the sum of hour-degrees above
557 F. and the quantity of paradichlorobenzenc evaporated.

RELATION OF SO TEMPERATURE AND RAINFALL TO BORER MORTALITY AND-
 TREE INJURY

Figure 10 is a graphic presentation of the biweekly mean soil
temperature during the period {rom the recommended time of para-
diclilorolinzene application until 10 weeks lator, for the period 1922
to 1923, inclusive. In 1922 and 1923 the soil temperature was taken
with g hand soil thermometer. In 1924 and 1925 the soil tempera-
ture was recorded by a soil thermograph set up in the orchard so that.
the temporatures recorded would correspond to those at the ring of
crystals after it was covered with the soil mound.

The rainfall during the 10-week period following the recom-
mended time of paradichlorobenzene application in 1922 to 1925,
inclusive, is shown graphically in Figure 13.

A comparison of the two graphs shows that normal soil tempera-
ture and rainfall occurred in 1922 during the period of the generation
of the gas, which in Georgia is not more than six weeks. There was
no tree injury from paradichlorebenzene in 1922. TIn 1923, high soil
temperature and low rainfall occurred during the period of the genera-
tion of the gas, resulting it severe tree injury, and killing some of the
3-vear-old trees treated with 34 and 1 cunce doses. In 1924, normal
soil temperature with low rainfall occwred during the period of gas
generation, and there was no tree injury. In 1925, low soil tempera-
ture with abnormally high rainfall occurred during the period of gas
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reneralion, resulting in severe injury to seme trees from all sizes of
ﬁose:; used. From these data it would appear that high soil tempera-
sure accompanied by low rainfall, or low soil temperature accompanted
by high rainfall, will cause paradichlorobenzeue to injure young
peach trees in Georgia.

The high soil temper-  zs
ature with a precipita- 7 X
tion deficiency is appar- = 5
ently the nmost danger- 22

ous wenther condition 7/
for the use of paradi- 72
chlorobenzene crvstals &9
onnccount of the possi-  &#
bility ol tree injury from
the rapid generation of
the gas.  Data on this
phase of the work were
obtained from results of
regular orchard applica-
tions in 1922 and 1923,
and from results of spe-
cial controlled orchnrd
tests in 1024 and 1925,

AT~ I8 OCTH-37 MO I~15 BOHI8-38 BEC 18 OEC /83

SUMMARY AND CON-
CLUSIONS

TEMPERR TURE, °F.

Life-history studies
showed that most of
the peach-horer moths
emerge in (eorgia dur-
ing September. €asfor
peach-borer control is
most  effective at the
close of the oviposition
pertod of the moths.

Orthodichlorobenzene,
paratoluidine, and c¢al-
cium ¢yanide were tested
for pesch-borer control,
but none of them were
as safe and cffective as
paradichlorobenzene. _ _

Fic. 10.—DBiweekly menn soil temperytors ot Fort Valley, Ga.,

Paradichlorobenzene Oct. 1 to Dec. 31, 1822, 1923, 1924, and 1925, The heavy horl-
was used on ti:e same zontal iloe indicales Lha lowest soil {emperature for eective

) results withipurndichiorobenzene
trees in one orchard for
five consecutive years with no discernible tree injury snd resulted in
almost complete eradication of the peach borers.

Poor results were obtained with large doses of paradichlorobenzene
for short expesures, aud only {air results with small doses applied at
tho regular time for long exposures. The 34 and 1 ounce doses exposed
to the trees for from four to six weeks gave excellent borer control.
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Paradichlorobenzene applied in central Georgin at the usuel tine
{October 10 to 15) gave u higher borer mortality than when applied
two, four, and six wecks later. Spring applications were not as
clfective as those made in the fall,

No tree injury of any consequence developed from the use of para-
dichlorohenzene during the 1921-22 and 1922-23 scasons, only a fow
fleeks in the bark Tayers of several trees being noted.

Severe injury to trees 2 and 3 years old developed from the use of
paradichlorobenzene during the 1923-24 seasou. Some of the 3-year-
old trees were killed,  Older trecs were not injured that season, except
for slight flecking of the bark layers, which apparently did not affect
the vigor of the trees.

- During the 1924--25 season no injury resulted to 1 and 2 year old
trees from paradichlorobenzene. There was (lecking of the bark
Inyers of a fow 3ayearold

o PEF 148 QLTIC-2  AQF I-i5 NOPAE-3 OEL /-8 DEC i3 tI‘C‘ES, bllf: no i.l’]jﬂ]‘y fo

5 A . any of the older trees.
:‘2\ s 4 '1‘ A --.3, In 1925-26 there was
3 as A 3 L ~ no injury to the 1-year-
% s & \ / s old trees, the bark layers
X s L g of trees 2,3, and 4 years
¥ 29 A LI | old were fecked, and
§ ssb—w lgg'* - S L4 there was no iujury to
N RN .\j./" the older trecs. .
@ g e s Five years of experi-

20— =y mentation with para-
FiG. 11 - Biweekly rainfoli b Fory Valley. Oa., Get. 1 to Dee.t, Gichlorobenzene in the

22, 0008, 1924, and 1925 Gem-gi,] peach bels

showed that it is unsafe
to use for borer coutrol on 1, 2, and 3 vear old peach trees; and safe,
when properly applied, on all trees 4 years of age and older.

The following conclusions were reached as a result of experi-
mentation with paradichiorobenzene in the laboratory: (1) It will
kil peach-horer larvae as far down as 1 foot below the soil surface
when the gns is controlled by confinement in battery jars; (2) there
is o difference in the effectiveness of the gas in the different types of
soil used; (3) the lower the temperature and the higher the moisture
content of the soil, the slower is the evaporation of the erystals and
the action of the resultant gas on the borers; {4) under some con-
ditions the gas will remain in the soil over winter; (5) under normal
conditions all larvae are killed by a l-ounce dose within a 17-day
period; (6) peach-borer larvac feed to some extent after they are
exposed to paradichlorobenzene gas; (7) when applied at the recom-
mended time under normal orchard conditions, complete evaporation
of the }4-ounce dose usually takes place within 6§ weeks, the 3{-ounce
dose within 16 weeks, and the l-ounce dose within 2714 weeks;
and {8)-horers 3 inches above and occasionally those 5 inches above
the ring of crystals are killed hy the gas.

Special studies under orchard conditions to determine the sum of
hour-degrees above 55° F. necessary to evaporate different doses of
paradichlorebenzene showed that there was no direct correlation
between the hour-degrees and the amount evaporated. While the
rate of evaporation was slower in 1925 than in 1924, heavy precip-
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itntion prevented the normal diffusion ol the gas through the soil,
concentrating the gus near the tree and producing more or less injury
to young trees. Ioven 4-year-old trees were injured to some extent
by pnradichlorobenzene under the weather conditions following
parnadichlorobenzenc applications in 1925. Borer mortality from the
doses used in these special studies was excellent, all borers being
killed within the recommended period of exposure.

Evidently high soil temperature accompanied by low rainfall
or low soil temperature accompanied by high rainfall will eause
paradichlorobenzene to injure young peach trees in Georgia. High
soil temperature and a concurrent precipitation deficiency were the
most daneerous weather conditions lor the use of paradichloro-
benzene that were encountered during the course of these experi-
ments, on aceount of the rapid generation ol gas, which caused very
severe injury to peach trees younger than 4 years of age.

RECOMMENDATIONS

Paradichlorobenzence should be applied to peach treces for borer
control as follows: Rewmove grass, stones, and trash for about & foot
oub from the tree trunk and smooth the soil surface with the back
of a shovel; then place the paradichlorobenzene crystals in a con-
tinuous hand about 134 inches wide and 114 inches from the frunk
and cover carclully with a shovelful of clean soil; then add several
snore shovelfuls and pack the soil around the tree to form a mound.
The ring of erystals should always be placed above the topmost
borer gallery, and if there are indientions of borers ahove the normal
level of the soil it should be raised so that the erystals can be placed
above the point where the borer indications are observed.

For trees 4 and 5 years old use the 34{-ounce dose per tree, and
remove mounds and unspent crystals alter four weeks’ exposure,
For all older trees use the 1-ounce dose, and remove mounds and
unspent erystals after six weeks’ exposure. The material should
not be used on 1, 2, and 3 year old trees in the South.

Puradichlorobenzenc should be applied in central Georgia be-
tween October 10 and 15; in northern Gerogia between September
25 and October 5; and in southern Georgia between October 15
and October 20. The same dates should be used for applying the
material in similar Jatitudes of other Southern States.
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