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INTUODUCTION 

The peach borer (Aege/"ia exitiosCL SllY) 1 has been one of the most 
serious insect pests attacking peach trees east of the Rocky :Mountains 
since the time of the early settlers, and until recent years no satis­
factory control for it was known. Previous to Blakeslee's 2 discov.ery 
of the value of parndichlorobenzene for pea(~h-borer control, the 
If,Lporious and only pal·tilLlly effective method of removing the borers 

-,vith n worming knife in the fall of the year WIlS resorted to by most 
peach growers. Since the nppen,rance of Blakeslee's report in 1919, a 
great denl of expel'imental work with paradichlorobenzene for peach­
borer control hilS been conducted in ditrerent parts of the country, 
and its use by peach growers hilS increllsed tremendously during the 
last few years. Peterson 3 has given a very complete report on the use 
of pllradicblorobenzene and other materials for the control of the 
peach borer in New Jersey, His publication also contains un excellent 
bibliography of the most importtlIlt .papers on the pea(~h borer. The 
authors 4 have issued a report of progress on their prardichlol'obenzene 
studies in Georgia during the 1921-22 season, and detailed directions 
for the use of the chemicnl against the pench borer were given in It 

bulletin by Qunintnnce 5 in 1921. 

I Ordor Lepidoptora, family .Aogeriidno. 

I BLAKESLEE, E. B. USE 01' TOXIC (lASES AS A PossmLE MEANS (Ii' CONTROL OF TilE PEAClI'TREE 1I0RER. 


U. S. Dept. A~r. Bill. 79r" :~l p, iIIus. WID • 
• PETERSON, AI"',\II. TilE I·E.\ClIlIOIlElt I); NEW H:IlSEY (WITlI NOTES ON SUlILAR PESTS). Now Jersey 

Agr. gxpt. Stn. .\Jill. 301,14:1 p., illus. 1022• 
• SNAI'!', OLl\'Elt 1., lind AI.ln:N, ClIAUI,ES II. FLlIlTm:" STt:lln:s WITll PAUAIlIGIlLOROlIENZENE FOR 

I·EAClI·lIOln:R CONTltol., WITII 51'Eel.H. nEn:llt:NCE TO ITS USE ON YOU NO l't:ACIl TltEES. U. S. Dept. .Agr. 
Dill. 110D, 18 p .. IIIl1s. 1112:1, 

I QUAINTANCE. A, L. Tm: PEAGII 1I0In:ll. llOW TO I'REn:NT OR LESSEN ITS IIAVAGES. TllE PARADI· 
C111,OROREN7.ENE TltEAnIENT. U. S, Dept. Agr. }'nrmers' Bul. 1240, 14 p., lIIus. 1021. 

76339-:)8-1 
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This bulletin gives a comprehensive report of pamdichlol'Obenzene 
experilllen ts, with conclusions and recommendations, which were 
('onducted in the GeOl'gin, peach belt frolll 1922 to 1926; it also makes 
reference to t.llC work condueted in 1921. Six years was considered 
the miuimulll tree ngc for the safe use of pal'lldichIorobenzene when 
these experiments were started; consequently, most of the eJl.-peri­
ments hfl\'e been c,)[lfinf~d to 1)(,llch trees ranging in age from 1 to 5 
years, in flll ('(fort to extend the use of the clH'lllienl to young trees 
with safet;y, The results of the (':-'l)el'i11}('l1t,s herein repol'ted show 
that ptu'ndidllorobenzene is snfe for utle in the South on peach trees 
5 years of nge flnd older, nnd fairly Silfe ou 4-ycar-old trees, but 
tlllsafe in this latitude on 1, 2, and 3 year old trees, espeeinlly when 
weather cOllflitions cause !L rapid e\-nporation of the crystllls, or 
retard t.he norIllfll diifusiou of tlw gas through the soil, resulting in 
Itll Ilbnormul gllS ('()[I('entl'lltion around the tree trunk Ilt and below 
the ring of erystaIs. 

EMEHGENCE OF PEACH-BOHEH ADULTS IN GEORGIA 

GIlS for pPllch-borcr ('ont.rol is most efi'eetiYe in the faU of the year 
nt the dose of ttl(' o\-iposi tion period of HI\' insect. A!3 a paTt. of the 
pnrndichlorobertz('ne nppjjeatioll eXjJE'riml'lits in the Goorgia peach 
belt, 245 peaeh-borer ('ocoons were collected from peach trees near 
]fort Valley. during ..:\..ugust nnd Rl'ptember, ]923, in order to obtain 
dn.tfl on the eml'rgenee of peae!t-borer adults. Of these cocoons, 
102 ('outllined pitlwr peach-borer IiuTae or pupac, and 53 were empty, 
thc adults having issued IrOl ' the empty cocoons some time previous 
to the dllte 011 which the\' were collected. From the cocoons con­
tnlning ln1'\'I1(' or pupae, i5.8 per cent of the moths emerged during 
August lwd 74.2 per cent during S<'ptember, the last date of emer­
gence for t.Il(' femllIes Iwiug September 24, fmd for the males Sep­
tember 28. Stnrnes,6 in his \vork OU the life history of the peach 
borcr in Georgill, show;; thtlt in 1904 there was a moth emergence 
of 15.9 per cent in Augllst aIld 84.1 pCI' cent in September, and that 
in 1005 there WIlS 11 moth emergpnec of 8.3 per ecnt in August and 
91.7 per ccnt in Beptember. The grellter part of the moth emergence 
in Georgin, thl'refore, occurs during September and practically all 
of the cgg: deposition und hatehing is OWl' before the time for the 
appliclltioIlS of paTlldichIorobenzl'ne in October. 

CHEMICALS TESTED FOR PEACH-BORER CONTROL 

In Ildditioll to pilradichlorobenzene, both in the sublimed and 
lillsublimed form, orthodichlorobcnzene, paratoluidine, and calcium 
cYllnide Wl're tested for the control of the peaeh borer and for data 
on tree injmy. These ehemiellls were all appHed like paradichloro­
benzcne, except that thc caleium 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 Itt Byron, Ga., and at Winchester, Ga., on 5 and 7 year old 
trees. Three-fourths and 1 ounee doscs ,,'ere used, and were ullowed 
to remnin Ilround the trees for six weeks. This material proved to 
be an offcetive lllrvicide; but it caused Yery seyore injury to the trees, 
finally killing many of the 5-year-old trees aml a few of those that 
were 7 years old . 

• STAltNES, JIVOll N. TilE l'EACH Tn~:~: nOItEIt. Georgia Exp. Stn. Bul. 73, pp. 14;-190, illus. 1906. 
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Pamtoluidillc, which is a nearly colorless solid of thill, flat crystals, 
was used Oil It few 2, 3, and 11 year old trees at :H'ol't Vulley lind fit 
Winchester during the 1922-23 season. No tree injury resulted from 
}i, }-:3, and ~:( ounce doses, but the ehemical failed to control the 
borers in the 11-year-old trees, probably because it was not applied 
until NoyelJlbN. 'rho cost of this materi!!l at the present time renners 
its use for borN' ('ontl'Ol impracticable. 

C!d('iuIH eY1Ulidc, in both the dust and gl'lI.llulul' JOJ'lIl, wv,s used in 
tho spring of HJ24 011 IL few (i-ycar-old trel'S Itt Lee Pope, Ga. Fiual 
(,Xl1l1linlttiolls showed no inj ury to thc t1'O(,s from 2 ollnccs of either 
killd; ho,,'c\'o1', no illfonnatioll wns obtnined on its efi'ectiYclless as 
a lILl'\'leidl' OUIL(,C'Olmt of the abscnC'c of borers in thc trees: During 
the fall of 1925 .l'ILthel· extcns.i\'c tl'8t5 w('rc nlltde with this material 
at :Fort VI111ey nl'ouud 1, 2, 3, nad 4 Y(':Ll' old penC'h tl'PC8. }"'Ol'ty­
foul' llLry!1(' w('ro tnkpll from the tn'eR treated with front I-ounce to 
3-0Ull('C doses ('xposed fronl 4 to S claYR, Thirt~r-live of these larvae 
were cil'ad, showing fL mOl'tnJity of 79.5 per cent. There were 11 live 
borers ill the untreated trees. No tree inju!'y was llotcclnt the time 
of ('XfLllliulLtion for borer modality, but lttter in the fall diseolomtiou 
of the cambium was notre! On SUllie of the trees that were b'('fLted with 
the :2 nnet3 OUIlce doseR, Examinations made of the trees the follow­
ing spring showed these results: The l-yellr-old trees treated with 
the !.1 uncl I-ounce doses for 4 days showed uo iujUl'Y. Of the 
2~Y('ILl'-oId tree" exposed to the gns for 4 clays, 1 was dead and 4 were 
uninjul'ed frolll the Y2-ounce dose; 1 was injured and 4 uninjured 
from the I-oullce dose; find 1 was dead and 4 uuinjured from the 
l!r2-ounce dose. The :1-y('ar-old trees treated for 4 days with 1 
Ollllce showed no inj ury; howenr, 2 OUlioes for the sarno len.gth of 
time inju!'ed olle of fi\'e 3-yeal'-0Id trep:>. Of the 4-yetu'-01d trees 
exposed to the gas 1'01' 4 days, 1 was injurecl fmd 4 \\"(,1'e uniujured from 
both the I-ounce and 2-01luce doses, lmd itl! 5 were sc\"erely injured 
from the' a-OUIlC'e dose. Of the 4-Yl'nr-old trees exposed to the gns for 
R dll../s, lout o[ 4 was injured from 1 ounee; 3 out of 4 were injured 
from 1 Y2 ounees; and 4 out of 4 were injured from the 2-onnec dose, 

Tl1ble' 1 giw's a SUmmlLl'y of the' l'PSlllts thnt were obtl1ined in tcst­
ing tht' sc\·cml ehemiellls, except pnradiehlo)'obenzene, for peach­
bon'I' ('ontrol ill Ch'orgia. 
TA n LI, 1. .- Res uIll< obtaincd j rom ortllOd£chloToben=/'1I e, 1)aratoluic/tne, (/ wl calcium 

ryanicie (lJlplicc1 to peach trees for observation on tree injury and ,.lead/-borer
mor/alily; OrMoia. Jt)22-1925 

16 ~t
.:: 'I' §" E: __0: i " 
:: - ~ I 

~rntl'ri,,11 ~ c:. S. , •• ~ ~ ~ I. :;';,,' I.njury to trees nt ti me of 
- - '- - final examination 

.3 " '" ~rn .g. t" "§ ::- :: i -t":::l'" ~ .:ll_~ :';[-~j 
0:. In2:! ltl22 Dugs 1 Yeur.~ 1 p, ri.)

Onhodi~hlorol><lt\lenc ... ' !.,Od. JI No\'.21 42 5 10.r 75 13 dead, 7 se\'~n~ly injured.Do.•.•. 1 •.•do.......do._ -12 5 . 10 . 100 1 dend, 7 dying, 2 scwrcly 
, injnrcd.

''; Oct. 13 No\". 23 42 7 25: 100 4 deud, J dying, 20 with
I I. I cambium injured. 

... 1 •••do •••••.•••do.....l 42 7 25· ('l -I dead, 3 dying, ]lj with 
I ~:~~V.hil1 m injured I 2 Dor­i

ControL •. __ •.•••. _, ..... '.' __ ' ......... Oct. 2l !...... 
 5,7 , 20 j <!) : No injury. 
I Tht'suchomicals were nil applied \ik" pnrndichlorohcuzclle, ext'Cpt. th3t the culcium cynnide used in 1925. 

wlL~placcd ill n shallow tn'nl'h arolllld the t.rees lind IighLly co\'erad with soil. 
, :\0 Inn'ne. '43 Ih"~ luryne, 
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'J'ABl.m 1.-Results obta'incti from ortiwd'ichlorobcnzcllc, 1laratoluidinc, aud calcium 
('yanicic. (£p~lied to peach trees for observation on tree injury and pcach-borer 
1IIort(l lity; (,eorgia, 1922-1925-·Cont;inued 

'---'-~-Ir-~ ~--fil~l ~ 
lIlIltednl :~ ~ ~ ;Z~lo 

~ ~ ~ j ~ II' g:,
0'1 a q i~ 1-:: 

;,' I ~~~. ID23, Days I l'ellrs 1'. rI, ' 
Parntoillidin~ . l~: Noy. 10 .~pr, 23, (') 2 3,:, (Il :I '])0. 


no.. . ',I ..•do........do.... , ~') 2 > ))0.

('l Do.Do.. !~I ...do •••••••do...... ') 3 3 (')


Do.. " '.;I".do........do..... 'l 3 a (Il Do. 

Do.. . l.,il Ntll', 13 .Apr. 24' ') 10 3 Do. 

Do. 12·.•.do ........do.... C') 10 3 Do.
2; I 

Do. ~.il...do........do.... ('l 10 3 o Do. 


Conirol .....1.............do..... ...... 10, 3 (6) Do. 


I 1!124 1924, , 
('alciuJU CYlinid~ (tlust) ...' 2 I Apr, 1 .......... 7-35 i 6 Do. 

Calclul11 cyanide (~rnnu· i 2 dO 6 Do.
'1· .. ....." .........; 7-35 i
Inr). 
Control. .. ......,May R, I 6 Do. 

I 
1025 1925 

C'alriulll cyanide {elusl} ••• !.<,! Oct. 15 Oct. 10 :Ji (I) Do. 
l 'nlc1um crunido (~n\nu· !-'.! ~ .. _do ..... ~_ ~_ ..dO_~.'"" .. l Do. 

lor/.
('lIlc llln cyaulde (dust) ... 1 <10........do..... ' 1 Do. 


\1 ... 

('lIlc1um cyanide (gmnu· 1 ...do .......do.... .. 1 Do.
; I (~
Inrl. 

('lIlciulll cyanide (dust) ... -I 2 1 dead, 2 uninjured. 

No injury. 


IlIr).

Calcium cyanide (b'Tanll' :t: :~:~:::: J ::~:g:: .:, 4 2 ~ I i:~ 


Do.Calcium c),!mido (dust) ... 1 1....dO •••.• \ ...do..... :.

Clliciulll cynnido (b'Tnnu· 1 I ... do ........do... . Cam bhlirl injured on 1 


Inr). I : ~3 \ ~:l tree; 1 uninjured. 

C'nlcmm cyanide (dust) ... 1~~, ...do.......do ••. .' (') 1 dead, 2 uninjured. 

Clllciulll CYllnido (~mnu· I~;...d() ...do.....' 2 2 (') No injury. 


Inn. 
Calciulll e),!Uliile (<Just) ... i...do........do... .. -I :i 3 I (') Do. 

Calcium ~ynnlde (gmllu, I...do........do..... -I 3 21 (I) Do. 


Inr).

Cnlcium cYllnide (dust) ... 2 .d(L ......·.do.....' -I 3 3 I100 1 sligbtly injured, 2 unin· 


jured. 

Cr..!ciulll cyanide (grunu· 2 !...do........do... .. 2! (') No injury,


! ~~. I 11 with cambium killed in 
Calclulll cyanide. (du5t)... ....do........do.....: ·1 4 3 1 50 

I spots, 2 uninjured. 


4 I No injury,
Calciulll cyanide (granu· I" .do . -••••do •• 2 I (')

lar).


CalciulU cyanlda (dust) ... 2 ...do....... ,do... ·1 3 100 1 with cambium killed in 

spots, 2 uninjured. 


Calclulll cyanide. (granu· 2 i ..do.......do..... 4 2 (') . No injury. 

~~. . 

I 

3 (') 3 trees with cambium se· 


verely injured. 

Calciulll cyanide (dust) ... 3 ' •••do.......do....., 


Caldulll cyanide (granu· 3 ...r.lo ........do.....' 4 4 2 100 2 trees with cambium se· 

verch' injured.


C~~;~;oL ...................... t.............do..... '...... 1-4 20 I (7) No injury. 

CnleluIU cynnide (dust)... 1 ! Oct. 20 Oct. 2,,' 8 -I 
 2' 62.5 1 witb cnmbium killed In 


spots, 1 uninjured. 

Calcium cyanide (~rauu· :...do........do.....: 8 4 3 100 No injurYi 1 missing. 


lar).

Calcium cyanide (dust) ... I)~' ...do........do.....' 8 2 
 00,6 : I with cambium killed in 


, , I spots, 1 Illissing .. 

ClIlt'ium cyanide (grnnu· 1...;L..do........do.....! 8 4 3 03.3 i 2 wit.h cllmblum killed in 


: spots, 1 unlnjnred. Inr). I ' 

C'lIkiulll cynnide (du$l) "\ 2 ,...do........do.....: 
 8 4 2 50 : 2 with cnmbium killed In 


: spots. 

Calcium cynnide (b'Tnnu· 2 '.~.do........do.....1 8 3 75 'I' 2 with cambium killed in 


Inr). I 1 
 spots, 1 missing. 
4 (I) : No injury.Coutro1....... •......···1....;.. . "'L~ .do... I 


I No 111r\'ao• , Not examined. , 4 ·live larvae. 
• (h'cr wiuter. 6 10 llYe Inn'no, I 7 live Inrvno. 
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P AR.ADICHLOROBENZENE 

Paradichlorobenzene, OaH4QI2' is a shiny white crystalline solid 
at ordinary temperatures. It is insoluble in water, has a boiling 
point of 1720 0., a melting point of 53 0 0., and a low vapor pressure' 
at ordinary temperature", being about 10 times as great at 1000 F. 
as at 50 0 F. It has a specific gravity of 1.268, and a molecular weight 
of 146.96. The gas is hoayier than air, and nontmd.c to man, but 
toxic to most insects. 

TllC rate of evap'>ration of paradichlorobenzene cI')'stals in the 
soil is dependent upon temperature, moisture, aeration, and the size 
of the crystals. Only Ulutdulterated paradichlorobenzene of about 
Ule fineness of grallulated sugar should be used, in order to insure 
evaporntion of the desired rapidity and uniformity. Pure paradi­
chlorobonzolle that will pass a sieve having 10 meshes to the linoar 
inch has beon found very satisfactory for peach-borer control. 

Before pllm.dichlorobenzene is applied, all grass, stones, and trash 
should be removed from around the tree for a radius of about a foot, 
find the soil surface should be made smooth with the back of a 
shovol. The crystals should then be distributed in a continuous band 
011 the soil aro·und the tree. This band of aystals should be 1Yz 
inches wide, and about 1:Y2 inches from the tree trunk, and should 
be ftbove the point where the topmost borer is working in the tree. 
TIle crystals are then carefully covered with a shovelful of clean 
soil, after which sc\'cral more shovelfuls are added and packed to 
form a cone uround the tree. (Figs. 1 and 2.) 

The ~-ounce doso of paradichlorobenzene should be used for 4 
and 5 yeur old trees, and the mounds and unspent crystals removed 
four weeks after the application. For trees 6 years of age and older 
the I-ounce dose should be used, and as an added precaution against 
tree injury Lbe mounds and unspent crystals should be removed six 
weeks after the application to trees of those ages. Paradichloro­
benzene shoulclnot be used on 1,2, and 3 year old trees in the South, 
ItS under some weather conditions serious tree injUl')' may result if 
the chemical is applied to trees of those ages. A tree is considered 4 
years old when it has been in the ground for four full O"ro~ving seasons. 

Pamdichlol'obenzene should be applied in central Cieorgia between 
October 10 and 15; in northern Georgia between October 1 and 5; 
in the mountainous section of northeastern Georgia between Septem­
ber 25 and October 1; and in southern Georgia between October 15 
und 20. 'rhe chemical phould be applied on the same dates in similar 
lntitudes of other Southern Stutes. Effective results can not be ob­
tained Ulliess the material is applied on or close to the above dates, 
and according to the directions. (Figs. 1 and 2.) Poor results w;ill 
be obtained if the material is applied as shown in Figure 3. If, for an 
unavoidable reason, the usual fall application can not be made, the 
ehemical may be put out in the spring about April 1; .however, 
spring applicu tions are not us effeetive as those made in the fall, and 
furthermore they allow the borers to work unmolested in the trees 
morc or less throughout the winter. 
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FlO, 1.-,\, Soil around pench tree mudl' rend,· for paradichlorooonzene treatment; B, applying
parndichlorobl'Dlcnc with n hnndr ('one·shaped container that holds exactly 1 ounce 
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1"10, 2,~A. '1'h,' ring of crvstnls Rhould be nbout l!~ inches ,,'ide nnd l~'; inches from tho tree trunk; 
lJ, St-",'rnl showUuls or'soil should be plnced on lOp of tim ring of crystnls lind packed gently with 
the. bn~k of II showl 
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~ 
}'w. 3.-Incorrect methods oC applying parndlchlorobenzeno: A, The mound should have bccfl plnced nround thIs treo whero borers lire working so lItnt tho crystnls could be 
plnced abovo thorn; D, when tho chomlcnl Is placed ngllhlst tho trunk liS shown severe Injury to tho treo may result; C, ill this cnso the ring oC crystnls Is too fnr from tho 
1reo trunk Cor offect!vo results . 
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PARADICHLOROBENZENE EXPERIMENTS IN DRCHARDS, 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 orchards, the year they were used, the age of 
trees, type of soil, and condition of trees at the time of treatment. 

TADl,E 2.-Locatio1L of paradichlorobenzene experimental orchards, aye of trees, year 
used, type of soil, and condition of trees at time of application; Georgia, 1921­
1925 

, 
f Yenr Condition of trees atLoratioll of orchard I .\ge or trees (years) Type of soil 1 
! used time of application 

......... -_ •• _._ _--l___
~-.- ~_t -__~._~............. ~ 


:Marshullrillc ..••.... 11 ,,"d 2 .•..•..•.•....••.. : 1921 Hed sand~' lonm.... ____ ' Goorl. 
Fort Vnlloy....•.....1~...... •••••••.••• 1921 •. __.do._ ............... _ Do. 

:Marshallville ... ., ..1·1........... .., 1921 Sandy loam .._._........ , Fair. 

Wesley Clmrel ...... i 5 and G••••.•....•.•.• 1921 Ora~'sandy loam._..... Do. 

... ~1\lnrshnlh·ma.. _~ .. ____ , J, 2, 3, nnd i .. w~ _ • _.~ 19~~ Hed sandy loam._._. __ •. Oood. 

Fort. Valle)·..........I·! ami JO................. ! J922 ._ •••do._ •.• __........... Do. 

Byron............. , n ....................... .: 1022 :'landy loam ....._.. ___ .. : Do. 

Fort Vnl1e~'p~,~." .~~.! 1,3,5, it and 11- ...... , . . ' 192:1 .....do._................ Do. 

~rnrshnlh·!IIe •• ''''''1' 2..................... . 1\)23 •.••.<10..... ..•....... •..• Do. 

Zenith .............. L...... ............ .' 1923 .....do...... ........... Do. 

I.eo POptl.......... I0................ ' ..... . 1923 . ..••do. ..... ........... Do. 

Fort Valley.......... 1,2,4,5, nnd 0..... . 1924 .. ...do ............ ,.. Do. 

Marshallville ...•.•.13................ .. 1924 .. ...do.. ................ Do. 

Zenith............. i 10......... .. 1924 . ....do... ............... Do. 

Fort Valley......... 1 1,2,3, nnd -; •.. 1925 __._.tlo.................., Do. 

l\Iarshnll\·i!Ie.......14....... . 1925 .•.•.do.................. Do. 


• ]I{olltezuma......... , 5 alld 0 192.1 .....uo... ............. Do. 

j 

1 Drainage was excellent in all the orchards. 

The experiments were conducted in 35 different orchards, the trees 
in which ranged in age from 1 to 11 years, although in IDQSt cases 
trees from 1 to 6 years of age were used. :Most of the trees were in 
good condition wben the experiments were started, although a few 
showed only fair condition. The 3-year-old orchard used at Fort 
Valley ill 1921 was used also for each succeeding year including 1925) 
hence paradichlorobenzene was used around the same trees during 
five consecu tive years. No discernible tree injury resulted in this 
period and tbe peach borer was almost completely eradicated. Fort 
Valley has been the location of most of the experiments. Others 
were conducted at or in the vicinity of near-by towns. 

Summaries of the results of pamdichlorobenzene experiments in 
orchards during the four seasons extending from the fall of 1922 to 
the spring of 1926, together with the dosages and exposures used for 
trees of each age, are gi,-en in Tables 3 and 4. Table 3 presents the 
results of the r::q)eriments with reference to tree injury noted at the 
final examination, and Table 4 shows the mortality of borers found 
in the trees tha t were examined for borers. 

76339-28--2 



TABI,}) 3.-'l'ree injury resulting from use of paradichlorobenzene in experiments for peach-borer control, 192210 1926, inclus'iue; central Georgia ~ o 
SEA!'OX OF 1022-2:1 

---------_.._-----.-..•..._-- --""-­: I 

Ont'·fourlh ounl'" dos~ One·half ounce dose Three·fourths ounce dose I One ounoo dose ~ 

Age ofl Length! (")1
t~ees J 'J'lulP .of appll· of expo·; 1.- ~. .. N'umber ::: 
I of controlIn I calion 1 surl1 in i Xllrnb(>r I'I'n't' mIury at finnl Xurnher "I'rce JnJur~'llt final , "umber 'rrce injun' at final ~ :-':urnher Tree injury at firml trees 

z .... years t \\'I.'ckS I ()f trpt,'s f'xamination of trees exnmiuulion of trees exarnin'otlon of trees exnminntion 
> 
t" 

(kt..I!Hr. 10 :\00(.) 
. I-a!' 

(") 

"one•. 10

do ·1 i 10 •.£10 10 rio 1 b:I 


10 
.. ,10 . I Ii I 10 .rlo . . I
.tlo . tlo. ~ 
10 10 i "olle III 1 tree with bark layers
I :I! 
 , nceked. ~2. ,.£10 I .. j. If) .do. 10 I tree with hark layers 10 '.... tlo..........._"'" tj
flecked . 

10 ..do .. 10 I 2 trees with bark layers 10 I trl'C had cambium; 15 Z


fler'ked, I Injured, 3 had bark 

i 1lecks. . C11
:1:::::1 (""I . , '" :.. do 10 I tree with hark laycrs 10 i 3 trees with seyere ••.•' 


fleeked. ! hark layer flecking. I.t . I 10 L" .• ~do. __ _ 

00 


I

3/..... tlo. .1 "'," 10 i ..do.... . 10 I"one 10 I' "one..................!} 
 ~ 3 ..... tlo. ·1 .' JO i. . .do.. . 10 .... 110 10 .....do............... .. 


15
10. do

3 .....dn. (1 I 10 .Jo, 10 j.....c!o.................1 

3 .....£10. , 6 .!. 10 I ....tlo ... 10 ••.•.do................ . 


J(} .do .. 10 ..... rlo................ } 
 I;:j10 ,do. 10 ......£10 ...... ,,,,,,__ ,_,
10 ..do 10 t.".l 
10 ..do.itJI.·:. ("! ..... :·:::·::;:r::: jg t:JL:::::::=:::::: 

Ul 

10 ..do ..... . ~ 51·_.. ·dO ......... ' 4 .. • .. ·• ..1.... · ..................... ' .. '! 10 ..do... . 10 l.....do.................. }

10 ....do.... . 10 I ••••.do................... o
10 

10 .....do. 10 L. ...do................ . ":1 

10 .....rlo .... JO j ..... do........... ······I} 10 


36 , ••••.rlo .................! >
JI:~r·.::l." i,·:.·:·••:i·••··...~.~_:.:.····l.·::·:~~~ .... ,~.. "'1 40 i.....do................. 7 

-~-,.~- .--••-~- ~ ...~~-~-....--_. I ___- §

<- ____ 

(")
SEASON OF 192:1-24 C1 

~ 
Oct. io-I5 •••• C14 I .......... I....................! 20 f N?ne•• ···•·.•••••••..• .. '··......··1..·..·..····..·......... 10
2 '- ••••do•• __•••• 

w4 :---- .. -----f--- ..... ...... ----------l ~g I~1~~t··fiecking··ciri·i·;·1 20 ISlIght fleckIng on 2; ..........,........................ 10

severe necking on 12'1 severe flecking on 9. ~ •••__ do •.• __ ... 4Ii'..............................1 30 None, 3; slight, 2; so· 30 None, 1; slight 7; scycrc, 20 Slight, 3i severe, 14; , I 10
I I I vere,20; cambiutn,5, 14; dead, 8, dead, 3, 




4 .•.•dQ •. 	 .... -j- . ]0 INone ......... . 10 ISlight, 1; none, 9•••••• }

4 . do 	 64 I" . 10 .....do ..• -...... . 10 None................. . 

4 .!In. (') I 	

1(i \"._.dO. .- ... .. 10 i.....do ............... . 10 

.\ Oct. IS' . 	 4 i 

" OCL. 10-1.'; .\ 13 ·sifg~r.·I;' n,i,iti,9 ..j()·'·None·:~:::::::::::.::: }
.'i .. tln 6 

" 

10 None ........ . 10 Slight, 2; none, 8..... 105 .do e'l 10, • do. . .. 10: Slight, I: severe, I;
! none, S. 

Ii .<in (lJ 
(2) 	 10 I None .............
Ii Ol'l.2·t-2H 	 10 .....do .............. ..
I 	

-"j 
t:;J

fo ~O\'. i-12. ('l 10 .....do ............. .. 

~ Xo\, .. 21-2ti (2) 10 '.....do .............. .. 

1\ Dec. Io-lii (') 10 .....do ............. .. 20 ~ 

Ii <kL. 10-15, and (.) 10 Severe, 2; llone, 8 ~ ~ .. 
 ~ IApr. I. lApr. 1. 	 20 None........... J 


O"t, 20' 	 I 
]0 ~ 

Oct. 20'. (.) 	 ~ :::::3~:::~ .:::.:::,.} Z 
Jo3J 	
rIJ 

HEASO:-.l OF 192·1-25 I:j 
------~.--~ ~ , 	 --~ ~-..,.~ ._---­ ~ Oct. I()-lii •.•.• a I r. "onc... . . ......... 	 __ . . ... oi)


... do ...... ,) None..... • .do.. 	 . .. " I" 
. do. ._ ••• 4 ' , ,1 .do. 15 f-~- .do_~ _ _ _~.~_ .. _. 	 "'" ___ . ~ r. >..do ...... .. .\ I !5~. ~_.do__ 55, Sone_ ~ ... +.~ * 

Oct. 24-29.... . .. i ,; ;.*~ ~do~_ 5 .. _~~d{) a 
:-.10\'.7-12 ... .. Ii '.•..<io.. . ....do. .... . 

2 OCL. I 0-1 Ii. .... 	 :1 !i L ...do.... • ........ __ . . .• •. ')
~~,,-~.;. N~me.--2 ••.•rlo....... . 	 ~ 

" ! 

2 ·.• ~~ .. dO.4~~. __ ~ 	 4 
. Oct. 24-29..... ~ 

2 I No\·.7-12.... . " ~ 
:I i OCL. 10-15..... a ~ ~ • _i • 

2 ••• _.do ........ 	

" 
" 
" ! 

j.'l. .do. 

:ll)~.~!!~~;::•.•..•:.•..•.. ~:.:::i:t'~D:·•.. ··· .....•..•.. .:.:..•:.:.·•••••;i 
o 

o 


(')a j .... tio ....... . 	 .\ ..~ : NOIll: . 
4 'v· ... •do ..... ~ 1::::=3~:::::::: 	 4 - I ~,.. ~ • 5,1 L____ dO_~_ ... ~ •• ~~_._ .. ",. ",5 l\one~ ___ ~~~~_+_.~.~ .. _."A_~_~_. ~~. ~~ ••• ~ .• ... ~.~_~ .. i 

5 
ZM 

3 1 Oct. 24-29..... 	 1 tree with flecks in 5 2 trees with flecks in.' ........................... __ .... .1 
 ;;a
bark layers. . bark layers.;

I 	 o31 Nov. ;-12... .. 	
" ......... '1" ... -.........·· .. ·1 None................ ; 5 I I tree with flecks in ................................... 

I 
t"'
i bark layers. : 


, Appllcntions made on a day within the range or dates given. , Unsuhlimed substitnted ror sublimed paradichlorobcnwnc . 

• Over winter. • Until 6 weeks after Apr. L 

3 Coarse parndichlorobenzene. 7 Equal amount of sand as filler used with the specified dose or paradichlorobenzene.

• Paradichlorobenzene placed against trunk. 	 • Paradichlorobenzene crystals placed 4 inches from tree trunk. 

I-" 
I-" 

• 




, 

'l'ABI,}} 3.-'J'·ree 'injury resulting from 118C of 7wradichlorobenzene in experiments for peach-borer control., 
Georgia-ColltillllCd 

l-'L tl' One-Iourth ounce dose Une-hall ounce dose ·-·-·;~~e:-Iourths oun:-;os~- .--
Age 0 r: I eng 1trees: 'rime 01 appli- olexp<>-" .. • • .__ --.---------~_._.._____ 


in· cation surp in . 
 I 
years: weeks' Number 'rree iujl!ry ~t final Number, 'J'ree iIlI.·.lIry!!t final Number 'rree inil!ry ~t final Ii Number:. Tree injl!ry at fiUlll I' trees ~ 

I 
'1' 

• 01 trees exammatlon 01 trees I exalmnatlOn or trees exanunatlOn of trees i exumlllatlol\' aI 

Oct. 10--15 ____ _
2 L ____ c.Io_.______ _ 

3 I_____ do________ _ 

_____ do________ _ 

6 _____ do_____•__ _51----- t10-------'-­

7 1-----dO--------­

.....1922 10 1/)26, incl71s'iue; central l'" 

..;!
One ouncc dow '-~ll .. --- -- t=.1 

T a•._--- ___of Number :I:
I of control 

, , 

~ 
b:I 

~ 
~ 
01 
00 

q
SEASON OF 1025-26 

54] 51 No~:=-=:T·--- 5 Ncne_______________ : __ ---------- --------------------------i--------l=-=~~~~-------r 
1]2 

4 :________________________ • ____ , 10 2 1:~~~s:ICCkS m ____________________________________ j__________I -------- t::Ig;~ ________________ 5 t=.1 

!"3:i:~::::::::[:::: :::_ ::_::::::t_____ ~~__ 5 

'"d 

~_~~~!~~~:t:~~_~~_ -------~~- -~--:;~--:~~~-t~--~-~:;;~- ::::::::::1::::::-----·-.--....---- 5 

54 ,.--- •• --- _Ii - .. - - - ----.-. ---- --- 15 ""L. --'" -- ------ -------.---------- N~~~~~~~~~~~~~~~:~!~~_I-------·--I·---------- -----------.-
o 

:> 
~ ,:::::::~:: ::_: ::~:::_::::::::::!:::: :=:::: :::::::::::~~:::::::=::: =::_::::::: ::::::::::::::::::~:::=:_ _____ I~ ~~~~(i:~:::::::=~:~~ 5 

5 

~ 'Over winter_ • One-balf ounce dose of paradicblorobenzenc at 2 levels_ 

~ 
C1 

~ 
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TAlll,E 4.-lIfol'tality of peach borers in paradichlorobenzene experiments in orchards, 

1922 to 1,925, inclusive; central Georgia 	 ' 

SEASON OF 1922-23 


I 	 Lan'lIo 
.Ago 	 J'l'imo DC Nunl- 1_____________

Size of dose in 01 'I'lnw of IIPpliclltiOIl I 1 expo· her of 

trees snrc trees Dend St~fIe., Activc n~~r~yft~ZI


Ql1nc(!s 

Years ,"-'''' ··"-.... ~~·---I ~;cek81-_oo -·00- --.-- ----..--~ 
!,~ . ....... ~ ........ -.. ~ ... ¥ a Oct. 10-15........ __ ••.•• ' :1 IU -I 0 	 0 ]00
.. - ... 

l'.... 2 ... ~ ..... w .. _ _ ...... .. ~ ... WOo" 3 ..._dO....... , ...........1 ' 10 1 0 0 100 
...-'", ...... ...... .......... ~ ..... . 21 .....do .............._. 3 10 1 O· 0 100
~ ­
~i- ............... -..", ... -.. -..... .. 3 " .. ·do.. ,.............. a to 2 0 ' 	 0 100' 

7"---+··- ........ ~ .. " ......... 5 , 1... _.do ............_.... _i 3 10 2 1 	 0 06.7
" L .......•.. __ ." ..•• 10 IApr.·I. ................ 1 II 401 lOS 7 0 80.3 

Oontrol ••• , ••• , .. .. 


Do._........... 

Do•••.. , ..... .. 18,1,::~:::::::::::::.:::::.::::::::::::,:: . __~~j_. ~__ ,_ :~~f:~:~::~ 

Si,ASON OF 1D23-24 

I' , I,! .... -_. ----- .. . ·1 20 711 0&---1' 	 0g 100
21 Oct. I~~I~:•..~~.~~:.... , 
~~--- .. --~ -. .... - .--- 3 .....'10....... " .......' " 30 	 100 


o Nov.21-2U............. ,' (2) 10 	 100
l:::':: :.::::::::::: o "\pr. L.. . ............ 6 20 -I 0 	 I) 100 

I. .................. . 7 Oct. 20..•• _............ 6 25 17 0 0 100 

1•••••••.• ___ ••..••• , 7 •••••cto.. •• .......... (2) 25 5 0 1 83.3 

ControL ....... , ...: 


Do.••..•...••.• ~ :::··..::·::::::.:::::::::1:::::::: {g g "1~ 
Do.............! 0,." .................._.••;........ 20 0 j........ 38 

Do•••.. _.•••.•. 

i I:":.:.~-.:~ ...:__ ~·=:~~:.·i·- ... ~:=_... ~~ ___ 0J~.. :~J._.~~.8 .. 
SEASON OF IOZ1-25 

a ! Oct. 1O-1:3..._ •. ~~·.~·~.~~: -- 4 i, 5 3·fl--~--;---;~~
Y.···· .. ··· .. ••··· .. ·I
}f~ r .. _ ..... _ .... __ ... --_ ... - 1 ; .....do.................. ·1 ,5 ~1' 0 0 100 


2 1 Nov. 7-12 .._............ -I 5 0 0 100
!t::::: ~~~: ::::=~:: 3 I Oct. 10-1:3.. ........._... :! t 5 ~ I 0 1 66.7 

} ~ ......... - - ...... ~ .. -~ -... - 3 .....do.................. ~ ! 5 a 0 100 

. z·-· -- .. - -_ ... ... _- --­" J~ - ~ .. ~ ............... ~ .. -.. _.. rl·Ko,!~~:.i~::::::::::::::: :t! 5 I g 	 & 100 


2 Oct. 2,1-29.. ..........._. -I i g 1 0 0 ~gg
J1:=::::::::::::::.: 2 Nov. 7-12_ ..............., ' 5 0 100
'1 2 0 

~:i ........ ~ ........... ~ ~ .. _. - .. :\ 1 Oct. 10-1.1... ............ <I 1, 5 0 0 0 ]00 

~<:i ............ . .... ~ - - ---- a I Oct.2·1-2U.,............. <I ! 5 6 1 0 85.7
-t... __ ._~ .... ~_~. __ ~_~~ :11 Xov.7-12...... ........ ,11 5 a I () 0 100 


~}:: ~::= --:: ~:~ ~: ~ ~ 1 g~~: ~~=~:::::::::::::::I' 1r ~g ~ ? 	 ~ ~~ '0/" .. --~ 5; Oet. Io-le.• ,.. ......... ,I 10 2 1 0 06.7 

}:i... -. * ~ - ~ ." 51 Oct. 2-1-2'1............... 41 10 3 I 0 0 100 

L ...... "." 10 i Oct. 10-15....... ·• ___ · ..1 6 ]0 15 I 1 0 D3.8 

I........ ' 10 ....._<10 ••• , .............' 6 5 5 0 0 100 

L." ......_..... . 10!Oct.2.1-2IL,···_· ....• .. I' 61 10 28 

'I' 

1 ,II 03.4 

Control. ...... . .• , ~ I 5 0 ........ 


Do.... _...•...• :i:::::::::::::::::::::::::r::::::1 g g :~ Do., ... ". ""I 
DO····· .. · .. ··•
Do.•_......... . 


1 ::::::::::-:::::~:.::::::::(::j__ ~ I ..~ __~~10 


SEASON OF 1925-23 


, .._------\------ .-. ,._.­
;''!!_~ ________ ... __~ ~_~J I • 0 I 	 0: 1O() 


0' 100
~-::::::::: ::~::::j 	 o 1(){f 
ControL .._......... 3 5 .~. __ ..____ _ 
~ ..._..~J 

____l .._.,,,___ ' __ 
1 Applicntions lUnda on n dny within the muge of dntes given. 
'Over winter. 

Recorded as nJ!yc. I 
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1921-22 EXPERIMENTS 

~he results of the pllradichloroben:>:p-ne experiments conducted 
dmmg the season oJ 1921-22 have been Ohlsen ted by the authors in 
United States Depllrtment of Agriculture Bulletin No. 1169, and 
therefore no detailed account will be giycn of that work in this 
bulletin. That season was very favorable for the use of parudi­
chloroben::lene, IlS revealed by observations, and no serious tree 
~lljUl"Y was Boted on any of the trees used, except a few brown lesions 
ll1 the ·outer bark layers of some trees at h. point opposite the rino- of 
crystuls. The l:egulll,r fall applications, commencing October 10, g~ve 
R bor{'r mortalIty of from 95 to 100 per cent. Poor results were 
ol~tflined with lRrge dosages for short exposures, and ouly fair results 
WIth smRll dOSRgPS Rpplied ut thp regulllr time for long exposures. 
Very poor n'slilts were obtnined whcn the crystals wel'C applied during 
Ip"te NO\'Pll1ber nnd endy Decembpl'. 

1922-~:1 EXPEItIMENTS 

Peltell trees 1, 2, 3, 4, 5, i, and 10 years old were used for the 
pfu,ltdichlorobpnzene experiments during the 1922-23 season. One 
'obsPJ'vRtion was made for borer mortality, and three for tree injury, 
the fin It! one of ,duch was about 10 months after the material was 
nppliecL. Summaries of results of the 1922-23 paradichlorobenzene 
expl'rimpnts nrc ine1udpd in Tables 3 and 4. 

The 1-yeltr-old trees showed no injmy from the Y2 or %: ounce 
dosp nt uny of the examinntions for tree injury. No data were 
obtaiu('d on borer mortality in these trees, as there were no borers 
pr('seut, eyen in the control or untreateld trees, 

At til(' time of the final examination none .of the 2-year-old trees 
show('d nny signs of injury from the Y2-ounce dose of paradi­
ehloTob('llzene which was exposed to the trees for a period varying 
from 3 weeks to 0\'('1' wintel', The 2-year-old trees treated with the 
~:rOUI)('(' close showed no injury for the 3 weeks' exposure; 1 tree 
showed flecked burk layers from the 4 weeks' exposure (fig. 4); 2 trees 
lUld flecked bark luyers from a 6 weeks' exposure; and 1 showed the 
same inj ury from the oyerwinter exposure. The 2-year-old trees 
trpntt'd with lhe I-ounce dose showed 1 tree with bark layers flecked 
from the a wepks' exposure; 1 with flecked bark layers from the 4 
w('('ks' exposure; a with flecked bnrk luyers and 1 with the cambium 
sligh tl.\' inj U1'('(1 frOIlt the 6 weeks' exposure; and 3 with severely flecked 
bark layers from the oyerwinter e)."Posure, None of the injury was 
SeYeI'l' enough. to .kill any of the trees. 

Til(' ('ondition of the injured trees in the 2-year-old orchard at. the 
full and spring examinations was somewhat different from that found 
at tIlt' time of the finnl examination. Of the 10 trees treated with the 
Y2-ounce dose for 6 weeks, 5 showed moderately flecked bark layers 
at th(' fall eXI.lD1ination. At the spring examination only 2 of these 
tret'S showed moderately flecked bark layers. Of the 10 trees treated 
with the U-ounce dose for 6 weeks, 4 showed slight flecking and 1 
showed moderate flecking of the bark layers at the fall examination; 
wherens n t the spring examination only 2 of these trees showed moder­
ate flecking of the bark layers. Of the 10 trees treated with the 
~-ounce dose for 1m overwinter exposure, 1 showed slight and 3 
showed modera.te flecking of the bark layers at the spring examina­
tion, Of the 10 trees t,reated with the I-ounce dose for 4 weeks, 

http:modera.te
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1 showed very sl~ght and 3 slight flecking of the bark layers, and 1 
showed a flecked cambium at the fall examination. At the spring 
exnminntion 2 of these trees showed slight and 4 moderate flecking of 
the bark layers. Of the 10 trees treated \vith the I-ounce dose for 
6 weeks, 4 showed slightly flecked b!Lrk layers nnd 2 showed flecked 
cambiIJ!'l1s at the fall examinntion, whereas at the spring examinntion 
5 showed modenlte flecking of the bark Inyers. Of the 10 trees 

FIG. <I.-Flecked condition of tho bark layers of n 2-vcar·old peach tree resulting from the usc of 
n '!i'Qunco dose of parndichlorobenzene for four weeks 

treated with the I-ounce dose for an overwinter exposure, 4 showed 
nn injured cambium, and 1 moderate flecking of the bnrk layers, at 
the spring exs,illmation. 

Only one borer was found in the 2-year-old trees. This individual 
was three-fourths grown, and was killed by n %;"-ounce dose in three 
weeks. There were no borers in the untrented trees. 

The 3-year-old trees showed no injury from paradichlorobenzene 
at any of the three examinations. Borer mortality was as follows: 
One one-fourth grown and 3 half-grown dead where exposed to a 
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Y2-ounce dose for 3 weeks; 1 half-grown dead where exposed to a 
Y2-ounce dose for 4 weeks; 1 less than one-fourth grown and 1 one­
fourth grown dead, where exposed to a %;-ounce dose'for 3 weeks. No 
borers were found in nny of the trees treated with the other dosages 
nud c:\-posures, Ilnd llone was found in the control or untreated trees. 

The 4-yem"-0Id trees showed no injury from paradichlorobenzene 
at IUlYO[ the three eXlllllinntions. No borers were found in any of the 
treated trees thllt were exnmined for borer mortality. Seyen live 
borers were found ill the untreated trees. . 

The 5-yenr-old trees showed no injury from pnrndichlorobenzene 
itt any of the three exuminations. Borer mortality was as follows: 
Two half-grown dead, flud 1 half-grown stupefied, in trees treated 
with the %;-ounce dose for 3 weeks. -No borer observlltions were 
made 011 the remainder of the tr«.>ated trees. There were 43 live 
borers find 1 dend borer in the 5-year-old control or untreated trees. 

The 7-yenr-old trees showed- no injury froul either the usual 
granulated or course grade of pal"ndichlorobenzene at any of the three 
examinations. No borers were found in either the treated or 
un trellted 7 -yetu-old trees. 

The IO-year-old trees showed no injury from paradichlorobenzene 
at either of the two exnminations. Borer mortalit)T was as follows: 
Three one-fourth grown, 53 one-half grown, 45 three-fourths grown, 
Imd 7 over three-Jourths grown, dead; 5 one ..1ull£ grown and 2 three­
fourths grown, stupefied; and 4 one-half grown and 2 three-fourths 
grown, active. These 10-yetu"-01d trees were all iFea.ted jn the spring 
(April 4 and 5) with the I-ounce dose of paradichlorobenzene, and 
C:\l)Qsed to the gas fnr a period of 6 weeks. The borer mortality from 
this spring treatment Wl1S 89.3 per cent. There were 33 live borers 
in the 7 nntreated trees. 

The data. given in Tttble 3 show that during the season of 1922-23 
the fall applications were in most instances fatlll to the peach borer, 
even when as low 115 one-hillf ounce was used for only t.hree weeks. 
l\Janyof the trees that were treated with the %;-ounce and I-ounce 
doses were not eXllmined for borer mortality, as tests with these doses 
the p~evious yellr gave conclusiye evidence that they were effective 
for borer control. The chief observations wPore made on the effect of 
din"ereut doses of parn.dichlorobenzene on peach trees of various ages, 
particulurly those under 6 years of age; and how they reacted to 
different periods of exposure to the gas. The results obtained from 
the experiments reyeided that the season was favorable for the use 
of parndichlorobenzene. Not a single tree of any age died from the 
treutment 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 the2-yellr-old orchard, the injury to the 2-year-old 
trees wus confined to flecking of the bark layers. (Fig. 4.) The 
spring applications caused no tree jnjury in 1923, ttnd gave a borer 
mortality of 89.3 per cent. 

1923-24 EXPERIMENTS 

Pench trees ranging in Ilge from 1 to 7 yC\!TS were used for the 
paradichlorobellzcne experiments during the 192~-24 season. Un­
sublimed paradichlorobenzelle WIlS tested on the 7-year-old trees. 
Obsel"vutions on borer mortlllity were made in the fill! and spring, 
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and on tree injury in the fall, and the following spring and summer. 
Tables 3 and 4 give summaries of results of the 1923-24 paradi­
chlorobenzene experiments. It- was origi..nally planned to allow the 
material to remain around trees in the I-year and 2-yearorchards 
for 6 weeks, and around trees in the 3-year-old orchard for 6 weeks 
and over winter, but a.s 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 around the I-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 &.s fol­
lows: Flecks extending'into the cambium of 5 t,rees e]..-posed to tl. 

~-ounce dose for 4 weeks; flecking, which in one case was severe, in 4 
trees exposed to a %;-ounce dose for 4 weeks. This injury was not 
evident at the time of the spring examination, except on 1 tree 
exposed toa %;-ounce dose, which showed a little flecking of the 
bark layer. No injury was found a'\. the time of the summer exami­
nation, which was 10 months after the application. No borers were 
found in either the treated or untreated l-:year-old trees. 

At the fall examination the 2-year-old trees showed injury as 
follows: Thirteen that were treated with the Y2-ounce dose for 4 weeks 
showed flecking, two of which had the flecks extending into the cam­
bium layer. Eleven trees treated with the %;-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 Y2 and %; ounce doses. The final ex­
amination, which was made 10 months after the application. 
showed 1 tree with slight flecking and 12 trees with severe flecking of 
the bark layers from the Y2-ounce dose exposed to the trees for 4 
weeks; and 2 with slight and 9 with severe flecking from the %;-ounce 
dose exposed to the trees for 4 weeks. One three-fourths grown 
dead borer was found in the trees treated with the Y2-ounce dose 
for 4 week!', One live borer was found in the untreated trees. 

The 3-year_old trees showed severe injury from the Y2, %;, and 
1 ounce doses of paradichlorobenzene at all three of the exami­
nations, and at the time of the final examination 11 trees had died 
from the %; 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 paradicblorobenzene was applied) for dead trees 
in the treated plats, showed that none had died from the Y2-ounce 
dose, 8, 01'26.7 per cent, had died from the %;-ounce dose, and 3, or 
15 per cent, had died from the I-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 lived. 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 gro,\\"ll, 2 three-fourths grown, and 1 more than 
three-fourths grown dead borers were found in the 3-year-old trees 
treated with the ~-ounce di3se for four weeks. No borer mortality 
observations were made on the trees treated with the %; 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 treated with a %:-ounce dose 
exposed for 6 weeks, bark flecks on 1 tree treated with a I-ounce 
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FIG. 5.-A, Bark layers removed to show injurr to the cambium of n 3·yenr·old pear-Ii tree four ,vecks ofter treating with 1 ounce of parndichlorohenzc'Je (fall, 1023). Note that the c::l 
Injury hegins at a point opposite the ring oC crystals and extends downward; D, bark layers removed to show injury to the cambium oC a 3-yeer·olt! peneh tree four weeks aCl'lr Cl

I, 	 treating with one-half ounce oC parndidllorobenzene (fall, 1023); C, bark layers removed to show condition oC normal cambium oC 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 tree e::\.-posed to a I-ounce 
dose over winter. At the time of the final examination only 1 tree, 

FIG.G.-A, Peach trees in a 3-year-old orchard ki!led with three-Iv!,rths ounce 01 purndichlorobenzene
applied commercial!}' in Octo her. 1923, and exposed lour weeks; 13, dead,dying, and illJuredpeuch 
trees III a 3-year-old orchard at Woodbur>', ,Oa .. which had been treated by a b.,.ower with three­
lourUls OUIll'C 01 paradlchlorobeD7-CII" ,n October, 1923, lor a lour-weeks' exposure 

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

FlO. i.-A, Three-year-old pench tree In experimental orchard killed with three-fourths ounce of 
13r1ldlchIOrohcnzene applied iu Onlohcr, 1923, and exposed four weeks; n. 3-ycnro{)ld peach tree 

/n experimentlll orchard killed with 1 ounce of parndichlorobenzene applied In October, 1923, 
for a four-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 f.t %"-ounce dose for 4 weeks, slight flecking of the outer 
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bark layers in 2 trees exposed to a I-ounce dose 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-year-old trees showed injury at any of the exami­
nations where the paradichlorobenzene had been applied once in the 
fall. 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 follows: One one-half grown 
dead borer in trees treated with a I-ounce dose 6 weeks later than 
the recommended date and allowed to I'emain around the trees over 
winter; 2 one-half grown and 2 three-fourths grown dead in trees 
treated April 1 and exposed to a I-ounce dose for 6 weeks. There 
were 8 live borers in the 20 untreated trees. 

The 7-year-old trees were treated with unsublimed paradichloro­
benzene instead 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, 9 three-fourths grown, and lover three-fourths 
grown dead borers in the trees treated with the I-ounce dose for 
6 weeks; lover 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 to remain around the trees over 
winter. There were 38 active borers in the 10 untreated 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 
age. Table 3 shows that flecking of the bark layers occurred on trees 
2 and 3 years old treated at the regular time with a 31-ounce dose 
for 4 weeks. No injury occurred from the use of the Yz-ounce dose 
around I-year-old trees. Thirteen out of twenty 2-year-old trees 
bad the bark layers flecked from a Y2-ounce dose exposed for 4 weeks, 
and eleven out of twenty had the bark layers flecked from a 4-week 
exposure of a %,-ounce dose. The 3-year-old trees were severely 
inj ured from doses of all sizes used, and some were killed by the 
~ 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 Y2-ounce dose; 1 tree with no injury to bark 
layers, 7 with slight and 14 with severe bark injury, an.d 8 dead from 
the ~-ounce dose; and 3 with slight and 14 with severe flecking of 
the bark layers and 3 dead from the I-ounce dose. No injury of 
any consequence was noted on any of the treated trees that were 
Qver 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 unfayorable both at the time of application and during 
the generation of the gas, owing to abnormally high temperature­
and lack of moisture. 

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

1924-25 EXPERIMENTS 

During the 1924-25 season, peacll trees I, 2, 3, 4, 5, 6, and 10 
years old were trented with paradichlorobenzene, either pure or­
mixed with sand ns n filler. The applications were made either in the­
usual way, or the dose wus pluced 4 inches from the tree trunk_ 
Observations for borer morttllity were made in the fall, and for tree­
unjury in the fall and the following spring nnd summer. Tables 3 
and 4 give summnries of results of the 1924-25 pnradichlorobenzene­
e:Xl)eriments. 

A considerable number of the 1, 2, and 3 yenr old trees showed 
injury at the fall and spring examinations, mostly in the form of 
flecks in the outer bnrk lu.yers. The trees treated 2 und. 4 weeks 
later thun recommended hud more serious flecking of the bark layers 
at these examinations than did those treuted at the regulur time of 
application. 

Of the five I-year-old trees treated with the 72-ounce dose for­
4 weeks, 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 l-yetLr-old trees treated with 72 ounce of 
paradichlorobenzene and 72 ounce of filler for 4 weeks, 3 showed 
modemtely Hecked bark layers at the fall examination; at the spring 
examination 3 showed modemte and 1 severe flecking of the bark 
layers. Of the fiye l-year-old trees treated with the 72-ounce dose 
4- inches from the trunk for 4. weeks, 2 showed slightly flecked bark 
layers at ~he fall examination, and no injury at the spring examina­
tion. Of the fiye I-year-old trees treated with the %-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 I-year-old trees trented 2 weeks late with the 3-f-ounce 
dose for 4- weeks, two showed seyerely flecked bark layers at the fall 
examination, and four moderate flecking of the bark layers at the 
spring examination. Of the fiye I-year-old trees treated 2 weeks late 
with %" oun'ce of pamdichlorobenzene and % ounce of filler for 4­
weeks, three showed modemtely flecked bark layers at the fall exami­
nation, and no injury at the spring examination. Of the five I-yeo.r­
old trees treated 4 weeks late with the }-2-ounce dose for 4 weeks, all 
showed moderately flecked bark layers at the fall examination, and 
4 showed the same injury I\t the spring examination. Of the five 
I-yenr-old trees treated 4 weeks late with the %;-ouncc dose for 4­
weeks, three showed slight and one severe flecking of the bark layers 
at the ft\U examination, and two showed modemte and one severe 
flecking of the bark layers at the spring examination. A 
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I 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 spring 
examination, from the use of ~ ounce of paradichlorobenzene and 
31l ounce of filler around 5 trees for 4 weeks; 1 tree with bark layers 
moderately flecked at the fall examination, but no injury at the 
spring examination, from the use of the 72-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 lIse of the %:-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 tree "lith moderate and 1 with severe flecking of 
the bark layers at the spring examination, from the use of the 72­
ounce dose applied 4 weeks late to 5 trees for 4 weeks; and 1 tree 
with slight and 1 with severe flecking of the bark layers at the fall 
examination, and 2 trees with moderate flecklr,g of the bark layers at 
the spring examination, from the use of the %;-ounce dose applied 
4 weeks late to 5 trees for 4 weeks. 

Injury to the 3-year-old. trees at the fall and spring examinations 
was as follows: One tree with bark layers moderately flecked at the fall 
examination, and 1 tree with very sligbt and 1 with moderate flecking 
of the bark layers in the spring: from the use of the 72-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 U-ounce 
dose around 5 trees for 4 weeks; 1 tree with the 1923 bark layers 
severely flecked at the fall examination, but no injury by spring, from 
U ounce paradichlorobenzene and U ounce filler around 5 trees for 4 
weeks; two trees with very slight and 1 with moderate flecking 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 72­
ounce dose around 5 trees for 4 weeks; 3 trees with very slight flecking 
of the 1923 bark layers at the fall examination, and 2 trees with the 
same injury in the spring, from the use of 72 ounce paradichloroben­
zene and 72 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 the %:-ollnce dose 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 fle(,Jdng and portions of the 
cambium layer discolored at the spring examination, from the use of 
the %:-ounce dose applied 2 weeks late to 5 trees for 4 weeks. 

N one of tho 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 orchard 
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 >i-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 Yz-ounce dose for 3 weeks; all borers were dead where the trees. 
were exposed to a Yz-ounce dose for 4 weeks; all were dead where 
exposed to a ~-ounce dose for 4 weeks; 85.7 per cent were dead where 
the ~-ounce dose was applied 2 weeks late and exposed for 4 weeks; 
all were dead where the Yz-ounce dose was applied 4 weeks late and 
exposed for 4 weeks; all were dead where the ~-ounce dose was 
applied 4 weeks la te 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 were dead and 25 per cent active from the ~-ounce dose 
applied at the usual time and exposed for 4 weeks; 75 per cent were 
dead and 25 per cent stupefied from the ~-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 
t.he borers were dead and 33.3 per cent stupefieq from the ~-ounce 
dose exposed for4 weeks; all were dead from the ~-ounce dose applied 
2 weeks 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 I-ounce dose exposed for 6 weeks; all were dead from a I-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 I-ounce dose applied 2 weeks late and exposed 6 weeks; and 
there were 281ive borers in the 5 untreated trees. The borers killed by 
the gas varied in size from under one-fourth to three-fourths grown. 

The 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 >i-ounce dose 
applied at the usual time, October 10 to 15, to young trees gave a 
borer mortality of 75 per cent. The Yz-ounce dose gave a borer 
mortality of 100 per cent when applied to young peach trees at the 
usual time and allowed to remain around them for 4 weeks, but 
only 66.7 per cent mortality when allowed to remain 3 weeks. The 
%,-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 I-ounce dose gave a 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 vf their having become decayed or disinte­
grated. At. the time of the final examination, which was 10 months 
after the application, no tree inj ury 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 Yz and ~ ounce 
doses were applied from 2 to 4 weeks late, and allowed to remain 
around the trees for 4 weeks. 
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1925-26 EXPERIMENTS 

The pnradichlorobenzene experiments of 1925-26 were conducted 
chiefly to check on the recommendations that were made to peach 
gl'Owers, 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 examinntions were made for 
tree injury, the-final one of which was made about 10 months after 
the appliclttion. One exnmination for borer mortality was made. 

The results of the exnminations that w:ere made in the fall and 
spring for tree injury were as follows: Of the five l-year-old trees 
treated with the ~-oullce dose for 4 weeks, 1 tree showed a sour 
spot on the sunllY side at the fnll examination, but no injury at the 
spring examination. Of the ten 2-year-old trees treated with the ~­
ounce dose for 4 weeks, 1 showed slight flecking and 4 severe flecking 
with pnrtinl discoloration of the cambium at the fall examination; 
and 1 showed llJodcrntc flecking and 3 severe flecking with spots in 
the ('illll bium at the 'spring eXilmiIlation. Of ten 3-year-old trees 
treated with the ~-ounce dose for 4 weeks, 5 showed bark layers 
flecked with pnrtial discolorntion 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 ;!i-ounce dose for 4 weeks, 1 showed slight flecking 
of bark layers nnd 7 severe fled'jng nnd cambium discolored in spots 
Itt the fall examination; and 3 trees showed slight flecking, and 7 
severe flecking. :Four of the latter showed spots in the cambium 
Ilt the spring eXHll1inHtion. Of the fifteen 5-year-old trees treated 
with the %-OUllce dose for 4 weeks, 1 showed bark layers flecked and 
cHmbium discolored in one spot at the fall examination, but no 
injury nt the spring cxnmination, Of fifteen 6-year-old trees treated 
with the l-ounre dose for 6 weeks, 1 showed slight flecking of the 
bark laycrs at the fnll examination, but no injury at the spring exam­
inlttion. Of ten 7-yeur-old trees treated with the 1-ounce dose for 
6 weeks, 2 showed flecks in the outer bark layers at the fall examina­
tion, but no injury nt the spring examination. 

The rcsults of the cxamination for borer mortalit.y were as follows: 
No borcrs ill the treated or ulltrentcd trees, 1, 2, and 5 years old; 
1 one-hnlf grown dene! borer in the treated 3-year-old trees; 2 one­
hn.lf grown dead borers in the trented and 5 live borers in the untreated 
4-year-old trees; I).nd 3 one-half and 2 three-fourths grown dead 
borcrs in the treated 6-year-old trees. The 7-year-old trees were 
not examined for borers. 

The 1925-26 results again showed that parndichlorobenzene is 
effectiyc ngniust the peach borer, since it killed all larvne in the 
treated trees, nlthough yery few borers were present, cspeciallyin 
the younger trees. The doses used in 1925, varying ill size from 
one-half to 1 ounre, gave complete coutrol of the borers when allowed 
to remain around the t.rees 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 trce was higher than in the treated trees. 
Evidently some of the borers in the treated trees could not be located 
on accuunt of decomposition before the examination for borer mor­
tality WfiS made. 
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At the time of the final examination, which was made about 10 
months after the application, no tree injury was observed on the 
l-year-old trees from either the U or 7-2 ounce dose exposed for 
4 weeks. In both the 2 and 3 year old orchards there were 2 trees 
out of the 10 that showed flecks in the b!".rk layers from the 7-2-ounce 
dose exposed for 4 weeks. In the i-year-old orchard there were 
4 trees with slight and 2 with moderately severe flecks in the be.rk 
layers out of 15 tree~ that were exposed for 4 weeks to a %;-ounce 
dose. At the time of the final examin!1tion no injury was found on 
the 5-year-old trees treated with the %;-ounce dose for 4 weeks, or on 
the 6 and 7 year old trees treated wit,h t.he I-ounce dose for 6 weeks. 
All of the check trees were normal throughout the experiment. 

LABORATORY EXPERIMENTS WITH PARADICHLOROBENZENE, 
1921-1925 

1921-22 EXPERIMENTS 

The 1921-22 laboratory work with paradichlorobenzene was 
reported upon in detail in a previous publication.7 The chief points 
revealed as a result of these studies were that paradichlorobenzene 
will kill peach-borer larvae as far down as 1 foot below the soil 
surrltce when the gas is controlled by confinement in battery jars; 
that the gas is liberated at about the Sl\me rate in both sandy loam 
and cllW soils; and thl1t 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. 
Experimentfl were also conducted on the rate of mortality of peach­
borer larvae exposed to paradichlorobenzene under varying tempera­
ture lind moisture conditions. All cage experiments were conducted 
in the laboratory Ylu'd Ilnd subjected. to normal orchard conditions, 
except the cages that were artificially moistened with known quanti­
ties of wlltrr. 

1.'nhle 5 gives a summary of the results obtained on the rate of 
eVil porat.ion of paradichlorobenzene c'cystals. 
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TABLE 5.-Rate of evaporation of paradichlol'obenzene crystals in outdoor cages at 
the laboratory, Fort Valley, Ga., in tests started October 10, 1922 

..s Evaporation between succeeding datos (expressed In 10';:; '0 
percentage of the initial weight of the paradichloro. ~ i!l;Q'O>' 

.S benzene) S ~Hi~
'3 ~ ~-~ I ,- , .---- -'-,- §.s ~ § 
",,g Amount of moisture I I ! 'O""::!i1lt:;.. added ; !l~:::S 

!1 ~ ~. \ ~ ~ ~ co 0 l;; Il;; l;; Il;; h~~t--- I: I ~ 
+J 0 C'I •• C"I ...... ro • I - ........ CD i-<i 


g. ~ ..; f:; f;' g g ci d I ci l.g .ci ~ ~ I~ ~~ ~~ 
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Inches ~;::;,--- ~I-;;;:--' 1---1--- - - ';----1--­
14 Y!!' Noue................. !J9. 211. ·110. 51 8.71 0.915.0 4.6 2.311. 8 5.0 3.7 4.51 8.2 85.8 


6 :.~I....·do............... 12.71 7.8 6.4 0.1 .9 2.7 4.61 1.4 2.3 5.9 2.7 2.3118.7 77.6 

4 ~f .... tlo................1t2.2 7.1 to. l' 5.2! .9 3.0 4.9,' 1.5, 2.1 6.4 7.3 l.fo! 7.3 69.5 

Il ;:.' .... ,<lo............... '.!10.115.5 6.114.91 .3 .9 4.3 2.1, .6 1.8 0.4 1.5,4.6 49.0
.\ 3~i 0.1 o\'crythirtl tlny... ! 9.1 4.3 5.51'1.01 .:1 1.2 .QI2.1, 2.4 6.4 .9 .018.8 45.1 
6 %·, .....do................18.2 3.0 6.4 ' 2.4 .02.1 .0 .9i 3.0 6.7 6.7 .0,9.1 48.8 


141 1.' 0.2weckly............ 11.3, .93.4 1.8 .0 .0 . OJ' . Ill' .0 4.9 9.! 0.413.4 42.7 

Il t 3~'.....do................ IO.·li 1.85.813.7 .01.5 2.7 2.1, .0 1.5 .63.0: 3.0 36.3 


14 I 1 0.1 ovorythirtldllY· •• 6.8i 1.84.1,1.4 .2 1.0 1.82.1: .2 2.3 1.6 .0' 1.3 25.3 
6: 1 '.....do................ 6.813.7 3.4i 3.21 .5 1.11 .0/ .9: .0 1.6 1.8 .0: 3.9 26.9 

4 I 1 0.2weekl~·....... ____ .' 7.5! 1.1 2.113.2•. 21.91 .7 1.812.1 1.4 2.7 .08.4 :12.2 

O! 1 ·.....do............... 7.1i 3.0 1.6, 3.4! .9 1.61 .0,2.1 .0 1.118.2 .0:.0.4 34.4 


1"I 1, Nono...__ ..... __ ..... 0.4 4.8 8.,12.31 .2 1.8 1.4' 1.61 .7 1.81.8 .9.9.5 44.7 __~:l__~.·t1o.....--... --- .. 8.71:l.4 4.63.° .5 2.5 3.01 .7 .OJ 1.83.2 3.7,9.1 44.1
1 1 1 1 

It will be noted from Table 5 that when the experiment was closed, 
after 229 days hlld expired, none of the dosages had completely evap­
orated, although the cages mllintained under prevailing weather 
(!onditions with no extrll water Ildded showed a greater amount of 
llaradichlorobenzene e\Taporation than did those to which water had 
been Ildded. In connection with this experiment, Y2, :li, and 1 ounce 
,doses of parlldichlorobenzelle were exposed on the soil surface to the 
direct sun rnys to determine the speed of evaporation. These dosages 
were exposed October 24 Ilt 11 a. m., Ilnd on October 25 at 5 p. m. the 
~-ounce dose had completely evaporated. The:li and 1 ounce doses 
were all evapornted October 26 at 11 a. m. 

The amount of l'Ilinfall from October 10, 1922, to May '.47, 1923, 
was 38.78 iucbe-s, which wns the qunntity received by those cages to 
which no moisture had been artificially added. Water at the rate 
of 0.1 inch eyery three or three and one-h nl£ days, un til all borers had 
died, was added to those cnges to which moisture was supplied arti ­
ficially. This water was measured in a standard United States 
Weather Burenu rnin gauge. The cages used ,\\Tore either ordinary 
flower pots or bnttery jUl'S Ilbout 6 inches wide and 10 inches tall, 
with bottoms not l'Omoved. Five larvae were used in. each cllge. 
The mortality of peach-borer lllrvac under different soil-moisture 
condi tions, time of applicll tion, dosllges, and depth in the soil below 
the ring of crystals is given in Table 6. 

http:8.,12.31
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TABLE G.-Mortality of peach-borer larvae under varyin(J conditions of ROilmoistu.re, time of application, depth below rin(J, and len(Jth of expOSllre tv 

to paradichlorobenzene, Port Yalley, Ga., 1922-23 

1-3 
Condition of Inn'ae nfter- t:.I 

c 
)Iois­ Depth JDate--'- Ti~e , ~ 

Inryae larvae 7 days 10 days H days ; 17 days r~~u~-: Killed Z
below Hemnrks ....Dose (ounces) , a~IJ:cl were d ___~___ - - - ____ ___ 1 killcr~'slal: to soil 

expose I I I'! I ' lar'l'aering 
d I Stupe- Ae- D d Stupe- "\e- d stupe- Ac- ID d Stupe- Ae- ~ D 

1 en 'fled tin en fled U'I'e De3 fied th'e' ea ; fled tiYe 
I:I:l----I' ---------,---~---I-- -------- --'--- -'---'~--I-------- q 

[nchell Inches 1922 i Day, ;Per cent ~ ).-~-------------l None. 6 Oct. 18 t -I, 0 5 0 I 0 ______ 1-. .----' ..---- .-----. --- 10 100 I' Lan-aefed beloredenth; manycrys­
;! ; I wis lelt. l:'J 

M--- ---------1 0.5 6 ·--dO-'--1 0: 5 3 211 0 0 0 ~- -.--1-.--- .--. HI 100 I Li~(~,~e fed a little; many crystals ~ %"__ .. __ ._,___ ! None., 6 ___ cJo____ 1 2' 3! 0 51 0 0 _. _ _ -: -- i 10: 100 I Lan-ae fedhefore death; many
Ii, I I ii' crystals left. '-,

3i-- ___________ , 0.4 6 ___ 110____ 3 2 0: 5 0 I 0 -- __1- .--- --- - ---' - .--. - 10 I 100 Do 00 , 

t:::::::::.::::r )log:41 ~ 1,:::3g=~::[ ~ g. ~ ----5-r-----6-,----il- :::::: :::::_= ::::_: I:::::;::::::: ::::::! Ib I 19J j5g. q
ControL._. ___ None_I 61___dO ____ ·1 0 0 I 5 0 I 0 5 0 0 5 ' ________ •_________ -' ________ None. Laf'l'ae fed continuously_

1M------._----- )lone. 10 t Oct_ IV 0 1 i 4· 21 2 1: 4 ! 1 0 5 I 0 '0 17 100 Larvae fed before denth; crystals 
, i : I ! left. U1 

~_____________ 0.6 10 '--_do_____ 0 l' 4 \ 2 i 1 2 4 I 1 0 I 5, 0' 0 J7 100 . Do. 
\:j%"------------- None. 101. __ do_____ Ill! 3 i 2! 2 l' 4, 1 0 5 , 0 0 17 100 Do.%"___ ._________ _ D.6 10 l___ do_.___ 1 0 ~ I 1 4 0 : ~, 1 0 5 I 0 0 I! 100 Do. l:'J

1. _____________ , None. 10 I---do----- 1 , 1 3 I 21 3 O! 3 ' 2 0 5. 0 0 11 j 100 Do.
1._____________ 0.4 10 ___ do_____ 0 : 1 41 2 2 1 5 0 0 ------!------- ------ 14 I 100 Do. ~ 
ControL ______ None. 10 ___ do_____ . 0 i 0 5 0 0 5; 0 0 ,0 I 0 fi -------- None. i Larvae fed continuously. 

o 
1923 Io;j

O' 5 I o ------1..-----'------1 5 0 0 ·______1__ .____ ,______ 1 14 I' 100 i Larrae did no feeding; many crl's·~-------------I I 61 Jan_ 271 ! I : i : : I , . tals left.%"_____________ None.None. 6 ___ do_____ 0L _____________ None. 6 ___ do.____ 0 gi::::::C::::,::::::t g 8:::::: ::::::: ::::::: i! ! 19J , gg: ~ 5 
ControL ______ None. 6 ___ do. ___ • 0, g! 5 '______1_______1.. ____ 1 0 0 5 :__ •___ 1. .. __________'________ 1' NOlle. ; Lan-ae sluggish; fed B little. ..... 
____-!..__:......__.!......__..!....______:_---'-I__:...I__:~---!__-'--- t . .---'--I__.!......_---'-I_________ C 

~ 
::;:I 
!;'1 

http:ROilmoistu.re
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Table 6 shows that all lllrvae were killed in 7 to 17 days when 
-placed from 6 to 10 inches below the ring of crystals. A l-ollllCe 
-dose under normtll conditions killed nIl lHrvae 6 inches below the 
·crystals in 7 days. Smaller doses, such as one-half ounce, required 
somewhat longer to kill, IlS it did in those cages to which water wus 
:n.dded. However, all cages, except the ~ontrols, gave a 100 per 
~ent mortality ,,"ithin 17 days. No larvae died in the control, or 
un teen ted, cng-es. 

'When peuch-borer ltuvae are placed OIl peach bark in soil cages 
at 6 to 10 iilches below the pnradichlorobenzene crystllls, they gener­
ally feed to some extent before they become stupefied by the gas, 
especially when water is Itdclecl to the cages at the beginning of the 
experiment. If the larvae can burrow into the burk and conceal 
themselves, they will live longer than those remaining on the surface 
of the barlc The larvae used in the experiments were aU about 
one-half grown, A correlation ot: the results of these experiments 
wit,h field' conditions indicates that newly hatched larvae just enter­
ing the btlrk tissues at n.bou t the time of the application of para­
dichlorobenzene would all be killed. 

The gas in the test cages generated very slowly dmillg the 1922-23 
season, but borC'r rnortality in them WItS rapid in spite of the cool 
and damp wCtlther. It would appenr that 11 very small amount of 
the gus js required in a con tainer to kill the insect. 

1923-24 EXPERIMENTS 

During the 1923-24 season experiments were conducted to dete~·­
mine the rute of eVllporntion of the severnl different doses of para­
dichlorobenz('ne at different durntions of e).-posure, such as were 
recommended to the pench growers for use in commercial orchards. 
Table 7 gives t.he results of these experiments. The containers for 
the gas were pit-her 6 by 8 inch btltter? jars with bottoms not removed, 
or mounds of soil such ItS nTe used around peach trees after the 
parttdiclilorobcnzene is applied. The ptlTadichlorobenzene was placed 
4 inches clowll in the soil in the battery jars; and in the case of the 
'soil mOllnds, such 11S nre used in orchnrcls, the chemical was placed 
on the soil smfnce und then covC'rccl with soil to a depth of 4 inches. 

TABr,~j 7.-£latc of eV(£]loral'ion of d£jJeJ"c'llt doscs of 11aradichlorobcnzene at di.Uerenl 
durations of CxpOSllre: Port Yall~'YI Ga., 1928-24-

I
I Empomliou(expresse<l I 
t in .perccnLu~e of ini· Tinll' ' 

tial weight or (lara· requlr' ~ . : 
Date Ilppliod ~~~~r <lichlorobenzene)- : ed for '~!~~~~'~S~~Ido,S' : '['ype of container 

"~,~ _~__ totnl to (inches) 

I 
 o\·apo·'

In a In 4 tn G ' rnt~ 

( wee ks \ wee ks wee ks 
'i__ ,.. '''._______~,,_~_ 

, Ollllet" J1"ee'k,< tI 
Oct. 8, lfi2:l.,.' J.~' ....... 43.·j ..... , None.......... 1 Batteryjllr. 


g~==:::: :;::'::.: Jg:~ '::::.-: .. ::,: ~:~~~~:~l~::::· ..t ~~: 
Do....... ',i .. , , ""'1 32.0 ..... None........ ' Do. 

Do._... ''; >0" ,0<'''' 27.4 ...... , 0.1 weekly, ,I Do. 
Do....... 3,'.......... '..... 23.5 .•..•. 0.2 weekly,.. 
 Do, 
Do•••.• , I~ \la.II' 117.311°O.Q: Ii None........ Duplication offield mounds. 
Do.... " .. ' 3,( 74.4 81.4 88.1' IIi '.....<10,.. ])0. 
Do ~ ... ,~~, l' 7a.1 77.2 82.4, 27!4 ..•do.__ Do. 

. ·i 
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Tho data given in '1'ttble 7 show that, uuder normal orchard con­
ditions, about 6 weeks are required for complete evaporation of the­
Y2-ounce dose and 16 weeks nnd27~ weeks, respectively, for com­
plete evaporation of the ~ and 1 ounce doses. In eacb case the 
material was applied on the usual recommended date. The data 
givon in 'rablo 7 also show that the addition of water to the soiL 
retards the generation of the gas. 

192-1-25 EXI'.EItIMENTS 

During the 1\)24-25 senSOll experiments were conducted to deter­
mine how fur: ubo\'e the ring of crystilis the pllradichlorobenzene gas 
is effeetive in killing peach borers. Two types of cl~ges wore used for 
these experiments. Tho first SL"': were 6 by 8 inch battery jars with the 
bottoms remo\'cd und sunk into the soil to a depth of ubout 4 inches. 
The lnst six were merely soil mounds, the pllrlldichlorobenzene being 
pluced in the ground and the Inrnte placed nt specified distances 
nbovc the chemicill in a mound similar to that used when applying 
tho matl'riul nround pendl trees in nn orchard. Tho borers were 
dug out of peuch tn'es on the duy the experiments were started. 
Fresh orchurd soil wus used in all the cages, and Ii \'e larvae per cage 
were placed in the soil ut the illdieuted distance above the ring of 
crystals. The lurvlte, \vhich were 1111 ubout one-half grown, were 
supplied with fresh peuch bark for food. One ounce of paradicbloro­
benzene was placed in each cage, except one control, or untreated, 
cage, in which no crystuls were used. All cages were placed in the 
open without tops and during a part of the duy were subjected to 
direct SUll rays. Table 8 gives the results of these experiments. 
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TABLJt S.-ill ortality of l)each-borer larvae at different distances above crystal rings 
consisting of 1-01l'1lCIl doses of paradichZorobenzene; Fort Valley, Ga., 1924 

Remarks 

Larvae did no f~'eding. Dead onos turned 
black Oct. 23. Strong odor of para·
dichlorobenzene at borer lcvel. 47 
grains had e\'aporoled by Oct. 30 when 
t'1lb'C was closed. 

Lan'lIe did no feeding. Strong odor at 
borer' le\·cl. 38 groins c\'apornted in 
~l dars. 

LIln'nc fed a little before deatb. Strong
odor at borer level. 33 grains C\'IIp<>­
rulcd in 21 days.

Larvae did some feeding. l\IIld odor at 
borer le\"el. Only 3 borers found Oct. 
30, 1 escaping from regc. 28 grains
e\"!lllOmted in 21 days.

5 __ .do ••••• OcL 2:1 5, 0, 1 Ii. 0 81, 46 Lnr\"ae did considerahle feeding. 3lar\"ae 
Oct,. 30 5' 2! 0 0, 14 40 71' 49 had escaped by Oct. 23. Mild odor at 

borer lcvel. 36 grains e'l"'3pornted in 
i : Hdays.

6 , ControL NO\', 6 0' 0 5' , 75 '51 Lar\"ae did considerable feeding, 2 bur·
1 ;····T···· rowing into bark until they were out of 
I r sight. 

7 INo\·. 4 No\·. 11 , 21 :1; O! 7! 40 76 i 52 Larrae did a little feeding. Strong odor 
No\·~ 18 	 ',' 3 0: 0., 14 100 72 ,19 at borer level. 79 grains evnpomted inI, 

, 14 days . 
S ; ••• do •••.. No\'. 11 . , 4 I 0: 1· 7 j 80 76' 52 One larvII escuped No,'. 18. No feeding. 

NO\"18 2 •••••••••.•••••·.·1•.•.. 72 i 49 ~~~~~g;e~I~~~J~d in 7 days. Strong 

9 ...do..... 	No\·.l1 ,l 2! 1, 2: 7! 40 76 52' Fnirly strong odor at borer level. Lar\"ae 
No\·. IS 3 2! 1 : 0, 14' 80 72 49 I did some fL'eding. 91 groins evapomted 
No". 25 3 1 i 0 0: 21 1100 f03 38 I in 21 days.

10 ...do..... 	No\·. II 4 1 I 0 4' 7 20 76 52, Larv!lC fed considerabb·. Very mild odor 
No\'. IS 4' O· 0: 4 :........... 72 49 I at borer level. 4. larvae had escaped 
No\~~ :!5 4 '••••'1 •... '....1' (Il i····· 63 38 by Nov. 25. 89 groins evaporated in I 

I 21 days. 
11 ••• do ••••• No\'.11 5' l' 1., 3' i jl 20 76 52 Lnrvaefedconsidembly. Verymlldodor'I' 

, No\', IS 5! I, 0, 3 j l4 40 i2, 49 at IlOrer level. 3 larvae escaped by 
No\,. 25, 5 ••••••••••••; () ••••• 63 ' :18 I No\·. 25. 96 grains evaporntcd in 21 

, I ' ; " days. 
12 ControL No\·. ~5 ;.... 0 _~).~"==~"f~~'_~' 38 Larvae fCdco_ns_i_de_r_ab_I_Y_._____ 

I Three escaped. 

Table 8 indicates thnt the I-ounce dose of pnradichlorobenzene is 
effective in killing pench-borer lanrne up to 3 inches above the ring 
of crystnls when the ruaterinl is e:\,-posed to them for at least 3 weeks, 
nnd pnl'tiaJJy effective in killing them up to 5 inches nbove the crystals. 
All of the larvne used in the experiment were killed within 3 weeks, 
except those thnt escnped nnd those in the untreated cages, which 
remained healthy and nctive throughout the experiment. 

SPECIAL EXPERIMENTS WITH PARADICHLOROBENZENE 

RATE OF EVAPORATION 

Specinl experimentation was tmder way during the 1924-25 aJ.ld 
1925-26 seasons to determine the sum of hour-degrees of temperature 
(above 55° F.) necessary to eyaporate the Y2, ~, and 1 ounce doses 
of pnrndichlorobenzene under prevailing quantities of precipitation 
for those seasons. Narrow, loosely woven cloth sacks (fig. 8, A) were 
made to contain t.he J,0se of parndichlorobenzene crystals; these 
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Fill. 8.-A, Looscl}' woycn cloth sack used for holding the dose of pnrudich!orobt>nzene in connectio::! 
,with sllccinl c\'uporntion studies; B, cloth sack containing pnrudichlorobenzene plnced around 
peach trce hefore mounding 
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were plaecd I).round the trees (fig. 8, B) and covered with soil mounds 
similar to thosc of the regular treatments. Each week sacks con­
taining the t.hree different doses were remoycd from around the trees 
and weighed in gruins, the loss in weight between dates representing 
the actual 'enlporation of pal'lldichlorobenzene for the week. The 

FIG. U.-Soll thermograph pl!lt'Cd in tbo experimental orchard for usc in connection with special 
c\'uporation studies 

SUlU of hour-degrees above 55° Falmmheit required for the aIllount 
of evaporation each week was obtained froIll a soil thcrmograph 
which was set up in the orchard where the c).'}lcriments were being 
conducted. (Fig. 9.) Data on tl:ee injury and borer mortality were 
taken each week 'when the sacks of crystals were removed. 

Table 9 gi\·cs the results of these special parndichlorobenzene 
experimcnts for the two seasons. 



TAlll,g fl.-Results oj spl'l'ial tests to determine the sum of JlOlIr·dcyrees oj temperaiure (obot'e 55° F.) neCl'ssflry to el"a71orllie different doses of C/.j 
~11aradich/orolicnzellc 'Under 1jreua'il·ing weather cOlldiU"IISj Fort Valley, Ga., 1924-:35 and 1925-26 

ONE·HALF O\JNCE DOSE (219 GRAINS) 
;1 
oSum of hour·de-Condition of trees 	 Number nnd condition of borers E\'uporution I Precipitation' ::t:grees nbo\'c 55° F. !

'I'reo . Length or~ Z 
Nu•.oxposuro I, C) 

tu2t t!J25 	 1924 1925 .1924 1921 192·' 1924 1925I 	 192;\ :.­
t"

~--I------I-'---"--' 
b;j

[)av& 	 Grains Orafns Illch .. Inch"I 
1 	 7 No injury.... NoinJurr... _______ .• __ . __ ...... ____ .. "" .•• 1 stupiHed ...... _.... _, No borers......... 147 75 1,525 , 2.07 ~ 


I'S93! 	 0.02 2,824 . 2,072 .0 1. 65 
3 3,:.!87 2••35 .81 2.f17 ~ 4 34,3;2 2,888 .0 .51 
5 2,083 ........ 1.74 ;jg:: ·:~1!~:~~: :::.: :.·~~11~~~::~::: :.:: ::~:~'::~: ~ ~~: ~:=:~:~~~~~;~~: :~~;~~~~~~~~~:~:=~~;;~~l: :~~~~~~~:~~~:~~~~~ .. ,3,~~.: j~:
G 	 :1.OOt i..•....- .01 Z 

3.008 ,•••.••.• .261~ 'I'::' :::g::':::=j jj~~~o:~j~rs'il('-Ck~d:' 'i,'nr'i;;oTcn-;nl~iuj;i'dis:' •••• :~~::::~. ::: :::::: ::!'i"(iC~~::::::::::::: ::::::::; gg 	
t:n 

S 	 no .••do....... i Bark layers flecked. Cambium discolored on ••__ .do................ NO borers -...... • ... ; 129 3,050 I........ .29 t:r.J 

. i . sout heast sld~. ,. '. i
9 	 6.1 1•••••dO'''''''I· Outer bark la}ers flecked. Cambium unln 1 delld.................I.....dO............. ........ 161 3.462 ' 1,0:1 


, Jurcd . 	 s 
to, • 0 ' ...... ,\0. "'j No injury....... •........................... No borers .••••••• "'_1 1 dem!....... _. _._ •. __ •. ' 1.4 :1,402 l~ LO 


'PrHnl ·1 ..do ..•. _13 treesinJurcd ...........................__ • 100 per t'Cntdead after I100 per cent dead.. 1111 174 4::172-' 314fl~ .SI 11.73 w 


I two weeks. _... •• _ 	 Ij 
t'j 

'l'lIHEJ-;·FOUHTlIS OUNCJo; DOSE (328 GRAINS) ~ 
-;~~o InJ::""; No~IJur==~............................. No borers ••••••·.••...I·' deaL....~~=--1;6· t--~·:··~;2;i~.~~0-!--~: o 
14 ••.••do••••••. , .....do.......................................... 1 dcad................. No borers........ 261 I 94 2.S24. 2,6.2 .0: 1.65 ~ 


3 21 ••••.do............do....................................... No borers •••••••••.•••••.••do............. 279 j' 99 I 3.287' 2,735 .81 I 2.6. 

4 	 28 '•••••do•.••••. i JJarklllyers sO\'crely flecked. Cambium d.IS' 1 aCU\.eabovcrlllg •••• I.....dO.......... __ • 324 132 1 4.3721 2.888 .0 .51 


, I eolored on southCUSL side. 	 I i I 15 
5 35 L ...do....• ".' Dark luyers aud cllmbium flecked ou north· •.•••do_......~......."' .....do ....••••• __ •• '328, 107 I '5.116' 2.983 .0 I

I 

1. 74 
 ~ . I west side. 	 I, I o
6 42 \ .....do...... _I' llurk layers and camblumileeked llnd spotted. No borers ••••••.••••••• j ..... dO .••••.• __ •••••_......1 148 1. .•.•..••. ' 3.001 . ' ••• ,. .01 
7 40 i •••••do.....•• No inJury......................_...................do................. 1 dell'I............. ••••••••. 187,.......... , 3.008 ........! .26 
S 56 1.....do ....•..1 Slight flecking of bark layers. Cambium un· •••••do.................. 10 detld....................: 109'........., 3.056 j........: .29 ~ 

i injured. ! I.' i 
9 63 •••••do....... Outer bark layers flecked on both north and .....do.................1 No borers .••_..... ........ 205 I•... "''''. 3.462 ••••.•.•. 1.63 
 ~ 

10 I 70 .....dO•..• ...l N~ogl~~~:~~~~~.~~~~':':: .............................<lo.................,I.....dO.....................! 205 """"" 3.462!••.••• ..I 1.50
I	 _ 100 per cent dead 100 per ('Cnt dead.. 328 205 5.116 3,462 .81 i 11. is·['Otlll. .............do·.·••••15 trccs inJured ••.•••.• ........................ 

below ring. 

- ...~--... -- ~ -., ~~.. ~ ........-~. -..__- --_ ..___ .. ~....____ .___ ..___ .~_,._ ....__._.._ ._~, ____ ,___.'" ____ .. _.._....1_ ... ._.I~__ 




bNg·OtfNCE DOSE (437.5 dRAtNS) 

OJ ~5", I 1,8\13, . So [ujury.••' So lnjnry 	 No borers, I dend, I nctlve.. 134 , -Q \ 

H' ..••dll.... .rlo. .....do ..... Xo borers... 19-1 135 2,H~4 2,072 
a 21 _.tlo.. • .do .. . ...do. I dead. 2l\O liS a,2.Si 2,735 
4 2~ ••do., _.• _....do.. ... ...do. __ 2 dent! :ISS 156 . 4,372 2,88S 
5 	 :15 .•do.. 'FI~cks in hurk Inyers nnd cUlIllllum 011 south· ... do... :\0 borers 402 ]73 5,402 2,OSJ 

l'llst side. 
o ·12 .do.. SoilljurY.e< ......' .• .•• .. ........... . ....<10 .•• . ... I t1en,L" 106 lSI. ' 5,075 ; a,OOI 
7 ·W .db :;1I~ht fle~klng of outer bllrk Inyers ..... • 1 dell,I. •••• .......rlo .. ~OS 189 0,015 , 3. (10S 
S 56' ..dp . :;lIght flecking of bllrk Iuyers on northwest side. No horers 2 !ltmd... .: ·111 212 , 11,0.11 . :1,0.;6 
U 0,1 .•da • No Injury. .. ... •••..•. •...............<10..... _ • :1 denrl.... 410 225 : 6.496 . 3,402 

10 70 .,10. }'lodcmt~I~·S\'.\'ere flecking of outer hnrk layers .....do....... . _.. 2 dend .. .! .. _. 4:r;. .) 241 a,sus 3,402
1N 

'I'ulnl ..!lo"""'1 .. trees Injured.... 	 100 pcr ('elll dentL .• 100 ,~r cent dend , 4a7.5 241 0,808 . 3,462 ' 
: nCterthreewceks. , 

'I'otal checks. No Injury to f No injur~' to 10 trees. . ....1 :-<0 horers , 10 liI'e borers... ' 
nl'e trees. I 

I 'rests SInned ench yenr nt the recollllllended time of nppllcnt.!on for this Inti tude. 
, l'reclllitntioll ~i\"en in illchc& llIellsured by stnndard United Stntes Went her Burellu min ~nll~e• 
• All evaporated ut tho end of 28 duys. 
• All o\"upomted UL the. end of 33 dnys. 
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Table 9 shows that the rnte of evaporation was much faster in 
1924 than in 1925 on account, of the higher soil temperature during 
the generation of gns and the lower precipitation. However,l1O tree 
injury was observed in 1924,'whereas in 1925 all sizes of doses pro­
duced illjtU'y, in some cnses severely flecking the bark layers nnd 
discoloring portions of the cambium layer. It is believed that the 
injury ill 1925 was due largely to an accumulation of gas near the 
t,ree us a result of the large amount of precipitation which prevented 
tbe normal diffusion of the gas through the soil. Borer mOl'tality~ 
from all sizes of doses used in these special experimen ts, was excel­
lout during both yonrs, all borers being killed within the recom­
mended pedod of exposure to the gas. The control, 01' untreated" 
t,rees that were maintained both years showed no tree injury or 
borC'r Jllortnlity. 

'When calculated Jor the entire period, twenty hour-degrees nbove 
1,)5° F. wero l'cquired to c\Tapomto each gmin of the Y2-ouIlCC dose 
in 1924, as cOlllplHeel \\"ith 19.9 in 1925; 15.6 honr-degrees were 
requirod to cvnpornte onch grnin of the %;-ounce dose in 1U24, as, 
('ompnred with 16.9 in 1925; nnd 15.5 hour-degrees were required 
to e\Tllpomtc cneh gmin of tl1(\ I-ounce dose in 1924, ns compared 
with 14.4 in 192,5. This giyos u nuintion of from 14.4 to 20.0 hour­
degrees nbon', 55° F. l'cquired to u\-ap01'llte one grnin of pnl'lldichloro­
benzene. '\Y/WIl ('nl('uluted for weekly periods the vnrintion ill the· 
number of hOlll'-degrees uboyc 55° F. required to evaporute one 
grain of pUl'Ildichlorobenzene is much greater, ranging from 10.4 
to 37.3 caleulnted on the bnsis of the first week. Therefore no· 
dire('t correlation was Jound between the sum of hour-degrees above, 
55° F ..nnd the qunutity of pnrndichlorobenzelle eyaporated. 

UEI,ATIO!'l OF SOIL Tt;l\tPERATURE AND RAINFALL TO BORER MORTALITY AND, 
TREE INJURY 

li'jgure 10 is n grnphic presentation of the biweeldy mean soil 
temperature during the period from the recommended time of para­
dichloroh,mzene applicntion until 10 weeks later, for the period 1922 
to 1925, in('lusive. In 1922 and 1923 the soil temperature was taken 
with a IInlld soil thermometer. In 1924 and 1925 the soil tempera­
ture wns recorded by a soil thermograph set up in the orchard so that. 
the tempomtllTOs recorded would correspond to those at the ring of 
crystals after it wns covered with the soil mound. 

The rainfnll during the lO-week period following the recom­
mended time of pnradichlorobenzene s.pplication in 1922 to 1925~ 
ineiusiYe, is shown graphically in Figure 11. 

A compurison of the two graphs shows that normal soil tempera­
ture and rninfall occurred in 1922 during the period of the generation 
of the gas, which in Georgia is not mOTe than six weeks. There was 
no tree injury Jrom pUl'l1dichlorobenzene in 1922. In 1923, high soil 
tempern ture and low rainfall occurred during the period of the genera­
tion of the gas, resulting in sen're tree injury, and killing some of the 
3-yoar-old trees treated with % und 1 ounce doses. In 1924, normal 
soil temperature with low l'ainfall occurred during the period of gas 
generation, and there was no tree injury. In 1925, low soil tempera­
ture with abnorlllnll}r high rainfu11 occmred during the period of gas 
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gellerntion, resulting ill severe injury to some trees from all sizes of 
doseti used. li'rolU these dl1,ta it would nppcnr that high soil tempera­
ture accomptwied by low rninfnll, or low soil temperature nccompl1nied 
by high rninfnll, will cause paruuichlorobenzeue to illj me young 
pench trees in Georgia. 
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FIG. 1O.-Diwcckly mean soil temperature at Fort Valley. OB.•Paradichlorobenzene Oct. I to Dec. 31.1922, 1923, 1924, Bnd 1925, The heavy horl­
zontailine indicates tho lowest soli temperature for efIective was used on the same results with!lmradichlorobenzen~ 

trees in one orchard for 
five consecut.ive yeaTs with no discernible tree injury and resulted in 
almost complete eradication of the peach borers. 

Poor results were obtained with lnrge doses of paradichlorobenzene 
for short exposures, and only filiI' results with small doses applied at 
the regulllr time for long exposures. The % and 1 ounce doses exposed 
to the trees for from four to six weeks gave excellent borer control. 
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PUI'fldichlol'obcllzclle applied ill cent1'll1 Gcorgia at the usual time 
(October 10 to 15) gaye a higher borer mortality than when 11pplied 
two, [our, and six weeks later. Spring applieations were not as 
efl'ecli \Te us those made in the fall. 

No tree injury of any consequence deyeloped from the use of para­
diehlol'Obenzene dlll'ing the 1921-22 and 1922-23 seasons, only a few 
fJe·(,ks in the bark ]ayen; of sCYeTal trces being notl'<l. 

~e\'('J'e inj lUy to trees 2 and 3 years old de\'eloped from the use of 
plll'llciichlol'obellzcne during the 1923-24 season. Some or the 3-yeal'-' 
old trees w('re killed. Oldcr trees wer~ not iuj ured thllt scason, except. 
foJ' ::llight flecking of the bal'l\: I11ycrs, whieh apparently did not aCrect. 
til(' \rigor of thll tn·es. 
" Durilw the 1924-25 sPllson no injury resulted to 1 and 2 year old 

trees fr;;11 pltl'lldichlorobellzcne. There was .flecking oJ the bllrk 
layers of a few 3-year-old 

S XI" I -IS OCT16'-31 NOr I -IS NI1I'1tf'-J# DEC I -IS IJEC I.-3/ trees, buL no injury to 

/ -". any of the older trees. 
I ~ In 1925-26 there was '. , 

, no injury to the 1-year­
.0 

s 
'1~L: " \ 

I 
old trees, the bark layers 

J~. .s .til ~rr.: " of trees 2, 3, and 4 years,'/ 
0-- 7 '. ~ . ... .. ~ old were flecked, and ~,. 
.S--,I ."1 / " there was uo injury to 
,~ I':l.~ \ I." AI"'" 

.,/' ....... -,;--.. ,- ,.\1 ". the older trees. 

.. ' 1-- ..~ .... FiYe J cars of experi­

.0 mentation with para­
VIC;. 11.' -lliw~~kly minfall nt }'ort \·Illl~y. O~., Oct. t to D~c. 31, dichlorobenzene in the 

1U22, W2:I,lO~~,nlld 19~~ Georgia peach bel t 
showed that it is unsafe 

to use for borer con trol on 1, 2, and 3 year old peach trees; and safe~ 
when properly applied, on all trees 4 years of age and older. 

The following conclusions ,,-ere reached ns a result of experi­
mentation witit pnrndichlorobpllzene in the labol'lltory: (1) It will 
Idll pench-horN lalTne ns fill' down as 1 foot bc·low the soil surface 
whpll the gns is controlled by confinement in battery jars; (2) tlwre 
is no difl'prence in the t'fTectiYeness or the gas in the different types of 
soil w,pd; (3) the lower the tcmppratUl'e and the higher the moisture 
COIl ten t of the soil, the slower is the eYl1poration of the cl'ystals aneL 
the nction of the l'csllltllllt gus on the horers; (4) under some con­
ditions the gas willrelllllin in the soil 0\"01' winter; (5) under normal 
conditions illl larval) are killed by a I-ounce dose within a 17-dIlY 
period; (6) pench-borer Illrvae feeel to some extent after they are 
exposed to pHl'Ildichlol'obenzene gas; (7) when applied Ilt the recom­
mended time under normal orchard conditions, complete evaporution 
of the Y2-o11nce dose uSllall}T takes place \vithin 6 weeks, the ~-ouuce 
dose within 1G weeks, and the l-ouuce dose wHhin 27Y2 weeks; 
and (8)· borers 3 JJ1Chcs n bove and occasionally those 5 inches above 
the ring of crystals nrc killed by the gas. 

Special studies under orchard conditions to determine the sum of 
hour-degrees above 55° F. necessnry to evapornte different doses of 
parlldichlorobenzene showed that there WItS no direct correlatioll. 
between the hour-degrees nud the amount eYllpornted. "Thile the 
rate of enlpomtion WIlS slower in 1925 thlln in 1924, heavy precip­
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i tatiOIl prevcnted thc nOl'll1ul difrusion of the gus through the soil, 
conccull'!lting th(' gus ll('IU' the tree and producing more or less inj ury 
to young trees, E\'en 4-yenr-old trees were injured to somc cxtent 
by pUl'lldiehlorobenzene under the wcnther condi tions following 
pnl'iHlichlol'ob(,llz(,Ile npplicatiolls in 1925, Borer mortality from the 
dos('s used in these specilll studies WilS ('xc('llent, 1l1l borers being 
killed wi thin the recommended p(,l'iod of ('xposure, 

Evidently high soil. tempcl'Iltur(' nccolllpani('(l by low minfall 
01' low soil telllpcJ't\tul:e nceompnnied by high 1'Ilinfnll will cause 
pnrndiehlol'obcnzPJte to injul'e young ppach tl'ees in Georgia, High 
soil Lt'I1lIWI'II.Lul'(, and n eOnCtll'l'PIl t pl'ecipi tation deficiency werc the 
most dnngPl'ous w('rlthel' conditions fol' the use of pnmdichloro­
beJlzene that WPl'e, encountered dUl'ing the course of these experi· 
ments, on !lC'COUH t of the mpid generlltion of gus, which cnused very 
s(\nl'e inj UI',\" to Ill'nch tl'ees younger thnn 4 ycal'S of agc. 

RECOMMENDATIONS 

Pill'HelichlorobeJ1zene should bc applicd to ,peach trces for borer 
control HS follows: Hemoye grass, stones, nnd tl'llsh for about a foot 
out from the tree trunk rmel smooth thc soil surfucc with the back 
of a shovel; thpn pluce the pumdichlorobenzcne crystals in a con­
tinuous brl1ld ubout 1Y2 inches \\rjde nnd IY2 inches from the trunk 
lind coYer cllrefully with II shovelful of eleun soil; then add sevemi 

"tnore shovelfuls lind puck the soil uround the tree to forrn a mound. 
The ring of crystals should always be placed above the topmost 
borer gallery, und if there nre indications of borers above the Ilormul 
level of the soil it should be 1'Ilised so that the crystals can be plnced 
Hbove the point where the borer indicntions ure observed, 

For trees 4 Hnd 5 ycnrs old use the ~{-ounce dose per tree, and 
remoyo mounds und unspent crystuls nfter foul' weeks' exposure. 
For nil older tre('s usc the I-ounce dose, Ilnd remove mounds und 
ullsppnt crystnls uiter six we('ks' exposure. The muterial should 
not be used Oil 1, 2, Ilnd 3 yeur old trees in the South, 

Pnrndichlorobenzelle should be npplied in centrELl Georgia be­
tWC(,l1 October 10 nnd 15; in northern Gerogiu between September 
25 lind October 5; und ill southern Georgia between October 15 
nnd October 20. The snme dntes should be used for up plying the 
mutpriul in similar Jutitudes of oth('r Southern Stlltes. 
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