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§J Experiments With Oils anel Lime-Sulfur for 

the Control of the San Jose Scale on 
Peach Trees in the South 1 

By OI,IYER 1. SNAPP, entomologist, and ,J. n. THO~[SON, ,In., junior entomolog£st, 
Division oj Fruit J flS/'ct J Ill'csligations, RllreOll oj Entomology (mel Plant Quaran
tine, Agricultural Research Atlministra/irm 
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IYrHODL'CTJO~ 

i:-:Tlu: San Jost' senle (Aspidiotus perniciosus Comst.), a destructive 
j?Cst of pc'ne'h, nppIC', pen]', plum, nnt! othC'l' deciduous fruit trees is 
.rilry nbundnnt. in tllC' South, wh('I'e rt'procluction mn.y be continuous 
:ttiroughout the yNLr. Th(' insrct tnkt's its nourishment by sucking 
<the snp from tbe trre, which nt first mel'ely cheeks gro,,-th, bu t ns the 
:i¥festntiol1 inC1'en8rS, limbs nrC' JdllC'cl nnd finnlly tho tree diC's. In
~t~sted pC'och trees. nrc usually kil!rt! in n few sC'nsons, or arC' so ~n'ak
tencd as to bc sub]cct to nUnc].;:. by othC'r pf'sLs. The pt'eservnl!oll of 
;$rees for tho prodl,ldion of fruit ~ss(:ntiol to 11, wrU-balanced eli.et, is 
$tal to the war rflort, nnd (hr C'(fC'ctlYe control of the San Jose scale 
~ an important l'C'quircnH'l1t for tlInt purpose, 
~ Limp-sulfur ('nme into g('Ilernl usc' for the control of this insect 
:?it'bout 1900, und until 1922 it wus the most POPUliLl' spray fo1' use 
!:.-tlgainst scale insects. Sinc(' 1922, hO\\'(,Hr, t11p oil sprays luwc been 
:c.onsidered more efi'ectiyc than lime-sulfur ogninst scnle insects nud 
have Inrgely supplnnted it os an insecticide for the dormant spmy. 
Experiments iu the control of the Snu Jos(' scale on pCtleh trees have 
been in progress at thc pench insect In,born,tory of the Bureau of 
Entomology and Plnnt. Qunrnntino fit Port Valley, Gn., since 1922, 

I Submitted [or Ilublication Jan. 19, 19·13. 
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A bulletin 2 issued in 1931 gave the results of the work on this project 
to the spring of 1929. Th0 present bulletin gives the results of ex
periments conducted at Fort VaHey during the 13-yeu,r period from 
the fall of 1929 to the spring of 1942 and deals with additional phases 
'of the San Jose scale problem. 

EITF],~CTIVENESS OF RLENDED OILS AS CO.MPARED WITH 
STRAIGIIT-RUX OILS FOR THE CONTROL O:IT THE SAl\, 

BIl'IHip(i oils fOI' 'spI'n,yillg purposl's hlw(' npPl'!'l.l·l,d Oil tIlt' mnrkl't 
.during l'('('('nL Yt'iU'S, ilnd fruit grow;'l'" i1.l't' ofLc'n ubl(l to bU.i· Oil'S,' 
hh'lllis al n 10wN pl'i('e 'tIw.n that nskt'd for stl't1ight-run oils. To 
dt'tl'r.nlilH' the compul'ltlin' dl'('clin'IH'SS of blPnded oils nnd SlI'H.ight
TUll oils JOt· lhe ('ontrol <if the Su,n Jos(' seu,le on pench kees, extensive 
spnwillg t'xpel'inH'llls wilh 1'1 oils n.t 2 strellgths wet'('· conducted during 
:tIl(' \\·iltll'!.'S of 19:55-30 n.nd 1n:HH~7. 'I'ht' 1>\('11(\('(1 oils W('/'t' pn'pnrNI 
:in UIl'ln.bomtol',Y by combillillg difrl'n'llt oils ill trial It'sts unlil mix
tUl'('S of tlH' desin'd dll1rnetel'islies w('re ohtn,iuecl. The methocls n,nd 
SClt\t> ('ollnts emploYN\ for tlll'se and nil oth('r ('xperi!JU'nts l'('pol'ted in 
this buli('tin u,rt' llll' snul(' ns thos(' used for nil' pu,l'licr e~l)Clitllcnts u.s 
d('sCl'il)('d on pnp:('s 24 to 26 of Tl'ehnienl Hulll'Lin 253, just l'cfcl'l'ccl to, 
('x('ppt lhill Wlll'll ('onsi<ic'l'H.ble rainy \\('11thel' oecUlTed during the 
I-irst month nftt'J' spraying, the' ll1trt'vnl bpLwt'cn the time of applicu,tion 
and th(' noling of r('~ults f)'om oil ",prays wns long('!' tllnn 1 month. 
A IWl'iod of 1 month lwlWl'l'n t11l' ;;praying 1I11d lIlt' ('ounls of 1i\-0 and 
<lend sC'tlks for l't'sulls [rom oil sprays is not sufficient for il('eumte 
('ounts wl11'l1 I'lliny 'o\'('ntlwl' pn.'\-i1ils during Gil' first month after 
sprnying. '("'n<1l'1' suth conditions a period. of frolll '15 to 52 days 
aftN' the, npp1icfl.lioll of au oil spl'ny is r('quir('(\ fol' the dpncl scnles to 
tilT suffkil'llilv for dpfinit(' ('lassification ilS den.d. 

'l'It!' fo\lowiilg fOI'Jllula WllS used for (lIe ('omputfl.lion of pel'cl'ntngc 
,('olltrol (or ("('Sl' nnd :11\ olher eXIH.'riJlH'llls l'C'pol'tNl in this bulletin: 

I) ttl .AX-ZX100el'('en nge ('on 1'0 =-:lX
Wll(,ll ~t=rl\,lio of lllt' !Wf\'\'ntilgl' lllin' in elll'!'\.;" ill tb' ('10:3(\ of thc 

('~IWrillll'LlL to the !Wr('('lltng(' nlin' ill checks n,t the begin
lling 01' (iH'l'x[ll'riment. 

J:c'[wn'l'nlngl' aiiyl' in spnlypd pl:tts bdore tl'l'aUll('lIt. 
Z=IWl'Cl'nlngt' nlin' in sprayed pln.ts n,fte!' lr<'tl.tmt'nt. 

TIll' stancL:u'd ('ITOI' for t'[tell l)('r('l'1] tnge contl'ol reported ill this 
bullptin \\'n~ c\C't(,I'.IlIill!'d by lile following fOl'muin.: 

Z Is; S~.c 
7C\:ry Z~+ (AAl2 

whero S;= stnIHlnnl l'lTor of Z . 

.);x=stn.lldnl'd ('ITOL' of .:IX. 


Titbit, 1 gin'S lh<.' ['('suits of Lhe <.'xpcrill1l'llls to (\t>tt'l'minc the COJll

pamtive efi'ectiwlIt'ss of blended oils and stmight-rllll oils. 
"2 SWISOI E. II.. S., ftt1d g~'\I)I), O. 1. PETROl.EClt Oll.S .\XO OIL El(l!l.SIO:-:S AS IXSl-;CTICIDES, A:-;O TIIEJR 

l.:SE -,O.\I"ST TilE s.\~ JO"t: F(.\U: O!< l't:.ICII TItEt:S I" Tilt: sm·TII. U. R. Dopt. Agr. 'rech. Bul. 253, 48 pp., 
lUus. 1931. 
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OILS AND LIME....SULFUR FiOiR CON'l'R'OL OF ElAN JOSE SOALE 3 
TABLE I.-Results of experiments to determine the comparative effectiveness of 

blended oils and straight-run oUs for the control of the San Jose scale, Fort 
Valley, Ga., 1985-87 

--------,------:-----------,----;----~----~.----

Cont.rol of the San 
Viscosity Volatility Jose scale with
(Savbolt (l<\ss duro ___, _____ 

Test No. Season Kind of oil 
at '\000 h~::~s'\at 

F.) 1100 0.) 	 2'pcrcent 3'perccnt
elllulsion cmulslon 

----~----

Seconds Percent Percent Percent 
I. .......... 1935-36 1....... StrnlghLrun•.••__ •__ •. _____ _ 99 3.7 81. 3±4. 4 91. 2±3. 2
2........_.......do ........ Dlend........ __ • ____...... . 102 4.0 , 91. 0±2. 0 , !l{). 1:1: .9 

3________ •__ • ____ do ......... Slraight ruIL.............. .. 20·1 1.6 90. 9±2. 2 97.1:1:1. 7 

4 .. , ...... I .do........ llIend .... ________ ......... . 262 2.1 87.2±1.1 97.5:1:1.4 

5 ..... ~. t __ do .~ . __ .. Stl1lightrun .• _.. ~ ..... w. ~ 2.0 89. 0±3. 0 189.5:1:1.5 

~ .... ..! .:~do.~ .. : .... Bl~nd ................... .. 1.2 00.5± .9 191.9:1:2.3
:~3:~W.O I 1.3 76.2±2.8 94.3:1:1. 38:::::: . i ·~t~ .::::::: ~\~~:aht~~I~.:~::::::::.::::: 142.4 1.5 711. 6:1:5. 8 95.1:1:3.0 
9.... .; ..do.... ,,' Stmi~bt rnn...... •..... 2:lS .9 9O.1±3.2 93.2:1:2.8

10 ....-. •. , ..... clo ...... __ mcnd.......... __ '_'. 238 • SO. 5:1:2.9 92.9:1:1.0
1. 6 1
lL.......11036,31. .... Stml~htnm......... __ .. . H2.2 I 85.3:1:3.0 98.5;-1:1.5 

12........... 1. 110.. . H1~nd ........ . •. __ . \42.8 j 2.11.2 ! 94.4:1: .8 95.4:1:4.4 

13"'''''''''1' .• __ .do . ''''1 Stmi~ht run...... " . - "Ii 2:JS I .9 87.0:1:2.0 	 86.5:1:4.0 
14••• _"' __ ","" .do...... mend.__ ........ __ •___""", 1.8 80.1:1:3.1 96.2:1:1.0
242 t 
___~ ....... ~ 	 1 1 


I llcu\,y, bentin!, mins that fell during lhe night following the apl,licntiOn of oils in tosts 1 to 10 nnd on tho 
dny nftor these oils worn applied mar havo lowered the control 0 the senle, especially flOlll oils 9 and 10. 
which were llpplied lnte In tho nfternoon . 

• A nUlIIbcrofscnlcs were killed by tho twicc·stabbed bdybectie. Chi/acarus "liym" (Snyl- 'rhis was prob
ably tho reason [or the high percentage of comrul shown for this blcndcd uil of 10\\' \'iscosity. 

1 'rhcS<) 3'f,erccnt oils had hel)ll applied to damp trees, which probnbl~' aeeonnts for lhe pcrccntngu control' 
of tho SCIlla lcing prnetically no better thlln thnt from tho 2·percont strength of the sume oils. 

In seV'rH tt'sts blended oils n.t 2- and 3-pe1'c('ut strengths gavt' just 
as good ("ont1'ol of tll(' f'n.11 Jose scal(' on }1ri!,ch t1'r('s as thr seven 
strn.ight-I'llll oils at the same st!'('ngths with whidl eMh was compared. 
TIll'refore, the results of thesc c:\.l)erillleuis wn.rl'iLnt the conclusiou that 
a bh\ncled oil is just itS cfl'ectiV'e itS a straight-run oil for the control of 
the SaIl Jose scnle. 

RELAT10N·OF VOLATILITY OF LUBRICATING OlL TO' 

CONTROL OF TilE SAN JOSE SCALE 


Although considernble "'ork luts been done on the vnllll' of viscosity, 
unsulpltonnted. l'('sidu(', iI.nd certnin other properties of lubricnting oils 
ns measures of toxicity to the Snll Jose scale, little is known n.bout the 
reln,tion of \'olnblitv of oils to the control of thnt ins('('.t. Experiments 
('onduc.tl'C1 previous to the fall of 1929 indicnted that yolntility up to
1.75 percent hn.s little inIlul!nce on toxicity when oils of suIIiciently 
high viscosity nrc ~Ised. Extensi\-e spraying e:q)eriments we1'O con
clucted during the 6 dormant seasons of pNwh trees from the fall of 
1932 to the spring of 1938 to determine wlwther the voIn.tility of 
lubricating oil has iJ. yalue as a measure of toxicity to the Snn Jose 
scale. The most significnnt results were obtn.ined dming the winters 
of 1935-36, 1936-37, nnd 1937-38, when 20 lubricf(.ting oils with 
yolntilities 1'11.nging from 0.3 to 13 percent nnd with pntcticnlly the 

• same viscosity were used at two strellgtils.3 Some of these oils were 
used as Plll'CIULSNl in the open mnrket \dlel'(\fi.S othrl's Wero produced 
by blending difi'erel1t oils. Th(' moults of th('se experiments n.re given 
in table 2. 

1 Volntilitr as rcport('d in th., hulletin was detcrmlncolnceQrdinR to the folluwing method: Pnt 20 grams 
of oil iu f13H·inch rrystnlizing dish. and hent nt 110° C'. for -1 honrs in nn clcctric o,·rn. Reweigh. nnd report
loss In weight as percent volatility. 
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TABLE 2.-E:tperiments on the relation of volatility of oils to control of the San Jose 
scale on p,~ach trees at Fort Valley, Ga., 1935-38 

Control or I.be Snn Jose !VOllltility SCIllcwith

l(loSS duro VIst'osit~· 
Test No. Season lng 4 (Sllybolt 1----.---

hours at at 1011° F.) 2·percent 3·percent1100 C.) elllulsion elllulsion 
------.-~--- ----1·---

Perettl/. Second. Percellt Percent 
L ................_.. 1935-36... __ .... " ................ __ _ O.ll 1-14.0 97.5±1. G 98.6±1.1 

2..............____......<10............................ .. 2.0 1010.2 98.2± .8 100.0±0 

3............ __..........do........ __.................. . 5.4 144.4 98.2± .3 00.8±2.2 

4. ......____ ._..........<1e.................... ____ ..... . S.I 13.i.0 85.3±3.0 06.7± .0 

5•• __.....................<10........ , ................... . 10.S HI.O 01.4±3.4 n4.2±1.9 

6.............__.........dQ............................. . 13.0 13G.0 71tO±:J.2 8:1.5±2.5 

i ................... IOaO-37 .......................... . .3 147.0 98.0± .4 100.0±0 

8............__..........do... ......................... 2.1 1-12.2 85.3±:I.O 98.5:1-:1.5 

11............__..........<10 ..................__ •.•••.•. 4.9 142.6 81.9±0.5 1)5.8±1.4


10............. __........do. • ............ .. 5.S I 1:18.2 S2.0±!.0 95. ·1±2.5 

11........................(10 • . ..... " ......... .. •. 0 1 142.5 117.·1±1.:1 09.7:1: .2 

12......._.... "''' ... '' .... ~a~ ~ .. *_ .... ~tln .. ~ .. , ,,~ _~K_._ •. ".. ~. S.O. 1-11.2 7ftl±·I.G 92. 0±3. 0 

13__ ...................... <1" .. U. i : H'J.O iO fi±1.8 79. 9±3. 0 

14 ................... 193,-:lS ... . .3, 142.2 O(lI±I.:1 100.0:1-:0 

15........................ <10 ......... . 2.1 I 14:1.() 97.\)±.7
1I0.8±1.51
10........................de........... . 15S.n 87.:I±1.8 98.1±1.4 

17........................ <10 1 l-l2.5 85. 0±2.·1 08.8± .8
•••• j 

18........... _...... " ... do ............. . 4.0 lliO.O 00. 7±2. 7 


I 
t~ I 75..;±3.51-,,,:119.................. _ .do 6.3 HI.O i lifi. 7±1. 7 87. ·1±1. 9 


~>() ................... > .do... . ......... . .. It9 H5.5j (\4.·1±4.0 87. 0±2. 2
~ ~ 

I 

According t.o these Q..xperiments, best results in the control of the 
San Jose scale arc obtained from mineral oils with 11 volatility of not 
more thl1n 1 percent. In general scale ('ont.rol WIIS grelltly reduced 
with oils hl1ying u, volatility of from 5 to 13 percent. 

RELATION O:F VISCOSITY OF LUBRICATING OII, TO CONTROL 
OF THE SAN JOSE SCALE 

Experiments conducted previous to the fall of 1929 showed that the 
viscosity of an oil is the most acctu'l1,te measure of its toxicity when 
used as a dormant spray for the contl'!)l of the San Jose sel1le, and that 
for bes~ results the oil should hl1ye a viscosity (Saybolt at 1000 F.) 
of at least 125 seconds. These results hl1YC been confirmed by further 
e.'cperiments conducted at Fort Vll11ey on the relation of viscosity of 
an oil to control of the San Jose sCllle on peach trees, the most sig
nificant results of which werc obtained during the season of 1931-32 
and arc given in tttuic 3. 

T.UlI,E 3.-Experiments on the relation oj viscosity oj oils to cO'll/rol of the San Jose 
scale on peach trees (It Port TTallcy, Ga., season r! 1931-32 

Control or tho San Control or t.he San 
ViscosIty J os~ scnlo with- Viscosity Jose sCIllo wlth

'I'est No.. (~~}&l'!t I-----,.--~-I 'rest Xo. (~m~Jt 1----;----
F.) 2·perccnt 

emulsion 
3·percent 
emUlsion 1 

1-'.) 2·percent 
emulsion 

3·percent 
emulsion 

Percent Percent 
L .............__. 
2........._____••• 
3_.___••.__.... 
4..._••__________ • 

_.......... 98.8±.6 
92.7:1:2.8 > _ ... _ .._._. 

03. 3±1. 9 ___......__ 
92. 4±1. 41........___ 

http:1I0.8�1.51
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There was a trend townrd poorer results with oils having viscosities' 
less than 100 seconds when these wm'e used at the 3-percent strength. 
At the 2-percent strength, oils having viscosities of 295 and 370 
seconds did not appear to he any more effeetive than fill oil or 220 
seconds' viscosity. 

WOOD-TAR OIL EMULSION FOR SCALE CONTROL 

E),:periments were conducted during the seasons of 1932-33 Il.nd. 
1933-34 to determine the value of an emulsion of wood-tar oil for thc\ 
control of the San Jose scale on peach trees. The material was usedl 
alone and with the addition of a I-percent mineral-oil emulsion, since· 
mineral oil is often added to coal-tar distillates for dormant spraying .. 
The results arc given in t.able 4. 

'I'ABLE 4.-Expcl'iments with an emulsion of wood-IaI' oll Jor the control of the. 
San Jose scale, Forl Valley, Ga., seasons of 1932-33 and 1933-31t 

---.-----.--.------1' Control 

Season Maleriul Proportion of oil in of theI _____J, ____________._____!_____cn_l_ul_Si_Ol_l___I._s_~~~_J_l~_se 
i Percellt· Percent' 

1932-33_........... '\·o0l1·tar of! (\'iscosity 29$CC., \·oiniilit.)' 9S.5 I L ........._................. 4.0±3.6I pcrl't'nt). , 

IU~3~~'::::: :~:;;: :.~;;:~~. -::~;:~::. :~~~:~- .. :~~.;:.:: .: ~:- ::-:1 ~;~~::;;~~~III~I~;I~~~~~m~~ !~::;;;f 
Do... . \\'ood-tm oil plus mineml oil (\'jRco~ity 205 I Wood·tnroi!, 3l1crccnt; min· 44.8±5.1.. __.__ .L_~~c.' volatility 0.1 p~rccnt). I cml oil,l Pc_rc_(~_ut_._._---'!......__ 

The results of these experiments show that wood-tnl' oil is not 
effective against the San Jose scale. During the season of 1932-33. 
the 3- and 6-percent emulsions of that material failed to reduce the· 
number of live scales below that recorded before the spray was applied. 
Even at S-pcrcent, strength, the use of which would be prohibitive on 
account of cost, 0nly 42.S±4.2 percent control was obtained. The
control with 3 percent of wood-tal' oil emulsion added to 1 percent of 
mineml-oil emulsion was not· so good as that usually obtained from 
1 percent of mineral-oil emulsion when used alone. Wood-tar oil. 
emulsion cfl1Tying fiB much as 12 percent of oil caused no injury to· 
peach trees. 

CASEIN A~D AMMONIA FOR EMULSH'Y[NG MINERAL OILS· 

Tests were conducted during the SCitSOn of 1932-33 to determine the 
effectiveness in the control of the San Jose scale Oil peach trees of 
mineral, or hi.bricfl.ting, oil emulsified with casein and .ammonia as 
compared with thfl,t, emulsified wit,h potash-fish-oil soap. The former 
was made accordillg to the following formula: 
OiL _________ ...... . _._. ____ 100 gals.
W·atcr_____ ...... .. . ___ .. __ .. __ .- ______________ 35 gal>;. 
Casei n ____ .. _.. _. ______ . _ _ _ . _ . _ • __ . ___ .. __ _ _ _ _ _ _ _ 3 Ibs. 
Ammonia (28 percell!) _____ .- ____ .. _____ ._. __________________ 2 pint;: •. 
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This is a slight modificat.ion of that used in the Pncific Northwest.4 

The stock emulsion ma,y be prepared in an ordinary orchlll'C1 sprn,yel'. 
The water is put in the tnnk, nHer which the casein and ammonia nre 
ndded with thc agitator running. The ('Hs('in will dissolvo in a few 
minutesJ and then tho oil is added n,bout as fast as it will run from n 
dl'Um. The casein must be dissohred lwfoJ'c the oil is added. As 
S0011 ns nll the oilllns run in, th(' mixtUJ'(, is pumpNI through the spray 
rods fit about 200 pounds' pressuJ'(, with the ngit.ntol' still running.
A good emulsion will result, f['om pumping the mixt1l1'o from one to 
three times. The finished stock emulsion, which will contain ap
proximately 75 percent of oil, should be put in n, closed cont/ainer 
whel'e it will keep in the shade at lcnst 6 we('ks. 

The cold-stirred method of' t'llluisificn.(;ion was employ('d for pl'e
pnring the stock emulsion made with potash-fish-oil soap for these 
()xperinwll ts. 

The oil used for these tests hnd It vis('osity of 220 seconds and n, 
volatility of 11.3 p('I'ccnt. It was expected that an oil having these 
charncterist,ics would be h'ss effective thnn one lllwing n, lower Yoln,tility 
The results of the expel'imc'Uts Itl'O given in table 5. 

TAllhl'l 5.-Exllcrlllll'lIts with mineral oil emlllsiji.ed with casein (lnd ammonia and 
with po/ash-jish-oil- SO(l11 for [he ('antral, oj Ih(' Scm Jose scale, Port Yalley, Oa., 
season 0/ 1932-33 

(''''II rIJI or illl' Run ')"SC 
~('ull'wllh-

:\lnll'riulllSd liS l'lIIulsitl('r , 
2'pcl'l'Cnl I 3,pcl'Cl'nt 

...__.~~. _ ..~.I,~_~I.~S~_(~I~.__ 1_ CllltllSiO~I,,-__ 

J(..It:rcen l I Percc1J t 
Cns\'iIl·llIllmonln .. ~ .... _. ~ _.... ~"".~.~ .. _. , ItO. $::I:~. 7 I Ga. 5::1:2. 7
l'otnsh·Osh·oil soup (colli stlrrNIl .. ,.,. "." .... I Ii~. 4±~~L 9,1. 0:1:2, 7 

~rhe results of thes(' exp~riments indici\,te thn,t millen!'l oil emulsified 
with cnsein n,ud al1ullonia is j list ns cfl'ecLive ngaillst the San J'ose scn1e 
on peach trees in thc South as mineral oil t'l1lulsified with potnsh-fish
oil soap. The o111ulsion mnc\(' 'with casein is sOllwwhat easier to pre
pare nnd i\, little cL1l'!l,per thaJl that made with potash-fIsh-oil SOltp. 
It will hold up longer thnn mil1('1'u,l oil ptnulsified with cnlcium cn.seinate 
by the cold-pumped method hut Hot so long ns that emulsified with 
potnsh-fish-oil SOI1P by the hot-pumped method. 

CONCENTRATIO~ OF LUBIUCATING OIL TOXIC TO 

PEACH nlKI~S 


Tests wer(' ('onclurt('(1 during en,ch of 13 SCa.SOIlS, begilllling in the 
fall of 1 ()2(), to det('rmiJlc the eOllc('ntmLion of lllbricating oil at which 
iIljUl'Y to pench trcc's Iwgins, and the extent of injurY' by the stronger 
emulsions. Examinn.liolls for tn'c LlljUI'Y were llInde montlliy for 6 
to S months nftPl' tho sprn,yillg. The I'l'stllts of these tests nrc given 
in table 6. ~ 

• NBWCO~IEn. E. J. OItrtl",lIJ 1"~Fr1'S or 1'111, 1'.\cn·lc >:OItTIIWES'r A>:O TII>:m CO:-:Tnor.. LT. S. Dept 
.~gr. Clr.270, 77 11\1., lilliS, J!l3:!. 
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TABLE 6.-Te8t.~ to determine the extent oj injury to peach trees from different strengths of lubricating-oil emulsion, Fort Valley, Ga., 1929-41 

T,ubrlcnllng oil 	 }~Jrect on peacll trees from emulsions contalnlng-

Volatil· 0:)"cnson Vlscos· Ity (loss 

It" duriug 12 percent oil 20 pert'(:nt oil 25 percent all tl
3 p~~¥eDl-l-o-I:~n~'o:;--I-sI~erccnt oil I 10 percent oil 	 IS'percent oil ,i(S,iy. 4 hours Cf) 

holt at 111110° 
100° I'.l C.) 1 

I I, . Z
>·----1 _., 	 1- i---  t::l 

SCC071lis Percellt 
1U2V-30 .• 	 (CUIII' None ..I None. . I Xone .. I,eal growth de· Leaf ~rowth de· Leaf !lrowth de.,__• __ ••• ./ LeM growth de· 

I-< 
t' 

m~rl'iull , layod; 11 few layed; a few layed; some twig layed; twig In
i . twi~s injurer]. twigs injured. injur~·.· 	 jury; .a Dllm!>er ~ ,I i 	 .! I (If "bItDd" tWigS.

10:10-31 "' I 220 0.08 .do .1 •__ .do...... --'1' __ ' do '1 Blooming delayed; Some buds drop· Many hllds drop· .... . .. ... AU huds failed to r.tl 
, a few twigs in· ped; some twig ped: LWlginJUrr	 open; iree in· r:j 
, . jured. injury. 	 jured. 

1fl:1I· ~2-"1 130 5.20 .. do ... L ...do..... ., Light injury to Li~hl injury to Considerable in· Wholeireeinjured ...... ....... .... Whole tree injured. ~ 
twigs. twigs and slllali Jllry to t.wi~s Cj 

i limbs. and small limbs. . ::0 
1032-33••. , 210 • do ... 1 B1oomifl~ sl!~ht· I1'Ioomin!( retnrd· A few buds killed Rome lenf nnd Cruit , ...... j ...... . 

11' retarcled'i ed, but 110 in· buds killed; some ~ 
0but no injury. jury. 	 limbs injured. ! ::0!P33-3·1. • !!20 1. 70 .. do.. I None..... .• '1 None A few twivs in· Severe injury to 

jured. some limbs. 
19:11-35.. 202 1. ao . .do.. . .... do.. A few hUlls .....do. A few twigs in· Sevcml twigs killed, Some dead twi~s; . 0 

c 
dropped., jured. others injured. one dead lim h. 

W:IS·311 •. ~()5 1.02 I. ..do ... .... do.. NOne ..... NOlle. '1 Nono•.. ,, __;. None Blooming retard· 
I 
.. 

Z., 
ed; Cruit buds ~ 
reduced . 

10:\0-37•• 20a 1.02 1.•.<10 ....1. ....do..... .do .... ..__ .do.......I ... '10.... ./..... dO.•.. Many Inteml shoots, .••.•• 
0 
t"

anti some bmncb· 

es killed. 0
IHI37-as•• _ 105 1. 02 .lio •• Some twigs killed; I:;j 
vrowth of iree i!'

.••dO .. "/' .. I : do. .•• tlfl.. r·' .tlo I .. , .do..•. 	 I 
rnretarded; Infer· :;;

ior C! unlitl' of 
I f I fruit. Z 

111:IS-:I!I... Itm' 1.62 do.... i. ....do.........1.••.. <10 ... . .do .. . • .,.. do • • 1 ren 8X2 inches Died Apr. 7, 19:19.. ,.... <., 
on south side of O· 

Cf)truuk injured in
lol 

J!);l~HO 105 1. (12 I...do ....1.. ...do ...........L ...do .... . Onelimh died Apr. Died Cram winler One·third of tree , •• ___ • 
to heartwood. 

<0 	 m 
20. IU~O. I injury. died Apr20, 1910. 

19·J(l-l1.. • 1U5 I. (12 I. ..do___ ...do ..... .. do ..... A fe\\' twi!!s killed ._................ .. A few twigs killed ••• .~ 
and folinge Iigh t· nnd folingeJight· t:"' 
cr. ' cr. ,t;oJ

1!141-12__ _ /95 1. Ci2 •• do. ......... .do ..... Bark on old Iimhs .................. . Bnrk on old limbs ........ __
"j .... do 
rough nnd craCk" rough nnd crack· 
ed; foliage little ed; foliage little 
lighter. Ii~hter. --l 
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Tho results of these tests show that there is an ample ml1l'gin of 
St'l.foty for tho usual recoml11encin.tioll of 3-pereent lubricating-oil 
emulsion for the control of the Sn.n Jose scaie on peach trees. There 
wero no signs of injury to the trees from the 3-pel'cent emulsion dur
ing the 13 years of these tests. Thore was no injury from the 6-per
eent em,ulsion except tlmt blooming was retn,rded in 1 year. The 
8-percent emulsion caused no tree injmy during 10 of the 13 yeal's. 
Tlmt strength caused light injury 2 years and retarded blooming in 
1 yeitl'. 'rho 10- and 12·perccnt ml1ulsiollS cltused more or less tree 
injury, but in no cnse did these emulsions kill n kee. The 15-, 20-, 
ltnd 25-percent emulsions cn.nsed some severe injury, espocin.lly dur
ing tho seltson of 1031-32, when more injury oceul'red thnn during nny 
of the other years of these tests bcoltuse of delayed dormancy of the 
trees. The oil emulsions caused len,st injury during the season of 
1035-3u, the eoldl'st in 31 yeurs at, Fort VI111ey. The 20-pereent 
emulsion killed a tl'ce during the s('ason of 10aS-39. 

CUMULATlVE-INJUHY STUDIES 

A numucl' of cxpcrinll'nts WNC eonducted during the period 1922 
Lo 11:)42 to determine whethefl cmnullttive i1ljuL'Y would l'esult from 
the eontinued ns(' of n.n imnun.I n.ppIicn,Lion of lubl'icatillg oil emul
sion during the dormanli senson. Tn,bIe 7 gin's the results of these 
cxpcrimeuts. 

'l'AlILB 7.-Ji:xpel'il1l('II/S 10 ric/ermine 1l'hel/ter ('lI/lI1llaIill/; 'i'ltjuI'Y /0 'Peach II'C('s 
would result from Ihe cOlltinued 1lse 0/ lubricaUn(]·oil emulsion, ForI Yalley, 
Ga., 1022-1,2 
-------------------~ .----- -_.' 

i O i\('()lltl'nti Totol 
Sensolls I (If ~ 0111111111 • 

sprny npl'lirat\ons; 
. , i 


..o~·i---~'~ .... -f-.---.--i- 

! 	 Peralll.! NlIlIIlier. I ..
lIm-oo • l . Ii 1:\onc. 
1033·,12, 3 ~ 0 . i\'on~. 
I02lHJ.t (i !1 \ ~on(', e"(('!,.'pt blooming sli~ht Iy r('(nrci('d in L1w Courth 

, .s(~~lS0J1. 

10:," .12 .. I. ft t :\out'. 
Wat ·12 S I " :-:"111" ,'xt"PI n reI\' huds c\ropp~d in llw lirst ~enson. 
W2~ a·1 10 Ii ~ l~l'ar g'l"uwt.h t1('lnr~d ill th~ ~~lt'OIHI !it\n~oJl. .:\ fl'\\' bllds 

kill(',1 in tht' nOb s('uson, ,\ rew twi~s injnrt·c\ in t.he 
5('rOnll, third, r,)lIrth. nnd sixth sensons. A r,·1\' smnll 
Iimho inJlIrt'd in the rour01 senson. No injury to Inrgo 
liil1h~. 

lOa I ·12 ~ A r,'1\' I wi!!s injured in tile first ~'N\r, 011(' limb died In 
til(' 51'1 h ~·(·i1r. A r,'\I' twigs killed nnd ro\lag,' lighter 
III the spwuth ),"Ilr. \Jork on nit! Iimhs rough nnd 
('''H'I-NI in th" (·I"hth )"·:lr. 

waHOo ........ " .. I:.! 11 ! Hudwonfl inJllry in lIll' first scnsnn, A reI\' Im(ls dropped 
: Olf i I tlw fllurl It $~ns()n. Blld 0lwnhlj! sli~ltt.ly· rctnnlcd 

itl [\1(' Onh 'OIlS~I1. \\'inter iujurr rfln\rlhut~c\ to d"1lh 
, 	 lIt tn'l~ in til(' sh.th SNISOU . 

11 .~ I ~(llll" hu(IWClod killl'd or injun'd in the first season. '1'l'unk 
, 	 i'ljul'), In the fHlh s('IlSCln. Unc·thh'd or trce dl'ad in tho 

siXlh "'~,~(ln. Further injury ill the scwuth nnd ciJ;hth 
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Apparcntly there is no danger of cumulative injury to peach trees: 
from the continued use of 3-percent lubricating-oil emulsion when the 
applications arc made approximately 1 year apart. Two applications 
of a 3-percent oil spray are sometimes necessary for the proper control 
of the San Jose scale on encrusted fruit trees, and these must be made 
within the dormant period of the trees, which is from 3 to 4 months 
in the South. The experiments show that a 6-percent oil emulsion 
can be used annually on peach trees ,vithoh" danger of cumulative 
injury other than the possibility of slightly retarding the blooming 
per.iod. Therefore two applications of a 3-percent oil spray during 
the same dormant season of the trees appears to be a safe procedure 
in 0aSes whore the extent of the scale infesta,tion demands a second 
treittment. 

COMPARATIVE EI?FECTIVENESS OF LIME-SULFUR AND 
LUBRICATING-OIL EMUI,SION FOR CONTROL, OF THE 
SAi\ JOSE SCALE 

Experiments were conducted during five sensons to determine the 
effectiveness of lime-sulfur as compared with lubricnting-oil emulsion 
for the control of the San Jose scale on peach trees. '1'he results of 
these experiments art' given in table 8. 

The dnta presented show that 3-percent lubricating-oil emulsion 
is somcwhat more effective than lime-sulfur, 1-7, for the control of 
the San Jose scnJe on peach trees. The latter material proved to be 
a botter insecticide for scale control, howevN, than it has been given 
credit for during recent years. It is appnrent that 1 month after 
sprn,ying is entirely too soon to determine the efficacy of lime-sulfur as 
an insccticide for the San Jose scale. The final count to determine 
the results from the usc of limc-sulfur should not be made until 
6 months after the insecticide is applied. 

The increase in the aVl'rnge pl'l"cl'ntagp of live scnle between the 
sixth and eighth months ni'tel' }'prn.ying \\i th lime-sulfur is the result 
of the progeny of a few gravid femtllps f(,uud on the trees 6 months 
nfter sprn,ying, which may have come from a few individuals in cracks 
or protected places tha.t escaped being hit by the insecticide. The 
somewhat lower final percentage of control of scale in the first test 
of lime-sulfur, 1-7, during the season of 1935-36, is believed to have 
been due to the effect of 1.05 inches of rain that fell during the first 
night n.i'tcr the material was applied. 

In 1935-36 not a single live scale WtlS immd on the trees 8 months 
aftcr they were sprayed with 3-percent lubricating-oil emulsion, 


, wherens scales were building up during the period from 6 to 8 months 

n.fter spraying with lime-sulfur. It is believed that oil emulsion, 

with better spreading quality than lime-sulfur, penetrates into cmcks 

in the bn,rk and other somewhat protected places, killing the sca.le 

where the insect probably would esca,pe the effect of a lime-sulfur spmy. 




TABLE 8.-Experiment,~ 10 determine the comparative ejfecth'CTU!8S oj li-me,sllljur and lubricating-oil emlllsicm for the control of the Sat' ..10'_ ..
,~cale on l)Cach trees at Fort Valley, Ga., 1981-86 . 0 

I ' IIOravitY; • Controi or the San JOse scale at state1 months after the sprayfng ~ 
Senson and mawrinl of roc Dilution IVlscosity !Volatility sf£~~lh .' iII centrale I I J month' 2months 3 months i {months I 5months 6months Smonths ~ -_._--"-_._-- ----...--..--j---.-------~ --......~-------l ' 

~Lim~-sullur .:~~:~~:•.••••.•.•••. ...l °f2.6 !-{j .~C.O:I~J:.~~~~~~..:.e~~':'!..! ~~~~3 L:.~~~....::~~~~....::~~~~.. .,::e:.~.. ..!':.~~':'!... .!'..e:.:~~~.. t:

~~:-:::::::~:;~I ~I ;~ II-:::: ::j?;;;/l::;;::::1 ]'ll::±:~'[ :::~;;;;;;~;I!~;;~~;I~ ~~~:;~;l ==~.;=-=:j ;~~=-;~l § 
z

l\flncraloil ............. .1.....__ ...... ,... .1 145 ......... .1 31 9S.8±.6 I.•...·.·....••..•..,.-.. -••••....•...•...•...••••.....-.•....•-•.•.••--. 

00 

J9J~-1i.1 '" Lime-sullur. 33.0 1 1-i I·" .... ·-1·...·..···,.·····..··1 30. 2±2. 41-'" --"""1--"'" ..--.,....._. ··--·1·--........-,--·--..-----1.----------
c 

Mineral oil __ .....____ .... 2H5 2.6 a! 98.1:1::.6 __...._............. ___ ••_._........ __•__ ..........__•___._.1. __ ...______ "" 

1038-3-1 

Ume-sulfur 33.4 29. 5±3. 5 42. 3±5. 8 i4.4±6.8 8Q.2±8.~ 1___..."...__ ,..........__ ,..........__ 

Do •• 33.4 32.3±6.1 56.3±3.2 59. 2±4. 2 8,.9±3., ..._........ ___......... ___ ."" ___•• [I>


!l!. 8±3. 1 .........._______• __________ ........ 
Mineral nil .Hf··· i 2Il5 I 0.1 ~I 98.4± .8 '='

{j !::::::::::1::::. :::::1:::'::' ':1Do .. 33.4 36. 6±5. 7 5O.6±5.4 8i.4±6.5 

t!;!
i198~-3,; r

J.ime-sullur 32.6 1-6 
1 
--- .... • ..1··....·..· · ......·..1I 22.2±2.81 ____ · ..• __ ..1 46.2±3.0 I '00.0 I 198. 3 ,__ .._______1..........._ ~ 
32.6 1-i __.,,__..........__......... _. 12.5±3.4 ""'__ "'__ 39. 7±3. 3 178.5 100.2 __..___• __.. ____________
Do.• · .. ·..1 32.6 h8 •__ .".__ ,. ................ __ 9.3±3.1 ..__....___ • 3i.0±2.0 166.8 198.i .....__..____ . ____...___ 


Mineral oil ...... 1· ...... '" .. - ...,. 169.5 0.0 I 3 9S.5±.4 ............. ,.... , .. --.- ...... -- ..................... --.--------- ~ 

Do... 

1980-31) > 
lAme·sullur. 

Do.... ... ........ 32.5 1-7 1--........1.........-.........: .... · .. ··I·..·..··....i 69.3±3.0 187.8±1.1 1'----"'''--1 98. 7±O. 9 1 89. 5±3. 2 §

Mineral oil .:::::::":1.....:2~~,.... ~~~. ·..·i4o::i·!· .. · .. 2:0· .-..... '3' :::::::::::: 'iOii:o±ti.. · __~:~=~.:...~:~=~::. :::::::::::: __~:~=_::. 1~:g~·2

Do._ ·.. ·....·..·I.... ·..··I..····..··I .._~_~1 __ 3~~.~.~ ••::.J~8.6±1.11 .. ·.._· __..· --:.~...... ----............--....-- ..---------- .g

1 

E3 
1 A"orage prrCf.'ntage of dead scale_' on sprnycr! treo••. 

~ 
t!!I 
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EXPERIMENTS TO DETERMINE WHETHER LIME·SULFUR 
CAUSES STEIHLITY OF FEMALE SCALES OR PREVENTS 
CRAWLERS :FROM SETTLING 

Severni workers 5.U have expressed the opinion that lime-sulfur 
C!lllSeS sterility of femn.1es of the San Jose scnIe, Itnd others have 
stated that the lime-sulfur residue probably prevents scale cmwlers 
from settling. Experiments were conducted at Fort Vnlley duri.ng 
the se!lsons of HJ33-34, 1934-35, and 1935-36 to determine whether 
these opinions nre well founded. The most significant results were 
obtained during the lnst senson of these e,:q:wrimc'ntr., nnd thpse will 
be diseusseti brieil.),. 

The applic(l,tiollS of lime-sulfur were made in JltIluary. Tlu'ee 
months nJtcrwn,rd 14 to 20 prrcent of thr senles examilled were ulive, 
und pmctkitlly nn of lhem were brge females. Four months after 
the spmying the proportion of living scnles had dropped to about 12 
percent, bu t thci:e WitS still pructieally no production of crawlers. 
Most of the scales had died by the sixth month, nt which time the 
production of young scales was still negligible. There were no live 
or dend cmwlers under allY of the old female scale covers, which is 
further evidence that the lime-sulfur may hnye caused sterility of 
the lllatmed females. The first recently settled scales were found 
on the trees 4 months after the sprn,ying with Iiuw-su}fur, but very 
few young scnles were present until the observations made 8 months 
after the spmying. This .indiC'ates that linw-sulfur will prevent 
scull' crn,wlcrs from settling fiS long ns thC'rC' is sufficient residue on 
the trees. The residue begins to weather off within 3 to 4 months 
after the trees nrc sprn.y('(l, nnd it is prn('ticnlly nIl gonC' n t t.he end of 
8 mouths. 

The few griwid femn.les found 6 months after a spraying with 
lime-sulfur, etnd the scnles of variOEs sizes from just settled to gmvid 
femules found S months aftpr t.he spraying mu,y have resulted from a 
few inclividunls in cl'llcks in the burk or in crevices which were not 
hit by the lime-sulfur and render('(l sterile. This supposition is sup
ported by the fact that no gr'avid femetles were found on the limbs 
exnminecl 3 and 4 months ~fter the spmying. 

SUMMARY 

This bulletin reports the cOl1tinuntion of the investigations on the 
control of the San' Jose scak on pench trees whieh had been begun [Lt 
Fort Vnlley, Ga., in 1922, etnd gives the results obtained from 1929 to 
the close of the 1941-42 sensOl1. 

Blended oil is just as effective as a struight-run oil for the control of 
the San Jose scalC'. 

Scale ('ontrol is greatly reducc·tl if the oils have a volatility of 5 
perccnt or more. The reduction in control apparently stnl'ts with oils 
having a volatility above 1 percent" although the reduction is slight 
until the yoln.tility reaches 5 percent. 
DMineral oils haying a viscosity of less than approximately 125 
seconds, Saybolt, should not be used for the control of the Sail Jose 
scale in the South. 
~ 'N.:\\'CO~IER. E. r .• nnd YOTm:ns. M. A. ~TKRIl.ITY IN TilE 51.. N 105E SCALE. (Sci. Note) Jour. Econ. 
Ent. 22: S2t-822. 1029. 

o YOTlIRllS. 1\1'. A. Jo'EM \I,gs OF TilE SAN JOSF. .:;CAt.E RESO}O~RED u~rROnlTTln': BY t.I~",> ... tJl,l-·rR. -Tour. 
Econ. Ent. 3;1: ~90-S02. 19-10. 
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Emulsions of wood-tar oil are not effective against the San Jose 
scale. 

Minoral oil omulsified with casein and ammonia is just as effective 
against; the San Jose scale as minel'fll oil emulsified with potash-fIsh-oil 
soap. '1'he emulsion made with casein is somewhat easier to prepare 
and t\ ]it;tle cheaper than thn,t made with potash-fish-oil soap. 

The results of tests conducted duting 13 seasons show that thore is 
an ample margin of safety to peach Lees in tho usnall'ccommcndation 
of 3-perc('nt lubricating-oil (,l11ulsion for th(' ('ontrol of the Sun Jose 
scale) and furthermore l,ho1'e is 110 dnngel' of cumulative inju!'y to 
peach troos from tho continued uso of th(' 3-porcont em,nlsion when the 
applicntiolls am made appl'OXilllfl,tely 1 yeaI' npfl,rt. A 6-pt'l'ccnt oil 
emulsion can bo uSedtl,lll1Unlly on peach trees wiLhont dangor of emnu
lntive injury other than the 1)ossibility of a slight retarding of the 
blooming period. '1'hC'l'efol'o 2 applicaLiolls of a 3-p('l'cent oil sprny 
durin¥ the Sflmo dormant Sl'ason appears to be a safe procedure in CI18eS 
ill wInch the ex(:('nt of the infC'stnLioll drlllflnds a second tl'f'atmcllt. 

'l'hl'l'e-pel'ceut lubricu,tjng'-oil emulsion is sOlll('wluit mor(' OifN:tive 
than lilllC-sulfuL', ]-7, for tIlO control of the Ran .rose scnle, but the 
tatter matcrial proved to b(' n, b('ttol' insecticide fo!' scale control than 
it hl1s beon given cl'edit for during recent years. The appnl'('nt control 
of the San Jose scale with lime-sulfur inc],C'flses botween tho first and 
sixth months nfteL' the spmying, and 1 month after spraying is C'ntirely 
too soon to dC't(,l'mine its O[lkflC:Y as an insecticide for "the cont]'ol of 
that ins('ct. The final COllllt to cil'tennine the ]'('sults fi'om lime-sulfur 
shollid not h(' made until 6 months fli'L('r the insecticide is applied. 

Liquid lime-sulfur appnrently caus('cl st(~:ility of the matmecl fomale 
scales in the wintC'l' of U)35-36. The results of the experiments iucli
cate thn,t lime-suUlIL' provents scale crawlors. from sottling as long as 
thero is sufficient residue on the tI"O(,S. The residue begins to weather 
off within 3 to 4 months aftor the spmying, and it is practically aU 
gone by the end of 8 HlO11ths. 

\ 

It S. GOVERNMENT PRINTING OHlcE-: 19043 

For 81110 by the Superintendcnt of Documcnts. U. S. Government Printing Office 

WI1Rhln~ton, D. C. . Price ('j cents 




,;.. 
~"'.', ''''ti'' 

... "lin' 
< .- ' " iii',: '~'.""i~'~ "~ • ,:. C',- ' .~ " -

I 

'''I 
! 

.' J 
r 

I 
I 
/1 
I 
i 

., . 

! 
I . , ! 
I 
';. 

.' 

" 

'. r 


