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I TOLERANCE OF SAN JOSE SCALE 
TO SPRAYS 

By 

. L . ::'11 land r, Enl molo 

H b t 1·i aJ.- Th an J al has b n pr s nt in W ashin lon 

f r appr x imal l y forly y ar . Iotrodu d in th 

and th Id r r ha rds n th 

Um of th r hard or t h vall y of 

that r g ion kn wn biologi all y a lh 

rar l y, if v r , o urs a an I vation 

bar l y abl to main­

l ai n its in lh inland oulh rn I ar 

r th tal 

Fruit y ar s a o, r.oun I h appli ati n of a lim - ulphur 

. pray th m · ry on tro l m a u r . Form rl y th i . pray 

wa ommonly us d al lh rat f 1 lb. o ~ lb . lim lo L 

l b. s, l t to 3 all on vat r . · ati n . Pip r and R . W . 

Tbalch r in 19 2, r port d i in ton Bull tin . 56, h w d 

in u d a wa , ion incli at cl al 

t hat w ak ·m 1 1 lb . ulphur, 

1_ l b. l im to 5 or 6 ga 

wi th t ho l 

w k af t r ti io 

t ru lion of t ' 

w r ba 

r ial l y un pr od u liv b au f h avy in f tati n of 

n x t t n y ar s f rui t r ow r h r an d t h r x­

pr s d dis ati fac ti on wi t h th r ull f r om li m - ·ul pbur . At fi r t 
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Jim of fa torr manufa 

bot horn -mad 

la Uy that th tol 

of Jim - u lphur unlil a pro r 

lb omi ion of alt wa h Id r pon ibl , th n tb la k of 

tur d I ar Id on­

lim - u l pbur, and 

ran t to , nnual baths 

d 

Th pn 1y i11g P roj writ r und rt k a. 

s ri s f xp ri 111 n 

in its u ptibility to l in'I - ul phur and 

br d that manir st d , n in r 

s ti id . Thi s ha b br ught 

ut many int r sti ng dala w · 

th n . 

th xp ri ­

m nt amination with 

to f th 

tr atm nt gav way to a xam­

In d in th l ab Tr am nt 

f und u I s w r di d. all r d , 

and from Um to tim in i\· n om-

parativ trial . 

II th spraying wa 

un . Th bran 

probably 111 r th n in 

of v ry individual al . Tb pr bl m wa n t t 111 a ur th rou h-

n · of appli au n l s of various in. ti-

id s. bvi usly l ran h s random in an r hard omm r-

tbi und Ab art r th 

xamin d by 

in tan 

bin ular n icro op . Th 

r 

immatur 

matur all wint r ­

u h 

ia d w ulcl lack an rut Y ring whi h 

f r 
appJi ation amp! 

and th al s w r 

ord d b ta11 y u n t r s p r a l d b r l h f t. 
bla k ov rwinl rin g 

rn Wa hinglon th 

aly, clri d al 

th p rim nta l appli au ns. In n arly v r 

,1· r divicl cl into two p, r and xamin d by t h 

6 
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tors R. ·w. Thal h r , Ira 

n parti ularl y n 

lh 

all application ancl h av 

many lh usa nds of s al 

Exp rim n 

pul r , h aY h Ip d 

t diou l ab r o[ 

foll w ing 

a h mi al r a i n 

mat rials, th pol y 

ol or l 

formula 

ar boil d in a 

r ul in in h 

r vith whi uni , b 

nlomolo ist and th a i lan D molog i ·t, lhu ob ainin a h k 

n a h h r. in p r on, Ii y in int rpr tation did no app r t 

b a di lurbing a th di ff r n in individual bran h s th num-

b r of al 

of who mad th oun 

ul ing a I and 

n iv 

, in ord r to s n taliv 

A k:11owl cl gm manr p o-
b n a ll d for 

ab! r hard . 

, H L . 

i lo k . 

o d ancl oth r 
tat Horti ultural Division w xpr a.p pr iati n f 

lh ir ourt si s cl pi num rou in ru si ns ir tim . fanu­

fa l ur r s an cl cl al r in sr rar mat rial. hav giv n fri ncl ly ai d in 

th xp rim nls. T th own r ariou. r har ds wh h av 

li ali n of a w ak or an 

J ,, 

un ri d i1 · · , o ti ucl i du Th a · of th Ex-

p rim n t I n, ir 

John on, hav b 

bl to d [ray from th 

th inv sti ati on. T 

talion, at fi r t M. 

in making 

l a i f_ ing th 

pag 

Poly ·nl phid 

mall quantity o f wat r 

format ion of n w 

a r deli h-y ll ow 

h mi al 

stan 

onv t into calcium lhio ul rhat , or a , ,, and ul limat ly 

int al iu m ulphat , or a O,. It i hi affinity foT oxy n whi h 
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., 

uppo d o iv Jim - ulphur at I a t part of ils in idal valu , 

for if th oxy n l furn! h d by lh in · t , hi h ha b n pray d 

d ath r ult from h mi al ufCo all n. imilar r a lion ak pla 

wh n sulphur l boil d with pota h, Jy , or bary a, f rmin th 

p ly ulphid of pota iuro, odium o r barium. 

P r· 0 1' i v lt 1111111 hil y.- urv s plott d from th :.irly inf rma-

tion r , rdiog th a ti n or Jim - ·ul hur sprays n an Jo al 

incli al d that y ar by y a r this in t wa b min in r a ·in gly 

to ! rant to this univ r ally u d in ti id , pn.rti ularly in th nak 

Riv r Vall y. Wh t h r this iodi ali n wa du lo faulty ioforma-

ti n, lo in uffi i n dala, r l an a limalizaliou 

it i now impo · d t rmin . sub-

I lark ton fla !:! ha lbrou hout 

to polysuiphid 

Um 

han th r ·p i s th r 

i n rhy 

cl i 1 , 1 •ilh a 

·ol um fl p 

or of 

f u rvival in 

Ex­
ria 

lu­

of 

Wh n al s a spray d wih Jim - ulpbur th r ar Yirlually all 

ub · to an w 1Vironm nt. If th 

all should su urob. But it i am 

that al s do not all ell at th sam 

om par ticularl y i orou 

unli l im -sul phur h a di 

Tl in lividual inh r nll 

f O r p r 1 , 0 th at 

ar th rou h th action ot 



If ach n ra ion w r pray d su b 

su rvivor produ a ra ul)on whi h lim -sulphur 

w uld ul imat l y hav · r no ff ct. u wb r four summ r 
or o ar d lo br d with no inhibiting ulphur 

r han mi from th t · of r idu lh ad-

Th r is al o tb 

o Jim - ulphur n d 

n Tb 

Jim - ulphur o, tin 

lion. Ea 11 wint rin, 
l I ran . 

n . ll'i l d nisl ril.)llti n.-That th an Jo s al manif sls dif-

f r ap ar n t. Th n tin u d d -

va · y r y ar at h avy spray in 

·har nl lh n u W . 

\ o th an J os scal e in 

rnia, wh r tb 

I !if 

th lransiti 

r p at dlr 

with u t su Lil ral mill i 

Pu ll man only op ri sb. W haY 

w hav Um and a ain inl r win d 

t r s; w hav ri d to graft s a ly s ions; w hav pain laki ngl y 

t ran sf rr d thou and of n w-born youn on to pott d tr 

in t< ry; and y t v ry at mpt ha fail d to a limatiz 

lo Pullman ondition s. r w f lh tran f rr d s al in th in-

to om 1 t part f lb ir d v lopm n , but hav 

, fuzzy, wbili h xudation wholly un­

som seal an with and lb drastic 

f a pr ay all uc umb to th ubtil in f lu n s 

of th tran ilion !i f zon i till a my l ry. Th b aring of th r -

lri l d di tribution on th appli ation of horti ultural quarantin 

law i obvious. 

rn,·n teri ti of th Habitat of t h . Rn ,J al .- ilbin 

th au. tral li f zon in Wa hin Lon , f llowin th vall ys of 

th olumbia Riv r and i s lribulari , condition ar r markably 



ndi ions. Tb foll wing lab! , pr nting . m of th data that 

nvir nm nt at th s v ral lati ns wh r t 

111 hows th imilarity in w alh r ndilion 

d I it th Iocalili . 

homo n ou . !thou h lar k l oo i om lwo hundr d and fifty 

mil di tan t by riv r from " . n ch or Yakima, this dis an do 

not connot a imila iv rg n in altitud , limat , oil, rain-

fa ll , ar id ity of a mo rity of wiut r , umm r t m p ratur , 

I n h of t . To on unfami l iar 

wllh lh physi pby of glon th d . In r pon to 

s pra.y in 

alili s. How v r , distan 

n-

1 -

tin th l olali n of 

bio lo I al t of vari d living 

T al>I J . ' li111 11 I lo nl D u ta 0 11 prny i ng T., ·nl iti s 

A . Phy iographi 

nnualI Annua l IL C lily ltiiu <I~ L ' ni:ril11d ~ La i ud~ 
Pr cipilation J an T 1111> 

<) - ,larkst n- 757 l 1 7 '.l ' 4 ) 3.5 53 . '.l 

L wi l n 

Wall a W alla 75 ]] 46 0-1. 17. 1 53. -1 

Y akima 1 12 3 . 9 5.J . 

\ V na h H 3 12 '.l - l 3. 57 4•. 4 

K 1111 wi k 3 7 1'.l 1. 4 

1 11 l " . 37 
7'17 l '.l 2 

l'.l 47 31 

12 46 37 
Pullman 11 7 46 4 l '.l l . 39 4- _4 
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B . lll in!mum T mp ratur -
L St Fro t Fir l .Fr 

Jan . Feb. D c. prin Fall 

l 10n 

1 

5 

11 

!?l 

1 13 

\\'nlla Walla 27 23 

( 
191 3 Wenal h o 

L wl ton 

-3 

'.l ,-1 

2l 

15 

Yal irna,} loxee - 1 - 7 15 

Wnlla \I' nJI l'.l ;; 17 

1914 \\. nnt che 7 - 1 pr. 27 Nov . 

l. wi ton 2 5 )lnr. 2 1ov. 7 

Yakima-) l ox e 1 Apr, 2 l . 22 

\l·nua \\'allR 2 10 p I,, Nov. 15 

1;; Wenatchee l - 1 ) Jar. 2 · 24 

L wi Ion 17 _., ~· 11 Mnr. 2 7 

YRkimn-)J X 0 - 13 14 1 )Jn y 15 2 

" 'n lla \\'nlln 12 2 7 12 ~Jnr. 2 7 

191 \\' nntche - 15 - 7 I r. 23 l. 2 

L e" i ton - 13 4, ) l11r. 2,L 5 

,. Yakima-Mox 

Walla Walla 

- 14 

- 7 

- 11 

5 

.\ln r 

:,Jar. 

ll 

14 

2 

- 1 17 Wrnatch - 1 4 Apr. 22 l . 17 

Lewi ton 20 27 )Jar . 30 

Yakima 0 10 15 )I r 5 17 

\\'nll a \\' nils 14 '.l O ) Jnr. 30 1 

l 1 Wenatch -Trini dad 7 11 .Apr. 25 

L wi ton Apr. 3 12 

Yakima 7 10 1 ,:, Jny 19 29 

Walla Walla 1 1 13 Apr. 3 

191 \V no tch e-T rinidnd 7 17 - 19 )Joy 5 p. 27 

L wi ton 5 16 - 23 Apr. 12 Oct . 10 

Yakima 4 - 2 pr. l ~ p . 29 

Walla Walla 24 - 14. Apr, l fi 24 

l 20 \Venntch e-Trinidnd 11 2 20 pr. 4 3 1 
L \\l' is ton 12 - S 2 Apr. 23 
Yakima 10 2 0 1. pr. 9 t . 15 
Walin Walla l'.l 24 15 pr. 3 81 

1921 W enatclt e-Trin ldnd J.l 17 11 l iar. 14 t . 28 
L wiston l 14 pr. 23 
Yakima 1 0 15 pr. 2 12 
W olin Wall a 12 19 11 Apr , 4 28 
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.I{ lat io 11 f 'W i11L ,. " ' lllh I' t o \'H alil ,\' .-Th r laLion 

of s v rity or wiot r w alh T lo l h vitalily dur i ng lh ub-

qu n pring i hown b. mp rin g lb ur r rd wit h 

, · · · r at \ usual ly ran a 

1 

w 

f lh 

atLai n d 5, -13 and 

s al manif 

ar 

y ar 

J, 7 a nd J 1 

prayi11 

d prays In 1 l 3, 

T h , ' p1·11~·111g E xv 1'1111 nL 

1,;x p ri111 nts f 1008 un<J JOJO.-Th xp rim nt r Pi1 r ug-

1 r paration , n on of lh s a111 1 l analyz d 

ngth . Th fa t that prays w 

mplo d I d th 

Ii · with a vi w of d l rminir o­
nomi a l iv o r comm ocl for an J Th 

r suit ob I' ar Ulll111 U J' iZ d i n th f Jl w i n 

l bl . 

i 111porta11 , in, 

a av nl 

ii 

n 11lrati n or Jim - ul phur was n t all 

11 th 

im - ulphur a 11 frui L 
0 TOW I' Of th 

fl u l t! s or h m 

t h d lr 

ay, win g l dif-

n­i n a pr limina r y way at lark t n v, ri us 



1

of 

, in th 

t hi 

Jim 

tr ng th 1:rJ 

• tn th e roll owi ni; table dilution . or t• tory-made Jim • ulphur are giv n 
iii J>a r ts ot co n ·entrut to parts of "at~r ; .hom -mad Jim • ulphur in 1 und s or 
ulphur, pou nd s of lim , to gr. II n. o l wnt r ; dry ulphid preparation in pound 

of 11u,t.erial to gn'I ns of wulrr. 

'I'h rrali naLur 

111 n l. r in Lan' 
kill on Lhr and but 

spr, r d with n -ha l [ 

turn than th fourth tr 

In 1 1 similar ondu t d al , , ·a11a 

gai n indi idual Lr with th pray t b 

and in abou two w h bark , r xam-

i 11 d u nd r Lh im matu r ins ts th 

of m rlali y wa d rmin d . r ·ull f th 

ar ummariz d in Tab! 3. 

Wnlln , 1010 

Fa ry-m ad !Im - ulphur 1:17 
Fa torr-mad Jim - ulphur 1 : 1 

Fa Lory-mad Jim - u l phur 1 : ll . 5 26 
Fa tory-mad Jim -suit hur 1 :14 2-1 

Fa t r y-rnad Jim - ulphur ] : ] 1 

Av ra 

1 : 5 

1 :1 

1 :1~ 

1 :14 
Lill I ray d 

d 

d 

d 

] 3 

Tnbl 2 . 

Jim 

Jim 

lim 

Fa llm 

Hom -mad Jim -

Hom -mad Jim -

Hom -m d Jim -

Hom -mad lim -

'Exp rim 

- ul phur 

- ulphur 

-S U Jph ur 

- ulphur 

ul phur 

ul phur 

ulphur 

u l phur 

nta l 

1 : 11 

1 :14 

1 :17 
1: 2 : 4 

1 :1: ~ 

1:1 :5 
1 :1 : 

1.2 

l.4 

3 
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rwood wa a wood di till ion produ t on i in m ainly of 

rud pyroli a id. Appli d at full lr n th to a bran h of a 

blo oming tr it ldll d th bran h but not th L anium 

al in ts n lh bran h. imilarly 

appli d did no injur ith rt th L anium . rwood 

It 
s r d · mo v -

inju wi 

·, 

or hard I a d y ru l 

p rim nt tha an ov rz 
pap r having kill d or 

, nd th afl rnoon n wspap 

an noun d th, t th ntir 

bran h had multi! Ii d durin th day. Lib I uit by th manura -

lu r r f this inno u u · mat rial wa av rt d only by h ditorial 

r tra ti n tha an inv i ati n di 1 that th r was no found, -

ti n fo r th tat m nts and that i wa tran that a stat offi ial 

hould lhu p rv rt th fa l . 

EXlJ 1'im nt 

xp, ll 11· r t 

an Jo ca l 

, rd l im • ul phur and with th 

with . v ra l f th di tri 

min th r ·ults from h k­

in ran h ar , orth In ord r 

t information a full y a p only th mo t p rtin n t 

data ar num rat d in h r llowin 

J4 



Tabl 4. n ult f praying fo t· an J al , 1912 

E xp ri m o tal prayin at lark ton (Examina ion 1 7 day aft r 

ap 

I ! iv 

h k 147 2 97. 

Lim - ulphu r 2 d 2 74 .4 

Lim -sulph ur 5. 3 d g. 371 5. 7 

Lim -SU I ph LI I' 7 7 3.3 

L im - ·u l phu r A 3 
Lim - u lphu r 

L i m -su l phur "'. ) 

Lim - ulphur ( 3 d .) 

3 

L im -sul phur 

Lim - u lph ur 

L im - ul phur 

Do r 

1 4-1 

44 9 

7 31 

5 

54-1 

1214 

93 .7 

3.3 

-·o. ,cale "'< Alive 
F. ami ned l n terrnl 

Ya kimu Lime• nlphur, 3 di!., li 12 70 11 

' u nnpide ' r !-ol , '.! "' 12 0 3. 3 

Proh~P r L ·!-i., 2: 1 : -3h de, . '.!O 2 11 3 A 

l 'l(P rosst.' f rud(' oil mul. ., - ( l J. 0.0 

r nnewirk. Rex L -K., 1: ll l 13 1 -l 

\\" ena tchee R t' X L · H., 1 : 9 0 0 9 

Wena tc hee R·x L· •., l :10 3n 

R •x L· ., 1 :10 12 1 l 0. 

Hex L·.'., 1 : 20 ~ 1 ' n .o 
L · ., 15: J;i:50, hot '.! j 7 .7 

Li m ·su lphur d e 70 15 21.7 

L -.·., 3: I : 10, a •1111licntion . 07 -2 . 

In xplanati n of th form u la in Tab! 3, t h li m - ul phu r wa 

furn ish d by th Rx pray ompany ; l:~ : ind i a t 

and 2 lb . Ji m boil d and di l u t d to ma!, 5 "', 11 n ; 

15 
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ruanufactur d in alt! , i t prin ipal in in fir ii; t h 

la t i tati on f or h · h appl i a-

fir t and t h thirdk art r th 

hows tha in 1 1 2 th an 

J s al 

I · wh r 

·ulphur n t ft r th 

prayi n th ·01 ly ulphid 

balh . A W ran but In th 

th r di tri t pra t i al 

onlr I by tr al m n ls d th a 

Tab! 4 in lud s onl y tbo oun wh r t 

nd ounling wa s known . Forty add itional 

fr m ol h r l o aliti , ubmilt d by th frui t insp 

lin art r th appli ations h, d b n iv n , but a 

k n wn lb 

pr vi u 

ta n mark abl 

wilh tho from olh r lo aliti . 

F.x pe rim nts in 19 13.- Th fa t th, t lim - ·ul\)bur i 

a rnluab l al , and that whil f rm rly it 

wa ff tiv at mp! t ontrol, 

au · d th ndu t th inv ligation with a vi ,,. to 

i;tabli h d in t h 

f 

ons w r a1 t li d by t h Exp 

, 1913, at lark ton , Wal la Wn.lla , K nn wi k, 

am pl from lb pray d t r 

Um at approximat l y biw k l y int rval ·. Di -

u ion of om of th r u l t of t h 1913 xp rim nl bav b n 

iv ninth Journal f E nomi Entomolo :, ol. \ II. , pp. 167-172 

(Apr. 1 14 ) , nd in th T nth R port 'I a hinglon tat Horti ultural 

o iation, pp. 134-141 (1914) . Th data f r om t h oun t ar pr -

nt cl in Tab! 5. It wi ll b noU cl i n t hi tab! and I wh r that 

om tim a thou and and mor al ar lnsuf f i nt to tabli 11 

a rat of mortality lo conformity with xp ctancy. u h cli · r pan-

16 



1

-

, du in i or or s al or h · t, mpba iz th 
n d of many ounL , r p al d y ar art r Y ar, in ord r o d l r min 
h ab olut Yalu of lr alm nt . 

t 
A. 

liv 

10 
13 
28 

Lime• ul 1hur, 1 : ½ :" 4 71 21 
Hoda· ul1 hur, 3 de . 1277 
Or h~rd miR. oil 5r'o 420 0 .5 o.o 
, 'prAmul ion, l : 15 ;;94 43 85 42 12 
Fuel oil emuls. , 10•0 4991 22 321 0. 4 5122 .o 

reKt , J :40 5 7 27 11 53 52 

B. W a li n. \ , a ll n. 23 aliv . ) 

Lim- • u lphn r, 5 d 1053 14 J20 0' 
Lim •s ulphur, 3 ,Le 1009 23 2000 0 
Lime-sul p hur, 2 J ~ . 4 l 17 1500 0 
Lim • ulphur, 1 :2:5 74 0 9 1000 0 
Lime-sulphur, j : ~~ : - 397 1oz; 14 

re hard oil, Sr'o 5~3 3r. 1757 3 
}' nrl ii emu ls. 13:, ] :,uo 0 

.,•ry_R ex L -8., 3 de 
0 .:; 0 

0.5 
0.3 
0.0 

)425 5 
J09 3 

2 77 1:1 3' 
75 1277 l 

1 
1 dn •sulphur, tit' - 11 14 1 1 

Purl oil {'ll1t1L . 3302 71 2r: oo 0 

E. a liv . ) 

1322 00 
Lime· ·ul phu r, 3 d eg. .:; 6 7 1028 3 90 0.5 
L im e -s ul phur, 2 d g. 11 30 7 1251 4 22 0 0.0 
L ime-su lphu r , 1 :2 :· 130~ 5 1 ' ] 4. 4090 
J~in.1e-su l phu r , l : . :5 4 48 93 40 l 2 14 ,74 5 0.3 
Or hard o il , 5y 21 l l 34 0 0 10,620 0.0 

ru d e oi l Pm ul ion 1456 9 1 1900 0 7 5 0 .4 
~prnmulsion , %--- 14 9 so 237 7 3534 2 .4 

17 



F . Yakima. 

Lim -s ulphur, 5 
Lim · ulphur, 
Lim · ulphur, 17 3 7 7 6 a 2 21 

.... Alive 

0 2 

0 

r hard oil , 5"'~ 

nat h 

Lime-su lphur, l :2 :5 i- 4 50 22 37 0 '.? 
Lime-s u lph ur, l : 1 - 3,;03 7 32 310 0. 1 

2 120 3 15 00 
l l l l l J ',2 L 2 24 10 2:.r.: 

570 0 2 0 3760 00 

(]04. 7 r(' :iliv . ) 
Li111 e•R ulphur, ;; d eg. :.!4 11:1 ;J I) 3 30 
Lime-sulphul', 8 de,r. :.!L ~ 53 126 ;; 

Lime-sulphur. 2 d !(. 2Zli:l :,o 70 1l 

Lime· ulphur, l :_ :5 22 1 ;, 0 ; fl 11 

Li me-. ul1i hur. 1 : ½ :~ ,I Il l 21 17 27 3 1 
re hard oil, 5<"o :1532 0 2 u 0 

f-l11rnmul ion, ·r. , ( :J 12'1 2 1 ,; ]J 

Fuel oil emul s. :Ji;}() l 2 0 

1: , JJ l'i111 ' 11Ls ill 11.JI -L- urin g th 

sprayin nts w 

14th · ntomlo-

"' i t wa ab nt on I av and th r n-

Ju t d and r ord d by :'II. A. Y th r . th r -

u It ob lain d. 

'l'abl ' p1 ·n,ring Exp 1·i111 nt, 10J.I. 
' lnrk . l n. k .!ll c, aliv .) 

. 111 eriol Int en ttl 1:, l ar 2 ,'\ D )' 

.·o. Srn le ,.., .\ Ii\'~ :\'o. , 'rale ~- AJ h,e 

Lilne-•u lp hu r, :, 2 U 7 u.J ':! 7 ·7 11 
Lim•·. ulphur, 3 2 1 7.0 17 5 3 0 
Lim e- ulph ur, '.l 32 ' 7 2 3 
L im ulphnr, linw 3007 . l 3.):?7 1.5 

da - ulphur, 1:-. 1, ·,.7 :!O~'.! l 1. 4. 
' Crchard mi c. ii, l : 15 H .;o u.o 5000 0 
~pramuls ion , 1 :15 :.!ii h 7:i.O 11 7 1 3ll .O 

l-iPJ:~muls i II , 1 : 10 117!1 ,),fl 2552 1 ~ 

Fuel oil em ul ., J : 10 117 J O O,U 6:!U 0 
{)-•)Hrdwood ' ~pray\ J : 10 2" .l , t - J - ,0 

'rrt- t, 1: IO 31 I 1 2 l t,~ :1.5 

B. \ alla Wal la. 
Li111 e-sul1>hur, 5 deg. 2 '3 i.- ~:J77 1 l 

l, .L im ulph u r, 3 d -l.3 7 10.2 
Lime- ulphur, '.l de l i ' 4 ''-·' - 10. 2 
Lime- ulphur, ] ; I :5( 2 ,j de•) 2 H? I 11, 1.3 

' oda-sulphur, 3 d r 23:, ,;; 1 .7 

r bard mi C. oil , 1 : J j 67 ,; 0.0 5000 0 .0 
rchftrd 111isc. oil , 1 :20 70 u.o ·ooo 0.0 

.; . ...~, romuJ ~ion, 1 :15 26 u l '.! 0.0 
rud oil emul ., 1 : 10 077 lHO l. l 

Redwood 's pr )', l : I U 2 a1 l ~ .:I 3:! 1 3 

rest, 1 : 10 262:! ' I U I.HO tl:; 

1 



1

unn r id . 

)l aterinl 

L im • u lphur, 5 de . 
Lim • ul phur, 3 de . 
Lim -su lphur O de 
Lime•s ulJ)h u r, l : ½ :5 
, ' dl\•sulphur, 3 deg. 

r cha rd misc. oil , l : J '­

r cha rd mi c. o il. 1 :20 
f-p rsmul s io n, l :10 
Fuel oil emu! ., 1 :10 

rud o il mul ., l :10 
R edw (l 's pr8 )' , 1 :10 

re,t. 
232 16. 2 
:11 1. 0 

o.-
1.3 
o. 
1 .1 
2 .7 

.0 
o. 
1.1 

. i "akima. 

3. 
2 5. 

4.5 

1 
o.• 
0.5 
1 .1 
2 .1 

l n t ,•rva l J 3 Dn y 
S o. Hen le 

Lim e-s ulphur, j df ~. J 
L ime-su lphur, 3 deg. 1 
Lime-, ulph u r, l: ½ :5 
, ocla• s u lphur, 3 deg. 205 4. 

r chnrd mi•r . oil , l: 1 - 4 75 0. l 07 o. 
Orchnrd mi c. oil , l :20 4,44 5 0.2 1070 0.4 
' rud e oil muls., 1 :1 0 3 41 0.5 2 00 0.4 

R dwood ' Jll"II )'. 1 · l 0 L50 - 2 '.3 207 1 .1 

pra in r; at 

J n tc•n nl ~o L ami ued <;'o .All,· 

E. 

Limr•su l11hur, day 14 32 2.2 
F'uel oi l emu! . (Lnund ry oa 1) d ay 5 o- 0.0 
Fu I oi l muls . ( ll"ha l •oil soa p ) 0 d ys 41 50 0.0 

14. day 2 - .1 
14 d y 4275 0.0 
1 cloy 4 170 0.0 

o il emu ls. 
oil mul. 

16 do y 4 .1 
l dR)' S 5. 1 
2 da ys 1 0.5 
2 days 11. 

in ec tar~· ) 3 1 day l .7 

19 



y 

rand a l ilt! mul 

ff 

or ly mad 

oropany, an Fran 

X t .- Fu I oil or crud oil mu! ion wa ba n 1 q t. oi l, 

oz. ly , boil d with suffi nt wat r and 

th rchard Brand miscibl oil wa obtain d from th 

pramuL i n was pr par d 

i o. R d wo d' spray 

w a a sulphid- ontaining mu ! i n I ally manufa tur I in 

ma all y. dis ill Uon produ l, wa 

by lb ompanr, a ti , and w a u 

tr n th . 

bs l'Vl\ti ns.- Fu I oil, lb !' sid u aft I' th y 

and b n r mo,· d fr m rud 

mulsify. uli l iz ru l 11 th ir 

pray ing ha u ual ly b f th bark ha,· b n 

l a ii 

d r n b d w i b il with 

s ls, bu wi t h clou blf 

bav b n w t with wat 

· , l s how li tll or no 

in pr ad from a p 

aband on l b u ag f bom -mad it pray . 

n wa mad o[ lb tr prar d 

in lllll h al 11 

abundant, r nd r in n arly all f rui t unmark 

l'irn 11 t · 1015.-ln r 1916 m r at nli n 

Add iti nal ma rials and 

ta l li ~ hr 

n and Yakima. 

ul phid how d 

to prayin . n 

in flnclin rim nt . Th data of Tabl 

7 ummariz h r 



~Tabl ,. praying E x-p rim e nts 1915 
r .4% aliv 

70 d y 

. ) 

{ 

43 .3 
<15.2 
45. -
32.5 
4. 2 

0.2 
3 d eg. 622 27 7. 25 44 .3 
2 d eg. 6 2 .<l 04, 0. <l <1 6.8 
1 ½ deg. 51 5 5 0 2 .4, 705 59. 

3 76.5 5 10 70.6 400 .2 
025 71 1,,0 57 5 
2 • 2 68. 501 2.2 l .7 

22 
rchn rtl rn ., S'."o 1 93 13 5.5 513 2 . 22 3 ,2 

. 
D. .. l 0o/o 739 .i.22 o.o 70 0.2 5 0.0 
D.. ., 5% 3 7.5 71 11 . 5 4, l 4 • 

0 . 1, l 0<"o <l 25 2. 543 0 .0 54 0.0 4,3 0.0 
188 1220 6.5 927 1. l 0 
305 '4,27 53.7 

rude oil , % 5.3 
rud o il , 5("fo 3.5 

Fuel o il , 10<:'o 10.7 52 1 1 7 2 
725 3 .7 l7 53 2 27 . 45.i, 3.5 

•l5 2 ,L.0 441 3 L. 3 728 0 
7 3 -l .3 4, .2 .4 671 77..l. 
32 7.3 505 1142 93 .2 425 •l. 5 

12 .4 23 .4, 53 7 42 5 12 54 

~B. Yak im a . ) 

3 duys S L dnys 3 cloy 
'l'oto l <"'o Toto I Tolo l 

li
"'• 
n 

I 

<;o 
. ca l s A live 

de•. 524, 3'.l .2 
d g. 70 4 - 2 2 l. 

' 7.7 
3 

2 4, 

5.3 47 .2 
5 4 3 . ' 

.6 5 530 57 .0 
602 7 .3 
7 2 A 

06 00 00 
7 3 3 1 7 

lJ 16 27 2 703 :11.:! 
0 .0 
3 5 

d g. 4 ~4. 4 .1 ~2 3 
: ½ :5 1073 10.5 
d 3 ..u. 

40. 
3 4 
d ' 0 1000 L .2 

od' s, 1 :20 "' 3-l .O 
104 3 1. L 

20. l 
26 . l 

4, 7 H h6 .•; i ,l l 73 

21 



d :\Jar h 2 ) 

D. \ a ll a \ a ll a pray d i\la r b 5) 
20 de ys 3 d Ay, 55 day 

Totnl To te! ', Total "o 
al es ale live ~cal live 

L·!:4., .; d eg. 932 JJ 2-----:i • . 7 703 37.3 
L · K., 3 d g. 3 12 l 2 SUI 7 23. 
L-K .• 12'-0 32.3 lll 4 '... . l 

222 1004 8 74 3 50.8 
25.5 732 33 .4 

4 : '>42.7 .~ t,
57c 00 

2. 

21 dn) i days 
Totnl r;, Total t;O"' 

AJh·e ·ca l Alive 

8 de . 273 26. 2 7.~--
2 d 2 - .4 I I 4 .3 
l d i;. 20. 4 33 7 3 5 

~46 4-1. .3 
l 4 .0 4 3.3 

25 1·.o 37.7 

5~ 3 4- .4 4, .G 
74 3 A 2 .2 

E. \V nat ] ]) 

r • t;< 
C 1 S Aliv Allvr 

L •:.;,, .; 550 
L •, '., 0 103 
L•K.. z 532 4 • 

L· fl ., 51 37.3 
4 33 3 -~ 

0 .0 
5!10 2.5 
32 1 0 .3 

3'-.' 

5 ) 

l. 
l. 
22 

l 
2 3 0 .0 

5 40 42 3 0.0 
21.. 

3 · 3 23 4.; ,2 • 
22 dB) 3 d~ 

325 ~. 
34 15 . 
17 2 .0 
14 5 2.1 
'5 l .!! 
z 4 24.3 

1 020 0 .0 
.0 

7 .0 
2.7 

= 27 

42-- 10.0 ]-., -
30 4 .4 

2 55 2- . 
311 
1:, 

~ l 7..t 
re hard oil 5£70 74 o.a 
rud oil, 10 0 110 2.5 
rud oil, S<'< 0 0 .0 

(Poplar)· 7 3.2 
pplo 73 1 al dat prayinir 

22 



lateri a l 

pray ing a t \Yalla \Tal ia ; in n ·al 1 day 

Total re Alive 
------

3 0 ,:; 
ia .o 

ab! s, wa u d 

all 11 , t in 3 d B ., and 1 lb. l 

r .. 'l'h sod< -sulphur u 
Ina mu h as lhi 

, l nslv fa t r y 

-w ak dllu ntion 

to thi s mat rial in l h xp rim nt . A 

lri cl mad a t t h lion of org 

talion h m i l, a ord i n th r llow in 

Fr . hly ppt. ul1 hur l iquid . . . . . . . . . . . . . 11 . 

Hypo z . 

l J-1) ........•.... . . . . 1 z. 
Na_ 1 ) .. . ..•... • .. • 1; . z . 

( 'a H or 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Qt. 

Th di nts w r para ly. Pr i pita d 

11 dial sul r hur wa pr par a lilt! m r lhan 4 z . 

h ydr hl ri acid to th quar o Lrat d li m - ulphur , pr -

vi u lr d i lut d 1 l 1 3. It will b no tha ·n t h ti 

ompound, n or i ts in 

and a t lark t n lh fa l 1-r- mad produ t Ji lc wi 

r a ~jon . 

Bu g o, a al iforn ia oil pr du t , ould no t b w 11 mul i fi d. 

imllar xp ri n w as r port d br variou f ru it row r , alth ou h 

d r ult w r aid t b ob tai n d in al ifornia with tbi brand . 

ak Lr powd r wa ad mini l 

trun k . lt pro,· d LO b w rthl 

nt 

Parli ularlr a 

unny id , wh r l h · i h avily with al k ali , i wa 

f LIil I diffi ul to ud ii. pro. y in wi h 

rud il mul ion w r rally pot wh r manr lil· 

23 



al w r found adjoin d ar a wh r Lh kill wa p rf ct. Il ap-

P ar d a if with th h t ro ruul ion th oil or th m r con-

ntrat d portion fail d to pr ad to th al w t with th mor 

wat ry portion on ub qu nt drying. 

An abrld m nt of th r cord of 1915 was pu in th 

Journal of Economi En omol o olu . 475- t. 1915. 

i r pan i In 1 tho n in pr publi a-

ti n and h r ar du in thod of Int rpr ting 

data. In th arti I s tb 
y ard to b numb r 

or l iving and d ad 

w r total d, irr xaminaU n, and 

i h n th f inal p r nta 

Ex-p rim nts iJ1 1016.-Exp rim n s on th itality of th an 

Jo w r ontinu d in l 1 a lark ·ton, Walla all a and 

Yakima. Th mparativ ff t f th 

tr atm n ar t forth in Tabl 

... 



rnble prll)·in nl , 1016 

A . lark n ( pray d far h 27; h ck aliv ) 

Mat ri al In t rval 2 day 4 day 
Total 0 Total 

A liv al Ii \T 

Lim - ulphur, .2 .5 
Lim - ulphur, 2.1 1.2 
Lim - u lphur, 3. 3.1 

2.9 1.2 
4.3 

1077 1347 .2 
13 3 4 7.6 

1 
2 3.5 

I 3.5 
I 

B. Walla \, alla pray d l iar h 30; 2 .2J 
In n ·a I 3 5 dayt 

Total 
!iv 

4.1 
4.1 
4.4 4.4 

533 2. 
12 5.5 

977 
274 9.4 
)101 1.2 
124 39.4 

1 

i i 3 

Lim - ulphur, 2 d 
5 d 

13.3 17. 
0.1 
7.7 

4 
44 .1 

421 2 .9 
<' 34 1. 

17 . 7 14 _3 _ 

ii, 3 1 9 - 3. 4 
7 77 7 

25 



. Yaki ma 

,, 
!iv 

1.2 7 3 
.2 7 2 J. l 
.'.l !)i J 

0.!1 53 2. 

l . '.! 5 4 l.1 
'.! .O 71 .1 
'.! .1 10 37 .4 
'.!.7 . l J. 
<) 77 5 3. '.! 

0 
1277 
1309 . '.l 

2 2 .3 
7 !l .5 
7 3 5 .3 

I n t rval Toial ( ~ Jh· 

Ill ., l ' ( ?
-

-
I 54 days 15.3 

2. 
47 day J 7 .1 

53 da: J !.l. 3 
, lions l\ l ay 2 ~.7 

Xot .-In making lim - u l pbur mo r r I • in. olu Jud 

a vay a u rou la l . . Thi mat rial on i l s f impuriti an I x-

idiz d Ji m - u lphur and hold a on · Ii uid in ab-

r plion. 111 

d that th 

di lul o 

Th a

a omm 

ul phu r 

dd it

n 

wh 

io

r 

n 

n or 1

111111 

u d 

1i olin 

nda i 

on 

lo th 

11. 

d rmant pray 

.lpr 

f a d

nt 

i lut Jim -

lulinoE 

2 



nicolin ulphat Ia kl ar wa add d to a d r Jim. - ul­

pbur, but nob t rv d. 

da- ulpbur liquid w a pr par d 

·ulphur with .75 part Jy , th au in 

·ponlan us h mi al ombination . 

abbr ,·lat d in th . T. ., from th 

ra ulphid, did "'not pr ,. to b a d p ndabl 

lr a l 

1 a pr pa anda adv 

i n in dormant tr atm 

ston d i slri t. 
d U l rly i 11 rf ti V • 

il 

fr m 

P nn y lvan ia. rud oil. 

wing to th h avy rud i i, a mixtur 

lhinn cl with qu p r nt tr II th 

at. lark ton, with p 

Th mat ri al tabula · lb! ii 5 p r nt was an xp r i-

m nlal I ray h m l al om pan)·. 

hs 1Tati ns.-Br th Um of th nd ount th ma! w r 

l arkslon. 

pid r gg hat h d with Ji m - ulphur, but 

lh d wh o pray cl with oil 

r $Oda- ulphur liquid . 

\\.in r -kill wa pril 4 

an xaminali n of 1 u r­

viva! varyin on diff P r 

nt. H n 

r ofth · nl,lt 

lark t II talion f fruit, r · 
a ll t r . . Tho ly fr t of al I 

l, ro s n m u! ion 7 p r n , iim 

, nd oda-· ulpbur liquid ~ d gr win fr nt or 
youn al in ·pr ading [r m l r lo tr ob rvati n mad at th 



nd of h umru r ar not r ard d f mu h Yalu, i a d rmiaia 

r 1 tiv val u of pray tr atm a t in XI rim n t I pl 

Exp r:im rrt 

al id and a pray oi l 

l 

x p rim n ls w r onli nu cl 

clurin th prin n, Yakima and W nal h . 

ry Jim - u l pbu r , man u fa l ur cl at Hood 

cl to lh mat rial l cl. T b r ul t o f lh V ral 

iv n i n T ab! 9. 

1017 

A. 

Lim .cu lphu r, 5 cl 14.1 
Lim - ·u l phu r , 4 cl 1 .7 
Lim - ul pbur , 3 d 13. 
Lim - ulphu r 5 d 7 9.1 
Dry L- ., 1: 4 1073 22.3 
Dry L- ., 1: 5 1 l 2 20.2 

1 1023 23.4 
1 1123 1 3. 

]J 33.3 
lJ 3 2 .9 
]255 0.3 

o. 
4.2 2.5 
2. 1 .4 
2. .0 
1.9 1.1 
3. 1 .5 

90 . 55.3 

25 day 51 day 

1314 
1117 
])73 

1223 6 

Li 111 - ul hur, 
Lim - ul phur, 

]273 3.1 

Lim 

1 11.4 
22 . 7 

1 

2 

11 



. w natch ( pray d April 10; 1201 

24 day 51 day 

Liru - ulphur, 5 d g. 9.4 5 .5 

Lim -sulphur, 3 d 3 1.0 

Lim - ·ul pbu r , 2 d .7 

2. 

.• 6'/4 0.0 5 0.4 

7 

h k .7 1 1.1 

al sin suffi nt abund, n for 

at d at ash-

1 r , nin Th ta.bl mbin s t h 

r ult at both pla s. 

Bxpel'iment in lO J uring th la fall f 1 J 7 a h a i l y 

inf SL l app l tr , as transp lant d fl' 111 Iarkst n to V 

and an th r from nat h to l ark t n. 

w a n ad rmin wh th r win r lima 

ptibilily or - ulphur wa h. 

· r, ys w r tri d at 

b xt rminat d by any pr 

Jim - pr a n ral impr ion that !al 

pra yin s ar mo pu n at lark ton on 

April 22 wh n arl · w r fu ll y 

·nn· a 

w r in h bl )U J 

praying on t h 

th Jim - ulpbur no Yisibl harm. :N w 

and t h r wa no li minution in th 

Jal 

or hin and 

d I af injury 

o ha no p r-

ma n nt harm wa s don . T b xp ri m nt for th y ar ar umm d 

up in T ab! 10. 



~rab1 10. .·1 ,·ayin •X[ 1·il11 n t , HlJ 

A. la rk ton. ( prayin March 12; 4.3 h ck,~ .5'r ) 

. lat ri al 

Lint - ulphur, ]2 d g. 

Lim - ulphur. d g . 6 ~ 

Lim -sulphur, 5 d g. 

Lim - ·ulphur, 4 d g . 54 2 

Lim -sulphur, 3 d g, 55 

Lim -s ulphur , 2 d g. 13 

Dry L - ., 1: 2 547 

ry L - ., 1 : 3 50 

334 

1:5 223 

541 

l:~ 533 

5 
, 
C 5n 

., 5~ 74 

., (l ] ) 5 0 473 

\( 511 

5 ?I 553' 
tr L- ., 3 d 

h ck 04 

B. lar k ton pray d April 22 ) 

21 day 

I Total !%Ali 

6 4 11. 

22 .1 

13. 

22. 

22.3 26 .0 

1 771 1 .5 

9.2 716 2 .2 

14 .7 27 1 

31.2 21.6 

1 

J 25.2 

.0 

1 .9 
27 .2 

0.2 

5 2 0.0 

5. 7 23- 11.4 

7 3.3 5 3 5~. 

1. 5 

51 day 
Total o l iv 

3 2 2 5. 5 

40 22 .2 

232 1- .2 

332 34.1 

24 

30 



. \Yall, W alla ( pray d :Uar h 15; 412 ch ks, 7 ¼ ) 

- 2 da~· 4 
T ta! T ta! 

35 1 ~!l2 
Lim ulphur, 5 791 l . l 135 1.1 
Lim ulphur, 4 1 6 7. 2 42 1.1 

day 

3 24 l 1. 35 72 1.3 
Lim -sulphur, 5.7 111 

I Dr L- ., 1: 3 2.1 1 1. 

rr L - ., 1: 4 2 4.2 
Drr L- ., 1: 5 7.1 
- ., 1: 3 

l 

., ex 1777 

., 6 </c 3 

'5 </c 
777 2 

I . Y akim pray d ) Jar h JG; 551 .2 ¼ ) 

I ' 

L day 44 d, y 

T la! '1 !iv Total "'c !iv 

g, ll 65 2 16 3.2 
5 d 153 4.'l 
4 d 114< 5.1 
3 d 5.3 
~ d 2 5. 

.3 
5.7 
3. 

5. 4 . 
1 .] 5.4 

4.1 

117 5 
2 

- ulphur, 1 
- ·ulphur, 
- ·ulphur, 
- u l1 hur , 

- ., 1: 4 
- ., 1 : 5 

. 
1 



pupa r 

H d pid r 

• . \V 

Lim 
im 

Lim 697 
) 1 
113-1 22 . '.l 

29 .1 

, L - ., 3 d 

.1 

.0 
21. 

5. 
14 .6 
41.1 

F . m111 r ial pray ing, \\"a lla Walla 

pray d In r al 

5 pr. 1 day 1. 
2 :llar. 1 6 Apr. 36 day 33 2.1 

pr. J days 2~ 

S o t s n 11 tl b 

n, whi h mi 

th ir g r 

usua l ; al 

Zill 

l ark 

vi it d 

r 

al \\ alla Wall a whit a . n ana l y i s 

n Lh h k tr Apri l 3 ad pupa at th 

was unu ually 

p on a l 

durin wa 

than foun d a l iv 

11 . 

Fr many mat 

al f th 

mat rat 

tran fo rm d mat . 

all d troy d by oda- ulpbur, 1 

!in - ·u l phur a n r p.. 
a Lh Um of t 
phu r had b n u n 

w a k r wash s. How 

tr at d with li m - ulphur. 

pray d with nt oil. 

f ply ul phid spray in as 

oat d wiLh 

r an w r on1pl Ung th ir m tam 

p ibi l ity or or a t) li calion tha an a 

,, 
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Th drop1 in off of th . cal ov rin \"ith r ultant d ath of 

th unpro t d In t i parti ularly mark d w ith lh 

ulphid pray . 11 m l y app ar in h tab! 

r poly-

T ul tsfrm tr ysand fl nd ff ta th las oun . 

By th Um of ] 2th ount lark t 11th abra ion f th 

ss d s far a lo i n va l idat th da a with r sp t to 

h ab olut va lu f th pray . 

Tw fa t r y brand [ Jim -sulphur n, 

th R x, manufa tur cl al Ya k i'n1a, and th P t ri , m ad at 11 . 

Th r su lls ar om ! in d i n th tab ! s, bu t 

t sts f 2.3 and 4 d g. how d an a ra 

i ht pair d unl o 

6.9 o for P t ri , a diff r nti I of 2.3'1/c in favor of Rx spray. Th 

R x i mad with h mi ·al x f sulphur lo t st 33 d 

hi gh r p !y u !phid . P Lri 

w i th h mi al x ss of lim and ori in all y t 

Th 1· is 011 . id rabl cliff r 
a 11 at th pla 

abou tar h 3 , at W all a ·w all a about 

h about I ri l 1 . R d pid r 

Wall a by I ril pr l l 

n Ap r i l at Yak ima had r ah d th pu1 a la "" . 

'.l'abl l I . , 'pl'll ,r ing l .: xpe dni e nl>', i n 19 19 

larkst n . pray d ) far h 5; 7 rt, a!il· 

Lim 
L i m 
Lim 
Lim 
L i m ul. 
D r y , 
D r y , 
D r y . 

:l 

1 
] 

1 

33 



B. W alla \Yalla. ( 

Li phur, 5 d 
· phur, 3 d 

hur, 2 d 
15: 5 
1 : 6 

B 

I , B 
<;t, B 

I 

pray d ) Jar h 17 and 1 5 
2 ------

4. .1 
l 14 . ,, 

,) 33 .5 
1 9 2 .4 
124 A .7 
119 2 .2 
1637 .1 
1322 7 . 
1 3 .1 
l 3 3.7 
J 377 
17) 0. 

919 14 .5 
J 3 9 .1 
1176 2 .9 

93 21.4 
57. 
4. 9. 
51.3 

.0 
J 4 . 5 

ay d ;l [ a r h 2 aliv ) 
4 7 day 

T T la l ;{ 

Li 11 6 
Li 5 .5 
Li 1 6 2.2 

313 11.~ 
J 5 6.5 
3 4 4 .7 
~14. 1 .5 
424 6.4 
37 .3 

1 7 0 . 
1 3 73 .2 

phur, 3 
h ur, 2 d 
1 5: 5 

' J : 5 
5 
5 



b t·Yati n and 111111 nt .- Th in of small s al y 

tr Th lark tou 

nt of 513 un pray d 

ulphur. Four w k · lal r an 

d 4.7 · lality i mu 

would b xp y ndlstu rb ct 

ho ct th, ali 

a 

str i k ing, h w v r , ar th 

tr to larks on . 
f rom thi lr sh w d 7 5 p r Four w k aft r sprayin 

w d bu 4.3 p r 

am 

nd ounl, 44 days r 11 wing pray­

ing all th W nat h seal shad di ct, bu t h w mu h f this mor alily 

t a ril l p ibilily and h w mu h lo lh w ak n ct 

condition r lh lran pln.n d ho t tr it i imp ibl to d id . 

In th midst E th app l i ali n 

t in, int rmi t nlly l a in g f · two days an 'I in Y-

in ot r ations. Tho appl i a ions mark ct w r gi 

r a in, tho B aft r i , but whil th bark wa still cl am1. 

not d that b t r r ul t w r 

th a or th h a,,y oil mu! ions p 

thou h rain fe ll on th tr s 

p li ations. 

pra ·, whi h Ja l Jy ha I not ·pl ll cl , wa r viY d 

by a r or aniz d mpany, m what m difi d, all d tandard Fir 

Oi l pra , and was advo a d at 2 p r tr ng h. Ev n a 1 p r 

th it did not mpar wi h w ak r rr ul i n ba d on 

oil. 

andard arb Ji Emu! ion, manufa tur d in ,T t rn \\'a h-

was r mm nd d by il produ r al a dilution of 1: 

tim thi s r ngth it (ai l d t radi a th ca l 

nfortunal l y lbrou h a mislak th xp rim ntal tr a 

Yakima ". r all r pray d by lh wn r wilh lim - ulphur ix ctar 
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m Jlowan in inl rpr tin r ult 

thi Xtra LI' atm nt. al k ill d by 

h mu! i n r rud il h, d di d sh rtly aft r th appli ali n, bu 

radu, lly. Thi rror pr ,, nt d th u r i n 

y d 

and 

th 

lh lim f th 

appl 

d ul 

Um 

:F.xpel"im nl rrup d 

in 1h pring of 192 b winl r 

m rtality f t h al ln in' lS 

w r full y r ady l'or hib rnali n th 

lO 12 or 14. d i t. .1\ 

br akin ratur as in­

w a 

U n])I" b n r -

t J urnal of 

E , pp. 443- 444 . bYiOU ·ly 

a ailab l on whi h to ba 

r au pr, · rim nls 

mu h tTOr a l lo p va lu . 1t 

f r ason al 

w h ffi i n y f any 

· a l id . hould b unt d. 

]t n t ha b n 
rri d at f r winl r-

kill , in ord r to a qu stion di u many fruit row rs. 
ll will b not cl th , t wint r -kill tban h u ual 

pra · · · th an Jo many fruit grow r 

argu cl tha t sprayi ng in th n a n el -

l th individ hardy nou h to with tand 

th wint r fr z would b th ·am on s t hat w uld r i st an in­

On th olh r hand th fruit in p to r h ld tha it hould 

b p all y lo annihi lal th cal th 

oncliti n of th urviv r would r nd r th m parli ularly 

to an in ti id . 

3 



ton with an a u ran 

n iv l y old, and pr 1·idin 

,. 

l a n s 

1 · r , 

1 I 
Tro.b l 12. Win tc,· ,\lorinUt y o( l."11s 11·ay ' a n Jo 

L rall ty Tola! Examin d I A 1i M i nimum 

T m p ralur 

larkston 1 ,144 5. 4 - 26 

W alla \! alla 12 , 1 3.2 -3 

Y aki ma ;5 5 1.5 -24 

I' W n l ch 5, 4Q< 1. - 1 

pokan 2, 4 5 -15 

ro r ~,54 5 -3 
Whit almon 2,0 3 

Th iv 

r r port d. Part of b 

Ranch, I at ct ab 

fall o( 1 919 

lark ton , w as pra y d in. h 

followin 

tr ap d. 

From lh i and th r similar o urr n th adm nition mu lb mad 

not lo appl y an oi l pray .i n th f, II. Ev n if ap pli d in lh prin 

an improp rl y mu ! ifi d I ray of rud oil may au injury , as in 

Lh ca or b la t drainin fro m th pray- lank , parli ularl y if th 

tan k had pr viou ly b n us d for Jim - ulphur, but w i h r a nab! 

ar it hould b po ibl lo u 

dormant spra y in Wa hin 

th p r din wint r wa 

pl i ation i s mad b for wth b in. and aft r h dan r 

of l at is pa t. 

Appar ntl . li tll known with lb 011-

diti n uncl r whi ch oi l mi ht indu injury. h Id that 

an oil coating inhibi t vaporation and h n wh n follow d by a 

f r z th s pa.r ation of x iv moi tur fr 111 lb c llul ar prolo-

an r a tion. Low t mp r, tur I ss ns 

nd h cl oon aft r a fr z th r 

ibili ly of p n tration. 
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A tr r pond l o diff r in ondi i n of nvir-

nm n from y ar toy ar. Oil injury i probably 

r lat d to wint r har din ss, and u h fa t r as vari ly, maturi y f 

ti su , s ii moi tur , and malnu t r ition du to r d pid r r oth r 

d pr dations, may b as og nt as wint r t mp ratur n ing 

inj ur y. il i n jury is not f ar d in aliFornia but in r l h rn and 

llanU lat ha m tim b n a ri u ma t r . W bav om -

im s no t i cl a r tard d p nin of bud on tr pray d w ilh lr ng 

mul ion . 

B di ffi ully p lr I um oil and 

kill n d d In 

m man ura lur 

dilrils whr a 

n t gi in "' sa i (a Lory r suit, th 

a g cl mi ibl oil i to b r comm nd d. 

Bxp r.i111 °11 t i11 192 1.- Th iv w in r-kill of c mb r , 

J J of 1 1 in that 11any of 
th bran h s through u th 

int 

as to th ab lu t valu o( an ins ti id n 

nt in th pr c din , h num b r of s al xami n d wa u ually far 

rd d, 'b au k i ll d in th f r z 

o( th r ga rd d a f urni hi ng no inCormati n a 

lo h valu w r r r a in 

b ranch s r i v d r tabula ion although th s nd r UPI d hat 

an abundan of al wa ubmitl d. 

3 

b . bas d on m r than a ur 1-r insp lion, and or harclisl' l ti­

monial addu cl in 1 921 should be di oun d aln o t ass ,. r Jy a 

tho from th y ar b for . 

Io lb f llowing tabulations, as wou ld al o b tru to a I s x-



Tnbl 13. pn1.yi 11 Exp rim ut , 1021 

lar k ton . ; bud op nin . ) 

3 Days ln l rval 
T a l % !iv 

45 . 
332 J 7 .1 

2 l. 
129 46.5 

2 55. 5 
223 34. 5 

4 3 72 . 2 
] 75 24. 5 
14 94 
110 1 ,, n, s q- l 

C 1115 
77 

B. W a ll a \Va ll a . ( pr ay d far h 22; 41 7 1< a li v ) , 

44 Da In t r va l 
To la! li v 

J . 4 
34. 
19.3 
30. 

J 7 4 0.0 
127 26.0 
2 6 2 5.3 

poor 6 6 41 . 
h k 1041 7. 

Do r m o il , 
Do rmoi l, 
Dorm ii , 

:5 

25 ) 

24 ay 36 Day 
To ta l % li v Tota l o/ A l iv 

316 l. 2 l. 
14 .0 

6.3 
27.5 

Dormoi l, 6 ¾ 40 .l 
6 / 1 5 37.5 
5 435 0. 

55 1 34 3 53.5 

3 



mbinali 11 wa d 

m pali bl in 

ii. Aft r dilulin 

Al Lh 

ton an d \\' 

w ith th 

lll1 

mal 011 bran h 

( P ars, pray d .\ prll 2 ; 

ay 

Lim 
Lim 

, oil 
amu lsi 11 , 

rm ii , 5', 

:5 

5 ', 

5 J 324 4 , ] 

3 1 5 2 . 

2 d 136 3 1 .2 
1~ 6 27 . 

1 34 3 .5 

14 4 4. 

2 5. 
1 ] 1. 4 

] 4 !l . 5 ~-
37 J.4 

.\'ot • ·.- Th wal r u d a "\ a l l a W alla for dilulln Lh in Li· 

am fr m a shallow w II and wa. hard . Th a111pl 

uld a r ly b mul ifi d wilh l hi hard wal r ,. n 

und r ar Fu l manipu la i 11 , alth u h id 11 i a l ii mul. i fi d w II 

th th r I al ili . 

Th Jim • ul phur, 

R. J n . a a m an s in 

b mL d . Th rn io r ii , l im - ulphur and 

d 1 lb . t 5 all ns f i i , wa fir 

nd Lh 11 w rk into th mis ibl 

lu , u 

1· h r pa r d 111i ibl oi l wa add d . Thi ml UJ' as 

did not sh w an in r a d 

ffi i 11 y , 

I ram ul 11 , whi h had b n of( th 

om )' ar , wa 1· ,·iv d by lb h rw in 

h avi r mi ib l i i . 

d mal s , r pupa ing aL lark­

l w Ila Wall a. lt m I' Ill rk-

abl wlh 

h a irily 

th pupa ion 

and d with pol y-

ulphid oaling . 

r r 

It wa. 

.J 



·ulphur, 
-su Iph u r , 
-. u lphur, 
-

H d p id r h ad ha b d w h n 1>ra,· d w i h lim - ulphur 

arium- ulphur 1 5:5 , and da- u l pbur ; n arly all had 

ha t th ombina ti n; , rmoil and pramu l i n 

ly a p rf t kill. 

1· i 111 n ls ·in 10!!2.- . prayi ng ·p rim n i n n-

fin larks on, b app l i in mad n pril 6. Th ma-

t rial u d and 1· tabl 

Int rval 2 Day:, Jn rval 52 ay 

T l I ,..,Ali > Total rt ,\ I iv 

.2 
12 . 2 
2 

ul phur, 

L- l 
Dry 17 .2 
Drr 14 , 

B. T 1 2 3. -l 
B. 15~ 3 14 .5 
L - ina t 1) 57 1 .2 
L- i nat l l 4 2 l 3.7 
L- 772 3.4 1. 5 

l 2 3 
)1 l 
14 ~5 l 1 !l1 0.6 
13 
12 2 U . -1 21. 3 

l .5 1 . ] 

J ·I.~ 1 3. 7 
6 3.2 3 . 4 

3. 7 222 3 57 .4 

:\Ot s Oil 1922 Sp1·11yi 11 g. - A111 11 th ii I rar mu h di ff r 11 

in b ha1•i r wa no i d . 

111 r ly; pram ul ion wa lllU h 

h a vi r mi i bl i i to it wa 

har d l m u !. ify and did n oaLin 

l ight a pr o l u t to u a ain t lb r i an cal 

,, 

al id and 

a 

rtho mi ibl 



n brand wa no appli d b au or impo ibilily o mul it'r, v n 

u nd l n maoipu lation. 

pr par d a in p wd r wa u d a a pr ad r w i h lim -

ul1 hur al th ral r on pound n hundr d allon ; and al to 

p rmi a mixlur l im -sulphur and 5 p r n 

al id A r was a ·Ii ht im pr 

m nt in pr ad a nd ( th lim -. ulphur, but 

a Ii h l impai rm nt in i i. 

E,· n with 12 cl lim - ulphu th w 1· in-

ru l d w ilh a h avy ng ( th in many w r growin 

in a way t I , ,. n d ubt f l h Ir r mark ab l Whil 

m that had r sum cl gr w t h w r dying fr m spray, 

· 11 ir bocli h n b g lnnin lo b w a brownin and th i r h ll s a 

tunlin , h fa t r mains hat v n v n w k s art r t h appl i a-

li n lim - ulphur nin p r nt f lh al s w r 
al iv and m st of t h s w 

y llow a r n i hb r 

rk t on dl ri 

, th limb · of th r hard 

r h w 

ontrol 

• To ler a11 ce t o ,'pmy$.- Th adoption f lim - ul phur a a 

. pray r r an J s ca l h as b n all ncl d with vary lii 

h mi al and by thi lali n hav h wn that 

in thos di lri t~ u l phur i ffi nl a oiu · i n onlaio in 

1 lb . u l phur and o abou t 5 all ns w a r i a r li abl as 

lulion of g r al r diff r nt omp ·iti n. 

ar pray d with lim - ulphu r th y die 

ki ll d by th k or h mi a l 

d oxy om tor cl ay , om for w k , s m 

f r m nth . mong indi v id uals Yar y in o r atly in . u ptibilily, 

4 2 
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h r and lh r ar om o i orou as l r i l n i r Jy lb d ru -

liv a lion of tbi pray. vary in numb r of indi tdual s ap in 

probabl y v ry Io ali r. in parl maki n n sary b annual r p ti­

ll n o f d rmant prayio ; om tim s lh numb r of survil· r i , 

v r y a1. pr iabl p r n la of lh who! ca l popu la i n . 

Ir om pul prayi ng, whi h subj s virtually 

v ry , I lb w aklio . and s I t 

lh prog nilors for futur ' di f i d br d of t I r an 

al uld plau ibly b d min i[ t I ran pro-

th was und r lak n. 

T h 1;:xp 1·i111 ntnl d rm. n l 

prayi ng ru rni dala for adrnn ing 

lark Lon , Walla alla, Y ki111a and W nat h prov d to b r pr 

s ntali v d i lri ts and in f rmalion wa ba d mainly n s al fr Ill 

th s poin t . Th f llow in mparali v asp ts w r nsid r d: 

a. Lim -sul phur at varlo u str n th 

b . Lim s. 
Lim -sulphur and ,·ari u oth r p Jysulphid sprays, ., dry 

lim -sulphur, da-. u)phur, barium- ulphur, h 111 - 111 d 

pray • t hio ulphal f rmula . 

d. u oi l spray~, to t st tr n lh, brand , 

I n ak lutions u d n ar th limit11 or [f liV di-

t h id a f m a urin r l a iv Y lu ra h r 

t onlr I. 

Whil t h main proj t und r lo k t m a ur th amount and 

rat of mor alilY, in id ntall y 

wa ur d r gar din brand , 

lion, m thods of sprayi n , rr al , 

r lali o l , lo alily di [f r n s in mu! ifi alion of ii , amount 

of wint r -ki ll, xt nl of dan r from u of oil , t ., wh i h ha k Pl 

t h Wa. bin gton praying pro ram ab,· a t of th lim 

:!\ rethodl'.'-- inc thi proj t wa not to b 

n so[, pray ing but ad t n nination of th f[ 

appl i alion w r not d n i n a I r g c mm 
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p r n ta ar iv n to t n ths f on 

a <'ura r th y imply. 

aminalion th fi ur s mi h 

fr m wn.t r prou s 

v r a p ri <.I of y ar s, to draw 

ar 

win 

ily of r 

t rr 

ab olul alu ran in ti id 

a f w thou and al pr viou ly lo at d on r pr n ativ w r 

ar f ully dr 11 h d. A · int rval wi hin w r thr mon h aft r 

th h blno ul ar 

mi un s w r 

ad s al s. 1 hou h 

a thou sand and m r of a h r ord and 

nt, th fi ur do not 

natur f th sampl 

on id rabl y. al s 

urdy. Tho from 

p al d h kin , 

d du ti ns as to th 

Jnl 1·p 1· t ntio n s.- al urv s hav b I\ work d out for 

f th xp rim nt . \ f w hara t ri sti on ar ombin d 

hart. A ompar i n of th 

w · th ran ~ o h omm n 

in · manir sl d Jo al . 

0\\'i 1h l :11 ·tl t . p1 ·a~·s nas rl 11 nlphu r .-

pray lik Jim - uJ1 hur, oda- ulphur and barium- uJphur 

manif ·t a d and pr r siv i n cti i daJ a lion. 

Lim - uJphur and cla-sulphur hav r at r in ti idaJ valu 

than b rium-su l phur. 

Fa t ry-macl Jim - ulphur is a ati fact ry a h m -mad , and 

is mor d p nclabJ in n po ili n. 

Although diCf r n formul, for Jim - uJphur mi h how th o­

r ti al aclvanla s or di , y t in pra ti anr cliff r n s 

in r ult hav not b 

Th lO ll mu h 1 s imp rtant than 

th I' ll of app l i ation, b au of: 

a. iv and unu ual proJifi n of h an Jo al . 
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b. With in r a onabl limi , th imi larity in r ul s from vary-

In one ntralions. 

Th addition of Jim , l y , ni olin , r a in pr ad r to Jim -

·ulphur do s not mal rially alt r Its ff til· n 

Th r i n xp rim nla l Yid n to how ha dry lim -sulphur 

up ri r o liquid. 

Individual · al r i tau t, to a bath or lim - ·ulphur ar aim 

qually tol rant to a ali n. 

\\"iih n w n rtl t ii . 1wnr ·--

o d rud oil ar qui k r and mor d -

p ndabl pray r r an J al than ar spray bas d on ulphur, 

u b a Jim - ulphur, r barium- ulphur and ar I s di g r ab! to 

appl y. 

La k of tandardiz, lion has b n a riou drawb k o th 

u1 iY r sal a c plan r i i I r rs. nd r a ii· n trad nam mis -

ibl oil s m lim vary in ompo ·ilion in physical pr p rli and 

in in t. 

or r ult from ii pr, yin • r to b xp d if tr ar 

w l, t lim of a pli , li n, but it i s no t a ri us n al r i f rain om s 

·hortly art r th appl i alion i mad . 

A p rl y i i , r n with in uffi i n in Li ida l 

valu , i I s Jim - ulphur, I robably b 

, u th d s d ba rk aff rd s a b t r br ding 

ground th an th r sidu al ulphid spr, y. 

W II mulsifi d oi l , us d a a lat d rman t prar, foll win a 

norma l w .inl 1· bou ld b cl l nd d n as ar Fall 

spraying with oil i no r comm ncl d b ca us 

h avy wint r fr z s and on qu nl injury lo th tr s. 

Emu! ion ba d on wo d di tillati n r du L in ad of rucl 

p trol um oil ha,· litll in ti idal valu , 
\\"ith n gnnl l o ont1·o t in n 1·111.-

B th an J 

a l r a m nt to b , ompll h pra ti al x-

-1 5 



w 

f Iiv 

. . i bly b 

r Ji m -

bo th ar u I 

l rminaUon. r m ct r l ha r ult in 60 p r n k i ll i oo b t r 

than on bat pr odu s bu t 4 p r n t , b 

Bu a pray lhat kil ls 60 I 1· nt of l b s al sh 

wi t h faul ty appl i a · ion or an id 

p r n t of th s al . 

Th mo r l iab l d r mi nalio n of h ab olul or r la t i v val u 

of om par d in s ti id i no t a l a summ r in (ruit, 

f ol iag or bark , but a m icr o pi xam ina ion of a ual ly pray d 

al s abou t on mon th ar t r t h applica lion. B f or on m nth t h 

spray mi maximal f f t , lat r l h droppi ng 

f d ad al di tu r bs lb pr por tion of li v ing to d ad s a l , till 

Jal r th f r al 

um m r in p lio ns 

mak d du t i on u n r u t­
worthy. L a r , ar a val uabl 

l h t hor ughn . s of appli cati n. 

'fh b t tim f r. t ray in 

SW 11. Lal r th swo l l 11 

spr ay in g. Wh n fo l ia b i n t a prays may au 

burning. T h i i s ia l ly t ru w i h da- u lphur and crud ii 

mul ·i ns. 

l iv ing ca l f l lowi n a s ,. r win r 

ssful spray io . E x iv w int r -kill 

sh ond wi n ter i n a d imin i h d numb r 

T h fa . lhal a r al m n ha b n d Jar d in Oil 

al ily i no a uran ba b univ r all i v R m-

m nd ati on A tl an nd iti on ar 

n J; f n W a h i ug t n, any 

n wo uld u i lark l u . F ol­

I wi n a ,. r spra r h w appar n l y o d 

r ·u l . 

'Ih lo al ity, win t r 

uld d rmi n l h 

ti n b t t u . T h mo t 

ription . 

>\Th r l im - ulphut· is g h·in 

g iv n p r a a doru an s1 r ay. 

bu d 

ki nd of pray t 

m i nt on e utrati 
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ulphur i il·i n imp rf t ontrol ' h u f oil prays r om-

m nd d. 

With Reg:ll'd to th lUl Jos 

Th r mu h 

or r 

difr r nt individual al s in 

u ptibili ty, l I ran to pray , par i ularly to pray 

bas d n ulpbur, u h a Ji n - u lphur, <la-sul phu r , r barium -

ulphur. 

Tb , mou n t of l I ran cliff r from I alily t , JilY. and 

from y ar lo y ar. 

Th r i s mo r diff r n 

lar k oat al 

I' 

of ca l that di wh n ton , nd vY 

spr ay d with r gula i n tr n ' lh f Jim - ·ul phur, th n wh n ompar­

in a l ith r lo ality pray d with Ji m - ulphur ran ing f rom 

'\>Vint r 111 

vigor or al . A 

han t h u ual spray io I n a mi ld wint r 

al 

youn 

Th abundan of al al 

pr babl y Jar I 

th lark ton al , as maoif s 

u l1 hur , and a orr spondin w 

manif L d by u plibi li ty to 

xl rnal fa t r ·, lik spray in g m thod , n inimum winl r 

s, or ti mum umm r w alh r , a lion , numb r 

n ration , or ondi ion o f host p lant . 

Th r i s no tha th an J s al a pr -

nt b oming mor and mor r i tant l o pol y u Iph id sprays. Thi 

p s i b 1 y th t . 

-sulphur 

to Jim 

tr th annual pray-

in wilb l im of th n' 

many n ration - ulphur i an 

annual a quir m 

Th di t ribulion of lh an Jo 

ab ly I wh r , oin id s with lb ar a 

47 

0 

d by a po itiv 

akn f h 'i 

pray Tb di 

, as 
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fully rown. Th an Jo al unabl lo th riv und r ondilion 

a Pullman, allhou d fforl hav b n mad lo in ro-

du and slab li h I . m lark on urviv a 

sl r ng ath of lim - ulphur, al l di wh n br ugh t an upland 

Io ality, i n of th ·lran happ nin g ( 1alur . 

val mal and ir ular f mal al 

N pr, y ct. April l 

B. larks n ca l phol g rap h ct v n w k art r prayin with 

1 d lim - ulphur. Th on v x s al (. ) hav gr wn 

from th siz indi al d by h ma ll kill d winl rin s al s o). 

wi h 1 : 

Jim - u lphu r i idu.1 ar 

slil l g ro, in allho th d. 

lark l n , itb Jim - ulphur. 

.Adu l t th ,·al Th 

round 

• 

4 



San Jose Scale on Apple Bark- Enlarged about eight diameters 

( For xpl anati n pa 4 . ) 
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