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INTRODUCTION 

S(,YI'I'nl Y('III'S pl'iOI' to 1879, Floridll orangl:\ growel's wpre Yl'ry 
l1Iut'h ('on('('.I'I1('(l nbout th(' ('nus('. of rilss('.t fruit. Some growers were 
of the opinion thllt, it WItS of a fungous nature; o01('rs, thnt it result('d 
from ltd HI'S(, Hoil ('onditions. Pl'rhu ps the honor of dis('onring the 
real (,ltIISl' of l'usseting belongs to .J. K. Gu tes, who was the first to 
find the mites on omngcs Imel immedilltely uscribed russeting to their 
presen('c. His obs('I'\"Iltioll WItS pl'obnbly llludI' in 1878 or 1879. He 
conveyed the inforJlllltioll to \V. O. Hl1l'gl'on', of Palatka, who in turn 
informNl T. W. ~loo['(1 (8, p. 183)2 of tiwil' discovery. Mr. Moore 
knew thllL \Villilllll H. Ashllll'nd WIIS stlldying the insects atrecting 
the omngl', so he took lip the IIllLtt('l' of the discovery of the pest with 
this entomologist. This led to the description of the species by 
Ashmead (I). Considerablc experimenting WI1S carried on by Moore 

I Phullacople" oleivoru.• (Ashm.); ortler ACllrlnn. [llmily Eriophyltillc, 

'Itl\1I0 nllmbers ill Pllrenthesos rcfer to "Literature cited," p. 55. 
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Itnd Ashmead for the elimination of the damage caused by this PBst. 
rvIoore fOllnd that a decoction of tobacco and whale-oil soap was very 
effective if applied once a month from February to June. No refer
ence is made in these experiments to the use of sulphur as a remedy. 

In 188.1 a, report was published {'O\'ering the most exhaustive study 
of ol'fLnge-illfcsting insects tha,t had been made up to tha.t time. This 
WIIS tll(> trpatis(\ on Inflects Afrecting the Orllnge, by Hubbard (7). 
M11ch ),platillg to the life history and hllbits of the rust mite was 
found out hy Hubbard, find sulphur WfiS mentioned for the first time 
as a most satisfactory rrll1edy. From 1885 until the present investi
gation WIlS begun .very little of importllnce WIIS added to our knowl
edge of t1(\ rust nnto. 

ORIGIN AND DISTRIBUTION 

In all probability t]w original hfl,bitat of the citrus rust mit" is 
southellstet'Il Asill, wherr citTus trees are indigenous. It has probably 
1lC'('ompfl,nicd its hosts froI1l tht'il' original home to many other citrus
g,'owing T(\gions. Tt now occurs in Floriclll, Alfl,bllma, Louisiana, 
T('xus, and Cnlifornil1, and hus b('en found on citrm; tr('es growing in. 
g/'('(\JlhoIISN; in Phila(10lphifl" 1"a., unci Marlboro and Niagara Falls, 
N. Y. There, fl,('(\ also l'Pt'ol'ds of its OCCtllTenct:' in Cuba, Porto Rico, 
Jamaica, Bl'rl1ludll, YenclIuPlll, Yucatl1l1, Hawaii, the Philippine 
Islands, .Japan, anclAustl'lllia. 

'fhcrc are no records of its presence in the ritrtls-gro'lving districts 
of thc~ill'dit{'lTan('),n. Pellzig (9, 1). /iti 1) statt:'d that up' to 1887 it 
had nO\'('l' been found in Italy. F'. Silyt:'stri in 1923 wrote in a letter 
that, he had never seen this Init(' th('l'e. It is not reeorded as being 
p,'('sent in South Africa. In ffl,ct, up to this time, it has not been 
rerorc\ed from India, although without doubt it is prt'sent there and 
has b(,(,ll oYl'rlooked owin~ to its small size. 

SYSTEMATIC HISTORY 

'I'll!' rust mitt:' was first described by Ashmead (1) ill 1879 as 
Typhlodrom II.~ oli1'ool'l1s. Pergande determined it the same year as a 
sp('ci('s of Erioph~Tes. The genus Typhlodromus does not occur in 
recent literlltul't' und, Ilc{'orciing to Ewing (4), is eyidently a s:rnonym 
of Phytoptus Dlljllrdill (1851), which in turn is a synonym of Eri
oph~~rs Sit:'bold (lR51); ronsequently tIl(' rust mite has long been 
plac·ed in til{' genus Eriophyes. Banks (3) first. called th(\ mit.e 
Ph'!lllocoptN oleitorius, and other aut.hors also refer to it as Phyllo
C'opt('s (fl, gpn tiS clwtt:'d by Nalepa in 1889), and this classification 
flcrording to Ewing is cOJTect, sinc(' only half of tIl(' I1hdominal rings 
111'e complete rings. 

The specific IUUllC hus been referred to in various pa.pers I1S oliio01:US, 
oleiiorus, oilirol'us, and oil-livorus. Although it was first described 
under the first-mentioned spelling Ashmead a. year later (1880) in his 
Orllnge Insects (2, 7). ,40) spellks of it as TypModromus oleivorus; con
sequently this t:'flrliest emended spelling is accepted as the proper 
specific llame. 
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ECONOMIC IMPORTANCE 

In all probability the rust mite ranks third (16, p. 3) among the 
injlll'ious pests on citrus in Florida, being exceeded in amount of 
damage done only by the purple scale (Lepidosaphes beckii Newm.) 
aTlcl the citrus white fly (Dialeul'odes citri Ashm.), and the total loss 
'H1sta.ined by the industry is very great. It is present over the entire 
eitrus belt !Lnd no doubt occurs in greater or less numbers on every 
tree in the State, find when climatic conditions are favorable its'rapid 
rate of reproduction enables it to cause great damage t.o the foliage 
and fruit in a very short time. In fact, in many instances fruit 
russets before the grower is aWlt1'e of the presence of the !ust mites 
in injurious numbers. On an average, more than 50 per cent of the 
fruit is mol'(' or less injmed by rust mites. This lowers the grade, 
and such fruit brings from 25 to 50 cents a box less in the market 
than normally colol'Nl fruit. On the basis of a 16,000,OOO-box crop, 
50 pel' cent of which would be russet and selling for 25 cents pel' box 
helow tll(' stnTldul'd prim', the loss would be $2,000,000 annually. To 
this must be fidded the loss due to t.he devitalization of the trees by 
the feeding of countl{'ss mites on the folinge. 

HOST PLANTS 

The citrus rust mit{' inf{'sts nll commercial species and varieties of 
citrus grown in Florida. The host plants are here listed in the order 
of the seyerity of inf('stntion, oj' us preferred host plants: 

Lcmon (Citrlls UmonioL 
Limc (c. oUl'anti/olia). 
Citron (C. medica). 
Grapcfruit (C. gmndis). 
HII'cct orangc (C. sl:nensis). 
Sour orange (C. ourani£!lml. 
Tangerinc (C. nobilis, \·:U. dl'liciosnL 
Cnlalllol\<iin (C. mitis). 
Satsuma (C'. /lobilis, \'1\1'. '''I!shiu)' 
Mandarin lC. lIollilis, \'a •. deliriosa.l. 
Ond kllmquat (For/Illleila 'Ill a.r(farilo1 . 
Round kumquat tF. joponicaJ. 
;\lri\\'1\ kumquat tP. crassi/olia). 

It hns also h('t'n found on the following hybrids nnd other miscel
Inlll'OIlB spt'cit'S or RutacNr: 

Xatsumikan lllR,11l337.3 


HialJlrlo 52007 1 8. 

Tangor 539. 

Tangrlolo 47220. 

Citrangcquat {SO LO IJ 5. 

Vauatrimrciin 47431. 

Faustrimc 49806. 

Eustis limeqlmt. 

Seedling orange Talllple IU5!). 

C'haetospermu'ln glul£nosa 7I3S. 

Clcopatra orange tC. nobilis, \'lLr. deliciosa) 11338. 


No rust mites were found on the following species of Rutacere 
on any of the 34 examinations made during a period 0f more than two 

I The numbers nrc t/tm;c given to each "aeiet)' by the Dh'ision of Crop Physiology 8Dd Breeding, Bureau 
of Plllut Industry, U. S, Department of Agriculture. 
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yoars: Sel.'e1"inilL b1liijolict, Ohalca.s e.roticct, Toddalict lctnceolata, 
Glyco.smi.s pentaphylla, and Aeglo1Jsis chevalieri (7633). 

Only one mite each was found on Oitropsis schweinjurthii (11260) 
and Tripha,s1·a. trifolia throughout the entiro two years, and it is only 
reasonable to suppose that t.hese two rust mites were simply blown 
from some of the nelu-by infested trees and were merely resting on the 
folingc. All of the nbove species were planted near (less than 10 feet 
from) the other species which were infested with rust mites, and if the 
rust mite eould lllnintnin itself on them .t certainly hud an opportunity 
to do so. 

The hybrids und species of Rut-acorn listed in Table 1 were growing 
on the Inbomtory grounds at Orlando, Fla., and examinations were 
mllde to determine the presence of rnst mites thirty-four times from 
May 25, 1920, to August 3,1922. The mites in the same number of 
huH-inch squams 4 were cOlmtcd for each species on each date. As a 
usual pract.ice 5 sqUlu'nR on the upper surfaceR of the lellVes, 5 sqnares 
on t.he lowor, Ilnd 5 squareR 011 the fruit, if finy were present, were 
counted. The Ilumbers of rust mites found in the 34 eXllminations arc 
givf.'n in Table 1. 

t 
'fARI,}] i.-Null/bel' 0/ rll.~l I/I':ic.~ /ol/.lId 01/ lhe R'1lillce<l' flroll'ina ·in the ill/JOr(l/IJry 

flrol",/(l.~, Ori(wr/IJ, Pur., from Jlfay 2/5, 1920, to ..tl/.(/lt.~t 8,1922 

19~>f) 1921 

\'arioL" , 
".!--c--.......,I:---;----;-----,----;-I 


• ,"IllY Juno AUg. net'l Oct. ; 
I 

No".: NO\'. Dec.' Dec. Jlln. Jnn. ' Fob. 
Hi 30' 13 ' 2. 11 27 8 ".ti ! 8 

__________.....________ ~_ 2.1 2a I~~ 
~-----_._- -' .. ------

Cllloll1ondin .••••••• " I 8 80 I 10 .5:1 316 0' 1 0 0 0 0' 0 
Foustrill1o .••••.•...• ". :1:.!3 las 17 80 0, 0 0 Ii I 0 0 
NotStllllikOll ••••• .,........ », 28 I If~' 35 H).I 0 I 0 0 0, 0 
SiBluolo•••• "......... """ 17; 1421 U 381 0 "0 0 200 1 0 2.<;.<; 
'rnngo'-.................... .j' ZIR i ~31 S 22:1 0 0 0 0 0 0 0 
Kulllquat ...... "..... .••.. 22 ~'04 I - I 0; 0 0 0 1 0 a 0 
Reotilingornngo.•.•..•.•. :10 1 1011 II :.w o i 0 0 0 0 0, 04~ Il'hnitos[J('rll1um glutillosa. Ii IS 1 0 1 0 1 0 0 2 0 1 0 
:\lei\\·B___ ~._... -- ... --_. 1 .. ··1-·"- .. -~ .. ~ .--.--,---- ...----- .----- -_ .......... ---- -----.,- ..--
::if~Ol?3~:.I:.::::.:::. 1'.::':''1"'::: ::::: ::::':-:::::':::::: :::::: :::::: :::::: ..::::':::::: 

'l'otnL.·..".•·.-I-I~~,-!la2T~25·15O ~;-0-i-6--12Oil--2 '-4-;255 ,. 
1021 

\'oricty 
 ~rllr.' l\\lIr.l, APr., May MI~~~ JU~:T;'I;~11 JUl,r IJUlY' AUg.,', h"ltg.' Sept.

1 i 2·1 1, til 2 17 I: 14 I':' ITJ I 2 , 15 i 1 

, : I I ,I, 

-f·"-II-llll-lfI~i~~.~.~~"---- '--0' '. "0' !~I'I -I --0 21'-' ~ --I '--0 i ,. 21--0 
Faustrhnc.". • .. """..... 0 U i 0 0 f) 0 l' 0 0 0 ' 0 I 0 
Nnt5ullliknn ......... """ 0 0' 0 0 0 48 0 • 32 0 :1:1 I 

Sinll1c!o....... """ .... '" -I 0, 0 2 r. 4 150 0 2 0 0, !Ill
'I' 

'()Illgor•• 
i 
.. """" .... __ ...... fi~~, \46 12 2,\, 112 3UO. 583 87 18: 0 15 10i 

Klllll([lIa .. _..... _......... ., 0 0 0 0 5 i 0 1 0' 1 0 7 
Soollling Ornlll(1l............ :1 , l' 0 0' 0 31' 1l:1 1 fi 104 12 : 4 
Chaitospermlllll gillt.inosa.. 0 0 0 0 0 2 I 0 0 0 ' 0 4 ! 1 
Moiwl1..... __ _ ..... i 27 0 0 0' 0'H"' , .... 0: 
P. Lol" H. L. .... __ .-- .. .1 -.'.. .•. . ." .. j 14 I I' 0 0 I 0,. 0 
('leo 113:18. ....! ... ,.. _".j SII I 0 0 ' O· 211 511 

__'_r~l~ ..___ _ H. -~'-IJ - 27" Il~~~~.50 ;97urU~r ,~_I_J~-:m!4ti 
I '('ho term" square" a.< IIsed ill this bUlletin denotes an area one·hnlf Inch square and W!IS used as the 


standard for determining the relative ahundance or rllst Illites on the fruit nnd foliage of trees. In practice 1\ 

piece of papor wit,h an nren one·hllff Inch square Cllt, out was placed o\'or the leaf or fruit and all the mites 

within the S([URre counted. 
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TABLE 1.-Number ofl'/tst mites jou,ltd on the Rlltace'e growing in the laboratory 
(JrOl/llrl,~, Orlando, Pln., from l'\>[(l,y 25, 1920, to A'I/(Just 3, 1922-Continncd 

, 
1\121 I In2~ 'I'otnl nnm

" I " "" ber or lIlitos 
Vllriety I I I, I round MIIY 

Sept. sept. 1 Oct. No\,. No\,. Dec. Dec. \ Feb. IApr. ,Allg. 2fi,192O,to 
15 30 1 15 1 ltl I 15 21: 3 f a Allg. 3, 1922 

,- '" ,-i-,----- "'-----'--,-----
Cnln.mOllllitL •. ~ ~ .. ~.~ .• "_ o 0 : fi 7 28 44 28, 0: 9' 4 ('02 
Jo'llustrime.. ' •• o Ii I 2 0 0 0 U ' U i 0 ,0 274 
Nlltsullllklln,. 117, 44 11 10 7~ 5fi I 17 ~ 2! SO H7 
~!utllelo.~ ~_~ ... _ 248! 2a4 \1 H I 14:1 fi9, 18, 2, 45 2,O:1\I 
Illngor_ '" ' xr, 84 t 72 uri 404 270 !I-!; 78: I: 77 a, 2211 
Kulll'J1ml.... . ~ I:~['! 1:11 H2 I7:l I I~:! I~!i: II I ! i I~ 1,~17
i:loO(lIlng(,run~tl. ' . h _0 __ 4 I, _h .10 ii, I, 14, 1,_14 
('hnitoSIHJrtllllll\ giUtilIOSIl. ~ o 0, 0 0 () I 0 01 0, 0 ~ 
MolwlI ........ . Ii (): 70 an !III! II~ 17 I :11 I I: 97 4114 
1'.1.010 It. I,." , ' " .. I'fi2 4 1 no 113 27 IS 27 21 I 2 1 115 4:H
l'loo 11:1:18 •••• , ., •. " .... 71i 111: Ifi I 10 2 II 9 1 0 0 I 41 537 

·1'otll1...,........... ~ 2:l71 flaa! t>%Tau:81~L~~J~35L~~.._,_~.l~~ 

NOTF:.-DurIIlK tho porioll covered by the oXlllllinlltions the trees WOre spmyod as rollows; June 23, 1020, 

IIl1le·sulpllllr solution, I-Oil; Nov. 2, 1020, I por cent oil emulsiou; Juno 15, 1921, I per cent oil emulsion; 
July 23, 1921, Some trOllS wore spmyed with 1 per cent oil ellluL~ion. 

The development of the rust mites on these plants was checked by 
the SCYCl·ttl spmyings. On .Tune 23, 1920, a sprnying was given with 
lime-sulphur solution, following which the mites did not get abundant 
in July, so no count WitS lllltde. On October 30, however, the mites 
WNO quite nbundnnt" but !tn appliclttion of lllbricltting-oil emulsion, 
Illll.de on N ')vember 2 for scale insects Itnd white flies, WitS also eft'ec
tive in killing the mites. Another spraying with oil emulsion on June 
15, 1921,1'0), scale in~l'cts nnd white flies also grelttly reduced the num
bel' of rust mites. During the spring of 1922 a very severe drought 
OCCUlTed from Febrllnry until ,Mity, nnd the rust mites did not become 
nbundnnt during this pm·iou. 

The results of these exltminntions ccrtninly indicate thltt the nearer 
the species and hybrids arc to It true citL'Us, the more fltvorable the 
rust Illite "finds the food supply. The tangor, a cross between the 
tltllgerine and the sweet Ol'fLllge, vms the most favorable host plant. 
The sinmelo, which is It cross between the King omnge and the grape
fruit, was the second, and the seedling orange and kurnquil,t were also ,. 
flwornble hosts. It is yery doubtful whether Chaitospenn'U,m glutinosa 
should be ('ollsiderpd a tnlC host plnnt since so few mites were found 
on it. 

SPECIFIC PREFERENCE 

'rhe eitrus rust Illite infcGts lemon more sevCI'ely than any other 
host, ll11d grnpefruit 1II11eh more severely than it does orange. From 
.Julle 4 to 8, 1923, tlll'!~e eounts wem mnde of the rust mites in nn equal 
nllmbeL' of hll.ll'-illeh sqUfU'CS 011 grtl[)efrllit Ilnd omllge trees growing in 
Ildjoilling rows. 'l'hcre WNO one and two-thirds times us many mites 
Oil the grnpel'nlit Il.S there were on the orange trees. The infestn,tion 
I'ccords of rllst mites on the cheek trees during the spl'aying work 
of scveml years, covering nIl. sensons, show three and one-hltlf times 
itS many mites on gmpefruit as on orange. Probnbly on an aver
IlgC, year Itfter year, the infestll.tion is nbout t.hree times as severe 
on grapefruit Il.S it is on orange. The inl'estll.tion is much less sevel'e 
on tnngel'ine thll.lI it is on orange. 

http:Illll.de
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MITES MISTAKEN FOR THE CITRUS RUST MITE 

In so fnl' as is known there is only one species of rust mite attac1dng 
citrus in)flol'ida, and consequently any Phyllocoptes mite found there 
is undoubtedly the rust mite which causes the enormous damage to the 
foliage and fruits. There are, however, several species of mites, some of 
them closely related, found on plants and shrubs growing in and near 
citrus groves, which could easily be mistaken for the citrus rust mite. 

A mite that feeds on maiden cane resembles the citrus rust mite 
morc closely, perhaps, than !lily other species obseJTed thus flU'. It is 
lighter in color, mOl'(;' trnllspnrent, und considembly lurgel', but, like 
the citrus rust mite, it does not lll!lke Il gall. The eggs, lUl'nc j [llld 
adults may be fOllnd on the host plant in :May, tTune, and July, It 
could not be fOllnd, however, early in October. Both mites eyidently 
l'euch their period of maximulll infestat.ion at I1bout the snme time. 
n wns first obsenTed in 1919 nt Plymouth, Fla., and since thnt time in 
Orllmdo and south of Orlando, and about mnlly other groves. Several 
attempts were made to transfer these mites to leaves of citrus trees 
under observation, but in Illl Cases the mites remained only a clny or 
two and then disnppeared. 

In 1914 a mite resembling the eitl'us rust mite was reported by 
the writer, on roses (3). It is pinkish or lavender in color and per
haps somewhat smaller than the citrus rust mite. It also does not 
make a galL Eggs, larvre, and Ildult mites arc present on the foliage 
most abundantly about the 1st of June, but soon after that it largely 
disappears. While present in great abundanee, it does not seem to 
eause serious injury to the plant beyond the crinkling of the young 
leaves in some cases. 011 the theory that these might be the same 
mites which infest eitrus tl'el'S, some experiments were made to de
termine whether the citrus rust mite coulcllive on rose foliage, Sey
eral mites were trallsferred to the rose bushl's, and some of them lived 
for two 01' three days, but they were unable to maintain themselves· 
there, and most of them disappeared within a day. Subsequent exam
inations have shown that the rose mite is distinctly difl'erent although 
superficially resembling the citrus rust mite. 

Several of the gall-forming mites also resemble the rust mite very 
closely both in size and general appell.rance. Although gall forming 
is characteristic of the Eriophyidre as a dass, the citrus rust mite is 
one of the few exceptions in the family. Some of these gall-forming 
mites were observed on trees around citrus groves. A gall-making 
mite infesting persimmon is usually presl'nt in great abundance in 
late .May, June, and July, hut it is not known how it passes the winter, 
,1S the persimmon sheds its foliagl'. There is also i1 gall-forming mite 
found OIl sumac. 'l'his mite. is present in great Ilbundancc in lYlay and 
.lune erllwling over the foliage. In August it appears to be only on 
the inside of the galls. In OctobtT the galls, of eoUl'Sl', are presl'nt, 
but examinations showed no mites within. 

Free-feeding mites hose also been found on a briar, 11 bamboo, and 
a native plant resembling the rubber plant, but since only single 
specimens were observed no data relating to them arc available. 

Although little is known of the biology of these various species of 
mites it is most interesting and remarkable that they reach the period 
of maximum infestl1tion at about the same time as dol'S the citrus rust 
mite and then disappear. It may be that these species are attD~ked 
by the Silme fungus that attacks thl' citrus rust mite. 

, 

I 

I 

.~ 
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RUST-MITE INJURY 

INJUHY TO THE FRUIT 

NATIJIU: OF INJURY 

'l'he I'IIR/:. mite, being pORsessed of pi'oI'cing moul}} parts, punctures 
the ('pidt'l'llllli {,(,lis or the rind of til(' fruit. This injury, when exees
sil'l\, destroys tho oul('r iayPl's of ('ells, its shown in Figme 1, B. Thi!> 

A 

FI<Wlt.; I. ~IM:rI!t1~d S(,,'UOri or gtlllJcrruit rilll!; A, Norlllill c~lIl1ll1r slnll'lllrn; II, cellulnr st.nw

LU,'I! showing ll'lttened ephlcrlllftt reUs I,(ter severo inJlIrr (hilt hilS \lrodllred "shllrk skin" 


illustl'lltion shows that. the outcr IIL,Ve['S of epidermal ('ells hnve been 
largely lInt:tened 0[' destroyed. It will be notieed (fig. 1, A) that thc 
epidennal ('ells of the normnl gl'llpefl'uit Ilre more Or less J'cctitngular 
ill shnpe (llld n.re much thicket' thllu the ('ells of the injured fruit. 

When this injury, in the cnse of ornnge, is only slight the blemish 1'0
su\t.s in 1\ gmdc of fruit known ns 1I golden,l' If it iR veI'y RCV('!'O whfln 

http:UlTll.US
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FI,lUIIK 2,-So\'cre injury by rust illites known liS"shllrk skin ": A, On 1elllons; B, on grapefruit, X 2 
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ORANGES INJURED BY FEEDING OF RUST MITES 

A, Typtl of severe injury knowl: ns H hhH'k I'u ... ..:j.t,/' 
B, Lt'>;s St'\"ere injury "nown 11$ "rll!'s(-t," 
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til<' fruit is young "blnck russet" do\relops. (PI. I, A.) When it is 
quit.e se\,('I'o hut docs not co\rl'l' all the rind it is known liS "l'llSS("t." 
(PI. l, n.) TIl<' sumo term clln he applied with refprenee to injUl'y on 
grnpofruitexl'cpting that whon the rust-mite injuryis exccssiveonyoung 
fruit it devPlops into whllt is known ns "shark skin." (Fig. 2, n.) Whon 
gl'llpefruit 01' lemons n.l'('. thus injured, the ('pic\ermul cells CllIl be turnod 
buck Ilnd peoled orr. (Fig. 2.) In many instunccs the presenco of 
thousnnds of rust mitos on a single fl'llit stunts its growth and pre
v~nts it from (hweloping into a nonnal fmit. These stunted fl'llits 
1l1'1', vory smull and are prllctielllly nil rind. Tho rind of both russet 
<lI'nngl's lind russet gl'llpefruit und of shark-skin grapefruit is much 
thielwr thnn it is 011 normal fruit; in fuct, excessive injury from rust 
llIitt,s pl'Odu('es fruit which might, he 10l'lned eitl'llS gnl!!i. (Fig. 3.) 

Un til (\)(' Inst. few yellrs thl'. blemish known us "LPur stn.in" (fig. 4) 
Wllfi (hought 10 he due to a fungous dis('nse, hut it is now known to be 
(11(\ rt'!omlt of rust-mite uHuck (ll). 

l'1I0CH' THAT THt; INJUltY IS eAIJS~;() IIY IIllST Mln;s 

Although it is 1ll1in'r~ully b('lieved by citrus growers that russeting 
i~ cllus('(l by rust mit('s, sOl11e experiments were clll'ri('d on to furnish 
positive proof thnt such WIlS tho ellse. On July 5, 1919, soyernl 
designs wel'O pn.inted with pure limo-sulphur solution on fruits heltvily 
infested with the rust mite. The lime-sulphur solution killed the 
rust mites upon th~~ surfllC'e of the ol'llngo where it wns plnced, lellving 
the 1'('st of the frlllt to bo Iltttleked by the mites. These fruits wore 
picked on Mnrch 19, 1920. Rome of the lime-sulphur designs showed 
\"('r,V distil1('tly, while in othel' cus('s they nppelLred ns bright spots. 
The lime-sulphur in sOllie rUSt'S no doubt killed the mites at a con
sidernble distnnee from the design, whieh ncrounted for the Ilppear
al1cc of It bright spot instend of the distinctive design. In some 
('nst's, howo\'('r, ldters paint('d on tho fruit showed v('ry distinctly ns 
bright lint's on the I'I1sseted fruit. This ('xperiment certainly shows 
thllt russeting follows the feeding by rust mit('s, and, further, thnt one 
pn.rt of un orange I1Uty he Pl'Ot('ct('(1. so IlS to bo bright while the rest 
of it nut.\, become russeted. 

ATTEMI'TS TO PIIODUCE AIITU'ICIAL RUSSETING 

Rine(\. rust. mites puncture tlw skin of th('. orange it wns thought that. 
sol11e urtifieiul ll1('nns could be used to imitate the work of the mite and 
t11<'rl'by produce at will tho l'usseting as well as tho seVl're form of 
injury known ns shnl'k skin on grapefruit. On December 20, 1916, 
hlllf of the seveml fl'uits were hit with the l)l'istles of a stiff hairbrush. 
Ch'cr other fruit the hltirbl'llsh was l'uhbed quite vi~orously. In both 
instnllces it WIlS quite evident thnt severn.l oil cells had been punc
tured, us t.he odor of the oil could be very readily detected. A henvy 
min fell eight hours aft,erwltrd. By Februn.ry 8, 1917, no inj1lJ'y 
resembling in the slightest degree rust-mi~e injury had developed. 
Sevllre spots had I'('sulted on some of tho frUlt. A freeze on Februury 
2 hlld ('Ilusl'd most. of the hui t to fn.ll, so a complete recOl'd WIHi not 
IWllilllble. 

{)306 1·~-30·· .-~~ 

http:Februn.ry
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Again, Oil n-fn,y 23, other experiments 'were conducted to imitate the 
rust-mite injury. The fruits were about 1 inch in cliaJneter and were 
pricked with tl hairbrush hONing stifT bristles. On June 8 these fruits 

B 

}'IGun~; 3.--0rnl'crruit cut oprn to show elfect or rust-mite iniur;-: A. A normnl, uninjured fruit; 
B. injured fruit showing the thlckenerl skin nnd the smaller size of the rruit which cootning prac
tienlly no Juice 

were showing rust. wherp\'cr thc oil cells of the skin were broken by 
the bristles. ' As a general thing the inj ury was coarse and in spots and 
did not in the slightest degree resemble)hat of rust mites. On June,," 
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FIGUlU: ·1.~·Grnp('fruits showing tho results of infestation by rust Illites: A. An OX,unllle of what 
IlIny bo termed "lIlultlplo tear stain"; 13, a fruit showing 11 forllllllore distinctly Illllrked. 'l'hese 
variant ty\,es of inJur~' aro froquently observod. Ono side of the fruit llIay be severely russeted 
and th" ot wr sldo bright or tenr stntued 



' 
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5, llHS, the entire surface of 25 oranges and only half of the surfuce 
area of 25 additional fruits were struck with the bristles of a tooth
brush. On December 1, 1918,44 oi these fruits were picked. Not a , 
single one had a blemish resembling the rust-mite damage; in fact the 111 
injlll'Y was purely mechanical. { 

Additional experiments were curried on in 1922 with grapefruit 
whieh were about 4 inches in diameter, and some June-bloom fruits I 
1 inch in diameter were also used. Distilled orange oil was put on the 
fruit with fln atomizer. Twenty minutes after this oil was sprayed on ~ 
the fruits they showed brown spots where the oil had hit them. .. 
Those in the sun showed more pronounced burning than those in the "JIll' 

shade. On the following day the fruit showed severe injury. The 
larger gl'llpcfruit, ancllemons similarly treated, had dark-brown areas 
where the oil came in contact wit.h the rind. Some of the leaves also 
were injured and had dead spots in them. The young grapefruit were 
bluek and deformed from the effects of the oil. On July 14, three 
clays after the experiment. was started, all the fruits were brown, and j 
the inj lll'y very severe. On July 17 one fruit had turned yellow and 1 
h~ld dropped off. The others were badly injured and were starting 
to decay. Gum exuded from the brown areas. On July 20 the fruits 
had all dropped or were yellow and badly deformed. ~ 

Another experiment was conducted to show the effects of oil on ,. 
fruit. Six more fruits-lemons and grapefruit-were sprayed with , 
the distilled orange oil, the atomizer being held 10 or 12 inches from 
the fruit and the oil sprayed into the ail"and allowed to drift on to the ~ 
fruits. In this way only a very small quantity of spray hit the fruit. 
On the following day no injury whatever could be seen on the fruit. 
On July 17 some of the fruits were sprayed for the second t.ime, and 
also some new fruits were sprayed. On the following day none of the 
fruit showed any effect whatever of the oil. As late as August 16 the r 
fruit sprayed lightly with ol'llnge oil showed no injurious effects. 

Several other methods were used in attempting to produce an 
inj'.try similar to rust-mite injury. In June, 1921, green oranges ... 
were ground up with n meat grinder, and some of this pulp was ~ 
hound on sevcral oranges with oil paper and left for 24 hours. This 
produced no injury. Other oranges were dipped in the juice of these 
ground oranges for periods ranging from 10 seconds to 2 minutes, 
wit.h no resulting injury. On August 15, 1922, a slice of black walnut 
was rubbed over several fruits, and no injury resulted. Fruits dipped ~ 
in a dilution of 5 c. c. of sulphuric acid to 50 c. c. of water fell off 
without developing nny russet. In another experiment the pulp of " 
ground oranges was spread on the fruit and no damage resulted. 
On ,July Ii, 1922, a great many designs were made on fruit by punc
turing the oil cells with a very fine needle, so that the contents ran 
out. over the surface of the fruit. After 24 hours the designs on the 
fruit showed up very distinctly, somewhat resemhling rust-mite 
work, but t.hey were very coarse. At the end of three days they 
were much more noticeable, but they were then ent.irely too coarse ~ 
to resemble rust-mite work. Val'ious substances, such as pumice 
stone 0·1' fine sfUldpaper, have been tried, but all these materials were ). 
so coaTse that the injury resulting did not resemble rust-mite injury 
in the slightest degree, ~ 

~ 
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EF.'ECT OF THE INJURY 

LOWERING OF 'I'HE GRADE 

The blemish caused by the presence of rust mites lowers the grade 
of the fruit. This has been discussed in considerable detail by the 
senior author (15, p. 8), who showed that during the winter of 1915-16 
there was approximately 13 per cent of first-grade, 41 per cent of 
second-grade, and 46 per cent of third-grade fruit shipped from 
l1'lorida. It was also shown that by cGntrolling the rust mite with 
lime-sulphur solution the grade of fruit was raised in several groves, 
so that 35 per cent was shipped as first grade, 50 per cent as second, 
I1.nd the renlltining as third and fourth grades. 

HEUUCTION OF 't'HE SIZl!l OF FHUITS 

The inj ury followiug rust-mite feeding prevents the fruit. from 
attaining its normal size. Iu just what manner this is uccomplishcd 

. is not knowIl, except that it is due to injury of the epidermal cells. 
This reduction in size has also been discussed bv the senior author 
(15, p. 8). It was shown that the russet fruit. "is, on the average, 
I1.bollt 12}~ per cent, or or,e size, smaller than bright fruit. 

INCREASE OF EVAPOUA'l'ION OF THE WATER CONTENT 

It is well known that russet fruit becomes wrinkled in appearance 
in 11 very short time after it has been taken from the trees. The 
results, so far as available, show that the percentage of evaporation 
of the water content from russet fruit is about twice as great as that 
from bright fruit (15, 1). 12). 

SUNBURN 

It is well known that. when russet oranges are left on t.he trees 
until late spring quite a large number of them are rendered unmar
ketable because of the cffed of the sun on the rind. Since the normal 
protection of the rind has been destroyed by the rust mites, the hot 
sun brcl1ks down the oil cells over a considerable area of the part 
tUl'l1ed tow/1rd the sun, and a large black spot develops. In some 
instances this affects a considerable portion of the crop, depending, 
of course, upon the time the fruit is picked. The Jater in the season 
the gl'eater the damage. 

MORE RAPID DECAY 

Experiments which showed that russeted fruit decayed more rapidly 
thl1Tl bright fruit were carried on by the senior author (15). In addi
tion to these, other experiments were conducted from February 1 to 
April 15, 1910. One hundred bright fruit and one hundred russet 
fruit were put in pasteboard plates, which were then placed on shelves 
in the 1l1boratory. The bright fruits were not what would. be termed 
nbsolutely bright, nnd the russets were nffected to a greater or less 
extent by other blemishes than those caused by rust mites, although 
nIl nttempt was made to select fruit affected only with rust-mite 
injUl'Y. Onreflll exnminations were made of all fruits used in the 
experiment so as to select only fruit free from mechanical injury. 
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This will account, perhaps, for the small quantity of blue mold 
which developed dming the experiment,. The results of the exami
nations which were millie from (,imr. to time HI·r. given in Tnhle 2. 

l'ABLE 2.- Rapidity oj dccltY in russet jru'it and bright jnrit (faD oj each) picked 
February 1, 1010 

IXu III bcr of hri~ht I ;o.;ulllber of russet 
(nIH. dCt'1lyed i fruiL dC(!3ycd 

fro 111- ' frolll
DlIl~()f 

('\tUHill1ttion ,-'-----
+

Hlue .SleuH.'!ud llIuo itilclIHmd 
mold ' rot I mold rot I 

Feb. I~ ' ••• _•••••••. ' 2 0 U 0 
Feb. 19...... ___" ... ' 
Mllr.I ....... _ .... : 
Mnr. IIL ....... ___ ""I'
]\-Illr. 1:1. __..__ •••__ • 
Mar. lH • ....._______ 

:\ 
U 
5
0, 
0 

U 
Ii 
fi
1 
3 

() 
0 
()
0 
0 

0 
21 
I~
:1 
·1 

1\[ar, 20 .•••____ •• __ • 
)\l'lIr. 27. ____________ ! 

0 
0 

" 
4 

0 
0 

IS 
Ii 

_Mar. 31. •••.. ____•• _)
Apr. 5......________ ., 

0 
0 

\l 
12, 

(}
0 

7 
W 

A Pr.I5....__• ____.oo1__0_,___H_i__o____H-: 

'1'otal.._ •. __.•••; 10 GO' 0 87 

'------ ---'-----,'--------------
I Phomop... citri. 
, All russet fruits were shrivelcd on this dntc. 

At the end of one month only 9 pet' ('ent of the bright fruit, had 
decayed from stem-end rot while 21 per cent of the russet fmit had 
decayed. A.t the end of two and one-half months 60 pel' cent of the 
bright and 87 per cent of the russet fruit had decayed from stem-end 
rot, It lllay be that some of this decay was brought about by the 
fruit being !lffected with melanose russet instead of rust-mite russet. 
Every possible effort, however, had been made to select only fruit that 
showed rust-mite injury instead of melanose russet. The russet fruili 
shriveled up much faster than did the bright fruit;. 

CHEMICAL ANALYSES OF BRIGHT AND RUSSET ORANGES 

'1'here is an nlmost universal belief that russet fmit is sweeter than 
the bright or natural-colored fruit, As to the origin of t;his belief, the 
writer has no explanation to offer ot;her than that the l"Usset fruit is 
seldom sold before the holidays; hence it is .never eaten befol'C it; has 
had ample time to ripen, so no russet fntit is ever som'. Bright fruit 
is usually sold early in the season, and therefore may not have had 
time to mature fully. 

,A.s far ItS is known no analyses of bright and russet fruit had been 
previously made so that these could be ('ompared. It wns thought 
advisable therefore to make analyses of t;hese t;wo classes of fruit to 
determine if this belief hud allY foundat;ion in fnd. 

The nnalyses were mnde by the divisioll of drug, poisonous, and 
oil plants, Bureau of Plant; Industry, The results, ('olTected for 
temperntul'Cs, are given in Table 3. 

The bright and russet fruit in the first half of the titble were taken 
from two seedling ornllge trees in the sltme grove, the fOl'mer having 
been sprayed ,\-ith lime sulphur the previous July nlld the latter left 
unsprayed throughout the entire senson. Thc gI'O\'C treatment WllS 

A 

~ 

t 

~ 

~ 
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the .SItIllC for both tl'ces excepting that the trec 
; 

of bright fruit had 
n~cmvcd i;OlOC stable J1HUlllre a YCltr or moce before the date of the 
lUlltlYi;PH. The eOllll1wrelal fruits were t;nkcll hom tlw pnekiug house 
lllld hnd Iwclt grllded hy the packing-how:;(\ gmdpr. Twelve fruits 
Wt'I'C uHec! for l'!~eh tl'st 011 eneh date. 

TAllL~] 3.-Dlfference ilL solll,blc solids and anhydrous citric acid in bright and 
rU$,~et orCllIg('.~, Orluntio, Fla. 

111([011'1' FRUIT '1'AK~:~ 1,'IW~1 '['Hgg 

- ---.----~---.~------

I Hillin of 
Dult' DUlo Allh~'drous, tioluhlll l"uhYdrous 

pick"tI I\lUllyz~d l'it.ric IICid ~nlids citric acid 
I tos~~l:I~IO 

lUI. lUI. Per alit Per ctllt 
XO\', l. " .. : "0".10 .••• 1.~2 \/. V3 1- S.I~ 
Xu,'. Hl. ...... ,.do, .... .. 1. 07 i U.20 1- S.UI) 
XO\'. ~IL ~~... ~O\:. ::1 ..... . L1U 10.50 1- 8.82 

'f Xo,·.30._... ;\OL 30.... I.W to. 50 1- 8. H 
Ih'I·. 10...... Dt'c.20..... l. 2'2 11.li2 1- D.H 
\)t~e. 20...... ' ."do.. _•••• I. LU 11. 27 1- 9.47 

I D,'c.:lO...... DCl'.31l., ... 1.0:1 11.5:1 HI.lS 

XO,·.I." ... "ov.IO .. .. 1.39 10.!iO 1- 7~ 55 
:\'o,·.IU" ......do"... .. 1.211 9.9:\ 1- 7.8S 
~Cl\·. ~n ' .... _ XO\~. 2:L • __ 1.31 10.50 1- S.OI 
:\'o,·.:ltl. .... :\'O\·.:!(J .. .. 1.44 10.50 1- 7.2\1 
D,'\'. 1Cl .• ,. D,'c.20.... . 1.,(( !,J'}') 1- 11.48 
1)"1'.. 20.. .... • .•do .. ", ._. 1.{6 12.41 1- i!.51) 
n~l'. 30,., .,. Lke. ao..••• 1. LO 11.52 1-10.47 

ilIUOII'(' 1-'I0'l'1' '(',\KE:\' I'RO~[ 1'.\CK("O IIOUSg 

:\0\'. In . ~ .. ';-":o\,. !! ...._, 0.\'7 K82 I-U.OO 
XO\',2:1 .'. XU\", 2:\.~~ .. 1.50 11.90 I· '.lIa
:-\ol'.ao :-\0'" :11) .... 1.4:! II. us I-S.17 
l>tIL'. 20~_::~: D,'c. ~>o..... 1 .).J 11.52 I·U.+I 

Hl'::;$WI' FlllTl' 'l'.\KE:>.' FH(]~[ PACKLXO JlOt::;g 

'\\)\'.IO_~~ .. ~ !'\()\'~ 12. __ .. 1.92 10.21 1-;'.:1:1 
:\'0\'.20 ..... : :\'0,'.2:1 ... I. "ll 10. II, Hi.O:l 
:\',l\·.:lU, ••.• :\'(1\'.:1'1. . I. I;; 10. iO J-7.:1S 
Ih'l'. !!O'''M' DN'. :?O.. , ... I.al I !.tiS 1-8.m 

BUIClIIT 

I.•:1 10. 7~ 

I ••0 U.77 1-5.75 

The totiti solubie solids ill the bright fruit from trees were iess thlln 
those in the russet fruit in foul' nnnlyses und cqunl in three, Ilud the 
nnhydrous eitde Ildd wus lcss in the bright; fruit ill nil tests. Owing 
to the lnrgl'l' qUHntity of neid in the l'USSl't fruit; the Pl'opol'tioll of !lcid 

) 



16 'rECHNTCAT. BULLETIN 176, U. S. DEPT. OF AORIOUT.TURE 

WIlS less ill the brigh t fl'llit in every test. In the cOJl1merciul brigh t 
fruit tIl(' total soluble solids were greateI' than they were in the russet 
ill two tests lind less in two tests. These russets also had II g'renter 
q linn t.it.y of ('itrie Hcid than Ill(' ('omnwr('inl brigh ts, whieh ('nused 
en'l'V teHl to show II low£,l' Pl'opol,tion of I\cid ill th£' hl'igh t than in the 
rtlsst't f I'll it. 

The rllss!'t fruit pickPd Novembpr 20, 1917, Wl1S much more tllrt 
than thl:' bright The eomnll'reial russets wpre extremely tnrt, very
Hour, and not [it for USI:'. 

The juicc of the bright fruit taken from the pncking house on 
November:30 WitS mueh hett!'l' flllvored nnd considerably sweeter than 
ihn!; of the russet. The SilllW wus tl'lIe of the spl'llyed and ullsp1'llyed 
frlli t. 

On Dec'emlwl' 20 the sllme was found true of both the fruit from the 
gl'O\'(' IIlId frol1l the pncking hOlls('. 

"\notlwl' allnlysis WilS Illude 011 No\'eml)('r 5,1919, by H. D. POOI'C of 
the then BUI'('lIu of Chemistry. 'I'll(' samples of fruit were picked from 
It s('edling tl'e£'. 

It wilt' b£' seen thnt the russet fruit is not so sweet ns the bright 
fruit, e\'en though from the snlllP trep. The foregoing nnalyses show 
thnt the rust-mitt, injul')' returds the ripening to a conside1'llble ex
tent. Towllrd spring', uftpr ('onsidl'rnble of the wilter content has 
l'vllpornted through tIl(' rilld of the russet fruit, the ratio of the sugar 
COli tent to urid ('ontpnt IIllly be much grentcl' nne! therefore such fruit 
!lilly hl' I'eally sweet('t'. 

JNJURY TO THE LEAVES AND BRANCHES 

INJUltV TO THE LEAVES 

'1'I1£' ]'lIst mitt'S when pres('nt 011 the upper surfllces (.5) of eitrus 
1('ll\'PS ('nus£' Il roughening 01' stippling effect that ('nn be detected by 
toueh. 'Phe lenY(~s Jose thl'il' glossy Ilppcnrancc llnd no doubt lose IL 

Iilrge purL of their wilxy ('ovcring, which jncreases the rnte of evaporn
I:ioll. TIl(' rust mit('s, when present in great nbundllnce, also cause a 
bronzing of the 10w('J' SUI'fllN'S of the leaves, but ill some cases it is also 
pr('sl'lIt on th(' upper surfaces. In It number of instilnces rust mites 
1111\'1:' bl'('n so itlnmdltll t in the spring' thilt tIl{' size of the leaves was 
I'educl'd. ~0 doubt tIl(' d('\'itulizution cllused by the presence of 
thousunds of rust rnitps Oil ('itl'lls folinge is JIIuc.h grenter thlln the 
1\ vPl'llge grower realizes. 

INJUltY TO THE llUANCHES 

Hust mitt,s lire lliso found on the bl'lUlChes just after thl:'Y have 
hp('olllP I'PusOlwbly IIIltturp, in some enses so llbundulltly as to cause 
rllss(,tillg on the burlc This is especially true on lemoll and grapefruit, 
/md is illso I\wr(' frcq uen tly found 011 wnter shoots thilll Oil regular 
growth. Sinec lin illjllry to wood is milch more serious than an ~ 
inj 111')' to folillgt' the dC\'itulizatioll ('aused by the presence of rust 
lIIi tes Oil the hl'llIleht's nUlst Iw ('onsid£'rnble. 
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LIFE HISTORY AND HABITS 

METHODS 01<' REARING 

Obs{,I'Yntions l11nde. both in the Inbomtory and in the field hila 
gin~ll It ~erll.'l'8l in!pl'ession of .the various stageR" oyip~sition, metll
mOI'phmHs, pte., of the rust nute, but because of Its extremely small 
size IlS weUlls its wlmdering hnbits 1111lUY diJficulti('s wel'e encountered 
when individulllmites wpre renred in cllgl'S in order to det£lrmine the 
length of the "nrious stages and otlwr factors rl'gardillg their life 
histolY Unless confiIll'd in a yery smllll (,l'U, the mites were easily 
lost Ot' would get into n, crevic{' or otll1.'l' plnce wiwre it wus impossible 
to find thl'll1, Their minute size alwllYs nl'cessitated the use of a 
hand Ions when working with Ihe1l1 1111<1 mlllly times the binoculars 
wl'I'e needod Wht'll making t'x
lunilllttiolls, Bt'sides this, the 
.Illites JULYI.' the habit of wlln
deri ng Ilround cOllsidern bly 
nud hence will not H,'l' long in 
('onfinem('nt. This is t's~t'
cinlly true of tho IlduIts, which 
could usually be kept for only 
it few dllJs. A fl"l'sh supply 
of food is always neCI'SSIlI"\, 
sin('(' the mitl's {ailt'd to Ii,:!' 
on witlll'l"ec\ 01' dn~ fruit and 
Il'l1.\"('8. This n e (:1.' s sit a t l' cL 
tmnsft'lTing thl'lIl from onl' 
fruit to allotileI', and 1ll1111.\· 
wt'rl' lost 0[' injured in this 
procpss. ~[Ilny I'l'lll'illgS, 
t1lPl'efort', hud to i){' stnrt('(l 
in ordcr to ellITY through It 

f('w of them succl'ssfully. 
R<'p('ntNI {,(rorts to I'H1Sl' thl' 

mitps forobS('l",Tlltioll purposes •. 
on ,'(,IT SI11 It 11 trees Ol' isolnted FI(;t'I!~: 5.-Cn~eused ror renring rust mites. The cage 

l)ortioJ1S of h'l'l's or It'll "l'S W(,I"O ('onsists or a ~elatin ,'u(lsule rastened on the surrnce orthe orange with melted )Jnmmn. 'rhis method ,'nuses
unsuccessful sinec they could no injury to the .Iud IIlld prevents the exndntioll or 
not be found when \nlll tNI, Juices detrimentnl to the mites under ohsermtion 
Itwus nl'('('SSIU',Y, thej'cfor(\, to d('yise u cllge in whi('h they would liye and 
could be obselTt'd Ilt I'l'gulllr intcrYllls. Yarious types of cells made of 
felt Ilnd pastebollrd, bOllp rings, dc., were deyised, Ilnd Ilttempts ,,,ere 
made to rear the mites in these cells plll('ed OY('l' the leases nnd fruit, 
The cnge finally adopted (fig. 5) as being the most satisfactory con
sisted of a N"o. 0 gelutin capsule secured on a fruit by means of hot 
pnruHin plll('ed uI'ound the outside und allowed to hurden, In this 
cell the mit('s would sOlllPtimes liyc for seycrnl days or until the fruit 
~egnn to dry, when th('y could be transferred to.n fr('sh fruit, At 
first the entIre huH cnpsule was used, but it \VUS Inter found thut by 

!J30(i 1-30--3 
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cntting off the end and using only the gelatin cylinder more satis
fllctory observl1.tions could be made since the convex surface at the 
end of the capsule reflected the light and made it difficult to see 
inside. With the cylinder open, air was admitted, and the mites 
did not often attempt to crnwl up the perpendicular sides. 

These capsules could be placed on the fruits, and they made fairly 
satisfactory breeding cllges. No injury was done to the surface of 
the Ol'ange, Imd the green fl'llit could be kept fresh and in good con
dition for several days by putting the stem in water. During the 
spring and early summer, when the mites were reproducing in greatest 
u.bundal1ce, the fruits were of a convenient size to handle (one-half 
inch to 2 inches in diameter). Lllter in the fall, when the oranges 
began to color up, the mites could not readily be found on them 
since. they were too nearly the color of the fruit. The leayes and 
stems were never sllccessfully used since they soon withered and dried. 

As Illrcady stated, confinement in the small cells lessened the 
normnl acth'itics of the mites to some extent and perhaps interfered 
with their regulnl' life processes. It is believed, howeyer, that the 
results obtained will at lenst npproxiIllate whnt occurs in natural life. 

Detniled re('ol'cis of the ynrious stnges of the citrus rust mite nrc 
given in Tnblc 4. 

TAIlr.~} 4.--LclI{/th of Ihe various life 81(J{/e.~ of the rust mite for summer and 1vinter. 
Or/antio, I<'[a., 1922 and 1923 
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TABLE 'l.-Lellgth of the lIarious life slages of the rll.~t mite for slimmer a/l(l willter, 
Orlalldo, Fla., 1922 and 1923-Continued 
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THE EGG 

DESCRIPTION 

The l'ggs (fig. 6, B) of the rust mite are found on the fruit and leaves, 
usually in the pits or depressions of the surface. Although laid 
singly, SCYl'rtll usually occur together in a group but neyer so close as 
to touch one IUlother. They are very minutt', and it is almost 
impossible to sec them without the aid of a hand lens unless they arc 
pI'esent in groups. The egg is splwrical with a smooth regular surface 
nnd st'mitmIlspart'nt or pale tmnslucent yellow. In spite of their 
smull sizf' the eggs are relutively large for the size of the female, und 
only one or two c\l'velopl'd l'ggs occur in the nhd0J111'11 at one time. 

INCUBATION PERIOD 

The incuhlltion ]wriod of tlw egg is of In'id durntioil during hot 
wt'ntiwr. One hundred l'ggs under ObSt'lTlttion during the months of 

FIG\"n~: If. -The ('ilms rust lIlil~; ,\, Adult, X 700; Il, egg. X 825; C, one leg sh(lwing nppendages, 

X 1,500 


~Irty} JurH', and .July, 1922, nt Orlando, Fla., llS shown in Table 4, 
rllnged in thf' iPngth of the dewiopn1l'ntal pl'riod from 2 to 4 days 
with all llvemge of 3.01 days. In thesl' months the mites incrense 
in grl'utest numbers on the trees flnd C/luse the most injury to the 
grl't'n fruits. The tempemtures recorded during this period were as 
follows; 11'01' 1[ny the maximum tl'mperature rnnged from 80° to 
99° F., with 11 ll1enn of 90.9° and a n1e(ll1 minimum of 65.9°, and a 
total precipitation of 5.88 inchesj for June the maximum ranged 
from 88° to 99°, with It mean of 92.9°, and a mean minimum of 70°, 
and a total precipitation of 9.75 inchesj for July the maximum ranged 
from 87° to 101° , with It menn of 93 A 0, and n menn minimum of 71.40, 

and 11 total precipi tn tion of 4.84 inches. 
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During the winter months the period of incubation is considerably 
extended. In January, 1923, the time ranged from 4 to 8 days, with 
nn average of 5.53 dn.ys. The mllximum temperatme during this 
month ranged from 64° to 88° F., with a melln of 77.2°, and a melln 
minimum of 48.1 0, totul precipitution 0.56 inch. Doubt,less this time 
would be considembly lengthened for eggs deposited during very cold 
spells. Hubburd (7, p. 11fj) stlltes thllt the incubation period seldom 
excl'eds two weeks. 

HATCHING 

During the lllst few hours of the incublltion period the young mite 
cun be seen inside of the egg, curled up to fit into the sphericul shell. 
When the time fOL' hlltching Ilrrivcs the shell cl"llcks, und the mite 
crllwls out. This mlly tllke pillce Ilt Ilny time of the duy, but by fllr 
the Inrgest p(,I'centllge hntch out in the eal·ly moming. Bright, sunny, 
wnrm mornill~s will clmse the eggs to hlltch in grenter numbers, Ilnd 
cloudy or CooL weather retards theil' development. -

THE LARVA 

The young mites undergo two molts befol'e becoming udult, the 
two bU'vul stnges being of nbout equnl durution. \Vhen first emerged 
from the ('gg the Inrva is of n. very pnle stmw color or semitransparent. 
Feeding begins nt once on the cell contents of the leaf or fruit. 
Although nt first. not very nctive, the young mite begins to wunder 
tll"Ound within a few hours. This stnge Illsts fOI' only u very few dllYs, 
whNeupon the mite tnkes n. short rest preliminary to molting. The 
mite becomes motionless for 11 few hours until the skin crllcks, Ilnd it 
ern.wls out. The second-stage mite is slightly hu-ger Ilnd has a more 
decidedly yellow color, but otherwisc it is very little changed. After 
It brief period of feeding, Ilbout e(lUlll in duration to that of the first 
stage, the mite ngllin ent(,I"S It qui('seent state Ilnd pl'epares to molt. 
The skin agllin splits, Ilnd the Ildult mite emerges. The white cast 
skin remaills Ilttllched to the surfnce of the lellf or fruit and con
tl'ibuh's to till' dusty IIppelll"llllCe of the tI"ee cnused by the presence 
of the mites. 

During the summl'l·thc first larnll stnge lasted from 1 to 3 dll.Ys, 
with nil IWl'L"Ilgl' of 1.82 days, hut in winter it WitS incrensed to from 
3 to 6 dltys, with IUl averag(' of 4.3. The second stnge 1I1so lasted 
fl'om 1 to 3 d,lYS in summer but nVl'l'IIged 1.34 dltys. In winter it 
WitS iIlCI'(,IlSNI. to from 4 to 1:~, with IlIl Ilyemge of 6.4 days. (Tnble 4.) 

THE ADULT 

DBSCI!II'TION 

The citrlls nlst mite (fig. 0, A) is Ilmong the smllll('st of the pests 
of economic importllllcc. ' \Yhen o('cllrring singly on the tree, it is 
difli{'uLt. to distinguish, !tnci the l"usseting resulting fl'om the feeding 
of the mitps WIlS for 1lliUlY yenrs attributed to other causes. When 
occulTing in lnrge IlumlH'rs, they give the lel1ves lind fruit a dusty 
01' powdery npp('nI'llIlC(" ellch individulII mite appearing IlS 11 speck 
of dust. Close eXllminlltion with n hnnd 1(,IlS, howo"er, will revel11 a 
minlltp· vermiform mite, light yellow or straw colored. Some speci
mens become It ~llIrkel' y<>lIow or nelH"ly brown a few days nfter 
I'eltching lllnturity. This is pnl·ticlIlllrly true of those which lire nt
tllckrd hy Uw fungous diseuse described lllter. InsteucL of huying the 
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spiderlih or ('J"/lh-shap('(l appearance of many of the other mites the 
rust mites are dong-ate and wedge shaped, being about three times 
as long as wide. Th(l body is composed of a cephalothorax, or fused 
head and thol"llx, and a sl(lnder, tapering abdomen. The mite ranges 
from 0.11 to 0.14 mm. in length, with nn average of 0.12 mm. The 
cephalothornx at its wid(lst part nverages 0.046 mm., rnnging from 
0.041 to 0.054 mm. If placed under the microscope, the nbdomen 
will be found to be tl"llnsversely striated nnd hnve the appearance of 
being mad!' up of a. number of rings (lach of which grows smaller 
townrd the posterior (Ind. There are usunlly 28 rings appearing on 
the dorsal Sllr£I1Ce, but on the Y(lntral surfnce ther(l nre twice as many. 
Th(l I1nt(l/'ior (lnd tap(l/'s bluntl~T off to the head, which is rounded 
and curved downwnrd. It is supplied with n pair each of mnxilJllry 
palpi nnd ml1ndibl(ls used for piercing the cell walls. On the ventral 
side and placed eios(lly togeth(lr nre two pairs of short rnther weak 
\t:'gs (fig. 6, C) which nre used in crawling. The crenture is assisted 
ill moving about and clinging to the trees by a pair of lobes, or false 
f(l(lt, locntt:'d on the lnst abdominnl segment. By menns of these it 
is able to raise the entire body and turn around in various directions. 
It also 1'(lars up in this manner when disturbed. 

I.ENGTH OF LIFE 

The length of lift:' of the adult mitt:' is difficult to estimate and could 
not be Ilcctlrat(lly determined in the breeding jars since the mites 
failed to live long in confinement. The longest period recorded for f
an adult mite was 23 days. Another was kept nlive 17 days, and n 
number lived for nbout two weeks, while mnny others died or were 
lost in less than a. week. The average length of life for all adults 
kept in confinement was 7.6 days. It is not thought that the rust 
mites live for any great length of time, eyen under ideal conditions, 
or t,hllt the number of eggs deposited is excessive. On the other hnnd 
th(l mites owe their great numbers and extremely rapid increase to 
th(l hrid length of time required to rench mnturity. 

OVIPOSITION 

O"iposition bt:'gins shortly after the mite renches mnturity. When 
mit('s were confined in the cells there wns often a preoyiposition pe
riod of from 1 to 4 or 5 days (an anrag(l of 2.66 days in summer), 
hut it is not thought that this would be so long under natmal condi
tions. Eggs are probably deposited within It day or two after the 
mitt:'s rench maturity. Table 4 shows that some of the specimens in 
the breeding cages deposited eggs on the dny following the last molt. 
Egg Inying continu('s throughout the life of the mite. 

The ('ggs are deposited, both singly and in groups, on the leaves, 
fruit, and small limbs. The favorite places for oviposition seem to 
be the pits on the sUl'fnce of the green fruits. This is especially true 
in j\lay Ilnd June when the oranges are from 1 to 2 inches in diameter, 
nnd the mites nre incrensing most l'npidly. The adult female rest.s 
with \1(11' ovipositor extending down into a pit 01' depression on the 
surface nnd d(lposits the egg fit the bottom. Although single eggs 
are somdimes S('(ln in these cavities, there nre usunlly from 5 or 6 to 
] 0 or more. 8e'-(ll'al hunch'ed eggs can be seen at times on n single 
gr(l(l/I fruit wht'T1 it, is well infested with mit(ls. On the leayes nlso 
the mites s('(lk t11(' s111all depressions on the surfnce, nnd eggs can 
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oftl'1l be found thoro in Inrge l\umbl'rs. X 0 preference is shown for 
either side of the lenf, ns mnny eggs occurring on the top as on the 
bottom. The lenf petioles nnd limbs nre rnrely selected for ovipo
sition, though a few eggs cltn be found on the smnller limbs of henvily 
infest.l\d trees. As fltr itS is known o\'iposition does not tnke plnce 
011 nlly plnnts othm' thlln citrus. The morning hours seem to be the 
tinH' of gl'l~!ttest neti\"ily in egg lnying. 

NUMnER 0.' EGGS 

The number of eggs which 11 femllle mite is eupllble of laying cnn 
only 1)(' t'still1nteci, since they could be kept nliye in the cells for only a 
limited time. The grelth'st number obtnined from I\. single femnle WIlS 

20, d('posited over n perioa of 20 dltys. A seeond mite deposited 19 
l'ggs in 9 dnys, nnd others depm-ited from 8 to 14 eggs el1ch over 
pNiods of nbout It w(10k. The \lumber nctunlly Inid under IlIlturnl 
conditions would he sOIlH'.whnt gn'lItN.

As mnny ns five t'ggs 1111\'e b('ell deposited by a femnle in a day, 
nlthough it WIIS st'ldolll thllt more thrm one or two were produced. 
'l'heco were I11nny dnys during which no eggs wendnid, nnd some mites 
renrml to mnturity in the cells nnd k('pt for seyernl dnys died without 
(wipositing. This wns undoubtcdly nbnor111ul, for it is believed thnt 
mit('s under flwomble conditions will deposit a few t'ggs every day. 
""nl'l11 wenthel' SeelftS to stimulnte oviposition to some extent. Fol
lowing the egg-laying stnge thl'l'e usunlly wns a postoyiposition period 
of It dny or two preceding death. 

PARTHENOGEN.ESIS 

:Reproduction nppeul'S to be entirely by pnrthellogenesis. No 
Rl'xunl difl'erences hnye ever been distinguished in the rust mites, nor 
hns eopu\ntion eyer been observed. The rearing work was curried 
011 with single individunls in isolnted cells, nnd iu nIl cuses where eggs 
\\'l're obtained they seemed to be fertile. Seyernl mit('s renred sepn
rllt('\y from egg to ndult deposited eggs which in nil cases hatched out 
in due time. 8(\\"el'l\\ gt'nel'tltions w('\'c rcnred in this way. There 
1lI11y be times during the yenr when mules oeeur in unture, but no 
lwidence hns b('on obtnined to substnntillte sueh n supposition. 

NUMnER 0.' GENEUATIONS 

From the results obtllined it will be s('('u that the mites reproduce 
Ilt nil exceedingly l'npid rnte. From 7 to 10 dh~'" only Itre required 
fol' It generntion during wnrm wenther, while in winter this time is 
in('\'ens('(\ to 14 dnys or more, d<,pcnding llpon the temperature. In 
seyernl instlluces Iln entire gcnerntion from egg to egg was produced 
in 7 days. 'l'his will ullow for seyernl gcnerntions per month and 
nceounts for the enormous number of the mites on the trees ut some 
s(,nsons of the yenr. 

MOVEMt:NTS AND MIGItATIONS 

h' On August 1:3,1913, nbout 7.30 n. m., the mites onnn ol'llnge were 
noticed to behllye in a remn.rkable mnnncr. They were jumpiug or 
flip-flopping nround in Il ludicrous way. As well IlS could be seen, 
this wns dOlle by bringing the hend unci 1'enr ends together and theu 
suddenly strnightening out. This nction would sometimes throw 
the mito n hnlf inch or eyen more from the stnrting point. This is, 
110 doubt, 011(' of tlH' JllCIIIlS of distribution. 
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It was thought that the rust mites possibly hlnre a diurnal migmtion, 
going from the tops of the leaves to the lower surfllces for the night 
and returning to the upper surfaces to spend the day. On May 24, 
1920, the trees on the laboL'atory grounds were examined at 9 p. m., 
and mites were found on both sides of the leaves-more, perbaps, on 
the upper sUl"faces than 011 the lower. There are indications, how
ovo", thnt the mites may crawl to the lower sUl"fllces of the leaves to 
protoct thomselns from hea,"y mins. 

REACTION TO LIGHT 

Hlwing noticed that occasionally the mites on some oranges gather 
in bunches in tIt!} <tired sunlight, apparently at times when attacked 
by I~ fungous disense, the senior writer thought it advisable in June, 
1920, to study the reaction of the mites to light. 

Seventl branches with illtested fruit were set in watet· on the labora
tory tnble 'obsctTution. On some of the fmits the mites congre
gllted on ttl\. ide townrd the window. One fruit that hnd a large 
group of mites 011 it WitS turned nround itt 4 p. m., but on the following 
mowing thm'(! Wl1S no lllluked movement townrd the side now turned 
towat'd the window. Another fruit infested with mites was placed 
in Il pnrnsite-breeding box with the only opening turned toward the 
lighl- The mites quickly gllthered on the light side, but on the follow
ing .ling the.}, were scnttered all over the- fruit. During the 
socon(l dllY 1Illtuy reassembled on the light side, but the next morning l! 

found them scattered again. This wns repeated the next day. ~ 
From the foreg.)ing experiments it appears that the rust mites 

gnther to the Ji~ht during the dllY and scatter during the night. The 
olldy morning light does not seem to nttract them. 

Unless infected with n fungous disease (seo p. 34), mites appear to 
Ilvoid direct sunlight. 

PARTS 0.' THE TREE INFESTED 

On Juno 4, 1920, se,"ernl trees were examined to determine the rela
tive number of mites on the limbs, trunk, foliage, and fruit. They 
were Yery abundnnt on the fruit Ilud folinge and very nearly as abun
dlltlt on the s111l111er gre~n limbs, where there was russeting similar to 
thnt found on tho Ielwes nnd fruit. There wns also a considerable 
infestation on the lllrger limbs, but llone could be seon on the trunks, 
as the bark wns rough nnd brown. 'Yherever the bark was green, 
howeyer, mites wore present. Limbs up to 2 inches in diameter 
were infested, but the numbers seemed to decrellse as the size of the 
limbs incrensecl. 

There were no mites found nearer to the ground thlln 1 inch. 
'fhey were present on foliage growing nellr the ground, Ilnd also close 
to tho trunk under the trees, where the sun would neyer ronch them. 
There were not so mllny in such locations, howeyer, as on the foliage 
nenI' tho tops of the trC'es. 

On Juno?, senral trees were examined in the morning, and rust 
mitos woro found on the limbs of Illl of them. Tho lenves in the center 
of the tree, which were ahmys ill the shade, and the smull limbs 
growing near the trunk also hnd many mites on them. 

The dlltll gin'n in Table 5 were collected to determine whether the 
Tl1St mites '~'el'e mo:;;t1~" on the lower 01' tlw upper surfnccs of the 
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leaves at difl'erent times of the year. The results were about the Sllll1e 
on ornnge and grapefruit. • 

TABLE 5.-Comparative number of rust 'miles on the upper aneZ lower s1l1jaces of 
spring}lush leaves of oranges and gmpefTuit, Orlando, Fla., 1920 

Fruit "'/(! tlnte ,I ~))Pcr side 1 T"olVer side I_____l_lr_'_llf_'r_ks___.__ 

!Nil III· \ Per 'NII"'·I Per I 
Ot'ilIlJ,:l': 	 ber cen!, ber cellt 

l·'!·b. O. , 0 to! 41 100 • 

Juno ·1. 
 . i ryl'J I 24.·1! U7S 75.6 : ('ounted between 10 nnd 11 n. Ill.' 
JUIl(' 5 ~_ ,•• :; ~~il :18.8: 071, {il.2 i Counted bul.weon8IlndHII.m. 
JUIW ~\I ... , I 111 I Iii. 0 58:1 I 81. 0 ICOllllted between U Illld 10 n. Ill. 

(1mpl'[rult : 
O' 0 11100 

JUll(' ·L i 20:1 I 23.:1 61lS! ill. 71' Counted b,'tweenlO nmlll n. Ill. 
~\'b.IL 

~t ·105: 24. a 1,539! 75. "j Counted bt'twLlCll 8 nnd {) n. n1. 

.rtlfW S:t_ ,,' .... 'I 257l 10.1 J, :l3G l S:l. U I ('ount",! between Unnd 10 n, Ill . 
JUIU' [I 

1 The rdnlin' ubllndnul't! or Will'S 011 t.hl' upper nnd lower SlIrrnC(lS Ill:ty b!~ entirely tlilTercnt. at SOl1l0 
other time 01 tluy. 

1.\ l\llll! o[ ~.-Il illrh(s o[ rllill ["\I Oil Junc Galll! 7. 

In making examinations throughout a period of more than two 
Y<'ILrs in another grove the rust mites found on the tops of the leaves 
find those found on the lower surfaces were counted. In only 3 out 
of 59 eXlUuinations wore more rust mites found on the tops of the 
lelLVes thun on the lower surfaces. In one of these instances only 7 
mites were found in nU, so its record is of little importance. The 
results of the 59 exuminations are given by mouths in Table 6. It is 
seen in this table that 20.2 per cent were fmmd on the tops and 79.8' 
l,,~r cent on the lower surfaces. 

TA BLE B.-Number ant! 1Jercenlage of j'ust mites on tops and lower surfaces of 
citrlls leaves at Orlando, Fla., for each month, as shown by 59 examinations 

Hust mites round Oll

.\lolllh 
I~o\\'l'r side 

I ,;----------:-------1-- ~~.-..-~--------
11120 , N/tmbu I Per cent Number j Per cent' 

JnnuJlrl'•. ,.. au' 4. I U21 I \l5. U 
Februnr)"., 79! 4. !I J,5-I7 , 95.1 I 
.\larch...... 154 I U.S 1,151 88.2 

i :{/;;~~:~ .. ::. ,:::~: ~~ im:~ l~g :tl:~ 
.Tun~., _. . ... 3li 4.0 750 95.4! 
J u!l'__ .... SOil 30. Ii 1,84i 1iD..'j 
_-\u~ust...... .. H8 42.0 !H 5S.0 
:-;Cpll'lllhl'r. 52 27.2 1311 72.8 I 

! 	 i.l('lober... ___ • __ .. ~158 53.2 :115 40.8 
;';Ol"'m},,,r ... ____ ; !lIn i 21J.1i 858 70.41 
J)CCl:-mhl)f. .• __ ~W. 75 ~ 0.5 710 90.5 

Tolnl.. ,~;~~-m.s 
. 

An oXllmination of all the results, ('overing both grapefrtiit and 
ornngc, indicates that approximately 75 per cent of the rust mites 
IlI'C founel on the lower surfaces of the foliage. These results of 
('olll'se indicu.te nothing us to the number of mites on the uppcr or 
10\\'el' surfaces of the fruits. It is also seen that these results vary 
somewhnt for the winter and summer months, more mites being on 
the 10\\,('1' surfaccs during the dry season, which lasts from Noyember 
to April, than during the rainy season. 

U30li!-3()--4 
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Rust mites leave the old lenves some time in lnte spring and migrate 
to the new foliage. On Mny 12, 1922, there were only 11 mites in 50 
squares on the old foliage, whereas there were 47 mites in 25 squares 
on the new foliage. It was evident for some time previous to this date 
t.hat the rust mites were moving to new leaves. 

SEASONAL HISTORY 

The rust mite is present on citrus trees throughout the entire 
year. Even in unsprayed groves the mites, as a usual thing, are not, 
present in grent abundance during January and February, although 
in exceptional Cflses great numbers may be present on grapefruit 
nnd lemoll. During March and April their numbers increase rapidly. 
During May and the first part of June the rate of increase is much 
more l'apid than at auy other time of the yenT. Figure 7 shows the 
curve of abundance. The period of maximum infestation usun,lly 
occurs during late June or carly July, at which time the rust mites 
Ilre present in countless hordes, in some cases a single grapefruit 
being infested with half a million or more mites. 

JAN. FEB. MA"R. APJ2 MAY uVIVEc/ULYAUo. SEPT. OCT. /vOY. .oEC 

/
TIME FOR RUST-,M/TE 

SPRAVS--~ 
T/ME FOR RUST-M/TE 

,/1 , kEL- 
,.... 

FIGUIlE i.-Curve showing the nbundnnce of mites on orange throughout the year snd the proper 
times fur spmying. The broken line indicates the abundnnce of mites on sprayed trees 

Though the period of maximum infestation usually occurs during 
the middle of June, it occasionally comes as early as May. In 1911 
the rust mites were present in the greatest abundance about ·May 
10, and much russeting was done as early as May 1. On the other 
hand, in 1917 the period of maximum infestation did not appear 
untHlatt> in July, owing, no doubt, to the effect of the freeze of the 
previous February which reduced their numbers. During the rainy 
season their numbers diminish, as if by some magical force, almost to 
the point of extinction. No doubt this disappearance is caused by 
an entom.ogcnous fungus which is discust:'ed on page 34. After this 
they very slowly and gradually increase until the following June. 

The period. of maximum infestntion occurs first on lemon and 
then OIl grnpefruit and about one month later on orange. 

Table 7 gives n summary of the counts of rust mites made on the 
check trees used for the control experiments. over a period of several 
yCl\rs. It is obvious from the table that there is a much larger pop
ulation of rust mites during May, June; and July than during the 
remninder of the year. It is the writers' opinion from general observn
tions thnt the figures given do not represent so great a difference ns 
often exists. It will be seen also that there are many more mites on 
grapefruit thnn there are on Orfingc. 
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TABU; 7.--SII'IIWlllr!J, by months, 0/ the cOllllis oj rllst 1IIites on the check lrees ovcr a 

Jlcriod oj sCt'eral years at Orlando, Fla. . 

OX ORANOS 

; Upper surfllce Lower surfllce \. . Frt.lit Total 
of lenves of len ves A ver

:'>1011111 

____~ __ '~(llll1rcsLM~~~~~I~~~~r~~\~~i~S_ ~q~~~~- Mites age 

,lllllllllry... 110 I 47 110 677 •_______ .1_________ 220 724 3.2l1 
F"hrllilry. 115! 0 1!5 3291'---------'-------.. ZIO 329 1.43 
:'>1,m'lI .. liO f,11 170 98 10 I 0 350 157 ,4" 
A I'riL. . lCXI ! 70 100 212 10 I 0 210 282 1,34 
:\111)' .• 514 I 2, tl\l4 5r.! 2, Ha 243 t 3,38\1 1,271 8,526 6,71 
J line .•.. • 42.1 I a,7S:1 425 2,002 ! 310 12,692 1,1f>O 19,467 16.78 
.lilly... . 155: 2,102 155 758 145 I 7,14" 455 10,006 21. 99 
A1I~II~t .. lao I IH2 1:10 334 130 I 4,377 300 5, tl53 14.49 
:;eptemhcr. 110 i 128 110 40 I 110 552 330 no 2.18 
October,. . • 20 i 3 2(l 1 37 I 17 77 21 .27"()\'omher . .. Ii I 5 [, 41 _________ _________ 10 46 4, flO 

De('ember... . .. ~1__057 ~ 2,209 1__IO_I__43_~~I~ 
'['olnl... 2,027 I 10,400 I 2,027 10,1:14 1 1,005; 28,21f1 5,050 ,18,840 ,-- .•.. - 
A"erngc __ ~ ._ .~ .. * ">'*1 5.1 __ .... _~ ... _ [,.a '--~---'--I 28.0 .-.------ U.O i·,,--~---

ON OHAl'F.FRUlT 

./nllllllrl'. 10 I 3;; 10 "7 I 20 , 62 3,10 
Febrtuiry... . .':' 45! 0 45 -1: ::':.: : ,"__ 00: 1 .01 
:'>I(1~rh ...._, " 20! 0 20 0 : ............... --. 40, 0 0 
APrcl. .......... " ,!---------,--..----- --....---'..--....-1-- ...... , ,- ...........---......---....... --
~I(1y............. j 170' 3,477 [70 2,614 , HlO la, 299 440! 19,:100 44.07 

June ... .- ........... , 120 1,014 120 :1,,1781 30 4,5,1a 270: 9,145 :la.s, 


~~~; ••••;-.:i::-:::::-:}::::::::: :::;~:i_:__ :;::.::__'~_ -::::~:::::::~t@~ 

Tota\. •. ,i---:i!io 4,570-,---:iOO' 1i,326 '-----U,Q 18,785 --0:«)'[' 29,681!==
.\\'erng~....;......... 11.7 !......... 1(\.2 . 12.1,2 ......... :n.u ...... .. 

- I " --.~-

)1'0 reliable statements can be made as to conditions in the sprayed 
groves other than to sa,y that the rust mite becomes quite abundant 
by late December lmd January, when control measures may be 
11('('('58ary during the wintcr. 

METHODS OF SPREAD 

DISTRIBUTION ON NURSERY STOCK 

It is probable that the rust mites were introduced on nursery trees 
~'(\nrs ago when these wcre first brought into Florida for propagation. 
Little or no attempt was made in those early days to eliminate pests 
which might infest the plant when it was being introduced, 

It is well known that rust mites can be found on the first flush of 
growth which appears after nursery trees have been plant,ed in grove 
formation. Heavy infestation has been found on the first flush of 
growth of young trees that were at least 40 rods from the nearest 
old('l' trces from which any possible infestation could spread. In all 
probnbility the rust-mite eggs nrc present in the tiny crevices of the 
bark and hatch out, nHer the trees are planted, and the spread of the 
rust mite over Florida has b('on principally through infested nursery 
stock, 
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DISTRIBUTION BY INSECTS AND BIRDS 

Binet' }'ust mitcs arc present {In (·itrus tre'es at ccrtaill times of the 
yellr ill great 11buIldl1I1ce, often covering the surface of the fruit Ilnd 
leIlYe's, it is oIlly natural to suppose that se\Teral species of insects 
erawling over the trecs would collect rust mites in the hau's of their 
bodies and legs. On June 9, 1920, a coecinellid larya was taken from 
a tree and eXl1minecl in the laboratory. Three rust mites were found 
on its body imd also thc eh'icd SkUl of a purple mite. On July 15, 
1920, another coccillellid larva was examined, nnd several living 
mites wcr(' found on its back and legs. On August 2, 1922, six rust 
mites were found OlL the' ventral side of the. abdomen, neal' the. tip, of 'r 
It large femnle katydid. There were also a few mites on the legs. 
Rust mitt's were also found on this same dltte on trash bugs (chrysopid 
lurne). None WE're found, howeyer, on nn adult Chrysopa, several 
nnts, a spidE'r, Il Illdy beetle, and some mealy bugs. A year later, 
howeYl'r, two werE' found on an adult lady beetle taken from an 
orange tree. Another coccinellid, however, showed no mites. 

Birds also lUay be largely instrumental in spreading mites from 
tree to tree. SUlCe the mites are easily detached, large numbers, 
when the mites are numerous on the leaves or fruit, are undoubtedly 
swept, off by tho tail feathers and feet of birds and trnnsported to 
other tn'l's. 

DISTRIBUTION BY WIND 

The wind no doubt causes a more or less local spI'ead of rust mites. ~' 
In August, 1922, spidel' webs stretched from one ornnge tree to 
II1\0th1.'1· were examined, and four rust mites were found on the webs. 
No doubt these rust mites had been carried to them by the wind. 
Flolltillg spider webs arc Yl.'1'y numerous in the grows at some seasons 
nnd they may carry mites for long disttmces. Hubbard (7, p. 111) is 
11Iso of the opinion that spider webs and wind arc importnnt factors in 
spreading mitE'S. 

In order to test the cfreet of winds in spreading I'ust mites, three 
fruits 1H'ltyily infested with mites were plnced 1 foot in front of an 
electric fan. A black tray 7)f by 9 inches was placed immediately 
back of the fruits, This tray had bel'n given a thin coat of glycerine 
j('Uy, to which the rust mites would adhere in cnse they were blown 
from the fruit to the tray. After the fan had been run for 30 minutes 
the tmy was ruled off in small squares and the mites counted in each 
squnrc; 26 mites wpre found after two hoUl's of examination. No 
Pggs were seen, but seycral may hayc been overlooked in the exami
nation, athol' tests to blow mites from the fruit with less power or 
at a greater distancE' from the fruits were unsuccessful. 

DISTRIBUTION BY eRAWLING 

Scyeral experiments were conducted to determine the rate at which 
rust mites distributed themsdyes locally, On May 24, 1920, at 
4 p. m' l It small fruit and some lean's hearily infested with mst mites 
wer(' tied into each of four small trees on which only a very few mites 
could be found. The following day at 4 p. m. the old fruits were 
still covered with ~nites, and some were also present on the old leaves. 
Onlv a very few had crawled off on to the fresh leaves. One tree 
hllef 5 mitE'S; another,35, of which 2.5 were touching the old fruit; 
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allQUWl" hod 10 mites; and the fourth trc(', nOll('; lIlaking It total of 
50 mitl's. ('lwcl\: trpes hlhl onh- 11 venT few mites. On ;Junc 7 there 
WPI'P "till mite~ li\-ing on the oM fruit introduced ~{ay 24, and also 
1Ilfllly 011 tilt' fruit touching till' old frui ts. On J lme 9 rust mites 
W('I'e found all o"er t.ho young grove, and the experiment WfiS of little 
valt/p from this 61)11' on. On June 2, 11ow('v(']", Jour fl(lditiol1al fruits 
had hN'1l tiNt 011 other young t)"('es on which "cry few mites ('ould 
I)(' found Ilt that timf'. On Jllne 7 the 40 squllJ"es ('ounted hud 128 
mites, wl1l'rens on til(' trees adjoining there W('I'e only 17 mites on 40 
squllr('~, Thcre W(\l'P living" mites still on the old fruits, howewr. 

On ,lul.\" ~! 1911.), a branch having two oranges ('o\'(~red with rust 
mites was ClIt ofl' illld hung beneath anotll('l" omnge tree. Three days 
llltf'r the bnHlch and fruit were quite wilted, but the mites were still 
nli\'p tlnd ('overed the fruit. On July 10 all leaves were brown nnd 
th(1 fruit wilted, but the mih's nppcnred as numerous us when the 
fruit wn;; hung up. On July 15 mit('s were still Yery llbundant on 
the Ol'llnges, which were Yery budly wilted. On July 24 only two or 
ihr('(' li\·jn~ nnd 11 ft'w dend mites WCI"l' found on the fruit ('ut off 
.J u ly:2. This shows that rust mites will live on fruit until it no longer 
fUl"l1ish(>s 0 food supply rather thnn ertlwl up tho StClll to other parts 
of tlw tn'e. 

NATURAL CONTROL 

CLIMATIC FACTORS INFLUENCING THE NUMBER OF RUST MITES 

FROST 

"\hnormnlly low tCl1lp~'ratun's in Florida in FebrtHLry, 1917, fur
Ili;;lwd nn opportunity to note the ('{J'eet of freE'zing on the rust mites. 
From D(I(,P1111)('r 2,5, 1916, until Februllry 1, 1917, the wenther had 
1)('(ln yel'Y wnrm. On llllUlY clnys the tempernture rcnched 85° F. 21t 

Orlnndo, und on li'ebruur~' 1 it WllS 1 degree higher. Owing to this 
prolonged period of wnrm wcathl'l', citrus trees wcre in a growing con
dition in eyer,)' pm-t of the State, nnd there were present mnny mor~ 
rust mite·s than is ordinarily the case at that season of the year. 

The following minimum 'tempel'llturcs were re('orded for 'Februnry 
:2 to 4, at locolities wlwre eXllminntions were made to determine the 
('on(\itiolls of mites: OF. 

C'rp;;cent City, Putnum County._ , .. _ '_"" ___ ._._ .•. _._. 19 

Dc Land, Yoillsil\ County... _ _ . . .. 15
y ___ _ •••••••• 

Oeltia, Marion COllnty._ ' .'. _. __ ....• _... _ ""_ ..••. 18 
Eustis, Lttk(> County. __ • _, . . _ ,_ • _. .. . _ •.•• _...... _.. 20 
Orinn(\o, Orange COllnty. _"".. .._ .. ____ • __ .... __ . 22 
Winter Ha\'CII, Polk County.... '_' __ . __ •... ____ . ___ .. 25 
Frostproof, Polk County... _••.. _. __ .•.. "'''_'''''.'. 27 
l'illC'llm; Park, PitlClIns County _.. . .. _. __ .•.. , _ .. __ "'" _. 27 

~\" ii. result of tlll'se low tempel'atul'('s 111nny of the rust mites were 
frozNl, llnd many died bocause of the shedding of the foliage. 

ExnminntiollS (14) WNe Iluul<, at Orlando on Februnry 3, or aft!.'r 
til(' fir:1t ('old night, nnd bdore the sceond one. No mites could be 
found on it Sll111II sour orange tre(l locnted in nn exposed situation on 
which mitny thousllnds hnd been present prcyious to thc frost. Ex
nminn tioll~ of green len Y(lS still On the trees on Februnry 7 showed 
thnt tilt' lI1ites \H'rt' wry scarcl', ns compnred with thc llunibel' present 
1)('r() "(' the f1"05 t. 
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The rllst mite can not lin' on deud, fllllell lean's. Gre('11 leun's 
were picked up from the ground on February 10 and examined, but. 
only 1 living mite was found, nnd that WllS on a 1£'llf from 11 protected 
10cIltion where 17 living mites tlnd 3 l'ggs were found on 10 letlYes 
ttlken from tl tree. There is no doubt that the rust mites pn'sent 
on the trees tlnd fruit the following October were the progeny of those 
that sun"ived on the 101\\'es uninjured b~~ the frost. 

In the northern counties, wlH're defoliation Will' compl£'te, the mst 
illiteI' were nl'llrh' oxterminltted. Those thllt were not Ilctutllh" frozen 
perished with the fltlling of the len,Yes. In nn eXllmintltioii of six 
gro\'{'s at Cres('('lIt City l'llrly in 1lny only two mites were obseITod 
in two dnys. ] 11 It Ilormnl infestlltion tlH're would hll '"0 heen Iitl'l·ltlly 
billions present. In I\lnrion County, on 1Iny 24, they ,\"('re nlso 
extremely senree. 

In the eounties where the defolilltion amounted to from 90 to 95 
per cent. the rust mite tlIso received tl serious setbtlek. A conserva
ti,"e cstimllte of the mortality would be more than 99 per cent; in 
fllct not until June 1, or more thlm four months after the frost, had 
they become ItS abundant as they were before the cold wave. Fol
lowing the freeze the wcathOl' was extremely fa ,"or'able for the repro
duction of the mites, and this pest was so abundlUlt in this section in 
Inte June that sprnying was necessary in order to get bright fruit. 
The only result of the reduction of the mites by the freeze was the 
postponement of the time of maximum infestatlon in these counties 
nbout a month or six weeks. 

In the more southern localities they were nlso greatly reduced in 
numbers, but the reduction wns not sufficient to be of any great 
('conomic importance. Spraying had to be resort('d to nt about the 
snme time as in an ordinary season. 

By late July Ilnd early l\UgUSt the rust mites had become so abun
dant that it was generally believed that a heln-icr infestation fol
lowed the freeze than had occurred for mllny venrs. The Illmost com
plete extermination of this species by the freeze nnd its reproduction 
to billions in six months is a most remndmblc biological fact. It is 
diffieult tor the human mind to ('oncei,e of such a mte of reproduc
tion. :Mnny single grnpefr'uits during August were infested with at 
lcast a hal[ million mites. On Octo bet· 3, ho\\'e"er, the species ,,"us 
very scnrcf'. l::)n,-crIll grow's were exnrnined, and only a ,eIT few 
mites wet'£' found. 

DROUGHT 

The drought of the spring of 1922 was the worst since that of 
190G-7.. Observations mndc during this period indicated that rust 
mites did not. multiply at nIl. There seemed to be no more mites 
present on May 4, the date of the first rain, thlln there were three 
months before. Not lon~ after the rain of :\1ay 4, and subsequent 
rains, the rust mites de,-eloped at a very rapid rate. 

HEAT OF SUN 

It hilS been obsel'\"Cd for mllny years thnt rust mites do not attack 
t he outer surfaces of the fruit. on the outside of the tree. They are 
usually found on the side of the fruit which is in semishade~ Of 
('ourse they attack the entire surface of fruit on the inside of the tree. 
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It i~ supposed that the rust mites are not able to cndure the direct 
l'Ilys of tht' hot slln and therefore feed mostlv on the sides of the fruit 
in" !'l'll1ishnde. " 

ItAIN 

For Il1nny yellrs it has becn though! by citrus growers that the 
hcay~' 1'lIins of summer Ilre directly rcsponsible for the scarcity of rust 
mitt's during tht' miny season. They have thought that the hcavy rains 
washt'd the mitt's from the foliage and fruits. As noted elsewhere, 
this :;(,Hr('it~· of rust. mites is due to a fungous disease. 

ObSt'I'YHtioIlS were made, however, to determine whether heavy 
driving l'Hins did wl1sh mitt'S froUl folil1ge and fruit. On :May 17, 
t1)20, (ht' rust mitt's wt're extremely abundant on both the upper and 
lower ~ul'fn('('s of the INl.yes, on the stems, and on the fruit of the 
tl'('('8 H\'()t\nd. the labol'lltory. On ~IIlY 1R it rained all day and pmc
t i('II Ily nil night, the toUt! precipitation bcing 1 inch. An examinntion 
\\US ll1nd(' in the uftl'rnoon during the rain, and the mitcs were all 
found on th(' lower surfnces of the leans. On :I\1ay 19 an examination 
lllllc\(' nt noon showed that the mites were very abundant on both the 
llPIH'r lind lower sllrfllt'e': of the lellvcs. There appeared to beno fewer 
l\lit('s pr('seJlt on the 19th thun there w('re on the 17th. It is only reu
SOil 11 bl(',ho\\'t'\'PI', to suppose thut some of the mitcs had bccn washedofr. 

On :\lny ~5, bctwel'n f) p. m. and 8 p. m., 2% inches of ruin fell. At 
!l p. 1l1. un exnminlltioll indicated that though many of them might 
hnve been wnshed off, there were still countless numbers of mites 
pl'cs('nt. There were many more on the lower surfaces of the leaves 
thnn on the upper surfaccs. Those leaves which were somewhat pro
tcctNl from the most direct downpour hud many mites on the upper 
smfllt'e!';. The mites seemed to have the power of sticking t.o the 
foliag(, in spite of the mins. On 1fay 26 observations made as soon 
n, tIl(' ll'llns becllme dry indicated that mites were still present by 
('ountless millions, and they secmed to be crawling back to the uppcr 
5\11'fllc('.: of the IcttYcs. 

On .Tune 5 rust mites were found covered by drops of water on the 
fl'llit nnd nlso on both sides of the leaves which were wet on both 
surfnct's. Apparently the mites were not affected by the water. 

In Hl23 it mined pmctieally every day from May 3 to June 1, all 
till' night of June 1, and n11 the forenoon on June 2. After such n. 
period of wet weather it wns thought advisable to note the location 
of tht' mit('s. At 10 a. m. on June 2, while it was still raining, an 
pxnminntion showed thnt the rust mites on plots which had bcen 
sprayed with Bordeaux mixture alone were mostly on the lower 
sUl'fn('('~ of the lenyes. Not more than 5 per cent of the mites on 
nil the folingt' were on the upper surfaces. A large number of the 
mites on the fruit were on those areas which were not wet. In 
sen'rnl insinn('es mites, which were probably alive, were obscrved 
I)('nt'nth drops of wnter. Around the edgcs of several drops of 
wntt'r \\'t're lines of mites which appeared to be drinking the water. 

While no doubt the hellTY driving rains did wash a few mites from 
the folillge nnd fruit this diminution in numbers was not appreciable 
:1IId hud little or no beuring either on methods of cont,rol or on sub
~equent HbllndlUlce of the mites. It was apparent, however, that 
rllst mites ernwl to the lower surfllces of the lcaves to protect them
8('ln's to II el'rtnin extent. from the ruins. 
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UELATION TO SITE 

It hus been known for muny years by growers and shippers that 
fruit grown in hammock lands, botl~ on the Florida east coast and 
elsewhere, does not become rnsset to a degree amounting to injury. 
The term "hammock" is applied in Florida to laud haying a deepet· 
soil and supporting a greater yaricty of hardwood growth tlum the 
surrounding flatwoods.· As many people believe that the rust mite 
is not present in snch groves, it wus thought desirable to make a 
special efJ'ort to determine the stutus of the rllst mite tlu'oughout the 
year in severnl hummock groyes. To do this, counts were made, 
monthly with a few exceptions, of the rnst mites in one grove at 
Hnwks Pllrk, now Edgewuter, in two groyes ut 1:fims, and in one 
groyc on l'vIcrrits Island. In most of these groves there was C011

sidernble shnde from cnbbage pnlmettos, us illustrated in Fig\ll'e S. 
TIl£' rrsults of these exnminntion:;; Ilrc ginm in Tuble 8. 

FIGl'R& S.-Citrus b't"O\'e slttt<led br cttbbng<! lmhnettos. 'rhe partinl shmle is con<luci\'c to the 
de\'c!oJlmen~ of the flln~ous disease of the rust mites 

TARLE 8.-Cotlflls oj ru.~t mites on orallges in unsprayed grol'es on hall/Illock land 

Squnres Mites ,\."~rnge ! Squares :\[jt~s A"erage
Date "xulluned counted mItes per Dnto I examined count,~j mites per 

squnro square 

IO!!'1 .VulT/b., j.\Tumbt.T Number 1922 I Number ..LYumbtr ~\"umbt' 
:\lar.O_ ... 100 1 0.010 ;-.;'Qv. 7. ............1 540 121 0.2'24 

Apr., . 200 5' .025 Dcc. ; •..••• _....... , 600 20 .033 

:<'In)" 10_ 220 1 .005 
.rUnt' -r :!SO 3 .010 1023 
July 5_. . •.......• 600 123 .205 Jnn. 1l ............ J 3()(} 12t) .420
Aug. $.•.. GOO 330 .550 .---------- t'(·pc • .13 ._ •.••.• 600 62 .103 
{}(·t.11. j.IO 131 .142 'rQta! or n\'ernge-i ·1,580 923 .202 

-- ---'--------- .-.--.---~-.-. 

Rust lllitps Wl'I'P pl'es('nt on ()\'el'y date when eXllminations were 
lllade, but thp infestntiOl1 wus so slight thut in the entire four groves 



THE CITRUS RUST MITE AND ITS CONTROL 33 

not morQ HUlll a dozon oranges became russeted during the yent'. 
Adjoining the grove nt Hawks Pnrk, in a grove with no shade or 
pnlmettos, there was a cOllsidertlbie infestation of rust mites. Here, 
on August 8, there were 20 mites on as many squares, nnd numerous 
cnst skins nnd dead mites were f(lund on one leaf which was slightly 
tingl.'d with rust. 

As lemon is a pl'efelTed host plnnt for the citrus rust mite, ex
Ilminntions were llllHte in a lemon grove of ab.out IUl ncre in extent 
growing ill the :Nlims hammock. This was very low hnnllllock, 
nnd during pnrts of the yetU~ there wns considertlble water around 
t Iw t rl.'l.'s. Table!) gi,'ea a detniled nccoullt of the examinations and 
nolt's 1I1lldl'. 

T,\III.~: n. -('Oltll/S of rll,~t /IIi/t',~ /:/1 an IInsprayed lemon grot'e, .Uilll,~, Flu. 

])IIlO Hcmnrks 

1!J22 ..Vumba l.YlLmbtr 
~tur II .. ___ ~_ .. _.~. __ ilO o 
.\pr. i. ~ . w_ ....... .. _,.. ~~. ilO o 

;\[IIY 10..... . 8(, o i l"olingl' only cxatllinect. 

June7 ... .. " _~_. no I ' Smun shnrk skin present; (j mites wl~n~ fOllWI un hranl'hl!S. 

JlIl~·:f .. ~ _...... ~ 150 o I A few mites nn hranches. 

"II~ h . , ...., .. 150 2-1 No rU$soting or shark skin; clt-nn fruh. 

S~pt. 13 .• 1.'iIl 24 !l or 4 shnrk-skill fruit; sorno <i.'I1.1 mill'S.
I 
(~t·t: 11 .. ..' 15ll () .A fe,," on stems; 3 rust y fruit. 
:';0\, ' ......... _. .. 150 o i A few Oil stoms. 
\l('(', 7., . 150 o :-'0 rustr fruit. 

HI:!;! 
J(lI\ H1 • ... 514 Prn('lirull)' 1111 mitt,-s Wllrl' on one fruit. 

Tow\. .. 1. 21fi 

Spyt'l'nlshlu'k-skin fl'uits Wl'I'C obsl.'rved, but only It few fruits in the 
I.'n tirl.' gn)Ye showing the PI'I.'Sl'flCl' of l'xcessiYe numbers of rust mitt's 
('ollie! 1)(' found on nIlY duh'. On st'Yel'al occasions dead mites were 
Oh:'('ITNl on the fruit, 'and on sC"l.'l'Ill other occasions living rust mites 
\\'('I't' ohst'I'Yt'd on till' brunches. Thc ft'uit with ft'w exceptions 1'1.'

il1i1inl'd t'ntirl.'ly bright throughout the year. 
X Ul1ll'I'OUS PXIl minll tions haYl' l)('en mllde in other ham mock groves, 

Ill1d only 11 vcry fl'W I'ust mitl's could eyel' be found. In some gron's 
\'alellcin ornngl's I'clluti[wd bright until IntI.' spring. 

Husst't fruit wns found in t'vpry gt'OYC visited on the t'llst const, but 
in SOIlW cnsl.'S only onl.' or two were discoycred. Shark skin on lemons 
wns obsl.'l'ved in thc ~Iims hammock, !lUd fruit literl111y cOYl.'red with 
rust mites wns found also in this 1t'1l1011 grove. Dend rust mites wert' 
also obsNYNl on seyernl occasions. Tht' appea1'1lnce of these dend 
mitt,s \\'I1S ideuticI11 with thnt of those founct in centl'ill Florida, nnd 
tllt'y w('rl.' 110 doubt killl.'d hy the saml.' fungous diseuse that cnused the 
dl'lIth of rust mitl.'s in othel' pnrts of the StittI.'. Probl1hly thl.' renson 
why till' rust mitl's do not becoIlw morl.' Ilbundant on the cast coast 
is thnt thl' ('xcessin~ humidity is conducivt' to the den'Iop111ent of the 
PIl tomog('1l0US fungus on rllst mi tes throughou t tht' grt'11 tt'l' purt of the 
y('ur. 

INSECT ENKMIES 

:\0 int(~rnul j)IlI'tu;it<, hilS t',,('r ht'l'll fOLlnd ntttlcking thl.' citrus I'ust 
mitl'. 

_\dults of tht' Indy hl'dll' S'tetlLOl'1l8 1WIW8 Lilc. huye bt'l'n ohsl'I'\'l'ti 
to fpctiupon nigt IlIItt'S, IIl1d Oil ~\lIglist 2D, In:!:!, ,r. R. Spring-t'1' found 
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two Inn'm of this b{'('tl(' so [('('ding. Thes(' W(,1"(, put in a bre!:'ding 
jar, find ont' ndult emerged Sl'ptembe1" 5. The feeding of the lfirva 
of this beetle on rust mites mny be of vt'ry rare OCClUTence, as the 
nbow is the only instance on record. This species is of littlt' or no 
importnnce in holding tht'. mitt's in check. 

It is very probable that several other species of Coccinellid~ which 
inhabit {'itl·us trees feed to some extent, in both th{' larval and adult 
stng{'s, on rust mites. The mitt's, however, are. so smnll thnt tl1l'Y 
would not prove attmctive to the lady beetle when other food wns 
a\"lIilabl{'. 'I'h{' same is true of the trllsh bugs or larY!e of the gold('n
<'yeti lllc{'wing, Chryso]J(L OC1tiUt(L Suy, and of a species of H{'mel'ohius. 
Th{'s{' trllsh bugs when very small undoubtedly feed to som{' {'xt{'nt 
on rllst mit{'s, liS the delld mites ar{' often seen on th{'ir backs nlong 
with the remains of other insects. 

Hubbat"C1 (6, p. 11) was the first to observe that ce{'idomyiid larn!! 
II te rust mites. Thes{' are {'omI red maggots with yellowish or tmm;
pnrent h(,I1<ls nnd a b!tnd of the Sl1me color nettr the posterior {'nd, 
nlthough the lnst sl'gment is r{'(l. This feeding was observed b~- the 
writers in 1913 and hils been observed many times since, though the 
lurne nppellr only when the mites are yelY abundant. Although the:-~ 
hav{' 1)('('n s{'('n to eat mites nt the rate of four or fiye per minuh' for 
spyernllllinutes their feeding does not reduce the number of mites to 
IIny Ilpprecillbl{' ext{'nt. These larne arc very small and extremely 
d{'licllte, nnd all attempts to rear them to maturity have failed. They 
fNl on mites when placed in small cllges, but always died without 
pupllting. 

FUNGI 

Though it hns not b{'en established as a scientific fact, there is con
:::idernbl{' eyidcncc to show that an entomogenous fungus attllcks rust 
mites (10). 

It hus h{'en obserycd unnually since 1912 that the citrus rust mite 
reuches the point of mnximum infestation just after the beginning of 
th{' rainy senson. In some instances a sino-Ie grapefruit may be in
fested at this time with more than hnlf a million mites. Shortly nft{'r 
the point of maximum infestation is reached the wites disappent" fiS if 
h~' mugic so that by the middle or end of September more than an hour 
of diligent search is sometimes required to find a, single specimen. 
This diminution of numbers is not due to a lack of food since on all 
Ilyernge only about 50 per cent of the unsprayed fruit is seriously 
a ttll{'k{'d by the rust mites. 

There is considerable evidence to show that this disappeanll1("{, of 
Ihe citrus rust mite is due to a fungous disease. In many instnnces 
:::illcl' 1920 the mites have been seen to congregate on a smllll Ilrca 
of the fruit which is in the most direct sunlight. When so herded 
t()!!('ther, the IIrea occupied by them becomes yellow, and it is impos
sillic to see the rind of the fruit. The mites in this mass seem to be 
"tuck to one another like numerous angleworms. They ure a writh
ing, wriggling mass and crawl around without any appttrent objl'C't or 
':l'm;1' of direction. Shortly after this the mites lire seen to be dead, or 
more brownish in color than when alive, and occupying the same spot 
in !he dir{'rt sunlight. This congregating habit is contrar~- to the 
ha hits of the spe{'i{'s, for thp}, normally seck pllriilll shadow and are 
not fOllnd in gT{,llt nbundan{'{' on ttl(' part of the fruit in dir('{'t SUlllitrht. 

• 


... 

• 

~ 

.... 
• 

~ 

~ 

') 



35 THE CITH\TS ltlJs'r l\U'l'E AND ITS CONTHOI, 

It hils been nlso ohserved thllt rnost of the IIdlllt mites chlU\~e 
color from a lemon yellow to II dlll'kcr or ornngn y(,llow, Thoy Itlso 
h('('ome somcwhllt sluggish in thoir 1l10\'Clllcnts, 

An exnmiuntion of the <lend mites IIsunlly shows thllt ccrLllin fungnl 
till11l1ents prot,rude from their bodies, . lIt most instilll\(,(1S Itlso thero 
n/'(, fungous botiit's on thc insido of the £lend mites: in fact these 
hodies hlW(l helm obs(\rve(\ in mites which WCI'O still nlive but whkh 
hnd ehllllgN\ color Itnd bll('()\I}(1 sluggish. 

'J.'he W;(l of copper Spl'llys also gives strong cir(~umstllnLin) evidellco 
thnt tho limiting fuetor in tho reproduction of rusti mites is Itl1 cnto
lIlogcnotls fllnglls, Winston, Uowmnn, nnd Yothers (1:2, 1J, 1:2) proved 
b('yond tho possibility of il doubt thnt t,)10 rust mitt's alwllYs bOl'omo 
much mort' nbuJldnllt. following tho uso of ('opper sprnys or compounds 
t.hllll on unsprnYNI t.'ees Ilnd fruit.. 'l'hov Ilro nlso nbllndllnt fOl' Il 
(,o/lsidernblo IOJlg't.h of timo nfter tJ){\ b~g)llnillg of tho "Iliny sonson 
whl'n sCILree\y lilly mit(,s nnl pl'Osllnt on tho tn'os not sprllyed wit.h 
('oppor spmy's, Tho HSH of sHe'h fungicidps evidont,ly eiimint'l,tes the 
fungous disel\se whi('h in nil pl'Obnhi\it,y, under nOl'lnnl conditions, 
would luwe IILtnc\wd the rust; mites, This snlllO disMse very lik(,ly 
nt{!leks tlw sp()('im; whon\\'el' the diJlllltie ('onditions p('rmit, 

ARTU'ICIAL CONTROl • 

.~ UJIl(WOliS I'XIH1riIll()nts 11Il.d OhSN'Yllliolls extending oyer 1Illllly YOIU'S 
show thnt tho blomish or injury following rust-mite fcoding can not 
he removod, 'rhls dnUlug'(\ to tho fruit must be prevented by Idlling 
tho rust mitc~sl)l\fol,t) nny npprcdnblo il~j my tn,kes plnco (16! p. 28), 
As n, gC'lI('rtll rul(1 rust, miU's 111'0 pros('nt 1Il g.'ont nbundllnt'o from ono 
to I wo wt'('ks hdorp ('xt:(lllsi VI\ inj ury nppCllrs. 

INEF«'ECTIVE INS«;CTICIDES 

U:AI) AUS";NATF. 

As the rust: mitt's hIlY(\ pi<'l'cing' Illouth pnri.s, Icnd Ill'sonate would 
not be (\xl)(wted to be nn (1fr(\('tiv(\ ins(~(,ti('ido for tlH'il' cont,rol. Ncvel'
tl\(1(oss it WIIS thought IHlvisllhle to nlllkc some fl('tUltI tests to dotcr
lllinH this point. On ,Jllne 10, 19]4, powdered INIlI nrscnl1to in UHl 
proportiolls of .1 lind 2 pounds, respeetively, to flO gnllons of wlltt~r 
WlIro sJ)l'Ilyed on ('itt'us treos inf(1sted with rust mites, Obs(Il'\'aLions 
millie 011 RO\'cmJ IIl.tot' dilleR showed t,hllt; no j'URi, mitAls hnd been killed. 
They W('J'(\ still present in !l;n'llt Itbundnnee. Another tost wus mndo 
in H}22, Tn'os woro spmyed (.wke, ApI'iL 17 nnd June 23, with 1% 
pounds of jlowd(\J'od h.'net nrSetlltte to 50 gullons of wni;ol', 'l'herc 
WI'I'(', of {'ourso, thollsllnds of rust lIIit('s prosent befol'l\ tho sprnying 
Oil June 2~t On .June 27 living rust mites W(1I'O Tln'sollt on tho fruit, 
nnd fo\illge in grl'llli numbel's, S(lnH' g'mpefl'uit weJ'(} quiln rusty, Illld 
mitos W('I'(I pr('sC'nt, on tl\('so fruits hy the millions. Thel'e \\'/IS not t.he 
sligltt('st cddNl(,(, HlIlt UIIY mit.es hnd bc('n Jdllecl by thn spm.y. 

TOIIACCO SI'ItA YS 

TobIH'('O slH'nys pedulps sholild be clllssed ns only pn.rtially ('(I'ectiyo 
IIgninsl rust Illiles sin('o the ordinnry tobll('t'o dCl'odions used Ilt 1 to 
I,HOO will kill t/1(1 ndulLs nnd young mites, buL the sll'l'ngth lloecssnry 
In pl'l'\,(\lIt the ('ggs frolll IIIL/('hing is so grent, thllt the ('(1st would be 
prohihitin'. Oil ,1111](\ 2R, 1915, 1'(\\'('1'111 ll'(\I'S \\'pre 1'1'1'11."('<1 with n, 
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tobncco extl'llct, 1 t.o 1,600, but Il mill fell immodiately ufter the lllst 
tl'eo wus spl'nyed, und on Juno 1 there were both adult and young 
Illites unci nlso eggs present. In nil probability the min provented the 
ins('ctidde from pmducing its full efrert. An experiment was tried 
with u solutiolllllltde by soaking u qUllntity of tobltcco stems in water. 
This solution wns sprayed 011 the trees, nnel it WIlS strong enough to 
kill mites nnd I\lso to pl'Oyent pmeticlllly nl! the eggs from hatching. 

NICOTINE DUST 

In onlor to d()tennine the efrect of ni('otino sulphate ill the form of 
n dust prepilmlion on rust mites, nil entire grove WHf; dusted on lV!nrch 
15, 1922. Onll' most of Ute grove the Il1ltchine went on only one side 
of endl row, but thero Wt~S I~ gentle bl'oeze, nnd the dust drifted in 
good shnpo, PUl't of the gro\'e, howeyel', WitS dusted 011 both sides, 
Ilnd IlnotheJ' plot WitS dusted twiee on ench side. The results of the 
Vtll'ilHlS eXluninlltious nrc given in Ttlble 10. The rust mites in 25 
sqUtlJ't's on the upper surfllces Itnd 2.5 on the under sides of tho lcllyes 
were ('olllllNI for elle\l trentlllent lind for (1ltch dllte. 

TAIII.~; 1O,-('Ollllls 0/ r/lst miles wrviving afler dllSlillg Oil ~llarch 15, 1922, wilh 
(fUriOUS llln·II(Jlh.~ (lfnicolille $uLphn/c ,in an. om/IfIll grolle al Orl(lfulo, Fla. 

"umber o( mite3 (ollm! on 25 "'Iunres on foiill~c flusted ' Numher of mites found 
with nicotino sulphate of stilted roncentrntion ' on check trees 

I i ;Il\'~r l~lIt. IDItto of 2.:t per ('en t r. per ,',mt " 10 per cent I 2 fllIstin~s on " 
e,nlll!nlltion 

I each .illic ____ .__ 1__ 1_____ Square..;- l"pper Lower 
~ : J 'counted sur(uL'C isurface 

I'pp"r Lower l·pp.'r I.owor; "pper l.ower:'IJpper LOwer!, !' 
'("'I'(~;l ; ~f"'II(~:, snr· :mr.. sur- sur·' sur.. sur· 

I 
~ ... (\U'C (ace. 1 (nee (nl'e. race fl\Ce. j -- '_"'- ,I ;--
I U;\\lIr.;\\l1r. 

,\Inr. :10 
21..:::::~:: 
10. 

........... :I 
0 0 

2 
g , 8' I~ I~ : I~ ~ .- •••• ~~.!.._..~~.L...~~ 

Apr. l;....._.... ~.~,,~_ -I~ I o 0 2! 2l! 7 \00 I :10 I 8 

TllI,,!. ......... ,II) 12 
 °T--'-20 -17i·-·i6T~.. 2!~) 1--7ui~ 

Ful' nIL tl'(~lltmcntf; (")lllbinNL it W/IS fOllnd by ('om[Jlltlltioll thllt 
SO pOI' Ct'!lt of the rust mitt's weI'£' killed at the expil'lltion of 24 hours, 
This is not Itt nil It sntisfnetol'Y mortality, There were n few left at 
th!.1 expil'ntiol1 of Gdnys, but thcl'e Wt'I'C n considerable number present 
nL tiw t'xpil'ntioll of 15 days, Ilnd on ,TUlle 16 there wel'e just ns many 
rllst mitl's PI't's(,I1L flS if no dusting hnd been done, Il condition whieh 
WIlS to be eXlwetNI. 

FUMIGATION WITH HYDIWC1'ANJC·Acm GAS 

From HlO(j to HllO Illuch pxperimt'llt-fll work wns dOJle in fumigation 
with hytiroc,VlIlli('-ncid gons 1'01' the ('ontl'ol of white flirs nnd sCflll' 

.i nspcts, .;\, W. ::\Jorl'ill, who hnd ehlu'gr of the \VOI'k, except during 
the Inst YI'IlJ', Ob5(,1'\'('(1 thnt tlw I'US!. Illites which W('I'O present on tl1(' 
trt'(,S nt the timo of fumiglltion were killt'tl, but that there WIlS l't'in
t't'stlltiol1 Int!.'r, The srlliol' I1l1thOl', working with him at that time, 
nlf;o OI>St'I'\'('(\ thnt gl'O\'t's which WM(, fumigatt'd hnd the usual peI'
('('11 blgl' of I'USSl't. fl'ui t. In the fnll of HH8 nddi t10nnl (1xprrimcntlll 
work: \\'1\8 ('III'I'ipd on lIt UlI'PC' or f01l1' plners in thr Stntc, J\lthough 

•
j 

, 

• 
~ 
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tho 1I1uin object was to detel'mine the YIlI ue of this proccss in the 
('ontrol of white flies and scale insects, it was deemed adyisable to 
obtain liS extensivo dutll. IlS possible on the efl'ed oJ the fumigation 
on mites, both immediately nft.lwwlu·ds and at monthly illter'mls 
tllI'oughout, the spring lIntil the period of lllnxim\llll infestation had 
O(,l'UIT(,(l. III most cxperiml~llts regull\r white-fly nnd senle dosages 
W(\l'l\ lIsed, The 1'<.'slllls nrc gi V<.'ll in 'l'nble II. 

'fA III.t1 11.-~BjJcc/ of fll migolioll with h!ldrocy(w;c·ocirl g(l.~ on l·l/sl. milt's in Florida 

J\ \"t.lrnllt~ :
~qllnr('s :'11ll'3 HelllllrksTltno ur exnminntioll t\1iu~ I't'r i
('IHJJ)II~d fo",,11 

~qllllro 

~\"/((fIbfr .'·u(lt/J(r .\'umbrr : 
:\onmllwr tUBl D(I('mn\}t.'r hQrorc 101~ I.son u. r\~ 1 

rUllll~nlll1" ((·h~ek). 
.0) , 


IIfler hlllll~lIllml. 

FirM ,'xIII"I" .. II"" h"""'fUlllely 221) 

[, .()~ ,~t~l'Olld l!xnminntioll (Jnnuury) ... _ :!.."i~ 

Third e,,'lllllllltioll (F(~hrnllry)..... :I~f) '.!I .0;-

Fourth ~~\Ultfnlltiol1 (1\fnrrhl_ :!(i!'i ~{. (.s.,\ J~.l!; ; I'nl\'tlcllllr 1111 mitcs'frolll I gro\'c. 
:-lny C'"111111lltiull :111 1.757 ,I. h.) 
JUllu('mlllilllJll •. •. .. 'Hnsl, mites nIJllllllflnL lind 1111 grovcs 

, rcqlJin~(} Irt.'JltJJwnt.. 

On D('('(!lIIb('l' 1:1, lUtH, II ('ollllL wus IlInde 10 determine the Ilbun
till IH't' of rust llIi tt'S on foJingc that hnd be<.'n fumignted the night 
hefore, In 50 sql!lIr<.~s not It sillgle mHo WIlS fOllnd. On the I'OW 
nlijoillillg lho fumignt<.'cl row 50 squnl'<.'s had 441 mites, or 8.S mites 
per SqUIII·C. 

All I)xn.minnt.ion of the foregoing dntlt proyes thnt fllmiglttion 
",ilh hydl'o<'."lllIic-flcid gus kills rust mitt's Ilnd in 1111 probnbility /1 
IIIlljorily of the I'ggs PI'(,SCllt. It is nlso indicnted thnt howeYI)I' 
l'olllpleU' the killing mny bo Ilt thn time of fumigation, which is 
lIsunlly bl'fol'e Fehnllll'y 1, the l'usLmites will be just as abundnnt ;ll 
lUll' .MIlY nnd JUIlO ns H 110 Jumigntioll hnd been done. The somt' 
is \lsulllly truo if'spmyillg for rust mit<.'s is dono in the Jnte winter 01' 
l'llrly spring, jf fmnignt.ing Wl'!'O done in either MI1Y or .June, using 
:';\lcll dOHng('s liS hnye been found efl'cctive for the killing of white 
flies lind H('lllc illH<.'ds, it is (lvid<.'nt thut it, would be nn efl'ective l'ust 
mitc ('olllro\. 

OIL t;M U1,sIONS 

Sinee emulsions mude of lubl'ienting oils nrc extensively used in 
1l}ori<i1l 1'01' the contl'oJ of while Ilies lind scnlc jnseets on citrus trees, 
it; WIiS cOIH;id(,l'cd nd\'isl\blc to dt'termine Uw cfr('ct of these emulsions 
011 rust, mitl's nlld tlH'il' t'ggs. In] !BO and 1011 s(lVeJ'nl !?l'oves sprnyed 
wi th thf'1I\ lwei fnti t ]'<.'nsoIHlbly free from r\lst-mi te lIlj ury, /tnd it 
WIlS thought by some gl'Owers that thl'sc emulsions WCI'I) very cfrt'cti\'c 
in killing rust mitt's nnd tht'refol'" f~l\'ol'('d the production of bright 
fmit. Other groVl's spl'ny('(\ with them did not pl'ochlCC satisfactory 
fnlit. Exp<.'l'inl('nts conduded in 1012 showed thnt 0.25 per cent of 
oil fi did not kill rust mitt's; thnt 0.5 I)l'\' CPIl t killed nendy 1111 mites; 
thllL O.i5 per ('ent killed still 1lI01'e; nnd thnt aftcl' the llSt' of 1 pl'!' 
(,{'Ilt only 11 "pry fl'w mit(,s slIrdYl'cL '1'0 Ill' 1\ Rlltisfnetory sprn,y fOI~ 

I Alltll~'sls or 011 No. I; 

Sl'ccit\(' grlwlty Ill:?i· (' ...................." ....................... 0.8811. 


~:\~~I:,g;;::'l.~.. :.:.:::.:::.:::::.::::::::::.:::::::::::::::::::::::: ~~~: ~:: 
\'I~rllsit)"........................... ". _ ........................ :1115.3 SlIyhoILseCOlll\S. 

\·!1ll1t1lft~'. _... • .................................................. ,1.0 per (1.'l1t. 
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rust mites, not a single mit.e should be observed in the ent.ire groye 
for at least It period of from three weeks to a month after spmying. 
The fllct that a few rust mites were observed where 1 pC!' cent of 
oil \\'ns used indicates that it is not an entirely satisfactory sprny. 
There was much less russet trees in each test, except that of the 
one-fourth of 1 per cent, thlln on the unsprayed trees, and the fruit 
from the trees spl'll.yed with 1 per cent was reasonably free from 
rust-mitl} injury. A cOlllmerciallubricating-oil emulsion applied on 
H IIlt'ge sClllc in 1913 with 1 per cent of oil in the ditu ted spmy material 
~Il\'e rCllsollnbLy sll.tisfllctory results, but not so good as was given by 
lime-sulphur solution at 1 to i5. 

On June 28, 1915, sen~rnl seedling sweet orange trees abundantly 
infested with rust mites were sprilyed with 1 per cent of oil No. 1.6 On 
July 1 all adult mites wcreclelld, but there were literally thousands of 
Ycry young mites present. On July 10 there was still an abundant 
infestntion, Ilnd 011 August 26 rust mites were Ilbundant, but no 
russeting hlld tllken place. 

On ~lllY 20, HH6, a row of seyen lllrge seedling trees abundantly 
infcsted with rust miLes was sprayed with 0.67 per cent of oil No. 1. 
On JUlie 3 the rust mites were exceedingly abundant, and by July 3 
millions wel'o prcsent and much russeting hlld tllken place. 

On May 20, 19Hi, a row of trees was likewise spmyed with a dilu
tion of 1 PCI' cent of Il commercial miscible oiU On June 3 rust 
mites were present in considerllble abundance. On July 3 many more 
mites wcre present than in the following test, where 2 per cent of oil 
WflS used, und on August 2 much russeting had developed Ilnd the 
row was sprayed for the second time. On .Tanuary 17 there were 
1 bright fruit (0.53 per cent), 54 goldens (28.9 per cent), and 132 
russcts (iO.6 per cen t). 

On May 20, 1916, se\'en large seedling trees were sprayed with 
11II cl11ulsion containing 2 per cent of oil No. 1. A hellYY rain fell 
two days lllter, which in nil probability did not interfere with the 
pfl'ectiyeness of the spray. On June 3 living rust mites were present. 
011 July 3 there were millions of them, eggs were abundant on both 
\eI1Yl.'s nnd fmit, Ilnd rllsseting hlld just begun to appear. After an 
Iwcrllge spl'Ilying with lime-sulphur soiut,ion pructically no rust mites 
would ha\'e been present. Up to this time no injury had resulted 
from the sprRying. On August. 2 the same t.rees were sprayed for 
the second time, :2 pet' cent of the sllme emulsion as WIlS used for the 
first application being used. On September 9 it was quite. noticable 
that some of the fruit on the trees spruyed twice showed considerable 
injury from the ,oil; i. c., the shadows were yelT pronounced on the 
fruit. On JUllullry Ii the fruit was picked, and there wem 24 bright 
fruit (3.0 per cent), 265 goldens (43.4 per cent), unci 321 russets 
(52.G pel' cent). 

On :Mny ]3, 1022, 11 row of heavily infested young trees having 
lIO fruit WtlS thoroughly sprayed with 1 per cent of oil No. 1. On 
:\fny 17 a cnreful eXllminlltion of 10 lellyes WIlS mllde, and not a single 
rust mite or t'gg WitS found. On ~II1Y 20 no rust mites could be found 
llfter the trees had been extunint'd for oyer 15 minutes, Ilnd no rust 
Illites were found on June 1. 

Although the nbo,'e expt'riIHeIltnl work appears somewhat COl1
trnciietoJ'Y, it (,(\l'tllinly is evident that the oil emulsions are genCt'ally 

II ~ee fo~)t noll} 5 on p. !~7. I Ko lInulysls 3\',,1I11b\0. 
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onl." pilrlinlly cfl'ecti,'c ngainst rust mites and their ('ggs. They cnn 
not h(> rt'iied upon to produce bright fruit. It is probablo that any 
dilution of oil emulsion of 1 per cent or stronger kills praetically all 
lIIit('s netunlly hit by the spmy, but none are killed that arc not hit. 
As 11 ('onsequence, owing to imperfect spraying, many mites arc left, 
nnd nil the e~gs are not prevented from hatching, and these provide 
1'01' rnpid rCll1festlttion. The past experience of Florida growers 
bellI's ()u t the cone1usion thnt oil sprays nre only pnrtinlly efl'l'ctiyc 
ng'lIin:,t rust mitl's. 

EFFECT OF SULPHUR ON RUST MITES 

WHEN NOT IN IMMEDIATE CONTACT 

H.l1st Illites nrc extremely sensitive to sulphur. This wns reported 
by Hubbard (7, p. 117), who found that rust mites wcre killed by 
the [umps rcsulting from its oxidation when the mites were not ill 
immediate contnct with the sulphur. Additional experimental work 
WIIS undertaken to determine further the drect of sulphur on rust 
mi t('s. 

On .Tune 23, 1921, a pound of sulphur was sprinkled over the bottom 
of nn air-tight box \)f 25 cubic feet cnpacity, with shelves 8, 16, and 
24 ineh('s, respcctively, from the bottom. This wns done some time 
in th(' I'ol'enoon so thllt the sulphur would hnve time to settle before 
the fruit wns plllcbd inside. In the afternoon five recently picked 
omng('s, henvily inf('sted with rust mites, were pI need on each of the 
thr('(' shelvcs in the box, and the box wns then closed. On the next 
dllY nn exnminlltion showed that there were living mites on all the 
fruit lind a fnint odor of sulphur was present. There may have been 
some dend mitt,s also, but not enough to be noticeable. At the 
expil'll tion of 48 hours the odor of sulphur was quite pronounced, and 
it. seemed that most of the mites on the fruit were dead, though there 
WCl'e gomc living mites on ('ach fruit. No difl'erence could be de
tected in the number of dend mites on the fruit on the three sheh'es. 
On J unc 27, four days after the beginning of the experiment, not a 
single liying mite cOllld be seen with Il hand lens on any of the fruit. 
On June 28, the fifth day, It very careful examination was made with 
the binocular microscope, and a very few living mites were observed 
on each of thc fruits. The living mites were all old ones; the eggs 
which were prcsent Itt the beginning of the experiment evidently had 
hatched, but the young Illites had been killed by the sulphur fumes. 
On .Tuly 2 all mit('s were dead, and the fruits had shriveled up and 
dried out. The avel'llge maximum temperature from June 23 to 
June 28 was 93° If., which no doubt was conducive to a more rapid 
oxidntion of the sulphur. As a check on the above test, fiye fruits 
hellyily infested with rust mites had been placed on cach of the 
sh{'ln~s in the box 011 June 21, and after 48 hours no mites had been 
kilkd by the confinement in the box. Under the binoculars they. 
\\'('1'(' ge(,Il to be moving about and appeared cXilCtly as they did when 
till' fruit WllS first put in the box. 

AT VAHIOUS TE~II']O;RA'l'URES 

On JillllllLl'y 22, 1923, experiments were started to determine the 
eff('et 011 rust mit{'s of oxidation of sulphur at different temperatures. 
The tempemture box had five compartments holding constant tem
lWl'Htur('s of 10°, 1;,)°, 20°, 25°, and 30° C. The warmest compal't
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111ent was regulated with a thermostat so that a constant tempera
tnre of 30° O. (86° F.) was maintained. The temperature of the
coldest compartment was maintained at 10° O. (50° F.) by ice in an
ftdjoining chamber. Fifteen grams of flour of sulphur was placed on
the bottoms of each of five clean tin cans of about 3-pint capacity,
and an orange hen,vily infested with rust mites was put into each can.
A small glass beaker was placed in each can, which supported the
ol'llnge and kept it from coming in contact with the sulphur. Five
othe[' cans were prepared in the same way except that the sulphur
was omitted, and these were llsed as checks. 
 Two cans, one with
sulphur and one without, were placed in each compartment. Tightly
fitting lids were placed on the cans, and all were handled most cl1re
fully so as not to disturb the sulphur.

Senrnl examinations were made to determine the effect of the
sulphur on the mites in the cans. 
 At the end of the third day themites in the cans without the sulphur were, in so far as could be told,
1101'111111 in numbers and in appearance. There were practically no
mites killed in any of the compartments with sulphur except thewarmest two. Only a few mites weI'£' killed in the second-warmestcompartment, with a temperature of 25° O. (77° F.), und most of
the mites were killed in the hottest compartment, where the tem
peJ'fiture was 30° O.

A grove experiment was also conducted in which two large, heavy
paper sacks were placed over bmnches euch having about six fruits
heavily infested with mitt'S. In one a fairly large quantity of sulphurwas placed so that it was at leflst 6 or 8 inches from the fruits. The
other sack did not contain any sulphur.. The average mflximum
temperature for the following three days was about flOo F. At the
end of this time no mites had died in the sack without sulphur,
whereas nearly ull ,vere dead in the sack containing the sulphur. .,The fruits in the treated sack were reasonably bright at picking timebut there wus much rust on those fruits in the sack without sulph1ll'.r.rhese experiments show that the rust mites are killed by thefumes resulting from the oxidation of sulphur if the temperature ishigh enough.
Numerous experiments have been conducted to determine theeffect of sulphur fumes on rust mites in the open. Several cigarboxes containing a pound each of sulphur were placed 6 inchesbeneath foliage heavily infested with rust mites, but no mites werekilled. As many as 12 paper bags containing sulphur have beenhung in a single tree without producing any. mortality whatever.Sulphur has likewise been put on the ground, but it is doubtful ifany mit(·s were killed by it. 

WHEN IN CONTACT WITH THE MITES
Leaves heayily infested with rust mites were placed under themicroscope. 'With the eyes protected, sulphur was blown from ahand duster over the leaves. There was on the whole no unusualactivity among the mites as the grains of sulphur settled near them.A few reared themselves on the anal end, and a few crawled veryshort distances, but the majority remained motionless and died without any movenH'nt visible through the microscope. A large percentag-e were dead at the end of 5 minutes, nearly all at the end of 10minutes, and 110 life could be detected at the end of 20 or 25 minutes.TIH'se ['('suits show that the effect of the sulphur is extremely rapid. 
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To determine whether the mites were dead, they were touched very 
gently with a needle, and if the legs did not move the mite WIlS con
sidered to be dellcI. The temperature ranged from 90° to 92° F. 
The observations were made outdoors in the shade, but the sun was 
shining brightly. 

EFFECT OF WEAK DILUTIONS OF LIME-SULPHUR SOLUTION ON 
RUST MITES 

LAUORATORY TESTS 

In order t.o get additionnl data on the sensitiveness of rust mites 
to sulphur and also to obtain information as to what. dilution of lime
sulphur solution might be used lor spraying purposes, a series of 
dipping tests were carried OIl in the In,boratory from June 14 to 27, 
1920. Small twigs from seedling trees were cut ofl', each twig having 
one ornnge and It few leaves heavily infested with rust mites, and 
were immersed in lime-sulphur solution nt a wide rnnge of dilutions. 
Each twig was then pI need in a bottle of water to keep it fresh. 

In nIl dilutions from 1-50 to 1-275 !111 the mites present at the time 
of dipping were instantly killed, and in 24 hours their bodies had 
dried up. No eggs hat.ched; they seemed to collapse or were eaten 
by the caustic nature of t,he insecticide. In t.he dilutions from 1-300 
to 1-325 all the mites were killed by the dipping, but a few eggs 
hatched out on the third and fourth days. In 13 dilutions ranging 
from' 1-400 to 1-8,000, all of the rust mites were. killed, and their 
bodies were dried up on the following day. The eggs, however, did 
not seem to be injured in any way, and an abundance of young mites 
hatched on each of the days following the tests. In the dilutions 
1-400 Iwd 1-500 most of the hatching took place after the second 
day, showing, perhaps, thnt if the egg \~as ready to hatch the sulphur 
wns effective in killing t.he embryo mite. It would appeal' from the 
tests that. 1-8,000 is the critical dilution. At 1-10,000 most of the 
mites present were killed, but a few of the older ones remained un
harmed; 1-20,000, 1-30,000, and 1-40,000 did not seem to hurt 
them Itt all. 

The mites on three check twigs lived normally for over a week, or 
throughout the experiment. Eggs hatched normally. Two other 
checks were dipped in water, but the mites were not killed, and the 
eggs hatched in normal numbers. The water, however, seemed to 
make the mites crawl around more than they did on the dry checks. 

In the main the experiments were repeated from .June 15 to 20, 
1921. That year the dilutions 1-200, 1-225, and 1-250 killed all 
mites present, and no eggs hatched. With the 1-275 dilution, how
ever, three young mites appenred on t.he second day. Also for the 
dilutions 1-300, 1-325, 1-350, and 1-500 from one to four were 
present after two days. None appeared after the llse of the 1-400 
dilution. The 1-5,000 was the weakest dilution that killed all the 
mites present. A few adult mites were present on the day following 
the tests with 1-G,000 and 1-7,000. With the strengths 1-8,000 and 
1-9,000 about 50 per cent of the mites were killed, but 1-10,000, 
1-12,000, and 1-15,000 did not affect the mite!'; at all. 

On the whole the experiments conducted in 1920 and 1921 agreed. 
In 1920 the dilution 1-275 killed all mites, and no eggs hatched; 
whereas in 1921 the dilution 1-250 produced the same results. In 
1920 the weakest dill,ltion to produce a complete mortalit.y of mites 
was 1-8,000, but in 1921 it was 1-5,000. 



42 TECHNICAL BULLETIN 176, U. S. DEPT. OF AGRICULTURE 

~'IELD SPRAYING TESTS 

For field tests with various dilutions of lililC-sulphul' solution five 
lots of 50 gallons each were sprayed on trees heavilv infested with 
rust mites and eggs on June 26, 1920. The tempernture during the 
spraying was 80° to 84° F., Imd the trees were very thoroughly 
sprayed, but about Olle and one-half hours after the last lot had been 
applied a shower (0.45 inch) fell. The first count was made on 
June 28, two days after the spraying, so that the efrect of '~IlI'iol1s 
dilutions could be determined upon both the adult Illites and the 
eggs. The results of the test are shown in Table 12. 

'l'ABI,~~ 12.-Nulltucr of rust miles surviving field tesls with 'weak dilllUOIIS of 
lime-sulphu), 8o/ulioli 

[Sprayed June 20, 19~>(); counted Juue !!S, lU20j 


I
 
I Number or mites round ou 


10 squares 


Dilutiou I ! '['otal

Upper Lower ! 

j surface surrace : Fruit 
lor leaves or lea\'es ' 
t ---j" --1-

I-_,{)()() ... __ • 124 51 247 4~2 , 
1-1,500. ___ •• 172 02 ll;~ :JSr. 

q1-1.000 __ .... 47 -, 137 21 L 
1-500...... _. 29 Ii) m; 112 
1-2.10... __ ••• I 3 7 II 

Practieally all of the rust mites found on June 28 were young 
mites nnd no doubt hltcl hatched from the eggs which had been 
deposited before the trees wpre spl'ityed. The 1-2,000 dilution 
left twice asnumy mites as the 1-1,000, and the 1-1,000 dilution left 
approximately twice as many mites as the 1-500, whereas the 1-250 
left very few mites alive. The above results were obtained by 
counting the same number of squares from each plot, 10 on the 
upper and 10 on the lower surface of the leaves, und 10 on the fruit. 
There were present thousands of deud mites. It was also noticed 
that more than twiee as mnny mites were found on the upper surfaces 
as 011 the lower surfaces. No doubt this was due to the effeet of the 
rain in the aftel'llooll, which washed off the sulphur froIll the top 
surfaces of the leaves more thoroughly than from the lower snrfacrs. 

Another count. was made of the 1-250 dilution plot on June 30. 
There were 16 mites on the upper surfnces and 2 on the lower surfaces 
of' the leaves, and 64 on the fruit. Practically ull of these mites were 
young ones which had hatched since the spmying on June 26. The 
results of this spraying certainly indieate that, so fur us field work is 
concerned, not even the dilution of 1-250, the strongest spray used in 
this experiment, is strong enough to give perfect, results 01' commercial 
control with one application. 

EFFICIENCY OF VARIOUS SULPHUR COMPOUNDS FOR RUST·MITE 
CONTROL 

It has been shown (18) that certain sulphur compounds, when 
used so that the diluted spray mnterial contains equal quantities of 
sulphur ill solution, produce equally satisfuctory results. In order to 
further test several forms of sulphur reeonunc,lIded by the manufac
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tlll'ers ns substitut.es for Hme-sulphur solution, additionnl experi1l1cntnl 
work WitS l'.onductccl ,Tune 9 Itnd 10, 1921, in t1 grove neal' Orlando 
wh('('o tllI'l'" wns nn nbundnnt infestn,tion of rust mitcs. Each 
Il1ltteriuJ wn~ applied nt such I\. dilution HUlt the quantit.y of sulphur 
present, in l~a('h spruy 1Il11terilt! wus the snme. The t.rees were very 
thoroughly spmyed, in filet drench('d. No mins fell during the spray

~. iug Ol~ until June 15, Ilt 8 p. m., when a heavy downpour occurred, 
To obtnin the records given in Table 13 the mites were counted in 75 
sqlliu'es for euch matel'ial tmd check on June 16 and 30, and on July 
t4, and in ;)0 squares for each llulterial and check on July 30 and 
DeptcllIbm' 2, Itn equal number being counted 011 the lower sllrfaces 
Ilnd llpPct' surfnces of the foliilge, I1nd on the fl'llit, 

The eXltmination mltde Oil June 16, six dltYs after the spraying, 
show(ltl thnt Ill! of the llllttcriltis were efi1ciellt ill preventing the eggs 
from hn,tching. Of the Hi mites found, 8 were young ones which had 
hlllehed sinee the spmyiug. Considering the millions of eggs present. 
at the time of spmying, the results were most satisfactory. As 
stntNl before, the trees were thoroughly drellehed, and it is the 
writers' opinion that this llltly ac('ount for the uniformity of the results 
obtnincd with the several materials I1nd dilutions. 

~1ttny more mites were prcsent on the unsprayed checks on June 
Hi Ilnd 30 and July 14 thlln on the sprayed plots. On July 30 and 
September 2 this ('oudition WitS reversed. This is probably due to 
the I)!'{'sl'nce of an entomogeu9us fungus which developed on the 
unspl'Ilyed ('heek during the rainy season. No doubt this fungus was 
rcsponsible (01' fewer mites being present September 2 on the sprayed 
trces on whieh the materials were used at the weukest dilution. The 
stl'Onger dilutions may hRye Ilcted to pl'C\'ent the development of 
this fungus whereas the weaker dilutions were not so eifeetive. 

TABLE l3.-Number of rust mites counted following the 'use of several 8ulph'ur 
compoullds tin trees tn a grove near Orlando, Fla., JUlie 9 anellO, 1921 

Numher of rust mites present on-

Dilution:-Iutedul 1l5cd 

1,38810 09,562 2,254!' 
I, Oi2; 2. 527] 3. 66ll tHS 

_____~---.------~______I~__~__~---~---

I No frllt~ ()If Ihls plut. ~I il"s ~ounled 011 .10 sqnurll., of folitlge. 

64 

http:substitut.es
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In 1\J22 the slimc mni.erinls were again lIsed on the sulphul"-eontent 
hllBis. Two strengths of eneh lIInterinl, bl1Sl~d on lime-sulphm solu
tioll :32 0 B/lllnH~ )-(i(i nnci I-Ja2, wl'rr npplied. Tlw sprnying WIlS 

dOIle' .Iunr 1:), 14, nnd ] 5, when the rust, milt's Wt'I'(~ prt'SNII ill grcllt 
ILiHlndl1llce', Ilnd Ihe first ruin (L2~ inehcs) frll .Iune H) 111, 7 p. 111. 
The rNHIits were identi('1l1 with those ohlnincd in 1!l21. No one 
matt'rilll ~I\VC t'vidnllt'l' of lun'ing ht't'l1 lllOI'l' l'Il't'din' than the others. 

Dry limt'-sulph Ilr Ilnd blu'iuIn t('tmslILphide (19, p. 9) should be 
w;('d Ilc('ording to the quantity of sulphur they contllin, or on the 
sulphur-cquivllll'nt hnsis. Tht'n' is no indication in any of the cxperi
JlWn ts rN'o/'d(,d ill this bulletin thnt the sulphur is any more effective 
in t'itlH'r of tlH'S(~ forms thlln it is in lime-sulphur s01ution. In fuet, 
in t',,('ry l'xperinwut ('on(\uelt,d lime-sulphur solution proved to be 
('((Il/l1 to 0/' sup(,l'ior to IlJlY other form of sulphur. Dry sodn-sulphul' 
0/' sodll-slilphul' soilition should Pl'/'hIlPS not he used Illone for rust
mite ('ontrol, :;ill('P tlws('. mtttl'l'ials if used Olt the slllphul'-eqllivuleIlL 
illl::;is of li",e-sulphul' 1-50 will produC'e some injury to the foliage. 
They hit ve 11 distinct pillel', hOWlWCl', wben mixed with nn oil emulsion 
to make It ('ombilll'ti white-fly, s('nlc, and rust-mite spray. If this 
eombilllltion i::; uSNl, the oil emulsion should bc diluted to the strength 
usually prescribed for tho inscds it is intend('c\ to control, and 3 or 
-I: pounds of dry sodll-sulphul' 0/' IJ~ ~allons of soda-slllphUl' solution 
to 100 gnllons of WHtpl' should bp us('d, 

As llIl'ntioned l)('fol'l', Hw trees SPl'IlYN\ in 1918, 1919, 1921, and 
1922 w('re most th()rou~hly spmyed, which mlly 1l(,(,OUllt for the 
r('1I1I1I'1mhlp uniformity of the I'('sults obtained. An opportunity was 
pn'Sl'lltl'll11l Hl2l fol' c\rtt'rmining thl' l'l'sults of spraying under tht' 
11 \'('mgt' gl'(l\'(' ('ontiitions, u::;ing lh'y limf'-sulphlll' nnd lime-sulphul' 
solution. The sp/'llyin~ WitS don(' April 23, und no I1bundant infes
tution of rust mi.tt's WitS pl'('sl'nl:. The rcsults llre given in Table 14. 

TAIIf,E H,---Xul/lber of rust 1/Iile.~ per ,5 squares following application of sprays 
/II (Ll/(' wilh dry lime-sulphur and lime-sulphllr solution, /1Wit 28, 1921 

;o\ulllher of rust Illites per ,5 squows following lI[lplicutio/l 0(

.:,.rtl -11111 ", with <In lime-sulphur l"lprny Illude with_ lime·sulphur so· : 
• ) t, ~ JutlOU 1I)nle Ort"lXHlllillHtion 

-- ---.- Check 

2 pnunds 1Il~:1 POIIII<lS to·1 pounds to H gulloll to ~. gullOll to I 1 gallon to 
rAJ glllluns ;;0 glillolll' 5(1 gallons f~) gallons ;,0 glllloliS 1 50 glll\ollS i 

.\IIlY ,~_ _. __ _ ,05 i 59 43 8 3 (-- I-~IaO' :-~ 
June lfic .•• __ ~_" .. (l)' 2tH 1 I,[) 059 481 I ___ i~~U'~ 

It will iw 5('1'11 from til(' tuhlc thnt dry lime-sulphur is mueh less 
('fficiellt thlln lillH'-sulpliur solution wh(,Tl nppliN\ und('1' tlveJ'ugl' 
gro\'(' conditio/ls. ,Yhen 2 pounds to ;,)0 gilllons of \\'at('1' was used, 
t he results wert' lilth' I)l'tt('l' thltn wh(,l'e no spl'llying hlld bc('o done, 

SULPHun COMPOUNDS (,OMII\N~:() WITH OIL EMULSIONS FOR RUST .MITES 

It is oflen ll('('eSSIII'Y, lind mllny limes ll<\yisnbl(', to Spl'lly rot, rust 
mit('s, white flies, Ilnd Sl'11Il' insl'ds Itt the snnw time. 8il1('e the 
luhI'Lcn.tillg-oill'l11ulsiolls dl'sigl\('d fo/' whitl'-fly nlJd scale control Ill't'. 
ollly pIl\'tially t'1l't'diyt' flgllim;t rust mitl's, it is IItweSslll'Y to ndd sulphur 
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in onlor fn obtain sl1tisfll('tOJ'Y results. For many years sodlL sulphur 
in both the dl'v and liquid forms has be('n llsed for this purpose. 

Tn 10]2 an 'Ilttempt was made to determine the strength of sodn
sulphur solution S that should be uSNl with oil emulsion to produce 
slLtisflll'tory I'NHl!tS. The I'esulh; obtained arl' ghren in Tables 15 and 
In. Thn tulults w{'re killed in every tl'st, and l'xaminllt.ions had rd
eJ'e'\l('e only to young mitl's which hlltc\wd out after the tests were 
made. 

The results of the tests made hy dipping branches and spraying 
t.rl'cs agreed l"l'asonably well, and if 1 per ('ent of oil is used for th{' 
('ontl'Ol of seale inseds the strl'ngth of soda-sulphur solution should 
not be less than 1-100, Ilnd 1-75 would mnke a perfect mortality 
more. ('('['tnin, From 3 to 4 pounds of thl' dry form of soda-sulphm 
(nnalY7.ing 5(j pel' c{'nt. of sulphur) to 100 gn\lons of water producl's 
snt,isfndory 1'{'SUItS whe'll ('ombinNI with 1 p{'r cent of oil as emulsion. 

T,\I1L~; 15. J)iPPI:II!I lesl.~ Iii rirlerminc Ihe ,~I"I'I/{/lh of sod(/-.~1I11Ihlt" sO/III ion IIlllst 
effl't:li,1a in cO/llbin/llion with lin 1'/Il/lI.~ion fill' Ihe killiJlg of rflg.s of Ihe rll,sl mile 

('I'wi~s llill!,ell July 27,11112, Orlalllln, Fla.] 

('OHIposit inn or Hesulls of eXllminlltions IUllde 
In~~('ticldt'lusefl 

Hcmllrks 

Oil elUul·1 HI.I,III 
 Jul}, 2\1 Aug.7

sion I sulphur___I 

I 
10"lIon& to 

Per cwt IVIII/ons of 

oil , "'liter 


0.25 I l---in 15 young mites \"'rry rew mites. egg:i lIt1ll1cr .. 

. 
 ous, ' 

\"ollnv; miles prtlSl,lnt. w ". XO Hyillg mites, but eggs 1111' I :\enrl)' perleet.
I POM n(Jr~II"I . 

• lJ.1 HiO 

• ;'0 HOO 6 young mite~ prf,l~rnt _ w1 1 young nllte__ ~_._ .. _w,w'_'" 
.;\0 1-.75 Young mitrs llrl~s{'nL_ .i Young mitrs Jlresent._~_._ . 
.£0 J-SO Xn YOllllj! mites .. Xo miteg.. _.. • Perf~ct. .;;; 1-150 Young mites presenL .. Xo t'xnminntiorL. ... 
.75 1-I/.X) I young mite, :\0 mites found, hut. mny not Kearlr perfect. 

he l'on<.'1usiv£'. 
.75 1-'/;1 Kill.·" no ~~~s. :\" Y<llIng t young mitp._... ~ .. -~ ~~ •. ~ Du. 

mitl's IJr(,~l'nt. . 
UK) 1-150 Ynun~ mitt,s presl'nt, e~g~ np· :\0 eXl\minatiotl~ -, 

peur normnl. 
... _ . _. • Perfect. 

I.I~) 1-IIKI ·1 young-mites presenL.. '~~1" young rnites~ __ 
1.00 I·'j~ 2 Yflun~ mites* ~. ~ .. _~' :"'n Ih"inv; tHill's ...... 

._~ .. _~ __ ~! !':cnrb"pCrrCl'l. 

T,\Il1,~; 1(i.~Sfll'(/Y le.s/.s III delermille Ihe ,~lrell(llh of sor/(hs1dllhllr sollltion most 
rffl'ctit'c in c'JIIlbimclion 1('ilh oil ('mulsiol/. for lha killillrl of rllst-mile C{I(J,Y 

(Trees sprayed Jul)' In, 1012, Orltllldn, rlll.J 

Composition of IHesults of examinntions mndc
iusecticide used 

Hemnrks 
O·il ernul· 1 ';~df\ JulyZI ---:;-;------1 

sinn ,sulphur , 
--I--~··----,-- 

:(lul/on~ In ! 

Prr cwt ,quI/oil., of 


vil t u:nltr 

0.2.'i I 1-150 L"'ing mites f1bunllnnt. '_"'" ;\1 Hcs abundant, same as;, check. i 
.25 ! 1-100 )'lunr living mites PCl'$l'JlL .. ~Ii(es nhundant, ahout snme i 


tiS ('heck~ ;
,.~) 1-75 Lidng mitt.'s present. ..... .. \"ery few uresent.~. . . 
.~ ! I-flO IItle )"ouul( mil~ I\rillg_ -._ ;\1 ites fairly alllll\llflllt. .. 1'~l!gs npllt.'ar nlmt.r· 

JlUlI. JJcrfeeL 
• riO , 1-\00 Lh'in~ Illites pn'sent..... .. . ~(hL._H .. ~. H .... ~ .. • .. • "~·_· .. ~.. , 

.75 HOt) V\'rr r~w IIdng mites present... __ do._~ .... ~ .• • ~ __ "'_~M'"'''''''''' Perrect. 
],00 ; HOO :-;OllC present................. Few II\-;ng mites wesenL ••••. : Du.. 

! '['he ,"lu!.ion used in nil tho experiments was made ncconling to the formuhl gil'en on 1'.22 of ~'l\rmers
Ilu\[cl;n ~a3 ([6). 
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The silllple oil emulsions can be treated with glue or other stnbilizers 
to make them mix with lime-sulphur solution (21), dry lime-sulphur, 
01' bnrillUl tetrnslliphide. Severnl commercial oil emulsions are so 
mudc that they will readily mix with these suiphm ~ompounds. 
These combination sprnys have been used by the writers experime,n
tully Ilnd in most euscs proauced slltisfuctory results, us shown in 
Tllble 17. 

All of the tl.'sis producl.'d It satisfactory mortality. 
In 1922 It smltII grove wus sprayed with 3 qUltrts of limc-sulphur 

solution combined wit.h 1 1)(>r cent of oil fiS emulsion in 50 gallons of 
wllter, find satisfuctory results WNe produced. 

'i'AHLt1 17.-l?csltlts oj sprayi-rl.flll'ith I' 'per cent oil f!mulsiolls combined 1vith v(Iryin(1 
qllllnUtics of limc-sulphur soLution, dry lime-sulphur, (Inri bllriulllietrasIIL7Jhitie 

--~-.------~ .-.... ~--'-""---"'-'-----,----------

Xumhl'f ue rllst mitns l'r~sent. on i1l 
sqtlnres 

Ueror~ '[ ,. I'J M . '11 J I'"
~'lrn!dnf,!; .., 1I,l' .. I U,} ~ • 11 S (J 

. !.._____;._ I 

llariulIl 101.o5UI[lhl<10 I j ~ pOluuls, [llus oil·omulsion pnste ••••.•...• ,1 [,go 0 2 .. ~~ .. _~ ••
Barlnm totrnsulphldo 21~ pounds, plus oil emulsion with gluo........ ! 580 0 i (I •• ____ •• 
IJnrIum totrn5ulllhhtu ,\If pounds, plus oil·emulsionl'''sto••• __ •••• ___ • fir, ,° I o 1211l1Dry IImo·sulphur JI" pOunds, plus oil emulsion with glue. __ .........1 ;;80 1 ' '4 • __ ••••• 
Dry IImo·sulphur L'~ pounds, plus oll·emulsion puste._._ .•.•••••.•.• , [>SO 0 -- .~ 
Dry IImo·sulphur 3 pounds. plus oil emulsion with gluo.............. , 5G 0 i o '-"'i07 
Llmo·sulphur solution H30, plus oil emulsion with glue._•••.••••••. , 589 0 I o '1
Llmo·sulphur solution 1-C6, plus oil enutlsiort with glu6._............ 56 01 
 o 96 
Check._•••••••• __••.••.•••- ................ '-"'-" .-.- •••••• '.'''' •. ': .•••• , ••••. - ••• "'J 332 . _____ ._ 


... --_._--'----,--
I li5 on I In!it may lIot ho\'o heen hit by sprnr, • 2 young mites., 1 young mIle, , t young mite, 
~ 2 ~·OIlng miles. 

In IH23 consicll.'mble injury followl.'d the usc of oil-emulsion paste 
nUl-de by using kaolin ns the emulsifying agl.'nt and lime-sulphur 
solution. In senl'lll othcr cuses iujury hus followed the usc of soda
sulp]l\lI' solution combinl.'d with the oil emulsions, It is not known 
why the oil emulsion and sulphur spmys cnuse injury in rare in
stunces onl.,·, Ilnd this combination has grnd ually been discurded in 
rl.'Cellt, yenrs. 

THOROUGHNESS IN SPRAYING NEEDED 

] II sprnying for white flies und scale insects it is necessary to hit 
('\'ery inscet with the sprny mntel'iui in order to kill it. This requires 
most thorough npplicn.tion nn<1 the skillful use of a spray rod. Since 
rllst mitl.'s are killed by- the oxidn.tion of sulphur not necessarily in 
immediate contnct, the necessity for sueh thorough work is not im
perative to produce slttisfuctory rust-mite control. Spraying, how
ever, should not be curried on in a huphazurd or disinterested manner. 
Eycry fruit on a tl'(,(, should be thoroughly wet, and an attempt should 
be mllde to hit folingc on the lower surfaces, In so doing a iaTge 
part of the upper stJl'fuces of til(' folillge will likewise be wet by the 
spray. Abundant obseryations indicate that the more thoroughly 
spraying for rust, mitl.'s is done the more lasting are the results, 
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TIME TO SPRAY 

'I'he oppodune time for spraying for rust-mito control is when the 
mit('s ure pl'('st'nt in gn'llt abundllllce und yet before little or any 
blemish to tll{' fruit hus heen clUlsed. Since the rust mite reaches 
i ls period or mllximum nhundllnce between the middle and the last 
of .lune, it; is o\wious that the opportune time to spray should be 
some Lime I)('twt'en the 1st und the 15th of .June. Rust mites also 
beeollw nb\ll\dunt in December und .JIUluary, lind as it is desired to 
k('('p frllit from I)('('oming evell slightly russeted it is often necessary 
to spm)' or dllst. If winter spmying in Decembcl' und January for 
white flies lind s('lIle. ins('ds is gi\'('n, it is ud"isIlLle to lise soda
sulphm if 1'11::;t mites ore presPllt. \Vlwl'e shark skin is present on 
grnpef"ruit til(' opportune time to spmy is in April, with It second 
ltppliclltioll in June. NUlIlerous ('xp('rimcnts show thnt,spraying 
done in Fehl'llH("~r 0(' ~In!"('h is of ynlue in pre\'('nting shurk skin und 
rust-mite nhundtUl('e dming t\w spring months, but in no instance 
htH, this spmying result('d in such a degree of rust-mite control as to 
mnke the .June sprn'yin~ UnnN'l'f'Slll"y. On f1gure 7, which shows the 
('urve of nbllndllllC'l' of rust mites OIl orllng<'s, is indicnted the oppor
tune timo to sprny to obtnin th(' mnximum results with the mini
mum ('x[H'lldi.tIlI"C of 1I10r1('),. Spraying for gmpefl"Uit should be done 
n .mon th 01" six we('ks before thllt required for ornnges 

El!'FECT OF RAIN FOLLOWING SPRAYING WITH LIME-SULPHUR 
SOLUTION 

Sinc(' the opportune time to spray for rust mites in order to obtain 
the mnxi(,l1um l"l'suHs 1'01" the lenst cost often comes nt the season of 
t.he )Tcnr when henv)" mins muy tnk(' plnce, it is important to know 
the results to be expected IInder such conditions. :Manyexperiments 
nud ob~:;pnTn.ti()ns hllve lwen mode, extending over It long period, to 
determine tid::; poin t, lind the mOI"(, striking of these are here discussed. 

On JlIl~' :), Hl1U, sprnying ('xp('riments for the ('ontrol of rust mites 
with lillle-sulphu(' Holutio[l were being conducted. There wus a 
gent1(\ ('nin n,hout :Hl minutes flfter some of the trees had been sprayed 
tlnd hefol"(~ the /lwler·inl had dried on the foliage. Other trees were 
spl'aYl,d d II t"in~ the rain. An examinntion made on the following 
dny of trees s()l"Ily<,d with 1-25 nnd also with 1-50 strength showed 
thnt nit tlH' mitl's hnd been killed. A tree sprayed with the 1-50 
strength during the min WIIS quite white. On July 8 trees that had 
been spmYNI during the min hlld no rust mites on them, nnd in 
Augllsi tlH',V W('I'(, .i list as frt'c from rust mites as those trees sprayed 
II hllif hour hdore the rllin. 

Agnin 011 May 24, 1920, a grove was sprayed Ilsing lime-sulphur 
solution 1-50 Ilpplicd most thoroughly. The work was finished at 
4.30 p. m., lllld between G and 7,30 p. m. 2>5 inches of rain felL On 
June 2 the fruit nnd leases were examined for about 30 or 40 minutes, 
and no living mitl's were found. As it had been nine days since the 
adult mites WNO killed, there had been plenty of time for the eggs 
Inid Nior to the sprnying to hnvc hatched. 'rhis large-scale experi
ment c('rtllinly indicated thnt the eggs of the rust mites were killed 
by the spray eyon though a h('ILvy rnin fell shortly afterwards. The 
sprny wns thoroughly efT('ctivc nnd protected this crop from rust 
mites until Inte fnll. 
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P('rhapl> t.he most sp\"el'P tpst of til(' e[pC't of limp-sulphur solution 
when followed by ex('pssivo rains was carried on in May, 1923. On 
~v[lty 21, Itt Itbollt 11 a. m., some sweet lemon and grapefruit trees,' 
very hmwily inf('st('d, W(,I'(, spraYNt with lime-sulphur solution 1-66. 
A h('uyoY rain frll one hOllr ufter the spraying was done, and consider
Hbh, rain con tinned to fall until luto in the afternoon. It rained for 
thl'ec hOlll's on the night of ~[a.y 22, a.nd u heavy rain fell on 1tlay 23, 
from 4 to 4.30 p. m. Another h('uvy min occurred May 24 (p.' m.). 
On ~i[IlY 25 IUl eXltminlltion of 30 squarrs (15 on upper surfaces and 
15 on the lowcr surftwcs of tll{' lcltves) gave only one young: mite. 
No adult mitt,s \\'(,1'0 pl·(,l>tmt. Another h('aY.v rain fell the night of 
l\laoY 25. An ('xltminlltion of 20 squares on MlLY 26 showed no living 
mites. On both dittos lhrl'c was an abundance of dead rust mites 
kilird by t·he spray. On ,lune 13 thes(' tre('s wOl'e again examined, 
Itnd 50 sqllltl'es (huH on the upper !lnd hnlf on the lower surfaces) 
gtlYO no mitt'c:;. 

INJURY FOLLOWING THE USI<~ OF LIME-SULPHUR SOLUTION 

Consi(\cring the quantity of lime-sulphur solution used in :b"'lorida 
the inj my resulting thrl'r(l'om is Yrl'y slight indeed, although instances 

do appear where exten
sive and serious damage 
follows its application. 
This inj ury in nearly ev
ery instance is on the side 
of the fruit on which the 
sun was shining when 
the spraying was done, 
and is neyer found on the 
lower side of the fruit, 
where the drops of spray 
material would collec t. 
In some rases the dam
aged arl:'a is an inch and 
a quarter in d i a me tel' 
(fig. 9), and of course such 
fruit has no commercial 
value. 

Some time during the 
last week in April, 
1919, a citrus grower of 
Bradenton sprayed, by 

~'I(lt'R;: U. -Orln\;" !njUr"'! 1\lllHr~nllr by .suuhurn fn!!flwing In i s t ak e , his en ti r e. 
Iht' liS,' or limp-sulphur SOIUtlllll O'ro,-e with conlmercial 

'" lime-suiphul' !"olution 1--1), 01' Il('{'ol'(\iug to directions on the barrel for 
dormant sprny on d('ciduous trees. Ruch dilutions are usually applied 
for t he Ran .10St' scnle. Th(l tl'l'(IS w(lre spmYN\ on the following day 
with wntt'l', whirh 1lI11}' hu\'(, wHsl\('d ofT some of the linw-sulphur solu
tioll. On ~ltly Ul V('I'Y littlC' injury WIlS Ilpparent., not neariy so lllu{'h 
itS would be L'xpC'clpd. ~lnny old Irlln's fwd It "cry few new ones had 
fltllen. Only It Sill all p(,l'r('ntage of fruit had fallen off, and only a very 
small percrntllge of that left had been damaged at ~lL. 'flw tn:~~ 
were still quite white OIl the date of the eX!tPlination, 
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Experiments have been curried on to determine, if possible, what 
fnctors nrc responsible for this damage. On July 18, 1912, one tree 
without fruit was thoroughly sprayed with lime-sulphut· solution 
:3:30 BaunH-\ 1 to 9. Little or no injury had been done to the foliage 
up to AugW';t n. Ollly the most recent growth bad been injured. 

Some time during 1914, with the tempemture Itt 95° F., a sweet
omnge seedling tree was sprayed with lime-sulphur solution 1-25. 
On 1!\,bruary 5, 1915, there were 44 huits injured and 195 uninjured, 
01' 18.4 pel' cent dlLmaged. A row of trees including one sour-orange 
tree WI1S spro.yed with 1-25 lime-sulphur solution during the spring 
of 1914. When the fruit WIlS picked la.S pel' cent of it WIlS dll1llllged. 
'1'1\(' fruit on the SOll1'-ol'tlnge tree in the row WItS ycry seriously dllm
nged. In 1911, howevCl', 11 row of 2() seedling trel~S WI1S spmyed three 
times-on M Ily 15, July 1, and August t5-with lime-sulphur solu
tion 1-25. The sprnying was most thoroughly done, Ilnd not the 
slightest injury developed. On June 9,1917, II. tree was sprayed at 2 
p. Ill. (temperature 95° F.) with lime-sulphur solution 1-25, and 'no 
injury developed. Ou the SIlIne dllY some lllrge trees were sprayed 
with lime-sulphur solution 1-50, nud no injury resulted. 

On November 26, 1912, four trees were sprayed, half of each with 
lime-sulphur solution 1-75 Ilnd hllif with 1-33. No injury Ilpparently 
developed, except thnt on the lower side of ellch fruit sprayed with 
1-:33 a very tiny reddish spot developed. This injury did not seem 
to be at all serious, and the fmit appeared normlll except for this tiny 
spot on January 23. A great deal of spraying hilS been done with 
lime-sulphur solution 1-50, and only rarely does it cause injury, Ilnd 
1-75 does not ea,use injury ex('cpt in extremely rare cases. Just what 
the fllctoJ's involved in elwsing this injury are, the experiments have 
not shown. TIll' writers think, ho\\"e\'el', that it is largely II. cnse of sun 
dllmllge hllstened or intensified by the lime-sulphur solution. 

DUSTING WITH SULPHUR FOR RUST-MITE CONTROL 

It has been known since 1885 that sulphur when applied to citrus 
trees lind fruit as 11, dust WIlS extremely effective in killing rust mites 
(7, p. lI6). This method of application owes its value to the extreme 
sensiti\'eness of the mites to sulphur. (See p. 39.) Considernble 
field experimental work WIlS carried on in 1919 (17), 1922, 1923, 1924, 
Ilnd 1925. Several other groves dusted by commercial concerns were 
under observation, Ilnd the results then obtained were utilized in form
ing ('onclusions on the seyernl points connected with dusting. Prac
ticlllly all of the \\Titers' experimcntlll work was cEtnied on with a 
Illrgc POWl'I' dusLel·. (Fig. 10.) 

FLOUIlOF SUI,I'HUIt 

A large part of the experimental work was done with Hour of sul
phur, whieh is perhaps the chellpest grnde of sulphur that Clln be used 
for dusting purposes. It is 99.5 pel' cent pure, is somewhat coarse 
Imel heavy, the screen test being 50 pel' cent through 170 mesh, but 
it comes out of the machine in fairly good shape and reaches the tops 
of the highest seedling trees. It required from two-thirds of a pound 
to one pound to cover Il tree. The results were entirely slltisfactory, 
It complete mortnlity hEwing been produced. 
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FIllUR£ 1O.-Power duster applying sulphur dust: (A) 'ro low citrus trees find (Il) ttl tull 
cirrus trees 
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FI,OWEHS OF SULPHUR on SUBLI:IIED Sur.PIIUR 

A considerable portion of the experimental work was done with 
flowcrs of slIlphm, It is a very fine bulk")" aTldflutTy material, the 
screen test being 84 per cent through liO mesh, and it comes out of 
the machine in fine shape, producing a cloud of sulphur particles that 
envelopes the trees, Owing to the great bulk of this form of sulphur, 
it requires only n little more than one-half pound per tree, The 
rrsnlts WNP highly sntisflldol'y, a ('omplcte mortality having heen 
pl'Od lIl'rd. 

:-llTl,I'lIl1lt AND I.IMI~ MIX'I'lTH~) 

Thcr(\ Hn- u grt~llt; 1I1l11111l'r of dust mixtun-s on t.he Jl1nrket in Florida. 
~Iost or thOSl' IU'e llIixtul'es of sulphul' unci hydl'lltcd lime in various 
proportions 11Ilti depend 1'01' theil' eITecti,'eness on the sulphur content. 
The "Titers uSt'd in Plu't o[ one grove It mixtUI'c of 80 per cent sulphur 
nnd 20 pel' ccnt hydmtcd lime. It cnmc out of themnchine satis
factorily, Ilnd the mortnJity wns complete. :Mixtures containing 90 
pel' cent of sulphm (lilt! 10 per cent of hydl'llted lime hnve also been 
used with slttisfnetory results. If the percentage of lime in the 
mixture is much mol'C thnn 20 PCI' cent the results nre not so satis
fnctory. The hydl'llted lime itself hns no vnJue in killing mites. 
'['rees wel'e dusted in 1922 and 1923 with hydrated lime alone and, 
in so flU' us could be determincd, no mortality whntever wns produced. 

No injury to Lhe fruit or folinge hilS eV(~I' l'csulted from the use'of 
nny form of sltlphm dust. ]~"ell parts of the trees which received 
huge qunntit.ies of sulphur when the dusting lllnchille wns stnnding 
~till show(lt! no iuj urious efrect. In severn I instances trees were dusted 
~(). hetlvily thllt they wpre couted with sulphur, but nM the slightest 
IIIJ UI'Y dc\·ploJwd. 

Tll\I~; o~' APPLICATION 0.' OUST 

Dusting for rust-mite control mny be done nt /lny time during the 
dllY nt the con\'Cuiell('e of th£' opc1'Iltor. Sulphur npplied during the 
hottest 1I1It! dryest purt of the dny produced results as satisfactory as 
thfl_t ilpplipd in the early moming. III a groye dusted between 11.30 
n. Ill. and 2 p. m. It ('omplete mortlllity of mites was obtained. In 
IIllother groye dusted between i Itnd 9 It. m., when the folinge was wet 
with dew, similnr results followed. The sulphur, however, adheres 
to tl1P It'll "('s better if it is applied when they are wet tlnd therefore 
Illlly bt' cfreeti,'c 0,'01' It longer period. In the grove dusted in the 
purly 1Il0l'l1illg some of thc sulphur remained on the leaves and 
hl'llll('he::; ufter nlmost duily rnins for it month. In nil pl'Obability 
Pllough sulphur to kill mites remained on the leaves Ilnd fruit nfter 
slwPI'IlI mins. In III I cnses when the sulphur wns npplied when tho 
ll'ilYes w(~r(' dry thc first drenching min washed it all ofL If the 
dusting Cllll CIJll ,'cuiently be done when the folinge is wet it is nd visable 
10 do it thell, but opel'lltions should not stop if the dusting is unfinished 
when thc ielwes become dry, If extcnsi,'e work is done the dusting 
should begin in the morning and continue ulltil night 01' until the work 
is finished. . 

UELATION 0.' TEl\U'EUATUItE 1'0 1\I0UTALITY 0.' MITES 

The ('fIi('ien('y of d llsting IH'eSumably depends upon the oxidntion 
of the sulphur. The Jlighel' the Lemprl'lltuI'c the more rnpidly this 
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IH'Ol't~SS tnkes plueo, lind consequently the endiCt· the results are 

('fl'e('tl'd, In (wer,Y tltse when d listing WitS done whcn thc temper

IItUI'(~ wus 00 0 Ii', 01' II\)OV(\, II, ('omplPlp lllortulit,,Y followed in It vel'y 

few lllillUtO;>, 'rhe \\Titpl's hnve 11(,\'(\1' fOlllld lilly living mites in It 


grov(\ olle holl!' n/'t<'r dm;tillg wlH'1l till' i.elllpemt.ure WIIS 90 0 F, 01' 


Hbon', 'Whell dusting is done during the wint('r with the tempern

ture I'Ilnging froll1 70 0 to 80 0 the ell'('('t is not so immediate, Some

times it is se\'el'lll dnys before Hll the mites arc killed, In n grove 

dusted .TllIIlIllry 8, 1023, with a te/llpernture l'nnging from 75 0 to 80 0 


in the middle of the Ii ItX it WIlS two 01' three dnys beforc n sntisfaptol'Y 

mOl'tidiLy WIIS obtllined, IHld ('ven Hf'te:'r 11 week It few mites were stili 

pr('sl'nl. The )'(worlls of the vVt'nthel' BlIl'enu show thnt the IlverHge 

t('mpel'lItures prevuiling in Mny, .Jlllle, and .July, when the greater 

pHrt. of the dusting 1'01' rust-mite:' ('ontrol is done, lire highly ('ondlleive 

to It ('omplet.e nllH'tnlity of mites, 


In:LATION OF IIAINS TO E.·.·ECTIVENESS 0.' DUSTING 

}~xperiments Ilnd obsenrntions mnde in 1111 field tests show that a 
ltll'ge pnrt. of the sulphur which ndheres to the folillge at the time of 
dusting will rClIlnin there unt,it it is wnshed off by n drenching min, 
In one ('use the sulphllL' remnined on the folinge fOl' more thnn two 
WCl'ks, ILppllrently in undiminished q unnti ty, In nnother grove, 
dw;tl'Cl in .Junulll')', 102:3, more thlln two weeks elapsed after the dust
ing bl'fOl'e It dren(,hing min fell The heavy dews nnd breezes had 
caused It considl'l'Ilble portion of the sulphur to disappellr, but there 
WIU; It suflicipnt qunntity present to kill the rust mites, In two groves 
dusted in I!HU pl'Ilcti(,lllly nil the sulphur remnincd until it wns 
wllshed ofl' by II drenching rnin, Before the rain it wns not possible 
to detel'lnilw thut nn,)' less sulphlll' wns present on the folinge dllm 
there was illlnwdillteiy nfLl'l' the dusting, After the rain, however, i 
there was pl'ncti(',dly 1I0lW pl'l'Sent, Tn one of the groves it remained 
4}2 dnys Ilne! in till' other itl'emllined 2}~ days, In n grove dusted 
in 1022 the sulphlll' l'olllnined fOl' ,,) dllYS, when pl'llcticlIlly nIl of it wns 
wnslH'd olT b~r n drl'll('hing ruin, Tn nnother grove dusted in 1922 a 
drenching min (,Hille 11 dny nftCl' the dusting, The grove wns dusted 
ngain on the fourth dllY nftcr the first dusting, The foliage was wet 
Whl'll the st'cond dusting was given, nnd the sulphur ndhered much 
lH'ttl'I' than when it WIIS dry, Though it is true thnt perhaps enough 
sulphur ,l'('lllllillt'd on the trees nftm' one 01' two rnins to cnuse death 
to l'USt mites, It grelttpl' pnrt of it WIIS wnshed ofl' within the period of 
It week, Although sulphul' ndheres to the smooth citrus lenves mu('h 
beUt'l' Lhnn would be supposed, it is ('xceedingly doubtful whether 
undl'r 1l\'('I'Ug(' conditions enough sulphur will be h'ft on the trees to 
killlllitt's nfl('l' OlH' dr('n('hing min, 

fiin('(' the Pl'I'St'IH'P of sulphul' on Il'ltH's nnd fruit pl'Od uCt's the nhnost 
,4 

immpdilltl' d('nth of nil rust mitl'S it would nppenr from 11 superfirint 
stllntipoint thntmins would hll\'(\, little 01' no belll'ing on the efl'ective
nt'ss of II usting for theil' control. ' This, however, is not the ense, 
[a .Tulle, wlH'1I most of the dusting should be dOlle there is a Inrge 

l
nllllll)(,l' of l'ggs pres('n t which I'eq uire frolll two to four dnys to hatch, 
I t is l'eusOllllbly c('rtnin Ihnt sulphur will not prevent lIlnny of these 
t'ggs fl'OlH hllt('hillg, but it is n (,t'rblinty thnt the young mite will be 
kiliNI by till' slliphur jllst ItS soon IlS it l'IlHwges from the eggshell, 
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ADHESIVES 

As sulphlll' is wushed from the tl'ces by (lrf'.nching rllins it occlll'red 
to the wl'iters thnt some adhcsivo might be mixed with the sulphur 
to muko it, adhere to the troes indefinitely. If such an adhesive 
eould be procured. il, would hc It decided advnntuge to the citrus 
gl'O\Ver, unci rUPlt-mitn cont,rol would be placed on 11 simple and inex
pensh'o bllsis. Plaster of Paris, Portll1nd cement, (lOwdm'ed glue, 
rosin, lind tripoli weTO uscd, but without any KtH'Cess. The sulphur 
WIIS wlLshed from the tre('s whether these were used or not. 

NUMBEU O~' AI'PUCATIONS 

The Humb!'I' of tinws 11 grove should he dusted depends entir,ely 
upon the length'of' timo after dusting before fI. drenching min falls. 
Though the rnsults obtained f!'OlIl dusting when followed immediately 
by drenching l'I1ins wor(\ Illllch boU(\r thfln could be expected, young 
miteR WNfI IIRIlully found in mor(\ 01' leRR abundance under such con
ditions. If no \"Il.lfl fnlh; fo[' foul' or /1101'(\ dttys after the dusting all the 
rw;;t, mites liS well liS Itll the young mites which hltve hatched from 
the "ggs PI'OSNlt fI,t thn time of dusting will be killed, and a complete 
ll1ol'tnlity t,hus e{l'lwtcd. In euse of min it may be ttdvisable to repeat 
the dusting b"fol'c t1w expil'lltioll of the eighth duy after the first dust
ing. This will l'eaeh 1111 young mites before they are old enough to 
deposit; eggs. Home groves no douht will he able to get ulong with 
0110 dusting ill .lulle, Illld, if the fruit is to be held late, ttnother dusting 
ill ,Tamutry. Otlwr groves willrequirc two dustings in May and June 
nlld pel'https ItnothOl' one in DeeembOl', or at any rate during the win
tel'. Dusting for mites should he given when they nrc reasono.bly 
nUll1el'OUS on the fruit but befol'() the fltintest tinge of russeting has 
appeared . 

•;~·FECTS Ot' nUSTING WITH SUI.PHUR FOLLOWING AN OIL SI'RAY 

It wus deemed ndvistthle (20) to test out the effect of dusting with 
Rulphul' following nil oil-emlllsion spmy. On 1.1tty g, 1926, two rows 
of \rnlnncilt Ol'nnge t;l'"es were spmyed with a so-called red oil that has 
bf'1'1l cOllllllonly URNl for spl'ltying eitrus tl'nes for many years. Two 
rows WNl', IIIRO spl'n,Yl'd with It good gmde of so-called white oil. The 
J'f'd oil WitS \lsed nt 1.25 per cent nctultl oil and the white oil at the 
1'111.(\ of 1.5 per ('ent.. '1'he maximum temperature WttS above 92° F. 
('\,ory day. Five dn'ys later the entire four rows were dusted with 
(,oll1ml~I'{'inl dusting material eontnining ttbout 92 per cont of sulphur 
Illld 8 pel' ('ellt of hyd1'llted lime. An excessive qtmntity of dust was 
uSNI. IiJxllmilllltions wor(1 made on "May 21 ttnd June 6 and 14, and 
no ('\-iden('(\ whatevl'r wus present t.o indicate that nny injury had 
bl'l'n done. There had been no rain until.Juno 5, when 0.13 inch fell. 

On May 19, 1926, two rows of Valeueias were sprayed with the 
sllmc red oil as was lIsed on :NIny 9, Imd Illso two rows with a high
grndH whit(l oil. Both oilR were used nt exltetly 1.5 per cent of oil in 
the spmy material. \V"ithin 20 minutes after the spmying, a sulphur
dust Ilppliclttioll WitS made to OIlO row each of the trees sprayed with 
the red oilnnd to olle Rpmypd with the white oil. Although the tem-" 
p(,l'I1ture was not excessive on the day the materials were applied, it 
I'('ached It Tl1llximum of 102° F. bofore ,June 14, the date of the last 
examination. On May 21, the fruit ,Vns covered with a film of oil 
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overlaid with a layer of sulphur. There was not the slightest indica
tion of injury, On Jlme 6 and 14 there was evident severe injury 
to the fruit on the rows dusted with sulphur. The side of the fruit 
facing the direct sunlight showed yellow spots or large yellow areas. 
Somq of these spots were scarcely visible, but showed up as very light 
yellow arens. Tho injury was very slow in developing. There was 
no injury whlttever to the fruit sprayed with either 011 and not dusted 
with sulphur. 

The injury was of commercial importance, and the writers would 
advise growers to wait two. or three weeks after the application of an 
oil spmy before dusting with sulphur. 

SUMMARY 

The familiar russeting of citrus fruit was first ascribed, about the 
year 1878, to the feeding of a mite. This insect was described by 
Ashmead, and is now known as Phyllocoptes oleivo7'us, or the citrus 
rust mite. It is found. in most of the citrus regions of the world, but 
so far itS known is absent from thc Mediterranean and South African 
nreas. It probably ranks third among the injurious pests on citrus 
la'ces in Florida, injuring morc or less about 50 pCI' cent of the fruit. 

'fhe mite is found on all the commercial species and varieties of 
dtrus grown in Florida, being most severe on lemon and about one 
and two-thirds times as nlllnerous on grapefruit as on omnge. There 
are no other species of Phyllocoptes found in Florida, but other mites 
n.re sometimes confused with the citrus rust mite, especially one that 
feeds on maiden cane and one found on roses, and several species of 
gnJl..:forming mites. 

The injury is apparent on the exterior of the fruit in the form of a 
more or less severe russeting of the rind, The grade of the fruit is 
lowered, and the infested fruits are smaller and lose further by evapo
ration much more quickly than normal fruit. The keeping quality is 
impn.ired and, contrary to the somewhat prevalent idea, the russeted 
fruit is not so sweet as the uninjured fruit. The leaves and branches 
are also injured by the feeding of the rust mite. 

On account of the small size of the mites, studies of the individual 
Inites were difficlIlt to make, but a small gelatin capsule fastened by 
plll'affin to the rind of a fl'l1i t provided a cell Ot· cage in which they 
could be ob:;l'l'ycd. The iu('ubation period was fonnd to last from 
2 t,o 4 QilyR during the hot mont,hs ttnd to extend t,o 8 or more days in 
tihe wint.cl·. 'rhe lal'vllI stage is of abou t the same duration aH the 
egg stage. The longest life period rccorded for an adult was 23 daYH, 
lWei the maximum numher of cggs deposited hy any femnIa undCl' 
observation was 29. No 111ale has been observed. The rapid increase 
of this mite may be due more to the fa1:'t that in the summer a genera
tion may be completed in 7 days than to a large reproductive capacity 
of the individual. 

The mites are continuously present in the tmes throughout the year, 
but the numbers rise to injUl'ious proporliions about the middle of 
June and, probably because of an entomogenous fungus, suddenly 
decL'ease a short time !tHer the beginning of the summer mins. They 
are probably dis~ributed on nursery stock, by insects and birds, and 
by the wind. 
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The weather factors that affect adversely the abundance of the 

rust. mites are the occasional visitations of freezing weather in the 

'citrus belt and seasons of dry weather. Hot sunshine and rains seem 

only to drive them to the more protected surfaces of the fruit and 

leayes. Insect enemies tue unimportant, but a fungous disease seems 

to be responsible for the almost complete disappearance of the mites, 

Ir usually in the first haH of July. They are never abundant in the more 
humid sedions near the coast. 

Insecticides that would contmlleaf-eating insects are of no value 
against the mi tes. Tobacco, nicotine dust, and oil sprays have not 
given suUlcient control to prove profitable. Sulphur has been found 
the best ILgen t fol' usc against the rust Illite. Its action is througb 
the [urnes from the oxidlLtioIl of the sulphur, which does not have to 
be in act.ulll contact with each mite to cause its death. Sprays and 
clusts eontaining sulphur seem to be about equally effective when 
eompnred on the busis of the sulphur content. When used in the 
form of ILlime-sulphllr solution at a dilution of from 1-50 to 1-100, it 
should kill flll adults and larvre present at the time and remain effective 
under any weather conditions fot 11 sufficient time to kill all larvre 
subsequent.!y emerging frOilt the eggs that had been deposited prior 
to t,he sprn,ying. Dusting with sulphur 01' sulphm and lime mixtures 
is also effeetiye and may be can·jed on at any time of the day, but the 
dust will rt'lllllin on the t.rees longer if applied while the foliage is wet 
with dew. If a drenching rain falls within four days it Illay be neces
sary to repeat the dusting before the eighth day after the first appli

~'Iltion. 	
.. 
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