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Biology and Contro! of
the

RHODESGRASS
SCALE

I

By Hanvayr L. Cuapa and B A, Woob, Jr., entomolagists, Entomstogy Research
Division, Ayricnltural Research Service *

Tlie rhodesgrass seale (Anionina graminis (MMaskell)) was first ideonti-
fied in the Untted Btates in 1942 by Harold Morvison from specimens of
rhodesgrass (('oris gayene Kunth) submitted by Nico Diaz, King
Ranch agronomist, Kingsville, Tex. Range, lawn, and golf-course
grasses in the gulf coast aren of Texas were damaged by the scale, and
information on its control was requested. Since there was little
information on the biclogy and control of this pest, a research program
was undertaken in 1849 to obtain such data 1 cooperation with the
Texas Agrieuttural Experiment Station.  FPhe results eblained at the
Weslaco Substation {from 1949 through 1851 are described in this

bullelin.,
PREVIOUS STUDIES

The rhodesgrass seale was first deseribed by Maskell (/0)2 as
Sphaervcoccus gramintz, sp. nov., from spocimens cotlected by Koebole
at Hong Koug, China: Maskell (14) Inter deseribed it as Chactococens
graminiz, sp. nov.  Popenoe and Parrott (13) lirst reported the genas
“tatening Signeret in the United States with several species, including
& new speeies gramings Parrotl.  The hiomonymy of this name with
graminis Maskell was vecognized by Cockerell, and it was changed in
the Fernald Catnlogue of the Coeridac (1903) to parrotti Cockerell.
The scale was deseribed as Anfonine indica (hov.) by Green (7), and
his description was more detailed than Maskells.

The iirst record of Lhis seale from Hawail was by Kolinsky (9) as
24 boutclonae Parvolt, and later as 2. {ndica CGireen. Timberlake (20)
deseribed a parasite. Anagurus anloninge Timberlake. from 2. indica
Green in Hawaii.  Deseriy Lisns of the femade and newly hatched
larvae of the scale, with a plate showing the several stages, were
published by Green (8, v. 8, pp. 395-396). 'The scale was reporied on
sugarcane i Hawail by Van Zwaluweaburg (21). Sclunide (£9)
found that bees were altracted to seale-infestod Inwns in Hawail,
where they fed on scaie secrelions. Sugarcane was reported as a hiost
by Pemberton {12), but the inseet’s economie imporinnee on Lhis
host was questionable.  Nicotine sulfate and good range management

! The anthors nre fndebted to Harold Morrison, Fntomology Research Division,
for helpful suggestions, ineluding identification of seale specimens.
? Italie mumbers in parentheses refer to Liternture Cited, p. 20.
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were recommendded for control of the scale in Queensland, Australia (1),
Damage to grasses by the seale in Texas and the need for research
on its conirol were emphasized by Thomas® Morrison! summarized
the information available on the seale and suggested the neced ifor
research on this economically important pest.  Potes (14) reported it
to be_of economic impertance on range grosses in Colombin. Polls
and Hensel (15) stated that ne practical econtrel measures were
available in Texas, but biological control was being investigated.

A deseription of the seale s A. gramindis (Maskell), along with: a list
of host plants in Hawaii, was published by Zimmerman (23, v. 5, PP
194~157). Chada ot al. (3) presented information on its known
distribution and hosts and indicated the preferred hosts in the United
States.  Riberd (18) reported on the life history of Anagyrus antoninae
Timberlake, a parasite of the seale, and described stages in its life
eyele.  Wene and Riherd (29) tested the effectiveness of oil emulsion
it controlling seale larvae on lawn grasses,

Several papers on the rhodesgrass scale have been published since
1951, The taxonomy, synonymy, and habits of the seale were discussed
by Ferris (5, ». V4, pt. 2, pp. 289-294). Richardson (17) stated
that "pavathion should control larvae and young scales” and reported
on tests with other insceticides.  Parasite establishment in Florida
was reported by Questel and Genung (168).  Dean and Schuster {4)
discussed scale parasite establishment in Texas. The first report of the
Jf'hodosgmss seale i Calilornia was from El Centro, Imperial County

).
CLASSIFICATION

The rhodesgimss scale belongs (o the order Homopiera, Camily
Pseudococcidac, genus  catonine.  The synouymy of nionina
graminis (Maskell), as recorded in the Fervisian sense Dom cor-
respondence with Harold Aorrison, is as follows:

Sphacrocoeens graminis Maskell 1897
Chaetococens graminis Maskell 1897
Kermicus graminis Maskell 1899
Antoning indice Green 1908

The synonymy of 2. indice Green with A. graminie (Maskell) has
been ndicated by Zimmoerman (23, ». 35, pp. 154-157) and Fervis
(7, v. 0, pt. 2, pp. 889-20.14).

DISTRIBUTION

Records of rhodesgrass seale distribution are available from all six
terrestrial Taunal regions of the worlid.  However, the seale oceurs
primarily in the tropical and subtropical regions, mainiyv in the area
bounded approximately by the 32d parallels. It bas been recorded
from Africa, Auvstralin, Canton Island (Phoenix group), Cevlon,
Colombia, Cuba, El Salvador, Formosa, Guatemala, Flawaii, ITndia,

P Thomaz, Fo T, SCALE INSEST, ANTONING GILAVMINIA (MASKELL), INJURIGES
TO igeERsGiEs 1x rEas. THA. [Texs Apro Expt. e unpublbizhed repart,
Plee. 21, 1913.]

P Morrizon, L MEMORANDUM 0N ANTONINA  GRAMIN]Y Oasi). 106,
{U8 Bur. B and Plant Quae, unpublished repart, Jun. 8, 1916.]
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Japan, Johnston, Kwajunlein (Marshalls), Madagascar, Mariana
Islands, Mauritius, Mexice, Nicaragua, Palaw, Philippine Islands,
Puerto Rico, South China, Sumatra, United States, and Venezuela.

In the United States the numbers of infested counties by States
through 1951 were as follows: Alabama 1, Florida 21, Louisiana 25
(parishes), Mississippi 3, and Texas 62. In addition, the first seale
infestation in California was found on 8t. Augustine grass on October
3, 1957, Infestations were also recently recorded from Arizona and
New Mexico. There are reports of infestatiens from Georgia and
Maryland, but the source is uncertain. The scale probably has its
widest distribution in the United States.

There is no definite information on when or how the rhodesgrass
scale was inlroduced into the United States. G. F. Ferris ® believed
that it was native to southeastern China, based on his coceid-collecting
cxperiences in China and because it was fivst described from there.
He considered that possibly il was introduced into Texas about 1925,
However, from recent jnlormation regarding scale habits, dispersion,
and distribution, it is believed to have been there for many vears, but
not colleeted or recognized.  Attention was focused on it when il
was found nfesting the recently introduced rhodesgrass.

HOST PLANTS

Hosts of the thodesgrass seale in the United Stales are members
of the grass family Gramineae, and 69 hosts were recorded through
1951, In addition, 13 hosts were reported [rom § foreign countries,
Recorded hosts in the United States are as follows:

Subfamily Festucoiden
Tribe Agrostidac
Sporobolus asper (Aliehey Bunch. L .. tall dropseed
Sporoliolus peiretiy (Roem, & Sehalt )
Hitehe. o oo _____ St grass
Sporebolus tecanns Vasey . (.. ... __ Texas dropsesy
Tribe Chlovidene
Bowlelawa curtipendule {Michx) Tore_ side-oals grawa
Bouwteloue  filiforuds (FFourny Cirif-
fiths o el eaa. slender grama
Bowutelowe hirsula Lag_ ... _ . _ hairy grama
Hurllae daetyloides (Nutt) Enwelm | Dhulfalograss
Chioris ¢ilialt Swarts .. - fringed ehloris
Clldoris cueullate Bisch .. heoded windmillgrass
Chioris gagune Kunth rhodesgeass
Cynodon ductylon (LY Pers. . ou. . .. Germwdangrass and coustal bor-
mnclhgruss
Daciplavientum acqyptinm (L) Beany  crowlootgrass
Flensine indice (L.) Gaerin HOUSPEINSS
Leplochioa filiformis (Lam.y Beauv__. rod sprnglotop
Frivhtoris pluriflore Foven fonrfiower trichloris
Tribe Fesbueeao
Arundo donoe T ginnt reed
Dactylis glomeraie s - orehardgrass
Frogrostis curenda (Hehrad,) Neoes . weeping lovegrass
Fragrostis lohmanniane Nees o .. - Lelimann Jovepgrass
fragrostis axylepls {Torea Torr redd lovegrss
fragroslis repluns (Michx) Nees | | ereeping lovegrass
Sregrostis trichodes (Nl Wood . __ sund lovegrass

i Correspendence dated Dee. G, 1940,




4 TECHNICAL BULLETIN

Subfamily Festucoiden—Continued
Tribe Festuceas—Continued
Festuca arundinagcea Sehreb . _______.

Pappophorum bicelor Fourn_________
Tridens albescens (Vasey} Woot. &
Standi___ e aaa-
Vaseyochion mullinerosa (Vasey)
Hitehe. - o a-
Tribe Hordeas
Agropyrop smithii Tydb_ oL ______
Tribe Phalaridens
Pralaris  [uberosa  var.  slenoplere
(Hack)) Hitehe oo oo ___
Tribe Zovsieae
Fiitaria belangers (Stowd.) Nosho_____
Subfamily Panicoideae
Tribe Andropogoneac
Aadropogon  caucesieus Trin. ..
Andropogon Lilloralis Nush_o o ________
Andropagon nodesus (Willem.) Nash..
Andropogon saccharoides Swarts. oo
Andropogon sericens R. Bro . _____
Elyonurus fripsaceides Humb. & Bonpl,
fex WilldY. o
Saccharum officinarum Lo o _______.
Sorgastrum nulans (L) Nasho_ . ____
Sorghum halepensze (L) Pers______ ..
Serghim sudanense (Piper) Stapf_ . ..
Sorghum vulgare Porso . __
Trachypogon secundus {Presl) Seribn,
Tribe Paniveae
Brachiaria ciliatissima (Buekl) Chase.
Cenclirus pouciflorys Benth_ Lo __
Cenchrns setigeras Roxh____________
Digitaria decumbens Stent. - _____
BDigitaria runyont Hitehe_________
Digitarie sanguinalis (L) Scopo..___
Fehinovhlog eofonnm (LY Tink _ o ____
Felingehloa erusgelli (L) Beauv_____
Eremochioe  ophiureides  {Munro}
TMnek e e
Panfewm antidetole Betso oo oo oo
Panicum fascicwlafum Swartn__ . ____
Panicum hatlii Vasey o oooeonoo
Prnieum maximum Jueq . ___
Panicwm nodetum Hitche, & Chase_
Funicum purpurascens Raddio
Faricum texanune Bueklo___ ...
Pawicnm virgobum Lo . _
Paspatwn dilalabum Poir__ . _______
Puspalm nonestachyum Yosey .
Paspalum plicatudum Miehx_________
Pennisetum ciliure (L) Link ___..__
Fhynchelylrwm rosewn {Nves) Stapf &
Hubb e
Seftritt 8P - L L e me e
Seferie genicufatae (Lam.) Beauv___ ..
Setarie macrostechye B, B W ____
Setrrie vertivillalo (L) Beauv_______
Steaotephrum  secundalim (Walt)

1221, U.8. DEPT. OF AGRICULTURE

Alla tall fescue and Wy~31 tadl
feseue

pink pappusgrass
white Lridens
Lexasgrass

weslern whentgrnss

hardingzrass

curly mesquite

Cnucasian  bluestem
soucoast bluestem
anplotongrass

silver bluestem
silky bluestem

Pan American balsamseale
Stigareance

indinngrass

jotinsongrass

sudangrass

sorghum

crinkleawn

fringed signadgrass
feld sandbor
hirdwondgrass
pangolagrass

dune fingergrass
crabgrass
jnugle-rice
barnyardgrazs

centipedoegrass

blue paniegrass
brawntop panicgrass
Hall's panicgrass
guineaprass

sarita panicgrass
POFNECASS

Texns paidCgrasy
switchgrass
dallizgruss

gulldune poaspalum
brownseetl paspalim
bullelgrass

natalgrass
bristlegrass
knotraol bristlegrass
plains bristlograss
bur bristiegrass

J T 2 T 8L. Augustine grass

Rhodesgrass, johnsongrass, bermudagrass, and
are preferred hosts of economic unportance.
erpsses are only occasionally and lightly infested.

St, Augustine grass .
Most of the other
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DAMAGE AND NATURE OF INJURY

Relinble damage dnln for the rhodeserass seale are not availadle
hoeepase of the dlosely nterrelnled offeels of seale infestation, drought,
and overgrazing, or close mowing, usually all v operation ad the same
time. King Hanch seported a loss of 100,000 acres of rhodesigrass
pasiure aitvibuted 1o seale wilestnbion belween 1945 and 1048, How
mach of this loss was due divectly {o seale infestation is not known.
Overgriming and droughl, common on rangelunds of southoern Texas,
contribute signifieuntly Lo losses altribuied to the rhodesgrass scale,
Losses on lawis and goll courses are divectly associnded with close
mowing and lncl of water.  An estimuded 13,608 seales per square
yard weee observed on bermudagriss golf greens, but with dailv water-
mg and adegunte fertilization satislactory growth was maintuned.

A survey to determine rhodesgrass seale damage Lo rangelands in
southern Pexas was made i 1951, Ten locations at random were
seleeted i eaeh of six counties.  Five f-squarc-fool nreas were ox-
amined ab ench locntion af least 50 feet from the edge of the pasture.
The counties infested and the avernge nunribers of seales por square
foot were Cameron 6, Willney 3, and Hidalgo 1. The infestations
were mosty in irvdgated pastures. No inlestalions were fomd in the
native, brushy, diviand pastures o Kenedy, Kleberg, and Neuwees
Counties.  The nfestations observed were not heavy enough Lo eanse
damngo.

Infested plants are weskened by the removal of plant juices. The
seales nre nttached to the hiost by their mouth parts throughout most
of thetr lite, exeept for o shovt period during the {iest instar, Under
heavy infestation the plunts tuen brown ad die.

DESCRIPTION OF STAGES IN LIFE CYCLE

[Brgs were observed by disseceting ndult {female senles. The eegs
are cream eolored, oblong, and avernge 448 by 183 microns,  During
the Indl and winter the avernge nuniber of ecges por lemale s 170
and durng the spring and swmmer 150,

First-instar lnevae (lig, 1o are oblong-oval, erenm eolored, with the
moedinn aren tinged with purple, amd tey nre aetive. They have
three privs of legs, six-segmented antennse, two long eandal append-
ages, and fong styvletlike mouth parts. Aversge body measurciuents
are 830 by 235 mierons.

Secod- and thivd-instar lnrvee are saclike and show litile resem-
Dlanee to the first nstar. They beeomie sessile on the host, legs and
appendages wre lost with the st mol, and antennne are redueed io
stubs.  "Plic body is enefosed i oa felted waxy see, nnd i resemibiles
that of the adult, exeept for sine.

The wedult ¢hig. 1 o1 isnlso suelike. Appendages are lneking, exeepl
for small two-seginented antennae and long styletlilke mouth pares.
The body is brondly oval 1o subeirealar, durk pueplish brown, and
avernges 3 by L5 mun. Phe eetoderm is smiooth and soll, with the
crdal extremity strongly chitinized. Mouth ports, as i the gecond
apidd thivd instar, reroin inserted e host hroughout fife, The
body is enelosed jo n felied wisy sae, which tuens vellow with sge,
bub openings at the antecior and posterior ends expose the bady, A
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Travnk 1.-- Larval and adub stages of the rhodesgrnss seale: «, Larva; & and e,
dorsal and ventral views of adult seale withowr waxy see vovering: o, ndolt
with waxy sac eovering showing mouth parts {venteal) and exerctory tube
(Lerminnty,  {Feom Green (8).)

white, waxy, tubular Glament, which is excretory in function, pro-
trudes lrom the anal end, and the mouth parts extend from the
anterior end of the body,

LIFE HISTORY AND HABITS

Adalt seales are parthenogenetic and reproduce ovoviviparously;
reproaduction continues i an inlividual for an average of 50 days.
AMales have never been observed or veporud.  Newly born lurvae
remain on the body of the female under the waxy sac for several
hours, then emerge (rom the sae, hocome very active, and run over
the plant.  The normal movement is upward, and many can be
found al the lenl tips.  Flowever, Yseltiing down,” or establishment,
oceurs on the crown or al the lower nodes of ereci-grnwing plants or
at the nodes of prostrate-growing plants (fgs. 2 and 3. Betng pos-
itively thigmotropic, the larvae wedge themselves beneath n leaf
sheath at o node, insert the mouth purts in the plant, and begin g
sessile existencr. As soon as this oceurs, the exerelory tube and
lelted waxy sae covering are scereted, nnd the first mott tikes place
within 10 days.
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months, and the other generations during the spring, summer, and
Inll average 2 months exch.

The rhodesgrass seale is primarily a crown-infesting species, byt
there is also colony establishment at nodes away from the crown
during the summer. The development of new colonies at nodes
shove the crown, especially on ercel-growing plants, appears to be
due to overcrowding in the more favored loeations. The average
prreentage of senles below the first nede, or on the erown, throughout
the yeor was 85.4. During the winier 98.5 pereent were on the
crown, whercas during the remainder of the year 81.6 pereent were
on the crown. During (he winter, living seales were found only in
protected places on the erown and roots. Larvae lived up to 5 davs
and wlulls to 6 weeks without food.

SEASONAL HISTORY

The rhodesgiass seale lives throughout the year in southiern Texas.
Reproduction continues during the winter, but at o reduced mie.
Only o few first-instar lurvae are found on the adult under the elted
waxy sac. Wilh a rise of tempersture in the spring, seales become
moye abundant and populations increase rapidly until a peal is
reached about July 1. During July and August populations decrease
markedly.  With cooler weather in September and October popula-
tions again inerease Lo another peak aboul November 1. Alter that
they gradually decrease as cool weather sets iy and they remain low
until the temperature vises again the lollowing spring.

DISPERSION

Alofilify 1 the rhodesgrass seale is conlined (o a few duyvs during
the first Inyval instar; there are no winged forms.  Most of the dis-
persion, therefore, is brouglit ahoul by means other than the actlivity
of the seale itself.  Laboratory experiments showed that the lurvae
are carried by air currents.  Glick (6) reported finding muny wingless
msects, including coccids, as high as 5,000 feet in the air, and he
concluded that they eould be carvied great distances by air currents.
The constant strong winds blowing oul of the south in the gulf const
aren of Texas may affect scale dispersion,

Transportation of bermudagrass and St. Augustine grass sod and
of cultings from infested Lo noninfested arveas Tor pasture and lawn
establishment is a factor iy seale dispersion,  Most St. Augusiine
erass Inwns in Texas are established from sed grown in the inlested
gull coast area.  Living seales have been colleeted from sueh sod
and from cuttings that were shipped.

Dispersion apparently is aceomplished by first-instar livrvae “hiteh-
hiking” on animals.  Active larvae transfer rom host plants to
animals in pastures and then drop olf te establish new colonies In
other paslures.

Transportation Meilities, especially railway cattle ears and eatilo
irueks, serve as means ol dispersion. Both sceule-infested Hiter and
animals with larvae on them are Gtransported.  In newly infested
arens infestitions were invariably found first alone railroad (lghis-
of-way and main traveled highwoys.



http:llnimn.ls
http:n'1'n.gp

L]

10 PTECHNICAL BULLETIN 1221, U.& DEPT. OF AGRICULTURE
EFFECTS OF CLIMATE ON THE SCALE

Tempersture i8 the most important elimatic factor affecting scale
development. Temperatures over 100° and under 32° F. have adverse
¢lfeets.

High Temperature

During July, August, and Seplember 1950, populations dropped
from an average of 2,066 to 29 seales per square {ool of bermudagrass
turf, a reduction of 99 pereent. The soll temperature ai 12 noon 1
inch below thie surfaee at Weslaco, Tex., during this period averaged
123.3° ., with o range of 90° to 149°. Similar readings taken at
2 pone avernged 134,17, with a range ol 102° Lo 155°. The average
maxinn air temperatures for July, August, and Seplember were
05.7°, 97.8%, and 96.1°, respectively,  Laboratory studies showed that
temiperstures near 100° retarded development of the seale and that
10R° for 24 hours was Intal.

Low Temperature

Clold temperatures during October, Noveniber, and December 1950
nise reduced seale populations.  From October 1 to Decemnber 14
populntions dropped {rom an average of 2,203 (0 158 seales per square
foot of bermudsgrass turf, o veduction of 83 percent.  Average air
temperatures for these monls were 65.6° 56.0°, and 50.3° F.,
respectively,

On Deceisber § and 7 lemperalures dropped Lo 33° and 24°, resuli-
g inoa seale mortality of 40 pereent. Alter a week of [reezing
temperatures ending on Febroary 3, 1951, with i low of 19° on Febru-
arv 3, wmortality for the period was 91 pereent.

In laboratory exposure tests 28° for 24 hours was falal lto all stages
of the scale.  ISxposure to 32° for 24 hours dul not kil the seales,
bul subsequent reproduction was ereatly reduced.  Based on field
and lahoratory data and observations, the optimum temperature
for seale development is betwoeen 859 and 90°,

It is apparent from these data that femperalures vear or below
freesing would Lt seale development.  Disteibution then would be
Limited to tropical and subtropieal regions where femperatures drop
to freczing for only short periads. The 32d pavallels ronghly include
the aren aronnd the world where sueti conditions oceur, and the general
seale distribation is confined to Lhis area.

Moisture

Moisture affeeis the seales indirectly through ils effeel on the
host plants,  The scales ive wder motsture conditions that pro-
iote good plant growth, even with high femperatures. Under
(I:-Iou;:h! conditions Lhe seales soon kil the plants and then die them-
schves,
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CONTROL
Cultural Control

Damage by the rhodesgrass seale is affecled by conditions thnt
woenken the plant, such as overgrazing, drought, and low fertility. 11
was ohserved that the combinalion of heavy grazing and seale infesta-
tion would kill rhodesgrass, whereas the same grass equally infested
in o feneod arce and not grazed was not materially affected. Likewise,
closely cut bermudagrass golf greens were killed by scale tnfeslations,
bul the same grass several inches tall on the border of the green and
similarly infested was not killed. Similar observations were recorded
in Quecnslund, Australin, and irvigation, lertilization, and controlled
erazing to restore vigor were recommaoended (). Cultural control
on ranches in southern Texas, excepl lor controlled grazing, is of
hittle value beeause of adverse climate and other laclors. IFrequent
irrigation, fertilization, and contrelled mowing (not shorter than 1}
to 2 inches) aided greatly in preventing damage to lawns,

Biologieal Control

The only recorded parasite of the rhodesgrass scale is Anagyrus
antoninge. However, no information was avallable on its elfectiveness
in controtling the seale 1n Hawali.

In January 1949 Riberd (78) undestook biological control investign-
tions on ithe seale at Weslaco, Tex., in cooperation with the 1.8
Departiment of Agriculiure.  None of the hymenopterous parasites
reared from other scales on johusongrass parasitized this scale. On
March 7, 1849, he received o shipment of A, gnfoninae from Hawaii
lor colonization studies.  After repealed liberations in various loca-
fions, o few of these parasices were recovered in the wngated Rio
Grande Valley wrea along the banks of irrigation canals and lakes.
However, under dey range conditions, such as at the King Ranch,
eolonization was unsuccesstul.

In later work Dean and Schuster (4) lberated this parasite in coges
covering rhodesgrass that was heavily infested with the seale n &
drought avea on the King Ranch. AL the same time several parasite
liberations were made on similarly infested rhodesgrass outside the
cages.  After repeated liberations o low pereentage of parasilization
was recorded from Lhe caged loeations, but no parasites were recovered
from the adjoining uncaged localions or from several other loeations
on the ranch. They also reporied purasite recoveries from humid
loeations in the lower Rio Grande Valley,  Low relative humidity was
considered an important limiting Metor i parasite estabhishment on
dry rangelonds.

This parasile was collected in Hawail from an area of high rminlail
with a warm, uniform annual climate.  The southern Texas aren is
seminrid with long periods of drought, and annual Lemperatures
fluctuate from freezing to around 1109 K. These climatic conditions
probably wiil preclude the establishimeni of this parasite as a meatis of
practical control in Texas.  Under hamid conditions in areas where
this parasite was liberated it has become established and has provided
excellont control of the senlo.
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Heost Resistance

Differenees in sisceplibility of grasses to rhodesgrass scale infesta-
tions were recognized carly in these investigations. Studies were
made on the resistance of some of the economically imporiant range
grasses of southern Texas in an attempt Lo find resistant varieties that
could be recommended to growers.

During 1950 several range grasses were polled and grown in the
inseetary, where they were manually infested with seale larvae over a
3-month period. Rhodesgrass, johnsongrass, and fringed signalgrass
beeame heavily infested, but King Rancli bluestem, angletongrass, and
Diaz bluestem were free of infestation.

For subsequent manual infestation studies targe nunbers of seate
larvace were required, and incnbators for their production were devised.
Johnsongrass crowns heavily infested with scales were placed
t0-pound laed cans, and the lids were sealed with paraffin, Three
1-inch holes were made io the side of cach ean, to which glass tubes
were fitted for collecting the positively pholoiropic larvae. There
were approximadiely 5,000 larvae in 0.1 ce. when measured in a2 small
sraduated eylinder. The estimated numbers of larvae used in infesting
plants in subsequent Lesls were based on volume measurement,

Seeds of 10 grasses were plaoled in duplicate 8-inch pots in the
inseetary on Mareh 6, 1951, When the grasses were about 10 inches
high, eacli was infested with laevae, and pepulation counts were made
on June 26, The unit of measurement employed in this and all sub-
sequent resistance tests was one culin plus a part of the plant that
pulled wway when the sample was taken. Resulls of this test are
presented o table 1,

Scale populations of consequence developed only on rhodesgrass,
huffelerass, and guincagrass. Seale infestations were recorded for the
first tiue on angletongrass and Caucasian bluestem. The definite
resistanee of somce of the grasses, cspecially the bluestems, was
apparent.

Tanre b Resistance of grasses {o manved rhodesgruss seafe infestatin
tn inseclary lests, {95!

Tepinl | Average
wnnber of 2 Nuwmber of | omunber of
Gruss larvac ; infestations senles
per pot ¢ per pot developing
ll per cubmn
Bhoaesierass oo oo i 20, (o 4 35
Huffelgras . 5, M) 3 12
eI NaS _ Lo e aeaa oo 15, $3604) 3 4
Anzlelongr - 200, 000 4 A
Sender pramin. oL ooL.o - - 13, Q40 3 LG
Cuuensinn blneswem, L. .. 13, Bt 3 L2
Do Dluestem. oo .o . “26), (U 4 {
King Ranel bBlueskesn. o ..., ... 145, 208 4 i}
AMriean Blaestem . oooceen . o oan P 13, 430 3 {
Dhdlisgrenss o oo oL ! 15, i 4 {
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TaBLE 2.—Resistance of grasses (o natwral rhodesgrass seale infestation
when grown i replicated plols under irriyated and deyland conditions
at San Benite, Mission, and Raymondville, Ter., 1050-51

Avernge number of seales per culm a

I
Cirass Ban Beniio Mission l lovmondyille
1950 [ 1951 { 1950 | 1951 1 195 | 1951
Trrigated:
Ithodesgrass.. - . . _.._....f @ 12 b b 14 7
Guineagrass _ . ... ... o | e . B £
Blue pandegrass, ..o .. .. oA 2 oa . LT 3
Angletongenss . ... ... { 1 V] 1 0 i
King Raneh binesterm .. { i { i} 0 1}
Dryvland:
Rhodesgrass_o_..__..._. . 412 7 2 11 it ]
Guincagrass._... .. . - .. 1 1 . N I 1
Bloe paniegrnss_. . .. ... . _ L2 LA 02 L2 LT )
Anglelongrass__........ - .| U { } { 1 LUl
Wing Haneh bluesivim .o . 0 i b} " { {
t

Seale population eounts were made in naturally infested grass plols
maintained by the Texas xtension Serviee and the Central Power and
Light Company al San Benito, Mission, and Raymendville, Tex.
There were Tour replications, and the grasses were grown under both
irrigated and dryland conditions. 1nfestation data in these plots are
presented in table 2.

The heaviest infeslation occurred on rhodesgrass and guineagrass,
with a light infestation on blue panicgrass,  No seales were Tound on
King Ranch bluestem, and the 0.01 seale per cutm on anglelongrass
was of little consequence.  There was no significant difference belween
the infestations under irrigated and dryland ¢onditions.

Observatiens on nalural seale infestations were made in 43 other
erass plots egrown under irrigaled and dryland conditions al San
Benito, and 17 were infested. Only Alla tall Tescue, bermudngrass,
and switehgrass had possible damaging populations, but they were
light as compared with those developing on rhodesgrass.

Scale infestation counts were made on several grasses grown in the
field on ranches in southern Fexns.  All the grasses excepl those at
Kinesville were irvigated.  Infestation dala are presented in table 3.

Rhodesgrass had the heaviest infestation; the other seven grasses
were practically free of infestation. One scale was found on angle-
tongrass where it was growing close to heavily infested rhodesgrass.
The two irrigated fields at Brownsville were planted in 1937 and 193§,
and although heavily grazed for 13 years, tliey remained in excellent
condition. There was no scale infestation in them, whereas johnson-
grass and bermudagrass in pastures and roadsides bordering the fields
were heavily infested.

Rhodesgrass nlways had the heaviest infesiation among the grasses
observed nnder bothi manual and natueal infestation, wherens several
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Tasre 3.—~Resistance of grasses to nalural rhodesgrays scale tnfestaiion
when grown tn the field al several locations in southern Teras, 1950-51

Average number
of seiles por

Cirass Location ety
1930 1951
Mereedes.___ L. _io.._ 5 I3
Rhodesgrass. ... ... Pownan_____.. . . _.o..... i i)
Combes. ... .. ___.___ 7 e
Fourfiower tricldoris _________ (\,‘iombcic. __________________ B 2 S
allicorrazs Mereedes___ .. _____.. .i f)
Dalliggrass . ooovonoiioon o {Domm __________________ {t . {
Hardinggrass - . _._.___.. San Benito. o ___.__._. 1} i}
Mercedes. .o _._._. i 0
Hrownsville. _ ... . _ ... . & 0
Angidlongrass_ o __________., Combes___....__.........] ¥ 0
San Benhto_____..___..___ h 1]
Ningaville . __________._._ . {1 !
Diaz bluestem____________.__ Kingsville_____________.. [t
Hing Ranch bluestess_________|_____ do_ ... ST
Coustal bermudagrass. _._____| Mereedes .. _.___. N R |

olher grasses, particularly the bluestems, were only lightly infested or
not infested. Infestation was never found on King Ranch, African,
or Diaz bluestems, and they were considered immune. Therefore,
ranchers and farmers using any of the range grasses, exeept rhodes-
grass, bermudagress, johnsongrass, snd 8t. Augusiine grass, would
escape damage from the scale.  In southern Texas, rhodesgrass is the
only one of these four grasses that s planted and enly on a small
perenge.  Mlost of the other secded grasses are bluestems, which are
relatively free of seale infestation.  Bermudagrass and johnsongrass
ocenr niurally on ranges, and St Augustine grass is used mainly for
frnwns.  On the basis ol these data the use of resislant or {olernnt
varieties on rangelnnds is recommended in the area infested by the
rhodesgrass seale.
Control With Insecticides

The literature prior to Lhese sludies contained little information on
the control of the rhodesgrass seale with insceticides. In Queens-
fand, Australia, nicoline-soap selution was recommended, but ne data
were presented on s effectivencss (7). Wene and Riherd (22)
killed firsi-instar larvae wilh a 1.6-percent oil emulsion at the rate of
150 gallons per acre, bul its effectivencss was lost in 3 davs, and the
adult scales were not killed,

The following statement appeared in the Queensland [Ausiralia)
Agricultural Journal {I}: “In view of the protective covering and shel-
teved posilion, control of this insect is diflicult and is normally neces-
sary only when growing conditions are poor. Owing to the wide
distribution of the speeies, eradication must he considered impossible.”

[L was apparent carly in these invesligations that conwrol of the
seale with insecticides would be difficult. The mmin infestation s
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located on the crown of the host, where the seales are havd to reach
with insecticides; uniess the adulis are killed there, reiulestation takes
place readily. All stages but the first larval instar arve well pro-
tected. The larval and adult bodies ave covered with wax, and the
adult is swrrounded by a waxy sac. During the entive life cyvele,
except Jor & few days in the first larval instar, the scale is atiached to
the host by its mouth parts. It was indicated that conventional
sprays for controlling other scale insecls would be of listle value.
Therefore, exploratory tesis with insceticides were hecessary before
intensive Lests could be made. Most of the insecticides used were
first sereened in the laboratory.

Preliminary translocation and loxicity studies were conducted in
the laboratory and insectary with systemic insecticides and infested
plants growing in nutrient selution or soil,

In carly studies with schradan it was apparent thai translocation
was taking place, because aphids, Rhopalosiphum meidis (Fiteh), were
dead in 18 hours on plants growing in 0.1-percent solutien, Also,
scales did not become established on plants growing in this solution
for several days when infested with scale larvae.  However, there was
little superficial change in the appearance of scales on ireated and
untreated plants.  Under microscopic examination scales on treated
plants were found to be dead. Consequently. after examining a large
number of seales from treated and untreated plants, critervin were
catablished for use in determining seale mortalily in subsequent
inseclicide tests as follows: (1) 1 the seale body was sheiveled, dried,
and darkened when the waxy sae was removed, it was dead.  (2) If
the scale had a normal living appearance and aclive larvae were
present, it was alive,  (3) If honeydew was produced when the seale
was teased with a needie, even though larvae were not present. il was
alive. (&) In the absence of larvac and honeydew, normsl-appearing
seales were punctured with a needle.  If the Dody content was viscid,
the scale was dead; if it was fluid, it was alive.

In systemie insectielde transiocation studivs scale-infested plants
were grown in nulrient selulion containing various concentrations of
insecticides.  Seale mortality counts were made 30 days after treat-
ment.  Among the several inscelivides tested, demeton, schradan,
and Geary E-20/86 gave the best control, and residual Loxici(y Lo the
scales generally was good.  The data are presented in lable o,

In addition to these tests, parathion ol 0.2-, 0.1-, and 0.01-percent
concentrations in nutvient solution was Lested for systemic action and
scale control.  Control after 30 days was 76, 21, and 86 pereent, re-
spectively,  However, it was apparent that merlality was due to
fumigation rather than systemic action, beeause only scales and
aphids on the lower part of the plant were killed. When insecticides
with true systemie action were used, scales and aphids al the top or
growing Lip of the plant were killed first, beeause of more rapid trans-
location Lo these parts.  Parathion in nutrient solution eaused severe
phytotoxicily, and there was little residual toxicity. In field tests
parathion sprayed on infested plants killed scale Javvae but not the
adults.  Richardson (17 reported heing able to kill seale Inrvae aud
newly established seales on St Awrustine grass lawns with weekly
applications of parathion dust or spray, but he gave no data an
mertality of adulls infesting crowns of the plants.  Because ol these

BACO0G~ -GN - &
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Tanue 4.—Control of the rhodesgrass scale on paragrass with systemic
ansecticides in nutrient solution and their residual toxicity in laboratory
tests

Insecticide and econceniration (perecnt) Control in Regidunl
30 dciays toxicity

Demeton: Pereent
0.1 100

1694
a0
l} L0 O U 100

Schradan:
3 100

100
100
62
49

12,0-Dicthyl Se-2-(ethylthiojethyl phosphoroselenate.

findings, parathion was not considered practical for controlling the
scale on rangelands.

Further tests with these and other insecticides as soil drenches were
carricd on in the insecetary.  Infested rhodesgrass, johnsongrass, and
paragrass were grown in I-foot-square flats. The insecticides in
various concentrations in water were applied at 500 and 1,000 ce. per
flat when the soil was rather dry, and scale mortality was determined
30 days after treatment, Demeton gave the best control and showed
good residual toxicity to the seales. These data are presented in
talde 5.

From tables 4 and 5 it is apparent that demeton and schradan
offered the best possibility for controlling the rhodesgrass seale in
the field.

T'ests were couducied in the laboratory with white oil 95, Soltrol
140, and Soltrol 140-DDT for effecliveness in controlling the adult
scales on heavily infested johnsongrass crowns.  The oils were sprayed
at the rate of 2.3 ce. per crown arwl were sufficient to produce runofl.
Data on the resulis are presented in Lable 6.

Both white oil 95 and Soltrol 140 in 50-percent concentrations were
cifective in controlling adult seales, but lower concentrations had no
effect. The addition of 3- percent DD to 25-percent Soltrol 140
oil resulied n fair control at low concentrations.  In these tests all
scales were exposed and runofl applications were excessive.  In the
ficld most of the seales would be proteeted on the crown.  Beeause of
the heavy excessive applications necessary to effect control and the
high cost, the use of oils for scale control was considered impractical.

thomtolv and insectary tests showed that systemie inseelicides
offered the best possibility fur controlling the rhodesgrass scale.
Infested johnsongrass sprayed with a runofl appluntlon of 0. {-percent
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schradan resulted in 9-percent control, because the spray did not
reach the seat of the inlestation on the crown.  Consequently, most
of Lhe ficld tests werve with sehradan and demeton as soil drencles.

Preliminary experiments with various voncentrations of insecticides
shiowed that at least one-hall gallon ol liquid per square yard (55
gallons per 1,000 square feet or 2,400 gallons per acre) was necessary
to take the toxieant to the root zone, and thal most effective control
was obtained when the plants were in a vigerous growing coudition;
littie Lranslocation Look place when plants were dormant.  Most of
the field tests were conducted with this rate of application and stage
ol plant growth.

Demeton, sehradun, sodium selenate, and sodiwm fluoroncetate
were the systemic insecticides tested as drenches foe sende control in
heavily infested bermudagrass turf. Results of these (ests ace given
i table 7.

A 25-pereent demeton wetlable powder distributed evenly over the
turf and then washed in with one-hall gallon ol water per square vard
gave gooll control of the seale and had excellent residual toxicity.
Both demeton and sehivadan emulsions also gave good control, and at.
higher dosages residual Loxicity was good. On the basis of lahoratory,

Tannu d-—Control of the rhodesgrass scale on rericus grasses with
systemic inscctieides applied ox soil drenches wnd thelr residund
loteiby in insectary {esls

100 C0 PRI SUUARE PO

; Congen- Contral - Residual
; luzecticide Potrution | afier 30 0 oxiciey
i . davs

i L Percent Prreent
; ot ' 09 food,
Rhedesgrass _____ o) Demeton ... L0l T D

Y it~ None,

i : N e ] I'uor.

“fAmerican Cyanamid { L0 T Naoe.

3885.1 : Lo o Da.

Johnsongrass_ .. ! : i

) . 1 : - Poor.

Avmeriean Cyanamid R I - None,

3901.2 .ol ; . Da.
o .

. - \ , 30 Poor,
Pardaprangs - Clery 1o 20786, - T .\"::::(-

OHE 0. TER sQPARE MO

1.

' ; 1 3 Do.
sehradan . i Nune.
' Suotn ~ Do

ll){-mvt{m B :{ 1 {1“ i Glaod.

Rhodesygross

VL O-1Hethyl S-aeetylieeidophosphorodithionde. .
2 h(-Dimethyt S-(2-pxo-2-ureidoethyhphosphorodithione,
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Tarve 8.—Control of the rhodesgrass scale on johnsongrass with verious
oils and oil-DDT at 2.3 cc. per crown w {eboratory tesls

Trentment Coneentra- Contro
tion
Pereent Percent
a0 g
235 9
- )
White oil 954 Triton N=100__ oo . 12 g
3 0
1 0
al 100 .
25 0
. - 12 0
Saltrol 1404 Triton N=100___ . _________. i 5 0
3 0
1 0
1,23 7
: 1 ) (3'5
Boltrol 140+ D DT+ Triton BE-1956______________. ; 50 oo
X .23 04
L1235 19

Tavus 7—-Control of the rhodesgrass seale in bermudagrass furf with
systemic nsecticides applied as soil drenches and  their résidual
toricily tie fleld tests

Rate of application

t
per square yard | Contval | Residuu
Insectivide . e afier 30 i Loxicity
i . days |
Dreneh T Toxicant | |
Demeion: Catfons (Treems - Pereent .
Sll‘i}}é'l)‘ii(}l] 1, 790 10 dixeellent.
AUEPEDSION oo oo 303 00! Do.
363 87t Do
I8 89 Do
Emulsion. _____________. e i 31 7 Fair.

{ 3G 43 Do
BRI 33 0 Do.
291 87  CGood.

R 92~ Do.

Sehradan emulsion. ... ____. .4 47 [Podr.

1Y Do.

b
.18 2 1.
RAM SN 23 Puor.
0 30

L2 13 Do
o2 31 e

Sodinm selenare emulsion -, .
N [¥a.
Sadium Auoreaceiite cimulsion.
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inscctary, and field tests, demeton and schradan used as soil deenches
offered the best possibility of controlling the rhodesgrass seale with
insecticides,

Control with an emulsion containing 2.25 grams of sodium selenate
per square yard was poer, and it had litUe vesidual toxicity. Much
higher dosages would be necessary to offect satislactory control.

An emulsion rontaining 1.9 grams of sodium: luoroacetate per sguare
vard gave good control, but resicual toxicity was poor. Extremely
toxic residues lelt in plants after use of this insceticide as a systemic
would preclude its practical use lor seale control.

Residual toxieity is an important considerntion in scleeting an
insectivide to econtrol the rhodesgrass seale, beeause reinfestution
occurs readily in the absence of a tosxicant, Demeton had a resicdual
toxieily for 151 days when apphied at 3.6 grams in one-half galion of
water per square yard of St Avgustine grass turf and for 96 days at
1.8 grams.  The results of these tests are given in table 8.

TaBLe B.—LResidual forieity to the rhodesgrass scale of different dos-
ages of demeton when applied in one-half gollon of water per squuase
yard to St Nwgrustine Lurf {n feld fests

Percend contrab after
(2 ) G 13l 173
davs | days days o duys

Doz rernins

[0 | |
! ar I
) 0 | ¢ 0

100 104
100 100

Control of the rhodesgrass scale willy insecticides has Limited appli-
eation.  The high desages and rates of application of demeton and
sehiradan necessury Lo offeet control would limit their use to small nreas
such as lawng and golf greens, A dosage of 3.6 grams of demeton or
schradan in ove-half gallon of water per square yvard is equivalent to
404 grams in 554 evallons per 1,000 square fecl, or 38.7 pounils in
2400 gallons per acee. Costs of such applications on rangelands would
be prohibitive.  Most of the other inseeticides tested did not show
much promise of conlrolling the scale.

SUMMARY

Thie biology wid control of the rhodesgrass seale olnbonineg graminis
(Maskelliy were investigated at the Weslaco Subsiation of the Texas
Agricuttural Experiment Station from 19490 througrh 1831,

The rhodesgrass seale oceurs in tropical and subtropical regions.
World-distribution records wre conlined muinty to the area bounded
by the 42d parallels. In the Unttod Siates it was reeorded Trom
Alabama, Arizona, California, Florida. Louisinm, Mississippi. New
AMexico, and Texas, with possible infestations in Georein and Aary-

r

land.  The hogest infested area was in Texas.
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Through 1951, 69 hosts were recorded in the United States, all
members of the grass family Gruminene, and 13 hosts were reported
from 8§ forcign countries. Rhodesgrass (Chlorie gayena Wunth),
johnsongrass (Svrghum falepense (1) Pers)), bermtidagrass (Cynodon
daetylon (L) Pers.), and St Augusiine grass (bh rw!cr;h’mun secwndatum
(Wult.) Kuntze) are pr eforred hosls of cconomic importance. Alost
of the other hosts nre only lightly infested.

Range, lawn, and goll-course grasses are dumaged by the scale,
but it is diflicult to establish (hmuirt‘ data due to the seale alone
beeause of the interrclation of other fuctors, such as drought and
overgrazing, or elose mowing, usually all in operation at the same
tfime.  Hoeavily infested grasses turn brown and die beeause of the
removal of plunt juices by the seale.

Adult seales are” parthenogenetic and veproduce ovoviviparously:
the reproductive period in an individual avereges 50 davs.  Males
hive gever been observed or reported. There are (hree larval instars.
Only the frst is aetive, and it has well-developed legs and antennne.
The second and third insturs nod the ndull are suelike, are survounded
by felted waxy sac, and lead a sessile existenee.

The tile exele ranges from 60 to 70 days, and there are five goner-
alions annually. The winter generation is longer than the other
generalions.  Major inlestation occeurs on the crown; 85 pereent of
the senles are found there. I Texas the seales live throughout the
winter, but the reproductive rate during this period is greatly redueed.
The Targest populntions eceur aboul duly § and November |

Dispersion is accomphished by the lovae being windborne or
carricd aboul by grazing animals, or by larvae and adults being
fransported on grass cultings or sod.

Temnperntures near 100° ¥ oretard senle development, and 108°
or 24 hours is futal, A temperature of 32° also retards development,
and 28° lor 24 hours is 1'1[.1] Lo all stages.  Oplimum temperniuee for
development is bDetween 85° and 90°.

Cultwral contral and biologicnl control of the rhodesgenss seale
have not proved praciical. The use of resistant or h|<r}1|r tolerant
erasses is recommended.  King Rancly, Afe iewun, and Dinz bluestems
are immune 10 the seale, and anrrlvlontrmas is only lightly infested.

Control with insecticides, vwopt on luwns and gall greens, is
impractionl.  The scale can be controlled with systomice insecticides,
but the cost is excessive,  Systemic inseeticides sueh us demeton and
schradan at 3.6 erams in ot least ene-half gallon of waler per square
vurd as & soil drenel give the best control on lawns and golf greens.
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