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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

CHEMICAL AND MECHANICAL METHODS
OF RIBES ERADICATION IN THE WHITE
PINE. AREAS OF THE WESTERN STATES*®

L H. R. Orrorn, pathologist, G. B. Vax ArTa? assistent patholagist, and H, E.
SWANSUN, senior pathologist, Division of Plant Disease oniral, Burean of Enlo-
mology and Plant Quaraniine
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INTRODUCTION

The development of chemical and mechanical methods of ribes*
eradication has been an important part of the work undertaken in

! Eubmitied for mahlication Decermber 30, 1935,

¢ The chentical methods described in this builetin sre based on sturdies nndertaken by the anthors st the
College of Apriculture, University of Caiilarnis, and the Univerdity of Idaho, where {achitles were made
avaflable for this eoonerative work throuch the immedinte interesr of the departtents of {oresiry. The
authers were aseistrd in the chemical siadies by R, P, «'{rbal, and in the stodies on the morphology snd
ecolopy ol rihes by O, K. Quick. The machanfesl wetbods apd specizi sprayine equipmtent were davelaned
in conjunection Witk practical control operations In northern Idafe, The use of a power-driven machine
for the eradication of rihes and brush from sl vial botiom laud was first proposed by C, . Johnsoe. 3, F,
Breskey was tesponsible for the wdaptation of the spacial boish ruke for the hulidozer and thedevelopment
of the spraving enuipment, . 0. Walters made MADY major improvements io the uge of mechanica
methoeds in the feld. H.J. Hartmas and F. J, Heiorieh dirceted and improved crew methods used in the
larpe-geale sprazing work., . P. Wessela, supervisar for Lilster rust contrel work in Oreyon, Cesigned and
tested the speclal hook plow for uprooting large Pidex cercurn. 1. H. Flarris and R, ML Tiley, of the Cali-
formia gpersrion, first advised the use of stumping powder for breakiog up clumps of ribes and brush.
Photographs used jo this bulletinz wera takon by Mbler Cowling, Blister rust eontrol work was dirested
by the Bureay of Piant Indusiry fretn 1916 to 1933, srd was taken over by the Borsan of Entomology in
December 1933, All persanoe] pamed in these Acktowledamenis ara for wera 3t Ebe tfite the work was
performed) atnployees of the Division of Plant Disease Control.

1 Resigned Jamugry 7, 1937,

i The generlc name Ribes and the commoan nrme “ribes” are siser) in thiz builetio to indicate both
carranis and pocteberries.

1425362—30—1
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the control of white pine blister rust (Cronartium ribicolo Fischer)
throughout the Western States since 1924. In this region the blister
rust mensces sbout 5 million acres of western white pine (Pinus
monticole Dougl) and sugar pine (P. lambertiana Dougl.) (pl. 1}
having s stumpage value of about $250,000,000. Other species
affected are northern white pine (P. strobus L.), limber pine (P.
flexilis James), whitebark pine (P. albicaulis Engelm.), Mexican

H ] wANGE GF AMITE BINE
£Zar] v CRTENT OF BUSTER AUST 226
DL, ENTEWLON OF BLISTER AUST AanGE, 1937

Figrrs J.—DRange of while pines an(]Sknown extent of hlisler rest in the Western
Lates.

white pine (P. ayecahuite Ehrenb.), foxtail pine (P. balfourianc
Murray), end bristlecone pine (P. arwsiafe Engelm.).

Although the disease is widely distribuied in some of the most
valuable white pine areas of the Western States (fig. 1), scrious losses
cun be prevenfed by vigorous application of control methods. If
has been possible to develop effective methods for blister rust control,
because the disease camnot spread directly fron: one pine free to
another, but must go through a developmental stage on ribes, the
slternate host plant (5, 6, 18),® and because the wind-blown spores

1 Tiglie numbers ip porenliicens refer to Literature Clied, p. 58.
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CHEMICAL AXD MECHANIOAL METHODS OF RIBES ERADICATION 3

that spread the disease from ribes to pine are delicate and short-
lived. Most species of Ribes grow under conditions that limit the
range at which they can cause severe damage to white pine to about
900 feet. Important exceptions are R. petiolare Dougl. and B. bracte-
ocum Dougl. (wild black currants), and &. nigrum L. (cultivated black
currant). These species produce such large volumes of viable spores
that damage to white pine may oceur for distances up to about a mile,
Effective and economical control of the disease can thus be accom-
plished by the removal of ribes from any designated pine area and
from a surrounding safety zone 900 feet to o mile or more wide, de-
pending upon the species and population of ribes and the topography
(8, 15). Studies on pine damage in this region subsequent to ribes
eradication show that a high degree of protection is obtained by the
control methods now being used (21)°.

Hand pulling and grubbing are the principal methods employed by
ribes-eradication crews in all regions where blister rust control work
is undertaken in the Eastern, the Lake, and the Western States.
These methods were developed in the East and have been entirely
successful in the protection of Pinu. strobus (8). For a time they
were the only methods used in the control program in the West, but
here ribes conditions presented special probems that were not encoun-
tered in the Eastern States, and it soon became apparent that some of
the western ribes could not be economically removed in that way.
Such plants as Ribes petiolare and R. inerme Rydb., found in the
alluvial bottom land along streams in eastern Washington, nerthern
Idaho, and western Montana. could not be hand pulled or grubbed
at a reasonable cost because of their great numbers and the prolifera-
tion of their layering stems and roofs. Although these stream-type
areas represented somewhat Jess than 10 percent of the forest land
Tequiring protection, the rapid removal of E. petiolare was of vital
importance to the control program because it is the most susceptible
and dangerous of the native wild ribes in the spread of blister rust in
that region (7).

In upland areas ribes do not usually oceur in the dense concentra-
tions typical of sirearn type, and hand methods ha ve been successfully
used for the major portion of upland work. In these areas, however,
difficulties have beeu encountered in the removal of large ribes and
those rooted under logs or in rocky soil. In order to destroy these
plants, more economical and effective methods had to be developed.

To devise cheaper and more effective methods than hand pulling
or grubbing, a pregram of experimental worlk in the cheinical eradicn-
tion of ribes was begun in northern Idaho in 1924, By 1927 the effec-
tiveness of aqueous sodium chlorste for the destruction of Ribes
petiolare had been established, and the following year ihe first large-
scale chemical work on this species was undertalen by regular eradi-
cation erews. Tn 1931 a report was published (9) on the results of
experiments in the chemical eradication of ribes for the period 192428,
In that report it was stated that R. petiolare could be eradicated
more cheaply with o 10-percent aqueous solution of sodium chlorate
than by hand pulling and, further, that R. {nerme and . lacustre
(Pers.) Poir. were much mors resistent than 2. peticlare to all the
chemicals tested. ITor example, an application of 10-percent sodium

* FRACREN, 5. B, THE STATUS OF WIITE FINT BLISTER RUST cONTROL. T, 8, Bur. Ent. and PL Quar.
anlive, mimeographed report presented at n conference in Washington, D. €., Dee. 3, 1034,
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chlorate gave 100-percent bush kill on R. petiolore and only 10 to
25 percent on E. inerme and B. locustre. Fortunately it was possible
to take advantage of the high susceptibility of E. peficlare and to
destroy this species by chemical means, because it was found most
frequently in solid patches or clumps in areas where R. inerme did
not occur.

In the continuation of this work since 1928 tests have been made
to develop methods and equipment for the chemical eradication of
Ribes petiolare and certain upland-type species, and to establish the
scope and Limitations of chemicals for the destruction of more resistant
species, especially R.inerme. The development of mechanical methods
of ribes eradication has also been undertaken. Progress in this work
is reported in this bulletin.

SPECIES OF RIBES INCLUDED IN THE TESTS

The species of Ribes found in the Western States may be divided
into two classes according to habitat. Species that are found on flat
or gently sloping land coutiguous to a wafercourse are known as
stream-type ribes, and their habitat is designated as stream type
(pl. 2). In such areas ribes, hrush, and herbaceous vegetation oceur
in great abundance, and the typical soil consists of a surface horizon
of alluvial silt, with underlying strata of sandy silt, coarse sand, and
gravel in the order named.

Stream-tvpe ribes arce prevalent throughout the white pine areas of
eastern Washington, northern Idaho, and western Montana, where
numerouns watercourses provide ideal conditions for their growth and
for the spread of the rust. The species found in this region include
petiolare, inerme, lacusire, and triste. Less extensive areas of this type
oecur in the sugar pine sections of Oregon and California, the Plumas
National Forest being the southern boundary of the area in which
stream-type ribes are an important factor in blister rust control. The
principal species of this type in Oregon are bracteosum and lacustre,
whereas in California they are nevadense and inerme.  Ribes petiolare
oceurs in Oregon in some parts of the Blue Dountains and along the
eastern slope of the Ceseades, and to a very limited extent in north-
eastern California. -

Species of Ribes growing in mature timber, reproduction, cut-over
land, and burned, logged, or brushy areas—-in fact, in all arcas not
designated as stream type—are classified as upland-type ribes (pl. 3).
Species of this type, which include »iseosissimum and irriguum (Idaho),
cereum, erythrocarpum, lobbil, sanguinewm, and watsonianum {Oregon),
aned roezli and cereum (California), ordinarily grow as separate bushes
or in well-defined c¢lumps, in contrast to the large patches growing
along streams.

A list of the species of Ribes that have been included in these studies,
together with information as to their distribution, habitat. and growth
form, is given in tahle 1.
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TABLE 1.—-Ribes of the Weslern States fncluded in eradication studirs

Batameal and eommon
names?

Distriburivn ic western North Amerien

Trpical habitat and growtk ferm

Eives dractensum Dongl,

{stink eurrantl,

R.cerevm Dougl. fequaw

currant),

F_erythrogarpem Coville -
‘Crater

anrl Leibere
Lake currant),

E. inerme Rvih. 'white-
stemmed gogsebery.. -

. irfpeem Tongd, fin-

lsnd black ganceberrs.

. Aacrestre fPers” Poir,
frrickly carrant |,

R lobkif A, Gray
‘mummy gonseherry |

R onerndrnse Kell
fSerms Nermda enr-
raci.,

R, priistare Denpl, fwit i
hlnek enrrant, western
black cumrant:,

E. roecti Beoel, *iaprm
gnosehorry |

R. tguguinenmn Purh
o] flerwering et
raot'.

R frisde Pl “wild el
tarract,

R, rireovissimnm Tk,
fatieky rarrant,

R owatwnicanm et
P3anr Adams pone.
T,

! Camman names art Pheee ageepted aml aninands

Constal regina from eastern Alsskn to
purthern California.

Central and esstern Biitish Colnmtla,
Washingion, and Jreron, and the
Sierrs Nevada of Califarnis, Also
western Moutspa, Idaba, Xevada,
snuthwestern Trah, and northwoesi-
ern Arisona.

Eouthern Oreron In Bopuze River Na-
tinpal Forest and Crater Lake Na- -
tional Fark, within Huds nian L fe
Znne.

From Mentaos to central British Ca-
lumhia, espeeiafly abpodant oo -
FRaniken, Coeur d' Alepe, and Bt, Jra
Natiopal Forests in the white pine
area nf northern Idaho, Alsn the
Cazearde Mnuntains of Oresnp apd
the Sierra Nevads nf Caiiforuia,
Ttah, and New Metien,

Central British Columbia, Washige-
tenm, Tdahn, western Monfaca, and :
eastern Aregnn.

Alsskn tonotthern Calif-rola,  Wiide-
spregd distribation o British Oa- .
Iumbis, Washinetnn, Idako, Men- .
tang, and Qragsnd

From =onthern British Columbia fo
nerthern Calfornia. sspeeialix in the |
Casrade Mountains of central Qe
g, :

Somrhamm Oragan, the Sierra Nevada el
Taliferis, and western Nevada,

Centeal Brivish Colombin te western
Montegs, noerthern Tdaho, esper |
inily the Clearwater and St Joeo Na-
eyl Farestz, T1ak, ensr nf the sam-
it «f the Caseados in Nreesn. mod
*he Warner Aonpiains in Orepnn
and portheasioen Califurnia,

Califwnia throaghnear the Rjerra Nev.
ardn andd the #jpra Madra,

From Pritish Colmmbia te perthern
Califawnia. chieflv am western <lupes
of the Coast and Cascade ranyes,

Alnska, Briti-h Columbia, Wasthine-
ton, Tdaha, Montana, and Oreeon s

Contral British Cnlumbia, eaztern
Wakinster, nnrth Tlahs, westorn
Aertann, Dipegon, and Califorgin,

Saptlaesstora Washineten aml s
Masrnde Wanniaing of fpapon,

i Also oceurs in the FEastern Stares,

OUTLINE OF TESTS IN CHEMICAL ERADICATION

The stndies in the ehemieal eradication of ribes have meluded

Zrream type.  Along stream banks or
in motst, boggy arens, Ereor or
semievect, sually  growing  in
elimps.

Upluod type.  Teually oo rocky slapes
aed ridmes. Erect, shrubby plant,
n=nally with multiple erown,

Unpland type. Mo apeo glapre and
ridges. Trailing, usnally in patches,

Zrream trpe. o alluvial stream hat-
INME, SWAMDY ArAAS, NT NS00 CTREST
areas where zeil medsture @ biph,
Pemierect In npen lneptions, Tn-
clined tr treil when assacigred with
alder amd willow in swampy areas,

Upland fype. Alnnz talos slopes o
raeky lacations whers mopisture and
some shade are available. Semierect
to trailing. Forms enmposite elnmps
with trailing vodercround stems.

Stream trpe,  Alopg siream banks or
in mnist arras on hilltides,  Semi-
erect, with long andermraond stems
ennegting many roat centers inte
cinmps of bushes,

Upland txpe. o nper ar hoshy hille
sides. Low shnth, semiprect. Uzu-
ally faund as a single bush,

Ztrenm tvpe.  Along <tveam banks and
in maist draws, alsa In mointain
meadows, Freet  plant,  nsually
srwing as a sinzle bush.

Srream bype. Along the banks of
<rreams and in medst, swampr areas,
Spmiereet, shrahby plant, tending to
oraw in jarge elimps or ratekes,

"plapd fepe. Op huroed-aver aod
srbarer Billshles, f2enuently in asen-
ot spith kensh. Samiereet ar
erect, neually crawicy ad o siegle
hiish,

Tpland  t¥pe. Aest enmmng an
harroed-over  or eirtenver  hillsides,
FErert pilapt, uwsoally srowing as a
cingle hiwh,

Etream tvpe.  Alene edges of streams,
frecuestly In rneky lacarions,  Prs-
trate nr cemibereer, fTOWIOD MROSE TR
anently in smad] natehes,

T"miand tepe,  On parmed-over or et
evrr hillsides. Fpect <hmyl & planf,
“iswplle arowing as a single harzh,

Tpland tvpe. On Eillside Jdraws cor
molst areas In nplast, Freet op

oot plant, arenreing mooar fpa.
a0 4% 4 sing'e bush,

bx B 40 et tvarkers Bny thie weslopn ogion,

Inboratory and greenheuse experiments, smull-seale tests m the
field, and lavge-senle mothods tests in the field.  Onlv a brief réanmé of
laboratory and ereenhoise investigations is eiven i this bulletin, as
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reports on this phase of the work have already been published (4, 9,
10, 11, 12, 18, 14, 16, 17, 18). A {ull discussion is given of the tech-
nique used in the small-scale field tests, and the large-scale methods
tes%s are described only insofar as they differ from those on a small
scale.

LABORATORY, GREENHOUSE, AND SMALL-SCALE TESTS IN THE
FIELD

The testing of new herbicides has been the major objective of the
laboratory, greenhouse, and small-scale ficld experiments. Since the
publication of the last report on the chemical eradication of ribes (9),
many new herbicides have been tested and a number of the old ones
have been further studied in critical dosage tests. The herbicides
were selected on the basis of the writers’ previous experience or from
Litersture on chemiecal weed killers,” or were synthesized in the lnbo-
ratory (14).

The first step in testing the toxicity of a chemical was to apply 1t
at various dosages o ribes grown in the greenhouse, either in soil or
in culture solution. A practical technique had been developed for
the propagation of ribes plants from rootstock, from stem cuttings,
and from seed (18).5 At least five planis were used {or cach test,
and the plants were subjected to soil treaiment, top treatment, or
soil and top treatment comtined. These tests wsually determined
whether the chemicnl was to be used the next season on small field
plots. A chemical that was sufliciently toxic to kill the plants m
the small-scale field trials was again subjected to caveful laboratory
study on the basis of safety to operator, cost and availability, poison
hazard to stock, fire hazard (I3}, and corrosivencss to equipment.
Specifications on chemicals and equipment were worked out and
special technical procedures developed to aid in recording the field
date (189).

Thie chemicals recommended for genersl crew use were studied in
the laboratory to determine their stobility in soils typical of the
white pine arcas {4} and to establish the influence of temperature and
moisture on the power of these soils to fix or alter the toxic agent.
Investications were also made of the effect of such chemicals on seed
germination and the survival of ribes seedlings.

Concurrent with the aferementioned worlk, a separate investigation
was pursued on the histology of ribes, the purpose being to correlate
biometric data for the various species with their susceptiblity to
chemical injury. At infervals throughout the growing season rools,
stems, and leaves of ribes were analyzed quantitatively for starch,
reducing sugars, tannins, suberin, cutin, and other plant constituents
to determine the period during which stored food and proteetive mate-
rials ovenr in the smallest quantitics. Plants other than ribes were
occasionally nsed as biological material to expedite studies on the
herbicidal action of chemienls (1), nul analytical procedures required
in control tests were investigated (4, 70, J7). Speeial field studies
were made on the gross morphology of roots, meluding the depth and
Interal spread of underground parts capable of vegetative regeneration.

Many chemicals were taken to the ficld for testing after $hey had

7 & bibliography n{r £50 refercoces on chemieal weed killers 15 contninad In & recent publicntion (2).

' OFFORD, H, 3., Va¥ ATrA, O, Ho, oand Quics, O, K, METHODS OF THOPAGATING RHIES 1N NUTRIERT
SOLUTION FOR USE AS TEST PLANTA. L. 5. Dur, Bol.nnd P Quirantine, BT 106, 1937, Mincographod.
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shown marked toxicity to greenhouse-grown ribes, but only a few of
these chemicals proved to be successful herbicides under field condi-
tions. Results of these unsuecessful field tests are given only when
they are pertinent to the development of practical field methods,
or when they are needed to define the status of chemical methods on
various species of ribes. All chemicals tested in the greenhouse and
small-scale field plots, and the species of ribes on which these tests
were made, are given in the following list. In this list the chemicals
marked with a small circle (degree mark) failed to pass the green-
house tests. Of the remaining chemicals, 2ll of which were applied
to small field plots, those indicated by an asterisk were the only ones
that merited further consideration as herbicides, snd as such they
may be called to the atfention of those interested in the chemical
eradication of noxious plants.

CHEMICALS AND CHEMICAL MIXTURES TESTED AS HERBICIDES FOR THE
ERADICATION OF RIBES, 1929-35

SPRAYS
Mbemaiey] specles of Ribey
Chlorates:
Aflacide* ingrme, peliclare, lacustre, viscosissimum,
roesll, nevadense, bracicosum, lobbii, ery-
thracarpum, lriste

Atlacide plus zine chioride* inerme, petiolare, facustre

Barium chlorate® inerme, petiolare
Calgium chlorate Do.

Copper chlorate®

Tron chlorate® :
Muagnesium chlorate Do

Potassium chlorate
Potassium chlorate plus—
Acetie acid

inerme, petiolare, lacusire

tnerme, lacustre
0.
Do,
Do
inerme
inerme, petiolare, lacusire, viscosissimum,
roezli, mevadense, cerewm, bracteosum,
erythrocarpum, drriguum, sanguineum,
triste, walsonianum
Sodinm chlorate plus-—
Acetic aeid* inerme, lacustre
Ammonium chloride_._________ fnerme, peliolare, lacustre, viscosissimum,
roezll, nevadense
tnerme, lacusire, nevadense, roezli
inerme, petiolare
Caleium ehloride*. . __________. inerme, peliolare, lacusire, viscosissimum,
roe:li, nevadense, bracteosum

Copper complex X ¢ inerme

Furiural*

Glycerin®

Glycol®

Magnesium chiloride
Osmie acid®

Potassium permanganate
Selenic acid®

Sodium arsenite*
Sadinm bicarbonakfe*
Sodinm carbonate®
Sodium chloride*

1Budinn tetrathiosulfatoryarocuprite,

nerme, lacusire, roezll, nevadense
inerme, peliolare

Do,
tnerme, pebiolare, roczli, cerewm, hracleosum
tnerng

Deo.

Do,
inerma, pelivlare, lacusire, nevadense
inerme
inerme, petiolare

Da.
inerme
inerme, bracieasiom
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srrAYs—ceontinued

Chbemical

Chilorates—Coniinued.

Sodium chiorate plus—Continued.
Sodium dichromate
Sodium fAuesilicate®___

Sodivm hydroxide_ .. ________..

Sulfuric acid
Tannic acid®

Zine chloride#
Sodium chlorate plus traces of—
Ithylenc®

Manganese
Nickel®

Heavy-metal complexes:

Aquapentamine cobaliichloride®_ .
Chloropentamine cobaltichioride®_ .
Capper aniline suifate®

Copper chlorodithionrea®

Copper citrate®

Copper complex X#* t

Copper complex X ! plus-—
Ammonimn ehloride___._ ...
Magnesium ehloride

Copper cyanamide®

Caopper oxalate®

Copper sulfanilate®

Copper tetraminesulfale®_

Capper thiosuilfate®

Dimetatolyi selenide®

Dimsatatolvlzeleninm hydroxyehlo-
ride®.

Dinitrotetramine cohaltiechloride™__

Dipyridinomanganous ehiloride® __

Hexaminochromichloride®. o .. _. .

Potassinm ehromihexathioevanate®

Selenccuprocyanide®

Sodinm thieselenate® . ____ . ____

Trinitrotriamine eoball’®

Trithiourea euproehloride® .. ..

Mizeellaneons:

Aluminmn sulate

Aramaonium chlovide®

Ainntoninm chloride pli
Acotic arid L ... ...
Ammoeuniom peranifate. .
Bovax____....

Ammaonium pesullate_. . oo,
Ammaonium {hioeyanate*

Ammonium thicevanate plis sodi-
um chloride.

Arsenious chloride. ... _ ..

Barium chloride__ .. __. .

Barium thiceyanaie® .. ...

* Bedlbum tetrathiosulnloeyonaenprite,

Species of Ribes

inerme, poliolare, lacustre, nevadense
inerme, peliolare
frerme, lacusire
Do.
inerme, lacusire, nevadense, braclessum,
sanguineum, triste, walsonianum
tnerme, peliolare, lacusire
frerme, peliclare
nerme
inerme, petiolare

Trerme
Tnerme, lacusire
Da
inerme
inerine, lacusire
TRET M
Do,

TRerme
Da.

Do.

Dao.
fnerme, peliolare, lacusire, viscostssizium,
roezli. nevadense, cereum, bracicosum,
sanguineron, {risle, walsoniawum

inerme
inerme, roczli, cerewn
e e

T,
o,
Do,
Do,
o,
T,

Tnerae, locusire
Sneriee, rorzlil wemnlense

rorzlf
Thes
rorzli, wornd pse
D,
Inerme, roe2li, wevadense
inerme, pelinlare, lacustre, viscosissinonm,
roe 2lf, neeadense, cerewm
rrcosissiin

Rorme
.,

intcine, pdindare, locnsfer
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STRAYS—continued
Chemical Species of Kiles
Miseellaneous—Continued,
e e e e inerme, peliolare, lacusire, viscostssinum,
roezlt, nevadense
Borax plus hydroehlorie acid roezli
Cadmium chloride inerme, viscosTssimum
Cadmium sulfate
Caleium hypochlorite
Copper carbonate colloidal®
Copper sulfate IRErMme, VIScosissimum
tRerme
Ethylene thiocyanate {n aleohol®. . peliolare
Formaldehyde® nerme
Furfural* inerme, peliolare, roezli, nevadense
tnerme, locustre
0.

roceli, nevadense
nevadense

Hydrochlaric acid Do.

Sodium dichremate roezli, nevadense

Sodium arsenate {monobasie) merme
Sodium arsesite*___________. inerme, petiolare
Sodium chloride* L. tnerme, lacustre, viscosissimuin
eTscosissimum, roezli, nevadense
Sodiumn dichromate plugs--
Sodium hydroxide_____. .. _. roezll, nevadense
Sulfuric acid roezfi
viscosissimum, roezli
inerme
Sodinm hypochlorite roczli, nevadense
Sodinin selenate®. ____ inerme
Hodium selenite® Do.
Sodium sulfide Dao.
Sodium sulfite*___________ inerme, lacusire
Sodium thiosulfete TRErme
Zinc ammonium chloride® inerme, petiolare, roezli
Zine carbonate {colloidal}® inerme
Oila:

i inerme, petiolare, lacvsire, viscosissimum,
roezli, nevadense, cerewm, bracleosu m,
erylhrocarpum

Diesel plus——

Benzene . inerme

Cresolo oo _______. inerme, nevadense

Furfural*_____ . inerme, roezti, nevadense

Kerosene Do.

Naphthaicne inerme

inerwe, pelinlare, nevadense
inerme, roczli, nevadense
therme, roezli
- pelinlare
petiolare, lacusire, roezli, nesadense

inerme, roceli, nevadense
Cresol. Do.
Furfural___ De.
Naphthalene.____ . inerme, roezli
Do,
inerme, roezli, nevadense
inerme, roezll

Copper eyanmide®. .___....._... furrme
Copper complex N ___ ___. .. N,
Sodimn chlorate®._____. . . 1o,

! Fadbm teteal hlosulimtaeyanoen prite.
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. CROWN APPLICATIONS
Chemieal Species of Ribes

Ammonium thiccyansate* inerme, peticlare, lacusire, viscosissimum,
rogzii, bracleosum

Atlacide* inerme, petiolare, lacusire, roczli

Borax* lacusire, viscosissimum, roczlt

Caleium chloride lacusire

Carbon disulfide* tnerme, lacusire

Carbon disulfide plus sodium hy- lacustre

droxide.

Chiloral hydratc®

Chiloroacetamide®

Chioropicrin* cereum

Chloropicrin plus kerosene Do.

Copper complex X {ncrmei_ petiolare, lacuslre, viscosissimum,
roezli

Diesel oil* inerme, petiolare, lacusire, viscesissimume,
regzli, nevadense

Ethylene chiorohydrin® lzcusire

Ethylene oxide inerme, peliolare, lacusire

Ethylene thiceyanate® lacustire

Gasoline roezli, nevadense

Kerosene® inerme, petiolare

Piteh oil inerme, roezii

Sodinm arscnile* Tnerme

Sodium chlgrate* inerme, petiolare, lacusirve, viscosissimum,
roezli, nevadense

Sodinm chlorate plus—

inerme, peliolare, lacusire, viscosissimum,
roczl?, cercum, {rriguum
Sodium bicarbonate* inerme, petiolare, viscosissimum, rocali

Sodiurm chiloride® inerme, viscosissimum, roczli

Sodium suififc* lncusire

Sodinm thiocysnate® bracteosum

Sulfur® inerme, roezli

Zinc ammonium chloride* inerme, peliolare, lacusire

DUSTS

Calcium chloride =onhydrous plus inerme

gypsum,
Caleium chloride anhydrous plos Do.
kaolin-limestone and copper cya-
nide (cuprons),
Copper complex X! {(anhydrous) _ .. Do.
Copper complex X! plus cnleium Do.
chioride {anhydrous}.
Sodium chlotate plus ecaleium chio-
ride (anhydrous).

I Sadinm letral hlosulinloeFrnocuprite.

For ribes-cradication work considerations of toxicity,’ cost, ease of
handling, and hazard to the operator, the woods, and game reduced
this list of herbicides to the following: Ammonium thiccyenate, Atla-
cide, Atlacide in mixture with zine chloride, borax, Diesel oil, sodium
chioride, sodium chlorate, sodium chlorate in mixture with borax,
sodium echlorate in mixture with sodium bicarbonsate, and sodium
thiocyanate. Arsenical compounds, generally recognized as the cheap-

» A discussivn of the ihysiological felors affvcling the toxieily of the well-known herbieides Hated 1s
beyond tha seopo of this holletin, Valunhia dats of Lhis sort will bo found In the iollowing publeations:

A, Asiander, Jour, Apr. Reswireh $6:Mo-03, 1628 3110651001, 1927 W, Ii. Cook, Cunad. Jour, Research
15:380-300, 1027; A, 8. Crafls et al., Fligandin :137-457, 461408, 1035; 10;343-074, {477}-413, 1936; Plunt Physlol.
15a0-711, 1005 W, B, Loomis o nl., Jour. Aner., Sne. Agron. 25:704-730, 1932, W, G, Muenschor, N, Y.
{Corneil} Agr. Expt. Sta. Bull. 512, 8 pp., 183257, B Neller, Joor, Agr Fesenrch 43:184-185, 1031
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est and most effective of weed killers, were not more toxic to ribes
than the chlorate mixtures, and because of their poisonous nature
have not been considered desirable for extensive use over foress water-
sheds where blister rust control is undertaken. The plot technique
used in evaluating these herbicides depended ¢r the type of ribes to
be eradicated.

TECHNIQUE USED FOR SMALL-SCALE TESTS

Two procedures have been employed for the treatment of ribes:
they may be described as selective and broadcast. The selective
method was used on stream-type and upland-type ribes in the pre-
liminary testing of a large number of spray formulas over the period
1924-30 and for recent work on the decapitation and freatinent of
troublesome ribes in upland aress. The broadcast method was
adopted in 1931 for conducting dosage studies with efective herbicides,

SELECTIVE TREATMENT

In the selective treatment of stream-type ribes the spray is applied
to the aerial parts and to the soil contiguous to the root centers. No
attempt is made to measure dosage for individual bushes except to
treat as uniformly as possible by a predetermined eriterion such 85—
Spray until the foliage drips and the ground about the crown begins
to puddle. Dosage 1s controlled empirically by inereasing or decress-
ing the concentration of the spray solution. After the plot has been
freated, the average dosage per bush is caleulated from data on the
number of bushes treated and the quantity of chemical used.

Where upland ribes in great numbers occur close to water or o a
road, they may be sprayed with chemical in aqueocus solution or with
Diesel oil. In such areas plot technique for preliminary tests of
c}}u}emicals has been the same as that of selective work on stream-type
Tibes.

Although selective treatment involves certain disadvantages in
accuracy of plot technique under brushy conditions in stream type,
1t is held to be satisfactory for preliminary testing of a large number
of chemicals because of the saving in labor and chemical.” The dis-
advantages lie in possible variations in the quantity of chemical
applied per bush, and in the tendency to choose plots amensable to
selective application whether or not they are most typical of that
particular species.

Tn the records of the selective tests on stream-type ribes dosage is
expressed on the basis of quantity of chemical per bush or per 100 feet
of live stem. In the treatment of these plots the following data are
recorded: Plot number; location and size of plot; date of treatment;
average height, feet of live stem and feet of dead stem by individual
bushes for each species; concentration end quantity of chemical ap-
plied per plot; method of application; weather st Hme of applecation,
meluding relative humidity and soil temperature taken early in the
morning, at noon, and late in the afternoon; and generzl notes on soil
character, presence of brush, windfall, and ground lister. The plots
are systematically checked 1 venr after treatment, and the effective-
ness of the chemical is measured hy the percentage of live stem and
bushes killed.
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Selective treatment has also been used in upland areas for the eradi-
cation of individual large bushes, or those rooted under fallen logs, in
impacted soil, in rock crevices, or thick brush. Experimentation on
this problem has comprised decspitation of the ribes at ground level
followed by an application of chemical to the scarified crown. The
combination of chemical treatment and some preliminary cutting has
been considered since the work of Regan ' in the Bastern States in
1618. Stream-type ribes could not be satisfactorily treated in this
manner because of an intimate association with other brush, but it
was readily apparent that this technique could he used on upland-
tvpe ribes with excellent effect. The chiefl advantages of decapitating
ribes hefore treatment lie in the certainty of obtaining kill and In
saving on cost of materials and labor.

Experiments on the decapifation of ribes have heen established
according to the following procedure: An area containing a large
number of bushes is marked off with permanent stakes into rectangular
plots containing from 50 to 100 large bushes. Decapitation is accom-
plished by means of a Pulaski tool (» combination ax and mattock)
or by long-handled pruning shears (pl. 11, 17}, and then the chernical
is applied to individual bush crowns. Each bush, as it is treated, is
marked with a stake bearing a number corresponding to one on o
mimeographed field form, upon which are recorded the following datn:
Average height, total length of live stem, mean basal diameter of
canes, number ol canes having a basal diameter greater than mean,
total number of canes, diameter of crown, soil moisture, ground slope
to within 15°, quantity of chemical used and amount of water (if
any), hours of rain within 24 howrs of ‘reatment. and notes on plot
site. The dosage of chemical is expressed per umit area of rrown
spread for the decapitated ribes. ata on plot location, date of treat-
ment, and ribes species are also taken,

BROADCAST TREATMENT

Tn the broadcast method of treatment the chemieal is applied over
the entire plot aren so that each square foot of soil surface receives
the same quantity. According to this scheme each plant is treated at
a uniform rate in proportion to its size. Treatment may be confined
to the soil alone, or it may be npplied to the aerial portions of the brush
snd ribes as well as to the soil. It is customary to spray all brush
shoulder high and. of course, to cover thoroughly all ribes present on
the area. An even freatment is obtained by cross-hatebing the area
with string lines and applying a small, known volume of chemical to
each subplot. The size of the plot is usually about one-half of a
square chain, or some other convenient fraction or multiple of the
square chain, thus atlowing for the division ol the area into milacres.
Tn power spraving the quantity for cach subplot is apportioned by
having the pump operator signat the spray man as each unit volume
is delivered. Where the standard hlister rust knapsack sprayer
(pl. 11, A) is used, a definite number of calibrated. Tull puinp strokes
is nllowed for each milacre subplot.

Dosage studies made on upland ribes, however, have not been
applied over the entire ground area within plot boundaries becnuse of
the seattered distribution of the bushes, Instead. measured ureas of
T Renan, W. . PROGRESS OF EXPERISENTS FOR DESTROYING RINES WETI CHEMICS S, 1918, Tapuh-

Yished manuseript from the Torenn of Plant industry, now in {he fles of the Divisien of Pland Disensy
Control, Bureng of Entotmolopy sl Tlanl Quarhntine.
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ground about a bush or clump usually corresponding to the bush
spread are treated with chemical at a definite dosage. Even applica-
tion is facilitated by the use of a rectangular wooden measuring frame
with cross wires fo allow for smaller measurements of ground area.
All these experiments have been concerned with sprays and soil-
drench treatmentis of intact plants.

In recording the results of all broadeast treatinents, plots are marked
off with string lines into milacre subplots to factlitate the recording
and analysis of ficld data, which are essentially those described for
selective treatment of streain-type ribes. Sketch maps of the plots
are also made to permit subsequent analyses of daia on the basis of
isoil type, soll moisture, windfall, and character of dulf and surface
ibter.

SIGNIFICANCE OF TERMS USED TO DEFINE DOSAGE

In setting up practical eriterin for evaluating a herbicide for ribes
eradication, recognition must be given to factors of both cost and
toxicity. Besides establishment ol the fact that a chemical will kill
any one species, data must also be obtained showing the amount of
chemienl needed to perform eradication work of acceptuble efiiciency.

The broadeast type of trestment just described has been designed
primarily for such dosage studies, and it has been shown that the
following three eritical dosages must be determined before the effec-
tiveness of a herbicide ean be properly shown:

(1) The quantity of chemical that moust be just exceeded before any
bush kill results, which has been delined as the “minimum toxic
dosage.”” This dosage has no significance to actual eradication work,
but it is necessary for correct definition of the toxicity curve.

(2) The quantity that will kill the highest percentage of bushes
per unit weight of chemical, which has been deflined as the “dosage of
maximum efliciency.”

(3) The yuantity needed to accomplish a practical clean-up job in
one treatment, which has been defined as the “practical lethal dosage.”
The question of whether o practical clean-up job has been accomplished
is & somewhat arbitrary one and involves a decision by workers
experienced in ribes eradication. Usually it means a bush kill ol 99
percent or more,

The dosage of maximum efficiency and the practical lethal dosage
may differ substantially for a highly resistant species such as Ribes
inerae and thus justify an eradieation practice comprising two or more
treatments. For R. petiolare, n species readily killed by chemicals,
these two dosages may approximate one ancther so closely that
preatest cconomy ls attained by niming at a thorough clean-up job on
the lirst treatment. The application of these dosage criteria will be
given in discussing (he tests made on L. petiolure and K. inerme.

In tables and discussion set forth in this bulletin the toxicity of a
chemieal is measured by Lhe percentage of live stem or bushes killed
by a certain weight or volume of chemical.  When dosages are ex-
pressed on the busis of an individoal bush or 100 feet of live stem,
they are sell-explanatory. 1t should be clearly understood, however,
that the per-sere dosage figures refer to theorelical arcas completely
covercd by ribes, and since ribes have a scatiered distribution in
patches, clumps, or single bushes, these dosages are much higher than
those actually needed for the practies]l working of 1 acre of siream
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type. Since in practice chemical is applied selectively to ribes, the
dosage actuaily used per acre of stream type may vary from zero to
the practical lethal dosage for the particular species under treatment.
The gresfest brush density encountered in the white pine areas of the
West is that of B. tnerme and associnted plants. For this brush type
the best information available showed o ribes density of 70 percent
on approximately one-fourth of an acre. This means that on this
particular quarter-gere the quantity of chemical needed for complete
eradication of all ribes on the ground would be 70 percent of the pro-
rated scre dosage. Twenty-five percent is considered {o be o gencrous
estimate of the average density of B. inerme. The quantity of chem-
ical actually used for the large-scale cradieation of R. petiolare has
been based on an average density of about & percent.

LARGE-SCALE METHODS TESTS IN THE FIELD

If a herbicide has proved its ellectiveness in the small field trials
and is satisfactory on the score of cost and safety, it may then be
included in a series of methods experiments to establish its practi-
cability when used under conditions cquivalent te those of large-seale
operations. An impor.ant part of these experiments is the testing of
the apparatus and equipment recommended for the application of a
particular chemical. The completion of investigative work relative
to the use of & new chemical, or modification in method of application,
frequently necessitates the design and construction of special equip-
ment.

Most of the large-srale tesis alrendy undertaken have been directed
toward the eradication of Ribes petiolare, R. lacustre, ind R inerme
in northern Idaho. Emplasis has been placed on the cost of opera-
tions, which is determined by such factors as spraying equipment,
size of crew, arca of ground to be covered by one worker, methods of
distributing and preparing the chemical for crew use, and general
effectivencss of the dosage reconunended by the small-seale plot work.
Observations on the last factor indicate the margin that must be
added to allow for varintions in the gkill and dependability of workers.
In comparison with small-scale plot work, methoeds tests involve treat-
ment of a much larger ground area, a partial or less aceurate recording
of data on number of bushes and size of plants, less detailed informa-
tion on ecologic factors, more temporary location and cstablishment
of plot areus, and greater sttention to costs and general practicability
of the propesed method.

In recording and interpreting field datn from methods tests several
pertinent factors must be kept clearly in mind. In the first place,
plots are treated more in accordanee with the tencts of operations
work than with those uf controlled experimentation. Variations in
site conditions throughout the large plots introduce further compli-
cations, and make it dificult to obtain strictly comparable data for a
series of tests. Finally, stream-type ribes are so intimately associated
with other brush that it is difficult to separate dead ribes bushes from
dead brush, and still more difficult to determine thie number of ribes
bushes or root centers, in order to calculate bush kill. IFor these
reasons no significance has been attached to numerical differences
among the various tests unless they amounted to 10 percent or mnore.

w s
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CHEMICAL ERADICATION OF STREAM-TYPE RIBES

RIBES PETIOLARE
PRELIMINARY TESTS

In the Western States Ribes petiolare (table 1) is the most dangerous
of the wild varieties of currants and gooseberries in the spread of
blister rust disease. The presence of large bodies of this highly
susceptible species in close proximity to some of the best white pine
has accelerated the rapid spread of rust in the timbered ereas of this
region. For this rearon the results of the earlier investigations on
the chemical eradication of R. peliolare were rapidly applied in
practicel eradication work, with the understanding that improvements
in field methods 1night be made by the continuation of developmental
work. Studies on the effectiveness of new herbicides and on the
toxicity of chlorate mixtures have therefore been in progress through-
out the course of the large-scale control work on R. petiolare. The
objectives of these later tests have been to continue comparative
tests on the effectiveness of various herbicides, to explain occasienal
anomalies in the results of field work, and to bring about a saving in
labor and quantity of chemical necessary for complete kill.  To this
end new herbicides were tested in greenbouse and small-scale field
plots {tabulation pp. 7-10), and dosage studies were undertaken on
chemicals of proved toxicity {table 2). With the exception of am-
menium thicevanate none of the new herbicides were sufficiently
toxic to warrant more than preliminary field trials; ell subsequent
field work has been concerned with ammonium thiocyanate and with
chlorate mixtures.

PROBLEMS AS TO PROPER USE OF CHLORATE MIXTURES

At the beginning of the 1929 field season chlorate sprays were already
in use at dosages based on preliminary tests. Several problems then
arose relative to the proper use of sodium chlorate for the eradication
of Ribes petiolare. They concerned:

(1) The reduction of the fire hazard involved in the use of the
chlorate spray. It was early recognized that the use of sodium
chlorate mvolved a serious fire hazard, which could probably be
lessened by the addition of hygroscopic substances. The laboratory
and ficld tests had shown calrtum chloride (CaCly) to be one of the
cheapest and most cflective of these hygroscopic materials, and a
proprictary compound known as Atlacide,’ containing about 1 part
of calcium chloride and 2 parts of sodium chlornte as its chief in-
eredients, was already on the market. The same tests had indicated,
however, that the effectiveness of the sodium eblorate was reduced
by the addition of calcium chloride. Other hygroscopic agents, such
as magnesium chloride, zine chloride, and glycerin, had been tested,
although they were less desirable than caleium ehloride either because
cf their greater corrosiveness to equipment or because of higher costs.

{2) The influence of time of year on the effectiveness of chlorate
mixtutes. IPrevious observations had indicated that the effectiveness
of chlorate mixtures decreased after the middle of the growing season,

1" 'I'ha Department dees oot recommend this or other gmnricl.ar}' materials {n preferenice LG otliers of

sitniinr composition, Referenee to them by owme 1o this bulletin is eslgned merely to inform the reader
us Lo whnt malerials were used. The Tlepartment eannot contlrol or nssure the constancy of composition
of materfals oflered by privale monufagturers,
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and that the decrease became appreciable carly in September. This
point was cobviously one of considerable importance in the regular
spray work.

(3) The influence of acidity or alkalinity of chlorate sprays on their
toxicity. Investigations by Offord and d’'Urbal (11) on Nitella clavate
(Bertero) A. Br. had shown that slightly acid solutions of sodium
chlorate were more toxic to this plant than alkaline solutions of
equivalent strength. Small-scale field trials on Ribes petiolare had
shown that solutions of sodium chlorate made strongly allieline by
the addition of sodium hydroxide were less effective than a neutral
or slightly acid solution of the same chemical. It was proposed,
therefore, to test, under ficld conditions, the comparative toxicity of
acid, neutral, and alkaline chlorate sprays.

(4) The variation in eflectiveness resulting from changes in the
concentration of & chlorate spray. On a number of oceasions when
the concentrafion of a spray had been changed during the course of
eradication work, it had been observed that the strongest solutions
did not always give the highest percentage of bush kill, although all
sprays were presnmably being applied at approximately the same
rate.

{5) Critical dosages. Over the period 1930-32 ohservations of large-
scale crew work and results of that work showed the necessity of
previding more specific recommendations on the mmount of spray
solution to be applied.

LARGE.BCALE METHODS TESTS

In 1929, at Merry Creek, St. Joe National Forest, sodium chlorate
and Atlacide sprays were tested at concentrations of 0.45, 0.89, and
2.7 pounds of chlorate {or equivalent eblorate for Atlacide) per gallon
of water. The pIE values of these sprays were adjusted to 4.0, 6.5,
and 8.0, and a series of 18 plots were treated at 3-week intervals
during June, July, and August. A total of 72 half-acre plots were
sprayed in the course of this work., In 1931, at Orogrande Creek,
Clearwater National Torest, 12 plots, ranging in size {from 0.8 t0 5.9
acres, were established for extending and confirming data on the
comparative effectiveness of early, midseason, and late-season work
with Atlacide and sodium chlorate. Chlorate concentrations of 0.50,
0.75, and 1.0 pound per gnllon were used in these tests. In 1933,
12 hglf-acre plots in a stream-type location along the St. Maries
River, Clarkia, Idaho, were treated for the purpose of, comparing
zine chloride and caleium chloride as hygroscopic agents in mixture
with sedium chlorate.

Results of these methods tests showed that 16 would be satisfactory
Lo substitute the relatively safe hygroscopic mixture of sodium chlorate
and caleium chloride for the sodium chlorate alone, provided that
the dosage was based on the sodium cliorate content of the mixture.
In the practice of large-seale ribes eradication no consistent indications
have been obtained of the inhibiting action of the caleium ion on the
toxicity of the chlorate ion, as noted by Offord and ('Urbal in their
work on Nitelle (11). Highest efficiency for all sprays was obtnined
about the middle of July, nnd, since there was o consistent reduction
in bush kill late in the seazon, recommendations have been made to
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complete all spray work on Ribes petiolare by the middle of August.
Insofar as camp organization has permitted, this recommendation has
been uniformly adopted

Data on effect of pH value and spray concentration showed less
than 10 percent variation; and so these factors were judged relatively
unimpertant to fleld practice. In subsequent large-scale work no
attempt was made to adjust the pH value of the dissolved cllorates,
except to specify that the caleium chloride used in the manufacture
of Atlacide should be of sufficiently high grade to make an approxi-
mately neutral spray when dissolved in water. Althoush the con-
centration of chlorate spray appears to have no ultimate effect on
work: efficiency, there is. of course, & minimum which must be main-
{ained in field operations, and for R. petiolgre this should not drop
below 0.5 pound of sodium chlorate per gallon,

CRITECAL DOSAGE 1ESTS

Prior to 1931 the quantity of chemical applied to Ribes petiolare in
experimental plot worlk had been soverned empirically by varying the
concentration of chemical in the spray solution. Sprays were applied
uniformiy to aerial parts of the plants, and treated bushes were ex-
amined to see that coverage was complete; otherwise no attempt was
made to provide s quantitative measurenient of the spray so?ution.
Recommendations for erew work were made on the same basis; thus,
workers were instructed to spray all stems and leaves to the point of
dripping. This procedure resuited in satisfactory kill of R. petiolare,
and while operations were limited to small crews it appeared to furnish
an adequate basis for conduct of the spray work. VWhen the scope
of the operations had increased to the point where supervisors could
no longer give immediate attention to the work, inconsistencies in
results sometimes appeared. In examining sprayed areas a year after
treailment, it was olten diflicult to determine whether the poor resulis
had been caused by the application of insufficient chemical or by
uncontrollable factors such as heavy brush or high water.

To supply the eradication crews with more accurate recommenda-
tions on (B}sage, experiments were undertaken in 1933 and 1934 corn-
paring the effectiveness of ammonium thiocyanate and a mixture of
sodium chlorate and sodinm bicarbonate ° with the effectiveness of
sodium chlorate or its equivalent of Atlacide. The 1933 plots were
located on St. Maries River, St. Joe Nationsl Forest, Idaho, and the
1924 plots on Ann Creels, Soda Creck, and Washington Creek, Clear-
water National Forest, Idahe. For comparing several of the heavy
dosages of sodium chlorate with the other chemicals, 1 pound of
Atlacide was used as the equivalent of two-thirds of & pound of sodium
chlorate. This relationship, insofar as practical field work was con-
cerned, had been clearly established by previous tests. It was con-
sidered advisable to minimize fire rigks by using Atlacide in place of
sodium chlorate for dosages of sodium chlorate in excess of 600 pounds
per acre. A summary of treatment data and effoctiveness of the
chemicals is set forth in table 2.

'2 This mixture bl heen sugeestod by 5, 3. Tnte ikr, formerly im eloeen of the Lxvision of Rlister Rust
Control, Burran of Plynt Lobnaztry. -l appearsd to hase cxevlinng frssitlies s o herhipige,
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TasLy 2—Relative effectivencss on Ribes petiolars of ammonium thiocyanale,
sodium chlorele {or Atlacide), and o mitture of sodium chlorale and sodium
biearbonate on the busis of practical lethal dosage

. Dataef . i !
" et : Bushes ¢ Bushes
Chemical used : ﬁ‘ﬁ{ : Dasage i treated . Killed
' .
v 188 i Pounds Per T ’ Number : Pereent
fat 33 i .  im, =
N . ¥ 13 3 . M 95
Ammonitm thioe¥Baste . ciceocmaae e e 11 1,000 - g &
HJuly 12 LU 13 . &7
.f\ul,v 15 3.% ' 362 . 100
= Aug. 2 1,300 03 100
Athacide 1Y oo e July AU 1,125 - 14 99
i Juiy 12 T8 241 100
©o1tsg '
[ & g Pt e
NELEhD ELI a
Sodium chlorate. (.o e s S g 2 10 - - a5
PO TR 250 h e
1833 |
Apg. 9 LA 50 100
Auz. & {11,800, thH1500 Al 100
Aug. T 1@ 500, (1,600 40 - 100
Zedium ehlorate () sod solinm blearhomare’y . . {132
July 25 - 2 AN} S0 100
Jidy 3 . 500 81 ]
Aug. I 2400 20 93
A [ 1350 53 95

i 1 : '

1 & tlacide plois, in order named, were LO4, 0.35, D.83, and .77 aeres in size. Al nther plots wera 0.05 aere.
1 Spdinm chlorate eqiiivalent="13 weighi of Atlacide.
% Pounds per acee of each chemieal.

Data in table 2 clearly show that, on the score of practical lethal
dosage, ammonium thiocyanate is much inferior to sodium chlorate
for work on Ribes petiolure. 1f compared on the basis of their chlorate
content, the mixture of sodium chlorate and sodium bicarbonate,
Atlacide, and sodium chlorate appear to be equally cffective. Dats
in table 2 also show that 500 pounds of sodium chlorate, or its Atlaeide
equivalent, is enough chemical to accomplish practically complete
eradication of R. petiolare. An occasional plant may survive treat-
ment, but this may also occur after application of much larger dosages,
as in the 1,125-pound Atlacide treatment.

After 750 pounds had been established as the satisfactory practical
lethal dosage of Atlacide, it became necessary to determine how closely
the operations work could conform to the recommendations of the
experimental unit. A substantial margin over the practical lethal
dosage was indicated, and after subsequent field observations had been
made 960 pounds per acre was considered to be, in practice, an econom-
ical dosage from which approximately 90-percent ribes mortality might
be expected (pl. +). Tlis quantity of chemical is adequate to take care
of varations in cfficiency of employees assigned to spraying.

Large-scale field tests were also made with a mixture consisting of
0.6 pound of sodium chlorate and 0.4 pound of sodium bicarbonate per
aallon of water, This mixture furnishes approximately the same quan-
tity of sodium chlorate per gallon of water as Atlacide, and was used
with excellent results at the dosage rate of 960 pounds.

During the period 1927-36 about 80 percent of the Ribes petiolare
bushes occurring within the valuable white pine stands of northern
Idaho were eradieated with chlorate sprays. In this work 507 tons of
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chemical were used on 20,488 acres, oran average of about 50 pounds of
chemical per acre of stream type.

FIRE HAZARDS OF SODIUM CHLORATE

Sodium chlorate, in common with other chlorates, has the ability 1o form
dangerously explosive and highly inflammable mictures with MANY COM-
bustible substances. Organic materials, such as cloth, leather, wood, and
leaves, are easily ignited when tmpregnated with sodium chlorate. I
dry, they burn unth extreme violence.

To minimize this fire hazard in ribes eradication, Atlacide has been
largely substituted for sodium chlorste. Although the hygroscopic
caleium chloride reduces the fire hazard of sodium chlorate by retard-
Ing combustion, it does not entirely climinate it. If mixtures of eal-
cium chloride, sodium chlorate, and organic material are placed in very
dry, warm gir for a sufficient time, they may be ignited egsily and will
burn rapidly.

Sinee sodium chlorate itself does not burn but only furnishes oxygen
for the combustion of other materials, it can be safely shipped and
stored in light iron drums. This type of container has been used
exclusively in blister rust control work for transporting the chemical
in the field.

The gravest persoral risk accompanying the use of sodium chlorate
or Atlacide in ribes eradication arises from the possibility that clothes
contaminated by the chemical may dry out before they can be washed.
The humid atmospheric conditions that prevail along the streams
where Atlacide is used normally prevent it from becoming dry either
on clothingor on sprayed vegetation. Being soluble in water, the chemi-

cal is easily washed out of cloth, and 2 moderately heavy rain is sufh-
cient tu remove most of it from sprayed plants.

To guard against accident, certain safety regulations are rigidly
enforced wherever the chemical is stored or handled. The following
outline gives the substance of these regulations:

RTLES FOR THE BTORAGE AND HANDLING OF SODIUM CELORATE

(1) Smoking i5 prohibited wherever the chomical is stored or hapdled.

{2} If stored in the open, sodivm chiorate must be placed upon bare ground
free from litter and at least 200 foer from the nearest building,

(3) Every precaution must be taken st all times to prevent accidental spillage
of the solid chemical or its solution.

(4} If any of the solid chemical is spilled and thus contaminated with orpanic
matter, it must be diseardcd by burial in mineral soil or by being thrown into run-
ning water. I% must not be returned to the original container.

{5) Stations where the sclutions sre mived must be lecated on mineral soil,
preferably beside streams,

(8) The ground sround the mixin g stations must be kept wet during the eonduct
of spraying operations, and the stations must be theroughiy cleaned up befors
thev are left,

(7) Aress on which ribes has been recently sprayed must be patrolled for a
period of 10 days during hot, dry weather.

(8} Clothing worn while handling these solutions must be left on the job.
Other apperel must be worn when traveling belween camp and work.

{(9) Spraying clothes must never be allowed Lo beeome completely dry while
they are being worn. When wet with sodium chlornte solutions they must pever
be hung near a stove or & fire to dry. They must be frequently washed.

{10} Boots or shoes worn whils & praying must be frequently greased to pravent
absorption of the chemical solution,

(11) Matehes must never be carried in spraying clothes.
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Without doubt enforcement of the foregoing regulations has mate-
rially assisted in preventing accidents connected with the use of sodium
chlorate in ribes eradication. No reecord exists of any injury to o
worker through the use of sodium chiorate or Atlacide when the safety
rules were bemng completely obeyed, although injury has occurred as a
result of neglect of these precautions.

Recognition of the fact that safety depends on the constant vigilanee
of emplovees has prompted numerous efloris to devise means for
lessening the hazards involved in the use of sodium chlorate.  Solution
of the problem has been sought through three avenues of approach,
whiclh may be classified as follows: (1) Atiempts to develop a suitable
fireproofing treatment for cloth and thus lessen the probability of
clothing fires; (2) seavch for more oflective five retardants to take the
place of ealeivm chiloride; and (3) studies of the mechanism of combus-
tion of chlorate mixtures and the conditions necessary for combustion,
for the purpose of developing mere dependable safety measurcs than
those now in forece,

The first work on fireproofing fabrics resulied in the development
of a process for imprognating cloth with finely divided stannic oxide
and subsequently conting it with gilsonite (13). The gilsenite was
applied for tlie purpose of cementing the particles of stanmge oxide
to the fibers, and improving the water-repellent qualities of the cloth.
The freshly treated cloth was fire-resistant and had only a slight tend-
ency to absorb spray solutions, but these properties lacked perma-
nence. Repeated washing removed significant proportions of hoth
gilsonite and stannic oxide.  Numerous attempts were made to replace
gilsonite with some more satisfactory material, but they met with
only partial success, Among the classes of substances tested were
solid chlorinated hydrocarbens, synthetic resins, Tubber, and syn-
thetic rubber. Various combinations of materials belonging to these
classes were also tried.  Some of the substances tested were combusti-
ble, and thus partially nullified the fire-resistant property contributed
by the tin oxide. Others, notably the solid chlonnated hydrocarbons,
were noncombustible, but no binding agent was found which satis-
factorily preserved the fire-resistent qualities of the cloth after re-
peated washing with soap.

Fabries that had been coated by spraying with atomized tin,
alaminum, and zine were also examined. Only the zine-conted cloth
was fire-resistant, and the coating was entirely too heavy aund stflf
ta he of practical value.

Numerous materials have been tried as fire retardants in compari-
son with ealeium cliloride, but none of them have beenaccepted for use.
fost of these substances were rejected becanse they were less effective
than caleinm chioride. Sonie, such as zine chioride. could not be used
beenuse of their corresive character,

Such soluble fillers as sodinm chloride are mostly without effeet
upen the combustibility of chlorate-impregnated material unless they
are present in prohibitively large proportieus.  Tnsoluble ot sparingly
zoluble fillers are impractical to use in spray solutions.

Borax is a sparingly sciuble salt, Tt may, however, be used suc-
cosslully as a solid when mixed with sodium chlorate and applied in
powder form to individual decapitated ribes crowns. Strieclly spoeale-
ing, borax cannot be regarded only as a filler, since it is itself an
herbicide. It may be used in much targer proportion in mixture with
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sodium chlorate than would be permissible if it functioned only as a
diluent. Successful treatments have been made with nonhazardous
mixtures composed of 1 part of sodium chlorate and 5 parts of borax.

Of all fire retardants tried so far, sodium bicarbonate is the most
satisfactory substitute for calcium chloride in dilute spray solutions.
A solution containing 0.4 pound of sodium bicarbonate and 0.6 pound
of sodium chiorate per gallon is fully effective upon Ribes petiolare
and guite as safe to use as the corresponding solution containing 1
pound of Atlacide per gallon. Because of the low solubility of sodium
bicarbonate, it cannot be added in sufficient quantities to reduce ef-
fectively the fire risk of solutions centaining more than 0.6 pound of
sodium chlorate per gallon.

In June 1929, in California, several small fires were observed to
start on a plot that had been treated the previous day with o spray
vontaining sodium chlorate and magnesium chloride. ~ The origin of
these fires was noft at once apparent.” They all started in a thin crust
of dead leaves which covered the ground. The surface of the soil
itsell was wet, and the leaves were at least damp. The magnesium
chloride had, in fact, been used to prevent the sprayed vegetation
from becoming dry. All the fires started between 10:30 and 11:15
. m., and the ground area had been in shade until about 10 o’clack.
The air temperature at the time the fires started was 78° I, and the
relative humidity was 37 percent. It was positively known that these
fires were not caused by such common agencies as (lame, sparks,
friction, or sudden compression. Previous to this time, spot fires in
sprayed vegetation had been oceasionally reported, but their origin
had always been attributed to one ol these common agencies.

In July of the same year several more fires of apparently spontane-
ous origin broke out in Idaho, on plots that had been sprayed with
hygroscopic mixtures containing sodium chlorate. The conditions ex-
isting at the time of ignition were the same as those that prevailed in
California when the fires of the previous month oceurred.

Absence of an obvious cause for these fires prompted an inquiry
into the temperature necessary for ignition of mixtures of chlorates
and organic matter. The first fact brought forth in the study was
that, when heat is the only agency concerned, the temperature neces-
eary for the ignition of leaves impregnated with sodium chlorate is
much higher than it was formerly believed to be. Subsequent work
performed by other investigators confirmed this {act, and it is now
known that when heat alone is concerned the ignition temperature for
dry leaf material impregnated with sodium ellorate is from 291° F.
to as high as 627°,

Field tests conducted in Washinglon in 1931, and in California in
1033, confirmed the observations made in 1929, and furnished a basis
for the belief that ignition of ehlorate-organic material mixtures can
be initinted at low temperatures through the ngency of short-wave-
length light in combination with other factors. Obviously, the infre-
quency of such fires must be attributed to the fact that the conditions
necessary to their incidence are of rare occurrence. If complete
knowledge were at hand concerning the mechanism of spontaneous
ignition of chlorate-organic materinl mixtures, it might be possible
to reduce further, or even entirely eliminate, the hazard of this type
of fire. Methods and apparatus have been developed for ascertaining
the part that light and certain other facters may play in this kind of
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spontaneous ignition, but opportunity to put them to use has not yet
been presented.

It should be pointed out that fires established in vegetation treated
with Atlacide are easily extinguished. Their speed of propagation is
ordinarily low, and if not disturbed they usually die out rather
quickly of their own accord,

RECOMMENDATIONS FORR THE CHEMICAYL ERADICATION OF RIBES PETIOLARE

On the hasis of data obtained from all investigative worl, it is

apparent that effective eradication of Ribes petiolare can be accom-
plished by the use of sodium chlorate, Atlacide, or a mixture of sodium
chlorate and sodium bicarbonate. Sedium chlorate alone is slightly
cheaper than the two mixtures but involves an appreciably greater
fire hazard to the workmen. Atlacide and the chlorate-bicarbonate
mixture are equally safe in dilute solutions containing comparable
amounts of sodium chlorate, but the Iatter is more expensive. At
present, therefore, Atlacide is generally recognized as the most
setisfactory materinl to use in large-seale worl.
. The correct procedure for preparing the spray solution and applying
1% 1s as follows: To 10 gallons of water add (as a sticker and spreader)
one-half pint of steck glue solution,” or 1 teaspoonful of Tergitol 7.1*
Stir thoroughly until the glue is dissolved, then add 10 pounds of
Atlacide and again stir until the chemical is completely dissolved.
Apply this solution as an aerial spray and soil drench at the rate of
968 gallons'® per acre of ribes. This dosage is equivalent to one-fifth
of a gallon per square yard, whicl is delivered by 26 full pump strokes
of the knapsack sprayer shown in plate 11, A, A full pump stroke is
one complete stroke of the plunger either in or out. Shorter strokes
may be more satisfactory for certain individuals. Operators should
check the number of strokes which they customarily use to deliver
one-fifth of a gallon, as & guide for applying the proper quantity of
solution.

First spray the central crown of the bush, or the central portion of
8 clump, applying the spray vertically downward into the soil and
horizontally (for clumps) across the basal portion of the stems. This
treatment should moisten the ground area shaded by the bush or elu mI).
Then work upward along the stems of individual bushes and radially
toward the outer edges of clumps, wetting all stems and turning the
nozzle upward to moisten the undersurface of the leaves. Finish with
o top application to leaves and stems. The importance of getting
ground coverage for subsidiary crowns as well as the central crown
should be stressed. Insofar as is practical, drain ofl' the water from
areas in which Bibes petiolare plants are partially submerged. It may
mnlution of glue Js prepared as follows: Sonk nne-laji ponnd of glue in a small volume of enld
water overnight; the next day add stowly ennugh hot woler to make uF ihesoluilon ten volumeof 3 pallons:
mix the selutlon thoreughly while tha hot water is being added, I plue s desired for immecdinte use, ndd
1 quart of wnter tg one-half pound of glue and warm the mixture wilth eonstant stlrring untt a homopeneaus
solution resulls. Mnke up to volume and use ns racommended above.  Iinst resuits ave obtained from tha
use of the hetter grades of glhue; thus, the purehaser should specify o clear, amber-cotored animal fiake glue,

14T 1938 Tarzitol 7 {r mixture of severnl aquoeous sedium secondory nlenhol sulfates) was nscd as s sprender
instend of glus in o rework program an Ribes petiotare. Sinee rework lnvolves consldernbla travel and
searchting tme, {he smail weight and bulk of Targilol has Incrensed the eiliclency of the erews, Aceording
to Wilkes and Wickert (20) the Terpitol froducrs may horeprosented by the formula RaCHSONa, where R
15 any primary or secontlary nonfatty alkyl group. In this bufletio Lhe concert ration of Tergltol 7 rafors to
tho rgueons product os marketed In June 1033, Tha Dopartmant hag no control aver any changes that may
he made hy Lthe mannfietirers of propriclary compounds, tor does {t recommend this or other propriatary
materlals fu preforence to others af similar comnosition.

14+ Allowance has been made for tho moleeular velume of the disselved chemleal.  This rate {5 equlvalent
to a dosage of 860 pounds of chemieal per nora
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involye breaking down begver dams, although this should be done only
as & last resort. If possible, all spray work should be completed by
the middle of August. If it is extended beyond this date, pariicular
care should be taken to drench the soil thoroughly.

RIBES INERME
PRELIMINARY TESTS

The eradication of Ribes inerme (table 1) Las been recognized as
high-cost work ever since the early tests were made with hand-pulling
and chemical methods (9). Because of the urgent need for a practical
eradicadion method, chemical investigations on this species were
continued during the period 1928-34.

Tests were undertaken to devise o more toxic and safer herbicide
than sodium chlorate. To this end substances were employed as
fillers and hygroscopie agents to lower the fire hazard, other chemicals
were used to render the chlorate more stable in the soil, and still
others were added to promote more rapid decomposition. Chemicals
having in themselves o recognized and distingt herbicidal value were
mixed in varlous proportions with sodium chlorate. Many of these
chlorate spray formulas were tested at several pH values. )

A new type of herbicide, the heavy-metal complex,’® was devised
especially for work on Ribes tnerme.  In greenhouse tests o number of
these heavy-metal complexes proved to be highly toxic to this species;
copper complex X (sodium tetrathiosulfatocyanocuprite) in partic-
ular, & complex formed by the fusion of copper ecyanide and sodium
thiosulfate, appeared to have possibilities as o field herbicide. Sub-
sequent experience with this compound in the field showed that it
was highly effective when applied directly to crown tlssue, and that
rapid and oxtensive translocation through aerial plant parts was
obtained following injection of the chemical inte basal portions of
stems. 3tem injection, however, did not result in a sufficiently higl
percentage of oot kill, and direct treatment of B. inerme crowns did
net prove to be practical for general crew use. Although heavy-
metal complexes have not proved to be suitable for ribes cradication
work, they have potential valuc in the destruction of woody plants
when direct injection is practicable. )

Of the herbicides that were tested on Ribes inerme, ammonium
thiocyanate was the only one that proved to be both as effective and
as practical to hendle as sodium chlorate or Atlacide. Although
ammonium thiocyanate is too expensive to be used in large-scale
eracication work, it is likely that its present cost will be substantially
reduced.” TFor this reason it was lncluded, together with sodium
chlorate and Atlacide, in subsequent methods and dosage tests.
mrcmﬁniznﬂ for some time thatl ieavy metals sre extremely toxic to plant life wheno ndded to
putrient eultires in excess of the qunatilies needed for food. Heavy-melal conipainds, bowever, have not
proved to ba effcetive horbickles for tho destraction of wondy, decp-rooted perannials, This apparent
anomaly was tentotively axplaled by the writers s due to the fixation of the heary-metal igns in the soil,
sl the preclpiinting actlon of tanniniike substarces within plant tssue, chiefly in the vascuinr elements of
tha pinnt. A convineing demonstration of the lalter point wns oblained in phystological tests, in which it
was shown that a complex compound of conper moved much more rapldly and extensively throughout the
vasewiar system of rihes than did coppar fon.

T Ammeninm thiceyonote {also salied ammoninm sulforvanaie) §s recovered from the purificatbon Megnor
abtained {rom gos serdhbers st by prodiel coke plants, The recovery process is not commercially fonsibie
unless the conl gaa conlains sufliclent nmmonin and liydroeyanic ncfd gas 1o produce daily a quaniily of
ammoniam thiocyanate Jarge encugh to justify the ingtaliation of recovory equipment, High-grade coking
coni, as found In Lthe eastern bituininous conl fiekls, seems to be wedl adapted far producing s pas rich n these
comstituents. There nre at present in this conniyy 00 byprodoct enke ovens Jocnted fn 21 Btnies, About
30 of these pinnts could each regover dally abonut 800 nounds of hydreeynnle neid, the eauivalent of 1 ton of
| fum thlocyanate. Severad of these Inrger cuke plants bavo A polential ¢ sily recovery of ot denst &

Lo 8 tons of ammoniun Lhloeynnole.  TLcon be scem, thorefor, that an udetjunte supPly of & technical grade
of this ehemical conld be inrnished for weed eradiention.
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During 1931 and 1932 different methods of applying sodium chlorate
and smmonium thioeyanate were tested for effectiveness. These
methods comprised spraying the plant foliage and ground surface and
drenchbing the soil beneath the surface. Coincidentally studies of the
gross morphology of several species of Ribes were begun, Although
the pertinent facts derived from the latter investigations did not begin
to become available until the close of the 1932 season, their relation
to the rest of the work is such that they will be presented before
results of the dosage tests are reviewed.

Morphological work on Ribes inerme comprised examination of
representative specimens growing in habitats typical for the species.
Particular attention was given roog systems to discover what relation
their extent and distribution might bear to the effectiveness of
different kinds of chemical treatment. Table 3 gives a summary of
the biometric data obtained in a study of 12 specimens.

TapLe 3.— Biometric daia for 12 specimens of Ribes fnerme

Charneter mersured Range Averagel Charagler measurad Range {Average

Inches Distribution of fine rools by |Percent | Percent
2451 42 depth levels—Continoed.
Stem spread Y 21-118 6-8.5 inghes
Poot spread in top 3 inehes of seil | 42-110 0-11.E In¢hes,
Ratio of stem spread to top root 12-43.5 inelies
spread Vo B2 8 24-35.5 inchoes
T¥stribulion of line roots by depth 46—47.5 faches
lavels: Percent | Perven!
I-RE an

T-37 18 ¢

1 Happe nnd average are shown far the 12 individuals; since the bush with the smallest stem spread did
ot necessarily have the zmallest ront spread, these fipures cannat be obiained directly rom those glven in
the preceding two lines,

The figures given in table 3 for distribution of fine roots were based
on measurements of the total length of fine roots ocecurring in each
soil horizon specified, and provide an approximate index of the vertical
distribution of absorbing root surface. The table shows that Ribes
inerme is characterized by & very shallow and widespreading root
system.

? Results of plot tests showed that root character has a definite bear-
ing upon the relative merits of various methods for applying chemi-
oals. In the subsurface-drench tests only about 30 percent of the
chemical used was applied to the top 6 inches of soil; the remaining
70 percent was distributed throughout the next 14 inches of depth.
These treatments were found to be only about half as effective as
those in which the same totel quantities of chemicals were sprayed on
the plant foliage and soil surface, where the chemical not only came
into direct contact with the aerial plant parts, but also reached the
largest part of the nhsorbing root system.

LARGE-SCALE METHODS TESTS

Large-scale methods tests on Ribes inerme were conducted in the
same nrens concurrently with those deseribed for . pefiolare. Tle tests
with the chlorate mixtures covered the same essential points of fire-
hazard reduction, seasonal effect, variation in pH value, and con-
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centration of the spray that have been outlined for the R, petiolare
work, and the results were essentially the same. In toxicity tests
ammonium_thiocyanate had proved to be fully as effective as the
chlorate mixtures, and this chemical was included in the methods
tests at Orogrande Creek in 1932 and 1933 and ot St. Maries River in
in 1933. No attempt was made to add a filler, since there was no
fire risk with this chemical. Owing to the instability of ammonium
thiocyvanate in strongly alkaline or acid solution, no acid or alkali was
added to the sprays.

It was early recognized that the Ligh resistance of Ribes inerine to
chemical kill could be attributed as much to the growth habit of the
species as to its physiological character., The dense thickets of brush
trpical of E. inerme areas made crew work especially difficult and
afforded such effective protection to the plant that it could not be
readily treated with chemicals. For this reason large-seale methods
work on R. inerme consisted primarily of studies of crew methods
and sprax equipment. TFrom these studies it was learned (1) that the
5-gallon Jmapsack spraxer (pl. 11, A) was the most serviceable unit
for work in most areas of R, inerme, (2) that the portahle power
sprayer (pl. 11, B) was more practical than the kmapsack spraver for
treating broad areas of alluvial stream hottom, (2) that selective appli-
cation to ribes was more econemical than a broadcast treatment of
brush and ribes, (4) that best results followed application of the
chemical as & combination aeria} spray and soil drench, (5) that the
most practicsl method of accomplishing 100-percent bush kill wos to
treat the bushes in two successive seasons, and ) that «odium
rhlorate conld be effectively used in solutions containing 0.5 pound

per gallon but ammoniun thicevanate lost considerable of jfs killing
power helow a concentration of 1.5 pounds per gallon.

CRITTCAL DOSAGE TESTS

Although crew methods and equipment have heen fdleveloped for
work on Ribes inerme, the scope of chemical wark on this species has
been limited by the heavy dosages recuired for a practieal eradicntion
10b.  Critieal dosage tests were performed during 1931, 1932, and 1933
by the broadeast method of application. The first 2 vears' work was
conducted in the Wenatchee National Forest, Waal, with sodium
chlorate and ammonium thioeyanate. In 1933 further worle with
aminonium thioeyanate was undertaken at Clarkin, Idaha.

Since the spray treatnents proved to he more effoctive than appli-
cations made by other methads, thev formed the hasis for calenlation
of critical dosages. A record of the principal resultz of the sprax
experiments is given in table 4. It was found possible to combine
data taken from a great many sodium chlorate spray trials made
prior to 1931 and to apply the eombined figures directly to the prob-
lem in hand. These combined fzures are also given In table {,
Atlacide was used in snme of the applications, but in the table only
the weight of the sodium ehlorate contained in the Atlacide j= reported.
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Tasts 4. —Relation of bush kill ie dosage of sediwm chiorate and of 95-perceni
gmmeonium iocyanale applied as o spray lo Ribes {nerme

SODITM CHLORATE

- Bushes | Busbes - Dushes | Buoshes
Year Posage | jroated | kitled Year Dosare | jranted | kitled
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| Number of bushas freated prior to 1931 not availsble. See text, p. 25.

The relation ! stween dosage of chemical and the percentage of
plants killed is shown graphically in fizure 2. These curves summarize
present knowledge regarding the eflectiveness of the two chemicals
when they are applied as sprays to Ribes inerme. Considering the
meny uncontrollable variables encountered in the conduct of field
experiments of this type, very fair agreement in the results of the
various tests is shown between the work done in Washington (1931
and 1932) and that done in Idaho (1933).

Several featurcs of these curves are worthy of note. The curves
for both chemicals intercept the horizontal axis somewhnat to the right
of the origin, at the point where killing of the less vigorous and smaller
plants begins. At the other extreme the curves indicate that killing
seldom consistently reaches 100 percent under field cenditions, no
matter how much chemical may be applied. A point along the
asymptote of the curve close to the theoretical 100 percent is desig-
nated as the practical lethal dossge. Because of variation in plots
and local conditions, this point can scarcely be determined with a
high degree of precision, but it may be established accurately enough
for field operations.

When the practical lethal dosage has been determined and the tox-
icity curve drawn, it is possible to cstimate the killing caused by
smaller dosages of chemical. It will be noted that there is a point
in each curve at which the maximum bending cccurs and bheyond
which the percentage of kill increases more slowly. Tlis point rep-
resents the proposed dosage of maximum efficiency. It may be de-
fined as the point where cach additional percent of the practical lethal
dosage results in 1-percent additional Jill of the ribes concerned; in
other words, where the slope is 1. For smaller dosages each percent
increase in the quantity of chemical causes more than 1-percent mor-
tality of the plants, whersas in the case of dosages greater than the
dosage of maximum efficiency each percent increase in the quantity of




-LEGEND-

EXPERIMENTS PRIOR TO 193}

1931 EXPERIMENTS

1932 EXPERIMENTS

1933 EXPERIMENTS

SLOPE OF CURVE APPROXIMATELY
ZEROC. PRACTICAL LETHAL DOSAGE
SLOPE  OF CURVE IS ONE,
DOSAGE OF MAXIMUM EFFICIENCY

NVHOIIW ANV TIVOIICTHD

PLANTS KILLED (PERCENT)

| ] Il 1 i ] ! A

i
} 1 I | ¥ 1 | ! !
200 160D 2000 2400 3800 3200 . 3600° 4000 4400 22

] i ! J ] | ] | 1
1 i J f | i V T
0 380 1p40 2300 2760 3220 3680 4140 4600 - 5060

QUANTITY OF CHEMICAL “APPLIED (POUNDS PER ACRE) QUANTITY OF CHEMICAL APPLIED (POUNDS PER ACRE)

Ficore 2.—Relation of Ribes inerme plant kill to dosage of chemieal applied as o spray: 4, 95-percent ammonium thioeyanate; B, sodium
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c}llemical causes less than 1-percent increase in the mortality of the
ants.

P Since it is evident that neither chemical is capable of yielding 100-
percent eradication of Ribes inerme by one spray treatment, more than
one working must be contemplated. ~ As it 1s not possible to ascertain
definitely which plants will survive a spray treatment until the fol-
lowing spring, rework cannot be performed until a year after the first
treatment. Certain charges conneeted with chemical rework, such as
the cost of camp establishiment, cte., are virtually independent of the
density of surviving ribes. Labor cost per unit of area to be reworked
is determined by varicus [actors, and doubling the number of ribes
treated does not double the labor cost. Ib 15 therefore useless to
attempt to lower the number of bushes that must be destroyed in
rework by increasing the quantity of chemical used for first working
heyond the dosage of maximum efliciency.

TIf the first treatment is properly made, nearly all the plants that
survive will be in a weakened condition the following year, and re-
work at that time can achieve 100-percent kill of surviving plants.
Although many of the survivors would succumb to a moderate dose
of chemical, there will alwayvs be some that require heavy treatinent.
When performing rework, therefore, it is wise to apply the chemical
at its practical lethal dosage, and thus make sure that all the remain-
ing plants are killed. Tt should be kept in mind that, slthough the
dosage cmployed in the second working is high, the quantity of chem-
ical used per acre of stream fype is only a small fraction of that nee-
essary for the first working because the surviving ribes bushes cover
auch g small area. Plate 5 shows what can be aecomplished by com-
plete kili of all ribes and brush by application of the practical lethal
dosage, in this case of sodium arsenite.

Values for the eritical dosages taken from the curves in figure 2
are given in table 5. These figures show that a solid acre of Ribes
werme would require 2,160 pounds of ammeonium thiocyanate, or
2,346 pounds of sadium chiorate, as s first treatment to ohiain about
g1-percent bush kill.  The following vear the surviving bushes would
have to be ireated with ammonium thicevanate at the practical
lethal dosage of 4,000 pounds, or sodium chlorate at 4,600 pounds.

TanLe 3.--Critieal dasages for applicalion of 83-perecni amngninm hiocyanaie
aied sudinm eldorate ag sprays to Bibes fncrme
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Locel differences in field conditions will always cause some varia-
tion among the results of similar chemical treatments, but it is be-
lieved that the figures presented very closely approximate the
performance for the chemicals to which they apply.

To illustrate how local conditions may influence the outcome of
spray treatments applied to Ribes inerme, the figures given in table
6 show the relation that was found between effectiveness of chemienl
treatment and plant size on the 1932 plots in Washington, These
records cover all the dosages employed in the 1932 plots at Swauk
Creek, Wash, To cxtend these observations for other ribes in a
different locality, similar figures covering work done on R. roezli
in California during 1933 are also shown in the table. All the figures
apply to plants that received quantities of chemical in strict propor-
tion to the arca of ground covered by the individusl plants. The
values reported combine the results of tests made with ammonium
thiocyanate and sodium chlorate at various dosages, and by several
methods of application. Lach of these controllable variebles is
equally represented in the mean pereentages. Although the two
species of Ribes cannot be compared on the basis of these data, the
values given are strictly comparable with one another within each
species.

TapLe C.— Relution of hush sizc lo v fFectivenrsx of chemical (reatment af Ribes inerme
and M. roczle
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RIBES LACUSTRE
PRELIMINARY TESTS

Ribes lacustre usually grows on a strip of land near a stream but
farther removed from the water’s edge than R. inerme and R. petiolare
(table 1), Irequently itis the only specics of Ribes found in the upper
stretches of o drainnge, or within the narrow confines of small hillside
draws. In moist sites it is shallow-rooted, and ordinarily does not
ofler a serious problem to hand eradication crews, though roots and
layering stems may have an extensive lateral spread. Hand pulling,
however, is expensive when it is found growing around and under
windfalls, or in clumps or mats several square rods in extent. Con-
ditione of the Jatter sort were encountered on the Still Creek planting
ares in the vicinity of Mount Jlood, Oreg. In anticipation of the
need for chemical methods on occasional areas of R. lacustre of this
type, experiments on this species were undertaken in the greenhouse,
and field tests were made at Still Creek, Oreg., and at Clarkia, Idaho.

Results of the tests with various chemicals previously listed con-
firmed the high resistance of Ribes lacustre to chemical injury. Bush
kills ranging from 90 to 100 percent were obtained with sodium
chlorate, sodium chlorate mixtures, and ammonium thiccyanate,
when they were applied at the rate of 0.2 pound or more per bush.
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Further work was undertaken with these chemieals in critical dosage
tests to evaluate them for practical eradication of this species.

CRITICAL DOSAGE TESTS

Dosage tests with spray solutions of ammonium thiocyanate,
Atlacide, and 2 mixture of Atlacide and zinc chloride were made during
the 1933 field season on plots from 1Y% to 3 acres in size at St. Maries
River, Clarkia, Idako. Data from these tests, as shown in table 7,
indicate that excessive quantities of chemical would have to be used
to furnish a satisfactory kill on Ribes lacustre. Ammonium thio-
cyanate was shown to be more cffective than Atlacide, but its present
cost probibits use in Iarge-scale operations. The addition of zine
chloride to Atlacide, in combination with a late-season application,
markedly reduced the toxicity of Atlacide on this species, as it did in
similar tests on R, petiolare.

TanLe 7.—Results of dosage tests of Atlacide and emmontum thiogyanate on Ribes
tecustre, Clarkia, [daho, 173}
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DECAPITATION TESTS

In 1934 a series of decapitation tests were made on Ribes lacustre
growing rlong talus slopes in the Cocur d’Alene National Forest,
Idaho. In these Iocations R. lacustre often grows erect and has a well-
defined central crown, thus making it amenable to treatment by the
decapitation technique. Ammonium thiocyanate, 1 ounce per crown,
or powdered borax, 2 ounces per crown, was 100 percent effective
when applied in this manner

At present chemical eradication of Ribes lacustre should be confined
to the decapitation and chemiecal treatment of single troublesome
bushes. Heavy concentrations of this specics must be hand-pulled
or uprooted by the bulidozer.

CHEMICAL ERADICATION OF UPLAND-TYPE RIBES

RIBES CEREUM
PRELIMINARY TESTS

Ribes eerewm 1s found throughout the sugar pine areas of southern
Oregon and California, principaily on open slopes and rocky points
or ridges {table 1). In Calilornia tho heaviest concentrutions are
encountered only in the upper limits of these areas, and as yet a com-
paratively small amount of this species has been eradicated. Within
the Rogue River drainage of southern Oregon R. cerecum is distributed
throughiout control aress, and it is here that this species constitutes
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an immediate problem to hand eradication crews. R. cereum exhibits
a marked tendency to form composite crowns and in favorable loca-
tions grows to enormous size (pl. 6}.

During the field season of 1929 experimental plots were established
on Ribes cereum at Gooseberry Camp, Stanislaus National Forest,
Calif., where the chemicals previously listed were tested by spray
applications, Applications of sodium chlorate and of copper complex
X failed to kall o single bush; live-stem kill did not exceed 50 percent.
The need for large dosages of chemical or a change in the method of
treatment was clearly indicated.

DECAPITATION TESYTS

In September 1933 ammonium thioeyanate was tested as a soil
drench on intact aud decapitated Ribes ecerewm bushes located at
Guorden Springs, near Spokane, Wash, Treatment was made at the
rate of 5,000 pounds per acre to 59 intact and 6 decapitated bushes.
In July of the same year, at Gooseberry Camp, Calil., 40 large R.
cercum bushes were decapitated and treated with dry sodium Auoride
at dosages of 2 to 6 ounces per crown or group of crowns.  Ammonium
thiocyanate was 100 percent effective on decapitated bushes, but
sodium fluoride killed only 30 percent. All the control bushes at
Gooseberry Camp were sprouting vigorously a year after decapitation.
Results from the thiocvanate soil drench on intact bushes showed
v4-percent bush kill and indicated the superiority of the decapitation
technique.

In June 1934 additional decnpitation tests were made on Ribes
cereum n the former experimental area at Gooseberry Cemp. In
these experiments 4 intact and 22 decapitated bushes or clumps were
treated by injecting into the soil comparable dosages of chloropicrin,
chloropicrin In mixture with keroscne, and kerosene alone, with a
tool of the injector type. Dosages of chiloropicrin and chlorepierin-
kerosene ranged from 1Y% ounces for the smallest bush Lo 17 ounces
for the largest of the composite clumps. Chlorepicrin, alone and in
mixture with kerosene, killed all but one bush. Kerosene was defi-
nitely less effective than chloropicrin.  Soil injection with chloropicrin
appears to be a highly effective treatment for R. cercum, but it is
doubtful whether the method is suitable for use by inexperienced
warkers, because effective application cannot be made without an
understanding of the gross morphology of the ribes root system.

Where the cost of chemical work is no more than that of hand
pulling, the use of chemiecals for the eradication of large bushes in
upland areas is believed to have the following advantages:

(1} On areas of high ribes concentration, expecially on steep slopes,
the possibility of soil erosion is Inrgely eliminated by killing the ribes
bush in situ.

{2) Studies n ecology show that ribes seed germinates most readily
in ground that has been disturbed by fire or mechanical means, The
uprooting of large bushes, with the attendant brush cutting which is
frequently required when they are remaved by pulling or grubbing,
may create faverable conditions for the germination of seced and
survivad of young plants.  On the other hand, decapitation, especially
wlien it 1s done with pruning shears. entails little or no disturbance of
the ground, and the subsequent chemical trentment tends io sterilize
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thedsoil temporarily aud thus to discourage the germination of ribes
seed.

(3) The physical labor needed to decapitate and treat a large ribes
bush is much less than that required for digging it. By minimizing
fatigue, it should be possible to pull & larger number of the small
bushes by hand. With the chemical method there is also less danger
of workmen incurring injuries to back and abdominal muscles.

LARGE-SCALE METHODS TESTS

In July 1834 Diesel oil was tested on Ribes cerewm plots located
near Union Creek, Rogue River National Forest, Oreg.” These tests
cornprised the following treatments: Sprays applied to stems and
foliage, drenches sprinkied on the crowns of intact plants, and drenches
sprinkled on the crowns of decapitated plants. The oil was applied
to the large plants only; all small plants were grubbed or hand puiled.
Most of the large plants grew in clumps of four to eight, being clustered
=0 close together that all the stems in & clump appeared to originate
from 2 single crown 1 to 2 feet in diameter {pi. 8).

Spraying was accomplished with the usual knapsack spraver.
Sufficient oil was applied to wet the stems and foliage completely.
The crown drenches were applied with a garden watering pot, at a
dosage in proportion to the ground area occupied by the top of the
crowns. Decapitation was effected with a Pulaski tool. Tle stems
were cut off even with the surface of the soil, and no further effort
was made to mutilate the erowns or roots.

Data pertaining to these tests are given in table 8.

TanLe 8.~—Effectireness of Diesel oilt ircalmenis applicd to large elwmps of Fibes
eereim, Regue River National Forest, Oreg., Ty 1034
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The spray treatment is obviously an unsatisfactory method of
eradicating these plants. Decapitation without the use of oil is also
of no value. Crown dreuching without deenpitation is fairly satis-
factory if rework can be undertaken. Decapitation followed by crown
drenching with oil is entirely effective when properly done. In the
light of subsequent observations, it now seems probable that 100-per-
cent eradication of large clumps of Ribes cereum can be obtained by
application of one-third of a gallon of oil to ench decapitated crown.
The improvement In method contemplated would involve miercly
spreading the oil over a slightly larger area of ground than that
occupied by the stumps of the steins. The effectiveness of crown
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drenching without deczpitation could also he improved by the same
procedure. but in this instance a larger quantity of oil would be
required, and the physical difficulties make 100-percent kill somewhat
doubtful.

A comparison between hand grubbing and the chemical method
can be made on the basis of the following time records: To decapitate
& large clump vequired an average of 114 man-minutes; to drench a2
decapitated evown with oll, 1% man-minutes; and to dig out a large
clump, & man-minutes. On the basis of labor at $6 per effective
man-day and Dicsel oil at 74 cents per gallon on the job, the cost of
eradicating a clump of Ribes cerewm by hand grubbing 1s 23.0 cents as
compared with 18.9 cents by the chemical method at an average dosage
of 0.38 gallon of Diesel oil per crown. Improvements in decapitation
and oiling technique should result in a still more favorable balance for
the chewmieal work.

During, 1937 and 1938 practienl use was made of the method of
plowing for the eradication ol Ribes cerewm (p. 44).

RIBES ROEZLI

PRELIMINARY TESTS

f2ibes roezii is widely distributed and abundant at elevations of
3,600 to 7,000 fect throughout the sugar pine section of the Sierra
Nevada ol Californin (table 1). This speeies has been of major im-
portance in the Californin control program; aceording to Benedict
andl Ilaveis t7) it comprised S0.8 percent ol the total ribes bushes
eradiented from the Stanislaus National Forest during experimental
work of 1926, 1927, and 1930 Typieal site conditions and general
characteristics of this species are shown in plate 3.

111927 plots were loeated at Leland Meadow and South Fork of the
Stunislaus River near Strawherry, Stanislaus National Forest, for
preliminary tests of chemiecals on nreas contuining numerous Ribes
roezli bushes. Additional plots were established for the sate purpose
at Leland Meadow, Cow (reels, and Paneh Bowl, Stanislus National
Forest, over the period 1928 to 1834, These experiments showed that
B roezli was markedly resistant to chemienls.  Of the various herbi-
cides tested, those given in (ables § and 10 were the only ones offering
sullicient proniise to justify their use in eritien] dosage and decapitation
tests.

CRITICAL DOGSAGE TESTS

Field plots of f£ibes roezli were establishied in 1333 on the Ntanislaus
National Forest, to determine the practical lethal dosage of Diesal
oil, sodinm rhlorate, and nmmonium thioeyanate. These chemicals
were applied in aqueous or liquid form to intact bushes accordiag to
the technique previously deseribed. The plots treated with Dicsel oil
were located at Cow Creek and the other plots at FFiddlers Green., In
the same areas (he gross morphology of the underground parts of
R. roezl was studied to furnish data on the influence of root develop-
meut on the effectiveness of the varions dosages of chemical. The
biometrical data Tov J0. roezli are not given here, beeause they add
notling to the previous discussion on this topie for 2, inerme (table 3).
Results of the ehemical tests are given in table 9.

14202—30—




34 TRECHNICAL BULLETIN 682, U. 8. DEPL. OF AGRICULTURE

Tapre 9.—Results of chemical freaimenis of Ribes roezli, Stanislaus Naetionad
Forest, Calif., 1833
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On o combined basis of cost,’® safety in hundling, and effectiveness,
Diesel oil proved to be more effective than any other material.  Ap-
plied to intact bushes at the rate of 1.73 pints per bush (36,400 pounds
per ncro), it killed 100 percent of live stern and 98 percent of bushes.

This dosnge may be taken as the practical lethal dosage of Piesel
oil for the eradication of Bibes reezli. The plants treated ranged from
the largest normally encountered in sugar pinc areas fo very young
plants. The soil was dry lor the first § inchies but moist ab greater
depths. The results of these treatments, together with those from the
decapitation work, are in complete agreement with previous experi-
ments on this species, and attest the high effectiveness of Diesel atd on
R. roezli in all sugar pine-yellow pine areas.

Since 19836 oil companies have beer refining Diesel oils in respouse
to the demand for a higher grade Fuel for Diesel motors. The com-
mercially nvailable Diesel oils now contain fewer aromatics and sullur
compounds than formerly.  As n result they are less eflective than the
old “black type’’ Diescl oils when used s sprays or soil drenches on
intact plants.  In recent field tests on intuct fibes roczli the Bureau
of Entomology and Plant Quarantine has inereased the toxicity of
standard Diesel fuel oil by blending it with crude oil or with ane of
the sulfur dioxide extracts of lubricating oil. F¥or the direct treat-
ment of decapitated ribes crowns, the present grades of Diesel oil are
fully as cffective ns the older type.

Ammonium thiccyanate applied at an average rate of 0.29 pound
per bush (8,467 pounds per acre) killed 93 percent of the bushes,
whereas sodium chlorate at approximately the same rate (0.26 pound
per bush or 8,703 pounds per acre) killed only 67 pereent. Soil con-
ditions and vigor of ribes on the respective plots should be considered
in comparing the toxicity of the two chemicals.  On the thioeyanate
plots the bushes were smaller and less vigorous and the soil was drier
and somewhat lighter than on the clhilorate plots. Morcover, there
was more ground litter and humus on the area treated with chlorate.
All these faclors [nvor u higher kill with the thiocyanate.  Ammonlum
thiocyanate, however, is at least as offective on B. roezli as sodium
chlorate, and becouse of its freedom from fire hazard is preflerred lor
work in the dry, upland locations where this species normally occurs,

The greater effectivencss of the sodium chlorate-sodivm bicarbongte
mixture cver the sodium chlorate alone is important, since this mixture

1 At the time of these Lests Diesel ol) eost abovd. b cent, munmonivm thineyanate 10 cents, sodinm chilorale
# cents, and tho mixiure of sodium choraly and sod[um Dicarhonate G cents per pound.
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1s much safer than the sodium chlorate on the score of fire huzard. In
the experience of the authors sodium bicarbonate is one of the few
substances that does not lower the toxicity of sodium chlorate. Cor-
roboration of this point has been obtained from dosage studies on
Ribes petiolare (table 2).

Data for individual milacres (not given in table 9) showed that
Ribes roezli bushes on moist land were more susceptible to both sodium
chlorate and the sodium chlorate-sodium bicarbonate mixture than
those of dry habitat. In the Fiddlers Green area R. roezls did not occur
to any great extent on wet, boggy ground, but a high efliciency was
invariably obtained for the oceasional bush that did occur under such
conditions. Most of the plants grew on moist, well-drained soil.
The presence of ground litter and thick duff appeared to be more
effective in reducing the toxicity of the applied chemical than varia-
tion of soil character and soil moisture.

For ammonium thiocyanate, sodium chlorate, and sodium chlorate
mixed with sodium bicarbonate the practical lethel dosnge exceeds
8,000 pounds per acre. Since the cost of these chemieals would
probibit their use in such amounts, no practical purpose would have
been served in cxtending dosage studies. TFurther developmental
work is planned with Diescl oil.

DECAPITATION TESTS

Expermmental plots for decapitation tests on Ribes roezli wers
established at Ifiddlers Green and Cow Creek, Stanislaus National
Foresi, in 1933, and at Greens Flat, Plumas National Forest, and
Fiddlers Green, Stanislaus National Forest, in 1934. Results of the
experiments are given in table 10, :

TABLE 10— Resulls of decapilation and chemifenl freatment of fibes roezll in Cali-
fornia, 1933 and {934
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! Decapitation onty,

Sodium fluoride, ammonium thioeyanate, and Diesel oil were all

fully cffective. Since Diescl oil is the cheapest and the least hazardous
to use, attention is being centered on the development of methods and
equipment for the use of oil. Borax by itself is not sufficiently toxic
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under dry Sierra Nevada conditions to make a satisfactory herbicide,
though it may be possible to increase its toxicity by the addition of a
small quantity of sodium chlorate. Soil moisture in this area was
much higher than in the usual Ribes roezli site, and under drier con-
ditions the effectiveness of sodium fluoride would probably not exceed
80 percent. The mortality of the controls ranged from 17 to 56
percent. Soil moisture appeared to be the most Important single
factor governing the survival of these bushes, In moist, shady spots
resprouting of the controls was more certain than in dry, exposed
locations.

Methods tests undertaken on the Stanislaus and Sierra National
Forests in 1936 showed some advantage in the decapitation and
Diesel-oil treatment over hand grubbing for heavy concentrations of
Ribes roezli. In this work a total of 11,780 large E. roezli plants were
decapitated and treated with Diesel oil at an average dosage of 0.42
pint per crown. Data taken the following year en the five oil plots
showed 99.2-, 99.6-, 89.6-, 99.0-, and 98.5-percent kill for the treate
crowns. On thesc same plots, however, 1.9, 0.3, 5.5, 7.4, and 7.5
percent of the decapifated crowns had been overlooked by the oiler.
Further methods tests are planned in which the crowns will be marlked,
after decapitation, with a fow strands of oiler's waste.

RIBES VISCOSISSIMUM

PRELIMINARY TESTS

Ribes viscosissimym is the species most frequently encountered in
upland eradication work in the white pine areas ol northern Idaho.
1t also cccurs within the designated control areas of the sugar pine
section of sos: hiern Oregon, and to a lesser extent on some of the blister
rust operations in the Sierra Nevada of Californis {table 1). Illus-
trations of hush eharacter and site are given in plate 3.

Ribes wmiscosissimum has not presented a serions problem to band
eradication crews over much of the territory thus far worked, but, as
previously suggested, there are specinl problems for which chemical
methods appear to be needed. Preliminary tests of chemicals indi-
cated that sodium chlorate and its mixtures were the only saiisfactory
herbicides for the spray treatment of intact B. viscosissimum.  Table
11 shows the results of a few of these tests undertaken at Santa, Llabo,
in 1928, which are typical of the general eflectiveness of this ehemical.

TanLe 11— Resulls of spray tests with sedivm chioraie and fts mixtures on fiibes
viscosissimum al Sunta, fdaho, 1028

pate ol Chemiew) used | Bushes ; Bughes

Chemieal used treatmenl per hash | treated 1 killed

: P ol P Number | Percent
Bodinn MIOTALE ..l ieeiis oo eees o oee ._...-..;{.mm- a7 0! 131 - s

| July 16 A Wiy - 100
Beclinm chlorale (ot aued aummaniuet echloride (0 0 L Pluly b fay e, (b N ai g 100
Borliwin elidarate () marl ealeinm eliborite (CaCl) () .“l July an | (w2, (R85 ‘ 1u2 ' g4

Sodinm ehlorate and w mixture of sodium chlorate and ammoniuwn
chloride are fully effective on Ribes piscosissimum when used i dosages
of 0.14 and 0.26 pound of sodium chlorate per bush, respectively.
The sddition of caleimm chloride, as previously reported, lowers the
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killing power of the chlorate. It Las, however, been considered
unwise to use aqueous sodium chlorate in upland areas because of the
high fire hazard on these dry, exposed sites. Regular crew work
has been limited to deeapitation sud treatment of single bushes that
could not be quickly and satisfactorily removed by hand eradication.
Thus chemical work is definitely supplerentary to hand pulling for
large-scale eradication of this species of Ribes.

DECAPITATION TESTS

Plog experiments on the chemical treatment of decapitated Ribes
riscosisstmum were first undertaken in northern Idabo at Johnson
Creek, St. Joe National Yorest, during 1933. In the same vear a
practical test of the method was made by working with a regular
eradication crew in the vieinify of Bobs Creck, Emida, Idaho. This
work strongly confirmed the belief that chemieal and hand methods
could be satisfactorily combined in upland work 1o accomplish more
effective and economic eradicution of ribes.  Additional experimental
plots were established in 1934 and 1935 to test new chemicals, to
extend information on the required dosage of the various chemicals,
and to establish the most effective cutting tools and earrying equip-
ment. Data from these experiments are shown in table 12.

TanLe 12.—/MResults of decapilation and chemical realirent of Ribes viscosissimum
10 northern fduho, 1433-35 )

Chemieal userl Drade of (realinent pererown, Lreated ! killed

; ;
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.
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Awvmioniunm thioeyaoate ! . . . (. A4 £ (I
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3.
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oAug sre I Mg 0L L
July Im L Aup. 2h, 1035,
Julbs 2 10 Aup U, 1935 .
July B to el 5, 1035, .
45

d
4
1.
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2
py
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Diesel el oool. ... P
hu]_\- !lttn LT B 115
ki

Sydenn elloriddo o .
Sndivm chloroie ped horon F108) ...

Controls* ... . el ...

¥ Usedd In ennjunction with hand puiline ko the sperse of repabir coew work.
3 Crowns naistoned with witer befare agplieatiog of chentienl. . i
P2t oro ol oosanrrnied solation, Otber chemieads sewent Drosel ol aggiling us 4 jesde

“Ieapitatiog ol

Two types of decapitation, which may he ealled o high eut and a
low cut, were used in the tests summuorized in iable 12, The former
method left the erown comparatively undamaged, whereas the Iatter
reroved all or most of the crown.  Results from all the tests were so
unifornity high that nothing significant can be shown by an analysis
of data on the basis of dosage and tvpe of cut. It whas apparent,
however, that a low cul provided the possthility of o consistently
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greater kill. Exanination of surviving crowns showed that resprouts
from high-cut bushes were much more vigorous than those from low-
cut bushes, especially in the untreated controls. In 1935 the low-cut
controls showed an sverage mortality of 71.4 percent, whereas the
high cut resulted in the death of but 41.4 percent of the decapitated
plants.

On the hasis of all dosages tested, ammonium thiccyanate, sodium
shloride, Diesel oil, and the mixture of borax and sodium chlorate
were ahout equally effective. Tt may be observed that in some cases
the bush kill from the 2-ounce dosages was lower than that from 1-,
- or %-ounce treatments. This may be attributed in part to the
selection of expeaimentnl plants, as the larger dosages were invariably
applied to the largest and most troublesome bushes,

The data also show that it is not necessary to moisten ribes crowns
to insure clieetive results from the application of a dry, nonhygro-
scopic chemical, provided the material is used in finely powdered form,
Sodium clilorate-borax mixture or borax alone in the finely powdered
form adheres nicely to the fresh tissue of newly cut crowns, but o
dry, erystailine substance such as sodium chioride has a marked
tendency to roll, and is difficult to apply effectively in steep places.

The data show that Ribes viscosissimum can be effeetively eradi-
cated by the application of dry or liquid chemical to decapitatec
bushes.  Of the substances testedd, the mixture of borax and sodium
chlornte has beer accepted as the most practieal [or large-seale eradi-
cation work. Ammoninm thioevanate has been ruled out because of
its cost and its toxicity to conifers. The seattered distribution of
plants of R. wiscosissimum has strongly lavored the use of a dry
chemical rather than o liquid such as Dicsel oil, for & few packages of
dry chemiesl can be carried in a cartridge belt (pl. 11, ('} ar merely
slipped into the trouser pocket, whereas Diesel ol requires a heavier
and more cumbersome metal or class container.  One ounce of dry
chemical 3= sufficient to kill a crown having a diameter of 2 incles or
less. For larger crawns this dosage should be increased by thie amount
needed to give complete coverage of all crown surface.

Sodium ehloride has not heen tested extensively enough to justify
final conclusions us to its effectivencss. Aside from its crystalline
property the chief draw-hack to the use of coramon anlt is its attrae-
fiveness to animals. Al salt-treated plots had been disturbed to such
an oxtent that there was considerable doubt as to whether the kill
had heen aceomplished by the chemical or by the salt-hungry apimaels.
Further tests will he made with sodium chloride.

Extensive tests with the chlornte-borax mixture have been under-
taken with the nssistance of the regular cradication crews.  Iecause
of the senttered distribution of the Bibes eiscosissimum bushes, it has
not heen practicable to lay out plots for methods tests. Time cheels
taken on individual bushes elearly showed that the chemical method
offered a hig saving in labor. In 1935 regular eradication crews
used about 1 ton of the chlorate-borax mixture in 1- and 2-punce
dosages.  Examination ol treated bushes m 1936 {ailed to show any
sprouting crowns. In 1936 ubout 3} fons of the chemical mixture
were prepared far general erew use.

Plate 7 ilustrates the method of cutting off and treating Ribes
viscosiceimnIA.
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RIBES TESTED ONLY IN PRELIMINARY PLOT STUDIES

The following species of Ribes have been given a preliminary test
to determine their general susceptibility to chemical treatment:
bracteosum, erythrocarpum, irriguum, lobbi i, nevadense, songuineum,
triste, and watsonianum. For the most part these species do nob
occur abundantly in the important pine-growing areas or their occur-
rence Is spotty, and they constitute only occasional problems to hand
eradication crews. Reference should be made to table 1 for deserip-
tions of habitat and growth form of these ribes, and to the tabulation
on pages 7-10 for a record of all the chemicals tested.

RIBES BRACTEOSUM

Ixperiments on Ribes bracteosum were undertaken in 1928 and 1830
at Still C'reek, in the Mount Hood section of Oregon, in the hope of
facilitating control work on the Still (reek planting area. Best
results were obtained with the sodium chlorate in » test where 0.2
pound of the chlorate per bush of 500 feet of live stem killed 89 percent
of the live stem and 63 percent of the bushes. None of the spray
tests showed a sufficiently Ligh bush kill per unit weight of chemical
to iustify the use of chemical sprays for large-scale eradication of
this species,

Decapitation tests conducted at Duck Creek, Snoqualmie National
Forest. Wash., in 1936, showed 93-percent bush kill from the treat-
ment of cut-ofl crowns with 2-ounce dassges of sodium thiccyanate.
In localities where Ribex bracteosum bushes occur in rocky ground the
speced aid effectiveness of eradication work may be incrensed by treat-
ing the decapitated central erown with dry sodium thioevunate or
aqueons ammonium  thiceyanate tsatwrated). The crew method
recommended is & combination of hand pulling und chemical treat-
ment whereby all small bushes and lateral root centers are pulled or
grabbed and the large eentral crown is out off at ground level and
treated with the chiemieal,

RIBES ERYTHROCARPLUM

Plots were estublished on Ribes erythroca prn in 3030 and 1931,
near the headquarters station of Crater Lake Nutional Park.  Atlacide
was used in 1930 and Diesal oil in 1931, Atacide proved to he 100
pereent eflfertive when applied at the rate of 0.2 powmxl per square
vard, or 968 pounds per acre.  Diesel oil killed only 20 percent of the
bushes.  This ribes is a prostrate, traiding plant and would undoubt-
edly be costly to remove by grubbing,  1f eradieation of i specles
becomes necessary. it ean be efiectively destroved at a per-aere cost
comparable with that for B, petivlare,

RIBES IRRIGUUM

Sodium ehlorate at the rate of 8,10 pound per bush applied to intact
Ribes irvigantn plants as <pray killed S6 pereent of live stem and 40
pereent of the bushes.  Thix test was made near Santa, ldabo, in
1928, Deecapitation tests undertaken during 1934 at several locations
on the Little North Fork and the North Fork of the Coeur d"Adene
River, Cocur «’Alene National Forest, showed that the decapitation
technique previously deseribed is fulty effoctive on this species,  From
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1 to 2 ounces per crown of ammonium thiocyanate or the sodium
chlorate-borax mixture (1:3} is recommended.

RIBES LOBBIl

Atlacide at thie rate of 6.08 and 0.10 pound per bush was applied
as a spray to intact Riber {obbii hushes, Live-stem kills were 50 and
96 percent. and bush kills 17 and 20 pereent. respeetively.  These
tests were made on plots located adjucent to the motor highway 2%
miles from the summit of 1Tuckleberry Mountain. Oreg,

RIBES NEVADENSE

Chemical testz were made on Ribes nerndense ut Leland Meadow
and South Fork of the Stanislaus River. near Strawberry, Stanislaus
National Forest. during 1927, 192%, and 1830, Spray applications
of sodium chlorate-ammeninm ehloride and sadium eblovate-furfural
mixtures were 100 percent effective wher used at an average of 0.40
powd of ehlorate per bush.,  Diesel oil was less effeetive than on R.
roezli and was inferior to sadinm chlorate for the treatment of intact
bushes. The dosage required [or 100-percent kill of R, neradense is
considered too high to justify adeption of chiemiral method< in opera-
tions work. At present chemical work on this species should be used
only in conjunction with derapitation of larwe. smule bushes,

RIBES SANGUINELUDM]

In habitnt and physical eharacter Ribex sunguinewm resembles R,
viseosiseimum of this revion, Tn 1920 spray fests were undertaken

on this species at Santiam River, Ores. The bewt resnlt was obtained
from the mixture of sodinm chlorate wnd <odinm hivdroxide, which
killedh 04 pereent of live stem and 350 pereent of the bushes,  Chewical
work on the speeies should prohably be confined to the deecapitation
{reatment.

RIBES TRISTE

Spray experiments on Ribes triste undertaken at Mud Creek, Oveg.,
in 1920 and 1030 resulted in less than 0-percent bu~h kill.  Additional
data have been obtained from reewlar crew work on the St Joe
National Forest, Tdaho. Tn the Marble Creek drainace of this ares
R. triste grows in intimate assoclation with R. pefiolure. and bath
species were spraved with Atlacide at the rate of aboit Lot ponnds
per acre. The first spray killed 100 percent of the R. petiolare but
only 25 percent nf the R. friste.  Three treatments, made in consecu-
tive yvears, appear to be needed tu ohtain 10t-percent kil No recam-
mendations can be made at present for a=ati=factory chemical method
an this epecies.

RIBES WATSONIANDM

I 1020 plots of Ribes swai<omiunn were laeated wlone the Mount
Hood Loop Highway, a {few miles from Government Canp, and were
used for sprav tests of <odinm chlorate, allaline sodim ehdorate, un
copper complex.  None of these chemivals zuve mare than 25-pereent
bush kill.  Chemieal work on this species ~honld at present be limited
to decupitation treatment.
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ERADICATION OF RIBES BY MECHANICAL METHODS

Mechanieal methods have been developad for the suppression of
brush and ribes in areas where hand pulling is ineffective and where
chemical work is too costly., The most troublesome of these areas
have been encountered in alluvial bottom lands within the white pine
belt of the Western States, and comprise a stream-type assoclation of
Ribes inerme and brush. To meet the problem of ribes cradieation
on this type of area two mechanical methods have been used, the
bulldozer method and siashing, The bulldozer method involves the
use ol a power-driven machine of the caterpillar tvpe for clearing the
land of all brush and ribes. The slshing method cmploys crews of
men armed with such tools ns brush hooks, axes, or Pulaslis, who cut
the brash to facilitate the removal of (he riboes bushes, which are
pulledd or dug as the work progrosses.  Althoueh slashing 1s not
mechanieal in the same sense as the bolldozer method, it represents a
distipet departure from hand pulling and ehemical work in ils use of
cutling tools and in its complete remeoval of hrush, and is therefore
considered a meehanienl method.  In hoth methods brush and ribes
are piled in long windrows, or individuals piles, and burned.

Either the bulldozer or the slashing method can be emploved on
practically all alluvial brushlang, though some aress must he drained
to permit the operation of the hulldozer. Of the two methods, the
hulldozer is the more satisfactory from the standpoint of cost and the
condition in which the aren is lefl.  For these reasons it should be
used for all areas that are aceessible and large enough to warrant
importation of the machine.  Slashing, on the other hand, is adaptable
to small areas, and can be used where it is not feasible to bring in the
heavy bulldozer,

Extensive arens of Ribes inerme on the Cocur ’Alene and Kaniksu
National Forests and one large area on the St. Joe National Forest
have been treated with the bulldozer, Otherwise, slashing methods
have been used thronghout the white pine control nren of the West
where hand and chenical mothods were not salisfluctory. Bulldozer
und slashing methods have also heen used in California for the eradica-
tion of R. inerme and brash. The slashing method was us-d at
Meadow Valley, Plumas National fforest, in 1933-34 und the bull-
dozer at Miller (reek, Plumas National Forest, in 1037,

BULLDOZER WQORK ©

Experiments in the use of power-driven equipment for clearing
brushy bottom land of ribes were begun in 1930 at Clarkin, Tdaho.
The bulldozer assembly is mounted on a fractor of the cuterpillar type
and is similnr to the hulldozer used in rosd construction exeept that the
solid blade used for removing divt is replaced with a strongly builg
frame hokding n series of digging teeth (pl. 8).  This frame, or brush
rake, was speeinlly designed for ihe purpose by the Bureau of Ento-
mology and Plant Quarsntine.  In the course of experimentation
various types of blades were tested, ineluding a solid blade and brush
rakes with different spacing between the digging teeth.  Special at-
tachments designed fo shuke dirt loose from the roots of (he brosh

With the sxeeption of the preluniuaiey costs stieasdnat o the develagunent of o speeind brosh rake, nil

expenses of Hhe aperation af d matntenance of the eatnns doing bolldazer work In region 1 hnve been borne
by thie Forest Service.
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were also tested, but since they hindered the free passage of dirt be-
tween the teeth they weve disecarded. Two machines of the type
shown in plate 8 were in operation during 1934 and 1935,

Prior to the operation of these machines the areas are surveved and
mapped to show the location of streams, beaver dams and russ,
bogey oround, and any other features that would influence the method
of working. Wherever necessury, areas designated for bulldozer work
are drained 2 or 3 weeks ahead of the clearing work. The draining
frequently iuvolves the blowing out of beaver dams, although they
are left undisturbed whenever possible. Tn some cases the main
stream channels must he cleared to permit the standing water to run
off. The removsal of these water hazards allows the ground to dry
sufficiently to support the machine. On these maps is alzo indieated
the most satisfactory location for the brush piles and windrows to
permit operation of the machine over hard ground, where it cannot
hecome mired, and at the same time to reduce to s minimum the
maneuvering required for clearing and piling brush.  Ground condi-
tions as they affect the maneuvering of the machine largely determine
the manner in which the brush is piled.

The performance of the hulldozer is as follows: The teeth nre set
3 or 4 inches into the ground, or deep encugh to cateh the roots, and
the machine is driven ahead, uprooting the brush and ribes along the
path of travel. The brush is collected in front of the rake and is
pushed into n pile or windrow. The space on which the brosh 18
piled is cleared by the machine in advance.  The brush rake is raised
or lowered by the driver, and a ground pilot directs him as to the
correct set of the digging teeth, where the machine is to be driven, and
where the brush piles are to be placed. The gronnd pilet also points
out ditches, water holes, large rocks, or any other hazard to the
machine.

SLASHING

Slashing as o method for destroying heavy concentrations of ribes
and brush was first tested at Clarkia, Tdaho, in 1032, The actunl
crew work starts with the elearing of a place to pile the brush.  Crews
of two men, working about 15 feet apart. slash the brush and throw
it behind them onto the cleared space to form & compact pile. Chre
is taken not to eut off any rihes, as these plants must he taken out
by the roots. Axes or Pulaskis are used for cutting heavy hrush;
brush heoks and seythes are more practical for work on small brush.
Pulaskis, gruh hoes. and trench picks are used for digging out clumps
of ribes.

PILING AND BURNING BRUSH AND SUBSEQUENT CARE OF AREAS

The manner in which the brush is piled depends upon several
factors, such as quantity of brush, size of ares, reason of year, proximity
of standing timber, and, in the case of the bulldozer work, npon
ground conditions as they affect the manenvering of the machine.
The windrow system is used in wide stream hottems where the brush
is very dense. This scheme is convenient because the brush does not
have to he moved very far, but the windrows must be made before
the middle of August, so that by the end of the fire season the brush
will have dried sufficiently to burn. Tndividual piles are used in
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areas where the brush is light and scattered, or when it is slashed
late in the sensen. This system has the ad\'ant.ao'e of furnishing
sufficient fuel to burn brush that may be green. In piling brush,
whether in windrows or individual piles, limbs are Inid lengthwlse
with all the butt ends up and pointing in the same direction. This
method of piling makes it casier to start a fire and to burn all the
limbs.

I brush piles are to hurn completely, they must be kept as free
from dirt as possible. This is of special Importance in bulldozer
work. Although much of the dirt passes between the teeth of the
brush rake, skillful coordination betw ecen driver and ground pilof iIs
required to prevent dirt from piling in front of the digging teeth.
Also, to facilitate burning, the brosh piles are made as compact as
possibl@, and while the brush in the piles is still green the overhanging
limbs and loose ends are cut and all openings closed.

Brush piles are burned in the fall or the following spring.  Occasion-
ally it may be difficult to obtain & satisfactory burn hecause of insuffi-
cient fuel of a readily combustible nature or hecause of excessive dirt.
Under such conditions the nse of additional Tuel, sueh as Diesel o1l or
wood charcoal seaked in Diesel o, hos been found helpful (12},

In hoth bulidozer and slashing work the burned area is planted to
grass to establish a ground cover for discouraging the germination
of ribes seed and the consequent growth of seedlings. This procedure
does not suppress all ribes seedlings, and uniil a thick sod is well
established 1t is necessary to examine the area oceasionally for new
ribes. Afore seedlings generally appear following slashing than after
bulldozer work, but in the ahsence of interlering brusl: they can be
easily located and eradicated. If the ribes seediings appear in large
numbers, they are trented with chemiesl; otherwise they are pulled
out by hand. The reworking of these areas is usually undertaken
the second or third vear after the clearing operations.

AMany of the areas cleared by the bulldozer have been converted
into pasture land; some are even under regulnr cultivation. On
these arens ribes seedlings present no problem whatsoever,

Plate § shows an area before and after elenring with the bulldozer,
and plate 10 shows un area treated hy the slashing method.

COMPARISON OF COSTS OF BULLDOZER, SLASHING, AND
CHEMICAL WORK ON RIBES INERME

By the bulldozer melhod 903 acres have been cleared at an average
cost of $49 por acre.  This amount includes all items involved in the
clenring and buring operations, the prineipal of whieh are labor,
materiad, and depreciation on the machine.  From 3 to § hours of
operafing fime are reguired to clear an aere of ground hy machine.
On the bhasis of operating lime the cost of the machine is charged to
the work over a perind of 3 to 4 yews.  The depreciation charge is
set at $2.50 per hour, being based on n figure established by the
Engineering Division of Lthe Forest Service in region 1.

By the q]fmhmg moethod 1,577 acres have beon eleared at an average
cost of $58 per acre. The pt‘in_{‘ipnl item of cost in this work is labor.
On an average 9 to 10 man-days is required to slash and burn the
brush on an acre of ground. lLabor cosis for the slashing methed
have been figured on the basis of $6 per effeclive man-day.
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The cost of chemical eradication of Ribes inerme varies direckly
with the amount of rihes present, There is not the uniformity in
costs found in bulldozer and slashing work, where the entire ares is
cleared. By chemicnl methods 137 aeres have been worked in the
course of experimentation on B, fnerme arens at costs ranging from
$50 to 8304 per acre. By emploving the most approved chemical
method, areas comparable 1o the type worked by bulldozer and
slashing methods can be worked at an average cost of $96 per acre.
The principal ttems of cost are labor and ehemicals.  The Inbor item
in the cost of chemical work has also been tuken ns 86 per man-day.
On an avernge 7 man-davs and 600 pounds of chemieal are required
to treat and destrov the R inerme on an acre of alluvial bottom lund,

From the standpointl of costs the bulldozer method is the most
satisfactory for working areas of Ribes inerme and brush. It aiso
leaves an area in such shape that very little maintenance work is
required to keep out future ribes egrowth, The cost 1s not excessive,
when 1t is remembered that the eradication of ribes on 1 aere of
stream type may protect many acres of pine on adjncent slopes where
ribes mayx either be absent or present in small numbers,  This method
also partly repavs its cost by eonverting brushy jundles into good
mendow from which hay crops van be eut 1n future vears,

COMMENTS ON OTHER METHODS OF RIBES SUPPRESSION
PLOWING

A special hook plow for uprooting large Ribes cereum bushes has
been designed and tested in Orezon,  The plow comiprises two heavy
iron prongs, forming o V-shaped hook fastened to an iron drag beam;
ordinary plow handles ave bolted to the hook and drag-beam assembly
to ald in gulding the equipment, which is pulled by a team of horses,
In August 1834, 507 large bushes were uprooted by this technigue
from zn aren adjncent to the Crater Lake IHighway, 3 miles above
Union Creek, Oreg.  Bush-kill efficieney of this treatment was 95.9
pereent.  Farther development and testing of this method are
planned,

BLASTING

Twenty-porcent stumping powder ins been used sneeessfully to aid
in the eradication of Ribes incrme ontangled with larce musses of
willow roots. This muterial was used on o slushing job undertnlen
at Meadow Vulley, Plumas National Forest, Calif,, during 1634, In
addition to the stumping powder, the necossary ecquipment consisted
of dry-cell batteries, 254 Teel of No. 20 insnlated copper wire lor
splicing electrie ecap wires, and No. 6 electric blasting ecaps. A
wooden sticle cut =quare at one end wns psed for tamping nstoad of
an iron rod,  The charee, one 1o three sticks of powder, was pineed
well under the roots of the willow-ribes elump and not too near the
surfnece.

BURNING

Experiments in the burning of patehes of heavy brush and Ribes
tnerme were conducted at Hauean, Mont., in 1928 and 14924, In some
instances these paiches were spraved with sodinm ehlorate and fived
about 2 weeks later. whea the brush had been partially killed and




Technical Bullatin 692, U, E, Department of Agricalture

PLATE 19

aable wos Dy, AL~ E
e el b e e Pl




Technical Bulletin 692, U, 5. Departinent of Agriculture PLATE 11

vraddieationt (1, Waepeaek speay aar, shewing i ek, pack puanl, Nesible hose
W-pipe evivnsion el with an fnjector-type nazzle:
et epnled by Dy pmsa ol 5pray sohuting,
LA eouplings; O Armye-syle eartridze
hiedy showing Z-annes dose of chiemicnl in pae of e poaetws, 2ot canwen, wred speclal lamnee 2yringe
for fting the eanrern; £, bmg-hananted pruning shears 0} and 'ulaskd tanl fh.

Equipment D rite
conpling, dinthleswetion lrambomt i, il
#4, poriabbe powes spray odly eludiee Bwe-vylimler meding
rotary pamp. uverhiend g donk, Butiery eoncealed i lmeen



http:I'nl".ki
http:o\-t>rhpI.Hl
http:noz.z.le
http:eouplit.1g

CHEMICAL AND MECHANICAL METHODS OF RIBES ERADICATION 45

desiccated. The heat generated in the center of some of these chem-
ically treated brush piles was sufficient to kill the roots of brush and
ribes. Near the edges of all such patches, however, B. inerme sprouted
vigorously, and seedlings germinated in great numbers. Firing of
brush piles, without the aid of chemicals, resulted in littie or no kill
of ribes. Burning may serve a useful purpose in the preliminary
elearing of brushy areas, but this method alone eannot be expected
to cause » high mortality of the ribes,

FLOODING

Hibes inerme cannot long withstand even puartial submersion under
water, At the Swauk Creek (Wash.) plots it was observed that two
seasons of partial submersion killed B. inerme bushes that had been
previously damaged by sodium chlorate. Flooding cannot be recom-
mended as a method to be generally used {or the eradication of ribes,
hut occasional sites are encounterad where only a small mnount of
work is needed to flood a short streteh of stream botton. Some such
areas are already partly flooded by beaver dams, and would otherwise
have to be drained before ribes eradication was undertalcen. Fre-
quently it is as easy to raise the water level as it i= to lower it.

FIELD EQUIPMENT
WORK ON STREAM-TYPE RIBES

The equipment nsed for regulur erew work in the chemicn erudica-
tion of Ribes petiolare consists of a knapsack spruy outlit for each
crewtmnan, and for each unit of four crewmen the following: Two 12-
gallon  gnlvanized-iron  washtubs, two 10-quavt  galvanized-iron
buckets. one spring balance weighing to 23 pounds, one S-inch tin
funnel, one I-gallon tin measure. one i-malton can for stoek glue
solintion, and 1 vard of cheesecloth for straining chemieal solution.
The knapsack spray unit (pl. 11, .1) is the only xpecinl piece of equip-
ment used by the erews. It eonsists of a d-gallon galvanized-iron
tank, a special pack board eoustrueted of canvas over o wooden frame.
and @ double-action trombone-type pump attached to the tank by
meuns of about 3 feet ol flexible rabber hose. A 2-foot iron-pipe
exteasion carrying the detachable nozzle is serewed to the head of the
trombone pump. The nozzle head is of the injector tvpe, contsining
an ortfice | to 1.5 mun, in dinmeter, snd delivers the ehemieal solution
as & hollow-cone, fine-mist spray.

Portable power sprayers (pl. {1, B) have been developed for working
extensive areas of hrush and eibes, wid hove been used for several
targe-scale methods tests on B {nerme, but this oquipment has never
been utilized in regular operations work because of the preference now
given to the use of bulldozers for this specics.  The essential features
of the power uuit are as follows: A two-cylinder gasoline engine,
worotary pump, a bypass valve wdjastable (o various working pros-
sures, Intake and outlet conneetions, and u special mounting frune,
The pump may service from two to six spray nozzies, and delivers the
spray at about 25 pounds’ pressure at the nozzle, through several
hundred feet of hall- or quarter-inel hose. For power spraying an
injector-type nozzle is equipped with g trigger relense shut-ofl valve
to give intermittent serviee. Containers of 50 gullons’ capacity are
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necessary to provide an adequate reserve of solution. From one such
container the solution is pumped to the spray nozzles. A fresh supply
of chemical solution is prepared in a second tunk, so that the pump
intake can be quickly transferred to it without shutting off the motor.
A complete set of tools is needed for repair work on the motor and
pump.
WORK ON UPLAND-TYPE RIBES

Specinl equipment has been devised for delivering measured guan-
tities of Diesel oil in connection with the chemical work on upland-
type ribes. It consists of o stondard Forest Serviee 2-guart canteen,
into the orifice of which & specin] syringe s fitted by a friction taper
(pl. 11, ). One full stroke of the syringe plunger delivers about
i fluid ounce of Diesel vil. Two adjustable canvas siraps, cne fitting
about the operator’s belt and the other about the sboulder, permit the
unit to be carried on the back while not in use and, when needed,
swung about to & position high up on the left breast.

An Army-style eartridge belt (pl. 11, "y Is convenient for carrying
dry chemical where a small quantity of such chemical is being used.
The belt contains 10 pouches, each ol which is the correct size for
carrying a 2-omnce dose of dry chemieal. Tach charae of chemical ie
wrapped in a ¥-pound kraft paper bag. For the protection of a hydro-
scopic chemical such as ammonivm thioeyanate the paper bags min
be waterproofed by & patented process involving tinpregnation with
zine oxide and a gm, benzene being employed as the volatile vehicle.

The decapitation tools are illustrated m plate 11, 7). The long-
handled pruning shears (¢} 18 a common archard tool, and is a stock
item of several manufacturers. This tool is 26 inches over-all, and
has wooden handles aud cutting blades of case-hardened steel. The
blades are kept at the correct et for cutiing by means of a bolt-and-
ratehet nut.  The Pulaski tool (5) combines the features of an ax and
a mattock. It is made of ax steel, weighs 2K to 3 pounds, and 1s
about 39 inclies from the handle tip to the head.

Tor chemical work on Ribes cerewm in Oregon and California and on
R. roezti in Califoria, a speeial saddle tank has been developed for
transporting oil by pack mule.  This {ank is constructed so that oil
may be drawn from a fap into individual contuiners, or delivered
directly ou the ribes by gravity or by pump action through oil-resistant
hose. —An alternative scheme Tor transporting o1l to tha work area
involves the use of standard 4= or 3-gallon cans, which may be loaded
on the amimal two fo o «ide and then spotted over the ribes area in
advance of crew work.  An ordinary 2-gallen watering can bas proved
to be a convenient contaimer front which Diesel oil may be applied, and
is cheap, durable, and readily procurable. The regular 5H-gallon
knapsack tank equipped with an extension filted with a shut-off valve
(in place of the trombone-fype pump) was suceessfully employed dur-
ing 1936 methods tesis in Californin. A rvose-lype disk is used in the
nozzle hoad in place of the njector-type disk em ployed for spray work,
and the oil is delivered by gravity How.

SUMMARY

Chemical and mechanical methods have been developed for the
eradication of troublesome ribes in places where the simpler methods
of hand pulling and grubbing are inefiective and costly. This develop-
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mental work has been an important phase of the control of blister rust
{(Cronartium ribieola Tischer in the Western States, where this fungus
disease menaces about 5 million acres of western white pine (Finus
mouticola Dougl.) end sugar pine (£, Jambertiana Dougl.;.

Laboratory and greenhouse procednres for the evaluation of herbi-
cides have been briefly outlined, and the results of small-scale and
large-scale field tests have been described to show the Importance of
dosage of chemienl in relation to the practical use of a herbicide for
ribes eradication.

Methodx for the chemical eradieation of Ribes petivlare hiave bheen
improved by establishing instructions on practieal lethal dosage, the
rate at which chemieal must be wpplied to insure about 99-percent
bush kill. In this work Atlacide {essentially o mixture of sodium
~loerare and ealeium ehloride; is applied at the rate of 960 pounds per
aere.  An alternate berbicide has been developed whieh consists of
0.6 pound of sodium chlorate and .4 pound of sodium bicarbonate
per zallon of water: it 13 applied at the same rate as Atlacide. Pound
for pound, this mixture is as toxic as Atlacide. but because of slightly
greater cost it cannot now be recommended for control work.

The fire hazards of sodium clilorate have been reviewed from the
standpoint of its use under forest conditions. Hygroscopic mixtures,
such as sodium ehlorate and ealeium chlonde, or mixtures containing
u noncombustible filler, such as sodium bicarbonate or borax, have
been shown to be saler than sodium chlorate alone.

Ammonium thioevanate and sodium cblorate were the most effec-
tive chemicals for Lilling Ribes inerme, but they are recommended
only for isolated areus where it is impracticable to use a bulldozer.
Greatest economy in the chemieal eradication of this species is ob
tained by applving as a first spray the dosage of maximum efficiency
(2,160 pounds per acre for ammonium thiceyanate and 2,346 pounds
for sodium chlorate), which provides about $l-percent bush kill,
and the following vear treating the surviving ribes with the practical
lethal desagze of ammonium thioeyanate (4,000 pounds) or sodium
chlorate (4,600 pounds).

A method involving decapitation and chemical treatment has been
developed ax a substitute for Land pulling or grubbing of large or
{roublesome ribes of the individual bush type. About 1 ounce of
hquid or dry chemieal is used for a erown approximately 2 inches in
dinmeter. The dosage is lucreased proportionately for larger crowns.
Diesel oil is recommended for the eradication of Ribes eereym and
R, roezli, a wixture of dry sodium chlorate and borax (1:5) for R.
wiscosissimum, and dry sodium thioryanate or a saturated solution
of ammonium thioevanate for B, bracteosim,

The results of preliminary chemieal studies have been given for
Ribes  bracteosum, R. ergthrocarpum, R. wriguum, R, lobbii, R.
nevadense, R. sanguincum, R. triste, and R. walsonianum, R, ery-
throcarpum can he economically erudicated with Atlacide sproy used
at a dosage of 960 pounds per acre; the others must be treated by the
decapitlation technique o obtain sntisfactory bush kill,

A mechanieal method known as bulldozing has been developed for
the permanent suppression of oceasional areas of dense brush and
Ribes inerme.  In this method all ribes and brush are uprooted and
pushed into long windrows by a bulldozer equipped with a special
rake blade. Iand slashing of brush in conjunction with the hand
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pulling of ribes has also been employed for clearing similar arens;
this method, however, can only be used when Jabor costs are compara-
tively low. In both cnses the brush is subsequently burned and the
cleared area is planted to grass. Average cost figures per acre for
the eradication of K. inerme arc as follows: Bulldozer $49, slashing
%58, and chemical £906.

The scope and limilations of special ribes-cradication methods,
such as plowing, blasting, burning, and flooding, have also been noted.

Since 1928 improvements and innovations have been made in field
equipment for the chemical and mechanical eradication of ribes.
A special type of bulldozer has heen developed for work on Ribes
inerme. The knapsack tank has been improved by the use of a
lighter and stronger tank and pack board, and 1 double-getion pump.
A dependable portable power spraver has been constructed and
tested both in experimental plot work and in extensive methods
operations, For work on upland ribes apparatus has heen developed
which Facilitates the teanspariation and applieation of chemical under
widely varving field conditions. A special canteen and syringe has
been construeted for earrving and discharging measured dosages of
oil, and an Army-style cartridge belt has been adoptled for ecarrying
2-gunce packages of dry ehemical. A Pulaski and long-tundled prun-
ing shears have been found suitable for decapitation of upland ribes.
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