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SPREAD OF WHITE PINE BLISTER RUST 
FROM RIBES TO SUGAR PINE 
IN CALIFORNIA AND OREGON 

By James W. Kimmey and Willis W. Wagener, Forest Pathologisls,1 

Pacific Southwest Forest cind Range Experiment Station, 


Forest Service 


INTRODUCTION 
'Vhen an organism causing an epiphytotic disease enters It new 

region, with new hosts and environmental conditions, its behavior 
cannot be preclicted from previous experience. Its control is almost 
certn in to present new prohlems. 

"White pine blister rust, caused. by the fungus 01'onartium 1'ibicola 
Fiseh., has entered such new territory in its progress southward from 
the place of lntrocluction in British Columbia (19).,2 This rust, 
which alternates in its life cycle from white pines to currants and 
goo!':eberries (Ribes spp.), waS aidecl in its initial spread in British 
Columbin- by the highly ftlVorable moisture conditions prevailing in 
the coastal region of that provinco (21). In its southward spread. 
down the Pacific coast, however, the rust has not only entered the 
ranges of new major hosts, both pines and ribes,3 but has also en
countered tt c1riel' summer climate tlmn is common for the western 
white pine region of the Pacific Northwest. The summer months 
become progressi vely drier as latitude decreases fi'om north to south 
(fig. 1).

Because moisture plays a dominant ro1e in the development of the 
rusts, some decrease might be expected in the capacity for damage by 
blister rust in the sugar pine region of Oregon and Cali forma as 
compared with the western white pine region of the Pacific Northwest. 
However, tests of the relative susceptibility of various five-needled 
pines exposed to the rust in British Columbia and Oregon (6) indi
cn-ted that sugar pine (Pinu.g lmnbertirtnlJ, Dougl.) was more 
susceptible to blister rust than western white pine (P. ?lWnticoZ-a 
Doug!.). Similar comparative tests on western CtllTUllts and goose
berries showed th.llt the principal associate of sugar pine in the Sierra 
Nenlda, Ribes 1'oezU Regel, was highly susc:cptible to the rllst (14, (1). 
A companion species, R. nel'aden.q(l Kell., was not {[II ile $0 susceptible 
initially bllt helcl the rllst very well after in fedion hild O(,Cllned. 

1 Studies in Oregon were under the dil'l:etioll of til(' I'ortlaml !i('11! st,:lI·ioll. 
Dh'isioll of For<$t Pat;holO,,'T, l'llit('ll Rta/es l>l'l)lITtllll'nt: of Agri('ulturl'. .r. L. 
Bedwell ill Clwr~l'; those ill ('aliforI)ia W('rl! 1111(1('1' til(' (lir('('tioll (If the Ran 
E'raneiseo field statioll of that l)i\'ision, \Yillis W, Wnl-;PIJPr in ('harg(', James 
L. )fielk(' :lIld 'I'. S. BuehillHIlI made major (:ont:l'ihut ion,", to fjpldwork on til(' 
stlldiPR. Tl'll other::; IIssist~'c1 in this work at· \'ari()u~ t·illll'R and pl:u·('s. 

'l'ite senior author is now Chief, j)i \"ision of ,.'ore::;1; J)ii'('a~e Ilesell reh at the 
Intprmountilin .1!'I)I'Pst and rtangl' 1<}:ql('r.iIll('llt Htati()n. Og-d('ll. '"hill. 


z [tali<~ numbers in parenth('sl's refer to lJitemtllre Cit('(I, page ;:;9. 

• A collective term for plants of the genus f{ibc,~. 
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3 SPREAD OF WHITE PINE BLISTER RUST 

When the present studies were started, supervisors responsible 
for setting standards of ribes supression for blister rust control in 
sugar pine stands had to predict rust behavior from its performance 
in other regions. Unanswered for control areas in Oregon and Cali
fornia were questions on : 

How much damage will result from occasional ribes missed by 
eradication crews? 

'Vhat should be the width of protective or buffer strips around 
sugar pine stands delineated for protection? 

Will the apparent high susceptibility of sugar pine and associated 
ribes be offset by the seasonally dry environment ~ 

How do the chief ribes associated with sugar pine compare in pine
infecting potential? 

To provide reliable evidence on these and related questions, the 
studies of ribes-to-pine spread reported here were made in Oregon 
(1935-42) and in California (1938-51) on a series of plots in natural 
stands of young sugar pine on which the spread of blister rust from a 
known central source could be determined. 

THE STUDY 

Study Areas 

Methods of study, the natural occurrence pattern of sugar pine, and 
control policy presented difficulties and restrictions in the selection of 
experimental plots. The following considerations were primary: 

1. The study required rust-free areas stocked with well-distributed 
small sugar pines, and large enough to accommodate circular plots 
se\'era.l acres in size. 

2. Sugar pine rarely occurs in pure stands, and plantations were 
not available. 

3. Control policy was opposed to the establishment of test plots 
in regions south of known rust occurrence. 
As the study progressed, five plot areas (table 1) were located in 
natural stands of sugar pine reproduction (fig. 2) , 

Black Rock.-Four test plots were established on the Black Rock 
area in 1936, after natural infections of the rust had been found on 
sugar pine in Oregon (18,30). A fifth plot was added in 1938. The 
area was within an ecological "isL.td" of mixed sugar and ponderosa 
pines on the south side of Hamner Butte, Deschutes National 
Forest, Oreg., surrounded by an otherwise pure ponderosa pine (Pi-nus 
ponderosa Laws.) forest. Abundant young reproduction of both pille 
species, averaging about 5 feet in height, occurred underneath an 
open overstory of mature trees. No ribes were found within one-half 
mile of the plots. Abundant Ribes cereum Dougl. were located near 
the top of Hamner Butte about 2 miles distant. 

8iskiymt.-A single plot was established in 1937 in a mixed Douglas
fir-sugar pine stand representative of stands in the Siskiyou Moun
tains of southern Oregon and northwestern California. It was located 
in the Siskiyou National Forest north of Selma, Oreg., in a small 
draw. This plot carried a dense stand of sugar pine reproduction, 
averaging about 7 feet high, with an admixture of Douglas-fir 
(Pse1ldots~l.qa menz1;esii (Mirb.) Franco) and ponderosa pine of about 

http:Pse1ldots~l.qa
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I~IGt:RE 2.-Sugur (line reproduetion repreS(:ntnti ve of test plots: .-1, Xear ('('nlpr 
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TABL.J 1.--0eneral description of bliste1' rust study areW3 in natu1'al stands of young sugar pine, Oregon and 
OaUfomia 

'" ...,'" <Xl })rincipal associated understory~ Study area, year s('l('cled 1 Location Plots IEleva Slope and exposure 
tion plantso 

a .-- .. _"-" ---~ ...-.-.- .. 1--, 1-----
T 
N Oregon No. Pt. W 

"tl 
Black Rock, 1 \)35.. . . __ I Klamath Co., 1'24S, 5 1 4,800 Gentle, S t.o 81<: ___ •.. ___I Arctostaphylos patula Greene. ~ 

R7g, Sec. 1; 1'24S, Ceanothus velut£>ws Doug!. t"l 
>Castanopsis chrys(jphylla v. minor t::I 

Benth. 
Ccnnotlms prostratus Benth. o 

1l8E, Bro. (j Wl\f. 

"'.i 
Arcto.~tnphylos 1wa-ursi Spreng. 

~iskiyou, 1\):37 II ,JOR('phine Co./ 1'37S, 1 1 2,00(1 1 Moderate to steep, S. 'l'ox'icorlenrlron rliversilobmn (1'.&G.) 
Green.It8W, Sl'C. 14 W1\L ~ 

California t"l 

Damnation, H):~8 .1 toihnstll Co., 1':36N, 1l6W, I :3 I 4, 300 I Gentle to moderate, N]!) Corylus COT1mta v, ealiJom'ica "tl 
S('c. 33, a4, MD 131\1. t.o BE. (A.DC.) SIHlrp. Z

A rctostnphy'los sp. t;rj 

Cennothus vellltinus 
0:1Alnus rhombifolia Nutt. 
~QllcrCllS spp. w 

Deadhorsr, 1938. Siskiyou Co., 1'39N, 6 4, 800 Gentlc, easterly to Arctostaphylos patllla ~ R2g, Sec. 6, 7; T40!';, westerly (ridgetup). Ceanotlws velutimls 

1t2E, 8('e. aI, 1\'1])13[\'1. C. cordlllatlls Kel!. ~ 


C. httc(JerrimJIS H.&A. ~ 
oC. prostratlls 

(,'OTll1lS nutlallii And. ~ 
Big Bar, 1\)40 __ Butle Co., T22N, H5E, I 5 4, .')00 Gentle, NE to SW Similar to Delldhorse plus 

S('c. 2, B, 10, MDB1\L mostly southerly. Ptcridi111l! aquilinuln pubescens UlI
derw, 

Ccallothull prostrattls, less common 
Washinglon POiut, 10·17._ Nevada Co., 1'17N, :3, 800 Gentle, ellstcrly. A rclostnphylos sp. 

RIOE, Sec. 3, 1\IDBM. Chnmaebatia foliolasa Beuth. 

1 Plus :3 plots for speciul "falll'11 Ipuf" study. en 
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the same size under an open overstory of sugar pine, white fir (Abies 
concolor (Gord. & Glend.) Lindl.), Douglas-fir, and ponderosn, pine. 
Only 104 ribes, nearly all Ribes Cl'uentum Greene, were removed in 
1937 from the 250 acres of the Siskiyou area. 

Damnation.-Three plots were established on the Damnation area 
in 1938: one in a small draw draining eastward, with moderate side 
slopes; the others on general southeasterly slopes. This site, on the 
west side of the Sacramento River drainage in northern California, 
was selected as representati,'e of cutover land of high site quality in 
the North Coast Range Mountains. Abundant young reproduction 
of sugar pine and white fir, with some admixture of ponderosa pine, 
was present, among which were scattered olller trees of Douglas-fir 
and incense-cedar (Libocedi'1l8 deC'lt1"renR Torr.). A aood deal of 
shrub growth (table 1) was interspersed among the reproduction. 
Rust control workers removed about 125 ribes per acre from this area 
in 1938 (Ribes I'oezli and R. nevaden.se). Several hundred more ribes, 
chiefly seedl ings and root sprouts, were subsequently taken out. 

Deadho1'8e.-'T'hree plots were established on Deadhorse ridge in 
1938, and three additional ones the next year. This area on the 
eastern Shasta-Trinity National Forest, represented a noriherly ex
tension of the Sierra west slope mixed-conifer type and was within 
an established blister rust control unit. The area had a relatively 
good stand of young sugar pine, Douglas-fir, white fir, ponderosa 
pine, and incense-cedar repl'Ocluction, and an overstor'y of scattered 
mature trees, mostly ,yhite fir and incense-cedar. Small, dense 
patches of reproduction, predominantly sugar pine, were common 
in places. Shrubs "were also patrhy in occurrence. Mixed Ribe.s 
1'oezli and R. nel'(lden.~e averaged about 38 pla,nts per acre before 
remond in 1938. 

Big Bm',-Four plots were established alollg Big Bar ridgetop, 
on the Plumas Xational Fore-st, Calif., in 1940, and a fifth in 1042. 
In this ltrea, rainfall is above average 1'01.' the west slope of the 
Sierra Xevada and temperatures are mild. providing a long growing 
season. Before logging between 19!3:2 and 19M, a heavy stand of 
mixed conifers was present, of which sraUered white fil'S and incense
redars remained, along with a numbel' of Califor~nia black oaks 
(QUel'CU,~ kelloggii Newb,). There was abundant I'eproduction of 
sugar pine and wh:tefir lwel'aging 6 to 8 feet ill height when the plots 
were established. Ribes roezZi and R, ne1'(t(len.~(' numbered about 
113 plantsperac.re befol'etheil'l'emontl ill ]0,1:0, 

Three supplernenhll'y plots wero established on Big Bar r'idge in 
1940 to test the caparity of infeded and shed l'ibes lea\"es to spread 
rust to sugar pines, but the results did not provide tr'ustworthy 
evidence, Ribe8 l'oezZi leaves with telin, were brollght to tim plots 
in large paper' bags and shaken onto the gl'Ound o,'pr an arelL equal 
to that covered by n, R. i'Ol'zli plant of medium si;w, LE'[\\'es were 
left where they fell 10 simulate natural shedding, Oil one plot, 
establ ished OdobE'r H, 1DO lea \"('5 l)pa ri Ilg a ppal'l'nt Iy yiable tel in, 
on 16 pen'ent of the leaf surface W('·I'(' lIse(t: on thf', OUIl'I' t'wo, 
established October ~(), leaves \\'PI'P IIot ('Olll1tP([ but \\'PI'P llllmerOllS 
and all bore telia. Ihin slftrt ing O('{ohpl' ~"~ and ('olllilluing sP,'pral 
clays pl'Ovidedmoist pel'iocb ('onsidl'l'ed long Pllough for pinp infec
tiOIl, and l.emperatul'E'S were mild, Yel IlO sllbsN[Uerrt pine infe('/ ion" 
were found on the three plots. So foliowing examination was made 

http:plantsperac.re
http:nevaden.se
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of the fallen leaves to determine wheth(;r the teEa had germinated. 
General field. experience does !lOt indicate appreciable luumrd from 
dropped rust-bearing leaves but, been,use. of the propensity of R. 
1'oezli to shed infected foliage and the prepondera.nce of this species 
in association with suga.r pine, (t more specific experimenb\l deter
mination is desimble. 

lVa.shington Point.-A single plot was established in 1947 on the 
gentle summit of a spur ridge projecting !5outheasterly toward the 
South Fork of Yuba Rivel' Hear 1Yashington, Calif., amI within the 
Tahoe National Forest. ",Vell-distributed sugar pine reproduction, 
interspersed with about 25 percent pondet'oslt pine and a few white 
firs, had become established following logging of the area some years 
before. A scattered overstol'Y of older ponderoslL and sugar pines 
had been left at the time of logging. Near the plot centel' the repro
duction was mostly under 5 feet in height, but on the west side 
of the ridgetop, thickets of saplings chiefly pondel'osn pine, had 
reached an average height of 15 feet or more. 

Ribes Tested 
Ribe8 1'oez7i, R. nel'Odellse, and R. ce1'e1t1n, the three species used 

in this study, '''ere selected because of their prevalence in sugar pine 
areas. The number of tests made with each was in approximate 
proportion to its importance in the control program. 

Of the ribes comm01dy associated with sugar pines in California, 
the Sierra. gooseberry (Ribes 1'oezli) is the most abundant and most 
highly !5usceptible to blister rust (JJ" 15, 1£1). It is also the most 
difficult to suppress because of its ability to regenerate from seed 
stored for long periods in the soil (2:3). 

The Sierra currant (Ribes 1W1Jaae'fl.se) , although not so important 
numerically as R. '?'oezli is widely distributed and highly susceptible to 
rust (14, 15, 1£1). Control of the Sierra currant is difficult because 
of its layering habits and tolerance to suppression by other vegetation. 

The squaw currant' (Ribcs ccre1Mn) is the most resistant to infection 
by blister rust (/4) but under some conditions is capable of produc
ing appreeiable amounts of pine-infecting sporidia (76). This l'ibes 
occurs in large concentrations in a few valuable stands of sugar pine, 
and the plants often are llll'ge and costly to eradicate. 

Methods and Equipment 
The procedures followed were patterned on those cle\'eloped for 

earlier tests in British Columbia (.5) \\'ith some adaptations for local 
conditions, Plots established in well-distributed sugar pine repro
duction were the hasic' ('xperil1lental units for determining spread 
of the rust:. 

FOI' each plot a center was selected after a Sl1l'\'cy of the distribu
tion of sUI'l'ol1nc1ing sugHr pine reprodu('tioll. If suitable ribes pl:tnts 
were found at a desirable center, se\'pral of them "'ere seledecl as the 
known and only spore soul'('e and the rest rel11o\'ecl. If no natumlly 
established I'ibes ('ould be found at a rlesirablr ('rnter. ri\)('s plants 
'were moved thel'e ill pots 01' transplanted to it (fig, :n, Since all 
study areas were witllin the known southern limits of the rllst, ribes 
pla!lts other than those at the plot centers wel'c removed from the 
entrre study area. to prevent natuml spread of blister l'Ust to the test 

http:1W1Jaae'fl.se
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pines from outside sources. About 250 acres or more in each area 
were cleared of ribes by regular eradication crews supervised by 
blister rust control technicians. Plot centers were spaced far enough 
apart to prevent spread of the rust from one study plot to another. 

'1'0 permit; rapid mapping and zoning of the trees on a plot, the 
central ribes were used as a reference hub to delimit concentric zom~s 
of variable distance from the plot center. These zones were 10 feet 
wide for the first 50 feet from the center and 20 feet wide beyond that 
distance for the Black Rock plots in Oregon, and 12.5 feet and 25 
feet for similar zones on the plots in Callfornia. The zonal areas 
between these circles were divided into sections or "blocks" segment
ing the zones into quarters for the first 25 feet, into 8ths from 25 to 
i5feet, into 16ths from 75 to 150 feet, and so on. On the Oregon 
plots and on all plots in California except. those at the Big Bar and 
'Vashington Point, areas were staked oft' in this manner to a radius 
of 150 feet (slope distance) before tests were made, or before it was 
detel.'lTuned whether pine infection had resulted. However, experience 
in California demonstrated that much labor could be saved by delay
ing staking until the extent of pine infection from the tests became 
eVIdent., and this practice was followed after' 1939. Furthermore this 
practice minimized disturbance of the stand or cover conditions 
before the test. 

For all of t.he Oregon plots and those in the Damnation area, dia
['rams were made to show the location of each sugar pine. Crown 
length, crown width, and approximat~ number of needles 4 were then 
determined for each of the trees for the same years in which the 
central ribes were infected with rust. From these data the "target," 
or amount of pine foliage exposed at different distances from the 
central ribes, ,';'as computed in number of needles. For the other 
California plots, only pines that became infected were plotted and 
measured. All sugar pines were tallied according to size by zonal 
blocks or groups of two or more adjacent blocks in a single zone. 

For easier visualization, the pine foliage target in the different 
blocks was based on a unit represented by the foliage of a standard 
tree rather than the millioll-needle unit used in the British Columbia 
studies (6). The standard tree chosen '''us an a \'erage sligar pine of 
the 5- to 10-foot height class, approximately a, 7.5-foot normal tl·ep. 
Such a tree was found to bear about 37,000 needles. 

To infect the leaves. the centml ribes were either dusted with 
aeciospores, using a paper bag as a bellows (:20), or aecio:,pores or 
uredospores suspended in water ,,'ere sprayed 011 thE' follage. In 
California this was done undeI' eoycr to rninill1i~p, the possiblE' dis
semination of spores to other ribes. 

In earlier studies in British Columbia and Idaho, spores were ap
plied just before or dUl'ing spring rains, which were relied on to 
supply the moisture for infection. Sucee:>ding moist lwriods stimu
lated the intensification of the rust sufTiciently to CUWiE' an increase 
through most or all of the SE'asoll. In SOUthE'I,'11 Orpgon and in Cali
forn in, ho\\,e\'('I', nat u ml Illoist IWl'iods \\'(>I'P too fpw n1Ic1 too PI'I'at ic in 
occurrence to sustain rust at the plot. ('('liters. Ribes, espE'cially Ribe.~ 
't'oezli, when infected in the spring, lost mall)' or all infected leaves 

'The alinement chart (-1) for western white pine was found to apply equally 
well to sugar pine trees. 
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F-l~3992 

FIGUR~; 3.-Potted Ribcs ncmdClIsc plants at the center of Black Rock Plot 2, 
1936. The pots are buried flush with the soil surface. 

before the onset of autumnal rains. Heavily infected leaves 
of Ribes J'oezli were usua.11y shed just before or just after rust telia 
were developed. 

On some plots an attempt was made to overcome this difficulty 
by artificially t!xposing the riiJes to the rust in moist chambers (Ilg. 
4) two or more times dnring the season. On other plots a new supply 
of infected ribes in pots was substituted fOI' the orirrinal plants at 
plot centers. After U):~!) ribes were always artificially infected in 
late summer l'atlll'r than in the spring. In :tll tests after 1030, thel1!
fore, no viable telin were present on the test plants before late Angust 
or early September. {i;\'en then the lelia \\'cre ~ol11et imes lost be
fore fttvorable weather for pine infection o('curred. 

Ribes I'oezli plants growing in place wPl'e less sllsceptiblr, to pre
mature defoliation by the I'llst than potted or (mnsplanfed bushes. 
Practically no infected leaves were prematurcly c1ropppd from Ribcs 
nevaden8e on the one plot where natural plants of this species were 
growing at the center, but potted Ol' tr:lnHplantetl plants of this 
speeies and of Ribes cerellm lost cOl1sidl'l.'nble rust by premature 
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defoliation even when kept well watered. Rodents and insects caused 
serious defoliation of test plants in some tests. In several instances 
wire mesh cages were used for protection from rodents. The cages 
were removed during moist periods to avoid interference with normal 
dissemination of sporidia. 

Many native Ribes roezli plants in northern California were found 
to be resistant, and some almost immune to infection by the rust. 
One growing at the center of Deadhorse Plot 2 developed no rust 
in spite of repeated and heavy exposure under conditions favorable for 
infection. In later tests all potted Ribe8 roezli placed at plot centers 
were from stock from southern Sierra Nevada locations, because 
they were invariably found to be susceptible to the rust. 

Rust retention on Ribes 'roezli has been found to be bettel' on bushes 
in partial shade than on fully exposed bushes in the open (15). On 
this account lath shade frames were erected over bushes at plot 
centers where natural partial shade was not present. Frames were 
removed before rainy periods. 

General notes on the development of rust on ribes at the plot centers 
were supplemented by detailed records of rust infection on the bushes 
whenever a moist period that might result in pine infection appeared 

F-493993-94-95-96 

FmURE 4.-Types of inoculation chambers used in Oregon and California during 
1938-39: A, Muslin chamber over wood frame at Black Rock, Plot 5; B, 
shelter over creek for infection of potted ribes at Black Rock; a, chambers of 
cotton batting on hll.rdware cloth frames constructed over individual ribes 
plants; D, Single large chamber, of cotton batting covered with muslin over 
hardware cloth,enclosing a central group of ribes plants. 
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imminent. These records included the estimated area in square inches 
of leaf surface bearing apparently viable telia. 

It'or all Oregon tests, temperature and humidity were recorded twice 
daily and general cloud and wind conditions daily, from the time telia 
first developed on the central ribes in June or July until all the leaves 
bearing rust had dropped in October or November; whenever rain 
occurred during these periods, a record was made of the time that 
pine foliage remained wet. On the California study areas, tempera
ture and humidity were recorded continuously by hygrothermographs 
during the test seasons. Rain gages were installed, and supplemental 
weather data and duration of foliar moisture were recorded during 
and following rainstorms. 

After exposure to the rust, the sugar pines on each plot were checked 
annually for infections. Detailed data were recorded for each canker 
and infected tree. On the basis of previous studies and experience 
with blister rust in western white pine, predictions of probable pine 
damage were made for each canker. To reduce the possibilities for 
spread of the rust to surrounding areas, all but a few cankers on two 
California plots were cut out before they produced aecia. The types 
of data for ribes and pine infections, and the methods of recordmg 
them, were essentially the same as were used for plots in British 
Columbia (5). 

CONDITIONS INFLUENCING SPREAD OF RUST 

Requirements for Pine Infection 

In the life cycle of white pine blister rust, all spore forms initiating 
infection on either ribes or pines require either free moisture or a 
relative humidity in excess of 97 percent for germination and host in
fection (11) lf3, 32). Over most of the sugar pine region, rain pro
vides the chief source of free moisture for germination; rain, or rain 
and fog together, practically the only source sufficiently continuous 
for pine infection. Moisture condensed as dew is sometimes locally 
sufficient to cause germination of uredospores on ribes and the reinfec
tion of the latter, because spores of the uredial stage may begin 
germination in 4: to 6 hours (7,32) and the resulting germ tubes make 
relatively rapid growth. Moisture from dew alone cannot cause 
pine infection, however, since dew persists too short a time for com
pletion of the germination processes leading to infection of this host. 

Each stage in the development of the rust during a season depends 
on the development of the preceding one. Therefore, a proper 
sequence of moisture, particularly in the form of rain followed by 
high relative humidity, is necessary for completion of the life cycle 
of the rust. An analysis in 1940 5 of weather records for the part 
of the sugar pine region within Ca1ifornia indicated that a sequence 
of moisture conditions favorable for good ribes and pine infection 
had occurred only about one year in five. Bven that frequency can 
be considered high for many situations; the analysis took into account 
only the occurrence of moisture from rain or fog and not the possible 
deleterious efferts of high tempemJl1res on the VIability of the autumn 

• Zentmyer, George A., Jr., and \Villis W. ·Wagener. California climate in 
relation to spread and intensification of blister rust. Unpublished report, Office 
of Forest Pathology, San Franrisco. 20 pp. 1940. 
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stage of the rust. Van Arsdel and coworkers (31,32) have reported 
that teliospore viability in 'Wisconsin may be adversely affected by 
temperatures above 68°F. This criterion, however, does not apply 
in California.6 On the other )mnd, the 1940 analysis did not take into 
account, the influence of dew as a source of moisture for intensification 
of the uredinial stage of the rust, which is a factor in some locations 
in California. 

Teliospores in columns attached to living ribes leaves may remain 
viable for several months if : 

they are formed within favorable temperaturelevels ; 
there is no intervening moisture to cause their germination; 
they are protected from appreciable exposu re to direct sunlight; 
germination is not inhibited or the spores rendered sterile by high 

temperatures. 
'When in contact with free moisture in the form of rain, fog, or dew 
for a sufficient period to cause germination, the teliospores produce 
promycelia from which arise sporidia, the minute thin-walled spores 
capable of infecting the needles of sugar and other white pines. 
However, teliospores older than about 10 days require a longer 
exposure to moisture for germination than ones recently formed
up to twice as long depending on age (11,28,29). This requirement 
may be highly significant in sugar pine areas of California, where 
moist periods are short and infrequent before the time when l'ibes are 
defoliated in the fall. 

The sporidia require a minimum of about 5 hours for germination 
(11). On moist sugar pine needles they germinate eli rectly and 
produce branched germ tubes that seek entry into the needles. On 
other moist surfaces or in moist air, secondary or tediary sporidia 
are often formed, but if these reach susceptible needle surfaces they 
are equally capable of causing infection. 

Experimental evidence is somewhat conflicting regarding the min
imum length of moist period necessary for completion of the entire 
pine-infection process-from the initial exposure of the teliospores 
to free moisture until the establishment of rust hyphae in the needles. 
From available published information and from field experience in 
the 'West, Mielke (19) concluded that abundant infection could be 
expected only when favorable moisture conditions pre\'ail for a con
tinuous period of 24 to 36 hours and that little infection could be ex
pected from moist periods of shorter duration. Van Al'sdel, Riker, 
and Patton (.918) concluded from their experimental eyidence that 48 
hours of saturated ail' at temperatures under 20° C. (()8°F.) are 
needed for completion of the entire process. This conelusion is not 
necessarily in conflict ~with evidence that pine infection has occasion
ally resulted in a shorter period. 

Hirt (11,13) showed that the gel'mination process in teliospores and 
the production of spOl'idia may he arrested during a dry per'ioel of 
from an hour or so to a day and may then be, l'eslllned with only 
a, little delay. A rain of short duration or' e\'en dew mi,q-ht pr'eeon
dition teliospores for prompt germination after the onset of a fol
lowing longer moist period. rnder similar circumstances })romy
celia might be formed that al'e capable of sur\,i\'ing moc1E:'r'ateJy dry 

• Unpublished experiments, R. V. Bega and J. R. Parmeter. Personal 
communication. 



13 SPREAD OF WHITE PINE BLISTER RUST 

conditions for a few hours and quickly producing sporidia when sup
plied with additional moisture. Hirt's investigations have shown 
that this possibility may also exist for any subsequent stage of the 
process leading to pine infection. Thus sporidia lodged in a pro
tected location on sugar pine foliage may survive a short, dry period, 
germinate promptly on the return of moist conditions, and success
fully invade pine foliage in much less than 48 hours from the onset 
of the second moist period. 

General COl'~.siderations Relating to Spore Dispersal 

Dispersal in Rir of particlps as small as rust sporidia (5 to 10 
microns) after release at a single point ideally assumes the pattern 
of a cone with its Rpex at the point of origin of the particles. The 
angle of divergence of the conic limits varies inversely with the 
speed of the air stream, at least at low !"ates of air movement. and 
when particles are released near a horizontal surface the cone tends 
to be oval in cross section, with greater dispersion horizontally than 
vertically (35). The clift'usion of partiC'les within these limits arises 
from local turbulence almost always existing within a local air mass 
(8). Sporidia, of white pine blister 1.·Ust are so small that air mo\'e
ments nullify ~lle effects of grtn-ity. Gregory (9) has pointecl out that 
sporidia, may asually be regareled as be:'ng in suspension in free air. 

"When sporidia are released dose to the ground, plants, trees, or 
other objects projecting f!'Om the soil surface into or through the 
limits of the dispersion cone not only i11 tercept sporici ia (fig. 5), but 
also affect air turbulence, 

In the present study, sporidia were disseminated from it limited 
central zone occupied by the rust-bearing rib::s mthel' rhan from a 
single point. Thus the dispersal pattern becomes one of a flattened 
frustum of a cone, ~loreo\'er, since fre(' ail' is almost never ('onstant 
in direction or velocity. the pattern shifts in direction with changes 
in the direction of air 1ll0Yemenf and widens and narrows in ampli
tude with changes in \\'ind veloeity, Close to the plot eenter. local 
iurbulence ill the ail' is likely to eause some dispersion of sporidia 
in ttll directions frol11 the ('('nter-; at ~reatel' distances the dispersal 
pattern is likely to show lllaxima in one 01' t\\'O directions, correspond
ing to the prenl.iling directions of ail' mO\'PI11('nt during the dispersal 
period. 

A 

o 
Ground Line 

B 
E'wl'rn; 'i,-Conie pattcrn of Rpor(> disp('r"al frolll a point "OUI'('C at a conl'tant: 

winrl "pced. al1(l relation to int('I'C'l'pt ion hy ground and pIa nts: O. HpOrt' 
soun'e; OAB, ('one of dispersal: C, iniUnl point at whiel! ground plane in
tereepls disper;;al ('one; ('-D. plane of ;;porp depositioll on j!round; E-O. E-l, 
E-~, noninten::epting, partially intpr('epting, and fully inter('epting plants, 

5978890-61-3 
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For conditions prevailing in 	the Eastern United States, Gregory 
(9) concluded that the relative absence of pine infection beyond 
900 feet arose from a dilution .ill numbet·s of sporidia mther than 
from loss in sporidium viability. He based this conclusion on two 
factors: the duration of \-iability of sporidia of (/1'o?1{(l'tiu7n 1,ibicola 
as reported by Spaulding and Rathbun-Gravatt (29), amplified 
since by Hirt (11) and Rega (3), and the relatively short time re
qu~,red for sporidia, to travel 900 feet, It is known that under favor
able meteorological conditions, and with a source pro\-iding abundant 
sporidia, pine infection is possible beyond a mile (1, 19, 97), In 
contrast, Pennington, in tests repol'i:ed by SpanIel ing (26), was un
abla to obtain gel'mination of sporidia, caught at distilDces greater 
than Hi feet. Ne\-ertheless, Gregory's conclusion that dilution 
rather than loss of ,-iability is the chieffaetor in determin:ng the 
infectiye limits from a gi\-en spore source seems to be nllid, 

Dispersal into pl'Ogressively greater volumes of air and intercep
tion by tree crowns and other obstacles are ehief factOI'S in the 
dilution. Accol'ding to Spaulding (21), scl'eening by vegetation is 
sometimes quite ett'eeti\-e in reducing pine infection where the supply 
of sporidia is not large, SC'I'eening is ineft'ecti\-e, howen>r, when 
large numbers of sporidia. are produced, 

Drops of min 01' mist of sllfficient mass to fall to earth may 
also intercept mtl11'y sporidia, Xo expel'ill1ents Oil this effect appear 
to have been reported, hut tIle eft'ediveness with which rain clears 
dust or pollen fl'om tIl(' ail' is well known, Rempe (24) obset'ved 
that thundel'Sho\n>I'S recluced the pollen content of thE' ail' by half, 
In Russia, Shitiko\-:1-Rllsako\-n. (9,5) found n, g'l'eat reduction in the 
numbers of llredospores of rusts caught 011 tmp slides aftel' a rain; 
after prolonged rains, the catches sometillles deC'rE'asec1 to zero, Also, 
as suggested hy Gregor,\' (,9), sporidia in a wry moist atmospllE're 
may be (,:1l'1'ie<l out of the ail' by the mass of moisturE' con(lE'nsin~ 
on them, 

Fl'ee moisture in thE' form of rain 01' mist may further aft~eet 
ribes-to-pine spread by washing spot·ielia. from pin's foliage before 
infection OCClll'S, Even n fine mist, if continued lon~ enou~h, pro
duces suflicient runoff from plant- sUl'fates to ('tH'I',}' away nlilny 
sporidia, For this reason, most experimenters use intermittent 
rat.her tlUln continuons fo~s or mists to prevent washing' :tway of 
spot'es ,,-hell attempting to infec,t host phnts uniiol'lllly under ('(n-el', 
On sugar pine, the faN that mnny sp()I'idia, a('tnall,)' ('omE' to rest on 
films of water (}n~r the needle surf:l('es rather than on tll(> needIe 
surfaces themsehes, t'tt<'ilitates t Ill' loss, 

Wind Movement During 	Wet Weather In .the Sugar Pine 
Hegion 

The predominant wind 1110vemrnt dUl'ing diSpt'I'sal p(,I'iods fOI' 
sporidia in the sUg':tr pille I'l'gion mH,\' b(> anti('ipated from informa
tion on (1) the genel'al pait(>rll of ail' circulatioll asso('iated with 
autumll moist periocls and (~) tIl(' nighttime mo\'el1lent of ail' ('ur
rents neat· the ground in mountainous regions, 

Precipitation in CnlifornitL and southern Oreg'on is nearly always 
associat~d with normal cyclonic storm patterns in which the ail' 
movement around the center of low barometric pressllre is ('ounter
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clockwise, ~fost of the rain falls during the passage of the warm 
front and is accompanied by southerly 'winds, In general, the winds 
are sufiiciently pronounced to maintain their southerly character 
regardless of local topography: Since fall rains provide practically 
the only SOlIlTe of moisture persisting long enough for germination of 
teliospores Rnd subsequent pine infection, it follows that the prevailing 
wind direction will be southerly, \Vilson llnd Baker (34-) in their 
study of the aerial dissemination of brown rot spores in California, 
fonnd that the spores. responsible for blossom infection were carried 
chiefly in a northerly direction on south winds, 

During 01' after mins, calm periods are apt to occur, particularly 
at night. Then the southerly winds characteristic of the warm front 
of the storm mRy be replaced by local ail' movements. in mountainous 
regions 1100'nhllly upslope during the dRy and downslope at night. 
This night movement is of particular interest, because the relative 
humidity is most likely to be maintained at 01' neal' the 100 percent 
lenl, favoring the produetioll and dispel'sal of sporidia and subse
quent pille infection, ,Yinds move downslope at night, because air 
near the grollnd becomes heavier as it is cooled through heat loss 
by radiation, Do\\'nslope winds are most pl'onotl11ced during fair 
weather, sin('e there are greater heat losses from radiation to a clear 
sky than to an obscured one: but eyen in cloudy, calm weather, a gentle 
downslope drift is often llotil'cnble in the ail' layer neal' the ~round, 
Buchanan and Kimmey (5), in studies in British Columbia. found a 
definite downslope pl'E'<lominance in the nllmber of infections result
ing from sporidia originat-ing at plot centers; the finding seems best 
explained by the dC)\\'llslopc l1!o\'ement of ail' at night. 

EXPERIMENTAL RESULTS 
Of 56 tests, 2:). Or ,1:0 percent. rcsulted in pine infection; :3,,), tests, 01' 

almost GO per('cnt, ga\'e negati\'e results e\"cn though special efforts 
were made to maintitin I'llst lclia at rhe plot center;; (tablc H. ap
pendix), Six of the 2:~ positi\'c test·s resultcd in 1 01' 2 cHnkcrs only 
and thus were negli~ihle in efl'(>('t. Of the :-3.,). neg1ttin' tcsts, n f1tilures 
could definitely be attl'ibuted to the abs(>lll'e of vinhle telia On the 
cenlral l'ibes \\'hen Illoist periods o('C'IlI'l'ed (moist pel'iods :u'e l'e('01'(1ed 
in table (l), In all but Olle instance tll('se riiJps were N, )'of'zli, The 
reported tcndellcy of this spe('i('s to shed hpH\'ily rust-infPC'(ed lea\'('s 
(1-1, Ii). ;31) was COnfil'llll'd in these tests, Probably 1110;;1' of the 
remaining 2;') f:Lilul'es r(';;uIH·d from unf:I\'orable \\'ent1lPI' conditions, 
In n of the :W,gl'rllJill:ttion of teli:L O(,CIII'I'('<1 during moist periods 
too hrief to pcrmit pine infettion, (In SOl1!e of the positin:~ tests 
also. tIl(' germination of t('lia during short moist pcriods undoubtedly 
redllce(l tIl(' 0ppoltunity for subsequ(,llt pin(' infection,) In the 1'1,'

Illaining Hi ('1\S('5 tIl(' sp('('ifie 1'(';tSOIlS fOl' f'ailtll'e of the rust to cause 
pine i nft'('tiol1 <1.1'(' Ilot deal', 

1"1'0111 ('xpel'iel1<'(1 \\'jth hlis(('t' rllst ill t ht' silgal' pil1£' region alld 
elsl'whl'l'l\ it ('1tl1 bc asslIllw<l thai the pel'('Plllage of tests resulting in 
pine illfcdioll would htt\'e b('clI highel' if mOl'c of the test plots had 
beell located around !'tn"inc-bottol1l 01' streamside centel's rather than 
on slopes or ridgetops, 
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{Tnder southern 'Yisconsin conditions, Van Arsdel r rated the rust 
hazard to pines on a scale of 1:~ topopY:tphic conditions (-:2 to 10), 
the highest. number representing the maximum hazard. "Within this 
scale, he assigned a rating of 1 to slope shoulders and a rating of 5 
to slopes. These basic ratings were subject to modification ac~ord
ing to exposure, vegetative cover, and degree of slope. 

Although climatic and topographic conditions in the sugar pine 
region of California and southern O,-egon ditl·er materially from 
those of southern 'Visconsin, there is little doubt of the reduced rust 
hazard to sugar pines situated on ridgetops and slopes as compared 
with trees in ravine bottoms or adjacent to streams. Ravines and 
streamsides tend to be cooler, more subject to dew formation if not 
on too steep a slope, and more l-etentive of moisture on foliage in con
sequence of greater protection from sun and wind. 

Of the 21 plots established,only one (Damnation Plot 1) was cen
tered in a. ravine bottom or along a stream. The others were either 
on slopes or along ridgetops, because the~e locations were the only 
ones where properly dIstrIbuted sugar pme reproduction could be 
found. 

The distribution of pines probably had little influence on spread of 
the rust to pines, ·with one exception. Usually the central acre on 
each plot was r-easonably representative of stand density and size 
of sugar pines for the entire plot, and plot centers were selected to 
obtain as even a distribution of young sugar pines around them as 
possible. The exception occurred on one or two plots where openings 
formed air channels close to the centers. Under this condition, infec
tions tended to be more numerous on trees in the path of or next to 
the channels, but the effect was limited to within 50 feet of the plot 
center. 

Rust Spread on Individual Study Areas 

Black Rock Plof§ 

Figures 6, 7, and 8 depict the spread of the rust to pines on three 
of the four plo.~s in the Black Rock, O,·eg., area in 1936. These 
plots were all on a south to southeast slope, varying from moderately 
steep on Plot 1, to gentle on Plot 2, and "ery gentle on Plots 3 and 4. 
All pine infections on Plot 3, not shown, ,,,ere in the southeast quad
mnt except one which was just west of the south ('ente[" line. On all 
four plots, the greatest distance' ancl intensity of spread was clown tlH.' 
slope, indicatin~ that the spo,·idia responBiule for the infection were 
dispersed princIpally during periods of downslope air movement at 
night. Plot 1 (fig. 6) of reI's a. good eX~lInpJe of the comhined effects 
of local air turbulence, which dispersed sporidia around the plot 
center, and night air movement, "'hich carried sporidia downhill 
over the south-southeast octant of the plot. 

'Van ArRdel, E. 1'. Clilllatic far'tors affl'('tillg the distribution of white pin!' 
blister rust in 'Yis('onsin. Ph. D. tb!'sis. {·niversity of Wis('onsin, ~Iadison. 1m 
pp. 1954. 
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FIGURE 6.-Distribution of sugar pine trees and locations of pines with blister 
rust resulting froIU 1936 exposure on Black Rock Plot 1. Dots mark the 
locations of uninfected trees, and solid triangles the locations of trees with 
cankers originating from rust on lUbes nooadense at the plot center. 
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FIGURE 7.-Distribution of sugar pine trees and locations of pines with blister 
rust resulting from 1936 exposure on Black Rock Plot 2. Dots mark the 
locations of uninfected trees, and solid triangles the loeations of trees with 
cankers originating from nlst on llib('.v 'II(,'varlcn.~e at the plot center. 
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FIGt.;I(~: S.-Distribution of sugar pine trees and locations of pines with blister 
ru!;t resulting from 19:~(j exposure on Blaek Rock Plot 4. Dots Illark the 
locations of uninfected trees, and solid triangles the locations of trees with 
cankers originating from rust on Rilles roe::li at the plot ('enter. 
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Nearly all pine infection on the plots probably became established 
during the first 4: days of September. Rain began at 7: 00 n.m. on 
September 1 and continued intermittently in small amounts through 
the 4th, with accompanying cloudy skies; however, daytime air IlU
midities were often below 97 percent, so that conditions were not con
t.inuously favorable for the dissemination of sporidia 01' for pine 
infection (table 9, appendix). A small amount of pine infection may 
have taken place on Plot 2 in .Tuly. 

An example of the data yielded by the in(lh'idual plots i!:i pl'ovided 
by table 2, covering the 1936 exposme of Bla('k Rock Plot 1. The 
information supplements that provided by fi,gure H, for judg-ing 
the sig-nifican('e of the infection. Similar tabulations were made 
for all tests from which appreciable pine infection was ohtained, 
and they wel'~ used in compiling the aggregate results. 

T.\IILE 2.-81/81 81)J'('(((/, inferNon intf'118ily, ((nd 11l'Ogprrtil'e dama,qe 
to s/(g{(1' pill('.~ l'f'sullillg from spOJ'idi({ 1))'O(I1trerl on Ribp8nf'/,{lrl('n,~e. 
Bl({rl.; Bod' P70t / ,1 () I'Pg., 7.9.J6 

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

Pine target CankerH 
:-'------;----1----·,---' -.- .-.---.- -.------

Distance from j With! ! 
c('ntral rines Foli- I kill- i Kill- P('r
plants (feet) age 

IITrpes 1n-. i ing- 'Total t ing- foli-
Ii.units If('('t('rI typ(' typ<' Il~t· 

cltllk- ! unit 
: rrs i ! 

-----~-----1--· ____________.~_.~! ~ __ 
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I Area= I acre. 

So pille infections 1'{,~\l1t~d frolll th(' rllst 011 Ri/J£'8 r('re/llil at' the 
CClltCl' of Hlack HOl'k Plot ;'j ill Ul:~H or In·IO, the only two years that 
oxposllrc~ wcn', mad(> 011 this plol. Only slllnll amounts of telia were 
)H'CS{,llt 011 the ('elltl'lll I'ib(>s in e:teh test. llIlO:lH til(' telia w(>\'(. dis
sipated, because rains pJ'(wided IlIoi~t 111'(' 0\'('1' p(,I'iods 100 iJripf for 
pille inrcetioll. In 1lH() Ihe JlIoi~t pel'iod~ were sOIll('\\'hat more fa\'or
able, but apparently t1lPY wcre agailliwu('ljuate to permit; pine 
infection. Only one (':lnker resulted fronl the exposure on Plots 1 
to 4 on the Black Hoek area in 19a!). This W,lS on Plot 1. Several 
rains, resulting in brief moist periods in August and September, 

http:11.129.30
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caused germination of viable telia on Plots 1 and 2 but were too 
short to permit pine infection. Telia on Plots 3 and 4 were lost by 
premature leaf cast from R. 1'oezZi. 

Siskiyou Plot 
A single canker was found on the Siskiyou plot in 1938, the only 

year in which a test was undertaken on this Oregon study area. 
September rains, which dissipated viable teliR on ribes at the plot 
center, did not last long- enough for pine infection. These rains 
intensified rust on the rlbes, but late October precipitation fell as 
snow, which evidelltly was not favorable for pine infection although 
air temperatures were not excessively low. 

Damnation Plots 
The first tests at the Damnation area were in 1938. 'Weather 

favorable for pine infection occUlTed in late September and early 
October. At that time, Ribe8 nel'(lden8e at the Plot 1 eenter bore 
abundant viable telia, but R. 1'oezli at the Plot 2 and 3 centers 
bore p,ractically none. Many pine infections resulted on Plot. 1, but 
only eIght on Plot 2 and none on Plot 3. Rust was again established 
on the central ribes on Plots 2 and :3 in 1939 and 19-1:0, but in each 
year viable telia were lacking during f:worable moist periods and 
no pine infection resulted. 

In 1941 exposures were made on all three plots. Moist. periods were 
minimal in length for pine infectioll except on Plot. 1, whieh was in a 
creek bottom where dews followed rains, Only two pinl.' eankers re
sulted on Plot 2 and none on Plot· :3, Infeetions undollhtecllv beeame 
established on Plot 1, but thl.'}' werl.' 1I0t used in the tests because of the 
discovery of cankers of 1937 ol'ig:in, These were from natural in
fection and could not be distin~!Ilished with ('ertainty from the 1938 
test infections. This fact, together with the necessity for destroying 
the 1937 cankers prior to sporulation, caused abandonment of the plot 
as a source of information on spread. It had some value, however, in 
indicating the hazard potentialof' 9ihe8 nel1(fden8e in a moist ravine 
bottom as compared with that of R, /'oezli on open slopes. 

In 1912, tests. \\·et'e· again made on Plots 2 and. 3, but no pille 
infection resulted, The reasonS for flLilul'e al'e not eleal', 

Deadlwrse Ridge Plots 
On the Deac1hol'se Bidge study area, tests were made on three plots 

in 1938. Plot 1 had WI'\' few \'iahle telia on the RiveN /'oez7i at the 
plot center dUI'jng: the ilifcC'tion 'H'athel' of ScptPnlht'l' and October, 
Only four cunkpl'S on sug:al' pine rcsulted. Plot:2 had 110 \'iable telia 
present during f:t\·ol'able infection periods. TIle R. l'oe21i at the 
center of Plot 3 had :t fail'amount of viable telia durillg' favorable 
periods, and ::3;2 pine cankers l'psulted. The J,!rl.':ltest intensity of 
spread waS northerly, but the greatest. distance. repl'esented by a 
Single infected tree, was downhill to the east (fig. D). This area had 
more than one apparently favorable period fOl' pine infection in the 
autumn of 1938 (table 9, appendix). 

597889 0-61-4 
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Downhill 

/
DEADHORSE RIDGE PLOT 3 

//// 
FIGl'RE O.-Lo(·ation of sugar pines with infection resulting from exposure to 

rust on the CE.'ntrul Rives roezli, Deadhorse Ridge Plot a. Dot;; rE.'present trees 
infeded in 1088; triangles, trees infected in 1!).!O; and solid tri!lngles, trecs 
infectcd both in 1088 and I!}!O. Contour inten'al is 10 fE.'Ct. 

Under the assumption that pine infection occurred on Plot 3 in 
H)38, the central ribes on this plot were not artificially infected the next 
year; those on the other five Deadhorse plots were. Limited number;.; 
of viable telia were present 011 Plots 1, 2, and + during periods that 
were thought to be marginnlJy favorable fol' pine infection in 1930, 
but no infections resulted. No infection was anticipated from the few 
telia present on Plots 5 ancl6 and none occurred. 

In 19.J:O, only Plots 3, 5, and fi were used for tests, because previous 
pine infection was snspected on the other' 1'11ree plots. .\.Ithough 
abundant telin. were present on the cenlral l·ibes of tlwse three plots 
in 19+0, the moist periods were generally so short and intE'l'lIJittent that 
relatiYely little pine infeetion resulted. Klen'n cank('r;:; Oil Plot ~, 
(i cankers on Plot fi, and none on Plot;) reslIl ted from the 1D.:tO exposu reo 
.\1thollgh there was some spread to the we;:;t on Plot :J" the greatest 
intensity and distance of sJ)read was downhill (fig. !) l. Plot (; had 
been selected for study of mst spread from a fewf('et of l'ibes live 
stem, equivalent to a medium sized Hibes ~·oezli. typical of thos(' some
times missed in eradication work on brushy hillsides. The pines on 
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the plot were scattered among a dense stand of tall Oeanoth1(.~ veZu
timls, and tIle plot center was located in the midst of the dense brush 
cover with a small opening in the immediate vicinity of the ribes. The 
resulting pine infection, all down the slope to the east of the center, was 
very light but extended 170 feet from the centr:t1 ribes (fig. 10). 

The central ribes on Deadhorse Plots 1, 2, and 4 were infected with 
rust again in 1941, but the lack of favorable moist periods prevented 
pine infection except for one cankel' on Plot l. 

In 1!)4~, tests Wel'e made on all six of the plots 011 this study area, 
but no pines became infected even though enough telia were present
and the weather' seemed fayomble. 

Big Bar Plots 

Of the four plots established in the Big Bar study area in 1940, 
all but Plot. ± had abundant viable telia when rains occUlTed in 
September and October, but the moist periods were relatively short 
for pine infection. ""- fair amount of pine infection did occur on 
Plots 1 and2, but the infections were confined almost entirely to pines 

/ / 


~ 

Downhill 

Prcnn; 10.-Loc-aUoll of iil1j,nv: pille;; with infC'C'tion I"N'ulting frolll pxpo;;nr(' to 
1"1I!'t Oil 1,'iI)(w /'fJ(';:!i 011 ))l'adllOr~(' (,Io! Ij in W·W. Do!!' ("('(H'PSC'lIt infp('(('d 
(n'le's. ('01110111' ill!N"'al is 10 f!'N. 
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BIG BAR PLOT I 


FIGURE n.-Location of sugar pines ·with infection resulting from exposure 
to rust on Ribes roezli on Big Bar Plot 1 ill 1 tHO. Dots represent infected 
trees. Contour interval is 10 feet. 

in dense thickets with young white firs, where the pine foliage un
doubtedly held moisture ll1u('h longer than in less dense stands. (The 
periods of wet pine foliage giyen in table 0, appendix, are based on 
average conditions that existed on the study areas; no observations 
were made on moistul'e retention ill the dense thickets.) 

The entire spread of ,'ust to pines was in a. northerly direction on 
Plot 1, and it spread to more than 200 feet from the central Ribe,~ 
1'oezli (fig. 11). This restricted spread pattern sllggests that effective 
dissemination of sporidia occurt'ed over a relatively short period. 
There were dense thickets of pines in all directions from the central 
ribes, and those to the north were farthest away. During a long 
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period, air turbulence would have resulted in a more generalized 
spread. This spread pattern indicates also that, during the effective 
dissemination, air movement was entirely from the south. Although 
the greatest distance of spread was somewhat downhill, it seems evi
dent that the general direction of air movement influenced this spread 
more than did the slope. 

In contrast, the spread on Plot 2 in 1940 was in all directions from 
the central Ribes 'l'oezli plants, and confined mostly "'ithin a 50-foot 
radius (fig. 12). Although the farthest spread was to the north, 
s.{>l·ead downslope to the west was practically as far. Very likely, 
all' movement from the south was less pronounced and effective spori
dial dissemination continued over a longer period than on Plot 1. 
The pine infections resulting from the 1940 exposure were confined 
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S,
SCALE I LEGEND 

I Dense conifer reproductlon- nearly5'0 25 
I 

all sugar p!ne and white fir. 
FEET 

Open conifer reproduction. 

Dogwood sprout thickets. 
BIG BAR PLOT 2 

Open - only herbcceous cover. 

• Location of infected sugar pine. 

FIGURE 12.-Location of sugar pine trees with infection resulting from exposure 
to rust on Rilles roezli on Big Bar Plot 2 in 1940, in relation to vegetative 
ground cover. 
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almost entirely to dense thickets of white fir and sugar pine repro
duction (fig. 12). Hundreds of small white firs were cut out of these 
thickets in 1943 to facilitate examination of the associated sugar pines. 
This plot also had a sparse overstory of large conifers which the other 
plots on this area lacked. The shelter provided by these trees may 
have aided in the retention of moisture on understory foliage. Viable 
telia were abundant on Plot 3 in 1940 at the time pine infection oc
curred on Plots 1 and 2, but no pines became infected. The several 
Ribes roezli at the plot center were in the open where they were 
subject to drying by the sun and wind, and no germination of telia 
occurred. 

On Plot 4, no viable telia remained on the one Ribes roezli growing 
at the plot center during the moist periods in September and on 
October 2. Three telia-bearing Ribes roezli in pots were placed at 
the center on October 7, but there were no periods favorable for pine 
infection before these plants became defoliated. 

In August 1941, the Ribes roezli growing in situ at the centers of 
the four plots on the Big Bar study area were exposed to rust in moist 

. chambers. However, heavy defoliation of the plants from anthrac
nose occurred before the blister rust infection produced telia. The 
ribes at the centers of Plots 2 and 4 were so badly defoliated that they 
became valueless as sources of telia. Accordingly they were cut flush 
with the ground, and potted Ribes nevadense bearing abundant viable 
telia were substitut~d in September. On October 19 a rain of short 
duration caused germination of telia on the Rives nevaaense on Plots 2 
and 4 but none on the Ribes roezli on Plots 1 and 3. At the time it was 
assumed t~_at no ungerminated teliosphores remained in the columns 
on Plots 2 and 4, but this assumption was undoubtedly erroneous; 
Bega un has recently shown that a much longer moist period than 
occurred on October 19 is required to exhaust the production of 
sporidia by telial columns, even at nearly optimum germination tem
peratures. From rains later in October, further germination of telia 
occurred on the central ribes of Plot 3 (and undoubtedly on Plots 2 
and 4), but accompanying temperatures averaged about 40° F. and 
no appreciable pine infection was anticipated. 

Plot 2 had 1,565 cankers on 307 sugar pines as a result of the 1941 
exposure. Although there was considerable spread down the slope, 
as in 1940, the greatest distance of spread was to the north (lig. 13). 

On Plot 3 nearly all effective sporidial dissemination was in the 
northwest quadrant, and only a single canker was found down the 
slope southeast of the central ribes (fig. 14), although pines were 
considerably more numerous to the southeast. There were no sugar 
pines within 25 feet of the central l'ibes 011 the uphill si(le of the plot. 

The spread pattern on Plot 4 in 1941 (fig. 15) shows a strong ten
dency for downhill spread, but the greatest distance of spread was up 
slope to the northwest, in the opposite direction. Chances are that 
air movement during part of the period of sporidial dissemination 
was from the southeast, and downslope spread took place at night 
during a period of calm. 
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FIGURE 13.-Location of sugar pines with infection resulting from exposure to 
rust on Ribes nevallellse on Big Bar Plot 2 in 1941. Each dot represents an 
infected tree. Contour interval is 10 feet. 
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I 

BIG BAR PLOT 3 ) 
FIGURE H.-Location of sugar pines with infection resulting from exposure to 

rust on Ribes roezli on Big Bar Plot 3 in 1941. Each dot represents an in
fected tree. Contour interval is 10 feet. 

Because the weather conditions in 1941 were believed to have been 
unfavorable for pine infection, the Ribes roezli plants growing at the 
plot centers were infected again in August 1942. Abundant viable 
telia were present at all 4 centers, and considerable viable telia were 
present on the 10 potted R. cerel,!'m at tbe center of a fifth plot, when 
rains were of a nature and duration thn.t were considered favorable 
for pine infection. Howe \'er, only four cankers of definite 1942 
origin were found on the plots In subsequent pine examinations. Two 
of these cankers were found on Plot 1 and the other two on Plot 3. 

Washington Point Plot 
No cankers resulted from the single season of ex{>osure on the 

'Washington Point plot in 1947, even though several rams in October 
kept pine foliage continuously wet for perIOds of 38 to 47 hours when 
rust was {>resent on the central ribes. However, temperatures during 
these periods averaged only about 45°F. At this temperature level 
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FIGURE l5.-Location of sugar piuel'l, with infection resulting from exposure to 
rust on Ribes nevadell~e on Big Bar Plot 4 in 1941. Each dot represents an 
infected tree. Contour interval is 10 feet. 

5978890-61-5 



30 u.s. DEPT. OF AGRICULTURE TECH. BULL. NO. 1251 

the germination of teliospores or sporidia and the growth of ~erm 
tubeS proceeds slowly (11), and the moist periods may not have l:>een 
long enough to permit mfection. Morever, the rains were quite 
heavy and may have removed many sporidia from pine foliage. 

Relation of Weather to Pine Infections 

The marginal nature of weather conditions for pine infection is 
indicated by the different results sometimes obtained within a single 
season on one area. Such was the case in 1940 on three plots in the 
Big Bar area, where pine became infected on two plots but not on 
a third although adequate telia were present on the ribes at the centers 
of all three. 

Infection on Big Bar Plots 1 and 2 evidently occurred during some 
period in the latter half of September or the first few days of October. 
The first rain after telia were formed was a light shower (0.05 inch 
rain) on September 15, followed by a heavy downpour (0.40 inch rain 
and hail) on September 18. Light showers occurred on September 
26 and October 2. The rains were all of short duration, the tempera
tures ranged from 38° to 55°F., and the relative humidity was fairly 
low between rains. 

Although some telia germinated following the heavy shower on 
September 18, no pine mfection would have resulted under usual 
conditions on open cutover land, as evidenced on Plot 3. On Plots 
1 and 2, however, the combinatIOn of aspect, shade, and protection 
from wind apparently provided conditions for the maintenance of 
moisture on protected foliage for a sufficient time to permit pine in
fection. No further moist periods occurred on the area up to October 
20 when the limited remaming telia were removed from the plots. 
It was therefore impossible for pine infection to have occurred subse
quent to that date in 1940. 

Although the weather in the autumn of 1941 at the Big Bar area 
was considered at the time to be unfavorable for pine infection, heavy 
infection occurred on Plots 2, 3, and 4. No infection occurred on 
Plot 1 as a result of the slight germination of telia there late in 
October. 

After telia were formed in 1941, the first rain was gentle and began 
about 3 :30 on the afternoon of September 18. The foflowing mornmg 
the rain gage showed 0.42 inch of rain, and the hygrothermograph had 
registered 100 percent humidity for a continuous period of 14 hours. 
There was only a trace of teliospore germination, and it is believed 
that the period of wet pine foliage was too short for pine infection. 

On October 12 a shower of 0.05 inch of rain about 9 :30 a.m. result~d 
in a relative humidity of 100 percent for less than 3 hours. Follow
ing a week of warm weather and low humidity, a 3-day period start
ing about 3 :00 p.m. on October 19 provided moisture that may have 
resulted in some pine infection on Plots 2 and 4 (fig. 16). This con
sisted of a shower of 0.15 inch rain on Octobel· 19 and 0.03 inch of 
rain and fog on October 21 with accompanying 100 percent humidities. 
Unfortunately almost 18 hours of hygrothel'mograph record are miss
ing for October 20 and 21 because of a clock stoppage, but in aux
iliary notes a light drizzle on October 21 was recorded as starting about 
7:30 a.m. 
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October ---,9-'h----- 20 '_h__ _ -- 2/~ _--22n_rf-_ 
1941 6 12 6 Mdt 6 12 6 Mdl & 12 Mdt 

-- 24 _'h__ _ -_ 2S-'h__ ___ 26 _Ih__ ___ 21 _'h__ ___ 280.. 

12 Mdt 12 Mdt 12 6 Mdt 12 6 Mdt 

FIGURE 16.-Hygrothermograph record tor October 19 to 22. Inclusive, and 24 
to 27. inclusive, lO·n, on the Big Bar area. 

12 
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On October 21 all telia on the Ribes nevadewe on Plots 2 and 4 
gave evidence of ~ood germination, but telia on Plots 1 and 3 had not 
germinated. It sllould be noted that the ribes on Plots 2 and 4 were 
shaded by surrounding trees, whereas those at the Plot 1 and Plot 3 
centers were not. 

Intermittent showers totaling 1.67 in,~hes of rain and snow fell 
from October 24 to 28. Germination of telia occurred on the central 
Ribes roezli on Plot 3 during this period, and also probably on the 
R. nevadewe on Plots 2 and 4. For the latter plots, the amount of 
germination could not be judged visually because of previous germina
tion from the same telial columns on October 19 to 21. It is believed 
that most of the pine infections of 1941 origin on Plots 2, 3, and 4 
occurred during this latter 3-day period, even though temperatures 
were low. 

·When the tests were made in 1942 on 13 plots in California, there 
appeared to be enough telia for pine infection on all plots during 
favorable periods of moisture from October 10 to 14. At this time 
temperatures were low but adequate for telial germination. Some 
pine infections were expected on all plots and abundant infections 
on most of them, especially on the Big Bar plots. Two cankersre
suIted on each of 2 plots on the Big Bar area, and none on the other 
11 California plots. 

At Big Bar. relative humidities of 100 percent or nearly so pre
vailed for 32 'hours (fig. 17)-longer than the continuous perIOds 
that probably resulted Il1 infection in 1940 and 1941 at Big Bar. 
Pine foliag:~was wet for 52 hours, which should have made infection 
possible. tlowever, temperatures were below 50°F. for the entire 
moist period and dropped below 40° for 13 hours. 

The reason for the scarcity of pine infection in 1942 is not certain. 
The most probable hypothesis is that germination and infection proc
esses were retarded by the low temperatures prevailing during the 
moist period October 10 to 12, and that the time interval was insuf
ncient for more than minimal infection to take place. Temperatures 
on the Big Bar area ·were under 50° F. for the first 36 hours when foli
age was wet, and they dropped below 40° for the next 13 hours (fig. 
17). Temperatures on the Damnation and Deadhorse areas were 
similar in pattern but averaged 2° to 4° lower than at Big Bar. Ac
cording to tests by Hirt (11), germination at these temparatures 
should require several hours longer to start than germination at tem
peratures in the mid-50° range. Proportionately, infection processes 
would have been retarded much more because of the temperature drop 
during the latter part of the moist period. Moreover, on the Damna
tion area the mOIst period was not continuous, and some drying of 
foliage probably occurred. 

~Iost of the telin Oil ribes at the plot centerf'; were fornwd cltll'ill!! 
the latter part of September nnd should haTe been yiable on Odobl'l' 
10, although delay in germination could be expected because of age 
(11). Two 3-day periods with maximum temperatures of 83° to 
85° F. occurred after September 14 on the Big Bar area, and tempera
tures reached 95° on the Damnation area. .,According to recent experi
mental evidence," however, these temperatures would !lot implLir \'in

• Bega, R. V. and J. R. Parmeter. Personal communication. 
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OCTOBER --9~~-IO'L-.....r---II~,---12~ 
1942 12 Md' 6 12 Md' 12 Md' 6 '2 Md' 
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FIGI'IU: 17.-I-Iygroth£>rmograph reeord for October!) to 1Ii. il1C'lusive. 1 IJ.t 2. on 

Big Bar arpa. 
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bility under California conditions, although reported to do so in 'Yis
consin (39Z). 

The examples cited illustrate that the influence of weather as a 
determinant of pine infection in the sugar pine region is complex 
in action, as well as subject to modification by local environment and 
the physiological condition ofthe rust pathogen. 

Distance of Spread and Associated Infection Intensities 

In regions where rains are frequent and high humidities prevail, 
the I?ine infection pattern from a single ribes center for anyone sea
son IS likely to be the composite result of the dispersal of several to 
many waves of sporidia. Since the infection pattern and gradations 
of infection intensity are largely determined by wind movement dur
ing dissemination periods, and since both direction and velocity of 
the wind are apt to vary from period to period, the differences tend 
to be blended in the seasonal result. Over a number of seasons 
under such conditions, infections occur to some degree in all directions 
from a plot center, as indicated by infection data obtained by Posey 
and Ford (9Z9) on a plot at IGttery Point, Maine. 

The present tests, however, show that in most of the sugar pine 
region mfection patterns for a single season are usually the conse
quence of dissemination of sporidia during only one or two favorable 
moist periods. Since air movement during anyone moist period is apt 
to be limited to one or two major directions, the dissemination pat
terns produced are likely to be much less uniform than if they resulted 
from numerous dissemination waves. The usual uneven-aged and 
patchy character of sugar pine reproduction also contributes to il'regu
In;'City in the infection pattern. 

On the other hand the physical laws governing particle dispersion 
in air are basically uniform in effect and impart some degree of 
similarity to infection patterns. As a result, infections generally de
crease in number with distance from the dissemination center even 
though the gradient of decrease may not be uniform. 

Intensity of pine infection may be expressed either by nrea or by 
infection gradient. Control supervisors usually appraise intensity of 
infection by number of cankers or infected trees per acre. Ordinarily 
in such appraisals the sou!'ce of infection is llncl'rtain or multiple. 
In the British Columbia tests reported by Buchanan and Kimmey 
(5) on spread of white pine blister rust from single rust centers on 
dbes to surrounding western white pines, intensities were expl:essecl as 
numbers of cankers per million host needles for concentnc zones 
around the cente!'s. Since the computations were by entire zones, Ihis 
amounted to a disease gradient determined on an Hr'eal basis rather 
than by the line-sample method, the one probably most commonly 
employed in obtaining snch determinations (9,35). Gradients based 
on full concentric zones provide satisfllctol'Y n \'eragrs where <l issemi
llation has taken place in substantially all directions from a center, but 
when it has been primarily in one or two directions, as in part of the 
California te5ts reported here, such gradients do not satisfactorily 
represent actual effects over the exposed areas. Gradients based on 
segments over which dissemination has been concentrated are much 
more significant. 
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For entire distance zones, the number of cankers per foliage unit 
by zone!'> decreased with distance but not at a con!'>istent !'ate (tahles 
3 and 4). The principal cause of irregularity was undoubtedly the 
uneven distribution of the sugar pine target trees, particularly in 
zones close to the plot centers. Contributory influences were the 
individual differences in susceptibility of the trees to rust and differ
ences in local shelter affecting the retention of moisture on foliage. 

Big Bar Plot 1 offers a goocl example of the effects of tree distri
bution and shelter and probably also of differences in tree suscepti
bility in disrupting the pattern of an even infection gradient. All 
infection on this plot in 1940 occurred in a northerly direction (fig. 
11). The infected north quadrant for that year had only three 
trees within the first 25-foot zone around the central ribes, and these 
were in fully open positions and not directly in the line of the observed 
infection pattern. The highest number of cankers per foliage lmit 
occurred in the 50.1 to 75.0 foot zone (table 5). However, 9 of the 
12 cankers found in this zone were on 2 out of 20 trees present. The 
concentration of cankers on these two trees can be attributed most 
readily to high susceptibiJity and unusually good shielding from sun 
and wind. Similar sources of irregularity were operative on prac
tically all plots. 

TABr~E ':3.-Tot{fl blistPl' l'll-~t Nl1lh'('lW and numbel' of mnkelw per foliage 
~l1Iit I by di.~t{ffl(·e zon('.~ from f'entml I'ibe8 for P70ts 1 to 4, BhlCk 
Ror'" Ar('({_ () ;'('g.. 1,936 exp08ure 

! Plot 1 Plot 2 Plot 3 Plot 4 

Distance from 1--.....,---1----,---1---.,...---1---.--
central ribes (feet) Per Per Per Per 

Total foliage Total foliage Total foliage Total foliage 
unit unit unit unit 

--------_.- --------------------
No. No. No. No. No. No. No. No. 

0.0-10.0 ____________! 20.16 90.52 00.00 50.33 
10.1-20.0. _____ . ____ , 4.08 10.20 0.00 5.30 
20.1-:30.0 ______ .. _ . 5 .07 13 18 6.24 1.04 
30.1-40.0____________ 2 .02 4 .03 2 .09 1 .04 
40.1-50.0 ____________ 3.0·b 3.03 0.00 2.05 
50.1-70.0____________ 3 .02 4. .0:3 1 .01 1 .01 
70.1-90.0._________ _ :~!. 01 _ _____ ______ 0 .00 1.01 
90.1-ll7.5._______ _ 7 .02 ______ ______ 0 .00 1.004 
117.6-130.0 ---"--- .. - I!. 01 ______ ------ 1 I .01 ----. -- -----

--1--'------------
TotaL ___ • __ .I 30 I _. _-_; 43 .•• _ _ _ 10 __ • _ _ _ 17 - _- _- 

i ' I 1 I 
I Foliage unit adopted as standard for this study-the amount of foliage on lin 

l\\'erage pine of 5- to lO-foot height class. 
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TABLE i.-Total bli8tm'1'u8t canker8 and nwmbm' of Callkel'S per foliage 
unit L by di8tance zone8 from central ribes for Deadlw7'se ..hea Plot 
3 and centl'aZ1Jal't of Big Bar Plot fd, Calif. 

Deadhorse Deadhorsc Big Bar Plot Big Bar Plot 
Plot 3-1938 Plot 3-1940 2-1940 2-1941 2 

Distance from central 
ribes (feet) 

Per Per Per Per 
Total foliage Total foliage Total foliag(' Total foliage

unit unit unit unit 

No. No. '\'0. No. No. No. ,\'0. No.0.0-12.5 ______ • _•• __ II 2. (j6 3 O. 64 142 9. H(j 493 27.4212.6-25.0 ________ . __ ?- ?7 . -I 2 .07 -I .50 542 8. 542fi.I-37.5 ______ • --- 1 .07 1 .Oli 16 .24 , 242 , 2. 8937.6-50.0 _____ in 12 2 .04 LO 18 92 1. 3750.1-75.0 __________ 3 .03 0 .00 4 .Oli 91 1. 0775.1-100.0_ .• ______ 4 .04 !3 .03 - - - .... . - 1100.1-125.0________ 0 .00 -- - --- - -
~ 

- - - !
125.1-150.0 _______ i0 .00 --. - - f 
150.1-175.0 .•• ___ .- I .004 :~.:I ·:::1····:·:, ... 

TotaL. ____ . _ 32 _____ II ~1~~IJ4(j°I~ 
I Foliage unit adopted as standard for this stlldy-the amount of foliage on illl 

average pine of 5· to lO-fool; height clagg. 
2 First 75 fept of plot only. 



TABLE :'5.-J'otal b1is/c/' rust canl.:elw (l'n<l11/1tJIJ,be1' of can"kel'8 pCI' foliage 'unit 1 by scctor'S of di,~tance zones fm' vario1.ts 
eatifo)'nhL p70ts (J,I/d yecuw of c;rp08w'e 

Big Bar Plot 
Deadhorse Plot. 
H, I!HO, S·15 ° of 1. I!J40, N!IOO 2, HI4I, 3,1941, N67° 4, 1!)41, NW 4, 1941, 

Distance from NB quadrant. quadmnt, W45° of Ng :~O' W-N22°aO' quadmnt. mid. 45°, SE 
cl'ntral ribes quadrant. 1'; quadrant quadmnt 

(fl(f(·('t,) ."
Per Per Per Per Per Per ~ 


Total foliage Total foliage Tot.al folillge Tot.al foliage Tot.al folillge Tot.al foliage 
> 
t'1 


1111 it, unit unit unit unit unit t:; 

-~.--~"" 

No. No. No. No. No. No. No. No. No. 1'10. 0 
":I0.0-12.5 __ . 2 I .1. 35 } { 81 36.00 } { 205 56. 03 74 20. 73 

0 0 0 0
12.U-25.!L 0 .00 lao 13. 50 81 73. (i3 5 4.67 

25.1-:n.5 I .80 } 57 5. 59 } 57 15.41 4 1.28
10 I. 07 { 90 8. -17 { ~ 

:37.!i-50.0_ 0 .00 4 .85 I .72 10 I. 46 8 

50.1·75.0 .. I ,IB 12 2. 00 \!) I. 44 5 .71 115 5. !l!) 30 Loll t'1 

75.1-100.0 I . In 15 .80 7 I. 16 au 2. ao 54 I. 87 II .5!l ." 
100.1 125.0 I .0·1 3 . 15 12 2.5a 2·' · !l8 .1\ .77 8 .19 Z 
125.1-150.0" 0 .00 0 .00 !l .26 8 .27 3U .42 15 . 19 t'1 
150.1-175.0. ___ ., _____ ._ I . on 4 .06 2 .05 22 .21 In . 19 5 .13 til 
1751-200.0•• ___ •• __ .. _ ........... - ..... -............. 2 .05 0 .00 20 · 1:3 6 . 14 2 .37 ~ 

!A ..... __ ..200.1-225.0_ . 
" 

... - ....... _... - I .02 3 .85 1 .05 6 .25 ------ -------- (fl 


225.1 -250.0 __ .... -~ .. -.-" -.. - ....... ... I .24 0 .00 2 .02 .. ----- -- .. -.---- 8 
t'1
-~~~ 

~250.1 ·275.0 .. ... -, .. "., ...... .,0"'" '" ......... . .. "" ......... 
~ 

" 2 · on 0 .00 I .006 ---- ... - '*------
271i. I-:\()O.O , - • "' - 'r ~ ... < .. ... """ .. - .. _.. ""' - "" . '"' !l · HI 1 · 01 1 .008 ---- ... ~ ------- ~ 

c:l:300.1:~21i.O - .. - . -, .,...,. --... --- .. - .. .. -~.. "" 8 .10 .. ...... "" - - -.... .. .... ....... - ... _..... - .. -.. - ------ -------- (fl
~ 

~325.1-:150.0. . ' -
~ 

- .. -, ... "' ... .., ' ..... " .. , .. I .05 .. ........ .. -.......... -.,. .. .. -...... 
~ - ._"'- .. --- ------ -------- >:3 


:.~50.1-:\75.0 , . '" ~ -. - . .- . " ", .. ...... "" .. .. 2 · on .. -.,.. ... -- _.. - .-- -.. ,. - -- .. ...- ...... ~-'"' ... ... -- _.... ------ ... 
B75.1 ·'1lI0.0 -- ... - . .... ... .... 

~ 

. 2 .08 ---_ ... _- ... "" ..... -.. -"'- -_ ..... _--~.. ~ ~ ~ ~ 

~ ,,"'"·100.1 ·121i.O '. - --_ ....... - - "' ......., - ...... - - - ... I .02 ~ ... -~ ... - .. "'---- -- ........ - -_ .. _........ - -- - .. -.. ----- .. -
*-,",,,-- ---1"_""._ ----*, ----.-- ---~-.------ '--"- -- 164 ,________Tolal {i - ...... ,.- 47 -- ~. ., .. :151l .... ... ... - 207 -- -~- ... ,.. 685 ... ----_ ... 

Folia~c unit. adopt.t'd liS standard for this study-~·t.I1U amount. of folia~t.' on II.Il IIvcrage pi!!!' of 5- to 10-foot. height class. ~ 
, Canker ju:;t, olltsidt.' !:H'et or but couni.t'd as in. -.:J 
I 

http:vario1.ts
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At Big Blu' Plot2, ribes species at the plot center differed in 1940 and 
1941, as did the amount of telium-bearing leaf surface present at the 
time of sporidial dissemination, but it is evident that differences in 
weather during dissemination and afterward must have been respon
sible for must of the difference in intensities and gradients for the two 
seasons. For the 194J exposures the intensity of infection, measured 
either as cankers per foliage unit (fig. IS) or cankers per acre (table 6), 
waS somewhat under 3 times as great as for 1940 exposures in the cen
tral 12.5 circle of the plot, whereas it was 9 to 22 times greater in the 
zones beyond. 

Undoubtedly one cause for the lower 1941 canker intensity close to 
center at Big Bar Plot 2 was the pruning out in 1942 of 1940 infections 
to prevent their sporulation. In the process, many 1941 infections on 
the same twigs or branches that had not developed far enough to be 
visible must have been removed from the central area of the p10t. 
Another contributory cause probably was the greater directional trend 
of sporidial drift toward the northeast in 1941. In this direction there 
was less pine foil age target near the plot center than toward the west 
ancl south (see fig. 12, p. 25) where much of the 1940 infection occurred. 

TABLE 6.-lnfection by zone8 'within. 75 feet of cente?" Big B((r Plot fJ, 
HJ.4() ((nd ltJ.p. (")'Pi·(l.~..,pd ((.~ rlmkpl'R pet' arl'e 

Cankers in- Cankers per acre 
Zone Area 
(feet) 

1940 1941 1940 1941 

Acre Number Number Number Number0.0-12.5______________________ 0.011 142 493 12,909 44,81812.6-25.0_____________________ .034 27 542 794 15, 941
25.1-37.5_____________________ .056 16 242 286 4, 321 
37.6-50.0_____________________ .079 10 92 127 1, 165
50.1-75.0_____________________ .225 4 91 18 409 

0-75.0 _______________________ .406 199 1,460 490 3, 596 

Table 6 shows that, on the commonly used per acre basis, canker 
numbers from the presence of but a few small ribes can run high 
as the result of only one or two moist periods. If the bushes had 
been larger and scattered, as often happens in nature, resultant num
bers of cankers could have been extremely high. 

Infections resulting from the 1941 exposure on three Big Bar plots 
undoubtedly occurred on all those plots during the same moist period 
:md as a result of the dissemlJ1ation of sporidia during the same 
phase of northerly wind movement. Logal'ithmic curves of the in
fection gradients are quite similar in sha.pe, although the one for 
Plot 2 sector ta.pers off less ra.pidly beyond 100 feet than those 
for the sectors of the other plots (fig. 19.) The amounts of viable telia 
differed on the plots, but this dift'erence is reflected chiefly in the 
intensities per foliage unit for anyone zone rather than in the 
shape of the gradient curve. A curve for the gra.dient. of infection 
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FIGURE 18.-Infection gradient curves for 1940 and 1941 infections on Big Bar 
Plot 2 expressed as rankers per foliage unit for different distance zones from 
the plot center. 
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resulting from the downslope drift of sporidia on Big Bar Plot 4 
in 1941 (fig. 20) differs somewhat in form from the northerly gradient 
on this plot (fig. 19) . 

In general, the intensity of pine infection should be proportional 
to the effective spore supply on ribes at the spore source. If the 
supply of viable spores at a plot center were doubled, the resulting 
pine mfection at any given distance from the central ribes should 
be doubled under the same infection conditions. The distance of 
spread, however, does not show this relationship to increased spore 
supply since infection tends to decrease inversely as the square of 
the distance from the spore source (26). This relation is best clarified 
by a mathematical equation that fits the particular disease gradient 
on a plot. 

Wilson and Baker (35) have developed an equation to express the 
infection gradient of brown rot blossom blight from Sclerotinia lama 
Ader & Ruh. spores at a single source to apricot trees in orchard 
plantings. Their equation was found to express reasonably well the 
gradients in this study; the equation is 

y 100(1+a)2 
(X+a)2 

where Y is the intensity of infection, X the distance from the plot 
center, and a is a constant. The value of a, which determines the 
slope of the curve, is influenced by the environmental conditions con
trolling infection and by the location of the initial distance, Xl, with 
respect to the source. As a criterion for the determination of a, Wil
son and Baker propose the condition that the sum of the differenc~s 
between the observed and derived values should equal zero. The 
value of a may be calculated according to the followmg equation: 

where Yi's are the observed percentages infected and !!..w is the inter
val between w's. Or, a may be obtained by trial and enol' following 
a preliminary estimate of a probable near value. 

For the curved values of the disease gradient obtainpd on Big Bar 
Plot 2 as a result of 1940 exposure (fig. 18), a value for a of 0.05 
gave the closest fit; for the gradient on the west 45° of the NE 
quadrant of this plot resulting from 1941 exposure, a value for a 
of 0.33 was closest. A 10-foot interval from the plot center was 
used for X values for the 1940 exposure and !{25-foot interval for the 
1941 exposure. For each the intensity of infection, expressed as num
ber of cankers per foliage unit, was considered to be 100 at the first 
station where X=l and as percentages of 100 at the subsequent sta
tions. For the 1941 exposure the observed value, after curving, at 
25 feet (Xl) was 8.5 cankers per foliage unit. 'With this as the 
100 percent value, that for Y at X 2 (50 feet), derived by formula, 
would be 32.58 percent of 8.5 01' 2.77 cankers pel' foliage umt. Curves 
for the observed and derived values for the 1941 gradient are shown 
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FIGURE 19.-Gradient curves for cankers resulting from northerly drift of 
sporidia on Big Bar Plots 2, 3, and 4 as a result of 1941 exposure. Curves 
represent cankers per foliage unit plotted over distance from the plot centers 
on plot sectors over which the northerly drift occurred. 
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FIGURE 2O.-Downslope gradient of cankers per foliage unit on 45° se<;tor, 

southeast quadrant, Big Bar Plot 4,1941 exposure. 


in figure 21. Both in these and in the curves for the 1940 gradient, 
not shown, observed gradients terminate more abruptly than the theo
retical ones derived from the equations. 'Wilson and Baker (35) 
have noted this difference in gradients for other diseases. 

The observed gradient for 1941 (curve A, fig. 21) reaches zero at 
11pproximately 425 feet, but the equation (curve B) gives an intensity 
of 0.05 cankers per foliage unit at this distance because of the change 
in slope as it approaches zero. Accordingly, for determining the ap
proximate limits of infection at other initial intensities by use of the 
equation, the zero point was considered to be at the distance where 
the calculated value of cankel"S per foliage unit l·eached 0.05. By 
doubling the intensity at Xl the equation gives It value of 0.05 at 
about 575 feet, or 150 feet farther than the limit on the observed 
curve. For an increase of 10 times in the intensity at the tiL"St station, 
equivalent to increasing the effective spore supply at the plot center • 
10 times, the 0.05 value would be extended to 1,:350 feet. For Ii 

steeper gradient, as repl·esented by the infectionsft·om the 1940 ex
posure, increasing the intensity by 2- and 10-fold 'would increase the 
limits from approximately 72 feet to 120 and 260 feet respectively. 
As already noted, actual infection limits can be expeded to terminate 
more abruptly than limits calculated by formula. Thus the outermost 
infection from the 1940 exposure on Big Bal· Plot :2 was approxi
mately 63 feet from the plot center instead of at the 72-foot limit 
determined by formula. 
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derh-ed by means of the Wilson and Baker forIllula, using a 25-foot interval 
for x and a determined value of 0,33 for a, 
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When considering anticipated. damage, the extreme limits of in
fection are usually of. less concern than the distance to which app. re
ciable numbers of infections extend. Thus on Big Bar Plot 3 (fig. 
14) the most distant infection resulting from the 1941 exposure was 
at about 280 feet, but the limits of significant infection were in the 
175.1 to 200-foot zone where 20 cankers were found, or 0.13 per foliage 
unit (table 5). In the part of this zone over which infections were 
found (fig. 14), established cankers were at the rate of 134 per acre 
on 100 trees per acre-a rate of prospective damage too high to be 
tolerated, although in the zones beyond the rate of damage was 
negligible. 

Pine Damage 

The greatest number of cankers from one year's exposure on a single 
tree was 90 of 1941 origin on a tree about 10 feet northwest of the 
center of Big Bar Plot 4. This tree was 5.7 feet tall. Three other 
trees nearby, but farther from the center, developed 46, 56, and 69 
cankers (fig. 22). A tree with a crown length of 3.5 feet, located 
about 10 feet from the center of Big Bar Plot 2, bore 19 cankers of 1940 
origin and 82 of 19:1:1 origin. Infections per tree decreased rapidly 
with distance from the plot centers. On the Big Bar plots, most 
infected trees farther than 125 feet from centers bore but one canker 
each. Exceptions to the general relationship on Plot 2 were traced 
to a small opening near the ground that provided an air channel 
through the dense veget.ation around the plot center. One small 
procumbent tree nearly 60 feet from the center along this channel 
had 30 cankers of 1941 origin. 

Most sugar pines on the plots were under 10 feet in height, and 
most cankers were on lower branches or in he:wily shaded Qt. well
protected places where moisture favorable to infection was retained 
longer than on exposed foliage. Near the plot. centers, nearly all 
cankers were Jess than 5 feet from the ground. At greater distances 
froln the ('enters, tlw a n~rage height from the ground tended to inerease 
although not in any regular relationship with distance. About 85 
percent of all cankers were within 5 feet of the ground, and less than 
1 percent were more than 10 feet above ground. The highest canker 
was 25 feet from the ground in a tree 175 feet from the plot center'. 
No figures were obtained on the percentage of foliage target at the 
different heights. 

Because so man:I' of the cankers were on the lower and longer 
branches, which are liable to eal'ly suppression, nearly half of all 
cankers formed were rated as nonkilling. These judgments on 
probable mortality were based almost entirely on experience with the 
rust in western white pine, because no similar basis of experience was 
available for sugar pine. Although field observations since then indi
cate that too few canker's were rated as the killing type, the ratings 
should suffice for comparisons, Even as originally rated, the per
centages of killing cankers i.n these sugar pine tests are much higher 
than those reported by Buchanan and Ki.mmey (5) for western white 
pine in British Columbia. 
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F-493!)97 

FIGURE 22.-Sugar pine 3.!) feet tall about 1 j feet northwest of the center of Big 
Bar Plot <1 in 1!H3. Tags Illark locations of 69 cankers frOIll the 194J exposure. 

The sugar pine ratings show that plots ill the same area, and for the 
same season may differ widely in the percentage of kil1ing-~ype cankers 
developed. For example, Black Rock Plots 2 and 4 III 1936 had 
35 and 71 percent of killing cankers, respectively; Big Bar Plots 
1 and 2 in 1040 had 85 and 43 percent, respectively (table 7). In 
these instances the influence of weather can be dismissed as a source 
of difference between two plots in the same area, since weather must 
hn\'e Ill'('1l similal' on hot h. 'I'll(> sOlll,(,P Ilillst b(' lookf'd fol' ill pit 1It'1' 
the character of the exposed pines on the resrective plots or the den
sity of the plant communities ill which the PIl1CS grew. 

The relatively Jow pel'centage of killing cankers on Big Bar Plot 
2 in 1940, for example, is attributable to the concentration of infec
tions on lower branches around the plot center where most of the sugar 
pines occurred in dense thickets. In these thic;kets the small lower 
branches were subject to rapid suppression and as a, result many of 
them were very slender, with living foliage only at the tips. Many 
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of the cankers originating in this foliage were expected to die with 
the branches before the rust could grow into the main stems. In con
trast, Plot 1 was very open a round the center; thickets in the path of 
the drifting sporidia. beyond the central opening were less dense, and 
the individual tree branches more thrifty. The difference in percent 
of killing-type cankers between Black Rock Plots 2 and 4 is also 
traceable to the greater pre\-aJencE> of suppressed branches on pines 
near the plot center on Plot 2. 

In general, the greater the distance from the plot center, the larger 
the percentage of killing cankers, as illustrated by the percentages for 
the Deadhorse-Big Bar group of plots (fig. 23). For the Black Rock 
group of plots, tIl(' inert-ase in pel'('entage of killing ~ankers with 
distance from the plot center was less pronounced. 

T.\IILrJ 7.-l'otal and ld1ling-f.1/!'e bliMe/' I'llst ('l/Il!.'fr8 del'eloped !J'oln 

12 e:vpo.sul'e tMfs, ]9.36-41, as judged ll'hen tallied 9 to {] yem's 
latel' 

Study area and plot number 

Black Rock:1 ____________________________ 
2 ____________________________ 
3 ____________________________ 
4___________________ 

- -_.. -- - - - ..,
Deadhorse:3____________________________ 

4 ____________________________ 
6 ______________ .. ___ 

Big Bar:1______________ .. _. 
2____ . ___________ 
2 _______________ ._- 

3 ______________ --- - ~ .. - . 
4 ___________ - '. - - - ... - ~ 

---~.,-~--

Total and mean pefcpnt ____ _ 

~rean of plot percents 

Year 
of test 

1936 
1936 
1936 
1936 

1938 
1940 
19·10 

)040 
19·10 
]041 
194.1 

1941 


Total 
cankers 

produced 

Number 

30 
43 
10 
17 

32 
II 
(j 

47 
10!)

I, 5G5 
211 

I, 1-13 

3,31-1 

Total kill
ing-type 
cankers 

producpd I 

Number 

14 
15 
5 

12 

IS 
(l 

3 

40 
86 

811 
183 
5·14 

1,737 

Killing
type 

cllnkprs 
produced I 

Perrelli 

47 
35 
50 
71 

5!i 
55 
50 

Sf> 
43 
52 
87 
48 

.57 

I Ficld ob~('rvationF aftl'r til(' ratings on these eunkprF W('fl' mach' incli('ll[!' that 
thr llulIlbc'rs ratrd "killing type" wpn' pfobubly too low. 'I'll(' lIlPtll\ ppn'Plll 
of killing-typp ctlllk<'rs probably should hu\'c bl'l'1l about 7(j illFtpacl of 52 pPfcent. 

Both vegetation density and weather lIIay influence the number of 
killing cankers. )Ioisture tends to be retained longer on foliage of 
pines in dense thickets than in open stands, 'Yhen moist periods are 
marginal in duration for pine infection, most infections take place in 
the dense thickets and few in the open stands. Part of those in the 
dense thickets clie before entel'ing the main stem, but the number of 
killing cankers remaining is still higher in the thickets than in the 
open. Longer moist periods permit infection in the open as well as in 
thickets, and a higher o\-ernll percentage of killing cankers results. 
For an individual canker, the hif:$'her its point of establishment: on a 
tree, the greater its likelihood to I)e a killing canker. 
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FIGURE 23.-Trends of killing-type cankers at different distances from plot 
centers for (a) 8 Deadhorse-Big Bar plots, 11:)38-41 i (b) 4 Black Rock Plots, 
1936. 

Nonkilling cankers should not he classed as harmless, beeanse most 
of them produce aeciospores before their death, thus aiding in per
petuation and spread of the rust. 

The number of nonkilling cankers on the Big Bar area would have 
been greater had it not been for the exceptionally rapid canker growth 
that occurred there. Some branch cankers were 6 inches or more in 
length, and some stem cankers 8 inches or more, when cut .out the sec
ond year after their origin. Most of the cankers were in "incipient" or 
"juvenile" stage the first. year after infection, and nearly all of them 
produced pycniospores the second year. This rate of development is 
much faster than that at most locations in the \Vest where canker 
growth has been observed. Usually the "juvenile" stage occurs the 
second year, and the pycnial stage. occurs the third year following 
pine infection. Rapid canker growth and development readily per
mitted the separation of cankers of 1040 origin from those of 1041 
origin in Big Bar Plot 2. On Damnation Plot 1, on the other hand, 
the growth and development of cankers was slower, and cankers of 
lViii. origin could not Iw I'eadily clistingllis\lt'c\ from thost' of l!)~H 
01'1 <Tlll. 

Omitting the infections on DalllIllltion Plot 1, 82(j tret's were infected 
in all the tests, of which at least 85 percent, by revised estimates, would 
have been killed; 45:2 trees, or well over half of the tobLI number of 
trees infected had but one canker each. Of these, over i5 percent 
would eventually h[we been killed. 

The greatest damage possible from the cankers established around 
anyone plot center in a single season would have been the killing of 
about 280 trees from infe.ctions established In 1041 011 Big Bar Plot 2. 
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Although this damaging infection resulted from rust on four very 
small lUbes nevadense with but 7 feet of live stem, their leaf area was 
the equivalent of that on about 20 feet of normal live stem. These 
plants were replacements that had been grown for a time in the green
house before being moved out of doors, and their concentration of 
Toliage was not typical of plants in the open. Also, they had been 
artifically infected in a moist chamber in late summer at lL relatively 
cool location and had produced teliospore columns of neady uniform 
age and apparently in prime germinative condition at the time of the 
October moist period. Abundant germination of the teliospores re
sulted. The resultant l)ine infection, therefore, is probably close to the 
maximum likely to be suffered from an equivalent footage of normal 
live stem of rust-bearing R. nevaderuJe under natural conditions in 
California. 

For not more than two effective moist periods and only a limited 
footage of ribes at a plot center, this amount of kill is high; if it rep
l'esented effective damage to the stand, it would indeed have serious 
implications, Meinecke (17), in a discussion of the evaluation of loss 
in stands of reproduction attacked by rust, pointed out that only 
where losses of trees bring :tbout a reduction in desirable stocking can 
the effect on a stand be regarded as damaging. But the nature of the 
thinning brought about by the rust should be taken into account. The 
killing of trees in thickets does not always result in thinning of a 
desirable type. Ideally, only the weaker trees should be removed, 
leaving most of the dominants as crop trees. 'Vhen rust attacks a dense 
stand, cankers that become established in the most vigorous trees are 
the ones most likely to persist until they become killing. Thus, the 
rust would leave ail undesirably high percentage of suppressed trees 
to form the future stand. 

In a more open stand with a high percentage of dominants, even a 
moderate degree of future loss from cankers established during a 
single season, if repeated at intervals of a few years, might well 
reduce sugar pine stocking to an uneconomic level (;]3) before the 
trees could reach merchantable size, 

Disregarding Damnation Plot 1, 20 tests resulted in the formation 
of one to many cankers. On these test plots an uyerage of 820 sugar 
pines was present on the central acre. However, a central circular 
acre does not prO\"ide a rdiable me,lSUre of damage per acre from a 
sin~le source in the sugar pine region, because pattems of spread, 
as Judged by the distribution of infections, are seldom circular, 

To obtain an aCI'eage figure cOl'responding more closely to actual 
patterns of spread, the act'eages covel'ed oy thl' a('tual distribution of 
infected trees in eight tests, as diagrammed in figures 9 to 15 were 
calculated. The limits of sporidial drift usually follow a rounded out
line rather than the angulat' pnttems shown on the diagrams, By 
I'ounding oll' t1H'S(' pattei'll)';, it was ('01l('111(/C'<I that 011 til(' a'"erage ahout 
20 percent should be added to the deri,"ed acreages to approximate 
the probable efl'ecti,'e dispeJ'sal limits. The addition resulted in 
exposed acreages for the c1ifl'erent tests ranging from 0,28 acre for 
DeadhoI'se Plot () in 1940 to 3.5n acres fOl' Big Bar Plot 2 in 194L 
The average for the eight tests was 1.11 acres on which the ,'evised 
expected mortality in the sugar pine reproduction averaged about 10 
percent per acre from 28 feet of live stem or its equimlent at the plot 
centers. This loss is entirely too high to be tolerated, even though 
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occurring only at intervals of several years or longer; it would eYen
tually result in the virtual elimination of the sugar pine in the exposed 
area. 

Of 11 tests with Ribe8 nevadense, only 2 gave negative results. 
Three of the positive tests (all on Damnation Plot 1) were unusable. 
In the other 6 tests, 587 pines were infected from a total of 61 feet of 
live stem, the estimated equivalent of 87 feet on normal bushes. This 
would be about six trees infected for each foot of normal lin stem 
present for a single year of exposure. Pines were infected to a maxi
mum distanceof410 feet from the central ribes. 

Of 43 tests with Ribes l'oezZi, 29 were negative. In the 14 positive 
tests, a total of 239 pines were infected from 325 feet of live stem, or 
less than 1 tree for each foot of live stem present, during a single year 
of exposure. Maximum spread to pines was 285 feet. These results 
are in accord with predous conclusions regarding the relative pine
infecting potentialities of equal units of these two ribes in the presence 
of an aeciospore supply adequate for initial infection (15). 

The negative results on the plots with Ribes cel'eurn at the center 
support previous evidence (l.i, J(i) that the form of this species in the 
northern part of the sugal' pine region will not ordinarily present 
much hazard to associated sugar pines. Kimmey and Miekle (16) 
have shown, however, that th~ species may be somewhat less resistant 
in the southern Sierra Nevada. 

Although the present studies confirm earlier observations that Ribe8 
neNulen~e can cause much more damage per unit of live stem than 
R. 7'oezli, the prevalence of R. l'oezli renders it the more impoltant 
host plant I'egionwide. In unprotected stands in northern California, 
rust damnge to date has been almost entirely from R. l'oezli or its near 
relative R. rl'uent1l1n and only a minor part fl'om R. nel'([(/e718e. 

DISCUSSION 
Pine infection in the northem part of the sugar pine region, as 

demonstrated by the plots, was erratic even when special efforts were 
n;ac1e to provide n supply of viable telia at the plot centers. If infe~
tlOll methods at the centers had been as uncertain as methods approxI
mating natural exposure of ribes used in British Columbia and 
Oregon test.s (5, 13. 731), pine infcction would have been still more 
limited and erratiC'. "Therc infection resulted, it was sometimes under 
quite marginal conditions, as demonstrated in 19'10 on the Deaclhorse 
and Big Bar areas w}WI'C infection occulTcd on only two out of three 
plots although telia were pre:-;ent nJ three plot. centers on each area. 

Newrtheless, numerous eankers developed on Big Bar Plots 2, 3, 
and 4 from the 1941 tests with small amounts of rust-bearing ribes 
lin, st('Ill. Thl\ high SlIs('('ptilJility of sligal' pilH' is a signi/i('ant 
factor in these variable results. Thus the pot('ntial for heavy damage 
to sugar pine is present wher('v('r susceptible ribes and pine grow in 
situations comparable to those on the test plots. The uncertainty 
lies in how frequently serious damage may occur. 

Frequency of Infection Weather in the Sugar Pine Region 

Among the eight stations whose weather records were studied 
(fig. 1), fin'-beginning II·itlr PI'OSppc:t, Oreg.-al't' within the sugar 
pine region. A decrease can be noted among these stations from 
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north to south in the incidence of days with measurable precipita
tion during the months .June to September inclusive, at least for as 
far south as the Big Creek Powerhouse station in the southern Sierra 
Nevada. The difference in incidence between the PI'ospect, Oreg., 
station and the California stations is particularly noticeable. 

Although these records pro\·ide some measure of the possibilities 
for the intensification of rust on ribes from rains in the sugar pine 
region during the summer, they are not well adapted for judging 
the chances for pine infection. Field scouting experience in the 
sugar pine region and published observations such as those by Kim
mey (15) at northern California locations have demonstrated that 
few telia are formed on infected ribes before August 1 south of the 
summit. of the Siskiyou Mountains, roughly paralleling the Oregon
California border. North of this summit, telium formation may 
begin a little earlier: in some years moderate numbers rnay be formed 
during July although even in such seasons most of the telia appear 
later. Infrequently a. limited amount of pine infection may take 
place during July in f:worable locations in the Siskiyous and north
ward, but for the sugar pine region as a whole pine infection before 
August is not significant. 

The quantity of telia. present norma.lly reaches a peak during Au
gust (15), but .August is oftl'n the driest month of the year (fig. 1). 
Chances for pine infection then are extremely small, even without 
conside~'ing .the possible limiting influence of tempemture on telio
spore vlabillty at that time of year. Nevertheless. August 1 can be 
considered the beginning of the season for pine infef.tion in most 
of the sugar pine region even thou!!h the probability fOi' it at that 
time is low. ,. • 

The end of the in fection Sl'ason depends on temperatures and on the 
ribes species concerned. Ribe8 roedi. which makes up about 90 per
cent. of the ribes population assoeiated with sugar pine in the Sierra 
Nevada, losl's nearly all of its telium-be:u'ing leaves by late October. 
On R. 1/f'I.'ade118('., the other principal species associated with su!!ar 
pine, telium-bl'aring leaves persist later in the season, but after Octo
be.r 20 temperaturl's neeomp:tllying moist periods are likely to be low, 
often with part. of tile. preeipltatioll fall1ng as snow. .At the..<:e low 
temperature lerels, moist p£'riods seldom last long l'nough to permit 
pine infection. Xot only does R. nel"(((If'l1.~e occur in less than one
tenth the numbers of R. roezli. but, it is very much more limited 
eeologieally ill O('C'IlIT('l1ee, being cOl1finNl largply fo moist loeatiol15. 
~[oreover, in districts frequ('nteci by li\'estoek it is often heavily 
grazed, whereas R. I'oezli is ordinarily not touched. Thus R. net'(I
de71.~e offers a. hazard to a. very mueh sma11l'r Pl'I'cl'lItage of fhl' su/!ar 
pine population than does R. ,'oezli. Sl'veml othl'I' wild currant 
specil's that oC(,IlI":tl-; associates of Sligar pille in limited portions of t,lll' 
region hold telium-bl'aring Il':tres in a manner comparable to R. . 
lIevadeTl.~e and may bl' ilH"lucled \\"itl\ it with respeet to the duration of 
the season of infection. 

The infedion season for the sugar pill(' region as a. whole, then, 
may be regarded as August 1 to Octohu 20. In loealized parts of 
the region the season may l'xtpnd to the end of Odober. As nearly 
as could be judged, most of the infect ion obtained on the test plots 
became established during Sl'ptemlwr 01' the fil"St half of October. 
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No infection appeared to have occurred in August. However, in the 
occasional years when favorable moist periods do occur during 
August, pine damage can be heavy if preceding conditions for rust 
intensification on ribes have been good (15). 

Because pine infection depends on so much more than the daily 
amounts of precipitation, it has generally been conceded that preci
pitation records alone are insufficient for judging the incidence of 
periods favorable for pine infection (79). However, where pre
cipitation is as infretlUent as it is during the early fan in the sugar 
pine region, the records of its occurrence as reported in the Clima
tological Data sections by the United States ·Weather Bureau can 
yield useful comparisons. The comparisons may be based either on 
the incidence of periods during which infection might be possible or 
on seasons so dry that no probability of infection exists. 

The incidence of favorable periods over the 30 years 1927-56 
was compared for six selected 'Yeather Bureau stations at different 
latitudes within the sugar pine region (fig. 24). The criterion selected 
was pet'iods when rain falling on .2 successive days aggregated 0.30 
inch or more. This criterion probably represents minimum condi
tions for pine infection. The requirements of rain on :2 successive 
days was adopted to eliminate the occurrence of moisture from rapidly 
moving cold-front storms and thunderstorms; neither type is likely 
t~ p~oduce. high air humidities for pel'lods long enough to permit 
pll1e II1fectlOn. 

If the soil has been wet by previous rain, it. is sometimes possible 
for infection to ocrur ,yith less than 0.00 1nch of rain, as may 
luwe happened on Big Bar Plots 2 and 4 in Hl..n, hut slich occur
rences wi11 be offset by periods in which more than 0.00 inch falls 
wit.hout proclucinp- infection 0" only an occasional canker, as happened 
in 1942. Each ~-day period with the requisite rainfall wns tallied 
separately. Thus 4 stlcresf"iye days with rain of more thall 0.30 
inch fot" each pai r of days wm'e tallied as two periods, where~'ls 
from an infection stnndpoint they would constitute only a ~ingle 
long period. Few cases of this sort wm'e encountm'ecl. 

The incidence of possible fayornble periods was much higher at 
the Prospect, Oreg., station than at nny of the C'ajifomia stations, 
lLnd the incidence decreased ,yith latitude wit h in C'a Ii forn in. (fig. 24). 
Also of note is the higher inciclenee of fayorable periods during 
the last decade at Prospect and ~[ount Shasta than durin£r preYious 
decades. The opposite l"('lationship exist('(l at Giant Fo'rest. The 
relatiw dn'lH'ss of the in·1:T-,j(j decade in til(' southrrn ~iel'rn may 
help to ex'plain the lack of known rxtension of the rust sonthw:u;cl 
in the Sierra. XeTnda ill re('rnt years. III fi!!ure :H, it must he 
kept in mind that the crit€'l"ion of rompariRon ,:epn>sented probably 
minimum conditions fOl' infection; artual fan)rable periods would 
be almost eertain to occur i(>S5 frrCju(>ntly thnn inc1icatrd in the gntph. 

The select(>d stations may also be compared as to Ilumbel: of Seasons 
in which no pine infection ('ould he pXIX'rtcd to berolllr established 
owin:r to unfunH'ublp moisture rOllditions. Belo\\" al'e list(l(l tll(> 
numl)er of Sea"ons in ",hi!'h no pl'l'iocig of 2 ('oll~r(,lltiYl' days wit h 0.00 
inch or more of rain o('('uITPd betwp(>n August 1 and Ortober 20 

inelusi,'c: 
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FIGURE 24.-Periods by decades, 192;-56, at 6 stations in the sugar pine region, 
for season August I-October 20, inclusive, when precipitation for two SIlC
cessive days aggregated 0.30 inch or more. Column extensions show total 
periods if season is lengthened to the end of October. Stations are in 
north to south order. 

SeaJl()n.8 
Sta.tion (II 11m be,.)
Prospect, Oreg. __________________________________________________________ 0 
Mt. Shasta W. R, Calif. _________________________________________________10 
Canyon Dam, Calif. _____________________________________________________ 12 
Blue Canyon. Calif. ______________________________________________________13 
Big Creek Powerhollse, Calif. ____________________________________________16 
Giant Forest, Calif. _____________________________________________________ 18 

In other words, at Giant For'est 18 seasons out of 80 were too dry to 
allow any possibility of pine infection until after Odober 20, where
as atProspect, Oreg., no such dry seasons occurred in the same 30 years. 
This statement applies to moisture conditions for pine infection only. 
Some seasons in the sugar pine region will be unfavorable for the 
establishment and intensification of blistel: rust on ribes even though 
they occur in years when fall moisture conditions would favor pine 
infection. The number of seasons at each station in which pine infec
tion is unlikely will thus be greater than suggested by the tabulation. 

The chief purpose of these comparisons is not to provide a. basis 
for estimating the probable number of seasons in which pine infections 
could be expected to occur. Rntheri the comparisons indicate that the 
probabilities decrease with latitude within the sugar pine region and 
that this trend has been especially mal·ked within the 1947-56 decade. 

The comparisons likewise do not reflect local differences in blister 
rust hazard at any particular latitude within the region-differences 
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referable to host susceptibility or to the influence of altitude, topog
raphy, distance from the coast, and soil moisture. These conditions 
may have a strong effect locally on hazard. From these combined 
effects and that of latitude it is safe to say that as great and perha:ps 
even greater diversity in blister rust hazard may be expected withm 
the sugar pine region than within the commercial range of any other 
species i,l1 the white pine group in North America. The existence of 
this diversity is already being borne out by actual field developments 
in rust infection within the region. 

Application to Control 

Mention has been made of the difficulties encountered in establishing 
and maintaining a. supply of rust at the plot centers in these tests. Ex
perience gained in the study, coupled with field observations to date, 
strongly mdicate that the rust hazard for any particular season or 
location in the sugar pine region will depend greatly on opportunities 
for the maintenance and intensification of rust on ribes during summer 
and early fall. For sugar pine stands in general, this factor is 
probably more important in determining the rust hazard for any 
pa.rticular year than the occurrence of fall rains suitable for pine
infection. 

Intensification depends on moisture in some form. Summer rain is 
so uncommon and errati(' in the California part of the sugar pine 
region that only occasional seasons provide much opportunity for rust 
intensification on ribes from it Summer fogs are practically non
existent. In seasons when rainfall is lacking, the rust hazard is re
str'icted to locations where dews or spray from turbulent mountain 
streams have provided free moisture on ribes leaves. 

Field eyidence is accumulating that clew is a key factor in deter
mining the degree of rust hazard in California. The generally low 
h?miditie~ prEfvailing favor high heat losses through radiation at 
mght, wInch III turn promote the formation of dew on open, low 
ground where the cold air tends to accumulate. It may be expected 
around meado\ys, in stream bottoms, or on flats, and can cause heavy 
[Oust intensification on ribes even in the complete absence of summer 
rain. 

The effect of dew in maintaining rust should be distinguished from 
the influence of soil moisture. I,ocations with higher than average 
soil moisture, such as along streams and around springs, seeps, and the 
ed~es of meadows have long been recognized as areas of high rust haz
anI. :\Ioist soil fayors rihes regeneration and strong growth, the "eten
tion of foliage 1n a vigorous condition, and, for species such as Ribes 
l'oezli that continue growth throngh the season under fn.Yorable condi
tions, the continued production oillew foliage. It also fa \'ors the pres
ence of moisture-loving species, snch as R. '/1e.l·ad(,Il.~e. Evaporation 
from moist soils nnd from plants on them causes an appreciable 
cooling of contiguous air layers immediately above (8). This cooling 
not only favors clew formation at night, but also tends to reduce maxi
mum daytime temperatures during hot spells, which aids in the reten
tention o~ teliospore viability. )10ist spots IIsually 0('('11" in the 
same locatIOns that favor dew formation, and so soil moisture and dew 
work together to enhance the rllst hazard. 
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The years covered by the tests apparently did not include any in 
which climatic conditions were exceptionally favorable for rust on the 
test areas. On the basis of the Zentmyer-'Vagener climatic comparison 
already mentioned, 1925 was apparently a highly favorable year over 
most of the sugar pine region, although field confirmation was impos
sible since the rust was not then present in sporulating condition on 
pine in California or southern Oregon. No equally favorable season 
seems to have occurred since 1925. Accordingly there has been no op
portunity to learn what such a season might produce in the way of pine 
damage in the region. Years with rains more frequent than ustml dur
ing the dt·y season probably cannot be expected more often than years 
of extreme drought, but their recurrence at wide intervals can be ex
pected. Considering the high average susceptibility of sugar pine 
and ribes hosts, such a year might result in widespread damage to pine 
where ribes are present in nonprotected pine stands. 

The tests failed to provide a sound basis for judging the frequency 
and extent of pine damage on ridgetops, upper slopes, and under an 
overstory of larger trees even though most of the test plots represented 
such sites. Conditions for dew formation are less favorable in sueh 
locations than on open low ground, and rust intensification on ribes is 
more dependent on other f011ns of moisture. The plots provided evi
dence that heavy pine damage may result on ridges if viable rust is 
present on ribes at the time of fall mins, but it seems doubtful whether 
any material pine infection would have occurred on them tmder 
Juttural conditions for rust clHelopment on ribes in the fest years. 

Results on the Big Bar plots in particular demonstrate the strong 
influence that stand density of young sugar pines may have on infec
tion probabilities by influencing water retention by the foliage. Any 
other local environmental niches where the evaporative effects of sun 
and 'wind are minimized should be rated as places of higher infection 
hazard than average for the stand as a whole. Narrow ra\'ines and 
well-protected and shaded north banks fall in this category. 

The spt'ead patterns obtained on the plots indicate that in the sugar 
pine region the infection pattern from a central source of sporidi.a will 
almost always be irregular and that in California the chief movement 
of rust sporidia from infected ribes will be eithel' in a northerly diree
tion or downslope. However, local, ai r turbulence may eause some 
dispersal to tt short distance in all dit'eetions from the place of origin. 
Downslope drift is mOre eertain to take place than earriage nOlth
ward by southerly storm winds. but when northerly mo\'ernent occurs 
it will ordinarily provide eti'ecti\'e dissemination of sporidia to a 
greater distance than down the slope in cases where the respeeti\'e 
directions for each do not coincide. These conclusions have applica
tion in decisions regarding the location and width of pl.'oteeti\'e stl~ips 
around sugar pine stands. 

Four questIOns \\'ere listed in the introdllction as examples for 
which t1l1swers were needed at the tillle that these studies were begun. 
From what has been presented~ it shollld be ('\'ident that the test. 
t'estdts have provided 110 single simple answers for most of the ques
tions and that any such answers that might be dedlleed wOllld be of 
limited usefulness. 

On the question of mst hazard to sUlToullding pines prE:sented by a 
ribes bush missed by eradication CI'e\,"s, it seems certain that the hazard 
offered will depend very much less on the feet of live stem present. 
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than on the location of the bush-geographical, altitudinal, topo
graphical, and environmental. Because of climatic differences, a bush 
in southern Oregon presents a greater hazard than one in the central 
Sierra Nevada; one at 5,000 feet elevation more than one at 3,500 feet i 
one in It stream bottom or on a meadow edge more than one a ridgetop 
or slope; one in half shade more than one in full SUIl; one 011 a north 
slope more than one on a south slope. Even soil type and local com
petition fOl' moisture inAuence the hazard. On the basis of the mini
mum criterion for infection used in figure 2±, about 4:0 percent of 
possibly fa\"orable periods occur before October 1 at the California 
stations, and many of these periods come during the last week in 
September. It follows that bushes that lose their leaves before 
October, as a result of either dry soil conditions or cold, offer very 
little rust hazard, especially since infected leaves are among the first 
to be sheel. 

In the tests Ribes ne1'Clden.'Se caused approximately six times as much 
pine damage per foot of live stem as R. '1'oezli, but this ratio would not 
be likely to hold for bushes of the two species missed in control opera
tions. R. neMdense does not become infected as readily from a distant 
aeciospore source as R. 1'oezli. Heavy infection Oil R. llel'adellse usu
ally occurs only when it is close to an abundant spore source on pines. 
Bushes missed in a control unit would not. ordinarily be ('lose to such 
a source, and the chances for becoming infected would thus be less 
tor R. nev(lde'mte than for R. 1'oezli. This difference in susceptibility 
could wen offset the difference in potential hazard offered by heavily 
infected bushes of the two species. 

Through 1958, the most sout.herly location where bl ister rust on pine 
had been found in the sugar' pil1f~ region was on the Htanislaus Xa
tional Forest at approximately latituae 38°10'.10 No farther south
ward spread has been discovered in several years, nor had any ap
preciable local extension of the rust occurred around the most. southerly 
infection centers up to the time of their discovery. 

Pt'Ogress of the rust southward since 1945 has been much slower than 
originally anticipated; some contt'ol workers haye suggested that this 
status may continue, with prospects that sugar pines in the southern 
Sierra mayinclefinitely escape damage. From the records of moisture 
conditions summarized in figure 24:, we can expect thtlt chances for 
infection ""ill be less frequent ill the southern part of the sugar pine 
region than farther north. Aside from the less f,·equent. possibilities 
for infection, however, there is nothing in this analysis to suggest that 
conditions will not occasionally be favomble for pine. infection in 
the southern ~ierra Nemda. The analysis i nclicntes only that prog
ress of the rust southwar'd from its cUtTent limits, and local inten
sification after establ ishment. there, call be expected to be slow and 
irreO'ular . 

./\: single control shuHlanl for the entire region-whether in terms 
of ribes li,'e stem per a('re, width of protective zone, or other reasoll
does not, seem possible, for se\"eral reasons: the wide differences from 
north to sonth within the sugar pille region ill t he incidence of climatic 
conditions fayorable for \I'bite pine blister rw;t, the irregular occur

10 MacGregor, Neil .T. Allnll&l report on the control of white pine blister rust in 
California for the calendar year 19;:;8. U.S. Dept. Agr., Forest Serv., California 
Region, 9 pp. 1!)58. 

http:38�10'.10
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ranee of these favorable ronclitions, the pl"Onounced local differences 
in hazard potential, and thl' nalTOW line between conditions producing 
no damage and those resulting in heavy damage. This has already 
become evident in actual protection experil'lwe within the parts of the 
region already invaded by the rust. In consequence a series of control 
standards has been set up corresl)onding to the haz:u'cl judged to be 
present. on the tract to be proteetec. 

In other regions where blister rust is a threat to fiye-needled pines, 
it has been recognized that infection obtained during an average year 
climatically is of only minor mlue in indicating the degree of control 
that will be required for satisfactory pl"Otection. It is the occasional 
"bad" year that determines control requirements. The indications 
are that this principle will apply ,,·ith even greater force in the sugar 
pine region bec:U1se of the low frequency of years exceptionally 
fa"omble for the rust. Accordingly, many years may elapse before 
we can be cert:lin what the. ultimate eontrolreqnirements will be for 
all parts of the region. 

So far as can be seen. clestrurtion of ribes will continue to be a 
keyl"tone of blister rust control in sugar pine eyen if other control 
treatments, such as by the use of antibiotics. prove feasible. How
ever, evidence now available suggests that greater economy in control 
ran probably be achie,"ed by fitting ribes cont.rol measures to the 
local elwironment with greater selectivity in application than in the 
past. The unit-area coneept of Dunning (10) for the silvicultural 
treatment of pine and mixed-('oni fer stands in California may prove 
useful in an adapt('d form in the appliration of :;uch measures. 

SUMMARY 
Rains become. less frequent and the summer dry period more "pro

nounced with decr('ase in latitude in the white and sugar pine regIOns 
of the Pacifk Slope. To provide an index of the pattern and distance 
of spread of white pine blister rust from principal ribf's hosts to sligar 
pine, field tests were rondueted between 1!)35 and l!)fiO at t\\"o loc'ations 
III southern Oregon and four in California. A total of i)(i tests were 
made on 21 plots at these locations from rust cll'wloped On Ribes 
J'oezli. R. nevade'1J.~e. and R. {'e"cum. Three tests w('re al:;:o made 
during one season of the infective potential of l"IIst on fallen leaves of 
R. 7'oez7i. Plot. obs(,ITations were rontinucc1 until all resulting pine 
infection had had an opportunity to de,"elop. 

E,ren though speeial effort::; werl' made' to retain rust 011 I·ibes 
at the plot centers, 110 pine inf('rtions resulted in :)-1: tests. or 60 
percent of the total. )[ost of thest' fnilures were at tJ'ilm tahl I' to laek 
of favorable moisture ('ollditioll::; 01' to the premature sh('(lding of 
infected ll'·aves from Ribe.'( j'oezli. In about onl'-thinl of the total 
negati,'e tests, thl' reasons for the failure of pine infection to ON'ur 
were not evident: 10\\' temperatu res during moist pel'iod::; may ha V(' 

been involved. 
Of the 43 tests with Rib().~ I'oezli. pinl' infec,tions reslllted ill only 

l-t whereas out of 11 tests with H. lIPI'(If1r';//.~e!) were positive, of which 
(i were. usable to determine spread. .\11 three I('sts with R. ('prelim 
were negative, as werl' the three with f:tllen, rust-bt':lI'ing leaves of R. 
l'oezli. In the 1+ positiye tests with R. roezli. 23!) pines became infected 
from 325 feet of li'"s stem, or Il's5 than 1 pine infpc,t('d pl'r foot of 
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liye stem. In the 6 usable tests with R. 11eraden.~e. the total number of 
pines infected was 587 from an equintlent of 87 feet of live stem, or 
over 6 infected trees per foot of normal live stem. This represents 
a"erage infection for II single year of exposure. 

Infection pattems from a single source of sporidia in the sugar pine 
region are almost always in'egular. The most prevalent directional 
trend in the tests was downslope, probably from drift during the 
night hoUl'S. In foul' tests in California, however, pronounced spread 
oecurred in a northerly direction, indicating carriage of sporidill by 
the south winds usually pre\'ailing during storm periods. Xortherly 
spread wns to greater distances than the spread downslope. 

The maxium intensity of infection obtained, expt'essed as number 
of cankers pel' acre. was '3,596 within a 75-foot radius of the plot center. 
Intensities expressed as cankers pel' foliage unit were variable, de
pending on the amount of "iable rust at the plot center and more par
tieularly on the character and duration of the moist period permitting 
infection. 'Yhen plotted according to distance from the plot center, 
however, the infection gr'adients produeed curves of similaL' form that 
('ould be closely represented by formula. Gradients in the direction of 
stOI.·m winds were less steep than downslope gradients. The maximum 
probable distanee of infection for any given volume of rust at a center 
under' a particular set of weather conditions may be approximated by 
a suggested formula. 

Because of irregular infection patterns, circular plots are not satis
factorily adapted for gaging damage from white pine blister rust on an 
areal basis in the sugar pine region. Areas over which infection 
actually occurred, plus II 20-percent border allowance, averaged 1.11 
acres per test for eight tests. On these areas expected pine mortality 
was about 10 percent, too high a loss to be tolerated periodically in 
the growing of sugar pine. 

Ribe8 ('oezZi sheds infected leaves prematurely, and in the northern 
Sierra Xevada it shows great variability in susceptihility to blister 
rust. R. neva.(/en.se holds infected leaves well: its susceptibility to rust, 
although only moderate in degree, is quite uniform. R. 7le~'a(le7Me 
pro\'ed to be ;j to 10 times as potentially dangerous pel' unit of liw 
stem as R. I'oezli as a source of pine damage. However, the prevalence 
of R. l'oezli in the region makes it the more important of the two with 
l'espe('t to llazal·d to ;;ugal' pille. To dat(> it 11m; het'n th~> source of 
almost all !lat 11 ral pine in fl'd iO!l found ill the :-; iel'l'tl Xenl<1a . 

.Moistul'e conditions cOllsiden'd to he a probal,]e Illinillllllll for pine 
infection-rain aggregating 0.30 inch O\'er' a 2-c1:1y period-were com
pared for the 30 years 1027-56 at six selected stations in the sugar pine 
region. The number of fa"orabJe periods cleC'rease with latitude. from 
84 at Prosppct, Oreg., to 18 at Uiant FOl'est, ('alif. ·Years which pro
vided 110 such favorable per'iods for pine infeetion increased in in
cidence at the selected stations from nOlle out of 30 nt Prospeet to 18 
out of ao at Giant Forest. 

Because of the wide difl'erences in environmental conditions within 
the sugar pine region. the ultimate economy in control will probably 
be ;t('hil'I'l'd by fittill)! ('oll:1'01 measures to the lO(,HIl'1l1·il'()1l1l1ent. 

http:neva.(/en.se
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APPENDIX 




rl',\B£,~; 8.-.11 8IlJlWWI'Y of all 'ribes-to-pine 8pread te8ts and their resultant pine infection, Oregon and Oalifornia, ~ 
~ 

1936-47 
1936 

q 
fJlRibes at plot center Sugar pines on Resultnnt pine infection 

central acre I:! 
t':l 
"tl

Stud arctlllnd I ~ 
plot l1umber Plants l'\,[axi- Pines 

Rpecies Live Trees Foliage Cllnkers mum Pines expected o 
'zjstem units 1 spread infected to be 

No. Type to pines killed ;.
o--- ·...-T_·' __"____,_,_____ ~ 
~ gIHuck R ck: Ft. No. No. No. Ft. No. No.

nevndcnsc ___ . _____ ._ Potted_. _____I . . 5 2 2,026 981 30 Il!l 27 13 t' 
_. __ do. __ •. _. __ ._ •• ____ .do. __ ••• _2. 10 4 I,H7 895 43 60 30 12 

:3 'ToezIL. _.. ___________ 10 4 _____ do___ • ___ I, ,172 534 10 138 8 4 d 
~ __ • ___ do_____________ _____ do.. ___ ••-I •• 4 2 960 613 17 100 14 10 t':l 

":3 
t':l1938 
~ 

Black Rock: t:7:I
Plunted ____ ._ o . _____ ._,. _______.__ . _____5 cere II 01. • .. _ _ •• 18 :3 2, 323 1,379 

~i:lkiyou: 
L _.... Toezli . ... _••• _... __ ._ II 6 Potted _ . ___ ._ 1,079 983 18 F 

Damnation: z
I ... _.. _._ .... nevadense._._ •. _.•. _ 72 3 In sit,u ...... _ 73 120 (2) (2) (2) (2) ~ 
2.. . Toezlt .. ......... '" ••• _ 2:3 6 Planted __ •• __ 698 (3) 8 120 8 7 

.~:3 .... _ . .. do..... __ • 23 6 ••. __ do....... 1,70(i (3) 0 - ............. --- -------- ------ ... - t.:I 
Deud hors~': c:n ....I -'''''' --1. __ .-dO._. __ .-- 15 5 .•..•do •.. __ .... "(i5 (3) 4 35 3 2 

2 •.•••••• ____ , • __ • __ do ..... __ • (') C') ....... -_ .. ,._ .... .. 534 (5) -----_ ..... -- .. _---- ... - ... - .. _-- ---------~ 

3 ... " ____ ._ . ____ . __ do...... _.•. 1.-1 -I Planted... _.• 385 351 32 165 23 16 
--_..._,----...;...--_._---...;...----'---...;...-------'----'-----'------'----'-----'--



1939 

Black Rock:
1. ________ ••. _.• nevadense___________ 
2_____ ._ ._ ... _. _•. __do _____________ 
3_____ . _._ roezl-i__ ______ ..... _• 
4____ .......... _ .• __ do___ •. ________ 

Damnation:2. ___ roezli______ • ___ ._0. 

15 
30 
14 
6 

31 

3 
4 
5 
3 

7 

Potted •.__. __ do_______ 
_.. __do __ •. ___ 
_____ do_. ____ . 

6-planted 

2,013 
1, 443 
1,469 

954. 

698 

1,368 
1,275 

748 
865 

(3) 

) 88 1 1 
0 ----- ...  -------- ... ------
0 -- .. ---- --_ ...... --- .. _-----
0 --- .. - ..  .. ------- .. ------
o _____ . __________________ 

3 _______ 

Dcadhorsl' :L ____ 

2.•• _. _ 

-1._-- _ 
5__ ... ..6 _____ 

' 
i--,
i 

.. -1- . 

_ do_. ___ . ____ .• 

.• _.do_ 
.do_ 

_do __ .. __ ._ 
_.do. 
_.do__ _ w ...... .... __ 

35 

23 
23 

40 
41 
22 I 

7 

5 
5 

5 
4 
4 

I-potted 
6-plant,ed 

I-potted 

Pianted .....• 
I-in situ 

2-planted 
2-potted 

Planted _.• _. 
__ • _do_ 
_..•. do_ .•• ___ 

1,705 

·165 
534 

401 
578 
249 

(3) 

723 
345 

279 
562 
273 

0 

0 
0 

0 
0 
0 

-------- ---- ......  - .. - .. _-

-........ -~- .... _.. _---- ... ,..-_ ... --
.... --~- .. ... -... --- ....... ~.- ... ----

-------
-------
..... --_ ...... 

m 
'I:j 

=l:!':! 
>
1:1 

0 
>oj 

~ 
>-3 

HJ40 ::======,======== l:!':! 

Black Rock:5________ • ___ • _ cereulII _____________ 
Dalllilation:L ______________ lIevadellse__ ___ • _____ 

2_________ .... _..... _ roe z/i______________ 

DCl\dhors(~ ::1 _____ _do _____ . _. ___ •• 

5______ "'_._ __ ... _do_____________ 
u________ • ______ _____ do ____________ 

86 

.. _---
31 

-11 

36 
45 

8 

3 
i 

i 

i 
i 

Planted ______ 

In situ _______ 
6-plant.cd 

I-potted. 

2-planted 
5-potted. 

Pottet~, ______ 
I-plantlld 

2,:323 

73 
698 

385 

5i8 
249 

(~) 

(~) 
(~) 

400 

(~) 

292 

0 

(2) 
0 

11 

0 
6 

---- ... -- -------- -------

(2) (2) (2) 
-------- -------- -------

92 9 6 

-------- - ... ----- -------
170 6 3 

'I:j

Z 
l:!':! 

til 
£: m 
>-3 
l:!':! 

= 
=~ m 
>-3 

Big Bar:
1. ____ 
2_____ 

. _.. __ . . ___ do ___ .. ________ 

._. ____ _. __ .do;.. ____________ 30 
a5 

2 
;~ 

!l-potted. 

In situ ______ . 
I-in situ 

4a6 
i·la 

190 
398 

47 I
199 

210 I 
65 

28 I
u5 

25 
;~5 

:3 _____ . ______ • __ 
4_______________ 

_____ do _____________ 
_____ do_____________ 15 

25 

2-])lnlltcrl. 
2 In si tu __ ... __ 

" 
I-in 8itu ______ 

375 
947 

(~) 
(~) ,-------T------T------oo ________________________ 

0) 
a-potted. ~ 

See footnotes nt l'nd of tnbll'. 
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T.\JlLE H.-,.. I .\-/1111111111-.11 of a'/l ')-ibes-fo-pinf 8[r)'c(ul tests and their resul/allt In:,w infe(-lion, O,'ego'f/. {trld Oalif0171.ia, ~ 
J936-47-Cont.inued 

1941 
c:1 
~ 

Ribes lit plot center Sugllr pines on U()sultnnt pine infection 
cen trill ncre t=' 

to:! 
.,...',,,..,....,. ..._. ~-~---"-- ..-. ....oc_,<_.. 

Htudy arc'a lind 
-~ 

~ 
plo!' nurnlwr Plllnts Mnxi- Pine!; 

Species Live Trees Foliugu Cunkefl, mum Pines expected o 
-'-~""""-"------ "'J

stern units I sprend infected to be 
No. Type to pines killed >

Cl 
.-~.-, - - --~-"---- -._'-- ---- := .... 

(") 

1 Fl. No. No. No. Fl. No. No. 
DUlllnutiun: 

I I lie/Jill/elise. ". _ •.• (;0 ·1 3-in situ__ . 70 (5) (2) (2) (2) (2) ~ I-potted. _.. , .• := 
2. __ .[ roczli,.. . .•.•.• !I ·1 Pia n ted. . __ , _ 6n8 (5) 2 150 2 1 to:! 

w_~ ~_~_ 
~3.. I -. . do. ...._ .. 12 3 .•.do__ ..... I, (H17 (5) 0 .. .. _.... . .- '"," .... 

1-3 
Deadhor~e: to:!i 

] "" . do. 24 5 ., •. "do. . •• _ 405 (5) 1 28 1 1' "'" w ..... ~ _ 

2 "- do. '. . - . (4) (4) - . ........ - 533 (5) 0 ,.,- ... -- .... ., _........ "' ... - .. . --_.... ~
~ 

, ~ ~... ~4 -- ' do. -- .-. (4) (4) . 401 l5) 0 -- .. --.,. .. .. .. - """ .......... tJl

Big Bur: 

~ ~....I do. . - -, . 35 2 In situ .. 436 (5) 0 ~-~.-"~ ... ~- ... ~--- ' ...... --- .. 
2 ncvlld(·II.~C. _ . , 7 4 Potted•.. 743 ·175 1,5ti5 ·110 307 255 

J ft 20 
3 ! roezIL •• 24 3 In ~itll . - . 375 2!)1) 211 285 Oil (;0 
.l ._ ' lU'VlUil'lItW .. - 7 4 PoLtcd_ - -. !).I7 374 1,143 285 220 178 ~ 

, - F 

• 20 .... 
to:II <:I' .,,~--. -"" .....---~._" 
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1!J42 
Dumnution: 


2... . lIevadeIlSC_. _. __ •. __ _ 
 10 608 (~)3. __ .. 5 I Potted - - - - - -I 1--'- --T .... ---I-------'roezli_ .. .• __ • II 4 l-plunt.ecL. _.. 1,6!li (~) oo __ "_ '.' •.•.. _______ 
3-pot.ted___ • 1 

Deadhorse: 
L. do. 21 5/4-PluntecL. _I (5) 0, .. ~ ~ 1- ... < .., '" ..... _

I-potted ___ •. 4li51 
L. do. 18 5 I-in ~itu_ .• _. (5) C/J

533 0, 'T.7 
2-plnllted•... _ 

t':l2-potted.__ ... = 
3... · .do_ 18 4 354 (5) 0, 1:1I-plullted. . '1 

> 
3-pottecL_•.

4•• _ o 
5__ do. In 3 Plunted . ___ 401 (5) "Ij 

· ,do. o I' ... '-, .. ----20 3 l-pl:lIIted_ •. _, 578 (~) o .,.,_ .... 1 .. ~--- .... -... 2-poited.__ .Ii__ do. I!) 3 l·pluntccL. ., 240 (~) o ,. ;2·potted.__ • 
Big Bar: t':l 


L ... , · ,.do. (5)
·10 2 In situ 436 2 1 65 I 2 'T.72._ · .do. -14 3 I·in situ•• , .' 743 (5) 0 sa2-plunted ___ 
3__ !lICVUdClIse_ • .• _ _•• ,_ 17 6 Potted.. •. 375 (5) 

t':l 

4__ " . roezli. __ ••• _. _ _.•.• til1\ 2 ...••do... _.• 047 (5) t'"5............. cereIOIL ••••• _._ 36 10 .....do._ ... __ (5) (~) o _____ •. _._.. ________ .. _. 
~ I·---~~~-I··-·-~-I·-·----: 
~ 

I!J47 t':l 

Wa~hingtoll Point: / / / = 
L._. roezli.•_• ..•• '.... 10 5/ Potted . __ .. / (5) (5) 0/...... _/ .... ___ /______ .. ==r:l 

• I A foliage unit. equllis the amount of foliage, approximately 37,000 needles, on II normal, average sugnr pine of the 5-10 foot ~ 
height clnss. 

2 By 1041 it. was uppnrent that numerous blister rust infections had become established 011 the plot urea in 1937 before the plot 
was laid out or the native ribl'S removed. It was found impossible to distinguish between t.hcse cankers lind those resulting from the 
I!l38 plot exposure. So lIIuch pille folinge was sacrificed in rcmoving the cankers that the plot was rcndered unusable for subscquent tests. 

3 Not cOlllputed. 
• Thert' were no \'illble telia on planted or potted ribes at, the plot. cent.{'r when rains oCllurrcd. 
~ No data. 

~ 
G Because the plotted plants used were grown in a greenhouse allel bore 1111 unusulIl cOllcentration of large lellves for the lunount of ~ 

live stem present, th(' 7 feet of IIctuul live stem present was equivulent to Ilbout 20 feet for normIII plllnts in fllLture. 
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TABU; !).-Datetl alld ((1II0/1I/l8 of rainfall dUiing 8ca.YOns i.chen blister 
r/lst telirl 'wen!, pl'e8ellt, numbel' of lww'8 Ol'er 'which pine foliage 
I'emaincd ('ontin'l101I.~ly '1('et. ((:f)d ((reaR of i'iable lelia present on 
7p,rl/,(~8 of ('('nlm7 1ibe8 on ob,~(,l'l'ed dates f07' all Oregon and OaU· 
Forni{/. .~h/(ly ((l'e((.~. 1.9.J6-4·71 

BLACK ROCK, OREG. 

Time Area of viable telia on plot number
Rain- foli- __________________Date I 5,fall ~~~ 2 3 4 6 

-------------------------j----
~q, ~q. ~q. ~q. I ~q. I ~q. 

1936: 8__________ In. firs. tn. In. In. In. m. \ In.I 
:~:: If::::~:::~: 0. HI 7: ::r:r: ::~[: ::~::~: ::~:r:(::: j~~:~~ 

3 L _ _ _ _ _ _ _ _ _ . 00 0 14. 0 21. 2 12. 9 6. 4 ,_ .. - - - - - --
Sept. L_________ . 13 }

2__________ .12 
3_ _ _ _ _ _ _ _ _ _ . 05 99 __ - _ - - __________ - - - - _ - - - - - -- 
4__________ .145__________ ,00 

12__________ 2. O~ I} 45 2. 4 5. 1 1 . 1, . 2 - - - - - - - - - - 
13__________ .0_ 


Oct. 3__________ (3) } 13 

4__________ .04 
 ~~~.~~~ ~~~.~~~ ~~~.~~~ :~-·:~l=:=::l==:=:: 

13__________ .00 G .0 .0 I .0, .0 ______1-----
1938:July 27_________ _ I i l

.18 } 18 ------ ------ ------ ------ .0,-----.28_________ _ 
5_________ _ 

7 _________ _ 
Sept. :gg 18 ====~= ====== ====== ::==== '--.-d====~: 
8 _________ _ :: ~~ } 30 - - - - - - - - - - - - - - - - - - - - - - - T -- --l- --- -

18. ________ _ 

19_________ _ 

24_________ _ :bg } 20 ====================: =-T . i: ~n==: =: = 
25 _________ _ 
28 _________ _ •~ } ~ :::::: ::::::::::: :::--:I::::i::::: 

I . : I 

:' ~t:~:~~::~ '(~: ---~~-i:~::-: ~~:::l::J:-: :::~1~:::: 

~_--__-_--__-_--_-.'li .]2 } 47 L----- -----.i------l------;·-----l---- .. 

. 19 , 1.----. __ --; ______;___ - .0 !-----
1939: 1 I ,\, 

J lily 3 _________ -.. 1 . 12; . 8! . ~, . 0 i5. 7 I 2.:~ - - - - - -" - . 
10_______ • t .08 ·Lwel i ••~! .-! 1 2.6 i .6 

:3: Ii 1
27. _________ : .01 11 ;------ -_._-- -----i --- .. -------

Aug. 24 _________ : .01 _____ )__ -,-----,' ----- -----
Aug. 3L-----·---l} .05! 16 :----i"'--:.--- ----.;--- -.- ------'.--- -
Sept. L .. ___ ___ ' ·89..) 1(.8 .0 .0 -- - - ----- 

{t===~= __ .=: :b~ I} 29 !-~~'-=- --~'-~- ---'-~- ---'-~- ----.- -----
13 __________ , .68 13 ______ ------'------,. -----:------:----- 
~O----------;} . 10 I 19 .0 .1· .O! .0 '------!-----21 __________ : f :____________ ·______ 1______ , ______ ' ____ __ 

Se~ footnotes n t end of table. 
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TAHLE f).-DalC8 and (fmO!lnt.~ of 'rainfall dW'ing 8easor/.~ 11'lten blister 
rust teUa were j)l'ese7lt. etr.-Continued 

BLACK ROCK, OREG.-Continued 

Time Area of viable teliu on plot number-
Date Rain foli

fall nee 
wet 2 4 5 6I---------,------.------------------

I Sq. Sq. Sq. Sq. Sq. Sq.
I In. !frs. in. in. in. in. in. in. 

Sept. 30__________ } ft. 14 } .0.0.0.0 ------ ----__ 

l~;:. 2!~:~::::~~: ..~13.L. 36. ::~::: :::::~ :::::: :::::: ::;:;: :::::: 

Sept. ~======:=:=I :349 I} 1~! ------ ------ ------ ------ ------1-----

4 ...... __ ..... l .01 ------ ------ -- .. - ... - ------ ... ----- ------
Mi _________ ) .19 118 ___________________________________ _ 

9 _________I . 1~ 118 ------ ------ ------ ------ ------ ----- 
12 __ . - ______ , .06 } 148 

I 15 ------ ------ ------ ------ ------ ----- 13. ----- •. ---j . , 

~~========j ~3~1 '} 110 1- ----- ------------------ -----T ----
16 __________ : .05 160 , ________ . ___ ._. _______________L ____ _ 
li ________ . .1 .42! \ I 
25----------;------i------I------ ------ ------1------ 2.2\ _____ _ 

SISKIYOU, OREG. 

1938:
June 


Sept. 


Oct. 


:\'ov. 


'I 
1~_ .. - ______ , 0.00 I 
If _________ ' .01. 
4 __________1!· 00 t 
~----------! .04 [f __________ , .08, 

23 __________ I . 00 I}
24. ! .Oi
25 __________, 
28_ - - - __ __ _ _ 29__________ 

3__________4.__________ 
23. - ~ -- ___ - 24 _ _ __ _ _ _ _ _ _ 
2i _ _ _ __ _ _ _ _ _ 
28 __ ._______ 

2~1__________:)0._________
:H ________ - 

1__..... ____ 
2__ .. _ . _ _ _ _ 
3.. _________ 
L .. _______ 

0~! 

. 0;3 i . 22 ! 

.43 j}

.OO! 
~. 04 I}. 12 I 

. 0:3 ;
0) 

. 44 ').17' 


. 08 ' 

1. L1 I 


. fa 

.33 1 

. :34+ 

j 
, .' I 

0; 0.4 ------ ______ ,' ______ ; ______ 1_____ _ 
2 1------ ------ ------ ------r----- -----

gj:::.=i=!====== ======!======E==]======I' I I t 

16 1-----.1------ ------l------j------I---- 
6 1_ .. ___1. _____ ------:------,------1-----

1.3 : - - -- - J - - - - - - - - - - - -! - - - - - -; - - - - - -1 - - - - __26 I 1.:3 ___________ -' ______ 1___________ _f 1 

- I .------ ------ ______iii______ ___________ _4a If 1 1 

35' :3.91·------ ------:------,!-----:-----
2 I" 

L :-----1------ ------.:------',------ -----
;!: : : 

. 
. , , 

1 1 

185+ ____________ ' ____________ '_. __ ________ 
, ! 

I: 
' 

---"':';"'--'--.-.';"'-';"'.-.~.~ .--~.---~---.--.--.--..-....---..- ...~--.. 
!:iet' rQott1Ot~s u t I'ncl of tab!!'. 



-----------------

___________________________________ _ 

___________________________________ _ 

___________________________________ _ 
___________________________________ _ 

6 
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TABLE 9.-Dates and amounts of 1'ainfall dwinfl8ea.wn.~ 1./Jl!en blister 
rust telia 1.Vel'e 7)1'esent, etc.-Continued 

DAMNATION, CALIF. 

Date Rain
fall 

--------1--

1938: In. 

Sept. ~~========== }O. 0028 __________ 2.12 
29 _________ _ 


Oct. i==========}3.44

Nov. L__________ .00

1939: 
June 15___________ } .22 

16__________ _ 
30___________ 

July 3__________
8_ _________ 

10__________ 
Aug. 6 __________ 
Sept.1L_________ 

.00 

.07 

.00 

.05 

.00 

.03 

g==========} .70 

~t===== ====} .5027__________ .00 
30 __________ 10.35 

Oct. 5__________ 

foli
age 
wet 

Hrs. 

0 

60+ 

55 

o 
36 

o 
8 

12o 
o 

10 
41 

} 84 
13 
36 

2t=========_ _ _ _ _ _ t. 00 ~~5 --if27 _ _ _ _ 0
1940: 

Sept. 12__________ .36 10 

O,t. ~mmm~ -ji--r ~Xj~ ~~~~~~ mm -m~im~lmm 
1941: 21. _________ ------ ------ (11) (11) ------ ------1------1------

Sept. J=======:==--:~~- --~:-- i~rr ~~~.~~~ ~~~~~.~I·======!======l====:= 
Oct. g12--------1 .46 l 18 1'--(3)'- -·3-·0-+-;-3-:-1'------:------1---- .. --- I " ((---1942: . - -. - - - - - - - ( - - - - -1- -
Sept. 8_ - __ - • _''', . 1 0 i 20 

Oct. 1101-.-._.-_-_-_-_-._--_:,).81 I'} 
v 
"4 

12__________1 4

13----------[ ..')
it========== __ "___ } 27 

f I 

Time Area of viable telia on plot number

2 3 4 5 
___ 

Sq. 
in.. 

Sq.
in. 

Sq. 
in. 

Sq.
in. 

Sq.
in. 

Sq.
in. 

95.5 0.0 0.0 ------ ------ -----

.2 _________________ _1.3 .3 

.2 _________________ _.2 

.1 _________________ _. 1 

_________._ ~____._ ~_ ====== === === ====== 

====== ~~~~~~ ~~~~~~. 0 ====== =::::: ======_. 0 _________________ 

______________________________ , _____ _ 

. -1 -. - - T . - - . 
_ _ _ _ _ 8. 3 ;. _... ,' _. __ .; ___ ... _" . 

24. 7:,.6. 6 !'" ___ : 

I 
------ ------ ------ ----- -----.,l .. -~-"'-

I 
See footnotes at end of table. 

http:1101-.-._.-_-_-_-_-._--_:,).81
http:i==========}3.44
http:dwinfl8ea.wn
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TABLE 9.-Dates and {(mounts of min/all d161ing 8easons 1.olLen bliste't' 
1'llSt telia 1.0e1'e present, eto.-Continued 

DEADHORSE, CALIF. 

Time Area of viable telia on plot number-
Date Rain- foli

fall age 
wet 1 2 3 4 5 6 

Sq. Sq. Sq. Sq. Sq. Sq.
In. Hrs. in. in. in. in. in. in.1938: 

.July 13 __________ 0.61 10 (3) O. 0 (3)
Sept. 7__________ .21 27 (3) O.


28__________ .47 
 35 O. 3 0 
0 1. 5 

5 

29__________ .32 } 
48+ ___________________________________ _

Oct. ~==========}1. 265 __________ .08 5 ------ -'----- ------ ------ ------ ----- 
1~----------} .411,,_________ _ 36 

28 __ • _______ ) .0 .0 6.5. _________________ _
29__________ 2.26
30_________ _ 80+ ------ ------ ------ ------ ------ ----- 
3L ________ _ ------ ------ ------ ------ ------ ----- 

1939: 
.June 15___________ } .11 36 ------ _____________________________ _ 

16___________ .0 .0 ______ 0.0 0.0 0.0 
July 3__________ .61 24 .0 .0 ______ .0 .0 (3) 

6_ - - - ------ -_____ ______ ______ ______ ______ ______ .3 _____ _ 
10_ - - - -----_ .11 12 (3) . 1 ______ .1 ______ .5 
29__________ .02 8 ___________________________________ _ 

Aug. 4__________ ______ ______ .3 .0 ______ .1 .0 .4 
Sept. 1L _________ } 

12__________ .81 41 ___________________________________ _
13 _________ _ 
14__________ ______ ______ .7 .4 ______ 3.2 .1 .1 

20__________ .02 2 ___________________________________ _ 

25__________ .10 5 ___________________________________ _ 

26 __________ } 

27 __________ 13.00 48 ___________________________________ _

28 _________ _ 

Oct. 4__________ .21 5 ___________________________________ _ 

~==========} (14) 32 ___________________________________ _ 
9__________ ______ ______ 2.3 1. 5 1. 6 .0 2.9 

24__________ (9. H) 32 .0 .0 ______ .0 .0 .0 
1940: 

Sept. 6__________ ______ ______ ______ ______ 7.2 ______ 136. 2 74.7 

g========== __ '_:~J __ ~~ __ ====== ====== -i3.-4- ====== ====== ====== 15 __________ } 1 8 ___________________________________ _
1316__________ .. 5 ___________________________________ _ 

17 __________ } {17 ___________________________________ _ 

it=========, .49 , --is- ====== ====== -2S:3- ====== 13S:3- -102:9 
~~==========} .24 15 ________________________ , ___________ _

1
 
See footnotes at end of table. 
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TABLE 9.-Dates and amounts of 1Ydnfall during sea.son8 'When blister 
ru.st telia -'Wen present, etc.-Continued 

DEADHORSE, CALIF.-Continued 

Time Area of viable teIia on plot number-
Date Rain foli

fall age 
wet 2 3 4 5 6 

Sq. Sq. Sq. Sq. Sq. Sq.
In. llr8. in. in. in. in. in. in.

2__________ .04 20 ___________________________________ _Oct. 
8__________ ______ ______ ______ ______ (15) ______ (15) 16.6 

20__________ .02 13 ___________________________________ _ 
22___________ ______ ______ ______ ______ (15) ______ (3) (15) 

1941: 
4 ___________________________________ _ 

Sept. ~~==========} .08 { _10 ___________________________________20 __________ .39 

14
21 _________ _ --(15)-- --(15)-- ====== --(ISf- ====== ====== 

1216 _________ .55 28 (15) (15) ______ (15) ___________ _ 
1942: 

Oct. 

Sept. g==========}. 26 14 	 I'10__________ .02 22 ---~~- -;~.-~- -3~.-~- --~~~- -~~.-3- --33~~ 
Oct. 10 __________ } _________________________________ • __ _ 

11__________ .50 48 ___________________________________ _ 
12__________ 16.3 11.9 11.2 14.0 8.0 21.0 
13__________ (3) __________________________________ • ______ _ 

~g========== __ ._~~_} 26 _______________________________ . ___ _ 

BIG BAR, CALIF. 

1940:
Sept. 	15 ____ ._____ .05 2 ___________________________________ _ 

18 ________ ._ .40 20 105.7 29.3 (15) (15) ______ .. ____ _ 
26__________ .10 14 --- ___ -----_ - ___________ ------1------

Oct. 2__________ .17 18 (15) (15) (15) (3) ______1_____ _ 
1941: 

~a~' 	~t========= :6~ 1~ --~?-- --~?-- --~?-- --~:-- ======1======19__________ .15 18 (15) 199.0 (15) 199.0 ___________ _ 

~!-lii======== }1: ~~ ~ ====== ====== ====== ======1======1====== 
19~~t :;::;:;::;;; _~ l~_} : l~ry1 __r~___:'_2_ _~~--1:::: :II! ~~~~~ ~ 

Oct. 1t=~=======}. 82 52 I~~~=~= =~~=~=i=~~'=~= =~~'=~=t==~'=~=l======ig----·----- (20) I} 16 ______ -- ____ ;____________ 1. ____ .1 _____ _ 
---------- ------	 I"

23 ________________L. ____ 75.3 4.8 I 2.0 6.:3 i .0 1-----
25__________ (3) I 14 ------ ------1------1------1-- ___ i _____ _ 
26___________ (3) I 16 ---3--- ------1--- --- ______ ..1 ______ 1_____ _ 

3:31.. _________ ------ ------1 () ------, () ------1------ ------
See footnotes at end of table. 
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TABLE 9.-Dates and amounts of min/all dW'inq 8ea.yon.~when Oli8te7' 
rust telia 'were present, etc.-Continued 

WASHINGTON POINT, CALIF. 

I Time Area of viable telia on plot number-
Date Rain foli

___________f__f_a,l_l_- :~~ __1_-=-__3__4__~J__6_ 

ISq. Sq. Sq. Sq. Sq. Sq.! In. Hrs. in. in. in. £n. in. in. 
1947: 

Oct. 7----------1' 1.00 23 --.----10.1 ------_________ ------• ___________________ -- .. _-_ ---- __ -- ___ _ _8 ________________ .. _____ 

9 __________ 11. 10 }


10__________ } .65 47
11 _________ _ ------ ------ ------ ------ ------1---- .. 

! 
- ... ---- ------ -- .. --- ------, ------!,..----:~==========1}2. 95 } 38

20__________ .78} 26 

~~==::====:T -. --- ,--~~~- ====== ======,====== ======1======46 ___________________________________ _
29_ -. -- __ -- -I}l. 85 '.------ ------ ------1------ ------1-----30__________ ! J .4 _______________________ • ___._. 

, I I , 
I The number of plots established differed at the different locations; !llso at each 

location the number of plots exposed to blister rust often differed from year to 
year. 

2 Snow and rain. 

3 Trace. 

• Cold. 
S Mostly mist. 
G Part snow. 
7 E.'lt.imated from Crescent Ranger Station records. 
g Fog in a.m. 
~ Sno·...·. 
10 E!;timated from record at Vollmers; total for period was accurate. 
II Some telia present Sept. 14 to Oct. 22, 1940. 
12 Temperatures very low. 
13 Patchy fog. 
14 No record. 
IS Viable telia present but not measured. No germination. 
16 Temperatures :32°-44°F. 
17 Small amount of viable telia but not measur('d. 
18 Viable telia undoubtedly present but amount not determinable because of 

previous germination. 
I~ Temperatures :38°-48°F. 
20 Light rain; no record of amount. 

u.s. GOVERNMENT PRINTING ortler. 1961 0-597889 
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