
Host Alternation of 

Spruce Broom Rust 

Abstract. Repeated inoculations demon­
strate that Peridermium coloradense 
A. & K. is the gametophytic stage of 
Chrysomyxa arctostaphyli Diet., previous 
reports notwithstanding. Thus C. arctosta­
phyli is eliminated as the only familiar 
exception to Transhel's law, which may 
apply universally to microcyclic rusts. 

Peridermium coloradense on spruce 
(Picea) has long been considered con-
specific with Melampsorella caryophyl-
lacearum Schroet., which alternates be­
tween fir {Abies) and Caryophyllaceae. 
Evidence that these rusts are identical 
consists largely of the inoculation re­
sults of Weir and Hubert (1, 2 ) , but 
these have never been fully confirmed. 
Pady and others have questioned con-
specificity because of differences in 
morphology and distribution of the 
spruce and fir rusts (3). The most 
striking argument against synonymy of 
these names was that of Hunter (4) , 
who compared pycnia of the two coni­
fer rusts and concluded, regarding the 
spruce parasite, that "its type is that of 
a Chrysomyxa." 

Association of decay and mortality 
with rust witches' brooms in species of 
western American spruce has called the 
attention of U.S. Forest Service pathol­
ogists to Peridermium coloradense. 
Classification of the rust and determi­
nation of its telial hosts are natural 
first stages of investigation. 

Accordingly, on 29 July 1960, aecio-
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Reports 

spores from a broom on Picea engel-
manni (collected at Allenspark, Colo­
rado, 28 July) were applied to both sur­
faces of moistened leaves of 16 caryo-
phyllaceous and 7 ericaceous plants, as 
follows: ten Stellaria media, two S. lon-
gipes, two Cerastium vulgatum, two 
Arenaria lateriflora, two Arctostaphylos 
uva-ursi, one Chimaphila umbellata, 
three Vaccinium scoparium, and one 
Kalmia polifolia. An equal number of 
controls of each species was treated 
with water only. The potted plants were 
kept in a greenhouse inoculation cham­
ber in Fort Collins, Colo., for 80 hr (at 
100 percent relative humidity, 16° to 
28°C), then on a greenhouse bench. 
After 15 days, the bearberry {Arctosta­
phylos uva-ursi) leaves developed 
abundant red spots; after 25 days, a 
careful check of all plants showed no 
disease symptoms in any except the 
bearberries, nor in any control plants. 
Microscopic examination showed that 
the red spots were the centers of dense 
rust mycelia. 

The bearberries were wilding trans­
plants. They had been in the green­
house and rust free for 10 mo previous 
to the experiment; most of their leaves 
were greenhouse grown. 

No sori developed on one infected 
plant kept in the greenhouse. The other 
inoculated bearberry was kept outdoors 
from 2 October until 7 November and 
then returned to the greenhouse; scores 
of recognizable telia were produced on 
it by 28 November (but none on an 
accompanying control plant). Basidia 
were not produced until the plant was 
exposed to 100 percent relative hu­
midity (on 20 December 1960). The 
teliospores measured 8 to 17 by 16 to 
47 JJL and the basidiospores 8 to 9 by 
9 to 10 JJL; both were characteristic of 
Chrysomyxa arctostaphyli in shape, 
color, and wall thickness. Bearberry 
rust is not known within 20 miles of 
Fort Collins, and though it occurs in 
the mountains to the west, presumably 
its natural sporulation was completed 

weeks before inoculations were made; 
contamination thus seemed very un­
likely. However, confirming experi­
ments were undertaken. Aeciospores 
collected in South Dakota on Picea 
glauca were applied to another bear­
berry plant in the greenhouse; infec­
tion (judged by production of myce­
lium) was abundant, whereas the con­
trol was negative. Five series of in­
oculations were made from 2 August 
to 6 December 1960 on detached leaves 
floating on water in petri dishes. In 
the first series, aeciospores were applied 
to 41 leaves of Chimaphila, Vaccinium, 
Pyrola, and Stellaria, as well as to 
eight Arctostaphylos leaves; all 41 and 
their 32 control leaves remained 
healthy. Eight uninoculated bearberry 
leaves and four leaves to which aecio­
spores were applied on the upper epi­
dermis showed no infection. All four 
bearberry leaves inoculated on the 
lower epidermis became heavily in­
fected, as judged by production of 
mycelium. In the second experiment, 
Peridermium coloradense aeciopores 
from six different collections were used. 
Only two caused abundant infection 
(from Allenspark, Colo., and Deerfield, 
S.D.); concurrent tests on slides showed 
that only in these two was there meas­
urable aeciospore germination. Of the 
four nonviable or slightly viable col­
lections, only one gave rise to two red 
spots on a bearberry leaf, and no my­
celium was observed in two hand sec­
tions from these spots. As in the first 
experiment with detached leaves, no 
infection occurred where spores were 
applied only to the upper epidermis— 
probably because no stomata occur 
there. Later inoculations on newly ex­
panded bearberry leaves in petri dishes 
were designed to test light and temper­
ature requirements for infection. All 
these experiments confirmed the spruce-
bearberry alternation in that they gave 
rise to rust mycelium from broom rust 
aeciospores under some conditions, and 
all control leaves remained healthy. 

These experiments demonstrate that 
Peridermium coloradense is the aecial 
stage of a rust which appears to be 
identical with Chrysomyxa arctosta­
phyli. In retrospect this finding is not 
surprising. Peridermium coloradense 
"cannot possibly be a Melampsorella" 
(4), and Chrysomyxa arctostaphyli 
without a spruce stage was abnormal 
among Chrysomyxae. The bearberry 
rust has about the same known range 
as spruce broom rust, from Alaska and 
Utah eastward almost to the Atlantic. 

468 SCIENCE, VOL. 134 



Where one host is present without the 
other, as in Greenland, arctic Alaska, 
cnd the southern Appalachians, neither 
rust has been reported. A possible ex- 
ception is the Kaibab Plateau of north- 
\vestern Arizona, where Perideri?zillrn 
colo~ndense is abundant on spruce but 
bearberry has not been reported. It  
will be interesting t o  see whether an- 
other Arcto.stnp11)~los species serves as 
host, o r  the broom rust is short-cycling 
on spruce, o r  bearberry is actually 
present. Periderr?ziur?z coloradenre has 
been reported southward to central 
\Ieuico ( 5 ) ,  far beyond the range of 
bearberry, but probably this is erro- 
neous because central Mexico is also 
far  south of the spruce host's range. 
In  Eurasia both hosts are present, but 
both rusts are absent, according to 
mycological works on that area. 

The  bearberry Clzryron~yxn, though 
called nlicrocyclic ( 2 ) ,  is on the 
"wrong" host t o  be  so according t o  
Transhel's law, which is (in part) that 
microcyclic rusts occur on  the aecial 
hosts of related n~acrocyclic species 
( 6 ) .  The  aecial hosts of CIzry ~ornysne  
are Picen species, not Ericaceae. N o  
evidence was ever presented that Chry- 
s o n ~ y x n  nrctostnphyli is microcyclic; 
it was simply stated to be so. It  pro- 
vided the principal apparent exception 
to Transhel's generalization ( 6 ) .  Be- 
cause the telia produced on  bearberry 
from inoculation with Periderrwiur~z 
colorndense are identical with those 
of Chrysonzyxn nrctostnphyli, we can 
now assume that the latter is not a 
microcyclic species. Other possible ex- 
ceptions are also species of C h r y ~ o -  
rnyxa, and are  even less known than 
bearberry rust; quite likely they too 
are host-alternating. The "law" may 
apply to  all microcyclic rusts. 

R. S. PETERSON 
Rocky M o ~ l i ~ t n i n  Forest and Range 
Experinlent Station, U.S. F o r e ~ t  
Service, Fort Collins, C o l o ~ n d o  
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Preference Factors in 
Experimental Alcoholism 

Ab.strtrct. Normal rats which refused 5- 
and 20-percent alcohol in a previous study 
\\ere restricted to 5-percent and 20-percent 
solutions in their home cages for either 30 
or 120 days. Differential preferences for 
alcohol solutions of u p  to 8-percent were 
established as a function of length of time 
animals consumed alcohol but not as a 
function of the particular concentration 
consumed prior to testing. 

One of the principal experimental 
procedures in physiological studies of 
alcohol consumption IS the voluntary 
self-selection method By daily increas- 
ing the percentage concentration of 
alcohol, Richter ancl Campbell ( I )  have 
shoun  that rats pretcrred alcohol over 
water in ranges of trorn 1.3 to 6.5 per- 
cent. Myers (2) ,  ho\+ever. found that 
rats 11hich had never been exposed to 
alcohol refused a 5-percent solution and 
would not select this concentration in  
preference to  water: this preference was 
reversed only when the rats were re- 
stricted t o  alcohol for a t  least 1 0  days. 
From this and other evidence (3),  it 
seems that in Ilichter's experiments the 
gradual increases in concentration of 
alcohol modified the animals' prefer- 
ence threshold. 

In order to  clarify the role of the 
time and concentration factors in self- 
selection, 16 male, 300-day -old hooded 
rats of the Colgate strain were trained 
in boxes containing three levers (4) t o  
obtain with each respective lever press 
a pellet of food, 0.03 ml of water, o r  
0.03 ml of 5-percent alcohol in one ap- 
paratus o r  20-percent alcohol in the 
other (5). Each animal was deprived of 
food and alcohol for 24  hours, and dur- 
ing the I -hour test session obtained its 
only food and fluid until the next day 
a t  the same time. In all cases the rats 
preferred water t o  both concentrations 
of alcohol throughout the 12 consecu- 
tive test sessions. Therefore, the rats 
\%ere divided into four equal groups so 
that fluid intakes in their home cages 
u e r e  restricted to  5-percent alcohol for  
either 30 or 120 days, o r  20-percent 
alcohol for  30 or  120 days. During this 
time they were maintained on their 
normal free-feeding laboratory food 
regimen. Retesting was then carried out, 
n i th  half of the rats in each of the 
groups offered alcohol solutions which 
were increased from 5-percent, in I -per- 
cent steps on sucessive daily test ses- 
sions, and the other half offered alcohol 
that was decreased from 15-percent con- 
centrations in the same manner. A s  in 

previous research (2) the data showed 
that food responses (intake) were 
identical across all groups. 

With respect to  fluid preference as a 
function of the two alcohol concentra- 
tions in the home cages, there were no 
differences between the preference 
curves of rats that consumed 5-percent 
solutions and those that  d rank  20-per- 
cent solutions. The  data from these two 
groups therefore were combined. 

Figure 1 illustrates the preference 
functions based o n  the effects of in- 
creasing versus decreasing the order of 
alcohol concentrations offered during 
testing. Neither the 30- nor  the 120-day 
group on the decreasing alcohol sched- 
ule manifested a clear-cut preference 
for  alcohol until the concentration 
dropped to 4 percent (bottom graph). 
This is in sharp contrast to  the prefer- 
ences for  higher alcohol concentrations 
by the groups offered alcohol increas- 
ing in concentration by  1 percent each 
day (top graph). Here it is postulated 
that the water preferred during the 9- 
day period in which the alcohol concen- 
trations were high and in the aversive 
range reduced the acclinlation to  and 
counteracted the effects of the long- 
term drinking. 

In Fig. 2 a n  over-all comparison of 
water and alcohol response functions, 
independent of the increasing or  de- 
creasing order, clearly shows that in the 
30-day groups a shift i n  preference 
f rom alcohol to  water occurs more 

-- 30 DAY GROUP 
-110 DAY GROUP 

CONSECUTIVE DAILY T E S T  SESSIONS 

Fig. 1. comparison of the two testing meth- 
ods for offering alcohol solutions to both 
30- and 120-day groups of rats. On suc- 
cessive days, the alcohol solution was in- 
creased by I-percent steps (top) or de- 
creased by I-percent steps (bottom). 
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