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Susceptibility of Oregon, Caliiornia, Ne- 
vada. Utah, and Arizona provenances of whitC 
Eir (Abies covicolor [Gord. Br Glen&] Lindl.) to 
crown injury caused by balsam twig aphid 
(MLukrrur abierinus Koch.) was assessed in an 
experimental plantation in the central Sierra 
Nevada in California. Bud phenology was ob- 
sewed to explore relationships between flushing 
times and crown injury. Highest susceptibiiity 
occurred in the Oregon provenances, which rep- 
resented natural populations intermediate 
between A. c m o l m  and grand fir (A. grandis 
lj30ug.l Lindl). Least susceptibility occurred in 
provenances from northern and central Califor- 
nia, southern Wornia ,  and western Arizona, 
representing A. concolor var. Iowiana or var. 
concolor, or their intermediates. Moderate sus- 
ceptibility occurred in var. concolor prove- 
nances from eastern Nevada and western Utah. 
Flushing times of provenances varied, but evi- 
dence that they influenced susceptibility to the 
aphid was scant. 

Retrieval Terms: susceptibility, resistance, 
white fir, injury, insects 

hite fir (Abies concolor [Gord. & 
Glend.] Lindl.) is a widely disaib- 

uted montane forest species, and an impor- 
m t  Christmas tree, in western North Amer- 
ica. Within its range, this fir exhibits con- 
siderable moqhological and chemical vari- 
ation, and populations with hybrids 
betweenA. concolorandA. grandis (Doug.) 
Lindl. occur in southern and central Ore- 

Taxonomists recognize two varie- 
ties: Rmky Mounrain white fir (var. con- 
color [Gord. & Glend.] Lindl.) and W f o r -  
nia white fir (xu. lowiana [Gord.] kmm.).s 
This variation provides a potential for se- 
lecting white fi types with deskableChrist- 
mas tree characteristics. 

The culture of white fir for Christmas 
trees is hampered in some areas by its sus- 
ceptibility @ the balsam twig aphid 
(1Mindarw dietinus Koch.). This aphid 
infests Abies species across Canada and the 
United States. In spring, colonies feed on 
newly emerging needles and shoots, caus- 
ing deformation and stunting. Populations 
usually decline by mid-summer, but severe 
infestations can adversely affect Christmas 
tree values for several years following at- 
tack. Chemical control is effective, but 
must be properly timed and repeated at least 
annually, and thus can be Se- 
lection and planting of white fir resistant to 
this aphid may therefore present an eco- 
n o m i d y  attractive alternative. 

Differences in sus~eptibility of balsam fir 
provenances to balsam twig aphid were 
found in provenance test plantations in 

Vermont and Michigan: in the Vermont 
plantation, Fraser fir exhibited little suscep- 
tibility because it flushed after populations 
of the aphid had ~ e a k e d . ~ . ~  

This note documents variation in suscep- 
tibility of white fir provenances to balsam 
twig aphid, and analyzes its relationship 
with flushing time, in a provenance test 
plantation in the central Sierra Nevada of 
California. 

MATERIALS AND METHODS 

In March 1966, nine seedlings of each of 
39 white fir provenances, representing most 
of the species' natural range, were planted 
as 2-1 stock at Camino (1040 m elevation), 
Eldorado County, Calif~rnia.~ Each prove- 
nance sample consisted of three replica- 
tions, each of three seedlings, planted in an 
interlocked randomized non-contiguous 
plot layout designed to minimize effects of 
microsite variation.1° One replication was 
removed by thinning in 1970. 

Previous studies of various morphologi- 
cal, and growth characteristics have con- 
cluded that white fir in the western portion 
of its range may be subdivided into five 
major geographic groups: (1) Northern - 
populations intermediate with A. grandis in 
central and southern Oregon; (2) Central - 
var. lowiana populations in northern and 
central California; (3) Southern - popula- 
tions intermediate between var. lowiana 
and var. concolor in southern California; (4) 
Interior North - var. concolor populations in 
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eastem Nevada and weskm Utah, and 5) 
Inknior Sou& - vx. ~oncodorppulaQions in 
m ~ n a l - ~  

Of the 39 provenmces in the Cmino 
phmtion, l h o n s i s t i n g  of 2-4 prove- 
nmces from each of the above gmgaphic 
goupsi-were assessed for suscep~bilily to 
b d m  twig aphid (table I ,$g. I). Flushing 
h e s  of these povenmces were smdid in 
1972 and 1973, and signifimt differences 
were found mong geogaphic goups, 
provenances within groups, and yeas? 

Beginning in 1982, we recorded aphid 
injurry and flushing time on a crown-wide 
bask on each of the six ems  ~presn t ing  a 
provenance. In mid-my when aphidppu- 
lations were peaking, relative flushing b e ,  
judged as h e  typical or average bud condi- 
tion, was scored as: (0) no appzent break- 
age of any bud, (1) slight flushing, visible 
breakage of some buds, (2) visible breakage 
of most buds, (3) most buds beginning shoot 
elongation, or (4) most shoots aheady elon- 
gated 25 wreent or more of pevious year's 
growth? In July, after aphid injury for the 
cblhpent yew was comple~d, the mount of 
cmerak. year $i-owa hjw& was eskimated 
to Ehe newst 5 percent. Obsmadons of 
both aphid injjurry and flushing time were 
r e p a t 4  annudally kougk 1985 to study 
yeaar-to-year v~aaions. 

The data were subjecbed to analyses of 
v ~ m c e  to detemhe the signzcance of 
geographic groups, and yovenances wihin 
groups, as sources of v ~ a t i o n .  The squme 
root eansfonnalion was applid to the per- 
cenage &pa before malysis. Each year's 
data were analyzed sepaakly and &he re- 
s u l ~  compaed with those obained by aver- 
a@ng over b e  years studid. This approxh 
was mnsiderd more robust ekm a r e p k d  
meawes design, given the consider2able 
dzferences in eke sizes of the v ~ m c e s  
from year to yea. Means were compared by 
T&ey9s test at the 5 percent level of signifi- 
ca3ce.11 

Relationships ktween aphid injuhy md 
flushing time were analyzd on a yealy 
basis by adding flushhg score as a covdate 
to the vapimce model descnibeal above. 

RESULTS AND DISCUSSION 

Satisdcally significmt differences in 
aphid iaq jq  occuned mong h e  white fi 
provenmces in most of the yeas studied. 
Results obhined by aveehging h e  ia?juv 

Table 1--Prowersances of white )5r assessed for slcrceptibili5 lo b&am wig aphid a1 the C m ' w  plantation 

Oregon La Gwnde 45" 17'N 118" 31'W 1340 
Oregon Prineville 44" 30' 120" 45' 1220 
Oiregon Prineville 44" 30' 120O 45' 1520 
Oregon McKenzie Bridge 44' 18' 122" 05' 1220 

California Westwood 4 P  27' 121" 05' 1770 
California W e s t w d  400 25' 121" W 1980 
California Meadow Valley 39" 54' 121" 05' 1740 
California Meyere 38" 51' 120" 00' 2070 

California W r i g h t w d  3h0 21' 117" 40' 1890 
California Twin Peaks 34" 10' 117" 05' 1740 
California Escondido 33" 20' 116O 52' 1560 
California Julim 32" 57' 116" 36' 1710 

Nevada Baker 39" 02' 14" 15' 2290 
American Fork 400 25' 111" 44' 1710 

Arizona Young 34" 06 l 10" 56' 2290 
Arizona Happy Jack 34O 47' 111" 22' 2290 

prcenmges over the yeas studied were 
generally simila to those obraind by am- 
lyzing each yea's data sepxakly. Vai -  
ance analyses hdicakd that ggegraphic 
group was a stalisticdly sipificmt (pc.05) 
sowee of varialion but provenmces wiekrin 
poups were no& except for 1983 when 
injury was %ow and neiher s o m e  was sig- 
nificant. Comp&sons of group means 
(~absble 2), indicatd that injug averaged 
highest in provenances of eke Norlkem 
Group, with injuuy to individud trees some- 
times exceeding 80 percent of the cment 
year's gowth. Injury averaged lowest, and 
was not signzicandy different, mong 
provenmces of the Centud, Southern, and 
Hn~risr South Gmlaps, with injuq es indi- 
vidual trees seldom exceeding 15 percent of 
the new growth. Inenanediate levels of 
injury occurred xnsng provenmces of the 
Hnlerior North Group. A negalive correla- 
tion (r = -0.623, p 4 1  at 14 df) was found 
between provenmce m a n  injury, 1982-5, 
and elevation of eke seed source. However, 
the pzeial conelacion with effects of lati- 
tude removed (-0.257) was not slatistically 
significant. Evidently, most of the coureh- 
tion between aphid injuhy and elevation was 
attribu~bk eo the tendency of the northern 
provenmces to have seed origins at lower 
elevafions than hose eo the south. 

Table 2-Average balsam twig aphid injury for geo- 
graphic groups a d  provenances of white fir at the 
Cam.ino plantation 

Group and 

Interior No&: 23.3 b 
14.2 
12.5 

Interior South: 7.5 bc 
12.5 

BC 2.5 

Central: 
AG 
AH 
M 
AM 

'Group means in columns followed by different 
letters differ significantly ( ~ . 0 5 ,  Tukey hsd rest). 

1.7 cd 0.3 a 4.4 bc 0.8 c 
2.5 0.0 3.3 0.8 
1.7 0.0 0.0 0.8 
0.8 0.0 0.8 0.8 
1.7 1.3 13.3 0.8 
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Table 3-Average flushing values for geographic 
groups nlzd provemnces of white fir nt the Camino 
phntation 

Group and 
provenance 

Northern: 
M 
Q 
R 
S 

3.29 a' 2.58 a 3.04 a 2.54 bc 
3.01) 2.33 2.83 2.33 
3.33 2.50 3.33 2.50 
3.50 2.67 2.83 2.67 
3.33 2.83 3.17 2.67 

Central: 
A 6  
AH 
AJ 
AM 

2.50 b 1.67 b 2.00 b 2.29 bc 
2.67 2 . 0  2.67 2.83 
3.17 2.33 2.16 2.50 
2.17 0.83 1.00 2.00 
2.01) 1.50 2.17 1.83 

Southern: 
AR 
AS 
AU 
AV 

Interior South: 3.50 a 3.00 a 3.33 a 335 a 
BB 1 4.00 4.00 4.00 4.00 

2.54 b 2.25 ab 2.71 a 2.21 c 
2.17 2.00 2.67 1.67 
1.67 1.33 2.33 1.83 
3.50 2.83 3.00 2.67 
2.83 2.83 2.83 2.67 

Interior No& 
AX 
B 6  

'Flushing scores: 

3.25 a 3.00 a 3.25 a 2.83 ab 
3.00 2.66 3.17 2.67- 
3.50 3.33 3.33 3.00 

0 = No apparent breakage of any bud., 
1 = Slight flushing, visible breakage of sane buds. 
2 = Visible breakage of some buds. 
3 = Most buds beginning shoot elonga~m. 
4 =Most shoots already elongated 25 percent or more 
of previous year's growth. Group means in columns 
followed by different letters differ significantly 
@<.05, Tukey's hsd test). 

in aphid injury were asswiated with vaxi- 
adms in flushkg times. W e n  flushing 
score was hcluded as a c o v h a e  in h e  
v&mce amlyses, it was not s~eiseicdly 
significmt except in 1984 when it statisti- 
cally e x p l ~ n d  only a b u t  14 percent of h e  
v&a~on in aphid injburgi. Rovenances 

Figure ?-Dots and letters show eke locations of the white fir provenancss. 
The Camino planbtion is shown by a square (Libby and others 1980). 

S~fistically significme differences were 
also found mong flushing times of the 
provenmces. Results from averaging the 
flushing scores over the years 1982-5 were 
again closely similar to those obuined by 
analyzing each year's data separately. In 
v&mce analyses, boh gmgaphic goups 
and provenances within groups were sig- 

nificant sources of vkation. Comp~sons  
of g r ~ u p  mans (tdable 31, indicated hat  the 
NoPehem, Interior North, and I n ~ e ~ o r  Sou& 
Groups generdly flush4 earlier than the 
CenBd md Souhem Groups. Similar re- 
sults were found in the mdysis of flusKng 
limes of these trees in 1972-3.2 

We found Gede evidence that diaerenca 

flushing m ~ e s t  included both hose aver- 
aging the highest Worbem), md lowest 
(In1Rfior Soufi), a p ~ d  injury (rdles 2, 3). 
In d1 provenmces, b u d b r d  generdly 
occurred before aphid ppuhdons had 
p e e d ,  which probably explain& the gen- 
em1 hck of rehbonshig between aphid in- 
jury ztnd flaas~ng h e .  

Evidently, white firs from &egon, repre- 
senting natural ppuhtions ineemehaiate 
between vix. 6owiam md A. grandis, were 
highly snxephble to balsam wig aphid in 
the Cmino plmation. In contrast, white 
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f i s  f m  ebewhere in the western prlion of 
the s p i e s k a m d  range, representkg var. 
concolor, var. lows'cam, or their hteme&- 
abes, were much less susmp~ble. These 
mdps suggest that white firs with dfinilies 
to A. grca~ads may be higkly suscep~b%e to 
this aphid. A. gradis is ~ p m d  t be 
highly suxegribk to h l s m  twig aphid b 
n o h w e s ~ m  Wa~Ringmn.~ Wesula from 
b e  Camino phealion must be tested else- 
where, however, as suscegbibili@ may vary 
according to environmenul, and other fac- 
tors. The marked differences in susceplibil- 
ity observed in ehe Cmino planuhon do 
suggest, however, there is a plenlial for 
selecting white fir strains that are resismt 
to b a l m  twig aphid. 
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