lated needles were fixed in Formalin-acetic acid-ethanol (FAA) for 24 hr.
The needles were dehydrated in a graded
ethanol series and embedded in Paraplast. Sections (10-pm) were stained with
safraninlfast green and examined under
a microscope for presence of mycelial
growth and conidiomata. At 5 wk after
inoculation, all asymptomatic shoots
were reinoculated with the original isolate and incubated as before. Disease
development was recorded again after 5
wk.
The various inocula were compared
with respect to mean disease severity ratings for the larch sources using the Quade
test (3), a nonparametric analysis of
ranks. Larch sources were compared
with respect to overall distributions of
plants among disease severity categories
using chi-square tests. Chi-square tests
were also used to compare individual M.
laricina isolates on each larch source with
respect to the number of shoots that developed conidiomata. Finally, chi-square
tests were used to compare larch sources
with respect to the total number of shoots
that developed conidomata regardless of
M. laricina isolate.

RESULTS
Larch shoots inoculated in vitro with
any of the three isolates of M. laricina
resulted in disease severity ratings that
were not significantly different from ratings obtained in the field (Table 1). However, the disease severity ratings for all
larch sources except XLD-1-84 and 9953
differed significantly from each other
(Table 2).
Dense mycelial growth, needle necrosis, and conidiomata were evident within
3 wk of inoculation on many shoots from
the most susceptible larch source. The
incidence and severity of disease were
maximum at 6 wk; data from this reading
are reported here. Disease severity of inoculated shoots was uniform within a
given seed source. The majority of reinoculated shoots of the most resistant
larch sources remained disease-free. The
few shoots that did become diseased had
ratings similar to the mean rating given
to the larch source in the first inoculation. Mature conidia were recovered
from all conidiomata sampled.
Symptomatic needles that were detached and incubated on potato-dextrose agar yielded colonies of M. laricina.
Light microscopy of necrotic needles
showed extensive destruction of host
mesophyll and the presence of conidiomata with conidia. No uninoculated
shoots became diseased, and needle sections appeared normal.
Disease severity rating was consistently highest on shoots of all larch
sources inoculated with isolate 561
(Table 1). Isolate 565 caused the least
disease on all larch sources except XLLLD-12-84, and isolate 532 was intermediate. The different isolates did not sig-

European larch from seed source
XLD-14-84 and hybrid larch from seed
source XLL-LD-12-84 were generally the
most resistant. European larches from
seed sources XLD-5-84 and 9950 were
the most susceptible.
Conidiomata developed significantly
more often on shoots from larch sources
XLD-5-84 and 9950 than on shoots
from the other larch sources (Table 3).
In general, conidiomata developed more
frequently in the necrotic portions of

nificantly change the relative ranking of
the most resistant larch sources. Larch
source 9953, however, was highly susceptible in the field but was ranked moderately resistant when tested in vitro. Inoculation of all larch sources with isolate 532 resulted in a ranking similar to
that obtained in the field. All three of
the most resistant sources, based on the
field trials, were identified when isolate
532 was used, and two of the three were
identified when isolate 561 was used.

Table 1. Mean needle blight disease severity ratings of European (Lorix decidua) and hybrid
(L. X eurolepis) larch 6 wk after inoculation with three Mycosphaerella laricina isolates and
under natural inoculum in the field in Iowa and Wisconsin
In vitro isolatesY

Larch sourcew

Field
inoculumx

532

565

561

Combined
meansz

XLD-14-84
XLL-LD-12-84
XLD-1-84
9953
9950
XLD-5-84

0.75
0.84
2.03
2.41
2.25
2.06

0.94
1.54
1.75
1.87
2.30
2.37

0.70
1.68
1.30
1.42
1.84
2.33

1.06
1.80
2.10
1.88
2.68
2.51

0.88
1.59
1.75
1.80
2.27
2.37

"All were European larch except XLL-LD-12-84.
"Field ratings (combined for Iowa and Wisconsin for 1986 and 1987): 0 = no disease; 1 =
slight, 1-25% foliage affected; 2 = moderate, 26-50% foliage affected; 3 = extensive, 51-75%
foliage affected; 4 = severe, 76-100% foliage affected.
Laboratory ratings: 0 = no symptoms; 1 = slight mycelial growth, 1-25% of needles with
browning; 2 = moderate mycelial growth, 26650% of needles with browning; 3 = extensive
mycelial growth, 51-75% of needles with browning; 4 = severe, shoot overgrown by mycelium,
76-100% of needles with browning.
Because the relative ranking of seed sources was not significantly different (Quade nonparametric
rank test, P = 0.05) after 4 yr in the field or after in vitro tests, field and laboratory ratings
were combined.

Table 2. Number of larch plants in each disease rating categoryz
Larch source
Rating

XLD-14-84

XLL-LD-12-84

XLD-1-84

9953

9950

XLD-5-84

0
1
2
3
4

50
91
16
2
4

18
63
63
15
7

20
27
64
17
8

14
20
85
11
5

8
28
64
40
25

3
8
96
39
17

'Larch sources are ranked left to right according to resistance (0 = high, 4 = low). The distributions among rating categories differ significantly from each other except for XLD-I84 and 9953 ( P = 0.05, chi-square test). Because no significant differences were found among
the inocula (Quade nonparametric rank test), the numbers of plants in each rating category
were pooled from field and in vitro inoculations.

Table 3. Larch shoots inoculated in vitro with Mycosphaerella laricina on which conidiomata
develo~edafter 6 wk
-

Percentlsamole size of isolates
Larch sourcex

565

561

532

Totaly

"Sources within column not followed by the same letter are significantly different in respect
to production of conidiomata by individual M. laricina isolates ( P = 0.05). Larch source
XLL-LD-12-84 could not be included in analysis because of 0 values.
Values within column not followed by the same letter indicate significant differences among
larch sources in respect to production of conidiomata across all M. laricina isolates (P =
0.05).
Values within rows not followed by the same letter are significantly different ( P = 0.05).
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needles from susceptible sources inoculated with isolates 532 and 561. Conidiomata rarely developed on shoots inoculated with isolate 565. Conidia were
produced only sparsely in culture plates
of isolate 565 as well. Conidiomata did
not develop on the hybrid larch source
XLL-LD-12-84 and developed infrequently on larch source XLD-14-84; both
sources are highly resistant in the field.

DISCUSSION
Generally, larches with a rating of 2.0
or lower in the field and laboratory trials
were assumed to have an acceptable level
of resistance. The two most resistant
larch sources in the field trials, XLD14-84 and XLL-LD-12-84, were also
identified as resistant in the in vitro test.
Inoculation with isolate 532 resulted in
a ranking of the three most resistant larch
sources in the same order as in the field
trial.
Because there were no significant differences in aggressiveness on the larch
sources among the three M. laricina
isolates compared with the field inoculum, the in vitro ranking of the most
resistant larch sources was similar to the
field ranking. However, larch source
9953, the most susceptible in the field,
was ranked more resistant in the in vitro
test and was within the acceptable
standard. This may indicate that genotype X environment interactions may influence disease susceptibility of larch
from some sources more than others.
P r o d u c t i o n of conidiomata o n
inoculated shoots varied by isolate and
larch source, even though the three M.
laricina isolates were recovered from
infected larch within the same geographic
area. It is not known if the latent period
of M. laricina could influence disease
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severity on different larch sources by reducing inoculum potential in the field.
This in vitro inoculation technique could
be useful in the study of the differences
in aggressiveness of M.laricina throughout its range and its ability to sporulate
on various larch selections.
Vegetative hyphae were used as inoculum in this study because of the difficulty in obtaining a quantified spore
suspension. In culture, conidia of M. laricina develop slowly, are borne on simple
conidophores within the aerial mycelium, and are often sparse. In contrast,
conidiomata developed within 3 wk on
inoculated shoots of susceptible larch
grown in vitro, providing an opportunity
for obtaining a large number of conidia
for further inoculation tests.
Screening larch in vitro for resistance
to M. laricina should be considered a
preliminary step to field screening. The
ability to screen larch from several seed
lots in vitro under highly controlled conditions for resistance to M. laricina offers
the potential for faster determination of
the suitability of larch selections for
inclusion in a tree improvement program. In vitro screening allowed us to
determine the relative susceptibility of
larch from different seed sources within
6 wk of inoculation, rather than the 4
yr required in the field. However, additional research is needed to determine
if variability in the aggressiveness of M.
laricina exists within the north central
United States before test isolates are
selected.
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