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Bare-root row-sown seedlings of Scots piRm(s sylvestri§.) in a forest nursery were
inoculated withGremmeniella abietingonidia at different times during their first and
second growing seasons. The following spring, the proportion of diseased seedlings was
different in various inoculation time treatments according to the age of the seedlings.
The first year seedlings were susceptible to infection until late summer, whereas the
second year seedlings were not. It is thought that this difference is due to the different
growth rhythms of the first and second year seedlings. The difference in the susceptibility
of bare-root seedlings to the disease in various growth corresponded to that reported
earlier for container seedlings.
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1 Introduction forest nurseries in Finland (Kurkela 1967, Punt-
er 1967, Teich 1972). The main dissemination
Seedling production of forest tree species in Firtime of G. abietina conidia in Finland is in the
land has changed over the last decades, bare-rdicét half of the growing season (Nevalainen 1986,
seedlings having been largely replaced by corRetéistd unpublished data) from end of May to
tainer seedlings. However, a considerable amoutite beginning August. The ascospores dissemi-
of Scots pineRinus sylvestrid..) seedlings are nate later than conidia in the summer (Nevalai-
still produced as bare-root seedlings. In the bareéen 1986). The North American race produce
root seedlings production, row-sowing is used tabundantly ascospores, Skilling (1969) found
avoid the laborious transplanting in tree nursettheir as well as conidia dissemination from May
ies. to September. The chemical control of this fun-
Gremmeniellaabietina (Lagerb.) Morelet is gus has improved recently, but damage caused
one of the most damaging pathogens found iny this pathogen is still found in tree nurseries.
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Table 1. The sowing time and inoculation times of the experiment seedlings in Experi-
ments |-V and times of length measurements of 40 seedlings in Experiments 1l-IV
and the corresponding temperature sums, d.d.

Experiment and Sowing time of Inoculation times Times of length measurement
experiment years the seedlings and temperature sum
| 1995-96 8 June 1995 24 July 1995 * Measurement lacking
22 Aug. 1995** (715 d.d.*, 1034 d.d.**)
I 1996-97 8 June 1995 19 June 1996, 20 June (282 d.d.),
17 July 1996, 17 July (517 d.d.),

22 Aug. 1996 22 Aug. 17 (932 d.d.),
17 Sept. (1100 d.d),
1 Oct. (1120 d.d.)

Il 1996-97 5 June 1996 17 July1996, 22 Aug. (932 d.d.) 1996,
19 Aug.1996, 17 Sept. (1100 d.d.) 1996,
17 Sept. 1996 1 Oct. (1122 d.d.) 1996

IV 1997-98 5 June 1996 17 June 1997, 17 June (272 d.d.) 1997,
16 July 1997, 16 July (617 d.d.) 1997,

18 Aug. 1997, 19 Aug. (1051 d.d.) 1997,
17 Sept. 1997 1 Oct. (1333 d.d.) 1997

The susceptibility of container seedlings tosusceptibility of bare-root seedlings in the first
this disease has been found to depend amongd second year of growth @& abietina
other things on the growing phase (shoot and
needles) of the seedlings (Petéistd and Kurkela .
1993, Capretti 1990). Second year and older seed- Materials and Methods
lings are very susceptible in the growth phase
during the first half of the growing season. Then these experiments, Scots pine seedlings were
first year container pine seedlings are grown uref local, middle Finland, provenance. They were
til middle of July under plastic shelter and theirow-sown, at a density of about 43 seedlings/
shoots are also susceptible to this disease untilw meter, in five rows in a nursery bed, and
late summer (Petaistd and Laine 1999). There @vered with gauze (Lutrasil thermoselect, Freu-
a study about first year container seedlings frordenberg, Spinnvliesstoffe KG, D-67661 Kaisers-
Sweden, Hamnede (1980); she reported that theutern) until the end of June in the sowing sum-
effect of late inoculations (August—Septemberer. Five experiment plots (about 0.5mf.5 m)
October—November) decreased from August tbtreatment were marked in the nursery bed. The
November in Umed, Sweden. However with firsplots in the seedling bed were randomly assigned
year bare-root seedlings there are no studies pub-the inoculation treatments: inoculation times
lished previously. and no-inoculation (Table 1). There was also
The spore dissemination time Gf. abietina one plot for the seedlings whose length was meas-
and the susceptibility of the seedlings in theired during the experiment (see later). The seed-
growth phase of shoot and needles are importalitigs were raised according to the nursery’s prac-
factors in planning control. In addition, cold stresgice but without fungicide and herbicide.
predispose the seedlings to the disease (Petaistd he seedlings were inoculated with conidia of
and Repo 1988, Petdistd and Kurkela 1993, Yokds. abieting B-type (Uotila 1983, Petaistt et al.
ta 1975) and this also need to be taken in consiti996, isolates Pat2.1 and Kail.2, from Dr. A.
eration in control. Uotila). The conidia were produced in vitro as
The aim of this study was to determine thelescribed by Petdist6é and Kurkela (1993). The
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Fig. 1. Experiment I. A) The amount of rain (mm) and the temperat@gduring the summer 1995. First year
pine seedlings were inoculated on 24 July and 22 August 1995. B) The proportion of diseased seedlings in
spring 1996 in different treatments: inoculated on 24 July 1995 and on 22 August 1995 and in noninoculated
control (3). Bars indicate standard deviation.

conidia suspension was applied to the seedlindSAS/STAT Users Guide 1992) with the Tukey
with a sprayer (Dosi-spot, Burchmeier and Cietest, and data from the measurement of growth
AG, CH-5444 Kinten) using 3.2-3:61°co-  with repeated measures analysis of variance.
nidia/100 cm. After inoculation, the surface on

the seedlings was kept moist for two days by

nursery irrigation sprayers. The inoculation times3 Results

are shown in Table 1.

The seedlings were classified according tdn Experiment | (1995-1996) in summer 1995
their condition into seven classes followingthe temperature sum reached 1304 d.d., the aver-
spring: (1) healthy (bud healthy, growth startedage temperature sum in this area in the period
colour of needles normal); (2) weakened (colod972-1992 was 1205 d.d. There was no rainfall
of needles pale, the growth begins slowly); (3)uring the period 26 July—2 August, i.e. after the
diseased (base of needles brown, bud dead aficst inoculation on 24 July. After the second
resinous); (4) dead and diseased (shoot deagbculation on 22 August rain fell during the
and symptoms o6. abietinavisible); (5) dead week after inoculation and the temperature went
(dead, no symptoms of disease); (6) top of thdown (Fig. 1A).
shoot dead (no clear symptomsGfabieting); Experiment Il (1996-1997) and Ill (1996—
and (7) slightly diseased (symptoms only in thel997), in summer 1996 the temperature sum
lowest needles). In the data analysis, conditioneached 1120 d.d. Rain fell during the week after
classes 3, 4, 5 and 7 were merged into onine first inoculation of Experiment Il (on 19
diseased class. June), but not during the week after the second

In experiments II-1V the length of 40 seed-inoculation (on 19 July) nor the one after the
lings both to growth initiation point and to nee-third inoculation (on 22 August) (Fig. 2A, 3A).
dle point (needles pointed upwards) was mea&he temperature fell noticeably at the beginning
ured repeatedly from June to October in experief September. It rained more frequently at the
ments Il and IV and from August to October inbeginning of July than later in the month and in
experiment Il (Table 1). In each experiment theAugust.

40 seedlings stay in one external plot after the In Experiment IV (1997-1998), the tempera-
inoculation experiment plots in the seedlinggure sum in summer 1997 reached 1333 d.d.
bed. Rain fell after the first inoculation and also after

The SA® System was used for the data analthe second and fourth inoculation, but there was
ysis. The data from the classification of condidess rain after the third inoculation (Fig. 4A).
tion were analysed using the GLM procedures In Experiment | (1995-1996) first year seed-
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Fig. 2. Experiment Il. A) The amount of rain (mm) and
the temperature®C) during summer 1996. Sec-
ond year pine seedlings were inoculated between
19 June and 17 September 1996, Experiment II.
B) The proportion of diseased seedlings in spring
1997 in five different treatments: inoculated on 19
June 1996, 17 July 1996, 22 August 1996 and 17
September 1996 and in noninoculated control. C)
The lengths of the 40 second year seedlings meas-
ured on June—October 1996 at the same time as
the inoculations (1-4) and 5) on 1 October. Bars
indicate standard deviation.
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Fig. 3. Experiment lll. A) The amount of rain (mm)
and the temperaturéQ) during summer 1996. B)
The proportion of diseased seedlings in spring
1997, in different treatments: inoculated on 17
July 1996, 19 August 1996 and 17 September
1996 and noninoculated seedlings. C) The lengths
of the 40 first year seedlings measured 1) on 22
August, 2) 17 September and 3) 1 October 1996.
The measurements were made to top bud tip (- -)
and to the tip of needles pointed upwards (—).
Bars indicate standard deviation.
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Fig. 4. Experiment IV. A) The amount of rain (mm) and
20r VO the temperature °C) during summer 1997.
5 a a B) The proportion of diseased seedlings in spring
$16 | 1998 in four different treatments: inoculation on 17
%: June, 16 July 1996, on 18 August 1996, on 17 Sep-
§ 10} tember 1997 and noninoculed control seedlings;
5 Bars indicate standard deviation. C) The lengths of
£ 5} 40 second year seedlings measured in 1997. The
g’ measurements were made to top bud tip (—-) and to
- 0 . X \ \ the tip of needles pointed upwards (—) on 17
1 2 3 4 June, 16 July, 19 August and on 1 October.
Measurement time 1997 Bars indicate standard deviation.

lings inoculated on 24 July, resulted in a propor- In Experiment 111 (1996-1997), the first grow-
tion of diseased seedlings about eight times smaihg season seedlings were inoculated on 17 July,
er than did inoculation time on 22 August (Fig.19 August and 17 September 1996. The propor-
1B). The proportion of diseased seedlings amortgpn of diseased seedlings in the July and August
the seedlings inoculated on 22 August differe¢thoculation time treatments differed statistically
significantly (p < 0.01 level) from the proportion significantly from control but not from each oth-
among the seedlings inoculated on 24 July amgelts and September inoculation treatment (Fig.
in controls, but the results of first inoculation3B). However, the proportion of diseased seed-
time did not differ significantly from those of lings among seedlings inoculated in July and
controls. August was bigger than in the other treatments
In Experiment Il (1996-1997), second yeaip < 0.06). The length of the seedlings to needle
seedlings were used. The June inoculation tredtps pointed upwards differed between August
ments differed from other treatments statisticallland September measurements but not between
significantly (p < 0.01). Disease occurred in aboubeptember and October measurements, p <
80 % of the seedlings inoculated on 19 June. 18.0001 and p < 0.221, and the length to the shoot
the other treatments (inoculation times 17 Julytjp differed between August and September to
19 August and 17 September and control), digextent p < 0.0014 and between September and
ease occurred in only 2-4 % of the seedling®ctober to extent p < 0.044 (Fig. 3C).
(Fig. 2B). The lengths of the seedlings are shown Experiment IV was carried out in 1997-1998
in Fig. 2C. There were statistically differences irusing second year seedlings sown in spring 1996.
the lengths between measurement times in paifhe first inoculation (on 17 June) resulted in 23
wise comparison, p < 0.0001: only for the differ% diseased seedlings in spring 1998, and the
ence between the lengths measured in Augusécond inoculation (on 16 July) in 9 % diseased
and September the p value was < 0.0252. seedlings. The difference between the treatments

183



Silva Fennica 33(3) research articles

is statistically significant (p < 0.01) (Fig. 4B). and Laine 1999). The explanation for the differ-
The proportion of diseased seedlings in the seent period of susceptibility of these seedlings
ond inoculation differed significantly from those compared to that of the first year seedlings could
of the third inoculation (18 August), the fourthbe the different growth rhythm and bud forma-
(17 September) and controls, (p < 0.05), whilégion time of second year seedlings. In the some
there were no significant differences betweegear old seedlings, growth stops at temperature
the results of the third and fourth and controlssum about 500 d.d (Koski and Sievanen 1985,
The shoot length measured in June, July, AuguBtetaistd and Kurkela 1993). These studies report
and October to bud tip differed pairwise statistithat the length of the second year seedlings ac-
cally significantly from each others (p < 0.0001cording the measurements to bud tip may change
— p < 0.0003). The lengths measured to needlitle after the measurement in August. The main
tip pointed upwards were different at each meagirowth phase is important to the susceptibility,
uring time (p < 0.001), except the lengths irhowever, it has been found that cold stress makes
August and in October (p < 0.189) (Fig. 4C). second year seedlings also susceptible to late
summer infection (Petéistd and Kurkela 1993,
. . Petéist6 and Repo 1988).
4 Discussion In Finland the dissemination time of conidia is
over by about at the beginning of August and the
The results of the experiments show that thmain dissemination time is June—July (Nevalai-
period when pine bare-root seedlings are suscepen 1986, Petdistd unpublished data). First year
tible to G. abietina depends on their age. Pinebare-root seedlings may get the disease during
seedlings in their first growing season continu@almost the whole summer, although the risk is
to grow until late summer (Kanninen 1990, Canbigger in second year seedlings, which are very
nell et al. 1976). In our experiments accordingusceptible to disease in the main dissemination
the measurements the first year bare-root seetime of theG. abietinaconidia. The spores need
lings continued to increase little in length Sepmoisture to release (Nevalainen 1986, Laflamme
tember—October. These first year seedlings inoand Archambault 1990). In Europe, the later dis-
ulated in late August became diseased but neeminating ascospores does not seem to occur as
those inoculated in the middle of Septemberften as the ascospores of North American race
The inoculation at the beginning of Septembein North America (Skilling et al. 1986).
also caused disease in the first year containerGenerally, the frequency of the disease was
seedlings grown under plastic shelter to the midiot so high in bare-root seedlings as in container
dle of July (Petéistd and Laine 1999). In theseedlings. This may be caused by the higher
present study, the appearance of the diseasehamidity among the tightly-growing container
seedlings inoculated in August but not in seedseedlings after inoculation than in bare-root seed-
lings inoculated in July in Experiment | may belings growing outdoors. Furthermore, it may be
partly due to climatic factors: there was less raithat the conidia drip off from the small bare-root
after the July inoculation than after the Augusseedlings more easily, and the few needles do
inoculation. However it is possible that the susnot provide such a large surface area for the
ceptibility of first year seedlings increased withsuspension to stay on the plant. The bare-root
increasing age as shown with container seedeedlings grown outdoors are shorter in their
lings by Hamnede (1980) until seedlings begiffirst growing season than are first year container
to stop growing. Moreover the conidia may stickseedlings grown first under plastic shelter (see
better on the shoots of bigger seedlings. Petaistt and Laine 1999). However, growth con-
In the second year bare-root seedlings, inocdinues similarly until late summer in both types
lation in June caused disease while inoculatioaf seedlings in their first growing season.
in August and September did not. Container pine As a general conclusion of this we know the
seedlings show a similarity in susceptibility: thesusceptible period of first and second year bare-
second year seedlings are not susceptible in lat@ot seedlings and container seedlings tabie-
summer (Petaisté and Kurkela 1993, Petdaistiina. More knowledge is needed about the spore
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dissemination times and effective control timesievalainen, S. 1986. Versosyévan aiheuttajan itio-

to prevent this disease. levinta. Metsantutkimuslaitoksen tiedonantoja 241:
14-15.
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