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We studied field performance of containerised Pinus sylvestris and Picea abies seedlings of dif-
ferent provenances. Shoot height, needle chemical composition, root collar diameter, root mycor-
rhization and mycorrhizal species composition were evaluated after four growing seasons
following outplanting. The results showed that in general spruce had better survival than pine. Ec-
tomycorrhizas on spruce were dominated by Wilcoxina, Amphinema and Tylospora, while on
pine — by Suillus and Thelephora species. Spruce and pine showing best growth rates were
colonised by ectomycorrhizal fungus Amphinema sp. In conclusion, the results demonstrated that
forest nursery practices as well as provenance can significantly impact survival, growth and my-
corrhization of the containerised pine and spruce seedlings.
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INTRODUCTION

Scots pine (Pinus sylvestris L.) and Norway spruce (Picea
abies (L.) Karst.) are the most common and predominantly
used tree species in reforestation in Latvia. State forest
nurseries in Latvia produce approx. 40 million P. sylvestris
and P. abies seedlings yearly and more than half of these
are cultivated containerised (personal communication,
Seeds and Plants, Latvia’s State Forests Joint Stock Com-
pany, JSC). As nursery practices and seed origin can have
significant effect on survival and growth of replanted tree
seedlings (Ying, 1991; Oskarssonand and Brynleyfsdottir,
2009; Klavina et al., 2015), use of local seed provenances is
often recommended for seedling cultivation in Latvia
(Gailis, 1993).

Ectomycorrhizal (ECM) fungi are known to provide nutri-
tional benefits to the seedlings and promote their survival
and growth in the field (Le Tacon et al., 1994; Menkis et
al., 2007; 2012). However, intensive management practices
(often fertilization, application of pesticides for weed and
pest control, etc.) in forest nurseries may often result in both
reduced ECM colonisation of seedling roots and species di-
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versity (Nilsson and Wallander, 2003), and only a limited
number of ECM fungi can tolerate such growth conditions
(Menkis and Vasaitis, 2011). A number of studies have
shown importance of host genotype to richness and abun-
dance of ECM fungi associated with seedling roots
(Korkama er al., 2006; Leski et al., 2010; Velmala et al.,
2013), indicating that selection of particular tree genotype
or seed provenance may improve ECM colonisation of
seedling roots and eventually their better performance after
outplanting.

The aim of the present study was to assess survival, growth
and mycorrhization of containerised P. sylvestris and P.
abies seedlings produced from different seed provenances
in three different forest nurseries in Latvia four years fol-
lowing their outplanting on a forest clear-cut.

MATERIALS AND METHODS

Experimental planting. The experimental plantation (2500
m?in size) was established on a clear-cut (N56°51' E23°47")
in Tireli forest district (managed by Riga Forests, Limited
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Liability Company, LLC) in central Latvia. The site was a
northern temperate forest of an Oxalido-myrtilliosa forest
type. The forest stand before clear-felling in 2005 was dom-
inated by P. abies. Soil at the site was conifer forest podzol
(pHg ) — 5.0), characterised by the following chemical
composition (mg/l of soil): N 30, P 87, K 22, Ca 2550, Mg
213, S 28, Fe 850, Mn 6.5, Zn 1.6, Cu 0.2, Mo 0.06, B 0.1
(Klavina et al., 2013). The experimental plantation was es-
tablished in May 2006. Before planting, the site was
ploughed in 20 rows at intervals of 1.5 m, and seedlings
were arranged in parcels in four replicates (45 seedlings in
each parcel, resulting in total 180 seedlings from each seed-
ling provenance). Containerized spruce (2-years-old) and
pine (1-year-old) seedlings were used for planting. Seed-
lings were obtained from three forest nurseries, which in-
cluded the Stren¢i and Mazsili forest nurseries (S- and
M-nursery) (Latvia’s State Forests, JSC), which are the two
largest forest nurseries in Latvia, and from the forest nurs-
ery Norupe (N-nursery) (Riga Forests, LLC), which is the
main seedling producer for the Riga region where our plan-
tation plot was located. Seedlings in all nurseries were culti-
vated in 85 cm’ containers in the greenhouse in sphagnum
peat growth substrate. Seedlings used in the present study
represented standard planting material of each nursery. De-
tailed information about planting material and its origin is
presented in Table 1 and Figure 1.

Seedling measurements and sampling. After the fourth
growing season, in October 2009, shoot height and root col-
lar diameter was measured for each seedling. Dead or dam-
aged seedlings were excluded from the experiment. For de-
termination of chemical composition of needles, ten needles
per plant were taken from ten random plants of each seed-
ling provenance in October 2009, pooled together and ana-
lysed as a bulk sample using protocol described previously
(Klavina et al., 2013). Roots of 90 seedlings were collected
in October 2009. The number of seedlings analysed for
mycorrhization in different provenances was between 7 and
20 and depended on survival rate of seedlings. Roots of
each seedling were individually packed into plastic bags to-
gether with additional soil, transported to the laboratory and
stored at 4 °C until processed. Within two weeks each sam-
pled root system was gently washed in tap water to remove
the soil.

ECM morphotyping and molecular identification of fun-
gal taxa. Ectomycorrhizal root tips were analysed using a
Leica MZ-7.5 (Wetzlar, Germany) stereomicroscope. ECM
morphotypes were estimated according to morphological
characteristics (Agerer, 1986-2006). Presence/absence of
different morphotypes was noted for each seedling. For mo-
lecular identification of fungal taxa, 1-5 root tips of each
distinct ECM morphotype per each seedling provenance
were placed in 1.5 ml centrifugation tubes and stored at —16
°C. DNA extraction and PCR using primers ITSIF and
ITS4 (White et al., 1990) were conducted as in a previous
study (Menkis and Vasaitis, 2011). Sequencing was per-
formed by Macrogen Inc., Seoul, Korea and raw sequence
data were analysed using the SeqMan Pro version 9.1.0
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Table 1

DESCRIPTION OF PINUS SYLVESTRIS AND PICEA ABIES
CONTAINERISED SEEDLINGS USED FOR EXPERIMENTAL
PLANTING

Species Nursery Seed region Seed orchard
Pinus sylvestris Mazsili (M) Western Latvia Tle (1)
Norupe (N) Central Latvia Olaine (2)
Strenci (S) Eastern Latvia Veéznieki (3)
Picea abies Mazsili (M) Western Latvia Remte (4)
Strenci (S) Central Latvia Suntazi (5)
Norupe (N) Eastern Latvia Stradi (6)

Mazsili

Fig. 1. Map of Latvia showing the experimental planting site indicated by a
diamond ( ¢ ), nurseries indicated by filled circles (©) and seed orchards
indicated by circles with numbers 1-6 (@) as in Table 1.

software from the DNASTAR package (DNASTAR, Madi-
son, WI, USA). Databases at GenBank (Altschul et al.,
1997) and UNITE (Kodljalg et al., 2013) were used to deter-
mine the identity of ITS rRNA sequences.

Statistical analyses. Relative abundance of ECM morpho-
types in each tree species and provenance was calculated
from the total number of ECM roots examined; relative
abundance of ECM species was calculated for identified
species. Survival of different tree species and provenances
was compared by chi-square (XZ) tests calculated from the
actual number of observations (Mead and Curnow, 1983).
Significant differences in height, root collar diameter and
number of ECM morphotypes among seedling provenances
were determined by one-way analysis of variance (ANOVA)
and the post-hoc Tukey’s test (Fowler et al., 1998). These
analyses were performed using R 2.15.3 software (Anony-
mous, 2011). Shannon diversity indices were used to char-
acterise diversity of fungal communities and qualitative (Sg)
Sorensen indices to estimate similarity in composition
among different treatments (Magurran, 1988). These indices
were calculated in ComEcoPaC (Drozd, 2010).

RESULTS

After four growing seasons in a plantation, initial morpho-
logical differences among seedlings from different prove-
nances were still present. At the time of outplanting, spruce
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Table 2

MORPHOLOGICAL PARAMETERS OF SPRUCE AND PINE SEED-
LINGS (SURVIVAL, SHOOT HEIGHT, ROOT COLLAR DIAMETER
AND AVERAGE NUMBER OF ECM MORPHOTYPES) AFTER FOUR
GROWING SEASONS IN A PLANTATION

‘ Species ‘ S-nursery

Parameter M-nursery N-nursery

Survival, % Spruce 51° 73 45°
Pine 60 48 48

Seedling height,  Spruce 84 £3° 99 + 2° 81£3°
cm (= SE) Pine 129 + 3 118 =3P 90 + 3°
Root collar dia-  Spruce 147 +0.03° 1.78 £0.03" 1.45+0.03"
meter, cm (SE)  pjpe 2.54+0.08 227+006° 1.610.05
n of ECM Spruce 26+0.1°  25+£01%° 2102
morphotypes per  pijpe 1.7£02°  19x01*° 13x02°
seedling (+SE)

* Different letters indicate significant (p = 0.05) difference among seedling
parameters ECM, ectomycorrhizal

seedlings from the M-nursery were significantly taller than
seedlings from the other two nurseries (mean height: 39 + 4
cm (M-nursery); 24 + 4 cm (S-nursery) and 23 = 3 cm
(N-nursery)) and height of seedlings showed the same dif-
ferences at the end of the experimental period (Table 2).
Survival rate of seedlings from the M-nursery was also sig-
nificantly higher than in seedlings from the other nurseries
(Table 2). At the time of outplanting, pine seedlings from
the N-nursery were significantly shorter (p < 0.05) (mean
height 12.5 cm) than seedlings from the S- and M-nurseries,
which were similar (p > 0.05) in height (16.2 and 15.7 cm,
respectively). N-nursery seedlings were also significantly
shorter at the end of the experiment. After four growing sea-
sons, the largest root collar diameter and shoot height was
for S-nursery pine seedlings (Table 2). Survival of pine
seedlings did not differ significantly among different prove-
nances.

Seedling needle chemical analysis showed similar values
among different planting materials of both tree species, es-
pecially in concentration of macro elements (Table 3).

Table 3

CHEMICAL COMPOSITION OF NEEDLES (MG/G) OF P. ABIES AND
P. SYLVESTRIS SEEDLINGS AFTER FOUR GROWING SEASONS
(OCTOBER 2009) IN A PLANTATION

Chemical Spruce Pine
element
S-/ M-/ N-nursery S-/ M-/ N-nursery

N 12.5/12.7/10.0 13/13/14

P 2.6/2.1/2.7 23/23/20

K 781581784 6.0/6.0/64

Ca 6.2/52/5.7 2.6/3.0/34
Mg 1.6/1.4/1.4 1.6/1.6/1.7

S 1.9/13/1.8 1.7/2.0/1.9

Fe 0.044 /0.048 / 0.042 0.045/0.050/0.036
Mn 0.088 /0.040/0.030 0.110/0.088 /0.096
Zn 0.050/0.040/0.046 0.064 /0.050/0.056
Cu 0.003 /0.003 / 0.004 0.003 /0.004 / 0.006
Mo 0.0004 / 0.0005 / 0.0004 0.0003 /0.0005 / 0.0006
B 0.013/0.011/0.011 0.013/0.008/0.012

Seven ECM morphotypes were identified for the analysed
49 spruce seedlings, from which 9 ECM fungal species
were sequenced. Similarly, five ECM morphotypes were
detected in 41 pine seedlings, which after sequencing were
identified as 9 ECM fungal species. The mean number of
ECM morphotypes per seedling was lower for both tree spe-
cies from the N-nursery, compared to those from other nurs-
eries (Table 2). Thelephora terrestris and Amphinema sp.
was found on ECM root tips of both tree species. Pine seed-
lings from different forest nurseries had generally different
ECM species associated with their roots (Table 4). Higher
ECM diversity was on pine seedlings from the S-nursery
than from the other two nurseries (Table 4). Members from
the Atheliaceae family (Amphinema spp. and Tylospora
asterophora) were the most common symbionts on spruce
(Table 4). Spruce seedlings from the M-nursery were colo-
nised by Amphinema sp., Clavulina sp. and Tuber sp. and
their ECM community did not have any species in common

Table 4

RELATIVE ABUNDANCE (%) OF ECM SPECIES IN 2009 ON SCOTS PINE (P. SYLVESTRIS) AND NORWAY SPRUCE (P. ABIES) SEEDLINGS

Parameter / species GenBank No. Pine Species GenBank No. Spruce
Nurseries Nurseries

S ‘ M ‘ N S ‘ M ‘ N
n of seedlings 20 14 7 20 20 9
Total number of species 5 2 3 4 3 5
Shannon diversity index 1.70 0.91 1.56 1.70 1.48 1.91
Amphinema sp. KT447168 9.4 - - Amphinema byssoides KT447174 47.0 - 36.8
Phialocephala fortinii KT447169 9.4 - - Amphinema sp. KT447175 - 43.8 -
Suillus bovinus KT447170 - 333 - Cenococcum geophilum KT447176 2.9 - 5.3
Suillus luteus KT447171 9.4 - - Clavulina sp. KT447177 - 39.6 -
Suillus cf. variegatus KT447172 9.4 - - Cortinarius caninus KT447178 - - 21.1
Thelephora terrestris KT447173 - - 44.0 Thelephora terrestris 38.2 - -
Unid. basidiomycete - - - 28.0  Tuber sp. KT447179 - 16.7 -
Unid. Archaeorhizomycetales - - 66.7 28.0 Tylospora asterophora KT447180 11.8 - 53
Unid. ascomycete - 62.5 - - Wilcoxina mikolae KT447181 - - 31.6
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with those of spruce seedlings from other nurseries. In con-
trast, S- and N-nurseries had moderately similar ECM spe-
cies composition (Sorensen index = 0.6) and were domi-
nated by Amphinema byssoides. Spruce seedlings of
S-nursery had rather high colonisation by Thelephora
terrestris and Tylospora asterophora, while N-nursery
seedlings were mostly colonised by Wilcoxina mikolae and
Cortinarius caninus (Table 4).

DISCUSSION

The results of the present study showed that survival,
growth and ECM community in roots were in many cases
tree species and/or provenance specific, indicating that ge-
netic background of the seedlings largely determines both
their survival and growth of the seedlings as well as compo-
sition of ECM fungal community in roots (Klavina et al.,
2015). The higher shoot growth and survival rate of spruce
seedlings from M-nursery in comparison to spruce seedlings
from other nurseries might be related to their origin and the
ECM species community in roots. Considering that promo-
tion of stem growth is specific only for some ECM fungi
(Stenstrom and Ek, 1990), the higher growth and survival
rate of M-nursery seedlings might be due to the presence of
specific ECM fungi, such as Tuber sp., Clavulina sp. and
Amphinema sp. Among those species, Amphinema sp. was
on both S-nursery pine and M-nursery spruce seedlings that
showed the highest growth rate, suggesting that this species
might be an indicator of seedling growth. However, in order
to prove this more detailed studies or even inoculation ex-
periments with this ECM species would be required. The
observed slightly more diverse ECM community on spruce
seedlings as compared to pine seedlings may be due to dif-
ference in seedling age and/or higher rate of ECM colonis-
ation, which may be due to a larger proportion of spruce in
the previous forest stand (Erland and Taylor, 2002).

Pine seedlings from the S-nursery had higher growth rate
and greater abundance of Suilliod mycorrhizae (particularly
Suillus luteus and S. variegatus) than seedlings from other
nurseries. Positive effect of Suillus mycorrhizas, especially
S. variegatus, on seedling growth and uptake of phospho-
rous and nitrogen has been reported (Wallander ef al., 1997;
Wallander, 2000; Leski et al., 2010). Relative abundance of
S. variegatus on pine seedlings after four growing seasons
was not high, but our previous observations before out-
planting in 2006 (Latvian State Forest Research Institute
“Silava”, unpublished data) showed that S. variegatus was
found more often on seedlings from the S-nursery than on
M-nursery seedlings. Higher growth rate of S-nursery pine
seedlings might be due to positive effects of nursery mycor-
rhiza, which likely contributed to the early growth of the
trees (Gangé et al., 2006; Menkis et al., 2007). Needle
chemical analysis of pine seedlings showed lower molybde-
num concentration in S-nursery seedlings than in seedlings
from the M- and N-nurseries. This element is strongly re-
lated to fertilisation (especially N supply) rate in forest
nurseries (Anonymous, 2002), and therefore it is probable
that a lower fertilisation rate in the S-nursery had promoted
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greater establishment and abundance of Suillus species. The
observed differences in pine seedling growth and survival
might also be related to differences in seed origin: S-nursery
seedlings were cultivated from Eastern Latvia seed material,
which is recommended for planting throughout the territory
of Latvia (Anonymous, 1995; Neimane et al., 2009), while
other provenances represented seed material from Central
and Western Latvia, which is not recommended for forest
regeneration in the region where the experimental site was
located (State Forest Service, 1995).

We observed differences in tree performance after out-
planting in association with seedling production in forest
nurseries, thereby showing the importance of both nursery
management practices and seed provenances. Lower sur-
vival rate, morphotype diversity and height growth was ob-
served for both conifer species from the N-nursery. Among
the observed ECM fungi, Suillus mycorrhizas were not de-
tected on seedlings from the N-nursery. Wilcoxina mikolae,
which was shown to cause reduction of height growth
(Leski et al., 2010), was only on seedlings from this nurs-
ery. The latter demonstrates that nursery practices may se-
verely hamper or restrict root colonisation by ECM fungi
during seedling production (Flykt et al., 2008) and conse-
quently compromise seedling growth and development. We
consider that the observed tendencies might be related to
seedling origin. The N-nursery had been established in the
year 2006 and probably its practice and technique in pro-
ducing sustainable planting material was still under devel-
opment, resulting in the observed differences.

CONCLUSION

The present study showed several differences in survival,
growth and mycorrhization of the containerised pine and
spruce seedlings obtained as standard planting material
form different forest nurseries. The study indicates that for-
est nursery practices and/or seedling provenance can signifi-
cantly impact seedling growth after outplanting.
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DAZADAS IZCELSMES PARASTAS PRIEDES (PINUS SYLVESTRIS) UN PARASTAS EGLES (PICEA ABIES) IETVARSTADU IEAUGSANAS
SEKMES UN MIKORIZACIJA MEZA ZEMES

Darba salidzinati dazadas izcelsmes parastas priedes Pinus sylvestris un parastas egles Picea abies ietvarstadu augSanas raditaji (virszemes dalas garums,
skuju kimiskais sastavs, saknu kakla diametrs, saknu mikorizacija un mikorizu veidojoSos sénu sugu sastavs) Cetrus gadus péc izstadiSanas meZa zemes.
Rezultati liecina, ka kopuma ierikotaja eksperimenta eglu stadu ieaugSanas sekmes bija augstakas, salidzinot ar priezu ietvarstadiem. Eglu ietvarstadu saknés
domingja Wilcoxina, Amphinema un Tylospora sénu veidotas mikorizas, savukart priezu ietvarstadiem — Suillus un Thelephora sugu mikorizas. Ka egles, ta
priedes ietvarstadu variantiem, kas uzradija vislabakas augSanas sekmes, konstatéta saknu mikorizacija ar Amphinema sp. Si petijuma rezultati rada, ka stadu
audzeSanas tehnologijas dazadas kokaudzetavas, ka ari stadu izcelsme var butiski ietekmét stadu ieaugSanas sekmes un morfologiskos raditajus, ka ari saknu
mikorizaciju.
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