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Davydenko K.V. Sphaeropsisshoot blight in pine plantations under stress conditions.
Sphaeropsis/Diplodiashoot blight (SSB)damages shoots and needles of different pines (Pinussp.). The aim
of this study was: to classify correctly the Sphaeropsis species occurring on different pine species and
regions of Ukraine; to determine whether Sphaeropsis shoot blight can pose a threat to pine plantations
under stress conditions; and to detect latent infection Sphaeropsis sapinea in symptomless pine shoots.
The polymerase chain reaction (PCR) protocol was used in research using specific primers.Only
S. sapinea was confirmed to be a causal agent of Sphaeropsis shoot blight in pine plantation in three
regions of the left-bank Ukraine. Our study confirmed also the presence of latent infection in symptomless
pine shoots and the possibility of its activation and disease outbreak under environmental factors such as
hail, WinAStOrmM and WALEE SIFESS ......c.viieeieeieie e et e e et e et ve ees eas e et aee ees ae vee et tee een ee eas 21 Ref.
Keywords: Sphaeropsis / Diplodiashootblight (SSB), Sphaeropsissapinea, latentinfection.

Jlasuoenxo K. B. /linnooio3 y HacaosceHHAX cOCHU y cmpecosux ymosax. [{uniodios ypasxicye nazouu
ma x6010 piznux eudie cocnu (PiNUssp.). Memoio 0ocriosxcenv 6yn0 ymounumu 6u008uil CKiad 36y0HUKIE
0ina00i03yy COCHOBUX KYAbMypax pI3HUX pelioHié YKpaiuu, yCmanHo8umu MONCIUGICIb 30LIbUEHHS
PUBUKY PO3BUMKY X80pOOU Ni0 8NAUBOM CMpecy ma GUAGUMU JAMEeHMHY iHpeKyilo y 0e3cCUMNMOMHUX
nazoHax cochu. 3a 0ONOMO2010 MONEKYNAPHUX MEeMOOi8 OOCTIONCEHHA 3 BUKOPUCTIAHHAM CeyughiuHux
npaimepie NiOmMeepoONCeHO ICHY8AHHS Y HACAONCEHHAX mpbox oonacmetl Jlieobepesicnol Yxpainu 00noeo
6udy 36yonuxie Oinnooiozy — Sphaeropsis sapinea, wassuicme aamenmuoi ingexyii S. sapinea y
0e3CUMNMOMHUX NA20HAX COCHU, A MAKONC MOICIUGICMb i AKMUGYBAHHS NIO GNAUGOM NOCYXU,
NOUIKOOIHCEHHSL zpa()OM ezmpOMma THUUMU YUHHUKAMU. e et et e e e cen e e 2T HAB38.
Kurouosi ciioBa: nirmozios, Sphaeropsis sapinea, iareHTHa 1H¢)e1<u151

Jlasuoenxo K. B. /lunnoouos 6 Hacaxcoenusx cocHwlé yciaosusxcmpeccd. /{unioouoz nopasicaem
nobeau u X600 pasiuyHblx U008 cochvl (Pinus SP.). Ilenvio uccnedosanuil 6ul10 ymounums U080
cocmas 8030youmernetl OUnI00U03@ B COCHOBLIX KYIbMYPAX PA3HbIX PecUOH08 YKpaumvl, YCMAHOBUMb
B03MOMCHOCb  VBEIUUEHUS DUCKA pa3eumus OONe3HU HOoO 6GAUAHUEM Cmpecca U OOHAPYHCUMb
JAMeHMHYI0 UH@ekyuro 6 beccumnmomHuulx nobezax cochvl. C HOMOWDBIO MONEKYIAPHLIX Memo008
UCCNE008aHUL C UCNOTB30BAHUEM CHEYUDUUECKUX NPatMepos NOOMBEPI’COCHO CYUWeCmBO8aHUe 8
Hacasicoenusx mpex obnacmei Jleeobepesicnou Yrkpaunvi 00Ho20 6uda 6030youmeneti OUNI00UO3A —
Sphaeropsis sapinea, naruuue namenmuoil ungexyuu S. Sapinea 6 Oe3cUMNMOMHBIX N06e2ax COCHbl, a
MAKdce B803MONCHOCIb ee aKmugayuu noo GIUSHUEM 3ACYXU, MEXAHUYECKO20 NOBPENCOeHUsT PA0OM,
6eMpPOM U OpYy2UMU PAKMOPAMU... ... ... ... OO OPOPOPNL Y b 277 X 7: &
KioueBbieci0Ba: AUILUIOANO3, SphaeropSIS saplnea JaTeHTHAas I/IH(beK]_[I/ISI

Introduction. During last decades, some invasive fungal pathogensof conifers, such as
Dothistroma pini Hulbary and D. septosporum (Dorog.) Moreleton, have reached Ukraine and
other European countries [8, 21], attributable not only to climate change, but also to increasing
global trade[21]. However, some other forest infectious diseases became widely distributed in
Ukraine, such as Sphaeropsissapinea (Fr.: Fr.) Dyko & Sutton and Cyclaneusma minus (Butin)
Di Cosmo, Peredo & Minter, that are important pathogens in various European countries [4].
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Sphaeropsis sapinea is the most common conifer pathogen causing Sphaeropsis shoot
blight or Diplodia tip blight and stem canker disease of many pine species and conifers of
various ages in ornamental plantations, and natural stands in different continents [4, 5, 6].
Moreover, S. sapinea is well-known for its capacity to infect pine trees through various types of
wounds and insect damage [5, 22]. This pathogen overwinters in infected needles, stems,
forming pycnidia from which a large number of conidia are produced to infect new trees. This
fungus can cause shoots blight or, vice versa, exist in a latent phase for a long period, until
favorable conditions are coming for infection development [19]. Favorable climatic and
environmental factors might promote spores to invade the host cells especially during shoot
elongation when the fungus directly penetrates to new needles and stems, or enters into wounds
through stomata [5, 19]. Water stress or drought can increase disease severity and stimulate
latent infection of S. sapinea to become pathogenic and cause Sphaeropsis shoot blight or SSB
[19] regardless of whether such stress occurs before or after the tree is infected with the fungus.
Like many other Botryosphaeriaceae, S. sapinea is known to be opportunistic pathogen affecting
conifers subjected stress factors [15, 20]. In Ukraine, pine seedlings are particularly susceptible,
and this disease has caused significant losses in pine plantationsof the north-eastern part of
country [2, 3].

The latent phase of S. sapinea has been confirmed by various authors worldwide [9, 10, 13,
19], making forest protection measurement more difficult in a timely and proactive way.Until
now, identification of the S. sapinea as species responsible for pine plantation disease in Ukraine
has been carried out in only a few areas [1, 3]. However, both S. sapinea and S. scrobiculata
were detected from dead and living pine seedlings in South Africa, North America and Europe
[9, 16, 17], but only S. sapinea was identified in Ukraine [2, 3].

The aim of this study was: i) to classify correctly the Sphaeropsis species occurring on
different pine species growing in different environments in Ukraine; ii) to determine whether
Sphaeropsis shoot blight can pose a threat to pine plantations under stress condition; iii) to detect
latent infection Sphaeropsis sapinea in symptomless pine shoots.

Material and methods. Sample collection and fungal DNA extraction. Surveys were
carried out in September — October 2015 at fourteen sites located in three regions of the northern
(Sumy), eastern (Kharkiv) and southern (Kherson) parts of Ukraine where Scots pine (Pinus
sylvestris) and Crimean pine (Pinusnigra subsp. pallasiana) are commonly grown. Sites were
flat or gently sloped with well-drained sand soils or loamy sand. These soils are infertile and
prone to drought in the summer and were covered by pine forests and small deciduous
communities. The climate is continental with low to moderate precipitation level, dry and warm
summers, and cold winters.

Representative samples from a number of pine forests were collected in various locations,
in both urban and woodland areas, and under different climatic conditions (Table 1). Samples
were taken from symptomatic shoots and asymptomatic shoots where Sphaeropsis spp. may have
been present in latent and existing phase.

Starting at a chosen location within each site, 5 sampling plots were established at intervals
of at least 20 m or more where symptomatic pine seedlings 8-12 years old were present. At each
sampling point, condition of seedlings within the site was examined as either living or dead
seedlings. For living seedlings, occurrence of Sphaeropsis tip blighted shoots was recorded and a
symptoms severity rating on a 0-3 scale (Table 2) was assigned [14].

Symptomatic shoot segments were collected from each plot to examine them for the
presence or absence of black, erumpent pycnidia (asexual fruiting structures) of Sphaeropsis
species using a microscope.

For fungal isolation and DNA extraction, in total five trees were selected in each sampling
area where two samples per tree (one symptomatic and one symptomless shoot) were collected,
giving a total of ten shoots and needles (five symptomless and five symptomatic) from each site.
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1. Characteristics of sites which were surveyed for Sphaeropsis shoot blight damage

Geographical

Site | Region origin Latitude | Longitude Soiltype Host
51°51'48.6" | 33°21'47.2 | Strong grey .
1 | Sumy Shostka N e loamy fine sand P. sylvestris
51°52'48.6" | 33°25'05.3 | Strong grey .
2 | Sumy Shostka N e loamy fine sand P. sylvestris
51°45'37.4" | 33°25'03.0 | Strong grey .
3 | Sumy Shostka N nE loamy fine sand P. sylvestris
. 51°58'10.8" | 33°55'31.1 | Strong grey .
4 | Sumy Yampil N e loamy fine sand P. sylvestris
51°58'50.0" | 33°51'57.8 | Strong grey .
5 | Sumy Svessa N e loamy fine sand P. sylvestris
6 | Kharkiv | Vovchansk SNO 11044 32 >210.4 Plainfieldsand |P. sylvestris
7 | Kharkiv | Chotomlya SNO 0059.5 32 >400.3 Plainfieldsand |P. sylvestris
8 | Kharkiv | Zmyiv 4N9 38258 32 2103.6 Plainfieldsand |P. sylvestris
. o1 P. sylvestris,
9 | Kharkiv Sotanlcalgar 50°00 N 36 13323 Plainfieldsand |P. nigra,
en E
P mugo
10 | Kharkiv MalaDanilov | 50°04'40.0 %6 0827.7 Plainfieldsand P. sylvestrls,
ka N E P. nigra,
11 | knerson | chulakovka 46°24'18.8 %2 31220.7 | Coarseandfines |P. s_ylvestrls,
N E and P.nigra
12 | knerson | chulakovka 46°2220.8 %2 30'32.8 | Coarseandfines |P. sylvestrls,
N E and P. nigra
13 | Knerson | Rybalche 46°27'31.1 %2 14'53.9 | Coarseandfines |P. sylvestrls,
N E and P. nigra
14 | Knerson | Heroyske 51°51'48.6 %3 21'47.2 | Coarse and fine |P. sylvestrls,
N E sand P. nigra

2. Modified scale used for rating the severity of Sphaeroopsis shoot blight damage
on living pine seedlings

0. None

Leader and all lateral branches free of Sphaeropsis shoot blight symptoms

1. Light

Leader free of Sphaeropsis shoot blight and canker symptoms, and exhibits
no evidence of past leader damage. Only one or two lateral branch bears

blighted shoot(s)

2. Moderate

More than one lateral branch bears blighted shoot(s), but 50 % of the lateral
branches are symptomatic. Or, the leader was blighted in the past regardless
of other shoot blight symptoms observed.

3. Severe

Regardless of whether the leader has previously been blighted, 50% of the
lateral branches bear blighted shoot(s), but some live foliage is still present.
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All samples were surface sterilized according to Millberg et al [11] and fungal isolation
was carried out from the small sample fragments which were cut from each shoot/needles and
placed in Petri dishes containing 3 % malt extract agar, MEA, and incubated at 23° C for 15 days
in the dark. Pure fungal cultures were obtained from colonies morphologically classified and one
representative isolate resembling the morphological group was selected.

Frozen samples were ground to a fine powder with liquid nitrogen. DNA extraction and
purification was done by using Nucleo Spin® Plant II Midi kit (MACHEREY-NAGEL product).
DNA quantification and quality control of the DNA samples were analyzed
spectrophotometrically by way of NanoDrop ND-1000 (Wilmington, USA).

PCR with Diplodia-specific primers. The presence or absence of S.sapinea,
S. scrobiculata and S. seriata was verified using the specific primer pairs (DpF/BotR, DsF/BotR
and BotF/BotR, respectively) described by Smith and Stanosz [17, 20]. PCR was performed in a
final volume of 50 ul. Each DNA sample as well as negative control was evaluated from
reference strains in all reactions. A relevant amplification steps were used for the PCR with the
following cycler protocol: 95°C for 5 min, 30 cycles of 95°C for 1 min, 53°C for 1 min and 72°C
for 1 min with a final extension of 72°C for 5 min. PCR fragments were analyses by agarose gel
electrophoresis with 0.7 g in 100 ml 1 9 Tris-boric acid-EDTA buffer (TBE) and visualized by
SYBR Safe staining to detect the presence/absence of Sphaeropsis sapinea in samples[17].
These PCR primers may distinguish S. sapinea from S. scrobiculata and other closely related
fungi.

Statistical analysis. All data were tested for adherence to the normal distribution using the
Kolmogorov-Smirnov test and for homogeneity of variances using Bartlett's Test. Means of
occurrence and severity data for each site were calculated using parametric methods by the HSD
Tukey post hoc test with a significance level of 0.05. To evaluate the influence of site on
occurrence and severity of diseases, a randomized block design, dividing the experiment on-site
blocks, such that the variability within blocks is less than the variability between blocks. Mann—
Whitney tests for equality of medians with Bonferroni corrections were used for pairwise
comparisons of medians to examine possible effects of site. Statistical analyses were completed
using R version 2.6.1 software (R Foundation for Statistical Computing, Vienna, Austria).

Results and discussion. Sphaeropsis shoot blight symptoms were observed in crowns of
pine seedlings at any site, however, the incidence of SSB varied in different extent and most
trees also otherwise appeared to be healthy (Table 3).

The most tree damage by Sphaeropsis shoot blight has been observed in 2015 at the site
Shostka Sumy region (Table 3) where S. sapinea incidence was 92-97 %, owing largely to hail
and windstorm in 2014 and 2015. The high severity of Sphaeropsis shoots blight at the site
Shostka for the majority of seedlings and high frequency of disease on current year shoots are
evidence that hail and other environmental factors might increase the infection rate as has been
outlined in previous studies [9, 13, 18]. Therefore, the site did not influence the rate of seedlings
with SSB nor the frequency of current year shoots blighted based on one way ANOVA tests
(values of P=0.05). In contrast, a Mann-Whitney test with the Bonferroni correction (P=0.01)
indicated a site effect on the disease severity (Table 3). Moreover, variability within regions
showed no significant differences in severity and occurrence of pathogen between sites for
Kharkiv region and significant differences within Sumy and Kherson regions between sites with
water stress and hail and without ones. It can be considered to be evident that climatic factors
also play key role for this disease intensity and occurrence. The mortality of seedlings,
occurrence and Sphaeropsis shoots blight severity vary considerably only for both post-hail and
water stress sites (Table 3). Therefore, Sphaeropsis shoot blight is a clear example of an
emerging disease thereby demonstrating how environmental factors can have promoted disease
appearance and spread. Many researchers also indicated S. sapinea as a thermophilic species
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(optimum temperature for growth is 30° C) and that climate events such as hail, drought or heat
wave are also a likely hypothesis to explain the emergence of epiphytotic disease outbreaks [9].

3. Frequency and severity of Sphaeropsis shoot blight damage on pine seedlings
of 8-12 years old frompine plantations of three regions of Ukraine

SSB occurrence, % Shoot .
- Seedling
. . Total Current b“ght mortality
Region Site ' Needles, severity o
mean | year shoots, meantSE.? (0-3) (%)
+SE,% | meantSE}? ’ a | meanSE,*P
mean+SE,

ﬁ‘;{g?f (Shostka), 1 | ggug12| 4142.1° 68:5.2° | 1.05:0.01%* | 8.2:1.1°
?‘;{22’ (Shostka), | 5 | gou092 | 374732 66:3.9% | 2.12:0.01° | 9.4+1°
ﬁ‘;{gé’ (Shostka), |5 | 97,422 | 39:3.4° 71:6.1° | 152:0.15% | 9.9:0.8°
Sumy (Yampil) | 4 | 24:05° | 2+0.2° 24+2.2° 0.92+0.2° 1.2+0.9°
Sumy (Svessa) 5 | 32+1.1° 7+0.1° 22+3.2° 0.9+0.1° 1.5£0.1°
Kﬁ‘g‘\:‘;}‘;ﬂsk) 6 |34:21°| 11:06° 31:1.6° | 0.65:0.08" | 2.5:0.05"
g‘ﬁgg‘élya) 7 | 274220 |  7:0.2° 11:2.1° | 047:01° | 3.1:0.06°
gﬁgﬂ/‘; 8 |19:1.1%| 11:03° 14:1.1° | 0.45:0.08" | 1.4:0.09"
Kharkiv
(Botanical 9 |32+2.1°| 19+0.2% 3342.3° 0.58+0.1° 1.8+0.1°
garden)
ggﬁ[ﬁ)‘\‘/’é\)"a‘a 10 | 39:33° | 10:1.1° | 42:2.01° | 055:0.05" | 3.5:0.15°
E(Chrfl:f;’;‘ovka) 11 | 33:1.7° | 12:21° 36:3.2° | 1.4:001* | 55:0.98°
Kherson
(Chulakovka), 12 | 54+1.7% | 21+1.3¢ 41+1.5° | 1.85+0.03° | 5.6+0.12°
WSS!
Kherson
(Rybalche), 13 | 524239 | 24+2.1° 4442 " 1.55+0.08° | 4.70+1.35¢
WSS!
Kherson
(Heroyske), 14 | 424299 | 27+5.4% 39+1.3° | 1.68+0.05° | 7.2+0.69°
WSS

# Mean + standard error (SE) for total number of live and dead standing seedlings from five plots
per site; values in a column with the same adjacent lowercase letters indicate site medians are not
significantly different from one another based on comparison of medians (not shown) using Mann—
Whitney tests with the Bonferroni correction at values of P = 0.05 if a parametric test at P=0.05 first
indicated a site effect.

® Mean + standard error (SE) mortality for all standing seedlings in five plots per site.

¢ ~PHS — post-hail site

9 _WSS — water stress site

Numerous previous studies have demonstrated SSB to spread as a latent pathogen in
healthy pine seedlings and trees and speculated that this is a good explanation the rapid disease
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development and spread under stress [17, 18, 19, 20]. Furthermore, Smith et al. (2015)
[17]showed that latent infection in seed cones of Pinus species in South Africa could be a
permanent source of S. sapinea infection.

The presence of Shaeropsis sapinea in symptomatic shoots was confirmed by microscopy.
Aggregate data from microscopy of symptomatic needles from symptomatic shoots showed that
conidial dimensions in the sample were 27.5-41.5 (44.3) x (10.5) 12.5-15.6 um. The identity of
the S. sapinea from symptomless samples was confirmed by partial sequencing of the internal
transcribed spacer (ITS) region at the SLU and deposited in GenBank (Accession No.
KUG663996). As a result of our study, S.sapinea have been found in symptomless plants
indicating the latent stage of infection (Table 4).

4. Incidence of Sphaeropsis shoot blight damage on pine seedlings of 8-12 years old
from pine plantations of three regions of Ukraine

Occurrence of SSB Proportion of
(%) (symptomatic | symptomless needles and
Region Site needles and shoots shoots infected by SSB
infected by SSB) (%) mean+SE,
mean+SE, ¢ confirmed by PCR #

Sumy(Shostka), PHS" 1 96+3.1° 9.2+1.1°
Sumy(Shostka), PHS® 2 92+2.9° 7.240.22
Sumy(Shostka), PHS" 3 97+4.2° 9:+0.22
Sumy(Yampil) 4 24+0.5" 8.2+1.5%
Sumy(Svessa) 5 32+1.1° 39+1.2°
Kharkiv(Vovchansk) 6 34+2.1° 36+1.1°
Kharkiv(Chotomlya) 7 27+2.2° 32+2.1°
Kharkiv(Zmyiv) 8 19+1.1" 24.2+1.1
Kharkiv(Botanicalgarden) 9 32+2.1° 28+3.1°
Kharkiv(MalaDanilovka) 10 39+3.3° 35+2.7°
Kherson(Chulakovka), 11 33+1.7" 38+3.2°
Kherson(Chulakovka), WSS® | 12 54+1.7° 54+2.7°
Kherson(Rybalche), WSS* 13 52+2.3¢ 54+3.1¢
Kherson(Heroyske), WSS® 14 42+2.91 52+5.8¢

# Mean + standard error (SE) for total number of seedlings from five plots per site; values in a
column with the same adjacent lowercase letters indicate site medians are not significantly different from
one another based on comparisons of medians (not shown) using Mann-Whitney tests with the
Bonferroni correction at values of P=0.05 if a parametric test at P=0.05 first indicated a site effect.

®_ PHS — post-hail site

°~WSS — water stress site.

We also consider the probable presence of latent infections caused by S. sapinea in
P. sylvestris resulting in decline and mortality following hail or stress damage. For some sites,
such as Kherson (all sites), Sumy (Svessa site) and Kharkiv (Vovchansk site), frequency of
S. sapineain symptomless shoots was even exceeding occurrence of symptomatic Sphaeropsis
shoots blight (Table 4).

Moreover, the pine engraver beetle (Ips acuminatus Gyll. (Coleoptera: Curculionidae) and
other bark beetles are considered plausible vectors of S. sapinea as they could transmit the
pathogen during maturation and larvae feeding. As Ips acuminatus, one of the most common
bark beetles in Ukraine was found to be in strong association with S. sapinea[7] that could
increase the potential risk of spread of the pathogen and disease throughout the country.
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Conclusion. For all sampling plots at all three sites, significant differences in disease
intensity and occurrence have been observed in 2015, indicating that all stands had been blighted
in the past and environmental factors (hail, wind, wounds, and water stress) may increase the
severity of Sphaeropsis shoot blight triggering latent infection. Ultimately, we consider the
possibility that Spheropsissapinea may be present in the form of latent infections in the shoot
tissue or cones of P. sylvestris trees, and that these infections may promote Spheropsis shoot
blight development associated with hail wounds and water stress.
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