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The forest resources of Minnesota

In Minnesota there are approximately 16.3 million
acres of forested land, of which 14.9 million acres
are classified as "timberland" or lands capable of
producing timber. An additional 960,000 acres are
nOI included in productive timberland due 10 their
inclusion in the Boundary Waters Canoe Area
Wilderness or other reserved land category. Forest
land ownership is 46% private, 27% slate, 14%
county, 12% National Forest and 1% other federal
ownership. (Source ofdata is the Minnesota
200 I EaSlwide Database provided by the VSF$­
NCFES.)

Two major industries depend on Minnesota's
forested lands: forest industry and toUriSIll. The
forest industry is Minnesota's second largest
manufacturing industry employing more than 55,000
people. The value oflhe forest products manufactured
in Minnesota exceeds $7 billion and accounts for 16% of all manufacturing dollars generated in Minnesota. The
tourism industry is Minnesota's second largest employer employing over 140,000 people and accounting for a payroll
in excess of$3 billion. Gross receipts from tourism exceed $6 billioll. Over 70% of people who took at least 1 spring
or summer trip in Minnesota rated "observing natural scenery" as the most important activity of their trip.
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Aerial detection survey - 2005

o Counties In MlnnesotOi
Skm05v08.shp
_Abiotico Ash declineo Buk beetles
_ Dutch elm dlseOISe
o Flooding

Forest tent caterplllu
_ JOICk pine budworm

Luch cOISebeuer
o OOik wilto Porcupine dOimOigeo Spruce budworm

Two-llned chestnut borero Unknowno Wind d3m 3ge

PoIY2on and acrea2e totals from Aerial Survey 2005
Agent name Number of Total acreage

polygons of aU polygons
mapped

Aspen decline (due to pring frost and 587 410500
past forest tent caterpillar defoliation)
Ash decline 58 4300
Dutch elm disease 12 560
Flooding 70 3700
Forest tent caterpillar 109 9800
Jack pine budworm 830 75,600
Larch beetle 187 11,000
Larch casebearer 52 4,600
Spruce budworm 192 92,500
Two-lined chestnut borer II 770
Wind damage 91 3,400

Totals 2199 616730
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Aerial Survey - 2005

Jack pine
budworm

Jack oin budwonn
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1I~.s ~~d: Alnllle dlIl.1 fields in 1M followinl orda" and formal:

Pofr&OII ID: This consi!llls af 1M ~mc afille USGS 1:100,000 qualOnJIe on whjch the ooIyaon I, fl!'1J ddjng!lc;d (even ifit
O:lcndJ 10 OIhcr quadnn«lcsl, plus I 3-c1ilil number. e.,. LlkdtuclOOl, Inlc:rnllionllFllIsl2S, Numbering slar1s II 001 in
every quldranglc.~ usipod. this 10 will not be chIn,cd unless the poIylOfl mu. be diridcd. ChIrIc:sc:r lidd, width 2'.

DI...~ Iypt ~ock: Use severest type i(more lnan one may IP9ly. Flight ItIIp codin,lNIy indic:lle Igent only; e.g. FTC­
forest lenl CltCfllil1lr" delOlillion, orOW ....k 'o\o'ill" mortIlily. Numeric: flCld., width 2, no decimal.

Defolillion (D) I
MortIIity (rot) 2
l>isc:oIOfIlion (Dc) 3
DieNc:k (Db) 4

Topkill (Tk)
Bruch brClltlge (Of)
Slembrelkluprool (St)
Bnnc:h I1Igin, (Of)

,,,
•

Stat~ Ifv~rily ~ock: Codin, delaull is L unless OIher"..isc specified. Chll'Kler field. width 2.

T~, '%-2'" .ffected
Light, 26%-SO% IffKted

T
l

Modentc, , 1%-75% Iffec:ted

Helvy, > "" .ffected

M
H

ftdtnl KY~rily eoclt: Derived from "Ie JCverity code. Numeric: fldd, width 2. no dcc:iltlll.

T.l M.H ,
PII1~rI ~ock: CodinS default is I unless OIl1Crwisc specified. Numeric flCk!. width 2. no dcc:llTIIl.

Where hosl cover> 50%:
Ca· ContigUOlls
p- PItchy

,,
Where nonhosl cover> 50%

C - Continuous
Sc - SClnercd

)

•
Aznl reck: I'ollawi"lln: rommon; sec Acrill Survey IIlndboolr. for uythi"l clx. Codin! delaull .. Unkno_ (90000)
wha'c'SmI is not spcdflCd.. Numeric: fldd. width 6, 110 dcc:iltlll.

Bin bcellcs(BB)
Lut:h beetle (lO)
LuJeaspcn tortrix(LAT)
Spruce budWoml (SOW)
JICk pine budwonn (JPDWl
~h c"ebclrer (lCo)
FOfC!lIItenl Cltcrpillar (FTC)
T~incdchestnul bon:r (TlCll)
Bin:h decline: (BOb)
A$h decline (ADb)

11000
11010
12031
120ll
12041
12041

"096,-, ,, .

Oak wilt (OW)
Dutch elm diselSc (OED)
Porcupine dlIm1gc
FIoodi"l(F. Fl)
Wildfire (WI')
Wind dlmagc (WD)
Winler injury (WI)
HerMci(k dI.....p' (HD)
Prescribed lire (PF)
Unknown

24021
24022
<1006
JOOO<
JOO"
JOOI)
JOOI<
10001
'0002
9llOOO

Altil N••t: Common 1IIn1C ofCluSlJ .gent IS ,iven in U.ndbooIt. Chltlcler field. widlh 40.

11.-. ~ock: Follawi"'l an: ooml1lOll; Stll!: Handbook for ochers. Usc HlJdwoods, Softwoods (- COlIifcn) or Both ifmort than
one species is illVolved. Numeric rlCld, width 4, 110 dcc:i .....

Hardwoods{Hw) 0(11 White pine ".
Softwoods (Sw) 00' Scotch pine 1)0
80<, 003 WhilC<edII- ,.,
UnkllOwn ... (Don'1 use unless 1K'CCSSI1)'.1 oirth )70
BlISlm Fir Oil A"", ,<6
T",""", 011 811S1m popIIr ,.,
While Jpnicc ... (In pl.I ....lioM.) OW 100.-..... .., (In bop. I Willow 920
JICk pine '0' ........ .JO
Red pine '" Elm 910

lIosl ..me: Common 1IIn1C ofho$t IS given in II.ndbcN*;. ChlrlClcr flCld, width 40.

A~,,": Cllcullte wilh Thcmc-Ulililics > Cilcullic ArCIIPcrimderlLaigth in DNR Tooll. Numeric field. widlh 16,2 deciltlll
places. Odele Area, Perfect and Perimeter fields, n:uin AInS only.
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Record of coding change

'?rom: Quinn Chavez <qchavez@fs.fcd.us>
To: "Mike Albers" <mike.albcrs@dnr.state.mn.us>, "Alan Jones" <alan.joncs@dnr.stntc.mn.us>, "Jana
Albers" <jana.albers@dnr,statc,mn.us>, "David Heinzen" <david.heinzen@dnr.statc.mn.us>,
<bill.bcfort@dnr.state.mn.us>
Date: 1125120064:52:08 PM
Subject: Aspen with thin crowns and coding decision

We have confirmed that those polygons discussed are abiotic damage. In the
national coding standard that Forest Health Monitoring uscs I have changed
the coding on those polygons as follows:

The damage causing agent code will remain DCAI = 50000, 'abiotic',
DAMAGE_TYPE! is now '\0', which is 'other damage' and in the NOTES field I
have 'thin crowns, small leaves. Likely due to frost, drought and past
forest ten! caterpillar defoliation'.

Great job everyone. We should be updating the Viewer with final 2005 data
for all of our slates in the next couple ofdays.

Quinn Chavez
GIS Analyst
Northeastern Area
State & Private Forestry
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INSECTS
Aspen blotch leaf miner
Phyl/onorycter ontario

Leafbrowning was very wide pread and very heavy in northea tern countie during lat ummer.

Common pine shoot beetle
Tomicus piniperda

Pine Shoot Beetle (Tomicus pmiperda) Quarantine Area

Young emerge in June and tunnel into the
hoot oflive tree. Each beetle may kill two

to ix 'hoot prior to moving 10 the ba e ofa
tree to over winter. he damaged shoot fade
brown and droop or break off al the base of the
tunnel. These' flags are the most vi ible
ymptom of infe tat ion. There may be everal

tunnel in one hoot and pitch tube can
occasionally found at the tunnel entry.

A Eura ian bark beetle, the P B feed in ide new hoots hollowing them out
and killing the shoots. They breed under the bark and can build up in
numbers under the right conditions They can feed on any pine but prefer
Scotch pine and only attack other pin when they are in mixed planting with

cotch pine - and only then when sanitation practices are lax. However an
outbreak can cause ignificanl hoot damage
tunting and tree decline. An outbreak can

also invite in other p , uch a the Ip pine
bark beetle. They are considered a secondary
beetle infesting recently cut, dying or severely
stressed pine in the spring - hence the
as ociation with lax anitation praclice .

The statewide quarantine regulates the interstate
movement from Minnesota of pine trees and pine
products with bark attached. For example all
hipmen of pine Chri tma tree leaving Mione ota

and going to non-quarantine areas mu t be certified
free from pine shoot beetle. There ar two ways to get
a shipment certified. The frrst is to have a Plant
Protection and Quarantine officer inspect the shipment
and i 'ue a certificate. The econd way is for the grower
or producer to attend an annual training and sign a
compliance agreement.

On eptember 16. 2005 a quarantine of all counties in
Minnesota was establi hed by the U DA for pine
shoot beetles. Pine shoot beetles were caught in trap
in Anoka, Dakota and Ram ey Countie in 2004. A a
result Minnesota Department of Agriculture (MDA)
established a state emergency quarantine for pine
hoot beetle covering the e 3 countie . MDA rep aled

the tate quarantine of the three countie in Aug 2005,
resulting in the USDA-APHJS establishing the fi deral,
statewide quarantine.
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Potential impacts of pine shoot beetlc

Whcn PSB becomes established in Minnesota, we may hardly know it's
even here or we may have significant impacts. We can make
comparisons of impacts with native insects and with the exotics that are
established in neighboring areas, but as exotic insects move into new
areas, there is really no way to know for certain what their real impact
will be. Here are some scenarios that illustrate how PSB impact might
sct Minnesota apart from the eastern states where it is rarely a concern.

1. Native bark beetles cause significant mortality losses during droughts
in Minnesota compared to eastern states. The western counties of
Minnesota are the western most edge of the native ranges of white, red
and jack pines in the USA. Here it is dry, average allnual rainfall is 20
inches, and even a modest drop in rainfall can precipitate a native bark
beetle attack because trees are, in effect, growing in a prairie during the
years ofa drought.

Entomologists have shown that resins produced in healthy pine trees
have the dual action ofdrowning-out and poisoning bark beetles. Yet,
during comparable droughty weather, red pines in Minnesota are more
readily attacked by native bark beetles than those in Wisconsin. Dr.
Matthew Ayres, Dartmouth, found that, under nomlal rainfall conditions,
resin flow in red pines was twice as high at Itasca State Park as it was at
Eau Claire, Wisconsin. Under droughty conditions, Dr. Ayres speculates
that this relationship would reverse. The resin defenses at Itasca would
be compromised during droughts.

So, our red pines might inheremly be more susceptible to exotic bark beetles during droughts because they arc
inherently more susceptible to native bark beetles.

2. PSB has a different timing ofanack than native bark beedes. Pine shoot beetles fly and auack pines at least a month
earlier than the native Ips pilli. This might be important for jack pines because Ips bark beetles build up during jack
pine budworm outbreaks. In this situation, ifjack pine trees are defoliated by jack pine budworm and produce new
shoots and needles, the next spring the pines may be able to recover some energy before being attacked by the native
bark beetles. 1f instead, these trees are attacked by PSB before they produce new shoots and needles in the spring and
before they have been able to recover from the stress ofdefoliation, they may suffer higher levels of mortality.

3. As the pine shoot beetle becomes established in Minnesota, they likely will displace some of the native bark beetles.
Since PSB emerge one month earlier in the year, they will have used up the available habitat and produced their brood
at the expense of the native bark beetles.

4. Many bark beetles carry blue-stain and other pathogenic fungi. Pine shoot beetles, like other bark beetles, carry
fungi with them. The fungi they carry and their effecl<; on pine trees have not been studied. It is conceivable that these
fungi could cause problems with pine tree health.

5. Neighboring states find the most PSB problems in Scots pine growing in abandoned Christmas tree plantations. This
is the situation where PSB finds its niche and then can build up and can spread into other species. Unfortunately there is
no lack ofunatlended Scots pine plantations in Minnesota.

There are no simple answers when trying to predict what and how exotics will impact our trees, stands and ecosystems.
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Douglas fir beetle
Dendroctonu pseudo(sugae

Five Lindgren traps (16 funnel) were set in Arbo Township (Sec7-T56N-R25W) for Dougla -fir beetle. This i the ite
where Douglas-frr beetles were fir t caught in Ita ca County. Each trap wa baited with 1- ethanol pouch 2 seudenol
bubble caps, and 3 tube of frontallin. Trap were set out on April 4, 2005 emptied once a week, and taken down on
June 29' 2005. Preliminary orting found no Dougla -fir beetles. Approximately 1680 eastern larch beetles were
caugbt.

Minne ota Department of Agriculture et 5 Lingren funnel traps on or near tlle Larex plant in Coha et baited with
commercial bait for Dougla -frr beetle. Preliminary sorting indicated that one Douglas-fir beetle wa caught.

Eastern larch beetle
Dendroctonus simplex

Mortality of tamarack was mapped on II 593 acres in 193 stands
throughout the range of tamarack. This acreage is an increase from
tho e reported in 2004, but houldn't necessarily be viewed as an
indication that eastern larch beetle activity ha increa ed. It alway has
been difficult to get an accurate picture of larch beetle activity from the
air. Tamarack stands usually have a component of dead trees and these
tre tand for a long time. Trying to map the change in the number of
dead tree in these stands from year to year i difficult. However we
can say that larch beetle continue to be active and continue to kill tree­
although ground urvey ugge t the population of the beetie have
declined at lea t in land where they have been active for a number of
years. The trend of the larch beetl population i unknown.

Emerald ash borer (not in )
Agrilus planipenni

In 2005 the DNR participated in the firt early detection urvey for the merald a h borers. ee map. The first survey
wa a vi ual survey of a h trees around everal mill site in coop ration with AHIS. Th second wa a trap tree urvey
following protocol established by the USDA Forest ervice at several locations in both southern and northern
Minnesota. No evidence wa ob erved in either the visual mill surveyor during the destructive sampling of trap trees.

ee map.

ix to ten year ago, an exotic wood-boring be tie arrived in
outbea tern Michigan, probably a a tow-away in wooden crate
hipped from ia. At orne point, the emerald a h borers flew off

to their favorite food, a h tree . Before the beetie wa di covered
in the ummer of 2002, it had pread to at lea't ix Michigan
counties, one county in Ohio and acro s the river into Windsor,
Canada. [n it wake, it left ten million a h tree dead. ince 2002,
additional location in Michigan, Indiana and Maryland have been
found. EAB ba cost municipalities, property owner, nur ery
op rator and fore t product industri ten of million of dollar.

AB is now ftrrnly established in North America. This i a very
aggre ive beetle; virtually all a h tree growing in an area where
the beetie i known to occur are at ri k of dying. One of the effort
to contain the in ect i a quarantine aimed at pre enting EAB
infested material from moving out of area in Michigan Ohio and
lndiana where EAB occurs. Under the quarantine, it i illegal to
move ash tree branches, untreated lumber deciduous firewood

9
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and any other materials from these areas unJe chipped to one inch or mailer. Additionally, til movement of all a h
nursery stock is prohibited within, into, and from the entire Lower Penin ·ula.

What s at stake in Minnesota? urprisingly, ash i the fifth rna t abundant pecie in our fore t (FIA, 200 I). The
acreage of ash (1,218,000 acres) is comparable to that of oak or birch. At the national level looking at the abundance of
a h and what there i to 100 e, Minne ota ties for first place with Maine. In our urban forests ash specie.s and varietie
commonly account for 10 10 35% of the tree planted.

In Minnesota, state and federal agencie are learned up to detect and prevent the e tabli hment of AB. One of the ta ks
that will be accompli hed thi year i to monitor likely entry ite for th pre ence ofEAB including ports ofentry,
state campgrounds, hardwood mill and tree nur erie.

Fall webworms
Hyphantria Linea

£n Late ummer, colonies offall webwornls began to feed on dozens of tree and hrub pecie
particularly black walnut tree in southeastern counties. The first sign' of activity by the e
caterpillars were the large ilk webs and skeletonized leaves, both of which are considered to
be unsightly but are of little danger to the tree 'health. his time of year tlle tree are
preparing for dormancy so losing orne leave will have liule affect on ilie tTee. Periodically
populations of the fall webworm increa e and can become quite vi ibLe in fore ted area aero s
the soutbea t region. However, as tlleir populations increa e a do ilie populations of parasite
and predator that alway keep thi native defoliator in control.

Forest tent caterpillar
Malacosoma disstria

Forest tent caterpillars caused 9,800 acres
of defoliation in tlle we tern and
nortllwe tern counties, primarily in
ba swood and oaks along lake bores.
Acreage ha decrea ed lightly compared
to la t year and ha intensified in tll
northwestern counties.
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Gypsy moth: 2005 Gypsy Moth State Report

Pr pared by Kimberly Thielen remer,
Gypsy Moth Program Coordinator

Minnesota Dept. of Agriculture.

The statewide gypsy moth detection program is a cooperative effort among tate and federal agencie . In 2001 a yp y
Moth trategic Plan was signed by the state ommissioners of Agriculture and Natural Re ources the tate Health
Plant Director U DA Animal and Plant HeaJth Inspection Service (APHIS), Plant Protection and Quarantine (PPQ),
and the Field Representative from the U DA Fore t ervice (F ). The strategic plan de cribe the objective and
administrative structures necessary to manage the gypsy moth in Minnesota. It provides a roi sion statement a
framework for deci ion making, and outline the trategie and mechani m to implement the plan. On a bi-annual
ba i repre entatives from the four agencie and the Univer ity ofMinne ota come together to di cuss i ue related to
gyp y moth management. It is this coop rative effort that has built a strong gyp y moth program in the tate of
Minnesota.

2005 Gypsy Moth Survey
Trapping Density2005 Gelleral sIIrvell program

he Minnesota Department of Agriculture (MDA) was the lead
agency during the 2005 gyp y moth detection survey program.
Other coop rator included U DA APHJS PPQ; U DA F ;
Department of atural Re ource (DNR); and the Three Rivers
Park Di trict in the Twin Cities metro area. Staff in the cooperative
program set 20 596 delta traps across the state, and 1,310 male
moths were caught. This surpa sed the 1998 record high of953
moths.

In 2004 Minnesota became a member of the Slow the Spread
(ST ) Foundation when the S S action boundary moved into
southeast Minne ota to include portions of Houston and Winona
Countie . Due to increa es in moth capture in the faU of 2004 the
action boundary was expanded into northeast Minnesota to include
all of Cook and Lake Counties, and shifted westward in southeast
Minnesota to include all of Houston the majority of Winona and a
mall portion of Wabasha Counties. As a result the program'

protocol of trapping on available road systems within these areas
hifted to trapping on a pre-determined grid laid acro the

landscape. We emphasized placing traps in grid target circles off
available road systems. This change reduced trapper productivity due to the time needed to hike cross-country through
extremely wooded terrain but it did increase trap monitoring in very remote areas of Dorthea t Minnesota.

Number of delta traps set A2eocy
17,385 MDA
3 127 (18 AGM) USDA-APHJS, PPO
<50 USDA-FS
84 Three Rivers Park District
Approx. 20, 596 TOTAL

A are ult of the STS program moving into northeast Mione ota and to compensate for tlle reduction in traps placed per
easonal staff, MDA hired a record high 44 seasonal staff. This group set and monitored 17 385 traps or 84.4 percent of

all trap et in the state and covered 39 tandard trapping routes. The state was divided into two distinctively different
trapping region: the outh which included the' road kill' sites and the northeast, which included tlte 'hike-in" sites.
(-Hike-in wa also conducted in the T area in the far outheast but it wa limited due to tlle exten ive road network
which aHowed trappers to place traps within target circles witltout having to leave the road network). ach "road kill"
route consisted of an average of 665 traps and the northeast 'hike-in" routes averaged 236 traps each. In addition to the
standard route MDA had five lead workers setting an average of 120 trap of their own and overseeing five to nine
trappers each. Other cooperators - Three Rivers Park District (84 traps) F «50 trap ), and APHI PPQ (3,127 trap)
et approximately 3 271 trap or 16 percent of the trap et in the tate.
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Several grid densities were utilized across the state \0 be consistent with APHIS PPQ trapping protocols and yet allow
for a smooth transition into STS protocols and data collection during the 2005 survey season (see attached map). The
STS action area was trapped on a two kilometer grid, with several areas ofconcern, particularly along the North Shore,
receiving a higher density of traps. Areas outside the STS action area that were considered high-risk for the
introduction and establishment ofgypsy moth received traps on a 1500 meter grid - a similar density to the one trap per
square mile (Ill) APHIS PPQ general detection density protocol. One exception was SI. Louis County; due to its large
area and limited road access, this county was trapped at a 2 km grid density rather than at a 1500 meter grid density.
Areas are considered high risk for the introduction and eSlablishment of gypsy moth based on human activity levels,
preferred habitat for gypsy moth, and the advancing gypsy moth front from Wisconsin. The remainder of the state
received traps at one trap per four square miles (1/4) or a three kilometer grid, which is on a four-year rotation, with
approximately one-third of the state receiving traps annually. In addition to the standard trapping densities, areas which
had moth catches in the past received intensive trapping to determine if a potential population exits. These trapping
densities were: one trap per 250 meter, 16 traps per square mile, one trap per 500 meter, or one trap per one kilometer.

Moth counts TVDe of traD
1,025 Standard detection (I 500m, 2K, 3K, & I trap per 4

sa mile)
240 Delimit
17 Nursery
21 Random
5 Mill
2 Park

1.310 TOTAL

Additional traps were set at slate parks, mills, and nurseries within the standard trapping grid. Twenty-three of
Minnesota's 69 state parks were within the standard trapping grid and received additional 1-2 traps each. Two moths
were caught in the state parks. Mills and nurseries were trapped according to the risk of gypsy moth introduction.
Nurseries that are wholesale dealers, report stock sources from gypsy moth-quarantined areas, or have a history of pest
problems, are considered high/moderate-risk, and each received between two and twelve traps this year. High-risk mills
throughout the standard trapping grid also received two randomly placed traps. Mills are considered high-risk ifit is
known or likely that they have out-of-state sources and if they are within 60 miles of Wisconsin counties that trap fifty
or more moths. There are 62 high-risk mills throughout Minnesota and 170 nurseries that are considered highlmoderate­
risk. Five moths were caught at mill locations and 17 mOlhs were caught at nurseries for Ihe 2005 season. No regulatory
action is being taken at this time.

Four mills (three pulp and one saw mill) and one nursery are under Federal Compliance Agreements for gypsy moth in
Minnesota. A Compliance Agreement is designed to decrease the risk of gypsy moth establishment in Minnesota while
sti11 allowing the mills and nursery to transport logs from gypsy moth-quarantined areas for milling or pulpwood, or in
the case of the nursery, for bark mulch to utilize in a potting mixture. No gypsy moths were captured at these sites.

Trapping for Asian gypsy moth was conducted at the northern Minnesota seaport of Duluth. Eighteen traps were set
around the port and traps were checked every two weeks throughout the season. One moth was caught and sent to OTIS
LaboralOries for DNA analysis. In fact, all Minnesota moths that were caught in SI. Louis, Lake, or Cook Counties
were sent to OTIS Laboratories for Asian gypsy moth DNA analysis. No Asian gypsy moths have been identified as of
this time.

The FS provided funding to MDA to trap all other Nalional Forest land and Bureau of Indian Affairs land within
MDA's standard trapping grid. Superior National Forest, including the Boundary Waters Canoe Area Wilderness
(BWCAW) was the only national forest, and Fond du Lac and Boise Forte were the only reservations that were within
the state's standard detection grid, i.e. outside the STS AClion Area, for the 2005 trapping season. Six hundred eighty­
eighltraps were set and five moths were caught on Superior National Forestlands within SI. Louis County. Seventeen
traps were set on Boise Forte Reservation, and 69 traps were set on Fond du Lac Reservation. No moths were caught at
either of these two Reservations.

Moth numbers wcre down to record lows in the central and southeast parts of the state (St. Cloud to the Iowa border),
accounting for only 58 of the total number of moths captured. In the southeast (Houston, Winona, Olmsted, Wabasha
Coulllies), an area that has had a consistent increase in moth numbers in the past decade, only seven moths were caught.
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It has been over IS years since the lrap catch numbers were this low in southeast Minnesota. One delimit site in
Brooklyn Park had 13 moths that were caught in seven traps, accounting for 22% of the moths caught in this part of the
state. An additional 29% (17 moths) were caught in nursery operations, indicating that gypsy moth life stages "hitch·
hiking" on nursery stock continue to be a concern for Minnesota.

The big surprise for the 2005 season was the record number of moths in Cook County, the far northeastern county in
Minnesota. Cook County alone surpassed the state record (953 moths) by catching the 1,068 of the 1,310 moths
captured in the state for the 2005 season. There had been an increase in moth captures, from about 25-30 for the entire
county since 2000, to 193 moths ill 2004. Thejump to over 1,000 moths this year is unexplainable. Treatment
recommendations ofover 229,000 acres arc expected to be forth-coming. To date, Minnesota combined treated
acreage isjust over 4,500 acres. The majority of the land in Cook Coumy is Superior National Forest, with several
State Parks and an Indian Reservation. MDA will be working closcly with thcse agencies to dctcnnine the best
management strategy for tltis area.

General treatment program
In 2004, MDA conducted gypsy moth pheromonc flake treatments at a 225 acre site (Rollingstone Site) in Winona
Coumy. Initial follow-up trapping indicates that this site has been eradicated; no moths were caught in 2004 or this past
season (2005). However, a third year of monitoring is required to detennille treatment success of a flake block.

In 2004, Minnesota also conducted a gypsy moth Btk ground eradication project at a 5 acre sile in the Twin Cities
Metropolitan area (Edina Site). After two consecutive years of follow-up trapping with no moth captures, this sitc is
considered eradicated.

1005 Btk Treatments:
In the fall of 2004, MDA's seasonal survey program identified a gypsy moth infestation just 8 miles northeast ofTower,
Minnesota in St. louis County. In 2003, the site had been a standard detectionlrapping site (I trap per four squarc
miles) and two gypsy moths were caught in a single detection trap. In 2004, this site was trapped at a target density of
16 traps per square mile and 37 total moths were caught in five traps; one trap alone capturcd 28 moths. A follow-up
egg mass survey was conducted 011 October 26, 2004 and two egg masscs were identified. This was the northern-most
gypsy moth infestation on record.

Due to the proximity of the moth captures to the BWCA and the finding of positive gypsy moth traps on the Superior
National Forest, the FS was contacted to discuss treatment oplions. A 640 acre treatment block was proposed and
encompassed federal, state, county, city and private lands. Superior National Forestland within the treatment block
consisted of 44.2% and the remaining 55.8% was on state and privale lands. Due to the mix ofownership it was
decided thaI ajoint Environmental Assessment (EA) would be conducted with two separate Decision Notices. An EA
was conducted for the site and a public meeting was held in Tower on January 18,2005. The proposal received a lot of
support from local residents as well as environmcntal groups. In mid-April, the forest supervisors from both the
Superior National Forest and FS State and Private Forestry signed off. giving the green light for treatments to proceed.

Btk treatments (Foray 48F) were conducted via fixed wing aircraft on both June 6 and June 16, 2005 at a ratc 000
Forestry Toxin Units (FrU) per acre. Two data loggers placed in the block as well as caged egg masses wcre utilized to
determine treatment timing. A FS observation aircraft was utilized during treatments to assist in communication
between the spray aircraft and the ground crew. Applications were conducted without any aircraft incidents.

Site Name Acres Product Rate/acre Application Date of First Date of Cost/Acre
Equipment Application Second

Aoolicalion
Tower 640 Foray 48F 30FTU Ainractor June 6, 2005 June 16, S38,592

(80 oz.) 502B 2005 ($30.15/
acre)
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To determine treatment success, the lreatment block was trapped on a 250 meter grid density surrounded by an 8 mile
area with a 500 meter grid den ity. No gypsy moths were caught during the 2005 season. However a second year of
intensive trapping is needed to make certain th treatment wa a succ ss.

2005 Pheromone Flake Treatmellt:
Minne ota did not have any flake treatments in 2005.

Egg mass surveys
everal surveys were conducted in the fall of2005, in response to relatively high numbers of moths trapped in everal

locations across the state. Only one site within the Twin Cities metro area (Brooklyn Park) warranted an egg mass
urvey. The survey was conducted on September 19,2005 and two egg masses (more likely, one egg mass in which the

femal wa' interrupted during egg laying) wer found at the site. This site is b ing proposed for a 58 acre Btk treatment
in the pring 0[2006 to eradicate this isolated population.

[n addition to the egg mass survey conducted in the Twin ities metro area, several site surveys were conducted in
Cook County urrounding everal of the high find locations. No egg rna se' or alternate life tages were identified
during this survey. However, this area is within the STS Action Area and tr atrnent are being proposed on over
150,000 acres.

Jack pine budworm
Glori tonerua pinus

75,600 acres were defoliated this year,
almo t doubling la t year s total acreage.
Within the existing outbreak area stands
that the budworms missed in the previou
two year were found and defoliated thi
year. TIle outbreak also spread out in all
direction reaching jack pine stand in
Lake of the Wood, Koochiching, Itasca,
Pine Mom on, Ottertail and Mahnomen

ountie . See map. In Pine County th
defoliated acres (540) surround the Gen.
Andrews State Nursery. alvage harve ting
op rations continued thi year, particularly
in Beltrami Hubbard and Wadena

ounties, which have suffered two or three
years of heavy defoliation wilh ub equent
topk.ill and mortality.

Jack pine budworm survey: Fall 2004 and spring 2005
County Number Percent of stands with Percent of tand predicted to have

of plots Heavy defoliation in Heavy defoliation in 2005
2004

Becker 2 100 0
Beltrami 13 54 38
Hubbard 14 77 7
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The bigger new Olat the jack pin budworm outbreak has spread into red pine plantations!

orne red pine plantations from Brainerd to
Bemidji were defoliated with affected stand having very high incidence of hoot infe tation. The only other time
damage to red pine has been documented wa in the late 1950' . That outbreak on red pine wa concurrent with an
outbreak on jack pine during 1957 and 1958 and wa limited in geographical xt nt to four populations near Bemidji,
Pequot Lakes Badoura and loquet. Unfortunately, tbere wa no record of the number of acre defoliated. We do
know that most of the affected red pines were adjacent to defoliated jack pine stands. Severe defoliation and subsequent
topkill of red pine were documented on taminat -con bearing tree only near Bemidji and Pequot Lake.

The current outbreak is much more extensive and occurs in red pine plantations that are literally miles from the nearest
jack pine stand . Many red pine plantation howed signs of heavy infe tation. Two of these stands have been tudied
more thoroughly, a young stand near Baxter in row Wing Co. and an older stand nortb of Bemidji in Beltrami Co. In
both stands, at least 93% of all the shoots had been defoliated to some extent, ranging from trace to evere, with the
leader always suffering the heavie t defoliation. See table. On both ite, the terminal and lateral bud were well form d
and plump indicating that tree vigor i high and that the red pines hould be able to with tand defoliation in 2006. gg
rna count were very high in the young land and were low on ilie older land while both land bad low levels of egg
para iii m.

Examination of ten red pine tree for egg masses and impact of jack pine budworm
after one year of defoliation.

Egg masses Terminal leader Entire tree
Ave. Range of Percent Percent with Percent '05 Percent '04 Percent bud

number of EM per parasitism live bud in foliag foliage infi lation
EM per 36' branch of M per terminal remammg remammg on all

branch branch branches
Near 2. ] 0-9 23 100 27 31 78

Bemidji
Nar 0.05 0-1 0 100 74 53 5

Badoura /--..,
Near

~
7 - 34 32 90 25 10 93

Baxter

I
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Larch casebearer
Coleophora laricella

Larch ca ebearer continued to be active mining
tamarack needles and turning tree brown la t ummer.

a eb arer activity ha been noticeable in the tate
every year ince 2000. he amount of needle damage
needs to be quite high before it becomes obviou and
mappable using aeriaJ survey. The amount of acres
affected and the level of damage ince 2000 i
unu ual. Prior to 2000, casebearer was seldom seen
and required a careful and intentional earch to find it
but, ince then it ha been obviou enough to be
mapped during the aerial urvey. Ln orne year the
damage ha been very widespread but light in many
tand a it wa in 2000 while in other year it has

been les widespread but more inlen e in individual
tand . Ca ebearer damage has cau ed high levels of

needle damage in some stands in Aitkin County for
three to four years. 0 far, no dieback or mortality ha
been as ociated with thi damage.

Spruce budworm
Chori tonellraJumiferana

Defoliation increased to 92,500 acres an increase of
approximately 10,000 acres compared to last year.
Budworm activity continues 10 be centered in
northern I Loui County with minor acreage of
defoliation al 0 occurring in southea tern
Koochiching County and northea tern Ita ca ounty.
A number of while pruce plantations were defoliated
in widely scattered locations in other parts of the
tate. In northea tern countie budworm defoliation

ha been noticeable and mapped pretty much
continuou Iy ince 1954. ee chart. You'll note that
the chart shows two years with no acr age d picted.
No historic map have been found for the e two
years, but new letter from that time period indicate
that spruce budworm defolialion \Va observed in
tho e year. There has been an average of220,000
acre ofdefoliation mapped each year over thi 55
year period.
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SPRUCE BUDWORM IN MINNESOTA
FROM 1954 TO 2005
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Years

White pruce plantation in the white pruce thinning tudy were ground urveyed in the fall of2005 and pring of
2006, before bud break for defoliation level . Re ult are presented below:

Plantation name
White spruce alley

Warba

Power Ijne

Johnson Landing

Plantation Road

Larson Lake Salvage

Sam Welches Corner

White ownship

mith Creek

Aitkin County

Taconite Trail

Location
21- 64-R21 Louis

S23-T54-R23 Itasca

36-TI55-R25, Koochiching

S28-T65-R26, Koo hiching

24-TI49-R27, Ita ca

16-T61-R24, Ita ca

SI2-Tl47-RJO, Beltrami

36-T57-RI5, t Louis

12-T53-R26, Ita ca

8-T52-R25, Aitkin

36-T60-R23, Ita ca
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Defoliation
odefoliation on all plots

odefoliation on all plot

odefoliation on all plots

odefoliation on all plot

odefoliation on all plot

50% defoliation on plots RI, T3
40% defoliation on plots R2, Tl
30% defoliation on plot R3 R4, T4
20% defoliation on plot T2

odefoliation on all plots

odefoliation on all plots

70% defoliation on plot RI, TI
60% defoliation on plots T2, T3
50% defoliation on plots R2 RJ

odefoliation on plot R1
1.0% defoliation on plot R2, RJ
20% defoliation on plot T I
40% defoliation on plot T2
50% defoliation on plot T3

od foliation on all pia



DISEASES

Diplodia and Sirococcus shoot blight
Dip/odi" pinell and SirococclIs conigenlls

The wet weather during the spring has led to some
heavy infections of shoot blights on understory and
edge trees. There are a number of locations where just
about every new shoot on understory and edge trees
appeared to be infected.

Most of these infections are Dip/m/ill (or Sphllel'Opsis.
take your pick) but there is likely some SirococCllS
mixed in as well. The spores of these fungi arc rain
splashed out of the overslory red pine onto the smaller
trees. Sometimes, the Dip/odia infection only kills the
curren! shoot and then becomes latent (or inactive).
However, if these infected trees latcr become drought
stressed, the Dip/odia can be reactivated and kill the
trees.

Please see additional rcpons on Diplodia species in the Special Projects Section.

Oak anthracnose
Apjognomonia quercinia

Oak anthracnose is a common leaf disease caused by the
fungus, Apiognomonia (Iltercillia. Seen across Minnesota,
the current anthracnose outbreak was the most spectacular
witnessed here in 25 years. Not only were the conditions
ideal for disease development (cool temperatures and
periodic rains), but also there was an unusually long time
(nearly a week) for initial infections to occur.

White oak and native bur oak are the most susceptible,
although all species of oaks found in Minnesota can be
infected. Fungal spores are rain splashed onto new growth
in the spring from over wintering sites on the twig bark.
The spores infect the young, immature leaves early in the season (this year, it was the last week of May) causing
necrotic (brown/dead), defonned margins on the le.aftissue as well as necrotic, irregularly shaped spots. These spots and
lesions tend to fom) along the veins or be confined by them. Usually, a distinct margin develops between the dead and
healthy leaf tissue. Heavily infected leaves may appear misshapened and curled. The heaviest infections tend to be
located in the lower portion of the tree crowns where the humidity is highest and leaves remain wet or dewy. As
wam)er and drier weather conditions occur, the threat of anthracnose infection decreases and the leaves produced during
the summer are generally much freer of disease symptoms.
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Oak wilt
Ceratocysti jagace(lnlm

Suppression
Oak wilt uppre sion wa funded through a federal p t uppre ion grant and admini t r d through th M Releaf
Program. The MN Releaf program provide a combination of tate and federal funding in the fonn of matching grant
to local unit of government for a wide-range of practices aimed at promoting ecosystem management.

In that context, 29 communitie and 5 countie in th d veloping rural-urban interface received malching grants ranging
from 2,000.00 to $65,000.00 for the upcoming treatment year. In the 04-05 treatment year, a total of 1114 individual
oak will infection pockel cov ring 622 acres were trealed during the '04-05 treatment season. Estimated treatment
co ts, averaged $939.28 per pocket or $1682.26 per acre, with 50% of those cost paid by participating landowner.

At the end of 2004 the density of active oak wilt infection pockets acfOS MN Releaf grant recipient was calculated to
be 1.71 infected acr per quar mil with individual communities ranging from 0 to 10.54 infected acres per square
mile. That included a total of3122 active pockets tatewide (grant recipient only) covering 3616 infected acre. The
average ize for infection pocket stiUacti ve at the end of the year wa 1.13 acre per pocket.

-'-

Extent of Oak Wilt
in 2004

Ad"e oeIc wll
Ir1l1Cl1ve1'"eele<loe will
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Assessment
An assessment project wa launched in 2003 and completed during the '04-05 treatment ea on. Rectified color­
infrared photography from two photos periods approximately ten years apart were used to describe the change in oak
wilt occurrence and evaJuate factor influencing that change across the tudyarea. Four categories of community
programs, soil texture and 12 categorie of land u e were evaluated u 'ing 640 randomly elected ~ ction plot (40
acre each). Change in population density was also evaluated but was not found to be correlated to the change in oak
wilt. The other three factor were highly correlated to changes in disease incidence. The lack of active uppre ion
activities (communities without an active program) and sandy soils were correlated to higher di ea e incidence. A
ignificant reduction in disease incidence was correlated to communities with active programs.

Becau e lhe ampling scheme was ba ed on a minimum of 15% fore t cover, a large number of plot fell in
undeveloped rural woodland. In lhese areas, the incid nce of oak wilt was higher than in developing areas and the rale
of increa e in di ea e incidence eemed to be higher. The high incid nce in undeveloped areas may be a oeiated with
a number of evere windstonn that occurred during peak pore pad production over the ten-year tudy period. Be ides
the general loss ofoak woodland , the implication for the MN Releaf program i that a communities expand into the e
area, they will be inheriting a substantial pest problem. Various options are being explored to addres related issues.
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Red pine pocket mortality
Complex ofinsects and root-inhabitingfimgi

Although cau ed by a complex ofNorth American pecies, red pine pocket mortality is relatively rare in Minnesota
(MN). The tory is quite different in Wi con in (WI), where tbe yndrome is found scattered across the tate. Over the
la t e era] years, a large number of infection pocke have been found in the Sand Dunes tate Fore t (SF). just outside
of Zimmennan (Sherburne County). The relatively high concentration of pocket in the and Dune tands in tark
contra t with the relative lack of infection pocket elsewhere in MN. So th concern i why her and why now, and
what do we do about it.

A Brief History
During tand inventorie conducted in the late
1990 and early 2000 ,a number of pocket of
advancing tree mortality were di covered. After
everal field trip , DNR fore t health talf members

were unable to confirm the cau e of th damag.
Then in late 2004, wood samples with black staining
resembling that associated with black stain root rot
caused by Leptographium wageneri in Dougla fir
and by Leptographium procemm in white pine were
collected and cultured by the Univer ity ofMN plant
disea e clinic (UMN). Based on fruiting structures
and characteri tics in culture, the UMN identified the
fungu as LeplOgraphium, most likely procerllm.

The cultures were then ent to Glen Stano z at the Univ rity of WI. He confirmed all four cultur ent to him
(collected at one ite on two different occasion) were r lated to the larger group of ophio tromoid fungi (those
producing pore on coremia) in which Leptographium belong. The taxonomy ofLep/ographium pp. as a group i
complex and not completely understood. But one of the four cultures seems to most closely resemble Ophios/roma
aureum or a clo e relative of L. terebranti. be identity of the other three fungi ha not yet been confirmed primarily
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because they arc not responding to the same genetic trials - perhaps suggesting a different species. So the work
continues.

Disease Symptoms
Red pine pocket mortality, as described in WI, is associmed with a complex of organisms thm include L. lerrebramis
and L. proeentl1l, pine bark beetles (Ips pim), red turpentine beetles, (Dendmetonlls valens) and three species of root
weevils. The symptoms include circular openings in red pine stands with dead trees in the center, scattered red trees
along the edges and declining, thin-topped or chlorotic trees around the margins of the infection center. Signs of beetle
infestation are common, but do not necessarily occur on all affected trees. These signs include frass, exit holes, pitch
tubes, and galleries under the bark. Black stained wood is orten found associated wilh red lurpentine beetle pitch tubcs.
Staining may also be found in the root crown and main flare roots. Resin soaked wood may occur in close association
with the staining.

Because the taxonomy of this group of fungi is not fully understood, neither is their epidemiology. As such, the age-old
question of which came first, the chicken or the egg, has yet to be resolved. All of the insecls involved can vector these
fungi and spread them to other trees through Ihcir feeding and breeding habits. All of these insects are associated with
weakened, dead or dying trees. Only under unusual circumstances, do they allack healthy, vigorously growing trees.

Leptographiul1I spp. are capable of spreading from tree 10 tree through rool grafts. However, although they are
vascular-inhabiting organisms like Ihe beller-known fungi causing DUlch elm disease and oak wilt, Leptographium .~pp.

are nOI considered aggressive pathogens. So one theory of how the disease complex is spread, is that some form of
disturbance stresses some trees enough to invite in opportunistic pests - namely one or more of the insect vectors. If
these insects are carrying Leptographillm spores, the fungus is able to
invade vascular tissue exposed at the feeding sites and a new infeclion
pocket is begun. Once in a stand, the fungus can spread frolll tree to tree
weakening those trees they invade. However, the fungus does not kill the
trees. Instead, the stress caused by the Leplographilllll infeclion invites in
more opportunistic inseCls. The bark beetlcs are then responsible for
finishing off affected Irees.

But with the nearest known infection pockct in WI, how were the pockets
started in Sherburne County? Windslonns in the late 1990s had damaged
a number of the stands. Many of Ihe slands had also been Ihinned in dIe
recent past. Drought had added additional stress and outbreaks of pine
bark beetles have been an on-going issue. The affected stands are also
between 35 and 50 yrs old, the range seen affecled in WI. BUT the
nearest known source of spores is in WI, and neither the beetles nor the
weevils are capable oflTavcling thai far by Ihemselves.

That raises all kinds ofquestions. Are there more species involved than those documented in WI? Do they have
different environmental needs and ifso, did we just happened to find the righl combination in the Sand Dunes SF? If
so, whal arc those environmental needs and where else do Ihey co-occur in MN? Arc there olher means of spread we
aren'l considering? Are there smaller pockels we just haven'tlocaled that arc acting as a bridge belween the larger red
pine plantations? Or are plantings of olher pine species providing thai service? At Ihis poinl, we don't know.

Disease Management
With so many queslions, management is a guess. Two methods are being tried in WI in different pans of the stale with
varying degrees ofsuccess. With the thought in mind that disease spread is relatively slow and regular thinnings will
capture most tree mortality, infection pockets are salvaged when they are discovered, by clear-cutting the pocket plus a
buffer equal 10 one Iree height in width. The buffer approximates the number of Irees that would die between Ihinnings
as a resull of the infestation. The approach thus sacrifices some polential growth in order 10 utilize wood they might
otherwise lose.

The olher method is to combine vibratory plowing with a treaHo-lhc·linc approach. Plows lines arc placed 30-40'
outside the infection pocket boundary and all pine inside thai line are harvested. The dislance chosen is based on field
experience and apparent differences in Ihe relative role of rOOI weevils versus red pine turpenline beetles in different
parts of Ihe state. Weevils seem to playa greater role in Ihe disease complex in Ihose WI stands closest to the Sand
Dunes SF.
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The current plan
Given the lack of clear answers and the value of the affected 'tand in the and Dune SF a combination of treatment
are planned as funding pennit . In the mo t valuable tand , vibratory plowing will be combined with a cut buffer
approach. Thi involv about V. of the mown infection pockets. Four additional tands are more or less linear or are
buffered by non-pine forest types, providing an opportunity for a trial. In the trial, half of each pocket will be plowed
and th other half will receive a cut-buffer. Both halves will be monitored and the results compared. Several of the
affected tand were cut and thinned in the recent pa t, so there are no active ymptoms at this time. These stand will
be monitored and any additional ymptoms noted and mapp d. The r maining tand are con idered of too Iowa
priority to treat andlor too young to thin. These will be monitored for continue pread of the disea e complex and will
erve a control for our trial. In the meantime, we will be urveying other plantation in the area to make ure w

aren't mi ing omething. hen we watch and wait for word from tho e tudying the taxonomy of this complex group
of fungi.

Sudden oak death (not in MN)

In 2005 the Minnesota DNR Division of are try again participated in the
national Phytophthoro ramorum survey. Field surveys were conducted adjacent
to everal major state nur eries and in rural forest d area around the state.
Twenty-six nursery sites and seven rural forested sites were surveyed in
nineteen Minnesota counties. On sites one hundred and thirty two Iran ect
urvey collected just over fifty su pect ample . Samples were collected from

known P. ramorum host genera. The ample were proces ed at two lab the
Minnesota Department of Agriculture Lab in t. Paul and the orest Products
Lab at Mis is 'ippi State, Missis ippi. Twenty-eight samples were tested at the
MDA lab in Minnesota and twenty-two were tested at the Mississippi lab. All
were negative for P. ramorom by P R. This wa the second year of survey for
P. ramorum.

SOD Survey locations

Spruce needle rust
Chrysomyxa ledi and Chry omyxa ledi ola

Traveling through the northern counties of Minnesota during the summer
you couldn't help noticing the 'flocked pruce trees. Pint to lan-colored
'flocking" wa ob erved on white, black and blue pruce tree in tand
and plantations and on Colorado blue pruce in yards and windbreaks.
Many different patterns of infection were also noticed. In orne areas, the
entire tand is affected other stands only a few are infected while mo I
are not. he needle on these spruces are infected willl a spruce needle
ru I fungus but it i usually not a caus for concern. The spruce needle
ru t fungi, CJIIY omyxa ledi and CJIIY omyxa ledicola, can look bad but
aren t eriou for rna t tree . However Illey can be laugh on newly
planted trees and Chri tmas tree . The ru t i rna t common on blue
spruce but infected large acreages of white and black pruces a well.
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ABIOTICS

Ash decline
Unknown

Decline of black a h continues to be a concern both becau e of the los of the ash but at 0 becau e it could hid or rna k
the emerald a h borer. Surveys have found no emerald ash borer in the state. Aerial survey mapped 4322 acre in 5
tand cattered aero the northern 2/3 of the tate. Tlli is a decrea e from the 27 000 acre reported last year.

Surveyors attempted to map the change from last year rather than map previou year of mortality. But again this i
difficult to do and 0 it is bard to have a clear picture of a change in the condition of the black ash from last year. In
tands examined on the ground it appeared that the problem did not continue to expand much if at all. At the arne time

tree with a lot ofdieback did not app ar to b howing much in the way of improvement either. Site and weather
condition are till considered to be the primary factors that tressed and killed the tree rather than any particular
insects or fungi.

[ f .

Aspen with thin crowns
Physiological response to defoliation and droughl

There were 587 pockets ofa pen with thin foliage
throughout northern Minnesota this ummer' acres totaled
410,500. The tree had leave but the leave were mall
being only the size of a nickel to a quarter. he e tree often
were the large t and olde t on the ites. This ituation was
not examined until late in the ummer making it omewhat
difficult to make a po itive detemlination of the cause.
There appears to be a number of causes ofthi acro"s the
state. In 010 t locations insects do not appear to have been
involved. orne place had pring fro t at the time of a p n
leaf break that killed portion of the tender new leave and
cau ed other tree to drop all Uleir new leaves. In
northea tern Minnesota another common cause appears to be
stre from pa t yea of fore t t nt caterpillar and drought.

he affected trees are putting on little or no grOwtJl, and the
hoot growth i abnormally hort. No forest tenl caterpillar
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was mapped in northea tern Minnesota but fore t tent caterpillar c coon were collected at a location near John on Lake
in northern t ouis ounty suggesting that low level of the in ecl may till be active in at lea t a few locations in the
northeast.

A pen mortality and dieback wa reported on 50 000 acres across northern MN last year. This was attributed to stres
from forest tent caterpillar and drought. No mortality was reported this year but stands with trees showing the thin
crowns need to be watched to see if they recover or start to experience mortality.

ee Aerial survey ection of thi report for a change in coding due to thi type of damage.

Oak tatters
Herbicide {Jamage

Oak Tatter has been a condition Ihat affects emerging oak
leaves, causing them to appear lacy or tattered. It ha been
observed throughout the Midwestern United tate, including
Minne ota, Michigan, Wisconsin Iowa illinois Indiana, Ohio,
and Missouri. It was fust reported during the 1980's in Iowa
lndiana and Ohio but has been ob erved poradically for the
last ten years in Minnesota and Wisconsin. The cause has
eluded surveyors in all of those years.

In 2004 researchers in Ulinoi hypothe ized that tatters on oaks
wa due to herbicide drift from applications onto com and
oybean fields. In controlled experiments two year old potted

white oaks were exposed to varying concentrations of choloracetamide herbicide products including Harness Xtra and
Dual Magnum. Both product produced the tatters symptom on the treated oak . After 45 days following the
treatment the oaks produced new leaves free of the tatters 'ymptom ,a they do in the field. The rudy indicate Ihat
drift of choloracetamide herbicides may be the cause of whal ha been at time large ponion of the land cape affected
by oak tatters.

This pring, in Mione ota, an effort was made to attempt to link reports of tatters to possible herbicide drift from nearby
cornfields. As it happened, talters was for Ihe most part a nOll-event across the state. It eem that the phenology of the
oaks did nol coincide with the potenlial drift from application of holoracelamide herbicide applied to nearby
cornfields. However, in two eparate area, talters yrnptom did develop on the oaks. Mid- ea on follow-up
iove tigation found that, in both in tance field adjacent to the affected oaks received applications of Hamess Xtra.
The e herbicide are applied at the time of leaf emergence of the oaks and other affected pecies.
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SPECIAL PROJECTS

Diplodia in nursery stock: No overstory trees, no disease

Untillhe late 1990's, the prevailing pathological dogma was thai if shoot blight infections in the nursery seedbeds were
absent, then there were no Dip/odin infections nfthe seedlings. That belief was turned upside down by the work of Glen
Stanosz's lab at the University of Wisconsin. $tanosz and co-workers found tha! thcre could be Diplodin infections
without and symptoms, because Dip/ollia is a "latent pathogen".

In 2002, this arcane biological faci became all too apparent when 65% of the red pine seedlings in plantations died due
to the effects ofdrought and lalent Dip/odia infections. Our best course of aclion was 10 eliminate the sources of
infections in the Nurseries by removing the pine windbreaks. In the winten; of '02-03 and '30·'04, Dadoura Nursery
removed 1250 cords of red pine windbreaks. Nursery managers also reinstituted fungicide spray regimes and regularly
rogued seedbeds, among other actions. These removals would have an impact, but not immediately. Seedlings thai were
alive in 2002, prior to the removal of windbreaks, had already been exposed 10 DljJ/odia and some of them were already
latently infected.

In 2003, a systematic survey of the entire 2-0 red pine crop was done. Dr. Stanosz's lab found averages of 40 to 71%
latent infections in the red pine fields. So, thc entire crop of two million secdlings at Badoura Nurscry was rejected and
destroyed. In 2004, we anticipated a drop in latent infection levels because most of these seedlings had emerged after
the windbreaks were removed. Another systematic survey of the 2-0 red pine crop was done and we were delighted to
find only 2.5 % latent infections in the nursery beds.

We continued to assay seedlings for the presence of latent infections and, in 2005, we found another decrease in latency
levels. Dip/oditl infections are now down to 1.25%. What docs this mean in temlS of red pine seedling survival in new
plantations? Recall that latent infections need to be aClivaled by inlernal water deficits. So, if there is droughty wealher
or poor stock handling in 2006, only 1.25% of the seedlings might die due 10 latent Dip/ollill infections and it's likely
that more than 98 % oCthe seedlings will live.

Data

In an effort to monitor the amount onatent Dip/odia infections that occur in red pine seedlings produced by the State
Nurseries, a survey was completed at Badoura Nursery and Gen. Andrews Nursery in 2005. All 2-0 red pine seedlings
were sampled in a systematic design and were assayed for Ihe presence of Dip/odia pinea (formerly SpJweropsis
sapinea Strain A) and for Diplodia scrobiclllaUl (formerly SpJweropsis Sllpinea Strain B) by Dr. Stanosz's lab at the
University of Wisconsin.

Results of Dip/odia study at State Nurseries in 2005

L.ocation Sample Seed- Number of Number of Perccnt Species Noles
date b,d seedlings latcnt latent detcrmination

sampled infcctions infections
found

Badoura July 27 A7 15 0 1.25
E7 30 I D. pinea
Fl2 35 0

Gen. July 28 89 30 4 6.66 All D. oinea
Andrews D8 60 2 Both D. Dinea

G2 15 0
G3 15 2 Olle D pinea and Also found

oneD. SiroccoclIs
scrobiclllata conigenlls on

another
seedlilll!
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The amount of latent infections has decreased signiJicantJy at both nurseries since they've removed the over tory pine
in the windbreak. eefigure below. Most of the removal were accompli hed at Badoura during the winter of2003
and 2004. In 2003, Badoura Nursery had 64% latent infection in the 2-0 r d pine dLings and thi year, the 2-0's had
1.25% latent infection . In 2002, General Andrew Nursery had 26% latent infections in the 2-0 eedling and by 2005,
there were 6.7% latent infections. At Gen. Andrews, most of the overstory removals were accomplished recently and
there is a lag time between removal and di ea e reductions because existing seedlings were expo ed to Diplodia
inoculum prior to overstory tree removals. At GASN, the incidence of latent infections is expected to decrease over the
next two to three years.

Percent latent infections in 2-0 red pine seedlings at Badoura
Nursery
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Latent infections of Diplodia pinea in red pine plantations

Objective: To investigate the level oflatent infection in the eedling of three red pine plantation in the fall of2005.
ompari ons will be made between the level of shoot blight and latent infections and the levels of cone infection and

latency in seedlings.

Method and material: In 2004 103 red pine it were vi ited with the
aim of determining inoculum levels (cone infection) in lhe adjacent
overstory red pine stand and shoot blight incidence in red pine eedlings
and the furthest di tance that shoot blight could be found from the
over tory edge. In 2005 three ite were elected b ed on the ab ence
of confounding inoculum ource and the presence of shoot blight in the
plantation in 2004. See map. Each site wa revisited in 2005 two
transect parallel to the overstory edge were established at varying
di tances based on the geography of the site. See table below. Along
eaeh Iran eet, a ingle, asymptomatic current hoot wa collected on the
ide of the tree facing the over tory. Fifty ample were taken on each

transect. If a current hoot wa blighted anywhere el e on the eedling, it
wa tallied a a blighted eedling. Each hoot wa sealed in a plastic bag
and kept in a cooler until opened for lab analy i at Univer ityof
Wisconsin by Dr. Glen Stano z.
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In 2004, 100 cones were collected on the ground from each of the thre red pine tand . In the R ource e ment
lab in Grand Rapid, each cone wa detennined to be either infected or not infected by examining spore from fruiting
bodie. his detennined the cone infection level in 2004. ee table below. A ub ample often infected cone from
each ite wa a ayed in Stanoz lab to detennine which peci s wa pre ent.

Latency study 2005: Location, cone infection and sampling information.
Site Location Cone Diplodia Di lance of Number of Numb r of blighted

infection pecies tran eets from eedling sampled eedling found in
in 2004 recovered overstory edge in transects transects

First Second First Second First Second
12 Ita ca Co. 45% All 148 248 50 50 12 5

S18-T147-R26 D. pinea
74 Hubbard Co. 61 % All 66 132 51 53 4 8

S19-TI42-R32 D. pinea
94 Sl. Louis Co. 7% All 116 248 50 50 5 3

S 16-T60-R20 D. pinea

Re ult :

I. 102 of the 304 eedLing had latent infection cau ed by Diplodia pinea. ee table below. There were no latent
infections caused by D. scrobiculata.

Incidence of shoot blight and latent infections in each transect
Site Tran ect Combination of infection types

No shoot blight and No shoot blight and Shoot blight and Shoot blight and
No Latent infections Latent infections No latent infections Latent infections

12 I 19 19 6 6
2 24 21 4 1

74 I 5 41 0 4
2 17 28 2 6

94 I 40 5 5 0
2 42 5 3 0

2. Tn plantation, there i variability in the amount of hoot blight, latent infections and ab ence of infections. ee
figure below. he amount of latent infections in plantations is up to six times greater than the amount of shoot blight
found.
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percent

infection
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3. In 2005 the distance from the overstory edge to the furthest shoot blight infection on site 12 was more than 248 feet
as judged by the chart below. If the amount of latent infections decrea es at about the same rate (ha a imilar lop )
then the distance to the furthe t latent infection would be much greater than 248 feet.

Latent and shoot blight Infection levels compared to distances
on site 12,In 2005
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Distance In feet

• Shoot bright

• Latent Infections

4. The amount of cone infection (from the previous year) can predict the amount of latent infections occurring
between 66 and 248 feet from the overstory edge.

R2 =0.915, p =.003

90

80 Y = -0.008 + 1.17x
Percent 70

of
latent 60

infections
in 2005 50

•40

30

20

10

10 20 30 40 50 60 70

Percent cone infection in 2004

5. Based on data from this study:
a. The amount of shoot blight does not predict the amount of latent infection in adjacent planation.
b. The amount of cone infection doe nol predict the amount of shoot blight.
c. The amount of cone infection doe predict the amount of latent infection.

o percent of infected cones can be u ed to predict the amount of latent infections occurring between 66 and
248 feet from the overstory edge.
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Evaluating Diplodia species:
Shoot blight potential in overstory red and jack pine trees.

By Jana Albers, Mike Albers and Dan Gilmore (Vniv. of Minnesota)
Abstract

Current, unprecedented losses orpinc seedlings in nurseries, young plantations and natural regeneration are auributcd (0

a fungal disease, Diplodia shool blight in Minnesota. This study addressed critical gaps in understanding and managing
Diplodia shoot blight on red pine seedlings in plantations and in natural regeneration of multi-storied red pine stands.
Site specific infonnation on the occurrence and incidence of Diplodia species on 92 red pine siles in eight ecological
subsections and on 28 jack pine sites in two ecological subsections is presented.

For this study, each red pine sile consisted of a mature red pine !lIand paired wiLh an adjacent red pine plantation. On 89
of the 92 sites, Dip/odia fruiting bodies were found on red pine cones collected beneath overs!Ory red pine trees and the
average incidence of Diplodia-infected cones was 25.0%. D. pineo was recovered (Smith and $tanosz. 1999) from
infected red pine cones on 93% of the sites across northern Minnesota. These results indicate that Dip/odio pineo has
successfully invaded red pine stands and has established itself in the cones.

Only the incidence of Dip/at/io species was studied on jack pine sites, where cones were clipped from trees. The
average incidence ofcone infection by Dip/Offill species was 12.3%. D.scrobiclIltlIo was recovered from infected cones
on 100% of the sites. D.pinea was recovered from infected cones on 64% of the sites indicating that it has successfully
invaded the cones in jack pine stands, too.

Dip/odia pinea is a latent pathogen that is capable of causing symptomatic shoot blight infections and latent infections
that can develop into shoot blight ifactivatcd by droughty conditions (Stanosz ct ai, 2001). In this study, only
symptomatic shoot blight infections were used to assess the disease potential of the overstory. The incidence of latent
infections was not assessed because of tile scope of the study.

On the 41 sites, where blighted seedlings were found, the average incidence of shoot blight in the understories was
15.0% and, in the adjacent plantations, the average incidence ofshoot blight was 4.7 %. The average furthest distance
that blighted seedlings were found from the overstory edge was 62.6 feet. In 2005, seven sites were revisited and shoot
blight incidence was detennined. Average shoot blight infection in the understory and individual transects was seven
times greater Lhose found in 2004 in the same locations. So, in 2004, the impact of Dip/adia shoot blight occurred
predominantly in a 63 foot 4 wide strip along the overstory edge where less than 5% of the seedlings were blighted,
whereas, in 2005, Diplodia 's impact occurred in a 141 foot wide strip where 25% of the seedlings were blighted. In
2005, the distance to the furthest infected seedling ranged fTom 50 to 262 feet and averaged 141 feet. 2004 was a
"modest" year for shoot blight expression compared to 2005. Observed ranges of shoot blight incidences in this study
are typical of empirical observations made in Minnesota over the last two decades.

Analysis of site, ecological and geographical variables indicated that site variables can be used to describe the incidence
of Dip/odio shoot blight on red pine seedlings under or adjacent to a mature red pine stand. Based on Classification and
Regression Tree analyses, five site variables can approximate the incidence ofshoot blight on understory and plantation
seedlings, and, the furthest distance to blighted seedlings in a plantation.

Guidelines are suggested so that a forest manager can select sites for natural or artificial red pine regeneration based on
the observed and anticipated incidence of Dip/otJiil shoot blight. The shoot blight potential of a proposed plantation
should be detennined if either live red pines have been retained inside the plantation, or, the plantation is adjacent to a
mature red pine overstory. The shoot blight potential of an overstory should be routinely detennined if red pine
regeneration is desired. The shoot blight potential ofcanopy gaps should always be predicted prior to selecting gap size
ifred pine regeneration is desired.

This study primarily contains data from a single growing season, 2004, so further study is needed to verify the
relationships among the site variables and the predicted levels of shoot blight in order to make these management
reconunendations more statistically robust.

Note: Two versions of the Annual Report- 2005 were made. One has the complete project report and the oLhcr has
selected maps printed after this page. The full report is on the enclosed CD.
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National insect and disease risk mapping

By Frank. 1. Sapia and Fl'llnk. J. Krist Jr.
USDA Forest Service· Forest Health Protection
Forest Health Technology Enterprise Team
Fort Collins, Co.

The purpose of this effort is (0 develop a periodic five year strategic assessment of risk of tree mortality due 10 major
insect and diseases. This projcct is the second in a series which uses the development ofa geographic information
system (GIS) database to identify the potcntial impact caused by both endemic and non·cndemic forcst pests.

While the earlier effort "Mapping Risk from Insect and Disease" (lewis 2002) was truly a pioneering effort, lhe process
documented below bears little resemblance 10 ils parent effort. DifTcrcni software, some of it custom, was used in this
model. In addition, host data, GIS methods and even the definition of risk arc significantly different in this ';next
generation" producl.

The risk mapping effort described in this paper was undertaken to provide Congress and USDA officials with a broad,
nalional-Ievel depiction of the risk of basal (BA) area loss due to nee mortality. The Risk Map Oversight Team
definilion of risk is as follows: The expectation that 25% or more of slanding li .....e volume greater than I" DBH will die
over the next 15 years, including nonnal background mortality.

This strategic product is not intended to predict local insect and disease outbreaks. It is intended to provide a strategic
look across the entire nation using a well documented and completely transparent process. The map is built 81 a I

kilometer spatial resolution. If a higher resolution view of the risk due to insects and diseases is required, we
recommend thaI you conlact a Regional Risk Map Team Lead who may be able to provide a local high resolution
assessment of pest risk.

Version 3.0 of the 2006 Nationallnscct and Disease Risk Map (NIDRM) is more than "just a map". It represents a
collection and integration ofover 189 individual risk models which use a consistent, repeatable and transparent process.
We have focused on the development ofa dynamic risk modeling process that can provide improved maps as models
and data are updated and/or become available.

The creation ofa national risk map was a collaborative process initiated by the Forest Health Protection (FHP) staff and
delegated to the Forest Health Monitoring Program. Through the FHM Regions, entomologists and pathologists from all
fifty states and FHP Regions were invited to take part in the process ofcrealing the risk map. Those specialists who
were able to dedicate time became part of the regional efforts for creating risk models. A Risk Map Oversight Team was
fonned to define products, provide general guidance and schedule activities. Regional Risk Mapping Teams were
created with forest health and GIS participants from the Forest Service, state agencies and academia to oversee and
assist in multi-crilerion model development and to revise draft products. Starting in 2004, forest health experts met to
develop descriptive models using group consensus and published infonnation. In April 2005, GIS experts on the teams
were trained by Frank Krist to convert lext-based models into GIS-based processes. Forest health and GIS experts then
metlogether at regional workshops 10 run models, review results, and make adjustments. TIle process culminated with
a collective review of results during November by participants on the regional risk mapping teams. The Foresl Health
Monitoring Research Work Unit (Southern Research Station) was instrumenlal in the development oflhe host parameter
data which drive individual models in the map. Actual data surfaces were prepared at the Forest Health Technology
Enterprise Team (FHTET) for access by FS Regional and Stale cooperator staff. Model deficiencies and applicability
were discussed and plans were drawn up to develop models where optimal data are limited or no published models
exisi.

Standard national data sets for total and individual species basal Area, quadratic mean diameter (QMD), stand density
index (SOl) (Reineke 1933), percent host, PRISM'lt climate layers, soils and topography were developed specifically to
support this work. The host data layers (BA, SOl, and QMD) are derived from models Ihemselves, however, we did nOI
invest in an effort to quantify the uncertainty surrounding Ihem. We did develop a qualitative assessment of their
accuracy and believe that they are adequate to conduct this national asseSStnenl.
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Regional risk mapping tcams conSlnlClcd a series ofmulti-crilcrin risk models using ArcView 3.x, Spatial Analyst
ModclBuildcr and IDRJSI 32 Geographic Information System (GIS) software (Easlman 1995, 1999). A five step
process was designed 10 develop a standard National depiction of risk. They steps are:

I. Identify a lisl of pests (risk agents) and larget host species. This is conducted by region with certain models
constrained to select geographic areas.

2. Identify, rank, and weight criteria that detemline the susceptibility and vulnerability to each risk agent; in
some cases susceptibility to a pest approximates vulnerability and therefore results in tree mortality in the
model. This would be true for pests such as the emerald ash borer and oak wilt. A series of standard tools and
documcntation have been developcd to aid in the collection ofcriteria and rank their relative importance.

3. Standardize risk agent criteria values and combine the resultant erileria maps using weighted overlays.
Through a group process, participants assign a level of risk to values within GIS layers that represent criteria.
This could be a highly iterative process, depending upon thc level ofdocumcnted knowledge and thc
familiarity with individual data layers and risk agcnts. Often relative weights are decided upon when viewing
intemlediate map products.

4. Convert modeled values for each risk agent to predictcd Basal Area (BA) loss over a 15 year period. This is
done for each forest species that occupies a pixel in the national data base. To convert values to BA loss, a
"typical" maximum realizable mortality ratc (MRM) is assigned 10 each risk agent. This is an estimation of
mortality loss, expressed as a percent ofBA loss, for the next 15 years, if all criteria are met in step three. The
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actual mortality rate varies depending upon the level of risk. For example, a high risk pixel may correspond to
a mortality rate of 100% while pixels with medium risk would correspond to a mortality rate of 50%.
Predicted BA loss is calculated by multiplying the mortality rate by the BA ofeach individual host species.

5. Identify pixels on a national base map that are at risk ofencountering a 25% or greater loss oftOlal basal area
or volume in the next 15 years. This potentially dynamic threshold was set by the National Risk Map
Oversight Team for the national risk product. Our product maintains the entire range of predictcd BA loss and
can be set at any output threshold. The maps found in appcndices 6 and 7 arc set to thc Oversight Tcam's
definition of risk Ihat idcntifies mortality greater than 25 % of stand volume over a 15 year period.

Each of these five steps described require diffcrent participants. Steps I • 3 require participation from of forest heallh
and GIS specialists while steps 4 . 5 primarily involve GIS specialists with little pcriodic input from forest health
specialists until the models (maps) were produced. Therefore, in this National project, much of the workload fell on the
local GIS specialists to collect information and build risk models.

http://wyvw.fs.fed.uslforesthealthltechnoloqv/peer review naUonalinsectanddisease riskmap.shtml

This site will includc all ofthc individual risk models including model documentation for 189 models (spreadsheets
with available references), 189 risk maps, 189 risk contribution maps, host data and ofcourse, a large ComUlt plot or
print file, for the composite map. Upon request we can also provide a draft manuscript intended as a USDA Forest
Service Report. We ask that you study the NIDRM process and its associated data surfaces in depth. Please contact
regional risk mapping leads, oversight tcam members or the authors of this review guide to provide insight as to how we
can improve this process. "You'll know 'em whcn you see ·cm".

34



I

Insect and Disease Risk* Map Version 3.0
2006

'Ri>k ofm011ality. c"!,"",,,,d as bassi arc. loss PC'"""'. over a 15 year period lMividual
IrC'c basal area is dermed as \be cross section ana of a. tree stc:m in square: feet measun:d a1

breasl heigh. (45 abo.e ground).

.. Due 10 P p3 plot availability and forest parameter inlcrpolalion Icchniquc< Draft

.,.,.
_~.100



MINNESOTA DNR - FOR.EST HEALTH MANAGEMENT
FFY 2005 GRANT #: 05-DG-11244225-088
SURVEY and TECHNICAL ASSISTANCE

FOREST HEALTH MONITORING
EMERALD ASH BOR.ER EARLY DETECTION SURVEY

SUDDEN OAK DEATH SURVEY

Progress Report: October 1, 2004 - September 30, 2005

Survey & Tech. Assistance: Pest and Host Evaluations
Target Accomp: 9/30105

Activity Pest/Host Acres I Trend
Evaluation Forest tent caterpillar Dala being aoaly-.t:cd

Jack pine budworm Data heim! anal yzcd
Spruce budwonn Data being analyZed
Larch beet Ie Data being analyzed
Diplodia shoot blight Data being analyzed
Black ash decline Data being analvz,ed

Survey & Tech. Assistance: Long Term Spruce Budworm Evaluation in White Spruce
Plantations

Activity Target Accomp: 9/30105
# Full plot measurements 6 6
# Spruce budworm defoliation rating II t I

Survey & Tech. Assistance: Incidence of Diploditl on Natural Regeneration at Itasca State
Park

Activity Target Accomp: 9/30105
# Sccdlings in studv 1,200 1,200
# Seedlings in control to assay for latent 40 40
infections
# Seedlings wi visible Diplodia infections 1,160 1,160

Results
Forty seedlings in the control block were assayed for latent infections. No latent infections were
found. The 1,160 seedlings collected in the pine understory were collected and put in cold
storage. These seedlings will be inspected during the winter of2006.

Survev & Tech. Assistance: Oak Wilt Manai!cment
Activily Target Accomp: 9/30105
#- LUG's assisted for oak wilt control 25 25
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Survey & Tech. Assistance: Outreach
Activitv Target Accomo: 9/30/05

# presentations or training events 30 29
# Forest Health Newsletters 4 3
# news releases 6 6
# brochures 4 0
# TV/radio oonOrlunities 4 2
# reQuests for forest health assistance 400 Did not track
Co-authored: Surveys Jor asymptomatic persistence ojSphaeropsis sapinea on or in stems ojred
pine seedli"gs from seven Great Lake region Ilurseries. 2005. G.Stanosz, D.Smith, J.Albers. Forest
PatholoRY 35:233-244.

Survey & Tech. Assistance: Meetine: Attendance
Meeting Accomo: 9/30/05

SPFO Cooperator's Meeting Done
Western Insect and Disease Meeting NO
North Ccotral Forest Pest Workshop Done
Gvosv Moth National Meeting Done
Exotic Pest Workshop Done
Risk Mao Meeting Done

Survev & Tech. Assistance: Forest Health Reoorts
Report Accomo: 9/30/05

Accomplishment and Expenditure Rcport (FS3400-5) To be submitted

Forest Health Monitoring: Detection Surveys
Activity Target Aceomo: 9/30/05

General nest detection - million acres 12.0 13.0

Forest Health Monitorinl!: Detection Survey Results - FFYOS
Causal Agent Acres

Data bein2. analyzed NA

Forest Health Monitorinl!: Information Manal!cment
Activity Accomp:

9/30/05
Pest detection surveys results orovided on maDS at I: I00,000 scale To be done
DiRital aerial survey maps provided to NA. SPFO by 12/15 To be done
Text and graphics for the annual state Forest health Highlights to NA. SPFO by To be done
t2/15

Forest Health Monitorinl!: Doul!las-fir Beetle Detection TraoDinl!
Activitv Target Accomo: 9/30/05

# of traps 5 10
Results
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INo results available: trap catches have not been sorted

Forest Health Monitoring: Pine Shoot Borer Trappin~
Activity Tar~et Accomp: 9/30/05

# of traps 20 0
Results

Minnesota Department of Agriculture initially installed a trapping network and DNR assisted in the
first scheduled trap monitoring. Trapping was eventually abandoned when the decision was made to
extend the pine shoot borer quarantine statewide.

Forest Health Monitorin2: Oak Tatters Survey
Activitv Target Accomp: 9/30/05

# of plots 5 2
Results

In 2005 tatters was for the most part a non-event across the state. It seems that the phenology of the
oaks did not co-inside with the potential drill from applications ofCholoracetamide herbicides
applied to nearby cornfields. However, in two separate areas, one south of Kasson, MN and anolher
near Austin, MN tatters symptoms did develop on the oaks. Mid-season follow-up investigations
found that in both instances, fields adjacent to the affected oaks received applications of Harness
Xtra. These herbicides are applied at the time of leaf emergence of the oaks and other affected
soecies. Foliage samoling was not used.

Forest Health Monitorint!: Meetint! Attendance
Meeting Accomp: 9/30/05

National Forest Health Monitoring Working Group Done

Emerald Ash Borer Earlv Detection Survey
Activity Tar~et Accomp: 9/30/05

# oftrao tree sites t5 t7
# of trap trees ... 34

Results
No results: trap trees were not felled by the end of September. In addition the environs around 15
wood using mills were inspected for ash diehack and dead ash. Either the sites had no ash close by
or there was no evidence ofEAB despite the declinin~ and dead ash present around the mills.

Sudden Oak Death Survey
Activity Target Accomp: FINAL

# plots established & measured 30 33
Results

See report following.
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Evaluating Diplodia species: Shoot blight potential in
overstory red and jack pine trees.

By lana Albers, Mike Albers and Dan Gilmore

Abstract

Current, unprecedented losses of pine seedlings in nurseries, young plantations and natural regeneration are
altributed 10 a fungal disease, Diplodia shoot blight in Minnesota. This study addressed critical gaps in
understanding and managing Diplodia shoot blight on red pine seedlings in plantations and in natural regcneralion of
multi-sloried red pine stands. Site specific infonnation 011 the occurrence and incidence of DiplotJia species 011 92
red pine sites in eight ecological subsections and on 28 jack pine siles in two ecological subsections is presented.

For this study, each red pine site consisted of a mature red pine stand paired with an adjacent red pine plantalion.
On 89 of the 92 sites, Dip/odia fruiting bodies were found on red pine cones collected beneath overstory red pine
trees and the average incidence ofDip/of/ia-infected cones was 25.0%. D. pinea was recovered (Smith and
Slanosz, 1999) from infected red pine cones on 93% of the sites across northern Minnesota. These resulls indicate
that Dip/odia pinea has successfully invaded red pine slands and has established itself in the cones.

Only the incidence of Dip/offia species was studied on jack pine sites, where cones were clipped from trees. The
average incidence ofcone infection by Dip/odia species was 12.3%. D.scl'Obicu/aUl was recovered from infected
cones on 100% of the sites. D.pillea was recovered from infected cones on 64% of the sites indicating that it has
successfully invaded the cones in jack pine stands, too.

Dip/offia pinea is a latent pathogen that is capable ofcausing symptomatic shoot blight infections and latent
infections that can develop into shoot blight if aclivaled by droughty conditions (Stanosz et ai, 2001). In this study,
only symptomatic shoot blight infections were used to assess the disease potential of the overstory. The incidence of
latem infections was not assessed because of the scope of the study.

On the 41 sites where blighted seedlings were found, the average incidence of shoot blighl in the understories was
15.0% and, in the adjacent planlations, the average incidence of shoot blight was 4.7 %. The average furthest
distance that blighted seedlings were found from the overstory edge was 62.6 feet. So, in plantations, the impact of
Diplodia shool blight usually occurs in a 63 foOl - wide strip along the overslOry edge where less than 5% of the
seedlings are blighted. Since, the entire understory;s affected by an infected overstory and the level of shoot blight
is commonly three times grealer in the seedlings, we conclude that the impact of Dip/offia shoot blight in plantations
is usually minor in comparison to its impact in understories.

Analysis of site, ecological and geographical variables indicated that site variables can be used to describe the
incidence of Dip/odia shoot blight on red pine seedlings under or adjacent to a mature red pine stand. Based on
Classification and Regression Tree analyses, five site variables can approximate the incidence ofshoot blight on
understory and plantation seedlings, and, the furthest distance to blighted seedlings in a plantation.

Guidelines are suggested so that a forest manager can select sites for natural or artificial red pine regeneration based
on the observed and anticipated incidence of Dip/of/ia shoot blight. The shoot blight potential of a proposed
planlation should be determined if either live red pines have been retained inside the plantation, or. the plantation is
adjacent to a mature red pine overstory. The shoot blight potential ofan overstory should be routinely delermined if
red pine regeneration is desired. The shoot blight potential ofcanopy gaps should always be predicted prior to
selecting gap size ifrcd pine rcgcncration is dcsired.

This study primarily contains data from a single growing season, 2004, so further study is needed to verify the
relationships among the site variables and the predicted levels of shoot blight in order to make these management
recommendations more statistically robust.
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Background

Coniferous lrees are critical components ofeastern woodlands, which provide economic value, aesthetic beauty,
recreational opportunities, wildlife habitat, waler protection, and biodiversity. Approximately twelve million acres
of forests in the eastern US are categorized as the red/white/jack pine cover type. Among diseases affecting red and
jack pines is Dip/olNa shool blight and canker, caused by DiplolJia pinell. The disease occurs worldwide and causes
damage in exotic pine plantations in New Zealand, Australia, and South Africa (Wingfield el ai, 2001). The most
common symptoms of Diplodia pinea in mature pines are shOOI blight and death of lower branches and the disease
only rarely causes tree mortality (Sinclair and Lyon, 2005). The fungus causes shoot blight and cankers on saplings
and pole-sized pines and, monality occurs when most of the shoots are blighted or a canker girdles the stem. On
pine seedlings, Dip/mba causes shoot blighl and collar rot which commonly kill the seedlings (Gilmore and Palik,
2006). Allhough long recognized, the disease was not noted as cause of severe damage in the north central United
Slales unlil the mid-1970s (Palmer et ai, 1988). Epidemics were subsequently reported affecting red and jack pines
in nurseries (Stanosz et ai, 2005) and plantations (Stanosz and Cummings-Carlson, 1996).

Dip/or/ia pinea exhibits latency in needle, bark and cone tissues of pine hosts (Blodgett et aI, I997a). D. pinea is
able to infect and persist in host tissues without causing symptoms until a shift in host physiology releases the
fungus to cause disease and disease symptoms (Blodgett et aI, 1997a). Stanosz et aI, (2001) demonstrated that water
stress is the physiological trigger that releases Dip/ot/ia pillea from a quiescent stale to an active state. Whether
seedlings become blighted and die from accumulated infections depends on moist weather suitable for infection
(Blodgett et aI, 1997a) and droughty weather severe enough to activate those infections (Stanosz et aI, 2001).

Dip/or/ia epidemics appear to be related to substantial rainfall deficits (Stanosz and Cummings·Carison, 1996) and
damage has always associated with severe drought (Nichols and Ostry, 1990; Stanosz and Cummings-Carlson,
1996; Stanosz et ai, 2005). The latest example of this in Minnesota is a Dip/ot/ia collar rot epidemic in red pine
seedlings that occurred during a severe drought during the spring and summer of 2002. Once the seedlings were
planled, rain did nOI fall again for six weeks. Losses of olher conifer species averaged 15% while losses of red pine
averaged 65%. Examination ofseedlings from 27 plantations showed that 98% of the dead red pine seedlings had
Dip/odia fruiting bodies on them (Albers, unpublished data). In 2003, a systematic survey of nursery stock showed
the asymptomatic persistence of Dip/otJja in 64% of the two million 2-0 seedlings at Badoura Nursery (Stanosz el ai,
2005).

Coincident with severe damage in Lake States has been recognition of variation within the pathogen, and
confinnation of the biological significance of these differences. Palmer et al. (1987) recognized two morphological
groups among isolates identified as Dip/ot/ill pi"ell fTOm MI, MN, and WI. Two distinct groups, referred to as A
and B, now have been confinned on the basis of independent molecular genetic markers including isozymes,
RAPDs, ITS sequences, and microsatellite fingerprints (Stanosz et al. 1999, Zhou and Stanosz 200 I, Zhou et al.
2001). Isolates in group A appear to be highly genetically similar and isolates from the Lake States are nol
differcntiable from those from othcr parts of thc world. Inoculation of shoot tips in greenhouse trials reveal that
these A group isolates lire highly aggressive on red and jack pine (Blodgett and Stanosz 1997a) and several other
conifers (Blodgett and Stanosz 1997b). B group isolates, while not aggressive on red pine shoots, were able to cause
disease ofjack pines. Recently, DeWet et al (2003) have separated the two morphological groups into two species;
A = Dip/odia pinea and B = Dip/or/ia scrobiclI/ata. Burgess et al (2004) found strong geographic isolation bctween
populations of D. scrobicu/ara in North America.

The presence of infecled overslOry red pines limits the success of both artificial and natural regeneralion (Palmer et
ai, 1988). Under optimal conditions for disease development, such as in conifer nurseries, blighted seedlings can be
found more than 1000 feet from the inoculum source (Palmer et ai, 1988). Empirical evidence has shown that the
impact of this disease is variable across northern Milmesota (FH Reports, 1976 to 2004), reflecting both differences
in overstory infection and in epidemiological conditions on those sites. Since the early 1980s, blightcd red pine
seedlings and saplings have died or remained stagnant on many SiICS, Ihe inoculum being derived from cone and
shoot infections in nearby or overstory red pines. Trends toward uneven-aged managemelll of red pine (Ostry et ai,
1998; Gilmore and Palik, 2006) and the paucity of nutural jack pine regeneration (FH Report, 1999) have renewed
concerns over the impaci of Dip/or/ill on pine seedling vigor and survival.



At present, we have no field method to evaluate the incidence and severity of Diplodia in mature red pine stands,
much less to evaluate disease potential in adjacent plantations. By developing a method to evaluate Dip/mba al the
stand level, foresters could evaluate sites prior to planting and avoid losses by preventing lethal infections. More
importantly, sites where inoculum levels are absent or low would be well suited to natural regeneration and the
development of multi-storied red pine stands.

Objectives

Current, unprecedented losses of pine seedlings in nurseries, young plantations and natural regeneration are
atlributed to Diplodia pinea. This project will address critical gaps in understanding and managing the invasive
pathogen on red pine seedlings in plantations and in natural regeneration of multi-storied pine Slands. Site specific
infonnation on the incidence and disease potential of92 mature red pine stands in eight ecological subsections will
be analyLed to accomplish the following:

• Create thematic maps 10 show the distribution and incidence of Dip/odin pillen and Diplodin scrobic/llatll
across northern Minnesota in red and jack pines,

• Develop a technique to evaluate shoot blight potential in red pine, and,
• Develop guidelines for natural and artificial regcneration of red pine under or adjacent to overstory pines.

Methods

Palmer et al (1988) suggest Ihat red pine cones in windbreak trees are the primary source of inoculum in beds of 1-0
red pine seedlings in nurseries. In this study, we sought to set up an analogous situation using the red pine cones
from mature red pine overstories as the source of inoculum and the young red pine seedlings and saplings in
adjacent plantation as the susceptible hosts. We also studied the incidence ofshoot blight in red pine regeneration
underneath the overstory red pines, on siles where red pine regencration could be found.

Site sclection: To be considered a suitable site for this study, the sile needed to have a mature rcd pine overstory, an
adjacent red pine plantation that was from three to seven years old and 100 cones found on the ground during the
site visit. Using the CSA Inventory shape files in ArcYiew v.3, several hundred potential red pine
overstory/plantation pairs were identified on state, federal and county ownerships. The resulting pairs were
projected onto 2003-2004 Faml Service Administration photography in order to further eliminate pairs where
additional sources of inoculum might be found that would spread into the plantation. Sources included any other
adjacenl pine trees, any oilier adjacent pine overstories or the presence of pine residuals in the plantation. Also, sites
were disqualified if the overstoryl plantation boundary was concave or convex. Ninety five sites were selected for
site visits. All sites were visited between July 5 and October 20, 2004. GPS readings were taken in each overstory
to create a GIS layer documenting the location of the sites. A reduction in the number of sites was made because
three of the sites had no cones on the ground, so we could not assess the inoculum. The resulting 92 sites were
located in eight Ecological Subsections found across northern Minnesota. See Map I. (Note: all maps can be found
in the Appendix.) This represents a complete sample of the existing sites in the surveyed area.

Undcrstory data: The incidence of symptomatic Dip/odia infections in the understory was detennined inside a 66
fOOl wide strip along the overstoryl plantation boundary. All seedlings (0.5 to 5 feet tall) and all saplings (5.1 to 15
fect tall) were tallied as asymptomatic, blighted or dead. See Map 2. From each infected seedling or sapling, a
blighted shoot was collected, bagged and frozen at 8 to 26 degrees F until they were examined. The occurrence,
composition and relative densities of subcanopies were documented on sites where they were found. On 49 of the
92 sites, an ecological classification of the overslory stand was determined to the site level (Aaseng et ai, 2003). See
Table I.

On each red pine site, 100 cones were collected from the forest floor under the overstory. In the lab, each COlle was
examined under a lOX Zeiss binocular scope. lfblack fruiting bodies were found on a cone, up to five samples of
the fruiting bodies were examined for the presence of Dip/mba spores under a 40X microscope. Based upon the



presence or absence of Dip/odia fruiting bodies, each cone was detcnnined to be infected or to be not infected. For
each site, the percent of infected cones was calculated. From each site, a subsample of ten infected cones was sent
to the Stanosz lab for determination of Dip/odia species. There, each cone was individually washed, the resulting
rinsate was cultured and the DNA was extracted, amplified and identified to species with the appropriate primers
(Smith and Stanosz, 1995; Smith and Stanosz, 2006). For each site, the percent recovery of each Dip/odia species
was determined.

Table I. Ecological classification of siles
evaluated ill this study (n = 49)

Classification Number of sites
FDc23 1
FDc24 J
FDc34 12
FDIl12 2
FDn32 2
FDn33 19
FDn43 9
MHn35 I

Plantation data: In the adjacent plantation, seedlings were inspected for the presence of shoot blight by walking
transects parallel to the overstory. See Map 2. The first transect was 12 feet from the trunks of the ovcrstory pines.
In actuality, most of the seedlings in the first transect were under a branch of a nearby red pine tree. Both planted
seedlings and natural regeneration, if present, were tallied. The second transect was 50 feet from the first transect.
All subsequent transects were 50 feet from the preceding one. Survey crews tallied asymptomatic, blighted and
dead seedlings along the transects. A single symptomatic shoot was taken from each blighted seedling and its
location was documented by a GPS waypoint. Shoot samples were frozen until lab examination. Survey crews
continued walking Iransects until two consecutive transects found zero blighted seedlings. The locations of all
mature red and jack pine trees along the edges of plantations (edge trees) and inside plantations (interior trees) were
documented as GPS waypoints.

850 symptomatic shoot samples from the understory and plantations were examined for the presence of Dip/ollia
and Sirococc/ls symptoms and fruiting bodies. If shoot blight disease was suspected but no definitive fungal signs
were found, the sample was tallied as "shoot blight". Samples were refrozen and sent to Stanosz's lab to detemline
the incidence of Dip/odia species. These samples are still being processed.

The distance from the overstory edge to the funhest symptomatic seedling was detemlined by measuring the
distance in ArcView using FSA photography and GPS waypoints.

In September and October of2005, seven sites were revisited. Seedling infection and mortality in the understory
and in the plantation were tallied as they were in 2004. No cones were collected.

Jack pine sites: Twenty-eight jack pine survey sites were selected following the methodology as described for red
pine, except that a site was solely composed of a mature jack pine stand. See Map 3. A single GPS location was
established on each site in order to create a GIS layer. One hundred cones clipped from ten mature trees were
collected for determination of the incidence of Dip/odia infection. All cone samples were examined for the presence
of Diplodill fruiting bodies. TIle percentage of infected cones was documented for each survey site. Where Dip/Ollill
infected cones were found, 10 infected cones were subsampled and sent to the Stanosz lab. For each site, the percent
recovery of each Dip/odia species was detennined.

Statistics: Descriptive statistics, two-sample t-tests, linear regression and general linear models were used to
analyze the findings in this study. See Table 2.



Table 2. Stalislical methods IIsed ill Ibis slud".
Method Pumose
Two-sample t-test Compare the recovery of D. scrobiclllata from red pine cones in two floristic regions.

Compare the presence and absence of a subcanopy on the number of underslory seedlings
and oercent ofbli£hted seedlin 'so
Compare two levels of cone infection to the incidence of shoot blight in understories and

I plantations.
Compare the incidence of shoot blight on siles where D. pineo alone was recovered to
sites where both D. pineo and D. scrobiCliloUl were found.

General linear model Delenlline whether the incidence ofshoOl blight was related to the distance from the
overslory edl!:e.
Detennine whelher the incidence of shoot bliQhl in 2004 was the same as in 2005.

Unear regression Develop a correlation between the amount symplomatic infeclions and the 10lal amount of
infections in a study of colltainerized seedlinl!:S at hasca State Park.

Descrintive statistics All remaininQ analvses.

Classification and Regression Tree Analysis: Classification and regression trees analyses (SYSTAT 2004) were
used to develop rules to identify eondilions affecting levels of Diplodia shool blight infeclion. Regression lrees
parallel regression modeling where the dependent variable is quantitative. Classification trees parallel discriminant
analysis classification methods. A least squared loss function, which minimizes the sum of the squared deviation,
was used in all analyses.



Results

Objective 1: Create thematic map to show the distribution and incidence of Dip/odia infection and the
occurrence of Dip/odi/l pinea and D. crobiculata acro s northern Minnesota in red and jack pines.

Red pines

On red pines site the incidence of Dip/odia infections in 2004 was described by cone, understory seedling and
plantation eedling infection a follow'.

On 89 of the 92 red pine site Dip/odia fruiting bodies were found on cones collected beneath the overstory tree .
he number of cones that were infected on each site ranged from 0 to 84; the average number of infected cone wa

25.0 cones per site. Map 4 shows the distribution and incidence of Dip/odia infection on cones on each site.

From sites with infected cones, Dip/odia species were recovered in lab assays (Smith and Stanosz, 1995). Lab
a says howed Dip/odia pinea alone cau ed cone infection on 61 site' Dip/odia scrobicu/ata alone caused
infection on one ite both pecie cau ed infection on 25 ites and neither species was recovered from infected
cones on five sites. ee Map 5. Map 6 shows the distribution and percent recovery ofDip/odia pinea. The average
percent recovery of Dip/odia pinea was 59.7% from 86 sites. Map 7 shows the distribution and recovery of
Dip/odia scrobicu/ala. The average percent recovery ofD. scrobicu/ala was 7.8% from 26 site. D. crobicu/ata
wa recovered from red pine cone in the central floristic region five times more frequently than in the northern
fiori tic region. ee Map 8 and Figure I. D. scrobiclI/ata was not recovered from cone tllat came from the 19 ite'
in the northern native plant community FDn33.
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Figure I. Compari on of the recovery of D. pinea and D. scrobicu/ata from infected red
pine cone on 92 iles in either the northern or centralflori lie r gion. Two- ample t-te t
was u ed' for D. pineo, p = 0.405 and for D. scrobicu/ata p = 0.0 II.

Blighted red pine edling were found in 39 plantation. Only two plantation had blighted eedling found beyond
the fourth transect. The total number of eedling in the fir t four tran ect ranged from 3 to 534 on each ite; the
average wa 89.9 eedLings per ite. Th incidence of shoot blight tallied in the fir t four Iran ect of each
plantation ranged from 0.2% to 35.0%. The average incidence of hoot blight wa 5.0% of the eedling . Map 9
how the di tribution and average incidence of hoot blight eedling found in the fir t four transects of the

plantations.
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Red pine seedling were present in the understory on 4 sites and no seedlings were present on 44 sites. See Figure
2. Where understory eedlings were pre ent, only 17 sites had blighted seedling . Where seedling were found th
number of seedlings ranged from I to 407 eedlings per sit; the av rage was 31.4 eedling p rite. Blighted
eedling were found on 17 ites and the incidence of hoot blight ranged from 4.0% to 100% of the eedling . the

average incidence of hoot blight wa 36.4 % of the eedling . Map 10 how the di tribution and incidence of
Diplodia infection in eedlings found in the understory on ea h site.
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Figure 2. Occurrence of red pine regeneration and
presence of hoot blight in understorie .

Jack pines

On jack pine sites, the incidence of Diplodia infections in 2004 can be de cribed by cone infection found on 28
sites. On 28 of the 28 sites, Diplodia fruiting bodie were found on cones collected from mid-crown branche of
overstory tree. The number of cones that were infected on each ite ranged from 1.9 to 41.0; the average number of
infected cone wa 12.3 per it . Map II how the di tribution and incidence of Diplodia infection on jack pine
cone from each ite. rom infected cones collected on these sites Diplodia pecies were recovered in lab a ays
( mith and lano z 1995). The average percent recovery of Diplodia pinea wa 20.8%. Map 12 shows the
di tribution and percent recovery of Diplodia pinea. he average percent recovery of D. scrobiclIlata wa 75.9%.
Map 13 how the di tribution and recovery of Diplodia scrobiculata. Lab a ay showed Diplodia pinea alone
caused cone infections on 1 ite Diplodia scrobiculata alone cau ed infection on njne sites both species cau ed
infection on 17 sites and neither pecies wa recover d from infected cone on one ite. ee Map 14.



Objective 2: Develop a technique to evaluate disease potential in red pine.

Incidence and severity of Diplodia shoot blight in understory and plantation seedlings

Dip/odia infections caused shoot blight in red pine seedlings found in underslOries and plantation transects. In 2004,
shoot blight was found in 41 of92 plantations, and the average incidence of Dip/(xlia shoot blight was detennined.
See Figure 3. The incidence ofshoot blight in seedlings in the understory and firsllransect were not significantly
different than each OIller but were significantly different than transect 2. The amount of shoot blight present in the
remaining four transects was nOl significantly different from each other but were significantly different than the
understory and the first two transects. The distance from the overstory edge to the furthest tallied occurrence of
shoot blight ranged from 10 to 262 feel and averaged 63 feet.
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Figure 3. Percent Dip/oelia blighted seedlings found on 41 sites where lhe
understory and/or the plantation had blighted seedlings. Overslory edge is at 0
feet. General linear model was used; F = 8.609 and p= 0.0000.

The incidence of dead seedlings was tallied in the understory and in each of the transects. Mortality in the
understory ranged from 0 to 100% and averaged 5.2%. Mortality in transect I, along the edge of the overstory,
ranged from 0 to 34.7% of the seedlings and averaged 5.7%. Mortality in the firsl four transects ranged from 0 to
40% of the seedlings and averaged 7.6 %.

The presence of interior and edge trees was documellled on 36 of the 92 sites. On 40% of the 36 sites, blighted
seedlings were found along transects in close proximity to interior or edge trees. On the remaining sites, no
infections were found in the plantation so the impact of interior and edge trees could not be assessed.

Subeanopies were present on 56 sites. See Table 3.



Table 3. Density and composition of sube8nopies found under red pine overstories.
Density Composition

Density rating Number of ite Species Frequency of species
occurring in subcanopy. %

No canopy 38 Bal am fir 31
Low 26 Oak pecie 20
Medium 25 Paper birch 13
High 11 White spruce 13

Aspen 11
Maple pecies 4
White pine 4
Red pine 2

Neither the total number of under tory eedling nor the incidence of blighted understory seedling was ignificantly
different on sites with or without subcanopies. ee able 4. On the sites in this study, there doesn't seem to be
evidence that a ubcanopy can reduce the number of red pine dling or reduce the amount of hoot blight in the
under tory.

Table 4. Pre enee of red pine regeneration and incidence of shoot blight in red pine
understories with and without a subcanopy.

With ubcanopy Without a Probability
present (n=56) subcanopy (n=36)

Average number of seedlingsl 18.8 12.4 0.537
saplings
Average percent shoot blight 5.4 8.9 0.399

In 2005. even ites were revisited and hoot blight incidence wa determined. The incidence of Diplodia hoot
blight wa much greater in 2005 compared to its incidence in the same plantation in 2004. S e Figure 4. Average
infection in 2005 in the understory and individual transects was seven times greater than averages found in 2004 in
the same locations. In 2005 the distance to the furthest infected seedling ranged from 50 to 262 feet and averaged
141 ft et. In compari on, 2004 was a "modest" year for shoot blight expre iOIl compar d to 2005.
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Figure 4. ompari on of the incidence of Diplodia hoot blight on
7 sites in 2004 to the incidence ofsh ot blight on th arne ites in
2005. General Linear model was used; F = 6.764 and p = 0.000.



Classificalion and Regression Tree Analysis (CART) is commonly used to detect statistically significant
relationships between variables and create decision trees. Analyses did not find environmental, ecological or
geographic variables to influence the infection of the cones and understory or plantation seedlings. Using CART
analysis of all variables, we found five site variables that best described the success or failure ofartificial
regeneration in adjacent plantations and natural regeneration in the understory. The five site variables are:

• Percent ofcones infected by DipfOlJia,
• Total number of seedlings in the understory,
• Percent infected seedlings in the understory,
• Percent infected seedlings in the first transect (along the edge of the overstory),
• Percent dead seedlings in the first transect.

CART associations found in this study can be used to infer shoot blight incidence on other red pine siles if the sites
have similar population metries to those in this study. See Table 5.

Table 5. Population metrics for Ihe 92 sites evaluated ill this study.
Description Mean (SE of mean) Variable name in

Min.- Max. CART graphics
Percent of cones infected by Diplodia. 25.0 (2.1) Cone inf-

0-84
Total number ofseedlillgs and saplings in the understory. 16.4 (5.8) TOlnumbund

0-407
Percent of blighted seedlings in the understory. 6.7 (1.9) Undinfz

0·100
Percent ofdead seedlings in the understory. 5.2 (1.7) Zdeadund

0-100
Percent of dead seedlings in transect I of the plantation, 5.1 (1.2) Trans I

12 feet from the overstory edge. 0·60
Percent of dead seedlings in transect I. 5.7 (0.7) Zdeadtrans

0·35
Percent of blighted seedlings in the first four transects of the 2.1 (0.5) Plninfz

olantation. 0-35
Number of feet from overstory edge that the furthest 62.6 (8.9) Distance
blighted seedling was found in a nlantation. 10 - 262



Artificial regeneration in plantations

From site information derived from all 92 sites, CART analysis found that four site variables can indicate the
absence of Diplodia infection or the incidence ofseedling infection in plantations. Similarly, three site variables can
be used to predict the average furthest distance that symptomatic seedlings can be found from the overstory edge.

Two variables can be used to predict whether or not an existing or
proposed plantation (pIn) will have blighted seedlings due the
proximity ofan overstory. Using the percent of seedlings that are
blighted in the understory (undinfz) and the percent of cones that
are infectcd (cone in!), it is likely that the plantation will be either
blighted (mean = 2.0) or not blighted (mean = 1.0). For example,
if the understory infection is greater than 12 %, then it is very
likely that the adjacent plantation will be infected.
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The percentage ofsymptomatic seedlings in the understory is an indicator
of the percentage of blighted seedlings in plantation seedlings (plninfz).
Plninfz describes the percent of blighted seedlings found in the first four
transects ofa plantation. The population can be split into two groups by
using the percent infection of understory seedlings (undinfz). When the
undcrstory infection is less than 57%, then the mean infection of the
plantation is 1.4%. Whellthe understory infection is greater than or equal to
57%, then the mean infection of the plantation is 13.7%.
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N=87 N"5

When understory seedlings are abscnt but blightcd
seedlings can be found along the edge of the overstory
(trans I), the percent shoot blight in the plantation
(plninfz) can be anticipated. For example, if the
percentage of blighted seedlings along the edge of tile
overstory (trans I) is more than 18 % but less than
25%, the mean shoot blight expected in that plantation
would be 7.6 %.
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The furthest distance into a plantation that
blighted seedlings can be found in existing or
proposed plantations can be described by three
variables; percent of blighted seedlings in the
understory (undinfz), percent of dead seedlings
along the overstory edge (zdeadtrans), and,
percent of blighted seedlings along the edge of
the overstory (trans1). The distances have been
split into five groups representing five mean
distances from the overstory edge; distances
range 19 feet to 136 feet. For example, the
average distance of 136 feet is indicated when
there are more than 17 % blighted seedlings in
the understory and more than 4.8 % dead
seedlings along the ovcrstory edge.
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Natural regeneration in the understory

III this study, red pine seedlings and saplings were present in the understory on 48 of92 sites and regeneration was
absent on the remaining 44 sites. Where understory seedlings were present, only 17 sites had blighted seedlings.
From site information derived from all 92 sitcs, CART analysis found that three site variables can be used to
indicate the absence of Diplodia shoot blight or the incidence of shoot blight in understory seedlings.
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To detemline whether the understory will be absent, prescnt
and not blighted or present and blighted, a simple tally of the
total number of seedlings in the understory can be used to
predict all three situations. Mean = 0 indicates that the
understory is absent; mean = 1 indicates that the understory is
present and not blighted; and, mean = 2 indicates that the
understory is present and blighted. For example, infected
seedlings arc associated with sites when the total number of
understory seedlings is 34 or greater.



Where red pine seedlings are present in the understory, a tally
of the total number of red pine seedlings and the incidence of
cone infection indicate the amount of blighted seedlings that
could be found in the understory (undinfz). For example, a
high level of understory shoot blight is associated with the
presence of more than 14 seedlings in the understory and
more than 21% of tile cones being infected by Diplodia.
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Even when the understory is absent, the amount ofshoot
blight in the understory can be anticipated. If cones and
seedlings along the overstory edge can be found, a site
may be categorized as having one of three levels ofshoot
blight in the understory. For example, if more than 17%
of the seedlings along the edge of the overstory are
blighted and cone infection is more than 52%, then the
average infection in the understory would be catcrgorized
as high.
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Objective 3. Develop guidelines for artificial and natural regcncration of red pines under or adjacent to
overstory red pines.

Artificial regcneratioll in plantations

The distance lhat Dip/odia inoculum can spread in nurseries to Conn shoot blight infections was documented in
Minnesota (Palmer et ai, 1988). In two years ofsludy, lhe researchers found that the furthest distance that
symptomatic infeclions could be found from the red pine inoculum source was 600 feet and 1000 feet, depending on
the amount of rainfall and wind during the growing season. The maximum distance that Diplodia inoculum can
spread into red pine plantations is not known. However, it would be reasonable to assume that there would be very
few symptomatic Diplollia infections found in a plantation if mature red pine trees were more than 600 feel away
from that plantation. In other words, mature red pine stands more 600 feel away from the plantation would not be
considered as sources of inoculum. Where other mature stands of trees impede the dispersal of inoculum because of
stand height and width, it would be reasonable to assume very few symptomatic infections would be found in a red
pine plantalion even if the red pine trees were less than 600 feet away.

When establishing new red pine plantations, the presence and proximity of inoculum sources must be considered.
• If red pine stands are more than 600 feet away or if they are within 600 feet but inoculum spread is blocked

by other stands of trees, then it's unlikely that the seedlings will be blighted. New red pine plantations can
be established without further consideration of Diplotfja shoot blight.

• If a red pine stand is adjacent to the proposed plantation or is within 600 feet and inoculum may spread
directly into the plantation, then it's likely that symptomatic Diplodia infections would be acquired by the
plantation seedlings. In these situations, Diplolfj(1 shoot blight potential should be considered prior to
establishing the plantation. Otherwise, the proximity of Diplodia inoculum may interfere with the
successful establishment ofa well-stocked red pine plantation along plantation edges where red pine
overstories are localed.

• If there are mature red pine trees along the edge of the plantation or inside the plantation, inoculum may
spread directly down onto the planted seedlings and cause shoot blight. 111is study did not focus on the
potential impact from these residual trees, but did find shoot blight in seedling along scveraltransects that
was caused by the interior trces. We recommend that the only situation where red pine plantations should
be established is where there are "cry few residual red pines and they are clumped together ncar lhe
plantation edge. Othenvisc, the abundance and proximity of Diplolfja inoculum may interfere with the
successful establishment of a well-stocked red pine plantation.

Based on data from 2004, the shoot blight potential of proposed or existing plantations can be evaluated by
detemlining four site variables and their conditions. See Table 6. For each plantation condition, a suggested action
is recommended.

Table 6. Steps for evaluatine Dinlodiu's shool blil!ht olenlial in proposed or existinl? red pine plantations.
Sitllation I delermine Variables to consider Conditions Suggested aClion

Step I. Determine if!.eedlings in the plantmion are likely to become blighted by Diplodia based on !>'ource of
inoculum and site characteristics.
Residual red pines are Location, number and There are very few The only situalion where
located inside the distribution of residual residual red pines and they red pine plantations should
plantation or are scattered trees. are clumped together near be established when
along the plantation edge. or on the plantation edge. residual trees are present.

Shoot blight potcntial is Buffer· the trees, as
moderate. described below.



Many residuals are present The presence and
and they are well proximity of Diplat/ia
distributed. inoculum may interfere

with the successful
Shoot blight potential is establishment ofa red pine
very high. plantation.

Plalll alternate (non-host)
species or remove
residuals.

An adjacent red pine Percent of blighted Plantation edges are Establish planta!ion
overstory is present along seedlings in the unlikely to bc blightcd if: without regard to buffcring
one or more cdgcs of tile understory. overstory.
plantation. Understory blight is <12%

Percent of cones infected. and cone infection is
<20%.

When understory is absent,
use percent of blighted When understory is absent,
seedlings along the percent of blight is <5%
overstory edge. along the ovcrstory edge.

Shoot blight potential is
low.
Otherwise, plantation Establish plantation with
edges are likely to have buffers along edges of
blighted seedlings. overstories. See below to

determine buffer width.
Shoot blight potential is
modemte to high.

Steo 2. Delermine how severe shoot bliflht could be in Ihe lanta/ioll near Ihe o\'erston edfles.
Detennine shoot blight Percent of blightcd If understory blight is < Establish plantation
potential and necessity for sccdlings in Ihe 57%, then blight levcl in without regard to buffering
buffer. understory. plantation will be low. overstory.

If understory absent, use If understory absent and
pereen! blighted seedlings blighted scedlings <18%,
along the overstory edge. then blight level in

plantation will be low.

Shoot blight potential is
low.
Otherwise, it is very likely Establish plantation with
that seedlings will become buffers along edge of
blightcd. overstory and around

intcrior and edge trees.
Shoot blight potcntl3llS See below to detennine
moderate (0 hi2.h. buffer width.

Step 3. Delem,ine how/ar awayfrom Ihe aven;tory Ihal rell pine seedlings call be plan/ell so that tlley have minimal
inwact {rom Dio/adia shoot blif!ht.



Dctermine buffcr width. Percent of blighted If understory blight < Creation ofa buffcr would
understory seedlings. 17%, the percent ofdead not be necessary adjacent

seedlings along the stand to the overstory.
Percent dead seedlings edge is >4.2 and thc
along the overstory edge. percent blighted seedlings

along the stand edge is
Percent infected seedlings < 12%, the buffer width
along the overstory edge should be 20 feet.

If understory blight < Create a I chain buffer
17% and the percent of along the overstory edge.
dead seedlings along the
stand edge is <4.2 , the In the buffer, plant
buffer width should be 67 alternate species or
feet. encouragc natural

regeneration of non-pine
species.

If understory infection> Create a 2.5 chain buffer
17% and the percent of along the overstory edge.
dead seedlings along the
overstory edge is > 4.8, In the buffer, plant
then the buffcr width alternate species or
should be 136 fect. cncourage natural

regeneration of non-pine
soccies.

Step 4. Determine ifplanting retl pine see(/lings 011 this loell/io" should be avoided dlle to the severity of~'hOOI
bli1!,hl and the shape ~rthe 11antalioll.
Location of red pine Shape of plantation Shape of plantation is The presence and
overstodes relative to the narrow or sinuous proximity of Diplodill
buffer width Buffer width (Example: ifplantalion is inoculum will likely

less than 5 chains wide interfere with the
and buffer width nceded is successful establishment
2.5 chains.) ofa red pine plantation.

Plant alternate (non-host)
soecies.

• A buffer IS a narrow stnp of the plantatIon tbat ~parates the adjacent overstory from the rest of the plantation.

Natural regeneration of red pine under red pine overstories

Ostry et al (2002) suggested that forest managers avoid attempts to regenerate red pine seedlings under a red pine
overstory where Diplodill inoculum is present. In this study, we found that Dip/odill inoculum was present in cones
on 89 of the 92 sites, yet, red pine regeneration was present on 48 of the 92 sites. On 31 of those sites, the seedlings
were not blighted. The facl that 31 sites had non-blighted regeneration indicates the possibility that there might be
some conditions, like very low inoculum levels or an environment not conducive to disease expression, that would
allow regeneration survival.

The surest strategy to establish red pine seedlings is to attempt regeneration only on sites lilat lack Diplotfill
inoculum in the overstory. In this study, only 3 of92 sites lacked Diplotfill inoculum in collected cones. Another
strategy would be to attempt regeneration where cone inoculum levels are extremely low. On eleven sites in this
study, where incidence of infected cones was from 0 to 3 %, an average of 1.4% of the seedlings were blighted in
the understory and no blighted seedlings were found in adjacent plantations. See Figure 5 and Map 15.

...._---------------
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Figure 5 On 48 sit where understory s edling were pr ent tb incid nc of shoot blight in
the under tory and tran ect 1 i compared to the incidence of cone infection in tho e location.
Where 0 to 3% of the cone are infected mean shoot blight i 1.4% in the understory and is
0.0% in tran ect 1. wo- ample He t wa u ed: p = .003.

When counting on natural regeneration to e tablish a two- toried red pine land, th ove tory' hoot blight
potential should always b evaluated. Ba ed on the 2004 data the hoot blight potential can be evaluated by
detennining three ite variable. ee Table 7. For each overstory condition a ugge ted action i recomm nded.

Table 7. Step for evaluating Diplodia's shoot blight potential in red pine eedling growing under a mature,
red pine overstory.

Status of regeneration Variables to consider Conditions Suggested action
Step J. Dete17l1ine presence and shOal blighl StatliS ofexisting red pine regeneration. ifany.

Pre ence ofeedling ALI seedlings are non- Step 2.
blighted or,

Occurrence of hoot blight orne eedlings are
on understory seedlings blighted, or,

Seedlings are absent.
Step 2. Determine ifred pine regeneratioll is likely to become blighted by Diplodia based on site characteristics.
If only non-blighted red Percent of cone infected If cone infection i <3%, Take action only if number
pine eedlings/ saplings shoot blight potential is of seedling saplings i
can be found in the low. insufficient according to
under tory. silvicultural guidelines for

the site.
If cone infection i >3%, Take action only if number
shoot blight potential is of seedling saplings i
moderate. in uffici nt according to

silvicultural guidelines for
the site.

Periodic wave of high
infection or chronic low
infection may take it toll
on the regeneration.



•

Some blighted red pine Incidence of blightcd Ifblightcd seedlings < Non-blighted red pine
seedlings can be found in seedlings. 5%, then shoot blight regeneration exists in
Ihe understory. potential is considered to understory but is likely to

0, be moderate. suffer periodic losses due
to the presence of latent

Total number ofseedlings 0, Diplodia infections.
in the understory.

IfthclOtal number of This site is not likely to
seedlings is > 14 and produce regeneration that
percent of cone infected is will grow into pole-sized
<21%, then the trees.
regeneration is likely to be
blighted.

Ifblighted seedlings> 5%, Do not count all natural
then disease potential is red pine regeneration on
considered 10 be high. this sileo

0, Do no further work to
attempt red pine

If the total number of regeneration on this site.
seedlings is > 14 and
percent of cone infected is Periodic wavcs of high
> 21%, then the infection or chronic low
regeneration is very likely infection will take its toll
to be blighted. on the any existing

regeneration.

Red pine seedlings arc Percent of blighted If the percent ofblighled Other site conditions are
absent from the seedlings found along the seedlings along the precluding regeneration.
understory. overslOry edge. overstory edge is < 17%, Increase light, decrease

lhen shoot blight potential shrub competition and/or
is low. decrease depth of duff 10

increase regeneration
counts over time.

If natural or artificial
regeneration is attempted,
be aware thai periodic
waves of high infection or
latent infections may take
its toll on the rel!:eneration.

Irthe percent orblighled Dip/odin is likely to be the
seedlings along the causing the lack or red
ovcrstory edge is > 17%, pine regeneralion.
lhen shoot blight potcntial
is high. Do no runher work to

attempt red pine
rC{l:eneration on this site.

.....-------------



Discussion

Dip/odia pil/ea is thought to be an invasive, aggressive species that is not native to the Lake States (Wingfield et ai,
2001) and Dip/ollia scrohiC/I/ala is thought to be ajack pine pathogen that is native to the Lake States (Stanosz et ai,
1999). On 89 of tile 92 red pine sites in this study, Dip/ollia fruiting bodies were found on cones collected beneath
overstory trees and the average occurrence of Dip/odia-infected cones was 25.0%. See Table 8. D. pineo was
recovered (Smith and Stanosz, 1999) from infected rcd pine concs on 93% of the sites across northern Minnesota
and was average recovery from infected cones was 59.7%. D./Ji"ea was recovered from infected red pine cones 7.6
times more frequently than the native species, Dscrobicullltll, was recovered. These results indicate that Dip/odill
/Jinea has successfully invaded red pine stands across Minnesota and has established itself in the cones.

[n the Chippewa Plains (CP) and Pine Moraines and Outwash Plains (PM) Subsections, where jack pine was
historically abundant and still is currently abundanl, D.scrobic/l/atll was recovered two times more frequently from
red pine cones than it from red pine cones was collected elsewhere in the state.

Jack pine cones were only collected in the Chippewa Plains and Pine Moraines and Outwash Plains Subsections
where the average incidence of infection by Dip/Ollia species was 12,3%. See Table 8, D,scrobiculata was
recovered from infected calles all 100% of the sites while D,pinea was recovered from infected cones all 64% of the
sites, Dscrobicll/ata was recovered from 75,9% of the infected jack pinc cones and D.pinell was recovered from
20.8% of them. D. pinea has invaded two thirds of the jack pine sites that were studied but has a lower cone
occupancy level than D. scrobiCli/atll.

Table 8. Average incidence and recovery or Diplodiu spp. on red and jaek pine cones round statewide,
and in the ChiDDcwa Plains (ep} and Pille Moraines and Outwash Plains/PM} SubsecHons.

Average
incidence of Average recovery of DilJ/ollia Number of sites where Dip/ollia

infected cOlles species from tcn infected cones per species were recovered from
found on each site infected cones

site
Dip/odia spp, D. )i"ea D.scrobicllfala D. pil/ea D,scrobiclI/ala

Red pine cones
All Subsections 25.0% 59.7 % 7.8% 86/92 sites 26/92 sites
CP and PM 25,7% 56.2 % 15.9% 33/34 sites 14/33 sites
Subsections

Jack pine cones
CP and PM 12.3% 20.8 % 75.9 % 18128 sites 28/28 sites
Subsections

DiplolJia pinea is a latent pathogen that is capable ofcausing symptomatic shoot blight infections and latent
infections that can develop into shoot blight if activated by droughty conditions (Stanosz et ai, 2001), In this study,
only symptomatic shoot blight infections were used to assess the disease potential of the overstory. The incidence of
latent infections was not assessed because of the scope of the study.

As expected, the amount ofshoot blight was greater in seedlings growing directly below the overstory than it was in
seedlings growing in the adjacent plantation. On 4\ sites where blighted seedlings were found, the average
incidence ofshoot blight in the understories was 15,0 % and, in the adjacent plantations, was 4,7 %. The average
funhest distance that blighted seedlings were found from the overstory edge was 62.6 feet. So, in plantations, the
impact of Dip/odin shoot blight usually occurs in a 63 foot - wide slrip along lhe overstory edge whcre less than 5%
of the seedlings are blighted. In contrast to plantations, the entire understory is affected by an infected overstory and
the level of shoot blight is commonly three times greater. Based on these findings, we suggest that the impact of
Dip/odill shoot blight in plantations is minor compared to its impact inunderstories,



ither D. pinea alone or both D. pinea and D. scrobiculata were recovered from infected red pine cones on 86 site .
Where both Diplodia pecie were present the percentages of shoot blight infection found in understories along
over. tory edge and in plantation were ignificantly les than on sites where only D. pinea was recovered. See
Figure 7. This effect doe not appear to be cau ed by difference in the amount of D.pinea pre ent in the cone
since the total amount of infected cones on the two types of sites wa not significantly different and the percentage
ofD. pinea recovered from infected cones were not significantly different. Looking at the same recovery data on the
same sites from a geograpbical perspective showed that none of the hoot blight p rcentage were different in the
CP or PM Sub ection compar d to the remainder of the area. It i intriguing to con ider that the pre ence of D.
sCl'obiculata in the cones might mitigate the impact ofD. pinea shoot blight on red pine seedlings.
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Figure 6. On 86 sites, D. pinea and! or D. scrobiclllala were recovered from infected cones. Shoot blight levels on
61 ites where D. pinea alone wa' recovered are compared to 25 site where both D. pinea and D. scrobiculata were
recovered. The compari on are all ignificantly different. Two- ample t-test were used; for understory F = 33.34
and p = 0.0000, for tran ect I F = 16.70 and p = 0.0000 and for plantation F = 13.99 and p = 0.0000.

Analy i of ite, ecological and geographical variable indicated that site variable can be used to classify the
incidence of Diplodia shoot blight on red pin edling under or adjacent to a mature red pine stand. Five variables
can predict the incidence of hoot blight on und rstory and plantation seedling even in the absence of understory or
plantation eedling. ee able 10. ite variable can pr diet the hoot blight potential of other red pine tands
when the population metrics are similar to those in this study. A fore t manager can elect ites for natural or
artificial red pine regeneration based on the observed and anticipated incidence ofDiplodia shoot blight on them.
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When establishing new red pine plantations, the presence and proximity of inoculum sources should be considered.
• Ifmature red pine stands are more than 600 feet away, or, if they are within 600 feet but inoculum spread is

blocked by other stands oftrecs, then it's unlikely that the seedlings will be blighted. New red pine
plantations can be established without further consideration of Dip/odia shoot blight.

• If a red pine stand is adjacent to the proposed plantation or it is within 600 feet and inoculum may spread
directly onto the plantation, thcn it's likely that the seedlings will be blighted. Ifresidual red pine trees
exist on the proposed plantation site, then it's likely that the seedlings will be blighted.

In the last situation, Diplodia's shoot blight potential should be considered prior to establishing new plantations.

Three variables, percent of infected understory seedlings, percent ofdead seedlings along the overstory edge and
presence of interior and edge trees, arc sufficient to determine the shoot blight potential of a new plantation. See
Table 6. On sites where shoot blight potential is low, artificial regeneration will succeed without the creation of
buffer (area not planted to red pine) along the edge of a new plantation. On sites where shoot blight potential is
moderate or high, a buffer along the edge of the new plantation should be created. Buffer width can be calculated
and is based on the average furthest distance that blighted seedlings can be found from the overstory edge. The
buffer strip may be planted with alternate species or left to regenerate aspen or other tree species on its own. Most
red pine plantations in Minnesota have mature red pine stands along two or more edges and, if shoot blight potential
is moderate or high, the proposed plantations would need butTers along all the overstory edges.

Plantations that arc narrow or sinuous and surrounded by mature red pine stands may not be suitable for red pine
regeneration if the shoot blight potential is high. For example, if the plantation width is less than five chains and
buffers of2.5 chains arc recommended, the impact of Diplodia shoot blight is likely to interfere with plantation
stocking. Similarly, the use of shelterwood cuts in existing red pine plantations are not likely to be successful unless
the distances between groups of overstory trees is significantly more than twice the diSlance that blighled seedlings
can be found from the overstory edge.

On sites where interior and edge trees arc present, shoot blight potential will be a function of the number and
location of the trees and the distance that inoculum can spread on that site. Based on data from 2004, the average
furthest distance that blighted seedlings can be found from an inoculum source is 63 feel. Given this scenario, a
single mature red pine tree will spread inoculum on 0.3 acres in the plantation. We recommend that the only
situation where red pine plantations should be established is where there are very few residual red pines and they are
clumped together ncar the plantation edge. Otherwise, the abundance and proximity of Dip/odia inoculum may
interfere with lhe establishment ofa well-stocked red pine plantation.

The presence of infecled overstory red pines limits the success of both artificial and nalural regeneration (Palmer et
ai, 1988). Currently, trends toward uneven-aged management of red pine (Ostry et ai, 1998) have renewed eoncerns
over the impact of Dip/or/ill on pine seedling vigor and survival. Ostry et al (2002) suggests that the surest way to
establish red pine seedlings under a red pine overstory is to attempt regeneralion only on sites that lack Dip/odia
inoculum in the overstory. In this study. only 3 of the 92 sites lacked Dip/odill inoculum. Yel, red pine regeneration
was presenl on 48 of the 92 sites and, on 31 of those sites, the seedlings were not blighted. The fact that 48 of the
sites had viable regeneration indicates the possibility that there might be some conditions, like very low inoculum
levels or an environment not eonducive to infection, that allow the survival of red pine seedlings and saplings in the
understory. Another possibility is thai some of the seedlings were latently infectcd (Stanosz et ai, 1997) and did not
express disease symptoms because the environment was not conducive to disease activation.

As discussed earlier, the impaet of Dip/olli{l pinelj was most pronounced on seedlings directly under a mature red
pine overstory. When counting on natural regeneration to establish a two-storied red pine stand, we recommend
evalualing the overstory's shoot blight potential. The shool blight potential of a mature red pine stand can be
evaluated by detemlining three variables, the percent of infected cones, Ihe total number ofseedlings in the
understory and the percent of infectcd secdlings in the understory. If the understory is absent, the percent of infected
seedlings found along the overstory edge can also be deternlined.

Most forest managers arc willing to invest time and money on sites where understory establishment and survival 3re
most reliable. Based on this study, we recommend that forest managers rely on regeneration in the understory in
two, very limited, situations:



• ites where non-blighted s dlings and aplings already exi t and percent of cone infection is very low,
from 0 to 3%. These site would be most sltitabl for natural or artificial regeneration of red pine.

• Sites where non-blighted seedlings and apling alreadyexi t and percent cone infection is relatively low
from 4 to 20%. These ites may al a be uitable for red pin regeneration. However, periodic waves of
high infection or chronic low infection may take its toll on the regeneration. Additionally, the pre ence of
latent infection may increase the inoculum load in the regeneration and thu increa e the likelihood of
uccumbing to the disease.

Palik and Zasada (2002) have proposed harvesting gaps of variou sizes in r d pine over tories in order to add age
pecie and vertical tructure complexity to the stand. hey hypothesize that shoot blight will be more prevalent in
mall canopy gap and les pr valent in large canopy gaps. 0 relate this study to their hypothesis consider

defining a canopy gap as essentially a circular plantation urrounded by an adjac nt overstory of red pine. The
critical differenc between a canopy gap and a plantation is that a canopy gap ba inoculum preading into it center
from all directions. The incidence of shoot blight in the gap and the distance shoot blight will be found from the
edge of the gap can be determined a if it was a plantation. For example consid r cr ating three canopy gaps with
radii of 63 feet 126 feet and 189 feet. Use a distance of 6 feet the average distance that shoot blight spread into a
plantation in 2004. ee Figure 8. In tbe smaUe t gap shoot bligbt can found all the way into the center of the gap
potentially causing 10 es in the entire gap. [0 the mid- ized gap, shoot blight can found 63 feet into the gap leaving
25% of the area with unaffected eedling . In the large gap, shoot bl.igllt can found 63 feet into the gap from the
edge leaving 44 % of the area with unaffected seedLings. A the gap size increases more area in the center contain
non-blighted seedlings.

2004
Ave. distance pread wa 63'

2005
Ave. di lance pread wa 141'

----~

A =0.28 ae A = 1.14 ae A =2.58 Be A =0.28 ae A = 1.14 Be A=2.58 ae

igure 7. ircles represent canopy gaps. he distance that shoot blight could be found from the edge of
the gap can be determined as if the gap wa a plantation urrounded by an over tory tand.

Howev r, 2004 was a very low year for shoot blight expr s ion and spr ad compared to 2005. In 2005, th average
distance shoot blight spread was 141 feet. Given that distance, hoot blight can be found aU tile way to the center
of the two smaller gaps and in the largest gap only 6% of th area i free from hoot blight. So, during a low y ar
for infection, like 2004, hoot bLight will occur in 75 % of the 126' radiu gap but would occur in 100% of the gap
during a high year for infection, like 2005. It seems that unless gaps are much larger than an acr in ize Dip/odia
hoot blight could take a toll on the red pine seedlings growing inside the gap over a period of a few years. Th

latest Manager Handbook for Red Pine in tile North Central Region (Gilmore and Palik 2006) sugge Is that where
Diplodia 'hoot blight i a concern canopy gap 'hould be reg nerated by planting jack or white pine not red pine.

For the mo t part, this study contains data from a single growing season, so further tudy is needed to verify the
relationship among the ite variabl and th predicted level of hoot blight in order to make the management
recommendations more tati tieally robu I.



Future studies

The DNR Forest Health Unit and Resource Assessment Unit are interested in:
• Repeating measurements on a subset of these red pine sites in order to make dIe management

recommendations more robust,
• Extending this type of survey work imo additional areas that were not adequately covered in 2004, and,
• Investigating the level oflatent infections in understory and plantation seedlings in order to detennine their

role in seedling survival.
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4 Incidence of Dipfodia species on 100 red pine cones per site.

5 Co-occurrence of Dip/odia species based on recovery from 10 infected red pine cones pcr site.

6 Average percent recovery of Dip/odin pinea from 10 infected red pine cones per site.

7 Average percent recovery of Dip/o(Jja scrobiculaUl from 10 infected red pine cones per site.

S Location of red pine plOIS in the nonhcm and central floristic regions.

9 Incidence of DipJodia shoot blight infection in red pine plantations.

10 Incidence of Dip/mlia shoot blight in red pinc seedlings in the understory Oil 48 sites.

II Incidence of DiplO(Jia species on 100 jack pine cones per sile.

12 Average percent recovery of Dip/odill pineo from 10 infecled jack pine cones per site.

13 Avcrage percent recovery of Dip/odia scrobic/llala from 10 infected jack pinc COIlCS per sitc.

14 Co-occurrence of Dip/odia species based on recovery from 10 infected jack pine cones per sile.

15 Red pine sites where the incidence ofcone infection is less Ihan 4 percent.



Map 1. Location of 92 red pine sites in eight Ecological Subsections in Minnesota.

A - Red River Prairie
B - Aspen Parklands
C - Agassiz lowlands
o - littlefor k· Ver millon Uplands
E· Border lakes
F . Chippewa Plains
G - St. louis Moraines
H - Nashwauk Uplands
I- Pine Moraines & Outwash Plains
J. Tamarack Lowlands
K - Laurentian Uplands

_ L - North Shore Highlands
M· Hardwood Hills
N· Mille lacs Uplands
O· Glacial l ke Superior Plain
p. Ano ka Sand Plain
Q - Minnesota Ri ver Prairie
R - Big Woods
s· St. Paul· Baldwin Plains and Moraines
T· Inner Coteau
U - Coteau Moraines
V· Oak Savanna
W - Rochester Plateau

_ X· The Bluffl nds
y. Tolmi Uplands

_ Z - 51. Croix Mor..ine

Map 2. Study site design and list of samples taken from red pine sites
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Map 3. Location of 28 jack pine sites in nvo Ecological Subsections.

Ecological Subsections

F = hippewa Plain
I = Pine Moraines and OUlwash Plain



ap 4. ncidence of Diplodia species on 100 red pine cones per site.

•

•• •

•

Dip/odia incidence

.. J~

5

4

~ 3
c
OJ
:J
g
u:: 2

o , ,
·1 2 5 II 11 14 \7 2D 23 26 29 32 35 J8 41 44 47 50 53 56 56 62 65 611 71 74 77 l!O 113

Percent cone infection

0%

1-10 %

11-25 %

26- 40 %

41-60 %

61-75 %

76-100 %



Map 5. Co- occurrence of Diplodia species based on recovery from
10 infected red pine cones per site.
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Map 6. Average percent recovery of Diplodia pinea
from 10 infected red pine cones per site.

Average percent recovery

••

•

•
•

70

65

60

55

~

0%

l-lO %

11-25 %

>-45
u
<: 40

'"g-~
u: 30l

25

20

.5

'0

5

o 1 • • ~ r

-1 3 7 11 IS 19 23 27 31 :IS :l9 .:l .7 51 56 so 63 57 71 75 79 e3 57 91 9S 9Il

26- 40 %

41-60 %

61-75 %

76-lO0 %

Percent recovery of D. pinea



Map 7. Average percent recovery of Diplodia scrobicuLata
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Map 8. Location of red pine plots in the northern and central floristic region
of the Ecological Classification System.
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ap 9. Incidence of Diplodia shoot blight infection in red pine plantations.
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ap 10. Incidence of Diplodia shoot blight in red pine seedJings in the understory
on 48 sites where the understory was present.
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Map 11. Incidence of Diplodia species on 100 jack pine cones per site.
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Map 12. Average percent recovery of Diplodia pinea from
ten infected jack pine cones per site.
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Map 13. Average percent recovery of Diplodia scrobiculata
from ten infected jack pine cones per site.
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ap 14. Co- occurrence of Diplodia species based on recovery from
ten infected jack pine cones per site.

Incidence of Diplodia spp based on recovery from 10 infected Jack pine
cones per site.
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Map 15. ed pine sites where the incidence of cone infection is
less than four percent.
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