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Cooperators 

The technical contact for this proposal is Dr. Donald D. Davis, representing the 
Department of Plant Pathology, The Pennsylvania State University, University Park, PA. 
Cooperators include Dr. Thomas Hall of the Pennsylvania Department of Conservation 
and Natural Resources, Bureau ofForestry, Harrisburg, PA and Dr. Yun Wu of the Forest 
Service, Forest Health Technology Enterprise Team, Morgantown, WV. The BCIP 
contact person for the proposed project is Dr. Richard Reardon, representing Forest 
Service, Forest Health Technology Enterprise Team, Morgantown, WV. 

Amount Requested (Leverage is Shown in the Attached Budget) 
$75,000 over a 2-year project period (1 May 2010 - 30 April2012) 

Project Justification and Goal 

The common, soil-borne wilt fungus Verticillium albo-atrum is responsible for killing 
thousands of canopy tree-of-heaven (Ailanthus altissima) and hundreds-of-thousands of 
Ailanthus root sprouts and seedlings in south-central Pennsylvania (Schall and Davis 
2009a,b). Following is an unpublished example of the aggressiveness and virulence of 
this potential biocontrol pathogen: 20 canopy Ailanthus trees were inoculated by Schall 
and Davis during April 2006 with a randomly selected isolate of V. albo-atrum obtained 
from dying Ailanthus in the region. By mid-November 2009, 2,663 Ailanthus saplings 
and trees were dead and dying in a pattern radiating outward from the inoculated trees. 
Thus, the pathogen had spread naturally from 20 inoculated trees to more than 2,600 
Ailanthus within 3 years. Intermingled oaks, maples, and other non-Ailanthus cohort 
species within severely infected areas were asymptomatic. We hypothesize that our 
isolates of V. albo-atrum are host-adapted to Ailanthus, and that they belong to the intra-
specific non-lucerne group of V. albo-atrum. The overall goal of this proposal is to 
continue developing this form of V. albo-atrum as a potential biological control agent for 
Ailanthus. 

The proposed project will expand upon current biocontrol studies at Penn State funded by 
an existing Cooperative Agreement from the USDA Forest Service, Morgantown, WV. 
The proposed Principal Investigator (PI, Dr. D.D. Davis) has discussed the proposed 
project with Dr. Richard Reardon, who found that the proposed objectives and expansion 
are not in conflict with the existing Penn State - USDA Forest Service Cooperative 
Agreement. 



Ailanthus a/tissima was first introduced into the U.S. from China (via Europe) in 1784 as 
an ornamental plant in an arboretum in Philadelphia. Chinese immigrants on the West 
Coast, who immigrated to the U.S. to work in the gold fields and help build the 
transcontinental railroad, made further introductions in the mid-1800s. Ailanthus has 
since spread across most of the U.S. (Dirr 1998, Miller 1990), and control of the non-
native, highly invasive Ailanthus has national implications. 

Ailanthus is an early-successional tree species, intolerant of shade, and relatively short-
lived. However, it is fast growing and can reach 27 m in height and a diameter of 1 m. 
The species is a very prolific seeder, capable of producing more than 300,000 
seeds/tree/year by age 12. Seeds can be dispersed immediately after ripening in early fall , 
or can persist on the tree through winter and be dispersed in the spring. Seeds require no 
stratification, but rather germinate upon contact with soil. Following seed germination, 
seedlings grow vigorously and can reach 1-2 m in height within the first growing season 
(Dirr 1998, Wyman 1990). 

Ailanthus produces several quassinoid chemicals including ailanthone (Heisey 1996) that 
possess allelopathic properties (Lin et al. 1995). Ailanthone has strong herbicidal activity 
against 70 tree species, including both angiosperms and conifers (Mergen 1959). These 
phytotoxic, allelopathic compounds give Ailanthus a competit ive advantage over native 
plant species, which the compounds kill outright or prevent establishment. Ailanthus 
pollen is a known human allergen, and the leaves and stems can cause contact dermatitis 
(Derrick and Darley 1994). The wood is light and weak, splitting and breaking in wind, 
snow, and ice storms. The brittle wood makes Ailanthus especially hazardous along 
highways and in public areas. Control of Ailanthus along major roadways is a major 
expense for many state highway departments, which use mainly chemical herbicides. 
However, use of chemicals in public places is coming under increasingly rigid public 
scrutiny and restrictions (TNC 1995), and herbicide control is only temporary. Ailanthus 
also invades forest edges and canopy gaps where herbicide applications may not be 
feasible. There is an urgent need to develop a biocontrol component within any IPM 
program (TeBeest eta/. 1992) for this highly invasive species. 

Farr eta/. ( 1989) listed 44 fungi that attack Ailanthus, causing leafspots, twig and branch 
dieback, decay, cankers, and root rot, but which are not lethal. Ding et al. (2006) assessed 
potential biocontrol agents of Ailanthus, including arthropods, 68 species of fungi , and 
one potyvirus, some of which showed promise as biocontrol agents. However, until our 
recent studies at Penn State (Schall and Davis 2009a,b), biocontrol of Ailanthus had not 
progressed beyond the theoretical stage, since a highly lethal pathogen had not been 
identified. However, in 2002, the proposed PI observed wilting Ailanthus within a canopy 
gap in a mixed hardwood forest in south-central Pennsylvania. Within 2 years, all 
Ailanthus in the canopy gap were dead. 

Pennsylvania DCNR., Bureau of Forestry, personnel were alerted, and soon reported a 
nearby large stand that contained thousands of dead and dying Ailanthus seedlings, root 
sprouts, saplings, and canopy trees. The oak-dominated forest had been severely 
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defoliated by gypsy moth in the early 19'80s, salvage-harvested in 1984, and subsequently 
invaded by Ailanthus. Tree-ring counts, based of age at soil-line of 50 felled Ailanthus 
trees, indicated that Ailanthus had seeded into the salvaged area during 1984-1985, grew 
successfully for about 15 years, but then began to die during 2000-2001. Symptoms on 
dying Ailanthus included wilting and vascular discoloration, characteristic of fungal wilt 
pathogens such as Fusarium or Verticillium (Agrios 2005, Sinclair and Lyon 2005). 
However, there were no reports of Fusarium or Verticillium species capable of killing 
such large numbers of Ailanthus trees and reproduction within a forest setting. 

The cause of the disease (etiology) was determined by fulfilling Koch's Postulates 
(Agrios 2005, Schall and Davis 2009a). We obtained numerous isolates from diseased 
Ailanthus trees, grew the isolates in culture, inoculated Ailanthus seedlings and canopy 
trees, reproduced observed symptoms, and re-isolated the pathogen. We identified the 
primary pathogen as Verticillium albo-atrum, based on culture morphology, PCR, and 
DNA sequencing. Verticillium albo-atrum is a common, indigenous, soil-borne, wilt 
fungus. By the end of the 2009 growing season, we estimated that more than 10,000 
Ailanthus trees have died from Verticillium wilt and mortality, within both inoculated and 
non-inoculated (natural infections) stands in south-central Pennsylvania. Intermingled 
oaks, maples, and other non-Ailanthus cohorts are generally asymptomatic, even in 
severely infected stands, indicating that the form (subspecies or forma specialis) of V. 
albo-atrum in south-central Pennsylvania has likely become host-adapted to Ailanthus. 

It is very interesting that Verticillium wilt of Ailanthus was just discovered in Virginia 
(Dr. Scott Salom, Virginia Tech) during summer 2009. We visited the site and collected 
isolates. With funding from our current USDA Forest Service Cooperative Agreement, 
we are comparing the Virginia and Pennsylvania isolates, utilizing PCR and DNA 
sequencing. In addition, we plan to use the existing Cooperative Agreement funding to 
sequence the entire genome of our isolate, and to determine if there are inter-isolate 
differences in genomic sequences. Funding from our current Cooperative Agreement is 
also being used to study the role of an introduced ambrosia beetle (Euwallacea validus) 
from China as a potential vector of V. albo-atrum in south-central Pennsylvania. If 
awarded, the proposed Cooperative Agreement will allow us to greatly expand our 
existing biocontrol studies of Ailanthus altissima. 

Objectives 

The overall, general objectives of this proposed 2-year Cooperative Agreement are to 
expand existing host range studies, conduct aerial surveys, and test different inoculation 
formulations for field application. Detailed objectives are to: 1) expand host range 
studies to fulfill the Technical Advisory Group (TAG) recommendations oftarget species 
that should be tested; 2) further follow individual non-Ailanthus host trees (i.e., oaks, 
maples, etc.) previously inoculated in the field, but that were rated resistant during the 
first year (the only year evaluated) following inoculation; 3) conduct aerial surveys to 
determine the frequency of Verticillium wilt of Ailanthus in forests within south-central 
Pennsylvania along the Maryland-Pennsylvania b o r d e r ~  and 4) compare efficacy and 
application practicability of different formulations of V. albo-atrum inoculum. 
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Research Approach 

Proposed funding will be used to expand our existing Ailanthus biocontrol project. 
Funding will be used primarily to fund research assistants to continue the work of Dr. 
Schall, and to overlap the research of cu:rrent PhD candidate Matthew Kasson. As 
existing students graduate, it is essential to replace them so as to not lose continuity and 
experience. 

Objective 1): Host Range- TAG Recommendations 
Stem-inoculation of Ailanthus seedlings and canopy trees with V. alho-atrum PSU isolate 
140 resulted in 100% mortality, whereas inoculations of a limited selection of non-
Ailanthus seedlings and canopy trees with V. albo-atrum revealed that associated trees 
such as oaks and maples were tolerant (Schall and Davis 2009b ). However, additionally 
taxonomically related host species need be evaluated, following procedures 
recommended by TAG. We propose to: 

• in Year 1, conduct a literature review to determjne the taxonomically closest 
relatives (species, genus, family, etc.) of Ailanthus using TAG protocol, purchase 
required seedlings, and establish potted seedlings in a greenhouse. 
• in Year 2, inoculate TAG-recommended seedlings with isolate PSU140 of V. 
albo-atrum under greenhouse c o n d i t i o n s ~  evaluate s y m p t o m s ~  rate susceptibility 
of host s p e c i e s ~  re-isolate the pathogen. 

Objective 2): Host Range- Continued Field Evaluation 
Our field host range studies were conducted mainly for only 1 year after 
inoculation. We propose to: 
• in Year 1 and Year 2, re-examine previously inoculated (in 2009), individual, 
non-Ailanthus host tree species in the field. The objective being to determine if 
wilt and mortality may be latent and appear later on those non-Ailanthus tree 
species, which were previously considered tolerant based on lack of visible 
symptoms when evaluated 1 year (only) after inoculation. 

Objective 3): Aerial Photography 
We have conducted only one brief, preliminary flight (2009). We propose to: 
• in Year I and Year 2 use a fixed-wing aircraft (Cessna 172) to conduct 
expanded aerial surveys in southern Pennsylvania, along the Maryland border, 
within the region that has Ailanthus wilt. 
• fly in spring, mid-summer, and late autumn in both years. Spring flights will 
take place at a time when the bright-red, newly-emerged Ailanthus leaves are 
easily seen from the air. Mid-summer flights will take place when the circular 
patches of dead and dying trees contrast with the weeds filling in the gaps. Late 
autumn flight will take place when the bright, yellow-green seed clusters are 
easily visible from the air. 

aerially map and photograph the spread of wilting and mortality around new 
and existing infection centers. 
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ground-truth any new or expanding infection centers observed from the air; 
isolate and identify the pathogen using morphological and molecular methods. 

Objective 4): Develop and Test Various Inoculum Formulations. 
We have developed very effective greenhouse and field methods for inoculating 
Ailanthus seedlings and trees. However, the method is basically a research tool, 
which requires pre-inoculation laboratory skills and a working knowledge of 
fungi. We propose to develop various formulations of our PSU140 isolate of V 
albo-atrum inoculum in Year 1. In Year 2, we propose to field test the various 
types of inoculum, as well as the various means of inoculating canopy Ailanthus 
trees. We propose to: 
• prepare our standard inoculum (conidia in water) and compare it against other 
types of inoculum in terms of survival (short- and long-term), ease of use in the 
field, transportability, shelf life, and efficacy. Our standard inoculum will be 
compared against: 

reconstituted, lyophilized (freeze-dried), pulverized rye grain containing 
V albo-atrum resting structures (melanized hyphae). 

reconstituted, lyophilized (freeze-dried), pulverized V albo-atrum 
hyphal fragments and conidia that bad been grown in various culture 
media, including plum-extract broth, yeast extract broth, etc. 

test various methods for administering the different types of inoculum, 
including hypo-hatchet, hack-and-squirt, direct stem injection, soil spraying, soil 
drench, dry broadcast spraying, and others dependent upon results of preliminary 
trials. 

Time Line and Expected Outcomes 

All studies will be initiated in Year 1 and completed in Year 2, as described above. Upon 
completion, the expanded host range studies will yield valuable information regarding 
risk to non-target species and satisfy TAG requirements ifbiocontrol efforts are expanded 
and APHIS permits need to be obtained. The aerial surveys will demonstrate the 
frequency of occurrence of both Ailanthus and Verticillium wilt of Ailanthus in south-
central Pennsylvania, and illustrate potential for the pathogen to cross the state line into 
Maryland. Testing the various inoculum formulations will result in the most efficient and 
practical means of field-inoculating trees or infesting stands with V albo-atrum. Since 
the pathogen is soil-borne, long-lived, and kills seedlings and root sprouts as well as adult 
trees, this method ofbiocontrol may yield a site that is essentially sterilized against 
Ailanthus recolonization. Formulated products can be used to control Ailanthus in 
Pennsylvania, as well as in other states if required permits can be obtained. Methods 
developed at Penn State might also be utilized in Virginia, using the Virginia isolate. 
Scientific papers, outreach materials, and presentations will be prepared to distribute the 
findings to the scientific community and to the public. 
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Curriculum Vitae: Donald D. Davis 

Address: Penn State University, 323 Buckhout Laboratory 
Telephone: 814-865-1689 (office) 
E-mail: ddd2@psu.edu 
Web Page: http://www. ppath. cas. psu.edu/F ACUL TY /Davis.htm 

Degrees Awarded: 
Ph.D., 1970- Plant (Forest) Pathology 
M.S., 1966 - Forestry (Silviculture/Ecology) 
B.S., 1964- Forestry 

Professional Experience: 
January 1972-present: Assistant Professor, Associate Professor, Professor, Department 

of Plant Pathology, The Pennsylvania State University 
January 1970-December 1971: Forest Pathologist, USDA Forest Service, Pineville LA 

and Asheville NC 
Fulbright Senior Research Scholar to The Netherlands 
Fulbright Senior Research Scholar to Australia 

Related University Activities 
Teaching: 

My current teaching activities involve a graduate-level summer course entitled "Plant 
Disease Diagnosis", which I developed for our Plant Pathology Graduate Students in 
1981 . In 2008, I taught the course in Costa Rica. The course involves teaching the 
students the techniques and thought processes necessary to diagnose disorders of various 
types of plants, with emphasis on fungi. During the Spring semester I teach a lecture/lab 
course entitled "Diseases of Forest and Shade Trees", that involves the diagnosis and 
control of diseases that affect trees, emphasizing tree diseases of Pennsylvania. 

Research: 
My studies focus on the health of northeastern hardwood forests and forest mycology, 
emphasizing etiology of hardwood diseases. Past and present relevant projects include biocontrol 
of artillery fungi (Sphaerobolus spp. ); biocontrol of tree-of-heaven (Ailanthus altissima); 
temporal progression of disease using tree-ring analysis; and identification of decay fungi 
following fire. 

Publications: More than 100 technical papers -- available upon request. 
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BUDGET INFORMATION- Non-Construction Programs OMB Approval No. 0348-0044 

SECTION A- BUDGET SUMMARY 
Grant Program Catalog of Federal Estimated Unobligated Funds New or Revised Budget 

Function Domestic Assistance 
or Activity Number Federal Non-Federal Federal Non-Federal Total 

(a) (b) (c) (d) (c) (f) (g) 

I. $ s $ 75,000 $ 41,699 $ 116,699 

2. 

3. 

4. 

5. TOTALS $ $ $ 75,000 $ 41,699 $ 116,699 
SECTlON B- BUDGET CATEGORI ES 

GRANT PROGRAM, FUNCTION OF ACTIVITY Total 
6 . Object Class Categories ( I) USDA- FS (2) PSU Match {3) (4) (5) 

a. Personnel $ 53,947 $2,964 $ $ s 56,911 

b. Fringe Benefits 6,719 887 7,606 

c. Travel 6,000 0 6,000 

d. Equipment 0 0 0 

e. Supplies 6,334 0 6,334 

f. Contractual 0 0 0 

g. Construction 0 0 0 

h. Other 2,000 0 2,000 

i. Total Direct Charges (sum of6a-6h) 75,000 3,851 78,851 

j. Indirect Charges 0 37,848 37,848 

k. TOTALS (sum of6i and 6j) $ 75 ,000 $ 41,699 s $ $ 116,699 
~  1 ~  ~  ~  ~  ~  ~  ~  ~  ~  ~  ~  ~  lll i 

7. Program Income $ $ s $ $ 
Standard fonn 424A (4·88) 

Authorized fo r Local Reproduction Prescribed by OMB Circular A- I 02 



SECTION C- NON-FEDERAL RESOURCES 
(a) Grant Program (b) Applicant (c) State (d) Other Sources (e) Totals 

8. $ 41,699 $ $ $41 ,699 

9. 

10. 

ll. 

12. TOTALS (sum of lines 8 and II $ 41,699 $ $ $41 ,699 

SECTION D- FORECASTED CASH NEEDS 
Total for I st Year 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 

13. Federal s 37,060 $ 9,265 $9,265 s 9,265 $ 9,265 

14. NonFedcral 20,596 5, 149 $ 5,149 $ 5, 149 $ 5, 149 

15. TOTAL (sum of lines 13 and 14) $ 57,656 $ 14,414 $ 14,414 $ 14,414 $ 14,4 14 

SECTION E - BUDGET ESTIMATES OF FEDERAL FUNDS NEEDED FOR BALANCE OF THE PROJECT 
(a) Grant Program 

16. 

17. 

18. 

19. 

20. TOTALS (SUM OF LINES 16-19) 

21 . Direct Charges: 

23. Remarks 

See detailed budget. 

FUTURE FUNDING PERIODS (Years) 
(b) Ftrst (c) ::lecond (d) Thtrd 

$ 37,940 $ $ 

$ 37,940 $ $ 

SECTION F- OTHER BUDGET INFORMATION 
(Attach addi tional Sheets if Necessary) 

I 22. Indirect Charges 

Authorized for Local Reproduction 

(e) Fourth 

$ 

$ 

Standard Fonn 424A (4·88) Page 2 
Prescribed by OM B Circular A- 1 02 



Proposed Budget Submined by The f'ennsylvarua State Umverslty 
to lhc USDA - forest Service 
May I, 2010 • Apnl30, 2012 

Ye2r I Yurl Yurl Ytar2 
USDA-FS PSU Total USDA-FS 

A. Personnel 
Donald Davis ·Principal Investigator 5.1 II 1,460 6,571 5.264 

Total Category I 5,111 1,460 6,571 5,264 

Wages/Grad. Student 21.464 0 21 ,464 22, 108 
Total Category Ill 21,464 0 21,464 22, 108 

Total Personnel 26,575 1,460 28,035 27;372 

B. Fringe Benefits 
Category I@ 29.9% 1,528 437 1,965 1,574 
Category m @ 8.3% 1,782 0 1,782 1,835 

Total Fringe B e n e f i t . ~  3,310 437 3,747 3,409 

Total Salaries. Wages, and Fringe Benefits 29,885 1,897 31 ,782 30,781 

C. Travel 
I. Domestic 3,000 0 3,000 3,000 

Total Travel 3.000 0 3,000 3.000 

D. Equipment ($5,000 and gruter) 
Total Equipment 0 0 0 0 

E. Supplies & Materials 
I. Project Supphcs 3,175 0 3,175 3, 159 

Total Supplies & l\laterials 3,175 0 3,175 3,159 

F. Contractual 0 0 0 0 

G. Construdioo 0 0 0 0 

H. Other Direct Costs 
I. Publication Costs 1,000 0 1,000 1.000 

Total Other Direct Costs 1,000 0 1.000 1,000 

I. Total Direct Costs 37,060 1.897 38.957 37.940 

J . Indirect Costs @ 48% MTDC 0 18.699 18,699 0 

K. Total Project Costs 37,060 20.596 57,656 37,940 

Budget N o t e ~ :  

Estirmued salary costs are based on current salary rates (fiscal year 20 I 0- 11) c:scalated approximately 3% beginning 
July I of each subsequent year. Uttiversity policy has been to award salary increases on the basis of merit only. 

Fringe Benefits: Rates are computed using the nues of29.9% applicable to Category I salaries; lS.9o/o 
applicable to Category n graduate assistnnrs; 8.3% applicable to Cat<-gory rn non-student wages and fixed-term 
II sal ones: :md 0. 7% applicable to Category IV student wages for lhe CUITC:IIt fiscal year of July I. 2009 lhrougb 
J1111e 30.2010. lflhis proposal is f1111<kd. the"''"" quoted above shall. at the lime of funding, be subjea to 
adjustment for any penod subsequent to J1111e 30, 2010 if superseding Government approved rates have been 

estabhslted. The fringe benefit rates are ncgouated and approved by the Office ofNavul Research, Penn 
State's COj;Dizant federal agency. 

Travel: All travel will be in accordance witlt University rravel regulations. Travel estimates are based on 
costs that were incurred on previous projects ofn similar nature for federal and state agencies. 

Indirect Costs (Facilities and Admirtistrative): None allowed by sponsor. 

Yur2 
PSU 

1,504 
1.504 

0 
0 

1,504 

450 
0 

450 

1,954 

0 
0 

0 

0 
0 

0 

0 

0 
0 

1.954 

19,149 

21,103 

lndire<:t Costs {Facilities and Administrative): The F&A rates are negotiated and approved by the Office of :-laval Research, 
Pmn State's cognizant fedctal a g c n ~ - y .  The prcdennined on-campus rate for rescrach is 4 7.0% of Modtfied Total Direct Costs 
from July I. 2007 to June 30.2008.47.5% ofMTT>C from July 1. 2008 to June 30. 2009; and 48 0% MTDC from July 1. 2009 to 
J1111e 30. 2010. ~ e w  awMds and new c o m p e t i t i v ~  segments with an effective date of July I. 20 I 0 or lat..- shall be subject 
to adJustment when superscdtng Govanmcnt approved rates are established. Per OM.B Crn:ular A-21, the actual F&A rates 
used will be fi:-:ed at the lime of the initial award for the duration oflhe competitive segment 

Year2 Tollll Total Grand 
Total USDA-FS PSU Total 

6,768 10,375 2,964 13,339 
6,768 10,375 2,964 13,339 

22, 108 43,572 0 43,572 
22,108 43.572 0 43,572 

28.876 53,947 2,964 56,911 

2.024 3,102 887 3,989 
1,835 3,617 0 3,617 
3,859 6,719 887 7.606 

32,735 60,666 3,851 64.517 

3.000 6,000 0 6.000 
3,000 6,000 0 6,000 

0 0 0 0 

3,159 6,334 0 6,334 
3.159 6;334 0 6.334 

0 0 0 0 

0 0 0 0 

1,000 2,000 0 2.000 
1.000 2,000 0 2,000 

39.894 75,000 3,851 78.851 

19,149 0 37.848 37,848 

59,043 75,000 41,699 116,699 
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