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FOf{EWORD 

The T\r1ent_y-sixth Annual Western •International Forest Disease \fork 
Conference raet at the Arizona Inn in Tucson on October 24-28, 1978. 
Since the neeting was scheduled a week prior to the annual meeting of 
the American Phytopathological Society, also held in Tu~son, ~e were 
fortunate to ha~e several visitors ffom the East. 

The Arizona Inn provided a unique atmosphere for the meeting, \'lhich \'1as 
called to order by Chairman Dick Sri1ith on Tuesday morning. A welcome 
was. extended to us by Dartel S. Metcalfe, Dean of the College of 
Agriculture at the Universit .y of Arizona, and the keynote speech \'1as 
delivered by Erwin H.· Zube, Director of .the School of Natural Resources 
at the University of Arizona. · · 

Mrs. Gilbertson orgariized several shopping and sightseeing trips around 
the Tu~son area for the wives. The wives greatly appreciated Mrs. 
Gilb~rtson's time ~nd effort to make sure their visit to the Tucson area 
was a memorable one. 

The usual WIFDWC-sponsored field trip was.delayed until Saturday the 
28th so that · forest pa tho l ogi sts \•1ho did not attend WI FDvJC but . were 
planning to attend the APS meeting . •could accon,pany us . Because of the 

·unique nature .of the area surro,unding Tucson, many di.verse ecosystems 
were visited during the field trip, and many diseases occuring on 
vegetation of the area were observed ~ · · 

The officers for the 26th Conference were : 

Dick Smith - Chairman ; · 
Dave Drummond - Secretary".' Treasurer · 
John Hopkins - Program Chairman 
Bob Gilb~rtson - Local Arringements 

We would like to express our Jppreciation to Noah Jacobs for designing . 
the cover of this year's proceedings. 
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IN MEMORIAM 

Wilhelm G. Solheim 

Dr. Wilhelm Gerhard Solheim, Emeritus Professor of Botany at the University 
of Wyoming, died in Laramie, Wyoming, on May 15, 1978, after a long illness. 
He had reached his 80th birthday on May 13. 

Dr. Solheim wa~ born in Stoughton, Wisconsin, and had his early education 
there. He served in the U.S. Army during World War I as an officer in the 
Cavalry, stationed at Deming, New Mexico. Following his discharge from 
the Army he continued his education at Iowa State Teacher's College, where 
he earned the B.A. degree in 1924. He then entered the University of 
Iilinois and received a M.A. degree in 1926 and a Ph.D. in 1928. His 
st~ong interest in le~f and stem parasites he retained throughout a long 

' professional career. His Ph.D program was directed by the legendary F.L. 
Stevens. One of Dr. Solheim's prized possessions was an ancient, tattered, 
and worn traveling salesman's sample case with several compartments, 
formerly the property of F. L, Stevens. Bill used this as a field plant 
press right up to the end of his physical ability to do field work. Dr. 

· S61heim's main contribution to mycology was his Mycoflora Saximontanensis 
Exsiccata . This consists of 17 sets of 100 Rocky Mountain fungi issued 
to ap~roximately .30 herbaria all over the world. The first set was issued 
in 1934 and the 17th in 1979. 

Dr. Solheim began working at the University of Wyoming in 1929, and was 
head of the botany de~artment from 1930 to 1950. He also served as 
acting dean of the College of Arts and Sciences for two years prior to 
his official retirement in 1963. He suffered a severe heart attack in 
1951, but recovered to resume his usual vigorous field collecting and 
herbarium work. Although he was under constant medical care for his heart 
condition after that ti~e; it had novisible effect on his enthusiastic 
pursuit of mycology and his lust for life in general. His retirement 
years were an active and exciting period. From 1963 to 1965 he directed 
the establishment of a college of agriculture in Afghanistan under the 
University of Wyoming's International .Development Contract. During this 
period he narrowly escaped death in an automobile accident on a remote 
Afghanistan road. Shortly after his return in mycology and forest path-
ology program left vacant by the sudden death of Dr. Paul D. Kenner in 
mid-semester of .fall 1966. · Dr. Solheim taught a great deal in organ-
izing the mycological herbarium. He was also instrumental in selecting 
a permanent faculty member to fill ' the mycology-forest pathology position. 
For several year s afterwards he spent parts of each winter at the Univer-
sity of Arizona where he worked in the field~ an activity he pursued 
with great enthusiasm and skill. · · 

Shortly before his death, Dr. Solheim received an honorary LL.D degree 
from the University of Wyoming in recognition of his outstanding services 
to that institution. · 
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Throughout lJr. Solheim's caree r hi s lovely and devoted wife Ragnhild 
was his constant companion. She will cont inu e to reside in Laramie and 
is currently assisting in the organ i zation of the Wilhelm G. Solhe im 
Mycological Herbarium to be housed in the Department of Botany at the 
University of Wyoming. 

There i s so much that could be said about Bill Solheim but i t is 
impossible to capture his sp irit in print. He was held in high esteem 
by all who knev1 him and enriched the lives of all of us who 1.,,ere for-
tunate enough to share ~he pleasure of his company. 
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IN MEMORIAM 

Stuart R. Andrews 

Dr. Stuart R. Andrews passed away on May 25, 1978, in Fort Collins, 
Colorado, following a lengthy illness. He was 68 years young. Stuie 
retired from his position as Project Leader for Forest Disease Research 
in the Central Rocky Mountains, with the U. S. Forest Service ·, Rocky 
Mountain Station, in November 1971. · Dr. Andrews received his B.S. from. 
Yale in 1933 and a masters in forestry from the same institution in 1935. 
Stuie joined the old Division of Forest Pathology in 1935 with a 30-day 
appointment. Stuie's aptitude for research was recognized early and 
his "30-day appointment" extended into a full 36-year career 'in forest 
~athology research. His early work was with Dr. L.S. Gill on red rot 
studies in the Black hills of South Dakota, and later on the same 
disease in the Southwest, stationed in Albuquerque. liis c·areer was 
_int~rrupted by a 1942~46 tour of duty as a captain in the Medical 
Service with the U.S~ Army in the South Pacific. After the war he 
returned to Albuquerque (following a brief assignment in Columbus, Ohio, 
to work on elm phloem neciosi~) and continued his red rot studies which 
resulted in his Ph.D. dissertation at the University of Minnesota in 
1953 . . · From 1953 to 1960 he continued his red ~ot studies and served as 
Disease Project Leader in Albuquerque. His studies of red rot rates of 
decay, biology , and control . established him not only as the authority on 
thii, the most serious decay of · ponderosa pine, but on decays in general. 
In September 1960, after the retirement of lake Gill, Stuie moved to 
Fort Collins as Division Chief for Forest Disease Research . He served 
in that capacity and later as Project Leader in Fort Collins until his 

. retirement. Although Stuie was best known for his research on red rot, 
he was interested in many pathological and forestry problems. For example, 
he also ~ontributed to our knowledge of . dwarf mistletoes, aspen diseases, 
pole blight, cottonwood diebacks, rusts, needle casts, Dutch Elm disease, 
and other diseases. Beca~se of Stuie's broad knowledge and insight into 
this myriad of forest problems, he was frequently consulted and freely 
gave his time and advice. 

Stuie was a charter member of W. I.F.D.W.C. and a very active supporter 
of this organization . He served as Chairman of the 1960 conference in 
Coeur d'Alene, Idaho, ·and attended as many conferen ces as he was able to. 

Stuie was an extremely thorough and capable scie ntist and an excellent 
writer. He was noted for his good humor and ready wit, which he retained 
even during his la st few years when he was suffering from emphysema. His 
tenacity in coping wi.th his fatal disease was truly remarkable. 

Stuie is survived by his wife, Helen, of Fort Collins, by a daughter, 
Jenn€, of Minneapolis, and a 'son, Stuart, of Estes Park, Colorado . With 
Stuie's passing, the profession of forest pathology has lost a valued member. 
But the high calibre of his research, his professionalism, and his devotion 
to his family, live on as an inspiration to all of us. 
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WIFDW C 1978 · 

: . .-iENEWABLE. NATURAL RE$0URCES. O,F ARI ZONA 

Ervin H. Zube*_ 

I NTRODWCT ION 

. ,,_. 

Arizona is known··as one of the sun-belt states an'cf is a desert or arid-
1ands state. -. These are very broad and ster~otypical descriptfans. - How-
ever, Ari_zpna is also a· state of contrasts~ . .I :would like to briefly 
describe the state by noting some of .these .contrasts before discussing 

· the stateis _renewable natural resources. · The contrasts are found in the 
physi·cal environment·. for _ example, climate, topography, and vegetation, 
and in the social or cultural environment, in ' the diversity .of'our · · 
populations ·. " · ·· · _ .. 

t w11'1 also touch briefly · on the issue of population growth in"·the state. 
· · Indeed, the rat¢ .of population growth is one of the most critical factor _s· · 
. affecting -the management of Arizona 1s renewable natural resources in the· 
- years ahead . . · · · · 

PHYSICAL ENVIRONMENT 

.Ninety per<;ent of the°'.land area 1s clas ·sified as add or semi-arid. -:· But 
ther~ are sharp ·contrasts ~fthin this broad physfcal categorization. _ 

· Elevations range from 138 feet above .s·ea level at Yuma, located in a 
regfon of desert pla·1 ns in the southwest corner of the state, to a high 
of 12,670 feet a~ Humphrey's Peak in the San Francisco Mountains north of 

· Flagstaff, rie~r · the Mogollon_ Rim. The Mogollon· Rim, an abrupt transition 
slope running southeast-northwest acr,oss· the entire state, separates the 
great Co,lorado Plate~u _of _the n_c;>rth from __ a .wide-.r~gion of mountain ranges 
running gen~ra11y par~lle1 with the Rim. The Colorado Plate ·au and the 

· desert plairil are not withou~ elements of relief also. The Plateau i~ 
perhaps best known .for the dramatic; river canyons found there (e.g.~ ··Grand 
Canyon) while the desert plai_n 1s marked by lower and more compact moun-
tains than are found in t~e central .mountain region. . - . . . . . . 

Average.annual rainfall varies f.rom about 3.6 .1nches in -Yuma to 32.4 inches 
·at Crown. _Ki_ng. ·Rainfall 'in .excess of 25 inches occurs in ·a number of loca-
tions: · "The growing season ·~anges fr9m 348 days· .in Yuma to ·1ess than 100 
days at sev~ral ~l~tes •in Apache·and Coconino Counties. · · 

• I" • ... • • • • • 

The SUhbel·t stereotype is not without basis . in fact ; Phoenix and Tucson, 
for example, h_ave sun·shine for an -average .of 86 percent of .the possible , 
time·:·-:-Thi"s. is compa_red with 47 perc;er,t for Portland, Oregon~ 73 percent 

. for Lo·s Angel es, 66 percent for Miami, 59 percent for New York and 57 percent 
for Chicago· . .. ·. -..: . 

J • 

. *· Director ·, s~·hool of Renewable Naturai Resources, University of 
Arizona, Tucson,·Az a5721 
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Temperatures in the· desert plain at a latitude of approximately ~2° are 
frequently _higher than .temperaturefalong ~he equator. Within the state , 
max1mu~ summer0 temper_atures of 110 to 120. Farid mi_nimum winter . temp_er.~tur_es_ · .. 

· of -20 to -·30 F are not unconmon. · But then; the state also spans a d1stance ._ · · 
of some 400 miles from north to south in addition to the approximateiy _2¾ · _. 
mile .elevational ch~nge. · · · 

Wahin 40-miles of .Tucson,: at Mt. ·Lemmon," one can t~aver~e five lire ·· . . .. 
. zones within a ti~ span of ·.about one-half hour, ··fr.om Lower 'Sonorari. ·.. . . . . . 

Desert vegeta.tfon to fir .forest .·:· In the north, withfo. the area bounded . 
by ttie Painted Desert and the 'San F·rancisco Mountains·~ ·one can.t raverse .' 
every life tone exc·ept the huinid tropical ._-· The major vegetati1:m _zones · -

·_ in Arizona are _desert-:-shrub, grass"lands, chaparral, pinyon-juniper fo.r~st . .. 
and_ponderosa pine forest. I will _discuss these in a bit n:iore ·deta·i _l ... later . ·. 

CULTURA~ ENVIRONMENT 

The Hohoka~, ·Mogoll~n and An~sazi .peoples were among the earl i~st" of ._··.,:._·' 
Arizonans whose cultures can be docum.ented, at least partially, ·by · .:· · 

' .· physical evide{lce • . 'Jhe· !iohokams, for -example,-not only ·constru_cted _··· 
dwellings in the ·~11a. a.nd Salt River valleys but also had extensive .· · ·-

. systems of irrigation canals ~nd dams. - This culture disappear ·ed about 
· 1450,A.D., possibly a·s a result of dro1Jght and _Apache ra_ids • . The.Apaches .. · . . 
and _Navahos prc,ba!>ly migrated to Ari.zona ·between lOOO ar:i~ 1300 A.O. · . . . . ... 

Spanish ;·nfluence 1·n Arizona·can be traced back to .the first Spahfard to. 
. ·, '1 ·explore ·Arizona in 1539,· a Franciscan friar named Marcos de Niza. :-Th~' · 

following years, 15_40-42, saw inembers ·of Coronado's expedition reach as 
far north as the Grand Canyon. . .. .:._ · · . · ...... : \ 
. . . . . . . . . . . 

0

During the 17th c~ntury atten_,pts ·were ·made, with · considerabl~ su·c_c·~ss·, to,._ 
Christianize the Pima, Papago and Moqui Indians. The "firs :t presidio .. was 
not established, however, until 1752 at Tubae, on the Santa Cruz River .. . ·-: ., 
just north of what is now Nogale~: · · . · . . · .. · 

American traders and explorers first · entered Arizona fo·· the early 19th . 
century. · The ·area of Arizona, north of the Gila River, was "b,rqught into 
the U.S. in 1848 following the Mexican War of 1846. The remainder was 
acqufred through the Gadsden Purchas~ between 1853 and ]856 . .-. It became 

· a separate territory froin New Mexico in 1863 and was_ th·e ·1ast"of the 
_lower 48 to achie~e _statehood in 1912";· · · · · 

. . . 

Today Arizona ·has the . largest Indi_an populatio _n of any state {n th~ natiqn . . 
About 5 percent of all Arizonans are India.ns in 15 diffe,rent tri _bes located 
on 21 reserva _ti ons ! · About one out of every 5; 5 Ari.zonans ls of Spanish · · · · 
heritage--19 ·p~rcetit of the state's ·population . -· Tnus, there are three cultures 

.rooted in the Indian, _Spanish and early United_ States hist _ory, each con-
tributi-ng to the social diversity of the state . · Obviously, there is a·lso 
consider~ble diversHi\'.lithin each of these broad cultural groupings . 

. . .! . ·. . ... 
• . = ·:· ·. 
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... 
. PATTERNS OF GROWTH 

·Ari.zona i.s ·one of the fastest" growing states in th·e country. - it is , 
· also _ the si~th largest state in area; being exceeded in siz,e by Alaska, 

. · Texas·, California; Montana· and New Mexico. With an area of 113,909 · 
square mile~, . it has a populatiqn of approximately 2.3 million and a 
popula_tion density of .about 20 people 'per square mile. A look at the 
distribution . of .this population indi~ates that this is a misleading · 
·figure, ' howe~~r,-because better than 1.7 milli~n .of . these people ~re in . 
metropolitan Phoeni.x and Tucson . .. Thus, population density in the· rest of 
th~ state is _clo$er ,to 6-_peopl.e per square mile, ·· ,. 

" .·· . ·. . ' . 

· How fast has Arizona _grown?. Th~ population· increased by over 40 percent 
. in the decade· 196$ to 1975 .. Populati_on projections for th_e peri _od 1970 
· to ·1980 suggest an· increase of approximately 50 ·percent to _2. 7 _mill ion. 
· For t_he nation as ·a whole, _however, the projected increase for this time 

per:iod ·is around. 10 percent a rate of growth that is considerably smaller 
· than th_a t fo Arizona. . . . . . . 

RENEWABLt NATURAL. RESOURCE MANAGEM.ENT ISSUES 

Much· c,f thi.'s ·.growth is _C)CC~rring in metropolitan Phoenix, within .Mad,copa . 
· County. Maricopa .County· ·is also a primary agricultural county. · · In 1975, 
· 34 per.cent _of : all alfalfa, ·cotton , citrus, grain and vegetable acreage in 
·. the .state .was .in Maricopa County (471,740 ac.res) : It is also a primary · 
• irrigation area. In 1970,. 38 percent of all irrigated lands in the state 
.-.(430,000 acres) were in · this · county. _·The population of Maricopa County 
· has grown from 852,000 in ·1955 to 1,218,000 in 197~. Concomitant with ·. · . 
· this grqwth is _ the con.tinuing conversion of_ substantial _amounts of agri .:. 
cultura _l land, s6me of .the best in the s~ate, to urban uses, 

.,;_· Only.18 percent .o{ the land area in A~i.Zona _is privately or cor.por_ately ·. 
owned. · Federa 1 ownership accounts •for about 42 percent w1 th the major· . 

: land holding agencies being the Bureau of Lan·d Mar,agement (16._7· percent) 
and the Forest Service (15.9 percent} . The balance of the Federal land, 
about JO perceiit, is ·primarily held by the National Park-Service, Fish 

·. and Wildlife Service, and Department of Defense. Indian ·r·eservations 
·account for ·another 27. percent and state trust l'ands account for the 
remaining 13 p~_rc·ent. · Thus, in _spite of th·e size of the state, _there 
is a ·comparatively limited _ amount of landa.va.Ha.bleto _accomnodate· 
cotiti nued growth. · · · · · · · · 

··a should not be ·a surprise in a state where 90 percent of the .land 
is classified as arid or semi•arid, that water is the most important 

· r·enewable riat~ral resource managment. issue, We use water more rapidly _ 
than. it _can be supplied by riature and the technological efforts of man. 
There-is a dependable annual supply ·of 2 .8 mill ion· acre feet and a total 

· annual· use of 5 million ~ere feet. Annually, we are using 2.2 million · . 
acre .fee~ more than is replenished ~ This overdraft is from groundwater. · 

, . 

. 11 
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In P,ima _County, the county in which Tues.on is l9cated, the consumption 
is 4.7 times the d·ependable supply resulting in an average lowering of 
the -'ground ·water_ table by _5.1 -feet per yea.r. This_ is· by ·no -mea'ns the·_ 

• most extr ·eine case: in th~ state . . Rates of depletion .are ·as _ high as 96 . •. 
times dependa,b_le supply in some of the smaller drai_nage·basins in the· · ·. 
state. ·. , · · ·· · . · .. . . ·._. .... · · : · · 

lrrigated . ag.ricu1:~u.re is 'th'e. la_r.gest ~ser of water ' in .the .. state and a~: : .. :"i. 
counts for ~9 petc·ent of the total depletions • .The balance is; accounte~ .. --· 
for in n\unidpal ·and industdal uses, the mining indus.try an9 e.l ectric ·::._. 
power genera.tion \ · · . . · · · ·· 

Given this sei:-ious .imbalanc·e between dependable supply an_d annual consuinp-.. 
. tion, it is logical to look to watershed management, in the ·form ,of _ vege- ·: 
tation ·manipulatiQn, -as a means. Qf a·ugmenting available water suppl i'es~ · · . 
Somewhat less thart half of the . state (36 million acres) is . in the desert.;. :., , · · 
shrub v~getal;ion :zon~,-~h·icn currently offer.s. little poteritial_,_fqr ·1nc~ea·~i.T1g .. 
recoverable watef'.'supplies. Most of this land is in federal . owne~ship _or.. ···· ., 
trusteeship. > About one-fourth of the state (18 million acres) is in the_ · ·::<. 
grasslands vegetati.cin zone. These ·1ands_also offer little potential for 
increased wa-ter yield ·_through vegetation manipulation. ·The chc1parral . 
ve~etat .ion zone, · covering. 8 to _ 10 percent of the ·state, d_oes offer some .. · · 

· pros.pects_.for irkreasing water yield by the removal of shrub _over_~;tori~s a_rid . .. 
establishment of _grasses and_forbs .. Experimental work ~uggest~ ·possil>le. '~,,;,. ·. 
increases .i·n some areas of . 20 to . 50 of an a'Cre foot" p·er acri(annua 1 ly . · . · 

• • • • • • • ·- • • 4 ' , ' ' 

The pi,r1yon-·juniper ·woodland zone,. ~omprising about. l9 per.tent ~f ·the.-st~t.e.a,nd . 
surrounding Aritonais_commerdal forests, ·offe·rs little po'tential · for increased 
water yielf throµgh ve,getative management. The primary_ CPl11Jlerc;:.fal forest ·. · 
h ponderosa pine Whi~h: ~overs 7 to 8 percent of the state . . It ·:is .. located 
primarily ~long _the Mogollon Rim in an unbroken band about 225 miles Jong -
thr()ugh ~e·ntra l Ari zo·na. Experiments· on severa 1 watersheds .. with overstory • 

.thinning and.wi~h diff~rent ~rran·gements~. orientations and patterns .of , .. -. 
clearings indicate potential _ increase .s in water yield ranging .from 1-6 percent 

· to ·over _lQO percent. · · · · · 

Other vegeta.tioh · zone'S include alpine, mixed conif~r.J1spen and riparian. ·._ 
assoc_iati-On . . ·Together they comprise 1 ess. than l percent of t;h_e area of _.-. 
the state ·: · Of these, ' ~xperimenta.1 data oh mixed conifer · forests and · 
riparian · associations · inclicate considerable potentfa1 .for increased water · rie1ds. . . . . . . . ... . - . .· 

, . . 
Each of the vegetation zones which appear to have the greatest · patentiai 
for increased water yields throug·h vegetation management also have values 
_for :other use~- incl~ding timber productio~, _grazing, recreation and wildlife 
habitat. Usually these vegetation zones, and in particular the ponderosa · · 
•pine and riparia _n associations ·, are those for whic.h_ competition among uses. : · 
is greatest; Thus, managers and r~searchers are challenged with the task, · 

'·of developing-proc.edu·r.es_ for and facilitating the ratiorial -decision pro- . 
cesses · that take :into ·account the interactive effects of alternative and ' · 
frequently contrasting manag'ement objectives. . 
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The ponderosa pine •for~st provides a good ·example.of' the multipie valu'eS 
a.nd uses that must be cons.id·ered in the. dey_elopment of managment plans •. 
Saw logs are ·the· predomiriaiit .timber product from Arizona's forests .. Of 
the ·:3·53,2 mi11ion-boa·rd· feet r·eceived at mills. 3.12 million were ·ponderosa 
pine. · Of the 24 mills jn Arizona~ 21 are located ;'n or ·close to the ·band 
o,f ponderosa ptne alon·g the Mogollon Rim. · . . . 

---- . Ponderosa pine fores .ts are al .so :important habitats for a• variety of 
.wildlife including· ell<; deer, and turkey as well as small game, rodents 
ar\d game and nongaimrbirds. · In ·a state where·inost streams are ephemeral, 
several hundr~d·m,_les of perennial streams are foµnd.in these. fo_rests . 
Thes~ st re.ams provide habitat for game ·and nongame •fish as well a·s water . 
for agricultural, municipal, and industrial uses. ·· It follows quite obviously 
th~h~ _that ·these forests are also very popular for al.l :forms of recreation, 

. ranging from backp'acking to catripin·g, picnick_ing, hunting, fishing, and all 
forms of winte.r spor_ts. This recreation popularity i.s enhanc.ed by the 
cooler .and more·salubrious summer climate which provides welcome relief 
:for residents of the major c'i,ties in the hotter temperature zone to the 
spi.ith._'· 'Furthermore, much of this land is in public ownership and there-
fore must be mahaged to accolllilodate these .multiple u~es.- '. · 

... SUMMARY 

. In ·summary, . I ·ha·ve ·tried tO' introduce the -State of Ari zon·a to you by · 
.p.aintirig a· verbal' picture which highlights some of. its sharply contrasting 

· features and characteristics . . I. touc·hed briefly on the contrasts in the· 
. physical en.vironn:ient, contrasts in topography, clima.te and vegetation. The. 
di vers_e and contras Ung cul tura 1 e11Vi ronment was pres'ented as a product . . 
of the influences and traditions of Arizona's first citfz~ns, the Indians, 

· of several centu·ries of Spanish ·infl1,Jenc.e and of the · developments and 
continued ·growth a·sso~iated with incorporation into ·the United States. ·· . . . : . . . . . . 

Finally. · f reviewed what 1· p~rceive to be ·some· of the major r~newa,ble 
natural resources management issues facing the state, including lqss of · 
agricultural 1 ands, water . depletions~ watershed management for i ncreas·ed -

. water yields and the c9mpeti119 and sometimes ·contrasting demands placed 
· upon .our prime cornnercial forests. · 

. . . . 

It is~ I ·believe, the~e contrasts, and a host ~f oth~rs that I ha~e 
not had. tim_e· to menii'on~ that make Arizona the ·attractive and appea.ling · 

· .place .~hat ft is, -and that provide ·the challenges to natural resources 
: .man.agers· and researchers • . rn· concluding. r wish you every success in · your 

meetings which follow and wherein I am sure you will encounter more contras.ts 
(and poss_ibl-y conf1 icts) in your deliberations ·and discussions. : 
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WIFDW C 1978 . 

.DISEASES OF AR!D AND SEMI~ARID AREAS 

Lar.ry Weir. Moderato.r 

INTRODUCTION 

.. Tt,e title of .this panel, . as ·your program tells you. is Diseases of Ar_id 
and Semi-Ar.id Areas. Why I was selected as panel moderator· completely 
~~capes me becaus~_th~ topic ts one about which I am sing~larly unin-

.. _formed . . I am, however,. happy l was chosen; probably more than I would 
be if I knew the reason. · At least, from the august position of panel 
moderator there is more of an oppo·rtunity to understand . what is . said 

· because I get a chance to peruse at . least those papers I received before 
.the meeting .. That way I don1 t have to either take notes or wait for the 
proceedings to find .out about problems in dry places • . Those of you who 
~now· me .we_l 1 realize that my ·as_sociation with problems in dry places 
_rarely ~ if ever, _has anything whatsoever to do with_ diseases . 

Let us. proceed with the presentations : We have four people on this panel 
·who, unlike their moderator. know· about problems in dry' places . · It seems 
to me that it has .become, over the years , something of a tradit ion to have 

• at least one.paper per ·meeting that covers diseases pectiliar to the meetin~ 
area .. ·rhis · tradition is sha.red this year and the first portion .of it will 

. ·be discussed by Bob Gilbi:frtson • . I ha.ve no· idea why Bob accepted this 
assignm~nt. in view of his attendant problems with local arrangements both 
for this conference and the up-coming APS meeting. 1 am, grateful that · 
he did so . . Bob will ~is6uss root rots of Southerh Arizona Trees . 

The sec.ond si;eaker · is ·_a pe_rscinai friend . of ·long-·stan.ding . This may, in 
· fact , be the r eason that he accepteo my request for help . ·. If th i s is the 
~ase, our f r iendship might possibly be wearing a little .thin. · Since his 
retirement he has had little opportunity to · continue to be .a part' of t ,his 

-~orif_erence. I am sure that those of you who have been members .of this · 
· group for some time are as ·happy as I am to welcom~ ~is return .. He did . 
· pull a fast one on me and decided not to .discuss Saguaro as the original 
pro_gr_am says .·: ~is .topic at least is applicable to the subject at hand 

·_,. ·and I 1m not about to argue since willing panel members are hard to find . 
Paul Lightle' s topic i s, ~gain contrary to the up- to -date · program, Some 
mi.nor forest diseases in Ari zona and New Mexico. · · · .. 

·. The third speaker on the 'panel needs no introduction to most. of you. 
·.1 appreciate his presen¢e here today because he 9eliperately jumped 
:1.nto the hole left when Del Wiens decided that going to Africa was 
the only way he could get out of the assignment I gave him . . So instead 

· .. ( ·of his no.nnal topic of dwarf mistletoes ., . Frank ·Hawkswor~h will talk 
.. about the big ones. 
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Our last speaker is Linnae Gilll)lan~ I have some, not· mu.ch, but some 
.sympathy for L innae. · She made the mistake of go_ing to Georgia instead 
of remaining in Colorado to refuse the task .of speaking today. Her 

. place on this panel, while niost welcome was as.sured for her without 
even asking her until the whole thing was done and she had little 
choice. Linnae will discuss Black Stain of pinyon pine . 

. ' ·~ .. . 

' ... · ' I',.~!', 

. ' . 

. . ; · . .' . 

. · : . . 
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WlFDWC 1978 

SOME MINOR FOREST DISEASES IN·ARIZONA AND.NEW MEXICO 

Paul C. Lightle 

O\\erfmistletoe and Western _Red Rot are. without a doubt, the ·1:wo·greates·t 
causes of wood loss in our southwestern forests. · We are so aware of these· 
two bandits tha,t_ we·lo.se sight of the other things· that are slowly 'but 
surely robbing us. , These small time and occasional pilferers have, for 

· the most part, _gone unheed_ed, indeed scarcely' noticed. _ It is my intention _ 
to call sOl'l\e -of the.fr name.s. today, to give you a brief description of them~ -
and, where possible, ·to fill you in on their modus operandi so that you can 
recognize ·the.ir nefar-ious activities the next time your "Dick Tracy" sense· · 

· tells you _that there•~ something amiss. · - · · · - ·- · ·. · 

Unfortunat.ely~ the_dossi~r on most of these small-:time criininals ·;s extremely 
incompl~te. ; For ·many of them_ we have orily their names. (I won't bother 
you with the fr a H as·es) . Some of them do not even have. their picture in · 
the rogues' gallery yet, but I must hasten to add that that is our fault. . ·· . - . . , . . . 

To begin with tnifmore familiar, lets _ first discuss needle blight of · 
· pon~erosa pine~ . . · 

Most of. you are-familiar wi.th .the symptoms of needle blight; · John Staley~ .. 
Paul Keene_r, : and Stuart Andr_ews have discussed the di_s·ease with you :s:everal _. 
times, and so l will not bore you by repetition . · There are; apparently. · 
four fungi involved in this complex, and together or separately they produce 

· -the symptoms. Th.eyare Elytroderma deformans, Hypoderinel1a concolor, hacid-
ium sppr and Coryneum cinereum. · It takes an expert, or, at least, _ one w_ho 
'Fias' sperit _a great deal of time studying the malady, to separate them~ In 
areas where infeGtion persists, mortality, either directly or indirectly 
a ttri butab.l e . to the di seas.e can be expected, and growth of a·ffec~ed tr~es 

· i_s ·markedly reduced. · · · · · · · 

Next, · let ~s ~<;nsid~~ ihe Sooty Bark .Canker of aspen caused by Cenangium· 
singulare. _ Al.though this disease .ha~ only fairly recently been recogni.zed 
in our area, I feel sure that it has been working llthis side of the street" 
for many years. but we. failed to recognize that ·our pockets w~re being picked. 
We don't know how serious the . losses are, or even the extent of the ·operation. 
We do know that it occurs in many places in our aspen ·stands, and we feel 
th~t it may be the· most serious of the dise ·ases preying on this timber host . 
There ar~ a_t least a couple of otner cank.erdiseases of aspen in our region, 
but _they _seem,.to _be. .more __ spectac-ular than serious . · · · · ·-

The next disease I would like to call to your attention is Atropellis 
canker of pon~erosa pine caused by A. pi niphi1a. It has been present 
in this regior1_ ~o_r at least _30 years .- It is serious in ·poles and :.~~ · 
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production· on the :Lincoln and Mescalero forests ·in southern New Mexico 
and on the Prescott in central Arizona. It has not been found on the 
Kaibab or the Coconino,_or the Sitgraves Forests, and has never been 

· · seen in northern New Me~<ico. The loss · here is not ·from mortality or· · 
decay but ra t·her from stain. Affected wood i·s stained steel blue t_o 
n.early black . . Tne' organism gets started in the a:·xil of a branch and .: 
then ·extends up and down the bole for several feet. :· -Whi1e it usually . 
girdles and-:kills .the branch at the infection site, the· rungu•s· seldqm· 

-·-. .. 
girdles and_,bole 'arid SO· is rarely responsible for-< mdrtaHty. The ; . 
bark over the cankered area· is kilTed and splifs · open·; and the· tre ·e-· . 
mak~s a heroic but ·unsuccessful attempt tb callus · oy:er· the wound;·· If 
you cut into the wood. under the . callu:s tissue y6u will'find it clean' · · -· · 
and. brigh.t, bu_t j f you, cut intp the wood in the c·enter ·of the caiiker, . 

· you w.1_11 find. it eompl~tely stained, .usually so black you can' scarce.l.f · 
recogn·1.ze it wa;g wood .. Should· this fungu~ become established and pe'rsi~t . 
in the pulp.wood ar-ea·s· of .northern Arizona, I feel sure we would_ be truly 

· ala.rmed abeul ;t·. ·· rt do.es not seem·. to"· be a threat to sawtimber-~ but I . 
have. seen it, i,n, sawlog st zed trees on the Mescal er-o and th~ Prescd'tt I . . · • . 

. and T feel s-urie that affected_ tree :s will have to be fong;..butted\ · r,er11'api;'' ·. ·. 
fcirha1f the butt}og, when· they are harvested. . . 

. 

· Red· heart :caus;ed _by Fornes tini is a s·erious heart re5t disease i·n':ma~y pl~ce'S 
· in the Umt~d Stat.es-and e sewhere-. However, in our area it is serious ,n ·· 

. ·only, one:loca-t,i-Qn in · so.uthern New Mexico. Theri it causes losses m1..1ch greater 
than Wes,tern Red Rot.. · Why this is true we don't know. Since)oosf Qf you ·. 

· are -u.ndoubtedly famil_lar with red hEiart, l only _mention it iii passing·. · · · 
' ~- . 

In somewhat the:· sam~. categ_ory, though occurrtng mor·e ·g·enera l ly ~hrough 
.Ari,zo.ria and New 'Mexi'co·, are· the butt ,rots caused by Polyporus ci rctnatus· 
a,nd' P. s:chw.ei:ni'tz:i.i.. · p·, circi'natuscaules a rot that is, iil many respects, 
quite simHar to · Wes:tern · Red Rot. In fact, it has been· mistaken· many times 
b;y forest : pa-thologJsts. However, it" doesn't quite look like 'red rot and 
has,often , beenlahe -led . 11a, ty.pical 11 red rot . It is confined to the stump· 

· .and butt;,. s~1dom extending. more than a: few feet above _the ground . . . . . , . . . . 

· Schweib1t1Zi~~ causes-a· very different type of rot - a brown cubical 
decay_ ttla-t;:matextertd:::6:·o.r 8 feet above the ground, ~nd in a few cases·, 
it .will · e..wm-:run, through· the first log; . Both of these fungi fruit in-

. frequentl'y4 ··: · · · 

.The b.rown,cub:i-cal rot .caused by Fornes officinalis, by contrast, usually _elite.rs 
the'; tree : fa:inly_,-welr up:; in the · crown through a broken lim? or a·_· dead or broken. 
top . and rather ·rapjdJy. extends throughout ·the bole ~: · rt · fruits · rarely and 

· only a-ft·er, the:·_ent-i.re stem has been destroyed. . . , · • 

These~ thr:ee\ ne-art ro.ts, together cause cm ly a smaJ l -portion · _c;f the l_os·ses' . 
ih·'.ou:r· fores.ts, . and:\ y_et they o·ccur frequently enough so-that they need 
to·: be0,menti oned·; as= sma 11-tiine hoods. . · · . . · · 
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· Root rots a're not c.aus i ng serious 1 osses in our southwestern :fores ts, 
still, the mere 'tact that Forties annosus and Armillaria mellea are · . .. 
found here, kii'l ing occasional _trees, is cause for alarm . . · f . · anriosus • 
is particularly troublesome iri'many parts .of the world, especially in 

:plantations ·. ·.It could happen._here 'as we progress from virgin stands 
to ioore closely managed forests. Affe~ted trees have the appearance . . 
of~ attacked .trees . · The .tops are often in_vaded by and inany time·s 
the damage is · diagrios.ed and treated fqr beetle attack . . Only after · 
repeated att~cks do people. suspect somethin_g otber than .!.E§.. tQ be the· 
primary cause. The bark and wood from a foot, or even .Jess., above 
the grounf appears normal and· healthy : -Indeed. it is . . Only i_f. the dirt .· 
is scraped away at the base and the bark removed, or roots · sampled, \tlill 
you find the · real cause of death. In the Southwest, the fungus fruits . . · . 
sparingly in the litter and duff around the base of the tree or even· 

· several feet away. The pere·nnial conks are small to tiny usually covered 
· · with 1 i ttet, and are . very di ffi cult to see ~ · 

In the same catego_ry, damage-:-wfse, is the root and butt rot cau:sed_ by 
Armillaria mellea . This fungus fruits i_nfr equently ·but produces · 

· mycel ieal strands and f~ns .which are diagnostic . Resi n flow from 
· affect~d wood may be copious from both of these organisims and so 
is not particularly useful in diagnosis . · ·· · 

-Umb.rust caused by Cronartium f i lamentosum is noted with increasing 
frequehcy in .our Ponderosa forests. Whether this is because we're 
beginning to .look at the trees instead of just the forest or whether 
there is actually an increase in diseased trees is difficult to say . 

· ·Jhe spores of this rust that infect the pines do so through the ter -
minal needles . 1nfection enters the li.mb, progresses down the limb 

.· .·to the bole, and then spreads both up and down the bole . The branch 
· originally infected dies about the time the ·fungus enters the bole . 

and then additional · branches die as the tissue around their bases 
.is invaded ·by the fungus _and k_illed. Whi le the tree may be infected 
in any portion of the crown, the mid-crown seems to be the area · · ' 
most frequently infected and trees with an' upper and a lower crown, 

. but without a mid-crown, .may commonly be seen fri our forests. The 
·. aeciospores p·roduced on the .branches and trunk ·of the pines , mostly 

in May or June, infect only Indian paintbrush, and the teliospores 
·that infect the pines are produced on the paintbrush beginning about 
. ·a month after the. paintbru ·sh is infected. · · .· · · · · 

Ther~ is _o_ne more disea~e that should be. mentioned and that is needle 
rust . . :The damage from this disease is negligible, at least by current 
standards, and so practically no work has been done on it. The perfect 
stage for the rust on ·ponderosa pine in this area is unknown but all 

. of the needle rusts , when their perfect stage s. are found, occur in the 
· genus Coleosporium, and we can .assume that th i s fungus·will be no · 

exception; · 
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To end this discussion let me mention a g~oup of diseases tha·t hav_e · 
· .been almost compl"ete1y ignored. They are the · cone: and seed dfaeases. 

Cone rust . occufs. occasion.ally and at times many of the conelets a.re .·. 
blighted from this ·and perhaps other _unknown· causes> That is the' · 
extent of 01,1r k~owledge·. · With more einphas·is on ·management, and 
particularly on regeneration, the need for studies ·on the diseases 

. • affecting the · cones and seeds · i$ apparent, 

With. one· exception, th,is discussion "has covered only the robbers that 
prey on ponderosa ·pine. This was fotentional for two reasons: ' (l) 
Ponderosa ma.kes up the. great bulk of the volum·e in our forests,·and Un We. ~now. next_ to nothing a·bot.it the hoodlu111s operating fo our other . 
coniferoi.is. species. · · ·· •. · · · · ·· · · · · 

··.· 

·. · . ' ' , • 
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PHQB_ADENDR0N IN THE WESTERN UNITED STATES 

Frank G. Hawksworth 

I'm glad to try to give the Phoradendrons some "equal time"; Phoraden-
. drons have traditionally be~n the victimsof ,;bad press", or inreality 

llno press at al1 11
• Very littl~ attention has be~n given to these mistle ;. 

toes either at W, I.F .D'.W.C. or in the forest pathology literature in 
g~neraJ. · For ~xample~·to find th~ latest list of hosts attacked by 
variou.s species of Phoradendron, we have to go back more than 60. years 

· to Hedgcoc.k (1915). Dr. Del Wiens and- I hop·e. to remedy this situation 
as we afe prepar ; ng a· mahuscri pt on the ·.taxonomy, hos ts, and dis tr1bu-
ti qn of Phoradendron in the United States. ·· For thfs paper·, I'll dis~ 
cus·s taxonomy, damage, and control _ of Phoradendron. 

TAXONOMY 

Trelease' s (l9l6) monograph of the genus Phoradendron recognized some· 
. 240 speci ~s in.cl uding 28 from the United St~tes . . However~ Trel ease I s 
extreme splitting of the genus has not be~n generally . fol lowed and· · 
Wien1s 1964 tre ·atment of the Acataphtllous (northern) group -of Phora-
dendron recognizes ~nly 12 taxa int e U.S. Also, one outlier ·of the 
southern (Cataphyllous) group·occurs in southern Florida . Jhe 13 
taxa currently recognized in the United States are listed in Tab.le 1. 
In general, the taxonomy of Phoradendron in the United States has been 
fairly well ·worked out although the taxonomic 1 evel of some taxa still 

. needs to: be determined (e.g., f_. boll'eanum subsp. densum and pauciflorum, · 
and f.. macrophyllum) . . The major taxonomic problem remaining is the · 

· relationship of the eastern P. serotinum (= P. flavescens) to t~e 
western P. tomentosum (Wiens-1970). Typical-P . serotinum is nearly 
glabrous-while P~ tomentosum in s6u'thern Texas is densely hairy . 
Studies are neeaed ,n the transition zone between the two taxa in 

. Missouri, Arkansas, and Louisiana, to determine if the di fferences 
between the two populat'lons .. are abrupt or gradual . . If the gradation 
is gradual, the populations might be more appropriate _ly treated _as sub- · 
species of the samE! taxon rather than as separate species. · 

· The distribution of the 1 l western Phoradendrons by states is given · 
· in labl e 2. · .California and Arizona have the _ most tax~ with 7 each. 

The thirte~n U.S . . Pho.radendrons are desc;ibed briefly. The known 
prfocipal arid rare hosts of the 11 western taxa ·are given in Appendix I. 

· :Any corrections or additions to the host list s woµld be appreciated . 
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Table 1, . _Ptioradeiidron i~ ~he Unft~d St~te s . 

Species · Principal Hosts 
. . 

· 1. P. bol leantim sub~0

p: dens-um· . · - . ·-· · ·· ·~ .. Cypress/ Junipers . 

2. • f_. bolfeanum· subsp. pauci.florUffl White fir 

3. !.· ca11forn1cum Desert legumes 

. 4. ·P. ·capitellaium Junipers 

5. ! , hawksworthff junipers · 

6 . . !.· ~un1pednum ·subsp. . : Juni pers_ 
. Jun peri num . ·: . .. 

7. f.. Jun.1peri_~um subsp. lfbocedri Inq!ilse cedar . 

8. f.. rubrum 

'9. f.. ·serotinum ( fl a ves·ce·ns) 

, .. 
10. f . tomentosum . ·._'•r. __ 

11. f . macro~htl i um 

12. f. v.iliosuin s11~sp.·villoium 
. . 

l'3. f. vfllosuin slibsp. cQr_yae 

Mahogany 
. . . .. . 

Many h~rdwoods. 
.Known from about 110 
· species of 50 genera. 

~ckber"¥. ~squi te 

-:Many hardwoods--esp. 
. ~ttonwwod, Ash. and 

_·_ Willow . . ~nowh from 
. about 60 species of . 
. 30 genera . 

. Oaks.·· 

;Oaks 
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. · Ofstributfon : . :: 
Qre. , Calif .~ A;iz, .: • , · , . . . 

Calif ~, Ariz. · -=· :-

· .Calif.; Nev. , Arti • . - ~ --~ 
(leafless) · v:_)I 
So. Ariz . • So: N, Hex. '. · 

· so: N. He~-~. ·w; _Te~. · · 
Colo. to Ore.·, · south to 
Mexico; ColllliOn leafless 

t:~:·:11i. 1,i.fl ... 1 '(f0) 
. Southern Florida , . .. · . ._ · 

. .Eastern U.S., N~ J;, Ohio, 
. Ind .; Mo. , south' to ·Gulf. • 

Westlexa$, Okla. :·. , . 

West Texas to No, Calif . 

Ca_lff:, ore: 
Ari:r. ,· N, Hex., ·Tex. 
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Table 2 •. :01sirlbution of Phoradendron in the ·western Untted States. 

> 0 - if .·z % 0 -i i:: r .. 0 0.. · n, n, ., Ill ,+ ... 
'• - - - ... :, < X ~. )( ... .,, 0 

N ' -· 0 :r ,+ "' "' :r :,-

PHORAOENDRoN· 0 ... ., 0 . 0, 0.. X 0 .,, 
:, 0 .... :, 0, . ;_ :, ._g .g .. "' ., . 0.. "' .. , • :, 0 ... ~- n 0 

' 0, 0 :, 
. . 

: 

On Hardwoods. .. 
f.. . tonientosuni : ~-

·. 
f.. macroQhl'.1lum · '• X X X X 

, • ·. --i- .. 
f.. vi11osum subsp •. ·!il}_osuin X X 

t : v111osum sulisp. .corl'.ae X X X 
: 

f.· ca 1 Hornicum X X X X X 

., 
" 

On Conifers ' .. 
: 

£_. junieerinuni $ubsp. junieerinum X X X X X X X X 

f.. jurii eeri11U111 subsp. 1 ibocedri X X 

£.. bolieanum subsp·; ~ - X X X 
.. •. 

paucifiorum f.. bolleanuni s·u_b_sp. X X • · . 
.. 

p_. 
. . 

caeitel la tum 
• ' 

L ; X X ' 
p; hawksworthi i X X 

• . .. 
:.• · , 

Phoradendron Totals 7 7 1 0 0 2 6 4 5 2 0 0 
• ' 

1),,/arf "li.s't:letoes· (Arceuthobi !,Im spp :'} 8 10 .s 5 4 5 .6 ·8 3 6 6 3 .. . 
; ... : 

MISTLETO{ TOTALS .. : • .~ 15 17 6 5 4 7 12 12 8 8 6 3 . 
;• . • , • 

• ' : 

: .. . . ,. 

. ·· .. . 

23. 
, . 



. I' 

i. PHORADENDRON BOLLEANUM sub.sp. DENSUM (TORR.} WIENS. --This mistl_etoe 
parasitizes. junipers and cypress . It has ess·entially glabrous leaves 
from 2-3 cm long • .Its main range is from the Sierra San .Pedro ·.· . . 
Marti.r in Baja California, throughout mµch of California and into 
southern Oregon,. where. it attacks many species of Juniperus and · 

. Culre~~us. An.outlier occurs 1.r1 centra 1 _ Arizona· ·on Cupressus . · · 
ar zonica. - · · 

. 2. . PHORAOENDRON BOLLEANUM SEEM. stibsp. PAUCJfLORUM (TORR.) WIENS -~- . 
WHITE FIR TRU_E MISTL£TOE.:-This mistletoe is unique .in Phoradendron 
becaus.e of :_its extreme specificity . . Its only ·prinfipal host is 
white ·fir, Abies concolor. .Its main range is from .the Sierra San · •. 
Pedro Ma'rtirl'nBaja (;al_ifornia north to tldorado County in the ·· · ... 
central Sierras ·of California. An extreme disjunct of more than 
300 miles oc·curs iri the Santa Catalina Mountains near Tucson. . . . .. . . 

·3. ' PHORADENDRON CALIFORNICUM: NUTT. · DESERT MISTLETOE.~-The Des.ert : . 
Mistletoe is common on sev~ral leguminous desert trees and s-hrtib~ . 
,inc.ludi'n.9 mesquite-'. palo verde ·, and acacia in Sonoran _des~rts. .• 
It ranges as far nor.th as southern ·Nevada and Utah, barely enters 
southwE!°stern. New Mexico·, and extend~ sout~ to northern Sin.a1oa, ·. 
Me?(ico. ·· -Its shoots. are reddish-brown to yellowish-green and often . . · 
fcirm-largependulous 11bus.hes11 in infected tre .es.-·The .1eaves of · . 

. the, ntfstle .toe are redu·ced to· sma11· scales, making it one of the ·. 
few leaf1ess true mis~letoes • . Its pinkish berr .ies mature in . 

. winter and: .are an· important food source . for many birds . · Affected 
. trees do not usually d'ie until th.ey are heavily infected, but this :: 
mfstletoe is so co1111JOn in the Southwest that it is considered an 

· important . pest prob 1 em. by · many homeowners . . , . . . .. . . 

4. PHORADENDRQN CAPITELLATUM TORR ex. TREL.--This mistle .toe parasi ·t.izes 
.. Junipers~. · Its ge9graphic r~nge is restrict~d to central and .· .. · · 

southeastern Arizona~ southwestern Nenr Mexico and northern Chihuahua 
. and Sonora, Mexico. Its 1eaves are small (1-1.5 cm) an'd covere~ . . 
with d~nse stellate hairs . This mistletoe has not been studied ·, 
extensively ,. and its distributi .on and effect on ·1ts host .s .are .poorly known,. · · · · .. · · ·· · 

·s. PHORADENDfWN' HAWKSWORTHil WIENS (ined.) . - -This juniper mistl.etoe . 
· occurs from so.uthern.-Nenr Mexico, throughout west Texas, into _ north- _· -

ern Me·xt co. ·. The ·sped es· has 'been co•nfused with P. capi te 11 a tum- · · · 
and E· bolleanum s·ubsp·. densum. Its range, in the U.S. _at least, 
ap,parently doesn't overlap with · these othe'r juniper _mi.stletoes ~ 
ln New MexJ co, P. tapitaJlatum occurs orily west of the Rio Grande-
d.rainage while P. hawksworthii is found to the east of it , ·Thi.s 
spe.cfes· is, charicteHzed by glabrous 1eaves .1-1.5 cm long il.O.d .· · 
1-3 nm wide: . The taxon has not yet be!;!n forma-1 ly descr ibed a:1 t_hou.gh 
it was named·in the Flora of Texas (Wiens 1970). ·• · · · ·. . . . . . 1 .. . . . 
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. 6. PHORADENDRON JUNIPERINUM ENGELM. ex. A. GRAY. .JUNIPER MISTlETOE.-.-
·Juniper mistletoe occurs ori several species of junipers from central _ 
.. Or~gon east of the Cascades, south to southern 'Cal iforriia, ea·s tward 
· through central Nevada .to northeastern Utah and west-central 
Colorado, south to Arizona, New Mexico, western Texas, and into 
central M.exico. It rarely occurs on cypress (Hawksworth and Wiens 
1966); ·. the juniper mistletoe is another example· of a tr~e mistle- . 
toe whose leaves are reduced to scales. This .mistletoe is usually 
not damaging, but does cause ·extens,ve •ino.rtalitY to Utah juniper . 

. o~. the)~uth .. rim of Grand 'Canyon National . Pa_rk ·(McHenry 1934). · 

7. PHORAD~NDRON jlJNIPERI.NUM subs-~. UBO:CEDRfCWRR.)·~wirns . .'INcENSE 
CEDAR MISTLETOE.--This pa·rasite of Incense cedar ·occurs from the . 

·-sierra ·san Pedro. Martir · in Baja Californ'ia, Mexico, north to southern 
· Oregon. It 1s morphologically similar to_!:. juniperinum although 

the shoots tend to .be longer and more pendulous. · . . . . . 

8. .PHORADEtiPRON RUBRUM {L) GRlSB. MAHOGANY MiSTLETOL-~This Caribbe~n. 
mistletoe occurs in a few localities 1n·the Everglades and .. ori Key · 
La~go 1n··southe.rn Floriqa (.Crai.ghe~d l971) .. · · . · · · . . . · 

_9. · PHORADENDRON SEROTINUM (RAF.} M. C. JOHNSTON.· EASTERN MISTLETOE.--
·ihis. except for P. rubrum· fo extreme southern Florida, is the only · 

. Phoradendron .in tne East. It ranges from New Jersey, southern . · 
Pennsylvania, ·southern Ohio, southern Indiana. southern · Illinois, · 
and southern MiS:so~ri. south to the Gulf. · 'It fonnerly occurred · , 
in New Y,or~ ·State. b.ut is apparently extiryct · there now (Britton 1884). 
The western 1im1ts of this taxon and fts relationship to the 
w:esterh £.. tomentosuril are poorly known. This mistletoe has a vast 
ho·st range of more ·than - 110 species of hardwoods in about 50 genera. . . . . . : . · . .. 

10. PHORADENDRON TOMENTOSm (D.C.) GRAY:--This 'mistletoe attacks primarily 
hackberry ·_and mesquite, but occurs on more .. tpan .so othr;r hosts in 
Texa·s and .Oklahoma. · lt has large leaves and is densely hairy : . It is . 

· the _prima•ry species used comnercially for Christmas fe·stivities. " . . . . . . . . . . . 

· 11. PHORAOENDRON MACROPHYLLUM: (.ENGELM.) COCKERELL.~-Thismi.stletoe 
parasitizes several hardwood species, especiall_.y cottonwood, ·wa 1 nut, 
ash, .and sycamore. Ov~r _30 genera and 60 species of .hardwoods have 

· been repqrted as hosts for this mistletoe. It is distributed from . 
. nor.thcentra·1 Cal iforrifo along the Coast-Ra-fl9E-S-a-nd Sierra---rt1~-0a-- -· --,---'---
foothills into southern Arizona and-New Mexico, and south into . · .. · 
northern Mexico and western Texas. This mistletoe has been con- · 
sidered to be a subspecies of P. ·tomentosuni (Wiens i964) but we . . 
now. regard it .as specifically distinct.{Hawksworth and Wiens 1979). 

: It is .dama,gii,g on may orchards .and ornamental trees in central . Cal ifornfa. . . . . . . 
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12. PHORADENORON VILLOSUM NUTT. OAK MISTLETOE.--Th1s common mistletoe . 
attacks $everal species or oaks (and sometimes other _trees) from.: . 

. Baja California, through California, north to nearly to Portlan_d, 
·. Oregon. · It' has leaves 2-:4 cm wide ~nd is densely ha)ry .With .s}rnple hairs . · · · · · · 

13. PHdRADENORON VILLOSllM subsp. CORYAE (TREL. ) WIENS. SOUTHWESTERN • .. 
·. ·•o).K'MISTLETO~.--Southwes·tern ·.oa.k mi$tletoe ·is conirion-o.rrseveral. , . . 

· oaks Jn the Southwest. It is · distriQu~ed from central Arizona. . ·· 
south into · Sonora and Chihl!ahua, Mexico; w~st thrciugh ,southern .... 
New Mexico and into western Texas. · This mistleto~ has yel.lowish-
green shoots, : smaJJ oval' i eaves with . s tel 1 ate h& i rs, an~ produces.·· 
large white berries which mature •in .mid-winter. . . 

.DAMAGE 

Afthough the. Phorade~d~ons are· generally ·not as . damagfog as the 
d\-Ja rf mistletoes, th~re a .. re ma rty instances where. they are 1 ocal 1 y 

· serious parasites. The 1 eafy mi$t1etoes are ·essentially "water 
parasites" and are less demaridirig ·of their hosts than the dwarf 

. mistletoes which are dependent ori their host.s fo_r !:10th water and 
mi nera 1 s , an~ other nutrients. . . . . 

. . . . -. . . . ' . . . . . . . . . . . 

Ve-ry little information i~ ·~vailable on the effects of Phoradendron. 
on the· growth rates of infected . trees . However, abnormally high _. · 

· mortality rates as~ociated wf th heavy mistletoe infection ~ave been . . 
reported for several _host:-parasite coinbinations, P. juniperinum. on ··· 

· Utah·juniper at .Grand Canyon, Arizona {McHenry 1934}, P. ma·crophyllum. 
on cottonwood· 1n southern New Mexico (Ohmart et al. 1917.), P. t()mer,ito'stm1 
cm· hatkberry . in cenfral Texas {HawRsworth, unpublished observa t1ons); 

· and£_. serotinum on water oak in . sou~hern Mississippi (Eleuterius 1976) . •. 

Phoradencfr~n :polle ,anum subsp. 'pauciflorum isfrequently associated ' 
with dead tops fn white fir' in California and Arizona. Not only are . 

· vigor of tops affected but, since most white fir cones are produced 
near the tops of the trees, seed production in affected trees . is 
greatly reduced {Fowells and .Schubert 1956, Felix et. al. )971). · 

CONTROL 

At present , control of Plloradendron is seldom practiced or needed 
in forest situations, other than removal of infected trees .when· 
practical. However,· control is often needed for ornamental trees, 

• where values of .i,ndividual. trees may pe high (Johnson 1977, Scharpf 
a·nd Hawksworth· -1974, Walters 1976). . . ·· . · ·. · · ·. . . 

Control is most feas.ible when infestations are light, once trees 
become sever!=!lY infected, control requires more drast.ic nieasures and 
cooperation o~ a_djacent landowners. As all these mistletoes are . 
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evergreens, · it is easier · to detect theni in deciduous hosts ·during the · 
dormant season . The most effective mistletoe c·ontrol ·;s to ·prune 
out all infected limbs yearly. ·· A safe guide is fo cut 'off th-e limb 
1 foot or more proximal to the mistletoe shoots closest to t_he .. 

· bole, preferably at tli~ bole. · For mistletoe :sh·oots that occur on the · 
main stem, control niaY be ·practiced by (1) merely knocking off the 
·shoots every .tor -2 years, or (2) by knockin·g off the shoots and 

. wrapping;the affe ct ed ar ea with a band of blac~ polyethylene wide 
.enough to exclude 1 ight, arid tying i_t tjghtly with twine or tape. · . . 
If _the plastic is left ·fo place· for a year or ·so, : the root system of · 

. the mistletoe i's said to be kil _l ed (Johnso.ri l !f71) However, 9ther_s 
have que_st1oned the efficiency ·of this method so fu·rther tests are 
needed, · 

· : Several herbicides, mainly 2~4-D and ~imii"ar compounds are ·effective 
against Phoradendron in walnut orchards in California (.Bay_er et al .. . • 
1957, Graser 19~4) and. in pecan_ in Flori_da· (French· 1'970). · · 

Bayer , 
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APPENDIX I. HOSTS OF PHORADENIJRON IN THE WESTERN UNITED STATES 

PHORAOENORON 

P. bol,leanum subsp . denaum 

P. boUeaniun sl.ibsp • . 
paw:ijlorum 

· P. 'c~Zif~niia:w,; 

P. oapiteZZcitwn· 

P. 'hai.Jksworthii 

. P. juniperinwn · subsp. 
_juniperinum 

COMMON HOSTS 

Cupressua arizonica 
Cupresaus bakeri 
Cupreeeua goveniana 
Cupressua macnabiana 
Cupreesus sargentii · 
Juniperus oalifornica 
Juniperus oooidentalie · 
Juniperue osteoeperma 

RARE HOSTS 

Cupreseua macrocarpa 
nnua monophyZZa 

Abiee oonco Zor . Phoraden~on bollecznum 

·Acacia · oonstri .cta · · 
Acacia .farneeiana 

subsp. pauoijlorum 

. .Acacia _greggii 
Acacia . rn:i,llefolia 
Ceroidum jloridum 
Cercidum miorophyZZwn 
Dalea· spinoea 

Baccharis viminea 
CaZZiandra hwrriZie 
Ceanothus sp • 
Condaiia Zyoioidee 
Condalia me:ricana 

·. Co,-,.dalia ·spathulata 
Foquieria spZendens 
Fra± inue sp. 

29 

OZneua tesota 
Pi:Irkinsonia-acuZeata 
Prosopis juZijlora 
Prosopis pubescens 

Juniperue deppeana 
Juniperus erythrooru-pa 
Juniperus monosperma 
Junipe?'US oeteoaperma 

Juniperue ashei 
Juniperus deppeana 
juniperus erythrocarpa 
Juniperus jlaccida 
Juniperua monospel'77Ja 
Juniperus pinchotii 

Juniverus caZifornica 
Juniperus deppeana . 
Jwiiperus erythrocarpa 
Juniperus jlaocida 
Juniperus monosperma 
Juniperus occide ntalis 
Juniverus osteosverma 
Jur.iPeru s saopul~rum 

Larrea divaricata 
Phoradendron caZifornicwr. 
Phoradendron macrophyZZum 
Pith eoeZZobium confine 
Sirrvnond.sia chinensis 
Tamari.:c SP. 

Chamaebatia:r-~a 
mitlifolium 

Cupreesua arizonica 
Cupreesue bakeri 
?in~ monophy.ZZa 



· PHORADENDRON . COl+ION.HOSTS 

P. · ,iunip11"inw1f· subsp·. 
Zibooadri _ · · 

•.·. 
P • . -tomento4n111 · .-Acaeia {ll'eggii. . · . 

Celtis retieut.ata 
Pi'osopis julifl,oN (Note: · The dis trfbuti on 

of this taxon .Jnd the ·ea-stern · 
·. P. · se~tim,n ( • P." flave.ecens) 

_. · are not yet understood ·. Only · 
the ho$U ·1n west Texas are · 

.. lfste _d here). ·_.· . 

Frarinw, cuspida~ 
Frta.tinus dipetala 

· Fra:r;il'IUB 1.ati f Olia 
~nus vaZutina 

. Juglane ·catifornica : 

'··· • .... 

Juglans hindeii · 
Jugt.al'IS major 

· Platanua rac11mosa 
Pt.atanus ·!Jrightii 
Populus fre monti,_i 

· Sali:i: e:daua · 
· Sali:i: fluviatilie 

Sal\:& eooddingii 
Sati:i: laevigata 

, Sali:i: lasioZ..pis 
· Sati:c fligra 
· SaZ.i:c . ta:rifolia 

·-3b 

RARE .HOSTS 

· C'htwaecyp<Zri• · z.ai.,soni~ 
Phorcuundron bolZeanwn 

subsp.-· pauoi{lo.l'Unl . 

Frazinua s p. 
Guditsia triacantho, 

· Jugl(Zl'II mic~carpa 
Qu8rcut gravesii 
Robinia pseudoaoacia 

Ac,r macl'ophyZlum 
Acer negimdo 
Ace!' saccarinum . 
Aescutus caZifomioa 
Alnus oblognifotia 

· Alnus rhombifoU-4 
Betut.a sp. 
Carya · pecan • 
CeZtis .a:ustl'ali• 
Ce!tis re.ticulata 
Celtis sinensia 
Cytisus proliferus 
Dio_11pyrot kaki 
Diospyroa 'lotu• 
C>i.ospyros virgin _icma 
Eriogonum paucifloi-um 

· For~atieN sp. _ . 
Fra:cinua ameri.oanum 
Gteditsia triacanthoa 

_ Jugtans nigra 
Juglana · regia 
Madura pc,rnfera 
Halue ayZvestri• 
Niootiana g uiuoa 
Platanus ac2rif0Zia 
Populus anguetifoZia 
PopuZus dltltoid•• 

: PopuluiJ lfi~ 
_-Populu, trichocarpa 
Prosopis JuZif1,or<;z 

. Prosopie pubescen, 
Prunue sp. · 
Pimica granatl#II 
Pyl'Ms cormnmia 

. Robinia pseudoacacia 
· Sali:c baby?.onica 
Sapindus drwmicndii . ut.n,u, americana 

. _Ulnrus parvifo'Lia 
ll'l.trna r,umi. ta 
tfubellaria califo:rnica 
Zelkova eeJ'?'ata 



PHORAClENDRON COMMON HOSTS RARE HOSTS 

P. viZZcsum subsp. villosum Quercus agrifolia Acacia sp . 
Quercus chrysolepis Adenoetoma fasciculatum 
Quercus douglasii Aesculus californica 
Quercus dumosa ·Alnus rhor.:bifoZia 

- Quercus durata Arctostaphylos manzar.itc 
Que:rcue garryana Arctostaphylos patula. 
Qucrcus kelloggii, Castanea dentata · . 
Que:ri::us lobata Castanopsis semperviren.E . 
Quercus ·Xmoreha · ·Ceanothus cune.at us 

. Qu,ercus t urbinella Cercocarpus . betuloicks 
Quercus LJisZizenii C~rc ocarpus brevifoZiuE 

Frarinus sp. · · · · 
Lit hocarpus densiflqra 
Phoradendron-bolleanum 

subsp. p~c .ifZ,qrum 
Pho:radendron.vilZosum 
Populus ·nigra 
Prunus persica 
Rhus diversiloba 
Rhus integ-rifolia 
Robida pseudoacacia 
Salfa sp . 
. UmbeZZuZaria californicc 

P. vil-1.osum subsp. coryae . Qu,e:rcus arizoni"a Acacia amentacea 
Quercus_ chrysolepis Berberis nevinii 
Quercus dunnii eel.tis :reticuiata 
Quercus emoryi: Condalia . g'lobos_a 
Quercu$ gambelii Forestiera neqme:ricana 
Quercus ~avesii · F:ra:cinus velutina 
Que:rcus grisea jug -Zans major 
Que:rcus hypoleucoides Phoradendron juniperinwn 
Quercus oblongifot.ia Populus sp. 
Quercus pungens Prosopis sp . 
Quercus :reticulata Vaguelinia californica · 
Quercus toumeyi 
Quercue turbine Ha 
Quercus undulata 
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BLACK STAIN. ROOT DISEASE IN COLORAD~ 

Lirin~a S , Gill~ari . 

SUMMARY· .· 

' \ .. . ·. . ; :•: 

Verticicladiel1~ wa-generi.i' a pathog~n 'on p"ines a"nd Do_uglas;.fir ~o -~he_ .. 
_western United States; · is c:ausing morta1ity _of pinyon _in western · . 
Colorado. Fores·t tnsect and Disease·Managemen·t (USDA Fore.st Service) 
staff members,-in cooperation with Mesa·verde National Park and the . 
Colorado StateFor~st Service, have been investigating the problem. 
We perfonned ae·rial and ground surveys· in .1975. :t_o determine the · 
geographic distribution · of' the ·disease, and in 1978 w·e began an · 
evaluation in}1esa Verde National Park to determine the effect of t . 

. • wageneri i on pi nyon · · · · · 

·1975 COLORADO SURVEY 

Groups or' d.ead .and dyin.g pinyon:were mapped from the air throughou_t 
the pinyon-juniper type. :Stands with· possible disease centers were ·. 

· .· checked on the ·ground by sampling the roots arid ·root collar. Those 
. · -with the typical. black stain were taken to the laboratory for .. · 

confirmation of ~)a~k stain root by cultur _al isolations. · 

.The disease was to b.e present throughout the range of .pinyon 
west of the Continental D_iv_ide·, but" was ·not detected .in any trees 
in eastern . Colorado.·· So far, the .Divide appears to · be a barrier _ to 
the easterr'I sprea~ pf the disease. . ... . . ; . . . 

One disease · center ·was excavated, rev~a.ling r:iunie.rous root co·nta~ts. and 
several ·grafts · through which Jhe fungus h_ad apparantly sp~ead • .. . . ·- . . . . : . . . 

., 
In Colorado·, the .. d_isease occurred on t~e better pinyori sites;. those 
with coole·r and more moist ·environments. · This observation ·1s in 
agreement with studies in California in which the disease was more 
conman on ·sites :with high soil moisture. - · · . .. , . 

. MESA- VERDE NATIONAL PARK .. 

Mesa Verde 1s ·a··s2,ooo acre -N-ational Park in the southwes.tern "Corner 
. of Colorado, with elevations of 6,500' to 8,500 fe.et . : . lt i_s a fl.at . 

tableland dissected by" deep canyons into somewhat isolated areas / . 
- calleq mesas~ -·The Park'.s climate is classified as a co-ld, middle · · 

latitude, ·semia"rid one. Average yearly precipitation .is · 1e inches . 
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. The Park fs. ii th~ pinyon.;,juni per cl 1max region, and the 1;1'.'ees grow -
_taller arid c1oser together tha·n in the type region generally. In., the 
higher parts ·of the· m·es·a, -ffre ··p 1 ays an important ro 1 e in contro11 fog .. 

·. _the vegetation typ·e: ' Succession after . a fire · results in. a .dominance. . · 
of brush after 25 years, ;and a thicket after about· 100 years_. The_.: .· · 
pinyon-juniper type ·gradually ta~es over aft _er s·everal hundred years . . 

· The present . pc,ncy. of fire suppresston is gradua,l ly resulting in ~he .. 
pinyon.:.juniper,'for.est replacing the fonner ·extensive shrub vegetati-on . 

. The Park _is pr~seiltly concerned about the many dead and dying pinyon' 
that are throughout"the area. · This _decline was first confinned-as 

· the black s.tain root diesease by' J. L. Mielke in 1942. . In 1933 and 
1934, 12,000 dead ~nd dying•pinyon fn the ·park were cut and_ burned, · 
and stump sampling 10 years later showed the typical stain of the . 
disea_se in a ·1arge proportion of the -trees . This disea·se has undoubt-
edly been_ in the par_k for _ a long tiine. · · · · 

The pinyon"'.jui,iper stands in Mesa Verde are approaching ·climax, but the 
·structure is not typical of a ·climax stand. There is a lack of .old 
pinyon and an abuodance of much older juni per. _This st,1ggeststhat 
some factor has adversely affected the pinyon component of the stands ; · 
One possibi_lity is :the black stain root disease, _which we have observed 
to be predominantly killing :mature trees .. Wagener and Mielke observed 
that losses of_ mature trees have beer( heavy, 'bt1t sma11 trees with · 
1 imited root systems escape- and form the nucleu's of a new stand. _The· 
juniper is unaffected by the' disea_se. Another factor which may have 
caused the youthful pi nyon stands is a severe . drought ·that occurred . · 

• in the southwest_ several centuries ago that _caused much die-out of 
1 ess resistant tree species. · 

Our current investigation of the pinyon mortality problem in Mesa 
. Verde began_ in May 1978 with aerial reconnaissance. · In a total of . 

28,000 acres ·of pinyon-juniper type mapped, there ·were approximately 
175 disease cent~rs that contained pinyon with red foliage. The -, 
centers va ri !;!d in_· size fro_m pne tree to many acres -each. The centers · 
were located thro~ghout the park; including high visitor use areas . · · 
Ground checks of many centers confirmed the presence of black stain 
root dis e~se. . in every center of dead and _dying pi nyon - . . _ -

Our next··activity was a reinvestigation of a permanent plot set up 
by Mielke in 1944 .. He marked 73 trees, of which 5 were dead of 'f_. 
~agenerii. Mtelke followed the plot ~nnt!ally over eight years, and 
du~ing this tiie .the •disease killed an-additional 28 trees and spread 
a distance of 38 feet. , Tn~ next count after 1952 was· in 1972, when 
there were. 56 dead tr ·ees, an average ·of a 1 ittle over one per year . 
No new _rnorta l i t.Y has occurred between 1972 and 1978. This center was . 

• -:apparantly very active in the 1940's, but now has stabilized. The 
abundant younger pinyon reprQ-ductfon is so far untouched by disease, 
and we have mapped_ the reproduction to fol low its progress . 
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Our observations in the Park indicate that centers are active for a 
time and then the disease apparantly slow$ down or stops. ·· Th~ ·. ·' · . 
assumption is' that the undfseased reproduction then establishes a new 

· pinyon stan~, since the fungus 1s not a saprophyte. in the rema·iniilg . . . 
dead stumps.· In order to bet.ter understand the spread· of. the dis¢ase,- · 
we have established permanent. pl_ots in .disease centers in s_everaJ ·_·.· 
locations throughout the park. New mortality will be mapped" _over the.- . 

· years, ~nd wf will be able to plot the rate of spr·ead a_nd longevity ':"·' 
of a ~enler 1n a variety of habitats. . · . . · · . · · . : . . .. , • ., : . . . .. .· . . . .. ( 
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· WIFDWC 1978 

· THE CURIOUS ANATOMY OF ARCEUTHOB IUM IN REGARDS 
· -·. TO HOST/PARASITE WATE.R RELATIONS AND TRANSLOCATION 

, : M • . Caro 1 Al os i l 
. ···. : 

. . . .. . INTRODUCtlON 

One of the m~·st hel pfu1 conce.pt_s t·o· use wheii dea·l,i~g with the interactfori ·_ 
-.of plant stucture .and function i's :the ·apoplast/symplast concept (9-). 
This cqncept· compartmentalizes the total plant body into .a nori•.1 iving coni-
.ponent of cell _wa1ls and intercellular ·.spaces--the apoplast; arid a living 
cytoplasmic component--the symplast. Components can be dealt with as iride- · 
pendent continuous systems isolated from each other but still interacting · 

. by virtue of _the· unique pr-0per_ties of ttie plasmalemma. Molecules, ions · 
·and microscopic pathogens may niove about or be concentrated in quite di f-
rerent mariners <;lepending· on whether they are apoplastically or symplasti- _ 
cally held. · Th.e protoplasm of tbe symplast is· interconnected by ti_ny· 
cytop1asriiic channels through the ce.11 wa,11s . . These channels., which join 
adjac~nt cells are termed phsrnoqesmata: ihus, _sugars' anq metabolites . 
may l)10Ve from cell to .cell tbrough these chanriels'without leaving the ~ym-_ 
plast, whil.e other substances such as water a:nd minerals may t~vel for · 

. long· distances · through the free space of . the _plant b~dy apoplast .with- ·• 
out leaving cell -~a1ls or intercellular spaces to enter a ·1;vfng cell. 
Despite thefr "'independency, the apoplast and symplast still ftJhction in a 
state of dynamic equilibrium with each other since water-.;.a sort of ther-
modynamic equilibrating factor ;.-moves freely across _the plasmalenJna from· 

, one compartment to another (9). · · 

Whan a plant _becomes infected w·ith an obligate parasite, apoplastisymplast 
compartmentalization bec~s more complex since a duality of systems is 
involV~d. ·· However,. the physiology of the host/paras ·ite . relationshi'p can 
perhaps be more :meaningfully. understood when the ·physical relationships of 
host 1 s and parasite 1s apoplasts and symplasts are kn.own. For example; the 
water and mineral . parasite may integrate its apoplast with the host apo;,. · 

· plast in such a manner_ as to form a colmlon, apoplast. With no apop1astic 
barriers isolating the organis1_11s, the flow of water and nutr:-ients_ can be 
a passive process governed by thermodynamic laws. ·. The holqparasite mµst 
not only channel apoplastic flow into parasite regions of the ·conmon apo-. 
plast, -but must also affect translocation in the host symplast so that 
symplastically mobile nutrients are made available to -the parasite! 

: OBSERVATIONS ANO DISCUS$ION 

The success ·of an obligate parasite might be.Judged on how effe.ct .ively 
· the parasite can a_cquire butrients while still allowing the ~ost . to . 
maintain a level of vigor supportive to the continual presence of the 
parasite~ ·.: .Based on these criteria the .dwarf 'tnis_tle _toe, Arceuthobium, is 

.1Research Associate , Dept. of Plant Pathology, University of California, 
Berkeley 
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. · a holoparasite of ·coniferous tree _s that appears to be a very successful 
_.obligate parasite. It integrates its endophytic system with host vascular 
. tissue in such a manner so as to reinain associated with nutrient-rich host 
. tissue for mar:iy years. ·-This association ·creates a minimal aroount of dis - . 
r1Jption of normal host tissu ·e. · The unique tissue arrangement is achieved ' -· 

·· through the establ ishme_nt of meristema.tic parasite tissue in the host 
. cambial zone (-ll)~ . l~ith.in the cambium, parasHe tissue becomes associated · 

with host ray initials and derivative production to the xylem and phloem . · 
· sides of tn:e cant>jum is. coordinated with host tissues. Fig. l illustrates 
the relationship of e.ridophytic tissue with the host stem. Eventually para-· 

· site tissue be'con\e.s so successfully incorporated into what appear to be 
multisetiate rays that~ without. special histochemical techniques or phase . 

. contrast microscope optics~ ·one sometimes cannot tell .host cells. from . . . 
paras ~t,e c~n s. . . . . . 

- . ·-. . .. 
. In both. l.ight and.e_ie¢tro_n •microscope studies the mistletoe cell walls 
often appear fused w·ith the _surrounding h.ost ray cell walls and pit-Hke :· .. ·.• . . 
regions _are seen in the ac:ljoining walls~-·· The· light microscope does not · · 
al low one to determine whether or not ·plasmatic connections between host . 
and parasit~ ·ex;'st in regions of \'t~ll thinnings. But electron micrographs 

. of thin wall regions between hemlock cell's ancJ parasite ·cells shows that, 
altho .ugh _the wall . ~hi_.ns t9 only a fraction of. a mi~ron, there is no mem-

. · brane fusion between. the two org·anisms in this area. In some pfoe-Arceu,;, 
. thobium _associatio.r)s, there. is a tendency for half plasmodesmata to be , . . · 

.forroed on the pine side of the· contiguous walls; but the plasmodesmata. - . , ... 
end blindly Without joining _ with the dwarf mistletoe protophst. An · · 
extensive light and e1ectron microscope investigation has allowed me to 
conclude that Arc·euthobium-infected tissue .can be considered in terms of 

· ·. three compa'rtments: · 1) a liv .ing continu·um of parasite protoplasm ... the 
· parasite syinplast; 2) a 1 iving continuum of host protoplasm - th_e host 
· . symphst; 3). and, a)::ommon apoplast. . ._. · .· •. -' · . . · 

. . . . • _. ; . ! . . .... ;" :. ' · .. . . . ·_ j . 

The apo.plastic :continuum between· h.ost and parasite allows \iirect access to 
apoplasti~a l ly lll()bile nutrients > But -~ach of the organisms' symplasts 
appear to remain· distinct . · · 

. . . : ' . 

Arceuthobium obtains s~bstantial amounts of host-originating photosynthate 
(5-,8). Photosynthate is symplastically translocated (2); but since · 
Arceuthobium does riot appear to have direct access to these nutrients · 
thro·ugh interspecific symplastic continuit1es ·, the only way Arceuthobium 

· could accumulate:· products of host photosynthesis is by leakage cif the·se . . 
·host symplastica11y held nutrients into · the corm,on apoplast. · Nutrients 
may then be distri~uted passively and apoplastical ly within par~site cell 
w~lls . . Additionally, n1Jtr.ierits rooy be actively _loaded into the parasite 

. symplast through ment>rane-mediated events.· . . . , • ' . . . ' 

. . As far as.is kno~n th~·r:e 1s' np _specialized tissu~ (such ·as phloem) in -
Arceuthob1 um;. that fu!'lcti_ons to concentrate and rapidly move carbon-based 
nutr1~nts· ·acquir~d _from the · host to ·oth~r regions· of . the par<asi te symplast . 

. ·•· . . . . . . . . · ' -. . . ; . ' . , -· ·. . . . 

· 36 



Thus, it must be. assuined· that nutri~nts are distributed through the para-
site symplast by diffusion thro_u.gh' plasmo.deslnata~ ,The rate of diJfusion 
will be influenced by protoplasmic str~arriing a'nd/or a symplastic pre.s.$ure 

· gradient. The presence of a sympiastic pressure gradient is _suggesteci'' · 
by differ~nfial distribution of starch through:•the parasite plant body. _· 
Starch is not foun_d in the most of the endophytic· systerri, but :;s : s·t9red _·: 
in the aerial shoots. This. situation ·;s the ·reverse of thaCfound in most 
plants, :where starch ts heavily storec:I in the .. ro.0ts, with lesser amounts .. 
in the a_erial portions . . · Starch synthesis, it wi11 be recalled,' lower:s the ··. 
osmoti.c concent,ration ·of the cell by removinf dissolved sugars . from .th~ ... 
-cytoso1. -·Therefore. - lacfof starch -stores · in the endophytic system·near : .. ·· 
the -source. of o~rootically -active carbon-~as·ed_ n~_trient .~ will 1rite_ns.if.Y,. a· :·. 
solute gradient toward the· aerial shoois--where solute ·concentrations :.:are 
reduced b.>1 polymerizing sugars ·1nto ·insoluble starch stores. · ·_. . ·· 

Differential. star .ch storage within .the ·parasite .. symplast ,nay "enhance "the ·· 
rate of diffusi9n of solutes through the parasite plan-t_.body~ but .it J s ._ · . 
1 ikely that there are other ways· fo·r the parasite to_ ma:J<e.,n\Jfr.ient acquf • . ,.· 
sttion _ and translocation efficient ; . Some ·inv·es_tigators __ have ·proposed .. · · 
the existence of _ a phloeotrach~id system in certain parasltic _angiospenns 

-· devojd ·of phloem (1,7). -_Jhis term implies toat the xylem may f!lcilitate 
the translocation of carbon-based nutrients in addition · to normal tra.- . . 
cheary nut_ri~nts. : Howevert· it .-is .diffku ·lt t9· see _tiow s"i.1gars' or other ··•· 
host-originating nutr"ients coul(I be concentrated selectively in the .· ·_-_· .:• 
xylem since no· apoplastic barriers (sucli as the casparian )fr .ips of. roots) 

- were found. It seems mor·e pla·usible that carb_cin solutes · le_aked frol(thE! .· . 
. host symplast are distributed throughout the whole of the apoplastic tegion 
as_sociated with ·endophytic tissue .and further thro.ugh the apoplastic · 
conti_nuum into · the_ aeri a 1 shoots . · · · -

A problem to consi"der in developing this . hypot.hesis is: how could nutri-
ents ·be pr~(er~ntial ly :distributed to apopl ast regions around Arceutho- . 
bium _cells and then _passively t .ransloc~ted into ._the . aerial shoo_ts? _ 

To answer _th.is qu;stion w~-must consider water potential .·co"r,cepts· .. _ "' 
Water flows "downhill." from a region of high water potential to lower 
potential, in order · to equilibrate different region$_ of a ··ccmt"inuous 
system._ Substances dissolved in the water may be f_lµs.hed __ :along with the . 
water provided there are no barriers to the solutes along the pathway. 

_ ,'I\~ ~'\m~,~~t -Ycl'm\lh. tQ o'ota\n a ~a'\u.e at ~ater "9oten't.\~'\ \1) at a g\'len 
region in a system is given by: '½'_ = P~n (13) . . · Where P .is_ ·usually thought 

· of as· a mechanical pressure such as turgor pressure and n ·js the solute 
concentration _ ex.pressed as ·osmo"tic preSSl.lre._.: p in the_ apopl~st c,ften . 
has a negative v~lue. This is due to the tension or pull ori the system 
that is ·generated by evaporation at air/water interf~ces. 'During p·eriods 
of transpiratjon t~e closer to the regions of evaporation (stomates, 
cuticles, 'interc _ellular ·spaces ·10 leaves) the .lower the water .potential . 
due to th@.intr~asingly negativi P.· · · · 
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Scholander, et al (.10) using the· pressijrEi bomb apparatus he designed, _. 
compared water pote_ntial values of host and parasite and determined· that 
the parasites he tested always had significantly lower; water potential ·-. -:: 

. values • . :Before Scholander·, oth'er investigators have demonstrated that some 
: . parasitic angiospenris have higher transpiration rates _t~an their hosts ' · 

under certain con~itiqns (4,6,12) . · · · 

·_ Rec~ntlY Ffsher (3)· stud_ied water relations of dw~rf mistletoe on pine . -'· 
under various conditions of water stress. His results show that Arcet1.;'_··. 
thobi_um _·is capable of genetating significantly lower ·water potential in - · ·, · 
its aeri.alshoots ·a·s compared to ,host branches·.· ·The·res4lts given in .. 
his thes_is· abstract . seemed to indkate that high transpiraticm rates of ·the 
parasite were responsible for the· low water potentia·1. - . · · -' · - - · . :·-

Since trans ·piration rates are strongly ·a function of the leaf or shoot _ . . 
. _anatorey (9) _it is very disturbing to try to correlate Fisher's physiological 
mea.surements" with ·dwarf mistletoe aedal _shoot anatomy. The stem and ·' 
leaf of Arceuthobiuin appear··to be designed to produc·e a high resistance 
to transpiration _rather than to promote tra .nspiration. · 

· ·Aerial ~ho~ts o(Arceuthob .ium appear leafless an~ ·exhibit a low surface 
. to volume ratio characterist ._ic of xer.ophyti'c or drought toleran _t plants. 
· Close examination of shoots s·hows that Arceuthobium does have 1 ea:ve·s but 

they are small structures ·cupped around the· nodes . . A·cros-s _section through 
one of.the smallArceuthobium leaves reveals marw more modifications · 

. that ·may _reduce··transpiration rates {Fig. 2). - • · . . · . _. · · . . . . 

1.-.' Not~ th~ clo·sely pa~ked cells. · .-There :is no arrangement . 
. into the typical dicotyledonous leaf structure of spongy _ 

mesophyll and···palisade tissue. . . ·.· . _ -· 
. . . . . . . 

. 2 •. : Alsq .~ot~'_\h ·e:,~-lmost co}flplete lack of a s~- .stomat~i:·· _·.' ·.· •. 
chamber subtending the ·guard cells. This feature; like · the 
sma 11 amount of intercel 1 ul a r space throughout the leaf · 

· reduc.es the evaporative surfaces from the apoplast arid limits 
the 1eaf 1 s abi_lity to generate high saturated vapor pressure 
values and apoplas·tic tension. ·These factors in turn would 
-r~duce Jhe rate of · transpiration through :the stomata. 

3~ . The.' guard _cells are partiallY covered by over-arching acces- -
-sory cells to produce a small antechamber just above the stomatal 
aperature. · This feature enlarges the boundary layer of lldead11 

'space around the pore· and reduces the· effect of convection on · 
--_ tr:-~nspi ra,ti .orL · · 

· 4 . finally, ·· note thJ thick .cuticle of the Arceuthobium leaf .· a · -
. ·1119dification that reduces water loss from evaporation of water ' · 

· :_ -.· · frQm .the epi denni s·. -.· '. . : . . . ... . 
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These features .of Arceuthobi .um leaf anatomy- - low _surface to volume rati .o; 
1 ittle intercelluiar space, lack of a sub.stantial substomatal chamber, 
sunken guard cells, and thick cuticle--do not support the conclusion, 
based on the available physiological data, that Arceuttiobium maintains 

· · 1ow water potentials within aerial shoots solely .by high transpirati .on 
rates. · · · · · 

But is there another method .reconcilable with par~site . anatomy that . 
might account for the parasite ' s ability to mobilize \'later .and nutrients 
into the aerial shoots? · · 

It will be ·recalled that the only t~·e'rmodynamical1y-acceptable .way for 
water and nutrients to flow preferentialli into parasite regions . of the 
host/parasite apo.plast, and subsequently out irito .the aerial. s.hoot por'- · 
tions of the ap·oplast, is by the existence ·of a water potential gradient 
between the court of the infection and the aerial shoots. 

Inthe waterpote,ntfal .formula given ··earlier '¥. =P-1t, a riegative P value 
is an indicatio.r1 Qf tensi .o.n . in the system due to transpiration; and 1r is · 
an indication 'of the solute concentration. · Because· ·of 1:he contribution of 

. 1r,itis not necessa? forPparasfte to ?emore ".~gative (fodicative of 
·.higher transp~ration .r~tes} than Phost in order to . gen·erate a low ~ater . , ... 
potential, ·as long .as ~paras .iie is greater than ihost' · Th~~• apoplasti .c 
solutes (1r} in the parasite regions may be a contribt,1ting factor to the 
generation of ·wat.er potential differences between parasite and hos.t ~ ... ,-.. . . 

I see the possibil it,? of a connection between the ·ability to low.er water 
. potential values by apoplastic solutes and the lack of phloem tis sue 
in Arceuthobium and Qther ·parasitic angiosperms: 

Ph.loem is a· soi ute concentr~tlng tiss .ue~ If host-originat1ng sol µtes . 
were removed. from the apoplast, · concentrated in phloem, and then stored 
fn fnsoluable forms, the ·ability to generate l<>Wwater. potentials in the. 
apoplast by solutes may be diminished . . But, by allowing Telatively hi'gh 
solute concentrations to persist ·in the apoplast, the parasiie fa able . to 
utilize these solutes to steepen water potential gradients between host and 
·p~rasite tissues . . A dual system, utilizing both apopl~stic solutes and 
transpiration :would allow the parasite to maintaiff a competitive ver-
satility under various environmental conditions.· : · ·.. · · 

These hypotheses have been generated by my c~nviction that 'pfant .struc-
ture is i!'ldicatfve of function. y,fhere structure do~s not appear to. 
support conclusions ·based pn quantitative data, it may be necessary to 
reinve~tigate the problem to try to reconcile an apparent conflict in 
structure and function. . . · · · 

{ .· · · · 

·Fisher compared host and paraslte transpiration rates under stress con-
ditions using the cuvett/phychronieter method for determining water 195.s. 
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Perhaps the _potom~ter ·methodt where cut stems. are suppl 1ed pure water 
might allow ·•different interpretations. Also, 1t would be interesting to 
know H . under cci"nditions of near zero transpiration, whether parasite · 
aerial shoots could still maintain lower water potentials than the host 
stem. Another a·rea for investigation that might clari _fy aspects of · 
Arceuthobium n1,1trition is microautoradiographical study of soluable sub-
stances t!) try ·to .detennine if host originating carbon compounds are, · .. . 
indeed,:·distributed through the parasite's apopl~st, . . · ·. . . . . . . . . 
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WIFDWC 1978 

HOST-PARASITE !NTERACTIONS OF CRONARTIUM . 
. · RIBICOlA AND PINUS MONTICOLA 

· Nei.1 E. Martin 

. \ . 

Cronartium ribicola is. a macrocycl ic heteroecious ·rust that causes the 
biister rust 'disease of five needled pines . This fungus produces haus-
toria in both ribes and pine -hosts that differ in appearance ·and anatomy . 

. . · . ' . . . ·. .- .· . . 

• Haustoria off. ·ribicolli ·1n .. pine bark are extensions of the ·haploid · · 
· mycelium into: parenchyma o~ parench,Yma-like cells of the bark and :rays .. 

These haustoria are ciavate, . of c-0nsistent radius along the long axis, 
and constrjcted at . the point of penetration of the bost eel 1 wel 1. ·· . 
They can develop into elongated, branching, coiling . or twisting .str,4c- . 
tures having· .the morphology of,_hyj)hae. Transmission electron micro- · : 
scope aided observations of longitudinal sections of haus.toria . found 

• the haploid .s.tage haustorium. to be simHa-r, to the intercepular ~yph~e. 
The capsular sheath : and the waJ 1 of the moth-er cell are cont.in.uous w, th 

· that of the haustor1um. · The haustorium does not have a neck distinct 
from its body .. t>ut is cons.tricted at the point of passage through the 
host cell wall .. Neck bands ar~ absen.t, but col,ars of host ce.11 wall 
ma.terial a·re . frequent. . · · · . . ' • · • · · . · 

: . · .. . ·. .. . . . . : .. . . \. ,, . . . . . . ..: . . . 
Haustoria of . the ·n+n stage found in ribes are morphologically differ -

. ent from their associated myce1 ium' a,ric1 from the .h~ploid ·stage haustoria 

.·and mycel ium in pine. The haustoria ·mother vcell is thic~ened in the area 
of contact with the host cell. The. walls of the haustoria mother cell 

. are not cQnti nuous-through. the passage i nto.,tt,e host eel L The haus- .. 
tor.ia are saccate, . wi~hou.t .. s~pta, have' a necl< -,qistinct f.~m the body, ·· 
and neck bands are evident .: .; · · · • · •· .. · ) · · · ·· ··•· · · 

The intercellular hyphae of both nuclear :stages '3.re affixed Oto. host .cel_l . 
wall ·by a substance(s) that can be observed with the .aid of .transmission 
and scanning electron microscopes . . · It is not known if this substance(s) , 
is pectin, but it is assumed that pectin and the products of pectin 
catabol ism are encountered by both host and pathogen cells ea_rly in the_ 
penetration process. Western white pine b~rk parenchyma ce11s and mycel-
ium isolated from branch_ cankers were challenged with pectins on artifi- . 

· cial med.i.a .. The methyl estera$e$ are perhaps the first to act upon the · 
pectin to expose .. ho·st and pathogen ·to .a lpw methoxy pectin compound simi-. 
lar to citrus pectin, Continue(! enzymafic activity likely produces a· · 
compound.void of methyl groups which ca11 be represented by pectic acid. 
Pine cells rapidly became brown arid died in 0.1 percent citrus pectin 

. and 0.05 percent pectic acid. These treatments were fungistatic to . the . 
rust fungus arid symptoms of death such as lysis or color change were not 
evident . Polygalacturonic acid and sodium polypectate had little influ-
ence on either organism. Growth response by both organisms was within 
the va.riatfon . within treatments. · It was apparent that the rust _fungus 

· could tolerate compounds. a_nd concentrations that the host cells could 
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·not, which sup.ports · the basis for hypersensitivity, a conmon resistance . 
·reaction. · 

Gli11,1ate effects changes in the host -parasite ·fnteraction ·that can be · 
measured in the pool of soluble sugars. ·· The seasons of the temperate 

· zone trigger dis.tinct periods of growth and dormancy in western white 
pine. Amo1.mts of sugars in ·needles and bark reflect these periods by 
being depleted by growth and stored during dormancy. Sugars are .also · 
used by the rust fungus within and near bole cankers,' bllt are not influ-

. .. enced to . be transport~d great di_s tances from rieedl e,s. Cl ima te and rust 
· • ·.fungus interact differently than climate and pine . . Al though aeciospores 

· are disseminated in early ·spring, the physiology of the ·fungus •is active ·· 
in the winter months whenevel" the bark temperatures exceed the growth· · · 
'threshold value for the .rust. In February, a marked depletion iri amounts 
of· soluble ·sugars ·was found in areas of cankers that produce aecio.spores. 
Similar but lesser effects · ·were measured in · bark tissues adjacent to the . · 
blister r.ust' canker:.margin.·· Although chemical control o·f this rust 1s 
not in the. intnedia~e future, future studies ··may. profitably exploit such 
differen ·ces in_ ph)'siology~: . · . ·. · ·. · · · · · · · · 

. . · .High level res jsta_nce in host-parasite ·; nteractions . is the ~es~ and most 
desirable solution to the .blister rust problem of five :needled pines. 
However, many low-level resistance mechanisms exist and when their 
effects are simulated in .a _computermode·l their utility is apparent . 

. The 1 ow.;. l eve Lres is ta nee mecharti sms of reduced needle 1 es i oris, s 1 ow . 
growth of the rust in branches. and bo 1 es, and retention of needles for 

· only 2 years·when ~ombined would yield l percent mortality from blister . 
rust in 100 yea rs ~ · · · .,. . · ;._ · i · 

Rating the· ha.zard•' of a site . throu;gh -d~s1;ributio.~ -~~fing of ribes . . 
-bushes and site d~scriptfons· would provide a risk rating for the land . 

, manager •. . Ribes ¢radication _before pl anting is a feas·ible and profitable 
i'nvestment in site preparation . . Fertilization and other cu1tural tech-. 
niques that encourage growth when coupled with breeding for rapid gro~,th 
will help fiy~ needled pines to pass through their most vulnerable s_tage_ 
quickly. If unexpectedly high 1 eve1$ of potentially 1 ethal infections 
are found, . the b.ranches having these cankers can be removed vi a pruning . . 

Integratiori -' of certain. or all· resistance mecharii sms, cultural treatments, 
. biological controls, -ahd chemical c·ontrols betC>mes closer .to reality as 
· thes~ and other · host ... parasite _ -re1ationships are el uc1dated •. · 

: . . ·~ . -~ 
; .. 
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.SEM AND LIGHT MICROSCOPY OF I~lFECTION Of 
-PINUS NIGRA AND P. RADIATA BY DOTHISTROMA PINl - ---- - . - -

------ ·· ---- ···-·-·· ··-· · ·----

WP to t·he .. preseri·t time-our knowledge of details of infe<;:tion ·of j>'ine. -· . ··-· . . . 
·_ needles by Do~histronia E.i!!l has. come from the work of Gadgfl in New ·-._ .. _· .<. . . 
. Zealand., lvory in East. Arrfca, Peterson in ·Nebraska; and most recently,- · ·_·. · · 
·Muir in ·californi~, whose Ph.D. thesis (1914) ha_s not been publishe_d. ··. ·,._.'_ -

. Th-eir results .do_.not ·agree in all re~pects, and the differenc~ .s ·m~y be 
- thds"Ef ·between l) field _and growth room conditions, 2) natural and · . . . 
artificial inoculations, 3} hosts, and 4) varieties of the fun~us._; 
Jn order to C]qrify and expand upor:i details of the infe_ction ' prdce~s .. 
in Dothistro~ t:1eedle ~light, we applied scanning electron _ mici"o~c(1py 
in obser:-_vi~g naturally-infected n~e<Jl es of Pinus nigra from Wisc~ns_!~:; :_,: ::'~:\ 
and P. tad.1ata frpm New Zealand, and,supplemented these. observat,rons. 
with-light ril1_croscopy of sectional specimens. · ·,. .. . · . · ·-· .. 

Germination of Conidia a'nd·Dtrected G~rm Tub~·Growth·!. 

For germination of-conidi,a temperature is .generally not a 1 imiting ·. -,-,,-
factob. Cpnidi~ ge~~inate a~. ~-.range 9f"temperatur~s b5tweel'\ about 
8°-2~ c. w1th optima falpng within the range of 18 .-24 C. (Ivory 
1967, Gad911)9_67, Sheri1aan and Yer ·19_70, Peterson 1967) . ., · 

Moisture·J s .nece·ssary fo'.r_·g~tmtna~ion, but it is not entirely clear ·: 
. whether a f_ilm of fre~ w·a·t'ei-1s required . Most workers indicated 
. liquid water .is F).¢~e~s~ry ( Ivory 1967. Gadgil 1967. Gibson 1972). 
8ut Sheridan and Ven (1970} in __ New Zealand obtained good germination 
at 9s.:100% relative humidity, and there was the possibility of some· 
germination at a relativ .e humidity as low-as 76%, although this 
nii.ght. have ·resulted from a carry-over of imbibed moisture when conidia · · · 
were in suspens.ion. Also,· Ivory (1967) and Gibson et al (1964) indi- "' 
cated that trace amounts of. nitrogenous · nutrients were ~lso essential. · _.. . ( . 

InfQrmat.t'on ·on time and character of germinatidn in ~i.tro was reporte~ : 
by· Gadgil J .1967). " He.obtained 70% germination after 48 hours, and 90% 

-aft~_r _thr~ days. Usually ·spores formed 1.:.3 germ tubes, and anasto- -. 
1110S is between germ tubes was common. · , . 

. . 
. . . ' . . . . . . . 

-· Peterso,n ( 19 67, l 9 69) i nves ti gated · germ _tube· growth · by examining p.1 as tic 
leaf impr~s.sions of needles· of Austrian (f.. n1gra} and Ponderosa 
(f. eB.!'~~~6J!.) p_ine~ ·~atural ~Y infected with Q. £.!nj_ var . .IU!l.1~ Genn · · 
tube ~rowth wa~_ pos,twe .ly_ directed toward stomata .. more tffan 80% -· · . 

. of Q~s-erved' !lenn tubes grew toward stomata. · They· often abruptly changed 
direction. of grow.th to.ward stomata, frequently as much as 90 degre<!s. · --
He report~ no additional deta_il s of the infection process, and· instead 
placed ~pha .sis on variation in susceptibility of needles according to 
1oep~~tment, ~f Pl~nt Pathology, :univers1ty of Wisconsin·- Madison 
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their age. Neithe.r Gadgil (1967} nor Ivory (1972} confirmed Peterson's . · · 
observations ·of a marked effect of stomata on germ tube growth. . 

. Peterson's obser·vations were of field material .where moisture gradient s 
were possib1 e, whereas Gadgil and Ivory used saturated a·tmospheref , and 
moisture or other gaseous gradients, if • they were important, would not · 
be present . . Gadgil (1967) sprayed P. radiata seedlings with conidial 
su·spensio.ns or a suspension of a blended agar culture of myceliuin and . . . . 
spore.s of D. pini var. pill.i and incubated trees in a rroist chamber. . . 
He obtainea profuse growth of surface mycel ium and hyphae grew at random. 
Under these condi~ions stomata exerted no special attracfion·. 

Muir.{1974) observe~ s.imilar extensive g~owth of .hyphae on needles of 
ari .tificfally inoculated .P. radiata seedlings (presumably with ,Q_. pini 
var. linearis) incubated in growth chambers . His observation s of germ 

. tube growth. on needles naturally infected . in the field, however, supported 
· Peterson's observations of directed growth. M·uir's observations suggested 

to him that the stimulus occurred periodicaUy . . . 

. Our direct observat .ion·s by SEM of gen,, ·tuE>e· growth both of Scirrhia . . . 
· acicola coriicfia on needles of Scots pine (P. sylvestds). and of .Q.. Mtl ., 

var. pinf coriidia on needles of Austrian pine , do indeed indi~ate .that . - · 
under natural conditions in the field g.erm tubes of these. fungi respond . 
to ~ome stimulus from:stomata and grow toward thern • . We agre~ with Muir 

· that the stimulus var.ies ~fth time or with . i ndiyid~al stomata. 

Entry -inio Stomata and.Development in Stomatal Antechamber 

There is general agreement that infection occurs by penetration' throug:h 
stomata, but details of . the process vary according to the inv~stigator . . 

. Gadgil 's 
0

(1967) ;rtificial .i noculations ' resul ted ii) profuse mycelial · 
growth on ·the surface of needles of P. radiata seedlings incubated in 
a ·1110,ist ~hamber. The mycelium· formecfmassive clumps over stomatal open-
ings and filled the stomatal antecharooer. .A narrow hypha penetrated , 
between the guard cells and branched out into the substomatal chamber . 
and adjacent mesophyll . · . Such examples of penetration were seen only . · .. - . 
rarely, on about 5 of 20,000 sections. High levels of inoculum (at least 
five million coni.dia/ml) were necessary to get .reasonabl~ levels of in-fection. · · 

.· Ivory (1967~ 1972); working in East Africa , studied infection of P. radiata 
· seedl ings by .Q, • .E.!K!_ var. keniensis, again after artificial inoculation . 
with sprayec( conidial suspensions . Occasionally the tip of a germ tube 
was coiled o'r' .swollen into a st'ructure he called a vesicle at the edge 
of or in : the stomatal antechamber. Entry ·into stomata had occu.rred in ., .. 
two days, and the swollen st ructures had fonned by 5-10 days aft~r inocu-
lati .on, bufthe exact fime wasn't determined. He did not confinn Gadgil 's 
observations _of the large mycelial niasses over and in the stomata. These 
undoubtedlY were t he result of the par ticular circumstances of i nocula-
tion and incubation • used by Gadgil. 
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Muir.(1974} worked with P. ra.diata seedlings in growth chambers and -also 
made obs-ervations on need)es. from naturally inoculated P. radiata and 

· · P. muricata in the field. Again, extensive · growth of myce1 ium was ob- .. · 
served on needles · of field collections.· flis SEM observations of naturally 
inoculated ne~dles showed.that spores usually produced one germ tube 
which grew to the nearest stoma .. Only a few instances of growth in . 
the antechamber.were observed, gener:ally as a simple germ tube that·grew_ 
down toward the guard cells. Unfortunately his SEM observations did , 

. not reveal det~i 1 s of' ·genn tube behavior in the stomata 1 antechamber~ 
On eel lulose acetate casts a few flat or rounded structures were seen 
just above the guar4 cells, but these weren1 t illustrated. He also 
described the presenc~ of lobed, flat, reticulate str~ttures in arite~ 
chambers of needles of both. ff el d trees and j no cul a ted seedlings~ but . 
details could not be made out with this technique. Apparently, th~se 
were not considered the same as Ivory 1s vesicle-like structures in the 
antechambers. · ·· · ,; · 

. . 

Our observ~tions of '·infected E_. nigra needles by SEM revealed deta~l~ 
of developm·e_nt·after _entry of the germ tube into the stomatal ante- , 
chamber., . Most of the ' cS,toplasril concentrated toward the tip and the 
spore and the :remainder of the germ tube col lapsed. ··· Within the ant~-
chamber· the . germ tube became delimited from the collapsed portion by a 
septum. ·· Often several septae developed, the hypha expanded in diam~ter, 
became swollen at the tip, and later. forked. As development continued 

·. . .. · .-

a typical 4-footed or quadrupedal structure formed above the guard . , . 
cells, which was presumably an· appressorium. This structure become·s 
melanized and thick-walled as it develops. As ·the · season pr9gresses 
it appears that growth. or such structu ·res can continue so that they may 
devefop into ~tar-shaped or many-lobed comj:>1 ex and irregular structL.1res. : ;; 

Red pine(P . resinosa) trees immediate.ly adjacent to the infected . . 
f.. ni_gra pTant_ation were not infected and SEM examinations of these also 
were made to determine· the behavior of Q.. pinion red pine. On all 
needles e_xamined,stomata were completely occlude~ with wax and germ 
tubes could not enter. Germ tubes grew only over the surface-of the 

·wax plug, th_e tips ·often becoming slightly expanded or contorted. · •· 
appearing almost as abortive attempts at appressorium formation in 
response to a stimulus · frpm the stomata. · · 

In'. further consideration of the po_ssibility of a stomata1 stimulus 
di;re¢Ung germ tube g,rowth to stomata and appressorium development in . 
the antechamber, we prepared plastic needle replicates from silicone 
rubber molds of Austrian _pine needles and placed these among the ~ranc;hes 

· of the Austrian pines for spore deposit and germination. Germination of . 
spores was similar to that on real needles~ ~erm tube growth \'1as at ran-
dom; however, and there was no evidence of directed growth toward the · 
stomatal ·apertures~ . Wheri' getm t4bes entered antechambers, growth con- ·· 
ti nued as on the .surface~ often in a meandering manner arid. there was 
no swelling or ~ther differentiation in to appresso_rf a._ 
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On rieedles of P. radiata from New Zealand, sent to us by Gadgil, germ 
tube entry and development in the antechamber was essentiall_y similar 
to that on f_. · nigra in Wisconsin . . Appres~oria_ seemed more irreg~lar in ·· 
shape· and were not always present. Certainly, however, the massive · 
growth over and in stomata originally seen by Gadg{l on his artificially~ 
inoculated materia) was not present . 

. Development i.n Substomatal Chamber and Mesoph,xll 

Both Gadgil and Ivory gave .somewhat similar .a·c·counts 'of the b~havior of 
the fungus fn needle tissue. Penetration between-the guard cells was · . 
by a narrow hyphal ·strand. The fungus branched in Jhe substomatal . 
chamber, grew in the mesophyll, and was largely intercellular, but Gadgi1 
reported it also as intracellular, probably after the cells were killed. · 
Cells were killed in advance of the hyphae by a toxic material named . 
dothistromiri by Bassett at al. (1970). . . . . . · . · · . 

.. 
In epidermal s_trips of.needles of be.th P. radiata and f_. inuricata, 

. Muir (1974) observed substomatal vesicles often seen as small saus-
age-shaped ·stru~tures. In P. muricata·a pro~inent spherical cell of up to 8 µm in diameter occurrea .just below t~e guard cell junction •.. 

· He speculated that these structures might provide a dormant period . 
for -t~e fungus .during dry we~ther . · · 

. ·Collections ~f needles from P. nig~a in Wisconsi'n were embedded i~ 
· Spurr 1s resin and sectioned .either transversely or longitudinally. .. . ._. 
few needle segments had been first examined. by SEM a_nd then were embed-. . 
ded and sectioned for examinati.on by 1 ight microscopy. From c>r:ie. l_obe 

· of the appressorium a fine infection strand penetrated between· the guard . . 
cells an.d then .formed a vesicle of tear-drop to spherical s·hape irnmedia~ely 
beneath _ the guard cells in the substqmatal chamber, varying in size _ · · 
but up to about 10 µmin diimeter; The vesicle then produced a singlj 
infectiqn hypha w_hich grew into the mesophyll. Occasionally, a sec-
ondary ves_icle .. budded· off the original vesicle. ·-As development con-
tinued other infection hyphae developed and eventually the vesicle -, 
lost its ·. integrjty .. Often the substomatal ch~mber became' filled 
with a tortuous mass of hyphae. In other infections the substomatal 
chamber ~as crossed .with only one or two strands of hyphae from the 
transformed ·vesicle. · Myce)ium extended 'into the mesophyll, but often 
fot 1 itt1 e more than about 50 to 150 µm beyond the penetration point. 
First evidence· of the toxic action of dothistromin could be seen by a 

. yellowish discoloration ·of the cell.s immediately adjacent to the sub-
stomatal chamber when a Vesicle had formed, but before the development · 
of infection hyphae. ·Later, mesophyll discoloration and disruption · 

· could be seen · for as much as 200 to 600 l-lffi beyond the extent of hypha l 
limits in individtial lesions. · 

In the New ·Zeal.and P .. radiata needles similar vesicles wer~ formed. 
Typical1y, however,-the infection hyphae· developed laterally, inm~di-

• ately beneath the vesicle and guard cells to form a structure somewhat 
resembling a·n inverted 11T11 • · 
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It s.eems likely that if Muir's. material had been examined in serial 
sections his spheric~l c~lls . and sausage-shaped vesicles wovl~ ,have · 
closely ·resembled the vesicles we saw~ particularly those observed. in 
the f.. radiata mater-ial. ·· · 

· Fruiting st .romata began to develop in the fall in !:_. nigra in Uisc6nsin, 
but did not complete maturation and begin spore production until the 
following spring. lhe stronia began to form between cells of the hypo--
dennis, or between the · hypodermis and epidermis, through which it 
finally · erupted . . Evef'1 at this stage 11\YCellum was sparse in the mes'o-
phy11 and the stro!lla formed close to the · point of initial entry into 
the needle by .the fungus. · 

Conclusions 

The phenomenon of directed germ tube grbwth toward stomata' does occur 
· by this fungus in ·nature, but this seems to be on an individual stoma 

basis, or. a~ least it may not occur· uniformly for aJl stoinata at the 
same time . . · 

The (jevelopment o(an appressorium o·r appre~sorium-like structure jn· · 
· the stoma:tal · antechamber after entry of a single germ tube .. is a' rel a-. 
tively consistent feature, althQugh apparently penetration· between th~ 
guard cells .. may ·occur \'Ii.th out j t. The extent of appressori um develop- · 
ment is vAriable:, from.a relatively simple, typically' quadrupedal str(1c- • 

. ture that may almost .. fill the ci!ltechamber. Factors influencing appr.es-
sorium development atld t.he exac;t role of the stru-cture in the infection · 

· process· a.r.e· unkno.wn. · · · 

Also, the .fon,11ation of a substoinatal. ve.sicle ,after penetration between 
the guar~ cells by a fine , infection strand . seems to be a regular .. feature 

· o.f development b,¥ the ·fungus .. . Infection hyphae, few· or many'~ develop 
from: th.e Ve.sicle which eventually loses its original shape after budding 
off a -riumber: o.f. hypt.iae. · · · ., 

MyceliaJ d,e.,\!ela,pmeri;t. in the need,le · tissue is very restricted in extent. 
CeHs ar-edt:i;Ued ¢:Ons:fd.erab ly in advance of .th·e hyphae by diffusion of 
a: toxi:~ ma.w,ta,~ 1fl'?Qm1 th.e myee,l.i um .. 

REFERENCES . 

. Bas.s:et:t..,. C:.J~'.., ,} ' . .T. B·uchanan, R.T. Gallagher, and· R. ·Hodg·es. 1970. A-
tooxt~: dlfur,oanthr~.quinone from Dothistroina pini. Chem. ·and 
Lnd: •. 52:~ 16:59·- l:66O. · . . . ·: . · · :. 

· GadgJl,, P •. 0:;, ·T9:fT •. . I:nfectfon· of Pinus radiata needles by Dothistroma 
. .· · pin~i~. · N~. z; J\ B:o t . . fr: 498-503. · . . ·. · 

•, • .. 
GJbs..on,. t.Jt..s; .. · l9:72 . . · Dothistroma b1ight of Pinus radiata. Ann. Rev. 
. Phytopa-th--. 10:· 51--72, --

50 

. ~--



Gibson, I.A.S., P.S. Christensen, and F.M. Muriga. 1964. First observa-
tions in. Kenya of a·fol .iage diseas .e of pines caused by Dothistroma 
pini Hulbary. - Co~m. For. Rev. 43: 31-48 . 

Ivory, M.H. 1967. · Spore gerinination and growth in culture of Oothistroma 
. ·pi_ni _var. ·kenierisis. Trans Br. Myc. Soc .. 50: 563-572. - . 

. . 

Ivor)'.~ M.H. · 1972:. Infection of Pi nus radiata foliage by Scirrhia pini. 
·Tr. Brit . Myc.- Soc. 59: 365-375. _ · _-- -· · · · . . . . . 

~1uir·; J.A . 1974. Eff~cts of moisture and other factors on penetration 
. · ·and infection _ by Scirrhia E_jni. . Ph.D. thesis, l)niv. Cal if., 

~erkel ey; · -: · _ . · _ . -- · . 

Peterson, G.W.: 1965. _Oothistroma needle blight of Austrian pine·: Infection 
. - and control . . Pl~nt.Dis. Reptr .. 49: 124-126 . 

· · Peters·on, G.W. · 1967 . . Dothistroma· needle blight of Austrian · and Pon .. 
derosa: _pi~es: epiqerili~logy_ and control. • Phytopath_oJogy 57: 437-441. 

Peterson~ G.W. -1969. Gro~th of ge·m tubes ·of Oothistroma pini conidia · 
po~itively directed toward stomata ·of Austrian a_nd Ponderosa pin~ · 
n~edles. · Phytopathology 59: · 1044 (Abstr.) · ·· 

· Sheridan, J.E. ·:and C.C. ·ven. 1970. A note on the effect of temperature 
- ·_ and r.elative huinidity on the germination of c_onidia of a 

New Zealand isolate Qf Oothistroma pini HuJbary . . N. Z. J. Bot •. 
8: . 658-660. · . 

.- t , : • 

. ;.. . 

. . -~ ... · .. . 

,. . ·. • 

51 



WIFDWC 1978 · 

THE INF~UE_NCE OF .\~ETWO.OD ON DECAY 
. ' . . 

DEVELOPMENT IN BLACK COTTONWOOD 
' , 

B. J. van·der_ Kamp 

. Good Morning .. ,Before I start with the last. paper of our panel.• I 
want to give ·credit where due.· -Most of the work I am going to teport 
on is taken from the Ph. D. thesis of Dr. Atul Gokhale. -Atul is now 
a social wo·rker in Vancouver, another victim of restraints and cut-
backs. ·. ' : · · , · · · · · 

Black· cotton.-1ood. (Populus trichocarpa Torrey and Gray) in our .area 
invariably exhi~1ts _a column of dark s.tained W'ood in the place where 
one would normally expect heartwood. This ·wood has a higher moisture . 
content thaninn~r sapwood (160 vs 125%}, ·a higher pH (7.8vs; 6.3), · 

· apparently low·oxygen.levels, and a very abunqant microbial poplili}tion. 
In other \'iords, :in black cottonwood, heartwood is replaced by wetwood .. 
Wetwood ts of univerSal occurrence in .older black cottonwood in our 
area. ·Examination of large piles Qflogs at ·a local papermill did 
not reve~l a ~ingle log without 1tfetwood. We .dug up seedlings and 
saplings of various ages to determine at which age wetwood first . · 

':appears. The results are shown. in Table· 1. . · 

. It has traditionaliy ' been supposed that wetwood is a deleterious . 
condition damaging .to th·e free. · If th .is is true, it is difficult to 
reconcile with unive·rsal occurrence of wetwood. From the start we 
hypothesized that wetwood has a beneficial function, namely that of 
protection agafost <!~cay.· We estal>lished early on that at times the 

·02 content of the wetwood co4ld be very low. The main thrtist of the 
· ·. study therefore was to detennirie ·whether the oxygen content of th~ 

wetwood was sufficiently Jow· to prevent or reduce decay. Direct com-
. pari son l>etween, trees with and without wetwoo.d proved impossib 1 e; the 
. lattercould not be found. As a result we were reduced to · · 

(1) .Determining the gas composition of the pneumatic system o·f 
black cottonwood wetwood :throughout the year, and 

(2) Measuring the rate of decay of black cottonwood blocks 
in vitro under si _milar. conditions. _ . 

_METHODS 
Unwounded black cottonwood and red alder (Alnus rubra .Bong.) trees 
21 to 4J years old, 21 to 54 cm ·oBH and 11 to 20 m tall, growing in 
close association on the University Endowment Lands near Vancouver, 

• B.C. were selected as sample trees . . Gases from the wetwood and sapwood 
, of cottonwood and the heartwood of red alder were extracted and · 

analysed in the _following ·manner~ A bras s_ pipe (o.d . 0.9 cm), fitted 
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.. TABLE'· 1 

r'req~ency ·of wet~~od in. n~n.:.wound~d black cottonwood trees by age. . ' . . 

l 
2 
j ' 
1. · 

' 5 
6' 

7 . 
8 
9 

-10 
···: 11. 

12· 
13 
14 

15-:-25, . 
26-35 
36+ 

. . =·=_ .... ·, · ... 

. ·_;. : · • .• . :·· 

-· : 
'.' . . 

~umber ··of trees ·. 
. examined 

17 
.18 
31 
21 . 

:,12 

17 

. l7 
20 
·13 · ·. 

12 

9 
. . 4 

. 9· . 
. .. . · · .. . 11 . 

- ;, . 

' . ~· 

: .: . . ~-·.' . . 

:zs 
s · 

.• 53 

Pe·rcentage of trees 
. -, with wetwood . 

· O 
0 

, 0 
·o 
0 

. 0 

0 
s;s 

10 
· 53.8 
· 91-~6. 

100 
100 

100 

100 
100 . 
100 . 



with a shut-off valve. was inserted to the appropriate depth through . . 
an increment borer hole. · Gases were extracted using a tubing pump . . The 
suction developed and the flow rate were recorded . A Beckman field :lab 
analyser was used to measure 02 (lowest level of detection 0.05%) while . 

· CO2 and CH4 concentrati_ons were determined by gas chromatography. The 
fie 1 d apparatus consisted of the fo 11 owing items 1 i sted in order · . · 
according to the direction of gas flo.w: brass pipe in tre~, vacuum ·. ·· .. 
gauge, tubing pump, gas collecting tube (for CO2 and CH4 analysis) with · 
bypass, 02 sEmsor, ·-liquid trap, flow meter, vent to atmosphere. All 
connections were made with 3 nm i .d. vinyl tubing. The wetwood of 6 
trees was sampled at bi-monthly ·intervals throughout 1974. In .addition, 
the ··w·etwoodof ·a further -16 trees was sampled for short intervals,; .· . 
mostly in · connection w'ith separate experiments on tree wounding . . Gases · 
were extracted at bi-monthly intervals from .the heartwood of two red 

· alder trees and an~lysed in a similar manner.· 

. Extracti ·o~ of ·sapwood gases presented a spe~ia l difficulty . G~s-fl ow . 
into increment borer holes in the sapwood of .black cottonwood was . ·•. :· 
generally blo_cked 4 weeks after they were drilled. No .significant volume 
of gas could be extracted from such holes at the maximum suction .developed 
by our tubing pump (66. kPa). Sapwood gas samples were therefore collected 
throughou~ the year from 9 trees, each tree being sampled a-maximµi:n of · 
three ·times. .'For '.fear that a hole drilled deep into the sapwood might 
affect . the gas cQmposition of the wetwo.od, sapwood gases were co11 ected 
from different .trees than wetwood gases. · · :'• . .-='. . . . : . 

A modification of, .a so.fl-block test (A.STM 1971) was u·sed '.to determine 
the .extent · of decay of . black cottonwood under near-anaerobic and aerobic 
condition ·s .. Polyporus ·delectans Peck and Ganoderma ·a¥p.lanatum (Pers.) . 
Patq·both white rots, '!'ere used as test fungi. The onner is t_he most 
common decay fungus of living black cottonwood in British Columb.ia, Canada, 
while the latter is corrm.on but virtually restricted to deal cottonwood. . . . . .. . . . . . 

Sap~ood and .wetwood blocks (2 cm cubes) from 4 black cottonwoo·d trees ·, 
were cut an.d sterilized .by either ga11111a-radiation at 2. S x 106 rads .. 
(complete s.terilization) .or by flame sterilization (surface stedlization). 
The. moistur~ content of each- test .-block was assumed to be equal' to that of 
an end matdred adjacent block. The test was made in 16 oz bottles which 
contained approximately 80 g of soil, with 27. 2% moisture -holding ability 
~Y dry weight, and a bJ_ack cottonwQod sapwood feeder · strip ( 5 x 5 x .• 5cm}. 
After innoculationof the bottles with the required fungi and once the 
fun'gi were well established on the feeder strips, 4 test blocks, 1 · from 
each .of 4 trees, were pl aced in each . Qottl e. No further attempt was made 
to di~tinguish between toe wood of these 4 tr-ees . . A disposable anaerobic 
system (Gas P~k - BBL) was used to create near-anaerobic conditions · (02 
concen'trations 0_.08%, range 0.06 to 0.10%). The bottles were· incubated 
in the dark at . 27° C and 70% reJative humidity. · · · 

The experimen·t was done in two parts · . . In the first part, hal·f the bottles 
were subjected to· near-ana·erobic co~<Htions while the _ othe ·r half served . 

) 
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at atmospheric controls (aerobic) . . After 10 weeks, 2 blocks were removed 
from each bottle and their weight loss determined {Part l). In the 
second part, the same bottles with the 2 remaining blocks were exposed 
to the environment opposite to the previous one, i .e~ near-anaerobic 
to aerobic and aerobic to near-anaerobic for a further 10 weeks 
before weight loss assessment (Part 2). At the end of the first 
10 weeks the gas composition of 6 of the anaerobic systems was determined. 
Each of the _32 treatments consisted of 12 replicates (blocks) . 

RESULTS 

Table 2 gives the composition of gases from the trunk ~,etwood of 
unwounded· black cottonwood trees. The column headed "Percentage 
of tre 'es with 0.10~{02" was included to show the proportion of 
trees in which the 02 level was equal to or less than that used in . _ 
subsequent decay tests. The 02 level dropped below 0.10% for a continu -
ous period of 5 to 19 weeks (average 9 weeks), and below 1.05% for 13 to 
31 weeks (average 19 weeks) in the 6 trees under regular observation . _ 
The highesto 2 level recorded in the wetwood of any t~ee was 6.2% on 
February 18th. The wetwood gases of many trees contained no detectable 
02_dufing May, June and-July. · 

The hi ghest CO2 concentration recorded was _13.3% on October' l5, and 
the lowest 4:0% on November 22. · Some trees ha_d consistently higher 
CO2 levels than others. . · 

The variation in the' average concentration of CH4 is .'largely due to 
the fact that 3 trees with CH4 concentrations of about 30, . 20 and 
15% res~ectively were sampled at irregular intervals from May tb · 
August. CH4 was detected in thr..ee of the six regularly sampled 
trees. · The highest le1/el recorded in ·these trees was 2. 5%. A 
consistent annual pattern of CH4 concentration was not evident ; the 

• concentration of CH4 in a given tree changed very little over the year . 
- The highest CH4 lev~l ever recorded was 34% on May 8. The pressur~ 
_ of the wetwood pneumatic system was always equal to that of the 
atmosphere. The lowest o2 level ever recorded in black cottonwood 
sapwood was 11.4%, the highest 18.8%; CO2 concentration varied between -
0.1 to 0.6% through :the year. In the heartwood' of adjacent red alder , 
o2 ranged from 15.9 to 19.4% and CO2 from .35 to .88%. · 

_ The percent weight Joss of black cottonwood sapwood and wetwood blocks 
unde~ aerobi c -and near-ana~robic conditions is recorded in Table 3; 
The composition of gases in the anaerobic systems at the end of 10 
weeks was:. 02, 0 .08% (range 0.06 to 0 .10%}; CO2, 6.0% (range 4. 5_ to 

- 7.0%}. The remainder was presumed to be nitrogen with only traces of 
·hydrogen_ remaining at this time. 
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DISCUSSION 
.. 

Gas Composition ·;n ·Tree Trunks · 

The concentration of 02 in black cottonwood wetwood_.wa~ ·consis'tently : 
much.lower than th~t : in .the sapwood or in the heartwood of adjacent . • 
red alder . · Bacteria and other micro-organisms may play some role in .. 

·. developing ~nd maintaini .ng the low 02 ·1evels. ·Part of the -r~ason. · .. · · 
that 02 is much lc;>wer in sunmer than in winter may be that these 

· organisms are more a·ctive at the higher summer temperatures; It ;s ·. · . . •:;. 
noteworthy~ however, that the highest a'ir temperatures' were recorded . , .-· ·, 
during the lastha -lf of July and_.Augus.t . At this • time the 02 ·1eve1s· ·.·: ·-, 
were well above· the minimun achieved in June. · . .. · . . .· . 

· CO2 le~els · found in _.the wetwood we.re always much higher than those : 
found rn the sa,pwood of black cottonwood or than in the hea.rtwood . .. 
of red .alder..- A-distfoct ·s·easonal trend was evident; · the concentra_ti.on 
in st.nnmer was ··generally' higher than that found in winter. . ·· · · · 

. . . . .... , ·• 

'.The inarked distinction be.tween $apwood·and wetwood gases •is noteworthy. 
-The surface area to volume· ratio of the wetwood column· was as high as -

.. ·o.25 cm2 per. cm3, This suggests that fo .order to maintain the low 02 
1 eve ls the rate o'f.'diffus ·1on from the sapwood, to the wetwood must be, ., 
rather .low,-and the oxygen demand of the wetwood high. Ther·e ·were no · .. •. 

·. vfsibl e barriers to the radial movement of gases between sapwqod and. . • 
wet\\lood or within the wetwood . . The boundary between sapwood and wetwood 
was only roughly parallel to the · cambium, and commonly cross ·ed two _or 
three annµa 1 growth rings. ' · 

:.·-: .,. ,. ' 

The low 02 and .hfg~·:c_o/1~~~1s ·.'.1n t _he· w~twood of bla~k cotto~wood . _: : . 
appear to be peculiar to. this tree species. Red alder, .growing 1n . • 
close associ'ation with our cotto™ood sample· trees e.xhibited .02_ level$ .· 
in the heartwo·od cl<;>se lo those found in the atmosphere whi.le CO2 was 
always below 1%. · · · · · 

Decay Development Under Near-arraerobic Conditions 

There was ·no statistically significant w~ight los_s in , any: of the 
treatments exposed to near-anaerobic conditions for 10 weeks, while 
weight loss. of control aerobic ·treatmenls varied from 29. 5 to 47.6% 
(Table i, "pa·rt 1). Ttrerefore~ it is most probable that under field ·· 
conditions dur.ing suniner,· the concentration of.02 found -in the wetwood . 
of many unwounded trees is· too. low to allow any aevelopment of decay, · 
at least by our te$'t fungi. · . 'I~ should be pointed out, however, that 
.in oi.fr experiments the fun9i survived the 10 week. near-anaerob _ic .. 
period .and presumably the same.might happen in the field. 

The level of decay ·development on· wood blocks under _near~a.naerobic 
condftfons was 1 ess than l% of tnat of aerobi"c contr .ol s and not 

:·significantly djfferent from zero. On agar the 1inear growth rate . . ·. . . . . 

. . . .-· .. 
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TABLE 2 

CO!Up~·s1t1on . of : gases· from ttie tr .1,1nk ve·tv~od of unwounded bl~ck cottonwood trees • 

siimp11ni 
Period 

.. (1974) 

j~ . 1- 31 
Feb.- 1-15 
Feb ., 16-28 
Mar·. 1-i~ 

-Mar. 16-31 

Apr, . · l-15 . 
Apr. 16-30 
May 1-15 
May 1,6.:.31 
june 1-15 
June 16-30 " 

July 1-15 
.. July )6-31 

Aug._ 1-15-
Aug, : 16-31 
Sept. 1-.15 

Sept. 16-,Jo· 

_Oct, 1-15 .. 
·Oct. 16-,1 
}!av ,· 1-15 .·. 

.. 
Nov. 

.. 
i6".'30 

Dec , 1-31 

. , 

. i.~~ra·s~ ~~<;erttut1on· (%) 
·. ·o;. . CO

2 
;.. ' CH

4 

2:2i 5. 40 0,14 
· 2j7 5. 30 0,H 
1.78 . · ·6,28 ·o.oa .. 

· 1.66 6.~7 0,20 . . 
l .~O 6. 78, 0,17 

i:11 
,. 

.. 6.76 0.20 
: ·-.·. 0,52 6.65 0;4a ... 

0,41 7. 70 4.09 
0;23 . 8.88 2.76 
0,03 8.44 3 , 92 
0.02 8.46 0.74 

: 
.. 0.'20 . ~. 49 0.89 
. O;JS 8 . 59 4 .• 05 
. 0, 80 8 .• 85 0.2s 
1.16 ... .. 7 ; 16 · 3, 96 

· 1.so - ; :.-93 ·. 0.50 

2.00 7.41 . 1.1~ 
2, 49 8.59. o._40 
2. 23 8.10 0,'53 

.. 2,9.0 6.35 ~-4·2 
2,"56 6.43 0 • .48 

·, 

57 

.· : Number· of 
"tre _es · sampled 

13 
7 
6 
6 
6 . 

:5·· 

6 
9 

· 12 
11 
7 

9 
9 
6. 

12 
6 
0 

8 . 
8 
6 
6 
8 

.. Petc:ent ·age of treeii . w_ith: 
·<1,05% <0, 10% detect~ble 

_·._ 02 ·. 02 CH4 

15 0 15 
() 0 28' 

. $0 "Q 17 
.·•· 

· .67 0 33 
50 17 33 

60 ·20 40 
83 50 50 
78 67 56 

100 67 42 
100 . .82 · 73 
100 · 86 57 

100 89 .. 56 
1oq 44 67 
.83. 0 so 
33 17 67 
17 0 50 

12 o · 62 
0 0 50 

33 0 50 

_17 0 50 
38 0 50 



of P. delectans and Q_. applanatum under near-an<)erobic conditions 
. was 4 and 12% respectively of that of aerobic controls . . It appears 

therefore · that the activity of these decay fungi under near-anaerobic 
conditions depends on the substrate on which the test is dqne and 
perhaps also .on the parameters .. used to measure such activity. 

The experfment~l design of the 'decay test perJllitted distinction ~etween 
the effec~s of Oi le.vels_, bacterial presence, rH:,. and _any t9xic _.compounds. 

· If bacteria had a ditect influence on the rate of development of. decay 
one would expect s•ignificant differences be.tween the weight loss . of . · 
surfac;~ and completely sterilizeq wetwood blocks un·der e.11:her. or' bQi_h 
aerobic · a·nd neat-anaerobic conditions. No such difference .. was detected :, 

- ·. If pH were & factor, one would. expect a difference between sapwood and 
.· web,ood blocks. · Again no such difference was de.tected. If there were 

toxic ~ompounds · in the wetwood not found_ in the sapwood,· one wo(,lld 
expect a lower rate of decay in the wetwood. Again this was not observed. 
'The only fa_ctor ~hat appeared to affect decay development was 02 concen-
tration. · · · · · · 

There was no sigriificant adaitionai ~eight -loss during the 10 weeks 
exposure to near.-a·naerobic conditions following 10 weeks of aerobic 
.conditions. ·The maximum weight loss of .cottonwood blocks. decaye_d . 
by the two test ·fungi i.n other .experiments over lopg·er time periods 

. · exceeded_ 70%. This ·suggests that even if a d·ecay fungus 1s:·well · 
· ~stablished and actively growing in a piece ·o'f wood, imposition ·of 
_ anaerob·ic conditions appreciably inhibits further · decay activity . , 
· Presumably the same would hap_pen in a tree. 

It is · notew.orthy that the ·weight lo.ss of blocks exposed to near-ari~ 
aerobic conditions followed by·aerobic conditions was ·much lower 
(averag·e 10 ,'9%) than t,hat of blocks exposed ,to aerobic .conditions · : 
only.(.average 41.7%) . .. Perhaps toxic metabolic by;..products 'accumulate .. 
under the near-anaerobic ·conditions ~nd their · elimiriation 1s _required 
before normal. growth ·resumes. ·Alternatively, it is possible .that 
during the near-anaerobic period, living 11\YC~l ium of th.e fungus· in 
reduced to spe'cial resting stages .thus substantially reducing ·the 
inotulum potential. A similar phenomenon might reduce the activity 
of fungi in trees during winter .months following n·ear-:-anaerobic 
·s-ur.mer co:nd.itiQns. Furthennore; decay activity during . the winter months 

.· .·would also be limited by 1.ow temperatures'. · ·. · ,. · 

_We expected .that si~c~ f. ·dele~t~n~ occurs in li~ing trees, even though 
commonly associated with scars or branch stubs, while ·G. applan·atum . 
is normally' restricted to dead frees, the former might-be irore· toler"'. 

. ant to near-anaerobic ·conditions. However, neither fungus caused 
signiticaht w~ight loss ifter 10· weeks under.near-anaerobic ~onditions , 

. · therefore . indi _c_ating no preferential ability off_ . delectans to toler -
ate such conditions. In a sequence of 10 weeks near-anaerobic followed 

.by 10 .weeks a~robic~ however, the average weight loss caused by 
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£.. d.electans was 7."4% while that of§.. applanatum was 14.5% suggesting 
a more rapid recovery from near-anaerobic conditions by the latter . 

· Presum_ably the occurrence of these fungi in the field is detennined by 
factors other than those consfdered here. · · · 

-Any wound or o~ening .. into 1:he wetwood would naturally admit 02 and 
~egate any de_cay r~sistance due to low o2 levels. · However; branch 
stubs do :not function. as such openings. Our sample t rees had many 
branch stubs ~n~_stillwere ·able to maintain near-anaerobic 
conditions .in summer. · 

Many .tnvestigators . dealing with wet~ood have regarded· it as a . 
del~teri9us phenomenon· • . . As a result of our work we· sugge·st that in · 
black cottonwood the occurrence of wetwood may wen be -~ perfettly · · 
natural phenomenon which· imparts a ·considerable degree of decay res1s -

. tance t.o the inner wood. · · · · · · .. 
.. ": ~: . 
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:_. PAtiEL':. BIOLO<UCAL CONTROL OF TREE DIS.EASES 

. ED F WICKER, MODERATOR 
. ,: . ' . . . 

.PANEL INTRODUCTION .. .. 

Control of plant diseases ·with biological ·agents is very appealing from 
. the standpoint of procedures, costs, arid the absence of residue ·problems: · · 
. Such control is ·oo1y a segment of natural cohtrol Whi~h. I consider to. be . 
. the summation of contro1 contributed by all .natural ~gents _ar:,d· factors. . . 

. ·rnese bio1ogical agents are a· ve·r.y integra1 part of the suscept ~pat~ogen's 
· eiivironment· and foreign _or to~ic substances· s~ldori1. are 1,nttoduGed into 

the envifQriment when using such _control measures . . 

s·iological agents are known to affect fruiting, growth, arid ~urvival of 
mani plant pat~ogens_; some ,of which are highly'_ spe~i_a)he~ _or even ·. 
obligate paras,t_es. _Also, they are known to ~~eliorate _the effects of 
disease on: .the· suscept . · · ' · · · 

.. Inve.~_ti .gatfons _of biologicai• control of plant dise ·ase· hav_e npt received 
the · scope they medt • .The role and. significance which t~is c_ontrol . . 

·measure should occupy have not .beeri rea.liied ' (Fedorinchik, 1964). · The 
research ne~ds to ·thoroughly _e?(plore potential avenues for biological 
·contr_ol of plant diseases are long standing, such needs irrmediately 

. become stark reality when we consi~er the·. 1ogic _and eco19gical necessity 
· . .for developing integrated measures for effective management of plant · 
· pest problems~· This becomes more and more apparent as agricultural 
. production acquires ·a stable trend of narrow specialization in raising 
crops. · 

· The use ·of ·res1stant · var1eties as the major method for .plant disease 
control cannot keep pace with ·adaptibility of the causative agents 
bec~use of .the latter's greater plasticity Md ecologic amp~itude a~d 
their short~r reproductive cycles . As agricultural production becomes 
even more.highly_ specialized. ,.biological control methods will assume 

· their proper role as cl major .·fc1ctor of integrated .control measures· for 
plant (iiseases (Fe9~rinchik~ 1964}. . . . · · ·.. · · ·. · · · 

. ·· Only a .few biological control agents of tree diseases have 'been studied 
in the detail necessary to adequately evaluate their potential us~fulness . 
Plant _ pathologists and foresters have not been attracted by the 'biological 

· ~as~res of plant disease control because such mea~ures ·are often (1) · 
d1ff1cult to appraise; (2) slow and err~tic in effecting control ; (3) 
-less spectacular i'n achieving .control; (4} bi ologically complex and, 
·therefore, more diffkl!lt 'for man to ·understand and manipulate; (5) not 
economical_l.Y, effective un1ess manipulated -by Qlan; and (6) less likely to 

. .· . . .. . · . / . . . . . 
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be complementary to other control measures in an. integrated control 
prograrn·ttian are cultural, chemical, .or genetical control .measures. . 

·Furthermore, · control is relative . Conseouently, prior to 1970, most of .· 
· the knowledge ac~uired is a result of mycological curiosity and_ motivation. 

Thus,. the majority of the availabile infonnation concerns structure of 
the active agents. Data on function ts necessary for evaluation of 
their potential as biological ccintrols. A detailed :understanding of 
their Mode of Action. is imperative to the evaluat ion of potential .: . 
biologi_cal control agents -for coi:itroling plant disease _s. · · . . .. . . . -~ 

I. often : have :oc;casion to go back i~ time and review. t_he p-r:-oce~dings of : 
past Western:·1nternational Forest Disease Work Conferences. My latest. :. : · 

·excursion · thrqt,igh these 'annals ·of ·wisdom revealed that we cond1,1cted a ·) ·•: 
panel discussion ·on biologkal c·ontrols of forest disease during our. ; .. '. .· 
19th conference in 1971. ;-Those. of you who ·may have embarked also: on· ,. >-. • 
such a journey in quest of intellectual enrichment and trodden the pages · .. 
of pa.st ¢onfe~enC:~_proceedings~· wi,.1 notice ··some duplicatio _n of · sµbject :. 
matter _covered _ by the pa'1el in l 971 compared with th·at to. be· of feted by __ , 
the present panel. ·· I refuse to become alarmed at this revelation, · 

· because I have complete confidence in. my ability to evaluate and sele -ct 
highly-coJnpet:elit panel members for this discussion topic. l wis"s·,·not · 
involve~_with th~ _panel in· 1971, · and the·refore, I will terminate .~ny 

.further innuendo and confi _ne ·my corrments to introduction . of . the p·resent : • 
panel. · · ; 

· .. : ·'·: _. 

.·sp~ake·r #J: · Dr. : John s·taley 
· · ... -Subject: ··Biologic•al Cont.rol of Needle Diseases. · · 

· Spea~er #2: . . o/. Neil'J1artin 
Subjes:t: · Bi_ological Control of P.oot Rots. 

Spe~·ke~: #3: :' Dr. Ra 1 ph Wi 11; ams . 
:Subject_: :_Biological Controls ·for Nursery -Diseases. 

Spe-~ker '#4: Dr. Ed F. 'Wicker 
Subject: ' Biological Control of Coni.fer _Rusts. 

' ;·- . 

. ·, • ' 
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·_ THCPOSSIBILITIES Atm POTENTIAL OF BIOLOGICAL 
. . CONTROLS FOR FOLIAGE DISEASES OF CONIFERS. 

John M.Staley ·· 

There · is •' strqn!:(evidence that u_nder greenho'use an·d experinienta 1 
conditions biological. control by infestation with saprophytic bacteria 
prior ·to .foliar pathogen inoculation can .decrease · remarkably the : 
developinent cif certair:t diseases (4,6) . There is .no evidence provided 
by field experiment~ _tha_t a practica1 biological control with bacteri _al 
ep1phytes can be obtained .for foliage diseases under··1ess carefully · .. · 
controlled natur~l env_ironnients ·(s). · 1n fact, the evide·nce suggests · 

• that, under naturally f11,Jctuati.ng conditions, the few biological · 
.. control agents kn~wn to work l!nder _experimenta_l condition:s are ·soon · · 

· e11minatec! by drying or other ~dversities. Ho\"1ever, if fire cah be 
conceived .as a biological control agent as it has been in some author's 
treatments .(3,8), then ·\'f'.e can point to · the case·.of brown 'spot _control . 

, in longleaf pine by fire ~s a successful a·pplicafion of a silvicultural 
treatment designed to ¢ontrol a needle pathogen through a combination 
of _eradica,tiori and ~nvironmental modification • 

. . The· idea ihafepiphytic microorganisms ·might play a part in diseases 
. . : incited by foliar :fungi is not new; Leben ' (4) in his 1965 review of 

• these relationshi .ps: traces ··the idea back almost 70 years. Many · 
treatments of ·n_eedle disease pathogens note in detail the secondary 

._ fu~gf suer as Hemiphacidium 11anu111 or Hendersonia acico~.a that corrnnonly 
fruit on attack(;!d foliage . · hese accounts ·usually mention that such 

. secondary fungi rnay be· instrumental in the ultimate natural diminuition of damage s.een in connection with needle ·cast epfphytotics. · To my • 
knowledge ;-·-there has been no experimenta 1 effort to g·r6w these seconda·ry 
para·sites in culture and apply their spores artificia11y, in attempts 
to controJ ·needJe;,,'tasts .. , · · · · · 

. . . : .. -. . .- . ·,- . t" 

· There _are a very few ·expefi~~ntal studies relating to biological .·, ·· 
. control of foliage diseases of forest trees and with the exception of 
those involving fire~ orily two of __ these relate to conifer foliage . 
diseases . · It.may be helpful to bring ·· out a few· details of these •_ . 

. studies _ to ·11:Justrate where we ·stand as statecf in my opening surrrnary. . . ... . . . . . . . .. . . . . . . 

In 1966, · J~E.· Bier (1) presented his results of ·pre~treatment of . 
Popu1us trichocarpa foliage with non-sterile ··1eaf washings· prior to 
inoculation with l-lelampsora occidentalis. On 267 branches, results 
were equivocal_· on older fo_l iage, · but on the youngest three leaves 
differences s'ignifi.cant at the 0. 1%' 1evef were observed. Reductions . 
in infection a(ld . pust1,Jle formation on these youngest leaves were on 
the order o'f 25% and'90%. Such r~su}ts show·unequiv9cally a beneficial 

· effect of the treatment, but still leave much to be desired as a . · 
practical means of ·control . · · · · ·· · 
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In 1969, R.P. McBride (6) reported that, in greenhouse tr i als, reduced 
infection· of t\el ampsora rriedusae resulted from treatment of ·0ouglas-fi r . 
seedlings with pre-inoculation atomizations of bacteria containing .. 
broth and, to a lesser ·degree, bacterial suspensions and cell free 
filtrates of nutrient broth cultures. Over 98% reduction in numbers 
of seedlings diseased was achieved. Numbers of bacteria on the foHage : 
seemed ·to be correlated with reductions · in infection, and a mixture . · · 

· · of bacteria . 'rhered1,1ction in seedling infection thus seemed the 
consequence of bacterial action, whether this was nutrient competition 
or antibiosis _, or both. ' ·. , . . . 

. In 1~71 McBride' (7) presented a· similar study. of larch seedling:s: 
showing. that bacterial suspensions would cause significant reduction · 
in infection by Meria laricis. • These amounted to a 30 to 60% · · 

. reduction in infection. The inoculations \'lere conducted in the 
· '!Jreenhouse. to seedlings · h~ld in polyethylene bags~ 

The work· ~elating confrol of brown spot of longleaf to el.imination of . 
·the inoculum sou·rce and modifjcation of the environment by removal of 
surrounding grass ·and weeds has already been cited as a praGtica.1. . . . . 
means of si lvtcultura1 manipulation to control .a damaging foliage .: · < :: 
dis.ease. · By this method, the percent of disea$ed foliage may be· reduced 
as much as 40% to 2% and the reduction maintain_ed to a les .ser degree 
up to four seasons. Controlled burning at three-year intervals u.ntil 

· the .desired number of seedlings are over 18 inches in height 1s 
recommended for successful control {8) . ··· · · 

One can go yet a bit further. afield to note Burchill and Cook 1s {2)° 
. report that 5% urea sprays promote chemica 1 and mi crobi ~] changes· in , . 
apple l_eaves _that p~event the development of Venturia inegua1is on_•.; . 
overwintered fallen hiav~s. . 

l~i th . the exception of brown spot contra l by fire, each of ttiJse 
reports of modified biological activity in leaves or on their surfaces, . 
involves the appl ,cation of some··material to the leaf to effect the ·. · ·, 
disease ·and/or ·;nocul1:1rn .reduction. ·. From the. standpoint of fores .try, 

· there ar~ limited circumstances under which such disease control : · 
applications would be.economic~lly justified. Most foliar dise .ase · 
damage_under forest co_nditlon·s ·wo'~ld pr-obably not ~egin to justify 
even a single such direct applic,ation. However, if . such treatments 
wete both highly_ ~ffective and lasting, they migh~ fiJ1d application 
in Christmas tree ~ulture or ·;n forest nl!rseries; 

It seems, : therefore, in 'bioiog{cal ·c~ntrol of coniie .rous foHage 
diseases with epiphyt1c micrpcirganisms, we have at .present only some 
encour·agi ng evidence that a potential contra l means exists, and that 
there 1~ blank spot in oui understariding of 1t , Should:microbial 
epiphytes play a significant role in , co_ntrolling coniferou _s· foliage 

··i ... 
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disease~· it seems .. uniikely that they ·could economically be employed 
to ·do·_ this" by means of direct application, except in those special 
cases where the -value of_ the crop is high~ and its tenn of'_product_ion 
short .• _ . · · · · · '. · · 

We shou-ld, however," try .to "fi .11 thi.s· gap in our kno~le(lge both to 
perfect suc·h possible direct applications : and· perhaps more to the · . 

. point. : to ·inves.tigate the possibility that leaf epiphyte populations : 
-might be modified to ·our· benefit through silvicultural manipul_ation . . 
Since such st _udies have ·nei_ther been done nor ever planned,- -I take _this . 
as an opportunity tQ discuss how they m·i ght be approached. . . 

. . . ~· . . . . . . . . \ . . . . 

With_ the exception··~f thi Vent.uria-urea r.elationshi _p,the fa _vcfr~bie . · . . 
. opsery~tio_ns· tcr date . concern relationships between·· natural processes :-
. that h~iJe been brought :to.gether within ··an unnatur~lly ·sh·9rt ti .me .spari"by 

. artificia,1 ino¢ulati9n~ Conifer .foliage diseases . in nature .ap·pear .. to be 
. quite the oppos·ite . . ·They are the result of extended and repeated . . : 

i noc~lat_i o~ ~r~cesses, and are ft1rther characterized _by prqlonge_d and _ 
·variable 1aien.t per_iods. Epiphyte. antagonist .popul_ation _would thus· have 
to be mai"~t_aj l)ed at ·~n effectively high ·1evel over a_ consjderably lo_nger 

_period than: tha_t involving a ·s•ingle ·.experimental inocµlatfon. In . :· 
· contrast to · the single pre-inoculation treatment . favored in experjments-. 
. to ·date _wftb ~acterial antagor'ii~ts, the secondary parasites of conifer , 

pathoge~s ~9uld appear to. require an initiaJ buildup of i_nfec:ted :foliage 
which they might th~n -pE!netrate and .fruit upon. Thus, conifer foliage · .. _ 
diseases don't :fit .well .:the experimental models that proy_ide us with _our · 
glirmie.rs. of po·ssibJe ~uccess· in using epiphytic m.icroorganisms to · 

-achievr biplogica1 ·d1sea~~ control. ·. ·_ · . ·. . 
: • ·~· • J 

Fol{ag·e ·diseases _of ·christnias trees ·and nursery seedlings · such as t.hat 
·caused_bylophcfdermiuni seditiosum (rec;ently segregated from b.· ~inastri) 
have ·a fairlY _ ~h6rt latent period . . They are sufficie .ntly path_ogerifc to· 
largely overcome ho_st _resistence and, therefore, provide a reliable 
amount o.f mate_ria_l for replicated studies. . Moreover, direct appl icatiqri ·s 
qf control substances appear· necessary" to- s·uccessfully grow disease fre _e 

. ·;ndividuals, at l~ast in s·ome environments. tn the forest, Lophodermella · 
morbida is an· example of _a foliage disease that has a· s_hort latent . . ·· - .· 
period, is st _rongly pathogenic, and is predictable in occurrence-. · . - . . ' · 
Another fe~ture fayo_ring its use in initial studies is th~t it also . is 
pa·rasitized by Uendersonia· acicola ·, a fungus,· the effect of which wo~ld 
be 'inter.esting · to study aft~r the _ foliage disease had ~akei:i _hold. M~riy 
other d_1seases .such as oavisoinycella, Virgella,- ·and Elytroderma for _· , . 

· ex~mple, se~m _t_oo unpredictable . in .their · re.sponse to weather or bave too 
prolopged latent periods to be attra .ctive for study. Whatever disease . 
relationships 1s chosen for_ study, . strong pathogenicity and· . · 
predictabil~ty, ·over a sho.·rt tinie span of ·observation, seem req.uisite . 

. ,: 
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In each of the suitable 'diseases for :;tudy, indi,vidual trees ca.n be 
observed that are possessed of res i stence. . Perhaps these degrees of . . 
resistance are related to the epiphytic microQrgariisms and the ~$pecifi~ 
ability of such ·trees to support microbial growth through le~kage of · 
nutrients from the leaf. We could perhaps take a leaf from th~ book 
used by s·oil microb.iologists and begin our search for antagoi'li$ts 9.n· 
such tr~es. l~e might compare the microflora of resisfant trees .with · 

·· that 9f susceptible trees. Judgingfroni work.such as Lebe.n's., such 
efforts will probably be laborious. Leben examined and test .eq 230 . 
·isolates ·from cucumber before finding one that had· antagonistic, . 
potential against cucumber anthracnose . . For forestry purpt>s~s, H · . . : ·· 
might be well to start the study testing Hendersonia acicola E!ffects · · 

. again.st Lophodermella morbida. -·Hendersoni.a has been gr9wn 1n .. 
culture. I.t would be a matter of developing techniques to anow . . · .. · 
abundant sporulation in culture, followed by .the successful i.noc.ulation· 
of the spore.s on at:tacked foliage.· The technique would ·have to be . .- . 
effective enough to overcome the ·vari abi 1 i ty introduced by the natura 1 
occurrerrce of Hendersonia on untreated trees. It is possibl_e that 

.•· treatment such as a urea spray would exert an effect on· the secondary 
. · . parasite that wo11l.d be worthy of study. -On. the 0th.er hand, such . 

secQndary parasites would be next to usele~s for the Christmas. tree .. 
grower, and probably also to the'nurserymari. 
• f .. • • • . • • 

McBride has shown.for larch what may well be true for most conifers ·: 
· that bacteria and yeasts are the initial colonizers of new foliage 
and that nQn-pathogen·ic fungi occur only as spores on young leaves, 

. hyphal development being restricted until the leaf has reached 
• · maturity. . Pres·umab ly it 1 s among these bacteri .a and yeas ts that we 

are .likely to ·find effective antagonists capable of acting 1n.wha.t. · 
appears to .be the primary inoculation court for foliar disease fungi, 
that·is, the _immafure newly-formed leaf .. Isolation of these organisms, 
at least in the ca·si · of bacteria, requires the use. of ·1ow nutrient 
media suited to their growth •. ·Presumably a candidate antagonist 
would be o.n·e of the more colllllon isolates, innately suited ·to flourish 
on the surface of foliage and well adapted in its resistence to adve·rs~ 
fluctuation .of .the environment. It should, in other words, be a fairly 
common ·organi~m found associated with healthy plants growing in an .. 
environment favorable to dise~se development. . · .... - · · 

' Te~ting of ·such an qtganism might. well proceed by using the br~nch di.p 
· technique that .ha.s ~een so satis~actory in screening fungicides . . 
. . Apparently suspensions of organisms grown in. their nutrient m~dia . 

with.out .. further preparation have been satisfactory in screening antagonists 
· under experimental .conditions. . Judging from the success of previous . 

trials, care should be taken to assure that approximately 500,00,0 . 
propagul es per square centimeter of fo 1j age are used. . . · · , : . 

Assuming that · antag~nis~ftnd a degree of disease control can be .. 
successfu11y demonstrated, it then seems incuJTibent on the pathologist' 

· to derno·nstrate how the microbiological epiphyte a.ntagonist can best 
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be nurtured under forest conditions by silvicultural practice . . One 
assume? that, if epiphytic antagonists are, in_ fact , r~lated .to . 
diseas'e resistant individuals , the si1v_icultura1 practice most suited 
would be to plant the superior disease reststant offspring of selected 
superior plants. I think, howe~er, that the basis of disease · 
resistente ·;n superior trees is not likely to .be in~rely their epiphytic 
com·plement of organisms· and that the pathologist might better fall back 
on observing those cultural situations under which-the desired microbes 
flourish and foliage disease is absent . · The task would theri be t6 
experiment by.practicing imitation of nature to see if the desired · _ 

· di sease-antagon is tic mi crobeS' can b~ promoted through s i lvi cu ltura 1 
treatments. . . 

. . . . . , .. : . . . 

Fire has not ·been explored in the· western United States as a ·tool to 
. control foliage ·.diseases. It might be effective under some c.ircum-
. · stances if -high e!'}oLigh temperatures could be achieved to · ki 11 the lower _ 
· infected fol,iage without damaging the lower holes. · This hazard of tre e · 
mortality _would have ·to be demonstrably low for fire -to be useful _in .-· 
controlling a ·disease which itself kills infrequently. Two pas( occurrences 

·. of fo 1 i ~g·e 'di _ease, that of Lophoderme 11 a ceri na iri Arizona and Lophoderme 11 a 
morbida in Oregon have beeh over exten.sive enough areas ·to have allowed 
experimental tests of fire to be used. The more spotty and Unpredi ctable 
needlecast outbre~ks .do not lend themselves to experimental tests of 
fire 1 s effectiveness . · . · · · . .. · · • · 

. Leben (4) in .196·5~ described microbial antagonism as··a fourth dimension 
- ;-n the study of foliar disease. We are really no closer in. 1978 to a 

knowledge-of how important .this dimension is to the forest pathologist 
than he was then. · · · · · 

At present~ -in the western ·united States~ we would s~em to have to fall 
back on the tried an~ .true preventative measure of choosing· the appropriately 
resistant host specj ~s for a given •site. All other biolqgical control 
measures or silvicultural manipulation t o achieve.·biological cQntrol are 

· at this . point only . in .the speculative and experimental stage . . , 

·- .. . ' . 

. ·· .··: 
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', . . BIOLOGICAL CONTROL. OF ROOT INHABrTitlG .FUNGUS. PATHOGENS. 

· ·.·Neil . . E. :Martin .. . 

Philosophy of Why Biological Control 
. . . , , 

· ·. The· protecUon · qf. agri cul tura 1 crops, fores .. ts, and and other '· 
animals. from plag1,1es and damage by various kinds of pests remains a : · 
never-ending problem. Our. entire life ·style is a continuous struggle . 
to prov1de arl even better life style. · For example;· as a person and as 

.· a nation ·we spend almost all of our money and energy on protecting life 
and the essentials to life, only to see ou.r s·uccesses give way to new · . 
·problems (4). Becau.se protection of food and fiber is vital to ourselves 
and. future generations, we must give priority to all potentially useful 
techniques for the control or man·agement of pests . . We must integrate 

· . them so their' effe_cts are compounded beyond that achieved separately. 

One such approach to the mana·gement of soil borne organisms appears · · 
to be biological .control. . Biological control catches one's ·attention 
because the word ·"biologfoal" elicits a softer, less violent re.action 
in the public arena than does the announcement that chemical controls 
are being considered~ ·Biological contro·1 also numbs our sensitiv _ity 
to ene·rgy crises ·because something biological is seemingly synonymous.· 

. with self-perpetuating whereas "chemi.cal II conjures up images. of boiling . 
vats~ storage tanks, menacing liquids and powders, and a threat to the · 
purity' 6f the food and water we eat and the air we ·breath. Besides, we 
all knO\'(that as ruthless as chemicals .are they ca·nnot do the cornp·lete .. ·: 
job (6,l. · Their numbers are limited by our imagination and therefore . · 
cannot comoat all situati9ns. They do not enjoy an increase in numbers: 
through multi-pl ic~tion o'r replication and. cannot therefor«:! flex with, the .. 
target population. . . . · · . 

Mechanisms Evident in ·Bio.iogical Control Agents . 

The bas is for -biological control is found in the concept of a balanced · 
ecosystem ( 2). When an organism can influence in a detrimental manner 
the ·population level of another then it is dis-playing a. chara·cteristic ·· 

. of biological .control-that may ·be exploited. · The mechanisms through 
. which one organism i.nfluences another are seldom un·derstood thoµgh · • · 

they seem to be limited to 1) induced resistance iri th.e host plant, · 
· _2) hyperparasitism, a·nd 3) antagonism. · ·; · 

. Induced resjstance requires that when pathogen and host interact, the 
response make·s the · .host more re~istant to a ·second pathogen (1 ,2). . 
These phenomenon··are~nown in literature a:s: acqliired resistance, cross ·· 

· protection~ interference ·, arid simply interactions. Treatment of these 
. subjects is ti'eyond ·the scope of this . presen,tatfon . regarding forest tree 
· root problems and yet may someday prove to be the most powerful of all 

· · bi ocontro l approa·ches. · · · · 
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Hyperpara_sitism, ·the parasitizing of one parasite by another, is frequent 
i_n nature but .its significance under field con.ditions is difficult to 
assess. The successful management of an undesirable.fungus pathogen· 

· by another fungus parasit~ is not known. Attacks by virus and bacteria 
· detrimenfal to fungus populations are documented and show attributes 

that maY be of value when combined with a _hyperparasitic fungus. • · .. . . . . . 

The most common mechanism of influence of .one organism upon another is 
antagonism. · The mechanisms likely to be responsibl .~ are competition .·. 
for substrat .e, occupancy of an ecological niche, production of_ metabolic 
products', or antibiotics~ E_vidence for these mechanisms was most often · 
obtained . in greenhouse studies or .in petri dishes, but the inferences . 
are strong eoo~gh to encour~ge field application of cultural prac~ices 
that encourage antagonistic organisms. · · ' 

. .. 
Source of Antago_nists . 

Regardiess of antagoriis_tic mechanisms~ there are no procedures that 
· · predict which organisms will function as antagonisti (1,2). Antagonists 

are where you find them. ·pest problems are in general man ca.used. Man 
· has ~een responsible for introducing plants and a~imals into ·ecosystems 
.-lacking natural enerrdes to these·exotics (1,2~5). ·. The result has been· 
a rapid unchecked spread exceeding a tolerable th_reshold.· Antagonists 
are likely . to .be found i.n the original area in which the ·.exotic was · . .. . 
developed. It is 1n such areas that a balance existed due to environment,· 
host, and antagonist •interaciions; ho~eve~, the antagonistic attribute 
may· not be expressed in • ·the new ·environment. . . .· · · , 

Use of B.iological Control 

. To d~te, .we have~n_oi _encoun.tered a p;oblem in the Wester~ States with 
exo_tic root inhabiting organisms in forest trees. but the _warning is 
recorded in. p<1thology historj. · Future generations demand ll)Ore :fiber, . . , 

· and to meet thos~ needs we are responding with huge container s.tock · 
progi"ams,· tremendous energy inputs into site amelioration, and human 
selection of genetic combinations . . rn· all cases, the risk increases 
as we deviate farth_er and farther frcim an indigenous balanced ecosystem· .. 

. Some of our probiem organisms require rather sound plant par.ts in which 
to survive until another generation of hosts is available. Rapid decay 
of plant remains would seeni then to 'be a viable hypothesis. Risbeth 

·. has reported limited success in encouraging decay by injecting stumps 
with nutritive as well as fungistatic chemicals (2) . . :ro ameliorate the _ 
forest soil with urea, sludge, or compunds to influence pH is at best 
temporary beca,use of the enonnous buffering capacity of the soil (3), 
and yet can b.e effective if _timed correctly according to the biology 

. of the organi~ms involved. -Escape and crop rotation are · still the most 
reliable cultural pr~ctices that we have. Preventing dam_a·ge -:to roots, 
not exceeding the _ catrying capacity of the site, _and maintaining a 
vigorous stand all contribute to escape. Shortened rqtations and spec;ies 
mixture in effect achi~~e the principal of crop rotation . 
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Biological control is centuries old in . the foreit whether it be 
above or below the s.oil surface. Man is just beginning to learn 
of its -potential in helping to reduce los ses to all kinds of pestilence. 
Our employment of biological control agent_s will increase and improve 
as we learn more about the biology of forest ecosystems. 
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WIFDWC 1978 

BIOCONTROLS FOR DISEASES OF NURSE.RY CROPS 
·, .. 

Ra 1 ph E. Wi 11 J a!lls 

Annual los·s directly or ·,indirectly related to disease agents in bare 
· root s.e.edbeds of the Coeur _d'Alene Nursery has been. estimated at .n~arly 
$400,000. _· Los$es in ·greenhouses alone may reach 10 percent of _a ~.:s. to 

. 3.0 M base . · ·Production capad ty ·(ca 24 M) has been reached, yet future · 
Regional needs will be nearly a third greater tha·n capacity by the early 
eighties. · Altern~tlves .. tomeet thes··e needs are to put more ground.into. 
production or to maximiz~ produ.c:tJori . . Perha·ps improved ~tilizatie>n would 
_be the most economical from both a quantitative and qualitative · stan~- · 
point. . · · · · 

Various me~flS of .improving uti 'li,;ation may be through the ~se ·_of b1~cides, 
sanitation measures; or biological control. · Although only biological . · 
cohtrol wi_l 1 be .. dis~ussJ~d, mo.st agree that . biologic~l contro.1 should, be . : · 
regarded as only one facet of ·tne overa.11 control prQgram, rather than as 
a method to· be used alone. • 

._The- concept..·f-Or bio~o.ntrol .f~llowed in this paper is that .of Baker and . 
Cook (]974): · . . .- •· ... . · · . . • · _·.. . · _· ·. · 

"Bi.ological control is the reduction of inoculum density or .d1$ease 
producing activities of a pathogen or par;asite i_n its active or do.rinant 
state by one or more organisms, accomplished naturally o·r- through manipula-

.. tio·n. of the ,environment, host, or antagonist, or by mass introduction of 
orie_ or more antagonists. 11 

· · · · • · 

. Based on this conc~pt, ther~ are two general approaches to achievin~ bio.-
1ogical control: _ ·1. · Introd1,1ction into the system of antagonists - -(micro-

. organisms which affect pathogens via : (a) ant i bios_is and lysis; (b) com-
petition; or (c) parasitism and predation; or 2. manipulat~on of the 
environment to enhance resident antag·onists and/or host vigor . In ei·ther 
case, · manipulations to· achieve ,success may ultimately be· reduced to a . 

· chemical or physical level as it directly or indirectly affects pathogen, 
host, or antag_on_ist ~ · · · · 

. . 
· It seems clear that . for biological control to be effective, it is neces-
);ary to crea~e ,an envi ronment which will: (1) favor v·igorous growth of . 
the host whi:Ch may in turn di_rectly and/or indirectly reduce disease 

. / severity; (2) :directly suppress pathogen population or · activity; and 
:(3) ·favor an'tagonists of the pathogen. Even though much infonnation 
concerning the effects of environmental alternation on host/pa t h_ogen/ 

. :.antagonist systems ihas been published, for many-- because of the complexity 
:of soil . · · · · · 

A 
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sys terns 11hereby many ordered .res pons es are i 11 i cited..:-the exact mechanism 
of action may not be understood or even identifi~d and m~j be the reason 
for the many seemingly contradictory findings and ex;ceptions to· geriera ·l 
trends. . . . . 

. . 

. It is not worthwhile discussing known chemical and physical detaih of . 
every ·host/pathogen/antagonist system remotely related to conifer nursery 

. diseases; 0niy major diseases encountered in · Inland Northwest · nurseries 
will be discussed. Suggestions for reducing damage by using biological 
measure's are based on (1) host/pathogen/antagonist infonnation about 
major nursery diseases, (2) general trends identified in _ available 
pathogen/antagonist in.formation from field crops researc:ti; and (3) nur-
sery managernerit practices. . .. . 

Damage -caused by Botryti s ci nerea in greenhouses, shadehous :es, and seed -
beds is the major foliar problem, while damage caused by possible · 
Lophodermium sp. may be increasing. · 

In greenhouse~ and outdoor "storage faci 1 i ti es 'for greenhouse seedi ;ngs, .· 
Botrytis has caused consi-'derable damage to western larch ·an_d occasional 

·damage to pines during wet periods in late winter~ early spring; a·nd 
fall months. ·.In -s~edbeds, dimage is observed to develop in thi early 

. spring months- only in dense areas of 2-0 western larch seedlings. 

Botrytis cinerea is a reiati -vely nonspecial ized facultative Pil:i"asite .. 
{Baker and Cook 1914) requiring high spore densities; senescent or dead 
tissues in contact with living host tissue, free · moisture, and cool 
temperatures for in _fection to take place (Baker et al. 1954). Although _ 
sanitation and/or biocide treatment may reduce popula 'tici'ns . of this rather 
ubiquitous agent, if suitable host substrate uncolonized bYother micro-: 
organisms is pfesent and if proper environmental conditions exist, · 
infection will likely occur. It ~eems logical to assume that biological 
control via . environmental manipulation and/or introduction of antagonists 
may be helpful in reducing damage. 

. . . . . . . . . . 

. In th~ Northern Region, manipulation of the greenhouse environment d,uri .ng 
winter months or shadehouse during late spring or fall to _suppress the 

. p~thogen's competitiveness while maintaining proper conditions fof seed-
lings is -difficult. However, reduced watering, increased air movement, 

. ~levated temperatures, and wide spacing df seedlings are alternatives to 
consid~r. · 

The seedbed environment is less easily manipulated i~an ·ihat in the gree~-
house~ In _ these situations, propagation of western larch in areas with 
good air drainage, lower sowing rates to achieve wider spacing, or cultural 
methods to suppress growth during the 1-0 year may be beneficial ; 
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It ·ap~eats as though foliar .application of antagonists tompetitive for 
· ·free carbon- and ·nitrogen-containing materials may be effective in reduc-

ing d~mage. if appl ie~ prior · to colonizati .on by Botrytis (Newhook 1957, 
-195l; Blakeman· 1~72) , and if highhumidities and moderate temperatures 
pre~ail. Perhaps a shotgun ~pprbach, applying soil suspensions · to 

. foliage, may als .o be effective . Application of antagonists should be . . 
• accomplished during the fall or end of the growing season in greenhouses . ·· 
wheri needles become senescent and when. temperatures arid relative humidity 
are condt.ici v~ to their gr~wth. · 

Although n"ofpositively ·_identified, a pine needle disease probl em, 'per-: 
. ha.ps caused _by species of Lophodermium, may be increasing in nursery · · 
seedbeds. · -If a needle pathogen of this sort is present, obviou~ controls 
are to ·remoye· the ' 1 nfection sour .ce- - surround i ng tree~ an~ pine :n~ed1 es · -· 

. applied to reduce frost he~ving. ; However, since most nurseries in the 
· Northern · Region are in forested areas, this alternative may not be . • 

practical : · · ·. · ·· · · · 

"Biological coritrol via environment manipulation may riot be of ·much ·use . 
bec~use ·of current mapagement practices, .An exception to this may be 
r·elated to.aluminum levels in soils · (Iyer et ·a, . 1971) • . For .the most _;: 
part; -perhaps the only ·hope for 'biologica1 control w~uld be through the ' 
inoculation of competiti .ve--type antagonists onto -seedling foliage. · 

. . . . . . 

. 'Maj.or r,;ursery disease . problems are soil related~ ··involving primarily . . 
Fusar·ium spp. _· (Ft.isarfum oxysportini and possibly Fusarium roseum). Damage 
oc_curs in both greenhouse and seedbeds and, judging from s.eed isolations , · 
disea:_se·occi:lrrence, and soil testing, inoculum is both seedborne and soil -
borne. · Therefore, c-ontrol measures which will reduce effect i veness of -
either ·or both types of inoculum, depending on· the si tuation, . must be · 
employed.. . . · . . • . · · 

. • . , 

Seed tre atment with: _biological ~gents may be effective in reducing · .' : 
. germinant infection . Several studies with cereal crops _ (Merr iman e_t ·an 

1974; Chang .and Kommedahl 1968; Aldrich and Baker 1970) indicate that • 
s~ed: t~eatrnent with organisins ·such as Streptomyces spp., Bacillus . . · · 
sobtll 1s, and Chaetomi"um sp . has been tested and appears to be effective 
in reduc,ing crop loss due to infection t,y Fusarium spp. · · Seed treatment , 
is essentia,1 in greenhouse ·culture where potting medi a is not contami..: · 

· nated ~ .· It may be effective _in reducing losses in .seedbeds where both the 
rooting medium. arid seed may be contaminated, if activity continues until _· 

- m.Ycorrhi'zal development has taken place, at which time ·a certain amount 
of long~terni disea s_e tolerance is attained (Marx 1972) • . . . . . . . . . . .· r 

' ·. · .. ·. 
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Reduction of inoculum potential of soilborne pathogens i-s normally accdm-
pl ished directly qy the use of bfocid~s. However, where consider'atioris · 
make it undesirable to chemically elill)inate these organisms from soils ·• 
(Iyer et al. -1969; Lu 1968) or bio~tdes do not ~toduci th~ degr~e:~f .. · 
contro.l desired, biological controls should be considered. : · :·:·• .. 

Ad~itfon of ~1Jen antago_nists to soils has generally been ineffect1ve 
in_ reducing inQ_culum potential of soil borne pathogens unless the antagonist 

· ,s well suit~d to · the ~ystem, it is introduced in large quantities, ·or it 
is gi·ven ·a ·competitive advantage by treatments such as tumigation. One 
notable exceptio ·n niay be_ the incorporation of mycorrhizal _fungi into · . ·· 
nursery ~oils (Marx l 972). · · 

. . 

In many m~r~erfes, beca~se·fl!migation is a standard . practfo _e, fnfrodudion 
of .. antagdrff~ts . may be effective for at i east .a sh6rt time u.nt_il the system . 
reverts to _a· balance~· state. · . In soil systems, only a· few o_rg~nisms ha·ve 

. been identified as being antagonistic to fusarii.iril spp .. These· include '. ' 
Bacillus s.ubtilis. (Mitche11 and Alexander 1962), Stre to ces supp~ · ··· · 

. {Bloomberg 1973), perhaps speci _es of Pseudoinonas Kawamoto a·nd Lorbeer .• 
1976), ·"aiid Trichoderma vi ride (Wood and Tvei_tt 195_5). "·oirett introduc-: . 

. _tioli _has ·n_ot been tested; however,. information concerning environmental 
manipulation: to ·favor these organisms is available and wi1_1 be discussed · 
later. 

The i_ntrociUc{i"t,:n of.mycorrhizal fungi arid subsequent f11YfOf_rhita1 estab~·; _. 
lishment offers_ne>t only a· protective mechanical barrier .to root infection 

_by path9ge~s, but may also function via aritibiosis "and stimula_tion of · ··. 
competitive .antagonis ·ts (Marx 1972; Zak 1964) . Sinclair (1974), however, . 
reports that ~he mycorrhizal associati9n may not be deve1oped for 7-1_2 · 

-. weeks or more. -.. thus. in light of Bloomberg's work (1973) which shows . 
tha~ much infection of Douglas- fir seedlings by Fusarium .oxysporum f. sp. 
pini occurs early in the_ 1 ife of the genninant, if one w~re to rely solely 
1,1pon myco'rrhizae for disease ' reduction; considerable loss c·ould ocqir. 
Perha~s inoculatiori or ·~~ed or soil with~ mi~ture of ~htagonists, as 
indicated ·a_bove, to protect _ the germinant for 7-12 weeks, plus son . 
inoculation wi_th suitable mycorrhizal fungi, may be. effective in reducing 
disease. ' · · · · ·· 

Manipulation of the :soil environment to stimulate resident antagonfsts 
may be worJhwhil.e si _nce residents are at least partially suited to the · · 
system. _ .. Inde.ed, _variou·s nursery management practices which are employed 

· primarily to create an environment favorahle ·for tr:-ee growth _may a1so. be 
· .effective in biological disease contro_l. Ex'amples · of env·ironmental . . 

manipulation as related to _biocontrol follow . · · 

Additi'on of ino~ganic materiais, particularly nitrogen fertilizers, can be 
important. Nitrate nitrogen tends to suppress soilborne Fusarium spp. , · · 
whiJe. ammonium·nitrogen favors them (Huber 1966). It is s.uggested that 

. the primary" mode o_f action is through changes in pH (Smiley 1975) .· Soil 
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reaction adjustment by liming may likewise suppress severity of fusar _ial 
pathogens. - Low soil pH favors their activity (Garrett 1956;-_Baker and 
Cook 1974), while neutral to slightly acid pH suppresses 1t~ but stimu·-
·1 ates bacteria and actinomycetes (Alexander 1961), · several of which ~ay 
be highly _anta9onistfc lo these pathogens {Bloomb_erg _1973; Mitchell ~nd 

- Alexander 1962). - . . . . .· ... . , . . ' . . . . . . . . . . 

I,ncorpo~ation of cover c.rop·s or ·other ~~ganic: amendment·s in.to soils '_ma/ · 
effe .ct cha11ges which not only ~uppress pa:thogen activity~ but more impor.:. 
tant,ly ~li.anges which fav_or ~ntagonists . · Tt:i¢se.ch;rnges may benefit- . - - · 
·specifi~ antagonists as 1s the case with Bacillus subtil is stir.111,ilati_on 

. w,th soybean res_idues :Mitchell arid ATex·ander 1962), but will most often . 
stimulate · a variety of competitive types · of antagonists as is the case . 
with sawdust inco.rporat.fon (Lu 1968; Switzer and Nelson 1967). _ --_ -._ . _ 

- Effectiveness of cover_ crops in reducing damage_ depends upon nutritional. _ 
status of the crop, timing of incorporation, crop maturity, and cropping · · 

· - sequence · ( Huber et a 1. '.1965; Maloy 1960) • In genera 1 , mature · cover . _ 
crops with high C_: N ratios wil 1 reduce severity of fusari al pathogens :· 
,{ Garr~tt;, 1956). - Or-_ganic. a!llendm~nt~. which in~rease ·moisture _ h~ 1 din~ . 

_··capacity, pH, _and_ anaerobic resp1rat10n, and have high C:N_ rat1os will 
1 i kewfse reduce damage by fusari-a 1 pathogens (Baker .and Cook 1974; Coo_k 
1976). . · - .. . . · . . . - - __ ·_ . _·: 

Biocide treatme~ts ,··such; as application of various herbicides. may be 
indirectly effective in disease reduction by affecting nitrogen cycling, 
which in turn affects populations of soil microorganisms (Huber, 1966; 

_ Huber· et-__ al. 1969; Baker and Cook 1974) . . In this case, multi :..order.ed 
- reactions are responsible __ for disease reduction.· Fumigation a11d the _ 
application of spec_1fic fungicides may increase numbers of several 
organisms ·w~i~h m~y function as antagonists to the Fusarium spp. · 
(Vaar_taja 1967; _Bloomberg 1965). ·_ . . •-.·_-. ,. -~ : · · · , . 

Maintaining . soil moistu_re at 0-1 bar (ca 75 percent fi .eld capacity), which 
is nqn:nal for nurse_ry soils (Bloomberg 1973), may not only favor ·seedli_ng 
,development but .may also favor antagonistic bacteria and act i-nomycetes . . 
)-H9h moi.sture levels may also affect soil aeration which may enhal"\ce . -
'anaerobic bacterial activity, which in turn may increase ethylene, _ an 
,\agent suppressing activity of several root ·pathogens (Cook 1976). · 

. . . . 

. _Maintafning. soil temperature below 230c. at -least during _germination 
·periods by shadfog. devices, .evaporation cooling, and even perhaps with 
. mulch cover, should reduce severity of Fusari um oxysporum damage to - . 
conife~ous seedling* (Bloo~berg 1973, 1976). . . . 

. j 

Because of the complex dynamic nature of soils and the interactions 
·between many management pr_actic _es as shown above, it is easy to see that -
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·the imp6sition of a si~ple fattor ~nto the system.will create multiordered 
reactions _throughout the influence zone . . The fa_ct that we_are _dealil')g 
with a_ very complex system which we may never fully understand should, 
however, not deter us from using bi ocontro 1 s. · Rather, in the words of 
Bake-t and Cook' {1974), ·l'.le should· "isolate .. the phenomenon, make. it work, 
then study it c_arefully' to perfect its ·accompl ishm.ent . ,,. 

Ari approach to bi.ological controi in nurseries could be to identify 
a.reas,_ either with ground surveys or ··w1th ' remote sensi')9 techni.ques 

_ such as color •infrared · photography, where _problems are sig _nifjcant ·or .. 
_nonsignificant _ .. __ : Cprrelation between problem pccurterite and original"_ 
soil ty~e o.r mana~ement activity _ rriaps could be identified. __ Finally, 
benefi"c1al ·practices, either . determined. from past managenie_nt or from . . 
field crop 11ter~ture, could th~n· ·be· em·ployed_ i.n the ·appropriate are~s'. ·:'.. 
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. AN'EXAMPLE OF BIOCONTROL OF STEM RUST_S Of CONIFERS: 
Tl-fE PURPLE MOLD 

Ed F. Wicker 

INTRODUCTION 

Suppression of -native rust fungi throughout Jhe -~orld is due~-in part, - · 
to their natural . enemies which are primarily other fungi. _Arthur ·_ 

· (1929) lists 37 fungi attacking rusts or living in intimate ·association 
in vivo with them. One fungi, Darluca filum (Biv.) Cost., is - - · 
i.iSSociated with at least 71 species of rust in Latvia along (Kiru1 is, 

·_ 1942). -_- HO\'/ever~ Cif the many fungi known to associate with the rusts, 
Tubercu1ina spp. are the most _effective at inhibiting their normal 
growth and development (Tubeuf, 1901, 1_930, 1936; Lind, 1913; Wei-rand 
Hubert, 19.17; Wilson, 192-5; Brooks, . 1928; Deaco·n, 1939; Hulea, 193g·; 
Thirumalachar,1941; Kirulfs, 1942; Rayss, 1943; Keener, 1954; and · 
Barkai -Golan, 1959}. . · 

THE PURPLE MOLD 

Among the first fungi rep_ortedassociated with white pine blister rust 
cankers was the purple mold, Tub.erculina maxima. Yhis Deuteromycete 

_ We.is described by Rostrup (1890). Tubeuf (1901) discussed the taxonomy. 
and. host range of the genus Tuberculina and reported T. maxima able to -
lldestroy (control) blister rust of white pine" . His .. observatioris 
reported in 1914 did not fulfill their expectations . Lechmere (1914) 
clarified the -life .history · of T. maxima and ccinside.red it a typical 
example of double parasitism. -:-He concluded that only the pycnia and 

- aecia cou_ld be attacked; that the parasite cannot invade the pine 
tissue -itself and destroy the rust mycelium _and therefore could not be 
emp.loyed as a_ biologi.cal control. These conclusions were based ori only 
a few observations; at least, no experimental data ·was given. Tubeuf 
(1930} and Rohmeder (19.31) concluded that one does good by using T. · 
maxirna to combat the blister rust disease. · -

The purple mold was first reported in the United States by Weir and 
. : Hubert -( 19-17) on native pine rusts in Montana. It was· first found on 

blister rust in North America on western white pine at ·oaisy Lake on 
the -coast of British Columbia in 1926 (Mielke, 1933). Until 1932 if had 
been found on this host on1y along the coast .of British Columbia w~ere 
it also occurred on native Cronartium comptoniae on lodgepole pine. In 
1932 it was found on white pine blister rust for the first time in the- -
United States at Newman Lake, near Spokane, Washington, (Mielke, 1933; 
Hubert, _ l935a), where the blister rust was first found on pine in the 
Inland Empire i-n 1928 (the rust became established here and at other 
locations in the Inland Empire in -19~3). In 1~32 the .purple mold ~as 
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·. found also in interior British Columbia. on we~tern white pine rus·t 
cankerJ (Mielke, ·1933}. . · . · 

. . . . . . . 

Although ear.ly observations on the purple mold1 s _ab1lity to control the 
rust on western white pine were n_ot encouraging (Goodding,: 1932_; Hubert, ·· 

· -1932; Mielke, 1933), each of these early workers expressed the possibility 
that th.e mold could develop a strain that would be more virulent on the 
rust. ···In. ·_1931, .Hubert obtained a strain of T~ maxima from Germany that _· 
he hoped wo~ld control the rust here: as it had 1n some· parts of Genna·ny. 
He ·inoculated rust c~nkers a·:t two loc~l_ities in'. Idaho, but by 1934 this 
mold_strafn · from Genna·ny, ·as well ·a_s material' obtained in British ·_ . . · 

· Columbia· in _ 1931 · a"nd .1932, had gi. ven unsatisfactory control results .. ·. 
(Hubert, 1935a). ·.· · · .· . · . · · · · · · . · •. · 

. . . 

The early work ~ith T. niaxima on the rust of western white ' p1n·e, as ·wen 
·as the ·European "".<>rk-on ~ther pines, demonstrated the ability · of the · · 
purple mold fungus to parasitize rust cankers. In the Pacific ~o,rthwest, 

.. Goodding (1932) ·repo·rted he found the purple ·mold "often complete1y .. ·.: 
· ·destroying ··a·e~ial production . " Hubert (1932) stated, ·-"Every canker · . 
·showing purple mold. gave eviden~e t.hat aecial · sporulation tiad_ b_een :_· .· _. · 
arrested:'' . His concern ·_wa~. not with _the effect of the parasite on the ·: · · 
rust cankers, · but with its ·apparent inability to spread to enough cankers 
to appreciably reduce rust damage·. Mielke {1933) stated, 11The·paras1te 
attat:ks both pycnia and aecia of the white pine blister rust. In British 
Colµmbia i_t ·has ·been observed that production _of the aeciospores ·1s 
greatly reduced .when· the ·aecia are attacked and that death of the bark . 
over the ·cankered area often occurs in · a few years?l _In Germany, Tubeuf 
(19·30) found by inoculation that r. ·maxima suppressed formation of aecia · 
and. repe~tedly ·1ed .to _ th _e. healing-of the aecial stroma in pfoe; · · · 

: . . . . . . . . ,• . . .. . 

. In · Briiis~ ·Columb·ia ·~ MJel ke (1933) observed .. that pycriia may· be attacked 
. · ·throughout the ~n.tfre ·seas'dhal peri.od of their ·development, i-:produ~tion is 

reduced,. ·and .a pycnial zone attacked one seaspn usually fails to produce 
.aecia the f91l owing year. ··spaulding · ( 1929.) observed ·1 n Europe_, where · ., 
T. ·maxima o~curs ,· that py~niospqr~s. are not produced in · grea·t abundance. 
A study_ made .at Oregon State Univers.ity showed .that an aqueous solution 
of the pycnial fluid is an excellent m~dium for the gennination of l • . 
maxima s_p0res (Miel ~e, 1933). · Becaus~ of the preference of purple .. _inOld . 
on pycnla; he suspected that Jts effec _t on aecial production was_ indirect. 
He sub_stanti _ated .this by ·shav_ing off _the·outer bark of ttie ·parasitized .. 
portfon of a· stem canker and one. month later observed T. maxima sporulating 

• profus~ly on _the cut s1.i"rface~. · He -interpreted this to d~(.mstrate that the 
·purple mold's 11\YCelium invades the bark well beneath the pycnia and aecia 

· on _the .. $urface . .He believed th~t this may explain why-this fungus appears 
_.-to hast _e,f the · death of infected bark. ·· . · :· ·· . . . .· -

-· In a stu.dy. ot' the ·fungi associ~ted ~ith ::bl ister · r:ust cank~rs of western 
\1/hjte pine, m~de_ in 1941 in the Inland £inpir:e, Bingham and Ehrlich (1934) 
reported 2( different . perfecf and. impe·rfect stages of fungi. Only one of 

. . - . . . . . 
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these, I- maxima, was considered -to be parasiti _c on the rust fungus 
itself . The others were consiqered weak bark parasites or saprophytes 
which subsist on the weakened or dead bark of the· blister rust cankers. 

· ·Thes~ bark par.asites starve out the rust by .kiiling ·the cankered bark, 
· upon which .. th~ ru.st fungus fs dependen.t for 'its suste·nance, whi1 e ·1 ... • 
maxima parasitizes the pycnia and aeci.a of the rust fungus itself 

. (Bingham and E.hrHch, 1943). · · ·· . · ·. '· ' · · ··. . . . . . . . .· . . . . . . . . :· 
' . 

The pu~li shed litera.ture, unpublished observations by profe~sior)al . 
personnel, _and our field and laboratory ·data from wor~ 1ni~ia1;ed since. ··. 
1965, indicate tha:t the lilac fungus·., T, maxima, is .the. most ·activer· 
biologicql a·_gent ·having a definite and-demonstrable p'atholog ic ·effect on . 
blister rust cankers. This imperfect fungus r·educe·s the inoculum . .. · .. . 
potential of £ . ribicola by suppression of both pycnfa and aecJa ·produc\fon 
and inhibits gro~t.h and developm~nt of the cankers , which results in . 
partial or, more rarely, complete inactivation of such cankers. · 

Results from a survey in 1965 (Kimmey, 1969) .showed that I· maxima was . 
distribu:ted through the western white pine type · i,n the: .Clearwater, · ; · 
Coeur d'A]ene, Colville, Kanisksu, and St . Joe National Forests . . The· 
fungus was actively fruiting on 24.3 percent of the active lethal - type 
cankers . · I· ·maxima fru i ts 011lY on· active cankers; ·1t i s not possible ·at 
present to ascertain accurately its past occurrence on cankers . Aecia1 . . 
production was reduced to . H· 2 percen.t for the active 1 etha 1-type · can_k~rs 
and to ·s.4 percent for the entire lethal-type canker population . · This . 
\t{as ·not entirely the . result _ of action of I · maxima, but a large . percentage 
of i.t was undo~btedly associated . with T. maxima infection ," because· the · 
fungus was fruiting on 1.4 .. percent of the cankers producing ·normal aecia , 
39_.7 percent of the cankers producing partial aecia and 25.2 percent of 
active cankers~ ·producing no aecia . ·. Our 'inability to recognize the . 
presence of 1 . . maxima i n the absence of fruiting certainly masked the 
relation between this fungus and aecial production. · · 

T. ~xima has· not been ·repofted in association with uredial or ·teliai' sori 
of£. ribicola on Ribes spp~· Tubeu·f {lQOl) reported collections by · · · . 
several European workers (Gobi, Frank, Magnus, Schroter, and Rostrup) of . 
Tuberculi.na spp.· occurring on uredia and tel ia as well as spermogenia and 
aecia of ~evera.1 rusts. However, in all cases ·where enough information is 
provided to permit a: check on· the nature of the life cycle of the rusts, 
the cotlections qf Tuberculina spp. rep·orted in association · with aredia· 

.. and tel ia were on autoecious ·rusts, · r.egardless of whether they were 
macrocyclic, demi cyclic, or microcyclic. In these c~ses, infection by . . 

. Tuberc.ulina spp·. may have occu.rred during pycnia and/or aec1a productio'n ··. · 
and remained _throughout t.iredia and teli~ - production. One collection .· · · . 
listed by Tubeuf ( 1901) reports a species of TLibercul foa ·o_n Darl uca fi 1 um 

· (Biv. ) Cast . , anQther imperfect fungus associated exclusively with the ·· 
uredinales. · . Gobi (1885) reported Tuberculina .spp-~ on ·Paris guadrifolia ·· .. 
without findjng ·a uredina1es on the host plant. Undoubtedly a rus t was ·· 
present, ,Gobi just fa i 1 ed. to .detect it. · 

. . , . . ) . . . 
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I have successfully isolated I· maxima from the discolored margin of ; 
. 

11dormant11 cankers co.llected from the field during the winter .months . 
·(December-March).· 1 know that T. maxima can o_verwinter on we~tern white 
pine blister .n1st .-cankers as spores, sporodochia, and as mycelium within 
the pine cort~x {Wicker and Wells, 1968)~ Continuous freezing for periods 

· up to .19 months does not completely destroy spore viability. Thus,.I; · - : 
maxima .is well adapted to overwintering in the imperfect state and 1/iab·le 
inocu1um is ava11abie, under natural conditions, for ·•invasion of blister:-
rust ·cankers any time the tankers are susceptible and the environment ts . 
favorable. · Also, reinfec:;tion is not" necessary on an "'annual basis. .These: · 
data and our many f.ield observations indicate that th_e mycel ium of I· · 

. maxima do~s rami.fy throughout the cankered pine tissues and is not .. . _ 
_ restricted to _the -aecia and pycnia as Tubeuf (-1914a,_J 914b) ·and Le~~mere 
(1914) repor_ted. , T. maxima does .not go beyond the rust invaded pine ·. _· 

• tissue and, thus, does not constitute a -canker and subsequent threat to . -
th~ · tree itself. · · · · 

. T. m~xima can· o~ly infect western white pine blister rust cankers _during . 
, pycnia and aecia prodµctiorL Non-fruiting cankers (ju~enile or fruiting · 

retarded) could_ not be infected even fol lowing scarification of the · ·· 
dis~olored canker tissue with carborundum _(Wicker and Kinvn~w, 1967). ·_ · 

- Data iro'm artificial 1nocul_ati~ns of blist~r rust cankers ' w·ith spore . 
· . suspensions ·of 1, maxima both _in the field and under controlled ~ondi_tions 

in growth chambers (Wicker and Wells, 1970) show the incubation period to 
·. be tw.o-seven ~eeks for both aecia and pycnia inoculations .. · The incubation 

period i~ _defined as the elapse time between inoculation and subsequent 
spore productfo_n. Thus; the incubation period encompasses both the ·· 
penetration and infection periods. It is quite evident that T. maxima is 

- capable of ·cqt11pleting its life cycle in· a very short ·period. -
. !• HI ,•; ,;,• , •. • •~. 

-_!,·maxima can be grow~ on a variety of artificial media. 
0

Invettigations -
of the nut.ritional requi.rement_ (unpublished) · show that the fungus can 
utilize numerous· carbon_ and nitrogen · sources~ There-are some it · cannot 
use and still othe,rs, such as nitrite compounds, that may even be·toxic, 

· i· The fungu~ grows exceedingly well in pycnia fluid, This fluid is known_ 
1'-- to contain arrmonia, 21 amino acids, inorganic phosphate, fructose, three 
• · acyclic -sugar alcohol's and inositol (Wicker et al., 1976). Growth of the 

• fungus is favored by _a high carborr content; C/N ratios of 20:1 and 25:1 · 
{unpub1is·hed).. -. . _ - · · 

My in11estigat_ions of the ecology 06 T. maxima have defined the tempera- · 
ture ·r'1ng~. -- Spores _germinate at 5 C-wibh little or no additional g,;owth. 
Th~ ~errna1 death point is between 25-30 C as no growth occurs at 30 C 
The opti _mum temperature appears to be between 20- 25 c and varies slightly 
a.~cording to the · medium used. Our studies of pH are in process and sq 
far w~ have: grown the fungus on media form pH 3.0 -8.0. The optimum is 
around pH 5.0. · · · 
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During our. field eval~ations.of cycloheximide and phyt9actin as chemical· 
controls for the blister rµ~t disease (l96.5-1967),'."initial observations ·· 
indicated that these two antibiotics were suppressing T. maxima at the 
concentr.a_tions µsedwheri' applied directly to the canker surfaces.· Our · 
data from both field and laboratory studies confirm both :antibiotics 
to be phytotoxic to T. maxima. When tested in vitro, cyclohg·ximide ·: 
completely inhibited-I, maxima· a l-1000 ppm·.-' Complete inhibition .· 
occurred. with phytoactin at concentrations 70 ppm (Wicker; '1968). · 

. These data suggest that direct canker treatment using these -two anti- · : · 
biotics may .have· been detrimental to blister rust control rather than 
just .ineffective (Lea'pha.'.t andWicker, 1968; \~icke~, 1968). · 

; . ·_. . 
Results from hi_stologfcai study of the pine-rust-T. _maxima association· · · 
(Wicker and.Woo, 1969; 1973) show that the effects of T.' maxima on the . 
rust infected . tissues of pine seeql i ngs · and tissue cultures are rapid, ·• ·.-
1 etha 1, _and result ·;n structural degradation. Walls, cytoplasm, and · .·· 
nuclei of rust-infected pine cell's are hydrolyzed as ·the mycelium of I· 
maxima invades .them ... We observed ·haustoria, hyphae, and sporgenous cells 
of the rust to ·lyse :as t_he pine ·cells were destroyed. :. !,. maxima does ,· .. · 
not atta¢~ thEfr.ust-.free pine tissues in vivo. _However, it cari,establish · 
·parasitic and pathogenic rel·ationshipswithFust : free pine bark tissues 
growing in vitro. We conclude from these studies that destruction of 
rust parasitfzecf pine cells by-I· maxima results from the controlled . 

· action of several enzymes (Wood;·1960) secreted by the lilac fungus. 
·· ·This enzymatic a·ction is directed at the rust parasitized pine cells . ·.l . . 

and n~t at the ·rust organism per se. · Thus, the mode of actfon of l· 
maxima 1~. _the enzymatic destruction of the food source vital to the 
surv_ival of .the· oblig•ate rust organism. · · · 

Wick~r and .Shaw -(1968) listed si~ attributes essential to the success of bfological controt · agent: ·a) distribution . which coincides with : ,: . . 
that of the ta .rget pathogen, b) ecologi<; amplitude· ·suffic -ient to ensure 
persistence within · fts suscept range, c) production of abuhdantinoculum 

. for establishllle11t of epiphytotics; d) high infectivity, e) high virulence, 
and f) an eff.i ci ent mode of action for cur ta i1 i ng development of target 
disease. I would rate T. maxima positive for the first three attributes 

. and nega~iYe for the later three. The purple mold has delayed damage by 
· blister tust and ·prolonged the life .of afflicted white p;n·es but it has 

not controlled the disease. . . . 

R~cent surveys · ( Powel 1 , 1971 a; 1971c); 11\YCO 1 ogi ca 1 collections . (Pow-~11 , · 
1971b; -1972), and personal observations indicate that T.maxima•i swell · 
established in wester·ri North America on s1:ich rusts as Cronartium ribicola, · 

•. C. · comandra·e, h compto'niae, Peridennium harknessii-. and stalactiforme. 
· Tfiere are .undoubtedly other uredinaceous tiosts for :t.his fungus in North . A!11erica.. , . · · · · · · · · · · · 

. . . 

Tubercul i na mixima has been observed infrequently in eastern North. · · 
America (Hubert, 1935a; H.edgeco.ck, 1935'). In 1966, I provided ·· < 
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Or.-W. R. Phe_lps~ Rhinelander, Wisconsin, cultures of an isolate of the 
· ·purple mold_ from the weste_rn United States. This isolate was _used to 

·s.uccessfully inoculate C. ribicola cankers on Pinus stroblis growing in 
the ·vicinity of Rhinelander. I personally observed these inoculations 

· · in Augu.st, 196t and confirmed that T. maxima was establ iShed within · the 
· cankers·. Since that time, the frequ~ncy of th~ p·urp1e mold i_s reported 
to be intreasjng in ~lisconsin and Minnesota on native conifer rusts . 
(Be_rgda:hl, personal contnunications). · _. . · 

Likewis~, -fo 1967, ·l provided Or. 'D. w. Koenigs, Research Triangle Park, 
N.C.·with cultures of ·a-T. ·maxima isolate from Idaho to be used for 
inoc·ulating C. fusiforme-ga1ls on southern pines. I have no information 
to ·confirm that . the inoculations were ever ·made and, if they were, · 

·whether they were successful .. However, I am not · surprised that :the . 
purple mold was recently reported infecting fusiform· rust . galls on . 

· southern pines in North and South Carolina (Kuhlman and Hiller, 1976). · 

Tuberculina maxima is knQWn to infect · C. ribicola cankers on white pi:nes 
in J~pan (Yokota, pe_rsonal _co11111uriications). However, I did not observe 
_the fungus to_ occur on the island of Hoppaido during my excurs,ions there ·· 
in 1974.· . · · · · ··· · 

OTHER. FUNGI AND BACTERIA 
. . 

Th~ possibility that biological components. of the microflora of blister 
.rl!St cankers., cither·.than T. maxinia,inay have a pathological .effect on · · 
the canker has not overlooked. However, investigation of such has · . 

. a_ttract _ed even _less attention than has T. maxima. While severaJ fungi 
are reported .~o inhabit b1ister rust _cankers {Tubeuf, 1910; Posey and 
Gravatt, l~J7; __ Colley, 1918; Rhoads, 1920; SnelJ, 1929a, 1929b; Goodding, 
l932;WoHenweb.er, 1934_; Hubert, l935a; Bingham and Ehrlic~. 1943) 
information on the nature of their association · with such cankers is · 
essentially .nil. There is a very notable void of reports -of fungal 

. inhabitants of blister rust cankers, other than L maxima, from Europe·· an·d Asia. · · · · · · - · · 

()n ea.ch of 13 ·s.ampl_e strjp; examineQ ·during their study, Bingham and 
Ehrlich (1943) es.t1inated 0-14 percent of the rust - threatened trees 

j had been ·saved·:t~rough intercession of the canker fungi. They believed 
the. smallnes·s of th_ese percentages was due, in part, to the intense 

! pine infection _ and the small size of ·the reproduction of the selected 
;, strtp .s, where the proport1on of stem can~ers was particularly high. 

Each -such .. stem.:.cankered tree constituted a threatened tree, the deliver-
' ance· of whi.ch could riot be effected. - This fact was well demonstrated in 

two ··strips where more than 70 percent of the potentially damaging branch 
·cankers were parasitized and judged dying but where only O or 2 percent 
of the threatened trees cquld be considered saved -by the parasitic canker 
fungi . . 'Where trees are larger or .the rust infecti _on not so intense, they 
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concluded the les~ numerous direct stem infections should i·ncrease· the 
effectiveness of the .canker fungi in saving ~ust-threatened tr~~s. _; '. · 
Their data showed that the percentage- of-canker parasitism is dependent 
more on age and stage of cankers thari on .intensity of pine fofection '.-

On their 13 sample strips, Bingham and. Ehrlich (1943) found aecial 
sporulation reduced 5 to 60 percent by canker parasitism. They found 
a high and significant degree of direct correlation of aecia reduction 
with the percentage of cankers pa~asitized. Volume of .aeciospores 
is reduced. more. by para.sitism than is percentage. of ·aecia; as l"'year 
sporulating cankers, which produce relatively small -volumes of spbres, . 
were parasitized 32.5 percent while 3-year sporulating cankers, which · 
produce .relatively large volumes of spores, were parasitized 57 percent . 

ln recent years, field observatioris an~ data reported by several workers 
indicate an increasing · degree ,of natural inactivation of blister rust ; . 
cankers-,on western-white pine growing in the Inland Empire; The · 
accumulated evidence that the microflora (primarily · fungi) •which inhabit 
blister -rust cankers may have.ail adverse effect upon growth ·and develop-
ment of-such cankers, either directly or indirectly, supports -this · conclu-
sion. - Williams (1972) lists 49 different fungi inhabiting western white 
pine blister rust cankers in the Inland Empire with both perfect and 
imperfect stages of some being commonly encountered. Some of these .· 
are mere epiphytes, some,are saprophytes, some are parasites, and a few 
are pathogens. 

I have collected and isolated in pure culture ca. 120 fungi and a doz.en 
or so bacteria from.rust cankers in Europe and some 50 fungi and another 
dozen bacteria from rust cankers i~ ~apan . . However, to date, these 
organisms have not been tested on blister rust cankers on western 
white pine. 

AGENTS OTHER THAN FUNGI AND BACTERIA 

Organisms other than fungi and bacteria are known to inhabit and/or 
feed_ upon white pine blister rust cankers (Hubert 1935b; Furniss et tl 
1972}. Numerous arthropods feed upon the rust structures or the rust-
infected pine tissues. Rodents, such as squirrels and mice, feed upon 
infected pine tissues. All these agents effect some degree of biological 
control of the rust and it is important that their ecological roles be 
determined and documented. 

OTHER RUSTS 

Biological agents associated with native conifer rusts have received 
even _less attention than .those ' of white pine blister rust . Within the 
last decade, several excellent papers have reported on biological agents 
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associated with rust canke_rs ·on hard pines ·in western Canada_· (Powell 
1971a, 1971b, 1971c, 1971d.1971e, 1972, 1974; Powell, et tl, 1972). 
Byler, et al ( 1972a, 1972b) reported on the occurrence arid effect~ . -of 

·. fungi oi1'"'western gall rust in Ca_lifornia. · - . 

CONCLUSION 

-Within the pa.st decade, America has experienced ·an uprisltig of public - .· 
intere~t _and concern_ re1ative to the utilization of renewable_,natural .. 
resoLircis; particµlarly~ her· .forests. Consequently, social, economic, 

· and pol itkal d~ands for maximum and efficient us·e of forest goods and. 
servkes to _ensure the greatest pub1 ic be_nefits hav~ increased pro- . 
portionately. Reduction of losses due to destructive agents, such as 
disea~es, is of major significance in meeting these demands. 

It should b~-Qbv.fous by now - if, indeed; we· learn from past mi.stakes -
· that the application of single, specific measures to reduce losses from 

disease is :seldom effective. What is needed for the future. in my 
opinion, _ are numerous and varied protective and preventative measures .. · 
that are integrated . into forest management systems based oh the ecology . 

· of the for_e_st · area being managed. · 

· I ·believe it _ is the responsibi.lity of research forest pathologists to 
develop these protective and preventative measures and to wor~, hand -
in-hand, with_disea$e control specialist and forest land managers to 
integrate such meas·~res with managemen_t systems. · · 

lf the above -philosophy is rational and has merit, then why-do We' 
continue to evaluate biological control measures with the premise that 
they, alone, ·must effect the desired level of control before they are acceptable? · · · · · · · · · · ··· · · ·· ·-

1 . 

!-
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. WIFDWC 1978 

.. : TREE GROWTH SUPPRESSION IN RESPONSE TO __ 
LONG-TERM LOW LEVELS OF· 0.3 .·No2 , AND/OR. S02. ' . . 

Lance W . . Kress 

. -Air pollutal]tS usually occur in combination with _one another and at 
-· rather low levels in the ambient atmosphere. The National Ambient Air · 

Quality Standards (NAAQS) h~ve been established based primarily on reports 
of singltf pollutant effects (only Calfforni~ standards have considere~ 
Oa + S02 · interacti?ns) . • When· setting the NAAQS lit~le attention has ~een 
pa.id to the potent1al interactions of pollutants primarily because little 
infonnation_ regarding the effects of int~ractions has been available. The 
lack of adequate technology for handling a.nd working wHh certain pollu-: · · 
:tants iJl combination has b~en a· major stumbling block, but recently instru-
mentation has become available that could be used in supp~rt of resea·rch 
regarding the effects · o_f · several pollutant interactions to yeg:e~atfon. · 

. · Anot.her major void in ttf'e knowledge of pollutant effect;s to plants 
has been the failufe to de'al wfth 'the effects of long-~enn Jow~levelexpo-
sures. U is importan~ to consider that the expos~res must occur daily 
without wee'kend. brea~s·. · Under ambient conditions, ··plants ar:e usually . 
exposed seve.n days per week, and·.sometf.mes pollutant leveJs -ctre.even 

. higher on w~ekends.· · · 

,::when th.,s inye'sfigatio"·'was . unde'rtaken, the author was aware of . ·. 
· only one researche_r 'who had· exposed plants to controlled_ pollutant levels 
for long-term (-seven days· per )'leek) low.;.level fumigation. Barnes· (1, 2) 
exposed several p~~e ~pec:ies"to low levels of 03 continuously for . up to 
22 w~eks and measuted photosynthesis, ·respiration, and some biochemical 
compo_unds. · There we,re rio reports of, long-term low-level effects to 

·· vegetl3tion of mixtur~s of three pollutants. · · : . · ·· · ' 

· . ·· Lobl_olly pine (Pinus taeda L) and America·n sy.camore (Pl°~tanus 
occidental.is L.) were selected as the plant sp~cies for this study. Full-

. sib famihes of · 1oplo11y pine and half-sib families ·of $ycamore were 
av~ilable. ·· · · ·· · 

. . The objectives of_ the study were: to determine if relatively 
a'!Jbie~t levels_ of 03 , N02 , and S02 could cause ,significant growth suppres~ 
s_,ons and_ foliar symptoms on sensitive and tolerant families of loblolly 

·· pine and _Ame·rican sycamore; and to evaluate the effects of three pollu-
. ta~ts in combination ·;n long- term exposures ~-- a basic study that had 

n~ver be~_n_ accompl~s~edfor any crop. :_.· · 
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.. MATERIALS AN!i METHODS 

. ·sensitive ·and tolerant famili .es of lobiol .ly pine .a_nd_ sycamQre wer~ · 
chosen based·_ori .earlier 0~ screening studies. · Seedlln~s were started , from 
seed .. on a>staggered plant1ng schedule so as to have-un1form aged tree.s , . 
for ·each of. thre_e exposure groups. The seedlings were planted .four per · 
pot in four inch pots containing a 2:2:·1 weblite:vermiculi .te:peat moss . 
planting medium. When· the pine_s we.re approximately \'lee~~ old and the 
sycamore· appr()ximately 1 week o.ld,- they were expos~~-to the poJlutants -in 
one of t~~ee exposure series: · · · 

. exposure nuinber. l . .;. __ Con __ trO 1, . 03 , SO · or O + SO : · . . 2, 3 . 2• .. < . 
. exposure number 2--,.; Control, 03 , N02 , or 03 + N02-~ or , . . 

exposu:re nu1.nber· 3 __ - .CQntrol, 03 , 03 +_ S04, or ·03+S02 .+ N02~ .. 

E~ch ~xposyre_: ·se~i~s ran fo~. 28 co~sective days: ·_ 

. .. exp6sure ·:number 1 J~n .. 26 to Feb 21; .·_ 
. ··.,·exposui'e number2 - Feb . . 25 to Mar. 23; and · 

· ·exposure pomber 3 - Ma·r. 30 to April 29, 1976 . 

-. . ~-.. 

. The exposure series were repeated in 1977 on .. new se_edlings. ' The plants 
· were exposed for:6 hours per day. · The pollutant levels used singly and 

.in . combfoa·t1 on were-5 pphm 03, 14 pphm SOi, and 10 pphm H02 • 
• • . . r ' ~ • 

-.·Prior _toexpos~re. _ during the non:--exposure port1oris of _the _day~ ·_and 
after _exposure, ·the. plants were maintained :in a ch.arc.cal-filtered green-: 
ho~se,: under a. 14 hr photoperiod. · Lighting of 21,000 lux w·ere provided . 
by" high pressure sodfom lamps.· .Each pot received l gm of osmocote ferti -
lizer and was watered routinely . : .· · · , · 

.· .-The monitors used were: Bendix chemiluminescent for 03, calibrated 
by· the 1%._neutr:arbuffered KI method; Bendix chemiluminescent N02 , cali-
brated by a known level of NO; and Bendix flame photometric total sulfur 
analyzer for S02 · that ·was calibrated :with an S02 permeation tube. ·, . . . . .· ·, . . . . 

· rhe expo$ure ·chamber·s employed a single-pass air system, drawing in 
charcoal-fi1tered ait ha'ving a chamber residence time of_ two minutes. The 

· pollutants ·w.er.e inject~d _into t.he intake lines ju~t prior to their entry 
. into ·~acti chamber.·· Pollutant concehtrations were maintained at the 
desired levels ~Y monitoring at plant height and adjusting the flow of 
pollu_t/int· into _the chamber. Lighting for th~ chambers was 30;000 lux 
provi,ded by high pressi,lre sodium lamps. Eiwiror1111ental conditions were 25-
300C and 79-8.5% RH~ _: . : . . . 

.. . : __ Th~ seedlings were evaluated for foliar sympt~ms prio; to -t .he expo-
sure,~· at the termination of the exposure, and at two weeks later. Height 
growth° of ~he, seedlings was measured at weekly° intervals • .. -. -.. _· 

. . . . . ' . 

.. ' . 
. . . -·: ... . _. _.· 

. . .. 
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RESULTS. - LOBLOLLY PINE 

· ·significant differences in height growt~ were noted between some 
treatments, and between the two fam11 ies within some treatments . . Foliar 

· damage·was·_.light; but significant differences in foliar syinptom response · 
between treatments and betweenfa ·milies within treatments were also not-
ed; While:•tfi~ sen~itive family eihibited greatet fo1iar · damage and ~reat-
er growth supptession than. the tolerant family, the ·actual amount of fo-
liar dainage_ ~-Jas not nece·ssari ly correlated with growth suppression .when · 

. con1paring «riY h~o tre :atments, especiillly ~dthin a family. · 

. ' the precio'minant ~ymptoins noted were mottle and chlorotic spot, but 
the amounts of each symptom var fed ''lith treatment and family. The 

. sensitive° famfly (4-5x523) exhibited the mott1ing Symptom for 'all pollu -
tion trea ·tmerits. I.n 1976, ·the chlorotic · spot symptoms were convnon (but 

· still secondary to the mottHng symptom) mostly on the trees exposed to . 
the single po 11 utant trea tmerits .- In 1977, the ch 1 oroti c: spot symptoms 
were predominant ori the single pollutant exposures, while the mottling 

· symptoms were predominant only on the ·combined pollutant .exposures. 

. . Overa 1l; ·t~e a~era~~ fc>liar :da~age · (S<;J) f~r · a fa~Hy never . exceeded 
·1% of .the potential maximum (appro~imately 40,000), although individual 
. trees had up to_ s~; damage. · · · · · · · · 

. Comparison of the free height growth in similiar treatments ac·ross 
exp.osure group:S pemonstra ted a tendency for height growth to increase · 
from exposure· group~ 1 to .3, but the differenc ·es were not significan _t at 
ex·p·os·ure termination for ·either family. Therefore, Table . 1 was-derived -
by averaging all the· simflai 4 ·treatments and arriving at average growth 

· suppressions · for particular treatments versus the control trr.atment :or the 
03 alone treatment~ The 03 + so,. and.0 3 + S02 + N02 treatments consist-

. ently resulted .in signific~ntly less growth than either the 03 alone or 
· the control tt·ea·trnents. The sensitive family always exhi-bited greater 
gror'th supptession than the-' tolerant family in the 03 + S02 + N02 treat- . 
ments. 

RESULTS AMERICAN SYCAMORE 

. Significant growth suppressions ~esulted from some treatments in 
. the almost complete absence of pollution induced foliar symptoms. The 
effects were most prounoimced in the pollutant combination · treatments, 
but. even _03 alone caused significant growth su'J>pressiol'l in some cases. 
At the level _used (10 pphm), N02 consistently had a · stimulatory effect on 
sycamore height growth. American sycamore also demonstrated a capacity 

.·. · for recovery of the pollution ·induced height growth suppression after 
remoya 1 of the ~0·11 ution stress. · · · · · 

Foliar Symptoms 

.. : A· few foliar symptoms· were noted in 197'6. Leaf chlorosis and dis-
tortion was convnon ·on all trees including controls. It wa-s probable 
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.T~ble · 1 fleight .growth of loblolly pine seedlings (exposed to 
. 5 pphlli 03, 14 pphm S02, and 10 pphm N02 singly and 
i'n combination for 6 hours per day, -28 consecutive 
days) expressed ~s a percent of either the tontrol 

·· trees or the 03 al one exposed trees . 

1976. Loblolly Pine Seedling Gr owth as Percent of 
Contra l Duri·ng Four Weeks Exposure to: 

Family 031 S02 N02 03 + N02 03 + so/ 03 + S02 + N02 

-4-5 X 523 95 . 84* 105 
- 14- 5 i 517 98 - 113 94 

90 
90 

1 Average 6f 3 o3 treatments . 

2 Average of 2 o3 + so2 treatments . . 

78* 
86* 

70* 
88* 

* Significantly different from the control at th~ · .05 "1evel. 

Family 

Lob.lolly Pine Seedling Growth as Percent of 03 
Exposed Plants During Four Weeks- Exposure to 
·. (Average of 1976 and 1977 Data): 

. . . ' 

· S02 - N02 03 + N02 - 03 '.~ soi · 03 + S02 + N02 

4~5 X $~3 83. 105 l 00 
99 

78* 
84* 

74* 
85* 14-5 x: 517 100 111 

. * Significantly different from the o3 treatment at the 
. 05 level . -· · · 
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that the symptoms noted were not actually po·llution induced. Typical 
oxidant stipple ·or typical SOrinduced interveinal necro~is was never 
noted. No foliar syrnptoms were noted for the 197?:exposures. 

The sycamore height growth respo·nse to various tre~ tments is shown 
in Figure 1. In 1976 the 03 treated trees grew significantly less than 
the controls and as another pollutant was added there _was a further 
significant reduction f~ hei~ht growth. lhe ·l977 d~ta match 1976 except 

. for the controls. · In 1976 all treatments were in identical chambers 
· (square), but in 1977 the cont.rols were in a differentchaniber type (cy-

lindrical) tha.n the 1976 pollution treatments. When all treatments were 
in the cylindrical C$iR chamber, the 03 expos'ed plarits grew less than the 
controls in 1977 al so (Figure ~) . · 

· DISCUSSION 

_The data indicated that ·1ong-term lpw-lev.els of 03 ~ N02 , · and S02 in 
combination were capable of causing significant growth supJ:i"re~sfons in 
loblolly pine wfth minimal foliar injury, and significant_ growth suppres-
sions in .American sycamore in the absence of foliar symptoms; The pol-
lulant_ levels use·d were 'below the .National Ambient Air Quali.ty Standards 
for each .poliutant. The.study also · provided positive indica"tions that 
specific familie .s of loblolly pine were sufficiently stable to serve as 
bioindicators of ambient pollution le~els. · · · · 

The control treatments (in relation to the pollutant treatments) 
exhibited s1gnificarit .vari_ation from 1976 to 1977'.. The controh for . . 
1976 were in a square exposure chamber immediately following a pollution · .. 
treatment, but for.1977, they were in a: cylindrical chamber at . the same·' · 
time that ·the pollutant treated_ -trees were in the square chamber?, · Fig-
ure l demonstrated the difference very we11; The control trees were the 
-largest of.the treatments i_n 1976, but they were .smaller than both the 03 a 1 one a·nd Q3 + S02 treatments in 1977; The same phenomenon w~s noted with 
the .pi-ne seedlings. · The data in Figure 2 demon_strated that when all the 
treatments occurred in the ·cylindrical chambers, the control plants 
were ·t~11,er · th~:n the 03 alon·e Plants. - Therefore, the growth differences 
between tl:ie control treatments from year to year seem to be r~lated to 
the diff~ :r~nce .between the square and roun.d chambers. The cylindrical 
;charnbe:r-s .were generally up to SC cooler arid 5% RH higher than the square 
chamb~rs, but the major differenc.e was probably in air exchange. The 
total flow rate was set to be the same in both sets of chambers. bvt since 
the cylindrical chambers were a·bout twice as large as the square chambers, 
the residence time for air in the· cylindrical chambers was··about twice 
as loA;g.. -Whether or not that was the reason for the difference is un- ._ 

It is • possible that CO2 ·1evels were <:fepleted in the slower moving 
. air (.by the plants) and thus became a _limiting factor for photosynthesis . 

· · :Previous screerii_ng studies ha··d demonstrated that the pines were much 
more se-n:s_itive to_o3··;n terms of foliar symptom response in early July 
than at other tirn~s of the_ year_, given the same aged tissue (5). In this ·· 
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Figure 1. 
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study, the most significant differences occurred in expcisures that 
. occurred in April a·nd May versus February and March. · r1sed on these · 

i-esults more significant growth reductions and greater foliar damage could 
have been expected had the exposures occurred in June and July . 

Signific;nt gro~th su~pressions (up to 45%) for sycamore ~nd 30t 
for loblolly pine were noted in this study; even though the pollutant 
levels used ~-,ere belm-1 the NAAQS for each pollutant. The results of 
studies lf~e this ,one must be considered when the NAAQS·are re-evaluated . 
Pollutants naturally occur in combination and the potential effects of 
these c0mbinations are probably more damagiflg than anyone ever realized. 

· A 45~~ loss for .any endeavor (even if it has an exceptional profit ·margin) · 
would hardly be ~cceptable. The profit margin fo~.most forest industries 
is rather low, and possibly air pollut .ion growth tmpact has been,a major 
reason. · · · · 

The resul ,ts of this study provide considerab-lc ev.ideOce in favor 
of the theory of hidden.damage. Previous work has demonstrated hidden 
damage: Treshow. et al. (7), Barnes (1,2), Tingey et al.{6), Keller (4), · 
and Hous•ton and Dochinger (3). However, none of .the previous reports 
have ekamined growth undcir such closely controlled exposure conditions 
and.reported such significant growth suppressions in the total absence 
of foliar symptoms;· Hidden damage has been demonstrated in a convincing 

. manner by these · results . Hidden damage should be considered as fact 
rather than theory. · 

. ' 

. It would :be extremely difficult but intere~ting to carry these 
results foward to determining the actual growth loss of forest trees that 
must be occurring d~e to ambient levels of air pollution. As mentioned 

. previously, the entire forest tree improvement program in the South i~ 
based upon realizing a .. 5% increase in yield; . this study has demonstrated 
that up to ~ ·30% reduction in pine growth and a 45% reduction in sycamore 
growth could be occuring due to the interaction of three major air 
pollutants. · · 

This study .is the first .to involve three major pollutants in long-
. term (7 days per week) low- level exposures, and to examine the growth im-
pact of such ~xposures, These iesults must be considered in the establish-
ment of the NAAQS. It is unrealistic to base the standards on single pol-
lutant effects when plants and people ar~ constantly exposed to several · 
poll~tants at the same time. These results must also be considered when 
evaluatihg the economic effects of air pollution . Growth impact due to 
invisible .damage has the potential to be de~astating. Trees appear to be 
less sensitive than crop plants to most air pollutants in terms of visible 
foliar damage. However, due to their perennial nature, they may be much 
more sensitive to the here-to-fore unap~reciated invisible damage. 
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··WI.FDWC 1978 

HERITABILITY OF OXIDANT SENSITIVITY 

IN LOBLOLLY 'PINE 

Lance W. Kress 

. In studies of envi.ronmental effects {such as air pollution stress) 
01'1° plants, m1ni111ization of. plant to plant ' genetic variation must be con,.; 
'sidered. This •is especially important in .studies where a relatively small 
number of phnts are to be examined~ · Substantial' plant to p·l~nt variation 
within treatments re~ijlts in a-high coeffiden't of variation arid can ., . 
effecti velY mask anY differences between treatments. .Two· ways of minimiz-
ing gen~tic variation are cloning (by grafting or rooting cuttings) and ... 
by controlled pollinations to .generate full-sib families. · · 

. The minimization .of genetic variation is of par~mo1,1nt_ii:nport.apce·wh~n. 
attempting to develop a b_ioindicator syste!ll for detection and qua:n.t i fi- ;' 
cation .of ambient ·1evels of air pollutic_rn . . A biotndicat .or _system)s , .. 
suggested by ·aerry {2) would supplement and in part replace mechanical 
monitoring• instruments., and biologicdl ly demonstrate the effectiveness of -
pollution abat~me.nt programs. However, .the · symptom responses must be unde,r 

.adequate genetic control to allow good repeatability of the responses. 
• •~• • • • •. • • • • . • • • ' • I • . • .J 

The prJ~ary objed:ive of . this ·:study was to scr~en several fu11.:s-1b· -... 
faniiH~s of _1oblolly pine for ~ensitivity ~o o3 ·or N07 in_·order to_ideritify 
~- sens1tive and .. a to.lerant family for use ,n sabsequent field stud1es · 
utilizing open-to_p· chambers at the Radford Army All'(lturiition .Pla.nt (9) . A 
second objective was to attempt to determine. whether or n_ot toler~nce or 
sensitivity of loblolly pine to air pollution w~s a heritable character-:· · is t ic .· . · · · · ··· · · 

: .. 
MATERIALS.AND METHODS 

. Seeds :of · 18 full-sfb families of Pinus taeda ·were obtained· from 
·Dr. Bruce Zobel of the North Carolina State University - Industry Coopera-
tive Tree Improvement Program. · The seeds wer'e s·own in a 2 :2:1 by volume: 
weblite® (an expanded shale product of the Webster Brick Company, Roanoke,: 
Virginiit):ve .rmiculite:sphagnum peat moss potting mix. As the seeds 
.germinated, the seedlings were transplanted four/pot into .45 11ter 
plastic pots ~i th .the sam·e potti .ng mix:· The trees were maintained in a _ 
greenhou~e _suppli_ed with charcoal•fi1t~red_air , Supplemen~al lighting_ ·· · · 
was prov1ded. on a 1.4 hr photoperiod with h1 gh pressure sod1Um lamps wfnch .. . 
produced 21,000 lux .(330 microeinste i ns m-2 sec- 1) . Throughout the study,. 
the trees were watered daily to saturation: ·. Th~ 'seedlings were fertilized 
with a single application of one gram of osmocote spread unifonnly over · 
the potting medium surf~ce in each_ pot 2 to 3 days fol 1 owing transpl anti.ng. 
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During the sunvnerof .1975, and the summer arid fall of 1976, four 
trees of each f_ami ly were e>;p6sed to varying amounts of 03 or NOz. There 
was a single set of c<;mtrol plants for each of the two pollution treatments 
occurring on a single day. To detenni,:ie if secondary needle respotise to . 

· o3 was relatively similar (among families) to the _ response of primary . 
•· needles on the.same tree the previous year, some trees w~r~ expo~e~ in 

1975 and·agaJn in 1976. · 

· · Indoor ·exposu.re .chain~ers were· constructed as per the s·pecifica .tions 
· of Heck et al. · (6). .The chambers were .72 cm x 72 cm x 75 .cm high, drew · 
charcoal_,..filtered a·ir, ar,d employed a single pass ·air system having --~-· . . 
ch.amber resi .dence time of 1_.7 minutes. Th~ pollutants were injected · 
into the intake air stream prior . to its entry into the c_hamber. Pollu-: 
tant conc·entration _varied less than one part per hundred mill ion ·(pphm) 
{at 25 pphm) at plant height in . the cham_ber. Ozone was" generated by · 
passing ()xygen aroun:~ an ultraviolet lamp in a water jacketed 311 _91

_
1 

· glass -cylinder. The ozone enriched ~ir .was carried to · t_he three fu~j -
gation chambers via ~eflon -tubing ·and r·otonieters controlled. the flow; · . 

·Theair .insicle each cba~er was samp.led continuously throug_h a tu,b~:)laced 
at plant · height; Ozone was _monitored .in 1975 with a Ma~t Ox_idant meter . 
(Mast Development Co., Davenport, IA, 52803) ca'librated :_by the 1% ~~utral 
buffered potassium iodide (NBKI) technique (14) . . _In 1976, 03 was _mon_i- · 
to red by a Mast Ox id ant meter and a Bendix mode 1 8002 .chemil umi nesteht 
ozon~ an~lyzer (Bendix Proces~ Iristruments Division~ Le~isb~r9, W~,V~. , . 
24970), -and again _calibrated by the NBKI technique. Nitroge11 d-foxiQe ija~ 
obtained a·s bottled gas diluted in • nitrogen (1.09% N02L an_d .delive ·red.t~ 

· .. each chamber vi a tefl on tub 1 i ng and contro 11 ed with a rotometer. · .. The ~02 concentration was monitored with a Mast Oxidant meter calibrated by the -, 
NBKI technique · (approximately 10% efficient for N02), T~e pollutant . , .-
concentrations in the chambers were maintained by monitoring at plant . 

. he.ight and adjusting the flow rotometers. The 03 and N02 levels were 
additionally spot checked occasionally during fumigation with the NBKI 
technique directly. · · · 

Lighting forthe·chambers was 28,000-30,000 lux (420-460 micro~in- ·_ 
· steins m-2 sec-1) at plant height providedby high pressure sod_ium lamps._ 
Temperature during fumigations generally was 26-29C, but varied from Z4-.· 

- 31C depending on· se"ason. Relative hum.idity was generally 70-80%, but •.-'· r 
varied from 50:-90%. Temperatur·e and RH were generally higher in the . ·· 
sunmer months. · · · · 

·The tr~es were exposed beginning ·at approximately 0800, and prior to 
and after fumigation they were maintain _ed in· the greenhouse~ Ouring ·au . 
phases of lhe study, the plants within any treatment replication were ._ 

· treate .d as uni-formly' as poss.ible . Placement on greenhouse benches and 
. space as ·sig ·nment within the exposure · chambers was completely random~ ·· 
· CoQtrol plarits were: treated identical to th~ exposed plants except that · 

· '. nopollutants were tnjected into the chamber. 
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Foliar sympto.m evaluations were made pri _or to, i11111ediately following, 
and 1, 7, -14; .-and 21 days following exposure. The control trees were 
examined first- .in ·each treatment, and symptotns (generally none) noted 
were .considered ,to be not pollution rel{lte~; -When the ·same type symptom 
was noted on exposed trees it .was also ~on5'idered to be· riot pollution · 
related, unless the intensity of the .sy_mpto·111s was drastica 1 ly greater ;-

• • I • •• I 

ihe foliar symptoms noted were assign~d the . following rfumerical . '· 
value i.n an attempt to place . an .estimate of severity ·to the plant. • . . . . .' 

O No symptom. 
l Chlorotic · 5pot 

. 2 · Mottle 
3 ·C.hlorotfc band 

· · 4. Chlorcitic tip ; . 
. · £ · 0 Nec~otic· s~ot · 

6 . . N.ecroti.c band.·. 
· - 7 Necroti~ . ttP .· ·. ' _,·: 

The severity value was multipled by the · percent of the needle affected :. 
This yielded a symptom severity index (SSI) for each needle. In cases 
where mor.e than one symptom occurred on a ·needle, ·the one ·providing the 
highest ,SSI was recorded . ..Each primary neecile was eva·1uated, arid each 
fascicle of secondary needle ·s was evaluated. The .three needles w-ithin a . 
fascicle were. generally unfformly damaged, but in cases .wh·ere they wer·en't, 
the ' highest ·SSl value was recorded for the entire fascicle '.· The.' SSI's · 
were· summed for :all ·needles · on a tree and divided by the totar number· 
o'f needles {symptomatic and asymptomatic)· on the .tree to Yield an ·aver·agi: 
tree SSI. · The ·p_ossible maximum averag~ S$1 was 700 and was dependent -on-
needle damage severity . and th_e percerit of tota 1 needles damag_ed. 

· ,An· analysis o-f variance table (ANOVA) to test for difference .s in mean 
SSI v-alues .b_etween families in each tr-eatment was gene:rated using th·e 
Standard F--:-:test as· performed by'the Statistical. Analysis system (SAS) (1) ~ 
The results -··of ·these ANOVA tests were then used for the Duncan's New 
Multiple Rang~ Test to d~termine which families ~ere _significantly · 
different -in e-ach treatment at the 0.05 level. · · · · . . :· . 

RESULTS 

The· predominant ~ymptom of .03or NO~ exposu~ewas api~mented mottle 
that wa~ usually tan ,n color, but occasionally ,twas reddish or purpl~ . 
Mottling occured both abaxially and adaxially, but was·more inte ·nse on 
the adaxial surf~ce. · If the . mottle was strictly chlorotic, it -was classed 
as varying percentages of chlorotic spot . · · 

·, 

·Ttp nee.res -is was c.ommon· only in. thel5 and' 25 pphm treatments. 
Severely da[lJaged trees -had over -half o~ ·the nee_dles affected with some 
having half of the needles 100% n.ecroti,~-· 
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The averagQ tree SSl1 s for 18 families · in response to 8 treatments 
in 1975 and 2 treatmen·~s in 1976 are _ listed in Ta·ble 1. Except for both . 
replications of 10 pphm 03_ahd 20 pphm 03l f~mny-_6-13x2-8,always exhibited 
the greatest amount of foliar symptoms. In all cases, family 6-13x2-8 . 
sustained greater. damage than families involving parent tree 504 (501x504, -
529x504, and 540x504}, and in a 11 btJt the 10 and 20 pphm exposures, the . · 

_ difference was significant. In both replica~ions of 15 pphm 03 an~ !he . 
. 9/3/76 25 pphm03 treatments _,· 6".'13x2-:-8 was significantly more-sens,twe . 
than the remaining 17 _families. On 10/14/76 family 6-13x2-8 was signifi ~ 
cantly more s-nsitive than 16. 6f th~ 17 remaining families. · · .· . . . . \ . 

. . . . . . 

The objective of re-exposing trees in 1976 was not only to detennine 
. if family responses were consistent, but also to determine if . individual 
tree respons_es within families were consistent. Table 2 presents the : 
a~efage tree SSI val~es for individual trees · of 7 of the 18 families ·re-

. t!Xposed to 25 pphm o3 in 1976 compared to the 1975 responses to 20 pphm 
- 03. The seven families wer~ selected to illustrate that within some ·_ 

families the trees responded similarly re'lative to each other from year 
_· to year, ,whi_le 'in so:ne other families ihey did not. ·· · 

' . , ·-The ·re~ults of the N02 fumigations were inconclusive since few _· 
·· symptom~ cfoveJope_d on any of the families. Within families 6-13x2-8 

and 4-5x523 ·;n_ the 7/10/75 _repl _ication of 50 pphm, one tree in each family 
- accounted for over 95% of the average tree SSI. Tw.o out of the four tre :es· 
. in each family ha~ no s·ymptoms at all. However, on the -limitecl data 

availabl ,e, it appeared as though 6-:13x2-:8 was relativey sensitive to N02 
(as ~t ha_d ·be.el) to 03) and that 540x504 was ·relatively tolerant to H02 · 

. (as 1t had bee~ ~o 03l. · · -· · · - ·. 

Seas~riai Variatibri 

. An.appreC:iable vari~tiori in th~ · respons~ of the .trees occurred with 
time of year. As i'ndicated. in Table 3, trees ·were niost sensitive in e_arly , 

- July . . Damage in May ,and early June or late July was copsi~erably less. · 
· The trees had been produced by sowing seed on a . staggered schedule so 
that tree age over the diffe ·rent exposures was relatively uni fonn. · 

. . . . . ' 

DISCUSSION 

The dat~ indicate that it is fe~sible ·to use sensitive and tolerant 
famJlies· of loblotly pine as bioindicators of ambi·e·nt. air pollution . 
Based.oh foliar symptoms in re·sporise Jo 03, there is a ·good separation 
between the ·most sensitive and -the most tolerant families when either · 
primary or _secon(\ary needles are evaluated. -W_hile the N02 screening data 
are inconclus·ive, ft does. appear that some families_s·ensitfve or tolerant 
to 03ar~ also sensit _ive or tolerant respectively' to NO? and additional 

-data .indicate that the same.is true for s02 (9) ... The finding that . 
sensitivlty and tolera·nce inay be heritable should warrant further study 
into .the feas_ibility of selection or breeding programs. 
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TAflLE: :!. Averi9e tree sympt°'" severity . index 
(SS[) for 1nd1vidual tree$ ·of loblolly pine 
famfl fes exPOsed to .20 pphm 03 on 7/14/75 and 

·: thl!n to z.5 ppiim 03 on 9/3/76. Family· 6• l 3x2-8 
aM f~mily 540 x 504 were 1110st consistent in . . 

· being most sensitive and very tolerant. 
· ·respectively .. . . . 

7/14/7S · '9/3/7 .6 
Fuiily Tree·. 

. . 
20 ppliin 25 J)phm 

6-13 X 2•8 1 10 46 
2 2 ·~ .. 

'29 3 113 
4 4 14 

2-40 X ~-8 . 1 ·7 16 
' .. .. ·2 17 . 8 

: . 3 29 .. 21 . 
. '4 1) · 18 

.. ~46 X 523 1 0 4 
2 . .. 2 ' .15 

.. . 
3 2 43 
4 .... 0 · 10 

6-.·7 X 508 l ·· 13 
. 2 3 7 
'J 4 .5 
4 20 2 

· ·sit X 5f7 · 1. 0- I . 
. 2 27 0 

3 10 
4 ·p 18 

5.26. X 517 l s 4 
2 l 29 

.J . 1 66 
·4 6 8 

540 X 504 l 0 0 
. . 

2 2 0 
3 0 0 
4 0 0 

. .'47' of is famffies expose~ we·re ·s!lected ·to 
1,-lustrate that withf~ some faf!lil fes the trees 
·responded similarly ;_elat1ve .to . ~ach other f~om 

· year to year, wtiile fn ottier fam111es they dfd 
not . 
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.· Part o.f the usefulness of white pine as a bioindicator had.been the 
variability among clones in . response to different pollutants (2 , 3, 11, 
13). One .clone might be very ~ensitive to 03, but not to s02. Another . 
might be sensitive to S02, but not 03. Therefore, the b.ioindicator system . 

. with white pine may ·be useful _in .detennining what kind as well as how much 
· pollution is present. .Som~ indication that this may a.lso be true with . 

loblolly ·p;ne wa,s .found i_n this study .. Family 4 •.5x523 was not partkularly · 
sensitive to 03, but was the most ·sensitive to N02. Family 6-13x2 ~8 was . · 
sensitive to l)oth pol;l1,1tants. · Additional research has shpwi'I that 4•5x523 . 
was sen~itive to 03:, N02, .:and S02, while the reciprocal (523x4•5) was · .. 
sensitive to o3 a.nd s02, ·but much less sensitive to .No2 (9). This type of 
response, .if it can be developed .and quantified, would add immea.sureably · 

· to the. value .. of a: bioin.dicator ·.sY.stel'!l employing loblolly :pine •. 
. . . . ·. . · . . : . . :· . ' . ,• .· . . . . . , . . .. 

. : The tim~ of the ~e~r effe~t ·wa~ an int~resti~~ · b~t ~uiziing : prob1~m. 
· It has b~en noted· by other re~earchers. on .several othE!~ spec1ef of plants 
(5, 7, 8, 10). Peak sensitivity, hold1.ng age ~onstant, u.sually :0ccurred 
at the enij or Jun~ and the first·p~rt of July. It.m,ay:have been,. tied .· 
part1y to age, day le~gth, and Rl:i in a field situation, but ~ven'·con-
troll ing those v~riabres the difference sti .11 otcur~d . · . :The. dramatic 

· · diffe ·rence noted· fo.:this study may ;,,e due· in part to RH.· During· the 
winter .months and spri.ng months, it was difficult ·to ma·intain high RH 

· levels in the exposure chambers. This effect may be v¢ty significant 
in the field, especially near point sources. At times ),hen plants are · 
not ·in • sehsitive condition, the pollutant levels co~ld po~sibly be . . 
higher without causing .significant adverse· effects' to the' plants; ' · · 

The results :ih~icate that sens H i vi ty to 03 may be heritable '~. ard 
warrant further study into .the feasibility of selection or breedfog 
programs. · Ambrig the 18 families test~d. two involved the paf'e1Jt tree . 
2, 8 and three · involved the, parent tree 504. Families with 2.;,.8_ .. were 

· . usually niQ.rEi sensitivE!. than families with 504. In· overall ranldn·g of 
the 18 hntilies ·, the two. most sensitive · involved 2-8 and three of the 
four most ·tolerant invplved 504 .. ·. The· p'arent trees have never .been placed 
under experimental p·olJutfon stress, ·so the parent responses,·are unknown.· 

. : Wei;~ (JS) ~redi .. cted geneti~ ' gains .of 26. to 32 percent (later' adju$ted 
downward to_ 20 to. 26:%} for mass· selection among trees in ine· north coastal 

. populatiori (North Carolina). In. his ~ummary, he stated that the pote,:ttial 
· for achieving greater g·enetic tolerance depended on whether the response 

· . to· acute 020.ne doses · (which he used) was representative of the responses· 
· to ambient levels, and whether there was an economically important growth 
.reduction assoGiated: with low ozone tolerance. In the absence of such . 
information he concluded that selection .and. breeding were not economically 

·. feasible at thi .s . time: · · · · · 

, ·The curre.nt study has demo~strated significant differenc,as in foliar 
· . response between families at pollution levels closer to ambient. Further 
.. work has demo·nstrated significant differences in foliar symptoms and signi -

fkant differences in height growth of two families s~lected_from this 
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. . 

· study -in response .. to concentrations of .-03, N02 ;· and/or S02 bel qw the - , 
National Ambient Air Quality :·Standards -;- A~~iti-onal work with open-top 
chambers-has demonstrated up:to a 40%reduction in height growth of an 
03-sensitive family in response to ambient air pollution in °the absence 

-- of foliar symptoms. Dorman (-4) has .stated that !!Breeding for res-i stance 
to minor pests m~y not be justified at this time because more important 
traits for yi~-ld .. have higher priority, but it would be wise to insure 
that breeding does not i_ncrease susceptibility to minor pests. - Should 
this occur, lo~ses to minor pests could offset some of the gains from 
improvementnf other trains." In the opinion of the authors air pollution 
is · mor~ than a mi nor pes-L The authors have reported up .tQ a 40% height 
growth reduction du·e to ambient levels -of air pollution and Philli.ps 

· et al. ··(12) have .eS-timated :45% radial increment growth reduction in 
loblol_ly pjne. _- However, even if air pollution is to be· considered as a 
minor p.sst -, tree improveinent. -scientists . should be cautious a~out selecting 
unknowi'r1gl,Y for $ensitJvity to air pollution. _ - --
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. DISEASE CONTROL - THE.MODERN WAY 
. . l 

_ Kenelm Russel 1 

MHe Srago2 . 

A short djalog eiposing the intricasies of FIFRA and other acronyms,. · . . • , . . ,. ,-. . -- . 

CHARACTE-~S:". "Ph ell in~s p .. ·wei_ri i' "Phel II portray_ed ·by Ken Russell, a 
· · · · · hardr,osed pathologist emp_loyed by the State Department of 

._ Na_tural Resources, Protector of Water, Air, Soil ·and 
General -.Overseer. 

Phoniops is Smith, 11Phome11 portrayed by Mike Srago a frustrated 
. self-educated . nurseryman employed by the Cut & Scram Timber 

· .. C_oinpany, locally known as C&S. · 

SCENE: . Our discuss i o~ opens in Phe l Is 1 ab where Phome has stopped 
··. ·_ : to .find ~out how he can control the epidemic of droopy twig 

on his Douglas-fir seedlings caused by the fungus 
13asidioascus twospore. · · 

· Phe1 : · We lJ , Phomops is ·Smith, He 11 o there! · How does your garden grow 
today? · 

Phome: Oh man, ·do I. ever have a problem.. I 1ve got 23. 6 mill ion 1-0 
Douglas-fir seedlings that will probably die by. Monday if I 
don't" spray them by the .end of the wee·k. They look terrible. 

. ( 

Phel: . Did you bring a _sample? 

Phonie: Y.eah, here. 

Phel: · (:Peering under microscope) Hmmrrmmm! 
· , (AT . Childs concoction) all right! 
. by the fungus Basidioascus twospore. 
· (Phome peers under the _scope, tooJ. 

Phome: Oh, I gotta spray tomorrow for sure. 

They've 'got the gascutis 
It's droopy twig, caused 
. Here "Phdme,. take a look .. , 

Phel.: · Well/ wait a second. What are you go.ing to use? . ' 

Phome: · I 'bought this methyl perocidetyl alkaline bich.loride fungiciqe 
commonly called Zit. I'm going to use that. The salesman 
said it was good for everything from mule1s ear to wind suck .. 
He said .it even controls fungus di$eases, too! I read the label, 
_but I didn 1t see droopy twig on it anywhere, but that 1s OK. 

I • 
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The· label says to use Zit at i2 lbs/100 gallons of water for 
mule's ear so I 1 m going to increase the rate to 48 lbs. of Zit 
for droopy twig just to be s~re of good control. 

· Phel: Whoa - wait a minute Phome. That1s a bunch of Zit! The regu-
. lations won't allow you to do that. · 

Phome·: : _Regulations,· 0what regulations? I read the label! Is111 t that . 
. enough? · It s·ays . in big 1 etters DO NOT APPLY OVER WATE_R. S_in.ce 
· l .'m going· to apply th:e' stuff wJth ~-heljcopter, I' 11 be real 
·J:a reful. . I '11 tnstruct the pilot to · go over:' our creek extra 
.-fast~ · ·Thaf waY only a small amount will ·go fnto the .creek. 
-Besides~. i.t'll wash downstream after · a few hours. · Won't bother 
us. any . . · 

.. 
Phel: ·. · Uh - Phome?. Have yo·u got a little time? ·1•l 1ike to talk to 

. you about the new approach to control ling your disease. We 
must . fo 11 ow the· procedure. · · 

·. Phome: . .. Sure, : we:' ve:·got .to' look out for our envir'onment nowt but don It 
.-fol"ge~ a_bout my· ,droopy twig. · · 

Phel: · . . Do you have an opera tor• s 1 icense to . use Zj t? . 

Phome: · N~,-.who needs th~t? We're so far out in the brush that the 
,_ barten~er is a _s.a.squatch. . 

Phel: Well, you ·must have an operator's 1 icense to use _Zit in your 
·operation. There are some o.ther problems in its use, but we1 11 

• :. cover that in·. a minute. .- · · 

---.There 'is a _course going on oow at 'the Department of Natural 
Re~ources; Protector of .Air; Water, Soil and General Overseer's 
offi _ce rjght .now. I want you to attend. You'll have to study, ., 
a·nd there will be a pop quiz 4t the end to certify that you . 
know your sluff. If you pa_ss the test, the State Dept. of 

. Agriculture wil 1 grant you your operators . 1 i.cense. You 111 . 
'1 earn abo_µt the F_ederal ~aw governing fungicides, and how it 

· affects ·your _waY of ·doing· business. Further, you'll see how 
· the State functions · in th·e_process, too~· .You'll also . find out 
. that there are several different ki_nds of pesticide licenses . 
. Mine, for example~ is a Public Consultant's license. · I cannot 
prescribe for anything but fungicides because that is what is 
stamped on my 1 icense. 1 could be held liable if I strayed off 
course ancf-something· went wrong with m,y' recommendation. . 

'Phome:; WQW, whii°t's. this world coining to? 
. . . . . . . . 

Phel: Somebody1's°.·a1ways looking_. aftf;!r you, Phome • .. By the way did 
· ·you_ eve·r ·hear _of FIFRA? . 

Phome: . Who's-that? . Your late .st gi°r1? 
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Phel: No~··no~· that/s a Fed~ral Act designed to protect the "user" 
<and the 11usee11 ·again·st accidents with pesticides. It also 

provides inany other officially sanctioned methods of dealing 
' wjth fungi~ides, insecticides and rodenticides . · 

Phon:ie:· . Only Act Iim •fa-~1itar .with is .the Se:x Act, and. it generally 
doesn • t provide against any aGc1dents. . · · 

Phel: ~h,'.·yea~, •w;n let\~ tell you about FIFAA anci"how it' will affect 
. o-ur·. treatment of your ·droopy twi'g . . Let,'s start w'ith the Feds 
and work qur way to ·the State. · 

. . . . . . . . .'. . ' .· ·. . . .. 

· (Descri ptio~ ' of laws on pesticides follow~.) · 

. .'tet;s. go 'i,a~k a few years . . The iirst Federal tnse•ctfcide Act .· . 
. , : was pas·_sed in 191 O. It provided protection for farmers against 
. adulturated qr misbranded products. It was buyer beware before 

that. · .• . · . . . . 

. -:' .: In rn4fthe _ .. first Federal.· Insectici:d~·. fungkide .al)d ,Rp~enticide 
,: , . Act. was pa·s·sed. That's FIFRA, -Phome, not R\Y girl. •·The. Act . 

.. . · . plac~d the bur~en of proof ·of cicceptability of a p.esticide on 
· · _ · .. the manufacturer prior to markt!ting it. The user, consumer, 

_· and the pub_lic would then have protection against potentially ·. ·., -.< dan~erousyesticfd~s. · 

A y~ar ·1at~r, minimt.nn. tolerances were establi .shed for pesti-
cides, · Th·efr ·registration was· on the basis that either no resi-

. due. remained ·or that res ·1dues were declared safe." 

.· In 1961, more' protection . c i a uses were ·written in · for ' fish, 
wil dl 1.fe and environment. Eventually,- concern built over the 
continued use _of persistant . pesticides. This.· concern probably 
helped push <level opment of the newer 1 aw. -·with the advent of 

· EPA 's ~stabl ishinerit in 1970 the modern day FIFRA evolved. , The 
.. : 1972 act req1:1fred all pesticides be registered and ·t9lerances 
-· .·. hazardous to erivironmant, flora, fauna; etc . , be accounted for 
· a·nd estab] ish·ed. -The act itself is ·only -22· pages and 27 sections 

· long, Phom~.· but . there are hundreds of pages of regulations 
-~nd guidel ines that dictate specific enforcement procedures. 

Phome: . . •. It's .not ~s long a{ this script! 

· Phe:l : · 10 1975, additionat .iniendmentsto FIFRAwere·signed _into law . 
. The amendments we~e .mainly for clarification •. of or1gin·a1 

· · con9ress 1~na1 in tent . . · 
' . ·- . . 

··.J 1 11 ski.m through those sections briefly for you Ph_ome, to put 
·. w_~ole thing in ·per.spective. · · 

. Section· 3 . . Registrat ion of. Pesticides - Al 1 pesticides .must 
be. registe ·red .with EPA. Some were previously covered by State 

. authority only. There is an exemption clause- under an experi -
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· .-mental ·use perinit. · This ·section tells how data to support 
._registration . is handled, denial procedures and classifi _tation 
( general vs. restr .icted) of pesticides. . · · · 

Section 4. ·Restricted Use Pesticides, Certified Applicators~ -
Under this section . the lawmakers recognized the need for separa- . . 
ti on of highly toxic from more general .pest_icides, Phome_. They . 

· call the toxic ones Restricted Use.Pesticides. You must be 
·ce-rtified and highly trained to use them._ States handle .the 
. trafnfng and indiv'idua1 · State programs niust follow ·prescribed 

stanaards _which are · dictate~l."by the EPA Administrator. We'll 
talk ioore on training later. ·. · _·. ·.- • .-

Another. important part of this section is to make s·ure ·the 
States provide Integrated Pest Management techniques in appli-
cator certification programs. Training is done under. s~ction · 
23(c) of the Act. 

Section$. Exper1-mental Use Pennits - This section allows 
· e-xp-er.jmenta-~h).n ar:i.d development of new products. It inc.1 udes 
,.the setting of temporary tolerance levels if they a·re needed 
.·and adh_e.reri-ce._t_o details in_ the previQus se~tion. Publfr: or 

_·.-, pri:vate agrfc.ul tural reseatch agencies, . laboratories and univer-
. si.ties may ~ecure an exper:imental · use p-ennit provided the pesti _-
cide under in\lestigation is used for experimentation. I have 
.use.d· thes:e penriits : several times. Phome. In one Christmas t,:-ee 

· ·-d.-tseas.e a,pp.-Hc-at-ion the State Dept. of Agricu1ture issued my 
perm_it re-str_icting · me to· under 10 acres for treatment. .They 
required a le.tte .r ·trom me identifying the ·pest, pesticide to be 
used,. proposed treatment and spray schedule. We could spray 

. you·r trees under this Section, Phome. One. time, l was able to 
9et a St.ate experimental use permit with only a three · day notice. -
Federal ·µ.ermits. for a rt:!stri~ted use fungicide would take much · · 

-· . longer. Let's come back to this Se¢tion· later, Phome, to see 
bow w.e handle your spec_ial need. · · 

Section ! 6 .. . Administrativ~ ·Review, Suspension - _Registration 
of a p-es-tic:fde is cancelled 5 years· following date of regis.; . 

. _tr.&tit?,,F.11 o~ a-n,y-_ five year p:eriod thereafter, un1ess the _regis-
_&_an-t reque-s-ts· continuance. -_ Things aren I t · pe~nent anymore 
P.trome-,. a:rrd tha~'s for the good 1 . ·_ · . 

Sectfons 7,_ 8, 9 & ·10 deal with Registration of Establishments, 
Books and Records, Inspection of Establishments, etc., and . 
Pr.ot.e:cJ.i.o-n. of Trade Secrets. These rules have ·mo.re to do with 
the P-esti-ci·de ma:nuJacturers than us, Phom_e·. 

·Phome:: · Has a·· lot to do wj_th me ._if they require 1nspectio~ of 
11-Estab-T.ts-hments:11 • · • · · · · 

Phe 1: :: Uh, ~O, Ph.ome; . they I re· not re.ferri ng to that . k_i nd of_ 
· 

11Esta~Tfshment11
• · 
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Phome: Ohl 
. . . 

Phel_: . Sectiori J1 ~eals with Standards Applicable to Pesticide · 
Applicators. This . requires comniercial operators to bave separate . 

· standards.from private applicators. For instanc~, if you were · 
a conmercial applicator, Phome, you wc.;,uld have to keep records 

. on pesticides ~uch ·as date~ applic~tion rate and other data. 
t .· . . -

··section lZ/· Unlawful Acts contains .the ·11n~, no•s< · 'This 
, c9v~rs things Hk~ repackaging, non-tasty coloring or · 

.. · . issueing ·restricted use pesticide ·s for an· untrained us~r, 
: · ·, ·:_-: plu·s many oth~rs. A.classic example is _the time I \'./aS_ca1led 
· .·· out t<>. look at :some _mysteriously dying western· hemlock in a 

' 'back ·yard. Under the hemlock were some f~ric~d. in pigs ·who had 
·done .a lot Pf soil damage . . Everytime I . tried to diagnose the 
.c~us~ I kept coming back to the pigs .. I just knew.the pigs 
couldn 1t have killed the trees because there was no direct · c:lamage .. · · · 

Finally,inde~pera .tion, I.ask .ed the lady, with the problem, ... 
if .anything ha<J:beenapplied to the trees or near them. . . 

. After some hesitation sh·e said 11Well her husband had brought 
-home some white stuff . in a can from w·ork which was given to 

· hiin by one of his buddies ~ho said it really work~d._ He use_d it 
· in the·backyard tci kill salal. 11 (The· h'emlock trees were about 
fi,fty feet from th·e salal.) Now we are getting somewhere, I 
thought,- and r felt the pigs were off the hook. Her husband 

.·•h.ad sprinkled the wh-ite pellets liberally around the salal, 
.· .which was readily killed ·and the winter rains later washed the 
.·_· dfasolved pe_ll~ts into ne_arby trees downslope. The substance 

,'.was Pi.cloram; a very potent and persistant brush killer to be . 
used only by highly trained personnel. Once the nearby trees 

• pi~ked up lethal doses, the chemical was transferred _ by 
· •·"flashback" to other trees nearby. Nearly the whole $tand was. 

·killed. · A sad case 'through careless use of white pellet~ irl · · 
µntrained hands from an unlabeled co.ffe.e can, all illegal of 
c~~e .· · · 

. _' .Section 1-3 covers Stop Sale, Use, Removal and Seiz:ur~~. 

·_.··section 14 iovers Penalties. ·. It could cost you nioney, Phome, 
· .in the fo_nn of a fine (up to $1000) if you app1 ied your Zit with-
o_ut a license or its :proper registration. 

'.se~tionl5 -~. Indemn.ities. This section helps pay for pesticides 
a distributor might be stuck with if they are found hazardous 
and pul 1 ed off the .marke_t. 

Sec-tion ·16. Administrative Procedures - Jydicial Review is 
· conceroed witn alJ the Jegal stuff such as hearings, time 

perioqs~ etc., necessary for a_ny change in registration 
sta~u·s of ·a pesticide. · · 
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Section 17. Imports·and Exports- . The only requirement 
under FIFRA for export is that Section 8 Records, be 
followed. All other adherences must be ··requirements by 
the purchasing foreign country. Foreigh governments are 
notified of cancellations of pesticides through our State . 
Department. The 1972 law is a little weak here . 

. Section 18. ~em~ti~n of Federal Agencies - Your droopy· 
. - ·twig problem coul come under this section Phome; ·but I'm 

:-: · . afraid the ·problem isn't big enough or a real em~rgency on · 
a large regional scale. For example, a "Section 18" was done 

· on ·the 1974 Douglas fir tussock moth ·problem in Washington 
and Oregon ·when DDT was authorized through the EIS process. 
Also, there is a considerable time constraint using Section 

· TB· whkh would cramp your style, · Phome. We would have to 
begfo detailed preparation up to six or more months prior t9 
spray. No Monday morning spray, Phome following a Tuesday · 
previous awareness of a problem. 

Phome:· . W~~t can I do? 

Phel: . : Hold on just a bit and we'll get to .that. · 

Phome: ., Mytrees might die before you ·getthere! · 

Phe~: . SectiQn ·19 ;_ Disposal and Transportation Establishes · . · 
proced·ures for storage, dfaposa 1 and transportation of 
packages and containers of pesticides. They are very strict. 

Phome: ·· Does that mean I ~an't toss my old pesticide cans out by the . · 
· creek anymore?· The water takes all the material away and it 
doesn't bother us at all. · · 

Pheb · I. did~'t evel'.l hear that, ~home, uh, lets go on. 

Section 20. Resea·rch and Monitoring - Explores research to 
develop alternatives to chemicals st.ich as biologically 
oriented c_ontrol. · It's usually done under contract to 
unfversfties or .other agricultural research organizations . 
Ukewfse1c monito.ring of air, · soil, water, ·man, plants, arid 

. animals for _adve_rse effects from pesticides is 'done; · 

Section 21. · Solicitation of Corrment, Notice of Public 
. Heari~gs - Before regulations are _published under FIFRA . . . 
·the v,ew.s of the Secretary of Agriculture must be notified. 
This is .where scientists, farmers, .farm organizations and 

. other qualified persons provide input before· regulations are 
published. Notices are published in the Federal Register 
in ti _mely rash ion . . . 

. Section . 22- 24. ·. These are- the most meaningful sections of the 
· FIFRA act for us, Phoine. Here I s where a great dea 1 of 
. authority transfers to the State. Section 22. Delegation 
and Cooperation - Delegates authority to the State. 
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Section 23. State Cooperation, Aid, and Training dictates 
that EPA enters cooperative agreements with States for 
enf6rcement of regulations of FIFRA. The States provide the 
training needed to qualify pesticide applicators and 
corisultants. The help cif the Cooperative Extension Se~vice 
is •also enlisted to assist in training .of farmers of . 
accepted uses . This is where our licenses come from, Phome . 

. Phome: That all sounds complex at first, but now I'm t>eginning to 
see why. I'll be their star pupil at the training session . 
But what about my droopy twig? I still don't have a · 
solution . · 

Phel: . Coming right up Phome. 

Section 24. Authority of States Part (c) - Provides a lot 
~f help -~nd is probably one of the most used sections of 
FIFRA. Remember 24(c) . It can bail us out under many 
Ci re urns ta nces . 

. . . . . •. . ·. 

' ln esse~ce, the States regulate the use of the pesticides 
· whi.le working through the FIFRA law and using its regulations . 

Section 24(c) leaves us with .a possibility with your droopy 
twig, Phome. It says that the State may grant a supplemental 
label for a Special Local Need (SLN) but the recomnendation 

· · must come from a recognized disease specialist or researcher. 
· 

11Hak Koff11
, that's me, Phome. 

· Sometimes research may not be required. There is one 
important fact to remember though. Someone has to accept 

· . liability for the special labeling. The manufacturer almost 
always does this, but it 1 s ·often up to people like us to 
point out the need. Usually, agencies don't want the 
liability imposed by the registration. Occasionally , an 

·agency or company may accept the liability _ but the pesticide 
manufacturer must agree to it. I have an example or two I 
can show you. 

Remember the 24(c) provision and the SLN label and also 
remember that the chemical companies are skilled at processing 
them. · In extreme emergencies they can be processed quite 
rapidly - sometimes in as 1 ittl e as a few days . 

By ~omparison, a Federal pen11it could take 5 or 6 years. 
·The SLN label must also tie back to pathogen by species and 

· · the host. 

C6mplete health risk analysis must be done if the compound to 
be used is highly toxic. Usually, 24(c) 1 sare issued for 
fungicides that have had considerable testing and long use 

· on other pathogens; their safety hazard is low or average . 
. and the label is for an additional disease it has not been 
tested on. 
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· Well, weive just about covered the FIFRA 1aw except for the 
last th.ree sections; 25 - Authority of Administration, 26 
Seve.rability and 27 - Authorization for Appropriations. 

· Sec ti on 2.5 qescribes the procedure for preparing the regul a-
·tions including the required timetables . There is also 
provision for a Scientific Advisory Panel that reviews and 
comments on impacts of pesticides on health and environment 
foll.owfog .proposed action under the regulation time table. 

·Now ·lets deal ~1th yo~r poOr Dougla~~fir seedlings . I've 
done .some work with Zit on diseases .similar to droopy twig, 
Phome. It is a registered fun·gicide now. I suspec·t it will 

·work on preventing the disease on more of your. seedlings. 
· We must do something quic.kly. Remember, we work through 
the State on this. I'll wr1te a letter to the State Dept . 

. of Agriculture and will phone at the same time. They will . 
· probably issue an expe:rimental use pennit .based on my · 
·experience with the fungicfde . We could have the permft 
through the State Dept. of Agriculture .bY next Tuesday. We · 
will .make·.three applications of Zit at the standard package 
recommended 12#/100 gallon rate plus a good spreader-sticker 
and carefully observe our results . . . . 

• We mus~ 1·eave a smal 1 untreated patch as a control . Our· 
res ·u1ts under this test will then ·form the basis for a 
24{c) lab~l application we can .apply for next spring; provided 

••our treatmen.t is successful. If everything works we won I t 
have any difficulty . J,Jh, by the way, you'll have to be licensed 
to spray so we'll have to find a certified operator ~o do it 
the first time. · 

Phome: A~~ - . 

Phel: Congres·s· and EPA have beeri working on a new FIFRA for -many 
months and it was signed into law by President Carter on . 
September 30, 1978. The new Act \-.Jon1 t be printed for awh.ile 
but the Senate Conference Report {95-1188) gives details of 
all of the changes made to FifRA. · ·· · 

Lets take a fook at the changes because th~y :ni.ake FIFRA.·a. 
much.easier law t<f work with. 

STATE AUTHORITY 

Most significant in the new Act is the . enhanced authority of 
the States over the program.· 

Hrst, there are ~panded conditions for additional uses of 
. federallY ·registered pesticides which may be . issued· under 
. 24{c) by the States . Changes will allow the State to · be'tter 
:meet special lo·cal needs if registration for su~h use has · 
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riot- been previously denied or cancell~d by EPA. Related to 
this, . is the minor use ·issue which ·has been a problem with 

· FIFRA ever since the 1972 amendments. It concerns high 
value crops ·requiring small amounts of pesticide. · 

A typical example is the southern forest nursery industry 
with 1,300 acres of seedlings valued at $13 million. It 
costs only $75/acre to control weeds with herbicides, but 

· without them weeding costs would .be $700/acre . Pesticide 
· · manufacturers are reluctant to consider the small user, . 

because of lqw profit ·potential. The new Act resolves this 
-_-critical problan; 

EPA is required to make standards for mi nor uses co11TI1ensurate · 
with _anticipated extent of use_, pattern of use and degree of 
·potent i aJ exposure from the pesticide being considered to 
humans a·nd environment. · In the development of the· standard, 
.EPA is to consider economic factors of potential national 
yol ume, distribution and impact of cost of meeting all ·· 
requirements. Thus, incentive for producing minor use 
pesticides will not be d~stroyed. · · · 

.Second,. the States also will have important new enforcement 
authority. Those States with coop era ti ve ·enforcement 
agreements will have primary enforcement responsibility -
under the Act. 

Third, Congress ·will piovide each .State 6r Indian tribe up 
to 50% of the anticipated cost for conducting applicator 

· .. training and certification programs. _ 

REGISTRATION AND REREGISTRATION 
. . . ' . . . 
· Th~re are other improvements under the complex registration 
process; The old process has stalled registration and 
reregistration of some 40;000 pesti .cides . A Conditional 
Registration amendment has been provided in certain situations 
to greatly alleviate the congestion even though data collection 
required for registration . or reregistration is not complete. 
Safeguards are included to protect the public interest. This 
authority wi 11 be exercised on a case-by-case basis . It 
should avoid leaving certain crops in a no man's l~nd when a 
serious pest threatens and alternatives are not available. 

·Second, EPA.can now classify for Restricted or General Use 
:currently registered pesticides without waiting for the drawn 

· out process of registration. This makes it easier to imple-
ment exi~ting law requirements which limit use of iestricted 
pestitides t6 certified applicators . 

Third, the revision provides relief in the controversy manu-
facturers have whose test data is used by competitors for 
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registration of their data. There is now compensation 
, protectipn of ftll test data for 15 years. Th~re are additi6nal 
protection amendments for companies which Representative 

_· Tom Foley (Washington} says are among the most important 
. refinements to FIFRA. They \'Jill promote safer and more 
eff~ctive oesticides and stimulate a flow of new research 
providir:!') new basic ingredients. . 

Foutth, ·there ii~lso relief from th~ RPA~ process. Think 
heayens! Phome, h~ve you ever heard of this process? 

Phome: Yeah' I di~ 'tha.t ju~t after I got up th i s morning'. 

. . Phel: No,· ncit that! RPAR stands for Rebuttable Presumption Against 
· Registration. RPAR's are initiated for a given pestfc;ide 
when certain criteria in the FIFRA regu1atfons are .exceeded. 
These include human health. hazards and unacceptable ·envi_ron-
mental. fmpact. '.When a pesticide ·makes the RPAR list it 
means ·the· manufacturer must show cause or "rebut II why the 
.pesticide should be· registered. RPAR I s may be initiated · 
against :either curre~tly registered pesticides or a ne~ one. 

Under the amended FI FRA, pesticides will not be sµbjected 
to RPAR until substantial evidence is presented raising 

.concern of adverse risk to man or environment. Notice of 
. such evidenc~ wiF be publish~ in the Federal ·Regfster . . 

. In order to mini'mize the process, EPA wil 1 develop scientifi.c ' 
· protocol for. the development of human exposure data~ . IP.A 
will then work with the registrant to assemble, _ccill.ec.t , · 
eva.luate and weigh data prior to initiating RPAR. · A r i sk-
benefit evaluation will be made. If humans or environment 
are not at risk or exposure is minimal RPAR \'1111 be rorgone 
and registration will continue. This' is quite an improvement, , 
as it will nqw take significant evidence of hazard befrire · · · 

. ~n.ittating RPAR. 

COMMERCIAL APPLICATORS 

New penalties for violation ·of ·FIFRA by convnercial applicators 
while .us.ing pesticides will be in force. F.irst offenses .· 
will no, longer .be just a warning, as under current law_; but 
will hit the pocket book in the form of fines of varying · .. 
amounts depe·nding on the · infraction . · 

.. . . 

The,n~ .are also some changes with regard to inspection of books 
· . and· records. Owners must be . notified in wri t-ing i nc1uding a 

· statement as to whether a law violation ·is suspected . ·.· 
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MISCELLANEOUS 
· Other c·hanges include provisions relating to use C>f a_ registered 

· pesticide in a manner 1nconsistant with its labeling, the use 
-of a ·pesticide at a stronger concentration than that on the 
. label, requirement for a study on _pesticide application methods, 
· art,l.itration procedures to ·resolve disputes on data ·requirements, 

. ·waiv~r: of data requirements pertaining to effkacy, changes.· 
in classification from restricted to general use, change·s in 
·effectfve· dates ror certain required .actions and provisions 
re 1 a ting to . experimenta 1 use permit~. and pesticide res_earch. 

No.doubt of :cons1derab1e·interest to Canadian·friends are 
the new c·qndit1oris 'impos~d on pesticides and devices . · 

· intended for export. These conditions will allow foreign 
countries t.o be _better informed concerning US manufactured 
pesti_cides. · :•• . · .,. __ .. 

:r· ! · . _ • • .. 

I.r1 .~ddtt1on, · FIFRA has a built in Sunset Provi'sion~ Each 
yea~r EPA must seek an extension and justify to C9ngress ·. · 

· activities it ~as taken during the intervening period. • Jn 
tQis manner, problems that arjse during the year can be 

· , resolved th~ough an .oversight . process. · · 
. . . 

One of the new .FIFRA· sections (28) IDENTIFICATION OF PESTS; . 
COOPERATION WITH DEPT. OF AGRICULTURE IS PROGRAM wi11 undoubtedly 
filter down· to many of us scientists and special jsts .rather 
~oon.·0 This section states that all pests that must be · 
brought under contro1 are to be identified. Some of this · 
has b~en_ done all ready for the Pacific Northwest, at least 
in broad cateQories. EPA and USDA must coordinate research 
arid implementation programs to develop and improve safe 
use and effectiveness of chemical, biological, and alternative 
methods to combat and control pests that reduce the quality. , · 

- econo~ical production and distribution of agricultural · . 
products to domest 1c and foreign consumers. · . . 

. . . . . 
' . . . 

Rep·~ Foley feels the amended act will balance in the direction · 
of providing necessary chemicals and herbicides · n~eded .· · 
.for productior1 of fooq and fiber with an eye on environ-

.· · mental safety. All who·worked on the amendments from both 
sides openly tr .ied to remove inhibitions and problems and 

·· · develop a more agriculturally oriented program than . in the 
. past: Congre·ss real _ly went to bat on this law, Phome. · In 
.· . . the words of Rep. Thone (Neb.) and echoed by several others; 

they want EPA held on a tight rein. · Congress is ve,ry con-
cerned about 1 aw. that is · written by bureaucrats. ·. They really 

·did _.something about it in the FIFRA amendments.· · 

Phome: · That's it, .huh!· -· 

. Ph~l: Yup! : The new· law ·1s now 31 sections long and a few more pages 
t~an .before, but 1t wil 1 reduce a lot of prob 1 em areas. 
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· ; NOTES ON THE BIOLOGY AND CONTROL OF SOME JUNIPER AND 

PINE DISEASES It~ THE GREAT PLAINS • 

· · Glenn W. Petersonll 

DOTHISTROM.A. BLIGHT OF PINES 

Dothistrorna pini which causes a blighting and early casting ·of needles 
9f plne · species s.u<;h as ponderosa, Au_strfan ·and mugo can be effectively 
controllE!d by properly timed applications of copper fungicides. In 
eas.tern Nebraska,' infection of second-year and older needles may occur 
as early ·~s late May .{8) . . First..:.year (current-year) ->needles of Austrian 
and ponderosa fines · are initially resistant to infection' ·; they become 
susceptible near mid-July (3). Thus two applications of fungicide · 
will provide .complete control. An ·application made fn mid-May·will : 
protect older foliage; a second application in .mid-June will protect . 
the first-year needles (2, 3, 9). The extent of early infection (prior 
to mid-:-June) is low in most years; hence good. control can usually be 
obtained with one spray applied in mid-June . · · 

. . . 

An· interesting phenomenon has been observed during .the gennination of 
Q. pini conid.ia. Plastic prints of the · surface of needles collected 
from Austrian and. ponderosa pines in the field revea.led that when 
coni. dia of Q. pit · germinate, their germ tubes are positively directed 

. toward stomates 5, 14, 16, 18)'. Since the fungus enters needles 
through ·stomates, the positively -directed germ tubes increase the · 
chances of fofec~ionover genn tubes that grow at random. 

. . . - . 

Interestingiy, when artificially inoculated pines are incubated at 100% 
relative humidity, germ tubes of Q.. pini are seldom directed toward · · 
stomates. A moisture gradient from stomates to germ tubes is 1 ikely 
responsible for the positively directed growth of germ tubes in the 
field, but .incubation at 100% relative humidity destroys the gradient ·. 
Thus chances of infection are less when inoculated plants are · incubated 

·at 100% relative humidity. This phenomenon is probably more widespread · 
. than has been realized previously, but artificial incubation at high 
relative humidity has not revealed this. Conidia of Scirrhia acicola 
also have positively directed germ tubes in the field (16). Tests 
are being made to see if this phenomenon occurs in other host-fungus 
systems in which the fungus enters through stomates. This phenomenon · 
would. be particularly significant in forestry research i nvo 1 vi ng mass . 
inoculation Of trees for selection of resistant individuals '(Le. white 
pine blister ·rust, prawn spot). . . 

. . . . 

lf · Plant Pathologist, USDA-Forest Service, Rocky Mountain Forest & Range 
Experiment Station, Forestry Sci.ences Laboratory, East Campus, ·· 
University of Nebraska, Lincoln, Nebr. 63583. 
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DIPLODlA BLIGHT OF PINES 

Oiplodia Qinea infects . a large number of pine species, including Austrian, 
ponderosa,Scots,·inugo, and red pines~ The fungus has most frequently · 
been repo_rted on Austrian pine; furthermore, damage has seldom been 
reported . in other ·toan plantings of pines. · Damage is usually not severe 
in plantingi in_ the -Plains until trees are over 30 years 61d (4) . -Se~ere 
infection ofoJder trees may be relateq to the buildup of inoculum on 

• seed cones. · Second-year seed cones of Austrian, ponderosa, and Scots 
·. pines a.re highly susceptible , Infection of plants younger than 30 ·years 

._ .·. has been noted, including seedlings in nursery beds, but t_his has usually . 
. , -been obs~rved when the ·younger trees are near o 1 d fr1fected trees . . 

Infection -·of new shoots of Austrian, ponderos.a, and Scots pines occurs~ 
a·s soon a~ buds start to · expand. ·: 'Infection on nonwounded new sh<>ots can 
occur beginning ·with opening of buds and extending to about mid-June 0), 
The period of ~igh susceptibility, however, is a two-week period begin- . 

· ning .wHh bud expansion (12). In eastern Nebraska, this period is from · 
-· about ApriJ _g4 to May 8. Two.applications of B.ordeaux mixture during · 

this . two-week perfo(;!_ has effectively reduced the amount of shoot infect ·ion· . (12, 13). . . . . . . .. . . . . . · 

· ::-. · . PHOMOPSIS BLIGHT_ OF JUNIPERS 

The most damaging disease of conifers . in Plains nu.rseries is ·caused by' 
the ·fungus, Phomopsis · ·uni erovora > Under epidemic conditions, entire 
beds of Juniperus Virgrniana an . scopulort.1111 can be destroyed if · _· . 
chemical co'ntrol measures are not-used. · · 

Phomopsis injtially affects .. fo1iage, then spreads to and kills stern thsues~ 
. Newly developing needles are especially _s:usceptible while ·they are in the . 
. yellowish-gr-een slage; after needles develop a normal deep green they are 

not _susceptible (7). · When a side shoot_ is infecte .d, _the fungus progresses 
to the main stem,-which. it may girdle if the stem_ is less than · 1/3 inch . ' 
in diameter. · · · 

Estab.iished jun·ipers in plantings ' can· be infected; but since only small . 
diameter branches are : girdled, these e~ta~lished junipers are not killed 
even when infection is severe. Thus Phomopsis blight is primarily a · 
nursery problem. · · . 

Phoioopsis can _be effectively controlled by mercury fungicides, ( 15); 
however, now that there are r:estrfctions on mercury fungicid~s, a _search 
has be~n made to · find other effective fungicides (.6). · 

s·tudi~s by _or •. J ~ Otta ' have sh.own that Benlate applied at .the rate of 0.5 
. lb/acre every} tol0 days to J. virginiana s_eedlings coupled with weekly 
:roguing of all seedlings with dying foliage has given complete control of 
Phomopsis blight -~t.:the .Big Sioux State Conifer Nursery, Watertown, 

· · South Dakofa·. , · · · 



CERCOSPORA BLIGHT OF JUNIPERS 

The fungus, ·cercospora seguoiae var. juniperi infects a number of 
Juniperus species and other species in the Cupressaceae. Well established 
Juniperus virginiana and J. scopulorum, have been killed in plantings in 
the central Great . Pl a ins f17). Pl an tings of ~- monosperma in western 
Iowa have been destroyed by this fungus. The disease progresses more 
rapidly on~- scopulorum than on~- virginiana in the Plains (11) . 

Infection typically occurs first on foliage of lower branches. near the · 
stem and progresses outward and upward. Infected -branches often have 
only ii tuft of healthy foliage remaining on their tips. 

On~- virginiana and~- scopulorum, both current and previous year~• 
juvenile 1 eaves. become infected, whereas only thEf previous years' spur 
(.adult) . leaves become infected (10}. Initial infection occurs as early 
as -2-1 June in eastern Nebraska. Symptoms have beenobserved in July, but 
.symptom development is Lisua·11y not striking unt.il la .te September (10). 

A .~ighly persistent fungicide applied before liite June theore.tical .ly could 
protect trees with .spur foliage for the entire season . Because of 
weatherin ·g (Bordeaux mixture), an additional application inay be required . 

REFERENCES. 

Brookhouser, -L W. -and Glenn W. Peterson. 1971. Infection of Austrian, 
Scots, and ·ponderosa pines .by Diplodia pinea. Phytopathology 
61 :409-414. :, 

Peterson, Glenn W. 1965. Dothistroma. needle blight of Austrian pine: 
infection and control . Plant Dis. Reptr. 49: 124-126: 

f'eterson, Glenn W. 19.67-. Dothistrotna needle blight of Austrian and 
ponderosa pines: epidemiology and control. Phytopat_hofogy 57: 
437:-441. 

Peterson, Glenn W. ~nd David s. Wysong. 1968. piplodia tip blight of 
pines · in the · central Great -Pl a ins : damage and control. Plant 
Dis. Reptr. 52: 359-360. 

Peterson, Glenn W. 1969~ Growth of germ tubes of Dothistroma pini 
conidia _positively directed toward stomata of Austrian and 
ponderosa pine n'eedles.. Phytopath·ology 59: 1044 (Abstr.). 

Peterson, Glenn W. 1972. Chemical control of Phomopsis juniperovora 
blight of .junipers : a search for new methods. Tree Planters' 
Notes 23( 3}: 3:.4. 

127 



Peterson, Glenn W. 1973. · Infection of Juniperus virginiana and, · . · 
.!!, ~copulorum by Phomopsis juniperovora . • Phytopathology 63: 
2~6-251. · . . · . · 

. . 

P~terson ,· Glenn t~ . . 1973 . . Infection · of Austrian and ponderosa Pines. 
by Dothistroma pini in eastern Nebraska. Phytopathology 63 : 
1060- 1063 . · 

Peters~ns .Gle.nn W. 1975. · Oothistroma needle blight: a problem in 
. . . . . the produc~ion of landscape pines . Am. Nurseryman 141(12}: 

1 l, 94-96. . . .· . 
. . . . . .· . . . ' 

Peter~on,: Glenn. W • . 1~77. ·control oi juniper blight caused by Cercospora 
· seguoiae var, ·JuniperL Am. Nurseryman 145(12}:13, 50, 'SL . 

Pete.rson, Glenn 1-J. 1977. Epidemiology and control of a bl.fght of . ·· 
Juni.perus virgfoi"ana ca~sed by Cercospora seguoiae var. juniperi. 
Phytopathol ogy 7J7:. 234-238 . · ·· ·. 

Peterson, Glenri•w. 1978 • . Effective and economical methods :for · 
· • controlling ·djplodia tip biigh t. Ani. Nurserymen 147 (l): 13, 66, 

70, 72. 

Peterson, ·Glenn W ." 1976 • . ·some refle _c.:tions on biological studies of . 
: needle dheases . 16th It1t. Union For. Res. Org. Congr. (Oslo, 

· · • -:June l976) .Pr oc., Division 2; p. 310-316. (al so released in · 
_USDA Forest Se_rYice Research Note RM-:-323, 1976). · ·. · 

• • < • • • 

Peterson, Gleim·. W., :o.R. Sumner, .and C. Nonnan. · 1965. · Control of 
. Phomopsis•bli9ht of eastern red cedar seedlings . Plant Dis. 

Reptr . 49 ! . 529- _531 • • · · · · 

Peterson; Glenn W.ancl James A: Walla . .. 1978·. · Development of Oothist roma 
pinion and within needles of Austrian and ponderosa pines in , 
east~rn N_ebras-ka. Phytopatho1ogy 68 : · 1422-1430. 

Peter~on, <i}enri W:- and David· S. Wysong. 1968. Cercospora blight of 
· junipers~ ·dama-ge and control. Plant ()is . . Reptr. 52: 361 .. 362 . 

Wal.la~ James· A.· and Gle~n·w. Pet erson . 1976 • . 0o·thistrorm pinJ •and · 
. . • Diplridia pinea not affected ·by surface wax of pine nee les. Plant 

. · .. Ois. Reptr. 60: 1042- 104&: . · · · . · · . . · · 

•' . . · . 

. 128 
. . 



BUILDUP AND IMPACT OF ELYTR0DERMA 0EF0~~ANS 

ON JEFFREY PINES IN CALIFORNIA. 

R. F. Scharpf 

R. V. Bega 

The fun_gus Elytroderma deformans (Weir) Darker is responsible for the 
most serious needle disease attacking ponderosa pine (Pinus ponderosa 
Laws) , Jeffrey pine (_I:.. Jeffreyi Grev. and Ba lf.) , 1 odgepo 1 e pine 
(P. contorta Dougl.) and several other pines_ in western North America. 
Wei.r (19l6J first recognized and reported the importance of this disease 
agerit . .. _ Since then; it has received substah .tial attention · and research 
by some .ot ~the best known forest pathologists, including Childs, · 
Lightle, Roth, Wagener,·and Waters . Much infor~tion about the biology, 
distribution; hosts, and damage of the disease is known but 'details · 
about its epidemiology, the damage it causesdifferentforest stands, 
and control are less well kn9wn. For reasons not well understood to 
us, relatively little research has been conducted on this seri-0us 
forest :di~ease within the past decade. · · · · 

. This report points out why Elytrodernia disease is considered a serious · 
disease of western conifers and why its presence should be considered 
in the management of certain forest stands . Results presented here were 
obtained from studies of th~ disease in Jeffrey pine stands near South 
Lake Tahoe, California, with a known history of Elytroderma infestation . 

The disease has been known in these stands for at least 40 years and at 
least one outbreak _took place in 1949.:.1950 (~lagener, 1951). No other 

·outbreaks were recorded until Miller (1970) reported buildup of the 
disease _in the South Lake Tahoe area in 1970, 

The objectives of the study were to; 1) determine the incidence, 
rate of spread, and buildup of the disease inJeffrey pine stands 

· following an "epidemic"outbreak of the disease; and 2) determine the 
effect of the disease on morta 1 ity, -growth, and vigor of Jeffrey pj nes. 
The study was begun in 1971--the year of the outbreak--and continued . 
until fall 1977. · · · 

METHODS 

Six plots , each containing about 100 test trees, were established in 
or near the area of disease outbreak . Plots ranged in size from about 
0.2 acre to slightly over 1 ac:re. Basal areas ranged from 53 square 
feet to about 225 square · feet · per acre alTX)ng the plots. More than 
95 percent of the basal area on all plots was in Jeffrey pines . Some 
plots were ,n areas of light infection and others in areas of heavy 
infection . All plots were within a few hundred yards of one another 
so that differences in topography , ·stand composition, and microclimatic 
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conditions could be held to a minimum. The plots consisted mostly of 
.Jeffrey pines but a fewtreesof.other species, sue~ as white fir, . 
Abies conco1or Gord.:and Glend., and. lodgepole pine, were also present. 

Tree measurements and tree condition were recorded at the beginning 
of the. study~· Included were diameter, tree height, crown class, and 
tree vigor. : Disease distril>ution and intensity' was also recorded. 
Disease distribution was determined by visually div_iding the 1 iving 

. crown into .four ·parts--lower, lower-mid, upper"'.mid,·and upper crown--
. . and then. determining th~ presence or absence. of the disease. in each 
. · portion. · A total of the parts of the crown infected was used as a 

· measure of dis~.asf distribution within the· tree~ · ·. · · · · 

D.isease intensity was based ·on an estimate pf the total amount of . 
foliage showing. disease symptoms within the living crown: light infec- .' 
ti0:n-- l. to 10 per<;~l)t of the foliage showing symptoms, moderate infec-

. tion-~ ll-50 percent foli .age with ·symptoms, and heavy infection"!'- more . 

. than 50. ~ercent . of .. the fol iage showing symptoms . · · 

Pennanent ·photo: points. we're established and colo'i·· photos takeri of 
c~rtain trees ·each year from 1971 to·1977. · .Tree mortality was recorded·· 
once, som~tinies. twice, a · year during this period. · At interva 1 s of 
2 and.5 years,.the trees.were remeasured, their condition noted, an~ 
dise~se distribution and intensity recorded .. 

:. RESULTS 

A •. Ho~t condition ~lid Msea·se situation in June 1971. 

Test trees ranged from 1 to 40 inches d.bh with an average dbh · o( 8. 9 
inches. Crown and vigor .flas .s of tt:ie test trees is · summarized below .. 

Crown Class Vigor Class 
· · to~dominant . 

l, 

Domi'nant .· fote:nnediate .Suppressed Good 
(percent} {percent) (pe,rcent) (percent) . 

Average . Poor · · 
(per~ent) (percent) 

43 37 20 29 40 ,31 

. Distribution and 'intensity of the disease was also recorded at' the 
. beginning ·of the study: · , · . . . .· . 

. ,· ·· 
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Disease Inten sity Disease Distribution 

-(percent live crown affected) None Light Med. Heavy 
None 1-25 26-50 51-75 76-100 (percent of test trees) 

· O l . 22 76 0 28 25 47 

None of -the test trees was completely free of infection by Elytroderma, 
and nearly all trees were infected throughout most of their crown. About 

· half of the test trees were rated heavily infected . and half light to mod-
erately infected ·. Infection did not appear to vary noticably among trees 
of different size or crown class. 

Intensity _of infection did vary among trees of d{fferent vigor class: 

Vigor _ 
Class 

Good 

Average 

Poor 

Light 
(percent) 

61 

23 

5 

Infection Rating 

Moderate Heavy 
(percent) (percent) 

28 11 

34 43 

· 13 82 

In general, trees of good vigor were l 1ghtly . to moderately infected ;_ 
whereas tree _s of poor vigor were heavily infected . It appeared that 
trees were of poor vigo •r because of the di.sease .rather than poor vigor 
trees being more subject to attack by the diseas ·e. 

B. Changes -in host condition ·and disease sit uatio ·n from June 1971 to 
August 1977. · 

l . Tree rnorta l i ty 

Mortal_ity •was heavYamon g the · test trees over the six ;..year ·periodof study: 
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MonthLYear 

June 1971 

· Living Trees 

:"607 
. June 1972 

June .1973 
June 1974 
June· 1976 
Aug~ 1977 

· · : Tq,tal · · . . ·,-· · . · . . -
· __ ·_ ll 2 year mortality · .-

. 581 
.553 
522 · 

·., 447 
439 . 

· 607 

Dead Trees 
, . No. % of 1 ivin ·g trees 

·-
.26 4.3 
28 4.8 

~ht 5, 6 
14.4 

8 1.8 

168 27. 7 . · 

Over ·the ~-ix-year :·period of study, more.than one-fourth of the tes·t 
trees died. Of. _the trees that died,- 90 percent were heavily infected 

-.with ·disease · in 1971. In ·addition, 72 percent of the mortality otciJr-red -
among. trees ·of poQr v_igor and 26 perc~nt among trees ·of _moderate vigor . 

· Few trees of good vigor 1n 1971 die~ during the six-year perio_d·. 

Mortality was fairly .evenly" divi .ded a1119ng trees of different crown class . 
. Among the dead ·trees · re·corded, ·33 percent were dominant-, 40 percent 
co-dominant and _intermediate, and _27 percent suppressed . 

A bio1_ogical ev~luation ·of the· infested ·area in 1973 showed· that ag~nts 
other than E1ytrodenna also killed Jeffrey pines (Pie.rce and Srago~ 1973). 
Causes of mortality -were recorded as Elytrod~rma disease alone, Elytroderma 
disease _and Jeffrey pine-bee t le, Jeffrey pine-be·etle · alone and ·unknown 
causes . We-found on our study plots, however, that ·nearly all the mor-
~ality could be attr ,ibuted to Elytroderma disease a1o·ne or to _the inter-
action of Elytrodenna dis~~se and Jeffrey pine-beetle . · · 

,. . . 
. The severe dro·ught of 1976-1977 did not appear to have increased mortality 
1n our st~dy area as it did in many other · areas throughout the state. . . . . . . . . 

. 2. Tree vi gor .. and disease rating ch~nges 

Changes_.in ·tree ·-condition and in disea~e · rating were determined for the . . 
·. t _est trees in 1973--2 years after _the ·study began and after 6 years ·, in 

19_77. For this rep_ort, emp_hasis w.1H be phced on· the 1977 ·e)camination.· 

.Of the "t-re_es · that w~re· sti .11 a·11ve 6 y~ars later, about half $howed 
no chan_ge_ in disease ·1ntensity rating, about a third increased in 
di.sease intensity, and the rest decreased in disease intensity. These 
~esults ·fo 19'77 were nearly the same as those found in 1973, indicating 
that there ·was rio noticable building of disease in test "trees over the . 

· six-year perio~ of ·_stµdy after ·_ the initial oiJtbreak'·of Elytroderma in 1971 • 

. Another fact .that suggests . 1 ack ·of disease spread or b_ui"l ding in te st 
· tr~es since 1971 was·that the disease was less widely distributed in 
· the crowns of trees in 1977. For example, crowns. of nearly 90% of 
the test trees showed about the same amount of infestation, or less of 
it, in 19_77 as. "in 1971. Newly developed crown and top growth were free 

. . . . . . . 
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. of Elytroderma • . As a result, the disease was· present in a· smaller propor-
tion of the living crown of most trees ·in 1977 than it _\l;/aS--in l.971.. · 

Host vi gcir decl _i ned drama ti cal ly among test tre~s over the· six-year 
period. · More than _50 percent of the trees declined at least .one vigor 
.rating,- and a1most al-1 ·the others . remain~d. the ·same. Few t_rees i!llproved· · 
i_n_· vigor. ·Thus, for the st~nd as a wh9le, ·not-only has, the stocking· · · . 
level dropped as a result of lllOrtality after 6 year$, but' th.e average 
.vi_gor of th~ survivin·g_ tre ·es_ has also declined markedly.· ··· , · 

,•• • l 

' . 

·. Results on the effects of the disease on radial growth and stand basal 
area over the _6 years of study are nQt yet available • . But preliminary 
analyses·· indicated ·that both radial growth and· ·basa·1 · area were reduted 
markedly. ~n hea_vi ly_ infested stands. · · · 

· DISCUSSION AND CONCLUSIONS ::· · 

Serious mortality of · J~ffrey pines resulted ·over a six-year peri.od from 
this epidemic QUtbrea·~ of Elytrodenna n~edle disease •. Weakening of ... , . 
=trees as a resu1_t · of the. persistence of the dis~ase· in the stand after" · 
the outbreak. along with Jeffrey pine-beetle activity accounted for · · · · . 

· most of the mortality ! _·Thus, si_ngle :outbreaks· of t~e disease in certain 
·stands" can .r~sult i,n severe pe·tsistent infestation, loss of tree vigor, · · 
and sUbs:equent mortality associate _d with both the disease and bark beetle 
-ac:tjv1ty. · Some· of the factors : related to mortality wer·e the same as 

. those reportecf by ·cnilds (1968) for Elytroderma "disease on podercisa 
pine in the Northw~st: 1). Mortality occurred among trees of all size · 
classes; • 2) mortality was highest among tree .s of poor _vigor; 3) mortal-

.. _ ity was the _result of the qssociation of Elytroderma disease with other 
_agents . ·.· · · · · · · 

. . . 

·we noticed, as ,'d.id Ch"i-lds and others (.1971) and Hun_t a~d Childs (1957)., . 
that outbreaks of the ·disease are restricted to certain specific areas,- . 
·most1y·~1ong ril_eadows; draws, and 1ake shores. We conch,de that out.breaks 
of the disease require certain weather co_nditions or speci.fic microcli-
~tfo ·s1 tliations in order for heavy· infection to occ·ur •. :Vnfortunately, 
we do not_ know what the . com~iriatioli of factors are that result in peri-

· . Qdic outbrea_ks. ··Additional .research is needed to clarify the relation- · 
· ship petween w.eat.her .conditions and. disease outbreak. Knowledge_.-of past 
putbreaks· does·.a11ow the forest ~nager to .delineate sites of "high dis- · 
ease ha·zard" , '·however. · . . ·. · · 

. ,. . . . 

-Durjng the ~t~dy; ·we· observed that lodgepole pine--a major· host for 
·the disease in. British Columbia--was almost free of disease. ·· From a 
strip sample .throiigh.a mixe~ species stand, we noted only 5 lightly 
infected lodgepole pines out of 71 examined; whereas among 40 Jeffrey 
pines sampled. -alf were e·ittier moderately or.heavily infected . It 
appears, -there.fo·re,". that lodgepole· pine ~y · be highly · resistant to · 
·Elyt'rodenna· disease in _some areas . · · 

·, · 
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· MANAGEMENT. CONSIDERATIONS 

. Information about ~lytroderma disease that should ·be of use in . the 
management of Jeffrey pine stands 1 ncl ude these major pofots :_ ·. 

1. · 0utbrea·ks of Elytroderma dis ·_ease seem to occur most often on ·certain 
sites or in te)'.'tafn areas. These areas often can.be delineated by ·past 
records of outbreaks. :,·1n·addition, surveys and biological evaluations · 
of present outbreaks will show the manager where 11high risk" sites are 

.located. -· Defining these high risk sites will at least give the manager·· 
~h·e _needed information on where the problem occurred before.', w·here ·it is 
likely" _to occur again.,. ·and h~ serfous .the ·problemmay be • . 

. 2. : Effects of_ ·a single outbrea _k of disease .can last for several years 
possibly resu.1tir:i9 in heavy mortality and even S!,.lbstantial growth. los·s. 
Therefore, ·even ihough no _further ·outbreaks occur for several years, the 

. . impact from the disease may be of major consequenc~ in the management 
of sonie .stands. · · · . . 

.. . 
3. · Weakenif'!g of trees :bY 9isease .. a.ttack results not only in damage to 
·trees from disease alone but also· in :da,nage _and mortality from associ_ated 
agents such. as 'bark beetle~. · . 

4~ Trees of all sizes ·; ·ages~ and vigor -' class .es are susceptible to attatk 
and damage by Elytroderma 'di.sease .• · We know of no method of protection 
from or control of the .disease in susceptible species. · Planting or :· 
favoring existing - non;..siisceptib1e species ori .high-risk sites is the best 

. approach · to contr.ol. · · 

REFERENCES 

Child°s, T. W. ·. ··-1968~- · Elyt~odenna ·disease of ponderosa pine in · the 
.·.· . . Pacific Northwest . . USDA Forest Service Res. Paper PSW-69, · '. .. : .·45 p. : ·. · (' . 

Chfl ds·; -T •. W. ·j Keith R. Shea,-.and· Jame_s L. Stewart 1971. Elytroderma 
. .. diseas ·e. of · pond~rosa pine_. _· USDA Forest . Service Pest Leaflet .42, 

· · ·· . · · 6- p. · ;-11 us • · · · · . . . , .. ,· .. 
Hunt, -Jofrn·, ·and· T .w .·.Childs . 19'57 .·. Ponderosa pine nee~l e blight in . 

Eastern .0r~gon during 1955 and 1956. · USDA Forest Service PSW · . 
-;Forest. .a~d Range· Expe_riment s_ta_tion Research Note _147,_ 9 p., illus. , . 

. · Nt.11e·r, DouglafR: · 1970 • . · Fo~est disease ·evaluations made on the Eldorado 
· Nat1ona1 Forest; June 2f-26, · 1970, · Personal conmunication to 
. Forest S1Jpervisor, Eldorado N.f.~,_July 6, 1970 • . : · · 

.Pierce ~ _Joh·n· R;, and M1chael D • . Srago. 1974 • . Biological evaluation-.:. 
··· . pest conditions in the Taylor Creek drainage between Fallen · 

· · Leaf Lake and Lake Tahoe. USDA, Region•S, Forest' pest evaluation , 
March ·5, 1974, ·. 



• Wagener, ~I. W. 1951. Jeffrey pine foliage reddening near Richardsons, 
Lake Tahoe . . Personal communication to senior entomologist, 
J . ~t Miller, Berkeley, CA., May 7, 1951. 

Weir, James R. 1916. Hypoderma deformans, an undescribed needle fungus 
of western yellow pine. J. Agr. Res. 6:277-iss. 

135 



· WIIDWC 1~7~i . 

: ' ' 

PENETRATiON _AND LATENCY IN NEEDLE CAS_T FUNGI 

._ John M. Staley 

In 1968, I presented some preliminary results of ·grafting studies 
using scions, the foJ iage of which had _been exposed to spore . · -
s_~owers of . a Davisomycella sp. The~e scions were ,stripped of all_ but 

·the 1965 foliage and grafted in March of 1966 to nursery run ponderosa 
pine seedlings. All scions ~a111e from a single mother tree that was 
consiste~tl,y and very heavily infected by Davisomycella .. . On. the . . 
mother tree·, ·fruiting of the fungus was restricted .to two-year-old 

-~ and older foliage, arid occurred in July of each year <>f observation 
from 196~ to 1969. · · · 

The grafted scions "!ere subsequently held in a lath house or at 
other·suitable locations in Fort Collins, far removed from any source 
of ·1n·oculum~· The first frviting of rieedlecast on the grafted scions 
occurred in 1967 and was restricted to the. 1 ~65 fol i age. On the . 
grafts, as on _the sdon _ mother tree in 1967, no symptomatic develop-
ment was evident on either · 1966 or 1.967 foliage ; In 1967 (and in 

· subsequent years) all symptoniatic "foliage was stripped from most of 
. the graf't;ed scions prior to ascocarp maturity. On a few scions, 
. ascocarps \'ier~ allowed to mature on the symptomatic foliage, but 

. . such scions were· removed to a safe distance from the lathhouse. It 
. made no apparent .difference in the results whether asocarps were 
-allowed to reach maturity on the grafted scions or not. In no year 
were symptoms apparent on·any but the 1965 foliage of the grafted 
scions:_·. Fruiting was observed on portions of this 1965 scion foliage 
.in .196.7,~ 1968, and 1969. · · · 

No fru ·i:ting was observeO in the years subseque·ht to 1969, but two 
factors may be responsible. First, most or all of the 1965 foliage 

· had been. shed by 1969, and second, the years 1970 and 1971 did not 
· provide very satisfactory weather for the developmerit of aso_carps . .. 
The spring weather in those 'years was probably too warm and too ·dry. 

,·By 1971 all of the 1965 foliage was gone. · . . . . . . . . . . . . . . 

. ·, 

.. In.1967,. symptoms developed on the scions held in Fort Coll ins, about 
3 weeks prior to symptom development on· the scion mother tree, which 
was about 3,000feet higher in elevation than the lathhoi.Jse. There 
were no flecks -or other incipient signs of disease pres~nt during the 
1 ong la tent perio_d in the case of either · of the ~ci ons, or · the scion · · 
mother tree .. . ·The latent period was truly latent and not merely 
chara_cterized. bY a_n obscure symptom development. It has thus been 

_·shown experime_iitally th~t the · latent period for this . needle cast · 
may extend .from·two seasons to at least · four seasons. Perhaps given 
.different experimental circumstances, a longer latent period might 

· .. have ~een ob"served .. · · · 

I • 
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Histological 5.tudiesoffered no :suggest:ion· of any systemic inf~ction. · . 
In tt)e case ·of this Oavisomycella, hyphal growth is limited _to a 
short .band of needle tissue that is symptomat_i(:. No invasion of. . _ . 
phlQem_tiss!Je such as that seen in the case of Elytrodenna defonnans . 
can· b( detect4;!d~ ·an~ po infection of foliage more recent than ,19.65 · · 

_· was observed ·as might have been expected with systemic-ir1fection of 
· the grafted scion. _·· · ·. · · · 

This grafting -experiment also shows that the young developing foliage 
· can serve as nighly su1table infection court, even though it is . 

separated from the sporulatfog' foliage by an intervening foliated 
internode .. My graftin·g experiment does·_ not show whether or not the 

. foliage on t~is _ in~ervening internode is additionally susceptible t9 . 
· infection, but artiffcial inoculations with a second. species, . 

Q . .e9nderosae, indicat~; -in that case at least, a mild capacity of 
older fol i,rne to serve as an infection court as well. . . . . . .. 

The preci~e loca\:ion of the infection court is not clear for many ·_ 
species of the ijypodermataceae. We are left to assume that many of 
them, such M' Virgel la_ and Lirula, may operate essentially as do the 
Oavisomycellas described above.-· However, in the case of several . . 
lophodennellas ·and one Lophodenni.um, wh_ich under natural conditions 

. have a largely one.:.year disease cycle, it is all too cle~r that the 
primary fofection court m·us_t be the newly developing foliage. · ·. 

What happens at this.infection court is a matter of concern for the 
full. explanation of why needle casts operate as they do. Fortunately, 
we have a.fai_'rly complete idea of what happens in the case of one 
needle ca~.t . fungus, lophodenn1um seditiosum. · · . ·_ 

. . . . •' . . . 

. . The_· nianner of pen;trat1on of this fungus has been. demonstrated (1). 
The ascospores of Lophodennium sed .tiosum are produced in great ,, · 
abundance in Christmas tree planta ions of infected Pinus · 

· s~lvestris L.: 2 They are deposited in concen~rations that exc~ed 
2 00 spores/cm Deposition is .most dense on the distal third of · 
the needle not p'rotected by the subtending foliage, but ascospores 
are fr_equently detect~d at any random position ··on the :needle. 

• Symptoms develop firsf on the distal part of .the needle. · L. · 
seditiosum casts the bulk of its ascospores at a time of year and 

·.under.circumstances i.n·which other _Lophodennium species are largely 
inactive. It is on the overwhelmingly large ascospore production by 
.!:_. seditiosum during the period of observation that mY identification 
of the spores e.ndappressorial penetration illustrated _ here depend. . .. ·. . . . . . . . . 

Studies ·of :~scos·pores deposited· 1n wa\er droplets or(.giass slides . 
· show the spores wi 11 . s 1 nk to ihe bottom of such drop 1 ets. · They do 
not, however,' adhere to the glass surfa~e as long as free water 
remains .. Within one second following evc;1poratio_n of the droplet, 
the spar-es· fasten themselves so . sec-urely to the glass that they 
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can.n-ot be moved without rupturing . It seems likely :from thi_s 
that spores are free · to move about on wet pine 11eedles and lodge in in-

. dtmtations .between. epidermal cells. Seldom, however, do they 
come to lie across a stomatal opening, and penetration even n~ar 
·stoinates, so far as has been observed, is directly through the · cuticJe. 
Germinat1-on · by germ tube alone has not been observed on leaf surfaces 
or on expo~ed spore trap slides. Germ tube· gennination can be seen 
in culture·, but in nature, appressor _1a invariably develop. --· 

At ffrst, . appre~soria are· hyaline: an~ thin-walled. Thickening and 
· melanization · of · the appress:orfal wall . takes place in two or three 
weeks and judging ·from-the initial lesion formation, penetration must 
oc·cur at least by. four or. five weeks. Since fungicides largely · ·· . 
prevent both appressorial inelan.ization and symptom development, it . · 
appe·ars ttiat -appres·sorial -melanization is an essential step 1n the· 
process of leaf penetration by L. sedit1osum. · · . ' .· . -
Sectfons cut from the dtsta ,1 on-~third of needles revealed frequent 
penetration from _m~lan,zed appressoria. Penetration hyphae grew 
directly through the cuticle and epidermis. In no case was 
penetration throu·gh a: stomatal · ope~ing observed. Direct penetration 
through the- cutfcle near- a stornatal opening did lead in at least one· 
instance - to hyphal growth into the ·,ubstomatal chamber. · 

With- these ·r~at.uret of <infectfon court activity having been demon-. 
. _strated for. LophodermiiJm seditfosum , it seemed logic_al to extend . 
· · my observations to several needl ecasts native to our weste.rn fores ts. · 

This past season [ ,therefore studie _d, at weekly intervals ·froni July 
through .October, the spore deposition and appressorial development of 
_several Lophoderme1l·a species attacking lodgepole ·and limber pines. • 
.-These were L montivaga, L concolor, and L. arcuata. In the process , 
I was: able · to make some· observations on Bifusella - sacatta . l · 

. expected these fungi to ·follow the familiar developmental p·attern of 
Lophodermium seditiosum. _ Such was the case only to a certain point_.· 
·The dens=fty of asco'spore deposition was far more erratic than for . · 
L. sed-itfosum_. · I.t seemed to ·be mQre dependent upon a juxtaposition 
b.etween ti'le-·new f-o.liage and the _ fruiting bodies borne on last years 
foliag .e: than ·ft was on other ·needle surface exposure· factors . The 
posJtiot1: of d_eveloping lesions in -the · ~ase of Lophodermella montivaga 
bore, t#is ; out.. · The ,lesions which were evident in early September were 
frequent'" i'rl the middle and 1 ower thirds of the new needles ·and were 
not formed ~-n the dista _lly - exposeq portions of the _ needles . . 

·. Upon germination.every spore obset-ved (with .the exception of __ .·· 
. B-ifus~n~- sac.cata) produced. an ap·pr~ssorium . . These appressor1a were 
o:nly tnfrequently observed. to thicken their walls, and in no case was 
appre-ss-0rial nielantzation seen. The typical mode of gennination can 
be seen i_n these . s 1 i_des. · · · · · · 

. ·: . 
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No visual evidence relating to penetration of _ the needle was gained 
from this study . Occasional structures were observed in transverse 
section preparations which appeared to be appressoria, but no -in-

. stances - of penetration were seen . Some of these structures probably 
were appfessoria as judged from attathed, characteristically-shaped 
germ tubes. Others were probably spores o·f other leaf fungi. 0

• 

The reason for lack of appressoria .1 wall thickening and -rnelanization 
remain unknown. - One thing is clear, ,h. montivaga was nevertheless 
successful in penetrating the needle and causin~ lesions, ~ven 
tho~gh thfs penetration was not observed histologic~lly. ·Spores 
and appressoria could be vi~ualized directly on the leaf ~urface 
by use of cotton blue in lactic ·acid. Although _transverse sections 
'were made through such visualized spQre concentrations, penetration 
still was not observed . · · - · · 

. . 
In spite of this failure t6 bbtain direct visual evidence, it seems 
clear that all the Lophodennellas studied~ penetrate the leaf _ 
surf~ce directly from a~pressoria :· All Lolho~ermella s~ores observecl 
germinated by appressor1al format1on, and t 1s inconce1Vable to me. · 
that ·some other rarely · oce-ur.·ring proces ·s would lead to the successful 
_di ·sease ·production seen . ·· · · 

. · ..... 
• • . • ,.-# 

. The case .;of i• saccata is more obsctfrf . Its germ tubes were 
considerably thicker than those of any of the Lophodermellas . No 
distinct appressorium was·fonned alth~ugh it is possible that the 
germ tube itse ·lf was a type of , appressorium. It is also possible 
that 1:saccata ·germinating on ttie youngest foliage was no~ developing 
in a suitable infection court. B. sactata ·attacks only the older 
~e~<:lles on .Pi nus flexilis and perh~ps it inf~cts only ·th-rough older 
needle~. Howe'{er that be, no attempt was .. made to observe spore · 
gel"l11ination on such older needles . ' · · 
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ANNOSUS ROOT ROT 'lN SOUTHERN PINE 
BEETLE-INFEST~D LOBLOLLY: PIN.E STANDS:-

S.A. 'Alexande~. J.M. Skelly, --~·n~-~R'.S;·H~bt)/ ·. 

The association of Heterobasidion annosus {Fr.) Bref. incidence and· 
severity with southern pine beetle (Dendroctonus frontal is Limn. ) infes-
tations was examined among 476 loblolly pines (Pinus taeda L.) in Georgia, 
North Carolina, Texas,· and Viri'ginia. Twenty-two SPB infested and 18 
noninfested BA-10 plots were established in loblolly stands in coastal 
plain, piedmont, arid.mountain regions on moderate to high hazard sites . 
Total height, height to live crown, c.b.g . , crown rating, cr6wn class, 
ahd shigometer readings. were recorded for each tree prior to bul 1 dozer_ 
excavation Of the entire root system. Tree crowns were rated as dead 

. {brown), thin and yellow, thin and green, or healthy. The presence of 
.!:!, annosus basidiocarps for each tree and stump was recorded within each 
plot. 

Once excavated, the primary and secondary roots of all trees ·with >1% 
colonization \:lere measured as to the number, base diameter, and length of 
healthy and colonized -roots. The lengthof ·healthy, resin-soaked, and 
stringy decayed tissue of each measured root .was recorded with the latter 
two symptoms charac 1Eristi c of H, annosus. decay. A· disc was removed at 
d.b.h . from each tree and the gr6wth rate for the previous O-to-10 years 
was determined.: ~higQmeter readfngs were taken ~t d.b .h. _from f?ur P?ints 
on the stem. S1m11ar data was ~ecorded for 5 paired tree plots 1n wh~ch 
two trees, one SPB-infested and_·one nearby which was uninfected, were 
escavated and.analyzed~ ': ;- -~·· . · 

Fifty-two SPB-fofested ·and gg non infested trees were measured for · which 
the average ·colonization incidence was 21 and 13 percent, respectively. 
SPB:..infested and noninfested -trees exhibited 47 and 14 percent colonization 
by length, respectively which was significant at P = 0.001. Secondary 
roots were colonized 4f and 13 percent for SPB- infested and noninfested 
trees, respectively, ~hi~h was significant at P = 0.01. The number of 
colonized roots for SPB-infested and noninfested trees was 68 and 32 
percent; respectively, which was significant at P = 0~001. · A significant 
difference between infested and nonifnested trees within the SPB plots 
indicated that H. annosus is ,positively associated with the southern pine 

. beetle witliin the immediate infestation area. Radial growth reduction of 
both the previous O-to-5 and 6-to-10 years increments was significantly 
and negatively ' correlated with both the percent number of roots and petcent 
length colonized by H. annosus at P = 0.05. Significant R2 values were 
observed when shigometer readings were regressed against both O-to -5 and 

y Virginia Polytechnic Institute and State University, Blacksburg, VA. 
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·6-to-l0 years growth. Within the 5 ·paired tree plots, : the · average percent 
colonization was 46 and 15 for the SPB-infested and non1nfes.ted trees, 

.. resp~c~ive_ly, Ciearly a· significant .reiat1ons),ip has been estaQlished 
· · ·between H.· annos.us colonitation and· SPB infestation · on ·moderate to high · 
. hatard s'ftes Jn the southeaster·n . uj-s;. . 
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A 'NEW. MALADY OF WESTERN A.SPE~: 

Thomas E. Hinds 

Over the past several years we have been noticing individual and small 
groups of aspen in Colorado in which the branches droop similar to weeping 
willows. Upon finding tree mortality associated with this droopy syn-
drome,· our observations and interest has ,become· more intense for we .. 

· . fin~!, these abnorn:,al trees scattered through9ut the ·s·tate; particul~tly 1 

al orig• roadsides, in campgrounds, and as aspen transplants in urban ·areas. 
. . . \ .' . . . . . . 

The teim :,~'droopirig a$pen" fs fa _irly descripti've of ·thedisorde~. 
Fl exuoi.ts~rubf?ery pe.ndant branches in the 1 ciwer crown of · large : trees 'and 

· thro~ghd~t the entir~ crown ~f · s~aller trees wit~ i latk :of 1ateral ' t~ig 
growth for the ·past 5 to 25 years, and larger than usual sized termfoal 
leaves but no 1at~ra1 fqliage on the branch behind the terminal foliage, · 
chara.ct~rize .the m~lady • . Buds appec;1r to form normillY On·the , current ·: :·· 
year.'s ,,growth, but later turn blac;k ·and· fall off with the exception of 
the tenn'inal bud ... After 20 or · more years, the pendulou$ branches die 
and evtht1,ia1Jy the entire tr-e~ succumbs~·· The sympt9ms do not appear 
to be clonal - in nature nor entirely associat~d with ma~•~ activities . 

. . . . . . . ~ · 

.Because of the pliant nature of the b~anches and' lateral bud mortality, 
our first sus.picion was that .a virus might be involved. A cooperative . 
agreement between the Roc.ky Mountain Station and Dr.· Clark H. Liyfngston, 
Colorado State · University, was made in 1976 for .. a· preliminary study of · 
the disord ·er. As results of the short. term study were inconclusive . . 
and suggested that perhaps it might be a ~hysiogenic disorder rather 
than an infectious . disease, a new cooperative agreement Was made for ' 
two yf;!ars so that a more complete study, utilizing the services of a 

. graduate student, could be accomplished. Results of the preliminary 
· study will be forthcoming in \he Plant Dfsease· Report~r . · 
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POTENTIAL OF NATURALL V INFECTED _ROOT MAT~RIAL · 
.. AS At{ INOCOLUM SOURCE F.OR PHELLINUS WEIRII 

·. _. . . . . . . '.. . . 1 
·. . . · · J. D. Ke 11 as · 

I NT RO DUCT IO~ . . . .. 

:·.the use of i'iaturally .. irifected -ma·te-rial as-art i"noculum $Purce: for _· · ., 
_.-. .-. ~helli.nus weiri.i (Murr.) Gilbertson has been virt~allyignored. Early · 
.:· · attempts: of lnoculating 1 iving .·_ trees · us.ing wood ch•ips ~nd agar perm~at_ed_ 

·with P. weiri-1 failed to: infect the host · roo.ts (Buckland e·t ·al; 1954). 
Bucklandand.-~~workers also reported using .heavily perrneateawood . 

. ·. blocks as an · fnoculum source but only 2 of 36 inoculations infected 

. .. pre·viot1ily damaged roo~ o·f Douglas fir (Pseudotsuga menzies11 (Mir.b.). ' . 
Franco).- ·. . ·, . . . ·. . ._ . . . _ :· : _·:. ~~~empt~ :u, ·,·~-fe~t :Sc~t;'..· p-i~~ "roots (Pinus . syhestris Linn.) _with -: . ,_: 

.. . Fornes· annosus::{-Fr. ). Cke. · u~fng -iiatura lly infected . root .material resul t~d 
·in low· levels · of fofection o.f _the host ·roots (Walli-s., 1961). · . .However, a. 

. -successf4l technique, was developed fo·r inoculation . using 1aboratory . · 
: · . cultured ·_f . annosus on S.ter.fle brar,ch sections. This technique ~as 

subsequently adapted · for inoculating Douglas fir w1 th··-P. weiri i 
(Wallis and· .Reynolds:, 1962). -- . · -

. . . . ·.. . ·.. . - . .-, ,• . : . . _. .. 

One.· technique· has be.en. reported for · th~ mass inocula.tion of Douglas . . 
. fir seed·l ings:··w-ith P. -weiri i using naturally infected Douglas . fir stem 

_.·. wood (Wallis and Reynoldsr 197~). ·_seedling m<irtality was report~d .as 
early as. ·five JT10ntlrs followi.ng the fotroduction of the inoculum--t~-
the·· rootf e>'f ·p11e and__,two -year o1 d -s~edl ings. · . . . . .. . . 

.· Thi·s p:aper: reports. a_._poss1ble· method for·_-inoculating Dougl~s fir '·,··..... ' . 
_· :· -~nd:weste_rn. hemlo·ck·(isugd_ heterophylla (Raf.) Sarg.) .-roots.with naturaJly 

. rnfected ro.ot materia · an is part of a .1 arger study investigating the -" 
. g·rowth of -P. weirii on OQuglas fir ·and western hemlock on several site- . 
· species cont> f nations . f'n the UBC Research forest, Ha riey. · · . . _:· . . . • . . . . . . . 

'. . . . : .. ~-. METHODS. ANO ·.MATERIALS . . . . . . 

· Trial ·L, February :to_ ~y l9,78.· . --:·· . · . . 

. Five· ~ugl.as _fir .an'd \hree w~stern ··heriilock trees wer.e inocula~ed wfth 
sections· of Douglas fir roots _· na_turally ·1nfecte9 .with e_. weirii _ in · . 

-:. February_ 19_78 . . A tota1 · ·of 30 · inocula"tfons (22 and 8 res ·pect1.vely) were 
- . established~ :·Infected root sections, bark intact and 1-5 cm diameter, · 

we.r~ cut _1n_to 7.5 cn,le_rigths ·and tied to previously excavated unwounded 

. 1unive.;sif; 6~ .·B:riti~ ·h C~lunt.i~ 
. : . . 

. 

·144 

: .. _:··=-·. ' 



roots of the selected trees. The inoculations were covered with plastic 
sheeting and recovered with soil and organic matter. 

Inoculations were ·inspected 9 weeks after inoculation to ·ascertain the 
number of inoc.ulations were P. weirii had become ·established on the root 
of the host tree. 

: ·, 
Trial 2., May to July 1978. 

Three areas classified by Klinka (1976) as x~ric, mesic, and hygric 
were. selected containing 7 different site-species · c;:ombinations of ~-· 
Douglas fir and/or western hemlock. A total of 210 inoculations were 
made on l05 trees; 60 Douglas fir and 45 western hemlock. Two so1,1rces 
of inocul um were collected, from Haney and from .Surrey, and each tree · 
was inoculated with each source of inoculum. The inoculum blocks 'wer~ · 
root sections 7,..8 crri in length spli _t longitudinally. Blocks showed · 
advanced colonization of P. weirii withdecaypockets well distributeQ · 
through _the. root _ wood. -

Roots of host trees were excavated and the inoculum blocks were· attached 
with polypropylene rope and covered ·with plastic sheeting before the soil 
and/or organic matter was replaced. Roots inoculated w~fe 1-8 cm in 
diameter . The· inoculations of 35 trees were removed at 10 weeks and 
inspected for colonization of . the host roots, brown crustose mycelial 
mat on the .inoculum block and zone line formation ; · 

Concurrently the two souces of inoculum were raised on 2% and 5% agar 
to study their rates .of lineal growth under ·conditions of continuous 
light or darkness. Possible racial differences between the two sources 
were tested by "cross-plating" mycelia from both sources on agar plates, · 
treated under the same conditions as above. ·· · 

Trial 3., .August . .to October_ 1978. 

Ten inoculations each on Douglas fir and-,western hemlock were established 
· usi-ng only . inoculum from the Haney source :; The inoculum blocks were 
similarly ~prepared as in the second trial ~ · Inoculations were inspected 
7 weeks .after .establ1shment. · · ··· 

RES UL TS· 

Trial 1. 

Myce 1 i um . deyei oped on 18 of the 22 Douglas fir -roots and on 6 of the 8 
western hemlotk roots from the respective ino·culum blocks after 9 
weeks. Development on the host roots varied from one or a few pockets 
of 11\YCel ium to those where the block was firmly · attached to the hos·t 
root by myce 1 i um. · 
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Necrotic bark was observed under the 11\YCelium of 7 Douglas ·fir roots . 
· and 4 western hemlock roots. Culturing on .. 2% malt agar indicated the_ 

presence· of P ·we·1 ri i in the necrotic areas of severa 1 roots. · One i no·cu-· 
lation of a;western ~emlock root showed a large necrotic zone surrounded . 

·- ·by what appeared·to· be a "reaction ione 11
• -·P. weirii was isolated from. 

the necrotic re·gion, ~ut the "reaction zone,,. proved sterile, . . ' . . . 

Trial 2. _. 

. Assessment at 10 ·we~k·s showed that 25 of the 70. inoculations had developed 
.·11\Ycelium on the host root and that 64.· of the 70 blocks h~d developed 
.zone lines on·or under-the exposed wood surfaces: · A large proportion : ·. · 
of the blocks from. ·the ·Han.ey source developed a ·brown crustose mycelia1 
mat on thes·e: surfaces ., wh-ilst ·few of the blocks from the Surrey sourc·e 
.exhibited ·such growth. · Viable··J: . . weirii was detected in 44 of · 59 blocks . 
:'when isolations were made from -the interior of these blocks and cultured ori 2% ma]t ·agar._ ·:•.: .· . . ·. · . . .. · ·. .. . · . · . . 

. . . ' . . . . . . . 

Table· 1 compares the · fonnation ·of zo.ne 1ines, block viability and the 
presence of .P. -weirii' fflYCelium ·on .tile. host rQots. , . . 

. -· ~ - . ' . .. ' ; .• 

· · The growth characteristics of the · two sources of inocuhan were tested 
by observing" their . development ·o·n 2% and 5% agar. · The results ( Tab 1 e 2.) 
show _that the · r~_te of lineal growth.of both sources raised in the dark 
was greater . than. -that grown in continuous lig~t. · 

Under ·conditiqns -Of co'ntinuous dark·,- the. growth on 5% a·ga·r for both 
source.s was greater than growth on ·2% agar, there being no significant 
differences between the sources raised on the same medium. The colour 
:of the dark grown cultu~s was white or: cream, with copious fine aerial 

·· hyphae \-lhkh filled the 100 '1111 diameter pla.tes after 15 days. 
. . . . . . . . . . . . 

light grown.cultures were not only .slower growing but were different in 
. appea°rance.·· ·The amount and.·extent of aerial hyp~ae was much less than ·., 

the equivalent ·dark grown cultures. _The·cultures from the Surrey source 
were, a motil ed brownish ye 11 ow and those from the Haney source were · 
-mottled a ·strong brown·. After 18 . days those cultures from both sources 

. r_aised on ·2% agar· had significantly greater 1 ineal growth than those 
. raised on 5% agar. -The rate of .growth of the Haney source was signifi-
cantly greater tha.n the rate of . the Surrey source on both 2% and 5% 
.agar raise _d, in the light .·· ·· · 

-Cross·_-p1ating of the· ·two sources of i nocu1 um produced a reaction at . the 
interface of . the ~dvancing zones. ·. The boundary between the two sources 

·raised in •the .. dark.on·_s%·a_gar was dis_tinct with no merg·ing of hyphae 
frO!ll the' two sources.- Hypha-e pf both sources were whf te to cream . 
co 1 oured. : How:ever, the · interface betwee.n the two sources raised . in the 
dark (>n · ·2% agar .. differed. · Hyphae of t~e Haney source adjacent to . the 
i.nterface·. beca~ ·strong dark brow~ colour which often exten_ded over 
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the entir 'e surface, whilst the hyphae of .the Surrey source remained 
white to cream coloured. · The reverse side of the 2% agar plat~s show~d 
a strong black 11zone-line 11 at the interface between the two sources. · 

. Mi_croscopic examination showed the presence of masses of setal hyphae . 
· in .Vi:e _brown coloured a·reas . of the plates. 

Trial 3. 

Inoculations were removed 7 weeks after establi .shrrent. All 20 'inocu-
la .ti ons had developed myce l i UIJl on ,the host roots. The amount va rfed 
f}'.''Om one or two small pockets of mytel ja 2 mm ,n · di~meter to instanc ~s 
wher.e .the inoculum block was finnly attached to the host root by myc·e, ... 
furn along the enti-re length and width of the block ·. Necrotic bark w'as 
observed in 8 instances and penetra .tion to P. weirii to the q1mqium 
was observed ·-in 4 of these instances. - · . 

DJ SC.USS ION 

The results ·of the first . trial indicated that with refinement, healthy 
roots could be inoculated with P. weirii using naturally infected . 

, material. , Of 30· ·inoculations, 24 showed mycelial development fromtbe 
' . inocu-lum blo .ck onto· the host root. Penetration of host bark was observed 

in 11 instances. Both Douglas fir and western hemlock were colonized 
by P. weirii in ~imilar proportions . It was observed . that some inocula-
tion sections where th~ infected wood had been placed in contact with 
the host · root ,: that a .more luxuriant myce l i al growth occurred. In the 
two subsequent trials the inoculum blocks were root sections 7-.8 cm 
long and split longitudinally with an exposed surface . placed in contact 
With the host root~- . . . . 

These modified inoculum blocks proved very successful in the third trial 
· when all 20 inoculations colonized the surface of the host roots of 

both Douglas fir and western hem1ock. Moist soil conditions prevailed 
in both the first and third trials, however, the· period during the second 

· triaJ only 3.43 11 of rain fel 1. The period May to July was the third 
driest . for that period in the 19 years that records have been kept at 
Haney. · · 

Inoculum blocks jnipected after 10 weeks in the second trial showed 
abundant zone 1 ine format·ion, with some loss of viability, particularly 
with blocks from the Haney source . Zone line development by P. ·weirii 
has been reported to be influenced by several . factors including soil 
moisture conditions (Nelson, 1973). Viable .P. wei,rii was only present 

. in blo_cks showing zone lines as· previously reported for wood blocks 
buried for any length of time (Nelson, 1973). However, inoculum blocks 
from the third · trial were generally covered by a cream to brown mycelial 
layer and zone 1ines were only observed where coverage was incomplete. 

Racial differences between the two sources of P. weirii in Trial 2 were 
evident when cross plated on .2% and 5% agar . A distinct boundary 
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developed with no· intermixing of hyphae from either source with some. 
colour differences and an obvious ·black zone l ine~like ·tonnation occur-
ring · in dark .. 9row:n ·2% agar cultures . · · 

No explanadon ._i.s attempted to explain why the Uneaf growth ·of cultu~res 
raised on 5% agar were·greater than ori 2% agar for dark grown_ cultures 
or -why the rev~r:-se·was o.bserved for light grown .cultures. · · 

. . Differences betwe~n .the ·two inoculum s·ource·s were not~d at th·e end-of 
· the ·secon~ trial. • The »aney blocks showed p-rolific develop!ll~nt of . . . 
c:rust9_se myceHum on ·exposed \1/0od ~urfaces-, ectotrophic inycepum. dev~l-

. -oped on mQre host roots -and a lower proportion of .the blocks c<mtained_ 
viable P •. weirii ·compared to the inoculum blocks from th.e-Surrey source. 

' ' - ... . . ' . . . .. . . . .. . . · :· 

: The a·nnua1_· rainfall ·nea-r··where· the Sur,rey 1noculum was· collected js ·_._.· · 
approximatelY 4911 ~mpare.d . to approxiina'tely 88" at Hariey . . Precipita-
tion . and ·spil mQf sture ccmdftions. may have .. through time· infl ue.nced 
differentially the -tole-ranc-e ·off. . · wefrii to · drought stress for the 

· two source~. · · . . . _. . · -· . . . · . · · · · . . . · 

For th~ short . duratfon o·f the · three trials it appears· that Douglas .. . 
ffr _ and weste:rn hemlock are · equa llY ~usceptible to _infecti~~ -by_.[. wefri i, 
altho_ugh mQre .. concern is expr,essed as to the potential damage to Douglas · 
fir than for west~rn hemlock. ·: · · · . . . . . . . 

·Inmediately adjacent .lo · where the Haney sou~e was c~11ected,' many 
juvenile western hemlock ·trees remain free ·from P. weirii- attack, 
yet trees clos~ by were suit~bl~ for ectotrophic-mycel 1a1 growth from 
inoculum blocks.-..in the third trial. · .-· · . . . · ··· 

. ' 
. . . ·. : .\ . . . . . . 

Several qiJestio?s a·re posed by the results _so far: 

once zone lines have for.med in an inoculum block,can P. weirii .· 
· subsequently infect a. host when· suitable conditions pre·vail. . : . : . . . . . 

:.: · are ·the ·racia .l differences between the two sources of inocul um·: .. 
attributable ·.to drought tolerance? · 

.:· if sumner is . unsuitable fo·r in_oculations· yet spri .ng and fall 
· are ,-when is : P .. wefrfi growing most actively? · . 

. % - ·• • 

· · -·fr o;uglas fir . and wester~. hemlock appear equally' s·us~eptible 
. .. during aftificial inoculation, why ·isn't P .. weirii of more ·concern 

: . . :tn natural stands containing··western hemlock? ·. · .. -
,'. ·.·· . 

. .. ·· . 

. . . . . r 

: · .; 
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WIFDwc · 1978 

. . . -

REPORT TO WIFDWC ON THE 5TH IUFRO CONFERENCE ON 
. . . . . . . . 

· PROBLEMS. Of ROOT AN'D BUTT ROT IN CONIFERS 
. . . . . ,. . . . . 1 
:-. . : . . . C. G. Shaw UI 

SUtfflRY 

"Sponsored b~ the ·1nternational U~iori" of ·Forestry Research Orga.ntzations 
.working Group S_-2.06-1 (Prob1ems of Root and Butt Rot in Conifers). 
_Held _in _Kassel., _federal Republic of Germany, 7-12 August, 1978. The 
conf:e_rence .was organized. by the Hessian Forest Research Station at Hann 
Munden with or·. ·oimitri 1n charge of arrangements~· :Meetings were held · 
·in: the .city ijaJl of Kassel, the Bi.irgersaal des Rathaus.es. · BO partici-
pants were· tegistered from ·23 different countries. ·· · · · 

. Gordy Wall.is was "to ,pres.ent a syn~ps:i~·of this meet"ing to WIFOWC as 
. he is the curren:t. ch.airniafl of the· IUFRO work_ing group _on Problems of 
Root and Butt -Rot fo Cori i fers .. ·However, as Gordy is n~t here, I have 
been asked :to present a short _sumnar,y of the nieeting. 

·.• · . ·.'CONFERENCE FORMAT 

The four previ(?US IUFRO co~ferences sponsored by this working ·group 
-dealt spe¢ifical ly with Fornes annosus. At the Kassel meeting the struc-
ture was: changed w1 th approx,mateiy ~0% of the time devoted to f.. annosus, 
40% to Arm1llaria~ and 20%. to·other root and butt rot problems ond 
gener~1 co.ncepts of ·wounds and subsequent deca,y in trees. 

format fo~ the presentations started.with ·statement papers on the . 
current . status of F. annosus th roughout Europe. the USA and Canada. 
These were·followed by invited ·,position papers ~overing: Pathogen . 

. Biology~ Infection Phenomena; Effect· of Edaphic· and Environmenta1 
factors; Resistance and Relative Susceptibility; Biological, Chemic~l, 
at')d Silvicultural . Control. Additional short contributions covering 

---individual dis~ase situatfons or research projects completed the fonnal 
- f. annos~s. program. _ · · · 

Presentations dealing wfth Annillaria followed. They had a similar 
·format to those onF. . annosus st~rting with statement papers on the 

. .. · status of the disease in Northern and Western "Europe, 'Canada, Australia, 
· and New Zealand . . Papers concerning the ·disease in the USA and Africa 

were 1 isted in the program, but not presented as the authors were absent 
·from the meeti_ngs and copie~ of their text were ·unavailable. This was 
unfortunate as ·:the material was of interest to all participants. Some 

· information conc~rning Annil 1aria ih the Pacific Nortl'Mest was presented 
· in.the control paper of Shaw' and Roth.- , ·· · 
1 . . ' . .. . : . ' . . . . . . . . . : . , . . . 
Research _Plant · Pathologist, PNW, • Forestry Sciences · Laboratory, 
P.O~ Box 909_; Juneau, Alaska 99801.-· · 
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Invited position papers followed with the same titles as those for 
F. · annosus ; .Additonal short contributions, no~ing individual disease · 
situations and current research projects, completed the Armillaria 
section . 

-The final ses s ion covered other root and butt rot fungi and wound- . 
decay problems. Papers on Polyporus tomentosus fo eastern Canada and 
Poria wefrii in the Pacific Northwest were presented along with short 
statement papers on wound-decay in Europe .and the USA'. Several papers 
dea 1t with various aspects · of wounding and decay phenomena incl udi rig · 
possibilities of genetic, biologfral, and chemical control . Alex Shigo 
followed with his presentation on the CODIT system (Compartmentalization 
of Decay-in Trees)~ 

Most, but not all , of the papers presented were printed in a booklet 
and dis _tributed to the registered participants prior · to the confer-
ence. _ To provide for presentation of material not submitted by the 
deadline, postet displays were established . Thes~ remained in place 
foJ~ the duration of the conference ·, allowing ample time to · view: the 

-material -and~discuss it with ·the authors. 

A business se·ssion concluded the fonnal meetings. It was decide .cl that 
. the next conference will be held in 1983 in Australia, probably at or 

_ n.ear Melbourne; . This ·1ocation will allow participants to attend the 
- 4th International Congress of Pl~nt Pathology~hich is also · sched~led 

for 1983 in Melbourne. Dr. Dimitri was selected as the new chainnan-
elect of . the working group with Dr. G.· Kile elected as the new vice-
chainnan . . . -

The-conference closed with a field trip wh_ere we saw some local _forest 
disease problems. associated with Armillaria sp., F. annosus, tree 
wounding and subsequent decay, and die-backs of unknown origin. The 
field trip ended with a festive dinner in a remotehlinting lodge where 
a-11 participants thoroughly enjoyed themselves by eating several skewers 
of barbequed wild pork and ·imbibing ample quantities of quality German 
brew. Throughout the conference the Germans were gracious hosts, 

_ arranging several social gatherings. The_se included viewings of · the 
national art collection held in Kassel and a dinner hosted by. the city 
of . Kassel . - · · · 

Fol lowing the conference, there was a 2-day excursion from Kassel to 
Munich . . The trip was arranged for people who w_ere al so attending the 
3rd International Congress of Plant Pathology, which was held in Munich 
the following -week. This relaxing drive in a Mercedes touring bus 
allowed ample time for infonnal discussions and viewing the countryside. 

CURRENT STATUS OF DISEASE PROBLEMS 

Sunmarizing the current status of ·dis-ease problems associated with 
· F. anncisus and Armillaria from the various geographic regions _ covered 
during the conference is difficult . · Those wishing detailed infonnation 
are referred to the offitJal proceedings which should be available 
through IUFRO within the next year. 
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Of particular interest to me w~s the report frolil Scotland concerning 
the occurrenc~ off.. anno-s--us in Sitka spruce. Stump infection via. · · 
airborne $por·es and subsequent fungal growth down through stump n;iot$ 
and ·onto roots of adjacent standing trees is occurring where this · 

. species is planted on for-mer pine sites~ While not ·yet quantifi~d~ · 
infection. levels may be as high as noted in the lJnit~d Kin~d.om ~nd ~h~-

. where· for other conifer species . 

A general impression I gathered. concerning th~· status Qf f.. annQSM~· .. 
in Europe was .. $ummar'ized. in the paper pre.s~nted by Pr, o~ratoffi"' fr9m 
.France: . . · . · - · - . . .. ·. .. :. , · · . •. · . . • . 

. . f.. aonos,us is· an important silv1c:u1tvr~1 f~ctor iri t)li)O~geilient 
of conifer stands and especially Norway spruce, Re~~ar-ch 1n ·thi's 

· ffo1ti wi.11 not give spectacular res~1ts but sbo,uld il1l~w ijS to 
better .to1erate £. annosus by mi nimi :i ing 1os$es. ·. An impor~.nf 
prot>lem is th.e practical ~pplication of · res1.i'lt_Sj· they sh.ovl9 b~ . 

. translated into a managemMt rule, speci fy(ng th~; 1,c~i.0,:1 of the · 
·.· forest-er 1h different types -0f sit!,.lations.. These guidelines. ·· 
· should tak•e account .of site .,' ~-tand · ch.arat·ter.1 stks · (d~ns -i-ty, age, 
.. .growth rate ..•. ) and attack charactertsties {11'.ltensltY, · groY1t.h 'in 
· trees ... }. · · · . · . 

'Disease p,ro.b1ems 'a5S1)C'iated wj·:th Arrni11aria ip. •'appeared ·t() be eve~ mor~ 
. . diverse . than . with f. annosus. There were· several i ost.a nc~s n_oted wher~ 
. the ~.un-was :regarded as 'mainly a secondary problem on trees weakened 

by s'bine ,o~r p:rtmary 'fact.or <fr :event. Howev,er,. t~re w~.re pl so repor.t~ 
'Whe;re the fting.11s··was ·:eon·sidered the primary ~.gent .. of exten.sive .~11ma~e. 

. . 
:One ,of . the· :Stops :()n the 'fJeld trip examined a :mi x~d .. p1 ~n.~d . s·ta~d . of 
·serhi:an ~ruce and Douglas-fir . . European larch ·had se.eded in r,atur- ·· 
.al:1,p,. :cr~atin!J a den$e.t ·mixed species .stand around to 5 m t,n height . 
_,Armi11:a·ria·.was ikf1111n'.9 a nigh percentage (30%+) of th~(spruee, while little 

. ,mortan·lt._y ;w.as '¥b1Me on e'ither tbe larch or Dougtas--fir. Th~ .f_un.gus ._ 
. •.was )19'&rffior.ml11:g .a :benef'ic'ia1 ·th,i-nn'ing as 1 ong as one wa~ no~ concerned· 
~wtth ·tcy~ :chan._g:e ln wed.es eompo,s i t1 on. The forest ·mana.ger was not · so 
· ::conoemeti ~s ttttie· ~pr.u~ ·wa.s considered .the .wrong tr ·ee fo·r the site · 

. :-e.v.en ·;witth:rutt 'the 1:os.s:es· •to .Ann111aria. Thus while 1osse.s to Anni1laria 
· . '.were itrli:gh11:-y ·vii.sji>:J-e !they ;ha·d H tt le s i 1 vJcultura ·l r'~l.eva nee. . The 

-r:ec..l>illnendatlon gfa,,en ·~y · :r-e$earch personnel :t1> the . for~$ ter in· charge: 
· ;:aTlnw -tth~ 1p.uf>Tii.:c ·to :enter ·th.e sta·nd :to cut spruce for Christqia.s trees. 

· .GENERAL COMMENTS 

. filoR1Tiunii:nat"tri::on ·w.as <:S.Omewh.at •.of ·a prob 1.em·as papers wer~ Written and 
:p~'&T):'.:hetl iin :-Sev.era1 1~a1i.9uage.s. . The writ'ten texts l,JSUal 1 y provided 
~mf)ii<sfr 'Sunima_;_r:ies. ·•The £.urope~n participants' while .POS·s.e,:;sing a far 
'b-e,tter ,c1m1,u~11d\11f-:&ngH~s~h ~~!BIJ:V~-~glish .~peaking people of the 
•Eurnpean J:an.9u~:ge&t :•stilf had ·difficulty in followi11g .r~th~r r~pidly 
~spdken l!ng:Yish. Jhts _si-tuation s:omewhat hampered.dtscuss ·ions. lnfonnal 
~interpretors ·provided En$lish swiinaries when nec·essary and aided· discus-
sions ,as mu:ch ·,as pos.sibl e. · · · · · · · · 

.·1s2. 



Generally, adequate time for discussion followed the presentation 
of each paper. Even with language difficulties these exchanges often 
provided further insight into the _ various topics. As with past confer -
ences , questions and answers raised during discussions will be part of 
the official record of the conference and appear in the proceedings. 

Some personal highlights of the conference: The relatively free 
· exchange of ideas and information that flowed through the informal dis-
cussions with forest pathologists from around the world; experiencing 
the international brotherhood that was created during the dinner at 
hunting lodge; viewing _German. forests and management practices ~fter 
reading so much about ·them. · · 
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. SCANNING ELECTRON MICROSCOPY REVEALS DI FFERENC'ES IN SURFACE MORPHOLOGY . . . . . ' . 

,. BETWEEN BASIDIOSPORES AND CONIDIA OF FOMES ANNOSUS · 
.... . • . . 

·Ch~rles . G.· Shaw rn1 
. . 

'· 
:: ·: E. R. Flo~ance2 , .. 

The assistance of .or . D. Goheen, USDA Forest Service, State and.Private 
Forestry, R~ion ~6, Portland, Oregon, who supplied sporophores and cul- . · 
tures,. is mos_t apprec_fated_. . · · .·. . ... . · . · · . 

ABSTRACT 

· · Basidiospores ·and. co.nidia of Fornes· annosus were examined by light and 
scanning ·electron microscopy (SEM). L fght microscopy· did not allow 
for accur~te· and reliable separation between the two spore types. 
Contrarily, S£M clearly demonstrated that condidia have a relatively 

· smooth surf~ce wheteas basidiospores are consistently ornamented with . 
numerous. echinulations. SEM also demonstrated a det'inite dissimilarity 
in the shape and· focai:fon of the apicular struc::ture on basidiospores and 

. coriidia. · With these differences now apparent attempts can be made to . . 
examine airborne · inoculum of F. annosus ··tor the presence, absence and/or 
relative ab1.mdance of the two-spore types. . · · · ·· . .. . . . . . 

Additional Key Words: Ultrastructure; s_pore ornamentation . . 

. INTRODUCTION 

Wh·~n .discus.si.ng _,drborne inoculwn of Fornes annosus (Fr~) Karst.; an 
important source of infection for root wounds, stem wounds, and freshly .,,, 
cut stumps of conifers, the tenn 11airborne spores" is .comnonly used. 
This 1 abe 1 bas been necessary because the ·a<;tua1 spore type has !'lot been 
identified.' · Basidiospores hav~ cpnnnonly been considered the predominate 
spore type in airborne inoculum wlth conidia considered unlikely to serve 
an important role in airborn~ dispersal (Rishbeth l951, 1957). Conidia, 
however, are known to occur naturally on forest debris and freshly cut 
stump surfaces .·(Morris an4 Knox 1962; Kallio 1971; Hunt et al . ·1976) 
and may ·coloni.ze stump surfaces after inoculation , albeit less thoroughly 
than after inoculation with basidiospores (Kuhlman and Hendrix 1964). . 
Thus. both spore types coul_d potentially contribute to a irbor~e inoculum. , . . . . . . . : . . . . ' . . . . . ·. . . . 

Research Plant Pathologist, USDA Forest Service, Forestry Sciences 
·. Laboratory, -P.O~ Box 909, Juneau~ Alaska 99802 · · ·· · · 
2Assistant Pr9fessor, Biology De~a,ftment, Lewis and Clark ·college , 
· . Portland, Oregon . 97219 · · 
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Published mycological descriptions of the two spore types present a mixed 
record with text .and drawings in Gaumann (1928) suggesting that some 
conidiophore . heads were basidial.:.like and may represent the ancestrial 
form of bas·idia. Bon·dartsev (1953), Lowe (1957), Domanski et-·aL (1967), 
and Gilbertson (1974) a.'11 indicate that the surfa _ce of the basidiospore 
wall is smooth. : .Bo·ndartsev also notes th_af ·bisidiospores are distinctly 
flattened .6ri one sid~. Pegler and Waterson (1968)- ihdicate that the 
s.urfate is · slightly asperulate, an impression also gained from some of 
the drawings in Hartig (1874). Lowe states that basidiospores are api..: 
cul us in drawings, but do not note it in their written description. All 
descriptions generally agree that basidiospores are somewhat ovoid and · 
measure approximately 3.5-6 ·µ x 3.5-4 . 5 µ. 

Conidia occur 6n oedocephaloid heads and are described from cultures as 
subglobose to ~void, apiculate, 4.5-7.5 µ x 3.0-60 µ. (Nobles 1948, 
1965). This. description is in general agreement with those of Campbell 
(1938) and Bakihi . (19~0, 1952). . · · · 

Such descriptions have led pathologist$ to assume that the two spores 
were almost identical morphologically (Kuhlman 1969). Certainly des-
criptions of spores currently available do not allow for accurate and 
reliable separatfon ~ith the lightmicroscope between collections of 
detached .. spores .- The objective of this study was to determine if the 
two spore types could be distinguished through characters observable 
with a Scanning ~lectron Microscope (SEM). 

MATERIALS AND METHODS 

Bas1Qiospores: 

Sporocarps of F; ann6sus ·were collected . from forest sites in the Coast 
Range of western Oregon and on Kosciusko Island in southeast Alaska. 
The Alaskan specimens from which basidiospores were obtained are deposited 
in the mycological herbarium at Washington State University (WSP #62361 

. and #62362). Bas·idiospores were obtained by suspending sp6rocarps over 
SEM stubs in a humidity chamber at room temperature for 24 to 48 hrs . · 
After humidity treatment, pieces of tis ·sue less · than 1 cm2 were also re-
moved from the pore layer of th·e same basidfocarps for light micros.copy 
and processing for ·scanning ·electron microscopy. Tissues to be processed 
for SEM were transferred to Flo-thru Tissue Carrier Vials (American 
Optical . Co_.) and dehydrated. 

·Conidia: 

Two cultures of the imperfect stage of Fornes annosus were used. One 
originated from typically decayed wood in western Oregon and the other . 
from airborne inoculum in southeast Alaska . Stock cultures .were sub-
cultured onto PDA and incubated at 20°C for one week. Three mm agar 
plugs containing sporul ati hg reycel ium were removed aseptically and pl a-ced 
in Flo-thru Tissue Carrier Vials for subsequent dehydration. 
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Oehydrati_on a_nd Microscopy: 

Dehydration of both spore .types was carried out in a.n ascending series 
of 4 ethanol/distilled water solutions (25, 50, 75, and 100% ethanol) . 

. followed by ari ascending series of 4 ethanol/trifluoroethane solutions · 
(25, 50, 75, and 100%trifluoretharie). Spores and tissue remaineq in 
each solution fifteen -minutes. ·After treatment in 100% trifluoroethane 
they were· criticai · point dried (Cohen et al . 1968). At this point some: 
spores and tissue were used for light microscopy while others were mo·unted 
on SEM stubs, shadowed with gold/palladium alloy, and subsequent1y · . 
viewed with e1the.r an AMR 1200.or AMR 1000 SEM. Photographs were taken · 
on Polaroid PN 55 ~lack and white film . 

··· · · RESULTS 

. in ·general, light microscopy revealed smooth sUrfaces for both spor'e type's; . 
even when viewed with a· lOOOx 011 · inmers·ion objective • . However, tiy :using 
depth of field and fine focusing' the impression was obtained that small : 
echinulations were present on some basidiospo res. . . . .. . ' 

·srM .cl early demonstrated that -conidia have a relatively smoo_th surf'ac~ 
whereas basidiospores are consistently ornamented with numerous echinu- ·. 
lations. Echinulations on basidiospores range in length from 0.045 li 
to p.20 µ. ·. Their size likely accounts f9r . the gen~ral failure to .observe 
them with the light microscope. The maximum resolving power of a light 
microscope under optimum conditions i_s approximately 0.20 µ. · 

· . SEM. also demonstrates a definite dissimilaritY. in ,the shape a,:id location 
of .ttre apicular structure . · The basidiospore apiculus i s a more distinct 
project i on from the s,pore surface, ·eccentrically 1Qcated and measuring .·. 

· 0.36 l.l in length . The apiculi on conidia ~re ·generally centrally located, 
and there is a smoother continuum with the outer periphery of the spore . 

·wall . The apiculi measure approximately 0 .54 l.l· · · 
. . . . . . 

.Measurements of _ the two spore types yield a mean size for conidia o_f ·, 
· 3.46 µ x 4.79 µ (21 observations) and for basidiospor:-es 2.52 µ x 3,51 JJ · 

(28 observations) . Conidia from tire Alaskan culture were significantly · .. • 
· longer (P < O.Ol) and wider (0.01 < P < 0.05) thari those from the Oregon . 

culture. ·The number of spores obta ined from basidfocarps collected in . 
. Oregon was too small to statistically compare the sizes of the basidio~ 
spores between the two collectiori sites, However, ~ased on 2B basidio -
spore measurements and 21 conidia from both cultures there is a highly · 
s1gnificantdiffe ~encefP < 0.01) in both length and width between the ·. 

· basidiospores and conidia • . The sizes 'for both spore · types observed here 
:_ are generally smaller than tneasurements previous1y reported (see . intro - . 

duction). · T~is difference i.s likely ·attributable to our SEM measurements 
being made.on spores · 1n a dehydrated conditon~ ·The previously reported 
measurements were made by 1 ight mi cros_copy and the spores were undoubtedly . 
hydrated. · · 
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Dl~_CUSSIQN 

· Approxim~tel{l 5~590 spe~ies of Basi diomycetes hav~ been classified. 
Some 200 of these _·species (.l.3%} have been investigated ultras.tructur-
ally (Hess and W~_ber 1976)~ Approximately.33% of the ultr~structural · 
studies on Basidiomycetes have been with Uredinales, 24% wHh Ustilaginales, 
arid 43% with the Hymenomy"cetes and Gastromycetes (Hess and Weber 1976). . . 
The studies :°pertai _ning to Hymenomyc~tes have· tQn~entrate~ mainly on the 

. Agaricales ·.and to date_ few other studies have been published that deal 
with _member~ of _th~ .Pol_yporales (Pe_gler and Young· 1973). · 

• • • • . • • ' • • : • • • • • • I I • • • • • •- • •• \ • • • : : , • •• • , • 

The surface morphology and _size djfference between: basidiospores ~nd 
_ conidia_ of[. annosus are now _readily apparent. Attempts now can ·be 

made to co11Efc;:t airborne ino_culum_ and examine it for the presence, . 
absence, ~nd/or relative abundance of the two spore types. The rnedi wn · ·· 

.. of Kµ~lma_n _and Henddx (1962) may provide a means for selectively collecting 
and germinating spores of F. annosus. Fresfilygerminatedspcir _es could 
perh_aps be fixed for SEM examination by t~e techniques we used for ·conidia. 
Such methods:-may provide a means for investigating the role of the 
Oedocepha1um stage of F. annosus·in nature, an a.rea of research w6ere · . 
the need· for _.concen_trafed study has been noted (StalJTt'baugh, et al. ·1962; 
Bega, 1963). · - . . . . · . · · . . 
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WIFDWC 1978 · 

'; . .. 

FOREST DiSEASE° (AND INSECT) RECORDS COMPUTERIZED 

. John G. Laut 
. =: · .. 

Rep·orts and ·reco'rds 'oi diseases, causa 1 organisms, and insects, gathered · 
through s-urveillance and detection surveys by the Colorado State Forest 

. Service have been computerized to fat:i 1 Hate their us·e. · FAMULUS, a . . 
. program deve:lope~: to handle 1 iterature comp.nations, /was rr,odffied to meet 

our needs~· · · · · · · · 

. Infonnatf~n a~ e~.ch c;oJleciton or feport is organized by fields an-d can 
·-.be searched, c'ompfled, c·ompared, or otherwise ·manipulated in a variety 

of ways • . The f_ields, and_ tnformati_on presently contained inea-ch are~ 
· 1. . ·.·. 11Dt~frktll: . Sta'te·,. county; organizatio~ (e ·.g., CS.FS, .. USFS), 

a:fatrict name· (e~g., Gran<i Junction (CSFS), or PHe N:F., 
· Sa·n· Carlos- ~~strict), s.pecific location (e.g., legal des.crip-

ti'on or· grid, etc. will t.>e added to this field), · · 

2. .·Date: . date collected, 1 aboratory sequence nunt,er. . . . . . . . . 

3. · · Host'.: by ·scientific and/or conrnon name. - . - . . \. . '• .. 

4. . 11Name0: . the cOlllllon· name of the disease or insecti(e.g. Dutch 
·· elm dfs.ease, . dwa·rf mistletoe). ·. 

5. Species: · scientific . name-of organism irwoived. 

· 6. Oescript:ion: basic stand infonnation (e.g., urban forest, 
p1antation, etc., average DBH, size class of trees, number of 
trees .i nv~l ved). · . 

. 7. · Symptoms: . part of tree involved and descriptors of the problem:' 
. ' . 

8. . oama'ge: .. more detailed descriptors. 
. . · ' . . .. 

9. ·Enclosures: ·. what ld'nd of sample or specimen was received with 
. report. . , 

10~ . Histo:rx: stand info·nnafi.on - previous disturbance by fire, 
· · logging, pests, ·weather, in~n, etc. · 

The system: presently contains only CSFS recores . for 1978. Older records . 
· wtll _be _added as. time is available. Our plans also include add.ing herbarium . 

records from:·the Rocky Mountain Forest and Range Experiment Station . . ·. · ·. 
' . . . . . 

. . . . . . . . . . · . . 

· Any organization that ·takes this " type of data and requires perio.dic 
compilations is invited to participate or develop its own system. Jhe 
basic program is ·extremely flexible and, sine~ . no coding of field infor-
mation is required, it is easy to operate and maintain. · 
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BIBLIOGRAPHY OF DUTCH ELM DISEASE 

John G. Laut 

The bibliogr~phy of Dutch elm disease, published in 19761 with addendum 
in 1977, has been continuously updated since that time. It now has 
been computerized utilizing teh FAMULUS system2 for information retrieval. 
It presently cont"ains over 2,400 citations, many of which are accompanied 
by abstracts. _. N~w c_i tations are added weekly. · 

A detailed users guide is being prepared but .in the interim potential 
users can obtain searches and print-outs for any OED-related subject . 
The information is organized ihto several fields to facilitate retrieval . 
Searches of one .or more fo the fields can be made-.for broad or spe_cific 
subjects . . Persons requesting information should decide as precisely as 
possible what inf~rmation · is desired. · · 

Requests for searches can be made· to John G. Laut~, Colorado State . Forest 
. Service, Colorado State University, Fort Co·llins, Colorado 80523, 

tel~phone (303) 491-6303. 

l 

2 

Laut, J.G. ~nd M.E~ Schomaker. 1976. Dutch elm diseas~ A· 
.bibliograph,y. CO State Forest Service, Ft. Collins. 135 pp 

. (with adden4um 1971). · 

USDA-Forest Service. 1969. FAM UL US: · A persona 1 documerita tion 
system -:: A users manual. USDA For. Serv. Pacific SW For. and Range 
Exp·. Stn., Berkeley, CA. Misc. Publ. 33·pp. 
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USDA Forest ·service .· 

Region 1-

. NEW AND MODIFIED PROJECTS . 
- • • • I 

.. . . . . . . . 

· 1. Dwarf niistl~toe loss assessment in lo_dgepole pine in Montana 
(0. :Oooling). ·· ·. ·:· 

. i~ .. :-Expanded· ~urvey for root di seas~ · centers"" -Oh. t~ree "National forest's 
. on ·abo:Ut fourmillion ·acres (R.·William·s). · · · . . . .. . . . -. . . 

3. Dyna·mics of root· disease centers ·and environmental factors 
· . CO'rre·1ated with centers .. (R • . Wi 11 i ams). . .. . . 

Region 2 

l. .. Survey of the· inciden~ and\Jamag~-c:~µsed by conifer broom rusts 
in ~olor~do _(D.· Johnson and· L GillmanL :. ·. • ·. . 

2. Dwarf mistletoe loss assessment survey .:. Bighorn ·and· Shoshone · . . 
· ·National Forests; Wyoming (D. Johnson, f •. Hawksworth, D. Drummond). 

3. Evalu.ation .9f jack pine _mortality on the Nebraska National Forest 
(R. James). · · · .· . · · 

4. Fornes -anrios·us :on white fir in ·Colorado (R.· James). . . . . . . 

5. Evaluation of salt: damage to _contfers along roads.ides in ·colorado 
(R.-. James} . . · · · . · · . . .. · ... · · . · . · . 

Evaluation · of air pollution · eff~cts on po~dero~a .pine in the 
· Colorado front Ran9e (R •. James and .J. · Staley). ' . 

· 7. · Fungiddal tolerance of Bot:rytis cine.rea .(L. Gillman· and R. James). 

8. · ··Evaluati<m of insect and di.s.~as~· conditions · at M~sa Ver~e· Natjonal 
Park. ·cqlorado . (R~ James· and . K. L1 ster). . . · · · · · . ·. 

Pacific Horthwest Forest and Range' Experiment Station 
• • I , • , 

.-1. Expanded field plot :study {-into SW O~egon) of Ooµglas-fir dwarf · 
mistle~~ development _in thinned preconmercial stands .·. (D. Knutson) 
(~dj.fication of 73-F-2, Impact" of dwarf mistletoe on Douglas-fir) 

2. · Inhibition of Fornes annosus· on western hemlock stem disks by a 
Streptomyces sp. (C. Li). _ · · · · · . 
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3. Survival of Phellinus we1r11 ,n · residual roots following stump 
removal and nitrogen fertilization (W._.Thies). 

. : . . . . . . . . 

· 4. Occuren·ce of Phe.llinus (Poria) weirH beyond visible limits of 
infection ; (~/. -T~ies). , · · .. . . 

. . . 

5. Growth loss of Douglas-fir ·infected by Phellinus weidi 
(W, Tnies) ; 

. ! . . . . . 

Pacific Southwest Forest and Range Experiment ·station 

1. · Control of dwarf mistletoe-caused losses in · young_ true f.ir stands 
by-thinning (R;S. Smith and R.F. Scharp_fL · 

2. Reducdon in stem volume of grand firs defoliated by western 
spruce budworm outbreaks · on the Payette National Forest, Idaho 
(G. Ferrell an_d R.F. Scharpf) . · . . · · . . . . 

3. Greenhouse and nursery pathogenicity and symptomatology of 
four soil-borne fungi on five commercial species of conifers at , 
various ages of grow.th (R~V .. Bega) . . 

4. Chemical and biological control of sugar pine root diseases at 
U.S.F.S,, PlacerVill~ Nursery using seven .fungicides and one 

. suppressive soil (R.V. Bega). · . 

. (continued but never reported) 
. . . '.,. . . 

5. Population .. dynaniics of dwarf mistletoe on true firs in 
California , (R.F. Scharpf and J . R. ·.Pa·rmeter, 15- and 20-year · 
reading1). · 

6. The effect of dwarf mistletoe on mortality and volume los .s in 
released true fir stands (R.F. Scharpf) . 

7. Reduction of dwarf mistletoe ... caused mortality of Jeffrey pines 
by broom pruning (R.S. Smith and R. F . . Scharpf). 

. I 

8. Effect of thinning on the incidence and impact of cytospora 
canker, fir •engraver · beetle, and Fornes annosus in white fir 
stands on the Eastside Sierfa Nevada (E: ~ood, G. Ferrell, R.F. 
Scharpf, and ·J.R. Parmeter). · · · 

9. Lab, greenhouse, and nursery tests on effect of s ix mycorrhizal 
fungi on five species of conifers (R.V. Bega). 
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States 

Washington State D.epartment of Natural . Res·ources 

L . : . Near Glenwood; Washington, , a series of plots are -being _ ~stabl ishe·d 
· • . · to test che·mical control cif Armfllaria. We have not -·yet -decided · 

. whether to control the disease within the stump or within the so~l. 
Several type~ -of fµmigants will be used (K.W. Ru~sell }. · - · . ·, . . . . . . . . -

2. ' We are ' reexa~ining a ~erief 'of F~mes annosus plots Oi'l th(north 
end· of the Olympic.Pe·ninsula · nea·r Claflam Bay.· The plots · were 

· • ·precommercially thinned in 1967 and treated with borax, Tordon, 
.· . an'd Silvi _sar • . . We ar.e .looking at old st~ps and crop trees to see · 

how far Fonies a·n·nosus penetrated the standing tre ·es .(D. Chavez, 
C. Driver. R. Edmond.s.;· and K. Russell). · 

. . . . . 

Uni ve rs i ti es -: . · · ·. :. . . .. . ··: ... . . • i 

: ;· ·, : 

Unive_rsity of _Idaho . 

1.: .·· . . Suzanne Dubreui'i. is 'beginning her dissertation ' proj ·~~t 'on root 
disease caused by Phaeolus schweinitzii. •. 

·2. A new project was initiated iast year to study aavity-nesting 
birds . in· decayed dead or alive standing trees, · 

3. Collection and identification . of wood-inhabiting fungi under a 
grant by t_he Stillinger _Fund. · 

. . . . ' . 

tJ.... lhe .field work is already rin ·i.shed on a st~dy of mortal .ity centers 
in the southern end of the NOrthern ~ockies; Boise N.F.; conducted 
for th~ u·.s. • Forest Service. . . . . 

·. _-. . . 
. : ..... 

.• · 
;: .·. 

· • .. · 

, . ! 
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. . . . . ' TERMINATED PROJ£CTS .. . 

. . . . 
. ' . .' .: 

Reg, on ·2 . . ,. 
. . • 1 • ,' ; . '. , . , . • ·•. . I • . • 

1. · ·· .Mycorrliizal inoculation of container.~grown Engelmann spruce 
. · . and lodgepo_le pine (D. Hildebrand). . · ·. · ·· ·· . -' 

. , . . - · . . . . 

Reg{;n·_.(i .. :_ '.:~ .: ··:./.·' : :· ;·.: .· . 
. • . . . . . . . ,• . . . 

1.· Evaluation of tree species suscept1_bp;ty .to · lam1na_ted root rot 
_in eastern Oregon and Washi.ngton (G~ Filip). ·. ·. ·· · 

. ..• . ..• i·i . ~-

' 2 . '•· ,Evalua~fo~ Of blue staf~ ·'p·e'netration .a~d checking in . recently 
killed ·1odgepole pine 1.ri northeastern Oregon .·(R. Harvey ahd J . 
Ha_dfiel_c!). :_y ·: : ·. ·:: · . . · .. . .···. · · .. _:·· · · · · · 

. ,~. 

3. · .· _--jyaluati _qn ·of . truben and barrot, ~fo~ disease :control at the 
· . . Wes_tfir Nurse.ry (D. Goheen). . · •· ··•· . :· 

Pa~ific Soythwest Fore~t and _Ran-ge Experiment Station 
. 1, . -:~' 

. 2. 71~!<:-1 (chari'ge to c~s·. Hodges a_nd J., . Kl iejunas) 
' .. 

3. · j2~K~1;(changi to c;s: Hod~e~ ~nd J. · Kl{ejun~s) 
· States · . · 

I . 

Washington State Department of Natural Resou~ces 

· 1. .. : Completed a mos;, control test for container seedlings using ·x~n 
· · . sp~(ider and captan fungicide. See Disease Control Committee 

. report (K.W. Russell) . . · . . · · . · · · · · .· _. • · · 
. -· . . . . . . . : . . . . . . . . . . . : . . . . 

2. . . C<>mpl~ted an IR-4 fungi.ci~e evaluation test for con.tainer seedlings. 
Captan emerged as one of the best fungicides for control of 
Botrytis. · Routine 'captan sprays as a preventive were almost 100% 
successful as a deterrent to Botrytis (K.W. Russell). ··. . · . _· . . 
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·. Universities 

University ·of_ Idaho -

t:. - · David Kulhavy ha's finished his work 01i'insect/disease associations 
-_ in western white pine and lodgepole pine. He ~s now' writing the ·. 

2 •. 

3. 

. : ' 4. 

. s.· 

res u l~s .. · · · -- · · ' · - -

A student labo.ratdry manua'f·"Forest Pathology-OutJine11 was finished 
·and published last year . · : ':··= ·., -.- . . _ .: : · ' · 

' . . 

Anothe/pub1_1cation, ·11keys to major:disease, .insect and ·related . 
problem~ of for~st .s ·in Northern· Jdaho11 was. publ ishE.!d in 1977 bu't 
supp1i es we·re exhausted. A fevi sed edition was publ ish_ed. in the 
summer·-of ,this year. ... -· ·.:.; .·. · · 

· Fie.ld. ~~rk.·i~--finis~~d on· effect~ of artifidal def~liation on · 
· grand f1r! ··:This project began· in 1975 as annQ_uri.c.e~ af the · · 
.Missoula meeting. Analyses are now in progress. \'.. , . · . . ·: 
W~~~-1:iam Livi:ngs.ton ffni.shecf his .wo~k- (MS degree) ·~n:·Pseudohylesinus 
granul atwf as poss i bi~ ·vectors of root . diseases_ in _.g~arid fir . 

.._;,,:,,. 
I • , · • • 

·• ;•· 
; ~ . 

. , . 
. • • • : . .. 1 .. ~-

. .. . ·.· . 

. . • '. 

· ·· .. ·: ... . ., 
. . ' 

. · .. : ' · .. . . . . ... . . ~--. 

. . •.; . 
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WESTERN INTERNATIONAL FORESl DISEASE WORK CONFERENCE 

DWARF MISTLETOE COMMITTEE REPORT . 

H IGHllGHTS OF 1978 DWARF MISTLETOE RESEARCH · 

John G. Laut, Chairman 

I. Taxono!'\Y, Hosts, and Distribution 

· a. Arceuthobium cyanocarpum, a common parasite of 
Pinus flexilis, was found ·for the first time on 
whitebark pine, Pinus albicaulis, in Wyoming. 
In an area . near ·south Pass in the ·Wind River 

· Range, the parasite was common and damaging on 
· both ·limber p.ine and whitebark in a mixed stand 

(f. G. Hawksworth, RM Station, Fort Collins, •· 
. and Dave Johnson, Region 2, Denver). 

b. A ~orphological study of the pollen grains of 
·- Arceuthobium, using light microscope and SEM · 

techniques has been started. · Analyses :of all 
38 known dwarf mistletoes (from both the Old . 
World and New World) are being made to determine 
if i ndi vi dual species can be identified by their 
pollen morphology (R. Mathewes, Simon Fraser Univ; , 
Burnaby, B. C. , and F. G. Ha.,.,ksworth, RM Station, 
Fort Collins). 

c. · Branching type in all U. ·s. dwarf mistletoes 
( except A. ameri can um =. subgenus Arceuthobi um) 

.• has peen' thou-ght to be exciusively fan-shaped 
(flabellate = subgenus Vaginatum). However, a 
study of 30 populations of A. occidentale and 
3Jof A. canipylopodum in California stiowed· that 
all but 1 had .some whorled branching. About 4 

·percent of bot~ species had shoots with whorlea 
bra,nches; the remaining 96 percl;!nt were flabellate . 
From a taxonomic standpoint~ we still feel that 
branching · types are valid for separating the two 
subgenera of Arceuthobium. However, the presence 
of flabellate branching, rather than the absence 
of whorled branching~ is a better criterion for 
distinguishing subgenus Vaginatum. Subgenus 
Arceuthobium seems to have only whorled branching 
(W. R; Mark~ Cal . Poly State Univ. , San Luis 
Obispo, and F. G. Hawksworth, RM Station, Fort 
Co 11 ins). 
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. d. First collections · of A. americanum on lodgepole 
pine were m~de froin the -Castle Mountains· in .· , 

·Meagher County and the Pryor Mountains in Carbon 
. County~. Montana. The :specimen~ were 'deposited 
in ·the Mistletoe Herbarium '1n Fort Collfos ; (Q~, 

-Dooling, Region 1, Missoula) • 

. e. ·. Approximately ·233 miles of spruce _cover :type in . 
., ZB counties in the lower peninsula of Michigan 

were surveyed for eastern dwarf rii'1 stletoe ; ·The 
par_asite is no_t pre'vale._rit or da1T1a9ing 1n·any of 
the counties surveyed. and· was present in less 
than 1 percent of the spruce ·stangsexamined . . 
·rn most ·instances mistletoe inf~statfons consisted 
of only a few infected and/or ·dead trees. · ; Infected 
blac~ ·spruce were consi'stently located in spruce-cedar · 

. . bo·gs and i:mly' one infe .station in white, spurce was 
. ·. d_e~e·cted (R. L . Mathiasen, Michigan s·tate Un1vers1 ty) . 

f. A manuscript has been .a~cepted for .pub 1 ication 
· in The· Southwestern Natura 1 i st. "Di stributfon 
. arid effect of dwarf mistletoes parasitfzing Pinus 
strobiforinis fo. Arizona a.nd New Mexico," and · 
should appear in February or March, 1979. • Arceuthobium 

·. apachecum arid A. blumeri parasitiie Pinus strobiformis 
. in the· southwestern United States . ·· The mortality 

rate ' of this host in mixed conifer ·stands heavily . 
. i nfested with. A . . apachecum was 30 times greater than 
in non-.i,nfestea stands and 20 times greater in stands 

.heavily 'infested with A. blumeri. ·surveys in southern 
Colorado, northern New Mexico; and central Arizona 
did not detect additional pop·ulations of A •. · apachecum 
although P. strobiformis was pr:esent i_n th~,·areas . 
surveyed~. · Analysis of morphological characters of 
the .dwarf mist1etoe population parasitizing P. ·.strobiformis 
1.n the Santa Rita Mountains, .Arizona indicate the parasite 

·. is A. apachecuin, ~nd not A.- blumeri as reported pre.viously ~ 
··A. blumeri. is · only known in the Un.ited States from the . 

: Huachuca Mountains, Arizona but extends s.outh to Durango, 
. ·. Mexico~- and is reported from Sonora, · Mexico for the · . 

···.first time. Contrary to a previous report, A. blumeri 
. :. frequently causes the formation Of. wftches' ~rooms on 

P. strobi.formis . . · Pinus ayacahuite var . brachyptera . 
· · is r·ecorded as a .host for A. blumeri in Durango, Mexico.· 

for the •first time (R. L. Mathiasen, University of 
· Ar~ zona) . · : -. : I:, .· .. · . · . ·. · . , ·: · · · 
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g . . Arceuthobium gillii subsp~ g·ii1·;;,)i.. ·B1.umeri~-and ·. 
· · A. vagi natum subsp. cryptopodum haye .b~en ~qUected 

, . from Sonora,- Mexico in the ·sierra · de Ajos ~pproximately 
· ·. 20.miles .southea~t ·.of_Cananea.··.· Jhhrepresertts the 

··.first -report .of ,A .. blunierl in. Sohofa~ ·but only the 
•• second co1 l ecti ans· o'f . .the other two· taxa .from Sonora · 
· {R-. L. Mathfasen, ·Universfty of)rizoria)~ . . . · . . . . . . . . . . . . . 

. h. . . Duri_ng this years we' discover'ed Arceuthobi uni 
campylopodum grpwing on Norway ·spruce. _The host 

· . is located in Chelan State Park on Chelan Lake, 
· Wash-ingt_ori (K. Russell, Wa~h·. DNR~ Olympia). · . . . . . 

L 'Fi:e.l~: _·tests were· begun in the .wint_er Qf 1:9i7•_78 ~Q 
. test. the host parasite .reJatiooships of the : · · 

· Arceuthob_ium c·amp,vlopodum :-.:· occ.identale complex_ •. · 
Crqs_s: i-noculations with s·eeds of several cqll~.ttions 

. of botn A. campylopodum.and _A-• . occide·ntale from . 
• s.everal . hosts were !)lade on. several pine sp·ecie~ · 

including ponderosa pine, Jeffrey pine, ~nobcone · 
pine, Co4lter pine, digger p,rie,' and Monter~y pin~. 

· Te~ts were made in the native ··ranges .of the.~ci~t 
s·pec·i es which ·1 ncl ude both the Sierra Nevada and 
the 'Coast range of Californfa (W. Mark, Cal. _Poly 
State Univ., San Luis Obispo, ·and ·R._F·. Scharpf, 
PSW, Berkeley). . . . ; .. 

II. _ Physiology ·and An,atomy 
· a • . : {normal .phloem has lon·g been.re.garded as being 

ab.sent. fro111 the dwarf mistietoes, Arceuthobium. . 
Now,· our fluorescence microscopy studies reveal- ·· 

.· that :a pri.m1 ti ve member of the genµs, A. gl obos um, 
_ has highly special,ized phlo_ein tissu¢~ ·. The sievEf 
. . tube :members. of th.is 1 arge Mexican' species have 
. t_ra_nsverseto oblique sieve plates, .and small but 

numerous_d;ffose lateral por·es (c ,. ·Calviri, Port.lard 
State Unfv. , F. G. Hawkswo~th, Rf.1, Sta1;i ori, Fo~t · · . 
CoJl~ns,· and D. Knutson·, PNW Stat~ori~ Cotvalli_s) . 

. "" 

. . , . · . . .... , . . . . . .. . ,, .-· ·: ·, .. ,. '\. " 

· b.· .Germination, respiration, .. and ·.photosynthesis in · . 
· seeds of dwa~f mi.stletoe -(Arceuthobium) were ·studied . 

The effects, of l hour soakings of ~eeds in aqueous 
._s91utions of 1, _2, or3 percent .H20i o_r 1,- 2, 3~ 
4., _or 5 perc~nt Chlorox on gernn nat10n of_ seeds . 

. · were ·test~d. Germination rates for seeds from three 
. _.. consecutive years (1975:.1977) were obtained. 

·-_Germination rates varied widely. This variance 
· trqnsc;ended s4btle changes .in treatnient .'; . pre- . . . 
· -~reat1T1ent of ~eeds .with C~lorox !'~sulted ._in· significantly 
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. . ', • · .. 

· fower ,germination rates than those of the 
·.:control. · C_hlorophyll. concent.rations ~ere 

deterrrii ned for se·eds and aeria 1 shoot tissue 
.. ,·:of ··four ·spec1es~ ·seeds of ·A. 'dou las1i had · 
· · t .b~ highest chlc>rophyli concen.tra ·tion . 0.38 .. _ 
· mg/g fresh ·: we1ght) while s·eeds of A. tsugen·se · 

head. t~e low~st ·concentrati~n (0.25 mg/g fre _s.h .. 
weight) . .. Net 02 uptake by seeds of A. •· . . 

,. campylopodum _in .dark and iri light wasmea.sured 
·· · b,Y manometric, ·and polirographjc me~.ho'ds_. · The ·· 

·: mean. values we_re 353 µl o2 g-l~-1 1n the _ dark ··· 
and 2.01 µl 02 ·g-lh-l il'.I the · light. J'he , . ·. , 

· differ ·ence between these rates is -apparently due 
to .02 evolution quring photosynthesis. In. light 

. the· .seeds can fix 43 percel')t of the· CO2 produc¢q 
_·._by respiration. Experiment's 1n' which se~ds w~re 

. ·. e)(J)_Osed to ~4co2 1.n light ' confir~ed ~~a.Lthe···.\ .. . 
. see9s are -able to fix CO2. · Extracticm of s_~eds:· ·· 
with ethanol showed .th~t 97-99 perce.nt of ~he_· . 

· . · tncorp·o'rated _l 4c was ethano 1 so 1 ub le_.. Ten to · . 
16 perc_ent 9f the ethanol fraction was ch1orofc.mn 
·sol_ubl~ whi_le_ the rest ·was H20 soluble~ Ion·· 
· ex_char:ige $eparation · of the_ H20 phase showed that · · 
11-25 percent · of 14c activity was cationic, 15-19 
percent anionic, ·and 53•67 percent' neutra:1 (S._ W. 
Gu~tafson, Port1and State Univ., Portland); .·. · .... 

c. · . .' Work is in progress . on the anatomy. of the aerial , 
epi dermi.s · pf A, ·ts11gensf# and certain : ·other dwa·rf' 

. mist1~toes (Cal~in, -~SlJ, Portland). 

n I. -Life. Cycle Studies ' ' ·, 

. . . 

a·. '. Dwarf m.1stletoes (Arce·uthobium·spp.) have been 
. though_t .to spread ~inly by means of explosive .· 

fruits that expe 1 : seeds under hydros ta tic pressure 
· .. to · distances up ·to 130 feeL ·Recently, birds . and 

·_.· mammals .have been ·coriS'i.der~~ possible ag~nts in .. 
. lang ·distance disseminatfon_of ·the seed.s. This .' 

. ··.: ~tudy ·fovestigat~s the role that small mai'linah~ . 
.. · .. . especi a 1 ly the r~d squi r .r~ 1 ( Tam1 a sci urus hudsonicus) , 
· · · .'~y play in see.ct di spersa1 . · The study was conducted , 

. ' . 

··1.n ·th~. Malheur National -Forest on Graham Creek'· . · 
. ne·a~Pra .fr{e City, Mistletoe speci_es . . 
· pr~~·ent' ~er·e A. campyl opodum, A. doug1 as i 1, A. l ari ci s, 
~nd A-.: arilericanum, and pr.imary·host species of _each 

. were Pi nus ponderosa,. Pseud·ostuga meniiesii, Lar1x . .. 
occidenta .li.s .and· Pinus contorta respectively. · lwo · 
separate areas, A and B, were s.tudied and ch_ara_cterized 
fQr. ·speC'ies ·comp·o·sition ' and extent of mistletoe . 

. ·, infection. .. A study' area in Area B was· established 

. . . . 
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for observing behavior and movement of red 
squirrels. Squirrel ~ were trapped and shot in 
each area when the seeds beg~n to erupt. The 
two stands varied slightly in species composition 
and drastically in their degree of infe ction . No 
seeds.were found on trapped or shot squirrels in 
Area B where infection was Jow.· Fifty percent · 
of the squirrels -trapped or shot in Area A 
c~rried seed~ on their fur . It appears that -
squirrels do carry mistletoe seeds over di'stances 
up to 150 m. if their territory is in a stand 
that exceeds a threshold level of infection. 
The number of seeds carried per year can be 
prediifed . It is doubtful whether a significant 
number' of infections result from squirrel dispersal 
o'f .seeds since most seeds carried on the fur are 
probably ·groomed off in · an uninfectable part of the 

· · hqs't tree (D. ·E. Lemons, Portland State lJnjv .. , 
Portland) . · 

. .... -

IV. ~oit-P~ra~ite Relations 

No report?. · . 

V. Effects on Hosts 

a. Effect of dwarf mistletoe · on growth of released ·red 
firs i~ Ca1ifornia. The manuscript is still in 
the · editor's shop (R. F. Scharpf, PSW; Berkeley) . 

b. · The manuscript "Dwarf mistletoe · does not increase 
.trunk taper in released red firs . in Cali·fornia 1

'. 

· . has been published. USDA, Fore·st ·service --Res. Note, 
:PSW 326; 1977 (R. F. Scharpf, PSW, Berkeley) . 

c. Examination of permanent plots ·in summer of 1-978 
showed that neither uninfected ·red firs nor firs 
severelj irif~cted with dwarf mistletoe suffered 
mortality during the .severe <:irought in Ca 1 i forni a 
in .·J976 and 1977. Less thin 1 percent of the plot 
trees · had·died since 1973; and none of the deaths 
could_ ·be directly attributed to either drought or 

· dwar·(mistletoe (R. f . Scharpf, PSW, Berkeley). 

9. With the discovery of additional 1974 infections 
during the 1978 spring check of planted western 
he~lock at Nitinat, the average upward advance of 
A: tsugens~ for 1974 is revis ed to 19. 1 cm from 
13.6 cm.noted in the 1977 report. Average height 
growt~ 6f the trees in 1tj74 was 34.7 cm. Infections 
from 1975 seed resulted in an average upward spread 
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of 17. 6 cm bi.it . this ·1s likely .to be increased . . . as 11new11 1975 infetti ons are f()und in the. . . . 
· · .. spring c:,f 1979. In the .·f1rst ·three tq four 

· · · •. years following overstQry r~moval in 19~:9, 
· · there w~s a marl<ed decrease in percentage o:f 

_er.own irifected. --·This percentage is now holding 
. steady ·af 30-50 percent, .the actual level . ·· 
depen_ding on. the original _ ~e9ree of infecti~ri . 
(R. B. Smith, PFRC, Victoria). . ·.. _ · .. . . . . . . . . . 

·v-x. : Ecology 
I •.. • 

• . . . AOsurvey was.· cc>nducte.d ·1:~· ~s~es.s the d1st .ribu :tfon . . 
and effects .of the m1s·t1e·toes on the pfoyon-'juniper · 

: vegetation type on the south. rim a·t Grand Canyon 
Nationa·1 Park, Arizona. · Two mistletoe-host · · ·_·· 

·. rel_atfonsMps ·-- · Arceuthobii.Jm divaricatum Engelrri. 
o·n ·Pinus edul is ~nge lni. ( spread by forceful · . · · 

. · ·eJec;tion) and Phoradendron ·uni erinum·Engelm.· · 
· on Juni erus osteos erma Torr . ) Little (spread 

. ·.·.· by birds - - were investigated. Both mistletoe ·s .,:-· 
:·· : were present' throughout the park~ · The only areas 

devoid of mistletoe infection were those areas 
wi th a history of a burn • . · Fire was the most . _ . . 

. ··Hmfting factor in _the distribution of the mistletoes .• 
.. The· incidence of infection increased as trunk . · 
diameter and height _incr~ased in both pinyon and· 
Juniper. -Arceuthobium divaricatum had.the most 

- serious _impact on it$ nost of the ·two mistletoes 
1n··re·spect · to both vigor · and mortality ; Both . 

· · m1 ~.tl etoes -~PPear Jo. be in ·. equi 1 i bri um wi th their . 
. · . hos.ts ~t th1s time~ .. A control ·program ~oes not; 
, . appe~r warranted, but perhaps . for aesthe_ti~ · . .. 
. · .. purpo.ses ·may be cons i de.red in the future (Alyce 

. Hreha, Provo, Utah). . . . . . . .· · 

·b, . ·. The· last mea.suremen.ts of field inoculation s' (see 
;1971- 73~: 1975. a;nd 1976 _report~) we~ made Jn the 
$pring· qf 1978. A ·manuscript, IIInfection Trials 
wtth Three _1).,/arf Mistletoe Species Withfn and ·. 

· _Beyond t h~it:-Natura1··Ranges in British Columbi.f' 
is .undergoing local editQrial review (R. s.-_Smi'th,· 

·_ PFRC, Victoria) . _ . ' . . 

c~ : T~rr/shaw and I are condu~ting a cooperative . 
study to detennine· how past old -growth ~imber 
harvesting has affected the occur~nce and,···. _ 

. distribution of dwarf mjstletoe in the d~veloping 
. · ·. · . young-growth stands · • . To ·dete_rmi ne if' the·re· is 

· · now a mistletoe problem in the young-growth stands 
.· -. . ·studd_ed w,'it~ ·:infected r_esiduals . We ha've had field 



crews out this summer and· .,..,,ill have more out 
next summer._ The study will be finished nexf 

· fall (T. Shaw, Region 10, and T. Laurent, Forest 
Service Lab~ Juneau). 

VII. Contro~ - Ch~mical 

lfo . reports. · 

VIII. Control - Biological 

a·. l. A. Kelton and J. C. Herring (Can. Ent. 110: 
779-780,· 1978) describe two new -species of 
plant bugs, Neobore 11 a (Mi ri dae) collected 
on Arceuthobi um·. This brings the tota 1 to four 

· species known to live on dwarf mistletoe. A 
key to separate the North American species of 

·- Neoborella _is provided. The ·article describes 
· N. canadensis new sp. on Arceuthobium americanum,-· 

011 Pi nus banks i ana ( Be 11 is, A 1 berta, Canada; 
also at Meadow Lake), and N. pseudotsugae new sp. 
·on Arceuthobium douglasii on Pseudotsuga menziesii 
(Humphrey's Peak,- Flagstaff, Arizona, also at 

· ~annagan, Ari2oria, and Cloudcroft, New M~xicb). 

b.- Morphological -and biological characteristics of -
P· lodgep-ole pine dwarf mistletoe-associated ··rust, 
Pe~idermium betheli Hedge. and Long, were evaluated 
and ~o~~ared to the blister rust, tronartium comandrae 
iPeck, .in an attempt to determine the taxonomic status 
of P. betheli. Aeciospores of P. betheli were found 
tobe shorter and more globose than those -of b_ 
comandrae. Morphology of the aeciospore wall as 
o~served: under a scanning electron microscope was 
similar for both rusts. Aeciospore germination ·• 
characteristics were similar for P. betheli and C. 
comandrae. No P. betheli hyphae were observed in-

.-~istological examinations of lodgepole pih~ seedlings 
'naturally infected .with dwarf mistletoe and inoculated 
with P. be the 1 i in ·. the greenhouse. P. bethe 1 i -
sporul ati on period was found to be later irr the season 
than :c. comaridrae. P. betheli .can cause tree mortality; 

-however, its damage was not as ·severe as that 'caused 
by C. comandrae. The distribution of P. betheli 
w~s mapped and found to extend through the Rocky 
Mountains and one location in the Sierra Nevadas. 
P . . betheli distrlbution coincides with the· range bf A. 
americanum on lodgepole pine; The results sug~est -
that P. betheli is a heteroecious ecotype of C. comandrae. 
Conclusions regardi-ng the ta xonomic status of P. ·betheli 
require additional res earch (C. Dixon and W. Nishijima, 
Colo. _State Univ. , and F. G. Hawksworth, RM Station, 
fort Collins, and R. G. Krebill, RM Station, Tempe). 
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. C • One of t_he f_irst attertipts to breed trees for 
· . disease re$i stance wi,.s begun in . the ear1y .. 

1920's in Colorado for mistletoe-resistant 
· ponderosa pine (C. Bates, J. Forestry 25: 

130-144, 1927}. Two plantations of putatively 
resistant and susceptib1e strains were 
establishe ·d near Colorado· Springs in 1932, 

. _The p1~ntations were relocated in 1978. Some 
· 11resistant 11 trees were found to be infected, 
but we were not able to make a detailed · · 

. comparison of the amount of m·istletoe on the .· 
11resistant 11 vs. "susceptible" s\rains. ·: Fur~her 
examinations ·are planned in the 'plantations 
next spring {F. G. Hawksworth, RM. Station, 
Fort Collins)~_ :· 

d. A. tsuge·ose infections spray~d with Nectria 
· ·macros ora (fuckeliana) 1n the Jordan River 

Vancouver Island) area · (see .1973 report} 
resulted 1n no definite takes. · A new trial wa·s 

. ·. ' . es tab 11 shed in ··the Cowi chan Lake area a 1 so on .. . 
· Vancouver Island on October 22, 1975. · Of 20 · · 

· ·. · infections sprayed, 8 produced N . . macrospora .' .· 
·conidial or perithecial structures and associated 

.. symptoms of cankering ·and resinosis -- apparent1y 
. a . successful trial. . However~ of 20 unsprayed : .: · 

mistleto~ infections ·, . 2 al so produced_ N. macrospora 
.signs. · ·.All infections have been r-emoved and are . 

. . being ~x·amined in the lab (A. Funk and R. B. _Smith, 
·, . PFRC, ·Victoria). . . . 

. . .. · . 

tx~ Contrcil ·s·i-lvfcultural 

.. a· • . :ro ··c1etermine the effects of thinning in _mistletoe -
. infested ponderosa pine and lodgepole pine stands, . 
. a series of permanent plots (mostly 0.4 acre) are 
being established .. -Stands with no mist1etoe and · 
those with different intensities of infection are 

. . ··being thinned to various growing stock leve.l_s . . We 
-~ plan to evaluate the mistletoe and tree responses 

·.· to . thinning. To date, about BO plots have been ,· . 
. :established: 65 in pondero·sa pine · (in Co1orado; · · 
... and_ Arizona) and 15 in lodgepole pine (F. G • . . 

Haw~sworth, RM Station, Fort Collins). . ,· -. , 

b . . · The proceedi,ngs of the symposium "Dwarf mistleto~ 
· contro_l through forest management,nheld in .Berkeley 

fn April 1978, ts ~vai1ab1e -~ USDA, For~st .Service, 
,·Genetal Technica1 Rep., -PSW 31, -1978.· Although · 
emphasis· ·;s on silvicultural control, aspects of 
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chemical, biological and genetic control are 
also discussed. The symposium was organized 
.around the following general topics: bases. for 
control, control planning and decision making, 
control operations and accomplishments, refining 

· ~nd improving corrtrol techniques, pest damage. and 
integrated control, and ne·eded research (R. J . 

··~charpf, PSW, J. R. Parmeter, U. C.) . 

c . . U •. ~. Forest Se~vice, Region 5 and PSW began 
a pilot test project in the summer of . 1978 

· to test the efficiency of control of dwarf 
. · , mistletoe by thinning in pre-com~ercial stan~s 

· of true fires. Infested stands fo need of 
thinning are now being located ·and selecteg ·fof 

' Plots in California's National Forests (R. F: 
Scharpf, Psw,· R. s . Smith, Region 5). 

d. We have 32 plots that were established in' 1974 
in ·pre-commerciall,y thinned units. · They are 

· designed to evaluate success of operational 
_thinning pro'grams in eastern Washington. They 
will not be remeasured until 1979. Our original 

. measurement showed good control (K. Russell, 
Wash. DNR, Olympia). '. 

e. · Removed. A. americanum infected overstory 
· lodgepole pine trees from 5,746 acres on 
4 central Montana National .forests (0. Dooling, 
Region 1, Missoula). 

X. Surveys 
I 

c;1. ··· Dwarf mist_letoe loss assessment survey -- Medicfne 
Bo~ National Forest in Wyoming. As part of an 
effort to assess growth 'loss and mortality caused 
by dwarf mistletoe, Arceuthobium americanum, in 
western coniferous forests, two approaches were 

. used to estimate annual cubic foot volume loss in 
lodgepo.le pine forests on the Medicine Bow Nat_ional 
Forest ir) Wyoming. The -first approac~ was to use 
data derived from a 1970-71 Stage l Timber Inventory 
(available from Timber Management, Rocky Mountain 
Region); and the second one was to conduct a road-
plot survey to estimate dwarf mistletoe incidence 
and associated volume loss. Results indicate that 
existing mistletoe data in timber inventory files 
are inadequate when trying to develop growth loss 
information . Suggestions for improvement of survey 

·data gathering are pre~ented. A similar survey was 
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Conducted o.h the B.ighorn and Shoshon·e National 
.Forests during the 1978 field ·season. Results 
will .be av~ilabl~ 1ri.late 1978 ~- W. Johnson, 

. • · ·F. G. Hawksworth and D . . B. Drummond; Re.gior:i 2, 
· RM Station and.MAG, USFS). Report available .from 

· . : .USDA, Fore$t Service, Methods Application ~roup, 
_ · . : .·-· Report. No. 78".' 1 , 6 pp. -

· -•. ·i)~ .· .-,._ ·survey of the incidence ·and ·1nfect .io~ level _ 
· · . . ·• of lo.dgepole pine dwarf mistletoe was conduct.ed 
. --.· ·on the Red Feather Ranger District, •ROo$evelt · = 

· - • National Forest, durin9 1973, 1974, ·1975 and 1977. . 
·. : : Variable radius plots {BAF 10) were located on a 10 by 10 
·. · ·:··chain grid. Understory data were co,llected on fixed 

· : ..... radius plo.ts (0.01 ·acre). · Over 7,300 plots ·were_ 
· .established on .45,000 acres. Dwarf mi_stletoe was 

. · ·.recorded on 83. 8 percent of the p 1 ots that fe 11 -
_ within lodgepole pine type. Over 53 percent ·of 

. . _:: • the -plots had an ave.rage DMR of 3 or greater. · Data 
· · · . . · were input into the RMYLD Pr:-ogram to c::!etermi ne · . 

·. · · growth loss and mortality · associ.ated -with -dwarf 
.· . :· .. :mistletoe · infection. -: It has been estimated _that 
· .. the annual volume 1 os·s is 685, 450 cubic feet for 

--· · _.·::.· :the Red· Feather District. · This is an. ave.rage yearly · 
_ · - · ___ loss .of _15~2-cubic feet per acr~ .. -·' A final report of 
. ·: _.' .. th~ :survey will be.prep·ared in late 1978_ (0. W. - _ 

· · ·. · __ Johnson, Region 2, USFS.). ·. ·· - . ,.--. 

'· ---~. --·_··Firyished the field pa\··t ·-~(a ·sur.vey to det _ermine 
-· cubic foot volume loss due to A. amer1canum on · 

_lodgepole pine in central Montana. The-survey ~overed · 
the Beaverhead, Custer,'Deerlodge, ·Ga1latin, Hel~na, 
.and-Lewis and Clark National Forests. The data will 
:be analyzed during the .winter of 1978 _{0. Dooling, · 
Region 1, -Missoula). · 

d. A total of · 3,040 acres bf lodgepole pfr1e forests .. 
in the Island Park area of eastern Idaho·were surveyed 

. from•a Bell Helicopter cruising at 40-~5 mph .100-200 
· · . .-feet above the forest canopy. Witches' brooms were 

readily discerned and could be u·sed to distinguish 
. :general levels of infection (high, medi um ·or low). 

The· lo~ cost (abo~t $.25/atre) and relatively high 
· :degree _of ·accu.ra·cy indicate this would be a very cost-

- · .effe_ctive survey method in areas · of widely fluctuating 
· · ·._ ' dwarf mistletoe ·infection levels. However, 1n this 

_·.·.area · of low stumpage values, high losses from the 
· .mou·ntaln pine beetle~· and consistently medium ·to_ high 

.levels of dwarf mistletoe infe<;:tion, it is difficult 
to justify even '.this smal 1 investment (Report No~ _ · 

-78-6_ Idaho Department o( L~nds_, Coe.ur d'Alene, I~aho; 
· J. _Schwandt, . ld~ho _Qep_artment _ of Lands). _ · 



XI. Miscellaneous 

a. 

b. 

c. 

Masters thesis: A pertdermium rust associated with 
. dwarf mistletoe on lod.gepole pine. · Christine Dixon, 
Colo. State Univ., 100 p., 1978. (See abstract under 
VIII.) 

Masters thesis: Small mammal dissemination of dwarf 
mistletoe seeds . D. £. Lemon, Portland State Univ. ,. 
38 p. , 1978. (See abstract under III.) 

Masters thesis: A comparative distribution of two 
mistl~toes : Arceuthobium divaricatum and Photadendro~ 
-juniperinum (South Rim, Grand Canyon National Park, 
· Afizona). A. Hreha, Brigham Youn~ Univ., 62 p., 1978. 
· (See.-abstract under VI.) 

d; . . Mast~rs thesis: G~rmi nation, res pi ration, ·and .•• 
photosynthes.is . in seeds of dwarf mistletoe 

· · . (Arceuthobium). s: W. Gustafson~ Portl~nd State 
Univ., 48 p. , 1978. 

e. The FAMULUS mtstletoe information retrieval ·system 
is alive and well in Fort Collins . and Berkeley. Since 

. last year's W.I.F.D.W.I~C. , we processed about 70 
requests for literature, mostly from the western 
u:S. and Canada, but also from South Africa, Sweden, 
Switzerfand, Germany, and Australia . A display of 
the system will be shown in Tucson (F. G. Hawksworth, 
RM Station, Fort Collins , and R. F. Scharpf, PSW 
Station, Berkeley). 
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Root.Disease Committee 

. ::·, .. Waft ihi es·, Acti.ng Cha i.rman 

. . . . . . . 

Disc·ussion Of th~ Root Disease Colllllittee. centere ·d on the purpose and 
format of future mee_tings: · · · · · · 

1. Gre~ F.ilip was elected ~hai~man 'for ' the 1979 meeting. 

2. · ·. Current r~ot disease ·work wiil be suinmatized and ma.iled to WIFOWC 
members prior to the _1979 m.eetfng. The surmiary wi,11 he. produced . 
from responses .to a questionnafre to be mailed to ._the· merrib~rship . . 

• • • • • • • • I .• ._ '• • • 

:3. · .' Discussion ·at the 1979 ~6mmittee meeting ·will center on a·narrow 
topic selected by the . chainrian and introduced by two _speakers~ · · · 
each ·spending 5-10 rninlite_s add iessing the topic ~ : These preseif-· 
·tations will serve· as ·.a focus for the committee discussio_n. . · · 

.· .. : "· .' 

: : . .. 

.. . . . . 

.. ' I 
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.... . . ' . 
· . Disease .Control Committee 

• Highlights of 1978 Control ln~es{igitions 

Kenelm·Russe11, Chairman· 

I. SEEDLING DISEASES . . 
• .. • : • • • ·1 ·:. • •• : • • .- • : • • • . 

A. Damping off and .animal ~ontrol 
Host: Ponderosa pine ,. 
Causal Organisms: Damping off fungi, birds and rodents 
Control: Chemi ca 1 ·· · . ·;: : . 
Developme~t Stage: Field Trial · . ·. . .. , . . 

. . . . 

. _ Petroleum muJ ch was used at two ra.tes (100 & 2.00 gal /acref to incr~ase 
. · $eed germination and protect seeds in seedbed · frcim pre·dation by birds 

and ro~ents. R~sults .did not increase overall germination percent, but · 
.· , tre .ated di~. germinate sl'i.ghtly faster ·.· Birds w_ere 1_1~t: ohserved ·1_n . _· 
. . · •.treated ar:ea. (R. Harvey, USFS -:-Region ~; ·Portland ~) 

8. Moss ' . 

· Host: Container seedlings _ . 
Causal Organisms.:. Various Mosses 
Control: Chemical 
Oeveloµnent Stage : · Pilot Operationa·1 · 

. . 

Developed successful treatment for inoss in. container cavities by using : 
mixture of ·captan arid X-}7 surfactant •.. Very pl eas.ed with results. _. __ 
Complete stor_y will be published in. Winter 1979 inbothTr ·eePlanter- .•s· 
l~otes and. PDR. Materi~l to have· a 24(c) registration. (K. RusseJl, W. 
Haglund; WDNR & Cascade Agricultural Service Co., Olympia.·) 

. . . . . . . ... -~· 

C. · Rosell inia · .. 

o~ 

Rost : Oougl as-fir .-_ . _. 
Gausal Organisms: Rosel 1 inla· ·hefpotr"i'chioides .. 
Control: Chemical - Biological · ·· · 
Development Stage: Full Operation~l .·· .. · ... 

:.:• ·:·::· 

-An outbreak of the disease resulted in a test to . see if the fungus would. 
be a problen in st:.orage . We sprayed several treatments · with fungicides 

. an~ sto ·red. trees · for ·up to one year at 36° F, then outplanted .. Findfngs 
were that fungicides not needed. Disease can be culled du'ring packaging. 

· No problem occurred when planted in pots . (K. Russeil, WDNR, Olympia.) · 

Damping off & Root Disease 
Host: Sugar pine 

· Causal Organisms: - Fusarium, Pythium, .Phytophthora spp. 
Control:· · Chemical _ .. ,' Biological 
Devel ppment' Stage: Field Trial 

•. . . ' :, . 
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Seven fungicides, one su·ppress_ive soil used. Sta r ted t\ay, 1978 - · 
Placerville, .USFS. Nursety~ · Results not yet available. (R. ·Bega, · 
A. r-tcCain, USFS_& -~C Berkeley.) . 

E. Qamping;.:off. _ - _ . 
Host: . Ponderosa pine . 
Causal Organism.s: Pythium, Fu·sarium 

. Control: Chemical . . 
. . , Oevelopme.nt s·tage: Field Trial . 

' At Big ·Sioux _Nu:r.sery, so, ·fumigati .on with Dowfume l-1C-2 (400' ib/acre) -=" 

- · _gave· good w_eed control", · Damping off did not occur . irfei _ther fu1_nigated 
or non-fumig~ted b~ds . . · (Unnea Gi,llman, USDA Forest ·serv ic~.) _. 

. . . . '·. ·.; : .:. 
F. · Grey Mo 1 d : -· . . . 

· . . Host: Lodgepol~ pine . 
. Causal Organisms: · Bptrytfs cfoerea 

Control: · Chemical _ .. 
·· ... ; ,~ ' 

.• 
. •·. · . 

Oevefopment·Stage :_:. I!) Vitrq _ -:-.· ·· •· · 
. Most Co.1 orad-~. Bot·~ytis: isoJ.a_tes\ .f~re :toler~nt_ of beno~y~_ in vi.t~o _,:.,, ~-" 
Dichloran completely inhibited fungus growth and captan ·and chlorothalonil 
slowed growth significantly. (Linnea Gillman & Bob James, USDA Forest . 
Service.) · .:. · · · 

. Damping-off . . . _. _ .. . _ . . ·- . . 
·Host;·_ Ponderosa pine, Engelmann $_p~ce, 
Causal Organisms: pythium, Fusarfom 
Control: Cheinica1 · · ·- · · 
Development Stage: . _Operational 

• r . . 

lodgepoi e pine . . •,· 

· . · At Mt.-Sopris :, Nu_rsery, ·Colorado·~ fumigation with D.owfume MC;.33 ·_. 
(400 .lb/acre) _in S_eptember, 1977 -resulted Jn a 4- fold increase ·1n . _ ._ 

· ·1-0 p.onderosa· pine St.frvival. compared with pine growrf jn non-fumigated 
. beds. :. (Linnea Gillman, USDA _Forest" Service.} _ · · :~ · · · ·... _· . · 

H. Botrytis G~ay ,,1o·1c1 
Host: · Sitka spruce, Western_ hemlock, Douglas-fir 
Causa 1 Organ isms: Botryt is · c·inerea · · · ·· · · ·· :_i 

.Contr_ol : Chei:lical . . -_. · _ _· · _-_ 
-_ Development Stage: . Operational 

We ~re. ·co~p~rfng ;o. fungici .des appi_"ied through th-~ irrigation system 
vs. normal spraying on a ·three week schedule .. It looks like · the 

. irrigation a~pl icati _pn is n.ot ~ff,ecti ye. . (A, H. Mc~a in, Uni V. Of Can f . t 

. Berkeley . ) . · · · · · . . . . 

I. . fusarium roo"t ~ot : . . . 
·· Host: :Conifer seedlings . . 
-Causal Organisms: _· Fusarium oxrpor.~m . . 
Control: _ -c~emical - Biologica · , 

· Develo)lllent _Stage : Pot Trial · 

. Just -begun. (David _Adams_, California Dept. of Forestry.} 
. . •, .: : 
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. J .. ~Mouid . . . .· ' . 
Hos-r:··· Western hemlock . . ~· .. . . 

· Causal Organisms: _Botryt is cincrea 
Control: Chemical . . · · 

: Development Stage: Opera t iona 1 . . . . . .. 

·A. s·urvey of ·propor.'tirins .... of ·B:~.n1a.te-sensitive and tolerar{t .iso1ates 
shO\'led all · sensitive isplates at a· new· nursery; an . tol_eran~ at the 
oldest _ nursery; a mixture of types elsewherl:!. :(Johr1 Hopkins, ·Pacific 
Forest Resea'rch Center, ·Victori~, BC.) · 

. K. ·· Fusa ri um 
Host·: Sugar pine _ . . , 
Causal Organisms: Fusar1um· oxysporum f_. ·!J?.. pini .. 
Control: Ch em i ca 1 . . . . . . . · . . · 
Development Stage: . Field T_ria 1 . . _. ... . 

Tested six chemicals ·for control of a Fusarium collar rot. · ·it\:,'a"s. 
not-a -good _test of the chemicals beqwse the .di_sease le_vel~ were 
too· l~w. -(M_ichael ·Sr~go, Art McCain,_ USFS &.UC :serkeley.) -~· 

. 1 I. . .'-FOLIAGE DISEASES. .. . •. 

.. A. Swiss Needle cast 
Host~ Douglas-fir .. .. 
Caus_a l Organisms: Phaeocryptopus · gaumanni .-
Control: · Chemical . 
Development .Stage: Field_ Trial · . . 

'.• • .. 

. . : , -. .' : . . : . 

Field trial -~ from 1977 were qu.i_te siJ~cessf~·, · Di thane tf-45. a,id Benlate · 
give good_ control. ·. We·are refj .ning dosage$ and timing tiqw. · At least 

· three appl icatfons · are necessary. (8. Fahiga, K,.· Russell, WDNR Olympia 
and UW, Seat_tle~ WA.) · · · · · · · 

I IL STEtl DISEASES AND WILTS · . 

· .. A. Dutch ·e·l~ disease 
.. · .. 

· Host: · Elms· ·. . . . , . . . . . . 
~- Cau_sa-1 Organisms:. -·W-~tocystis u1mi or. (Ceratcis tomel la) 

Control: O~emic-al .Bio.logica.1- - Si1.v1c_u1tura1 - · · 
_Oev_elopment ·_stage _: . Fiel_d .Trial . . . . 

,. 

The fi -rs,:t 'year Is w:ork ~n the federally funded DED demon·-~tration control 

: .·.:. ' 

· project was completed. Yuma • . Ea~on. LaJunta and Canon City.. rec~ived · 
· inten•sive detection su~veys, sa_!TIPl ing, s~n-itation and _insecticid _e .-. 
pr_even:tive spray. {Michael. E. S_chomaker, Colora~.9_ State Fores_t Service.) 

. ·.· · . . 
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d. · Blue Stain · • 
· . Host: , Pi nus sp. · 

.. . . · Causal _Organisms: . Ceratocystis . sp. 
Control: . __ Chemical = • · · 

OeveloJ)ltlentStaQe: In Vitro 

The herbicjd _e par~quat exhib.its i1_fferentialgrowth i.nhibition of 
pure · cultures of Ceratocystis sp. vectored by Deildrocto·nus sp . 
(F. Kidd~ Col. State Univ ..... Dept. Fa.rest & Woocj Sci.)- . · 

. IV • . ROOT DISEASES 

: . ·.-.· 

A. · Root g· Butt Rots 'in Manag·ed Lands 
· Host: · Wes tern · hemlock . . 
Causal Organ"isms: . Fornes ann.osus. 

··control: · Chemical -=-sITvkulturel 
. . Oevelopm~nt Stage: lr.1pact Evaluatio _ri :_ 
. . . ·. . . . . ' . . . . . . .. 
Dissectin9 · 400 trees in 20 rotation ag·ect. stands (half . thinned .half · 
unthinried) to determine ff . lc:>ss·es being covered_ by root & ·butt : fungi 

. justify us~ of existing control ·measures. (D. Goheen, J. Ha~field, 
G. Filip, Regioil 6, Por~land.) ·. · · . · . •. . .. . . 

B. Shoestrlng root rot in plantations . 
-Host: Douglas.-fir . 
Causa-1 Organisms:· . Annfllada mellea • 

· · Control: Silvicultural . · · · · ·. 
Deve1opn~nt ·Stage: · Pilot Operatio _nal ... · 

. An ·evaluation : to ·determine if thinning heavily infected young stands 
:i~ plantation~ ~ecreas~s susceptabil it,Y of leave trees" _b~ }ncre~sin ·g· 
vigor • . (G. F1l1p, Region. 6, Portland.) . · .. . - ·• . ··' · . . 
. , . • • •. • • • I • . • • • • • • • . • ' 

· C. · Annfrl aria -· • . . · · • . 
. Host:. . Ponderosa· pine 
· Causal Organisms: Annillaria mellea 

. Co_ntrol: C_h~ical 
. Development S,tage: t1eid Trial 

Plots established °'to. te .st cheni'ical _control of Ann11 lada by treating 
.. around or ' instumps. It's to _l>e·an .expansion of Fi_lip1 s ·an_d Roth's 
·. work on a.little larger sc~le .·_ A long term project _b·eginning tne :. · 

fall_ of 1978. : (K. Russell, WDNR~ Olympia.) . . . . ' . . ,, · 

O, Armil lari~ · . ' : . . . . . . 
Host: · f'inus ppn.derosa, "Abies 9raodis 
Causal Organisms: . Annillarla mellea · 
Control: . S"ilvicultural 
Development ~tage: Full Operation ·a1 

. • ... .- . 

' 

. A t~nager's 'field ,·guid~ with 40 colored _pictureshas ·been .con:tpleted using 
principles :se_t fot1r th by Shaw~ R~thand other s .. Since each copy costs 
about . $40 it is not a\iaflable fo·r wide distribution with pictures . Text 
is · available f.ree and_ pictu ·res by special arrangement. (K. _Russell . WDNR, 
Olympia.) · ·. · . · · : .-. ..· . . . . . · 
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E. F .- anno·s·a, 
Host: Wes tern h.em 1 oc k 
Causal Organisms: · F. annosa ·. 
_Control: · Silvi cul tifrar-- . 
Devel.91)llenf ?tage: Field Trial 

Annosu{ R·oot · Rot ·1i; Precommerda·l thinning of Western hemlock, time of · . 
cutting and borax stump-treatmen_t 11 years after cutting = little control 
under conditions _tested.· (Driver, Edmonds, Chevez, UW Coll. of For; Res.) . . . • . . .· . . . . . 

i=. · P. weirii · .. . 
'Ffost: •· Douglas:..fir .. . . 

·causal Organi~ms:. :p, weir1i · 
. Con tro 1 : . Bio 1 og 1 ca Y--
Deve 1 opment Stage: Greenhouse Pot Tri a 1 
Greepho~s.e scr_~ening te"st of 2~0-Douglas'."fir stock shaw ·presence of 

. relative _degrees =of n·atural resistance to infection by P. weirii, · 
·-.- {Driver, E.<tnonds & Morse, UH Coll . of For. Res. ) . . - . . 

.• -· . . - . .. .- .. . . 

·G, . Laminated r~ot rot ·. 
· Host:_· Douglas;_:fir . . 

· Causal Organisms: 'E_. weiri i 
· Control: · S11vicu1 tura1 · · 

Deveiopmen·t _Stage: -.: "F_fotd Trial . . 

~Je are.in process·of laying out a field test ·of comne-rcial thinning . 
options in heavily infected Douglas~fir st~ndi . · ( E. M. Hansen, OSU,) 

. H . . Fornes annostis root 'di.sease· .' 
Host: · Wes tern hemlock · . 
Caus.~ 1 Org·_an isms:: . I· ·anno·sus 

. Centro l: . Chemical · · · ·. . .. 
Development St~ge: . Field Trial 

' ·: . 1·, . • 

. In a field t~ :i.ai, appl;ication o}· grandu~ar zinc sulphate to freshly ·cut 
. hemlock stumps prevented infection by[. annosus spores. (D. J. Merri.son, 

Canadian Forestry Serv_h:e, Vi~tor:ia, •BC.) . · · , 
' .-_ · . .. 

·V • . DECAYS .. 
• . , • I • :. I I 

_A. ~~;Hs Dougl~s~;,~, . true · firs 
Causa.1 Organisms: Echinodontium tinctorium · 
Control: _ Silvi .cultural · . . 
Developnent S.tage: Field Trial . 

. ·. . . -· 

. ' · .. . 

Littl/de~ :;-y ~~-Dougias~firs w~und~'during thinnings 1·n:secotid-growth 
·stands.- · ·N~ studying Indian ·paint in white and grand fir advanced 
regeneration . . {P. ~- Aho~ FSL, PNW Station , Corvallis . ) 
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BVSINESS MEETING MINUTES 

. -
The busi~ess meeting of t~e 26ih Westetn In~erriational Forest Disease 
Work Co.nfercrie: was called to . order by Chairman Dick .Smith at 3:45 Jim. 
October 27 • . 1978. · · · · ' 

The minutes and treasurer's repott -~er·e approved as presented · in . the 
Proceedings of the ·2~th WIFDWC. · · 

. . . 

01 d Business and Coll'Tili ttee .. Reports. 

Dwarf Mistletoe Conrliittee.: Met for' ·1unch on" October 2s. 1978· • . The 
. c001mittee report is included in ·the Proceedings. . 

·Root .Disease ·cor.mittee: . Walt Thies. Acting Chairman. sunmarized the 
topics discussed · by the committee at .the luncheon on October 25. 1978 • 

. Greg Filipwill ··be chainrian for 1979 •. Items discussed by the c001m1ttee 
are summarized.by Walt in the Proceedjngs ~ · · 

Disease Control Corrmittee: Ken Russell . ind.icated that the ·cormiittee 
discussed ·having a panel for the identification of needle 'diseases ·of 

-the West. · This· would 1nclude· ~ clinic or · l~b and would be held at a • 
future WIFDWC • . The ccxnmittee·_.is sponsoring the canpilation of a . 
nati.onal list-of forest disea ·se control methods presently in use; this 
wi 11 be coordi_n_ated by Dan ·arown. · 

Interim Pro ra~ Chairman: Dave Johnson•s report suggests ·several · 
possible discussion.top cs for ·future meetings. · The most frequent .: . 
c001ment made concerned the tim~· availal>le for discussion. · Many peqple 
seemed to ·feel that there was not adequate time available to ask ques-

.. tions and discuss presentations. they felt that tMs ·should be. a major 
cons•ideration _in the p1anning of future conferences~ ,,· . . 

New Busin·es·s ·. ,. : -._; 
. . 

· 1980 WlFDWC location : • Invitation's ~-were extended to · the . group by Neil 
Martin and John Laut to meet -at Moscow, Idaho. · and the Colorado State 
University, Henry Park Campus, respectively. After the advantages and 
disadvantages of each of the · two locations · were discussed. a sho~, of 
hands revealed a preference for th~ Henry Park Campus as the location 
for the 1980 rret?t i ng. · · · · · . . . 

. . 
Ed Wicker requested that someoneelsebe .appointed to keep the list of _ 
projects curre _nt. _Frank Hawksworth consented to pick up ·this task. 
WIFDWC members· want to thank Ed for seeing to this responsibility for so · long. · · · 

. ,· 



Election of Officers 

Tom Laurent and Tom Hinds were chosen chairman and secretary-treasurer 
re.specti vely for the 1979 WIFOWC. This was accomplished in the usual 

' efficient and tirne-co .nserving manner. · 

The meeting \'1as. adjourned at approximately 4:15 pm. 
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. TREASURER1 s REPORT 

. . ,ijal .ance -~: carried . over from 25th WIFDWC 
. . 

9-8-7.8 ... :.->:.1-0fvi~end_.·· . . : 2.4i . 
. . • • i-,, _ _ 

Expenses Prior to 26th WIFDWC · 

1'0~18-78 . . · Advance for B!,lses . · ·. 
.. . Rece1 pts - · 2pth WIFDWC ·. · . . . . 

10-24· to · .. 
·10- 28-78 

.. . 

-~~egtst~a~ion . . 

: .. . . · • ·• 
. . ·- .. .. 

,100.00 

. : . ·: 

. 2375~00 .. 
. , . 

'Expenses ._ 26ih WIFDWC · .. _.·. !. · ·: . . 

10-24 . to · ·: :· .·: _:: _ ... . :· ·. :--.. ..... ·:: .. :>:·_~---· . . -
10-28-78 . . -Ariz·ona. Inn .. ·_. -_.: . · . · .. : , . . 

. . ;·. · ·, -· -. ' . · ( 1 ncludi ng banqu·et ,: coffee, -':: 
·. ··. · · .: · . ·.field trip 1 un~hes etc.).· . 

• ' 

·1190,90 
·, 

: .": ·. : ~Buses {total . 1es$ .csdva·n·ce) 
·. · ... · ·-:·Audio-vi_sual equipment · 

·· ·. rental ·· :: .. . . - , · 41.00 

. ' t4 .5_.60 

.·. Misc. expenses and tips 39.10 · 
_: . . ' 

.·. · .: _. .. • ' · .Tofal, Expenses · · 

. Rece:ipt; · sub~:~~ue~t"-to '26th '.WifOWC . 
.. . , . , , , F 

i2_-31-78 : .. . _Dividend . 

_· 3-31-79 Dividend · 
' \ . , ' ' .. 

6~30-'7'9 : · ,: Diviqend·: · .. 
. . 

s·a1 ance _. June 30, ' t979 . 
'. ·' •• 

• . I 

: . ,• . 

. . 2122. 60 

. · 2. 24 

, 4~·92 
5.00 

Depos'it ·he-.1~:-.),Jashingtqn· State Employ~es' Cr~dit Union 
: ·.· · ... .-. ·p~_o; Box WSECU .. ... . - . . .. . 

., . ·01ympi a,-Washington . ··98507 ·. · 
.. 1 .... .. . . _.:·Account Np. 9362-5~ · · · 

' •:. . 
. : .. ,·. . .· .:,· ~. . 

. . . . :_ . ..... . - ... . : . . -~ ·_ : : . . .. . 

' I •• .: • : .... , . •: •: ?• • ~, :: ,• 

. . : ·;· . . . . 
.. · ... ; . 

. ,: · · 

. . ·-• ·. , . . ... 
· .... 

.: ·: . 

.. ,-

18p . 

. ' 

·.·. ·: =· . . · Balance 

. ··~· 

.is9.97 

162,39 

62.39 

- : . 2437 .39 

314.79 

. •• , ? 

.. , : 

317.03 
. ·, 

. ·321. 95 

326. 95 

326.95 



INTERIM PROGRAM CHAIRMAN'S REPORT 

David W. Johnson 

The. fqllqwfog topfcs .were suggested for · the 1979 ineetfog in Salem~· Oregon: 

~. · A p~nel on disease · problems in the Pacific Morthwest and Alaska 
including aspen ·diseases (Hinds), hemlock dwarf mistletoe (Shaw). 
Suggested by Filip . . . ·, 

2. A pariel· o.n measuri.n,g_·;mp·act due to forest ·diseases .: ,g_rowth ·loss, 
. part ,icularly loss due tti root dheases. Suggested by Thies . 

·3 •. · A, panel on the spedficity of hon:.spedfic diseases, including 
. Verticiclacti .ella wcrne·nerii, Fornes' annosus,' and Armillaria mellea, 

all of . w.ti.ith are lion-specific in their a·ction on· conifers; ' however, 
. the,Y 9ften attat. _k. 6111,y 9ne or a few pqs·sible host s-pecies i_n a .. 
· given area. The· discussion should inc'lude recommendations for 

11replacement" ·species in diseases sites. Suggested by Parmeter. 

4 . A panel on foliage diseases and curre nt control measures. Movie 
also ava,ilable . Suggested by .Staley. 

5. Intensive forest management .in western hemlock stands and the effects 
of Fornes annosus and hemlock dwarf mistletoe. Suggested by Hadfield 
.(could :be pla~ed in panel as suggested in item 1). 

6. Decaypote'ntial in understory true fir stands. Suggested by Hadfield. 

7. The selling of "CODIT" in the Pacific Mor.thwest. Suggested by 
·Hadfield . . . 

- 8. Diseases of seeds. Suggested by Hadfield. 

9. The r6le of FI&DM (F~f est Insect and Disease Management). Suggested 
by· Don Graham; 

10. · A panel bn·•the status of the Dutch elm disease ·demonstration projects, 
includi'ng Lake States, Colorado, and California. Dan Brown volunteered 
to 1 ead ·panel •. · .. 

11. New developments in whi 1e pine blister rust programs, emphasizing 
silvicultural control. Suggested by Byler. 

12~ A discussion on current fungus name changes and reasons for . 
Suggested Gilbertson lead · discussion . Suggested by Hal Bursall 
(Forest Prod.ucts Lab). 
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Other program suggestions : 

Allow 1119re till)e fo·r discussions of new projects and techniques. 
Rather than list projects , give some detailed information. 

. ·. . . ' . . ' ·.· . . . 

Have 11t1111e11
:· available for disc·u·ssfon of ·current ' problems~- . . . . 

identifica _t -ion_ o"f_ specific pests . . A "show and tell" session .: · : .. ,--

T-shirts with som·e .••~at~hy" slogans were present .at this last . . 
· meeting. ·. A suggestion was made that we offer an .award (T-shirt · 
award) fo r the best slogan at fhe .banquet.· : ·. -· : · ·. ·__ . . · . . 

' . . . . . . . . 

.. Have que~ti~ns for. speak~rs·· Oh panels .irmiediately .follo~ing .. · 
pre~entatiQns_ rather than delay .questfohs ·until _end. of panel. ·. 

Panels -~hould be :organized to· present a· centrai theme or _idea ·._·• 
.·· rather · thari'.a potpour:'.ri of unrelated · subjects .. This last me~tilig · . 
. ·: w~s c·haracterized : by too·:~ny" unrelated subjects : and paper : < .. . · -· 
: presentations~- "It would be ·:much ·better to reduc~_the nurrb:er of : 

pa:pers ·qnd. p~nels ·and allow for rilore·dis(:uss·ion. , . . · . ·. . . . . ;• -

· .. - . ;• . 

=! ··r· -•-

. . .. :-

. > 
. , . . 

. . . . : ' . . ' 
- · •• ? . .... - _: -: :,,; 

. .. \ · 

. .. : . : .. · .. 

. '• . 

. \ , .. :· 
. ..·~ ·: . . . ·. : 

.. .. . . 

·. : ·. .:: . 
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NEW PUBLICATIONS 

Aho, p.E; ' 1977. :Decay· of grand fir in the Blue Mountains of Oregon and. 
Washington . . USDA For. Ser.v. R~s; Pap. PNW-229. Pac. NW For,' and 

: Range.Exp·; Stn., Por~land, o~. · · · · 
Aho, P. E. . 1978. Insect and disease management through ·stand managei,,ent -

a reality .? . Stem Decay Solutions ~xecutive Sunmaries of the Proc. · 
of t~e 1977,Western ·r=orestry Conference, Western· Forestry and ~ 
~onserva~ion Assoc. p . . 73. . · · · 

P :r:-: 19.78~· . Ori gt~ . of frost ~-racks · in gra~d fir [Abie.s grand i's . 
. (Dougl.) Lin'dl.] in the Blue Mountains . . Proc. Northwest Sci. Ass(?c. 
52(1):40 . . ·-, .. 

,: · .: 
. Aho, P .E. ·and L F. Roth.'· 1978. · Defect estimation for white fir ·1n the 

R~gu~ River National Forest. USDA For.' Serv ... Res:.· Pap. PNW-240, · 
.Pac. NW Fo~. ahd ·Ran~e Exp. Stn. , Portl~nd, OR. _18 pp . 

. Bega' ·R. \/ •' ·. l'.9.78 .• , . Phomops is 1 okoyae ~-utbreak . in . a Ca 1 i forn i a. _nursery·._ 
.. . Plant .Dis. Rptr,, 62.:567-569. . . . - · -_ · · · - · · . 

Bega,. R.V.; R,S·~ Smith, Jr.,- A.P. Martinez,' arid C.tl. Da~is. 1978 . . · 
Severe damage to Pirius radiata and.·~ pfoaste ·r by Dielodia E_inae 
and Lophodermium spp. on Molokai and Lanai. Plant 01s. Rptr.; 

•. , . ·.62:329-331 . . 

· Blanchette,' R·.A. and C,G. Shaw .. ·1gia. · Accelerating decay oi' forest 
- residues -0 aj)pl ications i.n con_iferous ecosystems. ·, IN Proc. Fifth ·· 
. Int'l Conference on Problems of Root- and Butt-rot ,n Conifers, · 

·_ Kassel,_Germany/Aug. 7.:.1z-.. pp.3 _33-339 .. · . 

Blanchette, R.A~ and C.G. Shaw. 1978~ Associations among ba.cteria, , . 
yeasts, -and ·basidomycetes during wood decay. Phytopathology 68:631-637-. . . . . ,. . . . 

Bl~nchette, R.A. ·and C~G. Shaw;· >1978. -· M~n-agement of fqr~st residues 
... · f~r rapid decay. Can. J. Bot. (In press, Nov._ 1~78). · · _ .. , . 

. Blanchette~ . R~A., C. G. Shaw, and A. L . Cohen. 1978. A SEM study of the 
effed:s of , bacteria and yeasts · on wood decay by brown .. and white-
rot fungi. Scanning Electron Microscopy 2:61-67. ·_ 
. •. . . . . . . . . 

. Brown, D.H. · 1g7s. ·.· Effects ' of thinning and pruning on· the incidence of 
.· ·. dwarf mistletoe in lodgepole ·p.ine; . USDA For. Serv. , State and .· · 

Private Forestry, Rocky Mountain Region Tech. Rpt. R2-14, Lakewood, 
. CO.. 7. pp , .' · . .. 
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_,_ Brown, o.·H. 1978. · Extension of t ·he known distribution of Cronartium 
· ribicola and Arceuthobium ·cyanocarpum ·on limber pine in Wyoming. 

Plant Dis, Rptr., 62(1):_-_. · · · . · . · 

/: Brown, D.H . . :1978. _The stat~s gf white pine bl i,ster rU$t on 'limber ,, 
· . pine and whiteb~rk pine in Wyoming. USDA For. Set-v., State and 

Private Forestry, ·Rocl<y Mo·unt~1n· Region Tech. Rpt . . R2·13, Lakewood, co . . 10 pp~ . . . . . 

Calvin,' .C;L.;. F.G. Hawksworth, and D. Knutson~ .J.978 •. · Phloem in: . 
· .· Arceuthobi.uin. · Bot; Soc. Amer: Misc. Publ .. 156:25 (Abstr.). : .. 

.,,,,,,,.... Crawford, D.J. and F.G. · Hawksworth.- 1978. Flavonoids of the genus 
Arceuthobium (Viscaceae). Bot. Soc. Amer. Misc. Publ. 156:8 
(Abstr.) . . - · • .. 

Di.x6n, G.E. 1978. ·. A spread and intensification model f~r mistletoe 
. · in ponderosa .. pine; Diss. Abstr. lnt. B. 38(7)2963 •. CO State .· .: .. 

. Univ;, Ft>Collins (Ph.D. thesis). ·. . · ·! • - · 
. . . . ... . . ' . . 

Filip, G.M. ·and:L;i< Roth. '1977. ··stuinp injections with soil fumigants 
·. . . to eradicat~ Arm111aria m~llea from ;io11ng•growth Jlonderosa ·pine· . 

· killed by root rot. · Can. J. of .For. Res. 7:22.6-~31. . · · 
. . . . . 1 . . .· . . .. . . ·. . . . . ' . . 

Fi.lip, G.M. , 1977. 'An Anni°11aria epiphytotic on the Winema:National · .... 
: . Forest, Oregon . . Plant :Dis .. Rptr. 61:708-71.L ·. · · ' ;. · 

. . ' . . ·- . . . .. . . . 

Fi 1 ip, . G.M .. 1977 • . ·. Cro~n mortality of . ponderosa. pine caused by 
. CronartiUm comandrae. · Pl~nt Dis:, Rptr.~ 61: 1083-1085. 

-:,r · . . . 

Filip, G.M. ·.i977 .... inc~nse.cedar;a new-host o.f Arrnillaria mellea . 
in Oregon·~ .·: Plant Dis. Rptr. 62: 280. · .· . · .; · .":" ,:,. 

. ' .. . . . ··... . . . ; . ,• .. · 

.': ,: 

Gillman, Lj~ ·: 1978 . .. · A study of th~ .b~r~al, alpine, and ar~tic . sp~cies . " 
. of Melanbleuca. t1ycologia .69:927~951. · 

(Hllman, L.S. : 1978.· ·.rdentifica .tion of coirrnon poisonous mushrooms~ . 
. · IN Mushroom Po.isotiing, · diagnosis and treatment . . B. Rumack and 

. · ·_. · E ... ?.a.lgmari~ eds. CRC Press~ pp. 27-i-57> · · 

Goheen, D.J, ,· F.'W. Cobb, Jr., ··and G.N. M~Kib.bin . 1978. ·.Influ~nce of 
. ·.soil moisture ori 'infection · of pohderosa pine by Verticicladiella 

wagneri i. ·pn,ytopa,thol.ogy 68:913-916 .: 

? -Goheen, O.J.·, · and F.W. Cobb.· 1978 .. , O~currence ·of Ve.rti~icladiella . 
l wagnerii and ifs perfect state·, Ceratocystis wageneri sp. nov. • 

· in. ins~ct . galleries. Phytopathology 68:1_192-1195. .. ' · 
., 

. Gregg~ T. ,: K:W • . Russ·el 1 and f:°. Knudson.· . . i978. . Detection of Armillaria 
.. root rot damage with color infrared photography.· Symposium on 

Remote Sensing of Vegetation Damage·Assessment. Seattle. Amer. 
Soc. of Phofogrammetry'.. pp . . 429-438 .. 
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Gurusiddaiah, S., R.~A. Blanchette, and C.G. Shaw. i978. A_ modified 
technique for · determination of fungal _mass in -decay~d wo_pd. Can . 

. . J • . Fo.r . . Res~. (in press}. • _ . . . · •. · 

Hadfield, J'.s.· and K..W. Russell. - 1978. Dwarf mistletoe management in 
' · ·.·_:· the Pad fie ·Northwest. - IN Proc. Symposium on CMarf Mistletoe . -

. ·._ "Con.trol "through Forest . Man.agemerit. Pacific : SW For. and Range Exp. 
- :stn·., Berke·ley, CA_._ Gen. iech: Rpt. PSW~-31-.. -. . . . . . ... · . . . . 

Hansen, E.M . . 1978. Incide·nc~: of Verti cicladi ell a wagneri ;" and Phel li nus 
weirii in [)ouglas-fir adjacent to and_a)'lay from roads· .in western 
Oregon. · Plant Dis. Rptr. 62: 179-181. . . , . · . . . . . . . 

·. Harrington. T.c'. R;A., Bfanchette, and. C.G. Shaw . . i978~ In vitro 
· . . . basidiospore and· chlamydo_spore production . in Cryptoporus volvatus . 

. ·Phy~opathoJogy_ News 12(9}; 167. (Abstr'.). . . . .. 

Haw~sworth, .F.G • . · 19.77. The six-class dwarf mistletoe rating syst~. · 
_. . •·USDA .For • .-Serv. Gen. Tech. Rpt. RM-48. Rocky Mountain For. ,and 

· ._Range Exp.· S~n., Ft. Collins, CO. 7 pp. · 

. _·Haw.ksworth.; r·.~ . .-1978: . Bfol~gical . fact .ors of d~arf _mis_tletoe in 
. relation ' to control. IN Proc. Symposium ori Dwarf Mistletoe Control 
· through F9rest Management. Paci.fie SW For. and Range Exp. Stn., . 

8erkeley ·, .CA._ Gen. 1ech. Rpt. PS~l-31. . . 

Hawkswo.rth ·, F.G.·.: 1~78·. -Intennediate cuttings in mistletoe-infested 
- lodgepole pine and southwestern ponderosa pine stands. IN Pr.oc • 

. Symposium. ori Dwarf Mistl'etoe Control through Forest Management. 
Pacific SW For. and Range Exp. Stn., Berkeley, CA. Gen~ Tech. 

-. Rpt. PSW-31\ . 

:Hawkswort~, f. _G. and R.F. Scharpf . . 1978. Lfterature O"n the dwarf 
mistletoes ·: : dall\iige and control. IN Proc. Symposil,im on Dwarf 
Mistletoe ·control through Forest Management. Pacific SW For •. a_nd· 

. Range ·Exp. Stn., Berkeley, CA. Gen. Tech. PSW-31.. ' · . . . . . . . . . 
. . 

·_ l-{awksworth, F.G. and J.M. Staley~ 1978 •. Rhizosphaera kalkofii on·spruce 
· .. brooms. Plant Dis. Rptr. 62:4.46. . , • - · ... . 

·Hawksworth, F.G: and D~ Wieris. · 1977. Arceuth~i>i~• (Vis·c~ceae) .in . , 
. - Mexico and Guatemala: additions and range extensions. Brittonia 

. 29(4):411-418 ._ .. . .· -- · · :: ·. · · . . . . . . . . 

... Hi,:id~, T.E. and E. Wen:ge.rt _;· 1977.. Growth and 
aspen. · USDA For. ·serv . Res. ·pap. RM-193, 
Range Exp.· Stn., Ft . Collins, CO. · 10 pp. 

. . . . . . -~ . . . . 

. . 
decay _losses in Co 1 orado 
Rocky Moun.ta in For. and . 

1 · Hud.ler, G.w.· .·_ i.977. Bird dissemination of Arceuthobium. vaginatum_ subsp • 
. · crypto~o~um. Diss. _Abs~r. ·Int. B. ·37:5901_~5902, -CO State Univ. , 

Ft. Co llns (Ph~O. thesis). . . · . . .. 

191 



John~6n,·O.V. and V.L.M: Creasap~ 1~78~, Forest Insect and Disease_,;. 
· · -Management annual report .. Rocky Moun_tain Region, 1977 .. USDA For . 
. Serv., State and PrivatfForestry, Rocky Mountain Region, Lakewood, 
· :CO. 68 pp. . . .. . . . 

' . . . . 

. Johnson~ O.W. ~nd T.~E.· Hinds. 1977; : Aspen mor.tality at· the Maroon Lake 
campgroun~, Aspen Ranger District, White .. Ri ver-National Forest . · . 

. USDA .For. ·serv . , Rocky Mountain Region, State and Private Forestry, 
FI&DM, Bie>l.. EvaL R2~77-21, Lakewood, CO. 18 pp. 

. . . . . ·. . . .. . . . : . 

Johnson, D.W. and F.G. Ha_wksw~rth. - 1977. ·shoestring root ~pt in a: 
lodgepole pine stand, Poudre Ranger District, Arapaho·and Roosevelt 
National forest . USDA For. Serv. Rocky Mountain Region., State ~nd 

· ·. -Private forestry, FI&DM, Biol. Eval. R2-77-22 • . · Lakewood, CO . . ". · : · 
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reduction in recreation sites . USDA For. Serv.; State and Private 
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Johns·on, D.W. · and J.E. Kuntz . . 1978 . . Imperfect state of Eutypella · 
· · parasitica in culture. _Can·. J. Bot. -56:1518- 1525; · · · 
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-. · ·gernnnat1on. an_d mycelial growth. Can. J , ot. (in pres.s). · ·. ; -· 

I . . . • 

Johnson. D_. w. and J. E°.' Ki.mtz. . . \ Eutypel lacanke -~--of maple: . . 
ascospore discharge and dissemination .~ Phyt opathology (in press) • . 

. J~hnson, o:w. alid C.: Minnemeyet. 1977. · Central ·Roc~y Mountains {R~2) 
· ' IN Forest Insect and Disease Condi tions in the United States. 1975 . 
. USDA For. · Serv. pp_._ 30-35 • .. . · · · .· . . ..... -· .; _. ... 

John.son, D.~,. ,_. J .G.· Hawksworth~ ·ahd o:a. Drurrmond. 1978. ·.1977 Dwarf 
· mistletoe loss assessment survey, Medicine Bow Nation~l Forest, 

·. Wyoming. USDA For. Serv. , FI&DM/Methods Appl 1cation· Group, Rpt. 
·. No .. 78- 1. . Dayis, c~. 6 pp. · . . .· . · . . . .· · . ·. 
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·Knutson,· D.M. 1978_-:,· Biological arid chemical con.trol -of dwarf mistletoe ~ 
.. IN Pro¢. Symposium· on· Dwarf Mistletoe Control .~hrough Forest · 
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Paine, L.A. 1978. Coding hazardous tree failures for a data management 
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Scharpf, R. F • .-1977. ~arf in1 stl etoe does not increase trunk .taper in 
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