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Previously Published Technical Guidelines 
for the Safe Movement of Germplasm 

nlesc guidelilws describe lechnical procedurcs Iha! 
minimize the risk of pest introductions with mOVClllent 
o( germplasm for rcscareh, erop improvernent, plan! 
brceding, explor,l lion oreonservation. The recommen­
da lions in theseguidelines are in tcndcd forgermplasm 
for rL>Seareh, eOllscrvíl tion and basic p lant brct.>d ing p ro­
gramml-'S. Recolllmendations for eommercial eonsign­
ments are not Ihe objectivc of these guidelines. 
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INTRODUCTION 

Thc collection, conservation and utilizalion 01 plan! genelic resources and their global 
distribution are essential componenls al research activities undcrpinning !he imple~ 
mentatlon ol intemational crop and Iree improvement programmes, 

lnevitably, Ihe movemenl of plan! gcrmplasm involves a risk oi accidentally introduc­
ing associa led plan! pests,l Pathogens that Temain symptomless in planls, such as virus­
es or bacteria, pose a special risk. To mini mize such a risk, preventive measures and 
cffective lesting rroced ures are required lo ensure Iha! distributed malerial is free of 
pesls of polentia phytosaoitary imporlance, 

Ule inlemational movemenl oi plant germplasm lor rcsearch (including rlanl biotech­
nology research), conservation and basic plan! breeding purposes reqUlres complete 
and current information conceming the phytosanitary stalus oí Ihe p lan l gennplasm. 
In add ition, Ihe relevan! and currenl national regulatory i.nformation goveming the 
export and importation al Ihe plan! germplasm in the respective countries is essential. 
As Ihe depository ol Ihe Intcmationa l Planl PrOlection Convention (lPPC), FAO col­
laborates with IPGRI lo ensure and lacilitate the safe movement of p lan! germplasm. 

The IPPC is inlemationally recognized as Ihe lega l instrument and primary vchicle lo 
achieve mlemational cooperalion in !he protection of plan! genetic resources from pests. 
The IPPC also seeks !he harmoniza!ion and slandardization al phylosanitary measures 
affecting inlemational !Tade, IPGRJ's mandate inler alia is lo promote the collection, 
conservalion and ulilization ol planl germplasm lor Ihe benefit ol people throughout 
the world. The objective ol the collabora tive activities developed by IPGRI and FAO is 
lO facihta te Ihe sale movement of germplasm, {or research purposes, by identifying 
techn ical ly sound praclices Ihal safeguard against Ihe introduction and establishment 
of unwanted peslS. 

TIle purposeofthe joint FAO/WCRI programme is lo genera tea seriesofcrop- or plant­
specific technical g uidelines Iha! provide relevant tecfmical inlormation on pest recog­
nition and detection procedures, lo p reven! the involuntary, intemational dissemina­
tion of pests of potential phytosanitary imporlance. The rccornmendations made in 
these guidelines are inlended for sma ll, specialized consignmcnts used in rese.uch pro­
grammes, e.g. for collection, conservation and utilizatlon lor breeding oí plan! genetic 
rCSQurces . 

. - _. . .. 
The word 'pesf 15 uso:!d in lhisdocumenl as il isdefined in lhe FAQ Gloss. ... ryol Phylosani!;¡ryTerms(!996): 
'any s¡x"Cies, slmin or biotype of pl;¡nl, animal. or palhoscnic agli"nt. injurious 10 planes O{ plan! products' . 
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These technical guidel incs are produced by pallels oE experts on the erap or plan! con­
cerned, selected in consultatian with agricultura! na tional and international research 
insti tutions working on Ihe relevan! erap group or plan! species or genus. 111(' experts 
conlribute lO Ihe elaboration of Ihe lechnicaJ guidefincs jn their personal capacily and 
do nol represenl or commit the organizations for which Ihey work. The guidelines are 
inlended lo provide the besl possible phylosani lary ¡nformalion lo ins tilutions involved 
in small-scale p lant gcrmplasm exchange for rcsearch pllrposes. FAO, IPGRJ and Ihc 
contributing expcrts can.nol be held responsible for any problems resulting {rom Ihc 
use of Ihe information contained in Ihe lechnical guidelines. Thc lechnical g uidelines 
reflect Ihe conscns llS and knowledge of Ihe specialis ls who attendcd Ihe ll.1eetíng.. bul 
Ihe informalion provid ed need s lo be regularly updated. The experls w ho con­
trib uled lo Ihe proouclion of the technical gu idelines are lis led in Ihis publication. Cor­
respondcnce rega rd ing this pllblication should be addressed lo cil her IPCRI or FAO. 

The guidelines a re written in a concise s tyle lO keep Ihe voluI1le of Ihe docllmenl lo a 
nlinimum and lO facililale updating. Suggeslions for furlher rcading are provided, in 
addition lo specific references ci tOO in Ihe lexl (mostJy for geographical dis tribution, 
med ia and other specific informa tion). The guidcli nes are d iv ided into t\\lO parts. n,e 
firsl parl makes general and technical recommendations on safe proccdures lO movc 
PillllS spp. germplasm. rhe sccond parl covcrs pests of phylosanitary concem for Ihe 
intemational or regional movement of PinllS spp . Secd and secdJing discascs are fol -
10\-\'00 by foliagcdiscascs,slem d iseast.-'S, rusIsand, las tly, pinewil td iscasc. The rema in­
der of the pubTicalion is devoled lo insects. The information given on a particular pes! 
is nol exhauslive bul ralher concentrales on those aspccls Ihal are mosl relevanl lo Ihe 
safe movement of germplasm. 

Bcc<luse crad ication oi pathogcns i5 cxtrcmely d ifficult, and ('ven Jow ¡evels oí ¡ofee­
¡ion or ¡n{esta lion may result in ¡he inlroductlon of pa thogens lo new areas, no spec­
ifie informalion on Ircatmen! isgiven in Ihe pes! descriptions. A pes! d sk ana lysis(PRA ) 
w ill produce informat ion on which managemcnl options are appropriatc far Ihe case 
in queslion . Genera l preca utions are g iv!:!n in Ihe Technical Recommendations. 

There are several features of pinc spcciL-'S Ihat makc Ihis genus of trces oí parhcu lar con­
ccm wl!h regard lo movcmenl of germplasm, na mcly: 

• Pine species are among the mosl widcly occudng trec-s in Ihe Norlhern Hemisphere, 
where they are imporlant comfonents oí borear, tempera le, sub-tropical and tropi­
ca l forcsts. The natural range o the Asian spccies P. lIIt'rkusii exlcnds in to Ihe Soulh­
em Hemispherc . 

• Pi.ne specics are highly valued {or introduclion a.nd planling in many parls of Ihe 
\\Iorld becausc Ihey are fas t growing, easily cul tivnted and suitabJe for industrial p lan­
lations, agroforcslry and communily forcstry. ]>ines supply many valuable prooucls, 
inc1ud ing lumber, pulpw<Xld, fue lwood, resin and edibJc nuts. 
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• Al !he end of 1990, there were an estimated 459 milLion ha. of pille plantings in Ihe Irop­
ies, romprising 105% of ati tropical foresl plantings (FAO 2000)\. rine species are also 
a major plantation species in tempera te regiollS o( Asia, Europe and North America. 

• Pille species have been widely planled in the Southem Hcmisphcre. A single pine 
spccies, Pillus rndillfa, has become an important plantation species in Argentina, Aus­
tralia, Chile, Ncw Zea[and and South Africa. Chile and New Zealand each have in 
excess of 1.5 million ha of P. rndiata planlations. 

• Large quantities of seed are being collected il1 both native Eorests and plantations, lo 
be distribllted worldwidc. 

• 111(' introduction of pille species ¡nlo geographical areas where they are not indige­
nous has created additionaJ pools of potentially susceptible hosts for Ihr¡o potential 
wider dissemination of pine pests. 

• Many pests can naturally negalively affect Ihe productivity of p ille trees. In addition, 
there are several docwnented cases of accidental introduclions oí pesls of pine on plant 
germplasm, which havecallsed devasti1ting losses lo both lli1tuml and planted toresls. 
Thesc cases, indude Ihe inlroduction oí the while pine blister rus! hmglls, Crollarl i llm 
ríbicola, inlo Norlh America; Ihe pine wool1y adelgid, Pillells boerneri, ¡nlo Kcnya and 
Zimbabwe; and, more recently, Ihe loblolly pine scale, Oracella aCllta, ¡!llo China. 

Thc present gllidelines were dcvcloped at a meeting held in Opocno, Czech Republic, 
froOl 14 lo 16 October 1996. The Forestry and Game Management Research lnslitllle, 
Jiloviste-Strnady, Czech Republic, hosted Ihe meeting. Thc participants in this meeting 
are lis led below. Wcare gralefllllo DrCharlesS. HodgesErom Norlh Carolina Slale Uni­
versity fN a critical rcvjew of Ihe mauuscript. 

Guideline update 

To be lIseful, the guidelines need lo be updated when. necessary. Wc ask OUT readers to 
kindly bring lo our allenl ion any devefopments Ihat possibly justify a revie\\! of Ihe 
gu idelines, sllch as new records, new delection methods, or ne\\! control melhods. For 
your convenience, please use the form provided on the lasl page of lhis publication. 

- -
FAO i.s pn:sen tly updaliflg alll'Xisling information in a [' Ianta lion D,-,l ab.15e (PO S 20(2). 
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GENERAL RECOMMENDATIONS 

• Where possible, pest-risk analysis (PRA) should precede the movement of pJant 
germplasm. 

• Refer to the FAO (1996) publicabon Intemational Standards for Phytosanitary Mea­
sures (ISPM) No. 2: Guide/illes for Pest Risk Allolysis. 

• pJant germplasm should be obtained directly from the nearest source of healthy mate­
r ial consistent with technical objectives. 

• Upon receipl, all material should be kept in isolation from other planling material, and 
planted under conditions condudve for sy,mptom expression, with sufficienl time 
allowed for potential pests to appear. 

• Planl germplasm should undergo inspection and testing for presence oí pests, and 
appropriate treahnenl applied as necessary or requested. 

• Plant germplasm should nol be released inlo Ihe field unless il is confinned lO be pest­
free. If nol ~t free, the germplasm should be treated lO make it pest free, or destroyed 
logether wlth the pests delected . 

• Movemenl of seed1ings, seioos aod olher rooled ma terial is not recornmended because 
this ma terial poses a high risk of traosmitting pests. 

• AIl packaging material used in ¡he movement of germplasm should be destroyed . 
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TECHNICAL RECOMMENDATIONS 

The seleclion of Ihe melhod of plant germplasm transfer shou ld meel Ihe technic.ll objec­
lives of Ihe germplasm use, e.g. eonserva tion, evaluation, genetie improvement, etc. 

1. Seed 

• Always extraet seeds fTOm pine eones prior lo shipment. Never ship pine eones con­
taining seed beca use Ihe eones may also harbour potenlially damaging pests. 

• Do not colled pine eones or seeds for germplasm exchange írom the foresl floor or ani­
mal caches. 

• Seed s torage facilities should be routinely san itizcd using suitable/available disin­
festants. 

• Sced lols inlended for slorage or shiprnent should be fret'of debris, especially soil par­
lides and remnanls of pille eones al'1d foliage. Sced should be air-dried lo a moisture 
conlenl recommended lo maintain long lerm viability. 

• If chemical lrealmenl oí seed is required prior lo shipment, use malerials and proce­
dures thal are currenlly approved and recommended for that purpose. It should be 
noted Ihat seed trcalmen! forpest control maynotcomplelelr eradicate Ihe target pes!. 

• Seed trea.lmenl with certain peslicides may affecl secd viabihty. Should seed trealmenl 
with SUdl pesticides be reqllired, ilshouldbedone irnmediately prior tosowing. Befare 
Ircalmen! of Ihe seed, it is imporlanl to check lO see whether the pesticides used are 
regislercd and/or acceptcd in Ihe counlry of deslinalion. 

• Seeds should be germinated in a slerile subslralc. 

2. In vitro material 

• 111 vitro material should be derived fromhealthy sources. 
• 111 vi/ro material should be shipped in sealed, transparen! conlainers and visual1y 

inspected before dispatch and immediately lIpon receipt al destination. ldeally, ill vi/ro 
material should be indexcd for Ihe presence of syslemic palhogens. lnfected or conl­
aminated material shou ld be deslroyed . When explanls mus! be moved, they sholl ld 
be moved in a sterile medium. 

3. Scions 

• Where seion material is ;needed lo meel germplasm managemenl objectives, a thor­
ough pesl risk analysis (PRA) should be made prior lo sh.ipmenl. Appropriate pest 
management procedures suggesled by Ihe PRA analysis should be followed. 
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• Tools used for making cultings (secateurs and other cuUiog 1(015) should be cJeaned 
and surface disiniecled between each cu t, such as by dipping in a 05 -1.0% sodium 
hypochlorite solution. 

• Cultings should be ti'lken from Irees Ihal sho\\' )lO vis ible symploms or s igns of pesl 
aclivity. 

• If seions received al Ihe final deslination sho\\' visual or laboratory evidence oí pesl 
aClivity, Ihey should be destroyed immediately. 

• Any maleria l not requ ired for grafting should be deslroyed. 

4. Pollen 

• Although sorne pine germplasm js moved as poJlen, Ihere is Httle information avaH­
able on pesls associaled wilh pollen or praclical experience on how lo conlrol poten­
tial pesls associaled with pollen . Allhe very leasl, Ihe pollen should be examined by 
Iighl nucroscopy for Ihe presence of visible peslS. Contamioated or infccled pollen 
should be discardcd . 

INTERNATIONAL DISTRIBUTlON OF GERMPLASM 

• Movement of gennplasm should comply with the reguli'llory requiremenls ofboth the 
exporling and receiving counlries. 

• A descriplion of tests thal have becn performed lo assess Ihe health of Ihe gennpl,"lsm 
should accompany the shipmeot. 

• If germplasm is r~xporled, copies of Ihe original documents should accompany Ihe 
shipmenl, together with additional descriptions of any acHons laken during Iransil 
thal could af(ee! Ihe health o r quality of Ihe consigmllent. 
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OISEASES ANO OESCRIPTIONS OF PATHOGENS 

There <lre seveml diseases of global distribution that impede the successful cultivation 
oi native and in lroduced pine species. However, some of the most serious losses have 
occurred when pine pathogens have been uninlenlion<ll1y moved lonew locaLilies, where 
Ihey can be even more damaging than in their native habila!. Prob<lbly Ihe besl known 
example is while pineblisler rusl, CrollartiwlI ribicola, which, aflerbeing introduced from 
ils native Asia lo Europe and Ihen lo North America, severely damaged valuable pine 
species jn thcse areas. Of equal concern is the in troduction of new strains of pathogens, 
such as Ihe European {<lce of Sc/erodfrris cnnker, Gremmeniella abietilla, introduced from 
Eu rope jnto easlem Canada <1nd norlheastem USA. In these American localities, the 
European race is considerably more virulent Ihan ¡he indigenous race of Ihe pa lhogen. 
While atlention often {ocuses on pa thogens thal have been moved intemationally, 
domestic movement o/ pathogens within large countries is also a major concem, e.g. 
domeslic movement al the rool rol pathogen, PJ¡ytopllt/¡ora cim/a/llomi, in Australia. Many 
palhogen inlroductions have occurred on seedlings, and il is for Ibis reason tha! we have 
recommended that pine germplasm should never be moved in Ihe forro ol seedlings. 

While theabove-menlioned d iseases have gained worldwide notoriety, ¡here are !lumer· 
ous other diseases Ihat have been or couJd be moved on germplasm, especiaUy on seions 
or seeds. One of the mosl insidiOlls aspecls of plant disease is thal there is frequently a 
latency periad between Ihe time al infeclion and symplom appearance. With sorne rusts, 
for example, litis period can take up lO two yeaes or more; consequenl ly, infected, asymp· 
lomatic germplasm could unknowingly be transported. Another aspecl ol rust pathogens 
is that many of Ihem complete par! of their life cycle on one or more botanically unce-­
laled altema te host plants. Hence, movement of altemate plant hosts for pine rustsshould 
also be o/ concem lO counlries inlerested in prcserving Iheir pine forests. 

An attempt has been made lo mention the most important issues concer:ning Ihe phyto-­
sanitary aspects al moving pine germplasm between different geographic locations. 
Limitations of space in this publication pre<:ludes fuller treatmenl, bul many other use· 
fui recommenda tions and information on pine diseases can be found in more detailed 
publications Usted in the general bibliography. 
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Seed and seedling diseases 

Fusarium seed and seedling diseases 

Causal organisms 
The {ungal genus Fllsar;lI'" contains many species, and o ft enfonllae speciales fuere in, that 
attack numerous hOSIS, incl uding pine trees of all a~es. Among fue djseases caused by 
Fusar;"", spp. are roo! rols, wilt, hlighl and dampmg-off. Damping-off can be espe­
cia Uy damaging on nursery-grown pine seedlings, where Ihe prominent palhogens are 
F. amm;lIatllftl, F. auellnccum, F. mOl/i1iforme, F. oxysporlllll and F. sola,,;, sorne oí which can 
also induce roo! rols ol older seed lings. Many Fllsarium species are seed-, water- and 
soil-bome. 

Hosts 
Under oplimum conditions, c.g. abundan! fungus inoculum, high humidity and warm 
weather, susceptible pine species are likely lo succumb lodamping-off, as in Ihe case of 
Pill"s ballksim/a, P. eJ/iotlii, P. palustris, P. resinosa, P. sylvestris and P. taeda (Hwang el al. 
1995; Huang and Kuhlman 1991; Uscuplic and Lazarev 1981; Pawuk 1978, 1979). Pine 
species susceptible lo rool rots include P. patilla, P. resinosa, P. strobus alld P. fneda Uuzwik 
and Rugg 1996; Farquhar and Peterson 1991; Rowan 1981). P. laedn is susceptible lO top 
blight (Mfeltranger 1983). 

Geographkal distribution 
FUSIlriuIII species occu r worldwide and probably under aU (terrestrial and aqua tic) con­
ditions (Bloomberg 1981; Nelsonef ni. 1983). However, palhogenic interactions between 
some pine and Fusar;u", spccies under differenl environmental cond ilions may give rise 
to localized pathogenic variants or pathogcn- host inlcractions, which merits Ihe exclu­
sion o{ exotic FUSIIrillltl spp. from pine germplasm. 

Significance 
Because (container) nurseries normally use pathogen-free growing med ia, seed and 
seedling losses associaled with the presence of FIlSllrillm spp. are normal1y minima!. 
However, seed and seedling losses in barerool nurserics vary according to locationsand 
years, i.e. {rom ¡nsignificant to almosl lotal loss, depend ing upon numerous faclors, par­
ticuJarly the abundancc and kind oí fus.1 ria present, host susceptibili ty, weather, and 
soil faclors such as pH and drainage. 

Symptoms and signs 
FIlSllrium species cause pre- and posl-emergence damping-off (Fig. 1), rool rols (Fig . 2) 
and foliage diseases of pine ITccs. In pre-emergence damping-off, sced.s or germinating 
seedlings are roued before cmergence, Ihus no seedlÍllgS appear. In post-emergence 
?ampin!,;-off, Ihe yOllng, ~lon-woody slems of seed lings decay atground leveJ, resulting 
m seed lmg shoots topplmg over and subsequenl death. RooI rol symptoms include 
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ehlorosis, Ihen desicealion and finaUy reddening of necdles, and frequently Ihe shoot 
tip becornes crosier-shapcd. Shools of affecled planlS remain upright and Iheir rools 
decay. Symploms of FIIS<Jrilllll-induccd IOp blighl oflen slarl al Ihe growing tir of Ihe 
plaDI, kil ling necdles {rOIll Ihe base upward. Under wet conditions Ihedisease progresses 
laterally through Ihe seed ling canop}'. 

Biology and Iransmission 
FIJsnriwn spp. surviveas resting or survival spores (chIam)'dospores) in pieces of organ­
ie matter, s llch as soíl amendments, and recenll)' kiILed hosl tissues, pa rticularl)' rool 
pieces. Host-produced chemiealsoften slimulale chlamydosporc germination. The hm­
gus penetra tes adjacen t seeds or yOllng rools, whieh rol following Iheí r invasion b)' the 
fungus. Many fusada also produce mycotoxins, sorne with phylOloxic effecls. As the dis­
ease develops, other spores (macrocollidia and somctimes microconid~a) are produced 
lo facililale Ihe propagation and dissemination oi Ihe fungus. Ch.lamydospores are nor­
maUy p roduccd under adverse conditions, specifically in response lO laek of nutrienls 
or lo moisture stress. Movement by various means of contaminaloo soil, growing media, 
water and infected seed or seedHngs contributes lo local and long-dislanee dissemina­
tion of FUSl/r;u/JI spp. The occun:enee of IOp blighl is possibly assodaled with wind- and 
wa ter-borne inocula, bul lillle is knowIl about the biology or pathogenici ty of Ihe fus."lria 
involved, except tha! moisl conditions favour Ihe disease. 

Fig. 1. (lef!). rine 
sced1ioS with 

s)'mptoms of d;amping­
off cause<! by FIi$llril4m 

~p. (Dr J. Suthcrlaoo. 
Applled Forest Scicoce, 

Victoria) 

Fig. 2. trighll. Typ ical 
symptoms of FusariulII 

root rol. (Dr J. 
Sutherh\oo, Applied 

Forest Scicnce, Victoria) 
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Delection 
Fusarin causing damping-off, roo! ro ! and 10p blig hl can be readily isolaled from affecl­
ed pJan! par!s by pJal ing and incubating surface-slerilized lissues on culture media. 
Alternatively, unslerilized p lanl tissues can be pul on FI/StlriulII-selective media (James 
el ni. 1991). TIle resultingcultur<.>sarc identified us ing standa rd taxonomic keys, e.g. Nel­
SO[l el al. (1983). Since spore characleristics are important in identification, simply plac­
ing diseased tissues in a hum idity chamber lO induce sporulalion may suffice. Traps, 
such as p ieces o f hosl tissue, ca n " Iso be placed in soil and Ihe FUSlIriuIII subsequently 
isolated from them. 5ecds suspected o f harbouring fusaria could be platee! directly anta 
selective media. Increasing ly, mo lecular biology techniques are used for detecting and 
idcntifying FllsariUIII spp. 
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Seed o( cold fungus 

Ca usalorganism 
Úl/oscypltn flllge/Is (Pers.) Soud .; anamorph: Gellicu/ooe/ldroll pyriforme 5.,11. 

Hasts 
Seeds oí matly pine species, including P. resinosa and P. contorta (Eggcr and Paden 1986) 
and olhcr ronifers, especiaLly spruce (PiCt'tl spp.) (fhomsoll el al. 1983). 

Ceographical distribution 
11lc leleornorph is known from Norlh Arnerica, the United Kingdom and Norway, indi­
ca ting tha! the fungus may be prcscnt throughout the orth Tempcrate Zone. ln North 
America. Ihe tcleomorph releilscs ascospores between March and July. whereas rones {or 
seed production ate usua lly harvcsted In Ihe aurumn (Pa.denet al. 1978). 

Significa ncc 
111C p..lthogcn was found lo be set."CIboOlC in 
Callada and Ihe USA. This sccdbomc fungus 
atlacks and kills sceds under coa!, rnois! rondi­
tions (p..lr!icularly seeds on Ihe ground). espe­
cia lly during stratification or after sawing in the 
nll rsery. As an inhabitant of foresl duff, il may 
kiIJ seedsduring n.ltural regencration o r follow­
ing direci seeding. The funglls docs not attack 
seedlings. 

Syrnploms 3nd signs 
111e rungus oflen fornlS hard, whitish rnycelial 
rnasscs on seedcoots (Fig. 3). Thc hyphae are 
com monly present on secds fo llowingstratifica­
lion (Fig. 4). Secds fai! lo gcrminate. thdr con­
Icnts are mumrnified, bu! nol rotted, and on cut 
seeds an ¡ndigo pigmen! may occur on the 
integumcnl (Hg. 5). The !eleomorph, producing 

Fig . .) hop). Wh.ilish myceiial mass on seed 00.11 of conifer 
sccds a(foclt,,;! by lhe seed or cold funsus Ülloseyr"" 

fu/S(·u , . (Dr J. Suthcrl;lIld. Applicd Foresl~. Vicloria) 

FIg. 4 (bollonl). r.,·lyccHum of CaloscypJlIlfJ/18(1r~ on conifcr 
s.x..;ls following stralification. (Dr J. Suthcrlnnd. 

Applit-d FOIl.'SI Scicncc. Vidoria) 
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an apothecium with an orange hymenium, frequently occurs on foresl duff shortly after 
spring snow melt, especially in motultain fo rests. 

BioJogyand lransmission 
The fungus is a natural inhabitanl of forest duff, thus seecllots m osllikely to be contami­
nated by the pathogen are those originating from grotuld-mllected eones, such as from 
squirrel caches or eones picked {rom fogging s lash in contact wjth the foresl floor. Seedlots 
from non-serotinous species (whose cones open when mature), e.g. P. resinoso, are more 
likely lo be inJected than are seeclJots of scrotinous species, such as P. COI//or/a, which are 
seldomjf ever infested. Even 10\\1 levels of seecllot infestalion are important, sincc the ftul­
gus spreads during cool, moís! conditions, particul<lrly during seecI s tratification. fungus 
growth js besl a t 2ifC, bul can develop altemperatures as low as 5°C. Hmvever, dry seecls 
tha.1 are kept al low tcmperatures during long-ternl 
storage are in no danger. nle fungus spreads 
ben .... ero cones ;md seecls and mycelium penetra tcs 
seeds directly. 

The role of ascospores and conid iospores in seecI 
infection and long distance spread is unknown. It is 
known Iha! squirrelsand certa in olher foresl roden!s 
transport and cal infceted cones and seecls (and pcr­
haps C.fulgells fruiting boclies). They therefo re h..we 
11 rote in localizcd dispersa!. 

Detedion 
Surface s le rHize al leas l 500 seecls per seedlot wilh 
30% hydrogen peroxide for 30 nunules and Ihen 
plate Ihe seeds onto 2% waler agar in Pelri dishes. 
Incubale for 2-3 w<.>eks al 15-20"<:, d uring which 
weekly obscrvations with ti slereomicroscope 
reveats Ihe characleris lic indigo-coloured, verru­
cose, right-angle-branchin!;t hYEhae of Ihe fungus 
growmg from diseased secds (Fig. 6). Sulherland 
(1987) givesspore and cultural chólractcristicsof Ihe 
fungus. 

Fig.. S (Iop). lndigo-oolOl.J.n>d Olycclium of Calo;;cypJrn flllgt."s 
growing 011 wa tl'( agar. (Dr j . Suthcrland, Applicd f"OrCSt 

ScicJ'tC('. Victoria) 

fig.. 6 (bOllom). Mya>ijum of Caloscyp1rn fll/giJIs g rowil1g from 
an infedoo conifer SCl'd. (Dr J. Su thcrland, App lied Forest 

Scil'Oa>, Victo r ia) 
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Foliage diseases 

Charcoal rool rol 

Causa l organism 
MacropllOlllilla plwseofilla (Tassi) Goid . 

.Hosts 
Numerous plant species are altackoo, induding conifers. M osl pine species are suscep­
tible. P. radwta (Old 1981; Magnani 1979), P. palula, P. ellioUii (De la Cruz and Hubbell 
1975), P. taeda and P. palllstris are severely affected in the USA (Bamard 1994). P. pillasfa, 
P. IIwricata, P. ponderosa, P. eellinafa, P. brllfia (Reuveni and Madar 1985; Khalisky el al. 
1981), P. earibaea and P. la/llberful1Ia Oamaluddin and DadwaI1984) havealso been report­
ed as susceptible to M. phaseolilla. 

Fig. 7, Decayed roots and yellowing of needJes 
follow ing in fe..:: tion wi th Mncro,IIU)lIIílla IJ/Ulst'OlÍlra. 

(Dr H.l'crcdo. Universidad Austral de Chile, Valdi\'¡a) 
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Ceographical dis tribution 
Paot ropical and subtropical. Sorne reports 011 pines inc1ude: Norlh America (Barna rd 
1994; Smith 1%9; Seymour and CordelI1979); Israel (Reuveni and Madar 1985); India 
Uamalllddin and DadwaI1984); lraq (Kha lisy el al. 1981); Auslralia (Old 1981); and Italy 
(Magnani 1979). 

Sign ificance 
Losses oí nursery s tock {rom premature plant dcalh and culling may be high in heavily 
infested soiJ . Damage foIlowing planting of diseased nursery s tock can be qu.ite high, 
whereas losses causro by iniection in planlations i5 usually low. 

Symptoms and signs 
Infectiol1 occurs Ihrough fine fceder rools ilnd Ihen progresses lo larger roolS, impair­
ing water uplake. TIUs process results i.n wilting and yeUowing of foliage (Fig. 7). lnfccled 
rools decay, bccollle coveroo wilh a dark-brown mycelial crusl, and when advaoced Ihe 
bark sloughs off. Small, black sclerolia form in decayed rools, especially on Ihe su(­
face of Ihe slele. Evenlually Ihe host dies, bul it mily Sllrvive for a prolonged period if 
infcctioo is ligh!. 

Biology aod transmission 
The disease develops from sclerotia in nursery or plantation soil, leading lo ¡nfection 
and subsequenl1oo1 decay. The palhogen can be introduced inlo new arcas 00 diseased 
seed lings. Sclerotia, produced 011 decayed roots, may remain dorman t for many years 
aod caused isease under favourableconditions. The pathogen has bren delected 00 pine 
seeds (Dr J Sharma, pers. cornm.). 

Detedion 
Symptoms and signs indude wilting and yellowing of foliase, and black sclerotia on 
rools, respect ively. 
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Diplodia shoot blight and re/ated diseases 

Causalorganism 
Sphaeropsis sapillea (Fr.) Dyko & Sutton, syo. Díplodia pillea. 

Hosts 
Over 33 Pilll/s spp., as well as olher conifers, are susceptible: e.g. Pillll$ IHlllksialla 3nd P. 
resillOSll (Blodgctt el al. 1997a,b; Blodgett and Stanosz 1997; Stanosz el al. 1997); P. slroblls, 
P. syfveslris, P. edlllis, P. mugo, P. "igra, P. ponderosa (Slanosz el al. 1996); P. eliottii 
(Fraedrich el nI. 1994); P. radin tn nlld P. palllln, P. fnedn, P. virginiann (Swart el ni. 1991). 

Geographical distribution 
Cosmopolitan. Reported 00 pínes in North America: C rea! L.lkes regioo (Blodgett el ni. 
1997); west-<entral USA (Stanosz el n/. J996); southem USA (Affeltranger 1981); Canada 
(Staoosz and Smith 1996); New Zealand, South Africa, Australia (Smith aod Slanosz 
1996; Swart aod Wiogfield 1991); and Ihe Netherlands (Dijk el ni. 1992). 

Fig. 8. Symptoms of Oiplodia blight and dn.rk huit 
bocHes of tne pathogen SphaeropsiJ fOplMl on a young.. 

coll tlloiner' grown Pondcl"OSII pine seedllng (Pimls 
j1O'ldtrOllól). (Dr J. Sutherland, Applied FoI'ftI Science, 

Victoria) 
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Significance 
S. Stlpillea is a deslructive pine pathogen, particularly in New Zealand , Australia and 
South Afriea (Chou 1976; Cureie and Toes 1978; Swart et al. 1987). lis notoriety s tems 
from Ihe damage ¡ha! it causes lo adult pjne Irees following hail wounding. 

Symptoms an d signs 
S. Sflpillen causes damping off and collar rol of seed lings, and attacks mature leees caus­
ing shoot blight, branch and bote canker, sap-sta inand roo! d isease (Fig. 8). Shoot blight 
is the mosl common symptom and occurs on both seed lings and mature !cees. mfe<:­
tion causes dieback, and if il occurs over several consecutive years il results in s tunl­
íog tlnd defo rmation oftrees, and ultimately dealh . lnfeclion of terminal shoots is con­
sidered the mosl damaging fo rm of shool blight because il d rastically affecls the length 
of Ihe marketable bole. Some symplomsare unique or rare in certain parts of the world 
or on ccrtain species of PiIlIlS. For example, S. snpillel/ causes a serious roo! d isease only 
in South Afeica (Wi.ngfield and Knox-Davies 1980). In Uruguay, Lasiodiplodia ¡IJeo­
hromlle and Splmeropsis sapillea cause red top rosease, whose main symploms inelude 
IOp kili accompanied by copious amounts of resin and reddish-brown needles. 

Bio lo~ and Iransmission 
S. sapmea exists as a saprophyle on healthy and dead eones, twigs and needles. It has 
recently bren found as an endophyte within apparently hea lthy pine cones (Smith el 
al. 1996). It is an opportunis tic pathogen, causing disease when trees are wounded, e.g. 
by hail, or stressecl by factors such asdrought. Diseaseou tbrea ks in Uruguay have been 
associaled wilh wounding by Ihe European pineshoot mOlh , Rhyaciollia bllolialla. How­
ever, pine shoots are also susceptible lo infection under oplimum clima tic conditions 
in Ihe absence of hail and drought (Swart el al. 1987 1988). Moislure is necessary for 
itúeclion, and young shoots become infceted when rain coincides with warm temper­
aturesat theonsel of growth. S. sapinea is also seed-transmitted (Reesand Webber 1988). 

Delection 
Conidia are produced on infcetro ti5sue incubated in a moist chamber. The palhogen 
can be isolaled directly from diseased tissues or from seeds plated on lo standard cu l­
ture media (Uzunovic el al. 19(6). 

Modem m olecular tcchni<Jues are also ava ilable lO characlerize S. $Opinea isolates 
(Slanosz el al. 1996). There 15 a selcctive medium fOf S. sapinea (Swart el al . 1987). 
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Lophodennium needle casI 

Ca usal organism 
Lo,"lOdermiulII spp., particu larly L scdilioslllll Minler, Sta ley & Millar (anamorph: Lep­
tos/rollla ros/mpii Minler], bul also L pillas/ri (Schrad.) Chev. and, lo a lesser extent, L 
/)(/ cul ife rllm. 

Hosts 
Pilllls spp., such as p. sylves/ris (Kowalski 1990); P. radiata (Choi and simpson 1991); P. 
po"derosa (Hoff 1988); P. resinosa (Bythcr and Davidson 1979); P. caribaca (Hong 1977); 
P. strobllS (Morgan-Jones and Hulton ]977); P. I'inas/er (Bega el al. 1978); P. dClIsiflora 
N icholls and Ostry 1978); and P. /Nmksialla (Carler 1975). 

Ceogra phica l dis lribution 
Cosmopolitan in temperatezones, e.g. I'oland (Kowalski 1990);New Soulh Wales (Choi 
and Si mpson 1991); Wisconsin (Oslr)' and Nicholls 1989); Socialisl Republic of 
Yugoslavia (L'lzarev 1986); Monlana (Hagle and Kissinger 1986); L'ltvian ex-SSSR 
(Kotov and Kolova 1981); Russia (A minev 1980); Ihe Netherlands (van Leven 1979); 
Fjnland (Ku rkcla 1979); Canada (Min ter 1980); Malaysia (Hong 1977); Hungary (Pago­
ni 1977); Hawaii (Begad al. 1978), Turkey (Oymen 1975);and Sweden (Martinsson 1975) 
(sorne of these references ¡nelude other Lopluxiermill11l spp .). For L pillas/ri in Ihe USA, 
Ihe st¡Hes oC Mich igan, Minnesala, Wisconsin, Washington, indiana, Ohio, West Vir­
ginia, Pennsylvania, Vermont, Connecticut and North Carolina have been reported as 
a{fC<'ted by this diseasc (Carter 1975). 

Fig. 9. Bhw;k ellipsoid ascocarps of 
L0l"lOÚermüm, pinaslri on .. Scots pine 

nee(!!e. The dark perimett'r litl(' around 
¡he ascocarpsilnd lhe b~k tone )i(lt';tri' 

chara.clerislic. (Dr M. Svecova, 
I'rirodoveo;lccka Fakuha UK, Praguc) 
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Sign ificance 
L. seditioslIlI/ ¡s an important pathogen of nursery pine trecs in tempera te regions. Many 
olher species occur as S<1prophytcs in the Irop ie:s and subtropics. rhe other species also 
seem lo be palhogenic, somelimes jn Ihe Iropies, oflen in temperate rcgions. 

Symploms and signs 
Spriog 'reddening' in foresl nurseries, leal spotting and scvere needle casi, someli.mes 
lead ing lo Ihe dealh of Irres in older pine plantations. Mosl inft.'Clions occuron needles 
on the lower half of affceted pines. Signs include black, oval, elongaled fruiting boches 
on infecled needles. 

Biolo$Y and transmission 
L. sed/!ioswII inhabits primary and secondary needles. Ascocarps dcvclop on bolh 
attac.hed and fallen needles, where they molture by late summer and sporulate d uring 
rainy weather, being forcibly discharged aod then carded by Ibe wind. 

Delection 
The ascocarps are very conspicuous (Fig. 9). Cultu res oi the various ¡sola les differ in 
physiological characters and oolour (white, fawn, lan, yellow, ora nge or va.l:ious shades 
ofbrown). 
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Mycosphaerella diseases 

Brown needle blight 

Caus alorganism 
MycosplI/Jerelln gibsol/ií H. Evans, syn. Cercospora pil/i-densiflome; anamorph Pselldo-­
cercaspara pilli-densiflorae (Hori & Nam bu) Deighton. 

Hosts 
The discase affects numerous PillIIs spp under nalural conditions. P. roxbllrghii (SujaJ.1· 
Sjngh el ni. 1988); P. kesiya (de la Cruz el ni. 1984); P. mnssolliann (Uhlig 1977); P. merkllsii 
(l<obayash\ el al. 1979.); P. tlllmbergií (Ono 1972); P. rndiata; P. cnribaen, P. oocarpn, P. 
slroblls and P. patilla (Sujan·Singh and Khan 1988). Olher coni fcrs, such as Abies veitcl1ii, 
A. saclwlillensis, Cedrus deodara, Picea glelmii, P. jezoensis, Pseudotsllga menziesii and LArix 
leptolepis, were shown lo be susceptible after art ificial inocula tion. Pi/llls kesiYlJ, P. e1liot· 
tií and P. clausa have been reported as resistanl lo the palbogen in India (Sujan·Singh 
and Khan \988). 

Fig. 10. 6rown m~edle diseasc cau.scd by MlJCOSl'haadl" 
gibs<mii: Yellow·brown lesions altemale with greyish 
needle bands. (Dr y. 5\110. Shimane Prefe<:l\lre furesl 

R_,lI'~h Centre, Yatsuka-gun) 
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Geographical dis tribution 
Occurs Ihroughoul much of Africa, Ihe Caribbean, Central Amerjca and Asia. The telro­
morph occurs in sorne loc., lities in Africa and Asia: India (Sujan·Singhef al. 1988); Philip· 
pines (de la Cruzet aJ. 1984); Japan (Okamotoet al. 1988; Suto 1982); Nepal (Ivory 1985); 
South Africa (lvory and Wingfield 1986); Central America (Evans 1984) and the 
Caribbean (Ivory 1994); a.,ngladeshJ Madagascar, Papua New Guinea, Swaziland, Thai· 
land and Z1.mbia (Ivory 1994). 

Significance 
Oisease severity va ries according lo Ihe pine species attacked, age of Ihe Iree al infee· 
tion time, and envirorunenta1 conditions. 

Symploms and signs 
Lesions are 5- 10 mm long, initiaUy yellow, Ihen tum yellow·bwwn. On blighled nee. 
dles these lesions, wilh dark, minute (ruil bocHes, altemate wilh greyish needle bands 
(Pig. 10). Slroma of Ihe fungus erupls through stomala, and, under hum id cond ilions, 
dark olive tufls of conidia develop on Ihe slromala. The disease grad ually progresses 
upward from ¡he lower needles on seedlings and trees. 

Biology and transmission 
Thedisease spreads lo oew arcas on infeeted nursery stock. Hyphae overwinler in aHect· 
ed needles, or sometimes as latenl infections in sound Deedles. Conidia are dispersed 
by rain splash. Ascomala aresometimes produced in s tromala, bul Ihe roleof ascospores 
in developmcnl 01 epidemics is unknown. In culture, Ihe fw'gus grows slowly lo pro­
duce dark, compact, olive-grey colonies, which if exposed lo b lacl( lighl produce cooi· 
dia (Kiyohara and Tokushige 1969). 

Oetedion 
The presence of needle blighl and characleris lic fruiting bocHes. 
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Brown Spot needle blight 

CausaL organism 
MycosplUlerella dearnessii Barr; syn. Scirrhia acicola; anamorph: Leca"osticta acicala (Thüm.) 
Syd., syn. Septoria acicala. 

H osts 
Many Pinl4S spp., incJuding Pi,,]¡s taeda, P. elliottii, P. lhunbergii, P. paluslris, P. eellinata, 
P. enribara, P. clallS(/ (U et al. 1986); P. radiata, P. patilla (Ramirez 1981) P. /IIugo (Cech 1997); 
P. Wlcif/ata (HoLdenrieder and Sieber 1995). PillllS /IIaSsonjallll, P. laiw(lIleflsis and P. !CfI­
zelilma have been reported as resistanllo the pathogen (ti el al. 1986). 

Geographical distribuHon 
Widespread in the Americas: USA (Huang el al. 1995), Central America (Evans 1984); 
also in China (Li el a/. 1986), France (Levy and Lafaurie 1994), Cermany (pehl 1995), 

Fig. 11. Brown spot needle blighl causcd by 
Mycaspharrtl/a damJessii: lighl-brown lesions of aboul 
3 mm lcnglh. (Dr Y. Sulo, Shimane Prdecture Forest 

Rescarch Centre, YlI.tsuh-gun) 
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Spain, Switzerland (Holdenricder and Siebcr 1995); Austria (Cech 1997) and Ihe former 
Yugoslavia; Colombia (Rami rez 1981); and Cuba (Carreras el al. 1989). 

Significance 
The disease is most serious on Piuus palustris where it stunts and kills seedl ings and 
saplings in Ihe 'grass' s lage. 11 also attacks other pines, resulting in seed lin.g dcath and 
slow growlh oí p lantation trees. P. pollderOSfi and P. sylvestris Christmas trces suffer 
browning and defoliation. 

Symptoms and signs 
There are Iwo types of lesions, eacb about 3 mm long, with Ihe most common being 
sma ll,greyish-greenspots Ihatlater become straw-yeUow and Ihen light brown (Fig. 11). 
Another type of lesion encirdes the needle alld is an amber-yelJow band, w ith a small 
brown centre. Under high humidity, conidia exude from the stromata in white lo dark· 
green, wedge-shaped tendrils. 

Biology and transmission 
Long-dislance spread of Ihe pathogen occurs on diseased nursery stock, while local 
spread,e.g. wilhin nursenes, is by rain-splashed conidia . Ascomalafonn mainly ondead, 
fallen needles. Ascospores, probably air-bome, probably acoounl for medium-distance 
spread. The fungus grows very slowly in culture, fonning pink-grey, brown or greenish­
black stromatic colomes, with slimy masses 01 pink-grey or greenish canidia. 

Detection 
Presence of need le blight and characteristic fruit ing boclies. 
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Red band needle blight 

Causal organism 
MycospJlf1erclla l'il/i ROSIr. , syn. Scirrhia pillí; anamorph: Do//¡is/roma sep/ospora (Dorog.) 
Morelet, syn. O. pilli. 

HOSIS 

Many PillllS spp., induding Pil/Ils nigra (Vidakovic e/ al. 1986; Butin 1986); P. pillea (Neves 
el al. 1986); P. wollie/lialla (z..,kaullah t'I al. 1987); P. cariOOea (Foster 1982); P. radia/a (Lam­
bert 1986; Marks and H pworth 1986); P. cembra, P. arista/a, P. koraiell sis, P. tabll/ijormis 
(Lang and Karadzic 1987); P. cmltlrimsis (RoLtX 1984); P. /l/ligo (Pehl and Butin 1992); P. 
tllllllber~ii (Suto 1990); P. pollder05(/ (Eldridge el al. 1980) and other conifers, induding 
Picea abll~s, PseudO/Silga menzirsii and Úlrix decidlla. P. sylves/ris and P. dt'llsiflora have been 
reported as sou rces of resislance (Vidakovic el al. 1986; Lang and Karadzic 1987). 

Geographical distribution 
Widcspread in Africa: South Africa (Rollx 1984); Ihe Americas: Jamaica (Fosler 1982), 
Central America (Evans 1984), Ecuador (Calloway 1987), Canada (Hunt 1995); Asia: Pak­
islan (Zaka ullah el al. 1987), Japan (Suto 1990); Europe: Croaba (Vidakovic el al. 1986), 
Azores and Portugal (Neves e/ al. 1986), Germany (Butin 1986; Lang and Karadzic 1987), 
Spain (Cobos-Suarez and Ruiz-Urrestarazu 1990), Hungary (Koltay 1997); Australia 
(L,mbert 1986; Marks and Hepworth 1986) and New Zealand (Ray and Vanner 1988; 
Bulman 1993). 

Fig. 12. Red bilnd nccdle blighl: N«rolic 
lips of Ilft'dlcs infecled wilh 

Myro:¡plllJ(f"(IJa I/illi. (Dr Y. SulO, Shim.11"Il' 
Pn'feclure Fores! Research Centre. 

Yatsuka-gun) 
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Sign ificance 
The disease causes premature m''Cd le drop and subsequent growth reductions in PillllS 
spp. Severe infectiO/l kills !rces. P. radiata is h.ighly susceptible lo Ihe disease, which hClS 
p revenled establishment of P. radia/a p lantations in several African countries. A seriOllS 
disease of P. radiata in areas with summer rainfalL 

Symptoms ilJ'Id signs 
InitiaJly, lesionsappear aschlorotic bands, ¡hen lum brown lo reddish-hrown, and fina l· 
Iy necrolic. Thc hps oí ink'Cted needles aboye Ihe lesion frequently wilt, tum brown, 
Ihen necrolic (Fjg. l2). Small, b lack sl romala of Ihe fungus, bearing conidiomata and 
occasionally ascomala, form in Ihe nt~ed le cortcx of Ihe bands and emerge Ihrough epi­
dermal s lils. Under humid (ondítions, (onidía ooze fram Ihe s troma ta in whitc lo pink, 
wedge-shaped cil:.r i. 

Biology and transmi ssion 
lnfected nursery stock accounts for long-dis tance spread, whereas local spread is a$SO­

ciated w ilh conidia. in wind-blown wa ter droplets. Ascomata form mainJy on dead nee­
dles, eitheron Ihe tree Ol afler they arecast. Ascospores are probably air-bomeand have 
a dispersa l function. The fungus grows very s lowly in culture, producing a red, water­
soluble pigment. Cu ltures are pink-grey-brown with black slromala and produce maS$­
es of slimy pink, grey or greenish conidia. 

Detection 
Presence of necdle blight and characteristic fnliting bocHes. 
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Sirococcus blight 

Causal organism 
Sirococcus colligelllls (OC.) Cannon & Minter. There are many synonyms, incllld ing Ihe 
most recently lIsed ones of S. st robifillllS and Ascocllyta pilliperda. 

Hosts 
S. cOlligetlllS affects numerous conifers, including many pine species: PinllS resillosa (Mag­
asi 1991); P. ponderoso, P. contarla (Hamelin and Sutherland 1991); P. cembra, P. ml/go 
(Schnell1987); P. strobllS (CampbelJ and Schlarbaum 1992); and P. sylVt'S fris. 

Geographical distribution 
Sinclair el aJ. (1993) report Ihe fungus as occurring on conifers in North America: USA 
(Campbell and Scla rbaum 1992); Callada (Magasi 1991; Hamelin and Sutherland 1991); 
California (Smith 1973); ElIrope: German.y (Sclunidt 1997); Switzerland (SchneII 1987); 
and Spain (Muñoz-Lopez 1997). 

Significance 
lñis fungus, which c.m be seedbome on conifer seeds, including some pine species, causes 
a shool óJ ighl or lip blight of numerous pine species and other conifers in nu rseries, 
p lantations and natural forests. 

Symptoms and signs 
The ftmgus causes tip-dieback, and branch and slem cankerson Ihecurrenl yea r's growth 
of Irees of all ages. Resin is oflen exuded al Ihe site oi iniection on new needles o r cur­
rent-yea r s tems. Distal foliage droops, becomes yellow or reddish-brown, and, on young 

Fig. 13. Lodgepole pine seedlings (two 
on righl) wilh sym ploms o( Sirococcus 

blighl (Iwo on righl; healthy seedlings. 
left). (Dr J. Sutherland , Applied Forest 

Scien<.Y, Victoria) 
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seedlings, affccled needles often die from Ihe base upward. Elonga led, sunken, p u rplish 
cankers may develop al Ihe infection sile, which restricls s lcm growlh and frequently 
resulls in deformation oflhe shoot ti po PYOlidia.of Ihe palhogen normaUy form on killed 
tissue. Very young nursery seedlings may beeilhcr killed or sc"crely dc(onned (Fig. 13). 
Damage on older Irecs may be confined lo lower branches or result in scvere defolia­
tion, depending upon Ihe hosl and long-Ierm wealhcr. rn Coresl s lands, sma ll, lighl­
s lressro trees bencath larger, diseased Irces may suffer most from Ihe disease. Pyrnidia 
are common on eones (Hg. 14), where seeds become iruecled.. 

Biology and Iransm ission 
Only Ihe asexual s lage of Ihe ftmgus is known. Pyenidia, which produce pycnidiospores, 
are common on old eones, diseased foliage, and tw igs. The discase cycle is completed 
in one year, bul pycnidiospores may be rclcased for up lo a yCaT Ihereafler. Although 
infection OCCllrs on young needk'S and s lems, on ly old (not currenl year) cones appea r 
lo be ÍJÚccled. Seedborne inoculum results in init ia l discase in the nurscry, particlllarly 
on containcr-grown seed lings, ffom which the pathogen spre<lds and inlens ifies. In for­
esl stands, and somelimcs in nurseries, inocu lllm originales from d iscased needlcs, twigs 
and old eones. lnfection OCCllTS as fo r nurscryseedlings. Free moistl.l reand lemperalures 
of l O- 25°C favour infection. Subseq uenl spread occurs Ihroughoul the g rowing season 
by wind- and wa ler-borne p yen idiospores. 

Dcteetlon 
Seedborne inoculum can be delectcd by surfacc sterilizing seeds (Ihe nlUllberof lest seeds 
varies with the degree of aceuraey required) with a surfacc sterilanl, sueh as sodiuUl 
hypochlorile or hyd rogen peroxide and then plati.ng Ihem on malt agar. Following inClI­
bation al 20"C (8 hOllrs lighl), lhe fungus, whichgrows from diseascd seedsand spomlales 
on Ihe gernlinants, c.,n be delecled using a 
slcreomicroscope. A vcry sensitiveand aeeu­
rate detection melhod for seeds is lo usc the 
monodonal antibody prolocol developed by 
Mitchell (1988). The ÍlUlgUS is normally iso­
laled from plant parls following surface slcr­
i1iZc1lion and plating on a culhlre medillm 
SUd l as PDA, or the flUlgUS is induced lO 
spomla te by incubating unstcrilized, dis­
eased tiSSlICS in a humidity d \amber. 

Fig. 14. Pyrnidia of SirO('o,'C/Is (Oll(f;cmls on pinc COOO! 
S("ales. (Dr J. Sutherland , Applil'd Forcst 5<"iomc(>, 

Victoria ) 
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Stem diseases 

Pi/eh canker 

Causalorganism 
Fllsarilllll slIbgllllimU/s (Wollenw. & Rein k.) Nelson, Tousson & Maras.,s f.sp. piniCarroll 
el al. (also referred l o as: FSP or F.s. pini), syn. F. mOflififor/ll1! varo subglutilltms. 

Hosts 
Many pine species, such as PillllS radiata (Hoover el al. 1996); P. faeda (Carey and Kelly 
1994); P. patilla (Viljoen el al. 1995); P. elliottii, P. amarit'llsis, P. halepellsis (CorreU el al. 1992); 
P. serafina (Kuhlmanand Kade 1985); P. virginialla; P. echillala; P. slroblls (Dwinell el al. 1985) 
and P. ¡xrlllstris (Runion and Bruck 1988) have been found lo be naturaUy infected with 
p itch canker, wrule others .1rC susceptible lo artificial inocula lions (McCain el al. 1987). 

Geographical dis tribution 
Pitch canker is native to the USA (McCain el ajo 1987), particularly in sou theaslem USA 
(Dwinell el al. 1985; Runion and Bruck 1988), bul il severe ly attacks pines in California 
(Correll el al. 1992), particular l}' the Monle rey p ine, w hich is on Ihe verge oí extinclion 
due lO lrus disease (McCain el al. 1987); it has also been reported from Canada (Hoover 
et al. 1996), Haiti (Hepting and ROlh 1953), ]apan (Kobayashi and Muramuto 1989), Mex· 
ico (Santos and Tavor 1991) and South Africa (Viljoen el al. 1994). 

Fig. 15 {lefll. Pitch Cllnket 
symptorn on the tnmk of a 
pifle tre.:>. (Dr T. COlltinho, 

Uni\'crsity of the Free 5mtc, 
BJoemfontcin) 

Fig. 16 (rightl. Pitch sooked 
acea around a cilnker. (Dr T. 
COlltinho, Uni\'ersi ty of the 

FrceStlltc, Bloemfontcin) 
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Significance 
Pitch canker isa scrious threal in nurseries, seed orchards, plantationsand natural stands. 
Sinee lrus pathogen Ihrives lUlder a wide rangeof environmentaleonditions, jt is impor­
tan! to p revent its spread inlo new geographieal arcas. 

Symptoms and signs 
lOe pathogen infecls bolh vegetative and reprod uetive structures oE p ines al any stage 
of their development. The charaeleristie symf,oms are resinous, slighlly depressed 
cankers on the tnlllk or large branehes (Fig. 15 and shool dieback in Ihe upper crown. 
Large amounts oE piteh accumulale on andbelow Ihe cankers. Wood benealh cankers is 
deeply pitch soaked (Fig. 16), oflen lo Ihe pith. No swellings or eallus deve10p on or 
around Ihe canker. These characteristics dístinguish piten canker from other canker dis· 
eases. This pathogen also infects eones, wh ieh lend to be deformed and smatler than nor­
mal (Barrows-J3roaddus 1987) and can cause a scverc aod extens ive roo! discase of 
seedlings (Blakeslee el al. 1981; Viljoen el al. 1994). 

Biology and transmission 
The pathogen is opportunistie, relying on wounds for infection.lnsects such as lps spp., 
Pityophtllonls spp., Pissodes spp. and COllophtllOruS spp. are reportedly associaled \Vllh 
piteh canker. Conidia areair-borne and maximum dispers.11 occurs during precipitation 
and turbuJent air cond itions. The fungus is a lso so11-, waler- and secdbome. 

Delection 
In Ihe case of root dise,1se, d irecl isolation on sl.lndard and selective culture media is an 
effective meansof delection.lmported seeds should a lways be assayed Jor piteh canker. 
The d istinguishing eharaeteris tics of the fungus are production oE mieroconid ia in fa lse 
heads on polyphialides (Fig. 17) and absence of chlamydospores. 

fjg. 17. FIISIlrium subglulinaN$ f. $p. "iNi: production 
of microconidia in l"alse heads on poIyphial ides. (Dr 

T. Coutinho, Univcrslty of the Free Stat(', 
Sloemfontcin) 
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Scleroderris canker and shoot blight 

Causal organism 
Gremmeniella abieli/ln (L1.~erb .) Morc1et; syn. Sclt.,oderris lngerbcrgii, Crlllllellllla ahietilln; 
anamorph: BrJ/I1c1lOrstia },mea (P. Karst.) v. HOhn. By fatty acid and sterol profiles, as well 
as DNA-rnethods, il has l>cen dernonstrated thal G. abietilla cornprises Iwo "a rielies and 
G. abietinu varo abietilla has three races, one North American, one European and one 
]apancse (Asian raee) (Hamelin and R.1.ill997). n,e raceconcept has also l>cendiscusscd 
by other workers (Harnel in el al. 1993; Müller el nI. 19(4). 

Hosts 
In Europe, p. sylveslris (Hansson 1996; Ranta and Nellvonen 1994; Kurkela 1983) and P. 
lIigra (Slephan el al. 1984) are Ihe Illain hosls. The Norlh Allleric.lfl taCE' occurs main.ly 
on PimlS [l(/l1ksiQ/u/ and P. contorta (Ha lllelin and RaiI1997), but P. resi/tOSll and P. strolms 
are also susceptible (Anderson and Mosher 1975; Karlman et al. 1994; Marlinsson 1984; 
Laflarnme el al. 1996). Other susceplible pine s~ies indude P. cembra (Donaubauer 
1984), P. l1i~ra (Rosnev and Pelkov 1990), P. riglda, P. mugo P. wnllicJ¡jQ//(/ and P. pillea 
(petrini el al. 1990). Sorne Picea, Lnrix, Pselldolsllga, and AI¡ies species may also be affected 
(Llf1anune el al. 1996; Skilling el al. 1984). 

Geogra phical dislribulion 
On PiIlIISSpp., Ihediseaseoccurs in Ihenorthcentral nnd norlheastern USA (O'Brien and 
MiIler-Weeks 1982; Ski1l ing el al. 1984), in Ontario (Dorworlh and Davis 1983), Quebec 
(Lachance 1984) and Ihe Maritime Provinces (Magasi 1984) o( Canada, and in northem 
Europe: e.g. Sweden (Hat1SSOn 1996; Petrini el nI. 1990), F'mland (KaUio el al. 1985; Capretti 
1984), Bu lgaria (Rosnev and Petkov 1990), Non"ay (Solbraa and Brunvalne 1994), and 
Austria (Breitenbach-Dorfer and Cech 1996). In Jaran, Ihe Asian mce affecls Abies 
sachaliellsis (J-I amelin and Rai ll (97). 

Significance 
111e fungus kills pine seedlings and Iransplanls jn nurseries, and damages plantation 
trees and older pine stands. 

Symploms and signs 
On nu rscry sccd.lings, Ihe first signs oí Ihe disease appear after spring snow melt and 
indude d rooping and very loosely atklched m~edles al Ihe shool terminal. Laler the api­
ca l bl1ds and shool ba rk become necrotic (Fig. 18). With nursery seed lings, discoloration 
begins al the need le base while thedistal part remains green. Shoot damage on saplings 
and older trees may occur on Ihe lateral branches and upper crown. In Ihe fores t, stem 
and branch cankers are common on affected pines (Fig. 19). 111e fungus causes a per­
sistent green discoIoralion of Ihe woocl of cankered tissues and infccted shools. 
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Fig. 18ltop Idll. Infcction wirh 
Gr,'Iu/I"',,il'lIlIlIbit'ti,,1I 011 Scuts pine shoor 

in cady spring. 1hc rlNdles al'<! 
symplomkss, lhe coloniz_.-d bar'" tis5u.' is 

turnios brown. (Or T. Kurkl>la, Fi.misil 
Fo1\'Sl Research ¡nSlllu!e, VantM) 

Fig..l9 ttop righl). A (;mur caused by 
Grmwlt'Jul'llR o/lit1mo. Woad s urf.ce in lhe 
e.mm js Iypically ylL'llowish-S~'en. (OrT. 

!'urkelil., Finnish Forcst Re;.eiurn 
Ins r;!ulc, Vanl.la) 

Fig. 20 (righll.l'ycnidia ol G'<"ru/llt'IIi<'i/1l 
Ilb,(tlllll in a on.. ... year-Qld Smis pi~ 

~'I.'\lIing. (Dr T. Kurkel.l. Fimush Fon>st 
~Jrch Inslllul .... VJn' .... ) 
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Biology and lransmission 
Conidia or ascospores infect braets of short shoots or bud scalcs. The pathogen remains 
latent until the next spring, whcn the first symptoms appear and oonidia production 
begins in pyOlidia (Fig. 20). Conidia are mainly spread by splashing rain, while 
ascospores, produced from midsummec 10 autumn, in apothecia (Hg. 21), are aie-bome. 
The disease can be readily spread by infected, symptomless nUr5ery seedlings. 

Detection 
Conidia acc spindle-shaped, hyaline, s lightly eurved and 5-celled (common European 
oc lowland race) oc mostly 8-celled (alpine or northcm race). The fungus can be readily 
isolated on malt extraet agar, where the myceHum has a greenish oc brownish cast. Typ­
kal conidia aee formed on spedfically enriched media (Uotila 1983). 

Fig. 21. Apothecia of Grtllrll/tll iello obielina on the 
bark of Scocs pille. (DI" T. Kurkela, Finnish rorest 

Research lnstitute, Vantaa) 
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Terminal crook disease 

Causal organism 
Col1elolric¡'um nculntllm Sirnmonds f. sp_/lillen Dingley & Gilmou{. 

Hos!s 
Pillus COI/ torta, P. elliottii, P. pil/aster and P. radinfn (Nair el ni. 1983; Pereda et 11/. 1979). 

Geographical distribution 
Australia (Anonymous 1 %7), Chile (Peredoet al. 1979), Kenya (Gibson and Mtmga 1%9), 
and New Zealand (Nair and Corbin 1981; Vanner and Gilmour 1973). 

Significance 
Usuallya nursery disease. Symptomless plants may ca rry the pathogen lo planta tions, 
where the disease develops and seedlings do not compete agamst wceds. 

Symptoms and signs 
C. aculalum aifeets the terminal bud oi nurscry seedlings. Diseased tips become erosie r­
shaped, affected tissues lum pink and the stem usually thickens betow the lesion. Dis­
eased seed lings are stuoted, often less than half normal size, thicleset, very rigid, and 
have numerous lateral shoots. Under moist conditions, viscous massesofsalmon-orange 
spores develop on killed stems and needles. 

Biology and transmiss ion 
Primary ¡noculum for infection of seedJings is soilbome, surviving as dark h yphae and 
chlamydospores on p lant debris, and under iavourableconditions producing new infec­
tions the following year. Seedlings older than 9-10 monlhsam resistant. Sporulation and 
¡;rowth ill vitro oceur at 17-28°C and 8- 31oC, respectively. Warm temperature favours 
infection. 

Detection 
The palhogen sporulates readily on potato dexlrose agar (PDA), producing a carmine 
pigment and brightly coloured sporodochia. Conidia are typically cylindrical to 
fusi/o rm, 9.5-15 11m x 3-4 11m in size. Conidiophores usually form sporodochia or 
acervuli wilh or without brown setae 25- 64 flm long. Under moist cond itions, viscous 
masses of salmon--orange spores form on killed stems and needles. 



38 FAOIIPGRI Technlcal Guldelines 'or the Safe Movement of Gennplasm 

Pine rusts 

Pine twist rust 

Causa l orga nis m 
Melampsora pillitorqua (A. Braun) R05tr. causes pine twist rusl. TIlis fungus belongs lo a 
complex spcOes calle<! M. popllllll'a P. Karst. 

Hosts 
PÍlzr¡s syloc'Slris, p. pillea and P. pillaster are ¡he mosl susceptible spccies, bul P. halt'pe"~ 
sis, P. IIII/go and P. "¡gra are .liso susceptible (Longo el al. 1975). P. banksiana and P. COII~ 
torla seem lo possess sorne resistance lo the fungus (Longo el al. 1980). Altemale hosts 
fo r M. popllll1ea include aspcn (Leuce group of PopIlI1l5), and in Europe, us ually POPUl1l5 
tremula L. 

GeographicaL dis tribulion 
On Pil1u5 spp., thedisease has been r€Cord­
e<! tI:uoughout Europe (Longo el al. 1980), 
and in the wcslcrn Asiatic parts oí the for­
mer USSR (Krulov 1981). The occurrencc of 
M. popul/lea in Soulh Africa and South 
Amerjca shown in map no. 389 (CMI I972) 
are rcslricled lO ól ltcmale h05ts. 

fig. 22. Twis t ru~1 on Scots piJw !Jet·dlings. (OrT. 
Kurkda, I' innbh Fore..t Research losri'"t", Vantaa) 
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Significance 
M. pillifQrqlln ¡njures or kills elonga ting pine shools in young s lands. Serious infections 
decreasc the h..-chnical valueof trees due lo crooked stems and repcated leader cha nges. 

Symptoms and s ig ns 
The first symplom of infcction is Ihe appearance of narrow yellow spots, up lo 1 cm in 
length, on the surfacc of elongaling succulenl shools in early summer. Spermogonia 
dcvelop on thl.>se spols, and Ihey are followed by aceia in a few days. Aecia produce an 
orangc-<:oloured mass ol aeciospores. En rly infeclion usually causes twisling or dying 
of shoots (Fig. 22). Lale infection wlth aecia l d cvelopmenl causes only wounding of 
shools. During Ibe following w inler, damaged shoots may brc.lk under Ihe snow load. 

Biolagy and Iransmissia n 
The fungus ovcrwinters in Ihe lelial s lale on aspen leaí Hlter. Basidiospores (Hg. 23) are 
disperscd during moisl weather al Ihe time of pine shool clollgatiot,. Succlllent pinc 
shoots may be symplomless for up lo one week after in fection. During thal w(.'Ck, Ihe 
diseasecan be Irm,smitted in seion material. Aecia devclopon Ihe infeclcd shool in 10- 14 
days. Aeciospores disperse on aspen lenves, on which several uredial cydes may devcl­
op during Ihe summcr. Aeciospores and urediniosporcs disperse in drycondilions. The 
fungus assumes Ihe telial stale wilh Ihe Dosel of aulumn (KurkcJa 1973). 

Delection 
lnfectioll on succulenl shools can be delectcd whcn ycllow Icsions wlth spermogonia 
appea r on Ihe 5hool 5urface. 

Fig. 23. 1J..,sid iosport'$ of 
MrloIIII=r¡. I'iui/(m¡ua. (Dr T. 

Kurkc)a, Fiooish Fort'St Rt~arch 
Insli lu te, Vaolaa) ... _____________ -' .... '-__ 
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Stem and needle rusts 

Causal organisms 
There are abou l1 5 species of Cronartium and fourof EndocrOllartium "'1USing the most darn­
aging s tem rusts o( pine in the world . Pine needle rusts are caused. by Coleosporium spp. 
S~ies of Peridermium are aedal forms of Crollartium spp., with the exception of P. /Jethe­
/jJ Hedgec. & Long ruld a part oí the P.filamelltosul1l complex (Hiratsuka 1995). 

Hosts and Geographical distribulion 
The details on hosts and geographical distribution oC Ihe most important rusts are given 
in Appendix 1. In generaf lenns, stem rusts are caused by fungi o( the genera CrOllarl;um 
and Endocronartilll/l (anamorph Per;derm;III11), excepl for pine Iwis! rust, which is caused 
by Melampsora pinitorqua. 

White pine blister rus!, Cronartillrtl ribicola, is a native lo Asia and was introduced into 
Europe and North America (APS 1997). In Asia, it has been reported from Pakistan altack­
ing Pillus toollichiana (Z1 kaulla ii 1994) and China, on P. koraiensis (Cheng-Dongsheng et al. 
1998) and P. takallflsii (Xue-Yu 1995). ln Europe, P. strobus, P. cembra, P. monticola and P. 
too/Uchianfl are infecled in Rumania (Blada 1989; Borlea 1992). ln Poland, P. cembra, P. rigi­
da and P. MI/ksiflna showed different levels of susceptibility Oanczak 1997). The fungus is 
also important in Finland, Sweden and Haly (Kasanen 1997). In North America, e ribico­
la attacks PillllS lambertiana in California (Kinloch and Dulitz 1990), P. fllbicflulis in north­
em Jdaho (Tomback et al. 1995) and westem Monlana (Keane and Amo 1993) and P.jlex­
ilis in NQ.rth Dakota (Draper and Walla 1993). In Can.1da, white p~e blister rust has becn 
reported lo affect Phllls StrobllS (L.wallee 1992) and P. /l/onticola (Hunt 1994). 

Pinyon blister rust is caused by Crollarliu /II occidcnfale and affects mostly PillllS edlllis and 
P. mOllopllylla in southwestem USA (APS 1997). 

Fusiform rust, caused by erol/artium q/lercUlmJ f. sp.fusiforme, attacks primarily Pillus taeda 
and P. elliottii in southeastem USA (APS 1997; Powel.'S et al. 1993). Pmlls c1al/SIl and P. vir­
giniana have been reported lo be susceptible to the (proposed) f. sp. virginia/me of C. q/ler­
CI/WII in the USA (Powers el al. 1991). Crollartillm qllerclIlIlII f. sp. oonksimlfl causes the pine 
(Pil/us/xmksia/m) disease known as 'Eastem gall rus!' in eastem North America (APS 1997). 

Weslem gaU rust of PillllS wnksiatlfl, P. contorta, P. ponderosa, P. nmricata, P. radiata , P. /l/ligO, 
P. IJigra, P. pinaster and P. sylvestris occurs across northem North America and south lo Vir­
ginia in the east, and lo northem Mexico in the west. This disease is caused by Elldocrollnr­
tium IlfImessii (anamorph: Per;dermilllllllllrkllcssil) (APS 19(7). In Canada, Weslem gall rust 
has been observed in Pinus contorta (Kamp 1994) and P. banksiana (Hills et al. 19(4). 

The 'resin 10p' diseasc is another type oí rusl caused by Cronartilllll jlaccidwn (monocyclic 
rust Pt."idenn ¡l/m pini, a Iso known as E I/docrO/lflrl; 11m l,im). This disease affects Pinus IUllepm-
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sis, P. ml/go, P. nigra, P. pinaster, P. pillea and P. sylvestris Ihroughoul Europe (APS 1997). 
The disease has been reported from Russia (Fedulov 1992), Finland (Pappinen and 
Weissenberg 1994), Scotland (Greig and Sharpe 1991), Italy (Moricca and Ragazzi 1996) 
and Germany (Majunke el al. 1997), mostly affecting P. sylveslris. 

Comandra blisler rusl, cause<! by Crolfartil/m comandrne, infecls PinllS lxmksiana, P. con· 
torta and P. pot/derosa in Ihe USA and Canada (APS 1997; Walla 1992; KarJman ef al. 1997). 

The 'stalactifonn blister' rust pathogen, CrOl/artillm coleosporioides (anamorph: Peridemli­
um sta/actifomle) infecls mostly Pimts roldorta and P. lxmksitma in North Amerita, includ­
ing Alaska and weslern North America (APS 1997). 

The 'sweetfem blister' rust, CrollartiUI/I comptoniae (anamorph: Peridermillltl comptot/me) 
atlacks mainly PimlS Mnksiana, P. contorta and P. resinosa in North America (APS 1997). 

Cronartilllll conígenllm causes rus t oí most hard )'inespecies (P. ma:dmilloi, P. pseudostroblls 
and P. oocarpa) in Mexico and Central Amenca (5.·m chez-Ramirez et al. 1986; Rayach­
hetry et al. 1995). 

Other hard pine stem rusts inelude: Crollartium appalacltimlllm, attacking Pinlls virginiana i..n 
eastern USA, and PeridermiuIII bethe/ij, infecting PillIIs cOlltorta and P. ponderosa in weslem 
USA (APS 1997). Other speciesof rusl flmgi, such as Cronartilll/l himnfnYf?ll5e, which attacks 
P roxburg/Jii in India (Shukla 1995) and Croru/rtium spp., infectingP. mnssoniann and P. }/llXIIIg­
sJmnellsis in China (Fang and Liu 1992), are also mentioned in the existing literature. 

rine needle rusts may be caused by numerous s~es of Coleosporillm spp. Many of these 
species are morphologicalJy indistinguishable. China contains half of the species of 
Coleosporium described (Xue-Yu 19%). Pine needle rusts are not considered major 
pathogens of pines (APS 1997). However, most PimlS species can be infected by Cofeospo­
rillm spp., such as P. sylvestris, P. heldreichii, P. caribaea, P. COI/torta, P. echillata, P. MllksimUl, 
P. fhullbergii, P. elliottil, P. glabra, P.lmlepe1/sis, P. kesiya, P. mugo, P. "igra, P. palllstris, P. flex­
ilis, P. pinas!er, P. pinen, P. cembroides, P. roxbllrglliil P. ywmanCllsis, P. virginiana, P. too/fichi­
al/a, P. brutia, P. palllstris and P. resinosa (Xue-Yu 1996; University of Sarajevo 1974; Kaneko 
el al. 1995; Hopkin and Howse 1994). Among the species o( Coleosporillm reported as 
pathogens of Pimts spp., C. 5ellecíonis, C. asterufll, C. apocyllaceJ/lIl, C. campal/lI/ae, C. crow­
el/ii, C. delicatulwlI, C. //Iltlae, C. ipomocae, C. pinico/a, C. IllssilagilJis, C. vemollae and C. ele­
plu1IJtopodis, are mentioned (Butin and Kowalski 1989; Hopkin and Howse 1994; Kaneko 
el al. 1995). These spedes are surnmarized in Appendix 1. 

Significance 
l1Us isoneof the most importanl groups of pinediseases, resulting in thedeath of seedlings 
an~ Irees and ca~in& stem defonnity. Fusiform rust deslroyed a large proportiQtl of pi..nes 
(Pmus taeda, P. ellJOttli, P. pa/ustris) in the southem USA (APS 1997). White pine blister nls l 
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has been the Illost devaslating disease in Ihe white 
pine slands of Ihe USA and Callada . Galls of Ihe 
Weslem ga U rusl increase in size annually: thus 
infections on Ihe main slem can kili seedlings or 
young trees. CoIeosporium rusls may defoliale p ines 
in nUr5eries and young p lantalions, causing 
unsighlly foliage and slowing g rowth. 

Symploms and s igns 
Cro/lnrt iu/II rusls: Symploms on pines. Ihe aecial 
hos!. include yellow-brown, diamond lo elliplical­
shaped cankcrsor swcllingson trunks or b ranches (Fig. 24). TIlCSC infections usually p ro­
duce conspicuous amounts of resino Ga Us, top and branch dieback (flagging), tnmk bushi­
ness. and breakage al Ihe lesion and cankcr are also Iypical of several CrOllllrtillll1 diseases. 
TIle characleristic signs are white lO orange-yellow ish, blisler-like aecia on Ihe swollen or 
cankered organs (Figs 25-27). Yellow-orange massesof acdospol\."S also fonn on cankcrs. 
On the lower surfacc of altemale-hoslleaves, yellow lo orange uredinial pushtles devel­
op (Figs 28 and 29), somelimes associaled wilh chloronc or nccrolic arcas. H owever, the 
mosl typical sig{lSare Ihe hair-or hom-li ke rose-cream toda rk brown colmnna r lelia, whidl 
can be seco alone (Fig. 30) or among the uredinjal pustules (Fig. 31). 

ElIdocroJlartium rusls: Woody, g loboseor pear-shapcd perennia l ga lls, reaching up 1030 
cm jn diamelcr, wi th o range-yellowish acciospores (Fig. 32). 

Eg. 24 (top). Fusifonn rusl galls 
011 pille seedlings. (Dr R. 
Andcrson, USDA Foresl 

Sen'ice, Ashevi llc) 

E g. 25 IIdl). BliSI.::r·li k~ ,leca 
of white pine blister rusl 
CrOllllrllllm ribicola on Ihe 

S\vollen branch of Pil/JlS slrobll$. 
(Dr R. Andersoll, USDA Forest 

$en'ice, Ashevill~) 

Fig. 26 (righl ). Accia of ~"Sl.::rn 
gall rusl CroUl1rtillm qU/'TCIIIIUI 

f. sp. rchillatat.' on PillllS sp. (Dr 
R. Andcrson .. USDA f"Oll'Sl 

Sen'ice, Ashc\'iI1e) 
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Eg. 27. G.,lIand al'Ci..l 01 lu~iform nLst CWl1arliJ/m 
qlll'rCIJlm¡ f. Sp.tl/SifO"'I' on Pirlll$ sp. (Dr R. 

J\ndel'SOn, USOA Forcst s.;.rvicc, Ashevillc) 

Coleosporilllll needle rllsls: In spring, chlorotic to yello\\' spots or bands, wh ich exude 
pycnidiat drops, appear on pine need les. Later whit(.', longue-shaped or blister-columna r 
aceia form and produce orange-yellow aeciospores (Hg. 33). Thcsc disappea r in la te 
summer, leav ing tiny scars or yellow or brown spots or bands on gr('Cll or yellow ncc­
dles. On the Jower surface of alternate-host [caves, e.g. spt'Cies of As/er and Solidaso, yel­
[ow lo orange uredinial pustu[es and omnge to waxy dark-crusty or coJunUlar cushion­
l.ike waxy teHa. appear. For somc autoecious, microcycHc species, only calumnar cushion­
like tclia form an needles (Ziller 1974; Cummins and Hira tsuka 1983). 

fig. 28 (I ... W. Ycllow-or,mgc urediniaJ pustul,'S of CrOlll/rlm", 
ribicola on the llltem.ll('!los! ¡.til>('S sp. (DI' R. Andel'SOlI, USOA 

Foresl s.;.rvice, Ashcville) 

Fig. 29 !righil. Ycllow-or~ng .. uredinial pusluJes of C rOlll/rlill1ll 
qlurCIIllm f. sp. fJ/~iform(' un lhe .,1t"lTIah? hosl QII<'fCIIS sp. (Dr R 

Anderson, USOA Foresl Scrvkt>, A.~h(. ... ' iIl(·) 
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Biology and transmission 
As an example, the life cyde of the heteroecious rust Crotlartium ribico/a is as follows: 
branch and stem infections are initiated by hyphal growth from the needles. One to sev· 
eral years Jater, in summer through autumn, spennogonia appear on the bark of atEcet· 
ed tissues and jn the following spring conspicuous aceia are produced on the bark oí 
cankered, or swollen slems or branches, or both, where spennogonia occurred. 
Aeciospores infcet alterna le hosts (Ribes spp.), where uredinia are formed . On pines, after 
aceiospore dispersal, the blister aOOa grndually dry and disappear, and Ihe rust survives 
as hyphae in fhe bark surrowlding the lesion oc canker, where it sporulates annually. 
Urediniospores oontinue to be produced on alternate·host leaves and perpetuate and 
íncrease the rust on these hosts. In late summer through early autumn, urediniospore 

Fig. 30 (lop). Browll hair-like telia oí 
Crol!/lrtiulII qUfrcuum í. $p. fusifonne on 

the lower surface of Quercu5 sp. (Dr R. 
AndCfSOIl, USDA FOn'St Service, 

Asheville) 

Fig.31 (bollom). Telia of CroIJartiunr 
quernmlll f. sp.fusiformt among uredillial 
pustules on ¡he lower surface oí Quercus 

sp. (Dr R. Andeoon. USDA Forest 
Se .... 'ice, Ashe\'ille) 
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infeetions resull in p roduction o( hair- or horn-like telíal columns, alone or arnong Ihe 
urediniospores. Basidiospores are liberated fro.m Ihe teliospore horns and dispersed by 
wind to pi"es, where they infee! young needles. 

The Iife cyde of autoecious rusts such as ElldocronllrliUII1 IlIIrkncssii and sorne Perider­
mil/m spp. is cornpleted on pine, i.e. noaltemate host is inyolved. Howeyer, under sorne 
conditions, auloecious rusts seern to behave as facu llative heteroecious (Gibbs el 01. 1986; 
Moricca el al. 1996). 

Detection 
Look for Ihe Iypical syrnptolns and signs described aboye. 

Fig. 32 {leftl . Jack pi lle (PilJI/:> t-l llksiatra) seedlings 
a ffecled by weslem galJ rusl (ElldocrMllrlirmr 

/wknessir), heal thy seedling on right. (Dr J. 
Suthcrlond, Appli .. -d Forest Sden«!'. Victoria) 

Fig. 33 {rightl . Aecia o f needli! rus t Co/ro:;/",rium sp. 
on pine ncedl~. (Dr R. Anderson, USDA Forest 

Service, Asheville) 
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Nematode-caused disease 

Pine wilt disease 

Causalorganism 
BlIrSllpIJelelldms xy/op/lillls (Steillcr & Buhrer) Nickle. 

Hosts 
Ma ny PillllS spp., including P. ('cMl/a ln (Uni! and Kinn 1996); P. Ineda (Dwi.nell el nI. 1995); 
P. dmsiflom (Nakamura et nI. 1995); P. tll1ll/bergii (Jkeda and Ki}'ohara 1995); P. mnssoll­
imm, P. slroblls, P. Imfllslris (Suga el al. 1993); P. sylveslris (Sikora and Malek 1991) and 
other Pin"ceae. 

Geographical distribution 
North Americ" (Unil and Kinn 1996; Futai 
and Su lhcrland 1989), mainland Ch ina 
(Baojun and Qou li 1989; Zhu and Yao 1992) 
and Taiwan (Province of China), Japan 
(Ishida el al. 1993; Fujiha ra 1996), Ko rea 
(Cho; and Moon 1989). 

Sjgnificance 
1his diseasc kills pine tTecs in foresls and 
landscape planti ngs. Pil/IIS specics var}' iJl 
Iheír susceplibility lo the dise<lsc, with 
Japanesc red pine (PiIlIlS di'l/siflora) and 
Jap"nesc black p ille (P. tllullm'rsií) Ix-ing 
particu larly susceptible (Fig. 34). Pine wilt 
is Ihe most destructive pi lle diseasc in Japan 
and China. 

Fig. 34. Jnpancse black pine, Piml$ Ihlluber,.;:ii ParL. 
nffccted by pine wilt diM'a.'SC. NAAjing, Peoplc's 

Republk of China. (Dr J. Suthcrland, Applicd Fort'St 
ScicnC(', Victoria) 
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Symploms and sígns 
Inilial symptoms appear in summer Ihrough early all llunn, and inclllde yellowing and 
needle wilting. USlIally trees die rapidly, bul in cooler areas disease development may 
be slowcr and affecloo trces may sllrvive until Ihe {oJlowing yea r. Dead ITres charac­
leristica Uy exhibil reddish-brown foljage Ihroughoul Ihe crown. Noolcoresin flows {rom 
wounds made lo Ihe !runk, branchcs o r twigs af diseased trees. 

Bjology and transmission 
Thenemalode is vecloroo by wood-boring bcetlcs of the familyCerambycidac, e.g. MOllo­
chall/lls alternatus in China, Korea and Japan, and M. carolillellsis, M. scutcllatus and M. 
titillator in Ihe USA. These bcetles become in{esled with Ihe nemalode just before emerg­
ing {rom d iseased pine Ircesas adults. Individual bcelles carry Ihollsands o{ B. xyloplJi/lls 
dauerlarvae wilhin their Iracheae (Fig. 35). The beclles fl y to healthy pines where they 
malllration-fecd on Ihe Ihin bark of t\'vigs. Therc Ihe ncmatodes leave the vector and 
enter Ihe hosl In.>evia Ihe feeding wounds. Dead trecsare colonizoo by an arrayof {ungi, 
particularly blue-stain fungi , u pon which Ihe nematodes feed and multiply. Female bee­
tles then ov iposit in dead Irees where Ihei r larvae feed on Ihe s.1 pwood. Pine wilt dis­
case is most prevalenl in areas with warm tempcra lures, as Ihe J1cmalodc completes ils 
Ji{ecycle in 12, 6and 3 daysat 15, 20 and 300 e, respecti vel}'. Long-dis tance spread OCCllrs 

wilh vedor-infesled logs. Since there may be a lateney period betwcen nematode in fes­
tation and symptom exprcssion, germplasm materials sueh as scions eould also eonlain 
the nematode. 

Delection 
Presenecof wilt symplomsand trce mortal ily. Thc nemalodeean beeasily obtaincd from 
pinewood by using B.,ermann funnels and propagaled in Ihe laboralory 011 eulturf'S of 
fungi such as Bolrytis cinerea. 

Fig. 35. Fourth-stagl' la rvóle (daucrl.¡rvac) 
of BI'ffóJpJrdl'1rdl1"~ x.I/IOfmi/U$ within and 

oulside uf Irólchc.l of Mllnlldul"ms 
n/ti nJatIlS. (Dr. Y. Suto,Shirnnne 

Pwff'Clure Fore:.1 R~arch CenIT(', 
Y.l tsuh·gun) 
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INSECTS ANO SOME EXAMPLES RELEVANT FOR 
GERMPLASM MOVEMENT 

Innumerable insects utilize pines as host material. Many pille feedJng insects can be 
extremely damagingand many species have been accidentally introduced intoareas where 
pines do not occur naturally and have becomc important {orest plantation species (e.g. 
Australia, eastem and southem Africa, New Zealand and South America). 

There are severa! records oí accidental insect introductions with pine gennplasm. The 
introduction of the European pine shoot moth, Rltyaciollia lmolialla, into the northeastem 
USA C.l. 1941 was with pine seedlings imported {rom westem Europe (Miller 1967). This 
insect has subsequently become a serious pest of yOlmg pine plantations throughout the 
northeastem and north central USA and adjoining portions of Canada. The introduction 
ofthis insect intowestem Oregon and Washington (USA)and British Columbia (Canada) 

Fig. 36. PÍlru5 n:hillata 00f'I(' showing seeds damagcd 
by seedworms (Cydill tort uta) and overwinlenng 

larval ga llent'li. (Dr W.M. Cit'lila. Foresl Heallh 
Managcmenllntcmatiol'lo1l, Fort Collins) 
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during the 1%Os is the result of within-rolUltry movemenl of nurscry stock (Fumiss and 
CaroUn 1977). lntroduction of the pine woolly adelgid, Pille!ls boem eri, into Kenya and 
Zimbabwe during the 19605 resttlted from the introduction of in.fested scion material for 
lree improvement programmes (Varma 1996; Bames el al. 1976). In 1988, a loblolly pine 
scale, OraceUa acula, was introduced with scion material into southem China from its nal­
ural range in thesoutheastem USA (Sun el al. 1996). This insecl is a potcotial trueat to exten­
sive areas of exotic pine plantations io soulheastem China. 

Small insects pose the greatestrisk ofbeing moved to new Ic.x:ations with germplasm, espe­
cially members of the insect arder Homoplera (e.g. aphids, mea lybugs, and scales). As 
they feed on pine shoots, they may be introduced accidentalIy with germplasm in Ihe form 
of scion malerial. Another graup of pine insects worth mentioning are those attaeking 
seeds and eones, e.g. Dioryctrin spp. (Lepidoptera: Pyralidae), EIlCQSma spp. (Lepidoptera: 
Olelhreutidae), Conoplztl/Oms spp. (Coleoplera: Scolytidae) and Cydia sr p. (= Laspeyresia 
spp.) (Lepjdoptera: Olethreutidae) (Fi~. 36). Th..is graup of insecls is wel dcx:wnented for 
North America (Hedlin el al. 1980) bul IS I€SS well known elsewhere. Should sced and rone 
insccts be introduced inlo oew locations, they eould potcntiaJly devastale pine seed pro­
duction. Consequently, il is importanl lo never ship eones conlaining seeds across inter­
national boundaries. AJways extract seeds prior to shipment. 

Examples of insects, which either have been documented lo move, oc have the potential 
lo move, with pine germplasm, are dcscribed in the following sections. 
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Homoplera 

Giant conifer aphids 

Causalorganisms 
Ci"ara spp. (Homoplera : L,chnid<le). 

Hosls 
Pinacc<leand Cupressace<le. Some species confine Iheir feeding lo one genus of conifers, 
others fa'CI. on only a single spccics of hosl planl and olhers Me geneml feeders. Many 
Cillnra spp. ilÚesl variolls spccies of PillIIs. C. crollnrtii reslricts ils feeding lo Icsions and 
cankcrs ca used by Ihe rus! fungus CrOllnrlill1ll quercuultl f.sp . fllsiform on P. tneda <l nd P. 
elite in Ihe soulheaslem USA (Blackman and Easlop 1994). ln Sollth Africa, s tems and 
roots of P. Illeda and P. pnlllln Me infested (Kfir el nI. 1985). Cillnra pillea feedson P. sylveslris 
(.K idd and Tozer 1985). 

Geographical dislribution 
Of Ihe 200 known spccies, ISO occur in North America, 30 in Europc and Ihe Mediter­
nmean Region and 20 in Asia. Cillara spp. have becn inh:oouced inlo Africa.. Bermllda, 
New Zealand and Sou lh America (Blackman and E.1slop 1994). 

Significance 
Several Cillam spedes thal ca use liule or no damage in their nalive habilats ha ve becn 
jntroduced into new loc<ltioos, where Ihey are now causing serious damage. C. crollar­
lii Tissol ami Pepper has been inlroouced inlo South Africa (Kfir el al. 1985). C. pillea 
(Mordvilko) has becn inlrOOllced inlo Norlh America (K idd (988). lnlroollclion of C. 
jWlÍperi DeCl,.-'er inlo Bcrmuda resulted in damage lo ¡lIl1il'erus berl/llldimlfl, an endemic 
spccies (Browne 1968). The introdllction ofe. wpressivom (in itially identified as Ihe syn­
onym C. cupfl'Ssi (Buckton) intocastern and soulhem Africa has resulted in devastating 
losscs lo p la l,tations of CllpresslIs IlIsi tnll ica (Cíesla 1991). 

Dantage 
Yellow or rcddish brown foliage, especi<l lly in Ihe inncr crownsofhoSI Irces; black sooly 
mould on twigs and foliage resu hing from honeydew produced by aphid colonies; ilnd 
lrec mortalily. 

Biology 
Infest roots, Irunks, branches, Iwigs, shoots or foliage and uSllal~y produce seve~al gen­
erations per year. 11,erc can be up lo four <ldull fo rms: scxu<ll wmged, sexual wmgless, 
parthenogenic wingcd and parlhenogenic wingless. In temperaleclimates, sexual forms 
deposil eggs 011 fo liage, shools or bark. Eggs are the ovcrw in tering stage. They halch 
inlo parlhenogen ic forms the following spring and produce ¡¡ve young unlillhe onset 
of cooJer lemperalll res, when a sexual forro is prodll ced . Spccies Ihal ha ve been 
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inlroduccd inlo Ihe lropies or sublropies lose Iheir capaeity lo produce a sexual forOl 
and reproduce by parlhenogenesis Imoughoullheyear. Most Cillam spp. feed in eolonies 
of 20- SO adulls and nymphs (Hg. 37). ln areas of altemating wel and dry climales, Ciltam 
coloniesand tree damage lend lo be moreprevalenl during dry periods. Could be moved 
wilh scion material or nursery stock. Once established io an area, d ispers.11 OCCUTS by air 
cu rrents or winged adults. 

Detection 
Chlorolic or redd ish-brown foliage, particularly in the ¡nner crowns of host trees, and 
aphid colomes feeding on foliage o.r branches. Sccoodary indicators of infes tation include 
black sooty mould, presence of larvae and ad ults of ladybird beelles (Family Coccinel­
¡dae), which are predalors of Cinam spp., and ants tha.! feed on honeydew and tend aphid 
colonies. 

Fig. 37. Colony o{ giant conifer apltids (Guara sp.) on 
l'i'1II5 Illt',la in Soulh Carolina, USA. (Dr W.M. Cicsla, 

Fore¡t H~alth r.·!anagement lnlemalional, Fort 
Collins) 
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Loblolly pine scale 

Causal organism 
OmceJ/aaCllta (Lobdell) (Homoptera: Pseudococcidae) 

Hosts 
PillllS ec}¡illafa, P. palr/SI ris, P. virgillialla and P. taeda, are hosls in Ihe insect's natural range 
(C1arke el al. 1990). In Chjna, P. ciliottií is Ihe main hosl, bul P. lIIasscmiafla, an ind igenous 
species, is also infested (Ciesla 1994). 

Geographical di stribution 
Soulheastern USA (C1a rkeet al. 1990). Introduced into Guangdong Province, China (5un 
etal.1996). 

Significance 
Usually of minor importance in jts native 
habita t bul has receotly appea red in large 
numbers in pille seed orchards following 
heavy use of chemical insecticides (C1arke 
el al. 1990). It was in troduced into south­
eastem China in 1988 on pine seion materi­
al collecled in the USA and grafted onlo 
rootstocks in Guangdong Province. By JWle 
1995, over 212 500 ha of pine plantations 
were infested (Sunet al. 1996). 

Fig. 38. Shoo! defor;nalion due lo infestation by lhe 
loblolly pilll' scalc Oractlld acula on PiIU/S flliol/ii in 

Guangdong J'rovinre, China. (Dr \V.M. Ciesla, Foresl 
Hc.., lIh ManllgcmenllnlemationaL Fort Collins) 
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Damage 
Heavy infeslations result in premature abseission of foliage, reduced shoot growth and 
need le lenglh and bud morlality (Fig. 38). Height growlh may be reduced by 25-3QO/0). 
lnIeslations can also QCCur on eones and cause deformily. 

Biology 
Pale rose nymphs and adults feed on buds and expanding shools and produce white 
resin cells, which are used as prolectivecover (Fig. 39). Pa le orangeeggs are la id in clus· 
lers undernealh resin cells. Honeydew from sea les provjdes a mediwn for growth of 
black sooty mould on infesled branches and foliage. 

In its natural rangc, O. acuta has 4-5 generalions per yeal', overwintering as crawlers 
under resin cells. There are al leasl !ha! many generalions in southern China. Sexual 
reprod uction may occur bul mosl reproduction is by parlhenogcnesis and mosl adults 
are females. Males are winged, females are wingless. Dispers.ll is by ai r currcnts mov· 
ing ¡mmature crawlers from tree lo Iree. 
Can be moved on seian material. Once 
established , ai r currenls easily spread 
insecls. 

Detedion 
Presence of resin cells on shoots and eones; 
black sooly mould; and reduced shool 
grow lh. 

Fig. 39. LoblolJy pin~ seal ... (OrllCt'i/¡¡ "CIlla) 
i.nfestation on Pi",.s dlio/ti; wilh whilc resin rells. 

(Dr W.M . Ciesla, roresl Hcalth Managemenl 
Inletnal ion.1 1, Forl Collins) 
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Pine bast sea/es 

Causa] organ ism 
Malsucoccus spp. (t-Iomoplera: Margarodidae) 

Hosls 
Pil1us spp. (Appcndix 11). 

Geographica l distribulion 
Europe (AbgralJand Soulrenon 1991),China (McCJure el al. 1983),Japan (Takenati 1972), 
North Alllerica (Drooz 1985), and Near Easl (MendeI 1988). 

Sign ifican ce 
M. resil1QS(/e Bean and Godwin causes lree morlalily in pine p lanlalions in portiolls of 
Ihe norlhcaslem USA and may have been inlrodllced (McClure 1'1 al. 1983). 

Dam age 
The pesl is capable oí killing or weakcning IrC<."S and making thcm susceptible lo bark 
bcclfes (Colooptera: Scolylidae). Infesled Irees may have dead tips, branch flagging, 
resinosis, stunting, as welJ as chlorotic and drying (oliage. 

Biology 
MalsucocC/ls spp. nymphs, larvae and adlllts are small, oval, yellow lo brown, il1con­
SpicUOllS insecls Ihal are difficult lo detecl because Ihey push themselves beneath ¡he 
sheath of needle fasc ic\es or bury themselves in crevices of Ihe bark of Iwigs and branchcs. 
Adult males are winged, fema les lack wíngs. They oflen lake on Ihe colour of Iheír 
surroundings. Somespecies prodlKe while waxysecrctionsand have blacksooty moulds 
ilssociated with Ihem. 

Life cyc\es of many species are similar. M . feytaudi has one gcneralion per year. Adult 
females lay eggs in late win ler- early spri ng. Molile nymphs occur from Aprillo May 
and sessile nymphs are p resent lmtil Septembcr, when Ihey Iransform inlo pre-adulls, 
Ihe overwinlering slage. Adults are presenl in late winter -ea rly sprillg. M . resillOSili' has 
two generations per year in the northeastern USA. 

They could be transported with scion malerial. Once established, Ihey could be spread 
in air curren!s. 

Dctectio n 
Presence of dead tips or bra nchcs, sca le insccts on surface of needles, shools or bark. 
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Pine needle aphid 

Causa l organism 
Eulac/mus rileyi (Willlams) (Homoptera : Lachnidae) 

Hosts 
PillIIs spp. In Europc, P. mOl/talla and P. lI igrn are preferred ovcr P. sylvestris (Blackman 
and Eastop 1994). In eastern and southern Africa, P. caribaea, P. c/liapellsis, P. elliottii, P. 
kesiya, P. merkusii, P. micllOacm!a, P. OI)Carpn, P. patufa, P. roxburgJlii and P. taeda are hools 
(Murphyel al. 1991). 

Geograp.hica l dis tribution 
Europe and Asia; introduced into Norl h Amcrica and easlcrn and southern Africa (Black­
Olan and Easlop 1994). 

Significance 
This ¡oseel has caused only minor damage 
wherc il has been in troouccd, e.g. in Norlh 
America and eastern and sou them Africa. 
Howe"er, il has Ihe potential lo cause seri­
OllS damage. 

Fig. 40. Pino: l1l'edlc ~phid Eulaclllw, nlfyi: 
adult and l~ t (' s tagc nymph. 

(Dr A. COOSS. CABl-Bioscicn(c, A$COt) 
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Damage 
Heavy infesta tions cause needles lo lum yeUow and drop premalurely, resulting in 
growth rcduction. 

Biology and spread 
Adults are spindle-shaped, 2.5 mm in Jenglh and dark olive grecn lo orange brown or 
grey and are covered wilh a dusling ofbJuish-grey wax (Fig. 40). They produce copious 
quantities of honeydew. AII life stages feed on Ihe underside oí pine needles. tri tem­
perate cJima les, bolh sexual and asexual forms exjsl. Adults are nonnally wingless, bu l 
winged forms are soOletimes produced. In Africa, Ihe species has a reduced life cycJe, 
wilh onIy asexual forms occurring. Populalions tend lo increase during dry pcriods 
(Murphyef al. 199t). These insects could be moved with seion material. Once established 
in a new Jacalion, they are subject lo wind dispersal. 

Dclection 
Wax-covered aph.ids on undersidc of pine needles, along with honeydew and sooty 
mould . 
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Pine torloise scale 

Causal organism 
Toumeyelln parvicomis (Cockerell) (= T. 1II11/lismnticn Pettit & McDaniel) (Homoplera: Coc­
cidae). 

Hosts 
Pilllls ellio/tii, P. tellina/a and P. tnedn (Fa lzinger ct ni. 1992; Cla rke et ni. 1992). 

Geographical dislribulion 
E.,slem North America (Drooz 1985). 

Significance 
Feedson foliage. Heavy infestations damage seedlings, saplingsand occasionally mature 
!rces. Repeated infestalions can kili Irees. There has been no evidence oC movemenl of 
Ihis insecl to date, bul it has polential for transfer with germplasm. 

Damage 
Infesled Irees may have chlo rotic or abnormally short necdles and dead branches. In 
sorne cases, en tire Irees may be killed . Infesta tions may be accompanied by honeydew 
and black sooty mau ld . 

Biology and spread 
Adults are reddish-brown, oval, oonvex soft sca les, 5-7 mm long on Ihe slems oi has! 
Irces. There ¡s one generation per year in !he northem part of its range. Two generations 
have becn documenled for Maryland, USA, and there may be additional generations 
per year further south. In Ihe north, Ihis insecl overwinters as fertilized females 011 the 
slems of hasl ITees. By Jate sp ring, females enla rge and about 500 eggs are laid in early 
summer. Eggs hatch shortly afteroviposition and fi rsl inslar nymrhs-devc1op i.ntoadults 
in mid- lo la}e summer. Can be transmitted w ith scion maleria . Once infestations are 
established, crawlers are ea.sily dispersed by wind. 

Detection 
Presence of insects; chlorotic or abnormally short needtes; and dead branches. 
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Pine woollyadelgids 

Causa l organism 
PillCIIS spp. (Homoptera: Adelgidae). 

Hosts 
Indudes PillllS Jmlepellsis, P. brutia (Mendel el al. 1994), P. earibaea, P. oocarpa (Mailu et al. 
1982), P. syJvestris (Heliovaa ra and Vaisancn 1989), P. resi/lQSll (McClure 1989), P. POII­
derosa (Latta and Linhart 1997), P. rndiata (Blackmann et al. 1995), P. slrobus (Monlgomery 
el al. 1996, P. pillaster (Zwolinski el al. 1989) and P. patilla (Madoffe and Austara 1993), P. 
tabulacjormis, p. tJlllllbergii (McClurc 1984) and Picea spp. Primary 110sts of sexual forms 
of Pillells spp. are PiCt'a, on which terminal compaet ga"lls, whieh superficialJy resemble 
eones, are forll1cd . P¡tIllS spp. are eonsidered a secondary hasl of the asexual fonns of 
most Pi"ells spp. 

Ag. 41 . Shool of Pim,s patulQ, ¡nf('Slro by lhe pine 
woollyadc!gid Pm,'us OOr-ru..,¡. ncar Kabalc, Uganda . 

(Dr W.M. Cieslil , FOI\.'S1 H{'"alth Mómag{'"meTl t 
ln lcm.1Iiol\o1l , Forl Collins) 
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Geographical dislribulion 
The21 recognizedspeciesa rewidelydistribuled Ihroughoul coniferforests in Ihe Norlh­
cm Hemisphere. Pillellsboemeri wasaccidenlally inlroduced inlo Australia, Africa, New 
Zealand, South America and USA (Hawa ii and norlheaslem slates). P. ¡¡ini has lx:ocn 
in trod uced miO Norlh America, Australia and New Zealand andP. sfrOOi has been inlro­
duced ¡nlo EUfope (l3lackman and Easlop 1994). 

Significance 
Sorne Pilleus spp. have been accidentally inlroduced. inlo arcas where pine Irees have 
been introduced as p lan lation Irces, and cauSL"'CI sevcre damage. Accidental inlroduc­
tion of P. boemeri Anna nd (initially misidentified as Pilleus ¡¡illi MacQua rt) into Kenya 
and Zimbabwe probably took place on scion malerial (Odera 1974, Barnes el al. 1976). 

Damage 
Nymphs and adults suck pla nt ¡uices (rom needk>s, shoots or stcms of p ine and cause 
shoot dcformity and loss of height growth. Exccss plant juice excrcled by adelgids as 
honeydew is a favourable med ium lor grow th of black sooty moulds on foliage. shoots 
and slems. 

Biology 
Some species are holocyclic, alternating thei r hoslsbetween Picea and PiIllIS, tocomplete 
a cyele wilh seven life s tages over two years. Sexual forms on Picea produce galls on 
branches. Asexual forms on either PillllS or Picen occuron fo liage, shoots or bark (excep­
tion: P. flbietitllls on Abies spp.). For other species. e.g. P. boemeri, P. sfrvbi, only Ole asex­
ual form is known . Adlll ts ofpinc-infcsting forms arecovered witha conspicuollS white, 
flocculent w001 (Fig. 41). TIley can be moved with seion ma teriaL Once established, air 
currents easily spread them. 

Detection 
Presence of foliage or s tems covered with white, waxy masses; deformed shOOls; and 
black sooty mOll ld . 
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Lepidoptera 

Pine shoot moths 

Causal organism 
Rhyaciollia spp. (Lepidoptera: Tortricidae). 

Hosts 
PillllS spp. (summa rized in Appendix 111). 

Geographical d istribution 
Europe, Japan, Norlh and Cenlral America (Appendix 111). R. Imo/ül/1a has been inlro­
duccd intoNorth AmerÍCa and Argentina,Chileand Uruguay inSouth America (Abgra ll 
and Soutrenon 1991; 6rowne 1968; Drooz 1985; Kobayashi 1962; Cibrian Tovar 1995; Pu r· 
niss tlnd Carolin 1977). 

):ig. 42. Piml$ /at'dll showing shoot damase by 
RJlyaciollill [ros/nl/Ul (Nantuckct pille tip moth). (Dr 

W.M. Ciesl~. Forest Hc~lth MlIl1,.1gE'rncnl 
Intemlllion.ll, Forl Collins) 
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Significance 
The European pine shoot moth, R bllolialla Denis and Schiffermüller, is a majar pest a f 
saplings. young Irces and sho(t-rOlation pine plantings (e.g. pulpwood and Chrislmas 
trces). This jnsecl has becn inlroduced into North and South America, where it has 
become very damaging. JI recentLy appeared in Chile and is spreading rapid ly through 
that country's extensive industrial Pilll/s radiata plan tations (Beeche Cisternas el al. 1992). 
Nantucket pille tip moth, R. {rIIs lrunu (Comstock), is a pest of young pine plantations in 
Ihe easlern USA. Subtropjca( pine tip moth. R.. subtropica Miller, has caused serious losses 
of grafted P. e/Jiottii seions in lree improvemellt prograntmes in Ihe Southeastem USA. 

Damage 
Buds and shootsof pine t(cesa re in{ested,causing deformity and reduced height growlh . 
Infested shools llave rcddisn-brow.n m.>ed les (Fig. 42) and dead, frass-filled buds. afien 
conta ining larvae and pupae. 

Biology 
Adulls have an averagewingspan of about15-20 mm. Forewingsaremarked with rusty. 
orange-red Or brick red palches. liead, body and appendages are covered with grey 
seales (Fig. 43). Mature larvac are 9- J2 mm long aud .range in colour from dark red­
brown toyellowish with black heads (Fig. 44). Reddish-brownpupae typjcaUy protrude 
from damaged shoots prior lo adult emergence. 

Fig. 43. European pine shoot 
moth (RhyadoniR buoliRna) adult. 
(Dr D. lanFranro. Universidad 

Austral de Chile. Valdivia). 
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R. IlIIoliono has one generation per year, with moths flying in mid surnmer. Eggs are laid 
singly or in pairs on buds, needlc sheaths or shoots ofhosls. Yowlg larvae mine in buds, 
making silk lined tunnels. Surfacc of buds may a lso be covered with silk. Larvae over­
winler in buds and shoots. They bccoml' voracious feeders the following spring, mov­
ing from bud tobud. Pupationoccurs in mined lissues (Browne 1968). Some Norlh Amer­
ic<m species (e.g. R.frustrmU/, and R. buslmclli) have al least2-3 generations per year and 
ovl'rwinter as larval' or pupae in the pine debris. lntroduction of R. Ilt/oUano ¡nlo Norlh 
America ca 1914 is believed to have occurred on I1Ursery stock imported from western 
Europe (Miller 1967). 

Detection 
Occurrence of dead shoots ilnd buds filk>d with frass, larvile or pupal'. 

Fig. 44. European pine shoot moth (RhYllrionia 
¡moJi/IIII1) larva in I'illus radiata shoot. (Dr D. 

LanFranco, Uni,'ersidad Austral de Chile, Valdivia). 
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Coleoptera 

Pine shoot beetle 

Ca usalorganism 
TomiCIIS pilliperdn (L.) (= B/nslopl/ngIl5 pilliperdn (L.) (Colroplera: Scolylidae). 

Hosts 
Primarilya pest of P. sy/vestris in Europe (Mazur and Perlinski 1992; Langslrom and Hel­
Iquist 1993), northern A.sia (Kolomiets and Bogdanova 1992), and N. America (Czocaj­
lo el ni. 1997). 

Geographical distribution 
Conifer forests of Europe and northern Asia (Kolomiets and Bogdallova 1992). Recenl­
Iy inl roduced i.nlo North America and .now established over a large area of Ibe north 
cenlral USA and adjoining Ca nada (Haack el ni. 1993). 

Significance 
A majar bark hect!e pesl i.n Eu rope, élnd il has subsequently bcen introduced i.nlo Norlh 
America (Haack and L.1wrence 1995). 

Damage 
Adu lts feed in shoots of pine Irccs and olher conife rs prior lo averwintering, ma.ting and 
reprod uction. 
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Biology and spread 
Adu lts are small, cylindricaL dark browll lo black beetlcs, 3.5- 5 mm long, w ilh c1ubbed 
antennCle. There is one generation pcr yea r; Cldulls ny in earl y sp ring. Breeding occurs 
in the cambium of weCl kened and / o rdyi.ng conifers, stumps, logs or down trces. Emerg­
ing adu llS feed in lips and shools of matu re pine trees and olher ronifers prior to mal­
ing and rcproduction (matura tion feeding). Overwinlering occurs in thick bark al base 
of pine trees. Adu llS fceding in shoots could be moved with scion material. Ad ults are 
s trong nicrs and spread rapidly once esfablished in a )lew area. 

Detection 
Shoots with discoloured foliage, resin and boring duSI; adult bectles in shoots (Fig. 45). 

Fig. 45. Pifle s hoot infeste<! by TQm;nl$l'il1il'm la: 
res in i1nd ¡¡dult bet>tles in shoot. (Dr B. Lnng:;;trom, 

Swed is h Uni\'(·n¡ ity o ( Agricu ltu ra] Sciences, 
G.1r]X'nbcrg,) 
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APPENOIX l. 
HOSTS ANO GEOGRAPHICAL OISTRIBUTION OF PINE 
RUSTS (CRONARTlUM ANO COLEOSPORIUM GROUPS) 

Pathogen and 
cornrnon na me 

Cronarlium roIe01'I!iJrioidcs Arlh. 
srn. C. 5/a/(/(/iforllle, 
C.filaml'n/IJSIIIII. Peridt'l'miuJ/I 
$Ia/a{/if(}rlll~' 

stalaclifonn rusl, 
cow whral rusl 

Crollar/fllm romm¡drar PN'k, 
syn, C. asc/epl,¡dellltl varo /h~~i. 
C.l'yriformt. Peridermillm 
pyriformt and p, tll~~i 

comandra msl 

Cronar/illll1 cOlllplOlliat Arlh. 

~\\'ce t-fem blister msl 

Cronar/ium jlaccidllm (Alb. 
& Schw.) Winter 
syn. C. asclepiadculII, 
C. fllphrasiae, 
PrridmlliulII ¡Jiui 

Scots pine blister msl 

Hosts 

P. al/mllata, P. I\mhuma. 
P. (OII /or /a . P. ('(hilla/a, P. IIIl1g0. 

P. pomlemsa, P. syh'fSlris, 
P.ludepnlSIS, P. cOlllta;. P. jiffrnj 

P. al/tll lm/a, P. NllksJal/lI, 
P. Clmtorta, P. I'dlÍnala. p, e/ddrica. 
P. rlliol/ii varo el/io!Jii, P. glallra. 
P. jtffrryi, P. 11111g0, p. pcmdmlSa, 
P. " güfll. P. 5(T()liua, P. sylutStris, 
P. tarda, P. l'irgilliana 

p. banksia.na, P. (O/llor/a, P. cOllllai, 
P. rlen5ijlora, P. rdrina/a, p. itffrtyi, 
P. IIlllf1rota, P. mugo, P. /ligra, 
P. pinaster. P.IJ(Jlldl'msa, P. pUII8ells. 
P. radin/a. P. resinosa, P. rigidJI, 
P. sy/ws/ris. P. larda, P. l'irgil/iallfl 

P. dmsiflora, 1'.IIDI~IISis, 
P. rIIOII/al/a, P. pinto. P. pi/l/!Sta, 
P. SY/llt'S/ri$, P. u~lIiclrial1a. P. kesiya, 
and man)' others 

Alternale hosts and 
geographical 
dis lribution 

(¡¡Mil/eja, MrlampyrunI. 
Or/luxarpus, Ptdicularis. 
Rhillantll1ls spp. 

Canada, USA 

COrlla/ldra spp" mainl)' 
C. pallida. C. umt>fllala, 
C. riclwdsonial1a and 
Geoca ulon lÍl¡idum (= C. livida) 

Canada, USA 

COl/1p/onia ptrrgril1a, 
Myri(Q galt. M. mifera, 
M. rorolillt'l1sis 

(anada, USA 

Ascltpias, CylIDnclmnl, 
El4plrrasia, /mpalims, 
Gen/imla, /..o6Si1, 
Melampyrwn, Nrnlt'Sia, 
Parol/ia. Ptdicu/aris, Rudlia. 
SclriZ¡lIIll!us. TnlJlI1eo/ul/1, 
Vtrbttm VillCt'loxícopsis spp. 

Europe and Asia 

(con1.) 
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Pathogcn 3nd 
common nam e 

Cnmarflum l'¡mala~lISt 
B.K. Bakshi 
syn. Ptridmnium llinwlllytnst 

dúr pln(' blister rus! 

Crollar/iwlI qutrrurll/J (Ber!.:..) 
Miyabe ex: Shirai 
syn. e w¡'/lrulIl. PeridernlÍ1ml 
gigarrlflwl, p. IIIrxicmllllll 

pine-ook gall rust, 
eastem gan rusl 

Crollarlium qutrrnum 
Miyabe ex Shirai f. sp.fusífomlf 
~n. C. fusifonllf, Pmdmníum 
Jusiformt 

fusifonn rusl 

CrollilrtiUII1 ribico/a 
syn. e ribis, 
Ptridrrmium sIro/JI 

while pine blister rust 

Endocronilrlium hilrkness;; 
(J. P. Moore) Y. Hiralsuka 
syn. CrOllilrliulIl harhttsSii, 
Prridtrnrium cmbroidts. 
P. hilrkntssií 

westem gal! rusl 

Hosls 

P. rox/nlrgJrii and P. amllrimsis 

1'. bmlksimlll, P. chihualwalla, 
P. r/OU:<l, P. drnsif/ora, P. echhllltO, 
P. rlliollii. P. ktsiy¡¡. P.lllcJwrnsis, 
P. 11111$$(lIIioIl0, P. /1101lIfZumm:, 
P. /!JI/SO, p, /lisra, P. oocarpa, P. palillo, 
P. ¡l1Ilasler, p, polldí'rosa, P. resinosa, 
P. rígida, P. smRilUJ, P. 5YlutSlris, 
P./apulatformis lur. lIud:lÚ'lrsis. 
P. /Ñ. P./huflbtrgí¡ a/ld P. ilirginiallll 

P. CIlribU'd, P. ron/orla, P. rllíollii 
\'ar. d1'1I51l, P. ¡t/frry¡. P.II¡gro. 
P. lulu5/ns, p. po"dtrosa, 
P. /&'urlos lroous, P. radia/a, 
P. rigida, P. ~ro/¡'1a, P. sylz'tslris, 
p. lai~IQ 

P. albicll lllis, P. armlllldii. 
P. ayacl1lmitt, P. Cfr/lma, P.Jkxili~. 
P.lvrorerlsis, P./amwIÍllTUl, 
P. monlrrota, P. purrrila, P. SlroIous, 
P.II'illlicJlulI!a 

Pmus atltl1uala, P. ballksia1Ul, 
P. canllrií'flsis, P. caribaeJJ, 
P. (Olllorla I~r. /ali(o/ia, P. tlliol/ii, 
P. ~1raelmamlir.l'.IUl/tpt'lIsis, 
P. it!Jrtyi, P. mugo, P. munQl/a, 
P. IIlgra, P' llinaslfr. P. I)()l1deros.l, 
P. radiata, P. Silbi11WIUJ, P. 5yll't'Stris 

Altc rn3tc hos ts and 
gcographic31 
dis tdbution 

SIIITliaspp. 

India, r .lkisIM, 
Philippines 

QUtTWS spp. 
Úlslatrt/1 crt'lIl/ta, 
ÚlshmCJ>sis cu5pida/a, 

Europe,N. America, 
Japiln 
C~tallé'llspp. 
Pasamaspp. 

'orth AIl1<'rica 
India 

Qurrcus spp. 

USA 

Grossulnriil spp .• Ribts spp., 
Ptdicu/aris spp. 

CaNda, Chin.t, India, 
lran, Jaran, Korea, 
Russia" Ta.iwan, USA 

dutocdous 

North AmcriCJ 

(rool. ) 
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Pathogen and 
common name 

E"docronarlium ¡Ji"i (Pers.) 
Y. Hiralsuka, 
syn. Ptridrrmium pini 

EudocrOllartium salwanum 
[mazu and Kakish. 

Endocrollarlium yall1aocuSt 
($;loo and Takahashi) Pad t 

Hosts 

P. lralt')lt"lSis, P. mugo, P. nigra, 
P.l'illilStrr, p. sy/wstris 

P. pumita 

P. pUlI1i/a 

COh>OSPOril/ll1 apIXyniJC(UIII Cooke P. /aeda, P. flliottii, P. píI/uslris 

Co/l.'lJ1jporium Q:lltrU III (Dietel) 
Syd. & P. Syd. 

red pille needle casi 

CoJrosporiwn bardaytn5e 
B.K. Bakshi 

Himalayan pine need.le ruS! 

(Q/tI)Sporium camptlnlllat 
Leb. ex Kickx. fil. 

Colrosporium CTOW!!lIii Curnmins 
s)'tl. Callou'IJya crowtllii 

Coll'OSl'0rium ddicalu/um Arth. 

P. banksimw. P. canlorla, P. COl/lltri. 
P. dmsif/ora, P. massoniana, 
P. ponJfTOSIJ, P. pungfns, P. rt'Sinosa, 
P. sy/V(Slris, P. larda, 
P. Ihllllbrrgii and P. ylmnanmsls 

P. griffilhii and P. uwlfichuma 

P. bank$i411Jl, P. dtlrsijlora. 
P. griffí.thii, P. )rigra, P. resin05ll, 
P. '¡glda, P. roxburglrii, P. sy/ves/ris. 
P./Inmbrrgii 

P. /lyaca/milt, P. CflIlbroidrs, 
P. pexilis, P. monlnl/mar 

p. echi/Ul/a, P. elliottii, P. nigra, 
P. po/llslris, P. Tesin¡,sQ, P. rigida. 
P. stTOtina. P. laeda 

Altemate hosts and 
geographical 
dis lribulion 

autoecious 

Europe 

auloeOoU5 

JaPJn 

autoecious 

Japan 

AmsonillspP' 

Korea, Russia. Taiwan, USA 

Asltr spp., Sclidogospp. 

Bermuda, Chirtil, Europe, 
J<orea, JaPJIl, N. America, 
Russia, Taiwan 

$enteio spp. 

India, Pakislan 

CO/llpauula spp., 
Lysimllchill spp., 
SpeculariD spp. 

Asia, Europe, North America 

autoecious 

Me~ico, USA 

EulJu¡mio spp. 

USA 
(ron\.) 



No. 21. Pinus spp. 87 

Pathogen and Hosts 
common name 

Colrosporium ¡/luJar (Kunze) P. hnlrpl'l1sis, P. pillas/tr, P. pillt'll, 
E. F1SCh. P. roxburghi¡ and P. sylutS/ris 

ColtoS~rium if'(Jmotat (Schwcin.) P. t¡Mis, P. paJus/ris. P. echiua/a, 
Burrill P. el/io/tú, P.ltiophyJ/a. P. rígida, 

P. smtina, P. taeda 

CoJtOSf'(Jrium pinicola Arth. 
s)'1\. GIlllorvaya pi/licola, G. pini 

Colrosporium tussil/lginís (Pers.) 
Lev. Acoording lO Cibson (1979) 
a oomplex of heleroecious rusts 
induding C. caca/iae (OC.) FurchaL 
e. rompanuJaf Lev., e. eupllllsiae 
($chum.) Wint., e melampyriTuJ.. 
C. /wfcissi Gro\"e, C. pe//1si/is Lev., 
e. rhilr/1l!/lrmaarum Lev., 
e. st/leáollis fr. ex. Nick., 
e. sonchi (Straus) Lev. and 
e. lrOpiJro/i Desm. 

pine needle rus! 

Co/rosporium vt'nJonat' Berk 
&: M. A. Curtis.; 
syn. e. paragu/1~, 
C. elephan /opodrs, 
Urtrlo t/ephanlopodis 

P. blm.i:sianD, P. brulia, P. Iraleptnsis, 
P. lIigra . P. pillM, P. sibirica, 
P. vírgil!ÍlJ/IIJ 

2- and 3-need.le pines 

P. csribaea, P. coII/orla, P. rehina/s, 
P. elliatlii, P. glabra. P.Iw/epmsis, 
P. ktsi)pl, P. mugo, P. nigra, P. ptJlustris, 
P. pinDSf", P. pinta, P. rigida, 
P. roxburslrii, P. Iat'f1¡¡, P. yUII/llJIU'lISÍS, 

P. virgima/Ul and P. wallichiall1l 

Altemate hosts and 
geographica l 
distribution 

/lIula spp. 

Europe, Palestine, Canary 
lslands, Norlh Africa 
(in Ihe Congo and India only 
on lhe al lemale hosls) 

Com.roJvulus spp., 
lpomoea spp. 

USA 
(in C{'fIlral and Soulh America 
onlyon lhe altemal/.' hosls) 

auloecious 

Canada, Cyprus, 
Russia, USA 

(aC/2lia spp., Gmrpaullw spp., 
Ckrodcrrdron spp .• 
Euphrasia spp., 
Melampyrum spp., 
Narcis511S spp .. Pe/osi/es spp., 
Rhinal/lhus spp., Sentcio spp., 
Souchus spp., Troparolum spp. 
and T uss/1ago 

Europe, India and 
Philippines?, Canada? 
and Soulh America 
(in Argentina and Brazil oruy 
on lhe al temate hosts) 

E/ep/Wlllopus spp. 
VmrOll w spp. 

China, Wesllndies. USA¡ 
(In Argentina and Brazi l only 
on lhe altemale hosts) 



88 FAO/IPGRI Technlcal Guidelines for the Safe Movement of Gennplasm 

APPENOIX 11. 
HOSTS ANO GEOGRAPHICAL OISTRIBUTION OF 
IMPORTANT MATSUCOCCUS SPECIES 

Species 

M. acalY1'lu~ He.wrl 

M.ley/amli Duc. 

Hosts 

P. ari~tata, P. billfourial1l1, 
P.l'dulis, P./amherlimJa 

p. ,linas/er 

M. jcst'phi Bodcnheirner P. }wlepellsis 
& Haipaz 

Geogra phical 
dis tri bul ion 

Southweslern USA 

France, Spain 

Israel 

M. mal$unJllrllt' 
(Kuwana) 

1'. dellSiflora, P. maSSOl1ial1l1, Chinat, Japan 
P. /abulorformis, P. taitllJntnSis, 
P. tllunbrrgii 

Reference(s) 

Chrisleru;en el al. 1977 

Abgrall and Soulrenon 1991 

Mendell988 

McClure!'1 al. 1983; 
Takenati \972 

M. rrsinosae Bean 
and Godwin t 

p. densijlora, P. resinoso Nortneastem USA§ McLure 1990 

Malsllcoccus sp. nov. Korean Peninsula Miller & Pclrk 1987 

M. Vt'xil/owm Morrison P. tlllJ/!brrgii, P. polldrrosa Soulhweslem USA Christensen rl al. 1971 

tMay be synonymous wilh M. mll/sumurae. Untroduced. SMay han' beeo inlroduced. 
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APPENOIX 111. 
HOSTS ANO GEOGRAPHICAL OISTRIBUTION OF 
IMPORTANT SPECIES OF RHYACIONIA 

Species 1·losls Gcogr.lphical Reference(s) 
di slribution 

R. buoliallfl rknnis P. banksiana, p, bm/ill, Europe, North' and Abgrall and Soutrcnon 
& Schiffermüller P. ccmlorl¡¡. P. dUollii, South America' 1991; Brownc 1968; 

P. 111011/11 1111, P. ¡¡~ra, Drooz 1985 
P. pilltJ5/rr, P. ra ialll . 
P. rt'Sitlosa, P. rígida, 
P. $y/¡:-rslrís, P. !aeda 

R. !rnslmc11i (Bush) P. bal1ksÍtll1a, P./l(Il1daosa, Cenlral North Amcrica Drooz 1985 
P. resinosa, P. sy/¡\'Slris 

R. di/piano simu/ala P. caribara, P. dClIsiflora, Jap..ln Kobayashi 1962 
Hcinnch P. í'lIiollii, p, rigid¡l, 

P. tllllllbtrgii 

R. fruslrmm (Comstock) AIl pines wilhin inSl.'( t's Eastem USA Drooz 19S3 
natural range. 

R. IIt'OlIIrxiawa (Dy.u) P. arizonicn, P. pondero:;¡¡ Southwestern USA, Cibrilm To\'ar 1995; 
Mcxico Furniss and Carolin 1977 

R. subtro¡lim Miller P. (aribaro, P. el/iot/ii, Southeastem USA Orooz 1985 
P. p,dustris. P. lat'da 

' Indicates accidental inlroduction and es1,lblishment. 
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APPENDIX IV. 
COMMENTS ON TECHNICAL GUIDELlNES FOR THE SAFE 
MOVEMENT OF PINUSGERMPLASM 

please send lO: 

Germplasm Health Scientisl 
JPCRJ-Americas 
AA 6713, Cali, Colombia 
Fax: 57-2-4450073 

1 would like lo bring ¡he foUowing 
, I inaccuracy(ies) 
I J ncw developmenl(s) 
I J omission(s) 
[ 1 concems 
lo Ihe atlention of Ihe ed itors: 
Disease 
Comments 

From: 

Name 

Address 

Dale 

or Forest Resources Dcvelopmen t Service 
FAO 

Signature 

Via delle Terme di Caracalla 
00100 Rome, Italy 
fax: +39-{)6-57055137 
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