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Abstract: This study was undertaken to compare and estimate the severity of pitch canker of individual trees of Pinus
rigida and Pinus rigida x P. taeda in two seed orchards in Jeju island, in which the orchards have been damaged by
the pitch canker for seven years. Wind-pollinated two-year-old seedlings of P rigidu and P rigida x P taeda, in which
the seedlings of P rigida x P taeda were from seeds of phenotypically selected, uninfected(but untested) trees, were
inoculated with the pathogenic fungus, Fusarium circinatum, isolated from P rigida and P thunbergii. The virulence of
the isolates was also identified. Statistically significant difference was found in ‘stem cankers’(SC; y>=7.76, P=0.05)
among 4 plantations of P rigida x P. taeda of two seed orchards. P. rigida was higher in “top kill’ (TK) and ‘branch
tip symptoms’ (BT) than those of P. rigida x P. taeda. In artificial inoculation tests, mortality of the seedlings from the
resistant candidates was 14% higher than that of the seedlings from the susceptible candidates. This result may be
caused by unknown pollen trees and/or candidate tree selection based only on phenotype. Two of five fungal isolates,
C-6-L(9) and C-6-L(19), showed significantly higher mortality (68% and 60%, respectively) than others, suggesting that
these isolates can be used as virulent isolates for a mass artificial inoculation. Resistance candidate seedlings that were
selected from this study can be utilized as useful materials for fundamental studies of genetics and biochemistry to breed
resistance varieties to pitch canker.
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subglutinans(Wollenweb. & Reinking) P.E. Nelson, T.A.
Toussoun & Marasas f. sp. pini(Correll et al.)]> 1986
Wol| &2 2 California®l %= Monterey pine(Pinus
radiata D. Don)lA %= E2 = AT Aleppo pine(”
halepensis Mill.), Bishop pine(P. muricata), ltalian stone
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ghzzo] 91H A9} gr|oha ol AL B (Lee
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2, 2004).
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Figure 1. Geographic location of six plantations: three plantations (circles) in Sang-Hyeo and Han-Nam seed orchards,

respectively in Jeju island.
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1. OIS =A}

FARIS 7 e WAl S¢S 71X E 2005 &
£ 33719130 Storer et al(2002)9] W F3w 2
He AL AlFs GAFEE Fee e A4
hal g el 19784, 1979, 19819 =48t &) 7 Ect
SupFeh, AAZA AES oA FEaAELY 19724,
19730l 273 27| vhah 7, 19749 2443 2]/ |
2UF-E 2315 F 67 AR oA 2003 5L H5
£ ZAPFtHFigure 1). 3hg A5AW 22 247
sl 5 the Qe 9fg wsiet AAA B zA}
A AlstaAck AL 2AAE 7+ Azl 2kmeld
Atk FEAFTY ZAF A G ST 530~600 m Alo] 2
e oF 50 Ame] PEAPH) 9|6k, B YL 5
2 oF 640 mol| 9IR1EH A} A 9] gl o}F ghata)
. olu] E circinatum®l] 218} 2o Y7} TAFSte] §-2
| WA elskA] T 2 2AAEE R 2089 e
T2 Adeld o, 97kl g shx) e R T
FAZTE A H = Table 19 Q= 3712 vF o
wet 2 A 3k (scores)& W F BT(branch tip symptoms)
9} SC(stem cankers) matrix(Table 2)& ©]-&31A] =)=
‘O(none)’ ol A} I3 %= “4° 744 A3 8F31 th(Storer ef al.,
2002).
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Table 2. The matrix of pitch canker severity rate (Storer ef
al., 2002).

Stem cankers score’

Branch tip symp-
toms score' 0 1 2
0 None Low Moderate
1 Low Low Moderate
2 Moderate Moderate Severe
3 Severe Severe Severe

'0=no branch tip dieback; 1= 1 or 2 dead branch tips; 2=3-10 dead
branch tips; 3=>10 dead branch tips. *0=no stem cankers; 1=1
stem canker; 2==2 stem cankers.
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Table 1. Pitch canker severity rating system for individual tree (Storer et al., 2002).

Branch Tip Symptoms (BT) Stem Cankers (SC) Top Kill (TK)
0=No branch tip dieback _ 0=No top canopy dieback
1=1 or 2 dead branch tips 0=No stem cankers 1=<10% top canopy dieback

2=3-10 dead branch tips
3=>10 dead branch tips

1=1 stem canker
2=2=2 stem cankers

2=10%-50% top canopy dieback
3=>50% top canopy dieback

Table 3. Characteristics of inocula used for artificial inoculation of pine seedlings.

Daily growth

Isolate Region Host BT' Color on PDA? on PDA(cm) dsRNA’
A-11(4) Yicheon, Kyeonggi P, rigida Pigmentation Pink 3.1 +
C-6-L(9) Hyenam, Cheonnam P, rigida " Pink 3.2 +
C-6-L(19)  Hvenam, Cheonnam P rigida " None 44 +
G-5(17) Jeju P thunbergii " Peach 3.3 +
*G-6(19) Jeju P thunbergii Clean Zone Pale purple 7.3 -

*Used as a control. 'Bavendamm medium test: pigmentation means virulent and clean zone means low-virulent. *Potato dextrose agar. *+:
Existence of double-stranded RNA; ~ : nonexistence of double-stranded RNA.
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34 e 02 etk daAEdy grva ouf 715 243 A#Ade] I Ao FAHH 53,

vHoh 2 7TH ThAUR ZhellE 3714 rating WY B
A BAA felde] YRR edgkenk (b2t BT: P=0.07;

AFLE B Bel7t 27932 FAANA 5 A9
o] Wol Aol o152 B% HekAI7IE el Ao

N
iic)
ol

X

Table 4. Mean and standard deviations of the severity scores of pitch canker in individual trees evaluated by the three rating

methods in six plantations of the two seed orchards.

Han-Nam Seed Orchard Sang-Hyeo Seed Orchard Test among
Rating 1978 RT 1979 RT 1981 RT 1972R  1973R 1974 RT Test among RT Sang-Hyeo plantations
Method mean mean mean mean mean mean . N
(SD) (SD) (SD) (SD) (SD) (SD) X df  P-value* y’ df  P-value**
220 2.20 2.05 2.80 2.70 225
BT Gosy (20 (3 ©0) 073y @on %1203 09% 52 2 007
0.15 0.55 0.55 0.05 0.00 0.30
SC 049 069 (069 (022 (©00) (06 63005 5702 006
TK 1.10 1.10 1.20 2.00 145 1.65 3.04 3 027 583 ) 0.24

(121)  (091) (1200  (1.12)  (1.00)  (0.93)

*P-values are tests of differences among 4 plantations of RT based on the Kruskal-Wallace test (Chi-square approximation).
**P-values are tests of differences among 3 plantations of Sang-Hyeo seed orchard. Scores were obtained by pitch canker severity rating
system for individual trees (Table 1). RT- P, rigida x P. taeda, R- P, rigida.




406 SHEMEEH A 94 DA 6 T (2005)

CJSevere MModerate MLow FNone

//
120%
P

100% 1~
80% " |
yd

y

60%
40%

20% ]

Percent of trees

0%

1978 (RT) 1979 (RT) 1981 (RT)

Planting year (species)
Figure 2. The severity of pitch canker in individual trees of P
rigida x P, taeda (RT) in Han-Nam seed orchard evaluated by

the branch tip symptoms (BT) and stem cankers (SC) scores
of Table 2.
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Figure 3. The severity of pitch canker in individual trees of P,
rigida (R) and P, rigida x P. taeda (RT) in Sang-Hyeo seed
orchard evaluated by the branch tip symptoms (BT) score
and stem cankers (SC) score of Table 2.

o] P radiata WA & FAIE R 7 0EH dall =g A4
3 W AME-3 BT ¢ SC matrix(Table 2)5 A}8-3ko] 24
g Ao M 742 FE Bler gr7ivavTrt 9
Z1e ool vlsl sz g ®Bel RAE 2R B
& o2 Vepdth(Figure 3). YA ATAR EIA(H Y
A4, 200000 A= FARIE7HA RS Hel& Al
NS 53 o] Axd 2A4A ] FHal &2 Storer et
al (2002)2] el ofgt AZ} FAkeH AE B & p

Table 5. Mortality of pine seedlings inoculated with several Fusarium circinatum isolates.

I[solates
Species Family Date Control Total
G-6(19) C-6-L(9) C-6-L(19) G-5(17) A-11(#®)

Sept. 14 o 0 0 0 0 0
Rls Oct .4 0 3 4 0 2 0
i Oct. 18 0 3 4 0 2 0

Nov. 15 0 3 4 0 2 0 9
Sept. 14 0 0 0 0 0 0
R Oct. 4 0 1 3 1 2 0
) Oct. 18 0 2 4 1 3 0

P rigida % Nov. 15 0 3 4 1 3 0 1
P taeda Sept. 14 0 0 0 0 0 0
- Oct. 4 0 | 1 0 0 0
oo Oct. 18 0 2 1 0 0 0

Nov. 15 0 3 1 0 0 0 4
Sept. 14 0 0 0 0 0 0
. Oct. 4 0 1 1 0 2 0
i Oct. 18 0 3 2 0 4 0

Nov. 15 0 3 2 0 4 0 9
Sept. 14 0 0 0 0 0 0
P rigida s Oct. 4 0 2 2 0 1 0
Oct. 18 0 5 4 0 3 0

Nov. 15 0 5 4 0 3 0 12
Total 0 17 15 1 12 0

Inoculation date: September 10, 2004. 'R-phenotypically resistant (uninfected) tree. *S-phenotypically susceptible (infected) tree. “The num-
ber of dead seedlings out of 5 until the date. ‘Clone name of P. rigida introduced from USA.
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