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Progeny Differences of  Hinoki (Chamaecyparis obtusa)  and  Sawara
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The ineidence and  severity  of  resinous  stcm  eanker  diseasc werc  investit,ated in hinoki (Chan]ae('sparis vlmtsa)  and  sawava  (C.

pisijlera) at a progeny test located in Yamatsuri Town. Fukushima D'efecture, Japan. Symptorns  of  the disease were  obscrvcd  in 307

trees  out  of933  investigated trees  (32.9%). The damage was  more  severe  on  ioweF s]opes than on uppcr slopes,  indicating that miere-

environmental  factors are  causally  associatcd  with  the occurTence  of  the  disease. The  severity  ofthe  disease varicd  hath among  nine

epen-po[linated  prog.enies derived from hinoki plus-Lree clones  and  among  ]3 progenies derived from pollination between hinoki

plus-tree c]ones  and  the inixed-pollen  ofhinoki  plus-tree clenes.  The  severit}, of  the  discase also  varied  wjth  height above  the ground.                                                                              i

This tendency  was  mos[  obvious  where  the disease was  most  severe.  ,An  eslimation  of  the narrow  sense  heritabllity. h'. of  O.214,

was  obtained  frem ana]ysis  of  [he 13 pregenies derivcd frorn pollination with  mixed-po]len.  The heritability derived from mate-

Tiul that had not  been subjected  to selecTion  against  the disease, indicatcd that breeding te enhance  resistance  wou[d  bc possible to

control  the disease. Thc intcraction bctween environments  and  prog.enies in relation  ro  severity  of  the diseust is also  discuRged.
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  The  occurrence  of  rcsinous  stcm  canker  disease has so  far

been observed  in both hinoki (Chamaec)'paris ohtLtsa)  and

hiba (ThLo'opsis dblabtuta) plantations in Japan. The damage

caused  by the disease causes  economic  losses through  dcte-

rioration  in woody  quality. Great efforts have been madc  to

identify causal  agent(s)  of  the disease ever  since  Kitajima

(1927) initially reported  it, Although a numbcr  of  possible
causal  agents,  including both biotic and  abiotic  factors, have
been  proposed, the question of  how the diseasc arises has yet
to bc rcsolved.  Suzuki et  aL  (1988) and  Ylimaya  et  aL  (19g4)
reportcd  that abiotic  stress factors such  as cold  and  snowfall

could  be related  to thc incipient developmental stage  of  thc dis-

ease. Some  researchers  have also  reported  that fungl such  as

Recicuta tivida (Co,ptosporiopsis abietina)  CKobayashi et

al., 1990) and  Cistettajaponica {Suto, 1991, ]997) could  bc

related  to the development of  the disease. Furthcrmore,

Kusunoki et al. (1987) reported  that wounds  caused  by the

hinoki bark moth  (Epinotia gtanitalis) could  play a role  by

providing an  entry  point for various  pathogenic fungi.

  If thcrc are non-random  spatia] distributions of  damage
causcd  by thc disease in a  tree andlor  in a  plantation, analysis

of  the spatiai patterns should  give important clues  concernin.u

the mechanism  of  the disease occurrence,  The distribution of

the disease has, therefore, been described in a range  of  hino-

ki plantations (Yamaya et  ctl.. 1984; Kobayashi et al., 1988;
Suzuki et aL,  1988, Yanagita, 1993; Koiwa et  aL,  1996; Thka-

hashi et al., 1997, 1998). For example,  Kobayashi  et  aL

(1988), Suzuki et al. (1988), and  Takahashi et al. (l997,
1998) reported  that damage  caused  by the discase was  con-

centrated  at a certain  height at  the  lower part of  the  stems,

Yamaya  et  at.  (]984), Yanagita (1993), and  Ihkahashi et al.

(1997) reported  that the severity  ot' the disease in plantations

was  more  severe  on  the lower slopes  than on  upper  slopcs.

Tukahashi et al.  (1998) also  reported  that  
.orcnctic

 faetors

affect the severity  of  the disease, accordin.cr to an  analysis  o['

disease symptoms  among  hiba { 71httiopsis dotabrata) prove-
nances.

  Wc  have investigated a  hinoki progeny test, where  data

regarding  both the strains plantcd and  their parenta] cloncs  urc

availablc,  to asscss  the relative  importance of  environmcntal

and  gcnetic factors in the occurrence  of  rcsinous  stem  cankev

disease. If environmental  factors play a major  role  in the dis-
ease, improvements in thc algorithms  for selectin.-o reforesta-

tion sites andlor  managemcnt  tcchniques in plantatiens shou]d

reduce  its incidence. If genetic t'actors are largely responsiblc,

brccding pro.trrums designed to enhance  resistance  could  be an

efi'ectix,e means  of  reducin.o  it.

i
 Cerresponding author.

Materials and  Methods

1 Inyestigated test and  the mating  design ofthe  progenies

  The incidence and  seyerity Qt' resinous  stem  canker  disease
wcrc  investigated in a  progeny  tesl locatcd at Iriyama nation-

al forest, Yamatsuri Town, Fukushima Prefecture, in January

1997. This prQgeny test, eonsisting  ot' three blocks with  a  total

area ofO.63  ha, was  set up  in May  1974. The tes{ is loearcd
on  a  southwestern  slope  the inc[ination of which  ranges  frem

28 to 39 degrees. The altitude of  thc  tcst ranges  from 550 m

to 610 m,  Thirty-two progcnies of  hineki (Chcunaec),paris
obt"sa)  and  sawara  (C. pisCflatu) were  ptanted in thc tcst as
shown  in Table 1. PIus-tree clones  were  used  as mother

trees for hinoki and  sawara  progenies. Progenies derived

from pollination with  two  types of  mixed-pollen  wcre  plant-
ed,  as  well  as  open-pollinated,  and  self-pollinated  progenies.
One of  the pollen mixtures  was  collected  t'rom six  hinoki

plus-tree clones,  Hakone 3, NQjiri 7, [[bkye 2, Minami-tama 4,
Kataura 5, and  Numazu 2 (referred to tts mixed-  1 in Tal:,lcs 1 and  3).
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Table 1

Society

List ofpregcnies  planted in the surveyed  prosTcn}, test,

J. For.Res.3 (4)l998:

No,Mother  tree of

  progeny

Speciesof
mother  trec/'

Pv'Tating't PlantedNo  ofeachprogcny

Block
Surve>･ed No. ot' each  progeny
       B[eck

t JI III I II Ilt
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 5.
 6
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 g
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3.6
'
 ob  and  pi denote, Chc"naec.yparis obtttsa  (hinoki) and  C, pisifera (sawara), rcspectii,el}･. 

't
 The mixed-1  and  mixed-2  denote peilination with  mixed

pollen ofsix  hinoki clones  and  pollination wirh  mixed  po]len ef  hinoki and  sa",ara  c]ones,  respectivcly.  The detuils are  described in 
"lnvestiguted

tcgt und  rhe matinLg  dcsign of  [he  progenies.'" 

"

The other  type  of the mixed  pollcn was  a  mixture  of  hinoki
and  sawara  pollen (referred to as  mixed-2  in Tables 1 and  3),
but there was  not detailed information about  pollen donor
clones.  The desi.vnated numbers  of  the 32 progenies p]anted
in the  three blocks are  a]so  shown  in [ft)blc 1 .
2 Evaluation of  damage

  Wc  investigated diameters at  breast height (DBH)  and

scverity  of the discase among  933 trecs representing  32 preg-
enies  plantcd in thc test. as shown  in Table 1. The heights
wcre  also  measured  of  205 trees C22.09,) chosen  randomly

trom thc three blocks, and  the avcrage  height in each  block
was  calculated  from  these va]ues,

  The indjvidual damage index CIDI) and  partiaE damuge
index (.PDI) were  dcLcrmined  according  to criterion shos-'n in
Table 2. IDI was  defined as severity  of  the disease in indi-
vidual  stcms.  from O to 4 m  above  the ground. The part of the
stem  was  sub-divided  into four zones;  O-1, 1-2, 2-3, and
3-4 tn  above  the ground (referred to as  four above-greund
height classes  in thc follo",ing). The PDI was  deiined as
the disease severity in each  of these four zones,  and  the venical

Table 2 Criteria of  damage indices, and  the number  of  trees damuged
to each  level jn the three bloeks.

Dumage

 index
 Resinexcretlon F]ntandlor

sunkcn  stem

BlockIIIIII

o1o-.

3

4

    None
 Frem  one  sitc

Frorn plural siles

Nor considered  
t

Not  considered

     None
     Nene
     None

Cumulatiyednmage            L.
 to ]ess than 50%
   efdiameter

Cumu]ativedama"e
            tr

 te niere  rhan 50`/}
   ofdiameter

2. SI
 43
 83

52

7

2t4
 30

 40

24

L

161
 13
 10

4

o

"
 Thc damage indices of  3 and  4 are defined on]}, from the de'o. ree of fiat
and/orsunkenstem.

distribution ot' damage was  evaluated  usin..u. thc PDI data,
3 Statistical analyses

  The 32 progenies including the i3 hinoki mixed-pollen-pol-
linated pros,enies (referred to as 

`"Mixed-C.oh.",

 No. 2 in
Table 4), the nine  hinoki open-pollinated  progenies (referred
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Table  3 Data  sets of  66 progen>,thlock combinations  used  in ANOVAs.

Progeny
 No.

]v{Util] S, 
''Species

 
f Duta type  

t+

 Block

Table 4 Models  examined  in nine  ANOVAs  und  data sets included in
rhcana]yses.

No. Namc  of  modcl Model

1IIIII

Includcddata

 sets
÷t

t2467891114]61921241235101517l82e2.22.5272931l32326283032mixcd-1mixed-1mixed-lmixed-1rnixcd-1mixed-1mixed-1inixcd-1inixed-1mixed-1niixed-1mixed-1inixed-1mixed-2･openopcnopenopenopenopenopenopenopenepenopenopenselfsc]fselfselfselfuncertalnobobobobobobobobobobobobobobobobobobobobobobobPlPlpiobobpiPlT]]obaaaaaaaaaaaaadbbbbbbbbbcecdddddda

aaaaaa

aa

au

uaa

aa

IndA,iduallevel
 1 3-Biocks
 2･ Mixed-C.oh.

 3 Opcn-C."b.

 4 Open-C.pi.

 5 Species
Unit Ievel

 6 3-Bloeks(H)

 7 Mixcd-Coh.  CH)

 g Open-C.ob.<H)

 9 Open-Cpi. CH)

}･=ptB+s

)･ 
t=p+B+P+B"'P+e

.v=st+B+P-B*P+E

.v=lt+B+P+B''P-E
y=lt+B+S-B*S+E

.L/ 
=.-

 Lt 
-B+H+E

}'="rB+H+e
v=u+B+H+et/v=u+B+"+E
..t

a,b,c,d{1bcb,c

u, b, c. dabc

adb

b

b

b

bccc

add

'
 B, P, S. and  H  are  "bbres,iations  ot' block. pro/Jen),. species,  and

height above  the ground. respcctivc]y.  The  lt. e. B*P.  and  B"S dcnotc

ax･erage.  en'or.  the inleractian between blocks und  preg.cnies, und  the

interaction between blocks and  species.  respecti  x･e]y.  
ti

 Thc  datt] se{s are

shown  in Table 3.

Tab}e 5Summary  nt' results  of  ninc  cxamined  models.

No. Model FaetoTs+

Block SpecicsProg.cn)'  Block" Block* HeighT

      species  progeny

dddddd

 See Table 1 tbr explanalien  of  abbrcviatiuns.  
"i
 Letters denote that the

data was  used  in the eorrespendin.o ana]yses.  Details are  describcd in
''Stutistica[

 analyses"  and  Table  4.

Individuu] Levcl
 I 3-Blocks
2 Mixed-Cob.
3 Open-Cob.
4 Open-C.pi.
5 Species
U/ nit leyel
b 3-B]ocks(H)
789

 Open-Cpi.

***a,

 *' $
 *n.s.

 *

Mixcd-Cvb, (H)
Opep-Coh. (H)
        (H) n.s.

**#***,k

 ,Y- *･

**

**#11.S,n.s.

11.S.tittl/11.S.

*****

 *ll.S.

'

 n.s 
=

 non  sjgnificant" p  <  O.05, "i'  p <  O.Oi,andS**p<O.OO1.

to as 
"Open-C,

 ob,ii, No. 3) and  the three sawara  opcn-polli-

nated  progenies (referred to as 
"`Open-C.pi.",

 No. 4) werc

evaluated  using  the  IDI data. A  series  of  ANOVALs  (thc mod-
els shoxN,n in [[bble 4) were  conducted  to tdentit'y the principaL

factors related  !o the  occurrencc  of  the discase using  the IDI
values,  The data sets  uscd  in thc nine  ANOivLAs were  diffbred,

as shown  in Tablcs 3 and  4, The factors included in the

models  of the 
'`Mixed-C.ob."

 (No. 2), 
`"Open-CLob."

 (No, 3),
and  

`"Open-C,pi."
 (No. 4) analyscs  werc  thc effects of' b}ocks.

progenies and  thc intcraction bctwcen blocks and  progcnies.
The  eft'ect  of  blocks was  included in the  

``3-Block"

 (No, 1)

anaiysis, and  the effects of  blocks, species,  and  the  interaction

bctween b]ocks and  species  were  included in the 
"Species"

                                  n

(No, 5) analysis. Narrow sense  heritability (h`) was  calculated

using  the formula, h2 =  4 
*
 var  (P) / {var (P) +  var  (B"P)+

E}; where  var  (P), var  (B*P), and  E denote the variance  of

progenies, thc variance  of  the interaction betwccn blocks
and  progcnies, and  the  variance  of  errors  within  each  proge-
ny, respectively  (Zobel and  

'ftilbert,

 19g4). Thus, IDI values

were  used  for analvses  l to 5 ]isted in Table 4. Four ANOM4.s              u

(Nos, 6, 7. 8, and  9 in Tbble 4) were  also  designed, using  PDI

yalues  to detcrminc, sN'hether o]' not  the damagc scverity  var-

ied vertically among  t'our above-ground  height classes.

  The 
`'glmi'

 and  
"x,arcomp"

 procedures t'or SAS  version

6,12･ (SAS, 1988, 1996) werc  uscd  t'or conducting  ANOVAs

and  estimating  variance  eomponcnts,  respeclivcl.v,

Results and  Discussion
1 The  relationship  bet"'een micro-enyironmental  factors

  and  disease severity

  The  averages  and  st5ndard  deviations cSD) ef  heights and
DBHs  in the test were  1O,98 ± 1.78 m  and  1O.97 ± 1.09 cm,

respeetively,  Damage  causcd  by the disease was  observed  on

] 85 out  of 436 trees (42.4Eif,) in bleck L 95 out  of 309 trees

(30.7q,) in block II, and  27 out  of 188 trees (14.4") in bLock
III, as shown  in Table 2. The total number  of  damaged trees

was  307 out  of  933 trees investigated (32.99,), The number  of

trees with  fiat and/or  sunken  stems  (i.e. with  a PDI of  3 or  4)
was  59 in b]ock I (31.99･ ofdamaged  trees, and  13.5% of  all

trccs in the  block), 25 in block II (26.3q/ and  8. 1% of  dam-

as,ed  and  total trees, respectively),  and  4 in btock il! Cl4,892i
and  2.1%, of  damaged  and  total trecs rcspcctively).  The
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averages  and  SDs  of  the PDI  values  were  1.00 ± 1.00 in
block I, O.76 ± 1.09 in bloek II, and  O,36 ± O.SO in block Ill,
rcspective]y.  Both incidcnce and  severity  ol' the discasc were

sreater in blocks on  the lower slopes  than in blocks on  upper

slepes  CFig. 1). Thc etllects of  b]ocks were  significant  in
seven  out of  nine  ANOVAs  (Tlab[e 5). Similar[y, Ytimaya et al.
(1984) observcd  that damage  increased from upper  stepes

to lowcr slopes,  and  from drier soils to wetter  soils  in 28

hinoki planratiens located throughout  thc Tohoku  Distric[,

Yana.oita (1993) and  Thkahashi et  aL  (1997) ulso  rcported  that
damagcd  trees were  more  abundant  en  lower s]opes  of  hino-
ki plantations in Fukushima Prefecture. Furthermore, Taka-
hashi et  aL  (1998) rcported  lhal the disease scverity  differed
uccording  to location in a  hiba (71htu'opsis dotabrata} prove-
nance  test locatcd in Aomori Prefecture, even  thou.ah  it is
located at a fiat site. The hetero.ueneous disease scverit>, in thc
hiba provenance test could  net  be explained  by co[d  and

snowfail,  but the authors  suggested  that thc variatien  could  be
attributcd to the heterogeneity of mjcro-environmcntal  factors
within  the stand,  Discasc severity  was  quite variable  in the

progcny test examined  in this study,  too,  Progcnies derived
1'rom the same  plus-tree cloncs  showed  differenccs jn dls-
ease  scvcrit}, depending on  the location of  the blocks. Thc fact

that geneLically homegeneous  materials  showed  ditferenees in
disease seyerity  depending on  location indicates that micro-

environmenta]  factors are causal[y  to thc disease.
2 Differences in degree ofdamage  between two  species

  The IDI va[ues  in nine  hinoki (Chamaec.ypari.s' obtusa)

open-pollinaled  progcnies were  s,rcatcr than  thosc  in three

sawara  (C. pis(feiu) open-pollinated  progenies, and  the di['-
fercnce was  significant  at the Igi2, level (Fig.2 and  Tab]e 5).
Thus, althoug.h  hinoki and  sau,ara  are  laxonomically closely
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related, they showed  significantly  diiTerent degrees c}f sus-
ceptibility to the disease. Further stud>･ of  these  iwo  spccies

mi.crht he]p clueidate  mechanisms  of  spread  and  developmcnt
et' the disease through  analysis  ot' relcvant  morpholo.aical.

physical, chemical, and  physiologicaE differences among  tol-
erant  hinoki cloncs,  susceptiblc  hinoki clones  and  sawara.

3 Vertical distribution of  damage

  Four ANOVAs  inc]udins, the efiiect  ot' above-ground  height
effect in the rnodcls  "'ere  performed. The ditTercnccs in P])I
values  were  found  to be not significunt among  i'our above-

ground height elusses in the 
"Open-C.pi,<H)"

 anal>'sis. but thc.v
weTe  significant  at thc 59' , 1 C4 , and  O. 1 q significance  [evels
in the 

"Open-C,oh,

 (H);' 
"Mixed-C.ob.(H):'

 and  
''3-Blocks(Hi'

analyses.  rcspectix,ely (Table 5). Three 
''Open-C.pi."

 proge-
nies having relatively low IDI N,alues shewed  no  significant  diiL
t'erenees among  the abovc-.ground  height classes,  but hineki

progenies -'ith relativcly  hi.orh IDI values  did (8 and  9 in
Table 5). The differences arnon.e  PDI  va]ues  assoeialecl with

the four abovc-g.round  hcight c[asses  wcre  clearer  in block I,

wherc  the dumagc were  most  severe.  Ihan  in b[ock II and  III
(althoug.h thc ditl'erenccs amon.g  thc above-.-oround  hei.yht
ctasses  werc  significant  in all blocks: Fi.v. 3). Similarly,,
Takahashi et  aL  (1998) a]so  observed  that  the diiTercnces
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Fig, 3 Patlial damage  indices (PDI) of  the tbur ab"s･c-L,round  height
classes  in the  th]'ec blocks.
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Fig. 4 Rate  of  trees c]assified  into two  different lcve]s of  disease sever-

it.v of  rhe  four aboN,e-s,round  height classes  in the ihree  b]ocks.

among  damage  indices correlated  with  the above-ground

height classes  werc  significant  in placcs where  damagc was

intensive, but noT  in places wheTe  dama.gc was  less se-ous,

These observations  suggest  that thc dama.-.ue tends  to becomc

more  concentrated  at a  certain hcight above  ground as  the dis-

ease  becomcs more  severc.

  Rato of  trees classified into 1 or  2 of  PDI  (it mcans  damaged

trces without  abnormal-shaped  stem)  and  rate  of  trees classi-

fied into 3 or  4 of  PDI (it means  dEunaged trees with  ubnormai-

shaped  stem)  are presented in Fig. 4. Both rates were  higher

in blocks on  thc  lower slopes  than in blocks on  upper  slopes.

Maximum  valucs  of  both rates  werc  observed  at diffcrent

above-ground  height class  in block III; at  1-2 m  class in rate

of  trees without  abnormal-shapcd  stem  and  at  O-1 m  class in

rate of trees with  abnonmal-shaped  stem.  Maximum  values  of

both rates were  observed  at identical above-ground  height class

in other  blocks; at 1-2 m  ctass in block I and  at 2-3 m  elass  in

block ll. The vertical  distributions oi' these  two  rates were  "Te]1

coincident  with  that ef  PDI (Figs. 3 and  4). It indicates that

PDI  was  usefu1  as one  of measuremcnts  to evaluatc  the vertical

distribution of  damage severity  of  the disease,

4 Differences of sensitivity  to the disease among  progenies

  Thc 
LLOpen-C.oh,"

 and  
"Mixed-C.oh."

 data sets  showed

that the IDI values  were  significantly  diffcrent among  proge-

nies  at thc O.1% and  at 1 q, levels, respectively  CFigs. 5 and 6,
and  Tablc 5), However, the "`Open-C,pi,''

 showed  no  signifi-

cantditlk)rences  among  progenies. We  believe that the vari-

ation  eould  be attributed  to a  sma]1  nunibcr  ol' progcnies in the
"Open-Cpi."

 data sct. The detection of  significant differenccs

among  both `"Mixed-C.ob."

 and  
"`Open-C.ob."

 progenies indi-

cates  that the genetic factors are re[ated  to disease suscepti-

bility. We  obtained  an  estimation  of  narrow  sensc  heritabili-

ty, h2, of  O.214, based on  the 
`"Mixed-C.ob."

 data set. Akashi

et  aL  (1979) estimated  the heritability (h2') of  resistancc  to nee-
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Fig. 5 Individual damage  indices of  13 Chaniaec')'paris obtttsa  prog-
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Fig. 6 Individual dama.cre indices efnine  open-pollinatcd  ChaJnaec'.1 
-

paris obtusa  progenies in b[ocks I and  II. Avcragc individual dainage

indices (IDI) with  one  standard  error  arc  presented. S},mbols 
L'X"'

 indi-

cate  that  the progeny  does not  exist  in the block.

dle cast  disease resistance  in Japanese lareh ([xirix iel)tolepis)

to be O.588. using  progenies derived from plus-tree clones

crossed  with  the mixed-po]len  of  the plus-lrcc c[ones  and

e.047 using  open-pollinated  progenies of the plus-trcc cloncs.

Noguchi  and  Mikanii (1985) estimated  narrow  sense  heri-

tability of  thc  resistance  to necdle  cast in Japanese red  pine
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 (Pinus densij7oru). They calculated  hi to bc O,96 based on  an

 inoculation experiment  whcre  4 × 4 diallete cress  progenies
 wcre  used,  and  O.36 based on  the data obtained  t'rom open-pol-

 linated progenies ot' the plus-tree clones  under  natural  infcc-
 tion. The estimated  heritabi[ities were  somewhat  ditTerent

 depending on  the materiais  used  in these studies, The esti-

 mated  heritabilities of  needle  cast  resistance  in Japunese recl

 pine were  thc hi.vhest. and  in the study  concerncd,  hoth ebN,i-

 ousl>, tolcrant  and  cxtremcly  suseeptiblc  clones  were  a]so

 exposed  lo natura[  infcction and  included in the cstimation,

 Although the hinoki and  sawara  trees investigated in our

 study  were  subject  to natural  infection and  havc not  been

 selectcd  for resistance  against  resinous  stern  canker  discase at

 all,  a h] va]ue  of  0214  was  estimated  for the hcritability,

 This indicates that the .u' enetic  facters might  be as strong  as

 those  involved in needle  cast  resistance  in Japanese red pinc,
 and  a]so  suggests  that genetic steps  against  thc  disease, i,e.

 brecding for rcsistance  uL.T.ainst resinous  stem  canker  disease,
may  be etl'ective.  Howcver, the ability  to discriminate betwecn
tolerant and  susccptible  trccs requircs  further research,  beeausc

the discase mechanisms  are still unclear  at  prescnt. The
mode  ot' inhcritance and  thc rutie  ot' additlye  and  non-additive

inheritancc varianccs  should  a]so  be analyzed  in cletail in the
luture.5

 The  interaction between enyironments  and  progenies

  Thc eti'ect  ol' the interaction between blocks and  progenies
en  the occurrencc  of  the disease "'as  not  significant  in thc
"Mixed-C.ob,':

 and  
+'Open-C.pi."

 data sets, but it ",as sig-
nificant in the 

`"Opcn-C.ob."

 daLa set at the 1% tevel <lhble 5).
The average  IDI values  were  hi.ghegt in blockIand lowest jn
b]ock III, as shown  in Fig, 5. The 

"Mixcd-Cob.''

 analysis  did
not show  significant  interaction beLween  blocks and  progenies,
although  four progenies (Nos. 4, 7, 8, and  16) included in the
analysis  showcd  highest IDI yalues  in block II among  three
blocks (Fi.u. 5). The  open-pollinated  progcny derivcd from
Kataura 6 (Progeny No. 17) vv'as selc  progeny that had highcr
IDI vaiue  in b]ock II than  in blockI among  

`"Open-C.ob."

progenics (Fi.u, 6), The 
"Open-C.oh."

 anatysis  was  conduet-

ed  agaln,  excluding  the data appcrtaining  to progeny No. 17,
and  the result showed  no  significant  intcrac[ion efi'eet  betiip'een
btocks and  progenies. The 

"Open-C.ob.''

 duta set was  based
on  the data from two  blocks. and  the datu of  four out  of  18

pro.oeny!block cembinations  involving these  blocks were

absent  (22.2%), Becausc these considerations  are likely to
afilcct the rcsul{s  from the L+Open-C.ob.'7

 ana]ysis,  we  belicve
that thc correlations  aTe insutficiently strong  to concludc  that

therc is an  interaction bctween blocks and  progenies. Tt is
noteworthy,  howevcr.  that the mixed-pollen-poilinated  prog-
eny  derived from Kataura 6 also  showed  the highest IDI
value  in block II. The Kataura 6 clone  might,  Ihcrefore,
have unique  properties associated  with  susceptib]ity  to resinous
stem  canker  disease. The  intcraction between blocks and

pro.gcnies demands study  in 
.urcater

 detail in the future.
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