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Genetic variatien  in seed/cone  production among  clones  was  studied  in a hinoki (Chamaec)paris obtusa  Endl.) seed  orchard  con-

taining 25 plus-trees by ana]yzing  the number  of  cones,  the yield ef  cones  and  seeds  of  individual ratnets  for 5 successive  years (1982
to t986). There was  significant  variation  among  clones  each  year and  parental contribution  ifl the seed  orchard.  Specifically, in the
years 1982, 1983, 1984, 1985, and  1986, 20% of  the  cloncs  produced 37,2, 60.6, 36.0, 44,3, and  44,8%  of  the total cones,

respectively.  The  size of  the crop  greatly infiuenced the parental balance in the resulting  seedicone  crops,  The pivduct moment  cor-

relation coethcients  and  Speanman's coethcients  of  rank  corTelation  were  srnal1 and  insignificant between  consecutive  years, but 1arge

and  highly significant  between altemate  years, suggesting  the presence ef  carry-oyer  effects  in seedlcone  productien, The broad-
sense  heritabMty on  u  clone  mean  basis was  O,74 ± O, 15 for the number  of  cones,  O,72 ± O.14 for the yield of  cones,  and  O.68
±  O, 13 for the yield of  seeds.  The corresponding  heritabilities from analyses  combined  ever  al1 years were  024, O,558, and  O.724,
respectively,  These results indicate that seedtCone  prDductlon in hinoki is under  strong  genetic contro1.  Severa1 managerial  measures

aTe  discussed that rnaintain  the genetic divetsity in seedlots  used  for reforestation,  by reducing  the variatien  in seed/cone  prvduction
ameng  clones  and  producing seed  crops  with  equal  contributions  from  arl parents,

Key words:  C7tamaecyparis obtusa,  clones,  genetic diversity,parental balance, seed  orchard

  Long-term breeding aims  at achieving  a balance between
continuous  genetic gains and  an  adequate  level of  genetic
variation, [he most  common  method  used  in the long-terrn
breeding of  forest nees is the establishment  of  seed  orchards,

which  link breeding programs and  reforestation by delivering
consistent yields of genetically improved seeds.  Ideally, sev-

eral biological conditions  are required  to meet  these objecttves
in seed  orchards  (Eriksson etal., 1973), In practice, however,
seed-orchard  crops  are collected,  extracted,  and  stored  in
bulk seecllots, Therefore, seed  orchard  crops  are usually

composed  of undetermined  proponions of seeds  from each

parent. Seed erchards  often  deviate from their "ideal"

 expec-

tations. In particular, the  parental contribution  to seed/cone
crops  varies  substantially  arnong  clones  in seed  orchards  of

many  coniferous  species  (GriMn, 1982; Byrarn et at., 1986;
El-Kassaby et  aL,  1989; Chaisurisri et al,, 1992; Matziris,
1993, 1997). The unequal  conuibution  ofclones  could  be the
major  factor responsible  for minimizing the genetic base of a

seedlot  (--Kassaby et  al,, 1989). For this reason,  it is impor-
tant to collect  a  considerable  amount  of  reproductive  and

phenological data in order  to determine the ordinal  parental
influences within  an  orchard  and  then use  this infbrmation for

successfu1  seed-orchard  management,

  Hinoki (enamaeq>paris ohtusa  Endl.) is one  of  the most

important tree species  used  for reforestation  in Japan. Seeds

from plus-tree seed  orchards  are  generally used  for refor-
estation. As  part of  an  ongoing  investigation of  fiuctuations in
genetic diversity in the process of  reforestation  in hinoki,

we  investigated the actual  seedlcone  procluction of  every

clonal  ramet  for a period of5  years. The  phenotypic and

genetic variation  in seedlcone  production were  analyzed

among  open-pollinated  clones  in a  seed  orchard,  and  this
information was  used  to manage  the genetic diversity of the

seedlot  for hinoki reforestation.

i
 Corresponding author.

Materials and  Methods

  Tliis study  was  conducted  in a 7,2-ha hinoki seed  orchard,

located in Hamakita, Shizuoka Prefecture, Japan (latitude
34"46'N, longitude 137"46'E; elevation l10 m). The orchard

was  established  in 1966 and  consists  of  25 clones,  derived
from intensively selected  plus-trees from artificial stands
throughout Shizuoka Prefecture, The grafted trees were

planted at 3,5-m intervals in a randomized  incomplete block
design, and  top-pruned  to maintain  an  accessible  crown  3 rn

high, However, no  pruning was  carried  out  during the  5-

year study  period. [Ihis seed  orchard  is not 1ocated in the main
range  of  hinoki and  is isolated by pine belts, so contaminating

fenilization by background hinoki po11en is negligible. Corn-
rnercial cone  harvesting started in 1974, when  the tiees were

9 years old.

  There are  seven  blocks in the seed  orchard.  Block 4,
which  contains  129 trees, was  selected  for this investigation.
The  cones  were  harvested separately  from  each  tree. :rhble 2

lists each  clone  and  the number  of  ramets  (replicates) of  each

clone.  The  basic data for phenotypic and  genetic variation

analyses  were  collected  in 5 successive  years (1982 to 1986),

[the cones  were  weighed  and  counted.  [Ihen the seeds  were

extracted  ffom the cones  to detemine  the 1,OOO-kernel weight
and  the rate of  filled seed  according  to the presence of  embryos

(data for years 1982, 1984, and  1986  only)  for each  tree,

according  to the ruies of  the lnternational Seed [[lesting Asso-
ciation  (1985).
 The parenta1 balance of  the seed-orchard  crops  was  sum-

marized  using  seed-/cone-yield  curves  (GriMn, 1982). The
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clones  were  arranged  in decreasing order  of number  or yield,
and  cumulatiye  percentage calculations  were  piotted against

the.pereentage of  clones  counted.  [[hus, the percent conui-
bution of  any  proportion of  clones  to the total cone  crop

could  be easily estimated.  The  product moment  correlation

coerncients  and  Spearman's coeMcients  of  rank  correlation

basod on  clonal  rank  by yield of cones  were  computed  across

years in order  to examine  the ability to predict the clonal
connibution  to the ,cone crop  from year to year.
  TMro- and  one-way  analyses  of  variance  (ANOMPL) were

used  to analyze  the see[Ycone  data for the clonal trees over  the
fiye years ([[hble 3) and  for each  year ([[hble 4), respectively,
All the data were  transformed  to log (count +  1) to fulfi1 the

homogeneity of  the variance  test before the analyses  were

done. Estimates of  broad-sense heritability were  obtained  on

an  individual tree (HE) and  clone  mean  basis (th), each  of

which  had different phenotypic variation, in the fo11owing
manner  (Matziris, 1993, 1997).

  For each  year:

    H] or2or+2o2
 (individualtreebasis)

           q,2
                   (clone mean  basis)    H2  

-
    

-
 ob2 +  oepn

For the  combined  years:

           cn,2
Hl  -

th== 2

q2  +  oy.2  +  a2

     q,2

(individual tree basis)

        .2+2c  +S,

  Tlhe symbols  in the equations  are described in
the footnotes for Tbbles 3 and  4.

(clone mean  basis)

detail in

Results and  Discussion

  The average  yield of cones  per tree showed  considerable

variation over  the 5 years investigated. The variation in the
average  number  of  cones  and  the yield of  seeds  per tree fo1-
lowed the same  trend (Fig, 1). The seediCone  crops  pro-

duced per tree were  average,  lean, bumper, reduced,  and

average  in 1982, 1983, 1984, 1985, and  1986, respectiyely,  A
similar  fluctuation in seedicone  production was  observed  in
another  hinoki seed  orchard  in Gifu Prefecture (Katsuta,
1982), suggesting  that periodicity in seedXcone  production
seems  to be a common  phenomenon for hinoki seed  orchards.

  [[b estimate  each  clone's  contribution  to the annual  cone

production, the percentage that each  clone  contributed  to the
total crop  was  estimated  for each  of the 5 years. Figure 2
shows  each  clone's  conuibution  to the  total yield of  cones  in
1985. The  5 best cone  producers (20% of  the trees) pro-
duced  44.3%  of  the  total cones,  while  the  5 poorest pro-
duced only  7,6%  of  the total cones,  For the  years 1982,

1983, 1984, and  1986, the 5 best cone-producing  clones  pro-
duced 37.2, 60,6, 36,O, and  44.8%  of  the total cones,  and

the 20%  with  the lowest production produced  only  5,O, 2.1,

5.7, and  5.1% of  the total cones,  respectively, These results
indicate that some  clones  produced a  great mass  of  cones,

while  others did not  produce any  cones  or  contributed  only  a

very  srnall  percentage to the final cone  crop, This unequal

conuibution  of  the clones  to the cone  crop  indicates that the

soed  orchard  departs ffom the ideal situation  of  equal  cone  pro-
duction by all  the clones,

  The  degree of  departure from  the ideal situation  for the

bumper, ayerage,  and  lean cone-producing  years is shown

in Fig, 3. It is evident  ffom this figure that the degree of dis-
tortion in the parental balance in the  seed  orchard  was  influ-

enced  by the crop  size.  The  curve  for 1984 (the bumper
cone  year) was  closest  to the ideal situation.  represented  by  the

straight  line in the figure, The  greatest departure from  a

straight  line is observed  in 1983, the  leanest cone  yean The
curve  for 1986, the average  cone  year, is interrnediate. As

irnplied by  the cone-yield  curves,  the closer  the cuTye

approaches  the straight  line, the higher the possibility that e4ch

clone  conuibutes  equally  to the gene pool in the seed  orchhrd

(Matziris, 1993). The results indicate that the genetic base of
the seed  produced frorn the seed  orchard  was  much  broader in
bumper cone  years than in mean  and  lean cone  years,
  Tbble 1, which  lists the preduct moment  corTelation  coefi
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Fig. 1Development  of  annual  seedlcene  production averages,
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Fig. 3  Cumulative  cone  productien curves  for clones  for a  bumper  ctop  year (1984), mean
crop  year ( 1986), and  ]eap crop  year (1 983). C}ones are  arranged  in order  of  decreasing yield
ofcone.  
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Tabte 1 Product moment  cerrelatien  coecacients  (abeve the diagonal)
and  Spearman's  coerncients  of  rank  correlation  (below the diagonal)

between cone  crop  production for 25 open-polljnated  clenes,

Year19S219831984 19851986

19821983198419851986

O.156OJ32**O.398*O.631**
 O,062

 O,242
 O.4S5*-O,298

e,667** O.074
o.o2g o.sg2**

 
-

 -0230
O.085 -

O.693** -O,167

 O.624**
-O,320

 O,656.*
-0317

',
 
**

 Values are  statistically significant  at the O.05 and  O.oo5 probabil-
ity Ievel respectively.

ficients and  Spearman's coethcients  of  rank  correlation.  shows

the relationships  between the yield of  cones  for the years
examined,  The product moment  correlation  coethcients

between the yields for any  2 consecutive  years (i,e,, l982
and  1983) were  smal1  (O,029-O.062, NS) or negative  (- O.23-
-

 O,317, NS), On  the other  hand, there was  a highly signif-
icant positive correlation between alternate years (i.e., 1982

and  1984, 1983 and  1985, and  1984 and  1986). These suggest

the presence of a  carry-over effect;  namely,  a  similar  cone  crop

was  repeated  afier  2 years, No  regular  relationships  were

observed  for the product moment  correlation  between
seedlcone  crops  separated  by 3 years, The 4-year separation

from 1982 to 1986 was  highly significant.

  The relative ranking  of c]Dnes  changed  from year to year
(Thble 2). The  changes  were  less obvious  when  bumper  crop

years were  compaied  with  ayerage  crop  years, The better cone

producers (clones F-1, I-2, and  I-6) placed in the top 5 every

year with  an  average  or bumper cone  crop  (1982, 1984, and
1986), A  similar trend was  chserved in the ranking  of  the least

productive clones  iclone F-6, O-6, and  O-3), which  were  at the
bottom all three of these years. However, the ranking  of

intermediate cone  producers changed  from year to year. This
was  more  obvious  when  examining  the best cone-producing
clones  in a lean cone  year. For example,  clpne  I-6 ranked  5,
4, and  1 in 1982, 1984, and  1986, respectively, but ranked  24
and  21 in 1983 and  l985, respectively, Simiiarly clone  O-5
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Table2VariationarnongrametswithinclonesandclonerankinginyielclofcenesforSsuccessiveyears(1982-1986).

1982 1983 1984 198S 1986

CloneReplicationNe.Mean ± SD No,Mean ± SD No,Mean ± SD No.Mean ± SD No.Mean ± SD

A-17161630 ± 2048.76IS5 ± 177.2164676 ± 3754.091360 ± 1130,42e191 ± 2347
A-25 64983 ± 38os,O7278 ± 268,2154933 ± 2350,O42408 ± 1428.912683 ± 173,3
F-t5 16599 ± 5459,110103 ± 157,359450 ±9152,251628 ± 1066.721833 ± IS24,3
F-3 6142816 ± 2463.4lg35 ± 33,1213174 ± lg83.561623 ± 893.115376 ± 114.7
F.4 5133330 ± 2370,5]1043 ± 840,412S678 ± 3848.223804 ± 39e4,621137 ± 155,8
F-5 4 45165 ± 4628.432S9 ± 304.9112115 ± 7688.1ISle75 ± 847.2896e ± 594,O
F.61324627 ± 853,61473 ± 66.725532 ± 339,923609 ± 493,O -
F-712113420 ± 1336,92029 ± 45.7193741 ± 2208.4121230 ± 789.6 -
I.1 S 25616 ± 3904.11735 ± 39,4 96770 ± 2939.e71504 ± 1oo1,710869 ± 378.4

I-2 6 35603 ± 18882S143 ± 128,6310562 ± 5090.932666 ± 2473.051124 ± 704.0

I.3 4103570 ± 4296,87151 ± 137.314S080 ± 48S6.816975 ± 812,616325 ± 472,3
I-4 4 123390 ± 12S8,71187 ± 66,O 211456 ± 3378.518870 ± 584.89899 ± 732.5
I-S 5152799 ± 1542,91283 ± 79,169236 ± 2837,822620 ± 275,761092 ± 512.4
I-6 5 55094 ± 3048,924l2 ± 9.9 410167 ± 3569.621644 ± 468.911915 ± 1813,1
O-14171330 ± 1011.79140 ± 199,2135202 ± 1944.1111250 ± 1124.617322 ± 289.1
O-24191128 ± 766.54245 ± 378,478781 ± 7893.71013oo ± 41e.913662 ± 957,5
O+3422970 ± 1553,72217 ± 29,6203232 ± 4649,619750 ± 462.022124 ± 123,8
O-4 523740 ± 74S.82129 ± 5S,2231703 ± 1413.6131192 ± 1558,614S86 ± 224,S
O-54 74866 ± 2292,81381 ± 114,788125 ± 1748.617925 ± 824.84l321 ± 763,4

O-622S382 ± 328,816S3 ± 75,O222140 ± 2177.925260 ± 84.919219 ± 285.7
O-74 84040 ± 2706.82313 ± 16.1106668 ± 5119.981390 ± 929,611828 ± 975.0
T.14211065 ± 1030,25231 ± 37S.424994 ± 518.415410 ± 273S.4234 ± S,5
T-2 4 93973 ± 2786.91931 ± 43,Sll5833 ± 3034,71411S5 ± 634.47988 ± 10S5.2
T-3 5 181144 ± 720,91563 ± 66.0IS4391 ± 2632.124604 ± 44S.518291 ± 213,3
T.4 320II21 ± 11S9.3251 ± L7 174640 ± 4oo7.020673 ± 411.031562 ± 8462

ranked7,8,and4in1982,1984,and1986,butranlced13andresultsconfirrnthepresenceofdifferencesamongclones,

17in1983and1985,respectively.Theseresultswerecon-andaninteractionbetweenclonesandyearforseed/cone
firmedbytheSpearman'scoeMcientsofrankcorrelationproduction.

(Table1).[[hecoirelationswerehighlysignificantbetweeninsingleyearanalyses,broad-senseheritabilityestimateson
bumper(1984)andaverageyears(1982and1986),indicatinganindividualtreebasis(Hi)forallcharacteristicsofrepro-
thattherewerenosignificantchangesintheconeyieldofductionandseedsweremuchlowerthantheestimatesona
clonesinthesethreeyears.Therankcorrelationsbetweenclonemeanbasis(H2)Crahle4),Asirnilartrendwasobserved

bumper(19g4)andlean(1983and1985)yearswereverylowinthecombinedyearanalysesCIrable3),Ontheotherhand,
orinsignificant,indicatingthatthechangesintherankingofhigherayeragedvaluesofbroad-senseheritability(Hras

clonesintheseyearsaresignificant.[[hefluctuationofthewellasH2)wereobservedforseedleoneproductioninthesin-

Spearman'scoethcientsofrankcorrelation,aswellastherel-gleyearanalyses(Table4)thaninthecombinedyears(Thble
ativerankingofclonesfromyeartoyear,canbeexplainedby3).Themainreasonforthisisthattheinteractioncomponent

thebuild-upofnuuientsinindividualtrees.Thisincreasesclone × yearconfoundsthegeneticcornponentofvariancein
vegetativegrowthduringleancropyearsandsubsequentlythesingle-yearanalyses.Likeseveralotherconiferousspecies

increasesthepotentialcropthefollowingyear,whenmore(ByrametaL,1986;ChaisurisrietaL,1992;Matziris,1993,
cone-bearingbranchesareproduced(El-Kassabyetal.,1989).1997),theheritabilityofseedtconeproductiontraitsandthe

Thisinterpretsthecarry-overeffectofseedlconeproductionseedcharacteristiesinhinokiishigh,indicatingthatthesetraits
.attheindividuallevel.Anotherfactormaybethegnawingofareunderstronggeneticcontrol,
conepests,GlauciassubpunctatusandPlautiastali,inthe Asmentionedabove,thernostimportantobjectiveofa
hinokiseedorchard(Sanoetal.,1989),Aleancropyearmayseedorchardisprovidlngastablesupplyofseedswithgenet-

interruptthegrowthofthepopulationsoftheseinsectsbyicgainandabroadgeneticbase,However,therearefewstud-
reducingtheintensityofpredation,sothatitismuchsafertoiesonthemaintenanceofgeneticvariationintheseedcropof

produceseedsthefollowingyear. hinokiseedorchards.Itisworthdiseussingpracticalmeasures

Tables3and4presenttheanalysesofvariance,variancetornaintainthegeneticdiversityoftheseedcropintheseed
cornponents,andbroad-senseheritabilityestimatesforall5orchardstudied,consideringthecharacteristicsofseedicone

yearscombinedandforeachyearseparately,respectively.Thepreduction.Ingeneral,thegeneticdivcrsityoftheseedcrop
variationintheannualseecYconeproductionamongcloneswasismaximizedwhenalltheclonesconnibuteequallytothe

very1argeandstatisticallyhighlysignificantforalltheyearscrop(Matziris,1993),Thedisproponionateconnibutions

exarnined(Table4),Significantinteractions(p<O,O05)ofclones(Table2andFig.2)andsignificantclone × year
werealsoobservedbetweenclonesandyears(Table3).Theinteractions(Table3)implythattheclonesconuibutedto
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Table3Analysesofvariance,variai)cecomponentsandbroad-senseheritabilityestimatesfofseed-coneprodllctionoverthe5-year(1982-1986)
period.Sourceof

ExpectedrneanNumberofconesYieldofconesYieldefseeds1ooO-kernelRateoffi11ecl
variation Squares2) weight seeds

d.f,1) d,f,M.S.3)d.f.M,S.d.f.M,S.d.f.M.S, d.f,M.S.

Years yml 391.60***475,96***454,18***3O,0864***212,22***
Clones C-1 o2+noys2+yna.2241.57**'241.92*"221,43***22O,0584***22O.17***

ClonesXYears(C-1)fy-1)o2+napei 721.30***96O.97***88O.50***66O.OO13* 44O.063*
ResidualCY(ni-1)a2 416O,33520O,279405O,19324O.OO09 243O.CMO

2ac O.O133 O,0379 O,0371 O,oo29 O.oo71
2ay. O.1946 O.1388 O.0622 O.Ooo1 O.co46

02 O,328 O,279 O,]917 O.OO09 O.0tlO
H]4) O,025 O,083 O,127 O.753 O,137
H! O.243 O.5S8 O,724 O.991 O.848
!jC,numberofclones=25;y,numberofyears;ni,theharmonicmeanofthenumberoframetswithinclenes,2)a2,varianceduetodifferences

amongrametswithinclone;oc2,varianceduetoclifferencesarnongcrones;ffpt,2,varianceduetointeractionbetweencloneandyearcffects.
3)*,**,***StatisticallysignificantattheO,OS,O,O1,andO.oo5probabilitylevelrespectiyely,4)Hi,H2broadsenseheritabilityonindividualtree

andclonemeanbasisrespectiyely.

Table4Analysesofvarianee,variancccomponentsandbroad-senseheritabilityestimatesforseed-coneproductionforeachof5years,1982to
1986.Sourceof

Meansquare3) Mean ± SD

variation d.f.i)E,M.s2) 1982 1983 1984 198S 1986 (]982-1986)

Numberofcones
AmongclonesC-1a2+n6e2 - 1.730***1.1oo***O.428***2.210***

ResidualC(ni-1)a2 - O.702 O.IS4 O.159 O,29S"O.2.... tTt---.tT
- e,2o6 o,lgg

-T- Tt--t
O,OS4 O.383

o2 - O.702 O,154 O.IS9 029S
Hl4) . O.23 O,SS O.25 O,56 O.40± O.184
H2 - O.59 O,S6 o,63 o,g7 O.74 ± O.146

Weightefcbnes
AmengclonesC-1a2+noc2O.909#*],619**,O,878***O.331* 2,075***

ResidualC(ni-1)a2 0217 O,S88 O.l44 O,ISS O.291t.t t tt --" L--- tt
2ac O,138 O,206 O.135 O.035 O.366

02 O.217 O,588 O.144 O.155 O.291
Hl O.39 O,26 O,48 O.18 O.56 O,37± O,154
H2 O,76 O," O.82 O.S3 O.86 O.72± O.138

Weightefseeds
AmengclonesC-1o2+noc2O,694***O,725***O,4g6***O.29I* I.243***
ResidualC(ni-1)-- a2 O.2Sl O.226 O,133tt-t--tt-tt---t O,149 O,199'.L-e- ---t t -.

7ac o,ogg o,loo o.o71 O.028 O,209
o2 O,2Sl O.226 O.133 O,149 O.199'
Hl O.26 O,31 O.35 O.16 O.51 O.32± O,130

H2 O.64 O.69 O.73 O,48 O.84 O,68± O,130

10oo-grainweight
ArnongclonesC-1a2+noc!O,O145*** - O,O169***O,O161***O,O148***

ResidualC(ni-1)di O.OO07 - O.OO14 O.OO07 O.OO07"Oc2"'`"' . -- t - -
O,oo28 . 0.0031---t

--Ltt-tt
O,O031 O.oo29

02 O.oo07 - O.oo!4 O,oo07 O,OO07
Hl O.80 - O.69 O.82 O.81 O,78± O,059

H2 O.95 - O.92 O,96 O.95 O.95± O.O19

Rateofernbryonicseeds
AmongclonesC-1ff2+nac2O,0746*** - O,0863*** - O.0868***
ResidualC(ni'1)-tt 02 O,0299 . 0,0320t.t-;H-tt

- O.032Ie t--tt--tte -
2ac O.oo89 O.OI09 O.OI09

a2 O.0299 - O.0320 - O.0321
Hl O,23 . 0,2S - O.2S 02S ± O.Ol4
H2 O.60 - O,63 - O.63 O.62 ± O.OI8

t)C,numberofclones=25;ni,theharmenicmeanofthenumberoframetswhhinclones.2)a2,varianceduetodifferencesamongrarnetswith-

inclone;o.2,varianceduetedifferencesamongclones,3)*,**,***StatisticallysignificantattheO,eS,O,e1,andO,oo5probabilitytevelrespectively.
4}Hl,H2broadsenseheritabilityonindiyidualtreeandclonemeanbasisrespectively.

'



Japanese Forestry Society

NII-Electronic Library Service

JapaneseForestrySociety

72

the cone  crop  disproponionately and  that the conuibution
varied  as  clones  entered  or dropped out  of  the breeding pool
each  year. [lhus, the genetic diversity of  the seed  crops  is less
than that expected  under  panmixia  and  unpredictable  gene fre-

quencies occur  in the seedlots  used  for reforestation,  Mixing

seed  crops  from several  bumper and  average  cone  years
would  increase the chances  of  having a representative  sample

of  most  clones  in the final seed  crop  (El-Kassaby et  al.,

1989), The strong  genetic control  of seedicone  production

(Thl)les 3, 4) and  the less obvious  change  in clone  ranking  of

the seedlcone  production between  bumper and  average  crop

years (Thl)le 2) make  the mixing measure  more  practical in the
seed  archard  for years in which  seeds  are in great demand, In
a lean cone  year; a number  of factors may  ruin  the goals of a

seed  orchard  and  reduce  genetic quality through unbalanced
clonal contribution. These includc high rates of contamination

and  inbreeding (El-Kassaby and  Ritiand, 1986; Seido, 1990)
and  low rates of  filled seeds  in the resultant seedlcone  crops,

due to the lack of  pollen and  to predation (Danieis, 1978;
Milleg 1983; Sano et aL, 1989), Aboning  the seecl  crops  ffom

lean crop  years is therefore recommended.  Miller (1982)
reported  a practical method  for aborting  cone  crops  in Dou-

glas-fir seed  orchards.

  When  a bumper or average  cone  crop  is expected,  differ-
ences  in the reproductive  phenology and  output  of  the clones

should  be eliminated  to produce a  seed  crop  with  acceptable

quality and  parental balance, There are  several  practical
measures  for adjusting  differences in reproductive  phenology
in seed  orchards,  First, hormonal  treatment  could  be used  to

increase the seed/tone  prvduction of  low-Irroducing clones.  In

another  block of  the  seed  orchard,  embedding  5 mg  of gib-
bere11in at  the base of  a  branch enhanced  the number  and  yield
of cones  230 and  250%  in 1984  and  31O and  300%  in 198S,

respectively  (Ide and  Yamamoto, 1989). Second, departure
ffom panmictic equilibrium  can  be  the major  cause  of  unequal

connibutions  of  the clones  in a  seed  orchard  (Matziris, 1993).

The problem could  be alleviated by supplemental  mass  pol-
lination (SMP) of  high seedlcone  producing clones  using

pollen mixes  from low seedicone  producing clones,  or  using

overhead  spray  cooling  to eliminate  pollen contamination,

inbreeding, and  consanguineous  mating  (Danieis, 1978; EI-

Kassaby and  Ritland, 1986). Considering the pollen contri-
bution, SMP  seems  be the preferred method.

  In another  study  in the same  seed  orchard,  we  simulated  the

genetic diversity (average expected  heterozygosity) of  the

seedlots  using  allozyme genotypes and  the seed  proponion of

J. For, Res. 6 (2) 2oo1

each  clone  under  idealized situations.  The result  concurTed

with  the actual analysis (data unpublished),  Based on  the char-
acteristics  of  seedlcone  production and  their high genetic
control,  the genetic diversity of  seedlots  in bumper and  aver-

age  cone  years could  be estimated.  This may  have  practical
application  in raising  genetically diverse seedlings  for hinoki
reforestation,
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