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Abstract: A provenancelprogeny test was establish& in south cen~a1 ifn&ma with sed ings  
faom 72 open-pollinated f ~ l i e s  from across the comnercid range of black wdnut (Juglam 
nigra L.). The seedings wew grown in a conven~ond h ~ d w d  nmsery and in csn t~ners  in 
a greenhouse. Seedlings were outplanted in 1981 on an old-fielid site in Johnson County 
using a split plot design with families randomly assigned within planfing stock type. Survival 
after three growing seasons averaged 95% across all fanlilies and plating stock type. A 
planting stock type x genotype interaction existed fix height grrswth for the first 2 years deer 
establishment. Both nursery-grown and container-grown seedlings showed vargting amunts 
of dieback during the first growing season. After the second grswing sleasom, the 
container-gown stock has initiatd positive height gowah while the nunet-gr-grown seedlings 
continued to (tie back. Three years after esrabiishment, effects calf gnotype and plmting stock 
type flad dissipated and effects of seed collection zone ([provenatlce) were still not present. 
Results with container-pwn seedings aae consistent with other studies using nursery-grown 
seedlings and show that effects of genotype and site account for increasingly more of the m e  
growth variation as the planaing gets older. 

Nursery-pwn seedlings of black walnut (hgkans taigra L.) chzeracte~sTicaXBy have a long 
taproot with few lateral roots 60 serve as future sites for new m t  i n i ~ a ~ o n .  In mition,  the 
taproot on nursesy-grown seedlings is frequently cut d u ~ n g  lifaing or plantinag, thus altering 
the shoot-to-root billmce which may also contribute to &mspEmt shock, Because 
container-grown seealllings usually have re well-&velop& fibrous rmt system, they have many 
more sires for initiating new rmts following outplmtniing, Past research has shown that 
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seedlirxgs gown in ccantahert; initiate height growth smlier t h m  bare-fcmk seedings r'roxu? 
nursery beds /Van Sambeek ee al. !987, von Atthen 8986). 

The effects of genotype maor plravenance (geographic$ soul"ce1 on, early field pedoxxnanc~, 
sf ntrrseq-pwn seedliaags are well dcpcumented (Bey 1979; %nK 1984, Rink and V m  
Smbeek 2987); however, similar studies with cnntainer-@own seedlings have not been done. 
The extent to which plrinaelng stock type and genotype may interact with seeding gmwdl 
fc>i,llowing ourplanting is uiakaown for black walnut seediings, Therefore, we established a 
study in  1980 te, deteHanine the extent to which growth interactions occur among 
nursery-pawn and container-grown seedling from the same open-pollinated families &onl 
across tile commercial range of black walnut. 

MA7ERIALS AND METHODS 

In the Pdll of 1979, seed from 256) single-me or stand collecljons from 14 provenmces (seed 
collect~on zones) were cdlectcd, assigned accession or fiimilgr numbers, md cleaned. 
CoIIect~ons were limited essentially to rhe co~nlnercial range sf  black walnut (Funk li978). 
HllaIf of the seed t'rom each collccrion with Inore than 3(jO sound seed were sown bq. seedlot in 
single picsts at the ValBonia 'Free Nursery near Brownszswna, Indiana, in December d 1979. 
Seedlings were lifted in November and Dcccmbcr of 1080. A rmdom sample of 32 seedlings 
from each seedlot was measureii for basal dim~eter (3 ctn above the root ec~llar). root and 
shoot length, and an index (0 to 2) of root fibrosity (0 = less than t h e  lateral roots per crn 
of taproot, 1 = three to five lateral roots per cm of aaprmt, 2 = six or more Iatcrd roots per 
6x11 of raprwe). For each seedlot, seedlings were ra~~domly c";;vided into bundes of four 
seedlirlgs each with. one seedling labelled with the seediot nurmbec. Four bundles of four 
secrllingv for cnch seedot were: packaged in kraA paper for overwinter storage at 4" C for 
each i>latltitrg to be established. 

In June 1980, geminating seed from each seetfiot were sown in 6- x 6- x 30-cm 
polyett~ytene-coat& paperboard pllsnt bands in a Michigan State University ,menhouse anad 
grown ticsa)rdigfing ta the techniytres descfibed by W d  <vld Hmsver (19$1), Briefly, 
seerfiitlgs were g r w n  in RediEarth, a commercial peat-vemiculke soil mix, under continuous 
Btmorcsceank light and carbon dioxidc erlsichment for apprsxirnafely 4 months. Seedings were 
itnatfcned-off for approximately 3 months before being removed froaha the containers for 
packaging fend overvcrinter storage. B%s each coilection, 16 seedlings were randsaaaiy &vide.ed 
into four bundies of four seedlings each with one seedling fmm each bundle labelled with 
seedioe number. Labelled bundles were packaged in h a f t  paper for cold stsmge and shipping 
ro the hadiana glanxing site in late Mackl. 

Container-goivn and nursely-gown seedlings were both slit-plant& using the ,WCHOTIP 
hardwood tree planter on Mac81 25, 1981. Nurse4~i-go-wn sedfings with esccessiue lareral 
~ ' ~ t t s  or traprtJots over 25 cm long were ruor pruned before plax~ting. Seedlings were plmnrmtsd 
nn :in open, gracs-covered nId field in the Arrerbury State Fish axnd Wildlife Area located in 
lahnsc~n County, Jndima. Soik sre primarily poorIy- so mderateiy-wcall h i n e d  Gcfstry 



{fine, mixcd, mesic, Aeric Ochraquaifs) and M i m i  (Gxae-Somy, mixed, mesic, T s i c  
Wapludafh) silt 30ms. Seedlings were ppianred in 4-me row plots at a nominal spacing of 2.0 
rn wirhin rows and 3.0 rn between rows using a split plot design for plandng stock type with 
individual seedlots randomly manged wirhin each planting stock type. 

The planting site was sprayed in the fall of 1980 with glyphosak (2.5 l & per ha) using 1-m 
wide bands at 3-an iilte~vals. Immnediately after seedlings were ourplanted, dk rows were 
strip-sprayed witla simazine (4.5 kg ai per !?a). There was no aat ional  weed cornwol in 
subsequent, yeim to control campetitican from the grass scd. Climarologicd data for 1980 to 
1983 for central Indiana were obtained from records published by the Natiorad Oceanic and 
Atmosphe~c Adrniniswation. 

Survival, live height, and basal diameter (3 cm above soil line) were recorded at outplmting 
and annually after each growing season for 3 yeas. Means Blor height, basd diameter, and 
net growth for all live trees were cfetemined for each four free plot- P;or this repofi, only 
data from 72 open-pollinated families (single-tree collections) &at had both nurseq-gown 
and container-gown seedlings and were replicated across dH four blocks were ana lyd .  
Families were assigned to provenances according to the gseliminw seed collection zones 
identified kbr black walnut in 1980 (Deneke et al. 1987). V&aGoaa was anldyzed as a 
split-plot experiment using plat means to cfetcnnine if differences (p < (8.05) existed mong 
planring stock type andlor genotype or if an interaction was present. Peassola correlation 
analyses were u ~ d  to generate conelation mau-ices on a family mean basis. 

Analysis Ry Family Means 

Survival for bosh the nmsery-grown and the contdner-pwn s d i n g s  has k e n  excellent on 
this quesrionabte site for black walnut. After the first gowing season, survival fsr the 
nursery-gown seedlings averaged 98.9% with the contkner-growra sedings averaeng 97,4%. 
After three growing seasons, suwival for the nursery-gown s d i n g s  avemged 95.7% 
coqared  ro 96.2% for the container-grown seedlings (Table I). Smnivd mong  the families 
after three growing seasons ranged from 81% for f m i l y  189 from Bell County, Kentucky, to 
100% for 21 of the 72 families. Overall, there were no satisticdly significmt differences for 
survival among FmiGes or planting stock type. 

A highly significant interac.tion for height growth existed among plan~ng stock types x 
genotype during the first two years after outplanting which disappear& after the third 
growing season (Table 2). Many of the walnut seedings showed subsmeid &%ieback after the 
first growing season; however, because of the interac~on rhere was no consistent genotypic 
response mong families outpllantect as nursery- and container-pww planting stock. For 
example, dieback on nursery-grown seedlings for family 295 fmm Alexarlder County, Illinois, 
averaged 30.9 cm compared to 15 -2 cm for the container-$mwrn sdl ings.  Conversely, 



Table 1.--Third yeax swiva8, annual nct height growth, md root fib~osity index for 
nursery-grown and corataiaer-$ruwn black walnut seedlings by f m i l y  and seed coliecrion 
zotze. 

Seed Third Year Xer a ~ n u d  height gowtka Rmr 
Calf. Family Lmation Survival First yea Second year Fibr. 
Z;cane1 nnrmbe? State Coualty Nuzs. Cont, Nasrs. Cone. Nnrs. Cone. I R ~ C X ~  

2 328 IA Cedar 
329 EA Clayton 
330 IA Taylor 
333 HA Mashdl  
336 IA  Jefferson 
339 IA Taylor 
348 IIA Mashall 

Seed Collection Zone &alas 

3 237 fL Fultcpn 
298 11, Warren 
299 $1, Henry 
300 IL Ci~oill  

Seed Cd'iection Zone Means 

4 127 I Allegan 
131 MI Benien 
134" MI St. Joseph 
139 ME IKra~~ch 
1143" MI Earon 
146* MI Jackson 
147 *MI Jackson 
212 ON Middlesex 
215 ON Bmtford 
218 NY Chautauqua 
222 OP1 Huron 
247 MI I ghm 

Seed Collection Zone Means 

ti 345 MQ Adak 
354 MQC3 Pike 
384 11, Macon 
186 1L Macon 

Seed CoIlection Zone Means 

94 94 7.3 - 9.6 -4 2.3 - 6.1 NA 
100 100 - 1.0 - 1.2 4.0 7.9 0.44 
aoo 6.3 - 1.4 - 5.9 7.4 0.~8 
100 'IEXI 0.5 - 4.2 -14.6 8.5 0.66 
98 98 3.3 - 4.1 - 7.2 4.4 0.66 
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7 261 1% Owen 
264 IN Futaam 
266 IN Barrtroloxnew 
274 IN Laavrence 
277 IN Laivrearce 
286 IN ka~~enrce  

Sced Coilection Zone Means 

10 174 MY Hancwk 
202 KY Ohlo 
295 XL A%exancha 
296 IL H;irdin 
341 MB Texas 
348 MO Perry 
3819 Bh, Jacksoa 
as1 In, R Z I ~ O ! ~ ~  

382 IL, Williamson 
Seed Collection Zone Means 

11 158 MY 1Iiilrdp;lm 

172 KY Boyd 
194 KY B;~xier 
203 K\d Wolfe 
207 KY Washington 
233 WV Tucker 
242 WV Tyler 
244 WV Mason 
320 WV Harrison 

Seed Collection Zone Means 

13 342 M8 Ripley 
356 MO Pulaski 
357 MO Ckcgon 

Seed Colieceion Zone Means 

14 253 'TN Macon 
254 T N  Macon 
369 TN Sf i rk  

Seed Collection Zone Means 



236 WV Mercer 
246 WV Wyorraing 

Seed Collection Zone Means 

16 149 T N  Anderson 
360 T N  Lincoln 
363 TM Washington 
366 TN Warnen 
372 T W  Overton 
374 TN White 
376 T N  K ~ o x  

Seed Coaection Zone Means 

'lProvenance is based on the preliminary seed collecdon zones for black wdnut identifxd by 
Deneke et d. (1987). 
2 Fanily number can be converted to the North Centtal Forest Experiment Station Accession 
Number or the MICHOW Accession Number by adding 10,2&Kd or 47,350,W, respecdvely. 
An * indicates seed was collected horn dm above average tree in a small. black walnut 
planting. 
3 Root Fibrosity Bndex ranges from O far seedlings with less than 3 lateral roots per ccm of 
taproot to 2-00 for seedlings with 6 or more lateral rmts per cm of t~prmt .  

Tablie 2.--Andyses of v ~ a n c e  for seedling height and basal dim~etep w w t h  fsam 72 
families gown as both nursery- or contcliner-grown planting stock. 

Demes  
Source of of Height rrroweh Basd &;gmeter tirowG~ 
vmiation freedom Year B Year 2 Year 3 Year k Year 2 Year 3 

- - - . - - - . - - - - - - -  r n e a x m s r n m o f s q u m s l - - - - - - - - - - - - -  
Stock type 1 1,953 25,120 834 22.41 10.43 37.38* 
Blwks 3 443 I ,245 38 18.77 0.33 7.94 
Error A 3 6.49 1,190 1,122 9.53 2.234 4.23 
Families 7 1 I S * *  I%** 77 0.61 0.98 1.10 
S x F  7 1 128** 165"" 61 0.73 0.82 1.20 
Ewor B 426 65 100 62 0.61 0.82 1.43 

"can sum of squares followed by an * or ** are staeisficdly significant at the alpha = 0.05 
and 0.Ol levels, respectively. 

&e;b3ck on container-grown seedlings for family 386 from Lawrence County, Indiana, 
averaged 3.6 cnl while nursev-grown seedlings of the same f m i l y  averaged 7.0 crn af net 
height growth. 



Overall, nearly all families shovdcd some first-year dieback for both the nursev-gown and 
the container-gown seed%ialgs. Mafsew-g~~wn seedings after 0~1pEmting were: on the 
average 50.6 crn tall compared to only 46.0 cm after the first gowing season. Conversely, 
container-gown seedlings showed a sigraifica~ttly greater percentage of &eback after the first 
growirtg season having averaged 31.3 cm at our-illantixag md only 23.1 cm ;after the first 
growing season. Only farynily 222 from Huron County, Ohio, oaatpw the initid stem dieback 
for bcxh the nursev-gown and container-grown seediings md were aaXles after one vowing 
season thm when outplanred. 

The variable growth of the nursery-gown seedlings was pl<rarwily responsible for the plmting 
stock type x genotse interaction found aAer the second gowing season (Table 2). The 
second-year growth of both the nursery- and container-grown seedings for mmy f ~ l i e s  was 
similar. While for approximately one-third of the families, the ntrrseq-gown sedliikags 
showed extensive dieback with little or no dieback on the contkner-gown seedlings (Triable 
I). For example, fa~Gly 146 fmrn Jackson County, Michigan, and fmi ly  244 faom Mason 
County, West Virginia, averaged 2 to 4 crn of net height powth for both the nmsehy-pwm 
and container-grown seedlings, while family 274 &.om Lawence County, In&ana, and family 
363 from Washington County, Tennessee,cantinued to show subsranti& dieback of the 
nursery-gown seedings (27.9 and 35.9 cm, rcspectively) with net height growth for the 
container-gpown seedlings (5.3 and 1.6 ern, mspectively), 

After the second growing season, many of the nursehy-gown seedings showed a ~ d o n a l  
dieback and were 8.9 cm shorter thm after the first gowing season. Conversely, the 
container-grown seedlings were 4.3 cm taller than after the first gowing season and had 
recovered qproximately half of &e initial dieback. Afer the second $rowing season, 
seedlings from 9 of the 72 families for both the nrarsery-gmwn md eontaker-gown pkianQJng 
stock were taller than after the first growing season. Conversely, seedings from only 8 
families showed net dieback frtr both types of planting stwk d u ~ n g  the second g~owirag 
season. 

After the third gowing season, the interrtction between pBantkng stock type md gencstype for 
height growth was no bnger present and no differences m o n g  f h l i e s  were present gTabHe 
2). Nexly all fadlies showed 4 to 7 crn of nee height grow& for both types s f  plantiPlg 
stock. Differences in diameter growth were found only for the planting stock type after the 
third growing season, Diameter growth for the contaher-gown seeaings averaged 0.1 nnns 
compared to -0.4 mm for the nursery-pwn scedli~gs. Over two-thkds of the families 
outplanred as nursehy-grown stock showed net negative diameter growth. The negative values 
occur because of stem dieback on one or more seedlings within these fmilies muad subsequent 
resprouting from the root collar. 

Analysis By Seed Cofiection Zones 

Analyses of height growth by seed collecdon zone and planting stock type again showed a 
highly significant interaction after the first and second gowing seasons. Height @owah 



After thc sr:con:i gn-<wing sc;i:;ct!~. crtnt;iint.r-pvr.6/wn seediir2gs fnrn? all sced cnIlri:txorr nmcs 
6:c.is;sir;tcrtrnty sl~otvcel heright g i o w ~ ! ~  o f  3 eo 7 i:n? (Tahlc 1 ) .  In cnsnerase, tbre arnourit taf dieback 

ntrrst:ry- gntw:, scediinrgs r;injicci fro~r! 4 eo 24) crlz acrc)s:,ss thc ~icverl seed collcctiora zone.;. 

Srraiilrlgs frmr rhe rsa~rhcmmc-rsr scud ~(~ilcc~ictn zoncs ~ n t i e d  to show eix Ic;ssr criichack; 
iiowcvcr, rhty 3 l ~ b b  iendett 1c3 be i f h r  shortest when tatttplrintcd, (1 secii ca>l!cctic>n zone x 
pl:tntir~g stark type ir!~cr;f~lion w:ts 114?1 fk~ttdld after the third g ~ ~ f w i r l g  SeilbOli W ~ C I I  secdlirags 
h m n  :iii C { I ~ ~ ~ * C ~ ~ O T J  X O ~ C S  avcrag~i!  2 t o  9 CIII of llcight growth wi~l'ioutr an); apparent 
plco$rrty,)!ical gliaelern. 

Mc!;~rln*; of Errraiiy mcafa cor~i;ini<tn cr'rclficiermrs si:vweri that irncret.nscd ttxrr fibrosity of 
tlelrscry gnlwrl scaifings ~ 3 s  positiv~=,jy i.orrt?atcd with ounplanrrlrrg kasiai diifii3t"t~~. first-ye;ir 
hc!gI~~ prcrwrh, anrl third-yc;ar surviv;ti ('l'ai~lt. -3). Kcmt fibrosizy of contnainer-grow scedjings 
w;is rtot ticrcnariractl and elrc liiick (ti '  ;any ccli.rciati(tn lixlwt'crr nttrsefq.-gr<-r,!wf1 sccdlifmp f8brosizy 
:anei cr~nraincr.gn,wl~ sectfiirag ci.t;nr;~r:rerii;rics of the sanlu farnbly suggests titiit srrnall t l iangcs in 
rtxlt diillnsity o 1 1  currtaitai?r-grc)wr~ s~~-t.E;lit'lg,s ;!rc no8 ;is i t~ponan!  as the wcll-dt:vtlope-CI fibrous 
nrtrt systcnz i r w l f .  

't'%.ic S;\ck of  :my ct#-ri:j;ntic?na k ~ : t w ~ * ~ z t  ttriq. f'iI?:yxiiiy n%~a.sttq".gr(~~~'n ~ c c d l i n g ~  ;ind 
~c~r'rr;tiricr-grc\\c~~t srcdlht~g ~LY)M':!I 13l;iy ;XISO I T I C ; ~ ~  ilr;la the piswrh piiaaea-ns nsr~rftlt<~ixtgy of 
sr;,colli:xps frttlxl tire s;irtnc firn~iBy c;tn ht- t.jtiiat- rlifft:rro? when g n ~ w n  itnctcr forcing conc,iiricrris i : ~  
;r ~:rcc:rrkiousc. 'Iltr I:tnncr cc!sar:iiisioxr i t ;  srlpptrr~ct! Ify the fact tBl:it 1)as;kl ~ l ix~i~c t t ' r  of tHae 
con;t;riatcr-qlrriw11 sccdlirtgs was ntor ~ ~ r f h ~ l i l i ~ ~ !  tviah ?i.ir b;rsaE t!iannczcr of the :lulesc.i.k.-grc)wra 
set*ilEit;g.; (r. --: i! 066). The catttt~i:ititia~~: k~right o i  llae slurseiy-grc~wn srtijlings was com"iared 
wi t i t  i i la! of attc ~~~.rr~eainrr.-graawx~ i~c~lt . i :~~gs;  ~ICIWCVCT,  I ~ C  correiiitictn ctlt'fficit:rrl W;I:i f.ci;~'~iircly 
Itrw i r  .:- O.<%f!'i). 

S\rrvivii$ ;%tacn. ~!.rr.ce gn,wit.pg sciasoils izt I ~ Y I S  ~'irovc~~;incc/prc~g.c:ny tcst fnas 'kcra cxceptionid and 
is ?;i~'lr>,aanainBHyy brrrrcr ifaart in ;ui ;i~i,jaccnt g>!;~rt;irag anettawis i;ta!dy utiirrlg nursey-grown and 
c:ctr~f;il!i~r.-g.ritw~~ .i;cuc9lbrtg.; (Viitl Snn~hcck ct a!. i9%7). Suwiv:nt rater; for rhr nrlsser)l-grown 
plar;:irxg .;ri~cR irt tire 3,iEjaccgii pl;ir:ri:~g :l:'tcr t t l i r . ~  g~n~wing .icar;crn..; was Icss :tm 70'2. 
ca.tairi?.:i'.~iS f c r  "tic.:$. in tilt! pni~trlt stiitfy.  if'^ ;iztrthr!tr rtsc ic?:vi.i. i imi~: i !  it? t ! i ~  :i~Ei;ti.cnt 
grl;iiriizis 90 f f ~ a t  zo~~tcwl i ; f l  Ix,xrref- irfr,~!.i~af :ir;rin:ragt:. Si,arviv:ii of cr>nr:tlncr..gr~si'r'rn stiwk ;ittcr 
r t l r t ~  grc~wirtg seasons ;ivcra;gctS :acrainc! 123::;- i i ~  i,r,tt; tlac pra~\-rnirncc/~arogt:~zy r i ~ ~ c l  $lac rtifjaccrt! 
plallting. 



Tabit. 3,--Comdation rr~itrrix for initial scrriling ~ h ~ f c r e ~ s t i c s  and asuspianking pedomancc of 
nursery-rrowrp. .-, iinb cnntairles-grttwns secdiit~gs of "1 bbiack walnut Families. -.-..-----.-"-.___I-- _---- . , -"We-- 

Firm: Oti tpla~?t i~~g AaanuaS height g ~ w i h  'R~ird 
.-"-- ---- - ---. - ------ 

fi br. Rn3;oi Stem Pirst Seccsnd Third war 

XKXXRXX 

'Currei;i:io!r ctxfficients fc~llcrwctl hy an * ;at.,:! "* an= saatiszii'aiiy significant as rite alpha .; 
O.i)5 ;!nd 0.i)l  i c i ~ l s ,  ~spect ivcly.  

. . I h c  c)iir;;lanrii>g height !'ox' the nursery-grown e;ccti!ings was nor well ck~rn-iafed with &eEr 
bass! ilinrnctcr ('l';rb?e 31. '171;s r'll;ay hc a ~ Q c c r i s n  of tile wirfc vwiation in swdting tfcnsity 
pi+t:sct-it I n  the nursery [bids clue to iuw gcnninaticm in some f;~:xriiics. B.,ikewise, tht: 
autj>lsnting iieigirt of ti-re corataincr-growi~ :;ectllirtgs w;as W E  'highly ccs~~cI:~:d wixh their basal 
diarnrncr suggccti~?g that the posirior.1 of the cc~r.trtsiners un the grcenhotise bench mny have 
aifecied seedling gtc?wrh rates. 

3%: overktlk poor height growth af both the niirscrq-grown and container-grown seedlings was 
prob:ib!,y in response 80 inahquati. weed cortrnrl, nnoisture stress, and compedrion from rhe 
ir!v;icring grasses. flunrmg rhe f?rs grtwc.i:~g se;ihr,t:, nr:any 04' the nrarseq-grown seedliags, 
e~pi:t.i:til:; the I;u'.i_:cr sccuiliags, showrrd c,<irla*. dichack with 2 tt) 5 CNI of :lew ';tr<wt gmwth 
fm?) !:iti:rai i:iit,i\. (.Jvcr r f x  rvi!>tt:r.! the itcn:; o n  n u n y  of rf-rc~o si:cdiings did. Most 
serciiirlgi ~~';;:i.<>~li<d i'roil? ti:c C U O ~  crjli:t:. ~ v i t i c i i  ~;iiil?c<? i r i  !;trgc net rrrga~ive hciglrl growrh 
for I.\:[: iccor~d gmtving serasctr?. I)ur!z.ig till: !;ai'i~r part of- rhs seci>nd gnswirag season and again 



durirlg J a n u q  though M a c h  ctf 1983, sainfahh was subs%n~;lal3y below nsrxxaal. This was 
fo!Iowed by excess moisture on a sap-iewhaz pcsorly rlrained sire d h g  April and May of the 
f 983 gowing season. 

The first- and second-year height growths were negatively conelat& with the oulplantialg 
height for both the nursery-grown and container-gown seedings (Table 3). Potentially, the 
taller seedlings were unable r c ~  obtain adequate soil moisture and showed repeated dieback 
until the rme-to-shoot ratios become balanced under swessful condi~ons. First-year height 
growth of nurseq-gown, but not container-gown seedings, was positively comk'aited with 
sutpl.anting basal dimeter. Since taproot volume is highly conelated witti basal dimeter and 
Is ncat subsbantially reduced by root pruning, seedlings with large basal &meters may have 
had more srored reserves available for root and shoot gsowtk dmflng h e  f i s t  year. 

Overall, the container-gnown seedlings initiated positive height growth sooner than the 
nursery-gown seedlings. Similar results have also been found for comainer-grown planting 
stock by von Althen and Prince (1986) on a good walnut site and Anderson et al. (8983) on a 
reclaimed mirnespo2. Earlier height gawth results in o w  pproenmce/prdpgetngr test are 
coalsistent with those from the adjacent planting maethds study repomd earlier (Van Sambeek 
er al. 1987). As in the planting methods study, con~imr-gown eedlings in this 
provenancei'progeny test overcame dieback during the second growing season, while 
nursesy-pwn seedings did not show net height gowth until the third gowing season. 
Repexec! annual dieback for 1 to 3 years in response to site or ccampedtion is nxoa uncommon 
and has been reported for several other provenancelprc?geny tests Williams et al. 1985). 
Me~tabilities for height growth were not calculated because previous research has shown them 
to be highly vasiable until after the fourth growing season (Rink 1884). 

The dissipation of the genotype: x environment interaction in Atterbury pravemance/progeny 
test for early height b~owtln is not uncotnmon in black- walnut provenmce/pmgeny tests. In 
two separate studies, Rink et al. (1982) and WilBian~s er al. (1985) found ahat the interaction 
ijetwtezn where the nmseky seedlings were grown and genotyge also dissipated several years 
after oulplandng. Although seed collectiora zone (provenmce) effects were n a  found, we 
expcsc these cffecn to be evident in later measurements bas& an results from other black 
walnut prraverrancc/progea3y tests. 

The "nighiy significant: planting srcxk type x genotype interaction d ~ n g  the first two growing 
seasons rebfarces the conclusion from other studies that early height growth cmnot be used 
as a predictor trf future height growth, at least for nursehy-pwn seedings (Clausen 1984, 
Rink 1984). Whether early height growth can be used as a reliable predictor for future height 
growth of black wda~ut established with container-pwn planhng stwk remains to be 
deterr?lined. The p m  initid growth of the container-gown stock in this prsvenance/pmgengr, 
however, makes is unlikely that our study will sa~sfxtCPbily mswer the question. 'Ke study 
has shown dlat planting srwk type x genotype interaciions e m  significantly affect the early 
field pehfcdmance of biiacick walnut plantings. 
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