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Abs~act:  A study was initiated in 1971 on Purdue University wodlmds in southern Lndiana 
to monitor thc growth of black walnut nees in a natural, unmamagd evenaged stmd. 
Objectives included dmumentation of wdnut growth rates and survival in the absence of 
mmagement, as well as estdblishing stand and tree developnaent data baselines prior to 
ini~ation sf  management activities. hdividuai-me pefioQic diameter growth rates were 
detemined and atlalyzed in relation to tree crown class, stem &meter, and both oversrosy 
and understc~ry stocking levels. Growth and suwivali data suggest that walnuts of intemediate 
or suppressed crown classes me of doubtful suitabilty as gotelratid crop tees. Basal area 
messurernents on .Q5-acre plots sunounding study trees were segegatd into overstory and 
understory components. Results suggested the imgcmance of concen&ating timber stand 
improvement efforts on releasing crow~ls of walnut crop Eees rather than cansolling 
understory vegetation. 

The wcummce c ~ f  black walnut (,ltdgElza.~ n i g m  L.) as a component of mixed-species upland 
h z d w o d  forests has histosically been an impohtmt aspect sf forestry and a key fdctor in the 
w d  prc~ducts industry in the Central States Region. An unwavering demmd for the w d  
of black walnut has kept it at the top of the hardwcKXb market. Intensive prwutemnt of 
walnalt has resulted In a dwindling supply sf waturdly wcunring Bees d high quality. As a 
consequence, the number of acres of agricuiturd land being convened to black walnut 
plantations cot~eirnues to increase. There is also a high &gee of interest in managing natural 
hardwmd stands tap produce an irnproved supply of wdnut timber. 

A remarkable shcxtage of information exists concerning the growth of individud black walnut 
mes  in natural stands and their subsequent ~ s p o n s e  ;eta silviculturd practices. This paper 
lends some insight into the growth characteristics of black wdnut trees in unaramagd mixed 
s m d s  based on c~bserwa~ons of a population of walnut trees made over the past 13 yeas in 
southern Indiana. The intent is to provide foresters and llmdswners with infomaGon that will 

"xtension Forester, Dept. of Forestry and N a r d  Res~urces, Pmdue University, West 
Ldayeete, IN 47907 md Stare Forester, Indiana Depmnent of Maturd Resoauces, Division of 
Forestry, Indimapofis, EN 46204, respectively. 



assist in m&ing rational decisions relating to impmvinag walanert growth in the mixed 
h&w& type. 

MEWCBDS AND ANALYSIS 

In 197 1, 92 black walnut trees were located and chosen for study in a ~xed-species 
h a r d w d  stand on the Southern Indiana Purdm Ag~cuBturd Center (SPAC) in Dubois 
County, Indiana. These trees are situated on a moist, generally no&-facing site, on middle to 
lower slope positions. Soils are of the Gilpin-Berks complex, have silt 1om susace textures, 
are moderately deep to sandstone and shale parent material (20-36 inches), md me well 
&&need (Wingarid 1980). SIopcs range from 20 to 50 percent. In 31989, the stmd was fuly 
staked (Gingich 19671, averaging 119 sq. ft. per acre basal ilea. Common assaciated 
overstory trees are hickories (Curya spp. Nutt.), yellow-popla (Ls'riodendron nrEipt7iferar L.), 
sugar maple (Acer sacefiur~km Mash.), white ash (Fraintrs americana k.), red oak (Quercm 
r d r a  L.), white oak (Q. alha L.), and chinkapin oak (Q. m~ehdenbergii Engelm). The stand 
is evenaged, as indicated by observed stand structure. Site index for red oak is 80-85. 
Xncrenaent borings of 7 ccxlominamt trees fram different parts of the stand gave ages mging 
from 76 to 85 years in 1989. A sa-o~~g ccvonent  of sapling and pole-sized sugar maple is 
currently present in the understory. 

In 197 1, all black walnut study trees were assigned a pemanent identification number and 
were measured for diameter at breast height (DBH) to the nearest 0.1 inch. Initial tree 
dian3etcrs for the 92 walnuts ranged from 6.8 to 19.5 inches, In 1982, DBH of suwiving 
walnuts was remeasued, providing diameter growth infismation over twelve gowing seasons. 
Diameter was the only tree chtlractemstic recorded in bath the initial and second 
measurements. 

Following the 1989 growing season, another mmeasurement was made of sumiving study 
mes, providing a second, seven-year period of known growth rates. In this recent survey, a 
variety of tree chaxacteristics and stand parameters were recorded. These included walnut 
DWH, individual wee crown class (doenant, codominant, intemediate, suppressed), basal 
area of all stems 3.0 inches or larger DBH on a .O5-acre c i ~ u l a s  plot sumunding each 
walnut, basal area of overstory tre.es only (trees competing with walnuts for mown space) on 
the same .05-acre plots, a 10 BAF prism sample of basal area surrounding each walnut, and 
number of epicomic branches sn merchantable stems of each study ~ree. Diameter growth 
rates of trees during this 19-yeas study period were analyzed using malysis sf variance md 
regession techniques. 
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RESULTS AND DISCUSSION 

Survival 

After 19 years, 83 of the original study trees have survived. Original (1971) average DBH of 
the nine walnuts that died was only 8.7 inches, compared with 11.7 inches original average 
DBH for the 83 trees that currently remain. Since individual tree crown position was not 
described at study initiation, it is not possible to correlate initial crown class with 19-year 
survival or growth rates. However, it is reasonable to assume that in evenaged stands, 
intolerant tree species (such as black walnut) with relatively small stem diameters generally 
have small crowns, and are most likely to be individuals that are in the process of being 
overtopped. Such suppressed or weak-intermediate trees, in this case black walnuts, are most 
certainly the individuals that have died over the past 19 years. None of the surviving walnuts 
in 1989 had suppressed crowns, and only about one-fourth of the 83 survivors were 
intermediate in crown class. Considering the intolerance of black walnut to shading, it is to 
be expected that in this maturing and fully-stocked mixed species stand, small diameterlsmall 
crowned walnut trees are being crowded out. It is probable that additional weak-intermediate 
trees will die in this stand in the future. 

Diameter Growth 

The average annual DBH growth of the 83 surviving trees was 0.13 inches for the 19-year 
period. This rate compares favorably with results from regional growth summaries for black 
walnut for Indiana-Illinois, 0.13 (Smith and Shifley 1984), for Indiana, 0.12 (Kershaw and 
Fischer 1985) and Missouri, 0.11 (Shifley and Smith 1982). 

Not surprisingly, black walnut trees with the larger stem diameters and the largest crowns in 
1989 were those making the most rapid current diameter growth. Dominant trees grew at an 
average rate of 0.18 inch/year over the 19-year study period, compared to 0.13 and 0.08 
incwyear, respectively, for codominant and intermediate trees (Table 1). Intermediate class 
walnut trees consistently had the smallest stem diameters and the slowest current (1983-89) 
growth rates. Phares and Williams (1971) found that unreleased, pole-sized walnuts with 
intermediate to codominant crown positions averaged only 0.06 inches annual DBH growth. 

As shown in Table 2, walnuts with small initial diameters (8 to 10 inch DBH classes) in 1971 
had much slower growth rates than did larger diameter trees (16 and 18 inches DBH classes). 
This trend held true for both measurement periods. Presently (1989) the smallest diameter 
trees are growing at only about half the annual increment (.08 incwyear) as are the largest 
study trees (0.16 incwyear). Such findings, in combination with the higher rate of mortality 
for small diameter trees as noted previously, illustrate why intermediate class and smaller- 
than-average-diameter walnut trees are usually poor candidates for selection as crop trees. 
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Table f .--Black wzrlnnt diameter gowth by crown class. 

Number I P y e a  
1989 trees averrage Pepid 1 82971-821 PeLdd 2 (1983-891 
Crown Per annual Annual Anmud 
Class class growth Hncremen t Range Zmcremea,t Range - 

(in.) (in.) (in.) (in.) (in.) 

Column values followed by the same letter are not significmtly &iffererat (p < -051, base41 s n  
Duncan's New Multiple Range Test. 

Table 2.--Black walnut diameter growth by DBH class for 2 measuwment periods. 

Initiai Number Period 1 (1971-82) Perid 2 (1983-89) 
DBH Class trees Avg. Annual R a n g  Avg. Annud Range 
(197 1) per class Growth @owth 

(in.) 
(in.) 

(in.) (in.) (in.) 

Column values fol11owed by the same letter are not significruntly &Rerent (g < .05), based on 
Duncan's New Multiple Range Test. 

Dimeter growth rates are decreasing for walnut mes in $1 crown classes (Table I). H;ok 

dominant trees, diameter increment averaged 0.20 inch per year for 1971-1982, but &opped to 
0.45 inch per year during the 1983-1989 growing seasons. C d o ~ n m t  and inteme&ate 
DBH growth averaged 0.14 and 0.09 inches per year, respc~vely,  during 1971-1982, but was 
down to 0.1 1 and 0.07 inches per year for 1983-1989. Increases in stern ckcun~eremce, 
increasing stand derrsity, and ~ e r - t h a n - n s m d  gpowing conditions daHi);lg the Iamr pwBR 
perid me likely comtribu~ng causes of this decline in DBH inmemnt. It is appxene that 
sorne rype of p d a l  harvest or timber smnd improvement (TfSI) m a m n a  would be 
approp~ate in the near future if a znanagcnlermt god is to improve the poweh of walnut trees 
in tihis stand. 



Diameter of uees 3.0 inches DBH md greater wars rnreasrared on .05-acre plots m6 on I0 BAF 
prism points around each wdnut me, and basal area was coxr~papd with tree &&meter 
increment. It was hy,po&esiz& that total plot or point basal area (inclufting both overstory 
and understory trees) might provide fprn easily obtainable competition index for predicting 
ctlinent diatneter gowrln. However, conelation analysis showed no evidence of a relatianship 
between waintlt DBH growth and either total plot or point basal area, An attempt was also 
made in this study 10 identify ssm combination of obsewable factors in a mixed s tmi  that 
may be used to predict walnut growth imd sumival. A multiple repession analysis showed 
that crown class, in cornbina~on with current DBH (relative to average stand diameter) was 
the most consistent predictor of &ameter increment (2 = 0.3516, li; = 21.7; df L-- 82), and was 
somewhat better than using crown class done (12 = 0.3W6). Although the relationship is not 
strong, this evidence docs indicate that a reFmement of a xnau1~-vmiable growth prediction 
model for nrr turdly-wc~ng walnut trees should certainly include some measure of crown 
compekition. However, non-subjective methds for evduaGng crown competition in natural, 
mixed species hardwosd stands have yet to be developed. 

Interestingly, the largest and fastest growing wdnuf trees (dominants) in this study also had 
the heaviest understory cornpetidon, as measured by basd area of suppressed and intemediate 
trees in the .05-acre plot around each walnut (Table 3). Such results str~lagly support the idea 
rhat the growth OF black walnut and other intolerant species on g o d  sites is influenced more 
by availability of light (crown space) than by any other factor. At any rate, faster &meter 
growth rates in this stand are clearly not associated with lower levels of understory 
competition. 

Table 3.-.-Average basal area sound wdnut trees in three crown classes, as rx~easiahed on 0.05- 
acm plots with individual trees as plot center. 

1989 Crown Total Basal Area Understory Basal. Area 
Position 0.05-acre Plot Per Acre 0.05-acre Plot Per Acre 

Dominant 4.80 a' 96.0 2.76 a 55.2 
C d t ~ r n i n a n t  5.20 a 104.0 1.77 b 35.4 
lfntemediate 5.29 a 105.8 1.45 b 28.9 

Colurnn values folbwed by the same letter are not signi6canQy different (p < .05), based on 
Duncm's New Multiple Range Tesr. 

Correlation a~~aiysis (Figure I )  shmed thzt diameter growth for the second measuxment 
period is swongky &pendent on &%meter growth rate in  the fasst perid (3 = 0.5570). In 
other words, past gowth predicts future gmwth in unnnanagedun&sturbed stands. The 
implication is that p e ~ d c  lncasurenmcnts may provide especially useful infomation for the 
management of w d 3 m d s  containling high value mes. However, foresters rarely have such 
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i n foma~on  available and are axndterstandably hesitmz to obtain ~ o w t h  rate in foma~on by 
increment coring of potentially high value frees. 

I I 1 i 1 I 1 
-----i 

0 1 2 3 4 

7 97 1 - 1 982 DBH GROWTH ( i l d . )  

Figure 1. Diameter growth isor 83 black wainuk trees showing ~laeionshig d the first 
period rate (197 1-82) to the second period (1983-89). 

What then, is the best method for obtaining inforsna~on concerning in&vidual m e  growth 
rates? One approach would be to implement continuous forest inventory (CH) systems 
involving pemanent re-measurement plots or m p @  individual trees. 'I[hough intensive and 
time-consudng, systematic approaches for qumtifying growth and yield should be considered 
as potentially useful management tools, especially for high-value h m d w d  sands with a 
substantid black walnut component. 

SUMMARY 

A goal of this investigation was to identify single factors or a combination of tree and stand 
atrributes that can be. used to give a consistent p~&ct i sn  of current individual walnut 
&meter growth rates. Such a system should dd  in a s p  free idenatificafion, assist in shvoi&ng 
unnecessary TSI work, and impmve timber naafing daisions. Cmwn class, in combiwati.tisn 



<.>!IC of ! h ~  Il'iC;!!;i.tT~?Tk~llt\ in tiii3 iiirilj' i i?ciuilctl ;i scparate ~ l ? y  Of iinde~los); big~;ki i3Tt1. 

Sudi :i ~iesr:r-i~!eiitr~ of ~;tix:king rlznrity c:izi be i!t;ed as 3~3  i~f<imtct e~f)re";?;ic>n i ~ f  T<.NIT 
" ~ 

conlpc.fl;tori. sirlcc :inticrstc,r:p; Er.r:i'r; in chi\ stnt.fy st:$nt: wcrc in nra way cnmpri:lg with W;B~WUIY 
rx - for i;+c?wri sis;acr:. hinct. Z~i~.;ller- li.i!i.i.; i s f  uracif:r:,:cir-y sfc~kirzg wcrc tlrst cozx-eiarcd v~hilf!i lower 

r;rtcs ijf rvabr~tlr aii;?lr:ct,cr. isrcrcmt:n~, ii XTLXY J?c infcr'~cd that walr~ut groihs\a'th i?; nrrt ififlucnccrf 
~rcarly as i;tsoi.rgiy by cc,)i~>pctiricrr.n fr.3: t-{x,i upace as rr i s  fttr crown space. ?'laexefoe.. "!'Sf 
cffosts shnulri be conrcntratcd r,jn sclearirrg hlinck waintit crowns frrsrn !ow-value mcs arid 
gr;qwvinrn, 2nd r? i i t  ora n:nti,vir?g undcr.;tory t re~s .  Kcsearc:ia by Ph;ms and va'iiIi,a~~s f 1971,j 
resulted in a sinrii;ts cor~ckt;sit.~n, 

Bkack w:$lrrtit has hce:i~ sir6twm to I3c: capaisis: c ~ f  ~ s p o n d i r ~ g  to relcasc, if trees have sufficicr:tly 
full cntwns and viga.rsc~irs riu!;e systorrls (Ptlilrcs and Wilkirtm.; i971). Elrzwevea, the size and 
c.tnnirir%n of tRt: g:rerwrh rcsyrrwc musn, bc t i u ~ c  ernoragh to offset :he cost of the release in order 
kc1 k1(3 W O ~ I N ~ C ~ C K . ~ !  ;i s o t i i 1 ~ 1  n .~af l : igc~~~t?t  i!cciskon. Thr: ability to n.rrtkc such decisitans d e ~ t r d s  
on feonhvr study of w;~lilut rcspr,nse fo rctc:ssc iai a cctnnhin;ation of stand crandiaions, soil t y p i ) ~ ~ ,  
gr;ogr;~i>hin Icxirtiorrs, :anti cctrr~i~ri~ic i t i ~ ; t t i t % n s .  
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