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ABSTRACT.--Young black walnut trees were rated of 0

for quality each year during the second to the spral
seventh year after planting. There was an initial on t]
change to more low quality trees between the second
and third years, followed by a gradual increase in

the number of higher quality trees through the phot

seventhyear. Mostof the treesexperienced tree

quality changes during the study period. Positive angl
changes in quality occurred more often if the trees afte
were growing vigorously. The observed changes fro_

appear to be compatible with current understanding gro_

of treephysiology, gra_

{di_

High quality black walnut (Juglanss_ L.) during the second through the seventh year following thil
trees command higher prices than any other American planting of black walnut seedlings and to examine and

tree species; therefore, numerousplantings of wal- the patterns Of change, als<
nuttreeshavebeenmadeby private,industrial, ing

state,and federallandowners.Sincelowquality tre_
walnuttreeshave farlessvalue,walnutgrowers METHODS pub

are concernedaboutmaintainingstraight,single- sys

stemmed seedlings during the years following plant- One hundred and twenty trees were selected at jec
ing. In response, the research community has random, two each from the 60 plots (5 blocks of 12 Alt

provided corrective pruning techniques for improv- treatments) of a study designed to test 12 levels sis

ing seedling form (Beineke 1977, Bey 1972, Krajicek of intensive culture, including various combinations
and Bey 1969). of spacing,correctivepruning, interplantingwith

autumn-olive (Elaeagnus umbellata Thunb.), ferti-
von Althen (1977) determined that corrective lization, and pest management. Ten trees were lost

pruning could increase the number of excellent and to flooding early in the study, so this paper is

good quality trees severely injured by a late based on the remaining ii0 trees.
frost. For the usual defects in form, however, the

recommendations for correction are usually based The intensive culture study was established in
more on general observations rather than on designed 1977 in southern Illinois (Jackson County) on a
experiments and controlled observations. Studies bottomland site. The silt loam soil is a coarse-

of sapling-sized trees have shown that substantial silty, mixed, non-acid, mesic Aeric Fluvaquent.

improvement in form and quality can take place Black walnut seedlings (i-0 stock) were planted in

naturally for sugar maple (Acer saccharum Marsh.) the spring. Weed control was applied annually for
(Jacobs 1969, Trimble 1968), for red oak (Quercus the first 3 years using 4.5 kg/ha (active ingred-

rubra L.) (Carveil 1967) and for black walnuut ient) of simazine 3 in 1.5 m diameter spots around
(Schlesinger and Bey 1978). The objective of this

study was to document the quality changes occurring

3Mention of a commercial product does not imply

IA paper presented at the Fifth Central Hardwood endorsement by the United States Department of

Forest Conference held at the University of Illinois, Agriculture. This research involves the use of
pesticides. It does not contain recommendations for

Urbana-Champaign on April 15-17, 1985. their use, nor does it imply that the uses discussed

here have been registered by the appropriate State
2Research Forester, USDA Forest Service, North and/or Federal agencies before they can be recom- f_

Central Forest Experiment Station, Carbondale, IL; mended. CAUTION: Pesticides can be injurious to
andForester,USDAForestService,ModocNational w_

humans, domestic animals, desirable plants and fish
Forest,Canby,CA,formerlyResearchTechnician, ' w_

Carbondale, IL. Land for this study was provided or other wildlife--if they are not handled or applied
by the Murphysboro Ranger District, Shawnee properly. Use all pesticides selectively and care-
National Forest, USDA Forest Service. fully. Follow recommended practices for the dis-

posal of surplus pesticide and pesticide containers. P;
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each tree. The 2 spacings tested were 3.66 m by comparing the series o_ pho<o_raph_ fo_:_ch _:ree,
3,66 m and 1,83 m by 3,66 m, Corrective pruning Quality distributio_s _er_:_<_o_i_i_,._by su_m_rizing

consisted of removing or reducing of forks in the the dat_ into quality classes, ,'Fh_fded_,s_r:&b_:_tions

spring of the third and the fourth growing seasons, were analyzed for changes {_sing chi-sq_are tests

for slgni[ieant (5% level) a_d_,highly _s_n.i{ica,_t,_....
Autumn-olive was interplanted with the walnut (1% level) differente$_ For so_a _!H_,]yse_ the

trees, creating an overall spacing of 1.83 m by data set was subdivided i_to g_oups based o_, <he

3.66 m. In the fertilized plots, 840 kg/ha of main study tre_t_nts_ The s_m_ma_":L_ed q_sl _.ty
12-12-12 fertilizer (NPK) were broadcast on a 1.5 m distributlo<_s for e_<:h year were s*'_©_:hedwith a 3'-
diameter spot around each individual tree at the term running average beea_,<set<:st_ o__ _h< _ q_ality

beginning of the third growing season. A general rating system showed that ra_:ir_gsby dif_!ere,nt
purpose insecticide and fungicide mixture (active people, or by the same person _t d,i{f_:_re_,t_ ti_es_
ingredients carbaryl and benomyl applied at rates were identical _ ,on_y 40% or <he tim<_ b_t within
of 0.56 kg/ha and i 12 kg/ha respectively) was unit f_<_" 9,L_ o[" the time,
sprayed at least 4 times/year for the first 5 years
on the pest management plots.

RgSU[,TS
The trees selected for study were initially

photographed after the second growing season, Each Because correetlve pru_;_i._gis _::H'_lnt<<_si<_e cul-
tree was photographed from two positions at right ture treatme_t inte_HIed to co_°rect poor (<:ur_'_, its
angles to one another. Repeat photographs were made applicatio_ _:e some of the _;:r<:es<o<dd a(f_c< the
after the third, fourth, and fifth growing seasons quality eomparisons_ Therefore, d_H{_fo_,_r_h year

from the same positions as the originals, The quality d$o,_:ibL,tHns from the plots i_ whL<:h trees
growth of autumn-olive precluded the use of photo,- were correctively p_:uned as aeeded wer_;_uom_ared to

graphs after the fifth year. distributio[_s from the remai__in$_,p}o_.s {t:_*_"_4t,_< }) .
One might expect the 4-year data_ which _ere col,-

Total height was measured annually, and dbh letted 1 or _ _,ears _[ter ac_ya_;u{:_ p_%_r_ing to be
(diameter at 1.37 m) was measured annually after the most different, The ea]cu_lated _"_o_",I_4_"_'_value of

third year. The trees were inspected periodically 2.64 was not sig_rifiea_t at the 5% _eve_ and

and observations of damage recorded. Each tree was indeed was of a magnitude that couid be e:<pec:ted
also rated annually as to its potential for develop- 85% of the time by chance, ()_:herye_;_r_-__ _-_'-'}

_h_.re_o_e, _:he data [or _;_I.!. llOing into a high quality tree. The quality of large similar results° '....... _ '_

trees can be evaluated reasonably objectively using trees were pooled for i!t_rd_er _" _....._'_',
published guidelines (King 1957). However, rating

systems for small trees generally rely on more sub- TABL_ L,--Compa_/:isoaof tre_tm:e_ts winh a_d
jective classification (e.g. Trimble 1968 yon witho_:_tcorrect:i.vepr_:_ningafter {o,_rsr<_,_<L_S

Althen 1977). The system used in this study con- seasons,
sisted of the following 6 categories"

Q_dal ity Tre}stme _ _s
I. Excellent. A straight tree with a single, class witl/_ without

strong leader, no scars or seams on the

bole, and a well-shapedcrown. (perce_tof t_e,e_s)

2. Good. A straight tree with a single leader, 0,[,2 a 2_70 2.29
no scarsor seamson thebole. 3 6,30 6_40

4 {3.51 17.36

3. Average. A generallystraighttreewitha 5 27,0;] 25.58 _i
single leader, minor sweep and/or a minor 6 2'7,03 26.48
scar or seam allowed. 7 {8_92 15.52

8,9 , L O 4_ _5 _l 6 . $ O

4. Fair. A tree with two or three leaders,

with some sweep, crook, scars, and/or seams

on the bole. aclasses were combined [n order thac ,{_ _=ells in

the table wo_Id be equal _.o o_ grea[:er than _, as

5. Poor. A tree with no obvious leader, with required for the analysis
major sweep, crook, scars, and/or seams,

6. Impossible. A tree with no obvious leader The quality dynamics were assessed on both the

or with top breakage, extensive sweep, population level and _he indi_idual _:re_ level. On
crook, scars, and/or seams, and with the population level, _wo periods <_f ah._-r_ge w,ere
apparently no hope of recovery, evident in the distribution of _rees _i. th:in q_._ality

classes (table 2). The first orse_rred benween the
The categories were recorded using an even number second and third Fe_rs, arid the secured betwee:r_ the

from 0 (excellent) to lO (impossible); odd numbers fourth _nd fifth years. After [_o growing seasons

were assigned to trees that did not clearly belong 33 of the trees had good _o e×c_llent Poge_tial and
within one of the 6 defined categories. 79 were at leas_ averag_ or be<_er_ H{_et_er, by the

end of the third year, only 3 were PO_t;_lI,,y high

Changes in tree quality were assessed by corn- quality (elasses 0-2) and only '}0we_'e aver,age or
paring the quality ratings from year to year and by better (classes 0-4). Compariso_ o{ the second and
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third year distributions, smoothed with a 3-term The significant changes can be summarized as Howeve

running average, revealed a highly significant changes in the shape of the quality distributions. Lhe 4_

difference between years (table 3). The primary The distribution in the second year was skewed qualit

changes occurred in the high quality group (0-2), toward the higher quality classes (fig. I). The and s]
which decreased from 34.0 trees to 4.7 and in third year distribution showed a higher peak and a of tr_
classes 6 and 7, which increased from i0.0 trees to shift toward the lower quality classes, as did the the f_

25.6 and from 5.7 trees to 18.7, respectively, fourth year distribution (not shown in the figure), table
The fifth year distribution had a lower peak and remai_

TABLE 2.--Number of trees by quality class, showed an increase in both the higher quality and was s
the lower quality classes. The sixth and seventh fast,

year distributions were similar to the fifth year.
Quality Year T
class 2nd 3rd 4th 5th 6th 7th 30 inqu

......... Yr. 2

0 4 0 0 0 0 0 25' / .... _ ....... Yr. 3
_ ..... Yr.5 Unit_

1 8 0 0 3 5 5 _ jii,p__- " .w _'-"_/ /_. _ chat2 21 3 1 8 4 8 m 20

4 22 19 14 19 16 24 _ 15 ## _ 1 "_ _

5 13 23 33 922 15 O ,,,,,,,#,,' / , "_. ,,e'_J_ _ _
6 13 40 39 31 24 25 O 10 +6a
7 4 14 16 14 I0 12 Z +5

8 0 2 0 19 14 11 5 +4 (
9 1 1 0 0 0 3 +3

I0 0 0 i 0 0 0 O +2
O 1 2 3 4 5 6 7 8 9 10 +1

QUALITYCLASS 0 (
-t

TABLE 3.--Comparisons of smoothed quality FIGURE 1.--Changes in the shapes of the quality -2
distributionsusingChi-square. distributions. -3

-4<

When the plantation as a whole is looked at,

Quality thepercentageof treesof averageor better -6

class 2nd 3rd 4th 5th 6th 7th quality is important. In this study, the number of -7
trees of average or better quality was 79 after 2

(Numberof trees) years, declinedto 21 after years, and then ach_
increasedto 44 at 7 years (table2). th

0,i,2a 34.0 4.7 2.7 10.7 12.7 12.7 of

3 22.3 I0.0 7.0 11.3 11.7 13.0 On the individualtree level, the quality af
4 19.7 16.7 17.7 11.7 17.7 15.3 dynamics were examined for year-to-year variation sy

5 16.0 27.3 28.7 19.7 20.6 21.4 and for variation over the entire 6-year period. ___
6 i0.0 25.6 29.3 18.0 18.6 17.3 From the second to the third year, 66 trees declined

7 5.7 18.7 18.3 21.3 16.0 16.0 in quality and only 4 increased (table 4). These

8,9,10 2.3 7.0 6.3 17.3 12.7 14.3 changes correspond with the first change in the
shape of the quality distributions (fig. i). There

Chi-square b i04.3**c 2.5 55.5** 1.3 0.2 was little change between the third and fourth

Value of chi-square for alpha of .05 = 14.07 years, with 92 of II0 trees remaining essentially
the same. From the fourth to the fifth years, 17

Value of chi-square for alpha of .01 = 18.48 declined in quality and 19 increased. These changes # i
correspond to the second change in the shape of the Dbl

quality distributions. During the last two inter- Db]

asee footnote on table 1 vals, more trees improved than declined, although _It
Ht

the shape of the overall distributions did not
bcompares the distribution in year n to that in year
n-i for n = 3...7 changesignificantly.

c,,**,,indicates a highly significant statistical To determine if the gradual improvement in

difference qualityduring thelast two yearsof the studywas Q_
related to tree vigor, the data set was divided

into three groups based on the parent study treat-
The distributions did not change significantly ments. Five treatments (44 trees) with autumn-olive

between the third and fourth years. The second comprised the "fast" growing group, three treatments
significant difference was between the fourth and (30 trees) including pest management but not autumn-

fifth years (table 3). The primary changes occurred olive made up the "medium" growing group, and four
at the extremes of the distribution. Both the 0-2 treatments (36 trees) without either autumn-olive

class and the 8-10 class increased, from 2.7 trees or pest management made up the "slow" group.

to 10.7and from6.3treesto 17.3,respectively. C_

Changes between years 5 and 6 and between 6 and 7 A contingency table analysis of the seventh year C]
were not significant, quality distributions showed no statistically sig-

nificant differences among these groups (table 5).
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However, between the sixth and seventh years, 10 of Most of the trees experienced quality changes
the 44 trees in the fast growth group improved in during the 6-year period. Out of ii0 trees, 102

Indeed57trees
quality but only i of 30 and i of 36 in the medium changed by at least ± 2 units. ,

and slow growth groups, respectively. The numbers changed by 2 or more quality classes (± 4 units)
of trees declining in quality were 2, 2, and 5 for and 9 changed by ± 6 units. The more desirable
the fast, medium, and slow groups. Contingency trees are those of average (class 4) or better

table analysis of the number of trees improving quality, trees of fair (class 6) or less being

remaining the same, and declining within the groups undesirable, with 5 being a transition rating.
was significant, with the number of trees in the Using these classification criteria, 8 trees were

fast, improved group being greater than "expected". eitherdesirable desirablefor all or6 yearsin the andtransitionan additionalclass forllwereall
TABLE 4.--Number of individual trees changing years (table 6). At the other extreme, 7 were

in quality from year to year. always undesirable and an additional 8 were either
undesirableor in thetransitionclass. Thus,76

treesweredesirableinsomeyearsandundesirable

Units of Year (n) to Year (n+l) in other years during the studyperiod.

change 2 to 3 3 to 4 4 to 5 5 to 6 6 to 7

TABLE6.--Desirabilityduringthe6-year(Numberof trees) period.

+6a 0 0 I 0 0

+5 0 0 0 0 0 Not Desirablefor
+4 (improved) I i 3 4 0 desirablea n years

+3 0 0 5 4 4 forn years 0 I 2 3 4 5 6
+2 3 8 I0 15 8

(Numberoftrees)+i 7 22 16 23 24

0 (same) 15 39 30 34 30 5b-i 18 31 28 19 35 0 I 5 8

-2 28 5 14 i0 7 i 2 6 5 2
-3 22 3 i 0 1 2 3 i0 5 3

-4(declined)ii 0 I 0 1 3 i 8 3 2-5 4 1 0 0 0 4 3 9 6
-6 0 0 i 0 0 5 4 12

-7 1 0 0 0 0 6 7

achanges are given by the number of quality classes
the trees improved (+) or declined (-). Changes aTrees rated 6 through i0 were classified as not
of i unit are considered no change because of the desirable and trees rated 0 through 4 as desirable,

aforementioned precision of the quality rating with class 5 being a transition rating

system
bE.g.,5 treeswererated5 or betterfor4 years,
neverrated6 orworse,andthuswerein the

TABLE 5.--Characteristics of vigor group, transition class for the other 2 years

Item Slow Medium Fast DISCUSSION

# of trees 36 30 44 This study showsthat changesin potential

Dbh year 7 (cm) 2.5 4.2 7.8 quality are quite common during the early develop-

Dbh growth (mean) 0.2 0.5 1.6 ment of black walnut trees. Extreme events, such
Ht year 7 (m) 2.7 3.4 6.1 as the late frost observedby von Althen (1977),can

Ht growth (mean) 0.2 0.3 0.9 result in an immediateand obvious decline in qual-
ityaffectingmostof thetreesin a planting.No

(Number of trees) such extreme events occurred in this study, yet the
majority of the trees underwent quality changes.

Quality 1 0 1 4 Althoughthis situationmay at first seem surpris-
2 1 2 5 ing,it can readilybe explainedin lightof cur-

3 2 i 4 rent understandingof treephysiology.
4 3 8 13

5 4 4 7 The growthhabitof blackwalnutgenerallyfits

6 I0 8 7 that classifiedas deliquescent(Brownet al. 1967),
7 8 3 i inwhichthe lateralbranchesgrowalmostas fast

8 7 2 2 as, or sometimesfasterthan,the terminalshoot.

9 i I i However,branchgrowthis generallysuppressedon
the currentyear'sshoot,withthe resultthat

Calculated chi-square = 17.40 young seedlings are usually single, unbranched stems

Chi-square for alpha of .05 = 21.03 (fig 2). Thus, most young seedlings initially have _,_
highqualitypotential.
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The loss of terminal dominance can result in i_

major quality problems (fig. 3). One difference o_

between the excurrent and deliquescent growth P_
habits is the degree of apical control expressed Y_

15 \\ (Brownet al. 1967). Althoughblackwalnutisnot P_

_'_i _ expected to express strong apical control since it
b_

_ _ _-" generallyfitsthe deliquescentgrowthhabit, (]

I _ SchlesingerandBey (1978)observedevidenceof fc
I 1.O

apicalcontrolin walnutsaplings.Severalseed- q_
lingsin thisstudydevelopedin a mannercompatible ul

I withstrongapicalcontrol(fig.4). h
F,

0.5
t'

t

o a
YEAR YEAR / "_ qFIGURE2.--Suppressionof branchingon current _15 /

year's shoot. (Tree silhouettes were made by _ I / /

projecting photographic negatives through a photo- I
_to "_ _ c

graphicenlargerontoa gridandtracingthetree i

image.) t

0.5

]
Severalfactorscancausesingle-stemmedseed- j

lings to develop multiple stems and other quality

defects. Factorsobservedduring this study YEAR YEAR YEAR
included:deerdamagetoboththeterminalshoots 2 3 4
and to the lower stem; insect damage to the terminal

FIGURE 3.--Apparent lack of apical control and ]
buds in the spring, including bud borers (Acrobasis

demotella Grote) and leaf feeders that destroy the loss of single, central stem.
expandingleaves;stemborers(Xylosandrusgermanus

Blandf.)thatkill theabovegroundportionof the j

tree;anddeathof theterminalbudsfromunknown _

causesduringthedormantperiod.Otherfactors I i
contributingtoa declineinqualitythathave 15 I
frequentlybeenobservedin blackwalnutplantings, i

butwerenotnotedin thisparticularstudy,

includespring frost damage,wind breakage,break- _ _\ /

age by birds and dieback from "transplant shock" I 10 /

(SchlesingerandFunk1977,vonAlthen1977).

In addition to the above negative factors, a

reduction in growth rate mayresult in lower 0.5

quality. Severe competition has been shownto
causeseedlingsand saplingsof whiteoak (Quercus i
albaL.)and sugarmapleto developflattopped

crownswhen growing in the understoryof dense YEAR YEAR YEAR YEAR

foreststands(Carvell1967). In thepresent 2 3 4 5
study,grassesreinvadedtheplotsfollowingthe

3 years of weed control except for the autumn-olive FIGURE 4.--Apparent expression of apical control, i
plots,in which the shade fromtheautumn-olive

i

plants maintained a grass free understory. This Previously suppressed white and red oak (Carvell

competition with the grasses might have been the 1967) and sugar maple saplings (Trimble 1968)

cause of reduced growth in treatments which did not regained a single, dominant stem once they were
include autumn-olive, released from overstory competition. Brown et al.

(1967) suggested that vigorous growth is important

Factors that operate counter to the above and in both excurrent and deliquescent growth forms forthat can result in quality improvement generally developing and maintaining a single, dominant stem.

relate to growth processes that allow a tree to The quality recovery evident in the fast growing

compete efficiently (Wilson and Archer 1979). group in this study supports these generalizations
Black walnut saplings appear to overcome lean and observations with other species.
througha geotropicresponse(Schlesingerand Bey

1978) and seedlings might be expected to do like- The change in the quality distribution between

wise. Although the mechanism underlying tropic years 2 and 3 thus appears to be the cumulative
responses has not been satisfactorily defined (Firn effects of a variety of negative factors acting

and Digby 1980), the phenomenon itself is well individual trees. Because the seedlings were
established, generallyhigh quality at planting time, there was
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little opportunity for improvement but considerable CARVELL, K. !.... 1967. The response of understory
opportunity for decline in quality. The second oak seedlings to release after partial cut-

period of change, between the fourth and fifth ting. West Va. Univ. Agric, Sxp. $tn. Bull.
years, corresponds to the age found in other mixed 553, 19 p.
plantings of walnut with autumn-olive at which the

benefits of the autumn-olive are first apparent FIRN, R. D. and J. DIGBY. 1980. The establish-
(Funk et al. 1979). Improved growing conditions sent of tropic curvatures in plants. Annu.

for some of the study trees resulted in gains in Rev. Plant Physiol. 30: [31.-148.

quality, while various negative factors were acting
upon other trees, with the result that both the FUNK, D. T., R. C. SCHLESINGER, and F, PONDER, JR.
high quality and low qua].ity groups increased. 1.979. Autumn-olive as a nurse plant i!orblack

Following the abrupt change in the distribution, walnut. Bot. Gaz. (Suppl,) 140:SI[0-S],14.

there was a continued improvement in quality within
the fast growing group (i.e., those growing with JACOBS, R. D. [969. Growth and development of

autumn-olive), and relatively little change in deer-browsed sugar maple seedlings. J. For.
qualitywithin the other groups. 67:870-874.

KING, W.W. [957. A guide for evaluatiag black

CONCLUSIONS walnut sawlog quality. Tena. Va.lley Auth.
Div. of For. Relations Rep. 2[8-57, 20 p.

Quality changes in black walnut trees have been
observed following extreme events such as late KRAJICEK, J. E. and C. F. BEY. 1969_ How to

.frosts (von Althen 1977) The present study showed '.... _ black walnut seedlings. U.S. Dep. traln •

that quality changes can be expected to occur even Agric. For. Serv. Leafl., 6 p. North Cent.

with normal conditions and that most walnut seed- For. Exp. Stn., St. Paul, M&N.
lings will experience changes in quality during the

; first 7 years after planting. SCHLESINGE_, R. C. and C. F, BEY. ].978. Natural
improvementinblackwalnutstemform.

Since most walnut seedlings are straight, p. 389--400. In Proc, Cent. Hardwood For. Conf.
single-stemmed trees when planted, and thus have II. West Lafayette, IN, Nov. 14.-16, L978.

high quality potential., the initial changes in
quality are the result of external factors causing SCHLESINGER, R. C. and D. T. FUNK. 1977. >_nager's

a reduction in quality. Later changes can result handbook for black walnut. U.S. Dep. Agric.
in higher quality, lower quality, or one followed For. Serv. North Cent. For. Exp. Stn., Cen,

by the other. Positive changes in quality are more Tech_ Rep. NC-38, 22 p.likelytooccurif the treesare growingvigorously.
"_ TRIMBLE,G. R. JR. 1968. Formrecovery by under-

story sugar maple under uneven-,aged manage,-
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