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Wouod characierization of ¢lanes selected for valuable timber production: the case sindy of

Iadiasn wild cherry

Nocetti Michela', Brunetti Michele®, Ducei Fulvio®, Romagnofi Manuela®

Keywords: Prumus avive, valuable broadleaved, clonal test, breeding programme:,

Absiraet ~ As regards the valuable broadleaved tee species, the quality of wood production is a
much more important wpic than quantity. Therefore the comprehension of what “valuable timber™
is, it is a matter of crucial importance. The work wants W summarize what is heipful 1o care about
during an improvement programme aimed to high quality wood production. Afterwards, the casc of
wild cherry in {taly is iHustrated, briefly describing the importance and the use of its wood in the
Jtalian industry; the preduction in the ladian planiations; and, Gnally. the pasi genetic improvement
progratmmes and the actual researches.

The selection of plus trees started in ltaly during the decade of 1980 and followed mainly growth
and tree archilegture criteria; clones were then tested in plantations.

One of the first Tield wests aimed to investipate the variability of wood quality of cherry clones
focused on the wound cicatrisation after pruning. Significant differences betwesn clones were
noliced.

Currently, a further investipation on wood characterization of cherry clones previausly selected for
timber production is engoing in two trials. To date, physical and mechanical properties of wood

have been measured and a significant clone effect was found out for all the studied waits,

Introdwcéion

The importance of plantations in the industrial wood supply is growing in the last decades. While
ihe global demand of wood (Righ quality tmber as well as wood for energy) is constantly rising, the
costs of natural forest wood Is increasing because of the higher logging costs, the more resirvictive

regulations and the recent environmental costs.

VCRR - IVALSA. Istituto per da Valorizzazione del Legno e delle Specic Arboree, via Madonna def Piano 30, 1-50019
Sesle Fiocentino {Ti - [aly).

TCRA - BEL. Centro di Ricerca per ka Scetvicollura, viale Santa Margherita 86, 152100 Arezzo (Halyh

Nlniversity of Tuscia, DAF, via San Camitlo de Lellis, 1-00100 Viterbo (iaty)



Plantations produce about the 34% of the earih industrial wood demand but they could reach the
7584 in 2050 (Sedjo 2001a). Therelore, the wood productton in plantation could reduce the lopging
pressure in natural forest and help (he envirommental conservation such as ecosysiem and
biodiversity preservation and climate change mitigation.

Moreover, the genctic improvemnent of species used in the plantaticss to timber production cat hawve
many benclits that can be grouped in cconomical and ecological benefits, The ecanomic benefits
relay 1o the possibitity to achieve higher productivity by the selection of major trees for growih rate
and disease resistance, but higher quality limber may be obtained as well, if the desired wood traits
are included in the improvement progranime. The ecological benefits are the possible reduction of
wood harvested in natural lorests, as already stated, and the increasing of carbon scquestration, but
also 1he possibility to plant ed-hoc selected trees in areas that have been degraded and characterised
Iy stressing micro-climate conditions {cobd, water deficit and frost) (Sedjo 2001Dh).

For such reasons it becommes important to explore the new opportunities of wood producstion in
plantations; maindy as concerns the genelic ree improvement.

I the peculiar case of the valuable broadieaved tree species, (he guality of wood production carries
more weight than quantity, Therefore the comprehension of what “valuable timbee™ is, it Is a matier
of crucial importance.

1t the fallowing paragraphs we will iry to summarize what is helpful to care about during an
improvemen propramme aimed to bigh quality wood production. Aflerwards, we will Hlustrate the
case of wild cherry in laly, bricily describing the importance and the use of its wood in the Nlalian
industry; the production in the Halian plantations; and, finatly, the past genetic improvement

jrogrammes and the actual rescarches,

The “valnable timber”
A1 the beginning of a breeding programme it is necessary 1o understand and Lo decide what raits ate

10 be improved. Reasonably, the adaptation 1o specific environment conditions, the growth rate and
the tree architecture (lrunk straightness, branch number, dimension and angle), followed by the
discase resistance are the most used traits in the forest tree breeding programmes. But it ts nol
assured that such selection siralegy might lead to improvement of wood characterisiics as well. So,
if the titber production is the final ohjcctive of the plantation, especially when we deal with
valuable tree species, wood fraits should be studied on trees previousty selected following different
criteria {(Mocerli 2008}

First of alf, the meaning of the term “wood guality” has W be clarified. 1t can vary amongst forestry
and wood indusity sectors and it can be defined as the whole of characteristics that makes the

timber suitable for a particutar end use. It includes the propertics thal influence the performance of



the end product and, morcover, the features which have an effect on the cost and the efficiency of
the entire working process {log dimension and shape; presence of defects such as knots; and strict
wood properties such as anatomical, physical and mechanical characteristics ol wood) (Macionald
and Hubert 20002,

Therefore, the breeders should be aware of the genetic control of desirable timber traits 1o meet the
needs of (he indusicy; their correlation with the commondy recopnised as “positive” traits (L.e. tree
growth and architecture, disease resistanced; and if and how the wood trail measured in the young
tree can predict the same characteristic of the aduke tree (Rozenberp and Cahalan 1947).

Up to now, the most studied species by the wood traits point of view are soflwood, Among
hardwoods various investigations catt be found in the literature on Poprdns and Fucalvplus, whereas
very lithe is known abowt the valuable broadleaved species (Zobel and Van Buijlenen 1989, Zobel
and Jeit 19455,

Finally, a further indispensable remark, 1t is necessary to keep in mind that the characteristics of the
timber harvested in plantations represent the result ol the close interactions of thiee key factors: the
environiment, the genetic factors and the culwaral practices. All of them must be considered at the
same importance level, The plantations of improved genotypes will not produce atomatically high
guality timber i not properly managed, B makes essential that breeders and sitviculturists will work

together in a thick coltaboration (Hubert and Lee 2005).

The cherry wood in the Hatian industry

Intable 1, the main benefits and requirements for wild cherry culttvations are summarized. Besides
the positive carbon-sink funetions, the wide peopraphical range that makes it a native species in the
most European countries, and the high landscape value due 10 the pleasant blooming, wild cherry
provides an highiy appreciated timber, used to lasting product manufacture,

it is considered it every respect a valuable species by the European timber market, particularly in
Haly where the furniture industey is extremely important. The cherry tinber is, o fact, maindy uscd
for furniture, both as solid wood and veneer; cabinet making, Mooring, decorative joinery and
rnery,

At present, Italy is one of the main European users of cherry timber, but it has to be pointed oul that
the term “cherry timber™ includes wild and sweet cherry {the last from trees for fruit prodoction),
but also black cherry (Prunus seroting), imported from North America to meet the high European
demand of cherry wood.

The major problems of cherry wood, which can reduce the processing yield and the quality of the

final producy, arc the numerous knots (cherey 1s characterized by high pruning needs}, the presence



of green streaks (preen vein) mostly in the Huropean cherry, and the gum pockets, mainly w the
Ametican provenances.

The prizes of cherry timber can vary considerably duc 1o the end-use {destination), wood quality
(presence of delects, log dimension and form), but they are usually very high, reached {and
sometimes excecded) ondy by walnut.

In the following some examples of the prizes of roundwood, boards and veneer of both Luropean
and American cherry arc reported. They are the restdt of personal interviews with lalian

manufaciurers.

Roundwood
Furopesn: from 308 to 550 Euro/m” (sawlogs)
from 800 to 1000 Farafn’ {(veneer logs)

American: from 600 to 700 Euro/m?

Beards

Lurgpean {green):  from 600 1o 700 Eureim’ (37 selection)
fronm 800 10 1000 Bure/m” (2° sclection)
from 1006 to 1100 Furo/m’ {1 salection)

American (edge): from 1300 1o 1500 Evro/m’
Yeneer (€.5-0.6 mm thick): from 210 § Eurafim®

As regards the cherry wood production in laly, dats on the overall amount are difficull to find, bu
ihe importance of the species has been raised since the last decades thanks to the EEC Reg. 2080/92
and the following rural development progratmes, which gave considerable incentives (o
afforestation of agricullural lands with wee species for wood production.

From [994 10 2000, 104141 ha have been planted in laby with public incentives and about 73% ol
them consisted of broadleaved species (Collewi 20013, A large part of (hese new cultivaled areas
were planted with wifd cherry. We can mention here the example of Picmonte, one of the noith
ltalian regions where the arboriculture had a large development and where the wild cherry occupied
the 48% (2000 ha) of the land planted with valuable broadieaved specics, against walnut {1200 ha),
pedunculate oak (500 ha) and ash (450 ha) (Licini 2607). The material usced in the plantations was
mainty of seed origin,

S0 it becomes evident the impottance of the studies almed 1o setect and 1o improve the planting

malerizl to be used in (he produciion of high guatity cherry wood and the rescarch an the best



cubtural practices. Furthermore, the study of the wood properiies of the improved planting matenals
is essential 10 complete the bieeding programimes and it is swrely usefud when it becomes available
(7 the arboriculturists by means also of the inscription of new cherry clones 10 the national Forest

Clone Repister,

Wild cherry breeding pragrammnes in Italy

I the fast years numerous breeding programmes have been devetoped For wild cherry inas many

European countries, the preatest of which were in France and Germany (Kabliha 2002}, and various

siudies on growth and morphological traits are avaitable {Santi et al 1998, Muranty ot &l 1998,

Cumel et al 2003, Martinsson 2001).

In ltaly the genetic variability of wild cherry natural populations was investigated {Ducci and

Protetti 19970, By mcans of clectrophoretic analysiz and some phenological traits, the size of the

natural sucker groups of wild cherry was estimated and a minimum distance of 100 m between trees

sglected for improvement was assessed by Ducci and Santi (1997, in order to guarantee the

genotype heterogencity.

The selection of plus trees started during the decade of 1980 and followed mainky growth and tree

architeciure criteria. Clones were then Lested in plantations established mainly by the istituto

Sperimentale per la Selvicoltura of Arezzo (CRA-SEL)Y and by the Dipartimente di Colture Arboree

of Bolopna University. _

Minotta et af, (2000 in two clonal plantations situated in the Northern Apennine Mountains found

owl a general higher growth rate of the clones {except for one) in respect (o the seedlings used as

witnesses and a significant influence of the genotype to determine tree diameter and trec height.

ek ef af {2006 reported the estimation of broad sense heritabibity of growth waits in 4 cherry

clone plantations in central laly and their correlation with archilecture traits (stem form; branch

size, number and angle). The main resulls were:

= the broad sense heritability can be very high for traits useful o selection:

- the broad sense heritability is higher when environment and soil conditions are homogeneous
and clones can express their real potential,

- the genotvpe x enmvironment inleraction was generalby low;

- the correlations between growih and archilecture trails were penerally kv,

{for major details se¢ Dacci er al 1990 and Ducci er af 20063,

Further investigations worked on the cherry clone resistance lo Phiwephiora sp., adjusting carly

soreening lests for resistance selection (Barzanti er af 2004).



The variabiity of wood quality of wild eherry clones: the Halian research

One of the first field tests 10 investigate the variability of wood quality of eherry clones was carried
out in the plantation located in the Northern Apennine Mountains, in order to examine the wound
cicalrisation afier pruning (Baldini ef &f 1997} A quick and effective wound closire is very
importanl to protect the wee from pathogen atiacks and, therefone, to keep the pood properties of the
titber,

The traif consisted af 4 clones (2 selected by CRA-SEL and 2 by the Bologna Hniversity) amd some
seedlings. The trees were praned in Februaty and the wound atea covered by new wooil tissues was
messired in the following months,

The figure 1 shows the differences of percentage of covered wound arca by clongs and secdlings.
As resuls of the analysis of variance, significant differences were noticed between clones, 50 i can

be stale that ihe genotype can have an important rele to determine the cicatrisation process.

A further nvestigation ot wood characterization of cherry clones previously selected for timber
production is ongoing it two trials established by CRA - 188, The sites deseription iy reported in
Lable 2.

The plantation in Marani was established tn 1986; the planticls were planted at & 3 x 3 m spacing
and systematicatly thinned in 1995, In Forestelle, because of the nitrogen and phospliarus poor soll,
the chierry clones were planted mixed with Jtalian alder (Alfnns corduta Lots.)), in order to facilitate
improveiment in nutrition, thanks to the nitrogen-fixing ability of alder,

A the Frst site, 6 cherry clones, § ramets per clone, were sampled in spring 2006; at the Forestelle
site 2 of the 6 clones were ot available, so enly 4 clones, 4-7 ramets, and 3 witness (rees (seed
arigin} were smnpled in the foliowing year (spring 2007).

In the field, the main dendromelric quantities were measured (diameter at breast high and every 2 m
to caleutate (e trumk volume, 1otal ree height}. Afler felling, | m long log was cul and processed in
the laboratory, where the following wood properties were determined:

- heartwood percchage area

- hastc density

- maximum shrinkage

- shape facior (radial and tangential shrinkage ratio)

- wood hardness

- bending, compression and shear strength,

Small (transversal scetion of 20520 mm) and clear (free of defects) specimens were used 1n the
tests, according 1o 15O Standards. They were cut from the four radial planks of the log, both rom

heariwood and sapwood it order (o investigate the intra-trec variability as well. A total of 9U



specimens were collected for the physical propeities determinations and 531 specimens for the
mechanical 1e5ts,

Finally, microdensitometric measurements were carried out on thin radial sections and chseyvations
of the presence of the green vein were effected on each log.

Some results from the first trail (Marani) were presented during the workshop on wild chervy held
in Haly the last yvear (Nocetti and Brunetti 2007),

Briefly, it was found oul a significant clone effect for all the studicd traits {growth and wood traits)
trom the analysis of variance {fig. 2), while the ramets inside each clone were guite homogeneous.
Currently, the investigation is becoming deeper thanks to the further analysis on the second site
(Forvestelto), which will allows us to compare the same clones in two dificrent locations.

High presence of green vein was noticed ta the samples of Marani site, where clear differences
between clones were also observed. On the contrary, in Forestello site the presence of green vein
was not so frequent in the trees, It leads to preseme an apparent genotype effect on the incidence of
the green vein in the wood, but also the environmental conditions seem to play a very important
rofe. Obviously all these speculations need further specific investigations,

Finally we can cile in a few words the stady of Signoriai (2006), that , in the framework of his PhID
Thesis, analysed the colour of the wood in the same trees at Mavani site. Some results of his work
are published in Ducei of at (2006) where they reported a greater penetic influcnce on sapwood

colour than in heartwood, probably because of the stronger environmental effect en the heartwood

forimation.

Conctusions
The valuable broadleaved species are so called because of the “vaiuable timber™ that they can

produce; therefore, it is essential 1o understand whal valuable timber is, so that the proper way ©

produce il can be Tound outl.
Studies on the genetic control of the wood trails and the correlation between them and the growth

anid architecture characteristics of the tree can be very helpful 10 brecders,

The rich Italian experience on genetic variability and breeding programmes ol broadleaved species
allows further investigalions on the wood of the selected genotypes.

Finally, breeding propramines are extremely useful and they can provide tmproved genotype to
wood production, but it must be emphasized again the importance 1o combine the improved

genolype with the correct sibviculture treatiments,
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Figure 1 — Mean values of percentage of covered wound area aud confidence intervals (3%} by

clong (2-5) and seedlings (1}

Site characteristic Forestello Marani

Latitude 43° 34" N 44 27N

Longide HE39 E j2e 12 E

Altilnde 250 masl 5ma.s.l

Sl loam {44% sift, 30% clay) sill loam (64% silt, 27% clay)
Mean annuat Temperature 14 =C 13 =C

Annual prectpitations §70 mm 650 mm

Table 2 - Description of Forestello and Marani sites,
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Figure 2 - Mecan vajues and standard deviation of trunk volume and basic wood density by clone
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Alrstract

A significant portion of our hardwood forests are eligible for timber removal
treatments thal wil yield small-diameter timiber, Between 1995 and 1999,
roundwaood receipts by manutacturers of composite panels, primarity the oviented
sirandboard {OSE) industry, increased mare than for any other primany wood
processing seator in the southem United States, OS5 manufacturing trends are
nnporlant because 08B wilizes both softwoods and lower density hardwonds in
diameters ranging from 24 nches down 10 4 inches, The financial incentive fin
cotducting timber sland improvement and unevet-aged management should
increase if smafler diameter logs can be profitably processed into hardwood
iumber lor use in higher value producis such as kitchen cabinets, mouldings, and
furniture. 3ul, becanse smaller diameter traes oflen are yvounger trees with a
relatively large juvenile wood zone, lumber cut ftom these trees usually is of
lower geade and vatue, The current study looks st the volume recoveries and
lumber-grade distributions for both the green and dried lumber from black cherry,
red oak, and sugar maple. 1 the initial test on cherry, problems associated with
drving lumber produced from smabl-dismeter ogs were evident as only half of the
bioards in the two hiphest quality (grade) classifications before drying remained
high-quatity boards afler doving.

The Hardwood Resource: Today and Toemorrow

In the hardwood {orests ol the eastern United States, the small diameter problem
is nol a problem of five risk assaciated with biomass buildup as it is in the
coniferous forests in the Rocky Mountain and West Coast regions. Rather, il is a
problem of markets - arkets are peeded 1o promote sound forest management so
that keallly and productive forests beconie more abundant in (his region. Carciul
remaval of small-diameter timber can improve the structure, vitality, quatity,
appedrance, and disease resistance of the residual stand without degrading other
ecosystem functions,



The positive effects of thinning and timber stand improvement on the quality of
the eastern hardwood resource become evident when one contrasts tree-grade
distributions measured on USDA Forest Service research plots with those
measured in comparable forest inventory plots. For example, of the white oak
trees 12 inches and larger sampled in Kentucky-wide inventory plots in 1998,
only 40 percent of the trees were grades 1 and 2. By contrast, more than 72
percent of the white oaks on Forest Service research plots in Kentucky were
orades 1 and 2. Similarly, for cherry trees 12 inches and larger sampled in West
Virginia-wide inventory plots in 1999, only 41 percent were tree grades | and 2
while 80 percent of the trees located on Forest Service research plots were grades

| and 2.'

A significant portion of our hardwood forests are eligible for timber-removal
treatments that will yield small-diameter timber. It is estimated that 10 percent of
the hardwood acreage in five southeastern states is in need of thinning and timber
stand improvement. This acreage could be a significant source of small-diameter
hardwood roundwood (Bumgardner et al. 2001). An additional 34 percent of the
hardwood acreage in these states may yield small-diameter timber as a secondary
product from stand harvesting, regeneration, and salvage operations (Bumgardner
et al. 2001).

Current Small-Diameter Hardwood Markets

Sawlogs and pulpwood were the two principal markets for hardwood and
softwood roundwood in the South in 1999. Each of these sectors accounted for
nearly 43 percent of the 13-state region’s total roundwood manufacturing inputs
(Bentley 2003). Thirty-six percent of the pulpwood roundwood consumed in
1999 was hardwood roundwood but only 27 percent of the sawlog roundwood
consumed was hardwood. Overall, hardwoods accounted for 29 percent of
industrial roundwood production in the South.

A comparison of industrial roundwood production statistics in the South from
1995 to 1999 revealed the following production results: 1) hardwood sawlogs
increased 5 percent (on a volume basis); 2) hardwood pulpwood decreased by 11
percent; 3) hardwood veneer logs increased by 10 percent; and 4) hardwood
roundwood for use in composite panels increased by 38 percent (Bentley 2003).
Roundwood receipts by manufacturers of composite panels, primarily the oriented
strandboard (OSB) industry, increased more than for any other primary wood
processing sector during this period (Bentley 2003). Three new panel
manufacturing facilities went into production betwen 1995 and 1999 and two
additional plants are being constructed in Oklahoma and Arkansas. In 1999,

! These results are from a not yet completed study in which the quality of timber located on
multiple study sites is being reevaluated and compared to inventory data compiled by the Forest
Service's Forest Inventory and Analysis surveys. The results will be published in a final report to
the National Hardwood Lumber Association which funded this study. The authors of this report
are J. Baumgras, G. Miller, and C. Gottschalk of the Northeastern Research Station.



nearly 10 percent of consumption of industrial hardwood roundwood in the
United States was used 10 058 production (Bumgardoer et al 2001,

O5B manufacturing trends are importani because OS50 utilizes both softwoods
and lowey density hardwoods it diameters ranging {from 24 inches down to 4
inches. In fact, maximuny size limitations are more critical than are those for
minimum size. Lower grade stems also are elficiently wibized in O3B
manufacluring except that log sweep, crook, farking, and {imbs are limited.
Yellow-poplar, hard and soft maple, basswood, beech, sweetgum, birch, aspen,
white pine, and southern yellow pine stems arg commonly used in OSB
production,

Local demand Tor OST3 roundwood should provide considerable financial
incentive for the forest izndowner to extract smaller diameter material from kis or
her forests compared to that provided by local demand for pulpweood. We
estimated that the average delivered hardwood pulpwood price in the South in
1893 was nearly £14 per ton. This compares 1o an average delivered price of
nearly 522 per ton for QSB hardwood pulpweod.

The incentive for conducting stand improvement Uibitetings and sound uteven-
aged management would be even greater if smmaller diameter Togs conld he
profitably processed into herdwood tumber for use in higher value products such
as kilchen cabinets, mouldings, and furnture, The average deliversd price Jor
hardwood sawlogs is al least 25 percent ligher than that for hardwood roundwaod
{or O58. However, because smaller diameter trees oflen are younger trees with a
relatively barge juvenile wood xong, lumber cut from them wsually is of lower
grade and vahue, Thus, it would not be profitable to manufactere lumber Bom
smalber diameter lops so long as standard practices and equipment are used. The
expected fumber volume and value from a grade 3 red oak trees having 10, 13,
and 20-ineh d.boh. respectively, are 31 board fest (b} and $18, 07 bf and $39, and
339 bi and $208! Because og sive has such a dramatic impact on the volume and
value of lumber recovered in sawing, the typical hardwood sawmill stipulates diat
the smal end Tog diameter mest be at least 12 inches, This number differs
slightly depending on log species, mill equipment, 1og guality, and current market
conditions.

Atudics in Small-Diameter Hardwood Urilization

In an carly study of lumber grade yields from small-diameter logs (8 to t] inches
diameter at the small end of the log), 20 red oak logs removed in thinnings
produced 30 percent grade t Common and Better lumber (higher grade)} with a 25
percent overrian based on the Inlernational ¥-inch tog scale (Emanuel 1983}
Twenty small-diameter hard maple logs produced 19 percent grade 1 Common
and Betier jumber with a 12 percent overren, Twenty small-diameter yelfow-
poplar logs produced only 15 percent grade 1 Common and Better lamber with a
20 percent overrun (Emanuel [933).



Tn a more recent study of small-diameter og yicld, 134 smali-diameter logs of
several species and & rauge of sizes produced 28 percent overrun (Tnternational Y-
inch seale) and & lwimber recovery fctor of 7.2 (Hamuer ¢l ak. 20023, The average
overrun for the three specics studied by Emanual (1983} was 19 percent. [Uis the
lumber-prade distributions that are of particular concern. The lumber-grade
distributions for larger diameter grade 3 logs typicalty are 30 10 40 percent grade

1 Common and Better (Hanks el al. 1980). Since higher grades of lumber
command a considerably higher price than fower grades in most markets and for
most species, the production of 2 high proportion of lower grade boards makes it
difficndt 1o process smali-diameter logs profitably.

The two smali-diameter [og studies meptioned were concerned only with yields of
green (L.e., not yei dried) lumber, As it loses moisture, Jumber can develop a
variety of severe defects. For example, wood splits, warpage, and holes
{requently result from 2 combination of drying forces across diffevent zones
within a piece of wood. 1f 8 board is cat from a peripheral Jocation on a larger
fog, the annual growtly rings will have fess curvature than those from a board cut
from a peripheral location on a smaller diametar log, A board that has more
prowlh-ring curvature wil have a higher likeiihood of warping, all other things
being equal, than witl the board that has less curvature. Tn Tigure [ the board
represeated by the right-most rectangle is less likely to warp than is the board
represemed by the rectangle that lies within the inner (shaded} region of the log,
The inner region of the larger log has many wouod properties in commton with the
peripheral region of 4 small-diameter log, so the polential product recovery from
small-diameter logsfivees should be based on the votume and grade recovery af
dey Jumber.

b
~
L)

Figure 1. Lop end showing the wood zone where wood quality and strength fropertics are
ditninished duc o celinar chanpes and proximity ko the pith {the 1wo rectangles represent eard
locutions}. A board whose grain has loss curvatere is loss Likely to warp than a oand with preater
erain clarvature.



A New, More Compreliensive Study

Cur current study laoks at the volume recoveries and luimber-prade distributions
[or both the preen and drted bumber from biack cherry, nonhern red oak, and
sugar maple. Because one of the geeatest challenges associated with processing
smal-diameter bogs is related to lumber degrade that results in value loss during
drying, this study examincs the effect of conventional and alternative humber
dryving schedules on unber vield and value,

The lumber-grade distributions for the cheny thal we obtained from small-
diameter logs and then dried using a convertional, TEB4 cherry drying schedule
(e 1-inch-thick lumbery med our expectations based o1 a comparison with
studies conducted during the 1970°s {(MHanks el al. 1980}, Table 12 i Hanks o 4.
{198 reveals that vields from sawing thiry-four, 8-inch diameter, and Tty -1wo
9-inch diameter grade 3 cherry fogs were, respectively, 2.3 and 3.2 percent Selects
grade lumber and 4.2 and 10.1 percent T Common grade lumber, 1n owr initial
contro] study with chierry we recovered 2.2 percent Selects grade and 4.5 percent
grade 1 Commen lumber. The average log diameter for our 37 study lops was 9
inclies {rauge: 8 1o 12 inches), Volume recovery was fower than expected with a
7 percent underreen compared to HManks el al.’s overrun of 8.5 percent for $-inch-
diameter bops, The fact that 13 of the 37 logs in our sample were aiot of sufficient
forn and quality 1o make the fowest Farest Service sawlog grade, grade 3, is
worlh noting, For cheny, the Hanks el al. (1980 results are the only price study
results available for comparison. Although their bnnber grade distributions were
nol based on divect measurements of dry lumber, adjustment factors were applicd
to grade recoveries for preen lumber, so the percentapes preseoted here are
connparatsle,

The tnitial red oak and sugar maple lumber samyples sawn from smatl-dianieter
logs were dricd using standard scheduwies for those speeies (T4122 and TECI), and
the quality of the dry ivmber exceeds that for the cheny sample. Data collection
for this study is such thal we can {est many numerous potential relationships
hetween log charactensiics, sawing and drying approaches, and value recovery for
dry lumber. The log data sets include age, prade, small- and [arge-end diameters,
length, position in tree, crook and sweep, and position in log from which each
board was sawn. The data sets for green and drv lumber include grade, defect
identification and marking, slope of grain, warpagee measuremenl, and cotiing
stzes and Jocatians.

Summary

IFacing periodic log shorages that may become more severe in coming years duc
o eontinued forest Trapgmentation, many sawnull owners are beginning o
consider small-diameter tog processing. Smalt “sawlogs™ thal may be allocated (o
lumber mills often contain a refatively high proporion of juvenile wond that
usitally is of Jower intrinsic wood guality, Opiimizing the potential guality of
fumber saws Toom small-diameter wees and the vpper hole sections of larger



diameter trees has become an important concern. 1n studies of Tumber recovery
from smakl-diameter hardwood logs, the volume of green lumber recovered has
been acceplable. The guabity (grade) of the umber recovered from small-
diameter hardwood logs is the larger issue, particularly with respeet to the grade
yield of dry lumber, Initial study tesults indicate that the yield of grade |
Common and 3etter {dey} lumber from small-diameter cherey logs is tess than H
percent. Altemate diving schedules designed to reduce warp and other drving
defects should increase grade yieids,
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Introduction

Hardwood veneer logs command a premium
price in comparison to sawlogs and other fiber
products of the forest. As an example, Hoover
and Gann' report that the prices paid for the
highest quality delivered white oak sawlogs in
Indiana averaged $634 per thousand board feet,
Doyle Scale in 2002. In the same report, several
diameter categories and two quality classifications
are used to report delivered veneer log prices.
For the lower quality classification and the
smallest DIB class (13-14 inches), the price for
white cak veneer logs was $770 per MBF but
increasing to nearly $2940 per MBF for 28 inch
DIB logs of the highest quality. Thus, it usually
makes good economic sense to market high-
quality logs of the appropriate species to the
face veneer industry rather then processing them
for the green wholesale lumber market.

In addition to the increased economic value,
the use of hardwood timber for veneer has other
positive attributes. Processing a log into veneer
ranging from 1/36 to 1/50 inch in thickness
greatly extends the resource in comparison to
cutting standard 4/4 lumber, which is somewhat
over 1 inch thick. Veneering also allows for the
production of matched grain patterns, inlays,
and other artistic designs. Veneer can now be
wrapped around profiles made of reconstituted
wood, thus reducing the need for long, thick
clear moulding blanks. It can also be formed
over machined panels of reconstituted products
for raised panels in cabinet doors.
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Factors Affecting the Quality of Hardwood
Timber and Logs for Face Veneer
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Veneering is a fascinating industry, and
successful marketing of veneer quality logs
or trees is dependent upon the seller knowing
what constitutes veneer quality logs and
an understanding of the marketing process.
Unfortunately, most landowners and many
individuals who market timber are not aware
of the basic requirements for trees or logs to
be considered “face veneer quality.” In some
instances, sellers do not understand why some
logs or trees are not acceptable, others are
waorth little more than good sawlogs, and still
others command a substantial premium. Buyers
will likely not spend much time visiting tree
or log offerings if they detect the seller does
not understand the quality levels needed and
the material is over or misrepresented due to
the sellers lack of knowledge. This paper will
provide insight into what constitutes veneer log

quality.

Methods

The hardwood face veneer industry is
composed of only 33 slicing operations in
Morth America. Within this industry, there
are no scientific studies and very few current
publications that have attempted to define log
and veneer quality from an appearance aspect.
These companies purchase the quality of logs
as dictated by their customers, cut them into
flitches (log halves or quarters) and slice them
into fancy face veneers (Figs. 1, 2A, B). Rotary
cut veneer constitutes a different industry, for
the most part.

L Hoover, W.L. and R.W. Gann. 2002. 2002 Indiana forest products price report and trend analysis. FNE-177-W, 19 pages.

Purdue University Cooperative Extension Service - West Lafayette, Indiana
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Figure I. Veneer slicing operation showing the flitch
ar log half (hack and right) being moved up and down
against a stationary knife and the individual veneer

sheets heing siacked in the order that they are sliced

Figures 24, B. During processing for the domestic
market, three sample sheets are taken from each flitch.
These sample sheets are shown to potential buyers.
Considering the lefi flitch, the sheet on the lefi is
from the owtside of the log and the one on the right
is firom near the heart. Note the absence of defects,
excellent color and wniformity, and cathedral
patterns in the first two sheets on the left of this
high quality flitcch. A much lower quality flitch with
an frvegular color, knots, and excessive sapwood is
shown on the right. Each flitch is bar coded as to
arigin, log buyer, square footage, grade and value.

The Department of Forestry and Natural
Resources at Purdue University has held
numerous workshops on the subject and
developed written materials on log quality. In
these workshops the head log buyer for different
companies will show, by using logs, what

characteristics are important and the range in
quality which can be accepted. Veneer sample
sheets are used to demonstrate how the various
log characteristics affect the appearance and
value of the resulting veneer. Quality standards
and species desirability vary among companies
and change over time. This report is based on
information gained from these workshops.

Basic Requirements for All Species

There are certain basic requirements that any
tree or log intended for the face veneer industry
must meet. In addition, there are specific
features that are unique to each species. Bark
surface irregularities such as overgrown branch
stubs, insect damage, old mechanical damage,
etc. will likely disqualify the log as potential
veneer. It is generally assumed that no surface
indicators of interior defects are present in a
quality veneer tree or log. It has four clear faces.

Veneer logs or the trees from which the
logs are produced should be straight and well
rounded. Bow and crook in a log creates an
aesthetic problem by causing the cathedral
pattern in flat sliced veneer to run in and out of
the sheet. Tension wood is frequently present
in leaning trees, and buckle can occur when
the veneer is dried. Logs which are not well
rounded or have an off-center pith also result in
veneer with less than a desirable grain pattern
and are also likely to result in veneer buckle

(Fig. 3).

Figure 3. Buckle or irregular surface in walnut
veneer. Note the irregular appearance of the tag.



Ideally, growth rates (and thus ring width)
need to be uniform across the entire cross
section of the log. Thinning to encourage faster
growth of potential veneer trees is not desirable.
Growth rates of six to nine rings per inch are
usually acceptable. Fast growth or very slow
growth rates are not preferred.

Veneer quality trees should be healthy, well-
formed trees on good well-drained timber sites.
A past history of grazing and or fire will reduce
the quality and value of any potential veneer
trees.

Most hardwood species grow over a wide
geographic range. As such, climatic conditions,
soil types, elevations, insect and disease
potential, and other factors vary. Within the
geographic range of each species, there are
certain specific areas where buyers feel the
highest quality trees generally originate. With
the exception of pecan, most veneer quality
timber is cut in the upper Midwest, lake states
and northeast section of the country. Buyers will
indicate that high-quality trees can come from
other regions as well but the probability is much
reduced.

Cherry is currently one of the most valuable
hardwood veneer species and an excellent
example of the importance of geographic
location. Figure 4 shows two 19 inch DIB by

Figure 4. Geographic origin can be very important
in determining veneer log value. The cherry log on
the left has an estimated value of abowt $300 while
the one on the rFight is valued ar 81200, Both are the
same diameter and length.
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10 foot logs each containing 141 board feet
Doyle Scale. The log on the left is from Indiana
with an estimated value of $300; the one on the
right is from Pennsylvania and valued at about
$1200. The Indiana log has irregular, darker
reddish color and numerous gum spots. The
Pennsylvania log has a lighter pink color and

is much less prone to gum spots. On the other
hand, walnut from Indiana and Iowa would
likely command a premium over that from other
states, and hard maple from Michigan and the
Northeast would be preferred.

Cherry

Gum in cherry (Figs. 5A, B) is probably the
most serious defect affecting veneer quality.
Gum not only disfigures the veneer, but clear
finishes tend not to bridge over the spots. In
addition to small spots, gum can be found in
large patches, probably as a result of wounding,

Figures 54, B. The small davk spots on the end of
this cherry log are gum spots. They disfigure the
otherwise clear veneer shown to the right.
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or even in a ring completely circling the stem.
The presence of gum cannot be detected in
standing trees unless a surface residue happens
to be present. Buyers prefer to purchase cherry
timber in those parts of the country where gum
spots are least likely to be found or at least
fewer in number. These include the higher
elevations in Pennsylvania and parts of New
York and West Virginia. Cherry grown in other
parts of the country almost always has some
gum deposits present.

Most gum deposits are caused by at least two
different groups of insects. The most common
insect is the peach bark beetle. These beetles
accur throughout the range of cherry and
sometimes actually kill relatively large trees.
The beetle can be found in the gum exuded from
the trees. The beetles attack the cambium layer,
and the gum is formed in response to the insect.
Unfortunately, it appears that peach bark beetles
may build up in large numbers in tree tops after
a timber harvest. The beetles then emerge and
attack the residual crop trees, causing permanent
gum spots in the main tree bole. Therefore, it
would appear that cherry veneer which is relatively
free of gum spots from peach bark beetles
would come from undisturbed stands which also
have had little natural mortality or damage.

Cambium miners can also cause gum
deposits in cherry. By carving its galleries,
the cambium miner destroys a portion of the
cambium, which later becomes covered over
by healthy cambium growth and wood. These
galleries consist of damaged parenchyma cells
and insect feces. The cell damage can, but does
not always, result in the production of gum. The
parenchyma flecks or damaged parenchyma
cells are seldom a defect in themselves.
Parenchyma cells are just one type of several
different cell types which make up the wood of
hardwood trees. These cells are generally used
for food storage and are relatively thin-walled
compared to wood fibers.

“Tear drops™ or brown oval to round spots
(Figs. 6A, B) can also be found in the ends of cut

Figures 64, B. Cherry log showing dark spots or
“Tear Drop" which cause a brown streak in the
veneer sheet.

cherry logs. These tear drops cause a brownish
streak in the veneer itself and are objectionable.

A light reddish brown heartwood color is
preferred in cherry. A dark red color, variable
color, or a greenish cast which can develop
at the heartwood-sapwood interface and wide
sapwood are objectionable.

Walnut

Black walnut was the premier domestic
North American species since the beginning
of the sliced veneer industry. Due to increased
costs, over cutting, and consumer preference,
its popularity declined in the 1980°s. Now, it is
once again in good demand, and the availability
of logs is also good.

Total color as well as uniformity of color in
walnut is an important factor. The best colored
walnut when first cut is light greenish or mint
color. As the wood is exposed to the air, it turns




a gray or mousy brown color (Figs. 2A, B),
which is considered ideal. Unfortunately,

the color can vary, or it can lack uniformity.
Muddy walnut, that which is dark or splotchy,
is objectionable. The color of walnut can also
be affected by manufacturing variables such as
cooking schedules and processing time before
drying.

Bird peck, also called worm by the veneer
industry, is an important defect in walnut
(Figs. 7A, B, C, D). Yellow-bellied sapsuckers
probably cause most of the bird peck.
Sapsuckers over winter in Indiana but nest
further north. It is generally believed that the
bird pecks a hole to cause the flow of sap. The
peck mark penetrates the bark and cambium. It
sometimes penetrates the wood but not deeply.
The peck marks are often in circles going
around the tree. Insects are attracted to the sap,
and the bird then feeds on them and perhaps the

T T e

Figures 74, B, C, D. Bird peck or worm is a serious problem in walnut. A shows peck marks on the bark and
B shows the damage confined to certain rings in the end of a log. C shows a "worm hole, " or more likely the

slight indentation of the peck mark into the wood and associated discoloration, and finally, D shows two peck
marks with included bark.
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sap as well. A small hole plus stain or flagging
can result in the veneer.

Pin knots (Figs. 8A, B, C, D, E) like bird peck
can be hard to recognize in standing walnut
trees, especially when only a few are present.
These defects are the result of suppressed
dormant buds which persist for many vears as
a bud trace or pin knot. As the name implies,
the buds may not actually break through the
bark, so in some instances they cannot be easily
detected. However, sometimes, due to a stimulus
such as thinning and light, the bud may sprout.
The sprout may develop into a small limb that
often dies, but normally the bud trace continues
to form. Pin knots are best observed on the
ends of the log after the tree is cut or where the
bark has peeled loose, and they appear as sharp
spikes. On flat-sliced veneer, they appear as pin
knots, but on quartered surfaces they appear as a
streak or “spike” across the sheet of veneer.

s T s
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Growth rate is important in walnut. The
industry uses the word “texture” to define growth
rate. Soft texture refers to a slow growth rate
while hard texture refers to a fast growth rate,
Many buyers will find eight to nine rings per
inch of diameter in walnut the most desirable.

Fast growth trees also tend to have a wide
sapwood zone (Fig. 9). The sapwood is the light
colored wood to the outside of the darker
heartwood. Sapwood is usually discarded in high
quality walnut veneer. Deeply furrowed bark
which is not patchy tends to be faster growth and

Figm'e.r 84, B, C, D E. Pin knots in black walnut are
another troublesome defect. A shows a pin knot or
cluster of knots in the bark. B shows the same type of
defect with the bark removed. C shows a pin knot on
the end of a log. D shows a pin knot on a flat slice of
veneer. and E shows the flash or grain deviation for
a pin knot on a quartered surface.

F.-gum 9 Fa.rr grawﬂz trees tend to have a wide
sapwood (left); slow growth trees tend to have a
narrow sapwood (right).



Figure 10, Bark of slow growth {eft) and moderaete
Srowith (right) wolnt treey.

have a wide ring of sapwood. Figure 14 shows
the bark on fast growth and slow growih trees,

White Oak

White oak is another very important veneer
spectes, particularly in the expori markst.

True white ozk, especially trees with large
patchies of flaky bark in the upper portions, or
“forked leaf” white oak, are the most desitable in
the white oak group. Chinkapin oak sometimes i
used, but the resulting veneer has a greepish to
brownish cast. Bur vak is also used, but careful
selection is required to avoid its more comimon
dark brown color and possible “scalloped™
appearance of the growlh rings which can be
seen on the ends of the logs. The scallops result
in shiny spots on the veneer sheets,

Fignres 1A B Nove the perfect light cofor and
certered wniform cothedral of the witive o flitch on
the left compared 1o the coarse, Irvegular sheet on
the righ,
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Figures 124, B, Mineval siain fillowing a growth
ring on the ond of @ white ook log and appearance of
mineral stain i white oak venser

Color in white oak, fike alf veneer species,
i% critical, Current markets prefer a very light,
uniform-colored white oak. Contrast in color
and dark colors are objectionable (Figs. 114,
B} Obviously, colof cannot be judged in
standing {rees, Buyers do, however, develop
preferences for cerfain geographical aress and
site characteristics because their past culting
eaxperience has tanght thern that those areas
produce the desired color and quality of veneer,
Also, very old and slow-growth white oak trees
tend to be pink in the center and brown to the
owtside. Mineral streaks are also a contmion
delect {Figs. 12A, B).

Epicormic branching or sprouting {rom laten
buds s & commaon defect in white oak (Figs.
13A, B, ©). Several buds may form a cluster.
The resulting veneer will have a small pin knot
or cluster of pin knots.
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Figures 134, B. C. Pin knots in the bark and lag
surface of a white oak log as well as in the oak
veneer,

Stump worms and the surrounding dark
flagging or mineral stain is associated with
white oak grown in areas which are poorly
drained or have been pastured. This defect is
generally concentrated in the bottom two feet of
the butt log, and it is often impossible to detect
until cutting occurs (Fig. 14).

A number of different species of borers can
affect white oak. White oak borers attack trees
less than about eight inches in diameter (Fig. 15).

Figure 14, Stump worms and associated stain in
white oak.

Thus, they are generally not detectable in
veneer-sized trees, nor do they damage the outer
more valuable portion of the tree. Other borer
species also attack white oak, but normally the
damage is restricted to declining trees. Bore
damage is difficult to see in standing trees.
Consequently, when it is found, buyers will
assume that more damage is present than what
can be seen and will severely degrade the tree.

= =

Figures 154, B. Bore damage in the butt of white
oak. This log alse exhibits slow and fast growth rate,
ring shake, and very poor color. Bore damage in red
oak veneer is also shown (B),




Some large white oak trees will have a
“bulge” (Fig. 16) near the base of the tree that
resembles an old time soda bottle. This is not
considered a defect for veneer logs.

Figure 16. Bulge at the base of some large white
oak, also called "soda botile effect”™ are not
considered defects.

Red Oak

Red oak is also commonly veneered. Color
and mineral stain are two of the most common
problems associated with red oak veneer, in
addition to obvious defects such as overgrown
limbs, borers, wounds, etc. Again, the premium
material demanded by the market is a very light-
colored veneer. Mineral stain is common in red
oak and may take the form of isolated spots or
follow along the annual rings (Figs. 17A, B, C).
[t is objectionable in most finished products. In
addition, the wood often tends to split or break
apart when mineral stain is present.

Mineral-free, light-colored red oak is more
commonly found in certain regions of the
country such as lower New York, Pennsylvania,
northern Indiana, and southern Michigan,
Therefore, it would seem that site or soil might
also be a factor. Regardless of the cause, the
presence of mineral in a particular area will
result in veneer log buyers offering reduced
prices for standing trees of potential veneer
quality. In addition to the mineral stain, Figure
17A shows the dark red color characteristic of
black oak.

There are three major types of borers which
attack red oak. Borer holes can range from
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Figures 174, B, C. Two examples of mineral stain
in the end of two different red oak logs and in the
veneer.

1/100 to 1-1/2 inch in diameter. Smaller borer
damage is nearly impossible to detect. Larger
borer holes that have healed over can be seen
by experienced people and if “sap wet” are
easily detected. Carpenter ants often enter trees
through large borer holes and keep the hole
open and further damage the tree. Old trees

or stressed trees are more prone to damage
(Figs. 18A, B).
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Figures 184, B. Healed over bare hole in red oak
and resulting damage with mineral stain in waod,

Since most borer damage is hard to detect,
buyers will be very cautious if any borer holes
are found.

Bars on the bark of a red oak log may be
indicative of a defect that goes all of the way to
the heart. However, buyers have also indicated
that in some regions no defect results.

Sugar Maple

Sugar or hard maple is prized for its white
sapwood (Figs. 19A, B, C). The whitest maple
is reported from Michigan and the northeast.
However, maple from other regions is also
veneered. The color of maple sapwood is also
affected by the season of the year and length
of log storage as well as processing variables.
From a uniform color perspective, it is a very
difficult wood to process.

The heartwood in sugar maple is a brown
color and is considered “false™ heartwood. False
heartwood is normally caused by a wound or
opening in the bark of the tree such as a broken
or dead limb stub.

The extent and intensity of false heartwood
depends on the vigor of the tree, the severity of
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the wound, and the time that the wound is open.
Discoloration continues to advance as long

as the wound is open and is often irregularly
formed throughout the stem. If the wound heals,
the entire cylinder of wood present when the
tree was wounded may not become discolored.
The cambium continues to form new growth
rings that are free of discoloration. Thus,
vigorous fast growing trees with few branch stubs
or wounds will produce the widest sapwood.

Mineral streaks ranging from 1 inch to
several feet long are a common defect in maple
and result from wounds such as broken or dead
branches, bird peck, and
mechanical damage (Figs.
204, B). After a wound
occurs, the living cells in
the wood surrounding the
injury react by forming
materials that inhibit the
infection. These materials

Figures 194, B, C. The end af a hard maple log
shows a very small heartwood which is good. The
log end also shows two or more “black lines " or
mineral streaks in the lower lefi quadrant. These
black lines result in streaks in the veneer (B). The
veneer from a different log shows the objectionable
brown heartwood in contrast to the white sapwood (C).
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Figures 204, B. Bird peck on a young hard maple
tree and resulting defect in veneer,

are deposited in the cells and may appear

green initially but later turn different shades of
brown. High percentages of mineral, especially
potassium, are found in the cells. Some of the
wood is very hard and difficult to machine, and
cutting tools can be damaged.

Sugar streaks or flecks, narrow brown-
colored marks about 1/4 to 1 inch long, can also
occur in sugar maple (Figs. 21A, B). The streaks
are caused by cambium miners. Cambium
miners attack and disrupt the cambium or
growth layer of the tree. The tree plugs the
gap in response, but the grain pattern has been
disrupted. Cambium miners may bore from the
soil all of the way to the top of the tree before
they exit.

White Ash

White ash is sliced into veneer. It is also the
white sapwood of this species that is preferred.
Like hard maple, white ash has a false brown
heartwood. With this species it is not uncommaon
for the heartwood to be very small at the butt
of the tree but then expand to a significant
portion of the tree diameter further up the stem.

Figures 214, B, This under cut on a sugar maple
lag shows light brown spots which appear as sugar
streaks in the veneer.

Unfortunately, the extent of objectionable
heartwood in the top of the butt log is not
known until after it is crosscut often to a shorter
length veneer log as compared to a longer
sawlog.

Glass worms, “turkey tracks™ or “worm
tracks,” also occur in white ash (Figs. 22A, B, C).
This zig zag pattern of light-colored wood is
caused by the cambium miner. In some cases the
wood associated with the glass worm damage
turns nearly black. The characteristic is
objectionable because it will not accept stain
and finish like normal ash. Turkey tracks are
likely caused by a cambium miner and are very
similar to sugar streaks in hard maple.

Other Species

There are several other central hardwood
species all of which are processed into veneer at
various times. In terms of volume and or value,
they are relatively minor species and thus not
included in this limited discussion.
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