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EXECUTIVE SUMMARY

Two important research projects were initiated by the COOIXTative this P<.lst year:

•

•

Graduale studenl Jorge Vasquez. working jointly with the N. C. Stale University Forest Nutrition Cooperative
and the Tree Improvement Cooperative. is investigaling the variation in foliar nutrient coocentralioll among
families and provenances of loblolly pine. Results arc expected in [ate 1992.

Gradu<lte student Kevin Harding is investigating age trends in the genetic parameters of wood properites for 26- to
28-year-old loblolly pine from the Heritability Study. Field sampling work was completed in the spring of 1992:
sample preparation and x-ray densitometric scanning will commence in early summer.

Progress reports for research:

•

•

Age three results from the Piedmont loblolly Inbreeding Study indicate that inbreeding results in reduced growth
and that a signific'lllt interaction exists between clones and inbreeding levels. Age 6 measurements are scheduled
for 1994.

In a preliminary analysis of the Early Diallel Mea:.uremem Study, a majority of the diallels show a decrease in
heritability at age twO followed by an increase al age Ihree.

Breeding and testing of the Cooperative's nearly 4000 plantation and second generation selections is quickly coming 10
a close. Currently. 90% of the crossing and 40% of the plantings are complete. Wr.Jp up plans for this cycle of b.-ccding
arc scheduled for Ihis summer.

11Je COOlXralive's loblolly pine seed orchards recorded a moderate seed crop in the fall of 1991.

•

•

•

•

Coopenuors harvesled 38,8 Ions of seed. a 27% increase over the previous year.

Second generation orchard collection was a record high t2 Ions of seed. ahno:.t one lhird of the total loblolly
collection for 1991.

For the tiNt time, avcr;lge Ibs.(bushel yield for the second generation orchards equaled Ihat of the first generation.

For Ihe firsl time in yenrs, not a single orchard achieved a yield of 2.0 Ibs./bushc1. However, several c10ncs
eonsistcntly seem to produce above thc 2.0 mark.

TI1C Seed Orchard Pest Managemenl Committec (SFfIC) has accomplished much since its inception:

•

•

•

The Furadan label has been revised to maintain the registration of Fumdan for limiK'd fOfCStry usc.

Seed orchards have been reclassified from foreslry to te~lrial non-food crops.

A regional Cooper:nive study to evaluate the efficacy of Capture in seedbug control in loblolly and slash pine
seed orchards has been completed. Results indieaie thai Capture effecti\'ely cOIllTOls cone and seed insects.
Hopefully. this will result in registr.Jtion of Capture for :.<:ed orchard use.

11lrough joinl efforts of the forest products industry and N,C. State University. a loblolly and slash
pinc rooted cutting project was initiated in January, 1992. Research will be focused in five primary
areas of investigation to provide a berter understanding of adventitious root initiation and develop
ment, and to hopefully refine a useful rooled ctllting tcchnology that will allow the full potential of
clonal forestry 10 be rcalized.
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INTRODUCTION

The North Clrolina StOlte University· Industry Cooperative Tree Improvemem Progr,un has completed
36 years of cominuOliS operation. With a firm foundmion in cooperalion. lhc mcmber organizalions and the
Universily have. in pallner.,hip. sustained forest genetics reselll'ch and development programs al over 40
regional centers in eight soulheastenl Slates. Work condut'led at lhe Uniwrsity and at each uf the Irce
ill1l)rO\'l'lI1enl c('nlers h:ls made a remarkable impact on I'or('st producth'ily in lhl' r('giun. The
cumulalive inveslmcnt in genetic improvemem over Ihe 36 years exceeds 75 million dollars. and lhe
Olddilional wood and higher quality ra .... malerial produced from this inveSlmem is Cslirnalcd to exceed 1.5

billion dollars of marginal presem value in lhe ,>Ianding forests of the region.

Despite Ihis accomplishment. the polemial for addilional genetic improvcmcnl in lhe fmure is strong.
We have only begun the process of ··domestic'lling·· loblolly pine for plantation forc.,ts. Multiple recurrent
cycles of selection. breeding. and tesling are on the horizon and offer substamial opponunity for additional
value improvement to oc derived from improving growlh ratc. pest lolerance. tree and stand quality. and
overall environmental adaptability.

11 becomes a significal1l challenge to maintain our momcntum amidst cOllt1icling business and societal
pressures on the forestry enterprise. Change~ such as increased recycling. environmental awareness. and
foreign competition. are on b:llancc desir.lble and will in Ihe long run impro\c the world in which we live.
Yet change is oflen ;t challenge to accommodate. panicularl} for a research and dc\'elopmem program Ihat
is scnsiti'e to the Conlpelilioll fOf scarcc CCOllOllllc resources during lhese dynamic lin~. To prosper in this
climate of change we must conduct cffccli\c planning for Ihe future while maintaining lhe level of
accomplishment from currenl activities. We arc doing this.

Members of the program havc intensified their cITons in breeding and tesling and will soon wr:tp up
the CUITelll work that provides the foundation for third cycle seed orchards. Second cycle orchards have
produced the largesl seed crop in their history. thus enhancing the productivity and value of plantations
now being established. Research work ha~ intensified and result.~ becoming available will guide the resource
development work: for scvcral dccades into the fUlure.

Very important 10 our future sucI,:css has been thc imcnsc planning work completed during the P.1SI
year. We havc revised lhe Siralcgic Plan for lhe Cooper-ni\c. This document pro\ides a comprchcn.sive
discussion of our current research and dcvcJopmem work and provides the focus fOf worl in the next thTt-'C
to five year period. Critical to our future b the complclion of lhe Cooperalivc·s Third Cycle Breeding
Stralegy. The breeding stmlegy. to be presented al the Advisory Commiuee Meeting. provides a means 10

increase benefits and lower coslS in fulure generations. The management of a hierarchy of bTt-'Cding
populalions is a key clement of the proposed future slmtegy. Elite populalions will be utili7.ed 10 maximize
short lenn gain. a Mainline Population will all!=lw continued improvement for many cycles. while Genelic
Diversity Archives will allow us 10 respond construclively to lhe uncertainties of the very dislant future,
Together Ihese planning activities provide a slrung basis for future development. Our future is promising.
our effon is substantial. Olnd we are eager to get on with the lask: of conlinued genetic improvemenl of loblolly
pine.

4



THIRTY-SIXTH ANNUAL REPORT

N.C. STATE UNIVERSITY-INDUSTRY COOPERATIVE TREE IMPROVEMENT PROGRAM

RESEARCH
During the past year, two research studies were initiated by

graduate students, preliminary results of two Cooperative research
studies wcrc obtained and a major research project on rooted
cUllings was initiated in close alliance with the Cooperative. Jorge
Vasquez is investigating the variation in foliar nutrient concentra
tion among families and provenances of loblolly pine for his
Master's Thesis. Kevin Harding"s dissertation will consist of an
investigalion of age trends in genetic parameters of wood propel1ies.
Three year results arc reported from the Piedmont Loblolly In
breeding Study. Preliminary results from the Early Diallel Mea
suremell1 Study are presented. The Rooted Culting Project. and its
association with the Cooperative. is briefly described.

AGE TRENDS FOR GENETIC PARAMETERS
OF WOOD PROPERTIES OF 26- TO 28-YEAR
OLD LOBLOLLY PINE

Graduate studelll Kevin Harding has undertaken an investiga
tion of age trends in the genetic parameters of wood properties. Key
objectives of the project will be:

(I) To determine the extent of juvenile/mature correLl
tion between early age assessments of wood proper
ties.

(2) To develop a reliable method of identifying the tran
sition age between juvenile and mature wood proper
ties using x-ray densitometric techniques.

(3) To establish the extent of genetic variation in the age
of transition and its genetic correlation with other
important trails.

Full-sib families to be sampled wiJl be from the control
pollinated plalllings of the N. C. State Ulliversity-Imernational
Paper Company Heritability Study established in 1963. 1964 and
1965 near Bainbridge, GA. Traits to be studied include a range of
measurements of within and between growth ring specitie gravity.
earlywood/latewood percentages, juvenile/mature wood transition
characteristics and mean juvenile/mature wood properties. Geno
typic and phenotypic correlations among and between thcse traits
and growth Iraits, as well as additive and dominance genetic vari
ance componellls. will be estimated. A complete chronological
history of the genetic relationships betwcen several important
growth and wood properties traits will be possible at the completion
of this project. This investigation should provide loblolly pine
breeders in the southern United States with a useful selection guide
to optimize genetic gains for both wood and growth traits.

Field sampling work will be completcd in the spring of 1992.
Sample preparation and x-ray densitometric scanning will COIll

mence in the early summer of 1992.

5

FAMILY VARIATION IN FOLIAR
NUTRIENT CONTENT

Graduate student. Jorge Vasquez, working jointly with the
N. C State University Forest Nutrition Cooperative and the Tree
Improvement Cooperative. is investig,lting the variation in foliar
nutrient concemration among families and provenances of loblolly
pine. Fertilization of forest plantations has been used extensively
to improve trce nutrition. To date, virtually all fertilizer prescrip
tions have been based upon average genotypic responses. However,
there is a lack 01 infonnation on how much genetic variation there
is in foliar nutrition in older field trials or what impact this variation
will have on actual prescriptions. The fact that provenanccs and
families may respond differently to fertilization requires an under
standing of the genotypic variation in order to apply optimal leveLs
of nutrients according to the specitic requirements of the genotypes,
thus Irlcreasing the gains fram individual family blocks.

Foliar nutrient concentration has been identified as an impor
tant diagnostic variable to predict growth responses to fertilization.
The proposed research will help incorporate genetic infoml:nion
into fertilizer prescriptions for specific families.

rhe objectives of the study arc:

(1) Detcrmine the genetic variation in foliar macro- and
micronutrient concelllration and nutriem ratios in 10
year-old loblolly pines.

(2) Determine the relative contribution of provenance
and family within provenance effects on nUirition as
well as the genotype x nutrient intcraction among
different sites.

(3) Assess the impact of genetic variation on the critical
levels of foliar nutrient concentrations used as diag
nostic variables for fertilizer prescriptions in forest
pLtntations.

Material for the study will be from four of the 1982 and 1983
Florida Loblolly Pine ProvenancefProgeny Trials established by
members of the Florida and N. C State Tree Improvement Coopera
tives. Families within provenance will be evaluatcd for the follow
ing sources: Marion COU111Y, Gulf Hammock. Southern Atlantic
Coastal Plain, and Lower Gulf Coastal Plain. Foliar samples were
collected from 52 total families in December and January with
sample preparation and nulrient analysis following in the spring of
1992. Statistical analyses and completion of the project is targeted
for late 1992.
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PIEDMONT LOBLOLL Y INBREEDING STUDY 
AGE THREE RESULTS

The Piedmont Loblolly Inbrecding Sludy was cstablished in
fivc field trials in the spring of 1988. The trials were established by
Bowater (SOW). Proctcr & Gamble. Bowmcr (CWD), Fc<leral and
S. C. Commission of Forestry. The Proctcr and Gamble trial was
abandoned duc to poor survival. The four remaining picdmont
trials were measured in 1991 at age 3.

11x: objectives of the inbreeding study are:

(1) To detennine the response to related matings in im
proved loblolly pine.

(2) To charactcrize family differenccs in sensitivity to
inbreeding.

Parents used in thc study are all sc<:ond generation selcctions.
Four levels of inbl"L'e<ling wcrc created from matings among selfs
(F=.50). full-sibs (F=.25). half-sibs (F=.125) and unrelated sclcc
tions (F=O). For all mmings. except sclfs. parents were matcd 10 two
individuals to lessen thc bias caused by the other parent in thc cross.

In general. inbreeding in outcrosse<! species results in reducc<l
growth and survival. This trend has also been reported in loblolly
pine (Sniezko and Zobel. 1988). Age three results of the Piedmont
Loblolly Inbreeding Study shows a signiric:mt reduction in growth

T ABLE I Pu:,dmolll L(lhl(lll~ Inhrl'cdlll~ Stud}
Percent SUrVI\ <II - Age J

Unrelated Half-sib Full·sib
Trial Matings Matings Matings Sclfs

(F:O) (F=.125) (F:.250) (FdO)

Hiwassee (SOW) 98.2 98.1 99.0 95.8
Catawba (CWO) 98.7 99.1 99.0 97.8
S. C. Comm. For. %.8 %.8 97.4 91.3
Federal 97.7 95.7 %.' 94.1

from inbrccding. but shows minimal cffects of inbreeding on
survival. As ean be seen from Table I. selfs had only slightly lower
survival than the other Ihree inbreeding Icvels. Half-sib and full-sib
matings showed no reduction in percent survival. Growth TC
sponses to inbreeding were. howevcr. quite dramatic. Age 3 TCsuhs
indicale thm for cvcry .1 increase in thc inbreeding coefficient (F
value) there IS. on avcrage. a 5.5% reduction in hcight growth. l-igure
I graphically displays the actual growth response and thc predicted
growth response. An analysis of variancc conrimlcd a significant
diffcrence in inbreeding Icvels at the .01 levcl. Pemaps of even

6
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greater conccrn was the significant interaction between clones and

inbreeding levels. Figure 2 displays the response of six clones at
each inbreeding level. It is obvious from this graphical display that
specific clones respond quite differently to the three levels of
inbreeding tested. Clone 3·1008 perfonncd VCT)' close to the average
predicted growth response. Clone 1-1069 showed a positive re
sponse to inbreeding at all three inbreeding levels. Clone 1-1310
performed very poorly at the least severe level of inbreeding
(F:.125). but showed increased ;md relatively constant growth
perfonn;mce at higher inbreeding levels. Such significant inter.tc
tions suggcsts that no general prescription wuld be m<lde for usc of
related individuals in production seed orchards.

While the results are interesting and the trends perhaps indica
tive of later responses. it is much too early to assume the final
answer. Thc inbreeding study will be remeasured at age six in 1994.
The rerneasurement should provide nOi only a moTC reliable esti
mate of growth responscs to related matings and family diffeTCnces
in sensitivity to inbreeding. but should also provide :m opponunity
to examine growth response over time.

.500.Jl5 .250

Inbreeding Level (F Coefficient)

.000

"- ISLOPE, .IF'" ·s.s~ I
"-
~

H'''' '3.5% 8'.2"" 72.1""

UNREL. lIALF FULL SELF

70

90

Percentage or Unrdattd Growth
100

Fi8l1r~ /. R~/atio"ship of grow/II p~iforma"ce 10 inhruding
lel·d.

EARL Y DtALLEL MEASUREMENT STUDY

PeITent Gro"1h Change
20 The Early Diallel Mea:.UTCment Study was initiated in 1986

with the following objectives:

10
(I) To dctennine changes in heritabilities <lnd genetic

parameters in young tests of loblolly pine.

·/0

-20

-J<)

-50'::------;::;---=-------0.
.()()() .125 ,250

Inbreeding Level

-0]·/()()8 ....... 0/·/069 --OJ·/020

--01·1310 *09-1025 ...... /5-1002

(2) To dcternline Ihe optimal age for single-stage and twO
stage selection in <ldvanced generation tests.

Three 10 five diallel test series in each of seven of the
Cooperative·s eight testing areas are to be included in the study.
The inclusion of several test series in each area will provide
information on any geographic pattern of \'ariance component
changes. Each test series included in the study will be lIleasured
annually through age eight and at specified intervals thereafter to
rotation. Height. rust and survival will be assessed at all agcs.
Beginning with the age four as:;essmelll. diameter and straightness
will be added to the traits asscsS(."d. At the completion of test
establishmclll in 1991. 22 test series had been identified for inclu·
:.ion in the study. The distribution of test series by area and the
eSlablishmcllI dates are shown in Table 2.

Figure 2, CroWdl response of six clones al three inbreedi,,!:
Inels.
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TABLE:! DhtrlbutlOn of Dmllcl Te...t Scm-, In lhc Earl~ Dlallcl \ka'urcn1cnt S1Ud~

NOTE: ( ) predicted date of test series establishment

Test Area
Cooperators

Area I (Virginia)
Chesapeake
Union Camp
Va. Dept. of FOI'CStry
Westvaco

Area 2 (NC Coaslall

Champion
Federal
N. C. Forest Ser.
Weyerhaeuser

Area 3 (SC CQastal)

International Papcr

S.c. Comm. Foreslry
Wcstvaco

Georgia Pacific

Area 4 (Ga,-Ft CoastaJ)

Mead
ITT Rayonier
Union Camp

Test Series
Establishment Dates

1984-1985
1989-1990
1990-1991
1988-1989

( 1992-1993)
1989-1990

(1992-1993)

1984-1985

1987-1988
1988-1989
1989-1990

1992 (Special)

( 1992-1993)

1986-1988
1987-1988

Test Arc:1
Cooperators

Area 5 (Lower GulD
James River
Conlainer

MacMillan Bloedel
SCOII

Area 6 (Upper GulD
Ala. For. Comm.

Champion
Inlernational Paper
Kimberly-Clark
Packaging Corp. of Am.

Area 7 (GA-SC Piedmont)
Procter & Gamble

Hiwassee
Catawba
Ga. For. Comm.
Evergreen

Test Series
Establishment Dates

(1992-1993)
(1993-1994)

1988-1989
1986-1988

1991-1992

1984-1985
1991-1992
1986-1988
1988-1989

1991-1992
1989

1989-1990
1988-1990

(1992-1993)

The average individual tree heritabilities based on currently
available measurements are given in Table 3. Heritability estimates
at ages one through three arc based Qn 30-55 percent Qf the total

diallels 10 be included in the study. Estimatcs at ages fQur through
six are based on approximately 7% of the tOlal diallels. While the
estimates through age Ihree may be much more indicalive of Ihe final
l'CSulls Ihan those at laler ages. all of the estimates are subject 10

change as dala on the remainder of the diallels in lhe sludy bttome
available. A majorily of the diallels show a decrease in heritability
at age IWO followed by an increase at age Ihree. This is nO( surprising
since similar lrends have been reponed in Q(her slUdie.<;. II is also
imponant 10 nQ(e the considerable spread in minimum and maxi
mum heritabilily estim<ltcs. This reflcels the lack of precision ·in
estimating heritability from a single diallel (6 parents) Qr a very small
number Qf diallels. A single dial1el provides a very weak genetic

sample and thus imprecise estimates.

The average ratio of specific combining ability to general com~
bining abilily is given in Table 4. Curren! estimates indicate that the

SCAlGCA ratio is declining wilh age. Similar trends have been
reponed in other sludies. including Ihose from the NCSU-IPCo

8

TABLE 3 IndiVidual Tree Henlablhty E'tlm.lt~ from
the Earl~ Dlallcl MeiL'itlrement Stud~

Number of Minimum Maximum
Ag, Diallels h' hZ Estimate h l Estimate

I 28 .1483 .000 .493
2 26 .0882 .000 .391
3 18 .1809 .000 .394
4 4 2255 .112 .303
5 4 .2140 .117 .297
6 6 .2030 .1ll6 .302
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TABLE 4 R,llIO oj Speedle Comhlllmg Ability to
Gener,l] Combmmg Ability

Number of Ratio Minimum Maximum

Ag, (}iallcls SCA/GCA Value Value

1 22 ,874 .01 4.44

2 21 .835 ()4 3.19

J 14 .689 .00 3.14

Heritability Study (Balocchi 1'1. at. 1992). The estimates. as renectcd
by the minimum and maximum values. arc extremely variable

ranging all the way from 0 to 4.4.

The estimates presented represent a very preliminary analysis
of the available data. A more detailed analysis is underway and
should be completed this summer.

TABLE 5. An example of expected genetic gain at age 15
with selel·tion at age si:\ for several loblolly
pine tree improvement strategies.
(Derived from BaloCl:hi CI. al. IlJl(2).

LOBLOLL Y AND SLASH PINE ROOTED
CUTTING PROJECT

Through the Joint effons of the forest products indust!)' and N.
C. State University. a loblolly and slash pine rooted cuning project
was initiated in January. 1992. A university research team com
prised of physiology. genetics. and honiculture specialists has been

assembled to conduct this rescarch. The project duration is four
years with any decision to cominue comingent on progress and
additional research needs. The proJcct will be conducted in close
alliance with the Tree Improvement Cooperative.

Rooted cUtling technology offers enonnous potential for in

creasing forest productivity and value. In many parts of the world.
intensively managed forest plalllations estahlished with rooted
cultings arc producing high valuellow cost wood for an increasingly
competitive offshore forest products industry. The advantages of a
successful rooted CUlting system. compared 10 a seedling based
reforestation program. arc well docuJllented. Advantages include:

(I) The opportunity 10 exploit the Iotal genetic variation
thereby increasing the "captured" genetic gain.

(2) A shorter time interval for e;o;ploiting genetic gains.

(3) Utilization of greater selection inlellsity thus
increasing genetic gmns.

(4) Production of more uniform trees within forest stands.

Strategy

(I) I st Generation

Unrogued Seed Orchard

Height

4.0%

Gain

Volume

7.1%

(5) Elimination of wild pollen dilution of the genetic gain

in .secd orchards.

(6) The potential for matching genotypes to specific sites

or products.

(2) 2nd Generation 6.2%

Unrogued Seed Orchard

(3) "Bulking Up" with Rooted 7.0%

CUllings the Best 5/200
Full-sib Families from 1st

Generation Progeny Tests

(4) Propagating with Rooted 11.0%
CUllings the Best Tree in
5(100 Full-Sib Families

from 1st Generation
Progeny Tests

Assumes initial site index of 60, base age 25.

11.2%

12.8%

20.7%

9

The potential increase in genetic improvement through exploi
tation of the total genetic variation and an increase in the selection
imensity (#! and #3 above) is displayed in Table 5. These estimates

are derived from the NCSU-lnternational Paper Herit<tbility Study
,md as such represeTl1 one conservative appraisal of the possible
benefits from vegetative propagation by stem cUllings.

In addition \() realizing more gain per t:ycle of breeding and
testing. it is possible for rooted eUllings to sholten the time interval
from selection 10 improved plantations by a minimum of si;o; years
(Balocchi cr. al. 1992). The economic value of the benetits enumer
'Jtcd in items 4 thnl 6 are difficult \() realistically estimate with any
'~eneral set of assumptions. They nevenhcless represent impor1am
Jppor1unities for e;o;ploitatioll once rooted culting technology is

:Icveloped.
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No rootcd CUlling program can be successful without :1 sound
genetic resource development foundation (breeding, testing and
selection). This dependence of a viahle rooted CUlling program on
selection, hreeding, and testing prompted development of Ihis
rooted CUlling research projcct in close alliancc with the N. C. State
University. Industry Cooperalivc Tree Improvcment Progr:lm.

Research will be focused in five primary areas of invc:>tigation:

(I) Geoctic selection for rooting will be cvaluated for
its IXltcmiallO enh:1I1CC roolability :1I1d its effeci on
genctic gain for yield.

(2) Molecular biology swdies will concentrale on un
derstanding the role of gene cxpression in the
dc\'c!opmental proce~ of adventitious rool initia
tiOll. The work will includc research on the process
of malUrtion and thc accompanying loss of rooting,

.. ..tIt ......J ·-1"'· ...·

(3) Stock plant physiology and culture. with initial
emphasis on managing the carbohydmte/nitrogen
rJlio in stem cuuing.s, will be evaluated.

(4) Rooting C11vironment research will be accomplished
wilh a working group of project sponsors and will
build on past research. In addition to continued
work on nursery systems, a containeril.ed "plug
nursery" system will also be evaluated. A ~ond

area of cmphasis in r()(){ing environment will be to
detcrminc .....hich media produce rooled cUllings of
a qualily that will ensure survival and perfunnance
following out-plant1l1g,

(5) Root systcm quality will be cvaluatcd u11der vary
ing auxin trealments.

All five areas contribute 10 an increased understanding of
a(h'ellti!ious root initiation and de\'cJ0pulCnl. and/or work toward
rcfincmCnl of a useful rooted CUlling It'Chnology thai will allow the
full potential of clonal foreslry to be rc.tliLed.

I
)

Seedlings and rooled Clmiflgs from nine cumrol puf/in(/{f'{J fall/ilies readv fur plalllinx (/{ 'lira locariuns 10
dl'/erminc how l'iJeClil'efy [tllllilie,l· for rooted ('llllinR progmll/.l' ('1//1 he sefl>('/cd ill seedling pro):eflJ teSH.
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BREEDING, TESTING, AND SELECTION

I
I

BREEDING AND TESTING PROGRESS

Progress continued in 1991 toward brceding and testing of the
nearly 4000 plantation and second generalion selections. As of
December. 1991. crossing for the plantation sele<:tions was estimated
at 90% complete (up from 82% last year) and 86% complete for the
second generation dialiels (up from 80%). The breeding and testing
progress is displayed by region in Figures 3 and 4. It is interesting to
note that region 1 is leading the cooperative in second generation
crossing (95%) and is second 10 region 3 in second generation test
establishment (40%). This is quite an accomplishmeTl1 since region

one is on the Ilorthem edge of the loblolly range where late spring
freezes and resulting poor seed yields arc not uncommon. The
cooperators in this region are to be commended for their accomplish
ment.

During the 1991 planting season. approximately 147 tests were
established. 126 plantation and 21 second generation. Through
1991. 510 tests have been established representing 40% of the IOtal
for this testing cycle. Last year. 1992 was estimated to be the peak
establishment year. but due 10 some poor seed yields in 1991. it now
appears Ihat 1993 will be the peak year (Figure 5). If the 1992 crop

PLANTATION BREEDING STATUS
BY REGION

SECOND GENERATION BREEDING STATUS
BY REGION

PERCENT COMPLETE

"..PERCENT COMPLETE

,ll=E~~~~
Z J f 5 6 7 8
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,, ,
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00 92~ " oo
<b- oo ..
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Figul"(' 3. Percenl of crossinx completed for plantalion and second f;eneration (liaUeis as of December 31. 1991

I
! PLANTATION TESTING STATUS SECOND GENERATION TESTING STATUS
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"
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Fixure4. Percent of I('st establishment completed for plantation and second gem'ration diallels as of Decemher 31, 1991.



THIRTY·SIXTH ANNUAL REPORT

N.C. STATE UNIV£RSITY·INDUSTRY COOPERATIVE TREE IMPROVEMENT PROGRAM

WRAP-UP OF DIALLEL CROSSING

figure 5. DiSlrihU/lO/l uf progeny lest ~slobfishment by yeor.

A~ III the lir.:.t gener:ltion, cro~~lIlg will not ~ PUfl>UI:J lu the
blllo.:r end. but will be brought to a logical conclu~lon in the ncar
flllure. All cooperators have been urged to make a concentrated
elTon to complele their breeding in 1992. Each woperator will IX'
asked for a bn..-cding s!alU~ report in lhe ~ummer of 1992, Ba~ed on
the st:llUS report. wrap-up plans for each breeding progr<lfll will be
develo\X,<I. Options Illay involve 0llC or more of the following:

(I) Continue bra:ding fOf another year

(2) Plant 5-lree dialleb

(3) Colle(.'t open-pollin:llcd \Ced lrom dunc~ .... lu.,;h h,,\\: Itut
been bred for inclu~ion III regional open pollinated test.:.

In planning the wrap-up, it 1m:. been empha~ill.·d that coopera
1lI1~ not free-lance. Wrap-up planl> ean only be developed after 11

thorough assessment of the breeding SUltus within and among
breeding programs for a given breeding region. Upon wllIpletion of
Ihis 'I:'SCSsmcnl. rl~giollal planning workshops with Cooperators will
be held in laiC summer or early fall of 1992 10 linalilc the wmp~up

plans.

produce~ average yields. another 45 ~ond generation te~t~ ~huultl

go out in 1993. It is anticipated lhat an additional 200 te~IS will be
established in 1992 followed by the establishment of 243 teSb in
1993.

Fourteen progl"'.lm~ h,lve fimshed breeding their plllnl:tlLOI1
lhallels and arc engulfed in test establishment (Table 6). With
crossing almost complete for many cooperators. final plans are
underway to complete t~t establishment. Many are faced \\ilh \Cl')

heavy Icst establishment loads. While it b imponam that t~ts be
plamed a.<; soon a.:. possible. it i.:. even more imponant that they be
cstablished properly, The cooperative staff has been \\Ofking with
rll,my coopemtor.:. 10 ~t realistic and achievable goals for cst:lblish
lIlg tests in a timely, yet quality, fashion.

-- -----..

Not~.- por~n1huls ( ) rtpr~S~n1 "um!k, vJ .Jlul/,./S b,td

TABLE 6 L.e.l(kr~ oj lhe r,lI.:k: Prn~r,Hlt~ \\110 haw lOlllpkted
lrtl""t~ ,tnt! .tre \\e11 on 11K' \\,l~ In tc~tlllg

Crossing Complete

Weyerhaeuser, NC
Union Camp, GA
Unioo Camp, VA
Bowater CWO
Westvaco. SC
Packaging Corp,
International Paper, ~c
Scolt
Bowater SOW
Kimberly Clark
Virginia Depl. For.
MacMillan Bloedel
Westvaco, VA
Ga. Pacific, SC

(16)
(15)
( 12)

(17)

(18)
(14)

(II)
(8)

(19)

(15)

( 16)

(14)
(4)

( 17)

% Planting Completed

100
80
75
74
72
71

60
56
53
50
50
44

44

18

12

Tllis IJOII('1/ isu/allol/ bog II"(J~ Oil/! of thousands pili lip 111 breeding

clo"l' bollU this ;wri/l~ as CoopC'rlltil'e members m(l(/" WI all QUI

pllsh 10 ("(JI1II,'ne diallel brl't'l!i",fi:.
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SEED ORCHARD PRODUCTION

CONE AND SEED YIELDS

The Cooperative's loblolly pine seed orchards recorded a
moderate seed crop in the fall of 1991. Approximately 39 tons of
loblolly pine seed were collected, a 27% increase over the 1990 crop
of 30.4 tons (Table 7). [n reporting yields it is important to
emphasize "collection" ralher than "production". Organizations
continue to utilize various collection strategies 10 optimize gain. in
many cases collecting from only the beller parents. Cones from
many of the older first generation orchards arc not colle<:ted at all.
Most organizations have seed inventories that are more than ad
equate and thus are collecting only for currell1 year needs. Of the 84
loblolly orchards in production, 23 reported "no collections" in
1991. 1l is estimatcd that 10 tons of seed wcre left uncollected. What
a luxury to he able to practice this further ''selection'' for increased
genetic gain.

Also on the positive side, yields were back up (1.40 Ibs./bushel)
after being disappointingly low in 1990 (1.19 Ibs. /bushel). It is
noteworthy that total seed production (38.8 tons) increased 27%
over the 1990 crop while bushels collected increased only 9.0%.
This dramatically reflects the higher Ibs./bushel yields. Yields for
the three year period 1989-9 [ averaged .32 Ibs./bushel less (1.30 Ibs./
bushel) than the previous three years (1986-1988 averaged 1.62 Ibs./
bushel). Efficiency is definitely down. probably due to a combi
nation of weather patterns and insect problems. With an abundance
of seed in storage, some cooperators have backed off insect comrol
due to costs and environmental pressures.

TABLE 7 Ten Year Seed Yields trom Lohlolly
Pme Orchards

Han·cst Bushels Tons Lbs.l
Ycar of Cones of Seed Bushel

1982 44,761 30.5 1.36
1983 68.447 49.0 1.43
1984 105.239 80.1 1.52
1985 52,155 37.8 1.45
1986 84,953 70.1 1.65
1987 112,822 93.3 1.65
1988 56,822 42.7 1.50
1989 23,247 16.1 1.38
1990 50,944 30.4 1.I9
[991 55555 38.8 1.40

Totals/Avg. 654,945 488.60 1.49

13

A pleasant surprise was the record collcction of 12 tons of seed
from second generation orchards. This represcnts a 160% increase
ovcr the 1990 collcction of 4.6 tons and is the largest second
generation collection ever. More significant is the percelllage of the
total crop represellled by second generation seed. The 1991 collec
tion of second generation seed represents almost one-third of the
total crop, more than double lhat of any previous ycar (Figure 6).

LBSJBUSHEL

"
,..

/982 /983 1984 /985 /986 /987 /988 /989 1990 1991

YEARS

Figure 6. St'Cond gel/eration seed orchard productiol/ as percem
of total productiol/ for past 10 years.

Another significant trend is that Ibs./bushel yield for second
generation orchards has steadily increased over time and for the first
time has equaled the overall (combined piedmont and coastal) yield
figure for the first generation orchards. Figure 7 shows second
generation and first generation yields for the past 10 years. The
second generation has always been lower than the first hut the gap
has finally closed. When broken down by piedmont and coastal, the
Coastal second generation orchards were significantly better than
the Coastal first generation (1.54 vs 1.30) but the Piedmont seconds
were much lower than lhe Piedmont firsts (1.12 vs 1.57). The
difference betwcen thc Coastal and Piedmont second generation
yields (1.54 vs 1.12) is probably a reflection of the Piedmont
orchards generally being younger. Young second generation or
chards have produced lower yields partly because of pollen short
ages. As these orchards gradually mature, pollen availability in
creases thus increasing the yields. Another factor contributing to
lowcr yields in young second generation orchards is management
philosophy. At very young ages, many managers feel that insect
control is not justified for such small cone crops. and therefore,
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Figure 7.

A comparisofl of

the pol/flds per

bl/shel seed yields for

first genera/ion olld

second generation

foblolly or("hord.~ for

the past IV years.

Table 8 compares yields in bushels and pounds of seed for the
1990 and 1991 harvests for 5 species in addition 10 loblolly pine.

wilhhold insecticide applicalions.
generation yields to decline a'i the
managed declines.

In lhe fUlUre. we expecl firsl
intensity with which they arc

Slash pine seed collcclion was up Ihis yearby 23% (7.9 Ions). Yields
per bu~1le1 in slash pine remaint.'d esselllially unchanged from 1990.
Three organizations collecled longleaf Ihis year for a lotal of 3.8 Ions
and a 1.10 Ibs./bushel yield. 0 longleaf collections were reponed
in 1990. Small amounts of Virginia. while pine. and Fraser fir were
also collected.

Pounds of Seed Per
Species Hushels of Cones Pounds of Seed Bushel of Cones

1991 1990 1991 1990 1991 1990
Loblolly:

Coastal 1.0 25.792 32.016 33.491 37.895 1.30 1.18
Piedmolll 1.0 12.752 11.069 20.036 13.692 1.57 1.24
Coastal 2.0 11.901 4.786 18,275 5.947 1.54 1.24
Piedmonl 2.0 .l.llil J.llll .l.22ll ll.lli ill W

TOIais 55.555 50,944 77.500 60.750 1.40 1.19

Slash Pine 14.123 11.203 15.730 12.816 1.11 1.14
longLeaf 6.973 7.663 1.10

Virginia 139 S4 160 47 1.15 0.87
While Pine 1.617 3,882 1.275 2.847 0.79 0.73
Fraser Fir 314 861 2.74

Totals 78.721 66.083 103,189 76.460

14
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PRODUCTION LEADERS

•

While average yields in 1991 surpassed the 1990 yields. nOI a
single orchard achieved a 2.0 Ibs./bushcl yield. This is lhe first year
Ihis has occurred since the inception of the Two Pound Honor Roll.
The Champion (SC) \.5 piedmonl orchard came very dose wilh a
yield of 1.97 Ibs./bushel. Twelve orchards produced above Ihe 1.70
Ibs.,lbushcl mark. wilh yields r.mging from 1.7\ 10 1.97. Bowater's
(CWD) 1.5 Picdmom orchard was second highesl in yield at 1.88
followed by: Champion's (SC) Disease Resistam orchard (1.86):
Wcstvaco's 2.0 CoaSlal orchard (1.85): Container Corporation's 2.0
C03stal orchard (1.82); International Paper's 1.0 north Coastal
orch3rd (1.79): Weyerhaeuser's 2.0 Coastal NC orchard at Lyons,
Ga. (1.78): Champion's (SC) 1.5 Alabama orchard and Westvaco's
1.0 Virginia Piedmont orchard (tied at 1.74): InteOlational Paper's
2.0 Atlantic Coastal orchard located at Marianna. Fla. (1.73);
Weslvaco's 1.0 Central Woodlands loblolly orchard (1.72): and
Union Camp's 1.5 Georgia Coastal orchard (1.71) (Table 9). It is
encouraging lhal 4 second generalion orchards appeared among the
production leaders this year. the mosl occurrences to date. Congratu·
lations 10 lhe following orchard managers for maintaining excel·
lence in production: George Oxner (Champion, SC); Jake Clark
(Bowmer, CWO); Dave Gerwig (Westvaco): Doug Sharp (Con
tainer Corp.): Mariella McConnell (International Paper); Franklin
Branlley (Weyerhaeuser): Tim Slkhter (lnternalional Paper); and
Marvin Zoerb (Union Camp).

Though no orchard avemged lIbove the 2.0 Ibs./bushel mark Ihis
past year. lhere are some clones lhal consislenlly produce above this
Ic\·cl. In James River's 2.0 Coastal orchard. the orchard average wllS

TABLE 9. Produltlon Lc.llkr, III 1991

Table 10. Clonal ...."t.'d ~ldd, lrom Jame, RI\Cr', Sl~'ond

G.::ncr.ttlOn Loblolly Sl'Cd Orch,trd

Clone Bushels Pounds Lbsfbushel

12-1066 33 77 2.34
10-10.30 46 102 2.22
10-1027 12 23 1.94
05-1036 34 65 1.91
1\·1062 18 34 1.89
08·\520 36 63 1.74
07·1008 28 48 1.71
07-1004 68 114 1.68
12·1065 65 % 1,48

12·1072 54 79 1.47
08-1508 37 53 1.42
08-1519 25 30 1.19
12-1092 59 67 1.14

Average 1.54

1.54lbs./bushel bul clones ranged from lIlow of \.14to a high of2.34
(Table 10). Champion SC also rcponed five clones lhat yielded
above 2.0 Ibs./bushel. Three of the five also produced abo\·e 2.0 laSI
year.

•
Avg. Lbs.l

Cooperator Orchard Type Acres Ag, Bushel Manager

Champion (SC) 1.5 Piedmont 20 25 1.97 George Oxner
Bowaler (CWD) 1.5 Piedmont 30 17 1.88 Jake Clark
Champion (SC) Disease Resistant 10 22 1.86 George Oxner
Westvaco 2.0 Coastal 8 17 1.85 Dave Gerwig

Conlainer 2.0 Coaslal 36 9 1.82 Doug Sharpe
Inlernalional Paper 1.0 N. Coaslal 11 16 1.79 Marieua McConnell
Weyerhaeuser (GA) 2.0 Coastal (NC) 52 15 1.78 Franklin Brantley
Champion (SC) 1.5 Alabama 10 16 1.74 George Oxner
Wes!vaco (SC) 1.0 Va. Piedmont 10 22 1.74 Dave Gerwig
International Paper (FL) 2.0 Atl. Coastal 60 14 1.73 Tim Sliteher
Westvaco (SC) 1.0 Central Lob. 12 20 1.72 Dave Gerwig

Union Camp (GA) 1.5 Coastal 66 17 1.71 Marvin Zoerb
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The James Kiver orchard represenls the benefit of proper insect
control. Prior to 1989, James River had utilized ground application
equipment for spraying insecticides but were not pleased with
yields from the 1987 (.89 Ibs./bushel) and 1988 (1.12 Ibs./bushcl)
crops. As the crowns of trees close, ground application becomes less
effenive in distributing thc insecticides. James River has been using
aerial applications since thc spring of 1989. Yields for 1989, 1990.
and 1991 were 1.45, 1.32, and 1.54. rcspectively. Bill McKee
attributes the increase in yields to the betlcr insect control from the
aeri,ll applications. The 1976 block of their orchard is left untreated
for environmelllal reasons and it yielded I 13 Ibs./bushcl compared
to the orchard average of 1.54. Increased yields of .41 Ibs./bushcl
equates 10 an additional 410 pounds of seed on a 1000 bushel harvest
or an additional .5.500 acres of plantabJc seedlings.

SEED ORCHARD PEST MANAGEMENT
UPDATE

During the decade of the 70's, considerable progress was made
with the help of Ihe USFS in securing registration for insedicide usc
in seed orchards _. namely, Furadan. GUlhion. Pydrin. and Ambush.
No new pesticides havc becn registered for seed orchard use since the
early 1980's. In the imerim, concem over environmental issues has
resul1ed in many inseclicides being banned or sevcrely restricled in

Iheir usage. Stalling July 1.5, 1991, Furadan was restricted for
tipmoth control only at time of transplanting. No seed orchard uses
now exist. Aftcr August 1994. domestic use of Furadan will be

limited 10 2500 Ibs. nationwide. Amcrican Cyanamid Co. has
requesled Ihat the te(~hnical label for Malathion be amended. delet
ing sevcral uses including foreslry.

With these trcnds cvident. Sf-TIC funllO.-:d a Seed Orchard Pest
Management Commiltee in 1989 with the folluwing objedives:

(I) To keep chemical companies and EPA advised of our
intereslS

(2) 1'0 coordinate efforts to relate needs and priorities to
research groups

(3) To coordinate etlOlls 10 lest and register additional
inseclicidcs

(4) To coordinate lechl101ogy transfer effons 10 operational
programs.

The subcommittee membership represents a broad spectrum oj

persons and organiLations. J. B. Jell is representing the Cooperative
on this subcommittce.
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Oior)'clria lan'(I(' ('(11/ (JesITo)'

fort)' to fifl)' 1)(!f('(!/1/ of

mlllllal seed aop 11';1110111

effecril'e inS('('1 coll/ror

To date. the commillcc has worked successfully to h:tve the

Furadan label reviscd to maintain the registration of Fur,Htan for
limiled forestry usc. The eommillCC has also succeeded in having
seed orchards reclassified from forcMry (() tcneslrial non-food crops.

Sced orchard rcdlssiticalion should signitic<lntly lower the COSl of
pesticide registration for seed orch:.ml usc thus making it more
:.mraetive to chemical companies to consider registration of their
products for usc in seed orchards.

The COlllmittee h3-~ also successfully eSlablished a regional
cooperalive study to evaluate the efficacy of Caplure for cone and

seedbug control in loblolly and slash pine seed orchards. 11lc study
was established in six loblolly and three slash pine seed orchards.
Treatments were as follows:

(I) Caplllre at Ihe rate of 0.2 Ibs. AI/acre for the first appli
cation in April followed by four addil;ona[ applications
(May. June, July. and ,\uguSt) at il r<ltc of 0.[ Ibs. AI/acre.

(2) Guthioll at a rate of 3.0 Ibs. AI/acre/application for a total
of 5 applic:ltions (April. May. June. July and August).

(3) Control

17

Data mlloclion and an;llyscs have been complcll~d. The resulls
indicatc lh;lt Capture effectively conlro[s conc and seed insects,

Hopefully. Ihese dala will result in thc registration of Capture for
seed orchard usc by FMC Corp.

Thc Subcomrniuee has :lIso dcveloped the work plan for a
Guthion rJte study. Slandard spray has been 3 100. AI/acre/spray
with six sprays per year applied. The objective of this study is to test
varying rates (from 1 10 3 Ibs. AI/acre/spray). This study is to be

implemented in 1992.

FUlure activities being considered by the Seed Orchard Pest

Managemenl Subcommiuee include:

(I) Field validation of degree-day models

(2) Mating disruplion sllIdics

(3) Development of ground cquipmenl to simulatc :lcrial
application

(4) Review of site classification and ne ..... inSCClicides for
polential use in seed orchards

(5) Operational evalU:ltion of Foray (BT)
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ASSOCIATED ACTIVITIES STllJI-:'T. DEtiRI- 1-.. RESE \RCf{ PROJEC I
COl'TR'

GRADUA TE STUDENT RESEARCH
AND EDUCA TfON

The education of graduate siudents and the research they
conduct as pan of their degree programs conlinues as a high priority
activity of the Cooperative. During the previous year six students
completed their degree progrJI11S. which caused a substantial de
crease in the student population. The graduate students working in
association with the Cooperative arc listed in the right column.

A rccenl survey of U.S. colleges and universities by the Na
tional Plant Genetics Resources Board revealed that in the paSt
dl-'<:adc. 38% or 52 of 136 graduate degrees awarded in forest tree
breeding were from N.C. Slatc University. This is an accomplish
ment for which we are vcry proud. and onc for which the Coopera
tive membership also deserves ;1 great deal of credle Cooperative
members have generously contributed to graduate siudent research
projectS by contributing land. equipment. and manpower resources.
We whh 10 recognize this outstanding contribution. for without it
our graduale research and education program would be subslan
lially reduced in scope and accomplishmenl.

Roger Arnold. PIr.D.
Allstralia

Kerin Harding. Ph.D.
Australia

Jail Sl'ensson. PIrD.
Swede II

Yillf;-Hsuan SIIIl. M.S.
Taiwan
Jerry Windham. M.S.
U.S.A.

Jorl(e Vasqllc, M.S.
Peril

Youhau Zhang, M.S.
China

Quantitatil'e genetics of Fraser
fir. with emphasis Ofl a millti
trait selection index
Age trends of genetic parameters
for wood properties for loblolly
pille
Ecophysiologicol hoses for
gelletic differellces ill gro .....,h
of folJfolly pille slands
Vegelatil'e propagation and
DNA lransfer ill Fraser fir
Variation ifl the Illlm/Jer of
anhegonia per ol'ufe ill
lohloUy pifle
Nutritional rariation among
prOl'enonces and families of
lobloUy pine
Genetic differences in seasontJl
growth polterllf associated
with fusiform rust resistance
in loblolly pine
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Gradllatl' stlldellls ill Forestry

51 I (Trl'l' Improl"emell1

MetJIl)(/'f} recl'il"l'd practiml

experieflre ill 1'I·00d somplin!:
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COOPERATIVE TREE IMPROVEMENT PROGRAM
ORGANIZATIONAL CHART - MAY, 1992

SECRETARY tVAGRI.RES.TECH. I

"' ROBERT J. WEIR
DIRECTOR

DR. J. D. JETT DR. STEVEN E. MCKEAND MS. AllCE V. HATCHER
ASSOCIATE DIRECTOR GENETICIST MANAGER. INFO. SYSTEMS

MS. ADDIE CLARK MR. JERRY SPRAGUE MR. JERRY SPRAGUE
~ RES.TECH. III L- TREE IMP. SPECIAllST f---- D.P. SPECIAllST

(112 TIME) (112 TIME)

MR. CHRIS HUNT MS. JEAN PITTMAN. ,

Activities:
-Seed Orchard research
and operations

-Lab. and field research
and management

Activities:
-Breeding and testing
research and development

Activities:
-Data Processing
-Office Management

-Budget Management

MEMBERSHIP OF THE TREE IMPROVEMENT COOPERATIVE

On January I, 1992, International Forest Seed
Company temlinated its Cooperative membership
due to an ownership change. The new owner's
emphasis will be on agronomic crops. Although
International Forest Seed Company continues to

operate as a seed and seedling company, the forest
genetics work has been discontinued.

Otherwise. the Cooperative membership re
mains unchanged with 24 organizations managing
44 tree improvement centers.

Alabama Forestry Commission
13owater. Inc.
Champion International Corp.
Chesapeake Forest Products
Container Corp. of America
Evergreen Corp.
Federal Papcr Board
Georgia Forestry Commission
Georgia-Pacific Corp.
International Paper Company
James River Corp.
Kimberly-Clark Corp.

MacMillan Bloedel. Inc.
Mead Coated Board
N. C. Div. of Forest Resources
Packaging Corp. of America
Procter and Gamble Cellulose
ITT Rayonier. Inc.
Scott Papcr Company
S. C. State Comm. of Forestry
Union Camp Corp.
Virginia Department of Forestry
Westvaco Corp.
Weyerhaeuser Company
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PUBUCATIONS OF SPECIAL INTEREST TO MEMBERS OF THE COOPERATIVE

Anderson. A.B.• LJ. FrJmpcun.S.E. McKcandandJ.r_ Ilodg"s. 1991. Tissuecullull'

shoo! and mol s)·"1.,m.,(f«1> on rICk! pcrformaoceofloblollypl"". Can. J_ For.
Re§. (In press).

Amold. R.• J.B.Jcn.and 111_ Allen. 1992. DRISdiagoosisfor idenl1f)·,ngnutnllonal

innU('ntt$ on cone prodUCTIon m Fraser fir. Soil Sci. Soc. Amer. Jour. (in~~).

B:tIotthi. C. 1;... F. I;.. l~rKl8"'·ater. R. Bry.lnl. 1992. Selection .,rr...-iency for a """.

sek:cted popul;ulon of l0b1oily pme: The Nonh C.roIina Stare Uni\·ersll).

Intemallonal l'aper Compan) Ikntablllty SUrd). For. Sci. (in ~icw).

Ralocchl. C. E.. F. I;.. Bridgnler. B. J. Zobel. and SJaluom;. 1992. Age trends in

genellC par:ame...."o for tree helghr m a non-""Icru:d population of 1obIo1I) plfle:.

For. Sci. (m Revle"')

Bridg"'71ter. r£ 1990 Shoo! eloo8allOO pal1erTlS of l0b1oily pi"" families selected

forcont1'1l.~"nggro... th polenllal. For. Sci. 36:6-11--656_

Bridg"'·ater. F. E. 1992. Malt'll! OcSIgrt$. p. 69-95. In: Quantit;ui,e Genetics
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Research activity of the

Cooperative

provides a foundation

of information and

improved technology

that leads to greater

genetic gains,

improved efficiency,

and/or lower cost tree

improvement in the

future.

Wood sampling in the Loblolly Pine Heritability Study is part of the
Study of Age Trends of Genetic Parameters.

A location of the Dwarfing Rootstock Study four
years after grafting.

Start up work (grafting) for the Grafted Inbreeding
Study.
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