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TWENTY-YEAR RESULTS OF THE LAKE STATES
JACK PINE SEED SOURCE STUDY
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Lakewood, Colorado)

and Raymond A. Jensen, Associate Scientist,
University of Minnesota, Cloquet Forestry Center,

Cloquet, Minnesota
J

Jack pine (Pinus banksiana Lamb.) is an impor- stock was negatively correlated with latitude of
tant pulpwood species in the Lake States. It grows seed source and positively correlated with normal
under a wide variety of en/vironmental conditions annual sum of average daily temperatures of 50°F
and exhibits considerabIe phenotypic variation or above (growing degree days) at seed origin.

both within and among stands. Knowledge of ge- Arend etal. (1961) reported on 5-year results in
netic variation in this species is basic to ajack pine three Lower Michigan plantations. Tree height

. tree improvement program for the Lake States. differences among seed sources were significant at
In 195i the North Central (then the Lake all three locations.

States) Forest Experiment Station and the Uni- Survival and height growth 5 years after plant-
versity of Minnesota began a regional seed source ing were also reported at six locations in
study to determine the nature and extent of genet- Minnesota by Jensen et al. (1960), but statistical
ic variation in jack pine. Private, State, and analyses were not included.
Federal forestry agencies collected seed from 29 Aim et al. (1966) found highly signifcant differ-
natural stands in Minnesota, Wisconsin, and ences among seed sources in height and diameter
Michigan. Seedlings produced from those seed col- growth after 9 years in a plantation at the Univer-
lections were planted at 17 locations in the three sity of Minnesota Cloquet Forestry Center in Carl-
Lake States and at a single location in Ontario. ton County, Minnesota.

This paper includes data on survival, total King (1966) reported on 10-year height growth
height, diameter, volume per tree, and volume per of trees from 26 sources common to 11 plantings in
acre 20 years after planting at 14 locations in the Minnesota, Wisconsin, and Michigan and from a

• •Lake States. local commercial seed source (different at each
location). At 10 locations there were significant
differences in total tree height among test seed

LITERATURE REVIEW sources. At almost all locations test seed sources

' from nearest the planting sites outgrew the corn-
Results of plantings at one or more locations mercial nursery stock. King concluded that selec-

have already been published by various coopera- tion of _good" jack pine stands for seed collection
tors. appears worthwhile in the species, but selection of

Stoeckelerand Rudolf(1956)reported on height tested nonlocal stock may offer even greater
gTowth at age 2 and change in needle color in fall improvement.
at ages 1, 2, and 3 at the Hugo Sauer Nursery at Utilizing the data reported by King (1966) and
Rhinelander, Wisconsin. Changes in fall needle data from the Ontario planting, Morgenstern and
color were found to be associated with latitude of Teich (1969) reported increases in height were ob-
seed source (the more northerly the seed source the mined by planting trees 2 to 3°north of their seed
more purplish the needles). Height growth of 2-0 origin.



Rudolph(1964)describedvariationamong trees toit,whilethosefrom farthernorth,where the
fromdifferentseedsourcesinlaminasgrowthand alternatehostsarenotasabundant,havenotbeen
prolepsisin fourMinnesotaand two Wisconsin subjectedtoas severea selectionforresistance.

plantings.He found significantdifferencesin King andNienstaedt(1965)describedvariation
thesetraitsamong 30 seedsourcesintheCloquet
plantationand significantdifferencesamong 10 among seedsourcesinneedlecast(DavisomyceUa(Hypodermella)ampla (Dav.)Dank) incidenceina
widelydistributedseedsourcesevaluatedatall westernUpperMichiganand a southernWiscon-
locations, sinplantation.They foundsignificantdifferences
Variationamong seedsourcesinsusceptibility among sourcesinsusceptibilitytotheneedlecast

toseveralinsectsand diseaseshasbeen foundin fungusatbothlocations,indicatingthatsuscepti-
severaloftheplantings.Batzer(1961,1962)found bilityto thisdiseaseisunder directgenetic
significantdifferencesamong sourcesinincidence control.

of white pine weevil (Pissodes strobi (Peck)) in two Information published to date has given consid-
northernMinnesotaplantings, erableinsightintothedevelopmentofthisstudy.
Arendetal.(1961)evaluatedthreeplantingsin Significantdifferencesamong seedsourceshave

Lower Michiganafter5 yearsand foundsignifi- beenfoundforseveraltraits,includingheightand
cantdifferencesamong seedsourcesinincidenceof diametergrowth,laminasgrowthand prolepsis,
whitepine weevil,bark beetlesPityophthorus and pestincidence.Variationamong seedsources
spp.),and redheadedpinesawfly(Neodiprionle- inmosttraitsappearstobeclinal,and individual
contei(Fitch)),but no significantdifferences genotypesreactstronglytodifferenttestenviron-
among sourcesineasterngallrust(Cronartium ments.Northernand southernsourcescontribute

• quercuum(Berk.)Miy.ex Shirai)incidence. most to thisinteraction,whilemiddle-latitude
sourcescontributelittle.

King (1971)reportedon variationamong seed
sourcesinincidenceofwhitepineweevil,eastern Yeatman (1974)showed thattreeheightat5
pineshoot borer (Eucosma gloriola Heinrich), and years was ineffective in predicting tree height at
eastern gall rust at 11 locations in Minnesota, 19 years for 12 Ontario seed sources grown at the
Wisconsin, and Michigan. He found significant Petawawa Forest Experiment Station. Variation
-differences among sources in white pine weevil in tree height at 11 years, however, was very effec-
incidence, and concluded that Lower Michigan tive in predicting height at 19 years and provided a
sources are the best to use as a starting point in a sound basis for selection of the better seed sources.
whitepineweevilresistancebreedingprogram. King's(1966)'_lataand our dataon Lake States

Eastern pineshootborerwas foundin eightof jackpinesubstantiateYeatman'sresults.
the11plantationsevaluatedafter5 years,butno
significantdifferencesamong sourcesinborerin-
cidencecouldbeshown.However,after10growing METHODS

• seasonsinthefield,therewere significantdiffer-
encesamong seedsourcesinborerincidenceintwo
Wisconsinandone Upper Michiganplantings. SeedSourcesand

Plantation Establishment
King found eastern gall rust a/ter 10 years in

every plantation he examined. In seven planta- In 1951 and early 1952 seed was collected from
tions in which more than 15 percent of the trees 29 jack pine stands in Minnesota, Wisconsin, and
were infected, differences among seed sources in Michigan. Each collection was made from domi-
gall rust incidence were Significant. nant and codominant trees in a stand considered

Trees from the northernmost sources showed good for its locality.
high rust incidence while those from southern Seed from all 29 stand collections was sown in
sources had the lowest rust incidence. King sug- the spring of 1952 in both the General Andrews
gested that trees from the sourthern portion of the State Nursery at Willow River, Minnesota, and in
range have been subjected to more intense gall the Hugo Sauer State Nursery at Rhinelander,
rust infection, and have developed some resistance Wisconsin.

.



Two-year-old seedlings were planted by nine Table 1.--Jack pine seed source origins _
cooperating agencies at 17 locations, one in the fall
of 1953 and 16 in the spring of 1954. Seedlings MINNESOTA

produced at the Genral Andrews Nursery were Growing Average
used to establish six plantations in Minnesota and Seed degree January
two plantations in western Wisconsin. Seedlings source County Latitude Longitude days= temperature

produced at the Hugo Sauer Nursery were used to °N °W °F
establish four additional plantings in Wisconsin
and five plantations in Michigan. 1589 Cass 47.4 94.4 9,200 5

1590 Cass 47.0 94.6 9,400 7
•At each location a randomized complete-block 1591 Itasca 47.5 94.1 9,100 5

design with four replications was used. Each 1592 Lake 47.7 91.2 7,400 10
source was represented in each replication by a 1593 Cook 48.0 90.3 6,700 14
square64-tree plot with trees planted at a spacing 1594 St. Louis 48.1 92.4 8,500 5
of 5 x 5 feet. In addition to the selected seed 1595 Pine 46.0 92.6 9,500 10
sources, each replication contained one seedlot of 1596 Pine 46.4 92.8 9,000 9
stock supplied by a commercial nursery in the 1597 Becker 47.1 95.4 8,900 4
same area as the test plantation. Very little is 1600 Cass 46.8 94.4 9,400 6
known about the origin of the commercial stock in 1601 Beltrami 47.5 95.0 8,600 5
many instances. 1602 Itasca 47.8 93.3 8,800 6

Because of shortages of seedlings from a few WISCONSIN
sources, substitutions were made at several loca- 1605 Bayfield 46.7 91.0 9,000 13
ti0ns. Data for 26 seed sources (table 1, fig. 1) 1606 Forest 46.0 88.9 8,500 12

. common to 14 locations _ (fig. 1, table 2) are pre- 1608 Burnett3 .45.9 92.1 10,000 10
sented here. 1609 Marinette 45.2 88.3 9,600 14

1610 Oneida 45.8 89.8 9,000 10

Measurements 1611 Wood 44.4 89.7 10,000 13
MICHIGAN (Upper Peninsula)

1612 Gogebic 46.2 89.2 8,500 12
Survival, height, and diameter 1613 0ntonagon 46.6 89.0 8,800 15

In the fall of 1973, 20 years after establishment, 1614 Alger 46.3 86.7 8,100 15
the trees were evaluated for survival, total height, 1615 Chippewa 46.3 84.8 8,000 15
and diameter. Survival data are based on the 64 1621 Luce 46.6 85.4 7,900 16

trees originally planted in each plot. MICHIGAN (Lower Peninsula)

To save time and expense in tree measurement, 1616 Manistee 44.2 86.2 10,100 22
• a statistical sample was selected from each planta- 1617 0gemaw 44.2 84.1 9,600 19

tion. The sample was based on variances obtained 1618 Alpena 45.0 83.5 9,000 19
• with the 10-year measurements of height and

d.b.h, plus an assumption that means and their _DatafromStoeckelerandRudolf(1956).
2Normalannualsumofaveragedailytemperaturesof50°Forabove.standard errors would increase about in the same

proportion between 10 and 20 years, which proved 3Notplantedat Universityof MinnesotaCFC(Plantation6).

Valid. We first determined that measuring trees on
all four replications was the best procedure. To

determine number of trees to be measured per plot, rapidly as numbers were reduced further. The pro-anestimate of the standard error of a source mean
was plotted against number of trees measured per portional increase in standard error between mea-

• surement of 15 and eight trees per plot was 17plot for both height and d.b.h. The standard error
percent for height and 24 percent for d.b.h., and

increased slowly as the number of trees measured the decrease in number of trees measured was 47
decreased from 64 to about 15, and increased more

percent. The standard error increased more rapid-
ly as sample size decreased further. Taking costs

_One source planted at 13 locations only. and estimated standard errors into account, we
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Figure 1.--Location of seed sources and plantations included in 20-year measurements. Shaded
area shows natural range of jack pine (Rudolf and Schoenike 1963).

decided to measure eight trees per plot. Total removed. The stems were cut into eight equal-
height was measured to the nearest 0.5 foot and length sections and the volume of wood in each• .

diameter to the nearest 0.1 inch. section was determined using the volume formula
• for the frustum of a cone.

By using transformations of the Behre equation
Volume of tree form (Bruce 1972), we found that although

there appeared to be some slight differences in
An .equation for estimating volume of a tree form among the three plantations, there were no

from its height and d.b.h, was developed for a sub-
apparent differences in form among sources. Con-

sample of trees, made up of 10 of the 26 sources at
each of three plantations: Burnett County Forest sequently, this prediction equation was used for
(CF), Argonne Experimental Forest (EF) and Ot- estimating tree volume for all seed sources at all' locations:
tawa National Forest (NF). A single tree with Vol (cu ft) = .1781 + .3361 (d.b.h.) 2ht - (.01/d.b.h.)
height and diameter approximating the average
height and diameter of the eight measured trees Total volume per acre was estimated for each
was selected from each of the 10 seed sources in plot by taking (average volume per tree) × (num-
each of the four replications. Sample trees were cut ber of trees per acre initially = 1,740) × (propor-
as close to the ground as possible and all limbs tion survival).

4



Table 2.--Location of jack pine plantations

MINNESOTA

Growing Average
Plantation degree January

NumberForest County establishment Latitude Longitude days temperature

oN oW oF

1 SuperiorNF_ Lake USDAFor.Serv. 47.6 91.1 7,400 10
2 ChippewaNF Beltrami USDAFor.Serv. 47.4 94.5 8,600 5
3 PillsburySF Cass Minn.Cons.Dep. 46.4 94.5 9,400 6
5 GeneralAndrewsEF Pine ' Minn.Cons.Dep. 46.4 92.8 8,700 9
6 Univ.Minn.CFC Carlton Univ.Minn. 46.7 92.5 8,500 8

, WISCONSIN

7 BurnettCF Burner BurnerCo. 45.6 92.8 10,000 10
8 MosineeIF Washburn MosineePap.Co. 46.2 92.0 10,000 10
9 chequamegonNF Bayfield USDAFor.Serv. 46.3 91.4 9,000 13

10 NepcoIF Wood Nekossa-Edwards 44.2 89.8 10,000 13
Pap.Co.

11 ArgonneEF Forest USDAFor.Serv. 45.8 89.0 8,500 12
12 MarinetteCF, Marinette MarinetteCo. 45.7 88.0 9,600 14

MICHIGAN (UpperPeninsula)

. 13 OttawaNF Ontonagon USDAFor.Serv. 46.3 89.2 8,500 12
MICHIGAN (Lower Peninsula)

15 Univ.Mich.BS Emmet Univ.Mich. 45.5 84.7 8,700 17
17 FifeLakeSF Grand Mich.Cons.Dep. 44.5 85.4 9,700 18

Traverse

iNF:NationalForest;SF:StateForest;EF:ExperimentalForest;CFC:CloquetForestryCenter;CF:CountyForest;IF:IndustrialForest;BS:BiologicalStation.

StatisticalProcedures standarddeviations,denotedby Js,representthe
variabilityamong sources.Intables3-7,estimated

Analyses of variance ranges among sources (plantation mean _ 2_s), i
are shown for each plantation. These ranges would i

I

•Two-way analyses of variance by source and rep- include 95 percent of a normal distribution, and i
lication were performed for survival, height, diam- approximately 95 percent of a distribution with ,

• " eter, volume per tree, and volume per acre for each , moderate deviation from normal. It does not ap- .
• plantation. Combined analyses of data from all pear that the distributions of "true" values for

locations were also run for these variables. Be- sources differ markedly from normal, so that a _
cause variances were quite different among plan- value equal to the plantation mean + 2_ would
tation s, log transformations of the data were used represent a source near the top of the distribution, I

in the combined analyses to bring about homogen- while a value equal to the plantation mean - 2_s ,
eity. Data on volume per acre from plantations at would represent a source near the bottom. These
Pillsbury State Forest (SF) in Minnesota and points are more stable than the maxima and min-
Nepco Industrial Forest (IF) in Wisconsin were not ima of the observed means and were used to assess

included in the combined analysis because the the potential gain from proper seed source selec-
transformation gave logs of negative values, tion for a given location. A few sources will have

values outside this range, so this treatment is con-
From the two-way analysis of variance for each servative. In the case of tree survival, values were

plan_tionl an estimate of the "true" variation calculated using the arcsin transformation and
among sources was obtained as a "component of then transformed back. The range of variation
variance" after allowance for random variation among sources is much greater for some planta-
(Snedecor and Cochran 1967). The corresponding tions than for others.
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Grouping of sources SF in Lower Michigan (table 3). Survival at six
locations was less than 80 percent. Much of the

Because mean values for a single source at an . initial mortality at these locations was attributed
individual plantation had fairly large standard

to inadequate cultural treatment after planting,
errors, we tried grouping plantations and also and insect and animal damage. Much continuing
sources. However, grouping of plantations was not mortality is attributable to reduced tree vigor re-
very successful, primarily because of large differ- sulting from insect and disease incidence (King
encesamong plantations. 1971,King and Nienstaedt1965).Continuing
We foundthatsourcescouldbe arrangedinto mortalityismostprevalentatlocationswithhigh

threebroadgroupsbasedon simplecorrelation incidenceofgallrust.Treeswith gallson main
coefficientsamong individualsourcesoverthe14 stems are particularlysusceptibleto breakage
plantationsformeasurements'ofheight,d.b.h., fromhighwinds,ice,and heavy,wet snows.

and volumepertree.The separationwas clearest Seedsourcesshowed considerablevariationin
forheight,where 83 percentofthe correlation survivalatalllocations;differenceswere signifi-
coefficientsbetweenpairsofsourcesinthesame cant at alllocationsexceptthe Universityof
groupwere 0.95orabove,as comparedwith 11 MichiganBiologicalStation(BS).Inthecombined
percentforsourcesnot in the Same group.For analysis,differencesamong plantationsand seed
d.b.h.,correlationswerelowerandlessconsistent.
Fifty-twopercentofthecorrelationsbetweenpairs source× locationinteractionswere significant.
ofsourcesin thesame groupwere greaterthan Fiveofeightplantationsexhibitinghighvaria-
0.90,comparedwith25 percentforsourcesindif- bilityamong sourcesinsurvivalhadhighgallrust
ferentgroups.Resultsforvolume pertreewere incidence.The southernmostplantation,Nepco
intermediate,with 82 percentofthe correlation IF,showedmuch greatervariationthantheother

. Coefficientsinthesame groupgreaterthan 0.90 plantations.Thisplantationnotonlyhad a high
comparedwith49 percentforsourcesindifferent incidenceofgallrust(King1971),butalsoa high
groups, incidenceofneedlecast(King and Nienstaedt

1965)and roottipweevil(Hylobiusrhizophagus
A few sOurcescorrelatedwellwithbothgroup M.B. & W.).At thislocation,northernMinnesota

twoand groupthreesources,and couldhavebeen sourceshad verypoorsurvivaland highgallrust
assignedtoeithergroup.A fewsourcesthatdidnot and needlecastincidence,whilesourcesfromthe
fitcloselyintoany groupwereputintothegroup southernportionofthe speciesrange had good
havingthebestagreement, survivaland relativelylow rustand needlecast

Correlations incidence.
For each plantation, simple correlations were At 10 of the 14 locations, the source from nearest

run between (a) average source survival, height, the planting site (local) was among the top eight of
diameter, volume per tree, and volume per acre the 26 sources in survival. At 12 locations survival
and (b) growing degree days and latitude of seed of the local source exceeded that of the commercial

• origin.SimpleCorrelationsamong sourceswere sourceby 4 to33 percent.At theremainingtwo
alsorunbetweenheightsat5 and 10years,5and locations,UniversityofMinnesotaClouquetFor-
20 years,and 10 and 20 years,afterplantingfor estryCenter(CFC) and theUniversityofMichi-
eachof13locationswheremeasurementsfromthe gan BS, survivalofboth localand commercial
three'periodswere available, sourceswas between85 and 90 percentand dif-

feredby lessthani percent.Survivalofcommer-
cialsourceswas relativelylow,comparedwith

RESULTS AND DISCUSSION othersources,atmostlocations.

Survivalwas relatedtosimilaritybetweencli-
Survival mate and lengthofgrowingseasonatseedorigin

andattheplantationlocation.Inthesevenplanta-
Averagetreesurvival20 yearsafterplantation tionshavingcoolerclimatesand shortergrowing

establishmentvariedfrom53percentatPillsbury seasons(growingdegreedaysof8,700orless),best
SFincentralMinnesotato92percentatFifeLake survivalwas attainedby treesfrom Minnesota

6



Table 3.--Survival percent of jack pine seed sources
MINNESOTA

1 2 3 5 6 7 8 9 10 11 12 13 15 17
GeneralUniv. Univ. Fife

Seed SuperiorChippewaPillsburyAndrewsMinn. BumettMosineeChequamegonNepcoArgonneMarinetteOttawaMich.Lake r
source NFTM NF* SF** EF** CFC* CF** IF** NF** IF** EF** CF** NF** BS $F**

Mean 82 81 53 85 85 85 79 63 65 68 86 77 90 92

Range2 93 87 68 92 90 94 95 77 89 79 93 89 95 96
67 76 38 78 81 76 61 50 37 55 79 65 86 88

MINNESOTA

1589 84 83 58" 91 87 85 82 67 52 71 91 83 90 95
1590 73 88 60 78 81 88 85 57 59 71 91 78 94 92
1591 _ 88 81 60 88 91 86 82 73 43 65 89 79 86 91
1592 391 '79 47 88 89 71 64 46 45 69 79 86 91 93
1593 92 88 52 90 88 70 74 57 34 72 90 88 93 96
1594 89 82 48 83 84 78 62 50 41 70 73 77 89 89
1595 . 78 80 55 88 90 88 88 71 70 67 86 82 90 91
1596 82 86 68 390 386 89 88 71 74 73 86 74 91 94
1597 77 85 56 85 90 84 81 59 63 67 84 74 89 95
1600 " 85 87 362 84 86 88 91 68 54 69 88 77 91 93
1601 79 385 61 89 86 89 80 68 60 68 87 70 _3 95
1602 81 83 43 88 84 79 59 52 46 77 77 81 85 89

. WISCONSIN

1605 81 81 64 84 84 84 89 372 66 71 85 73 86 89
1606 76 74 27 78 79 81 71 55 59 369 78 75 80 83
1608 82 84 • 58 84 -- 389 390 82 70 66 91 82 93 95
1609 - 68 82 53 86 75 93 86 63 80 60 386 71 87 91
1610 88 79 39 89 83 88 74 62 86 66 91 67 96 91
1611 76 82 64 73 86 91 94 61 383 48 88 57 92 95

MICHIGAN (Upper Peninsula)
1612 85 78 32 84 90 84 76 68 67 68 87 385 88 94
1613 84 77 54 86 89 88 76 57 60 68 86 84 88 93
1614 91 85 54 85 84 84 77 71 71 73 80 78 87 90

•1615 _ 90 80 55 89 89 88 74 59 75 81 90 82 91 90
• . _ 1621 87 72 52 91 86 87 70 65 76 75 89 89 96 89

MICHIGAN (Lower Peninsula)

1616 73 71 45 84 87 89 86 71 89 60 86 70 93 394
1617 65 83 51 73 75 91 85 56 81 53 91 66 86 95
1618 78 75 59 88 84 84 82 67 74 59 86 79 388 91

COMMERCIAL SEED SOURCE

87 73 52 76 87 65 71 50 50 64 79 78 89 89

_Significantdifferencesamongseedsources:* = 5 percent;** = 1 percent.
2Estimatedrange(plantationmean___2_-,).
3Seedsourcenearestplantingsite(local).
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and Upper Michigan.The majorityofthesetrees withlatitudeofplantationorsitequality(basedon
Was from areashavinglessthan 9,000growing averageplantationheight).The greatestvariation
degreedays. among seedsourcesintreeheightoccurredatloca-

Conversely,attheothersevenlocations(9,000 tionswithhighincidenceofgallrust;sourcesfromnorthernMinnesotahad theslowestgrowthand
growingdegreedays ormore)bestsurvivalwas
attainedby treesfrom areashavingwarmer cli- highestgallrustincidence,whilesourcesfromthesouthernportionofthespeciesrange inMinne-
mates and longergrowingseasonsthan at the sota,Wisconsin,and Michiganhad the greatest
plantingsite.Includedinthisgroupweresources
1596 and 1600 from Minnesota,sources1608, heightgrowthand lowestrustincidence.
1609,1611fromWisconsin,and sources1616and In general,the "best"seedsourceswere local
1617 from Lower Michigan. Predominating onesandthosewithin100milessouthoftheplant-
among the sourceswiththe poorestsurvivalat ingsite.The number ofgrowingdegreedaysfor
these.locationswere the four northernmost thesesourceswas nearlyequaltoorgreaterthan
sources--1592,1593,1594,and 1602fromMinne- thenumber atthe plantingsite.Treesfromthe
sota--andsource1606fromnorthernWisconsin. localsourceexceededtheaverageplantationtree
Source1606,from thecoldestsiteinWisconsin, heightby 2 to19percentatalllocations;thelocal
was among thesourcesshowinglowestsurvivalat sourcewas among theseventallestsourcesat13
10 ofthe 14locations, locations.At 11 locations,the localsourceex-

ceededthecommercialsourceby 4 to13percent.
•High incidenceofgallrustat severalofthe

warmer locations,includingthe PillsburySF, ExceptattheSuperiorNF, wherenortheastern
BurnettCF, M_sineeIF,Chequamegon NF, and Minnesotasourceswere thebest,one ormore of
Nepco.IF (King 1971),probablyresultedin in- thethreeLowerMichigansourceswereamongthe

. Creasedmortality.Furthermore, sinceseed fivetallestsourcesatalllocations.At eightplan-
sourcesvaryintheirsusceptibilitytogallrust,the tations,oneoftheLowerMichigansourceswasthe
high incidenceat theselocationscouldhave tallest.Othersourcesproducingthetallesttreesat
causedtheincreasedvariationamong seedsources severallocationswere 1595, 1596,1600,and
in survival.Ingeneral,seedsourceswiththehigh- 1601 from Minnesota,and 1610 from northern
estrustincidencehad thepoorestsurvival. Wisconsin.

Sixsourcesproducedtheshortesttreesatsev-
erallocations:1592,1593,1594,and 1602 from

Height northeastMinnesota (thefour northernmostsources),source1606 from northernWisconsin,

• Averagetreeheightintheplantationsranged and source1621fromUpper Michigan.Allsixof
•from18.9feetattheUniversityofMichiganBS in thesesourceshavelessthen8,900growingdegree
northernLower Michiganto33.3feetatthePills- days.
burySF incentralMinnesota(table4).Therewere

• Significantdifferencesin treeheight among
sourcesat alllocationsexcepttheUniversityof
MinnesotaCFC; the combinedanalysisshowed Diameter
thatdifferencesamong plantationsand seed
source× locationinteractionwere significant. Averageplantationtreediametervariedfrom

3.15inchesattheMosineeIFto4.75inchesatthe

The estimatedsuperiorityofa sourceatthetop PillsburySF (table5).Averagetreediameterfora
ofthedistribution(plantationmean + 2_) corn- sourcewas significantlyand positivelycorrelated
paredwithoneatthebottom(plantationmean- with averagetreeheightforthe sourceat each
2_),asa percentofplantationmean,variedfrom location.
10percentattheUniversityofMinnesotaCFC to
49 percentat MosineeIF.In general,variation A combinedanalysiswith datafrom allloca-
among sourceswithinplantationsincreasedwith tionsshowedsignificanttreediameterdifferences
thenumber ofgrowingdegreedaysattheplanting among sourcesand plantations,and a significant
site,butvariationwas notsignificantlycorrelated seedsource× plantationinteraction.

0
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Table 4.--Average height of trees from jack pine seed sources as a percent of the plantation mean

1 2 3 5 6 7 8 9 10 11 12 13 15 17
GeneralUniv. Univ.Fife

Seed SuperiorChippewaPillsburyAndrewsMinn.BurnettMosineeChequamegonNepcoArgonneMarinetteOttawaMich.Lake
source NFTM NF** SF** EF** CFC CF** IF** NF** IF** EF** CF** NF** BS**SF**

Mean(ft) 23.3 23.9 33.3 27.5 29.4 25.9 23.5 27.2 23.8 30.1 29.2 29.3 18.9 19.4
Range2(ft) 24.8 25_6 37.3 30.0 30.8 27.8 29.3 30.3 28.7 32.0 31.8 31.8 21.0 21.1

21.8 22.2 27.3 25.0 28.0 21.6 17.7 24.1 18.9 28.2 26.7 26.8 16.7 16.7

MINNESOTA

1589 103 99 100 109 99 99 ;106 104 96 99 106 102 103 104
1590. 100 102 102 100 99 100 106 99 95 101 102 102 102 102
1591 100 100 103 101 102 98 101 99 98 90 94 98 97 95
1592 3104 , 102 99 97 100 87 71 87 91 100 92 88 98 97
t593 103 95 89 84 95 86 79 95 83 98 93 93 94 93
1594 101 91 89 92 94 79 71 86 81 99 91 92 90 87
1595 92 104 104 109 99 109 116 104 107 94 101 99 100 105
1596 101 105 102 3104 3105 105 108 103 103 102 98 101 101 102
t597 105 105 104 103 100 103 107 100 98 104 100 100 101 99
1600 99 105 3109 103 101 103 113 106 94 102 101 101 99 99
1601 " 106 3107 105 98 102 105 104 103 102 104 101 100 106 102
1.602 106 95 90 97 100 89 83 92 89 101 92 100 94 95

WISCONSIN

' i605 94 102 103 95 94 99 101 3102 95 101 102 104 98 96
1606 101 93 82 94 88 90 92 96 95 3102 100 100 90 96
1608 10! 100 107 102 -- 3110 3109 106 109 94 101 101 103 103
1609 96 101 104 101 97 107 111 101 116 100 3103 101 101 99
1610 " 104 105 101 105 106 104 104 104 111 103 104 105 106 105
1611 94 95 104 106 97 107 115 97 3113 89 99 91 104 98

MICHIGAN (UpperPeninsula)

1612 99 104 100 99 106 105 101 104 99 101 100 3105 98 100
1613 104 101 102 104 102 96 95 99 90 106 105 103 96 98
1614 97 98 98 97 103 100 98 94 98 98 99 97 92 89
1615 99 97 96 98 100 97 91 98 92 102 98 102 96 97
1621 _ 96 91 94 96 101 93 92 96 95 97 92 97 96 89

MICHIGAN (Lower Peninsula)

• 1616 98 99 106 105 102 116 117 109 122 102 107 105 1153119
1617 98 101 100 102 101 114 106 105 118 102 112 104 114 111
1618 99 105 108 99 103 104 106 112 111 106 105 109 3108 115

COMMERCIAL SEED SOURCE
,

107 96 104 94 105 97 97 97 102 98 98 101 111 113

_Significantdifferencesamongseedsources:** = 1percentlevel.
2Estimatedrange(plantationmean_ 2_-,).
3Seedsourcenearestplanting'site(local).

°
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Table 5.--Average diameter of trees from jack pine seed sources as a percent of the plantation mean

1 2 3 5 6 7 8 9 10 11 12 13 15 17
GeneralUniv. Univ.Fife

Seed SuperiorChippewaPillsburyAndrewsMinn.BurnettMosineeChequamegonNepcoArgonneMarinetteOttawaMich.Lake
source NF NF SFTM EF CFC CF** IF** NF* IF** EF** CF* NF** BS* SF**

Mean(!n) 3.77 3.59 4.75 3.65 3.88 3.47 3.15 4.16 3.48 4.46 3.99 4.01 3.273.31
Range2 (in) 3.95 3.83 5.37 3.88 4.03 3.75 3.65 4.56 3.82 4.90 4.30 4.43 3.50 3.62

3.59 2.98 4.13 3.42 3.73 3.19 2.65 3.76 3.14 4.02 3.68 3.59 3.04 3.00
MINNESOTA

1589 106 94 92 105 93 98 103 105 100 102 100 103 107 104
1590 104 97 93' 101 100 96 100 105 91 93 103 97 100 100
1591 100 98 103 101 98 95 96 92 102 90 95 94 95 91
1592 " 3100 105 108 97 99 93 77 91 96 95 96 82 96 92
1593 99 ' 90 80 85 96 95 88 94 88 97 91 86 102 102
1594 97 92 89 94 92 90 78 83 95 91 96 92 90 88
1595 93 109 109 116 99 106 113 104 103 102 104 100 104 110
1596 . 99 105 95 399 3105 99 102 97 98 93 103 103 105 101
1597 99 101 104 100 95 99 101 103 97 105 100 99 96 103
1600 100 101 3110 103 101 97 108 108 92 97 107 102 98 95
1601 - 105 3105 97 101 99 100 104 101 103 104 101 104 106 97
1602 106 92 105 98 106 92 87 96 97 93 98 101 99 99

WISCONSIN

' i605 95 103 96 96 99 101 96 3102 99 96 105 106 104 101
1606 101 106 95 97 90 98 104 102 108 3105 103 104 91 105
1608 101 98 107 97 --- 3108 3104 95 107 95 96 91 104 102
1609 99 100 98 100 112 105 109 104 103 107 3104 99 97 97
161.0 100 105 109 99 109 97 99 99 101 104 98 103 102 104
1611 105 104 107 113 101 105 105 100 3102 98 98 104 98 98

MICHIGAN (Upper Peninsula)
1612 100 109 109 99 106 106 105 112 103 105 94 3107 102 99
1613 101 96 102 103 99 99 95 94 94 103 105 102 97 99
1614 101 95 90 100 99 101 102 91 101 91 99 92 95 94
i615 93 :103 92 103 94 98 99 100 96 102 97 103 98 98
1621 ' 94 95 88 98 103 95 102 .99 95 99 86 96 98 96

,. MICHIGAN (Lower Peninsula)

1616 98 99 113 100 97 109 110 97 111 113 112 109 1093109
1617 109 96 101 105 109 112 103 116 113 113 111 114 110 105
1618 93 105 107 95 100 101 104 107 105 112 101 106 3100 115

COMMERCIAL SEED SOURCE

' 103 94 106 102 111 103 97 107 112 102 102 103 100 107

_Significantdifferencesamongseedsources:* = 5 percent;** = 1 percent.
2Estimatedrange(plantationmean+_2_,).
3SeedSourcenearestplantingsite(local).

o
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There was a significant negative correlation be- at the Superior NF, sources 1592, 1593, and 1594
tween average plantation diameter and survival from northeastern Minnesota were among the five
(r =-0.696). Thus, considering all 14 plantings as poorest sources at 8, 9, and 11 locations, respec-
a whole, high mortality resulted in reduced compe- tively. Also among the five poorest sources at
tition and, hence, greater growth. The relation six locations were 1614 and 1621 from Upper
among sources within plantations was much more Michigan.
complex. D.b.h.-survival correlations were signifi-
cant at six locations; they were negative at the

i UniversityofMinnesotaCFC, Argonne EF, and Volume
I OttawaNF, butpositiveattheBurnettCF,Mosi-

nee IF, and Nepco IF. Volume per tree
,

Seedsources varied significantly in tree diame- Average volume per tree ranged from 0.67 cubic
ter at all locations in Michigan and Wisconsin, but feet at the University of Michigan BS to 2.09 cubic
at,0nly one location in Minnesota, the Pillsbury SF feet at the Pillsbury SF (table 6). Sources varied
(table 5). Variation among sources in diameter significantly in volume per tree at all locations
was significantly and negatively correlated with except the University of Minnesota CFC, and thecombined anlysis showed significant differences
average plantation survival, but was not corre-
lated with growing degree days, latitude or site among plantations and a significant seed source x' location interaction.
qUality of plantation. Variation among sources
was greatest at the Pillsbury SF and least at the Frequently, volume per tree may be affected by
Superior NF. . stand survival. However, in this study correla-

tions between average seed source volume per tree
The average of the coefficients of variation and survival were significant at only four loca-

. among sources over all plantations was signifi- tions. The correlations between these traits were

cantly less for diameter than for height. This sub- positive at the Burnett CF, Mosinee IF, and Nepco
Stantiates Funk's (1975) conclusion for white pine IF, but negative at the Ottawa NF. Because vol-
that height is a better indication of genetic differ- ume per tree is a function of diameter squared, the
ences than diameter, relations between survival and diameter at these

Superiority of trees from local sources was not as locations also explain the relations between sur-
evident for diameter as for height. Local sources vival and volume per tree.
ranked among the top eight of the 26 sources at The estimated superiority of a source at the top
only eight locations. They did, however, equal or of the distribution (plantation mean + 2_s) corn-
exceed the average tree diameter of all sources at pared with one at the bottom (plantation mean -
all locations. 2_s), as a percent of the plantation mean, varied

• in general, trees from the Lower Michigan from 13 percent at the University of Minnesota
sources had the greatest average diameter; at CFC to 94 percent at the Burnett CF.
least one of these sources was among the best Variation among sources within plantations in

• Sources at 10 of the locations, and all three Lower volume per tree was greater than the variation
Michigan Sources were among the top five sources among sources in survival, height, and diameter.
at the Nepco IF and Argonne EF in Wisconsin, and Variation among sources in this trait was not sig-
at the Ottawa NF and Fife Lake SF in Michigan. nificantly correlated with growing degree days or

i _ Source 1595 from Pine County, Minnesota, was latitude at the planting site. Unusually large vari-
among the top five sources at three Minnesota and ation among sources in volume per tree occurred at

i two northwestWisconsinlocations.And source thePillsburySF inMinnesota.Not surprisingly,
1612 fromwesternUpper Michiganwas among variationamong sourcesin diameterwas also
thefivebestsourcesatthreelocationsinMinne-

greatestatthislocation.Variationamong sources
s0ta,threeinWisconsin,and attheUpperMichi-• was relatively high at all locations in Wisconsin
gan location, and in western Upper Michigan, while relatively

Sources 1595 and 1618, which were among the low at the remaining four locations in Minnesota
best in diameter growth at several locations, were and at both locations in Lower Michigan. In gen-
among the poorest at the Superior NF. And except eral, variation among sources in volume per
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Table 6.--Average volume per tree of trees from jack pine seed sources as a percent of plantation mean

1 2 3 5 6 7 8 9 10 11 12 13 15 17
GeneralUniv. Univ.Fife

Seed SuperiorChippewaPillsburyAndrewsMinn.BurnettMosineeChequamegonNepcoArgonneMarinetleOttawaMich.Lake
source NF NF* SF** EF* CFC CF** IF** NF** IF** EF** CF** NF** BS SF**

Mean(cu.ft) .99 .94 2.09 1.09 1.28 .95 .75 1.36 .89 1.69 1.34 1.36 .67 .69
Range2(cu.ft)1.10 1.08 2.75 1.29 1.36 1.57 1.05 1.70 1.18 2.04 1.62 1.67 .80 .87

.88 .80 1.43 .89 1.20 .68 .45 1.02 .60 1.34 1.06 1.05 .54 .51
MINNESOTA

1589 112 89 85 116 88 95 108 112 97 101 104 105 113 108
1590 107 96 89 101 99 93 102 109 81 90 106 96 101 99
1591 99 98 106 101 100 91 94 85 100 77 87 87 90 83
1592 3103 111 113 90 98 79 52 74 86 90 86 65 91 85
1593 101 78 59 65 88 81 68 85 70 92 80 72 97 97
1594 95 79 73 83 81 69 53 64 78 84 85 82 78 73
1595. 82 120 120 137 96 117 136 109 110 97 108 100 105 120
1596 101 112 91 3103 3114 101 108 95 99 88 102 104 107 103
1597 101 104 111 101 92 99 106 107 92 111 99 99 94 102
1600 100 105 3127 109 103 98 122 120 82 95 113 104 97 91
1601 115 3115 97 100 100 103 108 104 105 111 102 106 115 95
1602 t16 82 101 94 110 79 68 87 87 86 90 101 93 93

WISCONSIN

' 1.605 87 108 95 89 93 98 91 3104 93 94 109 113 104 97
1606 103 103 75 88 77 91 99 101 107 3110 105 105 79 104
1608 103 96 119 95 -- 3122 3112 95 122 86 93 84 108 105
1609 94 101 97 99 121 115 122 107 116 111 3108 99 95 95
16i0 104 113 117 103 121 97 99 99 110 108 99 109 106 110
!611 104 101 114 128 98 114 120 95 3113 86 95 98 98 95

MICHIGAN (Upper Peninsula)

161.2 99 118 116 96 115 114 108 126 103 111 91 3116 101 97
1.613 106 94 104 108 101 94 87 89 82 110 114 105 92 96
1614 98 89 81 99 99 101 102 80 99 83 97 83 86 82
1615 87 101 82 101 89 93 90 97 86 104 92 108 93 94
1621 ' 87 83 74 92 104 87 95 93 86 94 71 89 94 86

" MICHIGAN (LowerPeninsula)

• 1616 94 97 132 103 96 130 129 101 141 125 128 120 1283131
-16!7 113 92 101 110 116 137 108 136 139 127 131 132 128 117
1618 89 114 121 90 101 104 111 123 120 130 106 118 3105 143

COMMERCIAL SEED SOURCE

112 88 113 101 125 101 91 108 124 101 100 105 108 124

_Significantdifferencesamongseedsources:* = 5percent;** = 1percent.
2Estimatedrange(plantationmean_ 2_-,).
3seedSourcenearestplantingsite(local).

°
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treewas greaterat locationswithhighgallrust otherplantationshavinghighgallrustincidence,
incidence, includingthePillsburySF,BurnettCF, Mosinee

IF,and Chequamegon NF. The estimatedsuperi-
The localsourceexceededtheplantationaver- orityofasourceatthetopofthedistribution(plan-

age by 3 to 31 percent at all locations and the tation mean + 2_s) compared with one at the
commercial source by 2 to 27 percent at nine loca- bottom (plantation mean - 2_s) as a percent of the
ti0ns. Because volume per tree was determined

plantation mean, was 136 percent at the Nepco IF.
from the diameter squared and height, ranking of Differences of this magnitude indicate that tre-
sources for volume per tree was similar to that for

Ii mendouslossesinvolumeproductionmay occurif
diameter, the wrong seedsourcesare used in a planting

program.
Volume per acre

In terms of productivity, volume per acre is the Local sources yielded the greatest volume per
acre at the Superior NF, Chippewa NF, and Pills-

most important trait we studied. Average volume bury SF in Minnesota, and at the Ottawa NF in
per acre ranged from 1,041 cubic feet at the Uni- UpperMichigan.Localsourcesrankedamong the
versityofMichiganBS inLowerMichiganto2,012 10 bestsourcesatalllocations.Localsourcesex-
cubicfeetatMarinetteCF innortheasternWis- ceededthe commercialsourcesat 11 locations,
consin(table7).The bestplantations,PillsburySF rangingfrom15percentbetterattheFifeLakeSF
and theUniversityOfMinnesotaCFC inMinne- to51percentbetterattheBurnettCF. However,
Sota,and ArgonneEF and MarinetteCF inWis- the commercialsourceproducedmore wood per
consin_produced1,899to2,012cubicfeetofwood acrethanthelocalsourceattheSuperiorNF, at
peracre.At eachoftheselocations,averageheight theUniversityofMinnesotaCFC, and attheUni-
exceeded 29 feetand average diameter was

. greaterthan3.8inches.The poorestplantations, versityofMichiganBS.
MosineeIF and Nepco IF inWisconsin,and the The bestseedsourcesincluded1595 and 1600
UniversityofMichiganBS and FifeLake SF in from Minnesotaand 1616,1617,and 1618from
Michigan,however,producedonly1,041to1,112 Lower Michigan.The fournortheasternMinne-
cubicfeetofwoodperacre.Averageheightatthese sotasources--1592,1593,1594,and 1602--and
locationswas lessthan 24 feetwhileaveragedi- source1606froma coldlocationinForestCounty,
ameterwaslessthan3.5inches.Inadditiontopoor Wiscosnin,werethepoorestsourcesoverall.How-
sitequality,growthattheMosineeIF and Nepco ever,at the northernmostplantation,Superior
IFwas probablyalsoaffectedby highincidenceof NF, sources1592,1593and 1602were among the
gallrustand/orotherpests, best,whilesources1595,1616 and 1618 were

A combinedanalysiswithdatafrom allloca- among theworst.
tionsshowed significantdifferencesinthistrait

among sourcesand plantations,and a significant Grouping ofSeed Sources
seedsource× locationinteration.

As indicatedpreviously,the sourcescouldbe
• ExceptattheUniversityofMichiganBS,corre- arrangedintothreebroadgroupsbasedonsimple

lationsbetweenaverageseedsourcevolumeper correlationcoefficientsamong individualsources
acreand heightwere greaterthanthosebetween overthe14 plantationsforheight,diameter,and
volumeperacreand diameter, volume per tree.Correlationsamong sources
Differencesin volume per acre among seed withineachgroupwerehighwhereascorrelations

sourceswereconsiderableatalllocations,andsta- among sourcesindifferentgroupswere lower.It
tisticallysignificantat 11 locations;variation turnedoutthatthisdivisionofsourcescoincided
among sOurces was not significant at the Chip- with a geographical distribution into a northern
pewa NF, University of Minnesota CFC, and Ar- group (Group 1 sources), central group (Group 2
gonne EF (table 7). The least variation among seed sources), and southern group (Group 3 sources)
sources in volume per acre occurred at the Univer- (table 8, fig. 1). They follow in a general way the
sity of Minnesota CFC, while the greatest varia- more detailed seed collection zones developed by
tionamong sourcesoccurredattheNepcoIF.High Rudolf(1956).The resultsfromthisstudysupport
variabilityamong sourcesalsooccurredat the theconceptofgeographicseedzonesinjackpine;

°
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Table 7.--Average volume per acre of trees from jack pine seed sources as a percent of plantation mean

1 2 3 5 6 7 8 9 10 11 12 13 15 17
GeneralUniv. Univ. Fife

Seed SuperiorChippewaPillsburyAndrewsMinn.BurnettMosineeChequamegonNepcoArgonneMarinetteOttawaMich.Lake
source NF*.1 NF SF** EF* CFC CF** IF** NF** IF** EF** CF** NF** BS SF**

Mean(cu.ft) 1408 1330 1899 1616 1900 1420 1061 1493 1045 1968 2012 1814 10411112
Range2(cu.ft)1660 1520 2777 1912 31900 1955 1654 2086 1755 2287 2509 2142 12771427

1156 1140 1021 1320 1900 885 468 900 335 1649 1515 1486 805 797• . ,

MINNESOTA

1.589 114 91 97 125 91 94 1,11 119 79 106 110 114 113 111
1590 96 102 _00 92 96 94 106 92 73 94 112 97 105 100
1591 106 98 123 105 106 91 95 99 66 72 89 90 86 82
1592 4115 106 105 94 102 65 41 55 56 92 79 73 92 86
1593 114 85 59 68 90 68 61 75 38 99 84 83 101 101
1594 104 80 66 80 80 62 41 51 50 87 72 83 78 71
1.595 79 119 128 142 102 120 149 120 118 98 108 108 105 119
1596 101 118 111 4107 4115 105 117 108 113 96 101 101 109 105
1597 95 109 117 100 97 97 106 95 88 111 97 97 94 106
1600. 104 113 4148 107 100 101 138 129 66 97 115 103 99 92
1601- 111 4120 113 105 101 106 106 113 93 111 103 97 120 98
1602 ,115 84 79 97 109 73 50 71 63 100 83 109 88 90

WISCONSIN

' 1605 86 108 111 88 92 96 100 4118 95 102 108 108 100 93
1606 96 94 38 80 73 86 88 81 93 4112 95 103 70 93
1608 103 100 132 93 --- 4126 4125 123 130 86 98 90 112 107
1609 78 102 98 100 105 125 129 106 140 98 4108 89 91 93
16i0 112 110 87 108 117 100 90 98 139 105 105 93 114 108
1611 97 102 139 109 99 121 139 92 4140 63 98 71 101 98

MICHIGAN (UpperPeninsula)
161.2 103 115 67 94 122 111 102 135 102 112 91 4129 99 98
1613 110 90 105 110 105 96 82 80 75 110 115 114 90 97
1614 111 94 81 99 98 99 95 87 107 91 91 86 83 80
t615 96 99 84 106 93 94 82 90 95 126 95 115 95 92
1621 _ 93 74 72 99 106 87 83 96 97 105 74 104 101 82 "

•. MICHIGAN (LowerPeninsula)

• 1616 84 86 111 103 98 135 137 113 187 113 127 110 1324134
1617 90 93 94 95 104 145 113 121 168 100 137 113 122 121
1618 85 106 135 94 100 101 112 132 128 114 106 121 4103 141

COMMERCIAL SEED SOURCE

' 119 79 110 91 129_ 75 79 87 94 94 92 107 107 119

_Sjgnificantdifferencesamongseedsources:* = 5 percent;** = 1 percent.
2Estimatedrange(plantationmean+_2_-,).
3Estimateof_, is0 inthiscase.
4Seedsourcenearestplantingsite(local).
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Table 8.--Growing degree days and January temperature of seed sources within groups

GroupI Group2 Group3

Growing Growing Growing
Seed degree January Seed degree January Seed degree January

source days temp. source days temp. source days temp.
oF oF oF

1592 7,400 10 1589 9,200 5 1595 9,500 10
1593 6,700 14 1590 9,400 7 1608 10,000 10
1594 8,500 5 1591 9,100 5 1609 9,600 14
1602 8,800 6 1596 9,000 9 1611 10,000 13
1606 8,500 12 ' 1597 8,900 4 1616 10,100 22

Average 7,980 9.4 1600 9,400 6 1617 9,600 19
1601 8,600 5 Average 9,800 14.7
1605 9,000 13
1610 9,000 10

• 1612 8,500 12
1613 8,800 15

= 1614 8,100 15
1615 8,000 15

• 1618 9,000 19
• 1621 7,900 16

Average 8,790 10.4

based on our data, however, the large number of others appear to be borderline between Groups 2
subdivisions proposed by Rudolf appears to be un- and 3. Group 3 sources have an average of 9,800
warranted for jack pine. growing degree days and an average January tem-

perature of 14.7°F.
Group I corresponds to Rudolfs collection zones

5 and 6. This group includes the four northeastern Group 2, which includes the remaining 15
Minnesota sources, 1592, 1593, 1594, and 1602, sources, corresponds to Rudolfs broad seed collec-
and Source 1606 from Forest County, Wisconsin. tion zone 4. Group 2 sources have an average of
•Although source 1606 does not belong to this group 8,790 growing degree days and an average Janu-
geographically, it does belong to it climatically, ary temperature of 10.4°F. Variation among
Forest County, Wisconsin, is poorly covered by Group 2 sources in these climatic variables is

• Weather stations and many sites in the area are considerable.
colder than the weather records indicate. There-

fore, this seed source is probably characterized by It is obvious that genetic variation in Lake
a climate with fewer growing degree days than States jack pine is continuous, expressing adapta-
shown in table 1. GroUp 1 sources represent the tion to climatic and other environmental factors.
most severe climate, with an average of 7,980 In some cases, the species shows adaptation to
growmg degree days and an average January tem- local conditions--source 1606, for example.

perature of 9.4°F. Grouping of sources was done to bring out broadpatterns of genetic variation.
Group 3 corresponds to Rudolfs milder zones 2

I and 3. Sources in this group include 1595, 1608, Table 9 enables comparison of seed source group
1609, 1611 1616, and 1617. These are the sources means for height, diameter, volume per tree, andI '

I from the southern portion (mildest climate)of the volume per acre. In each section, column 1 gives
species range in Minnesota, Wisconsin, and Michi- the mean value for Group 1;columns 2 and 3 show
gan. Sources 1600, 1610; and 1618 and possibly the ratios of the other two group means to the
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Table 9.--Comparison of seed source groups for height, diameter, and volume

Height(Group) Diameter(Group) Volume/tree(Group) Volume/acre(Group)
PlantationI 1 2 3 1 2 3 1 2 3 1 2 3

Percentof Percentof Percentof Percentof
Ft. group 1 In. group 1 Ft.3 group 1 Ft.3 group 1

1 SuperiorNF 224.0 98 94 3.80 99 100 1.029 96 95 21532 93 81
11 ArgonneEF 30.1 101 97 4.29 104 109 1.565 109 114 1931 105 95
2 ChippewaNF 222.7 107 105 3.48 104 104 .854 113 112 1193 1i5 112
6 Univ.Minn.CFC 228.0 107 105 3.75 103 106 1.166 112 115 1723 113 111

13 OttawaNF 227.7 108 106 23..74 108 110 21.160 121 124 1635 116 107
17 FifeLakeSF 218.2 106 113 3.22 102 107 .629 109 122 2982 112 127
12 MarinetteCF 227.4 107 111 3.86 103 108 21.197 112 124 21662 122 136
15 Univ.Mich.BS 217.6 107 114 23.12 105 108 2.584 114 126 2891 118 129
5 GeneralAndrewsEF 225.5 109 113 23.43 106 112 2.919 120 133 21355 122 127
9 ChequamegonNF 224.8 111 114 23.88 108 110 21.122 125 131 2995 159 169
3 PillsburySF 229.9 113 116 4.53 104 111 21.757 119 135 21320 149 168
7 BurnettCF 222.3 117 128 23.25 106 115 2.758 122 153 21006 139 182

10 NepcoIF 220.8 113 131 23.38 101 109 2.760 112 145 2628 157 245
8 MosineeIF 218.6 129 142 22.74 116 123 2.512 150 179 2595 182 236

.Average 24.1 26.3 27.1 3.60 3.78 3.94 1.001 1.156 1.266 1246 1538 1653

_Plantationsarrangedaccordingtomagnitudeofdifferencesbetweengroupmeansforheightandvolumeperacre.
2Atleastonesignificantdifferenceexistsamonggroupsat5 percentlevel.

mean for Group I × 100percent. The ]east varia- gree days, andpositively correlatedwith latitude
Lionamonggroupsoccurredat planting siteswith at seedorigin. At the Burnett CF, MosineeEF, and
fewer than 8,?00 grOwing degree days, and the Nepc0IF--three o£the warmest ]ocations--survi-
greatest variation occurredat siteswith 9,000 or va] was significantly and positively correlated
more growing degree days. Plantings with the with growing degree days and negatively corre-
greatestvariation alsohad high incidencesof geL]] ]ated with latitude at seedorigin.

rust. The sources in Group I had the highest rust Height at the Superior NF, Chippewa NF, Uni-
incidence, while sources 1595, 1608, and 1611
from Group 3 had the lowest rust incidence (King versity of Minnesota CFC, and Argonne EF was

not significantly correlated with growing degree
1971). Genetic variation in susceptibility to rust days at seed origin. Correlations between these
probably accentuated the differences among
groups at locations with high rust incidence, such variables at all other locations, however, were sig-

• nificant, with coefficients ranging from 0.44 at the
as the Burnett CF, Mosinee IF, Chequamegon NF, Ottawa NF to 0.80 at the Mosinee IF.
and Nepco IF.

Correlations between height and latitude at

Growing Season and Daylength seed origin shifl_ from a significant positive cor-
at Seed Origin relation (r -- 0.54) at the northernmost plantation

(Superior NF), through nonsignificant correla-To determine the relation between growing sea-
son or daylength at seed origin and performance tions, to increasing negative correlations with de-
v_iables, simple correlations were run for each creasing latitude of plantation. These results show
plantation between (a) growing degree days and that the effect of latitude at seed origin on height
daylength (latitude) at seed origin and (b) surviv- varies with latitude at the planting site (fig. 2).

•a1,height, diameter, volume per tree, and volume Graphs showing equally dramatic shifts could also
per acre (table 10). Survival at the Superior NF, have been drawn for survival and volume per acre.
General Andrews EF, Argonne EF, and Ottawa At the northernmost plantations, no significant
NF--four of the coldest locations--was signifi- correlations were found between seed source diam-
cantly and negatively correlated with growing de- eter and growing degree days or latitude at seed
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Table lO.--Simple correlation coefficients between variables and (a) degree days or (b) latitude at seed origin

Growing Survival Height Diameter Vol./tree Vol./acre

degree Degree Degree Degree Degree Degree
Plantation1 days Lat. days Lat. days Lat. days Lat. days Lat. days Lat.

i °N
1 SuperiorNF 7,400 47.6 2-0.69 0.63 0.54 -0.47' 0.644
2 ChippewaNF 8,600 47.4 .404u_

6 Univ.Minn. CFC 8,500 46.7 .41
3 PillsburySF 9,400 46.4 .58 .58 -.43 .62 -.45 .60

l 5 oGeneralAndrewsEF 8,700 46.4 -.45 .50 .75 -.45 .59 -.44 .64 -.42 .449 ChequamegonNF 9,000 46.3 .44 .60 -.58 -.47 .45 -.52 .54 -.49
13 OttawaNF 8,500 46.3 -.60 .57 .44 -.44 .54 -.61 .52 -.61
8 MosineeIF 10,000 46.2 .69 -.54 .80 -.65 .60 -.66 .71 -.68 .76 -.66

i 1 ArgonneEF 8,500 45.8 -.60 .71 -.66 -.56
12 • MarinetteCF 9,600 45.7 .60 -.67 .62 -.50 .64 -.59 .66 -.62
7 BurnettCF 10,000 45.6 .76 -.63 .73 -.77 .61 -.82 .68 -.83 .75 -.84

15 Univ.Mich.BS 8,700 45.5 .60 -.63 .49 -.50 .41 -.42
1-7 FifeLakeSF 9,700 44.5 .58 -.64 -.56 .44 -.63 .45 -.60
10 NepcoIF 10,000 44.2 .52 -.87 .71 -.88 .55 -.71 .66 -.84 .64 -.93

_Plantationsarearrangedfromnorthtosouth.
20nlycorrelationssignificantatthe5 and1percentlevelsaregiven(Significancelevelsr= 0.39--5percent,r= 0.50---1percent).

3o_ origin.At sevenoftheremaininglocations,thecorrelationsbetweendiameterand growingde-
greedays at seed origin varied from 0.54 to 0.62,

o while the correlations between diameter and lati-
tude tended to increase negatively with decreas-

_ =e ing latitude of plantation.
b-

z As onemight expect,thecorrelationsbetween

vohune per tree and growing degree days or lati-
_ =s _o_ tudewereverysimilartothosebetweendiameter
== and the latter variables. The correlations between

• o_ volumeperacreand growingdegreedaysorlati-
tudeatseedoriginweresimilartothosebetween

=4 height and growing degree days or latitude at seed
= _7"6°"_ origin. Only at the Superior NF was the correla-

_ ' supeviO_r tion coefficient significant and negative (r =
=2 -0.47) for growing degree days at seed origin; at

I ' Nep¢o IF Oat. nine of the remaining locations the correlations
r = -,88

I . between volume per acre and growing degree days
at seed origin were significant and positive.

2O I I I

44 45 46 47 48 Latitudeofseedsourceappearedto influence
growthmore than growingdegreedays at seed

LATITUDEATSEEDORIGIN(°N) originin the northernmostand southernmost
Figure2.---Linearregression:averageheighton plantations,whilegrowingdegreedays at seed

latitudeatseedsourceorigin, originappearedto influencegrowthmore than
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latitude of seed source in middle latitude plant- Table 11.--Coefficients of determination (1"2 × 100)
ings. The data for height, diameter growth, and between 5-, 10-, and 20-year mean
volume production of trees from 26 seed sources 20 heights among sources
years after planting add further support to the (In percent)

findings of Morgenstern and Teich (1969) for phe- 5 and10 5 and20 10 and20
notypicstabilityofheightgrowth(basedonheight Plantation years years years
growthof 16 ofthesame sources10 yearsafter
planting). Their results and ours show that 1 SuperiorNF 58 14 41
Sourcesfrom northeasternMinnesota(Group 1 2 ChippewaNF 35 5 38
sources) and from the southern portion of the jack 3 PillsburySF_ 86 46 74
pinerangeinMinnesota,Wisconsin,and Michi- 5 GeneralAndrewsEF2 56 48 72

6 Univ. Minn.CFC 64 22 58
gan.(Group 3 sources)contribute mostto the geno-
type × environment interactions while those from 7 BurnerCF 76 52 81
middle latitudes (Group 2 sources)contribute lit- 8 M0sineeIF 49 40 92

9 Chequameg0nNF 42 38 86tle to the interactions. Morgenstern and Teich sug-
gested that an apparent reason for these differ- 10 Nepco IF 66 56 76
encesisthe distancefrom originofseedto the 11 ArgonneEF 72 25 49
planting site (this distance being the least formid- 12 MarinetteCF 79 66 83
dlelatitudeseedsources). 13 OttawaNF 55 28 67

17 FifeLakeSF 77 61 90

• 1Heightsmeasuredat5, 11,and20years.
Comparison of Height Growth at 2Heightsmeasuredat5, 13,and20years.

5, 10, and 20 Years

Coefficents of determination (r2 × 100) between
5-, 10-, and 20-year mean heights among sources SEED COLI,ECTION
at 13 locations are included in table 11. At nine RECOMMENDATIONS
locations, 67 to 92 percent of the variation in

height at 20 years was accounted for by height at In general, the study results 20 years after
i0 years. The highest coefficients of determination planting support the seed collection recommenda-
between 10 and 20 years were found for locations tions made by King (1966) based on results 10
with milder climates. At the coldest locations-- years after planting. Ifjack pine is to be planted in
Superior NF, Chippewa NF, University of Minne- the Lake States for relatively short rotation
sota CFC, and Argonne EF--less than 60 percent pulpwood production (30 to 40 years), the results of
of the variation in height at 20 years could be this test can be used with confidence.

accountedforby heightatI0 years. Inanyplantingprogram,environmentalcondi-• .

Our resultsindicatethatheightatage5isnota tionssuchasclimate,photoperiod,soils,nursery
• reliable estimate of height at age 20. Less than 67 treatment, planting techniques, and damage from

percent of the variation in height at age 20 could insects and diseases interact with the genetic
be accounted for by variation in height at age 5. makeup of the plant material and may drastically

The coefficients of determination for height at alter results. To realize the greatest yields in jack
10 and 20 years for nine locations in the Lake pine we must minimize these interactions and we
States are similar to or exceed the coefficients of must use the best genetic material for the locale

• and the besttechniquesavailableforraising
determinationforOntariojackpineheightsmea-

plantingstockand establishingand managing
suredat1iand 19yearsatthePetawawa Forest plantations.The firststepiscarefulseedsource
ExperimentStationinOntario(Yeatman 1974). selectionbasedonthebestavailableinformation.
Therefore,bythetimeregionaljackpinetestsare
10to15yearsold,theycaninmostcasesbeusedto Where localseedsourcesappeartobesuperior,
developreliableseed sourcerecommendations, as intheMinnesotaplantations,we recommend
Exceptionsaretestson the coldestsites,where usingseedfromselectedstandsneartheplanting
fma|differentiationofresponsemay be delayed, site.However, where superiorityof nonlocal

°
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sourcesisindica_d,asintheWisconsinplantings, spacing,growthrate,andform.Commercialquan-
we recommend a cautiousapproach.In thesein- titiesofseedofbetterqualitythanthosepresently
stancestheforestmanager mightconsidermixing availableshouldbe availablefrom thesestands
seedfromselectedlocalstandswithseedfromthe within5 years.When seedlingsfrom theseseed
recommended nonlocalseedsources,to insure collectionsareavailable,treesintheSPA'scanbe
againstpossiblefailureofnonlocalmaterialat harvestedand thesitesreplantedwithseedlings
laterages. originatedfromthesame SPA's.By followingthis

procedure,the geneticintegrityof the selected
Itisobviousfrom thisstudythatusingthe standswillbe maintained.

"wrong"seed_sourcewillresultin considerable
r volumelosses.Usingthe"right"seedsource,how- The followingstandsarerecommendedforcon-

ever,canresultinmodesttostibstantialgainsin versiontoSPA's:

volumeproduction. Zone 1 (Rudolfs(1954)collectionzones5 and 6)

The followingrecommendationsshouldbe fol- 1592Lake County,Minnesota
lowedforplantingjackpineintheLake States: 1602ItascaCounty,Minnesota

1.Collectseedfromyoungtomiddle-agedstands Zone 2 (Rud01fszone4)1600CassCounty,Minnesota
havinguniform,normalstockingongoodsites. 1610OneidaCounty,Wisconsin

2 Collectseedfrom individualtreeswith good 1612GogebicCounty,Michigan
growthand form and littleorno evidenceof 1618AlpenaCounty,Michigan
seriouspestincidence.

3. In Minnesotauseseedcollectedfrom selected Zone 3 (Rudolfszones2 and 3)

standsneartheplantingsite. 1595PineCounty,Minnesota
4. In Wisconsin at locationshaving lessthan 1596PineCounty,Minnesota

' 1608BurnettCounty,Wisconsin
9,100growingdegreedays,useseedfromse- 1609MarinetteCounty,Wisconsin
lectedstandsneartheplantingsiteand mix 1611Wood County,Wisconsin
withseedfromselectedprovenstandsinUpper 1616ManisteeCounty,Michigan
and Lower Michigan.At warmer locationsuse
seedcollectedfromthesouthernportionofthe 1617Ogemaw County,Michigan
speciesrangeinLower Michigan.

5. In Upper Michigan use seed from selected LITERATURE CITED
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Soil is for plants...

not for tire tracks.
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