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Abstract: Results from 22- and 13-year-old m g e ~ &  penancebpmgeny tests of wMte ash 
( F ~ ~ n u s  americcula L.) planted at 82 locations throughout the eastehn UariM States are 
reported. Although hentab%@ of white ash tree height and dbh is high at both the 
provenance and family levels, the tread in variance cBxX1ponenB is for in 
and declining family components. Tree height is negatively conelated with latitude in 
southern outplantings and positively condared with latitude in the north. PImtaeions with the 
tallest aees were those that had been clean cultivated fix several years after estabhishment, 

Rangewide provenance/p~lgeny tests of white ash (Frcwim m r i c m  E,) were establish& 
in 1976 and 1977 with plantings at more than 20 locations throughout the eastern United 
States and Canada, The study was because of th ce and value of 
the white ash. Several papers have M ~ Y  $ram h m  that stmdy, 
hcluding preliminary white ash seed source rec ndations for p l a n ~ g  im meren t  parts 
of the geographic s p i e s  range (Bey et al. 1977, CIausen 1982, Clause@ 1984, Qausen et d. 
1981). Summarizing those early recomendsatioras, at age 5 northwraPld movement of' seed or 
seedlings not exceeding 322 km (200 miles) genemy msulted in some pd increases over 
local plant material, except in the northernmost pats of the s p i e s  m g e  where only l w d  
seed sources should be used. This paper xpsm growth results ~ o u g h  age 13. 

Bpen-pollinat4 seeds were collected from up to 10 native parent at each of 59 locations 
h u a o u t  the n a d  range of white ash in 1973 and 1974 and then sown In a sou&em 
Illinois nursery (Bey et al. 1977, musen et al. 1981). Resulting 1-0 
establish 22 plmtations h u g h o u t  the eastern Udted Swtes and C 
1988-1989 domant season, when these &ta were collwtea m y  gemmel changes, budget 
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consdnts ,  and shifts in progam elxnplhasis aansng cmperating agencies had sesulkd in 
abandonment of test sites in nofihem Afabma, Tennessw, New York, and Ontario, Cmalada. 
In other cases, high tree mortality and poor growth pwiphated abmdonment of planPings in 
Minnesota, northern Wisconsin, and Missou~, as well as pla~~tings in O n h o  m d  New 
Bmnswick, Canada. As a resuit, 13-year measurements were only avaniable Erom 10 
plmnations; this paper is based on height and dbh data from trees 13 yeass after ourplarr~ng in 
those 10 plmtatioxas in ad&don to twa plantimngs that were established 1. yew later {Nebraska 
md Michigm) and fran which measuEments reflected p w t h  12 yeas after ou~larnting- 
The latter two provenance ou~liantings were esablished in 1977 with slarpBu~ stmk after 
s e d i n g  dishbention to the 1976 plating sites. Unfontunately, there were not enough 
seedlings of different open-pollinated families for a prageny test, and family iiientity af 
seedlings an the Michigan and Nebritska sites wlps not retained. 

The number of prt>venances in each plmtation ranged hbnl 16 ila Alabam to 35 in the 
Michigan plmtation, and the number of families per pliuneatiorl ranged from 39 to 52 (table 
1). The geographic origins (of the families also varied fmm plantation to plrantation. Most 
plmtations contained families from portions of the range near thek pmiculu geographic 
fwaxion in order to minimize mortality of more &stant, nonadaptd trees. Three pllmtations 
(OH, AI,, and 11,) were designed to have 45 families from 19 widely separated provenances 
in common so provenance x environment interactions could be evaluated, All plmtafions 
were established in a r a n d o ~ n e d  complete block design wirh five-me row plots and five 
replications at a spacing of 3.7 rn except in 013 where a completely random design (no 
blocks) was used. 

Table 1.--1~x;rt;lon of plantations and number of white ash pmvenances and families In each1 

Plantation Latitude Longitude Number of Number of 
(state) County "N W provenances families 

Ohio (OM) Muskingum 
Alabama (AL) Macon 
XlBhraois (HL) Union 
Kentucky (KY) Wowran 
West Virgiilia (WV) Tucker 
Kansas (KS) Jefferson 
benisiana (LA) St. Emw 
In&'iana (IN) Cmwford 
k k m s a s  (AR) Montgomv 
Wisconsin (Wl) Iowa 

Michigan (MI) Matamazm 42.3 85.3 35 -- 
Nebraska (XE) Adam 40.5 983  23 -- 

'~amiIy identity of seedlings was not mtained at the Michigan and Nebnska surpian~ngs. 



Differences in pekfommce among provenmcer; and families in each planation were tested by 
the General Linear Model analysis of vMance technique based on plot means to 
accommodate missing data. Vaximce components were caIculated for between- and 
within-proveramce comp~sons .  m e n  approp~sae, cornlation md regression malyses we= 
used to estimate the refa~oraship bemeen me height and provenmce Ba~tude, longitude, md 
elevation. Data were mdyzed using prog&ms of the Statiseicd Andysis System {SAS 
Institute 1982%. 

Table 2.--P"lannmkra averages for height, dbh', swivsl,  staqdatrji deviations, and ratios of 
tdlest to shoaest trees2 

S t a n h d  Ratio s f  Standad Number of 
Height devidon edlest: Dbh deviarion Srrr~lviaa surviving 

Plmtation (m> (m) shomst (cm> ( c d  % trees 

OH 7.7 B .7 2.6 9.4 3.0 62 710 
AL 7.0 0.9 1.5 7.9 1.1 97 1025 
IL 6.8 1.1 1.7 7.7 2.7 92 1192 
RY 4.0 0.7 2.0 4.9 1.2 63 676 
WV 3.5 0.7 1.9 3.8 5.2 52 58 6 
MS 3 -2 0.6 2.0 3.2 8.9 93 103 1 
L A  3 -0 1.3 5.0 2.7 1.5 74 829 
IN 3.0 1 .U 7.2 --- --- 69 670 
AR 2.9 0.8 3.2 3.3 1.4 50 525 
WB 2.5 0.5 2.0 2.5 0.7 57 570 

Dbh data for the Indiana outplmting were not available. 
Mchigan and Nebraska data reflect age 12 measwemenes, Dan jfor all other plantatims 

reflect age 13 measuremnts. 

RESULTS AND DISCUSSION 

After 13 years in the field, survival ranged benween 97% and 50% (table 2). Average height 
of white ash trees ranged from 2.5 rn at the southern Wlise~nsin site $0 7.7 rn in Ohio (table 
2), a threelfold difference in height growth ktween ouplan~ngs with the slowest and fastest 
growth, respectively. As observed earlier by GIausen (1984), the three pZan&lions with the 
fastest grswth (OH, AL, and L) were idall clean cultivated during the first 2 to 3 years after 
om~lanting. The hpficatisn is that white ash is extremely sensitive to competition fmm 
w e d s  and brush during the early establishment phase and that the effects of gslmenratic)n 
mdnternance persist for a long time Ithereafter. 



The %.rend in dimeters at breast height (dbh) eloseb minors the pattern in vize height; as 
expected, on the average the tallest trees tend to have the pa t e s t  dimeters (table 2). %%ae 
overdl cornlation of height with dbh was 0.78. $?^re height-{a-height ratiax fw the of tzlfest 
to shortest provenmces rang& ffom 11.5 at the Ahlabma planta~ora w 7 2  at the Indimin 
plantation (table 2j. 

Analysis of vtnriance fog. height md dbh in&cateu a predonainmee of statistical significance, as 
ien&cated by probabilides of greater F-values (table 3). provenance effect was 
statisaicaIly significant at all cautplmting sines for both height and dbh at age 13 (table 3). fin 
an earlier report on this study, the provenmce effect for height was nsnsignificmt ar the 
Hnclianra, Kansas, and Wiscmsin Xwations at age: 5 (Clausen 19841, By age 13 this effect had 
become significant at ail sites, including the latter three. However, satistical significance for 
t k  family effect was less comHpBon than for the provenance effect. 

TalPle 3.--Probabilities of greater F-values in ,uldyses of v&ance of white ash height md 
dbh. 

Bilmk bvenance  FamrilyJ~mvena~~ee 
Plantation Height -- Dbb Height Dbh 13eigfmt Dbh 

Rovenmce variance ccpmpnents for height (tabb 4) saph>erar tar be increasing; the overall 
mean proven:mce component avmged over all locaeons increased from 28.6% at age 3 to 
38.5% at age 13, although this @end was not csr~sisteraa: at all sites. FOP example, at the 
Kenbclry site the provenance cornpnent dmeased from 30% at age 3 to 14% at ages 5 and 
13. in Kansas, this component increasd from 4% at age 3 $0 18% at age 5 and h p p e d  to 
10% by age 13. 

At the kritesn rrseasurement the provencince ctoqonent was greater thaw the f ~ l y  component 
at a11 but two It~atisns far height and at d l  but one lwarion for dbh. For bo~h height and 
dbh the mncm provenmce connySonent was RWK: thm t h ~ e  5mes ,wakf: than the fmxiliy 
eh~mporrent at age 13. In ccrratnst to the Wnrd for irrmc~asing pro\?enancice comwnents, f d l y  



variance components fur height appm to be r%ecUning in magnitude; the m a n  8 ; ~ l y  
component decreased fmm 11.9% of total v ~ m c e  at age 3 to 7.5% aal age 13 (sable 4). 

Table 4.--Rovena~tce mind fmily-wi&5in-p~ovenmce v&mce components as a pelrc.ens of fotaj 
varia~on and herirabgides for age 13 height and dbh" 

mRt Dbh 
Rpavenrance F;KnZIy Rev. hm. He~aabikitv 

Age (‘rm) H e i ~ h t  DBH 
Pfmtation 3 5 13 3 5 13 13 13 &ov. Fam. Rev, Pam. 

Variance components for ages 3 and 5 p~viously published by Cliaiasen (1984). 

He~tabilities fsr height and dbh (table 4) h&cate that a peat deal of variation in these 
plantations is hefitable. The mean proveniawce heritability of 0.81 to 0.85 is the same order of 
magnitude observed for Ioblolly pine (Pinus $a&) of this age and indicaes that most of the 
vkatation among provenances can be utilized fos @ow& improvemewt (Kung 1989). 
Similaly, the mean family-wit%lin-provenmce heritability of 8.39 to 0.47 is consistent with 
heri~bility values for height in black w;almua (fink 1984, Rink and Clausen 1989). 

Combined Iwatiogl analyses of v&ance across all pian~asg sites kdcated signidicant 
provenmce x plianrafon Ioeation intemctions dcsr both height and.  mere^: These interactions 
imply that provenance selection for optimum p w t h  at digerent g o p a p ~ c  localities and 
perhaps for specific sites within lwdities may be imprtant for ~ficisfl i  =generation of w h i e  
ash. Because these combined location ANQaVA's were so highliy kbahnced, v ~ m c e  
component extraction from them would produce vz-iance components less precise than would 
be possible from a completely bdmcrced design. To aid in integp,re:tirag the interaction, we 
used an individual Iscation response surface: model with linear md qudnrtic pmvenance 
lanitrndae md longitude md their aossprducB as independent vbables; response s u ~ a ~ e  
regessions are cornmolaly used to model genskg.pic response to envk~nment. Results of these 



analyses indicated that latitude contribution to the model was statistically significant at 10 of 
12 outplanting locations, while longitude had a significant contribution at only 4 sites (table 
5). Although the patterns were not clearcut, the most frequent response surface solutions 
indicated that seed sources south of planting sites resulted in maximizing growth. Similarly, 
in a more recent analysis of 5-year white ash tree height using growth response functions, 
Roberds et al. (in press) found that trees fiom southern provenances tended to be broadly 
adapted and grew well considerably north of their origin. The only definite exception to this 
pattern was at the West Virginia site where a seed source from northern New York or 
southern Ontario was projected to maximize growth; this may be the result of a combination 
of northerly latitude and high elevation (330 m) of this planting location. 

Table 5.--F-values and coefficients of determination response surface model for white ash tree 
height1 

ou value^ Model 
Plantation Latitude Longitude R-square 

' Equation for model: y = a + b, (prov. lat.) + b, (prov. lat.)2 + b, (prov. long) + 

b, (prov. 10ng.)~ + b, (prov. lat. x prov. long.) 

where: a = y intercept and 
b, through b, = coefficients 

Statistical significance of F-values: ** significant at P < 0.01 
* significant at P < 0.05 

Pearson correlation coefficients between mean tree height at age 13 and provenance latitude, 
longitude, and elevation are listed in table 6. The most apparent result of this analysis is the 
trend for statistically significant negative correlations between tree height and provenance 
latitude in the southernmost outplantings. Correlations between height and provenance 
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latitude are positive for the northernmost sites. Similarly, there are negative correlations 
between tree height and provenance elevation at the southernmost sites, but several of these 
correlations are not statistically significant. There was no readily apparent trend between 
provenance longitude and tree height. Similarly, at age 5 latitude of seed origin also had a 
greater effect on height than either longitude or elevation, especially at the northern and 
southern fringes of the species range (Clausen 1984). 

Table 6.--Correlation coefficients of average provenance tree height with provenance latitude, 
longitude, and elevationlp2 

Plantation Latitude Longitude Elevation 

Based on family/provenance means at each location, except in Michigan and Nebraska 
where only provenance means were available. 

Unless noted with "ns" all correlations are statistically significant at least at the 95% level 
of probability. 

Such variation patterns may be influenced by susceptibility to frost injury. In an analysis of 
the distribution of frost injury among white ash provenances in a related Ontario, Canada, 
seed source test, autumn frost injury was highly correlated wi.th provenance latitude (Clausen 
1982). Similarly, when white ash stem sections from ten geographic origins from a southern 
Michigan provenance test were exposed to controlled freezing, trees of northern origin were 
found to be more cold hardy than southern trees in early and midwinter (Alexander et al. 
1984). Furthermore, a great deal of individual tree variation in cold hardiness within each 
provenance was observed, 

185 8th Central Hardwood Forest Conference 



Clarasem (4984) polnated our zhe bene5cial ef fe~es of pi~ntatioan maialrenance during 'the 
plabntation ectablishment pha;se af this study. hesent resuits eonfinn those i3b~e~ations.  
Perhaps fewer test pi~mtirrgs avsarkd have been abartdos~ed ~ a f  more pplania6oa m~lltenahace had 
k n  available, 

Resent 13-year &ata ~n&caae that height gowth improvements of 25 to 30% on sites with 
g d  growth and more than 58% oa sites with poor @ow& may be obtirined h u g h  proper 
provenmce selec~on. Seed sauce r ~ o m e n d a t i s n s  made by Cfausen (1984) are still 
applicable. This is Cu~"eher emphasized by significmt provenmce x site interactions. 

The predonai.nance of s&tisaicd significmce for provenance effects for height and diame.eer 
md the magnitude of provenance va~dnce components indicate: the i~mps@ance of proper 
pmveoance selection in artificial regeneration programs for white ash. E g h  herdtabiliees, 
based an open-pollinated hdf-sib fraPrailly va-imce components, in&cate ttsdt in&viduak tree 
selection is also effective in white ash. %<owever, the tatter varimce components me 
rela~vely low and seem to be declining in magnittade with age. Because vrprianee components 
follow fluctuating patterns that are: probably species specific, we will kave to track these 
patterns to deternine how effective ilndividud m e  selection is at different ages, 
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