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Summary

Analysis of branchlet resin composition was used to de-
termine the intra and inter population variability of
Cupressus sempervirens L. trees planted during the 19th
and early 20th centuries in Israel.

Resin composition of C. sempervirens var. horizontalis
differs significantly from that.-of cv. stricta, whereas the
composition of trees with intermediate forms tend toward
the composition of cv. stricta.

The occurrence of different chemotypes than these which
are present in the old trees of cv. stricta growing in
Israel and the occurrence of different chemotypes in var.
horizontalis suggests that imported seed material from
Jordan, Syria, Greece as well as other unidentified sources
have been used to establish the plantations. Single plus
tree selection is proposed to start a breeding program
concerning the resistance to cypress canker diseases be-
cause there is evidence that different chemotypes show
different response to the cypress canker (ScmiLLer and
MapaRr, unpublished data).
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Introduction

Although Israel is included within the geographical
range of Cupressus sempervirens L. (Zouary, 1962, 1973),
no natural occurrence of this species, which could have
been used as a seed source, is known to have existed in
this country during the last centuries; obviously all spec-
imens have been cut long ago, probably due to their
valuable wood properties (Tiscurer, 1981). Consequently,
the seed source and/or the origin of trees that were plant-
ed in the last two centuries is most likely foreign.

With the exception of only a few 200- to 400-year-old
trees of C. sempervirens L. cv. stricta (var. stricta AiToN =
var. pyramidalis NYymaN) growing at the Temple Mount and
the Bahi garden near Acer, all plantings made since the
last two decades of the 19th century are mixed: trees
of cv. stricta and var. horizontalis (miLL.) GORDON are
growing in association with intermediate forms. Cv.
stricta trees show a compact crown composed of erect
branches, whereas the var. horizontalis trees grow
spreading branches like those of Cedurs sp. or Picea sp..
The intermediate forms have branches growing at differ-
ent acute angles to the stem. Natural forests are usually
composed of var. horizontalis with single specimens of cv.
stricta = var. pyramidalis, a form which is believed to be a
mutation or a recessive homozygote (BoLoTiN, 1964; PAvARI,
1934) occurring at a minute rate. Etruscans or Romans
most likely selected the pyramidalis form for ornamental
and short rotation plantings (Makkonen, 1986), and spread
this variety (cv. stricta) all around the Mediterranean.
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The cypress canker Coryneum (Seiridium) cardinale
Wag., which has spread over the Mediterranean region of
western and southern Europe, has recently been observed
in Israel too (Soriew et al., 1981, 1983). In plantations, both
affected and unaffected trees of all forms are present. A
program was started to improve the planting stock, the
resistance to the canker disease and the establishment of
seed orchards. For this breeding program more informa-
tion is needed to evaluate the genetic variability within
and between populations planted before the 20th century
and used later as seed source for reforestation, shelter-
belts and ornamental plantings. Analysis of the resin
composition is widely used in research into genetic vari-
ation of conifers (SquiLLace, 1976) and was selected, there-
fore, as an investigational approach also in this study.

Materials and Methods

Most of the ornamental and forest plantations planted
between 1880 to 1930 growing in different regions of the
country, were used in this study. Data on type and num-
ber of trees selected at each site are given in table 1, in

most cases the populations were of a small number of trees.

From all the trees in gardens and from an adequate num-
ber of trees in forests, which have no sign of cypress can-
ker yet, 200 g of sprays (branchlets, ramilli) was collected
at random around the crown of each tree separately, at a
height of 6 m above ground, and stored at 4 °C. The fol-
lowing day, 100 g of the fresh vegetative growth was
ground, of which 20 g was used for cold extraction of the
resin with 40 ml of analytically pure Hexane. After 5 days
the mixture was passed through a micronic sieve and the
Hexan was partly evaporated by N,-gas flow and con-
centrated to a volume of 5 ml, of this solution 3-ul. was
used in the actual analysis.

A Packard-7400 gas-liquid chromatograph fitted with an
flame ionization detector and a glass column 4 m in
length and 2 mm in diameter, packed with 8% PEG 20 M
on Chromosorb W-60/80, was used.

Operating conditions were 250 °C at the injector, 250 °C
at the detector, and 50 °C to 230 °C at the column, with
the temperature increasing at a rate of 5 °C/min. Nitrogen
was used as the carrier gas at a flow rate of 25 ml/min.
Peak areas as component percentages of the sum total of
all peaks were calculated with a 3390A Hewlett-Packard
integrator.

Principal component, discriminant and cluster analyses
procedure, using the SAS package (SAS, 1985), were then
conducted on data that were first transformed using the
arcsin function (Suaw et al., 1982).

Results and Discussion

Between 50 °C and 230 °C, 35 peaks, i.e., resin compo-
nents, were visible on the chromatograph (Figure 1) of
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Table 1. — Cupressus sempervirens L. populations and number of trees sampled of each type.

Population Type Total number
1 2 3 4 of trees
Haifa (former German colony) 6 1 - 12 19
Tel Aviv (former German colony) 8 21 5 1 35
Wilhelma (former German colony) 6 14 3 3 26
Jerusalem (former German colony) 15 5 5 - 25
Waldheim A (former German colony) 13 3 - - 16
Waldheim B (former German colony) 9 2 5 - 16
Bab al Wad (British Mandet For Dep.) 19 17 - - 36
Wadi al Kuf (British Mandet For Dep.) - - - 31 31
Qiryat Anavim (J.N.F. For Dep.) 17 4 3 - 24
Ben Shemen (J.N.F. For Dep.) 13 13 3 - 29
Mishmar ha'BEmeq (J.N.F. For Dep.) 4 20 3 - 27
Nazareth A (Italian Monastery) 15 3z 3 - 21
Nazareth B 25 - 3 - 28
Lod (British built railway sta.) 1 3 - - 4
Acre (014 city) 5 - 2 - 7
Bahai Garden (by Acre) 6 - - - 6
Jericho (former British Agric. Res. Sta.) 5 3 3 - 11
Jericho (Jordanian Agric. Farm) 4 13 - - 17
Miqwe Yisra'el (Jewish Agric. School) - - - 9 9
Haram al Sherif (Temple Mount) 7 - - - 7
Kefar Tavor (Jewish settlement) 9 - - - 9
St. Catherina Monastery, Sinai 27 - - - 27
Kefar Gil'adi (Jewish settlement) 6 2 - - 8
Mt. Scopus botanical garden - 14 - - 14
Rosh Pinna (Jewish settlement) 20 1 8 - 29
Mt. Tabor (Greek Orthodox Monastery) 1" - 1 - 12
Total number of trees sampled 251 139 47 56 493

Type 1. cv. stricta
Type 3. Intermediate form

them only few were identified by comparison with pure
standards. Resin composition of C. sempervirens L., pro-
bably of a few cv. stricta trees, was analysed by Provert:
et al. (1981) and Pauur et al. (1983) However, these re-
searchers did not distinguish between cv. stricta and var.
horizontales in their investigations, and did not take into
account the possible differences between provenances in
their resin composition, as was shown to exist in Ameri-
can cypress species (ZAvariN et al.,, 1971). Twenty nine
out of the 35 resin components (x,-x,,) were selectrd for
the statistical analysis; of these, 16 components of very
small variation were grouped together (= X,).
Principal components analysis was used for a forther
reduction of the data, the first five principal components,
given in table 2, accounted for 67% of the variance.
To evaluate differences in resin composition be-
tween populations and tree types, i.e., cv. stricta, var.
horizontalis and intermediate forms, analysis of variance
and DuncaN’s Multiple Range Tests were carried out on
these five principal components. Significant differences
were found in the resin composition between populations
and between tree types as given in table 3. Of the five
factors used, factor three which is heavily loaded by resin
components X,, Xg, X, (Table 2) was the best discrimina-
tor between the tree types; whereas factors 2, 4 and 5
discriminate only partly between the types and factor 1
not at all (Table 3); factors 2, 3 and 1 discriminate best
between the populations (Table 4). The resin composition
of the trees with intermediate form tends toward the resin
composition of cv. stricta trees and is not an intermediate
composition between the two main forms. Stepwise discri-
minant analysis indicated that the relative amounts of
the resin components X;, X,, X;, X3, Xy;, and X,4 are the
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Type 2. Var. horizontalis
Type 4. Trees with no form description

best discriminators between tree types (Table 5).

Ward’s minimum variance cluster analysis (FASTCLUS
procedure, SAS, 1985) on the individual trese, was used to
track down possible relations within tree types between
populations. Figures 2 and 3 show the clusters of cv. stric-
ta and var. horizontalis, respectively. Seven clusters
groups were decided upon, using the Eigenvalue of the
covariance Matrix. The number of trees in the population
examined belonging to each of the groups, i.e., chemotypes
(genotypes), is given in the tables below the figures.
Figure 2 and the table below it show that in most popu-
lations more than one chemotype is present. In three
groups, trees of an old population growing in Israel, which
could have been used as a seed source, are included: group
2 with the Bahai Garden trees near Acre; groups 6 and 7
can be identified with trees of Haram al Sherif (Temple
Mount, E1 Agza Mosque) in Jerusalem. Group 5 includes
trees of the St. Caterina’s Monastery (Sinai) population.
The other groups (1 and 3) could not be related. Figure 3
and the table below it show that also within most of the
var. horizontalis populations, more than one chemotype is
present. It can be seen that the population on Mt. Scopus,
believed to originate from Syria includes only two chemo-
types. Of interest is the fact that the Haram al Sherif,
Bahai Garden, St. Catherina, Kefar Gil’adi and Mt. Scopus
populations, which are very old and/or of known origin,
have a small numebr of chemotypes. This may point to the
use of single tree progenys or to a very low genetic vari-
ability within the populations.

Because the seed source and date of planting of the
different populations is unknown, and dating by ring
analysis, for the knowledge of the planting year, is mis-
leading (LipuscHITZ et al., 1981; Lev-YapuN, 1986), canonical



discriminant analysis was used to reveal possible relations
between populations. Table 6 shows the first four can-
onical coefficients, their Eigenvalues and cumulative pro-
portions. An average of the canonical components was
calculated for every population, Table 7 summarizes the
grouping of the populations, Sixteen populations out of 28
could be combined into five groups. The first group in-
cludes populations, (forests) planted by the Forest Depart-
ment of the Jewish National Fund, suggesting that the
same seed sources were used to establish these popula-
have been the main seed source of the other populations.
including the Haram al Sherif population, which might
have been the main seed source of the othter populations.
The third group is composed of the populaions from
northern Israel, among them the old trees of the Bahai
Garden near Acre, which could also have been used as a
seed source. The fourth group consists of three populations
from the centre of the country — two Templar settlements
(19h Century German colonies in Palestine) and the third
a forest planted by the Forest Department of the British
Government. The fifth group includes only two popu-
lations: Rosh Pinna-and Mt. Tabor (Greek Ortodox
Monastery). The sixth group, a non-group, consists of
populations which differ significantly in their resin com-
position and are therefore not related; this may be an
indication that they have originated from very different
seed sources. Three of these populations are known to
originate from very different geographical regions: the
Kefar Gil’adi cv. stricta population is known to be from
France (N. Horowirz, personal communication); the Mrt.
Scopus population is known to have been established by
the late Prof. M. Zonary after a visit to Syria; the popu-
lation from the Jordanien farm near Jericho was estab-
lished with seedlings said to be of Jordanian origin; and
the St. Catherian’s population is said to originate from
Mt. Athos, Greece.

If it is true that the trees of cv. stricta at the Italian
Monastery in Nazareth are the progeny of the Haram al
sherif population ,or that the Mishmar ha’Emeq popu-
lation is related to the Ben Shemen and Qiryat Anavim

Figure 1. — An integrator chromatogram of Cupressus Semper-
virens L. branchlet resin composition. Peak No: 4 = a-pinene; 7 =

STOP p-pinene; 10 = 3-carene; 11 = myrcene; 12 = o-terpinene; 13 =
limonene; 14 = g-phellandrene; 15 = y-terpinene; 2¢ = cary-
ophyllene.

Table 2. — Principal Components Analysis.
Principal component factors
Components 1 2 3 4 5
X1 -0.309 0.529 -0.482 -0.072 0.159
X4 -0.642 0.327 -0.082 -0.014 ~0.100
X5 0.599 0.184 -0.7387 -0.111 0.021
X7 -0.622 0.487 0.059 -0.163 -0.026
Xg 0.359 -0.099 0.467 -0.618 0.178
X1O 0.435 -0.490 -0.265 -0.114 0.043
X13 0. 461 0.324 0.342 ~-0.244 0. 205
X1 5 0.509 -0.596 -0.090 - 0.031 -0.370
X17 0.698 -0.376 -0.329 0.116 -0.061
X19 0.534 -0.130 -0.204 0.198 0.640
X23 0.623 0.326 0.299 0.087 -0.346
X24 0.532 0.388 0.318 0.361 -0.096
X26 =0.153 ~0.331 0.575 0.480 0.262
X29 0.460 0.560 -0.188 0.328 0.016
Eigenvalue 3. 774 2.211 1.515 1.030 0.862
Cumulative 0.269 0.427 0.535 0.609 0.671
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Table 3. — Averages of Principal components Factors for different tree types and Analysis
of Variance (F test) imposed on Factors 1 to 5 (Table 2) to discriminate among the tree types.
Means not sharning the same lettler are significantly different at P = 0.05 by Duncan‘s Multiple

range test.
Number of Factor no.

Tree types trees 1 2 3 4 5
No description 56 0.113 A -0.288 C 0.838 A -0.334 B -0.164 B
cv. stricta 251 -0.066 A 0.102 AB -0.268 C -0.064 AB -0.088 AB
Var. horizon 139 0.0381 A -0.150 BC 0.162 B 0.243 A 0.194 A
Intermediate 47 -0.045 A 0.2386 A -0.159 C -0.0%6 AB 0.040 AB
Total 493
F 0.99 5.08 26.61 5.74 3.20
PR > F 0. 395 0.0018 0.0001 0.0007 0.0232

population, then we must conclude that there is a strong
interaction between the genotype and the site factors. The
Mishmar ha’Emeq population is growing on very deep
and moist brown rendezina where as the Ben Shemen and
Qiriat Anavim populations grow on much less favorable
site conditions, the phenotypic expression within cv.

stricta or var. horizontalis is strongly affected by ecolo-

gical factors (Hormann, 1943; Maver, 1983).

The occurrence of more chemotypes within the cv. stricta
planted populations than within the few old trees growing
at holy places in Israel (Figure 3; cluster 2, 6, 7), the
relatively numerous chemotypes in var. horizontalis (Fig-
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Cluster No.

Number of trees of each population in the cluster groups

Population Total number Cluster No.
of trees T T2 T T T I T Ty T T T
Haifa 1 - - - 1 - - -
Tel Aviv 22 1 3 1" - - - -
Wilhelma 14 1 3 2 - - -
Jerusalem 5 - - 5 - - - -
Waldheim A 3 - - 3 - - - -
Waldheim B 2 - - 2 - - - -
Bab al Wad 17 - 3 10 1 1 2 -
Qiryat Anavim 4 - 3 1 - - - -
Ben Shemen 13 - 3 8 - 1 1 -
Mishmar ha'Emeq 20 - - 16 2 1 1 _
Nazareth A 3 - - 1 2 - -
Lod 3 - - - - 1 2 -
Jericho (Agric. Res.) 3 - 1 - - - 1 1
Jericho (Jord. Farm) 13 - - 6 - - - 7
Kefar Gil'adi 2 - 2 - - - _ -
Mt. Scopus 14 14 - - - - - -
Figure 2. — Ward‘'s minimum variance cluster analysis (by Fastclus proce-

dure) of var. horizontalis.
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Cluster No.

Number of trees of each population in the cluster groups

Population Total number Y __ Cluster Wo. __ _ _ _

of trees 1 2 3 4 5 6 7
Haifa 6 - 2 1 - - 2
Tel Aviv 3 2 - 5 - 1 - -
Wilhelma 6 1 - % 1 1 - -
Jerusalem 15 - 6 3 7 - 1 -
Waldheim A 13 - - - - - 8 ?
Waldheim B 9 - - - - - 6 3
Bab al Wad 19 1 5 10 3 - - -
Qiryat Anavim 17 1 6 9 - 1 - -
Bea Shemen 13 - 6 3 - - 1
Mishmar ha'Emeq 4 1 2 - - - 1 -
Nazareth A 15 - - - - - 15 2
Nazareh B 25 13 6 3 2 - 1 -
Acre 5 - 3 1 - - 1
Pahai Garden 6 - 5 - - - - 1
Joricho (Agric. Res.) 5 1 - - - - -
Jericho (Jord. Farm) 4 3 - - - - -
Inram al Sherif 7 - - - - - 5 2
Kefar Tavor 9 - 2 - p) 2 -
St. Catherina Monast. 27 - - - - 27 - -
Kefar Gil'adi 6 - - 6 - - -
Mt. Tabor 11 1 5 4 1 - 1 -
Rozh Pinna 20 2 [ ) 4 - -
Figure 3. — Ward‘s minimum variance cluster analysis (by Fastclus proce-
dure) of cv. stricta.
Table 4. — Summary table of Stepwise Discriminant Analysis of Principal Components
Factors to best discriminate between populations.
Step Variable Partial F PR > F
r

1 Factor 2 0.560 13.07 0.0001

2 Factor 3 0.434 13.86 0.0001

3 Factor 1 0.404 12.26 0.0001

4 Factor 4 0.262 6.40 0.0001

5 Factor 5 0.2217 5.16 0.0001

ure 2), and the occurrence of intermediate forms and lations which subsequently served as a seed source for
chemotypes, imply the use, at least partly, of imported further plantings. Within cv. stricta populations (Figure 3),
seed from different seed sources to establish these popu- trees of French and Greek origin (clusters 4 and 5,
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Table 5. — Stepwise Discriminant Analysis between components for best identification
of the tree types (D = 3, 490).

Step Variable Partial F PR > F
entered r
1 X1 0.1353 26.811 0. 0001
2 X26 0.0430 T.689 0.0001
3 Lo 0.0409 T7.278 0. 0001
4 X13 0.0319 5.609 0.0010
5 Xy 0.0204 3.538 0.0146
6 X5 0.0221 3.837 0.0099
7 Lo 0.0146 2.515 0.0566
3 X23 0.0181 3.116 0.0256
9 X1 0.0139 2.384 0.0673
10 Xg 0.0152 2.604 0.0504

Table 6. — The standardized canonical coefficients.

Components Can.1 Can.2 Can.3 Can. 4
X4 1.4839 -0.3551 -0.1804 0.4268
X4 -0.0664 -0.2096 0.1506 -0.1082
X5 0.2039 -0.2914 0.0786 -0.0629
X7 0.1199 0.3459 0.1548 0.0304
Xg 0.1078 0.1095 -0.7725 0.3363
X10 0.0436 0.1970 -0.3231 0.2924
X13 0.1564 -0.0286 -0.3723 0.5649
X15 -0.2522 =0.0217 0.0755 0.1350
X17 -0.363%6 -0.3900 0.7395 0.6041
X19 -0.0925 -0.0090 -0.1190 0.0869
ij 0.071 0.7194 0.0350 -0.2396
X24 0.1259 0.1349 -0.1053 -0.1451
X5 -0.0187 0.0656 -0.3791 -0.2163
X29 0.2660 0.6323 0.4293 -0.0915

Adjusted canonical

correlation 0.828 0.707 0.673 0.522

Eigenvalue 2.435 1.176 0.932 0.468

Cumulative 0.398 0.591 0.743 0.820

proportion

Table 7. — Grouping of populations by canonical discriminant analysis.

Group No. Populations
1 Qiryat Anavim, Ben Shemen, Mishmar ha'Emeq
2 Haram al Sherif, Waldheim A, Waldheim B, Nazareth
(Italian Monastery)
3 Bahai Garden (near Acre), Nazareth, Kefar Tavor
4 Tel Aviv, Wilhelma, Bab al Wad.
5 Mt. Tabor (Greec Orthodox Monastery), Rosh Pinna.
6 Populations which could not be grouped:

Jerusalem, Wadi al Kuf, Acre (01d city), Jericho
(British Agric. Res. Sta.), Jericho (Jordanian farm),
Miqwe Yisra'el, St. Catherina Monastery, Kefar Gil'adi,
Mt. Scopus (Botanical garden), Lod.

respectively) are present together with trees of unknown together with trees of unknown provenances (clusters 2,
origin (clusters 1 and 3), whereas within var. horizontalis 4,5, 6).

populations (Figure 2) trees of Syrian and Jordanian In conclusion, past use of imported seed was shown
origin (clusters 1; 3 and 7, respectively) are present from the occurrence and distribution of chemotypes which
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do not occur in the old tree population growing in Israel.
Unfortunately, most chemotypes could not be related to
specific seed source.

Thus, the establishment of seed orchards must start
with a test for genetic stability of the chemotypes and
with the selection of single plus trees of var. horizontalis,
cv. stricta and intermediate forms, which also display
resistance to the cypress canker. So far, no resistant seed
source (population) was revaled in our study or in research
abroad (Grasso and Rappi, 1979).

Acknowledgements

Grateful acknowledgement is made to GIFRID (German-Israel
Foundation for Research and Development) and to the Forest
Department, Land Development Authority, Quiryat Hayyim, for
financial support of the research; to Dr. A. Genizi, Agricultural
Research Organization, Ber Dacan, for the statistical analysis;
and last but not least, to the authorities of the Swiss Federal
Institute of Forestry Research,. CH-8903, Birmesdorf zH, for the
pleasant sabbatical stay during which the author wrote this
manuscript.

References

BovrotiN, M.: Segregation in progenies of Cupressus sempervirens
L. La-Yaran 14 (2): 46—48 (1964). —— Gerasso, V. and Rappi, P.
(Eds.) The cypress: diseases and protection. European Economic
Community, Agrimed Seminar Florence, Italy, (1979). —— Hor~
MANN, A.: Die Zypresse auf den Agiischen Inseln. Z. Weltforst-
wirtsch. 10: 246—258 (1943). —— Lgev-Ypun, S.: (The ecology of
radial and extension growth of Cupressus s2mpervirens L.). M.

Sc. thesis, Tel-Aviv University, Ramat Aviv, Israel (1986). ——
LipuscHitz, N., Lev-Yapun, S. and Waiser, Y.: The annual rhythm
of activity of the lateral meristems (cambium and phellogen) in
Cupressus sempervirens L. Ann. Bot. 47: 485—496 (1981). —~ Max-
koNEN, O.: The nurseries of the ancient Romans. Silva Fennica 2
(2): 126—130 1968). —— Maver, H.: Waldbauliche Probleme in Ge-
birgswéldern des Maghreb (Nordafrika). Cbl. ges. Forstwesen 100:
1—16 (1983), —— Paury, G., Yani, A., Pioverri, L. and BERNARD-
Dacan, C.: Volatile constituents of the leaves of Cupressus dupre-
ziana and Cupressus s2mpervirens. Phytochemistry 22: 957—959
(1983). —— Pavari, A.: Monografia del Cipresso in Toscana. Pub.
R. Sta. Sperim. di Selvicultura No. 2, 196 pp. (1934). —— PIOVETTI,
L., Francisco CH., Paury, G., BencuaBang, O., Bernarp-Dacan, C.
and Diara, A.: Volatile constituents of Cupressus dupreziana and
the sesquiterpenes of Cupressus sempervirens. Phytochemistry 20:
1299—1302 (1981). —— SAS Unser‘'s Guide: SAS Inst. Inc. Raleigh,
NC (1985). —— Suaw, D. V., Yazpani, R. and Muona, O.: Methods
for analyzing data on the relative proportions of monoterpenes
in conifers. Silvae Fennica 16: 235240 (1982). — SoireL, Z.,
Gouan, Y. and Mapag, Z.: Coryneum canker of Cypress in Israel.
Phytoparasitica 9: 256 (abstr.) (1981). —— SoiieL, Z. MESSINGER, R.
and Mapagr, Z.: Coryneum canker of Cypress in Israel. Plant Dis.
67: 550—551 (1983). —— ScquiLLace, A. E.: Analysis of monoter-
penes of conifers by gas-liquid chromatography. In: Mikscus, J. P.
(Ed.): Modern Methods in Forst Genetics. Springer Verlag, Ber-
lin. Ch. 6, pp. 120—157 (1976). —— Tiscuiir, K.: Physical and
mechanical properties--0f Cypress timber. In: Agricultural Re-
search Organization, Division of Forestry) Scientific Activities
1877 to 1980. pp. 13—14. The Volcani Cener, Bet Dagan 50 250,
Israel (1981). —— ZavariN, E., Lawrence, L. and Tuomas, M.:
Compositional variations of leaf monoterpenes in Cupressus
macrocarpa, C. pygmeae, C. goveniana, C. abramsiana, and C.
sargentii. Phytochemistry 10: 379—393 (1971). —~— Zomary, M.:
Plant Life of Palestine-Israel and Jordan. Ronald Press Co., New
York, NY. 262 pp. (1962). —— Zouary, M.: Geobotanical Founda-
tions of the Middle East. Gustav Fischer Verlag, Stuttgart (1973).

Geographic Variation of Green Ash in the Western Gulf Region')

By K. W. Henprix and W. J. Lows?)

(Received 25th October 1988)

Abstract

At age 12, four green ash plantations containing 27
open-pollinated families from east Texas, southeast Loui-
siana, and southwest Arkansas were evaluated. Significant
differences were indicated for height and specific gravity
among the provenances; provenances from the western
edge of the species’ range had the slowest growth. Signi-
ficant family within provenance differences existed for
all traits except survival.

Family heritabilities for height, diameter and volume
were moderate (h! = 0.56, 0.56 and 0.57, respectively);
family heritability for specific gravity was high (h? =
0.89). Expected genetic gains for these traits from the
combined analysis were 5.9%, 9.0%, 7.0% and 10.8%, re-
spectively. Coefficients of genetic prediction between
height, diameter and volume were nearly as large as
family heritabilities; however, a weak negative relation-
ship existed between diameter or volume and specific
gravity.

Regressions of yield deviations on seed source latitude
and longitude accurately predi¢cted the performance of

1) This report is partially based upon the senior author‘s M. S.
thesis submitted to the graduate school at Texas A & M Uni-
versity. This study was supported by the Texas Agricultural
Experiment Station (MS-6227) and the Texas Forest Service.

?) Technician, USDA, Agricultural Research Service, Oxford, NC,
USA; Associate Geneticist, Texas Forest Service and Assistant
Professor, Department of Forest Science, Texas Agricultural
Experiment Station, College Station, TX, USA.

Silvae Genetica 39, 3—4 (1990)

sampled provenances, However, the uneven provenance
distribution made interpolation of performance to other
provenances questionable. The regression of yield devi-
ations on seed source and plantation latitude or longitude
were also able to locate the optimum Ilatitudes and
longitudes for seed collection.

Key words: Fraxinus pennsylvanica, heritabilty, genetic gain.

Introduction

Green ash (Fraxinus pennsylvanica MARSH.) pOSSesses
suitable silvical characteristics for both plantation mana-
gement and genetic improvement (KeLuison, 1971). The
high specific gravity and low moisture content of green
ash wood enable it to produce a higher fiber yield per
unit volume than sweetgum (Liquidambar styraciflua L.),
sycamore (Platanus occidentalis L.) or cottonwood (Popu-
lus deltoides Bartr.). This partially compensates for the
slower growth rate of green ash relative to these faster
growing species (Jert and Zoser, 1974). Additionally, green
ash is better suited to imperfectly drained soils and will
thrive on sites unsuited for sycamore and cottonwood
(KeLLison et al., 1979).

The majority of geographic variation studies on green
ash have been established in New England and the Plains
states where the species has shown excellent survival and
growth in windbreaks (Reap, 1958). These studies indicated
significant geographic differences for growth, phenologi-
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