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Fig. 1 & 2. Progress of coded drought damage in seedlings (totals per replication).
Final scores recorded 14 days after resumption of irrigation. Ordinate — coded

drought damage per replication ; abscissa — number of days without water. 1. Seed-
lings in pot. 2. Seedlings in bags.
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Mean maximum March temperatures, absolute minimum May temperatures and the

mean max. temp. March

ratio
abs. min, temp. May

~———— —————— during the period 1940-1959 (Mt. Kna'an) (°C).
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33 1.62 8.9 144 1942
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43 2.58 6.2 16.0 1944
33 1.15 10.2 10.7 1945
20 1.39 9.0 12.5 1946
23 1.97 9.1 18.0 1947
23 1.76 6.5 104 1948
13 1.21 109 ) 12.0 1949
13 1.65 8.7 14.4 1950
17 1.77 10.2 18.1 1951
23 1.46 9.1 13.3 1952
20 1.28 8.3 10.6 1953
57 2.60 6.8 16.1 1954
40 2.08 7.3 15.2 1955
17 1.65 74 12.2 1956
20 1.82 7.8 14.2 1957
43 243 7.2 17.5 1958
23 1.83 12 13.2 1959
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The straight line is the calculated regression.

DIRY ,DOPMBER QAN DY MApHa 0O99°3 DOXYA YN Sw pwmbna ovanna

AR MIpYE MYDM 173 NIaua npvTa (1 oBY) A9 NRD manun mphy R’OX
mne’ ,Amax MY PR MR 139D — WY MO ARMND — MBI D LamOm
INRSY MY 1959 MWD Y MDA MR NOYYT AnmD W mawn L1951 Ty 19207»
DOXYN Y2 DNARD TVMAY NEYa MDY NP MR ANTIT DD Y 1D XY

.3 nbav)
S -



3 nbap

The Distribution of Fire-Scars in the Various Trees of the Examined Population
of Q. Boissieri During the last 45 Years
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Plate I
Surface view of a cross-sectioned trunk of Q. boissieri (specimen no. 21). The black

signs are fire-scars.
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Plate II
Two coppice shoots grown on an old rootstock of Q. boissieri. The shoot at the left

is about 50 years old. The age of the stock is estimated as being over 100 years old.
(Base 40 cm wide).
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THE SYLVICULTURAL IMPROVEMENT OF OAK SCRUB
By J. WEITZ, Jerusalem.

Natural oak scrub covers extensive areas in Upper Galilee, However, its econo-
mic value is most limited. There certainly is a need for sylvicultural treatment to

improve its utilization potential, since only small surfaces could be reclaimed for
agriculture.

In areas with open stocking, afforestation with conifers could be done in blanks
and pasture improvements could be carried out. In densily stocked areas, however,
tending operations should aim at converting the scrub into low forest to improve the
quality of wood production.

Tending and thinning of dense oak scrub is particularly valuable at a time when
unemployment prevails. While the investment for tools (saws, sécateurs) is relatively
small, a large labour force of unqualified workers can be employed and the work

can be carried out at almost any time of the year; in addition, some wood produce
can be obtained.

Data are also given on the number of labour days required for the improvement
of various height and density classes of oak scrub in different parts of the country.

ON TWO OCCURRENCES OF JUNIPERUS PHOENICEA L.
IN NORTHERN SINAI

By D. HETH,
Forestry Division, The Volcani Institute of Agricultural Research, Ilanot.

A description is given of two relict stands of Juniperus phoenicea L. in the
northern part of the Sinai peninsula.

On Jebel Merara, the trees occur at 400 m above sea level in rock fissures along
deep-cut wadis with SE—NW orientation; they are 3—4 m high.

On Jebel Yiallak, the occurrence is about one kilometre north of Ras Abu Kurun
(the top of the jebel), at 900 m above sea level, in a wadi of similar orientation; the
heigh of the trees is from 2 to 4 m. Here, Rhamnus disperma Ehrenb. occurs together
with the junipers and reaches a height of 2—3 m.
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The young age of the trees does not enable us to obtain far-reaching conclu-
sions regarding climatic cycles, though several short cycles can be observed. Such
cycles appear in some of the trees at intervals of 10—15 years (e.g. specimen
No. 15). It is interesting to note that while a clear correlation between radial in-
crement and climatic factors can be seen in some of the short cycles, in other
cycles the same tree does not show a similar behaviour, Continuous decrease in
radial growth is observed during the last 10 years, i.e., since 1956. A similar trend
was found by Fahn et al. (1963) in Zygophyllum dumosum and Pistacia atlantica
in the Negev. These investigators ascribe the drop to changes in precipitation. But,
it is possible that even in this arid region extreme temperatures, besides rainfall,
play a major part in the control of radial growth.

The correlation between spring temperatures and false-ring production indicates
that the time of formation of false rings in Quercus boissieri differs from that usually
observed in other trees. While in various trees, e.g. Q. ithaburensis (Fahn, 1953) or
different pine species (Zahner, 1963 ; Larson, 1963), drought periods or autumn
temperatures produce false rings, it seems that the temperatures prevailing during
spring and early summer are decisive in Quercus boissieri.

Fire scars observed on the cross-sectioned trunks indicate that the area has
been subjected to many disturbances during the last 50 years. Such disturbances
may be partially anthropogenic, but in part may be considered as natural. When an
area is subjected to repeated burnings, fire-sensitive species disappear and those
not easily destroyed by fires become dominant. Quercus boissieri, like most of the
Mediterranean and sub-Mediterranean maquis trees species, seems to belong to this
second category. This finding further substantiates the idea that fire is one of the
many factors involved in the formation of the Mediterranean vegetation.

Thus, the present composition of plants is the result of a certain selection by
climatic and anthropogenic factors. Changes in these environmental influences —
protection against pruning, felling and fire — may be expected to alter the
present species composition as well as the vegetational structure,
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all those four years with abundant false rings were characterized by high tempera-
ture conditions in March, followed by low temperatures in May (Table 2).

The regression of the percentage of trees with discontinuous rings on the

absolute min. temp. May

ratio calculated for the last 20 years (Fig. 5) shows

average max. temp. March
a significant trend expressed by the equation : y=19.3x —17.6

The examination of the cross-sectioned trunks gave further indications as to
the past of the area under study. Fire scars indicate that fires — probably grass
fires — were frequent from about 1920 until 1951 (Table 3, plate I). Since then,
their frequency had dropped and no fire of sufficient intensity to injure the cambium
could be traced after 1959. It is probable that these fires had only minor effects on
the radial growth of the trees, as no change in the width of the rings could be
traced after a fire.

The trunks examined were coppice shoots on older stumps (Plate II). A com-
parison of the age of these coppice shoots showed that during the late 1920, the
area was completely denuded either by a major fire or, more probably, by felling.

Discussion

In contrast to the commonly held opinion, no correlation could be found between
the radial increment or false-ring production of Quercus boissieri and the total
amount or monthly distribution of precipitation, It is, therefore, assumed that major
factors other than precipitation are involved and that the radial growth of this
species is controlled more by temperature than by other climatic factors. These
effects of temperature are reflected both by the width of the annual rings and by
the appearance of false rings.

Support for these assumptions can be found in the calculations of Feige &
Rosenau (1947) regarding the climate of the Upper Galilee. According to these
investigators and to Rosenan (1956), Mount Meron can be considered as humid
(class BB'’s according to Thornthwaite [1931]). Under such conditions it is expected
that precipitation will not be the limiting factor for tree growth.

The dependence of radial increment on temperature conditions is rather many-
sided : low winter temperatures probably satisfy the requirements of all the
examined specimens of this species for chilling. On the other hand, relatively high
temperatures during the early growth season induce an intensive radial growth,
but only in some of the trees.

The question why various groups of trees which grow under similar external
conditions and are of the same age, exhibit opposed growth patterns, remains open.
However, as the main ecological influence seems to be exerted by temperature and
not by moisture availability, it seems that genetic variability rather than competition
between adjacent trees is involved. The variability may be also caused by changes
in relationships between extension growth and radial growth (cf. Fahn, P.C, Waisel
&Fahn 1965, Waisel, Noah & Fahn 1966).
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year. The first group (a) assumes a sharp upward rise around the year 1950. The
second group of trees (b) presents at the same year a sharp drop in the radial in-
crement. The third group (c) includes specimens exhibiting a trend similar to these
in group b, but with a peak around the year 1955. It s interesting to note that
various trees included in group a and b also show a peak around 1955-6.

The last group (d) includes all the trees that showed almost no fluctuations
in their radial growth (“indifferent” trees). Nevertheless, this group includes four
specimens which assume a sharp peak around 1940, but later on become rather
indifferent.

It is interesting to note that the trees of group d are the oldest of the
examined population (nearly all the specimens were more than 50 years old).

Data obtained for precipitation (total amount and monthly distribution) as well
as temperature (mean, mean and absolute maxima, mean and absolute minima)
were checked for correlations with the annual growth curves.

No correlation could be found between annual radial growth of Quercus boissieri
trees and distribution of rainfall in the respective rainy seasons (Fig. 3).

On the other hand, correlations were observed between the annual radial incre-
ment and the temperature conditions of certain months (Fig. 4). The curves of
the average mean April temperatures exhibit a rise around 1950 which parallels the
curve of the first group of trees (a). On the other hand, the absolute minimum
temperature of February and the absolute maximum temperature of July drop off
rather sharply around the very same year. Thus, a close similarity to the growth
patterns of the second group (b) is found. The temperatures of October (absolute
maximum, mean and absolute minimum) as well as the temperatures of February
(absolute maximum and mean) show an upward trend around 1955, thus represent-
ing clear similarity to the growth patterns of the third group (c). The absolute
maximum temperature of July and the absolute minimum temperature of January
drop around 1941-2 and exhibit a mirror image to the trend shown by the growth
curves of the above mentioned four specimens in group d.

When the changes in ring widths of the entire population, for the period
(1943—1956), are plotted against the minimum February temperatures, a correlation
coefficient of r——0.587 is obtained, which is significant at the 5% level.

An analysis of the correlation between ring width and other climatic parameters
is possible only for short periods of 4—6 years. A statistical analysis of longer
periods is hampered by the huge variability and requires a larger number of
specimens.

False rings or discontinuous rings were found to be common in the examined
trunks, especially in certain years : 1944, 1954, 1955, 1958. During these years such
rings were observed in more than 40% of the trees. No correlation was found
between occurrence of false rings and the distribution of rains (Table 1). However,
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on the response of the tree to the main environmental factors. Furthermore, it was
assumed that ring analysis would provide information regarding the short history
of the investigated habitat, i.e.,, the fluctuations in climatic parameters as well as
the effects of human activity.

Materials and Methods

Thirty-eight trees of Quercus boissieri growing at the altitude of 890 m, not far
from the northern slope of Mount Meron (33°01’ lat. N, 35°23’ long. E) were
obtained for examination. The vegetation of this area is part of the Quercus calli-
prinos — Pistacia palaestina association (Eig, 1946), and is characteristic for the
Upper Galilee maquis. The substrate is dolomitic and thick soil layers are found
only in pockets. Due to the dense undergrowth, the organic matter content of the
soil is high. The trees were felled in August 1965. No information regarding their
size, vigour, dominance or position is available.

The width of the annual growth rings was measured on the smoothed surface
of the cross-sectioned trunks at about 50 cm height. The data presented are mean
values of ring widths on three radii of each trunk.

Running means of 5 years were calculated (according to Fahn et al., 1963) as
follows :
__¥n—2 + Yn—1 4 2Yn + Yn+1 + Yn+2
y 6
where Y = the actual data; n = the year for which the mean is calculated and
to which special emphasis is given; Yn = the running mean of the year n.

Yn

Climatological data were obtained from the records of the meteorological station
on Mount Kna'an *, This station is closest to the investigated area, although it is
situated at a distance of about 8.5 km. The data (rainfall and temperature) were
summarized for a twenty-year period (1939—1959).

Results

This investigation deals with the fluctuations in radial growth and the history
of the investigated area — as reflected by the occurrence of fires and fellings.

Figures la—d present the radial growth patterns of the 38 trees examined. Due
to the variations observed between the various specimens of the examined popula-
tion, ring diameter curves were arbitrarily divided into four groups. The first group
of trees (Fig. la, trees Nos. 8, 11, 12, 13, 15, 24, 25, 29 and 33) is summarized in
Fig. 2a. The second group (Fig. 1b, trees Nos. 14, 16, 18, 26 and 34) is summarized
in Fig. 2b, the third one (Fig. lc, trees Nos. 4, 17, 20, 21, 27, 35, 36 and 37) — in
Fig. 2c, and the last group (trees No. 1, 7, 9, 30; 2, 3, 5, 6, 10, 19, 22, 23, 28, 31,
32 and 38) — in Fig. 1d.

Groups a, b and ¢ exhibit high fluctuations in the radial growth from year to

* Courtesy of the Israel Meteorological Service.
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of complete browning-off). In such a study, roots would not be pruned and the
shoot/root ratio could be measured on control samples of the progenies just before
exposure to drought.

The sealing-off technique employed here would be recommended. The use of the
code as a parameter for comparison seems adequate to measure damage during the
period of exposure to drought and also in the final assessment of damage.

The study could be carried out in the nursery in standard containers commonly
used in eucalypt nurseries. Such a study could be carried out as well in an open
air nursery or even in young plantations where irrigation would be suspended dur-
ing the dry season; sample control seedlings would have to be dug out and
shoot/root ratios measured on control seedlings. Full-sib seedlings obtained from
controlled pollination would be preferable to half-sib seedlings for a more precise
determination of heritability and variance components.

For the more immediate future, one might try selecting seeds from trees which
produce shorter-stemmed seedlings in the germinating beds and thus possibly have
higher survival under conditions of drought.

References : see p. T6.

DENDROCHRONOLOGICAL STUDIES IN ISRAEL :
1. QUERCUS BOISSIERI OF MT. MERON

By NILI LIPHSCHITZ and Y. WAISEL,
Department of Botany, Tel-Aviv University.

Introduction

The radial growth of trees is known to be regulated by various environmental
factors, and variations in the diameter of the annual rings are usually correlated to
variations in certain climatic parameters. A wide ring usually indicates that the
year’s weather was favourable for growth, while a narrow ring implies unfavourable
weather. The literature dealing with this subject is ample and the reader is referred
for details to the articles of MacDougal (1936), Fraser (1956), Monk (1959), Small
& Monk (1959), Fahn et al. (1963), Fritts (1965), etc.

Quercus boissieri Reut. (Quercus infectoria Oliv.) is one of the three species of
oak native toIsrael. Its origin is in the northern parts of the Near East and it reaches
its southern limit of natural distribution in the mountain regions of Israel (cf.
Zohary 1955).

Practically no data are available on the reaction of this species to various en-
vironmental factors, or on the growth conditions in its local native habitats. It was
hoped, therefore, that a dendrochronological investigation would provide information
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ness is present in the material studied. Inspection of the curves of drought damage
indicates that for most progenies, different replications of the same progeny tend
to follow each other quite closely. Also, the rating of drought damage for the dif-
ferent progenies follows the same order in both the pot and bag experiments (pro-
geny A-T being the most drought-hardy and progeny G-5 being the least hardy,
with progenies A-9, A-10, G-3 and G-1, in that order, in between). In the present
preliminary study, only a few half-sib progenies were tested but a study with larger
numbers of progenies is more likely to bring out genetic differences.

Attempts were made to determine whether any relationships exist between
drought hardiness and easily measurable characteristics of seedlings. No correlation
could be found between the amount of water consumed and drought damage. In-
spection of data (Tables 1 and 2) indicates that quite often the less hardy progenies
consumed more water than the more hardy progenies, but there were a number of

exceptions to this.

The average shoot/root ratios measured in 14-day-old seedlings from each pro-
geny (Table 3) indicated somewhat lower ratios for progenies A-7, A-9 and A-10
(which are also more drought-hardy progenies) but progeny G-5 (which was found
least drought hardy) did not differ in shoot/root ratio from the other progenies.

The most outstanding feature that could be correlated with drought hardiness
was stem height. Height of plant varied directly with drought damage and inversely
with survival percentage. The correlation between stem height and survival per-
centage was calculated for the polyethylene hag experiment and found to be
r=—0.866 (this correlation is repfesented graphically in Figure 3).

In both pot and bag experiments the height of seedlings and the degree of
drought damage were found somewhat higher in seedlings which came from the
drier area (Gilat) and lower for seedlings from the more humid area (Acre). This
inconsistency could be explained, perhaps, by the fact that the two areas are both
first-generation plantations from seeds imported at different times. It is possible
that although some natural selection undoubtedly took place in the two plantations,
this selection has not been under way long enough to produce drought-hardy indi-
viduals on the drier site. It is likely, too, that seed planted in the two areas came
from different origins. Another possibility that cannot be excluded is that during
planting in Gilat (the drier area) seedlings with taller stems may have been selected
in the hope of obtaining a higher survival rate. That such a selection might be
faulty may be speculated from the present study which points at just the opposite
conclusion. Mature-juvenile correlations bave not as yet been worked out for E.
occidentalis, but from experience with other woody species (26) short-stemmed
seedlings need not necessarily produce shorter trees. In any event, in the planting
of arid areas it might be worthwhile to test whether shorter-stemmed seedlings
stand a better chance of survival than longer-stemmed seedlings.

In ‘conclusion, we recommend the study of a larger number of progenies with
a long period of exposure to drought (until at least half the progenies show signs
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of the amount of water consumed during the period of suspension of irrigation, as
well as damage scores, per plant, and percentage survival, per replication, 14 days
after resumption of irrigation.

Analyses of variance were conducted for the polyethylene bag experiment. Para-
meters used for estimation were (a) total scored damage per 20 seedlings in a re-
plication and (b) per cent survival of seedlings per replication.

The progress of drought damage with time according to the coded score is pre-
sented graphically for pots in Figure 1, and for the polyethylene bags in Figure 2.

The number of days required for beginning of germination and average
shoot/root ratios calculated for 50 seedlings from each progeny, 14 days after in-
ception of germination, are recorded in Table 3.

The correlation between average stem height and per cent survival per replica-
tion in the polyethylene bag experiment is shown in Figure 3.

Discussion

The present study was intended to pave the way for a more extensive study
of the variance components and heritability of drought hardiness in E. occidentalis.
It was hoped, by a process of trial and error in this preliminary study, to determine
suitable methods and techniques for use in the larger research. It was, of course,
of interest to see whether this limited study might yield any results useful for the
more immediate purpose of selection for drought hardiness on the basis of easily
recognizable characteristics of seedlings.

Upon inspection of results recorded in Table 1 and 2, it can readily be seen that
variability in the effects of exposure to drought is much greater in seedlings grown
in polyethylene bags than in those grown in the smaller pots. The lesser variability
in the pot experiment can possibly be attributed to the fact that the period of
exposure to drought was too short to bring out enough variabiliy in the seedlings.
Another possible cause could be the periodic pruning of roots performed on the
seedlings in pots, in order to reduce the variability in root development among seed-
lings, which acted as an equalizer amongst and within source,

In the analyses of variance conducted for seedlings in the polyethylene bags,
the two areas — Gilat and Acre — were found significantly different at the 0.25
level of confidence, using survival percentage as parameter for comparison, and
at the 0.10 level of confidence, using the code for damage as a parameter for com-
parison. From these it would seem that the assessment of damage according to the
code is the more sensitive parameter for comparison, The code gave a representative
picture of the progress of drought damage, as seen from the graphical representa-
tion of the progress of damage with time (Figures 1 and 2). Damage progresses in
typical curves and differences between progenies increase with longer exposure
to drought.

Although differences between the few half-sib progenies used here were non-
significant, evidence indicates that gemetic variability with respect to drowght hardi-
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Analysis of variance for per cent survival

Source d.f. S.8. m.s.
Blocks 1 21.60 21.60
Areas p 4351.02 4351.02
Fam/Area 4 2911.10 727.78
Blocks x Area 7 4 30.40 30.40
Blocks x Fam/Area 4 1244.07 311.01
F. for areas: Area M.S.
=9.78

F/A M.S. + BxA M.S.—BxF/A M.S.
denominator d.f. for areas:

(denominator F areas) :
F/A MS. + BxA MS. + BxF/A MS. =13

df. F/A df. BxA d.f. BxF/A

d.f. for areas F=— 1
13

F 1,13 109, — 30.56
250, — 338

Table 3.

Average shoot/root length ratio for 50 seedlings at the age of 14 days

Progeny Number of days for Average shoot/root ratio
germination to begin

G-1 5 0.8
G-2 5 0.8
G-3 6 0.8
G-4 5 0.85
G-5 5 0.8
A-6 7 0.8
A-T 5 0.8
A-8 6 0.7
A-9 5 0.7
A-10 7 0.7
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Table 2.

Averages for progenies in polyethylene bags as affected by days of drought

Pro- Repli- Stem height Consumption Damage * 9% survival
geny cation per plant in of water per score per plant per replication
em at time of plant in gm 14 days after 14 days after
interruption during resumption of resumption
of irrigation irrigation irrigation of irrigation
suspension
G-1 - 16.2 10.8 3.6 15
2 18.4 11.1 34 11
G-3 1 17.2 11.7 3.6 31
2 14.5 11.6 3.2 21
G-5 i | 225 10.6 3.7 15
2 19.7 10.1 4.0 0
AT 1 10.3 11.6 1.6 62
2 8.2 11.0 0.8 89
A-9 % 10.6 11.6 24 45
2 13.5 11.6 21 47
A-10 1 13.5 10.5 2.6 45
2 13.9 11.5 3.9 5
* According to code for drought damage.
Analysis of variance for coded drought damage
Source d.f. 8.8, m.s.
Blocks . 1 0.0030 0.0030
Areas 1 4.9024 4.9024
Fam/Area 4 3.1430 0.7857
Blocks x Area 1 0.0077 0.0077
Block x Fam/Area 4 1.8906 0.47265
F for areas: Area M.S. . R
F/A MS. X BxA MS. — Bx F/A M.8, — 1528
Denominator d.f. for areas:
(denom}nator of F)2 )
F/A MS. — BxA MS. Bx F/A Ms. =}
df. F/A df. BxA df. Bx F/A
1 2
d.f. for areas F— 3 1
F21 109, — 8.53
59, —18.5
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Table 1.

Averages for progewies in pots as affected by days of drought

Pro- Repli- Stem height Consumption Damage * 9% survival
geny cation per plant in of water per score per plant per replication
cm at time of plant in gm 14 days after 14 days after

interruption during resumption of resumption of
of irrigation irrigation irrigation irrigation
suspension
G-1 3 19.9 b 4 1.3 100
2 15.5 7.5 2.5 60
G-2 1 18.1 6.3 21 85
2 17.0 8.9 1.9 92
G-3 d 144 71 23 92
2 171 13.9 19 : 97
G-4 1 17.1 73 1.9 80
2 14.4 10.5 1.3 97
G-5 1 17.9 5.9 2.7 60
2 18.1 13.4 1.9 95
A-6 1 15.4 6.9 1.4 97
2 12.5 3.7 2.8 45
A-T 1 15.4 10.5 1.2 100
2 14.0 10.0 2.0 87
A-8 1 15.1 9.5 0.8 95
2 14.6 13.2 0.7 97
A-9 1 16.4 15.0 21 80
2 11.9 13.7 1.3 100
A-10 1 14.1 4.7 2.0 80
2 171 ol 21 90

* According to code for drought damage.
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Immediately after opening, all pots were weighed again and then normal irrigation
was resumed. Any damage from drought had been recorded descriptively throughout
the 12-day period of irrigation suspension, and this was continued for 14 days after
irrigation was resumed.

The seedlings planted in the 4X8” polyethylene bag containers were removed
from the air-tight bags 62 days after sealing-off (as compared with 12 days for
small pots). Since some of the seedlings in pots recovered after irrigation resump-
tion by producing new foliage from dormant lateral buds, it was decided to lengthen
the sealing-off period so that differences, if any, among the seedlings with respect
to drought tolerance might show up more sharply. Therefore, the bags were opened
when more than half of the replications had seedlings with foliage and stem com-
pletely brown rather than with yellowed foliage, as had been done earlier. Seedlings
were re-weighed and normal irrigation resumed, as in the pot experiment. Drought
damage, which had been followed for 62 days, was also recorded during the first
two weeks of resumption of irrigation.

During the course of the study it was observed that wilting in E. occidentalis
seedlings proceeds from the lower nodes of leaves upward ; accordingly, the follow-
ing scoring code for drought damage was devised.

This code was used to evaluate the degree of damage sustained by seedlings, in
the final assessment of drought damage which was carried out 14 days after irriga-

Appearance of seedling Assessment of damage Score
Plants completely intact No damage 0
Less than half of leaves dried out Slight : |
More than half of leaves dried out Medium 2

All leaves and terminal buds dried
out but plant recovers from ac-
cessory buds after resumption of

irrigation Heavy 3
No recovery after two weeks of

irrigation resumption Maximum 1

tion was resumed. During the period of sealing-off and irrigation suspension, scores
0—3 only were employed.

In order to determine the shoot/root ratio early after germination, 50 seeds
from each progeny were germinated in Petri dishes and shoot/root ratios were
recorded 14 days after the onset of germination.

Results

The averages of the data collected in the pot experiment are presented in
Table 1, and of the polyethylene containers in Table 2. These data include the mea-
surements, per plant, of stem height, at the time of interruption of irrigation, and
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leaves have withered and shed and the plant gives the appearance of having died,
new leaves may develop from dormant lateral buds.

The usual expression of drought damage is made in relative terms using sur-
vival as a criterion (26). For a single plant the measure is the length of time it can
survive without irrigation ; for a group of seedlings this is expressed as per cent
survival after a certain period of irrigation stoppage.

The objectives of our research were as follows :

1. To compare the variation in drought hardiness between10 half-sib progenies
of young E. occidentalis seedlings from 2 plantations in Israel which are
used as local seed source.

9. To find out whether any correlation exists between drought tolerance and
easily distinguishable morphological and physiological characteristics in the
make-up of young E. occidentalis seedlings.

3. To recommend, on the basis of experience gained in carrying out objectives
1 and 2, workable techniques for drought resistance studies in young
eucalypt seedlings.

Materials and Methods

Seeds were collected from 10 randomly selected E. occidentalis trees from 2
plantations in Israel — 5 trees from each plantation. Progenies from Gilat were
labelled G-1 through G-5, and from Acre A-6 through A-10. Half-sib progenies were
sown in sandy loam soil in flats in the greenhouse of the School of Forestry of
North Carolina State University.

At the age of 14 days, seedlings were transplanted into 2 types of individual
containers. Forty seedlings from each of the 10 progenies were planted in small
2X2%2" pots. Forty seedlings from 6 progenies (G-1, G-3, G-5, A-7, A-9, A-10)
were planted in pint-size polyethylene bags. Four progenies (G-2, G-4, A-6, A-8)
were not planted in the polyethylene bags because of insufficient number of seed-
lings as a result of loss through damping-off in the germinating flats.

" A randomized complete block design of 10 progenies from the 2 areas — 5
progenies from each area — with 20 seedlings per replication, was laid out in the
pot experiment. A similar design, but with only 3 progenies per area, was laid out
in the polyethylene bag experiment.

Seedlings in both types of containers were given daily irrigation for a period
of 100 days; periodic pruning of roots which protruded in the pot containers was
carried out. At the end of this period, all seedlings were given irrigation to the
saturation point and weighed and the height of the stems above the ground was
measured.

All seedlings were then sealed off and irrigation suspended. Sealing-off was
carried out by placing containers in individual air-tight polyethylene bags which were
closed by tying ribbon-shaped wires around the bags at the base of the seedling.

The sealed pots were opened 12 days after sealing-off, when more than half of
the replications showed signs of severe yellowing of more than half of the foliage.
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Survival of plants in dry habitats is often closely related to the depth and
spread of the root system (2, 13, 15, 19, 22). To eliminate the differences in root
penetration Satoo (24) grew seedlings of several species of conifers in deep and
shallow containers and found varying relative tolerances for the different species.

Ledig and Perry (14) found that shoot/root ratio is not constant, but largely
determined by the size of the plant, and that in plants of varying sizes the relative
elongation of shoot and roots varies.

That the shoot/root ratio is not the only factor determining drought tolerance
and that other factors, probably physiological, are involved, can be seen from the
studies of Maki, Marshall and Ostrow (16). They attempted to increase the drought
tolerance of pine seedlings by inhibiting shoot growth with naphtaleneacetic acid
and found drought tolerance to be higher in controls than in treated seedlings. Maki
and Marshall (17) increased the root volume of eastern red oak and loblolly pine
seedlings by soaking roots in various concentrations of IBA and found that mortality
increases with increase in root volume,

Transpiration is another factor that determines the drought tolerance of plants.
It was shown that less drought-resistant species use more water through transpira-
tion than the more drought-resistant species (13). A study carried out by Beineke
and Ferry (10) on loblolly pine seedlings indicated a positive correlation between
transpiration and rate of survival of seedlings. In their study they found that
genetic variability existed in the ability of seedlings to withstand transpira-
tion shock.

Several authors stressed the primary importance of the inherent capacity of the
protoplasm to withstand dessication in determining drought tolerance. Various
methods of measuring this capacity have been tried by several investigators. At-
tempts were made to correlate drought tolerance with respiration intensity and
with pentosan and protein content of leaves (13). Kaloyeras (9) found some cor-
relation between drought hardiness of loblolly pine and the heat stability of the
chlorophyll but his results could not be repeated (26).

It has been suggested that drought tolerance might be estimated by the amount
of soil moisture remaining after wilting occurs. Curtis and Black (15), however,
pointed out that, in the range of wilting percentage, only slight changes in the
water content of the soil result in very great changes in the force with which water
is held in the soil, so that whether one plant has a higher diffusion pressure deficit
than another would make little difference. Another supposition related to diffusion
pressure deficit was that high osmotic concentration can appreciably retard trans-
piration, but this was disputed by Maximov (19).

Drought hardiness in plants is the sum of all the factors which enable the plant
to persist on a dry habitat and to survive a drought period (7). These include root
penetration, transpiration regulation, water storage in tissues, development of high
osmotic pressure, better water conduction as influenced by root system and the
ability to withstand water loss without fatal damage to the protoplasm.

The assessment of drought damage has been approached in several ways. In
some species, the ill effects produced in plants as a result of exposure to drought
are determined by ocular observation of a change in color of leaves and final
wilting of leaves (5). Other methods include the infra-red absorption of needles,
electrical conditioning of the stems (22) and a tetrazolium chloride test.
Franklin (5), who tried several of these methods, came to the conclusion that ocular
determination is as reliable an estimate of damage and of the point of lethality in
loblolly pine, as any of the other methods used. Determination of death in most
Eucalyptus species is difficult and complicated by the fact that even after all the
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located in areas quite different in climatological and edaphic conditions. One area
(Gilat) is in the northern Negev on loess soil, with mean annual precipitation of
200 mm, while the other area (Acre) is in the northern coastal plain on heavy clay
soil, with mean annual precipitation of 600 mm.

Since drought tolerance is of particular importance in the seedling stage, the
present study was carried out with seedlings of less than six months of age. Several
studies on drought tolerance in woody species have indicated a high degree of cor-
relation between drought tolerance and the depth and speed of root penetration. In
order to determine whether this is a major factor in drought hardiness of eucalypts,
seedlings were compared in two different lots. In one lot, progenies were grown in
small pots in which periodic pruning of all roots which protruded at the bottoms
of the containers, was carried out. The other lot was raised in pint-size polyethylene
bags where uninterrupted root development was allowed.

Another opinion is that differences in drought hardiness are the result of dif-
ferent transpiration rates. In order to determine this for E. occidentalis seedlings,
the amount of water consumed by different progenies during the period of drought
was measured, Since by far the greatest portion of water used by seedlings is ex-
pended for transpiration, a comparison of the amount of water consumed by plants
of different progenies during a period of drought would give an estimate of trans-
piration rates. If a correlation were found between the amount of water consumed
and the degree of drought hardihess, a relationship with different transpiration
rates would be indicated.

It was originally intended to measure shoot /root ratios in the seedlings studied.
This, however, was found impossible to carry out directly, since seedlings which
dried out as a result of drought, were very brittle and disintegrated when measure-
ments were taken. Instead of measuring the ratios following drought, shoot/root
ratios for 50 seedlings of each progeny were determined 14 days after germination.

Drought tolerance or the ability of plants to survive periods during which the
soil contains little or no available water, has been studied extensively. It appears
that drought tolerance is rather complex and can depend on a variety of morpho-
logical and physiological factors.

That the degree of drought tolerance of trees is genetically determined was
shown by Zobel (27) and Zobel and Goddard (28). They found that ecotypes of
loblolly pines from the arid “Lost Pines” areas (on the western fringe of the natural
distribution of loblolly pine), were considerably more drought-tolerant than ecotypes
from more humid areas. Furthermore, subsequent growth of most of the “Lost Pine”
source was found as good or better than the growth of other ecotypes (25).

Considerable variation in drought tolerance between sources and within sources
of loblolly pine was found by Franklin (5) in his work with very young seedlings.
The variation obtained followed the pattern that would be expected on the basis of
natural selection for environmental conditions at the seed source. During his study.
Franklin developed techniques for comparison of loblolly pine seedlings of less than
6 months of age.

Differences in drought tolerance of sugar maple ecotypes were found by
Kriebel (12).
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DROUGHT RESISTANCE iIN SEEDLINGS OF EUCALYPTUS
OCCIDENTALIS ENDL, *

By M. BOLOTIN,
Forest Department, Land Development Authority, Eshtaol.

Introduction

Drought-resistant eucalypt species are playing an increasingly important réle
in the afforestation programs of subtropical and tropical zones in many parts of
the world. One main advantage of eucalypts is their ability to withstand severe
moisture tensions in the soil and still maintain a fast rate of growth. Our present
knowledge about the variability of drought tolerance between and among various
eucalypt species is rather limited. Most of the drought-hardy species of eucalypts
are quite varied, and within the individual species there appears to be a large varia-
tion in degree of drought hardiness as well as in form and growth rate,

Improvement work in drought-resistant eucalypt species has consisted mainly
of interspecific provenance tests, with but few comparisons of performance under
drought conditions. Intraspecific selection for drought hardiness has been little in-
vestigated, and our knowledge as to the inheritance of the various components
associated with drought resistance is very limited. We need to know the variance
components of drought hardiness, especially the amount of additive variance, to
have a successful selection and improvement program for arid regions.

One of the less studies eucalypts commonly planted in arid zones is E. occiden-
talis Endl., native to southwestern Australia. This species greatly resembles the
better known E. astringens and some authors have suggested calling E. occiddentalis
a variety of E. astringens, although present consensus accords a distinct specific
rank to each. A check made with the Forestry Department of Western Australia in
connection with the present research, indicated that in their native habitat the two
species do not hybridize and are considered distinct species.

Several studies carried out in Israel on E. occidentalis have indicated its ad-
vantage over other eucalypt species with respect to survival under deficient moisture
conditions, while its growth rate is as good as that of any other species
planted (10) (11). Its wood is desirable and studies in Italy and Australia indicated
that it has good utilization potentials for pulp and tannin production (3) (4).

The present preliminary study on the variability of drought hardiness in E.
occidentalis seedlings was carried out with open-pollinated seed from two planta-
tions in Israel. These are first-generation plantations (from imported seeds**) pre-
sently used as a seed source for planting stock in Israel. The two plantations are

* This research was carried out during the course of training in forest tree im-
provement work in 1966—1967 at North Carolina State University, Raleigh, under
the supervision of Professor B. J. Zobel.

** From unknown origins (Editor’s Note).




ing these objectives. Execution, on the other hand, is regarded as the implementa-
tion of plans at the lower levels, such work relating usually to rather short planning
periods of the order of a year or less.

Forest policy is determined by both the institutional framework, the general set-
ting of forestry and social and economic factors; the evaluation of benefits of forests
(in terms of the economic description of benefits and costs) and their land manage-
ment and conservation roéle are stressed. Planning then largely outgrows the narrow
limits of the “working plan” and emphasizes the need of the economic approach —
investment criteria, risk and uncertainty analysis, calculation of the net discounted
revenue — combined with the thorough analysis of the growth potential and value
of the land and the various forest operations — from establishment to marketing —
and their effects. Implementation requires a careful analysis of the functions and
levels of management and the territorial organization of the forest; particular atten-
tion is devoted to labour planning. Methods are reviewed on the collection, analysis
and presentation of land, site and inventory surveys, accounts and economic data.

Although the authors’ experience is derived mainly from even-aged plantations
in Great Britain there is little doubt that their concepts and techniques are of interest
to foresters in other countries, particularly in those lacking a long forestry tradition
and clear ideas of forest policy and planning. Although the economic approach as
outlined in their book is by no means new, the authors are to be complimented
for presenting a most valuable synthesis which deserves careful study and
wide application.

THE TREES DIE STANDING

This was the title of a widely acclaimed Hebrew play whose title aptly applies
to the injury inflicted to Israel forests during the Six Day War.

Wanton shelling from Syrian positions during the major part of the week led, in
addition to heavy damages to settlements, fields and orchards, to several outbhreaks of
forest fires on the eastern Galilee slopes and in the Huleh valley, which could not be
brought under control owing to continuous artillery fire. Affected plantations include
50 hectares of young Aleppo pine and 75 hectares of eucalypt in the first rotation.

Only the last day of the war brought relief to our forests and security to our
border settlements when Israel Defence Forces stormed the Golan Heights,

VISITORS

Since we last wrote, it has been a pleasure to welcome here the following visitors:

Dr. W. E. Hillis from Australia,

Professor P. Mikola from Finland,

Mr. M. Ferrand from France,

Miss I. Blok from The Netherlands (at present in Greece),

Dr. Ph. Larson and Dr. Th. C. Nelson from the U.S.

Mr. G. Z. Roth from Canada and Messrs. A. Rubinstein and J. Senerman from
Chili were among the volunteers who came during and after the Six Day War to
work with the Forest Department and the Ilanot Forestry Division. Mr. D. Steinberg
from the U.K. was also here.
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chill family, representatives of the Government, the British Ambassador and many
distinguished guests.

Israel has in the past planted many forests named after outstanding personalities,
but few men deserve this tribute as much as Winston Churchill. The forest bearing
its name will be a living testimony to the great leader whose impact has shaped so
much of the world we now live in.

TREELESS IN GAZA

Dune afforestation in the Gaza sands was one of the showpieces of the British
Mandate and was continued on a large scale after the territory came under Egyptian
control at the end of the Mandate. The Gaza strip, as it came to be called, has a
population of 356,000 on an area of but 202 kmz2, some 50% of which consist of sand
dunes. Sand fixation was largely supported by UNRWA, the United Nations Relief
and Works Agency, to provide employment in one of the most densily populated
areas of the world where natural resources and industries are almost completely
lacking.

With the deep-planting technique of Acacia cyanophylla proving most successful,
there was reason to expect fairly extensive plantations fixing the sand and providing
much needed fuelwood according to a carefully planned schedule. However, history
repeated itself and as after the Sinai campaign in 1956, all of the dune plantations
were clearcut, with the “felling cycle” depending not upon sylvicultural considerations
but upon the interval between successive occupations of the territory by the Israel
Defence Forces and the ensuing collapse of the local administration.

With the trained local forest staff still in place, the coppice regeneration is now
being protected and additional areas will be planted, partly with stock supplied
by the Forest Department nurseries to make up for losses due to interruption of
watering.

Poverty and lack of wood products lead to such thorough forest utilization that
villagers collect green and shed leaves as litter for livestock and fuel, with the soil
underneath the trees completely bare of any débris; both dead and live bark are
stripped from the stems as high as people can reach. Live hedges of Acacia farne-
siana and others are thoroughly grazed and pruned to ‘‘goat height”.

PLANNING IN FORESTRY

This is the title of a book by D. R. Johnston, A. J. Grayson and R. T. Bradley,
of the British Forestry Commission, which has just been published by Faber and Fa-
ber, Ltd.,, London. The book consists of four parts — policy, planning, implementa-
tion and data collection — and contains several appendices, a glossary and an index.

In this book the authors are breaking new ground by presenting policy and plan-
ning as an integral part of forestry practice. Policy and planning, as understood here,
are not confined to confusing and often meaningless statements, but become a tool
to achieve the objectives of forestry. In short, policy is the expression of the overall
objectives of an enterprise — at the national, regional or local level -— while planning
is the task of managers at the various levels of designing procedures aimed at achiev-
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EDITORIAL NOTES

APPOINTMENT IN SAMARIA (AND ELSEWHERE)

As a result of June's Six Day War forced upon this country, the Israel Defence
Forces came to occupy the Golan Heights of Syria, the Jordan West Bank, the terri-
tory of Gaza and the Sinai Peninsula, while the proposed attempt “to wipe Israel off
the face of the globe” (Radio Cairo, 25 May) failed ignominiously.

For the first time since 1948, contacts were re-established with Arab foresters in
Samaria and Judea, many of them old acquaintances from Mandate times when Jew-
ish and Arab foresters worked together in full harmony in a single Forest Depart-
ment. Many of the areas planted during the Mandate were extended and new planta-
tions established and the local staff is to be complimented for the preservation and
protection of the forest patrimony under sometimes difficult conditions. On the
whole, war damages to pine plantations on the West Bank appear to be limited but
losses of nursery stock could hardly be avoided when irrigation was interrupted
during the fighting and its immediate aftermath. Nevertheless, existing plans will be
carried out as far as possible and some 800,000 pines and cypresses will be planted
this winter.

TRIBUTE TO WINSTON CHURCHILL

«“ . The Jewish State is an event in world history to be viewed in the perspective
not of a generation or of a century, but in the perspective of two thousand or even
three thousand years.” In these terms Churchill noted in 1949 the establishment of
the State of Israel which had taken place a year before.

As a tribute to the great statesman, the Winston Churchill Forest was dedicated
in the hills of Lower Galilee. Planted on the eroded slopes of Mt. Kesalot, some 5 km
east of Nazareth, the forest already numbers over 300,000 trees and is still to be ex-
tended. A Churchill Memorial Plaza was constructed at the edge of the forest, over-
looking the Valley of Jezreel. The plaza is paved with natural stone slabs ; at its
tip, jutting out over a steep precipice, stands a 7 m high rock against which rests a
sculpture of Churchill’s head by the English artist Oscar Nemon.

The dedication of the forest took place in the presence of members of the Chur-
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The Israel Forestry Association was founded in 1945. The objects of the
Association are to advance the development of forestry in Israel, to form a
centre for all those engaged in forestry, and to foster public interest in fores-
try and in the importance of forests, The Association holds regular meetings
and symposia and organizes excursions to areas of professional interest.
Membership is open to all who are interested in forestry and wish to receive
the publications of the Association.

The Association’s journal, called La-Yaaran (For the Forester), is pub-
lished quarterly. It provides a medium for the exchange of information on
forestry in all its aspects, and its contents include technical and descriptive

papers, b il ___J

RECENT PUBLICATIONS AVAILABLE ON REQUEST
From the Forestry Division, The National and University Institute of Agri-
culture, Ilanot, Doar Na Lev Hasharon :
Leaflet No. 28 : Frost injury and frost resistance in Eucalyptus camaldulensis
Dehn. and E. gomphocephala A, DC.
Leaflet No. 29 : Environment and microclimatic differentiation at the oasis
of Ein Amaziyahu,
Leaflet No. 30 : References on forestry and forest products — 1966,
From the Forestry Division, Ilanot, and the Forest Department, Land Deve-
'Iopment Authority, P. 0. Box 45, Kiriat Hayim :

CONTRIBUTIONS ON EUCALYPTS IN ISRAEL
Volume III

Contents :
The water balance of a plantation of Eucalyptus camaldulensis Dehn.
Ecotypic variation in Eucalyptus camaldulensis Dehn.
Tree introduction trials in the Negev.
Fertilizer applications in young eucalypt plantations,
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