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Fig. 1
Test tube used for the liberation of C140, inside sealed polyethylene bags. One arm
contains the Na,chO3 while the other one contains lactic acid.
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Figs. 2—8

Course of extension growth, leaf production and cambial activity in Eucalyptus
camaldulensis saplings growing under various climatic conditions.
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Leaf production in Eucalyptus camaldulensis saplings grown continuously under
constant conditions.
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Figs. 10—13

camaldulensis saplings grown under various conditions.

(broken line) with periods of unequal length.
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by Eucalyptus

measurements

Transfer of plants from one condition to another is marked by an arrow,

Fig. 10 : A. Parallel course.

AN DMWY P DY hmBE Pa adapa nevp 13 sy nent (A) — 0 1y

S1913P AW M NMBE IR LINPY DY DmE MY N3 ,nng nmat (B) — i1y
Fig. 11: B. Increase in the rate of leaf production ; rate of xylem production

remains more or less constant.
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Fig. 12 : C. Leaf production ceased. Xylem production continued.
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Fig. 13: D. Leaf and xylem production practically ceased.
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Figs. 15—18
Micro-autoradiograms of stem cross-sections of Eucalyptus camaldulensis.

Figs. 15—16 — Plants grown under LDHT conditions and labelled ten times during
the period 21.1.65—21.12.65.
Fig. 15 — Stem cross-section (8 x).
Fig. 16 — Stem portion enlarged (30 %)+
Fig. 17 — Plant labelled four times at about monthly intervals. (10 x).
Fig. 18 — Plant labelled five times at about monthly intervals. Part of the stem
was active during three of the labellings only. (30 x)
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Fig. 1.
Effect of fuel density (mg/cm2.) on the rate of burning (gmin.) under different
wind intensities.
P.h. — Pinus halepensis
T.a. — Tamariz aphylla
Fig. 2
Effect of fuel density (mg./cm2.) on the velocity of flame spreading (em./min,)
under different wind intensities.
Legend as in Fig. 1
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Special mention is made of the ‘Eucalypt Day’ and a summary is present-
ed of the discussions on international collaboration in research and the place
of eucalypts in afforestation and reforestation.

The main conclusions which may be drawn from the Congress, are as follows:

(1) Planning of forestry requires thorough pre-investment surveys and conti-
nues re-appraisals ;

(2) The necessity is stressed of close cooperation between forestry, research
and industry;

(3) Forestry planning needs to be accompanied by economic planning;

(4) The importance is emphasized of planting fast-growing trees on good soils
and on the best marginal soils ;

(5) Forest recreation needs thorough planning;

(6) The role of windbreaks and shelterbelts is stressed for both crop protection
and lumber production;

(7) Increased industrial utilization of lumber, particularly for particle boards,
should be aimed at;

(8) The need is emphasized of international cooperation to provide developing
countries with more knowledge on forestry and forest industries;

(9) The importance is stresesd of education and research in forestry.
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pine processionary caterpillar. In addition, insect surveys may be of assistance in
preventing the additional spread of established insects; for example, the northward
progress of the pine processionary caterpillar was actually arrested since 1959.

At present, efforts are being made to eradicate the pine bark bettle Blastaphagus
piniperda recorded on Mount Carmel since 1959 as well as the poplar wooly aphid
Phloeomyzus passerinii introduced probably from Italy.
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THE SIXTH WORLD FORESTRY CONGRESS
By M. KOLAR,
Forest Department, Land Development Authority, Kiriat Hayim

A summary is presented of the sessions of the 6th World Forestry Congress, Ma-
drid, June 1966. The main papers presented at the plenary sessions and technical
commissions are reviewed and short notes are given of the subsequent discussions.
Israel delegates took an active part in the discussions, particularly regarding affo-
restation, financing and forest influences.
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Because of favourable climatic conditions, the limited height of the young pine
forests and the lack of effective natural enemies, the insect was able to renew its
population within a short period ; lack of control in several areas led to local grada-
tions in 1963—65. Efforts have been made to use entomophagous insects which
would be valuable for controlling the pest mainly in tall trees and under difficult
topographical conditions. About 80,000 egg-parasitic wasps (Ooencyrtus pityocampae
Mercet) were released in the autumn 1965, but early, unusually cold nights pre-
vented the parasite from building up a high population and giving adequate control
of the pest. Eradication of the pest might be achieved as long as the pine forests
in the affected areas are relatively low and of limited extent.

Th. wilkinsoni is an east-Mediterranean specise. It is very similar to Th. pityo-
campa reported from Mediterranean countries. International cooperation on a re-
gional basis is required to effectively control the pest. Research on its natural ene-
mies would also profit greatly from international collaboration.

Evetria buoliana var. thurificana Led. (Lepid. Tortric.)

The pine shoot moth affects most of the pine forests of this country, particular-
ly young plantations. It delays tree growth and is conducive to malformations of
the leader. No efforts have yet been made to control this pest whose population
fluctuates from year to year.

While the species E. buoliana is widespread, var. thurificana is recorded only
from Syria, Cyprus and Spain.

Phoracantha semipunctata Fabr. (Col. Cerambic.)

The eucalypt borer is the only insect in this country specific to eucalypts (5).
Recorded first in 1945 (3), it spread within a few years over the whole country,
mainly because of the use of untreated posts and poles. It attacks living trees
weakened by adverse environmental conditions as well as freshly felled timber.
Damage may be reduced by the use of drought-hardy species and preservative treat-
ment of freshly felled lumber (4). Native to Australia, the eucalypt borer now
occurs in South America and South Africa ; in the Mediterranean basin, it has been
recorded since World War II also in Egypt, Cyprus, Turkey and lately Tunisia (1).
Thorough inspection of imported eucalypt timber could have done much to prevent
its occurrence.

In some instances, quarantine of imported plant material or timber may not be
a sufficient barrier to prevent the appearance and spread of new pests; penetration
into new areas cannot always be arrested at the outset, but a continuous forest
insect survey could do much to ascertain new pests at an early stage, when eradica-
tion may still be possible, For example, in 1958, local occurrences of Sciapteron taba-
niforme Rott. were completely eliminated before the insect became established on
local poplars.

Similarly, it might have been possible to check the establishment of pests such
as the tropical fig borer Batocera rufomaculata DeGeer, the eucalypt borer and the
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substances injected to the plant tissues causing at first death of the lower branches
and eventually of the whole tree. In many plots, mortality of 3—8 year-old pine has
reached 909. Trees not killed at an early age often remain dwarfed and croocked.
Mortality of infested trees is hastened by bark beetle attack, mainly Orthotomicus
erosus Woll. and Pityogenes calcaratus Eichh. (Scolyt.)

Early pruning has been shown to reduce the damage considerably by arresting
the devlopment of the pest (11) ; this is believed to be due to changes in micro-
climate. Biotic factors also are important; while in young trees this fact is not
conspicuous, in mature trees numerous entomophagous insects (mainly polyphagous
predators) can build up a large population capahble of arresting gradations of the
pine scale. The destruction of these predators may lead to considerable population in-
creases of the pine scale, causing serious damage. In one case, toxaphene sprays
to control the pine processionary caterpillar were considered to lead to severe mortality
of 22-year-old trees due to Matsucoccus (9). According to Joly (10), the possible
absence of Exochomus pustulatus which was severely affected by the cold winter of
1960/61, ied to the highly injurious gradation of M. feytaudi in Southern France
in 1961.

Because of its high fertility (6 generations per year, about 300 eggs per
female) (2), its high phytotoxicity and the difficulties of control, the Aleppo pine
scale is one of the most dangerous potential pests of pine forests of our region.

Because of the specific conditions leading to its gradation and the small size
of the insect, Matsucoccus has been recorded so far only in a few instances. M.
feytaudi Duc. is known from southern France and Landes on Pinus maritima (10),
and M. resinosae Bean and Godwin from Connecticut on P. resinosa (9). The fact
that in each case only one single species of pine is affected, points to the high spe-
cialization of the species.

Recently, several cases of mortality of adult Aleppo pine have been recorded
in the Coastal Plain and the southern Carmel range.

Thaumetopoea wilkinsoni Tams (Lepid. Thaumetopoeidae)

The pine processionary caterpillar, believed to have been introduced from
Cyprus, was first recorded here in 1937 in the Judean Hills. Due to continuous
efforts of control its distribution is limited to the central and southern parts of the
country. Usually, affected trees recover during the spring and summer, but severe
injury and even mortality may occur after dry and warm winters, mainly on poor,
shallow soils.

Because of this and of its clinical effects on human health, large-scale cam-
paigns were carried out during 1959—62 ; they succeeded in checking the northward
progress of the pest and reduced considerably its population (8). Control in young
trees is done by collecting the egg clusters and cutting and burning the in-
fested branches ; in taller trees, spraying with Bacillus thuringiensis gives very good
results. Large plots with tall trees were sprayed from the air. In tall trees growing
in small groups, dusting of the ground with D.D.T. or Dieldrin is done to destroy
the larvae descending from the trees to pupate in the soil.
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Results concerning velocity of flame spreading are presented in Fig. 2. It may
be seen that the pattern exhibited by this criterion is similar in these two types of
litter only in the highest wind velocity. In still air and in the low wind velocity
opposite tendencies are seen: in pine there is a strong decrease in the velocity of
flame spreading with the incraese of density, but in tamarisk there is a tendency
for an optimum type of curve.

Conclusions

1. Fuel density and wind velocity were found to exert an important influence
on burning and may sometimes cancel the effect of a high ash content on the
resistance of fuel to fire.

2. The two examined criteria do not overlap. In both types of litter one may
find combinations of wind and density in which the rates of burning are equal, but
other combinations of wind and density that yield equal values of velocity of flame
spreading. Thus, in order to measure the sensitivity of plant material to fire more
than one criterium should be used.

3. The significance of this approach to the evaluation of fire risk under field
conditions requires further investigation.

Literature cited
Broido, A. & N. A. Nelson, (1964) Ash content: its effects on combustion of corn
plants. Science 146 : 652—653.
Friedman, J., Zvia Shapira and Y. Waisel (1965) Tamarisk, a promising tree for
fuel-break in Israel. Israel Jour. Bot. 14 : 208.
Waisel, Y. & J. Friedman (1965) The use of Tamarix trees for the restriction of
fires. La-Yaaran 15 :1-T.

FOREST INSECTS IN ISRAEL *
By J. HALPERIN,
Division of Entomology,
The Volcani Institute of Agricultural Research, Ilanot.

Pine and eucalypts are the most important forest trees in Israel. In insect sur-
veys carried out during the last years, 35 species of insects were shown to feed on
pine (7) and 15 on eucalypts (5). So far, only thre species on pine and one on
eucalypt can be considered as pests of economic and more than local importance.

Matsucoccus josephi Bodenh. et Harpaz (Hemipt.) Margarodidae)

The Aleppo pine scale is believed to have survived here in'& few relict stands
of Aleppo pine. With large-scale afforestation it spread throughout most of the
northern and central parts of the country. The injury is due probably to phytotoxic

* (Contribution of the National and University Institute of Agriculture, Rehovoth,
1964 Series, No. 673-E.
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THE INFLUENCE OF WIND VELOCITY AND FUEL DENSITY ON THE
BURNING OF THE LITTER OF PINUS HALEPENSIS
AND TAMARIX APHYLLA

By J. FRIEDMAN AND Y. WAISEL,
Department of Botany, Tel-Aviv University.

The litter of many species of tamarisks has a high ash content and is relatively
fire resistant (Friedman, Shapira & Waisel, 1965 ; Waisel & Friedman, 1965). The
fact that the susceptibility of plant material to fire is positively correlated to its
ash content is well known (cf. Broido & Nelson, 1964). However, ash content is only
one of many factors that govern the susceptibility of plant material to fire. Other
factors include quality and density of plant material, ignition temperature, flame
temperature, wind velocity, etc. In order to clarify the significance of some of these
factors, the effects of fuel density and wind velocity on the burning characteristics
of the litter of Tamarix aphylla and Pinus halepensis were studied.

In the following experiments, two criteria were used to measure the sensitivity
to fire of these two types of litter: Rate of burning and velocity of flame spreading.

The rate of burning was defined as the amount of plant material which was burned
per time unit and was calculated in grams per minute (gr./min.). The velocity of

flame spreading was defined as the distance that flames spread per time unit.

Measurements were conducted with litter uniformly inserted into wire netting
boxes. The rate of burning was measured in wire netting boxes of 7 x 1 X 5 em
size, and the velocity of flame spreading was measured in long boxes
(45 X 7 X 5 ecm.). Wire netting boxes (metal net 2 X 2 mm.) were used to keep
the fuel in a fixedw volume and so to regulate its density.

The densities of plant material used in measuring the rate of burning were: low
density — 12 mg./cm?2; medium — 22 mg./cm2; high — 31 mg./cm?. When
measuring the velocity of flame spreading various densities in the range of
10—15 mg./cm2. were used.

Wind intensity was regulated by the fan of a laboratory hood and measured
with a light-current meter. All the measurements were taken under three wind
velocities (still air; low wind velocity — 13.4 m./min.; high wind velocity —
36.8 m./min.). The fuel for experimentation was oven-dry (90° C for 24 hours).

Results concerning the rate of burning are presented in Fig. 1. As can be seen
the rate of burning of pine needles at the three density levels and under the three
wind velocities was generally higher than that of tamarisk litter. Increasing wind
velocity tends to equalize the rate of burning of both plant litters. Under still air
and low wind velocity, the rate of burning plotted against density gives an optiumum
type curve for pine needles, while under high wind velocity the rate of burning in-
creases with density. The burning of the litter of tamarisk exhibits a contradictory
trend: under still air a positive linear relationship between the rate of burning and
fuel density is obtained while under medium and high wind velocities, optimum type
curves are obtained.
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Proper organization of the work is required, but high labour costs limit the applica-
tion of this method.

To conclude, afforestation of dry areas could be of more general application
provided proper attention is paid to all phases of soil moisture recharge and con-
servation by intensive site preparation and cultivation after planting.

Although satisfactory results are usually obtained in dry-zone afforestation
thanks to proper site preparation and cultivation after planting, it is felt that con-
siderable improvements could be achieved through thorough research into plant-soil
water relationships. The objectives of such research should be to determine the
effects of different techniques of site preparation and tending after establishment,
upon survival and early growth of forest plantations.
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Discussion and Conclusions

Although a wide range of techniques is available for afforestation under the
ecological conditions prevailing here and under dry climates in general, several
points need to be emphasized that have a bearing upon conservation of soil moisture.

Proper site preparation is essential to secure maximum absorption of rainfall.
All the techniques outlined above differ in fact mainly by the intensity of the site
preparation applied. This depends primarily upon site conditions and the possibility
of introducing tractor-drawn implements. The need is stressed of carrying out site
preparation well in advance of the rainy season to prevent moisture losses from
run-off during early rains.

A prerequisite for planting is the use of suitable planting stock — medium-sized
sturdy stock with a well developed root system devoid of spiralling. Planting is the
only operation which is never done on a piece-work base to ensure most careful
handling. Spacing needs to be varied according to site conditions. Dense planting
of conifers is usually practiced in the hill region to supress competition by weed
growth, to ensure canopy closure and to provide the possibility of selective thinning.
Stagnation of growth needs to be prevented by proper thinning to concentrate avail-
able soil moisture upon the more promising trees.

In addition to site preparation, intensive cultivation after planting by dry-farm-
ing techniques provides the main means for conserving soil moisture. As such it is
the fundamental operation to improve survival and growth. Under dry climates,
cultivation constitutes the conditio sine qua non which is decisive for the success or
failure of planting. Eliminating moisture losses from competing weeds and breaking
the capillarity of the topsoil ensure maximum retention of moisture in the soil.

Experience has shown that repeated cultivation is to be preferred to deep cultiv-
ation carried out only once. In conifer plantations, tending is conducted for at least
two seasons, while eucalypts are cultivated for several years, with the number of
cultivations increasing in the drier areas.

Although afforestation is fundamentally by dry-farming some irrigation is some-
times applied in the semi-arid and arid parts of the Negev. Watering is usually
limited to the first season to secure survival and initial growth. Only under special
circumstances — plantation of shelterbelts and green belts — is irrigation applied
for several years. Experiments are under way on the possibility of increasing yields
of eucalypts by auxiliary irrigation during the fall and spring.

Data provided in Table 4 include only the expenses for the classical phases of
dry-zone afforestation — site preparation, planting and tending. Use of herbicides —
both at the site preparation stage and for reducing competition after planting —
represents a new development and is still under investigation (Blass, 1965 ; Kaplan,
1963). Additional outlays for forest roads and fire lanes represent a heavy in-
vestment.

Experience has shown that with proper site preparation and cultivation, direct
seeding of conifers in the hill region is possible on better soils (Bolotin, 1964).
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Ridge planting (méthode steppique) has been applied as part of the afforest-
ation practice for dry areas (Kaplan, 1961 ; Karschon, 1964). Site preparation is
carried out in the autumn with a heavy ripper or rooter to a depth of 70—80 cm.
Afterwards, ridges are constructed with an angledozer working from two directions
and heaping the top soil to a ridge 1—1!4 m high with a base of 2 m width. The
distance between the tops of the ridges is about 5 to 6 m. Tree planting is then
carried out on top, or better, on the slopes of the ridges. Ridge planting in dry areas
presents numerous advantages over conventional methods of planting. Survival is
high and dispenses with the need of beating-up ; initial growth is very fast, This
is due to improved soil moisture relations — protection of the soil against erosion,
absorption of all the scarce rainfall by the inter-ridge space and elimination of
moisture losses by intensive cultivation of the impluvium. Planting on the aerated
and fertile loose topsoil forming the ridge and deep loosening of the soil by the
rooter improve root development, and hence, survival and early growth.

A method especially evolved for tree planting in the desert is referred to as
‘liman irrigation’ (Karschon, 1964). In favourable topographic locations, small dams
are built with bulldozers to retain the flood water from small catchments. The ratio
between the enclosed area and the catchment should be at least 1 :20 Careful
levelling and intensive cultivation after planting are applied.

Data on the costs involved for different techniques are shown in Table 4.

TABLE 4
EXPENSES PER HECTARE FOR LABOUR AND MECHANICAL EQUIPMENT

Site
preparation Planting 1 Tending 2 Total

Techniques Remarks
labour tractor labour labour tractor labour tractor

days days days days days days days

Pit planting ¢ 60 25 50 135
Clear
cultivation* 90 30 70 190 (hole planting)
Molehills 2 100 25 35 160
Terracing 135 10 20 50 205 10
5 hr, D-8
Dep t Caterpillar
10 hr. Fergu-
ploughing+ 74 12 20 74 32 15 son,/Fordson
Ridge 74 hr. D-8
Caterpillar
planting + 74 12 20 74 32 15 {7§ .~
son/Fordson
1 Not including cost and transport of planting stock.
2 First year only.
3 Average 3000—3500 plants per hectare.
4

Average 800—1000 plants per hectare.
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ever possible, site preparation with small tractors (Ferguson, Fordson and even
Caterpillar D-4) is practiced by ploughing and furrowing along the contours,

Sand dune fixation consists in deep planting of cuttings and balled stock (Goor,
1947). No site preparation is usually required, but on wind-exposed sites some
thatching over the whole area, or in rows perpendicular to the prevailing winds, is
applied. Planting is usually confined to bare dunes devoid of vegetation. Unrooted
tamarisk cuttings of 60—80 cm length are set into the sand with the aid of an iron
bar to at least 50—70 cm depth. For planting of balled stock, 60 cm deep pits are
dug into the sand, and about 80 cm tall stock is planted at the bottom of the pit
which is then closed again.

Deep planting protects the planting stock against deflation and secures root
development in a permanently moist sand layer. Planting late in the season, after
the severe winter storms, is conducive to improved results, No subsequent cultivation
is required. On coastal dunes, spaced belts of acacia make possible the introduction,
at a later stage, of more requiring species in the inter-belt space.

(b) Techniques based predominantly upon the use of mechanical equipment

These techniques refer mainly to deep soils in valleys and plains, where the use
of mechanical equipment considerably reduces the requirement for manual labour.
Owing to the increased scarcity of labour, afforestation with mechanical equipment
makes possible the sustained progress of tree planting. The species under these
conditions consist mainly of eucalypts (E. camaldulensis, E. gomphocephala, E. occi-
dentalis) planted as 9-month-old naked-rooted or halled stock raised in receptacles
(Kolar, 1961).

The various techniques differ mainly by the type (intensity) of site preparation
applied, with tending after planting consisting of two or three superficial cultiva-
tions by tractor-drawn cultivator or disk plough.

In the early years of the use of mechanical equipment, site preparation con-
sisted in simple ploughing to a depth of 20—30 cm. Whenever possible, a spacing of
3 X 3 m was applied to enable cross-cultivation after planting. On slopes, contour
ploughing and cultivation were applied with a spacing of 3—4 m between the rows
and 2 m in the row,

A further development is the use of deep ploughing (to about 40—50 em depth);
prior to planting, the soil is levelled by disking.

Present techniques are based mainly upon the use of subsoilers, rippers or
rooters. On fairly level ground, subsoiling or rooting is done in both directions ; on
slopes, the work is done along the contours.

Further applications of deep soil preparation consists in levelling and ridge plant-
ing. To facilitate tree planting on broken land, levelling of gullies is made by heavy
bulldozers of the D-8 and D-9 Caterpillar type and involves complete change of the
gully topography. After levelling, the land is opened with a heavy ripper or rooter.
Prior to planting the site is disk-ploughed with a light tractor ; planting is carried
out at the intersection of the furrows (Joffe, 1962).
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Pit planting. This conventional method is still widely used, particularly in hills
and on rocky sites. In the fall, clearing of the land is carried out by burning,
cutting and/or spraying to remove undesirable vegetation. The pits are usually
40 x 40 cm wide and about 30 cm deep. The sapling is set in the center of the pit.
Tending by hoeing is done twice in the early and late spring to remove weed com-

petition and reduce soil moisture losses by evaporation by destroying the capillarity
of the soil. When labour is freely available, hoeing is also done between the pits.

The main advantage of this method consists in the possibility of its application
to shallow soils and even pockets of soil between rock outcrops. Suitable plots for
planting are selected by the labourer: whenever the pick-axe hits a rock, the spot
is discarded. The main disadvantage of the method is the high expense for labour
and the fact that because of deep planting the roots may rapidly reach compacted
soil or rock arresting further development.

A modification of the above method consists in complete clearing of the terrain
without opening of pits prior to planting. Hole planting is done by loosening the
already clear soil. This method is suitable only for better-grade land.

Whenever possible, site preparation is done with a small wheel tractor. The
advantage of this method is the complete destruction of the natural vegetation and
complete elimination of competition.

In some areas, no site preparation is done before planting on rocky soil. For
planting, the soil surface is opened with the aid of an iron bar to loosen and crumble
the soft rock, This method is of limited application due to the low output of labour

Molehills. This planting method was developed for hilly regions as a substitute
for the conventional method of planting in pits (Peled, 1961). It aims at securing
some of the advantages provided by ridge planting. Instead of opening pits, an
area of 80 x 80 cm is loosened to a depth of 20 em. Uphill, a small trench
80 cm wide and 25 cm deep is opened to collect the run-off. The soil from this
trench is added to the loose soil to create a flat-topped mound (“molehill”)
60 X 60 cm wide and 30 cm high. The total depth of the loose soil is about 50 cm.
Planting is done rather deep in the center of the mound. As usual, two hoeings are
applied in the spring.

Increased rate of survival and increased initial growth of the saplings even
under most difficult conditions are achieved by molehill planting and make this
method highly successful.

Terracing. In the past, terracing was widely used on steep slopes; it is little
used nowadays because of the high investment involved and the large labour force
required. The terraces are built by digging benches along contours to retain and
collect rainwater and prevent erosion.

On some sites covered with rocks, the stones are disposed along the contours
to clear the land for planting and achieve efficient protection against ercsion. Plant-
ing is done in pits between the ridges of stones. Labour requicements for this type
of work are rather high and preclude its large-scale application.

The use of mechanical equipment in the hills is confined to small areas. When-
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TABLE 3
CLIMATIC DATA OF SELECTED STATIONS

Mean Mean Mean Ember- Thornth-

Mean
Lat. Long. AMl- Aunual Max.  Min.  Rela: gers ‘o000
Station N. B tude Ram- temp. Temp. tive Quotient ...,
i e fall Hottest Coldest Humi- Pluvio- Tades
Month Month dity thermique
° ' o ’ m mm o C o C % * *%
Mt. Canaan 3259 3530 934 728 29.2 44 58 101.2 +14.2
Tiberias 3248 3532 —110 442 36.6 10.4 87 56.7 —34.7
Mishmar
Ha'emeq 3237 3508 100 611 32.0 7.0 69 83.5 —124
Beit Jimal 3143 3459 360 476 32.5 9.1 60 69.2 —16.1
Beer Sheba 3114 3447 270 200 33.7 6.2 58 24.8 —48.0
. G = 1000 P (¥ i ¢
" R (R. Karschon, unpublished).

TTs -
*+ By courtesy of Mr. N. Rosenan, Meteorological Service, Ministry of Transport
and Communications.

Afforestation Techniques

During the last fifteen years, significant developments in afforestation practices
took place, with mechanical equipment substituted in a wide measure to manual
labour. These developments were made possible by the availability of an adequate
infrastructure — the fast progress achieved by intensive agriculture leading to the
presence in the country of a large number of agricultural machines of various
types ; they were made necessary by the increasing scarcity of the unskilled labour
previously available to forestry because of the rising standard of living and the
alternative employment provided by industry and agriculture.

Nevertheless, afforestation still rests, to a large degree, upon manual labour
for both site preparation, planting and subsequent cultivation, since most of the
marginal hilly terrains available for afforestation are too steep and too rocky and
prevent the use of mechanical equipment. Furthermore, even on sites where soil pre-
paration prior to planting and subsequent tending can successfully be made with
machines, actual planting is carried out by hand.

(a) Techniques based on manual labour

These techniques are applied mostly in the hills and mountains where adverse
site conditions exclude the use of mechanical equipment. The species planted consist
mainly of one-year-old Pinus halepensis, P. brutia and Cupressus sempervirens raised
in receptacles and usually planted as naked-rooted stock. On sand dunes, unrooted
cuttings of Tamariz sp. and 10-month-old stock of Acacia cyanophylla are used.
Planting is normally carried out at the beginning of the rainy season, after suffi-
cient wetting of the soil has taken place. The density varies from 800 to 3,500 plants
per hectare,
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TABLE 1

MEAN ANNUAL PRECIPITATION AND RAINFALL IN SELECTED YEARS

Months
Station Year : Total
IX X X1 > ¢ 0 Q) o I I IV Vv 1w
Mishmar
Ha'emeq 1956/57 — — 19.1 136.4 142.0 1104 1585 296 5.4 — 6014
1957/58 — 9.9 93.5 207.5 254.2 163 125 8.1 — — 602.0
Mean 0.3 16.1 74.0 1374 172.7 137.0 489 194 52 —  611.0
Beer L]
Sheba 1954/556 — — 3441168 91 10 149 134 —_ — 189.6
1960/61 — — 292 68 513 735 151 01 88 0.3 1851
Mean 03 4.0 252 396 479 408 305 74 43 — 200.0

TABLE 2

DEPLETION AND RECHARGE OF SOIL MOISTURE IN A 13—15-YEAR-OLD

PINE PLANTATION IN THE JUDEAN HILLS

Period Depletion  Recharge
mm mm
18.2.63—13.10.63 139
13.10.63— 18.3.64 359
18.3.64— 7.11.64 338
7.11.64— 3.2.65 359
3.2.65— 16.9.65 311

Climatic data for different parts of Israel presented in Table 3, show the range
of climatic conditions under which the afforestation techniques outlined below

are applied.
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AFFORESTATION TECHNIQUES FOR DRY AREAS

By M. KOLAR *, R. KARSCHON ** and J. KAPLAN *#*

Introduction

Semi-arid and arid regions cover more than a third of the land surface of the
world. Here, any endeavour to improve and increase the scarce natural vegetation
must cope with both the sparsity and the high variability of rainfall often coupled
with high temperatures and a low relative humidity during part or all of the year.

Since soil moisture is clearly the limiting factor for plant growth, afforestation
techniques must aim to secure maximum rainwater infiltration during the rainy
season and maximum conservation and availability to plants of the soil moisture
during the prolonged dry season.

Although part of Israel is by no means arid or semi-arid in terms of Thorn-
thwaite’s classification of climates (Rosenan, 1964), climatic conditions — though
varying considerably from North to South and West to East — have in common
several features that are characteristic of wide areas in both hemispheres. The
climate is of the Mediterranean type ; rainfull is concentrated over a few winter
months and there is a long dry summer. Therefore, except for some techniques
specially evolved for afforestation under extreme conditions, there is but little
variation in planting techniques over most of the country. Some of the principles
underlying these techniques are, however, of wider significance and apply not only
to Mediterranean climates, but also to dry tropical climates.

Since under forestry conditions rainfall is the exclusive source of soil moisture,
some points regarding this factor need to be emphasized. In addition to sharp
variations in spatial distribution — over 22 km, mean annual rainfall drops from
551 mm at Jerusalem to 143 mm at Jericho — the main factors to be considered
are the variability of annual precipitation and of its seasonal distribution. Inter-
annual variability of the amount of rainfall mapped by Katznelson (1964) was
shown to range from less than 259% on Mt. Carmel to above 40% in the Jordan Rift
Valley and the Negev. Of possibly even larger significance to afforestation practice
is the seasonal variation of rainfall. The wide differences liable to occur are shown
in Table 1 reporting mean annual rainfall over a 30-year period (1921—50) and
actual rainfall distribution in selected years at Mishmar Ha'emeq and Beer Sheba.

The considerable variations in soil moisture recharge and depletion in afforested
areas as recorded in the Judean foothills (Table 2), are also noteworthy since they
show the conditions of severe drought forest plantations are liable to encounter
(Cohen, Kaplan and Sharabani, 1966).

*  Forest Department, Land Development Authority, Kiryat Hayim.
#+ Forestry Division, The National and University Institute of Agriculture, Ilanoth.
##+ Worest Department, Land Development Authority, Eshtaol.
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rate of cambial activity do exist. The two types of growth, i.e. in length and in
width, seem to react differently both to internal and external environmental factors.

The question as to what extent the behaviour of adult trees differs from the

behaviour of young saplings, is at present under investigation.
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However, as in various plants which were labelled repeatedly, we were able to de-
tect only some of the labelled layers, and as in other cases it was found that the
cambium was active only along segments of the cross-section (Fig. 18), the probab-
ility that certain periods of inactivity do exist, is not excluded. Nevertheless, their
duration is shorter than one month and they are not confined to a specific period
of the year.

Although the plants seemed to be continuously active, it was found in a few
cases that the rate of cambial activity in E. camaldulensis differed markedly
between adjacent twigs or various regions around the main stem (Fig. 17). Such
a phenomenon of unequal cambial activity around the stem may result from dif-
ferent effects of environmental factors, from a better nutritional supply, or from
a local effect of buds and leaves (cf. Larson, 1962).

Hints concerning the effects of leaves and buds could be obtained from experi-
ments where artificial defoliation and disbudding treatments were given. Here, a
marked decrease in the rate of production of new xylem cell layers was observed.
The decrease in cambial activity was found to be more pronounced in the defoliated
plants than in the disbudded ones. The activity of the cambium in the trunk of old
trees is apparently less affected due to the balanced influences of the various
branches.

No noticeable differences were found between the types of wood produced by
the plants under the different treatments.

The relationships between extension growth and cambial activity in evergreens
are rather difficult to explain, though for deciduous plants these questions are widely
discussed in literature (Wareing, 1951 ; Wareing & Roberts, 1956 ; Larson, 1962 ;
Wilcox, 1962 ; Romberger, 1963).

Two aspects have to be considered : The relationships between the induction of
cambial activity and the presence of active buds and young leaves. As we were
dealing with young saplings, were the cambium stayed active throughout the year,
the first question remains open.

The other aspect is the relationship between extension growth and the rate
of cambial activity. This question can also be answered inconclusively at the moment
because of three main difficulties : Firstly, the wide genetic variability within
Eucalyptus camaldulensis makes it difficult to reach a general conclusion for the
species. Secondly, the branches of the same tree behave independently as regards
their growth. In one twig the bud may be active while in others the bud may at
the same time stay inactive. Nevertheless, the cambium underneath both types of
buds may be either active or inactive. Thirdly, the rate of xylem cell production is
linearly correlated to the number of leaves of the saplings. Thus, in the long run,
faster extension growth may positively affect also the rate of cambial activity.
However, this will not be due to growth effects per se, but due to the larger numbers
of leaves.

In spite of these difficulties, it is fairly certain that in young plants of E.
camaldulensis no clear quantitative relationships between extension growth and the
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TABLE 1
THE EFFECT OF DIFFERENT TREATMENTS ON THE NUMBER OF XYLEM
CELL LAYERS PRODUCED BY EUCALYPTUS CAMALDULENSI3 PLANTS,
(30 DAY PERIOD)

Treatments No. of xylem cell layers

Growth substanc e
Sunsiance samples

Plants applied Mean Range P
Control 48 27—56 12
GA 63 51—69 6
Intact NAA 30 |
Kinetin 42 28—56 6
TIBA 41 18—85 6
Control 11 6—21 8
GA 27 21—39 6
Defoliated NAA 4 3— 6 4
Kinetin 16 14—18 6
TIBA 11 2—13 5
Control 22 10—36 10
GA 70 51—92 6
Disbudded NAA 28 14—41 6
Kinetin 22 21—45 6
TIBA 18 13—25 41
Control 12 8—14 7
Defoliated GA 22 10—35 6
and NAA 12 9—14 1
Disbudded Kinetin b § 9—13 6
TIBA 11 10—11 5

Discussion

Prolonged exposure of E. camaldulensis saplings to different temperatures and
photoperiods had rather little effect on the activity of the cambium. Plants grown
under relatively high temperature conditions differ only very little from plants grown
under relatively lower temperatures. The same seems to hold true for different
photoperiods,

No interruption in the activity of the cambium could be seen in saplings of
E. camaldulensis during three years of investigations, although such an interruption
is known to take place in the cambial activty of adult trees (Fahn, 1955). Further-
more, in the three-year-old plants investigated even annual rings were undistinguish-
able, though such rings can be detected in adult trees (Greiss, 1939; Fahn, 1959).

- 105 =



(Figs. 15—16) while others were labelled only once. Some groups were continuously
kept under constant conditions while other two groups, remaining for 8 months
under either LDHT or SDLT conditions, have been subjected to transfers. One group
was transferred from summer (LDHT) to winter (SDLT) conditions, while the
second group was transferred from winter to summer conditions. *

The number of newly produced xylem cell layers, the number of new leaves
and additional extension growth of the plants were recorded. Results are presented
in Figs. 2—8.

The main point to stress is that even under the more or less constant con-
ditions of our greenhouses, i.e. constant photoperiods and thermoperiods, the rates
of extension growth and cambial activity varied.

The effects of constant temperatures and photoperiods on extension growth or
on leaf production were not uniform throughout the season.

Extension growth was usually more intensive during the periods of April-May
and July-August. Leaf production was found to be extremely variable (Fig. 9).
Under the different climatic conditions of the four greenhouses, the plants exhibited
only slightly different rates of cambial activity.

Clear effects on extension growth as well as on leaf production may be seen
following the transfer of the plants from one set of conditions to another. Stimula-
tion of growth follows the transfer from SDLT to LDHT conditions. On the other
hand, a decline in the rate of growth is observed in plants that were transferred
from LDHT to SDLT conditions.

While wide fluctuations in extension growth do occur, fluctuations in the rate
of cambial activity are much less common. In a few cases growth and cambial
activity seem to follow the same trend. However, in most cases such interrelation-
ships were irregular (Figs. 10—13).

A positive correlation does exist between the number of leaves per plant and
the number of xylem cells produced (Fig. 14).

The relationships between extension growth and cambial activity were also
investigated with plants which have been artificially defoliated, disbudded or de-
foliated and disbudded. Furthermore, the regulating effects of napthalene-acetic
acid,gibberellic acid, kinetin and tri-iodobenzoic acid on the interrelation between
leaves, buds and cambial activty were also tested. Results are presented in Table 1.

As seen from this table, a marked decrease in the rate of production of the new
xylem cells is observed following defoliation or disbudding. The decrease is more
pronounced in the defoliated plants than in the disbudded ones. Following complete
defoliation the activity of the cambium seems to drop to a minimal level. No effect
of kinetin or TIBA is observed. However, gibberellic acid markedly stimulated the
production of xylem elements (cf. Waisel et al., 1966).

* LD = long day ; SD = short day ; HT = high temperature ; LT = low temperaturs.
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Radiological treatment

The principles of the radiological examination were already described (Waisel
and Fahn, 1965 a, b). Nevertheless, before the method could be widely applied
for treatment of large trees, various modifications regarding the containers in
which the shoot is enclosed and the sealing materials, the mode of application of
C#10, have been applied.

Containers: Glass tubes or Erlenmayer flasks could be used satisfactorily for
the application of C140, only to leaves and small branches. In order to label entire
plants larger containers were needed. These containers must be impermeable to
CO, diffusion, must transmit light, and be easy to set up. Two polyethylene bags
(60 X 80 cm., 0.1 mm. thick), one inside the other, were used for this purpose. The
resistance of the double polyethylene bags to diffusion outwards and to loss of
C1410, was found to be satisfactory at least during the exposure periods (3—24 hrs.)
used in our experiments.

Sealing material : In order to avoid C140, leakage through the gap between the
stem and the polyethylene bags, a layer of foam rubber was fitted around the stem
to which the polyethylene bags were tightly tied. Almost no leakage of C140,
through the junction layer could be detected.

The application of C140, : The precise preparation of the plant for labelling
inside the polyethylene bags takes at least several minutes. Therefore, the liberation
of C14O, must be manipulated from inside the container. In order to make this
possible, a special tube was constructed (Fig. 1).

This tube was tied to the plant with a wire. The polyethylene bags were placed
on the plant and tightly tied. The arm containing the lactic acid was lifted in such
a manner as to pour the acid into the labelled bicarbonate solution present in the
second arm of the tube. The acidification of the solution liberates the C140,.

The activity of C14 and the duration of application : When a small branch is
enclosed in a test tube a 5 4C dose is sufficient to label the cambium. However, when
relatively large plants are used, the isotopic dilution has to be taken into considera-
tion. The use of about 100 ,C of C'4 per 200 gr. of leaves was found to give satis-
factory results.

Usually the plants were enclosed inside the bags for 24 hours. However, during
the hot summer months, this period was reduced to 3 hours only, in order to avoid
damage due to the high temperatures prevailing inside the bags.

Experiments and Results

The effects of climatic conditions on cambial activity of E. camaldulensis were
investigated in the following series of experiments :

2-year-old plants were grown in the greenhouse under four climatic conditions
(long day — high temperature ; short day — high temperature; long day — low
temperature ; and short day — low temperature). During 1965 the plants were
labelled at about 4—8 weeks intervals. Some of the plants were labelled repeatedly
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CAMBIAL ACTIVITY IN EUCALYPTUS CAMALDULENSIS DEHN.
L THE RELATION TO EXTENSION GROWTH IN YOUNG SAPLINGS

By Y. WAISEL *, TLANA NOAH ** and A. FAHN #*=*

Introduction

Eucalyptus camaldulensis is one of the most common tree species planted in
arid and in semi-arid regions. Nevertheless, very little attention was paid to the
precise effect of various environmental factors on the cambial activity and on the
production of wood in this species.

Fahn (1959) observed that the cambium of adult trees of E. camaldulensis is
active almost throughout the year, with only a short interruption during July-
August. At the end of August or at the beginning of September the onset of a new
annual ring could be found. Similar observations regarding extension growth were
reported by Karschon (1964). Thus, the annual rhythm of cambial activity of adult
E. camaldulensis trees in Israel seems to parallel the rhythm of the cambial activity
of Eucalyptus gigantea trees growing in the Southern hemisphere and suits well the
general trend of activity characteristic to that hemisphere (Amos et al, 1950).

This phenomenon encouraged an investigation of the factors controlling the
activity of the cambium in E. camaldulensis.

Materials and Methods

1. Plant material and environmental conditions

Two-year-old FEucalyptus camaldulensis stock was used for experimenta-
tion. Plants were grown in 5-gallon soil tanks filled with terra rossa, fertilized and
watered amply. Under these conditions it seemed that both extension growth and
cambial activity were more or less normal, and the determination of the cambial
activity was relatively easy.

The four greenhouses described previously (Waisel & Fahn, 1965b) were used
for the investigation into the behaviour of plants continuously grown under con-
trolled conditions.

2. Methods of examination

Both methods of examination, i.e. the histological and the radiological methods
(Fahn, 1959 ; Waisel and Fahn, 1965 a, b), were adopted. Portions of the main stem
of the labelled plant, or portions of the labelled branches were taken for examina-
tion. Two samples were taken from each of the plants: one from the lower part of
the main stem and the other at about 20 em. below the top. The samples were
cross-sectioned with a microtome, treated and micro-autoradiographed.

*  Department of Botany, Tel-Aviv University.
** Department of Botany, The Hebrew University of Jerusalem.



Similar differences in orchards were recorded by Cohen and Bressler (2).

The average recharge during the second recharge period for forests was 369 mm
while that of natural vegetation was 457 mm. This difference, ascribed to canopy
interception, was 19.69, of the average recharge of the two types of vegetation.

There was no significant correlation between soil moisture and current tree
increment. The mean annual increment was higher for Aleppo pine than for
Brutia pine.

Summary and Conclusions

Periodic moisture measurements made under pine forests and natural herbaceous
vegetation for a period of 3 years lead to the following conclusions.

1. Predetermination of adequate uniformity in the substrate and proper location
of measuring points in forested areas can provide recharge and depletion data
with an acceptable standard error.

2. Under the ecological conditions prevailing in the Judean hills, the water balance
of 16-year-old pine forests and natural herbage is essentially the same.

3. The moisture content under natural herbaceous vegetation is always higher than
that under forest.
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TABLE 3

AVERAGE WATER BALANCE FOR DIFFERENT VEGETATIVE COVERS

(in mm)
Natural herbaceous
Date Period Forest vegetation
18.2.63—13.10.63 Depletion —139 —164
13.10.63— 18.3.64 Recharge +359 +346
18.3.64— 7.11.64 Depletion —338 —423
7.11.64— 3.2.65 Recharge +359 +458
3.2.65— 16.9.65 Depletion —311 —286
Total A =il
Depletion —T788 —873
Total
Recharge +718 +804
Difference —T70 —;65
TABLE 4

MOISTURE CONTENT OF PROFILES UNDER PINE FOREST
AND NATURAL HERBACEOUS VEGETATION

Moisture
Initial Final Average Deepest content
moisture moisture moisture of
Bates e content content content liﬁr deepest
mm mm mm layer
mm
Pine Forests
18.2.63—13.10.63  Depletion 293.7 1540 2239 185150  18.7
3.10.63— 18.3.64 Recharge 176.1 535.0 3565.5 135—150 50.1
18.3.64— 7.11.64 Depletion 652.7 3134 483.0 270—300 51.8
7.11.64— 3.2.65 Recharge 313.4 672.0 4927 270—300 58.3
3.2.65— 16.9.65 Depletion 672.0 272.0 516.4 270—300 61.1
Natural Herbaceous Vegetation
18.2.63—13.10.63  Depletion 391.6 2256 3086  135—150  271.7
3.10.63— 18.3.64 Recharge 247.3 595.7 421.5 135—150 52.5
18.3.64— 7.11.64 Depletion 1134.6 462.0 922.6 270—300 120.0
711.64— 3.2.65 Recharge 710.6 1167.5 939.0 270—300 123.3
3.2.65-— 16.9.65 Depletion 1167.0 881.6 1024.5 270—300 135.3
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The water balance presented for each type of vegetation includes moisture losses
by evapotranspiration during the depletion cycle and moisture addition into the sub-
strate during the recharge period. Other factors such as moisture loss by run-off
and interception are not included. The data for water balance presented in Table 2
are averages of the whole profile for all the plots of a given vegetation type mea-
sured during the period.

Only the top 60 cm of the substrate were wetted during the 1962—63 recharge
period and this factor dominated depletion during 1963. A comparison of moisture
depletion in the pine forests and natural herbaceous vegetation (Table 2) showed no
significant differences between plots. In so far as there were indications of a dif-
ference in depletion these could be due to the roots of the herbs being more deve-
loped in the top 1.5 m, while pine roots are assumed to draw moisture also from
deeper horizons.

For the wetting period 1963—64 recharge data were not complete since measure-
ments at the beginning of the recharge period were made in tubes of only 1.5 m
depth. However, data for the 1964 depletion period (Table 2) indicate that either
recharge was not very great at 2.70—3.00 m depth or that very little root develop-
ment occurred at this depth since only insignificant depletion took place in the
forest. Significant depletion did, however, occur at 2.70—3.00 m depth in the natural
herbage plot at Eshtaol. This was the only plot and only period in which this
occurved. Since the previous recharge period (1963—64) was outstanding by the
highest rainfall measured during our research at this location, recharge or depletion
at this depth appear to be the exception rather than the rule.

During subsequent recharge and depletion periods moisture changes were very
small at 2.70—3.00 m depth (Table 2).

Total depletion and recharge for the whole period (Table 3) indicate that under
natural herbaceous vegetation both were higher than under pine forest. However,
considering the total difference for the whole period of measurements, it appears
that the water balances of the planted forests and the natural vegetution are not
substantially different under the conditions of rainfall, substrate and vegetation
under which our research was conducted.

The initial, final and average moisture contents corresponding to the various
depletion and recharge periods are shown in Table 4. The difference in the moisture
content of the deepest layers of the profile from the second to the third period is
due to the greater depth of the measuring tubes. A comparison of the last three
periods, however, indicates very small changes in the moisture content of this level.
The trend of the changes was the same under both vegetative covers.

The comparisons in Table 4 indicate that the profile moisture content under
natural herbaceous vegetation was always higher than that under forest. Average
moisture contents for the whole measuring period were 414 mm for forest and
723 mm for herbage. The difference in moisture content is assumed to be due to
differences in rates of wetting of the soil due to the different vegetative covers,
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sured at Eshtaol was 254 mm during 1962—63, 791 mm during 1963—64, and 700 mm
during 1964—65; at Masua it amounted to 230 mm, 542 mm, and 495 mm, res-
pectively.

During the 1962—863 rainy season two 1.50 m access tubes for neutron moisture
probes were installed in plantations of Aleppo pine and Brutia pine and in an area
of natural herbaceous vegetation at Eshtaol. The access tubes in the forests were
installed between groups of 3 or 4 closely spaced trees to minimize the effect of
non-uniform root distribution. In the herbage area the tubes were installed at points
of dense vegetation.

Moisture measurements at all the locations were made about twice a month
during the whole study. The measurements were made at 15 cm intervals to a depth
of 75 cm, and at 30 cm intervals to 135 cm depth. This represented a 1.5 m deep
moisture profile.

Three additional 3 m access tubes were installed during the rainy season of
1963—64. Additional plots of Aleppo pine and natural herbaceous vegetation were
chosen in the Masua area. The new plots contained five access tubes of three meters.
After the 1963—64 rainy season, moisture determinations were continued at all the
locations at 30 cm intervals starting from the 15 cm depth. Measurements with the
deeper tubes represented 3 meter moisture profiles.

The neutron moisture probe was calibrated at the site (1). Moderated neutrons
were counted for 30 second intervals at each position and the average count
was 2,000.

Periods of depletion and recharge were arbitrarily determined as the periods of
time between the heighest moisture content in the profile after the rainy season and
the lowest moisture content in the profile prior to next season’s rains.

Results and Discussion

Average periods of recharge and depletion for each layer in the various plots
are shown in Table 2 together with the total period recharge and depletion and their
standard errors. The average standard error for the total period recharge and de-
pletion in all the plots for all the periods was 25 mm. The average coefficient of
variation for recharge or depletion was 15.49. This coefficient is similar to those
for moisture recharge and depletion in crops grown on uniform soils (2).

To obtain the water balance of the forest, soil moisture recharge and depletion
must be calculated from periodic moisture measurements. However, average mositure
measurements in forested areas are often of little value if accompanied by large
variances due to heterogeneity of the substrate or non-uniform distribution of tree
roots. Lateral uniformity of the substrate is important since moisture measurements
are made on relatively small volumes at various depths. Uniform root distribution
is rare in nature but, to some degree, can be secured by proper selection of measur-
ing sites. These two sources of non-uniformity were partially overcome by a visual
examination of the core samples and installation of the access tubes between 3 to 4
closely spaced trees where root intensity was assumed to be very high.
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TABLE 1

DESCRIPTION OF EXPERIMENTAL PLOTS *

Mean
Year of Number Mean Mean
Plot Location FXPO"  goy type estab- of height BHD M:w_wﬁm .
lishment trees/ha m cm m3/ha/yr

Aleppo pine Eshtaol NE grey rendzina 1950 1000+ 10.6 12,5 61.7 4.1
Brutia pine Eshtaol SW  brown rendzina 1951 1300 8.0 10.0 50.2 3.6
Natural herbaceous

vegetation ** Eshtaol SW  brown rendzina — —_ — — — —
Aleppo pine *** Masua NE £8rey rendzina 1951 1250 8.8 10.1 50.5 3.6
Natural herbaceous

vegetation **** Masua NE grey rendzina — —- — —

. Inventory data as per 1965.

LR

Plants recorded: Avena sterilis, Lolium rigidum, Hordewm bulbosum, Cephalaria syriaca,

Trifolium resupinatum, Bromus
sterilis, Crepis palaestina, Aegilops peregrina, Andropogon hirtus and others.

*** Rock outcrops 30% ;

understory of Rhamnus palaestina, Ephedra campylopoda, Pistacia palaestina, Clematis cirrhosn,
Phlomis viscosa.

*ats

Plants recorded: Stipa tortilis, Crepis palaestina, Aegilops peregrina,

Carthamus tenuis, Astragalus palaestinus, Plantago
Psyllium, Catananche lutea, Convolvulus pentapetaloides and others.
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WATER BALANCE UNDER PINE PLANTATIONS AND NATURAL
HERBACEOUS VEGETATION IN THE JUDEAN FOOTHIILLS *

By O. P. COHEN *#, J. KAPLAN *** and N. SHARABANTI **

Introduction

Water recharge and depletion under various types of vegetation cover are of
great interest in the semi-arid and arid zones, where inadequate rainfall and low
moisture reserves of the substrate constitute the limiting factor for plant growth
during prolonged dry periods (4, 5, 6, 7). Although large-scale afforestation has
been successfully carried out in the more humid regions of the semi-arid zone, data
on recharge, depletion and moisture content of the substrate are scarce. To increase
our knowledge of those factors, which have both theoretical and practical signi-
ficance, investigations under various types of vegetation were conducted in the
Judean Hills.

This paper presents results of 3 years’ investigations into moisture recharge and
depletion under pine plantations and natural herbaceous vegetation to contribute to
a clearer insight into the complete water cycle under the ecological conditions of
the area studied.

Materials and Methods

Research was conducted in the Judean foothills, about 30 km. west of Jerusa-
lem. The soil consists of shallow brown or grey rendzina of about 40 cm. depth on
Senonian bedrock of bulk density 1.6—1.8 gr/cms. This rock is known to retain
moisture and is penetrated by roots (3). Mean annual rainfall in the area under
review is 476 mm ; the mean maximum temperature of the hottest month and the
mean minimum temperature of the coldest month are 32.5° C and 9.1° C, respec-
tively. Mean daily evaporation (by Piche) is 49 mm ; the mean relative humidity
is 60%. =

Experimental plots were laid out in two locations: (1) Aleppo pine (Pinus hale-
pensis), Brutia pine (P. brutia) and natural herbaceous vegetation at Eshtaol (lat.
N 31° 47, long. E 35° 00/, elevation 250 m); (2) Aleppo pine and natural herbaceous
vegetation at Masua (lat. N 31°41’, long. E 34° 55', elevation 300m). A detailed
description of the experimental plots is given in Table 1. Mean annual rainfall was
527 mm at Eshtaol for the last nine years and 370 mm at Masua for the last seven
years. During the course of this study, precipitation was also recorded in standard
rain gages near the experimental plots of Eshtaol and Masua. Annual rainfall mea-

+ Publication of The Volcani Institute of Agricultural Research, Rehovot, 1966
Series No. E-993.

*+ Trrigation Division, Soils Department, The Volcani Institute of Agricultural Re-
search, Rehovot.

«+* Forest Department, Land Development Authority, Eshtaol.
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The following figures will serve to illustrate the progress made in this
domain: while in 1920 the area of planted forests amounted to 300 ha, it grew to
2,900 ha in 1948 (at the time the State of Israel was founded) and to 35,000 ha in
1966. The latter area includes 20,000 ha of pine, 8,000 ha of eucalypt, and the rest
of other species. A total of 80 million trees was planted, most of it during statehood.

The plantings were carried out systematically, at first by a voluntary organ-
ization, the Jewish National Fund, which began its operations on a small scale in
1910, and later simultaneously by the Government Afforestation Department and
the JNF. Since 1960, according to an agreement with the Government, the JNF
became the official forestry authority responsible for all aspects of afforesta-
tion. Planting proceeds at a pace of 2,500 hectares per year, in accordance with
plans worked out by a planning committee at the beginning of each season.

This systematic work is financed mainly by voluntary contributions. The plant-
ing of trees has become a custom to which the child is habituated from h's school
days. The New Year of the Trees, an ancient holiday, whose tradition goes back
almost two thousand years, has been revived and has become an integral part of
the country's customs. On that February day which marks the beginning of spring
in Israel, processions of schoolchildren with spades and pots holding saplings go
out to forest sites to plant their young trees.

It has been customary to plant commemorative forests to mark important
events to honour Israeli and Jewish personalities and great citizens of the world.
Thus Israel has established forests bearing the names of King George V and Queen
Elizabeth II of Great Brita'n, the Belgian royal family, great men of Latin-American
independence movements like Simon Bolivar, Jose Artigas and San Martin, the late
President Kennedy, etc. Other forests bear the names of countries, — Canada, Argen-
tine, ete.

I should like to emphasise especially one undertaking of profound signif cance
begun after World War II. A vast area of the Judean Hills near Jerusalem was
set aside for the planting of six million trees to memorialize the six million Jewish
martyrs who perished in the European holocaust. The Martyrs’ Forest is divided into
plots each of which is dedicated to the memory of the annihilated Jewish com-
munity of a specific town or city. Annually, those Israeli citizens who hail from
that place assemble in that section of the Martyrs' Forest.
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ISRAEL’S LIVING FORESTS *

By J. TSUR,

Chairman of the Board of Directors of the Jewish National Fund, Jerusalem.

For the international community, the most interesting aspect of Israel's ex-
perience in afforestation is its voluntary character, which is largely the product of
intense public education and the regard for trees implanted in the minds of the in-
habitants of this country and its friends.

The importance of forests in the transformation of the countryside was part
of the mystique of the “Return to the Land” which took place in the more recent
period of the country’s history. Although details concerning erosion were unknown
at the end of the last century, Israel's pioneers instinctively felt the danger which
deforestation presents. Just as, from 1882, they considered it inconceivable to estab-
lish a healthy society without first creating a working class rooted in the land, so
did they deem it necessary to cover the rocky and arid mountains of their country
with forests.

Israel belongs to that part of the Middle East whose woodlands were gradually
destroyed with the passage of the centuries over this cradle of mankind. Numerous
passages in the Bible indicate that large parts of the country were once covered
with forests. The Book of Judges relates that the tribes of Ephraim and Manasse
were advised “to clear the forest” to make room for their settlement. Well-known
is the story about the tragic end of Absalom whose long hair was entangled in the
pranches of a forest tree (II Samuel 18, 9). Many other Bible verses also hint at the

existence of forests.

But we need not go back that far. The history of the Crusades contains accounts
of expeditions in the woodlands of the Sharon Plain. Even at the beginning of the
19th century - there remained vestiges of ancient forests. Various conquerors ac-
celerated the liquidation of these forests, the last of which disappeared during
World War T when the Turks cut them for firewood for their trains in which they
brought troops and equipment to the Sinai front. At the beginning of this century,
little more remained of the ancient woodlands than degradated scrub which today
covers some 35,000 hectares, particularly in the hills of Upper Galilee. The first
planned tree-planting took place at Hadera in the Coastal Plain, where eucalypt
trees brought from Australia aided in draining the swamps, breeding places of the
deadly malaria. Since then, every generation of pioneers in Israel has planted

forests,

# Text of address delivered by Mr. J. Tsur at the Plenary Session of the 6th World
Forestry Congres.
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the paramount importance of the forest to settle new immigrants on the lands, beau-
tify the landscape, conserve the solil, protect agricultural crops and produce lumber,
During more than forty years he put into practice every word of his writings. Now,
millions of trees bear witness to his deep-felt will to transform the very nature
of this country.

We hope that Weitz will remain amongst us for many more years. “Then shall
the trees of the wood sing out in the presence of the Lord . . . (Chronicles T,
16:33).

VISITORS

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

Mr. A. O. Lawrence, Mr. A. Mitchell, Professor L. D. Pryor, Mr. Steane and
Mr. A. R. Trist from Australia;

Miss Sylvi Soini from Finland;

Messrs., Dumesnil, Marcais and Rodier from France ;

Mr. B. N. Ganguli from India (on a UNESCO fellowship) ;

Mr. T. Moroto and Professor T. Satoo from Japan;

Professor Sin Kyu Hyun from Korea;

Dr. Zayer from The Netherlands;

Dr. A. F. Rivera from The Philippines;

Dr. F. Jaime Fanlo from Spain;

Mr. O. Koepe from Sweden :

Mr. W. Straub from Switzerland, and a party from the Swiss Foresters Asso-
ciation headed by Dr. E. Krebs and the Association’s president Mr, W, Bauer;

Miss B. Benzian from the U.K.:

Dr. M. M. Larson and Professor W. W. Tisdale from the U.S.;

Mr. E. R. Orta from Venezuela;

Messrs. Grigori¢ and Gurié¢ from Yugoslavia ;

Messrs. O. Fugalli and Richardson from the FAO Forestry Division, as well as

Professor A. L. McComb and Mr. M. Y. Gulcur, now on FAO assignments in Nige-
ria and The Philippines, respectively.

Students from abroad who spent several months in Israel included Messrs. G.
Rivoli from Italy, Jeansen from Sweden and H. Fliihler from Switzerland.

We were particularly pleased to note that several of our visitors were travelling
with their ladies. We regret that we hav not been able to meet all these visitors
and we apologize to those who may have been omitted from our guestbook,
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EDITORIAL NOTES

THE SIXTH WORLD FORESTRY CONGRESS

The 6th World Forestry Congress which took place in Madrid in June 1966, was
attended by 2,787 participants (2,101 delegates) from 101 countries.

The Congress was devoted to “The Role of Forestry in a Changing World Eco-
nomy”. This subject was fully covered in four plenary sessions and ten technical
commissions.

The Israel delegation was headed by Mr. J. Tsur, Chairman, Land Development
Authority, and included the following:

Mr. J. Friedman, Department of Botany, Tel Aviv University;

Dr. I. Gindel, The Volcani Institute of Agricultural Research, Rehovot;

Dr. R. Karschon, Director, Forestry Division, and Chairman, Israel Forestry
Ascociation, Ilanot;

Mr. M. Kolar, Deputy Director, Forest Department, Kiriat Hayim;

Mr. M. Kritchman, Plywood Development Institute, Tel Aviv ;

Mr. S. Shiloni, Director, Plywood Development Institute, Tel Aviv ;

Dr. Y. Waisel, Department of Botany, Tel Aviv University.

In addition to a paper by Dr. R. Karschon on: “Inter-Provenance Variation in

Fucalyptus camaldulensis Dehn.” (not reproduced here) five papers were presented
to the Congress which are reprinted in this issue in both Hebrew and English.

JOSEPH WEITZ RETIRES

This summer Mr. Joseph Weitz, President of the Israel Forestry Association, has
retired from his post as Chairman, Land Development Authority.

Joseph Weitz’s biography is closely associated with the history of land develop-
ment and afforestation in Israel, from their early beginnings in Judea, Samaria and
Galilee to the large-scale works in the Negev and the new devclopment regions
along our borders. In numerous books and papers Weitz never ceased to emphasize
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Dr. R. Karschon

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

The Association's journal, called La-Yaaran (For the Forester), is pub-
lished quarterly. It provides a medium for the exchange of information on

editorial and business matters should be forwarded to the Editor, Israel
Forestry Association, Ilanoth, Doar Na, Ley Hasharon. The Association does
not hold itself responsible for statements or views expressed by authors of
papers,

RECENT PUBLICATIONS AVAILABLE ON REQUEST

From the Forestry Division, The National and University Institute of Agri-
culture, Ilanot, Doar Na Lev Hasharon:

Leaflet No. 27: References on forestry and forest products — 1965,
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,

From the Forest Department, Land Development Authority, P.O, Box 45,
Kiriat Hayim:

Les Bosques en Israel — Forests of Israel — Foréts d'Israél (a pictorial ac-
count published on the occasion of the 6th World Forestry Congress,
Madrid, 6.6.1966).

5T »ya “mnx. PV DY




vol. 16, No. 2—3

ISRAEL FORESTRY ASSOCIATION

LA« X4 R BLE AN

WORLD-LIST ABBREVIATION : La-Yaaran.

CONTENTS

Page*
Editorial Notes
The Sixth World Forestry Congress .
Joseph Weitz retires
Visitors
Israel's living forests — J. Tsur .

Water balance under pine plantations and natural herbaceous vegetation in
the Judean foothills — O. P. Cohen, J. Kaplan and N. Sharabani .

Cambial activity in Eucalyptus camaldulensis Dehn. I The relation to exten-
sion growth in young saplings — Y. Waisel, I. Noah and A. Fahn .

Afforestation techniques for dry areas — M. Kolar, R. Karschon and J. Kaplan

The influence of wind velocity and fuel density on the burning of the litter of
Pinus halepensis and Tamariz aphylla — J. Friedman and Y. Waisel

Forest insects in Israel — J. Halperin .

The Sixth World Forestry Congress — M. Kolar .

+ Page numbers refer to the Hebrew text.

Price : 2 IL.

September 1966

WWWMM‘W"

49

49

50

51

53

59

72

80

82

84

I R PO B PUSNIRRR R L i



