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Figure 1.
Distribution of Calotropis procera (Willd.) R.Br.
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Figure 2.
Seedling morphology of Calotropis procera (Willd.) R.Br. (x 0.7)
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The effect of moisture and drought on cambial activity as measured by the production of tracheids and vertical ducts.

D. Dry C. Dry B. Wet A. Wet Container 182'3'4
yPIpn mind
T—9% T7—9% 26—309, 26—30%, Soil Moisture
yRmn y3mn
PRI _BUTRIW
fatiebin] 0°3°a 3
mean  yxmn mean VIR nnzT on

tracheids mean 5 4 3 2 4 3 2 1 tracheids mean 4 3 3 1% ¢ 3 12 1 Sapling No.
ducts ducts

DITRI om
Number of
241220 22 22 TN 223 77 26 271+29 24 47 23 2523 32-28 23 21 tracheids

Measurements
before treatment
10/6.1968 -
5.0 = 0.8 42 + 04 26/1.1969

25007 0933 7o
Number of
609 2 10 6 3 5 S5 B 5 7 7+09 4 9 5 ¢ 5 11 4 6 9 vertical ducts

DOTROW ‘on
Number of
9+06 8 7 12 8§ 12 10 9 10 1310 18 17 18 15 20 20 21 12 14 tracheids

Duration of
treatment
26/1.1969 -
8+1.8 3.1 = 0.6 18.6.1969

279207 B33 7on
Number of
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Comparison of the secreted resin quantity with tree height and circumfer-
ence and water content in trees on the north and south slopes. Results
from the south slope are from 20 trees and results from the north slope

are from 30 trees.

1D mIbn . P17 maen
North slope South slope

JNaw qona awaDnw Awn nnd
57.9 = 9.7 22,6 =44 9733 .1949 92WPIR vTnd yxwmn
Amount of secreted resin per week (gr).

Mean of October 1969.

87.0 = 2.5 76.2 = 2.8 27032 LTI 72132 VI Apa
Stem circumference at breast height (em).

17.3 = 0.6 13.2 = 0.6 0%Muna LYY aan
Tree height (m).

6.11,69 TIXN2 N3V DT NINR

713+ 1.6 69.2 + 2.3 ovat Y b
Percentage water content in wood on

November 6, 1969, before the rainy season.

,1.12,69 T°IRN2 XY DT NNX
81.2+23 84.7 + 2.8 ows 17 109 NP NKb
Percentage water content in wood after

109 mm rainfall.
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Kig. 1. Autoradiogram of cross section of 2 1/2-year-old pine seedling. The labelling
Zones were made in intervals of six months, 10/6/68 - 26/1/69 growth period
without treatment and 26/1/69 - 18/6,/69 when there was continued watering.
L - labelling zones. D - vertical ducts. x50.
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Fig. 2. As in Fig. 1, but from 26/1/69 to 18/6/68 the plants were irrigated only
when soil moisture decreased to 7 -9%. x50.
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Fig. 4. Seasonal resin secretion. Mean of 50 trees.
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rable 3. Width of annual rings and number of ve
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Table 4. Width of annual rings and number of vertical resin ducts in the wood of 6
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Fig. 5. Comparison of the quantity of secreted resin per week (mean of Oct.) with
tree height and circumference. Twenty trees were used from the south
slope and 30 trees were used from the north slope.
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Survival of seedlings of Pinus halepensis during the first year after planting with spot-watering and mulching

Table 2
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Fig. 1, Relationship between diameter and height growth of E. viminalis.
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FACTS AND FIGURES

AREA PLANTED — ha 1966-67 1967-68 1968-69
Conilifers 1802 2942 2232
Buwealypts 104 98 93
Others 398 393 161

NUMBER OF TREES PLANTED 4,499,000 6,775,000 4,858,000

FOREST ROADS CONSTRUCTED — km 170 258 186

ANNUAL CUT — cum.

Coniters 7580 6550 11600
Eucalypts 18130 14430 32110
Others 8150 6129 7800
POT Al 33860 27100 51510
Sawlogs 11250 11560 20810
Chip-and Particleboard 12020 8200 23530
Agricultural purposes 2120 1310 1200
Fuelwood and Charcoal 8470 6030 5970
RECREATION GROUNDS IN THE FOREST 62 65 ;i

FOREST FIRES

Number 122 91 141
Number of trees burnt 155000 254000 178000
Area (ha) 141 259 219
9% of total forest area 0,4 0,66 0,15
FOREST FIRE CONTROL : LOOKOUTS 16 17 18
RADIO UNITS 55 60 71
TOTAL FOREST AREA 1.4.1969 ha %
NATURAL FOREST 35000 43
MAN-MADE FORESTS 46202 57
81202 100
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and Q. boissieri (2) ; accompanying species are Crataegus monogyna,
Prunus amygdalus, Spartium junceum, Asparagus aphyllus, Lonicera
etrusca and Smilax aspera. The occurrence in this particular area is
noteworthy of several species which are elsewhere non-existent or very
rare on the basalt soils of Golan, viz., Cistus villosus (first record 1),
Pistacia palaestina, Rhamnus alaternus and Ruscus aculeatus (first re-
cord !) ; the abundance of the fern Dryopteris rigida is particularly con-
spicuous and indicates good moisture conditions.

The area was apparently reforested around 1952 by direct seeding of
Pinus pinea and oak on gradoni (3) ; stone pine is now the main species
on an area of some 30 ha. Other planted trees in the vicinity are Cup-
ressus arizonica, C. macrocarpa, C. sempervirens and P. brutia. Manna
gum was probably introduced around 1955 for beating-up or after fire
but soil preparation and cultivation by manual labour were apparently
most limited.

There are 23 eucalypts growing singly on an area of about 0.5 ha
together with scattered pines and components of the natural vegetation.
The relationship between diameter and height growth of E. viminalis is
illustrated in Figure 1 ; the largest tree has a B.H.D. of 24 cm and is
13 m high. Many trees are straight and of good form with a small, nar-
row crown, thin branches and good natural pruning. Some trees are
crooked due to the open stand and strong wind action while others
were broken or cut and coppice. Examination in the spring of 1969 and
1970 showed that the trees were not affected at all by cold and frost.
Flowering is profuse and fertile seeds are produced.

It is concluded that on suitable sites and with proper soil preparation
and cultivation E. viminalis shows promise for the establishment of
commercial plantations on basalt soils at the higher elevations of Golan,
where low temperatures and frost are the limiting factors for growth of
introduced trees, since even on a most unsuitable site and with almost
complete lack of cultivation the species is remarkably hardly and of
relatively fast growth. Since ecotypic variation of Manna gum is known
to occur in its native habitat (1) small-scale provenance trials were
initiated in 1970 to select the most suitable seed source.
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It is concluded that the spot-watering and mulching technique can be
recommended for autumn planting and for reducing mortality and en-
suring vigorous growth of Pinus halepensis seedlings planted during the
usual winter season. The economy due to the high percentage establish-
ment and to the shorter period in the nursery may offset the extra ex-
pense of watering and mulching. Moreover, the polyethylene sheets may
be used more than once.

The method cannot as yet be recommended for the spring season.
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EUCALYPTUS VIMINALIS LABILL. IN GOLAN *
By R. KARSCHON** and M. KOLAR***

Summary

Data are reported on site conditions and growth of Eucalyptus
viminalis Labill. in upper Golan, Owing to its hardiness the species
is recommended for commercial plantations.

Because of the need to use frost-hardy trees for reforestation at the
higher altitudes of Golan the discovery of a group of trees of Eucalyptus
viminalis Labill. is of particular interest.

Manna gum occurs in part of the reforested sector of Wadi Saar,
about 1 km south-west of Masaada, on a steep NNW slope at an altitude
of 900-940 m. Mean annual precipitation is probably close to 1,000 mm ;
part of it falls as snow which may persist for one week or more. The
shallow soil with many basalt outcrops is a Mediterranean red soil. The
natural vegetation consists of mixed oak forest of Quercus calliprinos

# Contribution from The Volcani Institute of Agricultural Research, Bet Dagan,
1970 Series No. E-984.

=% Forestry Division, The Volcani Institute of Agricultural Research, Ilanot.

=#* Forest Department, Land Development Authority, Kiriat Hayim.
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A FURTHER OBSERVATION ON THE SPOT-WATERING AND
MULCHING TECHNIQUE FOR PLANTING ALEPPO PINE

By J. GALE and A. POLJAKOFF-MAYBER,
Department of Botany, The Hebrew University, Jerusalem.
Summary

The use of spot watering and mulching for planting pine seedlings
(Pinus halepensis) has been reported to reduce mortality, increase growth
and extend the planting season (Gale, Poljakoff-Mayber and Kahane
1969). In this method the seedlings were given two to three liters water
at the time of planting and the soil around the seedlings was covered
with a 40 X 40 cm polyethylene sheet to prevent evaporation.

In an attempt to prolong the planting season even further, pine seed-
lings were planted monthly during the autumn, early winter and spring
seasons, between September 1968 and April 1969. The spot-watering and
mulching technique was used. Percentage survival (as counted at the end
of 1969) was above 90% for seedlings planted during the months of Sep-
tember to December (Table 2) and their growth during the first year
was vigorous (Table 3). However, only a very low percentage survival
and little, if any growth was obtained with seedlings planted in March
and April (Tables 2 & 3).

These findings confirm the results of the preliminary experiments
(Ibid). Although previously it had been found that seedlings planted by
this method in the autumn and early winter periods showed some 409
more growth during the first year than seedlings planted at the same
time without spot watering and mulching, this was not the case here.
However, during the 1969 season, seedling growth was exceptionally
vigorous and this may have precluded any benefit from this method, with
regard to growth,



traits with regard to resin production would be greater than those of the
south slope (Fig. 5).

Oppenheimer (1945), Chudnoff (1962) and Gindel (1944) who worked
on P. halepensis found that the total amount of precipitation has a
greater influence on cambial activity, i.e., on the width of the annual
ring. It is also known that the width of the annual ring is one of the
factors controlling the number of vertical resin canals (Kirsch, 1911 ;
Miinch 1919-21 ; Mergen and Echols, 1955 ; Fahn and Zamski, 1970).

A comparison of the results in Tables 3 and 4 with Table 5 shows
that the annual ring of 1967 was produced after a winter with 716 mm
rain (1966/67). Precipitation in the winter 1967/68 was the same. There-
fore, the width of the annual ring of 1968 and 1967 was identical but
there were more vertical resin canals in the annual ring of 1967. A prob-
able reason for this may be the drought of the winter 1965/66, with
precipitation being as low as 392 mm. These Tables also show that the
annual ring of 1969 is narrow and has few resin canals since the wood
samples were taken before the end of the growth season.

CONCLUSIONS

1. The genetic trait seems to be the most important factor which in-
fluences the rate of resin yield. This character can be promoted or
suppressed by microclimatic conditions.

2. Trees on the south slope which probably suffer from water stress at
the end of the summer, secreted low amounts of resin. The trees on
the north slope secreted more resin during the same period.

3. Few differences between the trees on the two slopes may be noted.
Trees on the north slope were taller and had thicker stems. No differ-
ences were found in width of annual rings of the later years in the
trees on the two slopes. The differences between tree diameters were
probably the result of the different widths of the first few annual
rings,

4. Water stress depressed cambial divisions and caused the production
of fewer resin canals in 1l%-year-old plants and adult trees. High
water content, on the other hand, caused the induction of cambial
divisions and the production of more resin canals. The reduction or
increase of vertical ducts was proportionally higher than the reduction
or increase of the wood increment.
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summer while some of the thin lateral roots died (Leshem, 1967).

Many trees on the south slope exhibited a “dry face” at the beginning
of resin tapping. Schopmeyer and Maloy (1960) found that drought is
the most important factor causing this phenomenon. In our experiment
we found that while even on the north slope some trees suffered from
“dry face”, it is more frequent on the south slope. At the latter slope
most of the stems were exposed to direct radiation which resulted in the
faster crystallization of the resin on the wound surface which thereby
caused the stoppage of resin exudation at an earlier stage.

Bourdeau and Schopmeyer (1958), Vité (1961) and Lorio and Hodges
(1968) found that there is a connection between the water content in the
tree and resin exudation pressure. Miinch (1919-1921) and Messeri and
Saya (1960) tend to emphasize the importance of water on regulation of
resin secretion.

Table 2 shows that there is no relationship between the percentage of
water content in the wood and the amount of secreted resin. There was
also no correlation between the water content of the trees on the different
slopes at the end of the summer or after 109 mm of rain. There is prob-
ably a difference in the water content in the wood at the beginning of
the summer when the surface layer of the soil on the south slope dries
faster (c.f. Winget and Kozlowski, 1964).

The factors influencing the yield of resin are regarded primarily as
genetic (Mergen, 1953, 1954 ; Mergen, Hoekstra and Echols, 1955). Since
we have not found a correlation between the number of resin ducts and
resin production (Tables 3 and 4), it is clear that the genetic effect was
not expressed by the production of more resin canals in the wood of the
trees secreting more resin. It is suggested that perhaps the genetic trait
affects the ratio of resin synthesis and resin viscosity. The ability of the
tree to secrete more resin can be depressed (south slope) or induced
(north slope) ; however, the microclimatical conditions alone are not
sufficient to cause the production of high amounts of resin. Therefore,
these microclimatical factors are of secondary importance. The fact that
even on the north slope there were some large trees which secreted a small
amount of resin, can serve as evidence that the microclimatical conditions
are not as important as the genetic traits. Distribution of trees on the
two slopes according to their genetic character is at random and the
conditions on the north slope are more favourable to resin secretion.
Hence, a tree growing on the north slope possessing the ability to pro-
duce a high resin yield will secrete relatively large quantities of resin.
The differences between the resin production of the individual trees of
the north slope which possess either favourable or unfavourable genetic
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were wounded. The width of the wound was 12 -15 cm, i.e., one fifth of
the stem circumference. The height of the wound was 2-3 c¢cm (Cover).
Twenty of the wounded trees were situated on the south slope and 30 on
the north slope of the hill. The treatment was repeated every seven to 10
days during the period of cambial activity, and every month during the
dormancy period. In each tree, measurements were taken of stem circum-
ference at breast height and of the water content of the wood before and
after rain. The height of the trees was determined with the aid of a
sextant and “HAGA” dendrometer. The weekly resin exudation was
weighed for every tree during October 1969. The mean resin secretion of
each tree in this month reflects the relative resin yield of the trees during
the entire season, although in this month, the amount of secreted resin
is much lower than in the summer. Wood samples (four annual rings
deep and 5 cm wide) were taken from the south and the north side of
six trees which secreted large amounts of resin (from the north slope)
and of six trees which secreted small amounts of resin (from the south
slope). The width of the annual rings and the density of vertical resin
ducts in each ring were measured and counted on these wood samples.

Results and Discussion

The total amount of secreted resin from 50 trees in one year is sum-
marized in Fig. 4. During the summer the amount of secreted resin was
greater than in the winter months when the trees are dormant.

The data of Fig. 5 show no correlation between the height and
width of the trees and the amounts of resin secreted. Bengtson and
Schopmeyer (1959) tend to accord greater importance to the tree
diameter and its crown from the third year of tapping and onwards.
Between the trees of the two slopes there was a difference of 10.8 cm
between the means of their circumference, i.e., 1.8 cm of their radii.
There were no differences between the mean widths of the annual rings
of the last four years in trees on the two slopes (Tables 3 and 4). Hence,
the rings of the first growing seasons differed in their width. During the
first few growing seasons when the root systems of the young trees
were still very shallow, the trees on the south slope probably suffered
from the lack of water during the summer. Root systems of adult trees
on the south slope which succeeded in entering the limestone crevices
produced annual rings and ducts similar to those of the trees of the north
slope. Heth (1969) pointed out in his work that high radiation and high
temperatures reduce the terminal and radial growth of P. brutia while
P. halepensis is less sensitive to these factors. The deep roots of P. hale-
pensis which entered the limestone were able to supply water during the
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and temperatures of 22 + 2°C at night and 28 + 2°C during the day. Two
containers were then placed in a water bath and the two others were
watered only when the percentage of water in the soil was 7 - 9%, which
occurred approximately every 10 days. The plants were sectioned six
months after they were transferred to the controlled conditions. The
autoradiagrams of the sections permitted the counting of the tracheids
and the resin ducts which were formed during the duration of the ex-
periment,

Results and Discussion

Table 1 and Figures 1 and 2 indicate that high soil moisture content
caused more cambial divisions in young pine saplings. Since wide annual
rings have more vertical resin canals (Kirsch, 1911 ; Miinch, 1919-21 ;
Mergen and Echols, 1955 ; Fahn and Zamski, 1970), induction of cambial
divisions also tended to increase the number of vertical resin ducts.
Because some of the flooded plants started to show the effect of damage,
the experiment was stopped in June, i.e., in the middle of the season when
vertical canals begin to be formed naturally. In this case, the mean num-
ber of canals which were formed during the experiment (from Jan. 1969
to June 1969) in plants grown under maximum water stress was smaller
than the mean number of canals in the half of the year before the experi-
ment (June 1968 to January 1969). Nevertheless, these plants formed
more tracheids and resin canals than plants grown under water stress.

tracheids
The ratio W (tracheids = number of tracheid layers formed during
uc

the experiment ; ducts = number of vertical ducts in the new increment)
was used to express the density of resin canals in the wood after several
cambial divisions. In plants grown under high soil moisture the density
of canals was greater than in those grown under normal conditions and
was much greater than in those grown under dry conditions. Harold
(1969), Budelsky (1969) who worked with P. ponderosa, Zahner (1968)
who worked with P. resinosa and other researchers found that water
stress caused depression of terminal growth and reduction of the cam-
bial divisions. The numbers of tracheid layers formed under different
water stress conditions were compared (Table 1) and the height and
width of trees at the two slopes were measured (Table 2). The results in
Tables 1 and 2 support the finds of the above-mentioned authors.

THE EFFECT OF NORTH AND SOUTH EXPOSURE ON RESIN
SECRETION

Methods

In this experiment 50 trees between Shaar-Hagai and Derech Burma
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THE EFFECT OF MICROCLIMATIC CONDITIONS ON RESIN DUCT
FORMATION AND RESIN SECRETION IN PINUS HALEPENSIS MILL.

By E. ZAMSKI,
Department of Botany, The Hebrew University, Jerusalem,
INTRODUCTION

It has been suggested that the ability to produce high resin yields is
a genetic trait. It is not known whether the genetic influence is through
the control of the size of the tree crown, the number of resin ducts, or
the resin synthesis by the secretory cells. Several authors stress the im-
portance of crown height and tree diameter (Mergen, 1953 ; Bengtson
and Schopmeyer, 1959 ; Barrett and Bengtson, 1964). Schopmeyer and
Larson (1955) found a correlation between the width of annual rings
and the resin yield. According to these authors favorable climatic condi-
tions cause the production of wide annual rings and influence the resin
yield. Other investigators found that oleoresin exudation pressure is
under the control of soil and atmospheric moisture stress (Vité, 1961 ;
Lorio and Hodges, 1968) or of the water involved in the secretion pro-
cess itself (Miinch, 1919-1921 ; Messeri and Saya, 1959). In the present
study we investigated the influence of northern exposure (moist) and
southern exposure (dry) on the amount of secreted resin. The correlation
between various characteristic dimensions of the trees, growth rings and
number of ducts and the amount of secreted resin was studied both on
high-yielding and low-yielding trees.

THE EFFECT OF MOISTURE ON CAMBIAL ACTIVITY AND RESIN
DUCT FORMATION

Methods

Four or five 114-year-old plants were grown in four containers. The
plants were treated with 1CO, for six hours in order to label the new
wood increment (Waisel and Fahn, 1965 ; Waisel, Noah and Fahn, 1966).
After six months in a heated greenhouse, the plants were treated again
with CO, and then transferred to controlled conditions of 16 hours light
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be as high as 85% (D. Eisikovitch, personal communication) ; nursery
germination was found to reach 48%. In the winter, seedbeds and trans-
plants need to be covered with polythene sheets to provide protection
against low tempertures and excessive humidity.

(e) Seedling morphology. The embryo in the seed coat is ivory white.
Germination is epigeal. After shedding of the seed coat the fleshy coty-
ledons expand and grow to about 1 cm length or more ; they shrink, dry
and shed when the first leaves start to develop. Both the cotyledons and
first leaves are pale yellowish green-yelow. The conspicuous swelling be-
low the root collar marks the beginning of the formation of the rootstock
(Figure 2).

(f) Effective reproduction is exclusively from seed.

IX. (a) Animal feeders or parasites. Insects associated with C.
procera (J. Halperin, personal communication) include the following :

Ambliseius eitanae Danais chrysippus

A. rubini Lecanium hesperidum
Aphis cracivora Fwaspis zillae

A. nerii Poecilocerus bufonius.

Brachyunguis tamaricis

(b) Plant parasites. No information.,
(c¢) Diseases. No information.

X. History. Among the earliest descriptions of C. procera are prob-
ably those by Josephus (“. . . Fruits, which have all the appearance of
eatable fruit, but when plucked with the hand dissolve into smoke and
ashes’””) and by the 14th century traveller Sir John Maundeville (“. . .trees
that beren fulle faire apples and faire of colour to beholde”). Already
Linné’s pupil Hasselquist (8) described its main area of distribution (“In
deserto argillaceo inter Jericho & mare mortuum”). Many travellers such
as Burckhardt, De Saulcy, Hart, Irby and Mangles, Seetzen, etc., also
referred to the species.

Hart (7) was told that “Osher is given to women when barren, or to
produce milk, the milk of the bush being taken”. Some of the local lore
associated with the species is quoted by Léw (12) and Crawfoot and
Baldensperger (4).

In undeveloped economies C. procera is of wide use. The floss of the
seeds serves for stuffing cushions and the inner stem bark yields a fibre
providing a strong cordage. The wood is suitable for the production of
charcoal and gunpowder. Various parts of the plant also find many uses
in native medicine (5). At present, little, if any use seems to be made of
the species in our area except for some fuelwood.
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the Dead Sea region?). Flushing of leaves in semi-evergreen plants
occurs already in February-March but is delayed for at least one month
in deciduous plants ; it continues almost without interruption throughout
the summer and fall and in evergreen plants even through the winter.
Shedding of leaves in deciduous and semi-evergreen plants is strongest
in January ; at that time many branches in the Lake Tiberias area die
back either at the tip or over as much as 60-80 em length and more.
The life span of the leaves apparently does not exceed one year. Flower-
ing begins in March-May after leaf flush but may even be earlier in
the Dead Sea oases ; it continues until late in the fall (October-Novem-
ber). Fruiting starts in August-September and continues in the Dead
Sea region until February-March.

It is so far not clear why plants with different modes of persistence
of the leaves grow side by side under identical conditions of microclimate
and soil, but under tropical conditions persistence of the foliage may
well be related to the water suppply (H. Gillet, ibid.). The species is
deciduous in Somalia (3) and evergreen in the Ennedi though semi-
evergreen plants were also observed (H. Gillet, ibid.).

VIII. (a) Floral biology. Pollination is by Hymenoptera (J. Galil,
personal communication).

(b) Hybrids. No information.

(c) Seed production and dispersal. The bright yellowish green-yellow
pericarp is dehiscent : after seed dispersal it dries and shrinks, turns into
various shades of yellow and then black and persists for several weeks
on the plant, The species is anemochorous ; dispersal is facilitated by the
2-3 em long fluffy white pappus crowning the seeds *). The greyish-brown
seeds are ovate, plano-convex, narrowly marginate, about 7 mm long
and 5 mm broad. The number of seeds per fruit is from 170 to 440 and
average 343. The 1,000-seed weight is 11.9 gr. The number of seeds per
fruit and their 1,000-seed weight are directly related to the size (length)
of the fruit. In one trial 1% of the seeds were found to contain twin
embryos which developed into viable seedlings.

(d) Viability of seed ; germination. No data are available on the life
span of the seeds but when stored under room conditions, the seeds re-
main viable for at least several months. They germinate readily and no
pretreatment is needed prior to sowing. Laboratory germination may

1) In semi-evergreen plants defoliation is never complete, with new leaves and flower
buds forming prior to the shedding of all of previous year’s leaves.

?) At the time of seed extraction the hairs form a straight, narrow, almost rigid
tuft. After drying or at the time of seed dispersal they separate and turn into a
loose floss.
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valley it flowers freely ; fruit setting is very abundant. Under cultivation
the species develops well in settlements in Wadi Araba, in Tiberias and
along the coastal plain to as far north as Beirut (14).

(¢) Effect of frost, drought, etc. The requirements for edaphic moist-
ure are certainly relatively high. The species is very thermophilous but
was found to be only moderately heat-resistant (11). Under cultivation
seedlings and young transplants from seed sown in the fall are very
sensitive to low temperatures still above freezing point, high atmospheric
humidity and stagnant moisture. Adult plants are not frost-resistant ;
at Tlanot, a temperature of —2.5 °C was conducive to more or less com-
plete die-back of the top but the plants eventually recovered and formed
new shoots (9). Although C. procera is said to be resistant to wind, in-
cluding salt-laden sea wind (1), it responds well to wind shelter which
may prevent premature shedding of the foliage.

VI. (a) Morphology. No data are available here on root growth but
in India the species is known to have a taproot and a root/shoot ratio
of 2:1 on heavy soil and of 3:1 on sands (15). The deeply grooved
bark consists mainly of parenchyma tissue and soft phellem (6). The
xeromorphy of the leaves and the presence of latex with high turgor are
stressed by Gillet (ibid.). Stomata occur in about equal amounts on both
sides of the leaf (10).

(b) Mycorrhiza. No information.

(c¢) Perennation ; reproduction. A deciduous, semi-evergreen or ever-
green macrophanerophyte. Seed setting occurs every year.

(d) Chromosomes. No information.

(e) Physiology. Depending upon site conditions and soil moisture
supply the leaf surfaces are either warmer or cooler than the surrounding
air. The species thus appears to be able to adopt either the overtempera-
ture type of Mediterranean maquis plants or to revert to the under-
temperature type characteristic of many, though not all desert plants
(10). Only under extreme conditions such as in the Mauretanian Sahara
both over- and under temperatures of the leaves may occur (11).

During most of the year the leaf moisture content of trees in the
Jordan valley exceeds 500-600 % of the dry weight. In nursery trials
the overtemperature rate of the leaves was found to be inversely related
to the leaf moisture content and transpiration rate (L. Pinchas, un-
published).

VII. Phenology. The species is deciduous or semi-evergreen on the
Lake Tiberias shores and semi-evergreen or evergreen at Jericho and in
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substrates such as basaltic grumusols at El Hamma and hydromorphic
soils at Ghor es Safi points to the fact that the species is quite indifferent
to the soil type, provided that its moisture requirements are met with. This
conclusion is in agreement with the occurrence of C. procera, throughout
its area of natural distribution, on various substrates, including sand (1),
with soil moisture availability providing the decisive factor for its very
growth (H. Gillet, personal communication).

III. Communities. In the lower Jordan valley and the Dead Sea
oases C. procera forms part of the Zizyphus spina-Christi — Balanites
aegyptiaca association (class Acacietea raddianae) which is well repre-
sented in the Jericho region, Ein Gedi, Ghor es Safi, etc. At Ein Gedi, for
instance, the species occurs together with Abutilon muticum, Acacia
raddiana, A. tortilis, Atriplex halimus, Balanites aegyptiaca, Boerhavia
plumbaginacea, Cassia obovata, Grewia villosa, Lavendula coronopifolia,
Moringa peregrina, Pennisetum ciliare, Salvadora persica, Solanum in-
canum, Suaeda forskalii, Zizyphus spina-Christi and others (17). At Ghor
es Safi, C. procera was noted near freshwater springs in association with
Atriplex halimus, Prosopis farcta, Salvadora persica, Suaeda fruticosa
and Tamariz sp. (2).

IV. Response to biotic factors. According to Dalziel (5) flowers and
withered leaves, but not fresh leaves, are freely eaten by goats and
sheep ; cattle is also reported to feed on the leaves but it is not clear if
the plant is palatable to camels. According to Gillet (ibid.) goats are the
only livestock feeding on C. procera but only the fruits and seeds are
eaten. Erect growth is displayed by shoots from broken stems still
attached to the rootstock lying on the ground. The species is very resist-
ant to fire and can overcome even most severe injury because of the
thick stem bark and because of the ability of the rootstock, in case of
complete destruction of the aerial parts, to form new shoots emerging
from the soil.

Gillet (ibid.) considers C. procera as a ruderal, nitratophilous and
anthropophilous species invading abandoned and impoverished fields,
colonizing empty plots and occupying abandoned encampments of nomads.

V. (a) Gregariousness. The species usually occurs here singly or
forms small groups, with the plants often spaced several metres apart.
Under optimum conditions such as in the Ennedi massif (Tchad), at
lat. 16-18°N, it forms very dense stands extending over several hectares
(H. Gillet, ibid.).

(b) Performance in various habitats. The species reaches in the Ghor
a stem diameter of 20 cm and a height of 5 m (7). In the Jordan Rift
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I. Geographical and altitudinal distribution. C. procera is confined
here to the Jordan Rift valley (Figure 1). It reaches its northernmost
limit on the Lake Tiberias shore at Tsemah and in the lower Yarmuk
valley at El Hamma, but there is doubt if in these localities the plants
are natural or have escaped from cultivation. The species occurs spo-
radically south of Beit Shean and is relatively common in the Jericho
region (outlet of Wadi Kelt, Ghor Kafrein, Tel Nimrin) ; it is abundant
in the oases of the Dead Sea shores (Ein Gedi, Wadi Ghar, Ghor es Safi,
Ghor Feife, Callirhoe, Ghor el Mazraa, Wadi Ibn Hammad, Ghor en
Numeira). The altitudes are from 380 m below sea level to about sea
level (13, 14).

In Wadi Araba, the southern continuation of the Rift valley between
the Dead Sea and the Gulf of Eilat, C. procera was seen only at Beer
Menucha, at an altitude of about 175 m above sea level (Y. Waisel,
personal communication).

In Sinai the species appears to be more frequent in wadis draining
into the Gulf of Eilat such as Wadi Watir, W. Islih and W. Kid, but it
occurs also in wadis with drainage into the Gulf of Suez such as Wadi
Feiran and W. Hibran (14). The altitudes are everywhere above sea level
(the elevation at Ain el Furtaga, at the intersection of Wadi Watir and
W. Islih, is about 200 m),

The general distribution of C. procera includes tropical and sub-
tropical deserts, semi-deserts and savannas and extends from southern
Africa through the Sahara, North Africa and the Middle East to northern
India and Burma. In the Sahara the altitudinal limit is at 1,800 m above
sea level,

Il. Habitat. (a) Climatic and topographical limitations. C. procera
occurs here in areas characterized by low to very low winter rainfall,
low atmospheric humidity, very high summer temperatures, generally
mild winter temperatures and relatively large temperature extremes.
Climatological data in Table 1 show that except for the Lake Tiberias
shore, its area of distribution has an arid climate according to Thorn-
thwaite’s classification ; Emberger’s ‘quotient pluviothermique’ points to
the existence of an ‘étage méditerranéen aride’ between Lake Tiberias
and Beit Shean and of an ‘étage méditerranéen saharien’ in the lower
Jordan valley and Dead Sea region. The species is usually confined to
gently sloping or level land or wadi beds with a high watertable and
surface or subsurface flow of water,

(b) Substratum. Most of the occurrences of €. procera in the Jordan
Rift valley are on calcareous sierozems. However, its growth on various
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CONTRIBUTIONS TO THE ARBOREAL FLORA OF ISRAEL :
CALOTROPIS PROCERA (WILLD.) R.BR. *

By R. KARSCHON,

Forestry Division, The Volcani Institute of Agricultural Research, Ilanot.

Calotropis procera (Willd.) R. Br. A large shrub or small tree up to
3-5 m high. Bark thick, corky, whitish. Leaves pale yellowish green-
yellow, fleshy, sessile to shortly petiolate, opposite, ovate to obovate,
apex obtuse with a short abrupt point, base cordate with many awl-
shaped glands, when young with a white tomentum, up to 30 cm long and
22 cm broad. Cymes lateral or terminal, subumbellate, 3-10-flowered, on
up to 8 em long, stout peduncle ; corolla 1.9-2.5 cm in diameter, campa-
nulate, with 5 white lobes with purple tips, pedicels 1-2 em long. Fruit
(follicle) subglobose to obliquely ovoid or obovate, obtuse or depressed
at the apex, shining light yellowish green-yellow, 8-10 cm long or more,
with thick, spongy, inflated pericarp.

Wood white, soft, striated, light. Pores solitary, subdivided, clustered
or in radial multiples, gradually decreasing in diameter from earlywood
to latewood ; maximum tangential diameter 200 microns. Vessels with
single perforations ; pits alternate. Wood parenchyma diffuse, paratra-
cheal. Rays narrow, up to three cells wide, heterogenous. Fibres relatively
short, not smooth, very dentate at the end, sometimes ramified (16).

Vernacular names : Dead Sea fruit, Sodom apple, swallow-wort :
tapuach sedom, petilat hamidbar hagedola (Hebrew) ; ’'ushr, 'ushayr,
'osher (Arabic).

Native. Locally common in the lower Jordan valley, the Dead Sea
oases and part of the Sinai peninsula.

* Contribution from The Volcani Institute of Agricultural Research, Bet Dagan,
1970 Series No. E-956.
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