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Table 2 %2V

oMINM 020 0Y2NWN DWW 0Morm marm watn Imnm %71 0N n21n
17°R R 9?2 (29° — 1900 ; 88% — M) MUNM MR 20
Water content (% of dry weight) and viability of needles and roots from intact
and halved seedlings (after Ilan)
(ODR Ty (DM02W) 4B M7 P. radiata -3 nyaz > AvIYn DN
Scale of viability determined by TTC-tests scores decreasing from 4 to 0.

prwawaR N1Vl NATT D vAn NN M om nhan % TRRET NYw
Degree of root viability nPMpIP hn nr1pIp-nn oovnna  Hours of
T a3n nwn T ohw wnwn Viability Water content exposure to
!Hah’;ed Intact of subapical of subapical dry air
needles needles %

Dnmn nngp omIn nngp
WP pnab P2 o%3a?

»m i nn i SR R
»nw »nw bnw Yne
fmm. White MM whie M0 obw »gn obw
wide tips ~ Wide tips ~ Halved Intact Halved Intact
brown brown
roots roots
3 4 S 4 _ 255 2417 4
1 0 3—4 0 4 4 208 178 22
_ —_ 3—4 — 4 4 207 165 29
— —_ 0 —_ 3 2—3 149 109 53
_ —_ 0 _ 2—3 1 121 97 70

0 %¥°¥PIW D°2°NWA NN TV ARNDIN 4

AMD APRY WAPH NP DTRY PN PR 1963 KRR ATP 2w o aAvnwna Ty
Jaonn *nban A MRIIN DR AR 3 mvaw

w2 MPRAR DIBK DRYWY DVRPTINK porEd DI MR pr3 o mom abava 1y
qup TR TAYRAY WHY NP VP DNWA oobpR ORINY DMWRND DPR 07 IR nxmnb
b3 SDIWOR 1 MPATYN NN, (Pinus ponderosa) s39yn 2% TR, (Pinus coulteri)
=1om M7 MILNN PIDR NEW by DORIW DOYIMM MWLM TR DA P AR DYpRa
WA 7X9) WMANBAAA XD WY (P, jeffreyl) 97 R AR poibia vy PorED
bysvas 297 PrAT 13 PYYAT K OMITRY Y WVDIA DR nEwh awnan ¥aphl (TR
MR TR JDOMR MM R VA AP by 1YW DPNWRY DOLAM TODA2 TR KWANT
Sawn ipb man bw pm abah Yha seIR MBEAN N WA DYTYY K

AR WATN NPAIWBT TMNT AT MIREIN WD PIN 79m3 YhPRATRN DM0N3
9y aYY I IR WY 7 T 3 Twml DWpR DORING AX by Tayn PN DR N
ooy nwn bab MW oo KDY DWR ATTRYY ORI 0P DD BIWA ANAR PR ANRA
bp mSysY OB DO Y (2) AMYFA NN AUA by %y (X) :YapIW 23Pa RIM
mnnona Y anw agp vy mWmnw R MPRAn MRy YT RN DK DTITA
YR IR PO MR N2 DTN DR DWW NOTYR DIENOX Y DR

by mannn "abw oM A MTRYA AXNDAY NP2 WA ATRATIP AYK DOKIN3
-nna 73 SNEmILDR AT 25w (X) LRrT mbx Dabw .y PP nanh nnxd orna
b 13 (2)7) $¥OWA DMIB PUIY YPIPATR O3 .MM MR nmEnEn PR nvaven (1) 25w
ppn v (@) Mpwpn 20w DBSMR PRI ROW TY DNAITAN N0 Y DI

PRI



Table 3 nbap

m1mia 29w R w14 13 0" nw axn
Condition of 1%%-year-old seedlings after a sirocco at Rehovot

YR A R™M3 pm m 1°n8n

Average height healthy damaged dead Species
(cm) (%) (%) (%)

21,5 66.3 10.5 23.2 TINDLPR DY B0 TR

P. radiata

Californian seeds

27.8 844 1.9 13.7 D¥mpn DYITPn NN

ditto from local seeds

9.8 60.7 25.5 13.8 952 1R

P, jeffreyi

14.1 41.7 30.9 27.4 5P IR

P. coulteri

26.5 0 94.3 5.7 TYAT IR

P. pinea

189 55.9 30.7 134 D193 1IN

P. brutia

25.7 55.9 30.7 134 D51y 1R

P. halepensis

13.8 29.7 39.0 31.3 29y7n 2R 1IN

P. ponderosa

339 64.2 20.8 15.0 79°%p Po1 IR w2

C. glabra

42.2 85.9 10.3 3.8 N3N w2

C. sempervirens

26.1 96.5 3.5 0 nnam m™n

Thuja orientalis

16.1 32.5 10.0 57.5 De29yn N

Thuja occidentalis

(Th. “plicata’)

— “DRe 0O 03 2NNYYR PAIw DNY — “pyri. 0D DR AN Xow DNY — “X™3, : n1aon
AYPIV W AW 7N Y warnaw ovnw

Ezxplanation : ‘“Healthy” — seedlings without symptoms of damage. “Damaged” -—
seedlings with more or less brown leaves, “Dead"” — seedlings drying
out within one or two weeks.

1227 00T TIRD DX NIDWH AR I NIRD NPIPDT N0 12 A1) 25w-nn pa Swand
PNWM A1 MR A1 watnn Y DonmNe AN a»ath 0131 Ynwa wanwn xn
41PN ®5S YA

A nbava mpnwn Ay sy oo oeb Tk N AR oeabrPD mann sabw
5P XMW NPTRITA NYBYA by moabwa TR BY IR MOLR 83 N0

M “TPWM, MDA YPIPT MW hRNwA (1) ra%av7 nnm poab v e
Wom DX S L pYhaT IR ToRn P2 R N abwa Soa PRwn vumm TIRw
B'39¥3) 17T SLMOWT SROXINDT ¥ n9aom TP 25T TR My mavean
YUY MR SY abvnn wawn MTRY 31 oUNNTRN rEn wa (@vbmn
nX ob¥m abnwEa WEIY MM 1K SNy (2) LNRA DOPAT W oYy AxNwaa
ST IMRA 23”7 NOAR LobAS QPUIWT MWRD NIND  MMA aJwma mawan
¥ OIPWA MIVY N MR W APTITROT LARBETA MY 923Mm AR a7 1.
W OY3 UMLIM 1IR3 MBI N W Avbwn SRV, DMWY YN NYIRA
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Table 4 nbadp

1R "' W01 oMol DRpn M1 M 1220 Wn
A27RIMW R 92)
Duration of stages of transpiration and soil moisture at their termination in three
species of pine (after Ilan)

- R
p'n°a prabwna wn ¥pIPN NI1A®Y %
Duration of ' stages (days) Soil moisture

PP 29 5w B omdaA oy
Cuticular stage »umwo at death “w n”o
stomatal at nvIvren
sapp 0WMWIAR namon i PEERR 180
: stage ‘wilting” at
Total n;;n m_:;""n'l stoamatsl Treatment Species
from nwman closure
wilting from
to death stomatal
closure to
wilting
12 4 2 > 19 22 26 “TPYR
“Irrigated”
apwin
ooy ‘
YRR R {
15—16 16 26 Irrigated and MIVN
sprayed with P. radiata
transpiration
suppressant
19 6 3 10 21 24 26 “RNXN
Droughted
14—16 5—6 4—5 5 14—14.5 17 19.5~20.5 “aPWMN '
“Irrigated”
apvm
ooy ‘
nYTTROTNA MR
18—19 6—1 5 /i 14—14.5 17 19.5—20.5 Irrigated and YOI
sprayed with P. pinea
transpiration
suppressant
25 11 4 10 15—16 20 22 “RNXN
Droughted
15 5 4 6 12,5 15 17.5 “apWIN '
“Irrigated”
apwvmn
ooy MR
nYTTRITRA 5 > ‘
26 9 65 105 7 I - 115, ieutenand i
gprayed with
transpiration Belopeasis
suppressant 1
22 9 6 7 11 14 17.5 “RNXD ‘
Droughted

/DTC - na"s3 SPTPTP"NNA DOV NI NPOSA WD “MMB. : A0N
PBAR M RN NI DY DY PYI W KD I AUNE “ITR3.
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P. halepensis
P pinea X
P radiata
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Fig. 1. Change in transpiration in three pine species, as averaged percentage of
maximum established for each seedling, in dependence upon decrease of soil moisture
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Figure 2.
Fruit (left) and excised embryo (right) of Haloxylon persicum Bge. (x5).
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Figure 3.
Seedling morphology of Haloxylon persicum Bge. (x1).
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Although planting of forests is carried out all over the country,
most of the afforested areas are in Jutland where afforestation is done
on fixed dunes. Initial stabilization is achieved by various grasses, mainly
Ammophila arenaria. At a later stage trees are planted. The main species
is Pinus mugho which covers about 90% of the area of the fixed dunes.

Erratum

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

The following letter was received from the Authors of this paper
which appeared in La-Yaaran 17 : 111-115, 1967 :

“Because of an unfortunate misunderstanding, stems of Quercus
calliprinos Webb. in place of Q. boissieri Reut. were received for investi-
gation. The results and conclusions of our paper apply, therefore, to
Q. calliprinos. The name Q. calliprinos should therefore be substituted
to that of Q. boissieri wherever this name appears in our paper.

The following paragraph (page 115, para. 2) should read as follows :

‘Quercus calliprinos Webb. is one of the three species of oak native
to Israel. It is one of the main constituents of the Mediterranean maquis.
Its distribution in Israel extends from the Judean mountains and the
Devir-Lahav region in the south to Upper Galilee in the north.’

Since the analysis of three stems of Q. boissieri growing in the same
habitat on Mt. Meron shows a similar behaviour to that of Q. calliprinos
there is reason to assume that our conclusions apply to both species of
oak.’

N. Liphschitz
Y. Waisel

The Israel Forestry Association

extends sincere condolences to
Moshe Kolar
on the death of his mother

BIANCA KOLAR 97T



(Figure 3). Tricotyly is of very rare occurrence (R. Karschon, un-
published).

(f) Effective reproduction. Although cuttings can be rooted in the
nursery, effective reproduction in nature is believed to be mostly from
seed.

IX. (a) Animal feeders or parasites. Insects associated with H.
persicum include :

Acanthopulvinaria discoidalis Steraspis speciosus
Capnodis excisa ssp. alphieri Platyproctus agraphopteron

Crossotus arabicus

Insects causing two types of galls on vegetative twigs and the above
noted flower galls were not yet identified (J. Halperin, unpublished).

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

X. History. The first record of H. persicum from Palestine is by
Aaronsohn (12) who collected it in the Dead Sea region. Its distribution
in Wadi Araba (under the name ‘grather’) was mapped by Major Buller
(4). Zohary (13) identified the ‘ghada’ tree of Near Eastern deserts as
H. persicum and drew attention to the fact that Hart and subsequent
travellers failed to note its occurrence in Wadi Araba.

H. persicum is believed by some to have provided the fuel for King
Solomon’s copper smelters at Ezion Geber (2). Although the species
could be useful — and was much used in the past— for forage, as fuel-
wood and for the manufacture of charcoal, present economic conditions
do not warrant its use. In the early fifties, attempts by the Forest De-
partment, Ministry of Agriculture, and others to extend its area and
increase its density in Wadi Araba resulted in complete failure.

FORESTS AND SAND DUNES IN DENMARK
By Y. ZOHAR,
Forestry Division, The Volcani Institute of Agricultural Research, Ilanot.
This account is the outcome of the FAO Seminar on Heathland and
Sand Dune Sylviculture which took place in June - July 1968 in Denmark.
This country was selected for the seminar because of the opportunity to

demonstrate all techniques of sand dune fixation based upon an ex-
perience of some 200 years.
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nursery conditions is possible. Seed setting occurs every year, but no
observations are available on seedling production under natural condi-
tions.

(d) Chromosomes. No information.

(e) Physiological data. In Wadi Araba, the transpiration rate on a
fresh weight base varied from 84 mg/g/h in January to 694 mg/g/h in
June ; the osmotic pressure of the cell sap varied from 30 atm in March
to 56 atm in January. All the leading plants of the Haloxyletum persici
were found to belong to the same hydro-economic type (17).

In laboratory trials on sand, seed germination was 90% when the
sodium chloride content of the medium was up to 0.3%. At a NaCl
concentration of 1.8%, germination dropped to 2.5% ; at higher salinities,
no seed germination took place (R. Karschon, unpublished).

VII. Phenology. Available evidence points to the fact that flower-
ing occurs in two separate seasons — spring and autumn. At the end of
the spring, only flower galls are found on the reproductive branchlets ;
no seed setting occurs. Seed setting from the second flowering is most
abundant ; seed maturation takes place in November-December. This
~ behaviour of H. persicum is similar to that of H. ammodendron Bge. at
Tashkent where flowering takes place in April and in mid-August’.

VIII. (@) Floral biology. No information.

(b) Hybrids. No information.

(c) Seed production and dispersal. The seed is round, horizontal,
brownish-black with five membranous, shining, grey wings developed
from the perianth. The spirally coiled embryo in the resin-impregnated
seed coat is dark green (Figure 2). The 1,000-seed weight averages 3.5 g.
Seed dispersal by the wind occurs in December.

(d) Viability of seeds ; germination. Freshly collected seeds remain
viable for 3-4 months. Laboratory germination at room temperature on
filter paper or sand starts after 2-4 days and averages 53% ; nursery
germination reaches on the average 26%. Germination and seedling
production in the nursery are highest when sowing is done in receptacles
filled with pure sand and when the seeds are lightly covered (about
2-3 mm) with pure sand. During cold weather and strong rains, covering
of the seedbeds with polythene sheets promotes germination and initial
growth. Both in the laboratory and in the nursery, one watering is
sufficient to obtain germination (9).

(e) Seedling morphology. Germination is epigeal. After the fixation
of the radicle the light pink hypocotyl starts to grow upwards; the
linear, light green cotyledons of unequal length expand and force off the
seed coat. The plumule develops and gives rise to the linear first leaves

1 Bochantseva, Z. P. (1944) [An investigation into the biology of flowering and the
embryology of Haloxylon ammodendron Bge.] Bot. Zh. SSSR 29 : 36-47.
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(b) Performance in various habitats. In Wadi Araba H. persicum
is usually a shrub of 1-2 m height. Taller plants are rare and low trees
of more than 3 m height (2) are certainly exceptional. The species is
highly resistant to oversanding and in some cases, separate shrubs may
actually be parts of the crown of a large plant covered by sand (3).

(c) Effect of frost, drought, etc. H. persicum is possibly represented
here by an ecotype requiring relatively high temperatures and low humid-
ities of the air ; attempts to grow it in northern Israel failed. Although
the extensive root system probably enables the plant to survive with but
little edaphic moisture, there are incidences of mass mortality over large
areas when for one or more years the depressions failed to carry run-off
or when the course of the run-off flow changes and its flow in older
depressions is discontinued.

VI. (a) Morphology. H. persicum has a very dense, horizontally
spreading network of adventive roots at 10-80 cm depth which is active
only when the sand is moist (2) ; no data are available on the depth
reached by the roots and their mode of branching. The ratio cortex to
radius of the root is 0.797 (6).

The shoots are cylindrical, articulate, evergreen, succulent at the
joints ; the leaves are minute or rudimentary. Part of the green ‘skin’
of last year’s growth dries and then splits into rings and sheds ; part
of last year’s twigs also break and fall off (‘articulate branch splitter
and shedder’) (15). The young twigs break up very easily into single
internodes because of the meristematic nature and the small diameter of
the bases; the shedding of photosynthetizing cortex results from the
activity of the periderm formed in the phloem parenchyma which takes
over the protection of the vascular tissue (6).

The epidermis of the green shoots is biseriate. The stomata are
sunken, with the subsidiary cells producing an almost rectangular
cavity opening ; there are 412 stomata per mm® and the guard cells are
14.6 » long and 6.8 » wide. Immediately below the epidermis there is a
one-layered hypodermis followed by two layers of cells containing chloro-
plasts — palisade cells and more or less cubical cells. A thick water-
storing parenchyma occurs between these tissues and the compact
vascular cylinder (7).

(b) Mycorrhiza. No information.

(¢) Perennation ; reproduction. H. persicum is a spartoid macro-
phanerophyte. After shedding of the rudimentary leaves, assimilation is
carried on by the green twigs. No data are available on the longevity of
individual plants, but reported ages of 1,000 years and more (2, 3) are
certainly gross overestimates (there are no annual rings in this and
other members of the Chenopodiaceae). No evidence was observed in the
field of vegetative reproduction, though reproduction from cuttings under
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(b) Substratum. Except for local accumulations of sand of sufficient
depth in wadi beds H. persicum is confined to the deep sands derived
from the weathering of so-called Nubian sandstone of mostly Lower
Cretaceous age. Sand in deserts is generally known to be the most favoue-
able plant habitat because of the ready infiltration of all of the scarce
rainfall, the absence of run-off and the low moisture losses by evapora-
tion due to the course texture of the sand. However, as noted above, the
notion is to be dismissed that H. persicum thrives solely on incident
rainfall ; on the other hand, there is no evidence that its roots reach
down to the water table, if any. Thus, growth of H. persicum is possible
only where sand of sufficient depth occurs in locations where direct
incident rainfall is supplemented by run-off from large catchments.

Only limited data are available on the composition of sands support-
ing the Haloxyletum persici. In one profile of 120 cm depth, total soluble
salts were from 0.08% to 0.17% and chlorides from 0.004% to 0.078% (17),
though the total soluble salt content may be higher (14). Available evi-
dence also points to the effect of the microrelief upon the salinity of
the sand (10) ; thus, leaching of soluble salts may, in addition to mois-
ture, be responsible for the contracted mode of occurrence of H. persicum
along depressions and drainage channels in sand. Only in the Ghor the
species grows on saline soil. In Wadi Ithm (Edom), between Quweira
and Aqaba, it occurs on granite sands (8).

III. Communities. H. persicum is together with Calligonum comosum
L’Hér. (11) the leading plant of the Haloxyletum persici belonging to the
class Haloxylotea salicornici. The association also contains characteristic
species of the Retametea, Suacdetea, Anabasidetea and Acacietea as well
as numerous ‘desert wides’. The floristic composition based upon 11
records in Wadi Araba (17) is as follows (only species with percentages
of presence above 50 are listed heree) :

Haloxylon persicum Bge. Salsola inermis Forsk.

Calligonum comosum L’Hér. Plantago cylindrica Forsk.

Eremobium lineare (Del.) Asch. Asphodelus tenuifolius Cav.
et Schw.

IV. Response to biotic factors. Reproduction from seed is doubtless-
ly restricted by grazing. Older plants appear to recover well from damage
by grazing, lopping or cutting.

V. (a) Gregariousness. In the Haloxyletum persici plants of various
sizes and ages usually form linear populations along shallow depressions
and wadis draining the run-off from the mountains. Uneven-aged open
stands recalling the ‘saxaul forests’ of Central Asia sometimes occur on
sandy detrital fans. In other plant associations H. persicum occurs
usually single.



The general distribution of H. persicum is discontinuous and extends
from Wadi Araba, its westernmost occurrence, to Central Asia ; it in-
cludes the Syrian desert (Edom), the Arabian peninsula (Nefud), Iraq,
Iran and the Aralo-Caspian deserts of the U.S.S.R.

II. Habitat. (a) Climatic and topographic limitations. H. persicum
is confined here to the hottest part of the Saharo-Arabian phytogeogra-
phical territory characterized by many Sudanian penetrations. Through-
out its range, mean annual rainfall is everywhere less than 100 mm with
very irregular distribution in both time and space ; very high summer
temperatures, relatively mild winter temperatures, low humidities and
high evaporation are characteristic. Climatological data for the area
under review are given in Table 1.

Table 1
Climatological Data
Sedom Eilat
81° 02’ lat. N 20" 33’ lat. N
35° 22’ long. E 34° 57’ long. E
alt. —380m alt. 5 m
Mean maximum temperature of the
hottest month (°C) 40.5 40.2
Mean minimum temperature of the
coldest month (°C) 10.9 10.1
Mean relative humidity (%) 44 39
Mean annual rainfall (mm) 51 30
Continentality (%) 38.3 43.0
Emberger’s ‘quotient pluvio-
thermique’ (Q,) 5.8 3.3
Thornthwaite's moisture index IEAE -—58.6

Microclimatic measurement in a typical stand of Haloxyletum persici
in Wadi Araba showed daily maxima from 20 °C in January to 40 °C in
August and hourly means of daily evaporation (by Piche) from 0.3 mm
to 0.5 mm (17).

Since direct rainfall is too low and too irregular to support a peren-
nial vegetation, it is obvious that actual occurrences of H. persicum owe
their existence to the interaction of topographic and soil factors. Aerial
photographs clearly show that the species does not form a diffuse cover
on sand fields and dunes, but occurs only along shallow sandy depressions
and channels carrying the run-off from the mountains receiving 100-150
mm mean annual rainfall, most of which flows off because of the rugged
topography and low infiltration capacity of the soil (10). Only on sandy
alluvial fans close to the foothills of high mountains does H. persicum
form a diffuse cover.
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CONTRIBUTIONS TO THE ARBOREAL FLORA OF ISRAEL :
HALOXYLON PERSICUM BGE.*

By R. KARSCHON,

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

Dedicated to the memory of Mrs. Bianca Kolar, S,

Haloxylon persicum Bge. Tall shrub or low tree up to 2-5m high.
Stems thickened at the base, numerous, much branched ; young branches
slender, pale green. Leaves 0.5-1.5 mm, scalariform, short triangular, acute
to cuspidate at apex, connate into cup. Minute flowers on short, slender,
spike-like branchlets ; stamens exserted ; staminodes membranous, ovate,
exceeding ovary ; stigmas 5, sessile. Fruit 0.7-0.9 ¢cm in diameter, includ-
ing five 3-4 mm long, entire to crenulate wings.

Var. idumaeum Zoh. Leaves almost acute, very short cuspidate ;
wings almost entire at margin.

Var. maris-mortui Zoh. Leaves as above ; wings with more or less
crenulate margins.

Wood with very small pores, solitary or in clusters. Vessels with
simple perforations ; pits alternate, small. Conjunctive parenchyma in
concentric layers. Rays sporadic, not continuous, heterogenous, cells
square ; 1-3 cells wide, less than 25 cells high. Fibres with small pits.
Included phloem of the ‘concentric’ type (5).

Vernacular names : white saxaul ; saxaul belyi (Russian) ; prakrak
parsi (Hebrew) ; ghada (Arabic).

H. persicum is the only representative of the genus in Israel. Other
species formerly included in the genus are now attributed to the genus
Hammada 1ljin ; they differ from the former by having not-spartoid
branches and glandular staminodes.

I. Geographical and altitudinal distribution. H. persicum is an
Irano-Turanian species extending into adjacent Saharo-Arabian terri-
tories. In Wadi Araba, the southern continuation of the Jordan Rift
valley extending from the Dead Sea to the Gulf of Eilat (Aqaba), it is
widespread on sand fields and dunes and in sandy wadis such as Wadi
Jeib. It occurs sporadically in wadi beds of the foothills and mountains
bordering Wadi Araba to the west. Its northernmost occurrences are at
Ghor es Safieh on the Dead Sea shore (12) and in Wadi Quseib (1).
The altitudinal range is from 380 m below sea level at the Dead Sea to
about 1,400 m above sea level in Edom (Figure 1).

*Contribution from The Volcani Institute of Agricultural Research, Bet Dagan, 1969
Series, No. E-852.
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Still better results were obtained after dehydration above CaCl, at 30°C
in vacuo. With Aleppo pine seeds where the effect was more pronounced
than with the brutia pine, 5h of vacuum dehydration improved the final
germination percentage from 81 to 96%. A higher proportion of normal,
healthy seedlings resulted from this treatment ; their roots showed more
ramifications than the controls.

7. Metabolic effects of dehydration (Kessler, 4). Early increase of
respiration in response to dehydration was more pronounced in Monterey
than in Aleppo pine needles, where a peak was reached only at a water
saturation deficit of 40 instead of 22.5%. A change of the RQ indicating
abnormal conditions set in abruptly above a WSD of 30% in the former,
but slowly at 45% in the latter species.

Investigating bark tissues and roots, Kessler found an early break-
down of water soluble proteins, but pronounced stability in Stone and
Aleppo pines. Amino-acids originating from destruction of protoplasmatic
proteins were liberated upon leaching by Monterey pine bark at a WSD
of 20%, by that of Aleppo and Stone pines only at 40-50%. P. radiata
released 14, P. halepensis — 7, and P. pinea — only 4 amino-acids. In
the drought-sensitive species, desamination of such acids was established.
Amino-acids liberated by roots possibly might reach toxic levels in dry
soils and therefore appear interesting as indication of damage.

Total RNA increased in P. halepensis until a water deficit of 35%
was attained ; this recalled results with total protein. No such increase
took place in P. radiata which lost much nuclear RNA upon dehydration.
The enzyme considered as synthesizing RNA in the ribosomes — the
centres of protein synthesis in the protoplasm — is the ribosomal RNA-
ase. Its activity was found considerably more stimulated by slight de-
hydration in Aleppo pine than in Monterey pine needles. In contrast,
the soluble cytoplasmatic RNA-ase that breaks down cytoplasmatic RNA,
was found less active in this early stage of dehydration which continued
to 30% WSD, than in water saturated needles ; the depression of its
destructive activity was stronger in Aleppo pine than in Monterey pine.

The chlorophyll content of the dark-green Monterey pine needles was
higher at saturation than that of the light green Aleppo pine needles.
Its formation was stimulated by slight dehydration much more in the
latter species. Above a loss of 30% of the saturation water, chlorophyll
destruction prevailed. It was much more pronounced in the drought-
sensitive Monterey pine.

All these investigations on the effects of dehydration on metabolic
processes lead to the conclusion that the drought-resistant Mediterranean
species continue their synthetic activities and avoid katabolic harmful
processes at low levels of dehydration better than the drought-sensitive
Monterey pine. Their metabolism is characterised by a greater stability.
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3. Drought resistance of seedlings. Potted seedlings grown in an
open nursery differed specifically in drought resistance, as became
apparent after a dry spell (Table 3). Mortality of indigenous or well-
acclimatized species was 0-15% while most American species, such as
Coulter’s pine and Western Yellow pine and especially the thuya from
the Rockies, suffered more in agreement with their poor development
(cf. last column).

When the seedlings were 14-year-old, they were droughted to death
in an illuminated chamber kept at 21% rel. humidity and 37°C. They
survived for as much as 2 to 7 weeks. Results with three pine species
are summarized in Table 4. Drought resistance can best be judged from
the specifically varying use of soil moisture discussed above, while time
of survival depended also on size of tops and abundance of roots. The
table shows for one and the same species a longer survival of seedlings
kept under a regime of rare irrigation during their cultivation, than of
others irrigated regularly. However, such infrequent irrigation proved
harmful to Monterey and Stone pine by stunting or weakening their
roots, as demonstrated by their lesser capacity to extract moisture from
drying soil. A spray with a transpiration suppressant prolonged life
mainly in the stomatal stage, but improved the decisive use of little avail-
able soil moisture considerably only with the weakly cutinized Monterey
pine,

Figure 1 shows that decline of water consumption with decreasing
soil moisture sets in early in P. radiata, followed in order by P. pinea and
P. halepensis. The decline coincides with complete stomatal closure which
occurred respectively at 26, 20 and 17-18% soil moisture.

4. Water transfer from shoot to root. When bare-rooted Aleppo and
Monterey pine seedlings were severed at the root crown and both compo-
nents exposed to desiccation, the needles were found to lose less water
than those of intact control seedlings. The conclusion that the difference
derives from water transfer in intact seedlings from tops to roots losing
more water in dry surroundings, is corroborated by tetrazolium tests of
viability of both needles and roots (Table 2). It is of considerable syl-
vicultural interest.

5. Foliage reduction. The water balance of pines is regulated by
shedding of old needles which reaches high proportions on dry sites where
often hardly two flushes survive the dry season. In young brutia pines
producing three flushes per season, the earliest one may even be shed in
the same season. Loss of the needles immediately below the apical bud
was often tantamount with the death of the shoot.

6. Influence of heat and dehydration on germination of pine seeds.
Heating of Aleppo and brutia pine seeds to 60-70°C, imitating the influ-
ence of crown fires, improved the speed and percentage of germination.
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seedlings was under normal irrigation 302 cm, under scanty water supply
— 136 cm and after exposure to heavy drought— 60 cm, demonstrating
the result of suppressed growth and stunting.

Closure of root tips by metacutization starts in Aleppo pine when
soil moisture stress reaches 6 atm. Exposure to drought considerably
raises the osmotic pressure of the roots. In Aleppo pine it reached, in one
forest, 37 atm. If the roots survive the concomitant drop of water content
per dry weight which became critical at 65%, the higher suction potential
enables them to extract water unavailable to herbs. Table 4 shows this
phenomenon for a soil with a conventional permanent wilting percentage
of 21% and the decreasing specific efficiency of soil moisture use by
P. halepensis, P. pinea and P. radiata (see also Figure 1).

While Aleppo pine is able to extract water from soft or weathered
rocks, the roots of P. brutia are unable to penetrate hard mineral crusts.
The species depends upon earth-filled pockets and fissures if it is planted
above rock on shallow soils. The difference is decisive in drought resist-
ance and development of both species.

2. Restriction of transpiration. When isolated needle fascicles of
pines and branchlets of cypresses or thuyas were exposed to desiccation
in the laboratory, they remained fresh-looking for several days. They
dried out the later, the more the species is known as drought resistant.
Fascicles of Aleppo pine kept fresh longer than those of Stone pine (P.
pinea) and the latter, longer than those of Monterey pine (P. radiata).
The number of stomata was only 25-30 in Aleppo pine, 35 in Stone pine
and 60-80 in Monterey pine. The thickness of the needle cuticle decreased
in the same order (Table 1) showing also the influence of ageing on the
former. The branchlets of the smooth-barked Arizona cypress (C. glabra)
kept fresh longer than those of C. sempervirens while those of the not-
drought-resistant Thuja occidentalis var. mastersii which grows in moist
localities of the Rocky Mts., dried out easily. Branchlets of the Asian
Thuja (Biota orientalis) proved extremely resistant by surviving more
than a week under hot summer conditions.

The fresh green appearance, in contrast to hay colour, is however
misleading. Conifer needles and shoots look fresh when they have lost
as much as 60-80% of their saturation water content since the peripheric
tissues survive till this stage. Inner tender tissues die in the investigated
pine species when about one third (in the analogous branchlets of the
Cupressoids — one half) of the so-defined water content has evaporated.
This was shown by vital staining and plasmolysis and by the capacity of
drought-exposed shoots to recover their full original weight when put in
water in a moist chamber. Drought tolerance of tissues varies but little
in related species ; it seems to be a generic property.
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PROPERTIES EXPLAINING THE SURVIVAL OF CONIFERS
IN SEMI-ARID CLIMATES

By Prof. H. R. Oppenheimer,

Department of Plant Physiology, Faculty of Agriculture of the Hebrew
University, Rehovot, Israel

(Dedicated to the memory of Uriyah Feldmann, cducator and
explorer of the plants of Israel, on the 10th anniversary of his death)

A. Introduction

The drought resistance of pines, cypresses and thuyas, mainly from
Mediterranean countries and from the arid West of the U.S.A., has been
investigated by a team of plant physiologists, anatomists, biochemists
and foresters since 1961, with emphasis on root and leaf properties. The
present article written by the project leader, summarizes results of his
own work (9-12) and that of his colleagues : Dr. B. Kessler (4), Dr. B.
Leshem (2 ; 5), Mrs. Adiva Ilan (3 ; 13) and Mr. D. Heth (1). A grant
of the U.S. Forest Service* helped essentially towards the realization of
the project. Background and research methods are described in the
Hebrew text.

B. Results

1. Root properties. A survey of root growth of the Aleppo pine
(1" below the forest floor) showed that growing root tips were abundant
in the rainy season (XI-III), but very scarce in the dry summer (IV-X)
when they became suberized. Suberization, however, proved unable to
prevent considerable water loss and death of fine roots in dry surround-
ings jeopardizing water absorption, while conduction was very much
reduced by air penetration into the tracheids of the apical zones. Rain-
fall in autumn or irrigation in summer are followed by ready formation
of new rootlets from the surviving portions of the root system. These
were found more extensive in some resistant species (Pinus halepensis,
Cupr. sempervirens, Thuja [Biota) orientalis, than in others (P. brutia,
P. pinea, P. radiata, C. glabra). Total root length of one-year-old P. brutia

*Research Project No. A10-FS7.
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The Israel Forestry Association was founded in 1945. The objects of the
Association are to advance the development of forestry in Israel, to form u
centre for all those engaged in forestry, and to foster public interest in fores-
try and in the importance of forests, The Association holds regular meetings
and symposia and organizes excursions to areas of professional interest.
Membership is open to all who are interested in forestry and wish to receive
the publications of the Association.

The Association's journal, called La-Yaaran (For the Forester), is pub-
lished quarterly. It provides a medium for the exchange of information on
forestry in all its aspects, and its contents include technical and descriptive
articles on forestry practice and research, with special emphasis on forestry
in Israel and the Middle East and in semi-arid and arid areas. Contributions
are invited from members and others resident either in Israel or abroad. All
editorial and business matters should be forwarded to the Editor, Israel
Forestry Association, Ilanot, Doar Na, Lev 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 Volcani Insti-

tute of Agricultural Research, Ilanot, D. N. Lev Hasharon :
Leaflet No. 31 : References on forestry and forest products — 1967.
Leaflet No. 32 : El Hamma.

Leaflet No. 33 :

Samaria and Judea.

R. Br.

Leaflet No. 35 : References on forestry and forest products — 1968.
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Distribution of Thaumetopoea wilkinsoni Tams in

Leaflet No. 34 : Leaf surface temperature in Calotropis procera (Willd.)
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