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15-year-old mixed plantation in the Golan Heights in which broadleaves, pines and
eucalypts were planted in different plots, each about 1 hectare in size. Broadleaves planted
(in the foreground) were Quercus ithaborensis, Ceratonia siliqua and Pistacia atlantica.
Behind are separate plots planted with Pinus pinea, Pinus brutia, and eucalypts.
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2015-2012 | 2012-1990 1990-1970 1970-1950 nawpnn
Afforestation period
e 3.0-2.5 25-2.0 20-15 {H2) 08 Tl
Planting spacing (m)
140-80 167-133 250-167 400-250 (2R 5 B
Planting density (tree/dunam)
65 85 145 200 (mvrb.nvxv) 19 931 Y Maay
Planting density (tree/dunam)
40 55 %0 140 (nmb‘n’xv) 29 931 Y Maay
Planting density (tree/dunam)
08 35 60 20 (mnb.n?xv) 39 9731 90 Marax
Planting density (tree/dunam)
20 95 45 50 (nmb.n’xv) 49 931 90 Marax
Planting density (tree/dunam)

1 hectare = 10 dunam

.2015-1950 D1V YRV MNPN-DN MR DNV DHI2 PN MR NP0IN MR DMWY 1 nHav
Table 1: Changes in planting spacing and stand density for coniferous forests in the Mediterrranean Region in Israel.
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Table 1: Criteria for seed tree selection.
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" PIONM YPIPi (ORI NVI) PR NTIP
(n"n2 mv-11 . . . Dpnn
Soil and bedrock Geographic location
Average Annual , . The Place
. formations (Israel grid)
Rainfall (mm)
,1N2 IMTR-NMN 101 NIV 98M72
722 1780/2585 . 1
P 1AR, NP NN NNEN (Karmiel)
TINYIRY NN ,NND NN NPT mn py
617 1555/2251 . 2
VP PO X, DNTY (Ein-Tut)
NP NV ,NND TY NN NPT (NRWN ) ;NN
370 1425/1165 3
T NOVP,NVRIN INDIND NN (Nehosha)
TNZIRG NN ,MNTITAI NN APTTI
353 1430/1302 (Amatzyah) mxnx 4
MPA-T1 POVP ,NVRIN
MmN oY NPT TY-DIN 0 7N Y
250 1520/0815 . 5
NVPP YYD ,AMIN INNR NNEN NN (Hiran Forest)

OXIN MNIV-17 TV YHONM YPIPN NO DY DR YN MpHn WIpn 12 1Yav
Table 2: Soil, bedrock and average annual rainfall at the geographic location of the planted seed orchards.

D2’ NYN 1901 DY NN
No. of seedlings Seed origin
Seed Orchards / DY DR *pVN

28 C - enR
30 E — mxenr
18 P — o¥nr
25 nMIYN — PR
31 C - nom
21 E - nowm
29 P — hwvim
32 WIPIR — NI
27 nYn — nwIM
23 oINY MNPRN Y NNIPN — MNPy

Single trees and forests / DT DX MY’

32 (7M1 YY) NIRNWR
17 177 - 03

19 MM N

17 (1 py) mIRN YN
17 (2 yy) 21mIRN YN
24 MmN YnIon

31 70 YN

19 090N 01

14 R17N

NPR MY ANV Y3 04 PR MMVA A PRINN VNN
nPoN 922 YT NPR Y0 (MMNWY) NN 1901 DY
MY wian mnab n

YNNI N2 MTTN WYL (DY) DN DTN
MR¥IND %Y Y11 (ANOVA) mnw mni.mnwin mpona
DInNwNN .(2012-2010) ININRY WPV, MTTAN YV
NNVN) DANN DY NPN L,NPYNN v oMdn nban
PO VY DIRYD N2 D MO Danwnd L(Npona
0PN YXINNA VIDY AWYI ;YPIPN NN 'R 1.30 Nama
.MM NPYNAY WA XY YV NANM

DY) ORN YV KW AY0IN INRY MY 13,1998 MV2
2"9pn YW MY QIR OWIR PP HY 190R],(F; — PURT NT
AN TNAY TN PP NWINI,1PRIR MPHNI DHNT0R
DYMIRRA L(F, — 720 I17) DIRYRY NN MY DY
MIR 19T AT JNANY .ORN ORY HY NPRY DRNNI 1ADR)
WAVN TN TADN MNPN 190N Y7Ppn YV MY IR
MOR YN VTNV DYNVN NP0 HRIWI YI0IM
TR 9Y RPN NPINN.INY T DINNAY NPYNA WV
mIpn .NY0In 218H DVINN ,NIM-PaxY Nan ,pnn
n%201 DY T APYNY YNVN YT DNY YN
INRY DY DYIAN 190X DWVINI MN PY Npona .3
VIPYHR 772 DNPRY D2RYN Y3 VYN NI YR MpHnaw
JPHRIWN NAYN

NP5 NPONN MY YUY MNP :3 nHav
.F, 7 mnnann

Table 3: The seed sources and number
of seedlings for an F, grows experiment.



(2014-1985) HRIV?2 HVITP 1R HV DIYPIY DR YVNI RPN MNNANN PO

NN’ RIPIW NN YY DDA WD MRIINA YW
MRY JADN RIN 50 932 DRYN WP PIHRY 9PN
LDV MNNANN YW 80 101 MRYI0N NP0 ol
.5 19202 MY MRXIND .O7NNPRD DRINY DRNNA
DYINND NAVM 0PN P NWPY P 1M
MR PMVY-1I0 DNWIN MR A5 Mwvn mpona
72V PITAN VPN DR RN T IR (1 0YIV) Aponn
0N 12Y (1/R) nwan mnd Yv a:nn 1aonn
2TURD LYRINNAN

R?=0.5948, F Ratio = 199.6864, Prob.>F = 0.0002

MIV-1I0 NRWIN M1 YO0 AR VRN
Yawn W 79 11 400-9 250 1AV NNVA ,NYXINNN
S0 NYaVNN ;DIRYN YT 0IPA IYYR HY Inra apm
nOMA 0PI IYTIN YY DNVIN MNI1 Navu MYy

MRXIN

F; 17 0y yvnm mpm

XYN 997 YV YRINNN TVIPM NAVN DR DRI 4 1YV
DNV DYTaN RN RY 2, AR NP0 .MpYnn wana
DNVN MNPHRNN DXYN NINNANNA NPYDVVD TPHAIN
) MRIY IWARY 72T,V NPYN NR R¥INY ,mMpona
19N INNX P-1 E P Mpnnn oy i aphna .2 Rl
DT ORY WRM C PP VRN NP 27 NANY pRamn
M /1 20.98 = E 1) 'HRIWN 219NN MPRNN 1IRVIY
= HRIW AMYM 'n 16.65 = C Ny oY /n 201 = P
.('n 16.08
931 NYXINND DXYN MNNAND P2 IRNVD ANV
mrRYIV A HY ,NNT oYY RY mnnann Pav aphn
%9 MODIAN YR MRV .(Roehle, 1991) 91an nM

N1 DYVDVVD NN DNV M1 MTTA 9OR NVY
Prob.> F F Ratio Averz’gii:ejeﬂz:lzl:f (cm) Prob.> F F Ratio Av‘:;:;: t:e?;;:m?m) The seed 2:;:12;?::: :fp r?lzz.surement
0.1383 | 2.2953 31.55+2.42 0.3310 | 1.3270 23.35+1.56 2010 — Y8MI3
0.2189 | 1.9021 31.95+£1.31 0.7978 | 0.2334 1447 +1.92 2012 = mn Py
0.2368 | 1.4845 32.33 £ 3.03 0.0002* | 8.8500 18.52 +2.39 2012 = *nwim
0.5460 | 0.7759 24.85 £ 4.27 0.4660 | 0.9070 16.70 £ 1.69 2012 — 8nNR
0.3318 | 1.2447 14.00 + 1.40 0.1230 | 2.1350 7.57 £ 0.80 2012 = 1N

P9N 52 YN MMPA P2 1YTINN MPNDM 7TV 7VDVVON MNP MRIM MPHINN INK 52 RPN 559 Y0 0IpM 1237 90N :4 HHav
Table 4: Average height and diameter of all trees in the seed orchards and results of ANOVA test for differences among seed

provenances.
0PN YRINN n2nn yxnn Ty 5y NaN YRINN
920 nYav 1 Yy 920 nYav 1 Yy #5910 M2 MK ' nponn
. . . Average of measured
Average tree diameter Average tree height Sight class top height (m) The seed orchard
according to yeild table (cm) | according to yeild table (m) phels
25.0 20.2 28* 26.3+04 RN
21.7 16.5 24 174 +2.3 mn py
25.0 20.2 28 229+2.6 oM
23.5 18.3 26 19.7+£1.6 RNR
156 9.6 16 11.3+13 N
ONT2 MDD DXPN NIVY YV PRINNN NN RIN 29 91379Y N2 *
.50 9%3 19PN N2 NRVIAN NTIN M2 MR *

.(28) 1270 NHIV NP2 NMAIN MIPRIN NN NN TN A MR

28*

210 NP0 NN MY 29 9329 13 29 HY Mphnn MNnann mmn :5 Hhav
Table 5: Prognosis of seed orchards future development with help of yield tables for Aleppo pine and Top height in the seed orchards.
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Fig. 1: The relations between the average diameter of the trees in the seed orchards and
the average annual rainfall at the place.
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SR D21 DNVD MMPRY NYRINDN HNIV-110 RWIN MNIY NNY ANNRD 1AV PN 2 MR
Fig. 2: Relations between tree height of the various seed sources in the five seed orchards
and the average annual rainfall.

RPN YV Y¥INAN 12NN AV PN DR IRNN 2 TR
LRI VRN NYRINNN NPNIV-2770 DNWIN M 1729
-170 DNVIN MNIA NPHYIN TIRND YAVIN DIXY N 2D
MY 1M 400 T 250 AV DINNA NYXINND MY
DRINAN TIRN APOVIN M PY NPoNA DAY annxn
PPIPA YV IPONNIY Dwn TN 12 YV Dwpn
MVYY ,ONTY NNRNN QWP YHon Yy nvann MM
LIVIY T A, IMYI VR POV IVR X 0.
JPNIVY 1PNNY RVANND D) TR 12T

mYYIN DIYANIVIRN MNI YV NIIPN INVYI MPINN Y2
MPNN MININ HTHY MONPRN PN LYY 932 vn g
TR0 YV NPNVMNA NTR DR MR T YN
.6 17201 M9 NIIPNN MRXIN

RIVN P2 "AviIny” DYY OR YO 1 N
Picture 1: Seed orchard Nehusha at Masua Forest.




(2014-1985) HRIV?2 HVITP 1R HV DIYPIY DR YVNI RPN MNNANN PO

DYIVER NN DYYTVER VYN DYYTVER PN DYNN YRINN nponn
Many cones Few cones No cones The seed provenance The seed orchard
78 16 5 VIPYR 98N

35 37 28 C -

17 54 29 E -yw

15 41 44 P -

41 38 22 HRIY 21PN

49 33 18 VIPYR nwIm
7 43 50 C-nr

4 28 63 E -p»

3 30 67 P -y

19 47 34 HRIY? 2PN

8 65 27 VIPON I¥NR
0 49 51 C-w

0 43 58 E -

0 56 44 P -

4 52 44 HRIY 2PN

13 75 12 VIPOR 1N
2 34 63 C-yy

10 67 24 E -y

7 48 45 P -

15 66 19 HRIY AMYN

DY DR PV NYIIRD DHATVIR D2 VYNNI DITVIR MNI WRYVIY DY Npn 9910 RPN NINR :6 NHAY
Table 6: The percent of trees bearing cones in each seed orchard according to provenance.

INY D 0P 1A NNANN TYIY TR YVNN VA
NP2 WUIY NV MNPRN NOURT NT DRYN TR
NPV AR L1 NI (PRI DOYIv myn ophn)
NV YRR IR TP NP IMKRN DRY 0T YTIN

TVIN YON NMYY IR YON

T

NPV TRN NIIDA TAY WYY DR YON MPHN YV AP
NP0 DY NPDVPAR AR 1T RY 0 0D ,ANY M
TV 127 MAAR NIV TPIM,ITI0N 1IN NPT 12T RH
nHNY YIS NPIdN ,ARYM NP L APY MRIN D .0vN

.Mphnn HYv marvn

IRNINY ,"WIPHRY YN MPRa 03 AR 122000
o¥Yn 1900 (Schiller & Grunwald, 1987) 717983
L9871792 PPN 27 TIRN 12T MR DYNIVIR DIRINN
D3 ]2 MRYNRI TIRD TN VI ATN ANIXA ITMA
DORVIIN RPN 79001 1T N2 YU MNP IRYA
JRYNI 10100 PN PRARD ,NVIMA — 0217 D7HY0RR
99012 NN AMYNA MPYNN YAIR PA DHTIN W )
JYIVER VYN DNY WY IR DHTVRR 0N DIXYN

F, DINERYD 1nan mphn

HVAN NY NT DAY ,DXYN MNNANA DR NIRNN 7 1720
NURY NT DAY ,D¥PN MNNONA NMYY YUY ORN
MNTN Y97 19IRT 1D ,ARN NYAVAN LPIRI NYW MNPHN
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YRINN 0P PRINA N D2 NYN 7901 DY NN
Average diameter (cm.) |  Average height (m.) No. of Seedlings Seed Origin
Seed Orchards / D19 DR "YVN

14.6 A 80 A 28 C - ienRr

133 A 85 A 30 E - menr

128 A 79 A 18 P — mxnr

112 A 72 A 25 nIYN — MRNR

141 A 7.7 A 31 C - nvom

144 A 8.8 A 21 E - hvim

125 A 79 A 29 P - hvm

97 D 70 A 32 VIPYHR — VM

13.0 A 85 A 27 nyn - pwIim

133 A 82 A 23 0INY MMNMPNRN WY NN — NN PY

Single trees and forests / D2 DX MY

11.3 A 72 A 32 (772 YY) NRNVR

91 D 6.5 C 17 1TV = v

78 F 58 D 19 M0 M

100 C 71 A 17 (1Y) mIRN YN

65 G 55D 17 (2 Pp) 20IRN YA

103 C 70 A 24 MmN Yn1on

11.0 B 74 A 31 TN YN

106 B 68 B 19 071071 027

84 E 6.8 A 14 R17IN

.1nw npona (Tukey HSD) 'pv 0w 5 121 minn jnam onwn oy mapnn (F,) 2 7 pnr HYv 10ipm nann syxinn :7 7Hav
Table 7: Average height and diameter of different seed provenances in the second generation (F,) orchard and results of Tukey

HSD test.

P <0.05 YW 172 PRAM 19N DITA MR NNIRD D8N DIRY 01900 *

DNNYNY 28P2 WY TIR — ANY TY — XN (MR
N0 MPYNI TRRY NR NN I10V DINYR MNPRNN
Mendel, 1984; Weinstein, ;2013 ,39V) (4 19310) yIN2
127 NN DIMIMINAN DOYI9) DPR D) NYR WY (1988
LTYN T ARIN ORI RY) DNV MNPRN TWURA NV
DPIV1IP YY P20 NTOPN TN LDV DR O¥Y NPNIY
nml LPIRI MM0IN NPYION NPDIVAIRI L, DMY)
NIN2Y DI0MIPN TNIRY INRA TIRN NPAPT MRIN
DN PYN QN WHYIMVXRN MR’ 1PN DY DR IRY
TR T VNG A0 VINWAIY AR (1 1YIV) YT
DIRYREN YV 912 DHVRRA NN HY 127 NN Pavn
N9R P2 pHNI,MMpNAN TR 932,008Y0 291 (6 NY2V)

XY NN 0P YV MTTN WA L0V 190N 1T
MYNY MIYARND JUR ,MMIRMII NPT TN HY MIIYM
21901 MTNRD IOM ,NRT DY NV MIPRN 772
PN P2 MRNV YY NNNDN ATNRI VPR Mpona
IRV NI MIIYNA 1T ,MNNIN ARNIND MYl
VIAYY MTNY L0110 DOPR MYV 12T YN
MMNpnY ORNNA DHYVIP IR HV TNINa Y 0%y YV
IV DR TN MpHnn YV 1P DR YR YN
PN Y2 DYV Nponn
1 DIPRI 5-1 4 MRYAV) I NPPDA NIIND MIRNIND
YN IXNY YNVN AphM 1PN Y2 1 MR (241
NAPN) PIRI YIVIN PIVA YA DY IXYN 19DRIY



(2014-1985) HRIV?2 HVITP 1R HV DIYPIY DR YVNI RPN MNNANN PO

NN IR L(NPNa Mpa N7 hY=) ohHory 7R
NYRINNN TPMIV-110 DNVIN MR Naon 17y Hv
P NIRYMIV WO AT T AYOIN NP 10N ANy
PIRI DNWIN M”INIT MHYNI TPIAVY IPNNE MNNann
IMYRIN N7 MY NN 1Y L(2013 ,/2IM pRTII)
IMYRT M7 HW M) MHYN IR ,DRYIN M2 MYy Oy
mMYTNNN %Y 01pnn DMWYy DN P71 RN Ovil
MY DHVIP IR MOVANM DYV IR YV NIYav
N1 400-2 YW NIRY ,73 HY TN D) DY1a¥N O1YIv K1)
TR 5V PAVN MVWANNN Y123 RIN YRIND MIV-17 DV)
.(2013 ,0OR) yIR1 YOIV

,PoN 921 xyn YV yvnnn YYyn nann 2w
7729 MPYNI WRYN MNNAND 11 IRNVA TWARY 717
MR 9 HY ,A1M27 78NN 29 HY 1M9¥N MNNANNN
" R¥M .(5-1 4 MIRYIV) (Roehle, 1991) N an nna
NN P2 MPHna YRINNN NABN P YRINND VI
MYIYN WY NANN D HY N 3.4 RIN MpHna "N
73N A MR Yapy (M0 nHav) HRYION NN
NPINN RIRINY ,MPYNN 93173 ,R8N1,19 102 .1pon 2 Hw
NIMIWY NTNA "M 1.75 Y72 TINI TTRIV YRINHN NANN,HRN1102
21 YRINND NN HRMIIAY NPINa 1 .0 nHava
DR R¥INY,MpoNn Y22 5120 nHava N AT Yy 'n 3-2
5.4 73 M2 PN TTNIV RPN 0P YINN 1N Npon
nYav *a HY 1YY DRNNA XY YV NN PN PO
NP2 VIAVA NMIRA) 1IN A APV APYNA P70
1.6 772 TN 11PD TTNIV 01PN PRI (77 12 HTY PrIYY
RN APINN NN NYIV A HY NN IPIN PO
NI MIVIR PRY,TI 0TI TY 97901 RYY J9IR2 INNANN
RNV MPNT ONPNNY TIR W D20 MKRYIVA 1Y
nYavV) RN NI PIY NVVWA MTTHN MRXIN 12
MmNV MP7Na NVY DT DXYN 190NY VN, (N0
NN WITID VAV HYNT RY MPHNN L, TNR IR 99
.Dwn 93 7wNa,YYIN 29 HY ,ATNR

myxnra oy (F2) =wn 70 mnnann N7
YN .NMIN T Y MVUYIN NPARD YV DTN DNY DY
DR OXY R¥INY DRNN 1H0RIY  DHII0RRD 1PN
NP2 OWY 727 0N .MN YN AW 8Nk mpona
R¥NI.JTP PIRD PIVIN 7PAVN 1PN DHNTVRN 1ODR)
NN YV N0 F2 M2 01p2) nand anonkn o
1 ARIN (7 NY2V) DNV MY DY N3N0
ITAPN NN AIRYIND RNV 10337 1IN DR WX
YD DR YVNL VIV DY DR XY YV

PN NPV MPPTa nYHdN L, Naon Amay
VPR 93 YV TPOTN NNINN DR MIAPY Nan HY M
DNVN DPVIPRD A MRYINN DT XY F2 19
.Y ORA Npona

,DYITVNR VYN DRVNN YR 1722 HNTVER 70N DHY
VINN YNNI NPYNA HTHIV WIPIHR NP DR RININY
99001 YR DHMIVER VI YV on HY NTOPN
LDV N2, 1M, D027 DYIVRR MY D) M MDD
NNXN ;MY MIAPYA 172 YV RN O) I P2 RN
,1970 INRY UMV NVWA DR "W212” D27 YT WanNn
Goubitz et al., 2004; Nathan) V1928 P RINWY 727
& Ne’eman, 2000; Nathan & Ne'eman, 2004; Neeman et
oy .(al, 2011; Ne'eman et al,, 2012; Shmida et al., 2000
INR YPYUN D127 DMIPI DYATVXR IXINN NIRRT
DY2TIVERN T 0NN NMINXI RN 717271 12
YN MNI.MIMD NSV Y RPN P77 0N N 02N
INRY NYTIN DYITN NN DAY INRY NWANNN,NNIRYN
903 X0 ,(Nathan & Ne'eman, 2000) NOW DTN 1IN0
JNR TTINNNY D912 DPR NYPNIMPVY DTN IR
mny Pav ;TN PN DR DRIN 2-1 1 DIPR
01P2) NN NPT PAY NYXINDN NPMIV-1710 DRV
APOM IPYN 91 NWR MMPRIN YWY TR KV
NN YY YPIPM YIONN NYOWN 1) PRI,V qONa
NN NPNANN VAL NI 1722 RPN HY 1Ay
mny L(wp 0P, avp 7 YHo = oYITY NEn)
n"n 600-3 — TPMY DYPYN YV IO ANTIN M
PMIVY-10 DNV NN 1YY RN .(MN PY nphn)
400-2 YW NN 1NN 250-1 — NWIAPH NIRI NYINNN
Y YV VP DAV ANPNRRD HY TIRN DYOwN - n'n

DR YUY NANT :2 NP
9N2 1R PR YV Dyt
Picture 2: An example
of a conifer seed
orchard.
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YPIPN YV NPOIRITAN MNINM 1IN HY DTR PVI 1YY NAINVYN YPIP TVINWI NPV NYIVN

Mechanical composition % non nroR TIRD DIPN
Shi 158, ; Location
sand  9m silt  voo clay mon
MNVY | WNPND | MINVY | WA | MINVY | WATOD | MNOY | WA | Mnoy | 3 m
Virginland | Inforest |Virginland| Inforest |Virginland| Inforest |Virginland| Inforest |Virginland| In forest
0.94 1.03 0.7 1.7 62 70 20 12 18 18 Beer Sheva yav 12
0.91 0.52 1.2 1.7 30 68 48 12 22 20 Yatir vm
0.32 0.32 1.9 1.7 23 38 43 28 34 34 Malachim p»xon

DNV MMRN 1TAYIY MYPIPR YV 7M1 Aoy 901 (SAR) 1mn nao mm (EC) mYnwn ma»»nin 1319 17an arvIv :1 Abav
Table 1: Mechanical composition, electrical conductivity (EC), and Na exchangeable ratio (SAR) in saturated soil paste of the

studied soils.
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Fig. 1: Saturated hydraulic conductivity values of the forest and virgin soils from Beer
Sheva, Yatir, and Malachim regions as functions of the cumulative leachate volume of
saline water (SW) and rainwater (RW). The vertical bars represent 2 standard errors.
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Fig. 2: Electrical conductivity values of the forest and virgin soils from Beer Sheva, Yatir,
and Malachim regions as functions of the cumulative leachate volume of saline water

(SW) and rainwater (RW). The vertical bars represent 2 standard errors.
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Fig. 3: Mean diameter values of aggregates of the forest and
virgin soils from Beer Sheva, Yatir, and Malachim regions
after fast and slow wetting and their slaking values (SLV). The
vertical bars at the top of the columns represent two standard
error values, and different letters at the top of the columns
indicate significant differences between the wetting rates for
each land use and region.
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Fig. 4: Organic matter content in the forest and virgin soils
from Beer Sheva, Yatir, and Malachim regions as functions of
the soil depth. The lateral bars near the symbols represent 2
standard errors, and * indicates significant differences between
the land uses for each soil depth and region.
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Table 2: Dispersion values of the soil samples that were sampled from the forest and the

virgin land.

Different letters near the numbers indicate significant differences between the land uses

in each region.
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Figure 1: Forest timber production trends on the national scale 1953-2013. Index: blue = conifers, green = eucalypts, red = total
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Picture 1 (above): Whole-tree yarding with a four-wheel drive
(4WD) tractor (Photo: Kalil Adar).
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Picture 2 (right): A skidder tractor with improved ability to
haul trees in tough terrain (Photo: Omri Bonneh).
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Picture 3: A grinder fed by a tractor loads the biomass into a container to be transported
directly to the customer (Carmiel Municipality) (Photo: Kalil Adar).
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slash. Part of the slash remaining after forest management
activities, particularly following thinning in young stands, is
ground and spread on the forest floor to leave nutrients in situ
(Photo: Kalil Adar).
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Picture 5: Piles of firewood and a rack (in the background), intended for the Hebron pallet industry. In the pile are large-diameter
logs that could have been used in the local industry (Photo: Kalil Adar).
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((USDA, 2015-1 vvi¥n Eckenwalder, 2009; Lee, 1968)
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Fig. 1: Natural distribution of black pine (from: EUFORGEN, 2009, www.euforgen.org :7inn) Mmw 1R W 1yaon axanm :1 K
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Picture 1: 21-year-old black pine trees in t}.ule Bar'am i:orest VRN NV DN NI T0IP) I NYIIN MNNanNAN
experimental plot (Photo: Omri Bonneh). (Mpnn aRw Hv
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Fig. 2: Survival rates of black pine from various seed sources and countries of origin, in the Bar’am Forest experimental plot. Error
bars indicate + SE of the mean.
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Fig. 3: Height of black-pine trees from different countries of origin and seed sources in the Bar'am Forest experimental plot.
Different letters indicate significant differences between seed sources (P < 0.05). Error bars indicate + SE of the mean.
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Fig. 4: Diameters of black-pine trees from different countries of origin and seed sources in the Bar’am Forest experimental plot.
Error bars indicate + SE of the mean.
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Lee, C.H. (1968). Geographic variation in European Black
Pine. Silvae Genetica, 17: 165-172.
Eckenwalder, ].E. (2009). Conifers of the world, the complete
reference. Timber press, London.
2015 911 197 ,EUFORGEN, 2009 IR inn
http://www.euforgen.org/fileadmin/templates/euforgen.org/
upload/Documents/Maps/PDF/Pinus_nigra.pdf
2015 IR 1973 ,USDA- Forest Service InNR 7inn
http://www.na.fs.fed.us/pubs/silvics_manual/Volume_1/
pinus/nigra.htm
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Elea) 10 MMY 1R H2pNn 00 NN 00w 108
22pnn N2 VPR PN PR (0D 12.78) (pyrgos
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012’0

mMNd TNV M) )N 2w NNannY N1 NNV TIR
IVIPY MYPIP 1A 400 HY 1Y MV DYpwnn
NNN APV 2291 NP1 DTRY AT ININY L1 N
NNV TR PI0IY 13 19X MINON HVA 2OV YV Rwn
,DMN DN TP DOV JTNRY 1NN HRIWA

104 TMY 10 APYN) NP WP WITI-NPN NPT PPIPA YT (MNNA NNTP) WY 18 32 NNV TIR XY 22 Mnn
Picture 2: Eighteen-year-old black-pine tree (foreground) growing on chalky-gray rendzina soil in Biriya Forest.
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Picture 2: Four-year-old planted Pistacia lentiscus in the
Gilboa Forest; it was shaped as a small single-trunk tree by
using a plastic tube shelter and pruning. Picture A — with a
plastic tube; B — after its removal.

Magnificent Trees NINDIN WY

DXY D) DAY DY
a3 MY

N¥N AN NN VI 99 A YT (Pistacia lentiscus) 00NN NOR
MM DY ORIV MNPN-DN MR DAY N3 N1 (Ceratonia siliqua)
DIANYN DTN DTV TP DOPY S0 AP Y1 NINYPNN 02w NVYwa Iy
2xpY I L(1 nnnn) A 92T Y3V Yy nnanm ,NMYIn nyawna maTna
NNNIN NN MR, DTN PPODYD MMPRL VIDY NP O3 7000 NHR HY Xy
Rhamnus) YRV PIR MWK 10X .(273 R 2 111IN) Yppn M2 wmn oy Ny il
NP NP NYAVN2 NYY NNANNY 7127 I A0 MW 993 7112 YN (Yycioides
mma Ym0 QY MW RN (oleander Neriwm) DONIN NTIN (3 NANAN) NI pyH
(4 namn) PYY NNannY %120 RIN 03 712 P DIPIN IRVINI DNYY IR ,DOM)

PYR YT LR NNN) ‘N 7 N2 (22027.73474 X.3) DTW IPI-NNN MR 00N NIR PY :1 Mnn

(2 nnn) n”o 100 9p7na
Picture 1: Pistacia lentiscus, usually a shrub, can become a tree under heavy grazing.
This tree is located in the Timrat-Beit Zarzir area, its height is 7 m (Picture A) and its
trunk circumference is 100 cm (Picture B).
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Picture 3: Heavy grazing formed a small single-trunk Rhamnus
lycioides tree in the Mimlach ruin. The tree height is 3.5 m and
its trunk circumference is 45 cm.

.7121N 770 NIDHI MINVYAN NYDII I¥NA YNNI NTIN YV PY 4 Mnn
.0"0 1401913 9PM "N 6 YYN NI

Picture 4: Nerium oleander, usually a riparian area shrub, was
z shaped into a small tree by pruning, in the garden of the Trans-

& = figuration Church on Mt. Tabor. The tree height is 6 m and its

e . ‘ :__J-r' e circumference is 140 cm.
gl Sl mn A

SR TR

MIYNN MR NVNY NNNNI TN MHR ANRIAN MR VNN 7TV PIOI TIRN PY

79T 99 IPINND 191729 NNAN T0IPY 12PN DIV TUNI TIRD Y1)
A 41-year-old memorial cedar tree that was planted through a hole in the floor
of an armored personnel carrier (M 113) that was destroyed by a rocket in
the 1973 war. Eight soldiers were killed in this tragic event. Radial growth of
the cedar trunk gradually entirely filled the hole, and the tree might be girdled
(below).
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M MOAR WP NTH NP2 ORINA NNANNY 2
,MNMON MPHNa aw 150H YR ,YRn 31 Tnvna
VTN 2014 NIVA .NXTTNA DY DR HY TN RPN
MY 55 931,090 IR YV I 7Y NpYn AR
VITNY MITA PYINA PONI ,NRT.ONT 300-2 YV NVWI
DY 50-30 TVPNY VPV PN PINN YN
DD 1IRVIN PN WITN DYY DRYN DRI onna
XY YV M¥IP DTN DORY WD YV v N1
1203 .01 IR XYY YWD IR YV DIY0NN
191N INNANNY , 00PN THY AN VNN XY 1IRVIN

INRY NWRIN PP N0 DHY 7INT DI0NN PNV N3N 2 Mnen
Yo
Picture 2: Mixed regeneration plantation of vigorous seedlings
of various coniferous and native broadleaf trees at the end of
the summer, 9 months after planting. The seedlings received 75
L of water in each of five irrigation cycles during the summer.
The amount of precipitation in the year of planting was only
200 mm, as compared with the annual average of 450 mm.

25N 7Y TN %Y Y

,1966-1949 WA PV MANN Y HY INVY MaN
VNIV DINVAN 80%-I MPNY DIV IR Y3
PIYNN 7Y .0NTY DNY 350-200 YV MM} NMN92981)

12930 7Y DNV NYPVRY DN NPIRY 2P 40 YW NINN KN 21 Ann
Picture 1: Forty-cubic-meter metal tankers supplying water for irrigation of seedlings in
a regeneration plantation in the Gilboa Forest.
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the effects of this change in land use on soil structure and hydraulic
conductivity were much less studied. The objectives of the present
study were: (1) to investigate the effects of these land-use changes
on soil structure and saturated hydraulic conductivity (K;) under
various climatic conditions in the south of Israel; and (2) to study
the mechanisms responsible for these effects. Samples of disturbed
soil were taken from within a forest and from virgin land adjacent to
the forest in three different regions: (1) Be'er Sheva Forest (referred
to as the Beler Sheva Region); (2) Yatir Forest (referred to as the Yatir
Region); and Malachim Forest (referred to as the Malachim Region).
The long-term average annual rainfall in these regions is 170, 283, and
360 mm, respectively. Organic matter contents, electrical conductivity
(EC) and Na adsorption ratio (SAR) values (Table 1), stability of
aggregates against slaking, swelling and dispersion forces, and K| were
measured in the various soil samples. In some regions the changes in
land use from virgin land to forest increased the aggregate stability, i.e.
decreased slaking and dispersion levels (Fig. 3; Table 2, respectively) of
the soil samples, and, consequently, decreased their K; values (Fig. 1).
These effects were influenced by the climatic conditions, especially the
long-term average annual rainfall. In the Be'er Sheva and Yatir regions,
with average annual rainfall of 190 and 283 mm, respectively, the
change of land use increased the organic matter content in the forest
soil to 1.4 and 3.1%, respectively (Fig. 4) and, consequently, enhanced
the K; values of these soils (Fig. 1). In contrast, in the Malachim region,
with average annual rainfall of 360 mm, the organic matter content of
5.5% in the virgin soil was probably high enough to prevent intensive
breakdown of the soil structure, similarly to the condition in the forest
soil with 8.1% organic matter content. As a result, the K values of the
virgin and forest soils in the Malachim region were similar (Fig. 1).

Utilization of Logs and Residue from Plantation
Management Activities in Israel

Larry Swan, USDA Forest Service, State & Private Forestry (S&PF)
and Mark Knaebe, USDA Forest Service, S&PF Technology
Marketing Unit, Forest Products Laboratory

July, 2012

Edited by: Adar Kalil and Bonneh Omri

KalilA@kkl.org.il

This report documents the results of a USDA Forest Service technical
assistance mission to Israel in July 2012, whose purpose was to
investigate and offer suggestions regarding: improvement of utilization
of forest thinning; retention of forest industry processing capacity; and
reduction of costs of forest management activities in Keren Kayemeth
Lelsrael-Jewish National Fund (KKL-JNF) plantations.

The primary log or round wood processing system in Israel appears
to comprise use of a chainsaw to delimb and buck logs, and of firewood
splitters. Estimates vary, but it appears that at least 40%, and perhaps
up to 80% of the roundwood removed from KKL-JNF forests goes into
the firewood market.

The majority of round wood sold for sawlogs by KKL-]NF
contractors is shipped to sawmills in Hebron (West Bank) to make
pallet lumber and pallets. A very small volume of sawlogs, perhaps less
than 5% of the roundwood removed, goes to sawmills located in Israel
proper, for a wide variety of products.

Markets for ground slash are not nearly as well developed as those
for firewood and sawlogs. KKL-JNF staff estimated that only 10%
of the ground slash from KKL-JNF projects is actually utilized —
approximately 5,000 tonnes in total.

A decision-support tool is provided in the appendixes to this report,
to help to examine and compare the business cases for products made

from KKL-JNF ground wood or wood chips, needles or leaves, bark,
roundwood (other than sawlogs), and sawlogs. A total of 35 product
categories were identified that can theoretically be produced from
KKL-JNF thinnings and other treatments. Twelve of these are already
being produced or explored, and 13 are considered to have sufficient
potential to justify further investigation.

Security Forests in Israel in the 1950s — from
Confrontation to Civil/ Military Cooperation

Yoram Fried and Gideon Biger

At the end of Israel's War of Independence (1947-1949) the Israel
Defense Forces (IDF) found themselves with the requirement to
defend a long, narrow country, confronted by enemies along its entire
land border, with no natural barriers. Forests were considered by the
IDF as a barrier that could help to prevent an enemy advance and also
help to conceal the IDF forces. The concept of 'security forests' was
taken very seriously by the IDF, which acted vigorously, both through
its own efforts and with the help of the civilian afforestation bodies, to
promote this perception.

In the first few years after the war the IDF had operated a Vegetation
Unit whose role was to establish new tree plantations and to plant
the resulting trees in areas designated for security forests. Because of
budgetary difficulties the unit's work was shut down in 1953, and all its
activities were transferred to the civilian afforestation bodies, mainly
the Jewish National Fund (KKL).

Unlike the confrontations that accompanied the relationship
between the IDF and civilian organizations in the early 1950s, after the
dissolution of the Vegetation Unit the IDF and the civilian organizations
began working together, knowing that cooperation would benefit them
both. The IDF gained the security forests they needed and the KKL
gained assets in the form of land dedicated to its use, money from the
sale of wood products, and prestige among potential donors.

Evaluation of the Survival, and Height and Diameter
Growth Rates of Black Pine (Pinus nigra) from
Different Countries of Origin and Seed Sources in
Bar’am Forest in the Upper Galilee Mountains in
Israel

Omri Bonneh, Nir Herr, and Roi Har’el

The collapse of planted Aleppo pine stands at altitudes above 600
m a.s.l, because of the snow storms that occurred in Israel in 1992,
stimulated evaluation of other species, such as cedars and black pine,
which could withstand the weight of snow and ice, to replace Aleppo
pine at high elevations. Black pine from nine seed origins (three from
Greece, three from Italy, two from Turkey and one from the former
Yugoslavia) were planted in 1993 in Bar’am Forest in Galilee (elevation,
675 m a.s.l; annual precipitation, 750 mm). Comparison of the survival,
and height and diameter growth rates, of 21-year-old black pine from
the various seed origins showed that the seeds originating from Greece
and Italy performed better than the others with respect to all three
parameters, but the differences were not significant. Our conclusion
is that black pine can be successfully planted instead of Aleppo pine at
elevations above 600 m in Galilee, in chalky-gray rendzina soils and,
presumably, also in low-lime-content soils such as brown rendzina and
terra rossa. Cedars can be successfully planted for the same purpose
but only on low-lime-content soils.
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Evolution of Israeli forestry from Even-Aged Pure Pine
Plantations to Uneven-Aged Sustainable Mixed Forests

Part A: A Review of the Various Approaches to Forest
Policy and Management in Israel During the Last
Hundred Years

Omri Bonneh, Chief Scientist, Land Development Authority,
Keren Kayemeth Lelsrael — Jewish National Fund (KKL-JNF), Eshtaol,
omrib@kkl.org.il

The planted forests in Israel are at present multifunctional, and
designated primarily for provision of ecological services. Afforestation
in Israel, which was begun 100 years ago by Keren Kayemeth
Lelsrael (KKL) the Israeli Forest Service, was based on the “classical”
forestry approach and was characterized in its early days by dense
pine plantations dominated by Aleppo pine (Pinus halepensis).
Early criticism of the KKL forestry policy by environmentalists and
ecologists included recommendations to reduce planting density and
to increase species diversity, had already begun in the late 1930s. A
massive dieback of 40-year-old planted Aleppo pine stands, attributed
mainly to an outbreak of the Israeli pine bast scale (Matsucoccus
josephi), in the early 1970s led to the use of other species of pine,
mainly Pinus brutia, instead of Aleppo pine (Figure 1). Toward the
late 1980s the use of native broadleaf species in forest plantations
was dramatically increased, and much heavier thinning was applied
in many young, dense stands. Broadleaf seedlings were planted in
mixed forests, either randomly between the conifers (cover photo) or,
alternatively, in separate patches of varied sizes to create a complex
mosaic-like landscape pattern (photo, page 9). Only in 1990 were
the changes — that had been gradually implemented in practice since
the early 1970s — formally approved, as the KKL Forest Department
revised its forest policy (Figure 1; Table 1). The new policy aimed to
create mixed, multi-layered, well spaced forests with higher tolerance
and better resilience to climate-change impacts such as drought, fire,
and insect infestation. Since then, modifications of this policy have
been made from time to time, to strengthen sustainability of the forest
by increasing its structural and age diversity.

In 1995, the National Master Plan No. 22: Forests and Afforestation
was approved by the Israeli government (KKL, 1995). The plan is
unique, in that it defines six different forest formations, and thereby
explicitly promotes biodiversity. The plan designates only 42% of the
forest area in Israel for coniferous forests; the rest is designated for
various native broadleaf forests and other woodland formations.

In 2007, the KKL Board adopted a sustainable forest development
policy. This policy emphasized the variety of ecological services
that the Israeli forests should provide to the public and to future
generations, and it set the goal of creating a second generation of
uneven-aged mixed forests, prioritizing the use of native species and
natural processes.

In 2012, KKL published the current forest management plan —
‘Policy and Guidelines for Forest Planning and Management in Israel’ —
which recommended increasing the complexity and patchiness of the
forest structure.

Development During 1985-2014 of Aleppo Pine
(Pinus halepensis Mil.) Trees from Several Seed
Sources Planted in Five Different Seed Orchards:
A Survey

Gabriel Schiller! and Nir Herr?

1 Dept. of Natural Resources, Institute of Plant Sciences, ARO,
the Volcani Center, Bet Dagan 50250, Israel

2 Forest Department, Northern Region, KKL-JNF
vegabi@volcani.agri.gov.il

A survey was conducted in five plots (Table 2) planted with Aleppo
pine originated from plus-trees seed collections in three Aleppo pine
forests in Greece, and several relict natural Aleppo pine populations
and planted forests in Israel (F; generation). The plots were planted
along the rainfall gradient within the country, from Galilee (Carmiel)
in the north down to the northern edge of the Negev Desert (Yatir) in
the south. These plots were intended to become seed orchards after
heavy selection-thinning.

Survey results (Table 4) revealed no significant differences in
growth in height and diameter among trees originated from the
various seed sources in Greece and Israel. Furthermore, the survey
revealed a significant relationship between growth in height and
diameter, on the one hand, and the plots” average annual rainfall, on
the other hand (Figs 1 & 2). The increase in average annual rainfall
from 250 to 400 mm had the strongest influence; any further increase
was less influential. Furthermore, most of the trees in the different
plots, which are F, generation, present crown architecture of fine and
evenly distributed branching, barring onlya few cones, similar to the
phenotypes of the original seed trees (Table 6).

An additional provenance trial was established, intended to analyze
the growth of F, generation trees from the seed orchards and compare
it with that of those grown from seeds collected freely in various
forests. The results (Table 7) revealed the superior growth of the F,
generation from the seed orchards.

Effects of Changes in Land Use from Virgin Terrain
to Planted Forest on Soil Structure and Hydraulic
Properties under Various Climatic Conditions in Israel

Meni Ben-Hur!*, Haim Tenau!, Marcos Lado?, Lea Leib!, and
Assaf Inbar!

1 Institute of Soil, Water and Environmental Sciences, ARO,

the Volcani Center, Bet-Dagan 50250, Israel

% Soil Science Section, Faculty of Sciences, University of La Coruna,
Spain

* meni@volcani.agri.gov.il

A large area of virgin land in Israel was converted to man-made forest,
starting in the middle of the 20th century. This change in land use,
from virgin land to forest, has had significant effects on environmental
and ecological aspects, which were extensively studied. However,
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