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Picture 1: Forestry in the Land of Israel by the JNF, 1928/9 (Photo: Yosef Schweig,
21/9/1929).
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Picture 2: Ginegar — pine tree development, a year and a half after planting (Photo: Yosef Schweig, 1929).
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Picture 3: Kisalon — new immigrants employed in forestry (Photo: Werner Brown, 1950).
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Picture 4: Ben Shemen Forest (Photo: Avraham Malavsky, 1950).
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Picture 5: Forestry in the Judean Mountains — the planted forest and the maqui landscape of the surrounding area (Photo:
Avraham Malavsky, 1960)
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ORI DYPUNN MmNl DT Nmina nan (2013
npRM XY AT NN NAXN 12 PN ANNOY
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TTIAN A IPNHRN MR . DPAIRY TN ,TPY NI PIRD
993 QORIV YN AT INTPN 0T HY DIRN NYAVIN
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2000 MWN ,NMEN a¥nY T NN LIndex (NDVI)
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DYYIPR DNMIN 12VINY L(ET,) D7HRIRIVIA NYT-NTR
2013 Y1 1994 TMIVN MNTRI NPNINIRVA MINNN JGORIY
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,129 .90 DY NN DATIYN 93 DR V%P Y000 IR
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SV TIPAN TIRY TMIW-11 NI MDY DN Y
.(Shachak, Sachs, & Moshe, 1998) 17711 T1IRY NIIYNN
POY ,ANN POAND WY ,DMIpnnnm 1 pon
PPIP AIMARNI N, DYPYN NN, DPNNPR DV
YDA NNRIXN 127021 28N DAY HY NPRYTN DN
19182 1IN2 NYR ©pNN L(Boeken, 2014) TPYa PYRIN
INRIVID YV MV NNIR NYOVAN NR L9932 TR pHn
ININA DY IIORRIVIANM TPHRIVPRD MITRNNM 0NN
2V MIVA NOMIR YAV DR NIM32 NNOWIN ATAYN
DADI DYMHYPR DIVARM N ,DNVIN TV NV
nY WYPR P 72PNT NIR OYIVA NMIXD MY HY
.20 AR NXNNY MY

mouw 0IMMN

oD (1 97R) TPY NP0 PIRA MINNA YXIAND 3PN
DYPR 772 72y MR L(31°17°N; 34°37°E) ann Nava
7009 HYN N ~190 SV N2 RYNN N¥NNY NN TN
mMNITRI MYYN 7-Y 4 P2 0PI IR DYINNN DDV
370-3,1991 MW .7N10 Y1y JTNRY MoYn 19-7 11 P
YTV NWBN DIYR NN T INNNY PIRAN DNT
TNANIPRN NOIWNA YV 7190 YN T ,0TR MNMN
1991 MIVA WAVA AT INR MDA IR PNNITIM
9917 INRN NP 1P YV IV IR MNNPR NV NINND
370N MO YY TINN L, ADDHYR NN JOP MNP PR
772 YV OPIN TY TITT 0Y 10N R YPIPN DIV VR
DYPYN ,MINITNI VI IPIV 121 HY 131D 7N 9N PO
PIDIN NMIX N Y9 RN HNIN Y1 TIRY DYORIHR
0N DIPYN NRIXA YDIDV YR 0PN DNIR]
Noaea) 1) RN (Atractylis serratuloides) Q0N
MM (Thymelaea hirsuata) VYV 13N (mucronata
(Y2 DY) MIV-17 NRIPN MR NND DYNI IR
70%-2 ANNNN ,NRIPYRN NMRD PRI P NVWR IWRD
,O79PDa) DN YPIP MMIPA DDIN ,NOVA YN
nmyh omw-Tn MAvy nNmr q1na YT ophnavw
12172 MV-17 R PRI NI P2OR TNRY NMIND NINT
.(Boeken, 2014)
TR "D 800-2 HV PNINA W3 MPYN PN 1991 MW2
PIINI PAVN NI YPIPN 739 JWURI (1 IR) INPAN

oy 1 WYPYNnN MNaa nrrw IR ORINN SRV
NN 1NN WAV DWIN I P JRTN JUNA YY
NOY RN YPIpn YV TNVRIN NN ORI Y
SV ATY YN WYPYHRN MNII 20% YV TV ;1IN
DTNE DNIRL TPIVRIN MIIIN HRORIVIDA 40%-D
1NI0-1VIDN XN DOTINY IR 34%-Y 16% 1)
(Vicente-Serrano, Zouber, Lasanta et al., 2012) DNy
19V (evapotranspiration) ET — N1T-7R 227 73 IRIN
NI ATPY PN ,TI902 NXNNY DTINR DNIR]
MMNE1a 1”9y WINT ,PNRD NNVIANY NPHYN NN
mnaa AT ANarl RHY 1R DHR DN NRD HY
YYNY 72 ,IpNRN NN NN IMIVA DYRVNN
LET-0 03792 mpwn ava apnnn R Y mnnsa
IMIRD MOARA NP IMYNVA 0NN TR

Normalized Difference-1 727 2 ,JR¥n 0727 DIpNN
NN 2810Y 210 T DMAN (NDVI) Vegetation Index
MYV T PmT DY OPINRI wnvwy N
Vicente-Serrano, 2006;) D1 DRIN1 DNNARN MYYaa
Nicholson, Davenport, & Malo, 1990; Jacquin, Sheeren,
.(& Lacombe, 2010; Helman, Mussery, Lensky et al., 2014
Nicholson Davenport, & Malo et) ©1Ipnn 790N2
Pnam wp Ry (al, 1990; Malo and Nicholson, 1990
900N MR PNV DWIN MY NDVI-n 27y 2
Nicholson,) MAINR MTaya ,NRT nyH .Apiara
Davenport, & Malo et al,, 1990; Malo and Nicholson,
mna 2% NN 28N 12 wHN WP DMP 1 R8N (1990
.DNY DNIRA NIV DU

NN 79N DI9M XY DIRL L, DMNS DNYVYA
NMIX NN3 - YAV NIR NPIAN YV MNNI-1T M Pa)
Ben-Hur,) 07918 on1p nhya ypap oy omow i
DYIAIRD MR AN3 L(Boeken, 2014) D911 (2008
MIV-17 NIYN MR HY MRIAPN 1AM, PON
D200 DAY DNMIPN LNIRT NNYY NNy Mavm
Zaady, Groffman & Shachak,) nvirm ©anv ,1mxn
T YPIP N2IWN D72 DYYPIan mmIpM (1996
,TIRN N21N ORITA MPKIN NYYI N9 (17N 2 <)
DWIN MAY0 MIN T HY D' 17I9NN DINN RN NIXNY
20 NTNN DI DYND PR DAY (Ben-Hur, 2008)
ANDM NN HRRIVIA NR 71 19N DHYM L YpIpn
Shachak, Sachs, & Moshe,) DINRY pNY YW DNTMAY2
MM M9 Yy DN MY MNIMY R8N (1998
MTMR) VPP GND 300 KV IPAIRD NYIIND DR IRRN
NR DYV DIV Nnd 1Y T et (09m
D1TAY ) IRIN N0 MY Y9N MNIR DN PNITHN
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Figure 1: The location and schematic presentation of the research area. The fenced boundaries of the study site are presented
as dotted lines, runoff plots are marked by rectangular dotted lines. The white circles and triangles show the location of soil
sampling along the stream and slopes, respectively. The hexagonal points show the location of the watershed outlet, while the
white rectangle within the fenced area shows the satellite monitoring area.
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%N TTAY 2074 72NVAD TV 2000 X290 YN0
"D 9Y (1 9PR) PRI TN NOY KRNI NMYN MaY)
(1] ANom Ntya NDVI oy ny»ap

NIR - RED

NDV] = ———
NIR + RED

(1]
7391 NANNA NP MMINN DR NN NIR-Y RED WK
DITR SV HRIVPADN TINNA NI YPIpn YV NVYN
,(70M1 750-1400) TITR-RIOPRM (10N 650-700)
NITY ANV NINNN NPIPN NRMP AT NIPRA .INRNNA
2w TERRA MY 23 Y opnnn ,MODIS jw»n »n)
,(NASA (https://lpdaac.usgs.gov/data_access/data_pool
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DYYRY ,IPNNN NAPN 93 YN 1M RY M Mpon
99 ST NN IR NPON Y3 NN NTIAYN NoNY NN
70 PPN TNR AWK L50 HV YRIN MW DY 1N 4 x15
ANNY VN T HY ORI APYN Han N Mawh Hapn
N DLPR N7aNY ,Wwn3 MR 717,077 100 ApYnn TN
1991 MWN (2010 ,72IR) TNNI MNPV VY 180 YV
OV NAYD Y3 INRY TTAI IPHN YIN N NAY L2011 T
DY) NAYD VN TWRI NAIDN TWIN MPHNNN 1N 1N
myw 24 ) 1"n 1< YV X21P1 TWI MR NINNN PIP)
DV DY) TN NPIND T HY INRNNI ITTNI INVD INRY
2004-2003 4MN2 .0 MPONY PN INMINY YN
DVIN MNI NPV MDD 2PY 1TTNI RY M DI
IR NTTAIV ,2074 TYI 1994 DIVA P ,MIVY NYINNN
NTTAIV ,NYXINNAN TPNIVA NNVIONVN .A"N 154 NN
NNPINNN,LNNND NPNNTIRVA NINNA NVIN NIY 79NN
1N TNNY 87N 20.2 DNYNLDNIRNA PNIRD DN D01
Allen,) FAO-56 nv»wa (ET,) M1 ORIV NYT-1NTR
TV 1994 RN 1IN INM ,(Pereira, Raes et al., 1998
PNR NNVIANY DYNIN NV DIPR YV 2014 12NVID
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P JNRY YPIpn MNT .1 %101 MR IpN0N
n%YNa MMpPI MY R0 120 YV PRIYY TY MpY HMn
apY Y1V DTN MTIPI IRWA 0D 30-n NINAY PORN
MON MR 1 19202 199 .1 pmya YHo MR
mn7ITINP2) JINY , 72931 0”0 15-5-1 5-0 M2IW1 YPIpn
DIV D02 JTIRY MNITAI DIPTA MTPI YN Ypp
MY PIPOIN PN JAIRI NN YNIN PIIvA Ypapn
PPN TVRN MBTIR N YV NV 1M 1IN NHYDN
INENI RY (1 192V) N 15-5-1 5-0 MWL MNITN
MITIV YPIpa M vYON NYIINA PN DYTAN
,PINY 20 P10 NINNNN ATV YPIpn 129 TN
290 YNIR M NPDIN YA LPT INN Y NNDY
n%ONa MYYY N L,OMIN AR 12YY M YPIpn
0NN .PIIWN TPINNA YPIpa MNRD 1N PoInn
Y711 ,P-PO,-1 N-NO3, N-NH, ,'»mn Y0 oot
MM JWURI LIIONY TN P ININ PIARN MNITHN
N2V pRan 19N M P P-PO4-M N-NO;-n
MITIV NI’3TA 07D 15-5 N2V TWRN 17D 5-0,M1oYi
N-NO3-71 27 ,70Y qona Hmin parm mamnm
PAR1 MYPIPA PR JOIRA MY v P-PO,-M
MYHYN PPIPN NV YV NMDNY IR .MIITHI TWRN

MNITN 27912 NN TINN TV TIRY MTp) 18-
MTPI YV INITI 1A IMRI ;729 qONa .(1 IPR) 1R
TV IR N0 120 YV PRIYY YPIp MITIT HNIn 1y TIRY
APLIR (1 3PR) 07D 15 YV 072X INTVIRI YIDN 19
n"an ,(Gee & Bauder, 1986) 70mMYTNN NVYWA NN
(Nelson & Sommers, 1982) N7 7VVWA NN IN
oyt oM, (Nelson & Sommers, 1982) 700892 N
monwn MY 2 P-PO,-1 N-NO;, N-NH, Hv
noy Nwna Na* -1 Ca?, Mg Y» on»m pH- (EC)
1ININ NNPAD NN Y VPP NNYXT 921 17T Ypp

:[2] ANON DAY 12N YPIpn MTa (SAR)

ﬂ+

SAR= ——— (2]

C&l+2 + Mg+2
\ 2

20999 PYRNA PR DIPOPN N TWURD

1T MRXIN

15-5-1 5-0 YPIpn MW YV NPYP Y NP MNON
MR YMIN P D02 TIRYY MNITHNN TV 07D

nmao mm (EC) mHnwn ma»mn m ) ypipa mrm-1pn Yo ner nham (R) Ypipa 23R Imm 13,020,100 MNIN DTN YV yinn Iy 1 nvav
NPMR ;71922 /1) 'R 1920 M2Y ,ANRNNI (1) IPNNA INRI PP DDA PITAA PO 15-5-1 5-0 PMYN NPV YpIpn MT K 11 Aoy nena (SAR) 1Im
T 93 MY YPIPN MDY P2 IR,ANM YPIP NIV TTA 23 MY YMIN DDY PITHN 12 PN DPVDVVD WITIN MR YN TI MNTI IR NIV MR
(P IR PITR) T M
Table 1: Average values of clay and silt content, lime and organic matter in the soil (A) and available content of macro-nutrients, Electrical conductivity
(EC) and Sodium Adsorption Ratio (SAR) of the soil extract. Soil samples were taken at two soil horizons — 0-5 and 5-15 c¢m along the slope and
stream bed (B). Capital and small letters, near the presented values state the significance link between the slopes and stream bed for each soil horizon,

or between locations.

Yy
Organic matter MR 1N Lime Silt v>»o Clay moin
M »oa ™M 9NN ©oa NI 9N ©o1 MM M ©oa nI™M YpIpn pry
Stream bed Slope Stream bed Slope Stream bed Slope Stream bed Slope Soil Depth
———————————————————————————————————— % soscooosssooosssooossoooosssoooosoos cm n'D
2.3aA 0.7 bA 15.6 aA 12.6 aA 10.5 aA 12.1aA 14.5 aA 6.8 bB 5-0
1.2 aA 0.5bA 15.2 aA 13.3aA 8.4 aA 11.6 aA 13.5aA 9.8 bA 15-5
|B1|
Saturation paste extraction M7 NOY NWN Available nutrients  Ypp2 DM Y DRI DM oD
SAR EC P-PO, N-NH, N-NO; YN
9Min V02 nI™m 5SMIn V1 NN HMin Vo2 NN 9Min v’o2 nIm 9Min V01 NI™M Di(;ih
Streambed | Slope |Streambed| Slope |Streambed| Slope |Streambed| Slope |Streambed| Slope
("9\p"Rn) 0.5 d/m | mmmmmmmmmoooo VPN mmmmmmmmmm oo cm "o
0.4 bA 1.0 aA 0.7 aA 0.6 aA 12.6 aA 6.4 bA 10.1 bA 12.6 aA 13.6 aA 3.0bB 5-0
0.3bA 1.3aA 0.5bA 0.6 aA 6.7 aB 3.4bB 7.9bA 11.8 aA 54 aB 1.6 bA 15-5
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Figure 2: [A] Measured NDVI values at the research watershed during 2000-2013; the entire monitoring time period has been divided into two sub-
periods. [B] Devi values (the deviation of annual NDVI relative to the multi-year annual average during the hydrological years of 2000-2013; the average
annual NDVI value appears on the Y axis (intersects the 0 of the X axis).
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N9y NIV AMR1 NPNIYVA DWIN MNIN IPY1 Nyswn I MNP NMIRD YV MNNannn XYW NR Dapwn
NTIP DIV PNIVA DViIN NNdN NNNI ORI NIV INNPN NMIRD MNNannY o

0N MY 939 0993 PRINM MNWA MNPNN NN YXINND 2013 TH 1991 DIV P NPNITAN MNP NIY DVIN MND TN :2 NHaV
Table 2: Rainstorm indices for the hydrological years from 1991 till 2013, sub-period averages and total averages for the entire
monitoring period.

D1 YV YXINND 790N nnyn jun ow NyxXnn owvwi mnd mv
DWIN MAW 2 mwn mwa 1910y TN
Average number of Rainy season Annual number of Average amount of Hydrological
days between storms duration rain days rain per storm year
days o mm n"n
Pre-monitor NNX MV DIV
13 116 26 28 1991
14 100 16 24 1992
20 69 8 19 1993
9 123 30 24 1994
19 112 16 20 1995
11 107 23 19 1996
14 155 30 16 1997
16 149 19 8 1998
13 84 18 18 1999
MOPN PRINN
14 113 21 20
Seasonal average
MYRI NYPN-Nn
11 200 32 15 2000
11 166 42 14 2001
11 180 43 16 2002
ND 1.5 ND 15 ND 15 ND 15* 2003
12 108 21 27 2004
26 154 26 28 2005
11 163 52 17 2006
MAPN PRINN
14 162 36 20
Seasonal average
n”Y NAPN-Nn
7 86 19 10 2007
18 150 8 9 2008
14 138 24 13 2009
18 182 20 10 2010
6 59 17 13 2011
ND 1.5 ND 1.5 10 11 2012
ND 15 ND 15 ND 15 ND 15 2013
MAPN YXIN
13 123 16 11
Seasonal average
973 yinn
14 120 24.3 17
Total average

ND -nodata TMIRY —.1H *
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ORNNN INDM P 9712,2013 TENNTTN MY T 1994 TINNTTN MIWA NAIPNT D7RY DIIRRIVIA NVT-NTR 727V KV DMV DYXINN 4 1R

.PN2IM DRNN DTPN 1901 [¥]-1,MOpn-nn vi2vh aphin MOIN NAHYR .N01IN NOYN Y22 Dl
Figure 4: Annual averages of daily potential evapotranspiration (PET) during the hydrological years 1994-2013. The entire
monitoring time frame has been divided into three sub-periods. [*] represents significant correlation.
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n”ywn 1903 ,2017 1aNXT,18 'ON P,

PNRD YV NYRINND TPRY TIPT IR TP DNVIONY HY TIMIY DYRIND WY 5 WK
™NRY IO PNR MN [3] NYRINN Ny M1 man,[a] nynn mny wow np,IR]
nOPN Y37 DRNNN MRNDIN MP Y13 2013 TN 1994-n NYNNITAN DIV [7] MyInn

.PN1M DRNN TTPN 100N [*].pN2m R¥NI DRNNAY T'TTN NOIN

Figure 5: Annual averages of maximal and minimal air temperature [A], solar
radiation [B], average wind speed [C] and daily relative humidity [D]. [*] represents
significant correlation.
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IPMYNVNA NPT IPY ,INWRIN NAPNA NN TWRN
,IRTII (2 TPR) DIVA NOIPNN NNA NMXA MNNanna
MMNAa PR MR 01PN MNNANM 1R/ DWIN MRYIYY
INVRIN NOPNN NN TVRN 7IVA AMPRN NN NP
w3 M YV NP 12T NPT VAR PNNRN MO YW
nna owa N AP MIVP M MNI MINPAN YpIph

JTINRA MV YV 71IVR PN

T MNVY TR ,II0 NN NI MNY NINAIR DIV
NMND L('R6 TVR) TATN TY TIAPYI 19X NI AN RY
DIV 1IPNN NN 54.1-1 74.7 NP MMAN N
3.5-2,IN12 NININ,NNRNNA,2000-1 1994 NIYNMITNN
,R¥NI NIRT OY .('R6 TPR) 1998-11 1995-1 nYAPNN A"
-NN32,737N00 MPYNI, NIV 1330 YV DYR1INDN DIIPIY
NN (1999-1991 DMIWY) NN NVIN TV YV 19PN
(2006-2000 IV) MNXN NV YV INVRIN ANPNN
'R6 IPR) NNRNNA ,N"N 22.3-7 23.3 M MY VN
NOPNN NN NIV NN YV YRINA TN ,NRT NNYY
TN 9N TV (2011-2007) MNRXN VAN YV 10N
('R3 9VR) DWIN NN DTV ,MINY A0 .11 9.0-H
nn nmYY ,nvn NMPNN NN 0rMwN (R6 TMR) 1M
NOPNN NN IPOPN NNRD NVIN YV NNVRIN ANPNN
M YTV DNNYY YR TN M DR 1IvN
WYL NI PRI DN MY NP XRY TR
NTTRNN M DTN
VN NAIPNN NN 0YMVN N NN ANMan
DR NWIYVYN MY DY (RE IR) MNRD NVIN HV
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,('R3) 91R2 NOXIV 793 MMVRIN NNPNN NN DAY W
YPIPY NN RHYY TWIN MNIN PON AN NN TR
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SV NNWRIN NAIPNN NN TVRNA TN 770 PIVD PN
XD T 9Y YPIPn 23 N9MA NPV (3) ;NNXD M0
POVINRY T2 YV DTIAYA ONDPIAN DVIPM 1YY IN
TPV N0 PIRAL NNV (Boeken & Orenstein, 2001)
PN JAIRA NANMAN MNTTAN 19 HY VI MNINY ,R¥N)
NR ANYYIY ,PITAN 7319 DIADNN AIRIND TN MNI NR
50 DVMWA N2 MR OR MN N HY NTNN ORI
NN2 0PMY DWI/IN 0T YV DYRINAN TIIPN .NNNN
0.11 Y0 MARXN MOAN YV VM INVRIN 19IPNN
27%-3 Y0 1T OMYNYRY (26 R) NNRNNA,0.08-)
701 MNXN NN NAIPN-NNA YRINNN TWI/N DN’
JIRT NATYY MNRD MOMN HY NNWRIN N9IPNN NN NnyY
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L3 9PR) NRNNA NN 116.7-1 201.3 PR ONNRD 0N
N9PNN NN DWIN YXINNI 40%-2 99 1T DMYNVNY
DTNV PIN ANWRIN NMYY NN NY2IN YV Mvn
T3 DTN TR DV DY IN MNID MY DWI/AN
NNWRIN NPNN NNNR TWI NTMY 1N M HY YXInnn
VRN MIVH AN NN NN HY IV NNPNN NNY
MAPN-NN NI NIV TWIN YV YRIND T2 170
TNVIN HY VD NMPNN NN YPIPN MaW ,MINY NN
MIRINY ,0WIN MOV MINY NP WAOWN PR MNXD
AN M HY YY AT NP TNmMan v ra Iy
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Figure 6: Annual runoff values [A] and rainfall-runoff ratio [B] during 1991-2011.
The solid, horizontal, black line is the multi-year annual average. The entire
monitoring time frame has been divided into three sub-periods and [*] represents

missing data.
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Figure 7: Average NDVIvalues for spring (March—April) and summer (June-September)
for each hydrological year from 2000 to 2013. All monitoring years were divided into
two sub-periods.
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IPIPDIN PPIPA PN XY Y NUPIV NORIN RN
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XY MTIWN,WIIN XY MpNYa ,0ona 19K :ANan MmHn
DT DYDY, Dpnyn

Rian

,ONA T HY MHYyamn ,md mnna Ynwn M¥» phnna
NOMY YV MIRYI ,0NA 198 YV MMITI MNNI M
RIPHAN TONAN .HNVUNN MR HY ORNY NN ONan
99K NYNIN INR) YPVNN IR TINR 15-4 210 HRIWY
anIn AR WINN NXY N9wR PHna (2011 ,0n9
MNN J9R RIN IRV 198D H9I0 90%-2 nnnnn |, (fa)
.(bottom ash)

N RINY 7T "ONan TIOR8 NYmn” anpin pIRa
N PHNNA MININ ;IR KV MNTHIN NMNDY DVIDY
mHY210 N>73221 VO N PHNNA 1Y) N D ,HNVNN
D17 DIRYA AYpYNn nonmn .mwavtnnh Wiy
DV NPHN MKRIPNN DINNA AR MW» Mnvaa
A2 VYA DMYPN DYMIRIA-07N20)

YPIPN MPR HY 998N NYaVn
ONan 1R NYNIN INR) IARN NYAVD DR IPTIV DIPNN
J9R YV MMM DR NI (2014 ,YpIpn »TRY PONMm
237,997 99NN YRNI (DRI MRYPNN 2NN TNaN
VPP 70 NWIYVI 1120 NDWY PPIPY GOIND VDN
D172 DY MYPIpa (2) ;7170 nynh nenoan Ypipa (1)
YPIpa (3) ;0nY PN NYa o1Ip YV MR YNy
qno NPNAN R GNInn J1ARN 0NN NPNIRD NYYH 199N
JARY RY¥NI L1 NI .NNIVTI MNIN A¥PNI YA YpIp
RITY MUY TOI DDAV DX TY NA1IPYNI qNIN Ond
VPR NI Monn

991 PYNI WNRYN VDIMP TY NAIPNI ONO AN
PRR DY HY VDN TNNE NI MYMAN MNIN

RNl

50 MYITI NIND MR MI NINNA Ynwn NE» PHiNa
TR VMY Y RIXNY WY L(GNIN + NNn) Ono JaR
MRYPNN DINNA RIN RN 29TY YW 0PI DWW
DPNYIN DRY NPV DNA IR NADIN YV 1007 T
novp Yy M9RD NYavn 1pT 1w ,DNT YN
NNRN L1707 MPYN NV NN .OMNNann Y oy
NIN21 DINRN VW1 .MN PY P2 1V DNR 0 Y2
Ry %Y (30%) VDIAMP NADINA DN J9RN NYAVN
DT PNV NN PORT NIAND PHOR KV DPNYIN
MVIYOR NIR 1NN Y ,(107D 25 DVNY VI NA))
NINaN 2012 MWV ANWYI APNYRN .IIORIW PIR 1IN
YYD P2 PRAIN POV ORNN R¥NY .0NY VYV INRY
0 9P DWPRYIND DRYA NNPIN 129 198 NV 19pY
,2NY ITTY MIPR N30 ,08Y0 0P YV DTN DNR
RPN MTIV YV ARNVAL .D2RYN NPIPN 122 91 T0)
N2 WPNYIND DIRYA NN NMYY DNan 1aR81 Y1901
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MYRIVA NI 7PN IR NADIN HYIPY TRYL MTIVNN
NN DINRD W1 YT YNVA NNpan nnyh
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MYy At 90 HPY YNV YY 1N 1R NAvINY
JDMpnan
NVP NPRY D127 VRN NYHVR MRINY MWAR 7100
NRNINN VPPN YV PH NR 19N 1981 NaDINY ,N721Y9
2Y 1YY NYAVNY NRIY NTIY VPN MTD? M1AT, TN
NavINY NY2PN MINN .Y YV MTIWVNN I RPN
NN, MY) MYPIp2 WPV D1IPNNRI IRYNI DN IR
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N1 IpNRR NVN 1PHYYI NIPON I1ARL NVH NN PR
DMINNA 798N YV 1IN NPV NRHY RN DINR
NR WRNNY W (N9P) M Y ra) Yyppn Yy o
WY TORN YV DARNY DRNNA YPIpa JORD DIW»
ITINY . DYYYPR-TIIRD DRINDI DV RIN 12V YPIpn
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JARY,AYTA DR PINN NPI2PN NVIDIDNRAN N IPINN
,0D19MP NADINA ,A"N 10-2 YV TPX YT NNNN
NI9 M MNY MANN2 1YY HT7 JIIY 0 PR IRY
7R Y¥NY WADN MMM RN N (2005 ,50) MpIN
N 30% YV ODNA NV Y WRIY ,LDIAM)P DY OND
120 NN ,NNNN MINN NVHYPA M2 N NmYH
N PNR P2 20 O HY AMRI NPRVILTWT N YV
DPIPN RPN YY 1PNV NN MYNn M2771,ypIpa
21227 19N MY RIN TNON AR YV Q0N N0 VN
JDANN IYON 2PY MIT MPTHNI NTORI NIV RPN
nYawn Np1) (Pinus sylvestris) MY 1R ox¥Y3
YYD NNINX HY ONa 1RY 1PN NADIN YW NIV NI
NNV NNIR NYOVNNY R¥N) .(Hytonen & Fennica ,2003)
19N NP AT AMPNRRY NI TND T9RY PN NOVIN YV
INR IPNAN ITY JPIN DY IR NNPAN NMY7 IMYNVn
N7 YY) DM AHYR HY TOR MPow ,mTNnY MR
.(Dahmendra, Upendra, Rudra et al., 2002) NPNIDI0IAN
79K Y913 ,0000 D2V NINAI VDI YV YAV
NN ,MT10) NYNIY MINTRI DYTIN 17T XY 9Y ,0no
MmN Sv Monnn onyh oYon L(MIMRN NHN
JAR) OWNR IMN NADINY ,R¥NI (2010 ,9N A7) VNP
XY NV OTH R (30% YV MM VDN DY TND
TNV NN 7YY AN RN IR LINY DNMAN
,ONA 79R1 WINWIAY ;7N (2000) SWR .DHPA JIMIM
MMM L2121 DPPYMYR TN MNNNNN 7Y 15710
MY PT DIV OPYNI WN1%Y DNV NIWNI NNPY w2 ,0Mp
Barman, Kisku, & Bhargrava,) oInx ompm .nmxn
cr, ni, fe ,zn ,cu) MT1D MINN YV NIV IRNNA (1999
2V MT2.0N9 T9R YR 223 HY HTHRY Mpa (cd, pb
DIPIND T 9 WNNY MM MIRYPNN WY NoNpan
NP MNIN ONAan J9RYY I On L, DINRY N
noYyInh oY MY DNNXY NMINT PR DNYIV
,ONA 7RI RN MDY ANWP T MY .DNNRN
NXIAPN MONN 1 PN TYNRTY ,HP71 ,mPPmOR 10
.(2003 ,57m YR ,1N) (Cr, As) DI17IR-IDIRN
sweetgum TWRIN ,DOXRY PN NV HY PRIV IPnna
Platanus) "pw NOM  (Liquidambar styraciflua)
50 Nvaw RN DWIVY NN (occidentalis L
NMP?2Y DY T0IPAY NANA DAY ATPRR ANPN TND AR
2V o My N1 o Yapnn .(Claire & Domy, 1990)
NYYY NV MRNY 137IPN BIPIND DR 0N MM
.0 PINNY 19RN YN HY
WY NN T HY PO 127N INYPNNY MITOA
7981 WVIYWY TPMRYYA MTD) N20M NN YPIpn
DR MDY MR DIpn wsn (2014 ,MRYpNI 0RO
mawn nNR Py pYIoRn Aiken .DIPDN DNMIPNN

DpIN2 MY AN N0 TN NONRM MPNN MR 0
2727209 MYNNN PPN YPIPn

DPDNR DINMN DY IMPN DN9 1R PRIV R8N
JARY IRNWNL YPIPN MININA MW RN DIINININY
NYawN NR 1»x¥n 0NN (Ram & Masto, 2014) 7192
RIN 12V YPIpn YV mH»I M e MW TINNA YN
931 JANR YT ,DITR P2 ,023 ,TO 0D DIMIN .DWvN
T, N79WN NN MR DRI DI9Y NI MO
IPIpn YW MI%Hon MNM1 NAYWY 19T MY Manna
2V MPINIVNN DR DOPYNR DRYANIY ,WITN IpNnI
792 .DMOPR-THR. RIM YPIPR N0 ,19RD IIORN
N PPIPA ORN DWW ,NVN Y NIPON NN
VPPN aRNY 1aRN MARNY TRMN NYRY

N2 OY ON9 79X YV NAYPNY ,RENI INR IPNNI O)
VPPN YV AR avnn IR NI9M YUNI 1MW DIV
DNNYY NI N YV NP 127 MY N0 TH RIY
my»pa .(Yeledhalli & Ravi, 2008) 912°0 nHTHNY NANW
7.8-9 4-n nHYY RINW 722 PH-1 NN MW YN nvxnn
.(Chen & Li, 2003)

MYPIP WYYV ATVN NP 237Y NPWY 073 TNO 19X
7ANAN 237Y 12 NI NPIPDIN MYPIPI 1T NrHin
-9M )N MYpIpa ona 1aR Navin oy VT ONNRD
Naveen, Harit,) 121221 Y000 MYPIpa 179,100
PAVN ORIV 1PN DINR DN (& Sharma, 2000
993 RINY 7Y ,YpIpn YV Na-voan mnon Yy
DpYNY  DVINYRIPNI PYY RIM 001 TIRN PH
Dahmendra,) 101 JNI12Y 1paN2 1Y YR ,Nnkd omavn
.(Upendra, Rudra et al., 2002

INABM) MDIADIT APY DN 1320V N3N MYPIpa
PPIPN MNON DR 1797 NI DNA J9R NADIN ,(MDD2
DIPIN L1003 (2013 ,NRY 129) YT 1R
JARY D8N P8 DN MYRIL LYPIpn »ThY Nona
YPIPN DR PVYN LJOT PINNY N PO NN DY Ono
1320 2700 1) DMIPN VNP MTDA ONNR IMNA
VIDYY PR DIpInn L NRT Oy NN mypap
PUNNA LYPIPN MNINT 2WNNN WRY IMNI N01 RY
DPIVAR DPNY MY NYY YRR RN IRYHPNN
,M2) PH-n »2% N YR opn vpiph oy
mrnt NYTINN 191 VNP MTON NWN MPNT MVPIN
.(2013,0M97 798 NYMIN) JT29MM NN

DNNE N1 HY RN NYaVH

N7 YV PA0N DR NN TNYI PIRI AT DIPNN
791 .7TP72 IR VDIMP TY DN I9R JV Y¥NI DNNY
79K YV MIAVRN NPYIY PNINAI 0) RWIN N2 D1IpNnm
.SnVN NpanY M NInNnn onan
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DIY’ .ON9 1AR 10% YRV 9IWIN DNAn on yxinna
NN NYRNYN 1YY ND211.4N07101 NNN :0N9Y MND 7Y
NRII RN IORD 99N 15%-10% NN ,(Bottom ash)
%0 DTIYN DAY PPN YT ;NN MOR AR DI HIN
D70 MR 70%- TWRI) NN 10 TY MIPNRN DNBN
MDA PP PRY PV 1 2anIn Ypwn (N 2-n
.7"nY 2"H 1,500-1,200 12 M2NN

Sio, 40-60%)) NP20N Y1 213NN OHRIVA I9RN
,DPTIN 5120 NINNN VYW (ALyO3- 18-30%) NIMOR)Y
.12 1192 .(07P M2 YT MTID?) DINR INM JT0
NN .MYP MNI2 DIDVPRYTI MND T) Y210 98N
mNon 7139 .6%-3% DINNA NP1 1981 NIV RYN 1IN
PPN LN YPwna 1UoIRN ONA 1aRN YYD
JPVPR DT OPNTI

NV .MN PP DMR N DINR IV PRI 0NN
PPN YR XY Y DNAN I9R NPV NINAI DINRD
60 1YV WRY 60 PNYIN IR 91 .DNT) DNV HN
.YNY

NONN MINR

N 240 1212 ,NAVI NP2 NYPAY NANN :DAR 7 Y .1
SMTNR-D1T NI9NM 12 TN MDY DN 18 Hn
12 YPIPM ,MVA NN 600-D MR WYPVNN YRINN
PP LRIN 7T NNEN HY 0MYIT YION HY "D NI
02121 90) N 900 1R YIDN NN TPONY ANy
NP0 YV AYYT AN RIN NN MWMIPRN NNIRD (2009
iy

NN P2 ,m0n 019 9N ‘n 200 NN N PY Y 2
PRINND 01T NION 12T PNN MDY NN INRI WPHR
%Y N NPT YPIPN .Mwa 1NN 600-3 DYPYN
.OYYTY NIRN YV NV PO ) 1IR HY MPT MY

mMyPIpH MNAN
MITIN PN NAPNR VMNT HY 101 10 MYPIp
L(MOIN 75%-55%) NT1D DIN TY NPIDIN YPIpd 1Y
NNR.ONYNNONN RN VYA WDINN 1INV
TN DY ANY YPIPR PR ,pmyn oy NNy moInn
DN YR Yax (1972 porrInvp L1965 ,93%) PTNa
OPPIHYRY K12 HY MININNN NINVA YN RN DTN
(1% >) 2 MO MYPIPR .12%-) DYIRT TN DNN
2207 IR Y TY MR DTN NN ,NNNI NPIAR MY
.5%=2.5% 772 Y3IR 1IN NI (7.8-6.9) p 001 PH
TPIRRD DO NV YY AmN YT MY
mTmn LmmTT MYPIp J0 N0 VN NIRN
,20) YOI DN TY IR D720 70N TY TPI0IN YpIpd
(1%=2) 13 NYT IR (20%-9%) 13 NN YPIPN (1998
29798 DN IR NN DTATR TIN TP AN OIN YpIpn yax

MPNN YY DOAY RN DY TV NARY DWW TIOM
PP 9P NV TNA 19R DIWY HY 1AW TPMRINY 1TV
2V WYANN IPNNN IRYNNY 18 NN Kumar .0RYpNN
MDY MPHI P, MRYPNA TND 19K YV DIW» NPRTI
nMNN NIVPNA MY (VI 1) MY TN NN
DN Wayne .NvInm mypip mpwa monw i Hv
0N, MPAT NPYRIPN MYPIP NN HY Yavn npiar
AT IMINT MYTY NPRMN YRR WINY v 129
99NN DNH I9R YV NADIN NINAI MY 15 TYNIV PN
VITIN TINN2 INPHRwa PH-n nRYYNa nyrow 709
DR X (0IP9N 1191) 19.YPIPN MNON DR 17197V DNNYY
NV N2 T RIV ,NTN TORT MINIRD IRRIVION
MY NRN 1IN0 PTP0IN 02 YW1 9N S mMypIp man
YPIPN NWITY MMM DNA 19KRN HW NPIPIDIan PMNON
SO ORI NARPN AR 270 RN N NN M0

D1IPNNI MIDNNN MYPIP? TINIAY 8D W7 NRT DY
DINIRDY,RDY TNN NPT MMWYI NPNOX MNIRT WPIY
mMYpIpm 2P3 PR ORD YH0 DNAY KD TPRN DOV
MMAIRN HRIY MYPIP ,TIRN TPRMIN 1200 MYy 0
JPDDI-NYY707 Nanna

DPNYIN XY HY HRIWY NP 1IP2 VPV MDNA
W21 ,73722 ,1N) TNON TIOR8 NYNIM 1Y TN, DpvIn
onoan MaRY L,(MNWINN TR0 YY) RN (2009 ,D0INR
VDI 25% DY T (NN 8-2 NN IPNNN I9R)
P00 MM N2 YYNI WY VR (N2 1MpNY)
onan YN Yy Ny A0 PRV ,N215 10PN DR 19V
(D11 NIV) YAV YPIPI TURN

M RN NP PR DITT WP MY INRY

JTI MR1 ONO J9R YRN HY VTV DRYY pnam
PRINN MDY TNRIY PPN G0 HY T0IPA NYTINA RVIANNY
DYNVAIY IRIN DWNVN MPAX ATTNI 19 1D .Y 17
D370 2pY NPODIVVD PRAM RY) JORN YN N D127 PN
2V TNNN NVY NN DWW YV MDY Nav1 AT Y¥N (07
MNYINNN IR D3 .1PNYN PNMIY DPRmnn Dwnwn
10 I9RD YN HY YTV DRYI NI WV L,ANYN Y9700
(2009 w2121 7N) DYWMVN MOIXI 1) MX

VDIONIP DY ONI IR NADINY ,ANYN IPNNN NIMIaN
797 (1N NORI MAN NHYR) DPNYIN WIANA DRI (30%)
.OMNNANM oNYYy NR 79WN 1T D9 NY NP0

mouw ammn

MNNN ONA AR NN M 2397
noMwn YN IRY XN (Coal ash) ona 198" PN
9% (N9 78R NYMIN INR) YPYN TYH MINNA ONo
(CCPs) mnan namw i n¥apy 'non onan
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PRI N NN TN M PP DNA TR NV PHY ANNAY INRY INTRI PRI 1IN PHR 107 21 Annn
Picture 1: Transplanted Quercus ithaburensis cover with soil after application of coal ash via continuous water flow, En Tut.

T PN MIAN YV D APIDY TIMpR TR NIN9
921p1n3 ,PNRN 202 Y2 NR MDY 17,00 NN NN
I NN ORY 30-1.(2009 ,1IM I0) TORY Mpnyna
27.9Y 9373”5 50 Y¥ MNI2 1YV N2 Y71 72192 LOIAMP
9V NPV MAVAV 6) IVAV NITPN T HY IPVIN XY

(PYN 2220 MPINY YWY 077 4

W1 N0 (VY 25 VMY NAY) DT DYNY .2
D0N220 WRINI MPNYAN M02Y N0, DINR DMK
mT

MR SV PR IPTRV DYNVN Y DNR N YN
.(2 1920 NRI) DN 900 WV MN PY P12, M0IV0R

IR .AP70IN N2V TN 19R VY 60 190N NV HIY
772 399M YNYY NN NN phn TR DYa ana
MIPN Yap oy Ao rhvn phinn .man mam »nwn
,onY” HPann vV VY 8 P NN NNPAN IINVY
2) Qa0 ANPYN PVRN 1PN MNIY ,NTY DY
(NYwY 7079 4 HV NPPADI MAVIY

ANYYI TN PY WA ApNYR ATIM pnYn TN
D2 NWN NP0 .6.2.2012-1 T'NR 12 WM 19.1.2001-1
NP AT AYNIN ApnYAn Mphny PHva ANwYI TOTIN

.2012 720212 WYY MTTRN .MPNYNN DPD INRY

DOYN TP NP 4.5%-2.4% ONNR JAND NINKR
Y2 NN YPIPN LIANAY TTO 1250 /3100/p"RN 80-
YPIPN NN L(1%) DYy (5%) 912 (7%) Drrmbr
DAPVPN.NDMI NIV TYURN MIHYR MYPIPI MTION NI
AN O DIPIRM PYVRY DPTHN 1M L1770 9p°Y32 On
VPN MM AN AN VYW TIRYA NI N0
MDD DMIN 0PI DPRIIVD LPAR H1a v
N11 (9pWN) WPNRIN WNRN DNN .IWRIN TWIN INRY 0N
2V NAvN IMYRVNR IMIN W NOPPN YION ,19%-13%
Y900 M2p12 N

,7%) (7.8-7.2) Y001 110 MMIND MPTTIIN YV PH-0
(1965

DMDNN NRN
DNR 02 .INRA MW PRI MDD DNY MPNYH .1
9917200 YR PRYIN MN PY I8N NOR IRY NN
DIVENN OND JaR YW PRNI PV XYA TPXNN INR
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N1 .(NYWY VY 4 HV NP°ADA MAVAV 2) NVAVI
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MIPNYNN DYD INRY I8P 107 YR
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Picture 2: Planting a large Pistacia atlantica sapling with the addition of coal ash to
the planting pit, Har Ahim Forest.
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P10 pRam ORON R¥MV MR 19201 1T MRXIN
998 NAvIM , MY ,(p=0.011) NMM1NY TNo IOR NV
P19 NIRY) DXPN NPIPNI PMYHYN AT A3 Ono DpNYN DXY

AMOwn 0 W POYIND XY 137P) DNIPM MY M7

177N .14.11.2012 PIRNI INVRIN MWD 103 ,DMR

DD DYNY YD) T MR NN MR LYNHN 0P DY 1900

PP 26.11.2012-1 TNR N2 1271 12N 01 MTTN PIPNN AWM (029
(2 19120) 29.11.2012-2 MmN .(1171920) D22 MW OYRIND HY TN DHININ 19201

apyn npbn — oNR N WY

a1 P 290 MR P17 NN | YR Y1 P
RN NI
Mpn yxnn | ('n) P (n"0) 1718 ('n) yxinn (n"o) on
nmvn 5.4 (n"o) g Mpn 2970
e Original canopy Max. side L Average Average N
Vitality . Average Original . Treatment .
average | diameter height (cm) growth canopy sapling Line no.
(m) 8 (cm) height (m) | diameter (cm)
1.8 0.4 26.7 26.3 27.9 2.4 24 20.8 Ash 198 1
2.3 6.8 9.9 43.3 39.6 2.7 29 13.4 Control nmp2 2
2.0 1.0 1.4 40.0 41.2 23 24 16.2 Ash 198 B
2.7 1.3 1.7 34.5 36.6 2.4 25 10.9 Control nmp2 4
3.0 2.2 2.3 44.7 38.5 2.6 3.0 24.4 Ash 198 5
25 1.1 1.3 44.2 311 2.5 24 14.0 Control nmp2 6
25 1.3 1.6 43.2 48.2 2.0 2.4 14.8 Coal ona 7
3.0 1.1 1.6 64.2 47.2 2.1 2.4 11.9 Control nmp2 8
1.7 1.9 1.3 31.3 321 24 2.4 12.9 Coal ona 9
2.8 1.0 1.1 32.5 30.7 23 23 11.8 Control nmpa 10

.(14.11.2012) ANWRIN MIWA N0 MR 0 W2 wpnn (Quercus calliprinos) N¥N NIR IRYI NTTHN MRN 11 NYAV
Table 1: Measurement results of Quercus calliprinos trees, one year after transplantation, Har Ahim Forest.
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Figure 1: Survival rates of transplanted trees,
Har Ahim Forest.
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T JNaN = (DT DPNY) NPVDIVVD MRNIN - NN 1YY

mpnam | TI-1TINAN | JpN NMVD PRINN D'%Y 790N 997 mnwn YR PN NN nxap

Significance | sig—(2tail) |Std. Deviation| Average N Treatment Variable Tree Site Group

mpnam pr 0.715 0.33 2.101 30 Ash 70x nan MVIVOR YR | DNR N 1
No 0.278 2.07 30 nmpa Height Pistacia Har Ahim

significance Control atlantica

mpnam pr 0.915 0.527 2.475 26 Ash 70x nan wxYn 93 PR 2
No 0.513 2.49 30 nMpa Height All trees Elyakim

significance Control

mpnam PR 0.661 0.281 2.58 6 Ash 798 nan MOIYOR NOR PR 3
No 0.207 2.42 6 nmpa Height Pistacia Elyakim

significance Control atlantica

mpnam pr 0.796 0.183 2.26 8 Ash 798 nan NN PHR DPOR 4
No 0.475 2.22 11 nmpna Height Quercus Elyakim

significance Control itaburensis

mpnam pr 0.411 0.59 2.55 12 Ash 198 nan "R YR POR 5
No 0.49 2.75 11 nmpa Height Pistacia Elyakim

significance Control palaestina

mpnam pr 0.589 5.03 27.9 30 Ash198 | NNV | WOVOR NOR | DNR M 6
No 3.36 27.33 30 nmpa Bottom Pistacia Har Ahim

significance Control diameter atlantica

mpnam PR 0.666 12.31 36.7 6 Ash 798 NN P | IPVIDVR NHR PR 7
No 9.411 33.8 6 nmpya Bottom Pistacia Elyakim

significance Control diameter atlantica

mpnam PR 0.432 4.3 28.1 8 Ash 79x NNNN 0P NN PHR DPIR 8
No 4.6 29.8 1 My Bottom Quercus Elyakim

significance Control diameter | itaburensis

mpnan pr 0.919 33 285 12 Ash1ax | pnnn op "R IR PR 9
No 3.95 28.4 11 nmpa Bottom Pistacia Elyakim

significance Control diameter palaestina

JMPam 9900 Pa nrnwn? T 1nan mr)m NP1 1981 Y19°01 DTN DYNYA MDA NNNN 0P N2 NN 12 1YV
Table 2: Data table of T-test results for large seedlings.
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Fusarium circinatum
Picture 1: Resin gumming from cankers on the main trunk and shoot die-back in a
pine tree infected with Fusarium circinatum.
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(Landeras, Garcia, Fernadndez et al.,, 2005) 2004-2003-2
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.(Kirkpatrick, Aegerter et al., 2006
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NWYNY YHnY oY IWARY T YT MDY WX YR
PNR MNY NVITI TR YJRPINAN MNPI N1 00 nvamn
XN NIVAN HV D220 21D MY 0720 NVAY M)
LNV PIN MYRNR NN T YY ,0m mnn T Yy



Fusarium circinatum 01090 > 9» nnn (Pine pitch canker) 1m0 97w1 203 nhynn

V1 M1 M 19N NNIVI NMPATH .PYn NI
DIWINI 127 NNRIPI YN TRY .70 YV 127 W19
9w 1M1 0PNONY ANHYY YN HY DN PN NPT
nonnn Mowann .(Gordon, Storer, & Wood, 2001) yyn
TNRD PR MWL NN XM QPN DR AN Iy
novanNn AYNNN IWRI ,HYI IT .0PNIYPRD DORIND
0702 TY ,717I091 1PN 733 AT WY ,0N0N NN
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JNNan nNR

P HY WNINNY ANYY YN TNa AYNNN MOVanN
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" 9Y 03 M 0T IR AN INRY XY PN IR DY
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;RN 923 .(Gordon, Storer, & Wood, 2001) Do¥yn NR
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Sakamoto & Gordon, 2006; Correll, Gordon,) 12171 XN
.(Fox etal., 1991

NIV TYNI TIYY TN I ,MNNN MNVIdNVI
McNee, Wood, Storer et al,) Y131 Y2 Ny IR NNR
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M0 9V WMaN DNan N (& Shaw, 2007
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Picture 2: Flow of resin in an infected tree.
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Picture 3: A radial section of a pine branch showing dead plant tissue due to
pathogen infection.
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Picture 5: Wilting of needles, dieback and desiccation
of the seedling tip.
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DR .(Wingfield, Hammerbacher, Ganley et al., 2008)
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9IWn5 DN

a1 NIoA NN NYNRN DI oY My
PUNn IR ,NIMOUYAND 2¥p NR VRNY 1212 DY DX
DPYM NYA LNNNRN NTNONY 2 RYI R¥M AT N0
RYY DM NYAY DN%Y DNR XY IR Py DINR
R¥NN 7292 H) Y1 PY DR ,NNT DY .DIMVOND NIND
DYMI DAY N0 ,DINR TP YN O TN
qON2 VTN NYNN TP HV IMNNANN DR 23V VY
DPAYRY DPIN D207 DNYY DY XY IR DAY 720
DR PO DNPNIN PR DRY IR DO DIPX 11NN DR
.(McNee, Wood, Storer et al., 2002) D’pINN NYDYNIR
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Picture 4: A cross-section of a pine tree trunk that shows the beginning of plant tissue
mortality as a result of infection.
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Figure 1: Biosphere Reserves’ scheme.
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Picture 1: Wetland 1 — one of a wetland complex in Hod HaSharon, Israel, used to
purify treated wastewater by biological treatment using microorganisms and plants
growing on a bed of gravel. The arrow in the center marks Juncus, one of the wetland
plants tested in this study.
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Picture 2: Cyperus articulatus L. — a wetland plant that demonstrated the most

effective removal abilities of bisphenol-A in the experimental hydroponic system.
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Picture 3: Juncus acutus — a wetland plant which was tested in our study for its
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removal ability of bisphenol-A from contaminated water.
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Figure 1: BPA uptake by wetland plants — Cyperus articulatus and Juncus acutus
in an experimental hydroponic system, with water at an initial bisphenol-A
concentration of 100 ppb.
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Figure 2: BPA removal by the wetland plant Cyperus articulatus with and without
associated bacteria from Cyperus roots, from water at an initial bisphenol-A
concentration of 2000 ppb.
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Picture 4: The hydroponic system, with a 20 liter capacity,
which simulates the Hod HaSharon Wetland, Israel, used in
our research. The wetland plant — Cyperus articulatus removes
BPA from polluted water.
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Figure 3: Removing
BPA by the wetland
plant Cyperus
articulatus from a
water solution with
an initial pollutant
concentration of
1,2,3 and 4 ppm
(a, b, cand d,
respectively) using
an experimental
hydroponic system,
that simulated
a continuous
process with a
second addition of
bisphenol-A. The
second dose of BPA
was added after 96
hours (marked with
an arrow).
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Picture 5: Bacillus megaterium the associated bacteria that was isolated from
Cyperus articulatus roots and identified by rRNA Gene PCR and sequencing. The

bacteria are involved in the BPA removal process.
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Figure 1: Scheme of PM distribution following dust storms with no forest effect
(upper plate) and with forest effect (lower plate).
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Figure 2: (A) The northern
Negev region (Israel) and
the location of study site,
including measurement points
1-4 along transect in the
study site (1) West point,
(2) inside the forest, (3) a built
environment that is affected
by the forest, (4) a built en-
vironment that is not affected
by the forest.
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Figure 3: Average PM; concentrations (n=30, SD values represented by error bars)
in Be'er-Sheva and in the study site during a non-dust period (July—August) in 2015
and 2016.
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Storm ID PM concentration (pg/m?)
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Event No. Date Synoptic system  Wind direction Wind speed (m/s)  Storm level PM;o PMy 5
1 7.1.15 mp M W (210°) 6.6 NI 286 (+46) 197 (£30)
2 11.2.15 mp mm W (209°) 5.4 nmay 729 (£90) 479 (+130)
3 10.9.15 NOX N7 = 1T N (307°) 2.3 AM7) 1119 (£107) 589 (+56)
4 4.11.15 N0 O PR E (80°) 55 29903 176 (+42) 130 (+20)
5 16.11.15 Mp m S (175°) 2.5 299 195 (£25) 198 (£23)
6 8.1.16 P N W (221°) 4.9 I 536 (+30) 268 (+17)
7 18.1.16 Mp m W (200°) 3.9 NI 229 (+86) 157 (+44)
8 13.3.16 N0 O PR E (99°) 2.6 9903 247 (+100) 137 (+84)
9 1.5.16 mp M W (214°) 3.1 790 124 (£30) 90 (£5)
10 30.11.16 90 O PaR E (150°) 2.3 29 93 (+14) 33 (+10)

(MYw 190n) NMI0N TV WYXINN DA PM; 5 1 PMj 1 .(2014) PImp1 113077 %9 9P NINDR MADN Nnviy .2016-2015 o002 1TTAI TOR PIR MWD :1 AYav

077001 07IN7) 1PN IO0 137

Table 1: Dust storms measured during 2015-2016. The storm level was classified according to Krasnov et al (2014). PM;o and PM, 5 concentrations are
averages for the duration of the dust storm (several hours). SD values are given in brackets.
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Figure 4: OF Ratio of PM; concentrations between the west side (not affected by the forest) and the other measurement points along the study transect
during 10 dust storms (Table 1). Blue, red and yellow textures represent cold-front, red-sea-trough, and unusual synoptic systems, respectively.
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Figure 5: OF ratio for PMj, concentrations (SD values represented by error bars)
during dust storms from the west (west side of the forest = 1) classified by storm
intensities (low, medium, high).
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Picture 1: Bike trail in Haruvit (Photo: Yoav Lavi, from e-yarok site).
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Picture 2: A project bicycle used for the data collection campaign (Farrell et al,,

2016).
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Map 1: Ulmus canescens distribution in Ramat Menashe, Israel. .NVIN NNTA NPYY IR NPDIZAR NVIAN 1 Nan
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Picture 1: Ulmus canescens trees in Nahal Mishmar HaEmek (Photo: Roy Harel, 2017).
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Picture 2: Ulmus canescens trees in Nahal Saflol, the most developed tree in this population is 15.1 m tall and its trunk diameter
is 46.1 cm (Photo: Roy Harel, 2017).
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Picture 3: Ulmus canescens trees in Nahal HaShofet. Upstream there a small spring called “Ulmus spring” (Photo: Roy Harel, 2017).
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Picture 1: Pistacia atlantica tree on road number 70, prior to the road construction in 1985 (Photo: Emanuel Kaupstein, 1980).
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Picture 2: Pistacia atlantica tree that was preserved between the lanes of road number 70 during road construction in 1985
(Photo: Roy Harel, 2017).
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Balfour Forest (plot 7), 20 years after planting (1947). .(1947) mOPN NYA MWV 20 31 (7 NPYN) N1 Y
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Balfour Forest (plot 7), 90 years after planting (Photo: Kamel Aliyan, 2017).
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The Establishment of Forest Resources in Israel:
Policy, Action and Implications

Orly Rechtman
The Council for a Beautiful Israel

This paper discusses the development of afforestation policy in Israel
from the end of the 19th century until 1960 and identifies the factors
influencing its design and implementation. Analysis of the chronological
development of the decision-making process by the organizations
involved in afforestation identifies three stages characterized by changing
goals and a change in the character of the forest created. During most of
the period, planting forests provided a tool for realizing national goals,
and policy was guided by changing tasks imposed by the officials of the
Zionist movement, the British Mandate authorities and the State of
Israel. Afforestation was originally perceived as an agricultural activity
and subsequently as a tool for managing national land reserves and as
an aid for developing Jewish settlements in the Land of Israel. The by-
products, resulting from applying this policy during this period of time,
have a considerable impact on the present distribution of the planted
forest resources in Israel and the landscape of open spaces.

Long Term Impact of Climatic and Hydrologic
Variations on Vegetation Activity in a Semi-Arid
Watershed. Sayeret Shaked Park as a Test Case

Eli Argaman’, Raphael Barth?, Yitzhak Moshe?, Meni Ben-Hur*

1 Soil Erosion Research Station, Department of Soil Conservation and
Drainage, Ministry of Agriculture, Israel

% University of Applied Forest Sciences, Rottenburg am Neckar,
Germany

3 Soil Conservation & Forest Unit, KKL southern region

* Institute for Soil, Water and Environmental Sciences, Volcani Center,
ARO, Israel

Eliar@moag.gov.il

Climatic models predict an increase in average temperature in
conjunction with reduction of total rainfall depth in arid and semi-arid
regions. Current climatic fluctuations aggravate ecosystem susceptibility
in arid regions as a result of environmental and anthropogenic pressure.
A long-term study was conducted in “Sayeret Shaked” park, located
near Ofakim (figure 1) between 1991 and 2013. This study investigated
the impact of rainstorm pattern (table 2), climatic properties (figure
5 A-D) and surface runoff on annual and woody vegetation in an
undisturbed watershed. The data collected includes Normalized
Difference Vegetation (NDVI) for the hydrological years 2000-2013
(figure 2); total annual rainfall from 1991 till 2013 (figure 3A); calculated
Potential Evapotranspiration (ET0) from 1994 till 2013 (figure 4); and
surface runoff volume (shown in figure 6A) taken from runoff plots
near the studied watershed from 1991 till 2011. The development of
annual vegetation in a specific hydrological year was affected mainly by
the total annual rainfall volume, which provided the annual consumed
water for the plants. Increased annual ETO by 0.01 mm had a minor
effect on annual vegetation development. In contrast, woody vegetation
in the watershed was significantly affected by continuous droughts that
occurred during previous years, which also reduced surface runoff that
can serve as a water resource for this vegetation.

The Effect of Adding Coal Ash to Planting Pit on the
Survival and Development of Woodland Transplanted
Trees and Seedlings Grown in 25 liter Containers

Eli Benichou and Nir Herr
Northern Region, KKL-]NF
elibe@kkl.org.il

It is important to find uses for the large amounts of coal ash (fly +
bottom) that are generated in the production of electricity at power
plants. One of the main uses of the excess ash is in agriculture. An
experiment was conducted adding coal ash to transplanted trees and
large saplings, which examined the effect of the ash on the survival and
development of the trees. Two experimental plots were established:
one in the “Har Ahim Forest” and the second in the “En Tut Forest”
Both sites tested the effect of coal ash with the addition of compost
(30%) on transplanted Tabor oak and Kermes oak, as well as on large
saplings (25 liter root ball), principally Atlantic pistacia and terebinth.
Transplanting was carried out in 2012 with data gathered after three
years. A significant negative correlation was found in the Har Ahim
Forest between the ash-treatment of trees and tree diameter, shoot
growth (vertical and horizontal), canopy diameter and tree vitality.
When tree survival of trees with coal ash and control trees transplanted
in Har Ahim Forest was compared, there is a significant inverse relation
(P = 0.014), i.e. the survival rate of trees receiving ash was significantly
lower than that of controls. Large planted saplings at both sites were
measured and no significant impact on height and lower diameter was
found in the seedlings treated with coal ash compared to the control.

A possible explanation for these negative results may be related
to the fact that the addition of ash raises the PH of the soil and
consequently, decreases the availability of trace elements, negatively
affecting the vitality and survival of the trees. Positive responses to the
addition of coal ash were found in studies of soil that was slightly acidic
and low in organic matter, whereas the terra rossa and brown rendzina
soils of the test sites are clay and basic, conferring no advantage to the
ash treatment. An important general conclusion from this study and
others is that, given the strong impact of ash on many soil characteristics
(physical, chemical and biological), its application should be adjusted in
accordance with the ash and soil characteristics where it is to be used
as well as the existing agro-climatic conditions. This study is unique
compared to others involving coal ash as it is the first carried out on
trees transplanted on basic clay soil.

Pine Pitch Canker Disease Caused by the
Fungus Fusarium circinatum

Lior Blank and Stanley Freeman

Department of Plant Pathology and Weed Research, ARO, Volcani
Center, Bet Dagan, 50250, Israel

liorb@volcani.agri.gov.il

Pine Pitch canker, caused by the fungus Fusarium circinatum, is one of
the most important pathogens of Pinus species. At present, the disease
occurs in forests and nurseries in various locations worldwide. It was
first described in 1945 in the southeastern United States, where it was
thought to be endemic; subsequent work suggested that the pathogen
may be native to Mexico. Since then, E circinatum has spread widely
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and now occurs in Central America (Haiti and Honduras), South Africa,
South America (Chile, Colombia and Uruguay), Asia (Republic of Korea
and Japan) and southern Europe. Spain was the first European country
where the disease was detected over ten years ago; more recently the
pathogen has become established in Portugal and has also been reported
in France and Italy. In adult trees the most common symptom of pitch
canker is gumming of resin from cankers on the trunk, terminals or
main branches. The pathogen also causes damping-off, shoot die-back
and death of seedlings in nurseries. The pathogen has been reported
as seedborne and can survive both superficially and internally within
seeds, causing high seedling mortality rates. Until now E circinatum
is exclusively a pine species pathogen, although other host tree species
such as Pseudotsuga menziesii were found susceptible to the pathogen.
At least 57 species of Pinus are known to be susceptible to pitch canker.
At present there are no means of managing the disease in adult trees in
forests or plantations.

What Makes a Biosphere Reserve Successful? Local
and International Insights

Lihi Golan, Daniel Orenstein and Pnina Plaut

Faculty of Architecture and Town Planning, Technion — Israel Institute
of Technology

lihigol@gmail.com

Biosphere Reserves (BR) are designed to deal with one of the most
important issues facing the world today: how do we reconcile
biodiversity and natural resource conservation, while allowing their
sustainable use? (UNESCO 1995, Ishwaran & Persic 2008). BRs are sites,
designated by UNESCO’s Man and Biosphere program, with spatial,
social and administrative components. The BR concept was developed
over the past four decades parallel to the development of the concept
of sustainability and the emerging realization regarding the importance
of biological and cultural diversity. In recent decades, conservation
paradigms have been changing. One particular change is the realization
that in order to preserve environmental resources, they shouldn't be
“protected” from the people who live around them, but rather people
should have an inherent part in managing them. BRs are one of the
prominent models reflecting this paradigm shift (Price 1996). However,
despite decades of experience, BR success in achieving their objectives is
ambiguous, and many of them (including in Israel) only bear the “label”
of the BR, and do not realize the model’s potential in practice (Coetzer
et al. 2014, Ishwaran 2012).

This paper reviews different perception of “success” in BRs, asking:
what are the various opinions regarding how a BR should function?
For this purpose, we examine how different sources measure success
in BRs, including (1) UNESCO, (2) the academic literature and (3) 21
stakeholders and professionals in Israel. The findings show that there is
some similarity in how success is defined and measured, though each
source has unique emphases. Nonetheless, there seems to be a general
consensus around operational indicators such as public participation and
normative objectives such as environmental benefits. Nonetheless, not
all of the Israeli stakeholders and professionals see social and economic
benefits as a measure of success in BRs. This suggests that although the
BR model is designed to promote development and conservation, it is
still perceived by most respondents as a conservation centered model,
rather than as a tool for social and economic development.

Bisphenol-A Removal by Constructed Wetland Plants

Eran Benyamini!, Regina Borukhov-Sharapov?, Itzhak Bilkis?

and Elisha Tel-Or!

1 The Robert H. Smith Institute of Plant Sciences and Genetics in
Agriculture, Faculty of Agriculture, Food and Environment, The Hebrew
University of Jerusalem

2 Institute of Biochemistry, Food Science and Nutrition, Faculty of
Agriculture, Food and Environment, The Hebrew University of Jerusalem
elisha.telor@mail. huji.ac.il

Bisphenol-A (BPA) is a toxic pollutant used in the plastics industry and
discharged into the environment.

This study tested optional removal of BPA by wetland plants. Cyperus
articulatus and Juncus acutus were selected from a wetland system and
the experiments were conducted in a hydroponic system.

Cyperus articulatus was most effective in BPA removal. At concen-
trations of 200 ppb removal took place within one day and high concen-
trations of BPA up to 10 ppm were removed within one to four days. The
main breakdown product of BPA was 3-OH-BPA which is 10 times less
toxic than the original pollutant.

We also identified the bacteria Bacillus megaterium associated with
the roots of Cyperus articulatus and this bacterium was effective in BPA
removal.

Altogether, Cyperus articulatus is a most effective candidate for BPA
removal in hydroponic system and wetlands.

The Effectiveness of Forests in Semi-Arid Regions
in Reducing Air Pollution During Dust Storms

Daphna Uni and Itzhak Katra

Department of Geography and Environmental Development,
Ben-Gurion University of the Negev

katra@bgu.ac.il

Dust storms are a major source of global atmospheric particulate matter
(PM) and air pollution. During dust storms, PM; (particulate matter that
is less than 10 micrometers in diameter) concentrations can reach 2000
ug/m?, high levels which exceed the World Health Organization (WHO)
guidelines for air quality. The objective of this study was to study the
effect of forests in a semi-arid zone on air pollution during dust events.
Atmospheric PM concentrations were measured during dust storms and
non-dust days (a background period) in a forest transect (Lahav, Northern
Negev, Israel), including populated environments near the forest (Kibbutz
Lahav) and at a more distant location (Lakiya). During a background
period, without dust events, the forest and its surrounding areas were
characterized by lower monthly average PM concentrations (38 yg/m?)
compared with areas that are not influenced by the forest (54 pg/m3). Such
a difference can be significant for human health in long-term exposure.
A reduction in PM concentrations in the forest was also recorded during
dust storms, depending on the storm intensity and the locations of the
shielded areas. Significant reduction was recorded in Kibbutz Lahav
during western storms, in which the Kibbutz is on the leeward side of
the forest. In these storms, lower PM levels were recorded even in the
windward area (exposed to winds) of the forest compared with Lakiya.
Dust particles that were deposited on the foliage were analyzed in the
lab. The total dust deposit on the foliage was found to be 8.1-9.2 g/m?,
which is equal to a minimum of 418 tons removed from the atmosphere
by the foliage area of Lahav forest. The relative amount of PM;, from
the total dust was 41.7-60.2%. The results show the role of forests in
reducing atmospheric PM during dust storms, thus contributing to a
better air quality in the forest and its surrounding areas. This highlights
an ecological service of forests, which provides support for environmental
development plans for in regions that are exposed to potential risks of air
pollution due to land use and/or climate changes.
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