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Abstract

Qalqilya is located at northern West Bank of PalestThe city is surrounded
with the Separation Wall built on their land byask. This colossal infrastructure
prevents rainwater from flowing into flood plainsdacauses the city something it
had never experienced befoftgods This thesis investigated environmental
impacts of the Wall-induced floods of January 2@iBarable land facing the
Separation Wall. Assessed parameters are soilrigdteavy metal contents, soll
structure, plant growth and socio-economic aspedtigher microbial
contamination was observed in flooded soils. Theas no clear evidence of
flood negative impacts on other parameters. Howether history of floods is
short and continuous investigation will be needetutther verify and understand

environmental impacts of floods.



\

Table of Contents

ACKNOWIEAGMENLS......oiieeeeeeeee ettt st ae st et essesneeeneens v
ADSITACT ...ttt se et nreenes v
Table Of CONLENLS.......ciiieiieeeeeee et VI
IS A o T =T SRR Vil
LISt OF TADIES ...t s IX
Chapter 1: INtrOAUCLION ......c.oceeiiiiieieie ettt sttt aesresreessenee s 1
Chapter 2: LILerature REVIEW.........ccceviveeieieieiese ettt ettt st sae e eneesseseeas 6
Chapter 3: Materials and Methods...........cccoeiriririneeeee e 12
3.1 Study area and soil sample COlIECHION............ccevereieiiinrec e 12
3.2 Plant sSample COIECHON...........ccviieieeceeeeeseeeeee et 13
3.3 SO0l @NAIYSIS....oiciieeeeiceeeee e et et eraeae s 13
3.3.1 Microbial @nalySiS.......ccccceieeeieririieiereceeeese e e e 13
3.3.2 Heavy metal analysis.........cccooererieiiininicceere e 14
3B.3.3 SHUCKUNE ...t 16

3.4 PIANT GNAIYSIS......covieiieiieiieieeiereee s 16
3.4.1 Green vegetable groWth............ceiieeriiecese e 16
3.4.2 ChIorophyll CONLENL......cc.ocveeieieceeeee e 17
3.4.3 Guava new branch growth...........cccoceeviiiiiece e 18

3.5 S0CI0-eCcoNOMIC farmers’ INTEIVIEW........ccceeriririerieieieesreseeeee et 18
3.6 StatistiCal aNalYSIS.........ccvririririeieiee s 18
Chapter 4: RESUILS.......cceceieieieeeeeeeeee ettt sttt s estesreensennee e 19
4.1 SOIl PAr@meters........cceevieuiriiiiiiieieieetee ettt 19
4. 1.1 BACIEIIA .c.evinieienieieieie ettt ettt 19
4.1.2 Soil contamination with heavy metals.........cccocvviiirieninneee e, 21
4.1.3 STTUCTUIE ...ttt ettt st s sr e e e e 23

4.2 Plant PAramMELeIS.......cccoiriiirierieieieiteiesteste ettt ettt st sbe e sae e e 24
4.2.1 Growth Parametersi..........cocoeireiniiniiinieteenet et 24
o S R VY= T | ) SR SPRSTRPR 24



Vil

4.2.1.3 Number of leaves or branches............cccoeevernencincinccece, 26

4.2.2 Chlorophyll CONLENLS.......cceieeieiceetee ettt 27
4.3 Socio-economic impacts Of floQd...........cceeeirireiiiieeceeee e 28
Chapter 5: DISCUSSION.......cceouirieieieiteiert ettt ettt sbe e s sn e ens 31
5.1 SOIl PArameters........ccucieiriiirieieieieeee sttt s 31
5.1.1 Soil contamination wWith BaCteria..........c.cccveirerineincinicincine e 31
5.1.2 Soil contamination with heavy metals..........cccccoccevvreecivececcece e, 34
5.1.3 SHIUCKUI ...t s 39

5.2 Plant PArameters.........cc.ccvviiirererieieeeeseseset sttt 44
5.2.1 PhySiCal GrOWLEN......ccueieiiieiiriescc e 44
5.2.2 ChIorophyll CONLENLS.........eeviiieeiee e 47

5.3 Socio-economic impacts of floQd..........ccccoveceiiiieicc 49
Chapter 6: CONCIUSIONS.........ccceeeeieieeeeese ettt e e et resreesaeseses 53
REFEIEINCE......ceeeee ettt et 57



VI

List of Figures

1.

© N o 0o~ WD

Qalgilya 10cation MaPS........ovviiiie et ee e e e aieaas 4
Degree of bacterial contamination of SOil ................cooi v ne. 19
Photographs of EMB agar inoculated with soil salati................... 20
Concentrations of 12 heavy metals in soil................ccveennnn. 21-22
Mean plantweight.............oooo i, 25
Mean plantlength............cooi 26
Mean plant leaf/lbranch number...............cooooi e 27
Chlorophyll CONteNtS.........oiviii e e 28



List of Tables

1. Alist of 11ltreatments and descCriptions....... .o veeerierienineineennn. 12
2. Range of normal soil heavy metal concentrations ...................... 23
3. SOl Structure asSeSSMENt .......ccoiiii ittt e e 24
4. Summary of farmers’ INteIVIEW.........ccoiviiiie e e e e e 30
5. Correlation between soil pH and heavy metal maopilit..................37
6. Chlorophyll CoONtents ... ..ot e 48



Chapter 1: Introduction

Palestine suffers fronfloods This statement may sound far-fetched or false.
Flood is generally considered as a natural disasteiit is usually associated with
regions of high precipitation rates. When the amooh runoff exceeds the
capacity of a receiving body of water, water ovexi on the land and it becomes
a flood. Bangladesh, India and Pakistan for insaane frequently hit by floods
after intensive heavy rainfalls. Palestine is ¢faess in semi-arid climatic zone
with a total annual precipitation ranging from 4@B0 mm in the past decade
(Richard and Issac, 2012). There are not even pwmaivers. Yet, floods can
and do occur here. A major cause of flood in Palesis thelsraeli Separation
Wall. This gigantic infrastructure confines rungsfeventing it from following its
natural path to flood plain. This work investigats/ironmental impacts of this
human-induced flood on agricultural land in they @f Qalqgilya, northern West
Bank of Palestine.

In April 2002, the Israeli government’s Ministeri@@ommittee on National
Security Affairs decided to erect a physical barsieparating Israel and the West
Bank in order to control the entry of Palestinifmsn the West Bank into Israel.
The decision was approved by the government in dndethe construction of the
Separation Wall began in the same year (B'Tseléh2p

The Separation Wall comprises a complex serieseatrenic fences, barbed-wire
fences, earth mound and trenches. The average widtie barrier is 60 meters.
In some locations it is consisted of concrete slatbsix to eight meters high. If

completed as planned, the Separation Wall will ¥doag as 709 kilometers. Its



course does not however abide by the Green LinehwHiemarcates the West
Bank and lIsrael. Approximately 85 % of the Wall lwit fact run inside the
Palestinian territory (OCHA, 2011), enclosing amd/solating numerous
Palestinian cities and villages. This goes in didant to the peace agreements
between the Palestinian Liberation Organization #ved Government of Israel.
The Interim Agreement on the West Bank and the Gatzip signed in 1995
between the two parties stipulates that neithetlypaitl ‘change the status of the
West Bank and the Gaza Strip pending the outcomthe@fpermanent status
negotiations’. In 2004, the International Court &dstice (ICJ) delivered an
advisory opinion in a report called Legal Consegasnof the Construction of a
wall in the Occupied Palestinian Territory: Constion of the Separation Wall
severely hinders the right of self-determinationtbg Palestinian people. Israel
cannot justify the Wall and accompanying regimearalgary requirements or as
means of national security or public order and tiokates international law. The
advisory opinion calls on Israel for cease of camtion and demolition of
existing wall (ICJ, 2004).

The ICJ opinion has not so far been honored byGbeernment of Israel. Since
construction of the Separation Wall, the Palestingeople, particularly those
living in its vicinity, have been facing manifoldifficulties and obstacles.
According to figures provided by UNRWA's Barrier Miboring Unit (BMU), the
communities directly impacted by the Wall amounl 7@ at the present time.

The Separation Wall has already swallowed up vest af land. Furthermore,

access to the land beyond the Wall is very hardtdygermit and gate regime.



Thus, agriculture-based livelihoods of thousandaafilies have been seriously
undermined. As agriculture is the most importardome-generating sector in
Palestine, economic impacts are far reaching (OCR2Y,3).In addition, most

people have psychologically been affected by theeiskact that they have to live
with a Wall in their backyard (BMU, 2013).

This research investigates the impact of the Sépar&vall-induced flood on the

soil and crops in the west of Qalgilya city. Sail the Qalgilya Governorate

together with Jenin and Tulkarem Governorates mwkmnto be the most fertile

soil in Palestine. The city was chosen becauseuwgrie is economically very

important and most severely hit by Separation Walliced floods in the West

Bank.The city of Qalgilya was one of the first whisaw the completion of the
Separation Wall as early as ten years ago in Z008.city is surrounded by the
Wall on three sides: concrete wall to the west, enclimferential fences to the
north and the south which are narrowing towardsetst (Fig. 1). The Separation
Wall severs Qalgilya from half of that fecund agftaral land (UNDP, 2003) and

much of the agricultural land beyond the Separafitall has become inaccessible
to land owners and farmers (Negotiations Affairp&ement, 2004). Farmers are
largely obliged to subsist on the remaining laregrddation of which may render

their agriculture and livelihoods unsustainable.
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Figure 1.Left location of Qalgilya governorate (source: BBR)ght Qalqilya city surround by

the Separation Wall (source: Political Tours, 2011)

The city is located on slopes which facilitate rfirto increase velocity and the
concrete wall at the bottom of the city traps thisoff from flowing to floodplain
which is now beyond the Wall. Since the erectiothef Wall therefore, Qalgilya
city with no flood history in the past has beenengncing severe floods in winter
season. Notably the floods in the 2005 and 2013ethia huge destruction of
crops and fruit trees. 32 farmers (approximatel0 2fependants) cultivate
agricultural land at the lowest topography along toncrete wall and are now
repeatedly hit by floods. Each time flood occusytincur significant damages on
agricultural produce.

An additional problem exists. Between the Sepanatall and the agricultural
land, there is a natural stream in which wastewst@lischarged. During flood,
the stream overflows and transports wastewateontd the adjacent land. This

may contaminate the soil with hazardous elementh @18 heavy metals and



pathogens (Proviat al, 2008; Centers for Disease Control and Prevenfiohl)

and poses potential risk to humans.

The study purports to contribute to a better urtdading of the impacts of floods

on the soil caused by the Separation Wall and $tahe invention of mitigation

measures to soil degradation. It is hoped thairtfemation will be shared with

farmers of other flood-hit areas.The goal of mydgtus to bring to light yet

another impact of the Separation Wall on Palesimiathers, such as human

right groups and UN organizations, especially thdBhave highlighted many of

socio-economic impacts. However, my thesis draienton to a little-studied

aspect of the Separation Wall. This is particulamyportant in view of the fact

that the international community has done verielitd throw their weight behind

the ICJ opinion about the Separation Wall.

Accordingly, this research has two hypotheseslobds have negative impacts on

the soil system and undermines its fertility, radgamicrobial activity and crop

productivity; 2) wastewater overflowed by floodsataminates adjacent land. The

study involves three objectives as below:

1) To shed light on the environmental impacts of tlepaBation Wall-induced
flood on agricultural land and crops in westerndig,;

2) To facilitate the creation of mitigation measures flood-affected land in
western Qalqilya;

3) To disseminate and share relevant information vather flood-affected

farmers in Palestine over.



Chapter 2: Literature Review

Construction of an impervious physical barrier lergdthe migration of fauna and
flora and the movement of a vital element such atemw In basins that have been
modified or whose flow has been obstructed, lowartgp of rivers are often
flooded (Gil and Rodriguez, 2010). For instanceacBl (2008) reported that the
2008 Mississippi River flood was called a man-mdaaster by many experts.
The massive flood was attributed largely to torengpring rains in the Upper
Mississippi Valley. But some scientists argued thaise rains were made worse
by structures such as levees and other man-magiwentions wrought upon the
Mississippi River over time, resulting in the immserflood.

Examples of floods caused by an infrastructure sagla wall are uncommon
because there are simply only few walls built byirdoes to demarcate their
border. The most well-known one is the Border Wadit the United States built
along the Mexican border. Part of the wall runréihgng Nogales city in northern
Mexico is made of concrete slabs. In 2008, thiscoste wall trapped rain runoffs
and inundated Nogales city, covering the city vatbheet of water of 2 m high in
some places. Damages on houses, vehicles andtinfriure were amounted to
over eight million dollars (Gil and Rodriguez, 2010 Misak and Al-Hurban
(2013) investigated environmental impacts of défdérland use forms on land
degradation in Kuwait and reported that the Bundl W&tween Kuwait and Saudi

Arabia disturbs and traps surface runoff in variposes along its route.



Apart from these countable examples, studies ofr@mwmental impacts of floods
caused by artificial walls are few and far betweBmerefore, literature describing
adverse impacts of general floods has tobe sodight a

Damages of floods on agricultural land can be amedhate destruction of on
vegetation stands. If a soil has no vegetation cdl@dwaters can wash away
more easily the topsoil which is usually rich iganic matter, nutrients as well as
fertilizers applied by farmers and which has bettt structure (Commonwealth
Scientific and Industrial Research Organisatiori, 190

The danger of floodwaters is not only its physicate, but the water can also be
heavily polluted with sewage and filth (Black, 2008Evidence supports this
general understanding. Wadd# al. (2004) explored the correlation between
occurrences of gastrointestinal illness and floddvgin the mid-western United
States. They confirmed an increase in the incidefgastrointestinal symptoms
during the floods. They also found that gastroitiies symptoms were not
related to tap water consumption but rather astmtiwith direct contact with
floodwaters and this effect was particularly pronced in children. In the field
studies after hurricane-induced floods, researcluetected the rise of fecal
coliform bacteria in surface water (Pardeteal,2005;Plumleet al,2005; Roper
et al, 2006).

Floodwaters are as well very often laden with othentaminants including
agrochemicals, petroleum products, detergents,taxid metals (Black, 2008).
All of these substances can pose serious problemagticultural soils and

therefore many case studies have been undertakervestigate soil and crop



contaminations after floods. In the Netherlandseixample, researchers explored
the association of heavy metal soil contaminatiati Wood frequency using the
case study of the River Meuse (Alberietgal, 1999). They found that out of five
analysed metals, higher concentrations of Cd anddebrred in more frequently
flooded river bank soils. Ibragimoet al. (2013) compared heavy metal contents
of sediments before and after the flood of a Paligér. Their results turned out
that Cd and Cr were higher in flooded sediments @uit Ni, Pb and Zn were
higher in pre-flooded sediments and the authorgestgd that grain size and
organic matter contents were responsible for #ssilt. A study by Maliszewska-
Kordybaclet al(2012) however reached a very different conclusidrey looked
at the effects of floods on Polish agriculturallsan terms of ten heavy metals
(As, Cr, Cd, Pb and so on) and nine polycyclic aaterhydrocarbons (PAFs) and
found no significant increase of any elements ammipounds due to the flood.
They attributed these findings to the absence dtistry and other polluting
activities in the environs of the studied area. e Tindings of Maliszewska-
Kordybaclet al. are in harmony with the result of earlier reskamc Czech
Republic by Vachat al. (2003) in which persistent organic pollutantsriwas
hydrocarbons) and heavy metals were examined butcorxlusive results
indicating contamination of soils by floodwatersrevebtained.

Albering et al(1999) analysed heavy metal concentration in arabk fodder
crops and found within background value rangeshefNetherlands. Contrary to
their findings, a case study of plants grown in HEibe Floodplains, Germany

(Grongrofet al, 2005) demonstrated high mobility of heavy metile to non



calcareous character of the soils with low pH 4.6.9) and resultant uptake by
pasture vegetation. Although factors such as @peties, sampled plant organs
and time of the season influence plants’ uptakeneftials, metal concentrations in
all plant samples directly after the flood exceeBétmaximum values for animal
feed. However, no universal conclusion can be driram all these studies and
each finding is a study specific. Degree of sod @hant contamination by heavy
metals are influenced by miscellaneous factorsuding the frequency and
intensity of floods, soil characteristics such &k particle size, mineralogyon
fluvial sources, the vicinity to industry or othmulluting activities.

In addition to the transport of contaminants oridssubstances, floods can put a
soil in waterlogging conditions. A waterlogged sl depleted of oxygen and
becomes anaerobic. Wetland plants have evolved utwive such anoxic
conditions and are equipped with special air chenrealled aerenchyma.
Aerenchyma transports oxygen down to root zonedewleleasing out various
metabolically generated gases such as carbon éaxid ethylene. Such transport
lessens the risk of asphyxiation under soil flogdior more complete plant
submergence, and promotes radial oxygen loss fiawts rleading to oxidative
detoxification of the rhizosphere (Blom, 1999; Jawk and Armstrong, 1999).
But dryland plants do not have such mechanismstlagid growth can be easily
impeded in waterlogged soils. Numerous attempige Hzeen made to study
responses of economically important crops to waggyihg conditions. Malilet
al.(2002) conducted an experiment to evaluate theteffiedifferent durations of

waterlogging and subsequent drainage on young waedtobserved various
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adverse effects. During waterlogging, the seminak isystem stopped growing
and leaf nitrogen concentration was severely deetkaWhen waterlogged pots
were drained, seminal root mass did not recovecoiarol values, even when
waterlogging lasted only three days. This was bsedle existing apices died and
no new lateral roots were initiated. By the endtlid experiment, shoot mass
remained two- to three-fold lower in plants from walaterlogged treatments
compared with continuously drained controls, dudotwer tiller numbers and
shorter final leaf lengths in previously waterlodgelants. The results
demonstrate that even a short period of waterlagbars considerable long-term
effects on the growth of young wheat plants. Simiiadings are reported by
previous works. Drew and Sisword (1979) used yobagly plants and studied
the development of waterlogging damage in termglant nutrient status and
changes in soil properties. The experiment reve#hed within 48 hours of
waterlogging, injury to seminal roots and reductiorthe rate of leaf extension
occurred and the net rates of uptake of N, P andrépped. Thompsoret
al.(1992) evaluated the tolerance of three differeehofypes of wheat in
waterlogged soil and found out that waterloggingydédy decreased shoot fresh
weight and reduced the growth of seminal roots.

This literature review has demonstrated that flocais have both immediate and
long-term effects on the soil and crops. Areag tbeal floods affect can be
relatively small as is the case of Qalqilya cityt the impacts on people living in
those areas are significant and moreover the sadigiduals are likely to be

repeatedly affected. For farmers, to be recuryestiluck by floods has grave
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implications: their livelihoods entirely depend @md resource and they cannot
just abandon their land to leave for elsewhere.

Environmental impacts of the Separation Wall ineBahe have been well
documented by BMU and the Applied Research Instidgrusalem (ARIJ). Their
research is based on observation and interviewls pgbple/representatives of
Wall-affected local communities. However, sciewtiBtudies of environmental
impacts of floods seem to be poorly undertakeroifat all. Moreover, the Israel
Separation Wall-induced flood is very different rfroany other natural or
anthropogenic flood examples: the Wall is not carcded in the owner country’s
land but in the majority on Palestinian territonyiplating international law.
Despite that, flood gates built in the SeparatioallVdre not accessible to the
Palestinian Authority to maintain and clean (BMW13). The opening and
closing of flood gates are entirely left in the Harof Israeli Army. When a flood
takes place and submerges anything on its way asiciops and greenhouses for
hours, the Palestinian Authority can do nothing kegp asking Israeli Army to
open the flood gates in order to get rid of floodtev. The Separation Wall has
been unilaterally built and there is no hope ofrdiatlement in foreseeable future.

The accumulation of the above facts makes my reseaary unique and pioneer.
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Chapter 3: Materials and Methods

3.1 Study area and soil sample collection

The specific study areas were selected in cooindmatvith the Ministry of
Agriculture in Qalgilya. A primary field visit toolplace at the end of January
2013 in order to visually assess damage causetiebfidods which occurred in
early January.In mid-March, the"2field visit was carried out. Four control
treatment plots were chosen from agricultural lahdhe very north end of the
concrete wall as those were not affected by thedo Seven other plots which
were located several hundred meters away southwareé selected as flood
affected plots. The total number of plots was 1&tasvn in Table 1. Treatment 1
was the farthest from the Separation Wall and Tmeat 10, the closest. From
each one of the 11 plots, three replicate soil $asnwere taken at a depth of 0 to
30 cm using a spade. They were put into cleaniplasgs, marked and brought

to the laboratory of the Birzeit University on th&me day.

Table 1.A list of 11 soil treatments, descripti@msl plot indication for plant samples.

Treatment numbe  Descriptions Vegetable samples taken
1 Control for all

2 Control for green vegetables Greenmwaind parsley
3 Control for guava (New branch length)
4 Control for lettuce Lettuce

5 Flooded peach orchard

6 Flooded peach orchard

7 Flooded green vegetable field Green onion

8 Flooded green vegetable field Parsley

9 Flooded lettuce field Lettuce

10 Flooded guava orchard

11 Flooded guava orchard (New branchtl®ng
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3.2 Plant sample collection

On the same day as the soil sample collectiongtdiferent species of green
leafy vegetables were chosen: green onion, passidylettuce. These vegetables
were selected as they were fully grown at that tilfegee samples of green onion
and parsley were randomly uprooted from three spbi&eatment 2 plot. Their
above-ground heights were immediately measured randrded in the field.
Other three samples of green onion from Treatmemtd/three samples of parsley
from Treatment 8 were likewise picked up and measurAfter the measurement,
all samples were put into clean paper envelopesh Vispect to lettuce plant,
several samples were taken at four spots in Tredtdheand 9 plots (Table 1
above) and put into clean plastic bags. All vedetalamples were transported to
the laboratory of the Birzeit University on the samday and placed in a

refrigerator.

3.3 Soil analysis

3.3.1 Microbial analysis

The objective of microbial test lied in detectioh EBscherichia Coli(E. coli)
which is a gram-negative bacterium, and conside®@ good indicator of the
presence of other pathogens, hence microbial congion. To this end, EMB
agar was used as culture media due to its seligctorigram negative bacteria. In
EMB agar,E. colidevelops colonies and appears in distinguisheérsigeeen
colour with a dark center (Lal and Cheeptham, 2000 g of soil was measured

and put into a glass test tube containing 10 n0.6f% saline water which was
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pre-autoclaved at 121°C for 15 minutes. The saiia was well mixed with the
saline water using a vortex device for a few misutgom this stock solution, an
aliquot of 1ml was taken with a disposable pipattd put into another autoclaved
glass tube with 10 ml of saline water. The secaidti®n was well blended again.
Lastly 0.1 ml from the diluted solution was pipétiento an EMB agar plate and
evenly spread over using a glass spreader whichseoased in 70% ethanol and
flamed in a Bunsen burner. Two duplicates per saihple were produced. In
total, 66 EMB plates (3 replicates x 2 duplicates gach of the 11 treatments)
were inoculated with the solutions and placed iniremubator at 37° C for 24
hours. Number of colonies was counted. Firstly niian of two duplicates for
each replicate was obtained and then the final mvahre for each treatment was
worked out. Based on these resultant mean valoés)ycforming unit (CFU) per
gram soil was calculated with the following equafiousef and Carlstrom,
2003):

CFU/g = number of colony/dilution factor

3.3.2 Heavy metal analysis

Air-dried soil samples were first sifted througlstainless steel sieve with 5mm
openings and ground in a mortar with a pestle. Sdiesamples were then sieved
once again with a 50 um stainless steel mesh. @fpglverized soil from each
sample was measured and put into a clean 20 miilkstion vial. The soil was
digested with aqua regia. The aqua regia soilstigge method is considered

efficient and satisfactory to get an estimate ef taximum element availability
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to plants’ uptake. It is a most conventional methad internationally accepted by
organisations such as USEPA and ISO . The methaodoves treating a soil
sample with a 3:1 mixture of hydrochloric acid (Hl@hd nitric acid (HN@) as
described by Gaudinet al. (2007). Aqua regia was prepared using HCB2 %
(Sigma Aldrich, Germany): HN§65 % (Merck, Germany). 12 ml of the aqua
regia was mixed with the soil sample in a vial. Thke vials were heated on a
preheated hot plate for several hours at 110° & digested solutions were
diluted with 20 ml of double distilled water (DDWJhey were transferred into a
100 ml volumetric cylinder after being filtered dlmgh Whatman no. 1 paper and
diluted again with DDW to make a final volume of0Lthl. All glass items were
acid-soaked in 3% HN£and rinsed with DDW prior to usage and in between
samples. The diluted solutions were delivered éoAfuaculture Laboratory of Al
Quds University in Abu Dis, East Jerusalem, anddbmcentrations of 11 trace
metals, namely Tl, Pb, V, Cr, Mn, Co, Ni, Cu, Zrs,Ae and Cd, were analyzed
with inductively coupled plasma mass spectrometfCP{MS)(Agilent
Technologies 7500 series, Japan).For accurate itatewet determination of heavy
metals in water samples, an internal standard rdethas used using (In) as
internal standard and a multi-standard calibratiogthod: (22 metals standard
(Ag 10 ppm, Al 50 ppm, B 50 ppm, Ba 10 ppm, Bi Xjn, Ca 10 ppm, Cd 10
ppm, Co 10 ppm, Cr 50 ppm, Cu 10 ppm, Fe 10 ppmQ&ppm, Li 50 ppm, Mg
10 ppm, Mn 10 ppm, Mo 50 ppm, Na 50 ppm, Ni 50 p@,100 ppm, Sr 10
ppm, TI 50 ppm, Zn 10 ppm, matrix 5% HNO3). Eaample was analyzed three

times and the results are expressed as mean = 39D andard
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deviation). Relative standard deviation (RSD) & three results are calculated
and found to be less than 5% for all samples fomakals analyzed in this study,
reflecting the precision of the method for the gsial of these heavy metals.
Calibration curves for all metals analyzed werestarcted by plotting the ratio of
the intensity of the analyte metal to that of theeinal standard (In) vs.
concentration of the trace metal (in ppb), and thsults showed that the
calibration curves were linear with correlation fficgent (r2) greater than 0.999

for the trace metals analyzed.

3.3.3 Structure

Soil structure was determined in the field off' 3@y 2013 jointly with an expert
from the Palestinian Ministry of Agriculture, Raradl. Both surface and
subsurface structures were assessed, using asranad the Guidelines for Soil

Description issued by FAO (2006).

3.4 Plant analysis

3.4.1 Green vegetable growth

Three growth parameters were recorded: fresh weighggth and number of

branches. Since the length of green onion and @yasslmples were measured in
the field, only their weight and number of branchesre measured in the

laboratory. As to lettuce sample, a humber of Isawere counted instead of a
number of branches and the measurement of all fraesameters was carried out

in the laboratory.
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3.4.2 Chlorophyll content

Chlorophylls were extracted by means of 80 % aeetas described by
Sadasivam and Manickam (1996). Representative seaf’eeach plant sample
were arbitrarily chosen and minced with a stainlese and mixed well. 1 g was
weighed and ground to a pulp in a clean mortamR6f 80 % acetone was added
in the pulp. The mixture was poured into a cleabgled centrifuge tube. Having
made sure the weights of all the tubes with mixtiordbe equal, the tubes were
centrifuged at 5,000rpm for 5 minutes. Then theeso@tant was transferred to a
clean 50 ml volumetric tube. Remaining residue athesample underwent the
same processes of extraction. THE Qupernatant was poured into the same
volumetric tube. The volume of all the volumetriobés containing the
supernatants was leveled to be 50 ml with 80 %oaeetSolution was pipetted
into a clean cuvette and absorbance was read at635and 652 nm against the
blank (80% acetone) using a spectrophotometer (&sn&0S UV-Vis, Thermo
Scientific, USA). The amount of chlorophyll per grafresh plant tissue was

calculated using the following equations (Sadasiash Manickam, 1996):

14
1000 xW

mg chlorophyll a/g tissue = 12.7 (A663) — 2.69 4Ap x

14
1000 xW

mg chlorophyll b/g tissue = 22.9 (A645) — 4.68 686 x

and

14
1000 xW

mg total chlorophyll/g tissue = 20.2 (A645) — 8(@563) x

where A = absorbance at specific wavelengths,
V = final volume in ml of chlorophyll extract B0% acetone

and W = fresh weight of plant tissue extracted.in
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3.4.3 Guava new branch growth

Growth of new branches was assessed in the fieddiily June 2013. A length of
the 39 new branch from the tip of an entire branch sédatt approximately 1.5 m

high from the ground was measured. Ten branchee wlawsen per tree and the
same procedure was repeated with randomly seldiuted healthy-looking guava
trees in three different spots: closest to the joam Wall, middle and the

farthest from the Wall in Treatment 2 (non-floodedy 10 (flooded), respectively.

3.5 Socio-economic farmers’ interview

A questionnaire was prepared with the help of peopho have sociology
background. It was designed to tease out majoakand economic discrepancies
before and after the Separation Wall was builterviews with five most flood-

affected farmers took place in mid-August 2013 aldilya city.

3.6 Statistical analysis

The CoStat statistical package (CoHort Softwarentdey, USA) was used for
the analysis of variance (ANOVA), and the comparisaf the means was
conducted using the Least Significant Differenc&Dl) test at R 0.05 (n=3,

unless otherwise indicated).
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Chapter 4: Results

The impact of flooding due to the Separation Walkvassessed through series of
tests, which include analyses of soil and plant @asy and socioeconomic
aspects. Throughout the results section, T1 isidered as the control for all
other treatments. The plots (T5, T7, and T10) thete closest to the Wall are
considered here as likely to be the most contamdhailots, and a special

emphasis is accordingly placed on these treatments.

4.1 Soil Parameters

4.1.1 Bacteria

Figure 2 reflects the degree of contamination ofréatments. As expected the
lowest contamination (0 CFU) was recorded for Tdt fthe control plot) whereas

the highest (6.5 x 103 CFU)was found atT 7plot.

9000 -
8000
7000 4
6000 4

5000 -

CFU/g soil

4000 4

3000 -+

2000

1000

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
Treatments

Figure 2.Degree of contamination of soil expressedolony forming units (CFU/g soil) of 11
treatments (mean * SE). Green bars indicate namuéd soils and blue bars, flooded soils. T1 is
the farthest from and T5, 7 and 10 are closestddSeparation Wall. Means were taken from 3
replicates. Means with the same letters are noifgigntly different at p< 0.05.
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On EMB agar, lactose-fermenting gramnegative bectégenerally enteric)
produce strong acid, lowering pH of the mediumtially colourless eosin dye in
EMB reacts with this change in pHand lactose fetersndevelop into dark-
coloured colonies (HIMEDIA, 2011). In contrast néactose-fermenters grow
colourless colonies (Fig. 2 left). ColoniesEdcherichia coliwhich are vigorous
lactose fermenters show a typical metallic sheeth wery dark center (Lal and
Cheeptham, 2007). However, in this soil analystssach distinguishablg. coli
colonies were detected. Instead, colonies whicle lsadark centre surrounded by
light coloured rim, so-called ‘fish-eye’ were fourathd counted (Fig.3 right).
Bacteria that form this type of colonies on EMB ragsually include most strains
of Enterobactoand Klebsiella (Seal and Pleyer, 2007), both of which are
opportunistic pathogens(Guentzel, 1996).From Figuret seems that flooded

soils had greater CFUs of gram negative bacteaa tontrol soils.

Figure 3Left colourless colonies of nhon-lactose fermentingér@ found in T1Right
several fish-eye colonies Bhterobactoror Klebsiellaappeared in T5.
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4.1.2 Soil contamination with heavy metals

In terms of trend, four elements showedclear treimde/hich their concentrations
were much higher in non-flooded soils than in fledgoils. These are Cr, Ni, Mn
and Co (Fig.4D, G, E and F). To a lesser extengnd Se followed a similar
tendency (Fig.4C and K). Pb demonstrated the optsnd, in which its levels
were generally higher in flooded soils (Fig.4B).eT¢oncentrations of other five
elements, namely TI, Cu, Zn, As and Cd, seemetltuiate with no noticeable

trend (Fig. 4A, H, I, Jand L).

A. Thallium
= B. Lead
Q —_—
o i)
S 200.00 a a
.§ ‘3’ 150,00 |bc2P@PC  apgbc 2 ab abc
g .S 100.00
< :g: 50.00
e € 0.00
S [+
= T1 T2 T3 T4 T5 T6 T7 T8 T9 T10T11 H TL T3 T5 T7 T9 Ti1
(%]
Treatments g Treatments
C. Vanadium
S 600 jab aabcd abced E. Manganese
g 200 bed cde de ge abe cde c ’ €
e
.5 '% 10000.00 2 abcab oy d ¢ d cdbcded
S 200 d
g ag = 5000.00
§ 0 § s 0.00 mulm
§ T1 T2 T3 T4 T5 T6 T7 T8 T9 T10T11l c TL T3 T5 7T7 T9 Ti1
> =
Treatments Treatments
D. Chromium F. Cobalt
T 2000 = 200 ;22
Qo Qo
£ 1500 & 150 abab b b3Pb
S 1000 § 100 b
8 50 8 50
] 0 S 0
o Q
c c o N M S W ONO0O O o
S T1 T2 T3 T4 T5 T6 T7 T8 T9 T10T11 S FEFEFEFEFEERERES S
G S
Treatments Treatments

Figure 4. Concentrations of 12 heavy metals irsqoilean = SE). Means were taken
from 2 replicates. Green bars indicate non-floosi@ts and blue bars, flooded soils.
Means with the same letters are not significanifigcent at p< 0.05.
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Figure4 (continued). Concentrations of 12 heavyafs#t soils (mean + SE). Means were
taken from 2 replicates. Green bars indicate nooekéd soils and blue bars, flooded soils.
Means with the same letters are not significanifigient at p< 0.05.

Trace elements occur naturally, but their natu@centrations are seldom at

toxic levels (USDA Natural Resources Conservatienvise, 2000). Amount of

trace elements in soils largely depends on origipafent rocks (Adriano,

2001).Therefore a range of trace element concémtras highly variable

depending on the soils.Use of common ranges orageeconcentration of trace

metals in soil as an indicator of whether or nosadl is contaminated is not

appropriate unless the native concentration oetelements (background levels)
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in a specific soil is known (USDA Natural Resourdéenservation Service,
2000).To the best of author’'s knowledge, such datsunavailable for the soils in
the studied area. Therefore the results of theentirstudy are to be compared
withavailable data in the literature. As can benseeTable 2, all 12 heavy metals,
which reflect their levels in the soils during tepring time, show much lower

concentrations than the normal soil range as vgatha toxic range.

Table 2. Range of concentrations (expressed in @brh? heavy metals compared with normal soil
range and toxic range for plant growth

Concentration
considered toxic range
Elements Concentration range Normal soil rang& for plant growti
T 0.00058 - 0.00092 0.1-0.8 -
Pb 0.10502 - 0.14615 2 - 300 100 - 400
\Y, 0.31477 - 0.46968 3-500 -
Cr 0.1181 - 1.48847 5- 1500 75 -100
Mn 4.4818 - 7.18999 20 - 10000 1500 - 3000
Co 0.07594 - 0.15086 0.05 - 65 25 -50
Ni 0.14969 - 1.1067 2-750 100
Cu 0.11561 - 0.1706 2 -250 60 - 125
Zn 0.22795 - 0.53028 1-900 70 - 400
As 0.01746 - 0.02905 0.1-40 20
Se 0.00835 - 0.0125 0.5-55 -
Cd 0.00158 - 0.00222 0.01-2 3.0-80

*Bowen (1979).

PRoss (1994); Singh and Steinnes (1994).
4.1.3 Structure

For each of five treatments, three plots were amcmed soil structures were
studied. As there was no structural difference agnanset of the three plots,

representative soil structures from each treatraemtshown in Table 3. Soils of
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two control treatments were of the same structoiecky subangular to granular.
The surface soil of T8 was a mixture of crumbly doholcky subangular and the
sub-surface was granular. T10 had a granular suffat subangular to blocky
angular structure at a sub-surface level. T 11 bladky subangular to blocky

angular both at the surface and sub-surface.

Table 3.Soil structure assessed in situ. T2 ambBflood-affected. T8, 10 and 11: flooded soils. S
(surface) and SS (subsurface) are separately Hedaonly when different from each other.

T2 T3 T8 T10 T11

Blocky Blocky S: crumbly  S: granular Blocky subangular
subangularto  subangularto  to blocky to blocky angular
granular granular subangular

SS: granular  SS: Blocky
subangular to
blocky angular

4.2 Plant Parameters
4.2.1 Growth Parameters

4.2.1.1 Weight:

Among the three green leafy vegetables, green srgoown in non-flooded soils
were much heavier than those grown in flooded £6ilg.5A). The mean weight
of nine control samples was 66.8 g, while that rgfleg onions grown in flooded
soils was 30.0 g. Two other vegetables showedessevrend. Both parsley and
lettuce grown in flooded soils turned out to bevathanthe plants grown in
control soils. The mean parsley weight from floodeds was 79.2 g and it was
36.9 g from control soils (Fig.5B). Lettuce’s meamights were 394.3 g in

flooded soils and 252.7 g in control soils, respety (Fig.5C).
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Figure 5. Mean weight of green leafy vegetablesvgrin control and flooded soils (mean + SE).
A = green onion, B = parsley and C = lettuce. Mgeaith the same letters are not significantly
different at p< 0.05.
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Figure 5 (continued). Mean weight of green leafgetables grown in control and flooded soils
(mean £ SE). A = green onion, B = parsley and €ttute. Means with the same letters are not
significantly different at p< 0.05.

4.2.1.2 Length:

Control green onion was much taller (67.7 cm)thaoded onion (41.3 cm) as
shown in Fig. 6A.A difference between control paysand flooded parsley was
not significant (Fig.6B). Regarding lettuce, theaméength of flooded lettuce was
27.6 cm which was considerably taller than conliettice with the mean length
of 23.1 cm (Fig. 6C). Guava trees grown in floodeds had a longer new branch
mean length (18.3 cm) than those in control sdik9q cm) but the difference was

only 0.4 mm and non-significant (Fig. 6D).
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Figure 6. Mean length of green leafy vegetablesvgrim control and flooded soils (mean + SE). A
= green onion, B = parsley and C = lettuce, D =vgusee. Means with the same letters are not
significantly different at p< 0.05.

4.2.1.3 Number of leaves or branches:

There was little, non-significant difference in theean number of green onion
leaves (Fig. 7A). For parsley, the number of brasciwvas counted instead of
leaves since the plant had too many small leavesotmt. Parsley grown in
flooded soils had a greater number of brancheg, t#@n control parsley with the
mean branch number of 12.6 but this difference stafistically not significant
(Fig. 7B). With respect of lettuce, the mean leafber of flooded lettuce was 26

which were considerably larger than control lettoeEan value of 22.8 (Fig. 7C).
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Figure7. Mean number of leaves of green leafy \adges grown in control and flooded soils
(mean x SE). A = green onion, B = parsley and €ttate. Means with the same letters are not

significantly different at p< 0.05.

4.2.2 Chlorophyll contents

Chlorophyll a concentration of control green onion was slightigher than that
of flooded onion (Fig.8A). Flooded green onion skdwhigher values of both
chlorophyll b and total chlorophyll concentrations (Fig.8B an§l Regarding
parsley, samples taken from flooded soils had swperalues in all three
chlorophyll parameters. On the contrary, lettueaagr in control soils had greater
concentrations ob and total chlorophyll (Fig. 8B and C).However, afl the
differences between three pairs of control anddémbvegetables are statistically

insignificant.
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Figure 8. Chlorophyll contents of green leafy vadpes expressed in mg/g fresh tissue (means +
SE). A = chlorophylik, B = chlorophyllb and C = total chlorophyll. Green bars indicate
vegetables grown in control soils and blue barghHose grown in flooded soils. CL = control
lettuce, FL = flooded lettuce, CO = control greeiina, FO = flooded green onion, CP = control
parsley and FP = flooded parsley. Means with tineesktters are not significantly different a&p
0.05.

4.3 Socio-economic impacts of flood

Results of five individual interviews were summadzin Table 3. Five farmers,
who have farms of sizesrangingfrom 5 and 50 donanasdiffer also in types of
their agriculture, which include green houses, eiEds, were
interviewed.Depending on land proximity to the Waild topography, the areas
of land hit by Wall-induced floods vary between Bda20 donums, which
represent 20 to 100 % of their farm size. Floodacheminimum 100m and
maximum up to 200m from the Wall over their agriatal land.

Two immediate effects of floodson the land wereteasaterial deposits and soil

compaction.After the flood event, land,be it opatef or greenhouse, has to be
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left for 2 — 4 weeks since the soil was fully satad with water. Thedeposited
waste needed manual removal and compacted soireegomuch more time and
energy to plough. When soil compaction of matucedhards is too severe,
farmers cannot do much to restore the soil; onlghaaical digging can loosen
the soil but they cannot bring in a large tractathaut causing damages to fruit
trees.

Some farmers see the vegetables planted in flosdigl grow more slowly than
those in non-flooded soils and/or show symptomsutfient deficiency. In those
cases, they feel obliged to apply more fertilizethbin terms of quantity and
frequency. Extra fertilizer application adds momme and energy on top of
manual waste removal and more laborious plough.irTlerking hours have
generally increased by 150 to 200 %. A peach farsa@ that 70 out of 220
peach treesdid not survive the floods. The peasstivere 9 year-old andwould
have lived up to 30 years had there been no flbedrease in saleable products
in tandem with a lower productivity resulted int®8050 % of income loss.

Under those circumstances, they changed (or interahange) crop types from
their traditional cash crops,like peach to moreodktolerant, e.g. guava or
pomegranate, or to fast-growing plants such as heiya instead of tomatoes.To
make up for substantial income loss, their copirecimanisms include getting a
regular job and finding land elsewhere. As a comitgugounter-measures taken
against flood were clearing off rubbish from thedMa order to ease runoff flow

and putting earth mounds along to prevent overflow.
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Table 4. Summary of interviews held with five fammg/ho cultivate agricultural land just beside
the Separation Wall.

Questions Answers
1 Arange of current farm 5 — 50 donums
size adjacent to the Wall
2 Arange of land size 5 — 20 donums
affected by all-induced
flood
3  Flood reaching distances100 — 200 m
from the Wall
4  Flood effects on soil Waste deposit (plastic, &vgmant material, metals) and
soil compaction.
5 Flood impactonland - Land and/or green house untouchable for 2 -dkee
management after flood,;
- Increase in working hours (much more time requtee
remove debris, put irrigation network back intogaland
plough compacted soil;
- Increase in fertilizer application;
- Limited orchard management as soil compaction too
severe;
- Change in type of crops from leafy vegetablefsuib
trees, or from more profitable, slow growing tosles
profitable fast growing vegetables.
6 Impacts on fauna and -Increase in type and amount of weeds;
flora - New type of insects and snails;
- Tree death in Wadi;
- Disappearance of wild animals and birds whicimizns
used to catch as food source (rabbits, sand pgesidnd
their eggs).
7  Socio-economic impacts - Decrease in saleable product
of flood - Decrease in productivity
- Loss of income by 30 — 50 %
8 Coping mechanism for -Find another land away from flooded area;
income loss -Getajob
-Cut down expenditures of going out and eating out.
9 Counter-measuresto -Clean wadi to facilitate water flow
flood by community -Put earth mounds around wadi.
10 Situation in 10 year’s - Will be the same;
time - Will have acquired more agricultural land elsevehe

away from the Wall;
- Will have shifted to more flood tolerant plantgk as
guava, mango, avocado, pomegranate.
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Chapter 5: Discussion

5.1 Soil Parameters

5.1.1 Soil contamination with Bacteria

It is known that flood waters commonly contain rolwial contaminants (Centers
for Disease Control and Prevention, 2011). Micrbarelysis of the current study
revealed that flooded soils showed generally higlegree of enteric microbial
contamination.In particular, the highest CFU waskad with treatment 7, which
is the closest to the Separation Wall. Due to diegw potential health impacts,
microbial contamination of water sources after dldmas been well studied, but
few have attempted to analyse post-flood soil nfiizio contamination. The
finding of the current study is in agreement witlef such rare studies, that of
Plumlee et al. (2005). Researchers concluded, following their iremmental
assessment after floods caused by two hurricana&tsrida and Rita in the USA,
that the microbial levels were in general consisteith those that would be
expected to be encountered in flooded soils urdedirect influence of untreated
wastewater.

The enteric bacteria live mainly in the lower irites of humans and other warm-
blooded animal§Guentzel, 1996; Winfield and Groisman, 2003). Outheir
normal habitat, they can be a cause of human heatthlems. The survival of
such enteric bacteria outside their main hostsbleas therefore studied by many
researchers. To name a few, a field experimentofdnia survival on the surface
of effluent-irrigated grass demonstrated thgf (E the time required for bacteria

to be reduced by 90 %) of bacterial pathogens hrfgem 6 to 38 hours,
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depending on solar regime, temperature and grasgurecontent (Sidhu, Hanna,
and Toze, 2008). A similar field test was condudbydManios, Moraitaki and
Mantzavinos (2006). They analysed coliform inadiom rate on grass and soil
wetted wastewater, which underwent secondary atatichtion treatment. The
number of coliforms was substantially reduced io twours but a visible regrowth
occurred after that. On the other hand, Casteebs&o and Mueller (2006)
investigated faecal contamination of agricultum@ilssbefore and after hurricane-
associated floods in eastern North Carolina, armlyaad both pre- and post-
flooded agricultural soils to determine MPN (MosbolPable Number) of total
coliforms, faecal coliforms anB. coli. In that study, E. coli was detected in non
flood affected and flooded soils alike and its leva post-flood soil samples were
not significantly higher than the pre-flooded saingples.

It is worth to mention here that the survival oftesit bacteria may be
compromised when found beyond their normal habdag to many biological,
chemical and environmental factors that includel suopisture, soil type,
temperature, solar regime, nutrient availabilityedation and competition with
resident microbes over essential nutrients andrn(iteKinney, 2004; Morgeret
al., 2010; Sidhat al, 2008; Manio<et al, 2006). Most of these factors are well
described in a review compiled by Jamiesol. (2002). Not only does each one
of these variables affect independently faecaldsactsurvival, their interactions
also control the survival rate. A large number wodividual factors and their
intricate relations result in varying research iing$ as illustrated with the above

instances.
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The study site, Qalgilya has a Mediterranean ckmnand due to its proximity to
the Mediterranean Sea and low altitude of 44 nmag very mild winter with a
temperature of around 15°C to 20°C. Moreover, esi@nts concentrate in winter
season (Richard and Issac, 2012). Such conditimngansidered promotive for
bacterial growth. As soil samples used for thiglgtwere taken in mid March,
any contamination due to flooding is expected t@lbr@ous. Although EMB agar
which is particularly appropriate fd. coli cultivation was used, any colony of
E.coli was detected in the current study. It is possibb simplyE. coli was
absent in the studies soils. Another possible reasalue to the fact that soil is
inhabited with a rich variety of microbes. If lase nonfermenters such as
Salmonella enteritidiare present in a soil sample, they utilize thel acoduced
by E. coli as energy source. This results in an insufficaeitt accumulation to
precipitate out the eosin methylene blue in agamsgquently, green metallic
sheen which is typical characteristic ©f coli colonies observed on EMB agar
does not come into view (ASM Microbe Library, 200If) this case, the detection
of E. colibecomes difficult and their colonies resemblehtmse fish-eye colonies
found in this study which are normally producedspgcies such ddebsiellaand
Enterobacto. Lastly, soil conditions might have changed teadivantage oE.
coli survival even if they had existed after the flaodanuary 2013.
ConcerningKlebsiella and Enterobacto, which are also members of enteric
bacteria, and differently frork. coli, their natural habitats are seemingly more
extensive, ranging from human and animal intestirsesvage, soils, surface

waters, industrial effluents and vegetation (BagtEy85; Grimont and Grimont,
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2006). This ubiquity of these bacteria probablylaixs why presence of enteric
bacteria was observed also in the control soilsh& current study. However,
judging from the fact flooded soils had higher ectbacteria CFUs, it would be

appropriate to conclude that flood water was antiahél source of bacteria.

5.1.2 Soil contamination with heavy metals

The analysis of heavy metals in soils in the prestady brought somewhat
mixed findings. Concentrations of Pb and Cd wereegaly higher in flooded
soils, whereas several other metals, in particulan@ Ni, to a lesser degree
alsoMn and Co, showed markedlyelevated levels mtrobsoils than in flooded
soils. Other elements such as TI, Zn and As digplafuctuation with no
distinguishable trend between control and floodwsts s

Similar variation of heavy metal concentrationdlooded soils was documented
by lbragimowet al(2013). Their comparative study found that out iaf leeavy
metals identified (Cd, Cr, Cu, Ni, Pb and Zn), oy and Cr showed higher
concentration levels in flooded sediments and #raaining four heavy metals
were higher in pre-flooded sediments. Many otheeaechers evaluated heavy
metal loads in flood-affected agricultural soilsjng their national legal limits or
background levels as a reference. (e.g., Eulenskitier and Helming, 1998;
Albering et al., 1999; Vachat al, 2003; Maliszewska-Kordybacokt al, 2012).
However, their findings were not straightforwarither. Taking an example of
Albering et al. (1999) who conducted a study after the floodingthed River

Meuse, the authors concluded that high concentrmtiof Cd and Pb were
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observed in flooded soils but As and Cu levels liellow the Dutch agricultural
clay soil standards.

As illustrated by studies, analyses of heavy matalsoils do not always bring
about clear-cut results. It is because the mobibfpeavy metals in the
environment is difficult to predict due to the fdbat heavy metals can undergo
numerous reactions with the diverse soil compon€éB®A, 1999). Alloway
(1995) and Kabata-Pendias (2010) have providedlel@taccount of processes
and factors that affect fate of heavy metals itssoi

The mobility of a metal is usually determined by atbility to sorb to a substrate.
Among a number of soil properties, two interrelabe@s, namely redox potential
(electron availability in a system) and pH are iifesd to be the most influential
variables on heavy metal mobility (Langmaeiral, 2004; Kabata-Pendias, 2010).
Since redox potential and pH can be significantlparged by flood
(Ponnamperuma, 1984; Patriek al, 1991; McLean and Bledsoe, 1992), these
parameters are of a particular relevance to theepteheavy metal study.

A well-drained soil maintains a quite constant cosifpon of various gases due to
a rapid exchange of gases with the atmospheredHduxrks this gas exchange
pathway and cuts of oxygen supply route. In a v@gged soil, remaining
oxygen is quickly used up by biological activitydathe redox potential starts
dropping. It is for the reason that the absenceoxygen subdues aerobic
microorganisms and instead favours facultative woiees followed by strict
anaerobic microorganisms. Facultative and obligateaerobes use other

oxidizedsoil components such as NOVn**, Fe€* and SQ® in this order as
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electron acceptors and this process turns thergoilreducing conditions. This
effect of waterlogging on soil redox potential Haeen illustrated by numerous
previous studies (e.g., De-Campeisal, 2009; Yaduvanshet al, 2010; Zheng
and Zhang, 2011; Almendros, Gonzalez and Alvar@s3p

Simultaneously with depletion of oxygen, waterlaggiconditions preventGO
from being released to the atmosphere, which leadse built-up of the gas in a
soil. Together with organic acids from the micreliagradation of organic matter
(EPA, 1999), accumulated G@ecreases a naturally high pH of calcareous soils
(Ponnamperuma, 1984). In addition, a lower pH d¢arther enhance soil
reducing conditions and if soils are rich in orgamnhatter, a drop in redox
potential as well as pH will proceed faster and tgreater degree (Ponnamperuma,
1984;Langmuiret al, 2004).

There are several good reasons to believe thatsdile of the studied area
underwent chemical change with respect to redogmial and pH. First, the soils
were inundated and waterlogged over 24 hours Wihmiaximum water table as
high as 3 m in early January 2013. Second, ct#d/agoils normally contain a
high level of organic matter (Alloway, 1995) ane toil in Qalgilya is renowned
for its fertility. Hence, it could be said that teudied soils had a relatively high
content of organic matter. Third, the soil in Pafeson the whole is known to be
very calcareous, i.e. high pH. This is associatétl the geological character of
the region that the parent rocks largely consistavbonate/calcite (CaGpand
dolomite (CaMg(C@)2). A pre-analysis of the soils taken from the stagga in

late January 2013 revealed that the mean pH valuesntrol soils and flooded
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soils were 8.04 and 8.03, respectively. It shoutdnoted that these high pH
readings were not surprising as the soil sample® waken some time after the
flood and chemical changes caused by waterloggiagrestly restored once the
soil is drained and becomes aerobic (oxidizing)dttions (Ponnamperuma, 1984).
Decreases in the redox potential and pH may haygarately or as combined
factors, given the mobility to certain metals (Mddrl999). As illustrated by the
above-mentioned preferential sequence of oxidisgagnstituents that anaerobic
organisms exploit under waterlogging conditions,nganese, for instance, is
readily reduced when the soil becomes void of ory@atrick and Turner, 1968).
Since Mrf*is more mobile than its oxidized insoluble form, Vit is possible
that reduced Mn found its way out from soil solativia an uptake by plants
(Alberinget al.1999; Grongroftet al, 2005) or migration downwards the soil
profile. This could explain why the concentratioh Mn is clearly lower in
flooded soils than in control soils.

A soil with a high pH favours the retention of caic metals and but decreases

that of anionic metals as shown in Table 5 below.

Table 5.Correlation between metal mobility and pH

Mobility pH range of 4.2-6.6 pH range of 6.7-8.8
Relatively mobile Cd, Niand Zn As and Cr
Moderately Mobile As and Cr Cd and Zn

Slowly / Slightly mobile Cu, Pb and Se Cu, Pband N

Source: Schmitt and Sticker( 1991)
Hence a lower soil pH may have had important imgacsome cationic metals

which are otherwise held with soil substrate viag#hendant charge. This could
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help explain why most of cationic metals such asO¥i, Zn and to a lesser extent,
V (vanadium), show lower concentrations in the dled soils. As to anions such
as As and Se, a lower soil pH deprives their mgbilHowever, lower redox
potential counteracts this effect of the low pH aath reduce these anions to be
more mobile forms. The conflicting effects of lowd pnd redox potential on
anionic metals seems to account for somehow ambguesults of As and Se
concentrations in the current study. Chromium isomplicated metal as it can
exist either as Gf or CrO4 (Langmuiret al, 2004). Lower concentrations of
this metal in flooded soils can be therefore intetgd in two ways: Cf was
released from soil substrate because of lower pHGr®©4 was reduced to €t
due to decrease in redox potential. Higher conagotrs of Pb and Cu in flooded
soils relative to in control soils may be attrithl&ato stronger affinity of these
two metals to soil (McLean and Bledsoe, 1992)umgest the presence of some
anthropogenic sources such as metal pipes andirides (Wuana and Okieimen,
2011).

It has to be mentioned that the results observddeatment 5, 6, 7 and 8 are also
indicative that waterlogging conditions affectedl guH and redox potential.
These treatments are located at topographicallgsbievels in the studies area.
Flood water started accumulating there first armbded last, meaning that these
treatments experienced the longest period of waggihg conditions. The longer
waterlogging lasts, the greater a decrease ocnupsth redox potential and soil
pH. Lowest concentration values observed with isdveetals in these treatments

can justify this rationalization. For example, tleavest concentration values of
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Zn, Cd and Cu occurred in T5 and 6. Four of loviegatls of Co, As, Ni, Mn and
Cr were observed in all of T5, 6, 7 and 9.

With the lack of quantified background baseline, the concentration of trace
metals in soils as they existed before flooding, pnesent study paper assumes
the heavy metal levels in the control soils tordidative of background baseline.
Upon this assumption, it could be inferred that shedied area have soils with
naturally low heavy metal contents. In fact, thexaatration values of all 12
metals analysed fell much below the mean contensuiiface soils on the world
level (Bowen, 1979; Kabata-Pendias, 2010).The atirstudy did not confirm
that, as a generalisation, flooded soils contaiedicularly higher heavy metal
concentrations than flood-unaffected soils. Howgvanarkedly lower
concentration of certain metals strongly indicatat tflood-induced changes in
soil pH and redox potential did occur and thesengha are likely to have
increased the mobility of those metals, resultingsgible removal or
disappearance of those metals out of surface amlgace soils by the means of
plant uptake or leaching. Therefore, although tistohy of flood in Qalqgilya is
relatively young, the investigation of heavy meial$looded soils will need to be

continued in future.

5.1.3 Structure
The soil structure assessmémtitu of the current study took place in the end of
May 2013. Soil structure of two control treatmeft®,and T3, were both granular

to blocky subangular. Four flooded treatments, nari&, T8, T10 and T11
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showed slight variation. T8 had crumbly to blockypbangular at a surface and
granular at subsurface. T10 had a very similarcttre with T2 and T3: granular
at the surface and blocky subangular to blocky kmgén exception was T11,
which did not have granular structure but only bémcky subangular to blocky
angular structure. Prior to this field study, sa@imples which were taken from the
same treatment plots in mid March 2013 were evatu&r their structure in the
laboratory. The results of two assessments wereatbhte to each other, and it
was clear that the structures of flooded soils dat differ much from the
structures of control soils, indicating that ther@s no apparent sign of damage of
flood on soil structure.

Solil structure is defined as the arrangement dfpsoticles (sand, silt, clay) into
porous aggregates. Soil structure also refers ® dlrangement of these
aggregates separated by pores and cracks (FAO).1885 worth mentioning
here that soil structure is of great importanceafgriculture as it affects water and
air movement through soil, and greatly influencgwug's ability to sustain life and
productivity (Chan, 2011). Unlike soil texture whicefers to the proportionate
distribution of the different sizes of mineral pelgs in a soil (Brown, 1998), soil
structure is not permanent and can be altereddticbactors, such as plant roots,
bacteria and macrofauna such as earthworms (Whtireg, 2011), and abiotic
factors such as the physical forces of shrinking) swmelling created by changes in
water status of soils, freezing and thawing ardgé (Oades, 1993).

Flood can have significant adverse effects onsailcture. Two major processes

of soil structural degradation associated with dicare slaking and dispersion.
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Slaking refers to macroscopic collapse of soil aggte into smaller fragments
and dispersion denotes the complete breakdown ibbhggregates into primary
particles of clay, silt, sand and organic materf@lan, 2011). These breakdowns
of soil aggregate rise from various changes brobghivaterlogging conditions:
the reduction in cohesion with increase in watertent, deflocculation of clay as
a result of dilution of the soil solution, pressueentrapped gases, and stress
caused by uneven swelling of different soil paescland the destruction of
cementing agents (Ponnamperuma, 1984; Coder, 1994).

The types of the soil structure observed in thesgme study are those of normal
soils. Granular structure is usually found in scefdayers and considered to be a
good soil structure that allows moderate water fl{Rerry, 2009). Blocky
subangular or blocky angular are often found indpwoil profile and common
structure in Terra Rossa, Brown Rendzinas foun@aiygilya area (ARIJ, 1996).
However, lack of evidence of flood impacts on stilicture at the times of the
assessment does not necessarily mean that theloggest soil did not undergo
any destructive processes. The strength of saitttre is normally measured in
terms of aggregate stability or structural stapiléand published literature has
illustrated negative effects of waterlogging coimis on this aspect. For example,
De-Camposet al. (2009) argued that short-term reducing (anaeyatmaditions
caused by flood decreased aggregate stability. dResdy Bazzoffiand Nieddu
(2011) demonstrated that after one day of submeggesoil structural stability
already decreased. It is therefore reasonableesupte that the flood gave rise to

some kind of stress on soil structure but the seitevered from such disturbance.
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One of plausible explanation for the above presionpis the antecedent soll
moisture content effect (Taboada, 2003). Antecedeihtmoisture content means
simply the initial or previous soil moisture contdsefore an addition of water.
When a dry soil is subjected to rapid wetting, stmhuch more vulnerable to
structural breakdown via slaking than a wet so#l(and Shukla, 2004; Chan,
2011). In Qalgilya, rain events concentrate in efininonths and the highest
precipitation is usually recorded in December.sithence reasonable to believe
that the soil had contained a relatively high antafrmoisture prior to the flood
in the following month. Thus, even if slaking osplersion had actually occurred
during the time of soil submergence, damage onstilewould have been less
severe than on dry soils. The effect of antecedeiitmoisture content has been
confirmed by studies. A study by Trumanal (1990) concluded that an increase
in initial water level in a soil improved the rdsisce of an aggregate to the forces
of raindrops and flowing water, thereby lesseniagiple detachment. According
to Vermanget al (2009), the erodibility of soil decreased withcri@asing
antecedent soil water content. An experiment comeduby Hardieet al(2010)
demonstrated that antecedent soil moisture stranflyenced the depth and rate
of water infiltration, and reported that in wetlspwater flew much slower and to
shallower depth than in dry soils.

Another possibility is related to two aspects oil structure, namely stability
(resistance) and resilience. Stability signifies #bility of the soil to retain its
structure during a disturbance and resilience aentite capacity of the soil to

restore itself after a disturbance (Seybetdal, 1999; Chan, 2011) Since soil
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resilience is determined by the interaction of spllysical, chemical and
biological properties and processes (Blanco-CaagdilLal, 2008), some soils are
inherently resilient while others are not. Amongtéais that make some soils
more resilient to a perturbation, earlier studiesnpto organic matter and clay
contents of soils. A work which examined the effetibrganic matter (OM) on
clay wettability and soil aggregate stability releelthat soil organic matter
increased aggregate stability (Cheeual, 2000). The authors attributed this
finding to OM’s ability to increase internal cohasiof aggregates, rendering a
soil more resistant to slaking and differential Biwg of clays. De-Campost al.
(2009) found that cultivated soil rich in OM togettwith clay and Fe oxides has
more stable aggregate.At thetime of the flood, fie&ds were covered with
vegetables such as cabbage and carrots. They weraged by flood water and
left in the field until the soils became draineddamworkable. Therefore, it is
possible that those vegetables increased orgartiemtantent of the soils, which
had initially good amounts of OM as argued in threcpding Heavy metal
discussion in 4.1.2

It has to be also noted that at the time of saii@a collection, both in March and
May 2013, the soils in the studied area were ayreadtivated.That the farmers
left water saturated soils for 2 to 4 weeks intaght as well have prevented the
soils from a mechanical stress of compaction, siii® process of structural
damage can occur if the soil is worked while toa (@han, 2011).

It can be thus deduced that the antecedent moistunient effect in conjunction

with soil structure stability contributed to lessenflood-induced damage on the
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soil structure. Furthermore, soil resilience codplégth farmers’ good post-flood
soil management facilitated a relatively quick nesry from presumed
disturbance. Absence of granular structure in tneat 11 may imply that this
treatment suffered more from degradation processasother flooded treatments.
This is probably owing to the fact that a soil u€ls a heterogeneous and dynamic
environment, and not all the treatments soils leedsame antecedent moisture

content, structural stability and resilience.

5.2 Plant Parameters

5.2.1 Physical Growth

Four plant species, namely green onion, parsléyce and guava, were assessed
for various growth parameters. Green onions inrobrsoils grew better than in
flooded soils, whereas parsley and lettuce in fémbdoils showed better physical
growth than their counterparts in control soilseTdrowth difference of guava
trees, the length of new branches, was negligietsvéen control and flooded
soils.

Effects of waterlogging soils on plants are widdgscribed in literature. Among
those, the most well-known adverse effects arestiféocation of plant roots,
accumulation of toxic components including reducsmecies (N@, Mn*,
Fe*and S), mibrobial metabolites and fermentation produeisd leaching and
denitrification of nitrogen (Kozlowski, 1984; Jacksand Drew, 1984; Cronk and
Fennessy, 2001; Neumann and R6mheld, 2012). Sosivpaeffects include the

release of important nutrients, especially phosphorin oxidized soils;
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phosphorus is usually found as PO and absorbed on to iron oxyhydroxides,
putting it beyond plant's reach. Under anaerobinditions, F&" is reduced to
Fe?*, freeing and making it more available to plantsofk and Fennessy, 2001).
However, once the soil becomes aerobic, this macis reversed and the
availability of phosphorus decreases.

These flood effects on dryland crops have been dstraied by many studies
(e.g. Drew and Sisword, 1979; Coutts, 1981; Jusiid Armstrong, 1987;
Thompsoret al, 1992; Zhou and Lin, 1995; Malit al, 2002). These authors all
concluded from their experiments that waterloggsogs impaired plant growth
one way or another. It has to be noted that mopemxents were conducted
underactual waterlogging conditions. The present study loo&ethe growth of
vegetables which were planteafter the soil was sufficiently drained from
floodwater and became workable. However, compardhta for plants grown
after flood could not be located by the author. réf@e other research findings
are not applicable to the present discussion, With exception of guava tress
which actually lived waterlogging conditions caudsdthe flood. It turned out
that differences in guava tree growth between ocbaind flooded soils were non-

significant.

Not only does sensitivity to flood vary largely ango plant species, many
attributes of the plant, time and duration of flow nature of floodwater and site
characteristics also significantly affect a degrefe plants’ flood tolerance

(Kozlowski, 1997). Coder (1994) argues that, asnags rule, broadleaved trees
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tolerate better than conifer species; middle-ageéstare less vulnerable toflood
damage than young or old trees; flood in wintdess disturbing to trees than in
summer; and flood damage is less severe when phdaatsr a dormant stage. A
study of Sitka Spruce Seedlings by Coutts (198Xficned that plants which
were dormant at the time of waterlogging were mtoterant and supported the
last point presented by Coder.

Guava is considered to be moderately tolerantdodflstress of a short period
(Crane and Balerdi, 2013). The flood in Qalqgilyzwted in winter when guava
trees were less active. Moreover, guava trees wkreatured age. The initial
flood tolerance of guava, the age of trees in tamdath the timing of the flood
probably explains the insignificant growth diffecenamong control and flooded
treatments.

Most of direct impacts of the flood on the othereth plants are excluded from
consideration. However, nitrogen deficiency duéetzhing or denitrification can
be a lasting impact of flood. Onion family is begbwn in well-drained and
fertile soils (Cornell University, 2006; Browning014). Therefore, it is possible
that green onions planted in flood soils had leég®gen availability relative to
control soils and as a consequence, their growtk wkerior to that of green
onions in control soils. On the contrary, parslag &ttuce grew better in flooded
soils.A possible reason for this result may beteeldo pests. Both parsley and
lettuce can be attacked by soil residing organisoth as cutworms, wireworms
and root rot nematodes (AUSVEG, 2014). These pastsaerobic and are

intolerant to oxygen deficiency in flooded soilsoi@n, 1997; EPA,1997).
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Therefore, flood might have contributed to a deseem the population of these
pests, resulting in better growth of parsley arttute in flooded soils. Least but
not last, fertilizer application has to be taketoisonsideration. Flood-affected
farmers observed that in terms of both speed arel, $he rate of growth of
vegetables planted in flooded soils was lower tat thf vegetables in flood-
unaffected soils.Therefore, they applied more Ifeeti in flooded soils and this
could be another explanation for why parsley arttude developed better in

flooded soils.

5.2.2 Chlorophyll contents

Chlorophyll is vital for photosynthesis and thusedily related to agricultural
productivity. A trend detected in the chlorophytadysis shown in Table 6 is
consistent with the trend observed with the abdeatpphysical growth: plants
which physically grew better also showed higheontphyll a (Chl a) levels, and
those are control green onion, flooded parsleyfimdied lettuce. With respect to
chlorophyllb (Chl b), no pattern was found. However, differences IrChll a, b
and total between three pairs of control and fladodegetables are not statistically
significant.

Nevertheless it is of note that observations maitle @hl ab ratios weresimilar
to the results of Ché ratio. control green onion and flooded lettuce had higher
Chl a/b ratios than flooded green onion and control lettug difference in Chl
ab ratios between control and flooded parsley treatmeas insignificant. Chl

a/b ratio of C3 plants normally ranges between 2.4 2@d(Black, 1973) and the
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average ratio is around 3:1 (Marshall and Pro004). The Chl a/b ratios of
control green onion, parsley in both control anabdl treatments and flooded

lettuce are in the region of the average.

Table 6. Chlorophyll content of three plants aarafion of treatment

Chlorophyll content (mg/g frwt) Cla/b

Plants Treatment a b Total ratio
Green onion Control 0.420 0.143 0.563 2.937
Flooded 0.410 0.219 0.629 1.872
Parsley Control 1.293 0.467 1.760 2.769
Flooded 1.406 0.516 1.922 2.725
Lettuce Control 0.547 0.261 0.808 2.096
Flooded 0.571 0.180 0.751 3.172

Chlorophyll content and Chlb ratio of plants are influenced by phonological
changes, ontogenetic drift in specific leaf arealéCand Causton, 1992) and other
exogenous factors including irradiance and nutrdlostatus. For example,
chlorophyll is continually being produced and bmoldown during plant growing
season (Eckarde, 2009; Tackett, 2011). A most knfaetor influencing Chi/b
ratio is light regime and this has been illustrabgdmany studies (e.g. Dale and
Causton, 1992; Malavasi and Malavasi, 2001). hizecause that, although both
Chl a and Chlb participate in light harvesting, Cla is the primary pigment
involved in photosynthesis (Lodisat al, 2000) and special forms of only
Chlaare linked into energy-processing centres of pystiem. Strong light
provides abundant photons and favours @héctivity for energy processing,

leading to consequential higher Gib ratio. In weak light however, optimisation
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of leaf function necessitates more investment af tesources in light harvesting
rather than energy processing. As a result, thaivel abundance of Chlwhich
absorbs light of slightly different wavelengths (@zbell and Farrell, 2007)
increases and thus the Gifb ratio decreases (Chost al, 2010).

These differential functions of Clal and Chlb could explain why the results of
chlorophyll content were consistent with the resuwf plants’ physical growth
analysis. Greater Clal values found in control onion, flooded parsley #iodded
lettuce, and higher Chd/b ratio observed in control green onion and flooded
lettuce may suggest stronger photosynthetic aiesvin these plants, resulting in

their better growth.

5.3 Socio-economic impacts of flood

Five farmers were interviewed for the present stddyey make up over 15 % of
farmers whose lands are now situated along ther&@ma Wall west of Qalgilya.
They constitute a representative sample of theativBood-affected farmers in
this area.

Flooding of areas used for agricultural activiieshowing a variety of negative
impacts. The magnitude of these depends on therability of the population as
well as the frequency, intensity and extent of diog (Associated Programme on
Food Management, 2013). Agriculture is one of thet@s most susceptible to
flood impacts. In particular, impacts on arabledlaxan be more severe than on
other forms of agriculture because the productiotiraly depends on the land.

For example, in the report on the impacts of the Bidmmer 2007 floods
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published by the Environment Agency of UK (2010 estimated flood loss in
arable production was twice as large as in gradsdaiivestock rearing.

Thieken et al (2008) classified flood damage in the agricultusactor into
several categories. These include: 1) damage aocu#igral land, particularly
crop loss and adverse effects on plant growth;a@abe to buildings, machinery
and equipment; 3) damage to stocks or supplemdeesliGg stuff, fertilizer,
seeds) and 4) other costs (e.g. clearing and clgamp costs, costs for repairing
damaged agricultural infrastructure such as faaokss or irrigation systems).

The interviews with the affected farmers broughtigbt two particularly severe
impacts. The most tangible direct impact was thstrdction of crops under
cultivation at the time of the flood. The adver$ie@ of floods on agriculture has
been well documented in similar socio-economic iskide.g. Islam, 2000;
Buitelaaret al, 2007; Armahet al, 2010). The mild winter climate in Qalgilya
enables the farmers to cultivate crops year arcamdl to produce vegetables
during off-season, such as tomatoes which fetcbaal gorice when there is less
market competition. This equates with substantial enmediate loss of income.
According to Thiekeret al (2008), another damage of floods corresponds to
losses incurred by, and classified as, other cdstshe current study, water-
saturated soils need to be left for certain permfdsme until they are sufficiently
drained in order to avoid damage on soil structiifes period constitutes time
loss and is equivalent to a disruption of agriaatyroduction. Secondly the
farmers reported the floodwater transports and siepon land a large quantity of

various waste materials which necessitates manabgur-intensive removal.
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Lastly, the Qalqgilya farmers claimed that their Isoare compacted by the
floodwater and require more labour and time to glourhese are indirect, extra
costs that the farmers incur due to the floods reefiney can resume crop
cultivation.

The average land size of those farmers affectethdyloods and interviewed in
this study ranges between 5 and 20 donums. Thisnoiagppear to be significant.
However, when taking into consideration that thegeaof their farm holding is
between 5 to 50 donums, their losses are appnesiyatiarge in proportion.
Therefore the floods damage between 40 % and 100 the farmers’ lands. As
a consequence, the sum of tangible direct anddadiosses of income amounts
between 30 to 50 %.

In another study looking at post-flooding undertaky Whittleet al (2010) in
the UK, it was revealed that people’s sense ofuhee changed in different ways.
Some showed fatalistic attitudes towards flood whserothers developed their
own resilience strategies for future floods. A $aniobservation was made with
the farmers interviewed in the present study. Nibistanding the substantial loss
of income caused by the flood, one farmer neittegt &ny vision nor envisaged
any coping strategies. He answered that his siimatiould anyhow remain the
same for the coming 10 years. The other respondeptsted either to have to cut
down on expenditure to compensate their losseeek sicome diversification
measures, such as working in part-time employment.

In Qalqgilya, severe Separation Wall-induced flod@sre so far only occurred

several times since the Wall was built in 2003.hAiigh due to global climate
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change the overall mean precipitation is predictied decrease in the
Mediterranean Region (IPCC, 2013), Palestinianareters observe that periods
of heavier rainfall will be concentrated in shortene (Mimi and Abu Jamous,
2010). This implies that the risk of flood hazardslikely to increase. Flood
intensity and frequency will most likely increasedaaffect the same farmers even
harder.

For as long as the current political situation agldted constraints do not change,
farmers are forced to adapt various kinds of copsigategies. If their
vulnerability is to be reduced, sustainably, comitydbased resilience
approaches, where institutions, organisations hedcommunity cooperate have
to be devised. If however, this approach does mokwut, it is left to the farmers
to pursue other longer-term strategies. This couén flood tolerant crops could
be introduced, but there will also be a possibiligt farmers will chose to neglect

their land, migrate to elsewhere, and abandon trgmally fertile lands.
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Chapter 6: Conclusions

The city of Qalgilya had never experienced floodslusrael built the Separation
Wall. This massive infrastructure cuts the city tfé floodplains and does no
longer allow runoffs to flow out of the city. Asrasult, Qalgilya has been hit by
devastating floods last several years. This papegestigated environmental
impacts of floods induced by the Separation Wathimwestern Qalqilya.

The result of soil bacteria analysis revealed tloaided soils had greater number
of colonies of enteric bacteria. Notably, the Istg€FU was observed in the
treatment which was the closest to the Separatiah. \Bnteric bacteria were also
found in non-flooded soils. However, higher degréeontamination observed in
flooded soils implied that floodwater was an adudtiéil source of enteric bacteria
presumably originated in wastewater. Although tiMBEagar was chosen for its
sensitivity ofE. coli which is an indicator of fecal contamination, tegecies of
bacteria was not detected. Possible explanationghfs result are: 1) the soils
were free oE. coli; 2) the bacteria died off outside their normalitebi.e. lower
intestines of warm-blooded animals; 3) a soil hostnerous microbes and other
bacteria which use acid producedmbycolion EMB agar might have obscuredthe
presence oE. coli.

With regard to heavy metal concentrations in solils, examination revealed that
the soils in the study area generally containedmoaier levels of heavy metals
compared with the world normal range. Out of 12raets analysed, Pb and Cd
showed higher concentrations in flooded soils. &dw&her elements such as Cr,

Ni, Mn and Co exhibited the opposite trend thairttevels were much higher in
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non-flooded soils. No clear trend was seen in thecentration of remaining
elements such as Tl and Zn. These mixed results steay from the fact that
heavy metals can react with the various soil comepts and in varied ways,
making their mobility unpredictable. Floods can @aignificant impacts on soil
redox potential and pH by rendering soils watermyjgA Soil saturated with
water becomes void of oxygen and consequenthedsx potential decreases. At
the same time, the pH of calcareous soil lowers @u¢he accumulation of
trapped CQ@ Decreases both in the redox potential and pH dccdve,
independently or jointly, increased the mobilityaattionic metals such as Ni, Co,
Zn, leading to lower concentration values of thedements in flooded soils.
Lower redox potential can also enhance anionic Isiataobility, whereas lower
pH decreases their mobility. Thus, these conveffeete may be a reason behind
equivocal values of anionic heavy metal concemnagtisuch as As and Se. Fate of
heavy metals that gained mobility in saturatedssisiinot a focus of the present
research. However, possible destinations includeakep by plant roots and
migration down to lower soil profiles.

The assessment of soil structure did not show reifftees between non-flooded
and flooded soils. Given the fact that the floodslanuary 2013 kept the land
inundated 24 hours with the maximum water height3ofn, it would be
reasonable to presume that the shear floodwatectetf soil structure in one way
or another. However, it is plausible that the aatient moisture content effect and
structure stability provided by high OM contents time soils cushioned the

impacts of floodwater on soil structure. Furtherejooriginal soil resilience
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together with farmers’ good soil management seentsate encouraged a rapid
restoration of supposed structural damages.

Among four plant species examined, guava was thly @pecies which
experienced the floods. However, no significamivwgh difference was observed
between flood-unaffected and flood-affected guaeas. Guava is known to be
fairly tolerant to short-period flood stress, esplyg when the tree is less active in
cold season. This would explain the absence of trajifference. Other three
crops showed varied results. Green onion grew battdood-unaffected soils,
whereas parsley and lettuce showed overall be&eeldpment in flooded soils.
Since these plants were all planted after the 8palitect impacts of floodwater
were excluded from consideration except nitrogeartsige. It is possible that
floodwater encouraged nitrogen leaching and anoarditions of saturated soils
favoured denitrification. Both of these processeakenthis macronutrient less
available to plants. A post-flood effect which abie associated with an inferior
growth of green onion cultivated in flooded soits a smaller availability of
nitrogen. Superior growth of parsley and lettucionded soils could be ascribed
to a probable drop in aerobic pest population sashcutworms and root
nematodes. In addition, it has to be noted thataheers applied to flooded land
more fertilizers, which may have as well contrilalite this result.

With respect to the two research hypotheses, tmelesion drawn from the
results of plant growth and soil structure assesssneid not hold the first
hypothesis that floods have negative impacts orstilesystem and undermine its

fertility and hence crop productivity. The secongpdithesis that wastewater
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overflow by floods contaminates adjacent was todgdegree supported by the
results of soil bacteria analysis. It has to be ineled that this study was
conducted several weeks after the floods took pladanuary 2013. Therefore it
cannot be ruled out that this time lag may haveci#d the results of the study or
even attenuated some negative impacts of the flomdsther words, had the
study been conducted immediately after the floadsyight have reached very
different results. Floods can have both an immedsatd a long-term impact on
agricultural activities. Having been cut off frommetlands beyond the Separation
Wall, farmers are largely obliged to subsist on tlenaining land. The
degradation of such precious resource may renéerdgriculture and livelihoods
unsustainable.

To develop a more complete understanding of theemwiental impacts of the
Separation Wall induced flood,acontinuous and ltrg: investigation will be
required. Further research particularly within tfwlowing areas should be
conducted:(i)characterization of floodwater itselfterms of bacteria and heavy
metal load,(ii)the analysis of plant uptake of heametals, in particular by
perennial crops, (iii) the effects of organic magach as manureon soil structure
resilience and mobility of heavy metals, (iv) treagibility study of gradual shift
to flood-tolerant crops.The history of floods in IQba is relatively short.
Nobody can predict with certainty future precipdat trends. Even so, the one
thing is in no doubt that there will be floods aad as the Separation Wall stands
there. It is thus not possible to prevent floodQagilya and other areas where the
Separation Wall blocks water flow then efforts hawebe made to minimize its

damage.
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