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ABSTRACT

Lake Idku (or Idku lagoon) is the third largest coastal water body northwest of the Nile delta located within El
BeheiraGovernorate. Sincemid 1950s, over 30% of Lake |dku wasdried to create new agricultural lands. The project
was extended in 1960s to include areas west of the delta and south of the new/old reclaimed lands. The first study
concerning the quality of soil within the study area, south of Lake Idku, was conducted in 1960 and since then, no
updates were undertaken to evaluate the effect of the ongoing agricultural/human activities and land use upon the
quality of these reclaimed soils. The main objective of this study isto evaluate the changein soil quality inthe area
relativeto the availed analytical data, chemical composition of irrigation water used and crops cultivated during the
fall (2010/2011). Theimpact of different land usesand activities upon the soil quality inthe study area, South of Lake
I dku, was determined using multivariate analysis (Hierarchal Clustering) in order to identify similarity in patterns

and classifying relationships among the measured soil variables.

INTRODUCTION

Salinity of agricultura soilsand water resourcesis
aworldwideprobleminirrigated areasthat causesland
degradation. Sdlt affected soilsarefound under awide
range of environmental conditions, however, they are
more pronounced in the arid and semi-arid regiong.
Because of dry arid climate, most of the agricultural
soilsintheseregionsare salineand havelow produc-
tivity because of the dominance of the soluble saltg?3.
Overcoming thisproblem requiresthe use of excess
water toleach saltsfrom plant root zoneaswell asthe
cultivation of salt tolerant cropsto reduce soil salin-
ity>3, Ontheother hand, thereisanincreased demand
inirrigationwater requirementsinaridand semiaridre-
gionswhich cannot be met by the scarcity of surface
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water resourcesthereini. Thisnecessitatesthe use of
low qudity drainagewater inirrigation. However, this
may limit crop growth under these severe climactic con-
ditionsg®*4. Aswdll, salts may concentratein the upper
horizon through evaporation of these clayey soils.
Lakeldku (or Idkulagoon) isthethird largest coastd
water body northwest of the Nile delta (Figure 11%)
located within El BeheiraGovernorate. Thelagoon’s
marginisaongitsnorthern border and itseastern mar-
ginisbounded by Idku drain®. Themain drainagesys-
temsfeeding thislakeareldku drain, which coversthe
northeastern part of the Western Delta, and Umoum
drain, located between Idku drain and Nubaria canal
nearby inthewestern desert”. Water inthislagoonis
generdly characterized asbeing brackishwithamarked
variaioninitssalinity because of thefresh dischargeit
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Figurel: Geographiclocation of thestudy site, south of L akeldku, north-west of theNiledelta, Egypt™®

receivesfrom ldku draini®,

In Egypt, land reclamation projectsinthenorthern
part of the deltastarted asearly as 1948®, Sincethat
time, parts of Lake Idku (30%) were dried to create
new agricultural lands®9. The project wascompleted
by 1950 and the lands were turned over to the land
reclamation authority to continuewith land reclamation
proceduresin 1955. Throughout this process, themain
water sources used were drainage waters from ldku
draininthewestern deltaand the Gharbiamaindrainin
themiddleddta Thisresultedinthereclamation of 7700
feddanseast of thelake. Inthe early 1960s, an exten-
sion of this project was madein west of thedeltaand
south of the new old reclaimed lands (sandy soilswith
high % CaCO,). Thisexerted anincreased demand for
irrigation water in El-BeheiraGovernorateto sustain
agricultural activitieson these desert soilgY. Further-
more, whilegood qudity irrigation water fromtheNile
was being diverted moretowards the new reclaimed
soils south at Nubariaarea, the old land with clayey
soilsreceived lower quality watersfor irrigation. More
gpecificdly, duringthisperiod, farmerswereobligedto
irrigate with salty drainagewatersin order not tolose
their cropgy.

Thefirst study concerningthequality of agricultura
soilswithinthestudy area, south of Lake ldku (Figure

2), was conducted in 1960 and sincethen, no updates
were undertaken to eval uate the effect of theongoing
agriculturd/human attivitiesandland useuponthequdlity
of thesereclamed old soils. Themain objectiveof this
study isto eva uatethechangein soil qudity inthearea
relativetotheavailed andyticd data, chemica compo-
stionof irrigation water used and cropscultivated dur-
ingthefal (2010/2011).

MATERIALSAND METHODS

Sudy siteand sampled profiles

The study areaislocated south of Lake Idku, El-
BeheiraGovernorate, and it compromisestwo locali-
ties: Kafr El-Dawar and Abu Hommos. Thesoil inthis
areaischaracterized asclayey soilswiththenewly re-
claimed sandy soils|ocated further to the west. Soil
sampleswere collected during thefall of 2010/2011.
Seventeen soil profiles (Figure 3) and twenty eight au-
gerssoil sampleswere collected based upon therefer-
ence pointssel ected during the 1960 study (Figure 2).
Soil samples were obtained to represent different
depths: 0-30 cm, 30—60 cm, 60-90 cm and 90-120
cm. It hasto be noted that in some cases, samplesbe-
low 100 cm were not obtained dueto therisein water
tablelevel. During the sample collection program, a
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Figure2: Graphical salinity representation for the survey conducted in 1960 in the area of study, south of L ake Edku,

indicating thelocation of the 17 profiles

AT e . RS e T
LNV R e . z 200 Ve AT St ol N S TN, PR
< £ Rty A s o (S AL e Wil : \f S =
& s AR P S sl ) BT e g
He €N P77 o - 4 e =\ e T S A
T LLINTTER ‘ R NS TR e WS ; -
7= o, | - 8767 ) =) - e [ = : 34
3 > o R | Lo 300 & 2l 5L PLE —E e i 1 5 P %
> 4 A= % : g
.‘—‘ 4 - S
» "y 0=
s ;
2 e — 2
ot = I - 4 -
§ § ¥ P N 5
2 5 ; o ? o
5 ( N :
X > o,
I I ) = - o
=R
Y = * =
- 7% 2% 2 &
=<3 \ < -
- 3 57 = i \
= e
9 A0
N2 WSS n
14 v ~; .
: = N oR a
> BN > Nr- : i
- K \
A {
¢ AN : \
& & o\ I
T TN T =

3 .
=l L

Figure3: Locatioﬁ of thel7 profilestudied dﬁringthe per iodAbf 2010/2011, sout}l of Lake Edku, Egypt (Tobographic map
scale 1: 25000)

survey of thecurrent land activities, agriculturd crops  sources (canalsand drains) withinthevicinity of these
cultivated withinthe areaaswell asirrigationwater  profileswererecorded.
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Sail physical and chemical characterization

Physical and chemical characteristics of the col-
lected profile soilswere determined according to stan-
dard methods'® (TABLE 1). Soil physical character-
isticsdetermined were: particlesizedistribution, tex-
ture, organic matter % (OM), gypsum% and CaCO,%.
Themeasured chemica parametersinclude: pH, elec-
trical conductivity (ECse), saturation percentage (SP);
cacium, magnesium, sodium, potassium, chloride, sul-
fates, carbonates and bicarbonates. Soil micronutrients
(Cu, Fe, Mn, and Zn) were determined using ICP
(TABLE 2). SAR was determined according to the
method of Miller and Curtini*!, Thequality of theavail-
ablewater streams(cand sand drains) was determined
according to standard methods and the results are
showninTABLE 3.

Satistical analysis

Statistical analysisof datawas carried out using
‘StatistiXL 1.8’ incorporated within the Microsoft Ex-
cel 2007 (Microsoft ® Windows 2007) software pro-
gram. Cluster analysiswas performed using Ward’s
method for minimum variance and thesimilarity coeffi-
cient used wasthe Square Euclidean distancefunction.
Hierarchd clustering wasperformed using soil chemi-
cal and physical characteristics, soil depthsand other
variables analyzed per profile. Theresults produced
included thedistance matrix, clustering strategy report
and dendograms, based upon which the datawasin-
terpreted accordingly.

RESULTSAND DISCUSSION

Sail char acterization

TABLE 1 providesasummary of themain chemi-
cal and physical characteristicsof thestudied profiles.
Generdly, 15 out of 17 profileareold cultivated lands
with groundwater tablelevel s depth between 120-130
cm, whichisdeep, except for profiles4 (100 cm) and
10 (80 cm) that had amoderate depth level. Overall,
themgority of the 17 profiles have high clay texture
(47.60—69.00%) except for profile 6, 10 and 16 which
exhibit sandy clay loam texture (41.40 -52.20%). It
wasreported that the old reclaimed cultivated landsin
the north of Egypt had afinetextured (clay loam to

Soil spatial variability in arable land south of Lake Idku, north-west Nile delta, Egypt

ESAIJ, 9(10) 2014

clay) and deep ground water table between 100 and
150 cm*213, The clay content of these soilswas re-
ported to increase going towards the M editerranean
Sed. Moreover, it wasreported that soilsin arid and
semi-arid regionswere characterized by their dightly
akainepH (7.8-8.6) as they exhibit elevated accumu-
lation of cal cium- and magnesium-carbonatesand sul-
fated. Soilsof the northwestern coast were reported
to behighly cal careousdueto the nature of the parent
material from which these soilswereformed and the
insufficient and limited leaching™. Aswell, theprevail-
ing of the arid climactic conditionsmay have contrib-
uted to theformation of zonesor horizons because of
thelimited trand ocation of carbonates. Overall, these
profiles havelow gypsum % content (0.10 -1.45%),
CaCO, % content (0.35%-2.30%) and an organic
matter content at the top layer that ranged between
1.35- 2.45%, all of which are comparableto fluvio-
marineplain soilsintheregion(*, It wasreported that
reclaimed soilswithin the Behelragovernoratethat has
beenirrigated with drainagewaterssincethe 1960shave
asoil texturethat ranged from sandy, slty loamto clayey,
had a calcium carbonate content between 2 - 20 %
and avery low in organic matter™. Nonethel ess, the
organic matter content of these soils as obtained was
indicated to besufficient for agriculturd productionun-
der theprevailing arid conditiong™. Thediscussionto
follow will subdividetheprofilesaccordingtotheloca-
tion, whether inland or coastal, aswell asthey will be
grouped according to their proximity to each other.

Inland profiles: 1, 2, 10-17

Concerning thewest inland profiles 1, 2, 10-13,
theseare old reclaimed landswith clayey texture (33-
65%) and anon sdinecharacter al throughtheprofiles
(EC <4.0dS/m) which may be because of thefact that
they are old flood plain soil™!. Theseprofileshavea
relatively deep water table except for profile 10 that
hasamoderatelevel (80 cm) which may beattributed
to poor drainaged. Aswell, this profile hasasecond
sandy-clay-loamlevel. ThepH of theseinland profiles
ranged between 7.21 and 8.04 with the near alkaline
pH recorded at the lower levelsof profile 12 and 13.
Profiles 14-17 to the east also have a predominant
clayey texture (53.40— 67.70%) with profile 16 having
asandy clay loam upper layer. The pH of theseprofiles
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TABLE 1: Location, crop, ground water depth (cm) and chemical and physical analysisof soil at the 17 soil profilesstudied
south of Edku Lake, North wester n Delta grouped accor ding to proximity of location with each other (1, 2,10, 11, 12,13),
(3,4,5,6,7,8,9) and (14,15,16,17)

T i G oo B e s O O s O Q1 O
- water (cm) COs* HCO; CI° S04 ca™ Mg™ Na* K

1 KafrEl- 120 (Deep) Potatoes 0-30 74 337 60 O 42 1182 1818 753 1469 1143 055 343 11 215 2
Dawar 30-70 76 191 70 O 34 909 777 768 222 1015 0.21 456 0.6 1 17
70-100 766 182 75 O 34 818 694 461 181 1174 036 6.55 0.2 07 14

100-120 761 075 60 O 16 273 323 307 039 38 03 289 0.1 02 06

2  KafrEl- 120 (Deep) Artichokes 0-30 7.49 402 60 O 1999 1722 1536 6.87 1828 0.7 549 145 175 179
Dawar 30-65 7.49 147 58 O 636 526 512 08 936 034 544 075 065 2
6590 74 123 5 O 36 454 464 461 181 609 027 34 06 045 0.65

90-130 766 159 51 O 16 818 7 512 08 1032 054 6 0.1 03 04

10 KafrEl- 80 Onions 0-30 743 391 67 O 2 2727 1213 1383 6.93 1841 223 571 105 19 3
Dawar  (Moderate) 3060 784 1 45 O 2 454 367 256 09 645 03 49 07 075 2
60-80 721 091 47 O 32 273 389 358 087 487 05 326 035 025 18

11 Kafr El- 130 (Deep) Artichokes 0-30 75 186 68 O 42 909 59 41 242 1206 061 6.68 1 23 24
Dawar 30-70 741 335 60 O 227 1021 871 463 2285 0.72 885 0.8 06 13
70-100 7.7 272 26 O 2091 469 1266 282 123 082 442 0.6 03 07

100-130 7.77 54 35 O 2 2818 2747 1466 727 349 082 1054 025 02 06

12 Kafr El- 120 (Deep) Wheat 0-25 771 327 65 O 4.6 91 2065 733 428 222 054 921 115 21 265
Dawar 25-60 802 243 105 O 4 1364 823 399 311 184 037 9.77 0.3 08 115
60-90 792 212 95 O 3 1364 572 533 241 1412 05 7.18 0.5 04 12

90-120 784 337 75 O 4 1818 1319 666 624 219 057 862 01 015 09

13 Abu 130 (Deep) Wheat 0-25 76 19 55 O 2 545 1339 933 6.17 484 05 353 115 215 345
Homos 2560 793 182 75 O 24 454 1222 466 437 984 029 463 06 075 135
60-90 802 18 9 O 36 545 985 399 375 108 0.36 549 05 035 1

90-130 8.04 18 65 O 2 6.36 11.06 533 3.05 1063 041 519 0.2 04 06

3 Kafr 120 (Deep) Citrus 0-30 747 176 60 O 14 545 1153 768 071 856 143 4.18 1.05 2 245
El-Dawar trees 30-70 75 094 5 0 3 454 18 306 031 539 064 415 0.5 0.7 115
70-100 766 089 68 O 22 454 216 36 051 452 027 315 02 045 055

100-120 758 171 65 O 44 109 267 768 121 865 043 41 0.3 04 05

4 Kafr 100 (Moderate) Wheat 0-30 743 262 50 O 52 1636 595 922 56 1226 043 451 14 179 285
El-Dawar 30-70 746 18 60 O 44 9.09 565 512 327 1032 043 504 08 06 11
70-100 7.78 194 60 O 2 1445 346 461 231 1238 0.61 6.66 025 02 07

5 Kafr 120 (Deep) Guava 0-30 73 966 63 O 36 2188 2743 2868 20.72 200 0.43 40.24 11 245 242
El-Dawar trees 30-60 755 615 60 O 32 2363 4487 128 124 4621 029 13.02 06 075 2
60-90 761 681 65 O 24 3636 3406 1434 888 492 04 1444 045 04 17

90-120 764 459 67 O 3 2009 1552 512 327 3888 0.34 1898 05 025 06

6  Kafr 130 (Deep) Fish 0-30 711 2415 40 O 28 2745 3379 36.88 77.74 1936 287 2557 11 245 242
El-Dawar farm 30-70 7.94 1361 45 O 4.4 1188 27.85 19.46 20.06 109.5 2.03 24.63 06 075 2
70-100 79 537 43 O 3 291 243 1383 1186 2896 1.75 8.08 045 04 17

100-130 7.18 1.71 37 O 46 727 566 512 327 832 082 4.06 05 025 06

7  Abu 130 (Deep) Desert 0-30 7.88 81.06 47 O 53 909.1 656.06 51.2 106.9 1409.2 3.16 1585 125 175 23
Homos shrubsand 30-60 7.92 46.21 40 0 34 4364 90.86 56.34 7.89 4634 3.03 8L77 0.7 0.7 1
bareland  60-100 7.93 34 40 O 26 3364 3439 2664 3266 3111 299 5713 025 02 16

100-130 7.69 2951 63 O 3 2455 7648 26.64 2276 2729 268 54.91 01 015 07

8 Abu 130 (Deep) Sugar 0-30 756 5635 57 O 28 8182 2473 56.34 31.36 7554 263 11408 11 245 27
Homos Beet 3060 758 12 90 O 4 9999 3401 1536 2416 968 168 21.78 065 08 18
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: water (om) COZ HCO; CI° S04 Ca* Mg* Na° K
60100 775 758 /5 0 33 3181 4687 1639 93 5475 154 1528 025 03 06
100-130 881 624 &0 0 23 2545 3845 123 647 4602 141 1502 015 01 025
9 AbuHonos 130(Desp) Basem(dfdfg) 030 714 5211 50 0 4 6182 13796 666 915 59%.7 536 6711 145 21 2
3070 742 1464 67 0 46 1R7 2669 1536 1922 1275 191 3066 0.6 1 11
70100 755 516 /5 O 44 4545 33971 666 1063 621 361 6691 04 025 07
100130 754 385 75 0 34 375 12025 563 869 4634 343 17318 025 01 03
14 AbuHomos 130 (Desp) Whest 030 7531691 %5 O 34 13818 9581 5866 60.04 11585 284 1504 1 175 26
070 795 79 106 0 26 3P4 4844 21.33 2383 3883 064 818 0.7 09 125
70100 771 655 D 0 2 318 3483 199 451 4364 054 1247 03 04 07
100-130 782 543 0 O 22 273 2749 1466 1244 2935 054 797 01 01 06
15 AbuHomos 130(Degp) Basem(dfdfs) 025 778 324 75 0 48 636 2287 1733 848 777 045 216 075 135 215
2570 79 158 0D O 32 455 867 533 112 984 013 548 04 1 145
70110 8 269 100 O 32 91 159 59 046 216 02 1203 02 0.6 0.6
110130 8 1% 120 O 44 1182 406 39 117 1492 02 929 02 0.2 0.2
16 AbuHomos 130(Desp) Basem(dfdfd) 030 764 614 50 0 4 2545 3462 239 1278 2666 064 622 12 27 3
3060 781 4 8 0 44 1545 2258 799 297 3094 053 1322 065 115 17
60100 769 937 /B O 22 818 8913 3933 1617 428 116 813 025 07 13
100130 767 912 8 O 3 818 8552 3333 2087 413 12 7923 01 03 06
17 AbuHomos 130(Degp) Basem(dfdfd) 030 721 1183 66 0 44 7454 5768 5433 017 516 052 7.9 1 21 27
3060 723 121 70 0 42 7454 6046 5466 R4 516 05 7.8 075 125 14
60-100 7.33 1082 90 0 32 673 5393 319 P51 587 123 1034 04 0.6 16
100130 736 2326 /5 O 4 8545 201.33 290.33 1706 8887 198 889 015 045 245

waswithintherangeof (7.21- 8.0) with profiles 14 and
15 havinglower dkdineleves. The EC range obtained
for these profilesindicate that they were moderately
affected by salinity!™? withthelower leve of profile 17
recording the highest EC value of 23.26 dS/m. Previ-
ous studieswithin El-BeheiraGovernoratelandsindi-
cated that the pH (soil reaction) of calcareous soilsand
somereclamed sandy soilswest of theNiledeltawas
akaline(7.5t08.5)12131819 Thus, theakainesoil pH
of thelower layerswithin someof theseinland profiles
may be dueto the nature of the parent material from
which theselower layersof soilsareformed!*.

Abdd Hamid and Shresthd*? previoudy reported
that EC valuesfor old reclaimed cultivated lands may
reach 15dSYm. Aswdll, fluvio-marineplain soilsto the
north of Egypt werereported to have an EC ranging
between 2.24- 25,09 dS/m*¢l, Theseval ueswere com-
parableto the EC of clayey agricultura soilsnorth of
thedelta(flood plains) that had sdlinity valuesranging
between 1.6 to 20.5 dS/mi*32%, Qverall, therewas a
noted increasein sdinity at thelower levelsof profiles

11, 12,15, 16 and 17. Thisevent may beexplained by
theupward movement of saltsfromlower layersduring
dry period or between irrigation intervalsand during
thenonirrigation period at the end of the season®. In
addition, theincreasein soil sdinity valuesmay bedue
totheloss of moisturefrom top layersthrough evapo-
ration which may be accompanied by thecapillary rise
of salinewatersfrom the shallow water tablein some
areas?l,

Coastal profiles: 3-9

Concerning thecoastd profiles3-9, themgority of
these coastal landshad aclayey texture (27.4- 63.0%)
with the exception of profile 6 that exhibited asandy-
clay-loam texturethroughout. Profiles3and 4 areless
affected by sdlinity (EC <4.0dSYm) whileprofiles5-9
werehighly salind®3. ThepH of theseprofilevary from
top layer tolower level with thetop layer soil reaction
being near neutral (pH=7) for profiles6 and 9. How-
ever, dkaline pH was observed throughout theremain-
der of theprofilesand it reached the value of 8.81 at
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TABLE 2: AvailableCu, Fe, M n, and Zn concentrations(mg/
kg) inthestudied 17 soil profiles

Profile Depth (cm) Cu Fe Mn Zn

0-30 3.46 17.32 1.38 0.20

1 30-70 218 5.98 0.92 0.22
70-100 2.38 5.66 2.88 0.18

100-120 3.00 10.30 1.30 0.30

0-30 1.40 3.90 0.70 0.30

2 30-65 1.50 3.90 0.70 0.20
65-90 1.40 3.80 1.30 0.20

90-130 1.90 5.30 1.10 0.40

0-30 1.70 2.80 1.00 0.20

3 30-70 1.40 6.20 1.10 0.20
70-100 1.50 5.00 2.00 0.30

100-120 3.40 40.50 1.70 0.40

0-30 210 10.50 1.40 0.20

4 30-70 1.70 6.90 1.60 0.20
70-100 2.20 4.50 8.00 0.30

0-30 3.00 14.10 1.00 0.30

5 30-60 1.30 8.10 1.40 0.18
60-90 1.50 5.20 1.10 0.30

90-120 1.20 9.80 1.50 0.20

0-30 1.10 18.60 1.30 0.20

6 30-70 1.60 3.80 1.30 0.20
70-100 1.80 2.30 1.20 0.16

100-130 1.50 6.40 1.60 0.19

0-30 1.40 5.50 1.10 0.20

7 30-60 1.10 6.40 1.90 0.20
60-100 1.20 5.30 1.30 0.30

100-130 1.80 5.60 1.10 0.30

0-30 1.40 3.60 110 0.18

8 30-60 1.30 4.00 1.60 0.12
60-100 1.40 15.60 1.50 0.30

100-130 1.20 13.30 1.20 0.20

0-30 1.60 13.00 1.30 0.20

9 30-70 1.80 9.90 1.20 0.30
70-100 1.20 9.80 1.40 0.20

100-130 2.30 24.30 2.70 0.60

0-30 1.20 10.20 1.30 0.30

10 30-60 1.10 5.60 1.80 0.30
60-80 1.50 17.20 1.30 0.20

0-30 1.40 4.10 1.20 0.15

11 30-70 1.90 9.50 1.50 0.12
70-100 1.10 28.40 1.30 0.20

100-130 1.20 21.10 1.30 0.30

0-25 1.40 6.10 1.10 0.30

12 25-60 1.10 8.30 1.40 0.20
60-90 1.50 18.50 1.40 0.50

90-120 1.10 3.80 110 0.30

0-25 1.30 13.80 1.80 0.30

13 25-60 1.40 3.80 1.40 0.20
60-90 1.10 220 1.10 0.20

90-130 1.40 9.30 1.40 0.12

0-30 1.00 210 2.20 0.11

14 30-70 1.10 6.20 1.50 0.20
70-100 1.80 5.50 1.60 0.17

100-130 1.60 5.60 1.80 0.22

0-25 1.50 3.10 1.20 0.16

15 25-70 1.10 3.90 1.90 0.14
70-110 1.10 6.30 1.30 0.16

110-130 1.80 5.40 1.00 0.20

0-30 1.00 2.10 1.10 0.10

16 30-60 1.30 5.80 1.30 0.28
60-100 2.10 10.10 1.50 0.70

100-130 2.10 10.80 1.40 0.20

0-30 1.50 7.70 1.60 0.40

17 30-60 1.10 6.30 1.30 0.21
60-100 2.20 25.70 210 0.36

100-130 2.40 43.20 2.00 0.53
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100-130 cm of profile8. Profile 7, on the other hand,
isanatural unreclaimed desert soil which exhibited an
akalinesoil reaction (pH) throughout itsfour layers.
Thesefindingsarein accordancewith previousreports
made by Abdel Hamid and Shrestha'@ in which they
indicated that formerly reclaimed soilsand coastd area
soilshad pH range of 7.9-8.5. Aswell, Abdel Kawy
and Ali™ indicated that |akereclaimed soilshad asoil
reaction (pH) that wasdightly alkaline(8.0-8.31). How-
ever, soil pH above8.70 wasreported tobean indica
tion of the dominance of CaCO, and presence of
MgCQ, or Na,CO, in these soilg?3. From another
perspective, thisincreasein pH may be attributed to
lakewater intrusion at these profiles. Previous studies
of Lakeldkuwatersindicated that itswater pH varied
between 8.26 and 9.04%1, 7.6 - 9.524 and 7.89 -
8.04%1, Okbah and El-Gohary!® reported that the near
alkaline pH of these waters was obtained during the
winter season, which coincideswith the current study
period. Thisincreasein pH wasrel ated to the photo-
synthesisactivitieswhichincreased the dissolved car-
bon dioxide content within thelakewatersand inturn
increased its carbonate content!?*24, Aswell, thein-
crement of salinity exhibited within someof these pro-
filesmay be dueto intrusion of seawater and/or seep-
age from the low quality lake water aswell as poor
drainage*®.

Overdl, profiles7, 8 and 9 showed higher EC val-
ueswhichmay be duetothefact that theseclayey soils
adjacent to thelakehad alow permeability?X. Higher
EC vauesfor thetop leve of these profilesmay bean
indication of water logging by intruding seawaters4.
However, thebarren natural landsnorth of Egypt such
asprofile 7 werereported to have asoil salinity that
ranged between 6.5 to 31 dS/mi?. As well, Abdel
Hamid and Shrestha*? reported that the EC val ues of
somenewly reclamed aluviad/marinesoilsnear north-
ernlakesmay reach 30 dS/m. Thisincreasein soil sa
linity may beattributed to thefact that these soilswere
exposed to | ake seawater for long time. Furthermore,
thelakeisshallow and has adepth range between 10-
140 cm, the maximum of which wasrecorded inthe
central and eastern parts of thelake®?®. On the other
hand, higher TDS and EC values were reported for
Lake ldku waters during the winter season’®?% which
may affect thewater table around thislake area. Fur-
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TABLE 3: Irrigation water quality in canalsand drainswithin theproximity of thestudied profiles

Profiles Sourece oH di/c An_ions (n_1eq/L) . ++Cation+s+(meq/1_) ;
m HCO; Cl S04~ Ca Mg Na" K
land 2 Cand 6.16 0.63 3 273 05 327 102 18 o021
Main Drain 6.57 259 54 1182 868 1013 125 263 064
3,4,5,6,78and9 Canal (closeto sea) 6.18 0.93 4.6 455 015 524 198 171 037
Drain (close to sea) 6.7 3.82 10 255 27 1425 19.97 336 0.62
10-17 Cand 6.55 0.65 24 273 137 373 145 105 027
Drain (Umoum Drain) 6.7 1.33 5 636 194 858 361 133 045

thermore, it wasreported that shallow salinewater table
may result in the movement of water-containing salts
by capillary riseand through evapotranspiration, it may
lead to salt accumulation inthetop soil42021, Aswll,
thelow leaching capacity and sdinity of these soilsmay
bearesult of the high groundwater tabl€’l. Moreover,
it wasreported that high contentsof Mg?* reflected the
fact that these soilsweremostly marinein origin.

From another perspective, profile9 showed apro-
nounced reversed downward flux that wascoupled with
anupward flux of salineground watersat thetwo lower
depths. Thiswas attributed to the fact that this area
may be used for ricegrowing and, becauseit received
insuffidentirrigationwater & thebeginning of thegrowing
season, the profilemay be subject tore-sdinizationin
thetwo lower layersduring this period®4. Thisprocess
wasindicated not to beeasily reversed during the grow-
ing season evenwiththeavailability of asufficient sup-
ply of irrigation waters asthe accumul ated saltswere
not leached during the peak growth period of rice cul-
tivation. Soil salinity build-up onthetop soil of profiles
5 and 8 rather than thel ower partsmay beattributed to
the upward movement of saltsfromlower layersduring
dry period or betweenirrigation intervalsand during
thenon irrigation period at theend of the season®. As
for profile6, the prolonged fish farming using seawater
was reported to increasetop soil salinity, soil acidity
and degrade soil quality™®”. Thiswater logged profile
soil exhibitsanincreasein soil salinity which may be
dueto seepagefrom thefish ponds supplied with low
water, improper drainage system or compl ete submerg-
ing of thesoil under water™41,

Water resourcesand itseffect on soil quality

Suitability of any irrigation water for agriculturede-
pends mostly upon its chemical composition and the

conditions of use®. Themain factors determining the
conditions of useare soil texture, total water salinity,
croptobeirrigated, climate, management practicesand
the skill of thewater user. Concerning the quality of
irrigation waters gpplied at these profiles, thepH of the
watersin the surveyed cana s was found to be more
acidicthanthoseintheadjacent agricultura drains. Es-
sentially, fresh Nilewaterswasreported to have apH
between 7.4- 8.411518 |nthepast, it wasreported that
theirrigationwater comingfromtheNilewasgenerdly
of agood quality and had an average EC of 1.4 mSY.
A morerecent survey of the Nilefreshwater pH indi-
cated that it was akaline pH (8.36 and 8.10) and had
an EC vaue between 0.52 and 0.37 during the year
2009 and 2010, respectivelyi?. Aswell, it was noted
that therewasanincreasein Nilewater salinity asthe
river flowed north and thiswas exhibited by theincrease
initssodium bicarbonate, sodium sulfate and sodium
chloride contents®®. The use of fertilizers and soil
amendmentswasreported to reducethe Nile surface
water pH®2, Furthermore, soil EC was reported to
increasewiththeincreaseinirrigationwater sainity af-
ter plant harvesting and with the decreasein ca careous
soil moisture®?, More specificaly, theincreaseinirri-
gation water salinity from 0.58t0 3.67 dS/mwasre-
ported to increase thetotal soil salinity from 1.87 to
24.83 dS/m. Moreover, such apracticedid affect the
EC of thetop soil (0-100 cm) more than the subsoil
(100-180 cm) layer®. Overall, astudy of theeffect of
different salinity irrigation watersuponthesoil EC con-
cluded that therate of salt decreasein soil wasrelated
tothe EC of the applied irrigation water and that the
use of poor water quality increased of soil sainity and
caused by the build-up of the saltsthroughout the soil
profileg?.

Effectively, it wasreported that in BeheiraGover-
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norate, farmershave been using recycled dranagewa
ter since 19609, However, asthe EC of irrigation/
agricultural drainagewatersin the canalsmay reach up
t04.5dS/m, mixing of thesewaterswith fresh Nilewater
at pumping stationsin thisregion waspracticed to re-
duce water salinity to EC < 1.0 beforeland applica-
tion>817, Moreover, to increase water resources in
some areas in Egypt, tapping of water from branch
drainsand itsdischargeinto thetail endsof branch ca-
nal swasbeen practiced®. Nonetheless, thesecanals/
drainsrepresent an outlet not only for the disposal of
agricultural drainage and unused water but also un-
treated sewage and industrial effluents®. Thus, these
soilsmay be subject to low quality watersand acidic
watersasindicatedin TABLE 3. Inthisaspect, it was
reported that the continued use of sawage wastewaters
for irrigations decreased the pH of sandy soilsfrom
alkalineto acidic??. Thisdecrease was accompanied
by adecreasein soil CaCO, content and anincreasein
the drainage water bicarbonate content, asimilar ob-
servation noted comparing the content of bicarbonates
incand and drain waterswithin thestudy area. Also, it
wasreported that the occurrence of carbonatesin these
waterswas dependent upon pH and thesdinity®. This
may al so be accompanied by anincreasein Ca, Mg
and Nacontent of theresulting drainage wastewaters.
Overdl, prolonged periods of sewagewatersusewas
reported toincreasethe solubility of ions, namely: Ca,
Mg, Na, K, HCO,, Cl and SO, in s0il*, an observar
tion affirmed by theincrease of theseionic contentsin
theexamined drainwaters. Aswell, wastewaterswhen
used for surfaceirrigation may lead to cation exchange
where Na" becomes adsorbed on clay minerals and
Ca* andMg?* arerdeased to theliquid phasg®, which
wasaffirmed by theanalysisof thedrain waters.

From another perspective, irrigation with low level
of salinewater (0.46 dSto 2.44 dSm) wasreported to
decrease soil sdinity throughout the profiledueto leach-
ingt®3Y, The decreasein salinity with depth could be
attributed totheincreaseeffect of irrigation water sdin-
ity on thetop soil compared to thelower depths. The
concentration of saltsin the upper horizon may bedue
to evaporation of water from the saltsapplied inthe
irrigation waters. Aswell, theincreasein soil salinity
indicatesthat the use of poor quality water caused a
buildup of saltsthroughout the profile. Also, soil EC
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vaueswerefoundtoincreasewithincreasng sdinity of
irrigation water which acted to decrease soil moisture
depletionin cacareoussoil in northern Egypt®Y. More-
over, sdinesoilsinthenorthern part of Egypt werere-
ported to be affected by brackish water intrusionfrom
the sea, thenorthernlakesandtidal marches®a. Aswell,
it was reported that as salty water drainage water are
keptinthedrain, it caninfiltratethe surrounding areas
resultinginasdineand higher ground water TABLE™,
Thismay affect sdinity of soilsasit may causelow leach-
ingandincreasetherisksof lower profilesainization.
In order to understand the rel ationship between
the quality of water resourcesin both feeding canals
and resulting drain channels, cluster analysiswasper-
formed using thedataobtainedin TABLE 3. There-
sulting dendogramisprovided in Figure4 whichindi-
catesthe splitting of these measured parametersinto
8 main clusters that were grouped into two major
groups. Essentially, themeasured variables of bicar-
bonates, pH, calcium, magnesium and chlorideions
were grouped into one group. Within thisfirst group,
the data reveal ed the dependency of the measured
water pH uponitsHCO, content, both of whichwere
strongly related to the cal cium ion content of these
waters. The concentration of Mg?* ionswas depen-
dent upon the chlorideion concentration and thisclus-
ter was dependent on the bicarbonate- pH — calcium
cluster. The second major group contained the mea-
sured variables of Na', EC, K* and SO,*. A strong
dependency of measured water EC onits Na* con-
tent wasindicated that wasrelated to the K* content,
all of whichwere strongly dependent upon the mea-
sured sulfate content. Aswell, according to the clus-
tering strategy, it may be concluded that the dominant
salts present within these waters were Ca(HCQO,),,
MgCl,, Na,SO, and K SO,. After irrigation, therewas
anoted increasein their drainedionic content, which
isin accordancewith thefindingsof El-Ashry et a.
and Elewaand EI-Nahry!®. From another perspec-
tive, Elewaand El-Nahry*9 indicated that asignifi-
cant sodium sulfate concentration was detected in the
surface waters of the RosettaNile Branch. Thedata
aso reved ed that the pH was dependent moreonthe
concentration of bicarbonatesin water whilethewa
ter salinity, indicated by EC, was dependent upon the
increasein Na" primarily and on K* and sulfateions.
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Land activitiesand soil characteristics

Withrespect totheagricultura activitiesinthearea
anditsimpact on the soil chemical and physical prop-
erties, it hasto be noted that themgjority of agricultura
landsin Egypt are cultivated twice ayear and may be
left to fallow during one season either dueto soil water
logging or duetoinsufficient water resources*. Crops
arecultivated according to a3-year crop rotation (winter
season: November-May and the summer season: May-
October) depending upon water availability and aridity
or climatic conditions, withamarginal seasonisob-
served (Nili season) during late summer (August-Oc-
tober). Theserotationsare beneficid toagricultura soils
with respect to nutrition and essential e ement recov-
ery. Generally, the main winter cropsincludewhedt,
barley and barseem (Egyptian clover), broad beansand
vegetablesand the main summer cropsinclude cotton,
rice and maize and onions may beinter-planted with
cotton. There are two types of rotation undertaken
namely: riceand noriceor cotton only rotation. Desdli-
nation of newly reclaimed or salinized soil may be
achieved by cultivatingriceat theinitial stageatitis
tolerant to dinity. Overdl, El BeharaGovernorate pro-
duces 50% of the rice grown in the country*4, This
maly be achieved by cultivating placeswith high water
tableinthegovernorate asthe crop requiresmoist soil
and,

Egyptian clover (or barseem) isthe major winter
forage crop cultivated after riceand cottonin both ro-
tation cyded®. Itscultivationissaid to nourishthesails,
suppressweedsand provide adisease break in cerea -
dominated crop rotations. During therotation, salt re-
moval fromthecrop root zonemay beachieved by soil
leaching through water application either aspre-irriga-
tion or asadditiona water supply during theirrigation
season™2, However, insufficient irrigation watersmay
cause an upward flux of saline groundwater. Clover
cultivation wasreported to helpin soil de-salinization
especidly when planted after cotton. However, insome
cases soil resalinization may occur after theclover is
ripeand water and sdtsmay be pushed upwardsthrough
capillary effect™. Aswell, salinity may increaseintop
soil by the upward moving of saltsformthelower lay-
ersduring the period between irrigationand non-irriga
tion at the end of the season*3. Thiswasobservedin
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the case of profiles 9, 15, 16 and 17 where barseem
wasplanted and it wasindicated by anincreasein EC
vauesof thetwo lower levels.

Whesat isacommon and low water consumingwin-
ter cropin Egypt that can be grown on awiderange of
soilspreferably medium texturein both the Deltalands
and new reclaimed lands*. However, it ispreferred to
grow wheat in heavy, deep, humusrich well aerated
soilswith ahigh water capacity and apH between 5.5
- 7.5%, Whest isard atively salinity tolerant crop; how-
ever, precaution must be made that the ECe does not
exceed 4dS/min the upper soil layer during germina
tionin order toinsurelimited crop loss®!. Thiscrop
requiresfrom5-6irrigation eventsandthishelpstoleach
saltsbut also nutrientsin reclaimed soil §35%1, How-
ever, research hasshown that if wheat was plantedin
finetextured soils, the addition of gypsum andincreas-
ing soil organic matter during thegrowing period in-
creased crop yield aswell asimproved the soil water
holding capacity and aeration’*"*8, Another observa
tion made after harvesting wheat in newly reclaimed
soilshasbeenthat it helped to decrease soil sdlinity and
improvesoil fertility status®!. Inthisstudy case, it was
observed that therewasanincreasein thecaciumand
sulfateionsat thetop of profiles4, 12,13, and 14 on
which wheat has been planted, which may beattrib-
uted to the addition of gypsum to soil during the pro-
cessof crop cultivation. Aswell, whiletheincreasein
irrigation water sainity may induce higher soil sdinity
(upto 24.83 dSYm)i¥, humaninduced soil degradation
through water logging caused by over irrigation, im-
proper use of heavy machinery and absence of conser-
vation measurementswasreported toincreasethe sa-
linity of soil upto 37.7 dSYminold and newly redamed
soilsin Egypt™®.

Potatoes (planted in profile 1) arethe most impor-
tant vegetable commodity in Egypt intermsof planted
areaand crop vaue??. It wasreported that avail ability
of water and nitrogen supply in potatoes cropping sys-
temswasessentia in controlling productioninarid and
semi-arid regiong?. Thus, thiscropisheavily irrigated
to meet quality standards demanded by thefresh veg-
etable market. Potassium isthe nutrient taken up by
potato in the greatest quantity from the soil aswell as
nitrogen and appreci able amounts of phosphorus, cal-
cium, magnesium and sulphurl®!, Therefore, whilethe
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gpplication of potassumfertilization hasbeenidentified
asoneof themost important factorsaffecting thegrowth
and yield of potato, theincreasein soil moisturewas
reported to facilitatethe availability of K* anditsup-
take by the plant with theincreased irrigation.

Onions(Profile 10) are considered oneof themost
important vegetablecropsin Egypt that isinter-planted
with other mgjor cropsg“#3, Onionsare considered a
shallow-rooted crop (18-30 cm) and shallow rooted
cropsaregenerally moredifficult toirrigateand have
lower irrigation efficiency values than deep-rooted
crops*l. Whileit was recommended to grow onions
ondightly acid-neutra soils, itscultivationwasreported
toincrease soil EC (from 0.3- 3.0 dS/m) and changed
the soil pH from acidicto neutra“®. Furthermore, dur-
ing the production of onionsnutrientsamendmentssuch
aspotassium nitrate, potassum sulfate, calciumnitrate
and potassium chloride or calcium chlorideasafoliar
spray are used to better crop quality™. Aswell, it was
reported that KCI and K,SO, whether applied to soil
or asafoliar spray during growth enhanced thefinal
product dry weight and vitamin C content.

Artichoke’s cultivation areas are known to be the
coastal and sub-coastal regionsin the Mediterranean
basin, (profiles2 and 11). Although artichokeisamod-
erately salt-tolerant crop, the salinization of irrigation
water isanincreasingly concerningissueespecialy dur-
ing the vegetative stage*l. However, artichoke pro-
ductivity has been reported to be strongly affected by
the amount of irrigation water applied“*. The use of
sdinewater initscultivation requiresmorefrequent ir-
rigation/ applicationsrel ativeto theuse of fresh water
because saltsin the water and soil increasesthe os-
motic potential of the soil paste, which makeswater
uptake by the plant roots moredifficul . Onthe other
hand, artichokes were reported to develop root sys-
tem down to 90-120 cmi#, Thismay enhanceits ac-
cessto morewater resourcesin the casethe decrease
inwater supply.

Citrustrees(profile 3) occupy aprominent posi-
tioninthefruit industry in Egypt™“®. About 30% of cit-
rus orchards in Egypt are located on poor soils and
newly reclaimed areas. Citrustrees are known to be
salt sensitive. Asclay soilshave high capacitiesand
K*ionstendto bindtoit and show little responsewhen
K fertilizersareapplied to soil, foliar application of KCl,
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KNO, and K,SO, have been useful inenhancingyield
and quality. Guava (Psidiumguajava L.) (profile
5) isoneof themgor horticultural cropsthroughout the
tropical and subtropical zones. In Egypt, guavaisa
popular fruit, cheap and rich source of vitamin C. Fur-
thermore, guavaisone of theleading fruit treesplanted
innew reclaimed soil in Egypt because of itshigh adapt-
ability aswell asit thrivesin these soil§4. To enhance
acidity and fruit quality, foliar KCI and K, SO, were
reported to be applied to guavatrees®!.

Sugar beet is considered to be the second source
for sugar productionin Egypt. Thiscrop hasthe ability
to grow inthenew soilsthat usually suffer from sainity
and poor quality of irrigation water™, Whilethiscrop
wasreportedtotolerate soil sdlinity and soil water sress,
it wasindicated that sugar yield of sugar beet may be
affected by salinity above 7dSm>!. Ontheother hand,
sugar beet plantswerereported to devel op deep root
system that enablesthem to use soil water from asdeep
as 6 feet’™. However, if water isabundant, sugar beet
will satisfy themagjority of their water requirementsfrom
thetop 2 feet of soil. K application (as potassium sul-
fate) isimportant for this crop asit was reported to
improve upon the quality of sugar beet rootswhether
irrigated with salinewater or with good quality water.

Profile6isafishfarmand thisactivity iswidespread
inthe northern coasts of Egypt®. Fishfarmingisprac-
ticed instead of traditiona agricultureasameanstoin-
crease profitsfrom salineaffected land dueto high soil
salinity and declinein agricultura yield. However,
agriculturd activitieswerenoted to decrease soil salin-
ity incoastd landsby 70%asitinvolvesland washing 6
monthsbeforecultivation. Ontheother hand, fishfarming
wasreported toincreasesoil sdinity significantly aswell
astheprolonged use of seawater increased soil sdlinity,
acidity and degradessoil qudity whiledepletingthesoil’s
organic matter content. Moreover, fishresdueand mud
werenoted to causewater |ogging of these soilsasthey
accumulate onthetop soil surface. Nonetheless, while
agricultureand crop rotation decreases soil sdinity and
enhancessoil nutrientsstate, there hasbeen no evidence
cited toinstatethat fish farming did enhance soil prop-
erties.

Micronutrientsand soil additives
Thereclamation of sdinesoilsusesdifferent meth-
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odsforimprovement of soil qudity. Theseindudephys-
ca amelioration such as deep ploughing, sub-soiling,
sanding, profileinverson; chemicd amdiorationwhich
includesamending soil with variousreagentssuch as:
gypsum, calcium chloride, limestone, sulfuricacid, sul-
phur, iron sulfate) aswell asel ectro-reclamation (treat-
ment withdectric current)®®. Generdly, potassum plays
akeyroleincrop quality asitimprovessize of fruit,
stimulatesroot growth and providesresistance against
pest, diseases and drought aswell asfrost stresses*.
Potassium is added to the soil intheform of soluble
saltssuch as potassum chlorideand potassium nitrate.
However, potassiumissoluble and the deficiency ap-
pears, in particular, on thelower leaves of the plants
and spreadsto the top when the deficiency becomes
imminent>. Thus, potassium nitrate, potassium sulfate
or thiosulfate are either applied to soil or sprayed as
foliar depending upon the CaCO, content of thesoil 4.
Calcium may be added to soil asapre- or post-harvest
treatment to increase postharvest quality or to control
postharvest diseasesin many crops*.

Micronutrient deficiency isconsidered aproblem
and amajor cause of thedeclining land productivity in
cacareous soils of arid and semi arid regiong*?. Gen-
erdly, it hasbeen recognized and well documented that
most of cropsin Egypt suffer from micronutrient defi-
ciencies, whichresultsinlowering of yid ds>. Thecon-
tinuouslossof nutrientsfrom soil, especidly micronu-
trients, isgoverned by many factors, mainly: remova or
uptake by crops, cultivation of highyielding cultivars
and common fertilization practices. A study of thelev-
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elsof avalablemicronutrientsin different areas of loamy,
sandy and cal careous soil typesin Egypt found that Fe,
Znand Mnweremostly insufficient (low or deficient).
Thiswasattributed to growing of highyidding varieties
and/or absence of using manures or organic matter.
Metasinthesoil can occur either inwater-solublefrac-
tion, exchangeable, bound to carbonates, bound on
oxides and hydroxides of Fe and Mn, bound to soil
organic matter or bound to structural matrix of mineras
(residud)®™. Aswell, clay minerdsinteract withadmost
all contaminant and may act asa short-term sink for
heavy meta sin soilsbecause of their adsorptive prop-
ertieg®,

Generdly, themicronutrientscontent in thetudied
soil samplesindicated the dominance of Feionsfol-
lowed in most of theprofilesby CuthenMnions. The
vauefor Zn content wastheleast within these soil pro-
files ranging between 0.11- 0.70 ppm. Essa and
Farragalah™ stated that the order of micronutrientsin
soilsirrigatedwith fresh Nilewater wasFe>Mn>Cu>Zn
(averaging 12.94, 7.49, 1.80 and 0.83 ppm, respec-
tively). Thisorder changed to Mn>Fe>Cu>Zn (rang-
ing between 14.46-18.86, 7.77 — 11.61, 2.41-2.78
and 0.58-1.26 ppm, respectively) if these soilswere
irrigated by sewageand agricultura drainage contami-
nated Nilewater. Irrigation of sandy soilswith sewage
contaminated waterswasreported not only toincrease
the surface Fe content but al so to enrich the soil with
extraorganic metter at varying rates®. However, Zayed
et a.®" reported that soilswith low organic matter con-
tent suffered from Fe, Zn and Cu deficiencies. From
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Figure4: Dendogram depicting therelationship between measured water resour cesvariablesusng War d’smethodsfor
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another perspectiveand in Egypt, high averages of Fe
were observedinthe soilscontaining low calcium car-
bonate®, It was reported that the bicarbonatelevels
present in soilsor inirrigation water werethemost im-
portant parameter that induced lime-induced Fe defi-
ciency (chlorosis)®®. Iron deficiency is caused by im-
balance of metdlicionsas Cuand Mn*1. Furthermore,
it wasreported that thelevelsof micronutrientsin soil
were depleted dueto the continuous growing of high
yielding crop varietiesand the non addition of new or-
ganic matter to soils.

Zinc (Zn) isone of the micronutrient required for
normal plant growthd, Zinc deficiency iswidespread
in Egypt and the application of ZnSO, wasreportedto
sgnificantly increasethefind yield throughincreasing
fruit set efficiency and decreasing fruit drop and pre-
harvest drop“®. In soilswith very high pH and very
low inwhich organic matter, the availability of Znto
plant rootswerereported to be extremely low. Aswell,
theamount of calcium carbonate present wasreported
to potentialy control Zn availability in soil viathe ad-
sorption of Zn onitssurfaceand Zn precipitationin
littleavailableform®®. The decreasein Mn availability
in the presence of CaCO, wasreported to bearesult
of adsorption and preci pitation mechanisms caused by
thedilution effect of CaCO, asinert material. Zn and
Cu werereported to reduce Fe uptakein soilsaswell
asit wasreported that Mn antagonized Fe absorption
and digtributionin plants>. However, when Mnreaches
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toxiclevels, it can cause excess Fe uptake by plantsto
accumulateintherootsintheinactiveform. Moreover,
foliar spraysapplicationsare being widdy used to ad-
minister micronutrients, epecialy iron and manganese,
for many crops®). Solubleinorganic sdtsaregenerdly
aseffectiveassynthetic chd atesinfoliar sprays. Foliar
spray such asFeSO,, MnSO, and ZnSO, are applied
tohelpin partialy minimizing thesdt-induced nutrient
deficiency, increase photosynthesisand dry matter ac-
cumulation™.

Onthe other hand, the high concentration of Feat
thecoasta profilesmay beattributed to thefact that the
magnitude of theionic content inlakeldkuwatersand
sedimentswas Fe>Mn>Zn>Cu®™. Thus, irrigation or
useof thesewatersmay increasethe Fecontentinthese
profiles, an observation that wasmade at thetop soil of
the flooded profile 6 (fish farm). Theincreasein Fe
content in other profiles(such asprofile 1 and 10) may
be attributed to thefact that potatoesand onion require
ampleamount of water and anumber of irrigation events
during growth. Aswell, therel atively high contents of
Fe in the deepest |ayers were reported to be associ-
ated with the sedimentation regimerather than the ef-
fect of weathering processes?. Essaand Farragal lah>®
stated that therewas asignificant increase of Fe con-
tent in clay soilsirrigated with sewage contaminated
Nilewater aswdl asfor Fe, Cuand Zninsoilsirrigated
with agriculturd drainagecontaminated Nilewater. On
the other hand, theions of Cu, Zn, and Mn, werere-
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Figure5: Dendogram relating the physico-chemical data obtained and soil char acteristicsfor the soil horizonsof the 17

Profilesstudied usng War d’smethodsfor minimum variance

e Snoivonmental Science

Hn Tndéan g%wumé



338

Current Ressarch Poper

ported to befound in pesticidesor infertilizers, more
specificaly, copper has been associated with afungi-
cide (Mancozeb) used as acommon treatment of mil-
dew (common fungus) on potatoes®?.

Satistical analysisof data

Theimpact of different land usesand activitiesupon
the soil quality inthe study area, South of Lake Idku,
was determined using multivariate anaysistoidentify
amilarity in patternsand classfying relationshipsamong
themeasured soil variables. Multivariateandysisoffers
techniquesfor cassifying rel ationshipsamong messured
variables®l. Cluster analysisattemptstoidentify rela
tively homogenous groups of cases based on selected
characteristicsevenfromevenly distributed data. Hier-
archical Cluster Andlysis(HCA) hasbeen described as
“an efficient means to recognize groups of samples that
have similar chemica and physical characteristics™.
Ward’s method calculates the distance between two
clustersasthe sum of squaresbetweenthetwo clusters
added up over al thevariabled®. Thismethodisre-
garded asvery efficient and theresultswererepresented
by dendograms the represents the sequence and the
distancea whichtheobservationsareclustered. Inthis
study, cluster andlysiswas performed separately using
the physical dataand another timeusing the chemical
analysisdataobtained for these 17 profiles. Thiswas
deemed necessary in order to identify factorsaffecting
soil quality and similarity in patterns. Moreover andin
order to correlate both set of parameterstogether, two
characteristics of themeasured soil, namely: EC and
pH wereused asreference pointsduring clustering of
both datasets. Thediscussion tofollow will be based
upon thefindings of the hierarchal clustering (HC) of
the respective setsof dataand the rel ationships noted
betweentherdativesoils’ characteristics for each pro-
file. However, before expl oring these correl ations be-
tween thetwo setsof andyticd data, and explanationis
deemed necessary of theresults obtained for the physi-
ca parameters.

HC of physical data (SP, Clay %, Coarse sand
(C9%, Fine Sand (FS) %, Silt%, CaCO3%,
OM%, gypsum %, EC and pH)

Generdly, hierarchd clustering (HC) of the physi-
cal dataobtained providesinformation about the sail
textureanditsvariability patterns. Theanaysisof the
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physicd parametersobtained for these 17 profilesindi-
cated that they were divided up into 10 clustersthat
weregrouped into two maingroups. Thed ustering strat-
egy reveal ed the prevalence of thefollowing common
relationships. Indl profiles, except for profiles6 and 7,
theresultsreved ed that the measured soil SPwasmore
dependent upon the clay content, both of which were
varied by depth within each profile. Another cluster
observedinal profiles, except for profile 6, hasbeen
that relating the silt content to the fine sand %. Both
parameterswereclosdly grouped with theclusterscon-
taining CaCO,%, coarse sand%, OM %, gypsum %,
EC and pH. Thismay indicatethat both silt and fine
sand emanated from the coarse sand/ cal careous min-
era spresentinthe soilsof the current study. Aswell, it
indicates that the CaCO, % content in these soilswas
not directly related toitsclay fractionand minerals. It
wasreported that ca careous sollshad ahigher ditiusvity
dueto greater aggregation and this effect varied de-
pending on thetotal content and size distribution of
CaCO,®. Alternatively, the presence of the carbonate
inthe clay fraction wasreported to decrease thisdiffu-
sion ability, an observation which may be explained by
examining thedatafor profile6. Thisprofileisafish
farm and theclustering strategy of itsphysica dataindi-
cated the presence of two clustersrelating clay tosilt
content and fine sand% to SP. Thismay duetothefact
that duringfish farming, layers of mud (most probably
silt) wasdeposited and accumulated onthetop layer
which significantly reduced thesoil permeghility!®. This
compaction of top soil layer wasreported to decrease
porosity and inhibit water entry into the soil ™.

On the other hand, the strong dependency of its
CaCO3% uponthecoarsesand% avallablewithineach
leve, suggeststhat whilethewesathering of thecarbon-
ate-rich parent material wasrelatively dow, thetexture
of these soilsremained fairly constant and wasnot a -
tered by management practices®. Effectively, it was
reported that the whilethe coarser fragmentsin black
soilsresponsiblefor CaCO,, these cal cium carbonate
particles helpsin binding soil particlesand causing a
grester cohesion between soil particles®. Aswell, this
accumul ation of CaCQO, in soils may be dueto semi-
arid climatic conditionsand drainage problemsinthe
ared®,

Other relaionshipsnoted werethoselinking theor-
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ganic matter %owithin someof thestudied profileswith
itsgypsum% (except profiles 8, 9, 11, 12, 15 and 16).
This positive correl ation may be attributed to thefact
that they may haveresulted from the same source and
that they have mutual effectson soils. First, theterm
OM isgeneraly used to represent the organic constitu-
entsin soilsincluding undecayed plant and animal tis-
sues, their partid decomposition products, and soil bio-
massthat result from the decay and transformation of
plant residues (roots, twings, leaves) and other unal-
tered material®%. Aswell, organic matter may be
added to soilsthrough the application of sewage con-
taminated irrigation waterd®. Organic matter helpsto
retain agreater amount of moistureaswell asform soil
aggregatesthat protect it from decompositionthushelp-
ing soil to rebound agai nst compactiont®”%, Gypsum,
on the other hand, may accumulatein soil through a
processsimilar to carbonate accumulationinthepres-
enceof significant NaSO, content inirrigation waters .,
However, gypsum depositsaregenerdly foundindrier
climates where very little leaching occurs since
CaS0O,.2H,O ismore solublethan CaCO, and sulfate
(SO,?) isnot asabundant as carbonate®®. In semiarid
and arid areas, clay swelling and dispersionincreases
asthesoil solution increasesin the exchangeable so-
dium percentage—ESP- and decreases the electrolyte
concentration!®. To counter thiseffect, gypsum may
be added to soil tolimit clay swelling and dispersion
and thusimprovesoil structural stability by meansthe
release of dectrolytesto thesoil surface®l. Ontheother
hand, gatigticd dustering rdaing calcum carbonatewith
OM% and gypsumwas noted in profiles8, 9, 11, 12,
15, and 16. Thismay be attributed to the fact that the
plant residuesand rootswhile they may contributed to
thesoil organic matter, however, upon decomposition,
they release organic acidsthat solubilizesinorganic ca-
cium carbonatewnhich may negatively affect theamount
of CaCO, inthesoil™®. Eventualy, thismay affect the
reaction forming or precipitating gypsumin soil.

It hasto be noted that the measured physica prop-
erties excluding clay content, SP and depth, were
grouped with soil pH and EC. Thismay indicate that
thevariation inthesetwo parameterswas more depen-
dent upon the nature of the cal careous soil which con-
tained cal cium and magnesium ions and not the clay
minera sthat was deposited over during the stages of
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reclamation. Aswell, it emphasizestherole of these
grouped parametersintherel ease of el ectrolytesto the
soil surface aspreviously mentioned®. However, for
profile 7 (barren land), therewasare ationship between
the SPand clay content of this profilewhichwasfurther
related to the EC of soil past and depth, accordingly.
Thisisinaccordance with thefindings of Goossenset
al .M indicating that there was arel ationship between
EC of soil paste and depthinrecently reclaimed lands
and uncultivated lands.

HC of chemical parameters (soil ionic content,
micronutrients, SAR, pH and EC)

Hierarchd clustering (HC) of thechemical dataob-
tained providesinformation thevariability of itsionic
content with respect to activity and quality of irrigation
water used. Generdlly, theresultsof HC andysisof the
datafor the 17 profilesweredivided upinto 13 clusters
that weregroupedinto two mangroups. Predominantly,
clustering of theionic content of Naand Cl (thesdlinity
indicator) was noted within 11 profiles (1, 2, 4- 9, 11,
12, 17). However, it was noted that for the coastal pro-
files(4-9), such arelationship wasdistantly related to
the other parameterswhich affirmstheanalytical data
(TABLEZ1) indicating high sdinity of these profilesmay
be affected by seawater. In addition, it was reported
that soilsdeposited in amarine environment contai ned
higher concentrations of sodium chloride™. Thisin-
creasein soil salt content may affect thelow permesbil-
ity of these clayey soilsinthe Northern part of Egypt.
Ontheother hand, thisrelationship between Naand Cl
was affected by the addition of extraCaSO, tothe soil
of profiles(1-3and 10-17). Thiswasindicated by the
correlation between Na and Ca and its dependency
upon SO, ionwhichdidimpact thesoil pH or reaction.
Thisrelationshipwas d so affirmed by previous sudy
on sodic soilsin Egypt whichindicated that thecalcium
in the gypsum replaces the sodium at the adsorption
surface of the clay particles™.

Two other rel ationshipsidentified werethe depen-
dency of ZniononK ionin 13 profiles(1, 2, 4-8, 11-
13 and 15-17) and for Cu dependency upon the Mn
ionic contentin 14 profiles (2 and 5-17). Effectively,
theseionic contentsweregrouped either withthe HCO,
content of soil (5, 6, 7, 8, 9, 10, 14, 16, and 17), the
HCO, content and EC of soil (1, 2, 3, 11, 12, 13) or
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with EC alone (4, 15). Essentially, the main source of
micronutrientsin soil ismostly the parent material 2,
Aswedll, it wasreported that theavail ability of micronu-
trientsinsoil increased Sgnificantly withtheincreasein
thefiner fractions(d it and clay) becausethesefractions
improveupon soil structureand agrationwhich arefa:
vorableconditionsfor increasing their availability™®.
However, theforces binding metal ionsto soilswere
reported to decreasewith theincreasein pH of thesoil
environment above 6%, It wasalso reported that high
clay containing Egyptian lacustrine soils sorbed more
Cutoitssurface because of the appreciabletotal cal-
cium carbonate content. Aswell, thetypeof minerasin
thisclay soilswasnoted to play animportant rolein Cu
adsorption asthey havearelatively strong affinity for
Cu and other heavy metals™. However, the adsorbed
Cuontheclay surfaceswasmorereadily rel eased than
the adsorbed Cu on the organic-matter surfaces. As
well, thedtatistical analysisinthisstudy indicated that
Cu content wasmoresignificantly correlated totheMn
oxiderather than Fe oxide clay minerals, whichisin
accordance with thefindingsof Shaheenetd .. On
the other hand, apositive correlation between Znand
K ionic content was reported by Sayed?? during the
study on NW Coast soil in Egypt. Thiswasexplained
by the fact that both potassium and zincin these soils
have been acomponent of itssilicates??. Overdl, the
availability of thesemicronutrientsdecreased with high
pH. Moreover, Thedependency of Cu, Mn, Znand K
on bicarbonateionand its clustering with Caand Mg
indicatesthat they are most probably associated with
soil parent materia 972.

Another observation noted has been astrong and
direct relationship between FeandpH in(2,6,7, 8, 9,
12, 14, 16) and more distantly, Fe waslinked to other
s0il dementsand parameters (Mg, Ca, Cl, SO4, HCO,,
SAR, EC). Thisindicatesthat most of theironwasas-
sociated with clay minerasand other silicates, and may
be associated with the silt, clay or coarse sand frac-
tions depending upon the soil whether cultivated or
not?. Aswell, inthese soils, the concentrations of dis-
solved inorganic Fe are greatly affected by high pH
values?. Moreover, apositive rel ationship between
Fe, pH and other metal ionsindicate that the potential
of hydrousiron for providing the main sorption sur-
facesfor the accumulation of thesemetalsin soil$73.
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Metalsmay becomefixedto solid substancesasare-
sult of adsorptivebonding, co-preci pitation by hydrous
ironand Mnoxides.

HC of the 17 profilescharacteristics

Hierarchical cluster analysiswas performed to
identify groupsof soil horizonsof similar characteris-
ticswith regard to different parameters (elemental
contentsand physi co-chemical characteristics) and soil
properties. Theresulting dendogramisshowninFig-
ure5. Fromthisfigure, it was shown that thedatawas
split among two main groupswith thefollowing group-
ing of soil horizons being observed. Thelarger main
group A comprised of sub groupsthat arranged the
studied profilesasfollows: (3, 11, 12 and 15); (1, 4,
and 13); (2, 10 and 16); and (14 and 17). This may
be explained not only by the similaritiesin soil proper-
ties, salinity and chemica eementsbut aso by thefact
that each of these grouped profileswerereclaimedin
the same manner within the sametimeframeor pe-
riod. Aswell, prior to commencing agricultural activi-
ties, these lands may have been washed 6 months
before cultivationwith theavailed samequadlity irriga
tion waters. Separation of profiles5 and 6 fromthis
main agglomerate may indicatethefact that they are
within the same proximity and potentially the same
source of water was being used to support the ongo-
ing activitiestherein. The other main group B found
wastolink profiles 7, 8and 9. Separation of profiles
7, 8 and 9 from the other profiles may indicate the
fact that profiles8 and 9 were still being recently re-
claimed and that their soil characteristicsand param-
eterstill resembled moretheun-reclaimed soil of pro-
file 7 morethan the other old reclaimed profiles. As
well, they may be affected by the same factors such
as seawater intrusion and seawater sdinity.

Inconclusion, soilsmay vary in spaceand timedue
tothe combined effects of physicd, chemica, and bio-
logical processesthat operate at different scalesand
withdifferentintensties. Characterizing Soatid variabil-
ity of soil propertiesand crop parametersby invento-
rying themisneeded to eval uate the effectiveness of
their management. Al o, characterizing their tempora
variability by monitoring themisimportantin order to
comparedifferent management systemsfor sustainability
and environmenta quality. In addition, an understand-
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ing of the spatial and/or temporal variability can pro-
vide aframework for developing effective sampling
schemesfor future site management and efficient ex-
perimental designsfor research approaches. Dueto the
gpatia and/or temporal variability of soil properties,
numerous samples need to be taken and the measure-
ments need to be repeated as conditions change or to
determinethe magnitude of change and actionsto op-
tionsto counter it.
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