


  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

EFאאאא

 

אאKK   K
KאK  Kא

אאKK   Kא
אK    Kא

אK Kא

 

KKאא   אK 
אKK    Kאא 

KKאא  אאK
אאKK   Kא 

אאKK Kא 

 

٢٤٥٦  ١١٤٥١א 
W٤٦٧٨٧٩٨ W٤٦٧٧٧٣٢ 

Wsgs@ksu.edu.sa 
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אKאאאא 
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 

אKK  Kאא 
KאK  Kאא 

אאK Kא 
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K Kאאא 
אאKאאK 

 

אאא 

אא،א 
אאאאאאLKאאאW J،א

١٤٣٨ 
٣٩١٧؛C٢٤ J؛אF١١٤ 

W٩ J١ J٩٠٨٠٦ J٦٠٣ J٩٧٨ 
١ Jא JEאFא JאKאא JאK 
٧}٦٣١٦١٥L١٤٣٨ 
Wאא٦١٥L١٤٣٨ 
W٩ J١ J٩٠٨٠٦ J٦٠٣ J٩٧٨ 

 

    ح



אאא 
١- אאאא،،אאאא

Kאא 
٢- Kאא 
٣- Kאא 
٤ JFא(CDMS WORDאא(Windows)،

אAL-HothamMonotype 

Koufi،١٦١٢אFא
Eאא،A4א،

אא]٧٥[אא،]١٥[K 
٥ JFא٢٥٠אE

Kא 
٦ Jאא،א

Adope Photoshop  ESO TIFF
٣٠٠،١٢٠X١٨٠א،א

RGBאאKKאא 
٧ Jאאאאא J

א JKאאאא 

٨ JKאא
אאאאאא

K 
٩ Jאאאאא

Kאא 

١٠ Jאא،ELאFאאאא
אאKאאאא



אא
WאאאKא 

 JאאאאFאאW
א،אא،א،אEא

– JKאא،א
K 

 JWאא،אאא
،א،א،אא،אא،

F،א٥ J١٥KE 
 Jא،אאאWאא

F،אא،inאא،E
F،א،אed.eds.E

Kא،אא،א،א،אא 
 Jאאא،אאאW

،EאLFא،אא،א
Kאאאא 

١١ Jאאאאאא
 אKא

 ـــــــــــــــــــــــــــــــــــــــــــــــ
WאאאKK،א،אא،אאK 
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١

 
 א א א אא אאא אא

אאא אאא א
א  א،א  א   א،א  ،

אאאאאKאאאא
אאאאאאאא

  א א  ،א  אא   
אאאאא

 א אא א א   
 א   א א   א  א 

אא אא؛אא א א אא א،
אאאאאאKא

   א א א א  א  א ٢٠١٤א
אאאאאK 

א אא 
אאאאאאאאא
٢٠١٤אאאא،

Wא،א،א،א،א،א،א،א،



אאאאאא  

  

٢

א،א،א،א،א،א،
٤}٠א،אאאאK

 א    א א  ،אא،א ،א،
א٣٠}٠٢١}٠١٩}٠١٢}٠٠٦}٠אא،K

אאאאאא
אאא،א

 א،א א ،    
א،،אאאא

אKאאאא
אאאאאאא،

אאא،אאא،א،א
אאאאאא،

אאא،،אאאא
  א אא  אאא  

אKאאאאאאאאא 
  



אאאאאא  

  

٣

  
אאאאא אאא א

אאאleaching requirementFCorwin, et 

al, 2007; Grieve, et al, 2012; Ayars, et al, 2012; Letey, et al,2011EK
  א א   אא א   א؛ 

א א ،  א  אFAyars, et al, 2012KE
  א א  א  א   

FW١Eאאosmotic potential
אF،אא٢Etoxicityא،

F אB-E אFCl-F א ENa+EF ،٣א Eא א 
nutrient imbalanceF،א٤אאאאE

،Wאpermeabilityאtilth FAyars, et al, 2012; Letey, et 

al, 2012et al Grieve,; 2007 ,et al; Corwin, 2011 אKE
א    אא crop’s water requirementא  

  א  א אאא   א 
א א  א     א FLetey, et al, 

2011; Ayars, et al, 2012KE א  א   
 א אU.S. Salinity Laboratoryא א  א 
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 א  אאאא F א   U.S. Salinity 

Laboratory Staff, 1954KE  א   
אleaching fractionאאאא

אאאאא infiltrated
אאאFAyars, et al, 2012WE 
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 F١E
W 
LFאZאא 
DdZאאאאEF 
DiEFאאאZ 
אא

אאאא
אאFU.S. Salinity Laboratory Staff, 1954; 

Rhoades, 1992; Ayars, et al, 2012; Letey, et al. 2011KE  א
אא  א אirrigation requirementא  

 אא  אcrop’s water requirementא 
אאאFLetey, et al, 2011WE 
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W 
IRi,jאZ i אאj 

CWRiאאZ i 
LRi,jאZiאאjK 

אאאא
   אאא  ،  א 

א،אאאאא
א،א א  אא א ،א אא،א

F, 2012et alGrieve,  ;2012 ,et al; Ayars, 2011 ,et alLetey, KE
،אאאא
אאאא ،א

א    א א א،א  אא ،
אאFLetey, et al, 2011; Ayars, et al, 2012EK

אאאאאא
א ، א   א א  א אא،

אאאאאFAyars, et al, 2012KE 
א א، אא   אא אא  

א،א   א     אא 
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א א  א Abderrahman and Ukayli, 1984) 

Abderrahman, 1988 ،E אא      
אאאאאאאא

אאאא
א אא ،א א א א א  

 א  א א  א
אאאא؛אאאאאאאא،

אאאאאאא
אאK 
  

אאאאאאאאא،
  אאא אא ٦٠

  א     א א ،  א 25°18'،
25°39'،49°31'49°46'،א

 ،א א א    אאא
אאאF١EKאאאא

אאאא،אא١٥٥
אאאאא،אאא

א אא ١١٠ Kא    א א 
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א אא א(Stevens, 1974)،א
 אא אא א    ، אא  

א א،א  א א،א ،אא،א،
א،א،א،א،א،א،אFאא٢KE 

  א א  אhyper-arid،  
א JאFpotential evapotraspirationEא١٩٨٠

אאF،٢٠٠٦Eא،א٧١
א،אFא،١٩٩٩E، א 

א אא א  א אא ،א   א 
אאאאאאאK 

אאא FאUS soil taxonomyE
אFAridisolsE،FEntisolsE،

 א FInceptisolsE K א   א   א א
 אFOrthidsEא א   ،    ،

FCalciorthidsE א א  ،FGypsiorthidsEא א  ،
FSalorthidsE   Kא   א א א א א
FOrthentsEא   ،  א אFPsammentsE   א

א  א א   אFTorriorthentsEא ،
FTorripsammentEאאKאא،אא
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  א  א  אFAquetsE    א ،
FHaplaqueptsE،אFאא٢٠١٠KE 

F١EWFLand TM, 741, RGBE 
FUTMEאא 

 
 
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F٢EWFLand TM, 741, RGBE 
FUTMEאאאאאאאא 
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١٠

  א א א א   א א אא 
אאאאא؛אא

 א   א Neogene א    א
אאאKא

אא  ،W אFHadrukhE
א،  א  אFLower MioceneE ، אא

FDamEא،  א אFMiddle Miocene،E
 א  א א   אFUpper MioceneE

 אFPlioceneEKא   א  א א
א       א      

 א   ،    אא אא 
אאאא،

א אא  א
א  א  אFBRGM, 1977KEאא א 

אאאאאאאאא
אאאאאאא

 א  א      
א ١٥٢٥،א   א א  א 
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  אא    ١٥٢٧ 
אאFאא ٣EKא

١٩٧١،Kאאאאא
אאאאאאא

א אא א א   א אא א א
א    א א  א א א

אאאא،אא
אא אאא١٩٨٧ ،

אאא،אא
Kא א א  א  א א  

אאאאאא،א
אאא،

אאאאא١٩٨٠،
אאאאא١٩٨٧א

אאאא אאא ٣٠،٪٢٢،٪
٤٨،אא،٪٢٠١٢،אא

אאא א     
،אאF٢٠١٣EK 

 



אאאאאא  

  

١٢

F٣אאאאאWEK 
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  
٣ J١אאאWW 

 א    אא  א F U.S. Geological Survey,

2006Eאאא٢٠١٤אאא
    א א  א א  א א

אאאאאאK 
٣ J٢אאWW 

 א א  FNa+, Ca2+, Mg2+, K+E   
א א(atomic absorption spectrophotometer)א א 

א  FFishman and Friedman, 1989Eאא
FCl-, SO4

=, HCO3
-E א א Ion chromatography

FFishman and Friedman, 1989E א  א  double 

distilledאא deionizedאאא
Kא 

٣ J٣אאWאWא 
אאאאאW 
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١٤

W 
Ci,jZאאאiא 

Ci,j,sZאiאאj אs 
nZאאאאא٢٠١٣ 
F٤KEא 

mאאאZ 
٣ J٤אW 

א  א  א א    א א
אאאsteady-stateא

אאאEאאאFא
אאאאFAyars, et al. 2012WE 
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 F٤E

W 
ECjאאZFmS cm-1Eא 

EC
*
e,iאאאZFmS cm-1Eאא

אiאF١EK 
אאאא

א،א א      א אא   ،
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א؛אאא
א א  א،  א   א 

FAyars, et al. 2012Eאאאא 
،אא،אאא،

א  אא ،F א א Letey, et al, 2011E K
אאאאאאאא

  א   א  ،WWATSUIT،
UNSATCHEM FLetey and Feng, 2007 ;2012 ,et alAyars, KE 
א  אא א   א 

 אWATSUIT F1991ARS, -USDAE א א  א
אאאאאא

אאא،אאאCO2אא
א   א  א ، א  א 

אאא،אא
א ،   א CaCO3 אCaSO4.2H2O

אא،אאK 
אאWATSUITWא 
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  .أ   א  א אNa
+ אCa2+

 אMg2+ אK+ אCl- אSO4
=

אHCO3
-אCO3

=Kא 
  .ب  א    ،א א א 

א،אא،
Fא٢KE 

  .ج  אא    א א field 

capacity א אא אא
א  א  א א א  א  ،א

א אאאאאא
אאW 

fୢ 	ൌ
20

ሺ1 െ LFሻdଶ ൅ 9ሺLF െ 1ሻd ൅ 20
 F٥E

W 
F١אאאאWE

אאF, 2012et alGrieve, E 
א אא

 
(mS/cm) 

א


אאא 

אDate palm Phoenix dactylifera L. 4.0 



אאאאאא  

  

١٧

אא Guava Psidium guajava L. 4.7 

 Clover, 
berseem

 1.5 

 RyeSecale cereal L. 11.4 

 WheatTriticum aestivum L. 6.0 
 Barley L. Hordeum vulgare 8.0 
 Squash, 

zucchini
L. C. pepo

(L.) Alef. melopepo var 
4.9 

 
F٢אאאאWE

אאאWATSUIT 

א אאא 
FkPaE 

אא
 

٪ 
٠ 0.070 

١ 0.540 
٢ 1.530 
٣ 2.320 
٤ 3.010 

 
fdא   Z א א  א   

אd 
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١٨

dאZZאF٠Zאא،١א،KKKK،
Z٤אE 

אאאא  .د 
Wאאאאא 

௜,ௗܥ ൌ ௗ݂ܥ௜,௜௪ F٦E
W 

Ci,dZאiאאאאd 
Ci,iwאZiא 

 Kא      א א  א   
אאאאאאא

אאאאFאא
אאEnumericalאW 

١E  א  mass conservationא 
אאאאאW 

୘ܽܥ ൌ ሾCaଶାሿ ൅ ሾCaSOସ
଴ሿ ൅ ሾCaCOଷ

଴ሿ ൅ ሾCaHCOଷ
ାሿ F٧E

்݃ܯ ൌ ሾ݃ܯଶାሿ ൅ ሾMgSOସ
଴ሿ ൅ ሾMgCOଷ

଴ሿ ൅ ሾMgHCOଷ
ାሿ F٨E

்ܰܽ ൌ ሾܰܽାሿ ൅ ሾNaSOସ
ିሿ ൅ ሾNaCOଷ

ିሿ ൅ ሾNaHCOଷ
଴ሿ F٩E

்ܭ ൌ ሾܭାሿ ൅ ሾKSOସ
ିሿ F١٠E
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١٩

ܵ ସܱ,் ൌ ሾSOସ
ଶିሿ ൅ ሾCaSOସ

଴ሿ ൅ ሾMgSOସ
଴ሿ ൅ ሾNaSOସ

ିሿ ൅ ሾKSOସ
ିሿ F١١E

்݈ܥ ൌ ሾି݈ܥሿ F١٢E
்,ଷܱܥ ൌ ሾCOଷ

ଶିሿ ൅ ሾCaCOଷ
଴ሿ ൅ ሾMgCOଷ

଴ሿ ൅ ሾNaCOଷ
ିሿ F١٣E

்,ଷܱܥܪ ൌ ሾHCOଷ
ିሿ ൅ ሾCaHCOଷ

ାሿ ൅ ሾMgHCOଷ
ାሿ ൅ ሾNaHCOଷ

଴ሿ F١٤E
W 

[ ]אאאZ ELF 
٢E אאcharge balanceWא 

2ሾܽܥଶାሿ ൅ 2ሾ݃ܯଶାሿ ൅ ሾܰܽାሿ ൅ ሾܭାሿ ൅ ሾܱܥܪܽܥଷ
ାሿ ൅ ሾܪାሿ

െ 2ሾܱܥଷ
ଶିሿ െ ሾܱܥܪଷ

ିሿ െ 2ሾܵ ସܱ
ଶିሿ െ ሾି݈ܥሿ

െ ሾܱିܪሿ െ ሾܱܰܽܥଷ
ିሿ െ ሾܰܽܵ ସܱ

ିሿ െ ሾܵܭ ସܱ
ିሿ ൌ 0�

F١٥E �

 
٣E אmass actiondisassociationWא 

ଵܭ ൌ
ሺܪାሻሺܱିܪሻ
ሺܪଶܱሻ

 F١٦E

W 
K1Zא 
( )ZactivityELFאאאK 
٤E אWאא 

ଶܭ ൌ
ሺܪଶܱܥଷ

∗ሻ

஼ܲைమሺܪଶܱሻ
 F١٧E

 
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٢٠

W 
K2אאאZ 

pCO2אאאאאZK 
٥E אאאאאW 

ଷܭ ൌ
ሺܪାሻሺܱܥܪଷ

ିሻ
ሺܪଶܥ ଷܱ

∗ሻ
 F١٨E

ସܭ ൌ
ሺܪାሻሺܱܥଷ

ଶିሻ
ሺܥܪ ଷܱ

ିሻ
 

W 
K3אZ 
K4KאZ 

F١٩E

٦E א א   א 
complexationWאא 

ହܭ ൌ
ሺܽܥଶାሻሺܵ ସܱ

ଶିሻ
ሺܵܽܥ ସܱ

଴ሻ
 F٢٠E

଺ܭ ൌ
ሺܽܥଶାሻሺܱܥଷ

ଶିሻ
ሺܥܽܥ ଷܱ

଴ሻ
 F٢١E

଻ܭ ൌ
ሺܽܥଶାሻሺܱܥܪଷ

ିሻ
ሺܥܪܽܥ ଷܱ

ାሻ
 F٢٢E

଼ܭ ൌ
ሺ݃ܯଶାሻሺܵ ସܱ

ଶିሻ
ሺܵ݃ܯ ସܱ

଴ሻ
 F٢٣E

ଽܭ ൌ
ሺ݃ܯଶାሻሺܱܥଷ

ଶିሻ
ሺܥ݃ܯ ଷܱ

଴ሻ
 F٢٤E
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ଵ଴ܭ ൌ
ሺ݃ܯଶାሻሺܱܥܪଷ

ିሻ
ሺܥܪ݃ܯ ଷܱ

ାሻ
 F٢٥E

ଵଵܭ ൌ
ሺܰܽାሻሺܵ ସܱ

ଶିሻ
ሺܰܽܵ ସܱ

ିሻ
 F٢٦E

ଵଶܭ ൌ
ሺܰܽାሻሺܱܥଷ

ଶିሻ
ሺܰܽܥ ଷܱ

ିሻ
 F٢٧E

ଵଷܭ ൌ
ሺܰܽାሻሺܱܥܪଷ

ିሻ
ሺܰܽܥܪ ଷܱ

଴ሻ
 F٢٨E

ଵସܭ ൌ
ሺܭାሻሺܵ ସܱ

ଶିሻ
ሺܵܭ ସܱ

ିሻ
 F٢٩E

W 
K5אאאZK 
K6אאאZK 
K7אאאZK 
K8אאאZK 
K9אאאZK 

K10אאאZK 
K11אאאZK 
K12אאאZK 
K13אאאZK 
K14אאאZK 
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٧E  א א   
Wאאא 

ଵହܭ ൌ ሺܽܥଶାሻሺܵ ସܱ
ଶିሻሺܪଶܱሻଶ F٣٠E

ଵ଺ܭ ൌ ሺܽܥଶାሻሺܱܥଷ
ଶିሻ F٣١E

W 
K15אZאK 
K16אZKא 

activityאאא אא
אאאW 

ሺ݅ሻ ൌ ௜ሾ݅ሿ F٣٢Eߛ
א JDebye-Huckelאextended

W 

ln ߛ ൌ െ
ܫ√ଶܼܣ

1 ൅ ܤ ܫ√ܽ
൅ F٣٣E ܫܾ

W 
AZFkg0.5 mol-0.5E אdielectricאא

،א 
BF  Zkg0.5 cm-1mol-0.5E  א   dielectricא 

،אא 
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aZFcmE 
b ZFkg mol-1E 
ZאZ 
IאאZionic strengthאWאא 

ܫ ൌ 0.5෍ܼ௜
ଶܥ௜

ே

௜ୀଵ

 F٣٤E

W 
NאאאאZ 
אאW 

ln ߛ ൌ ܽᇱܫ F٣٥E
W 

a’Zempirical parameterK 
אא אאא  .و 

אאאאא
FMcNeal, et al., 1970EWאא 

ௗ,௙௖ܥܧ ൌ෍൫ܽ௜ ൅ ܾ௜ܥ௜,ௗ,௙௖൯

௡

௜ୀଵ

 F٣٦E

 
 
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W 
ECd,fcאאאZ אdאא  

(mS cm-1) 
Ci,d,fcאZiאאdאאFmmol l-

1KE 

aibiZiK 
  .ز  א  א א   א א 

Wא 

EC஺ோ௓,௙௖ ൌ
1
8
෍൫ECୢ,୤ୡ ൅ ECୢାଵ,୤ୡ൯

ଷ

ୢୀ଴

 F٣٧E

W 
ECARZ,fc  Zאא  א  א   א 

א(mS cm-1)K  
ECd,fcZאאאאdאא(mS cm-1)K  

  .ح  א א   א א  א
saturation paste extractא FECARZ,eE 

א٢אFRhoades et al., 1992; Wu, et al., 2012EW 
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 
 



אאאאאא  

  

٢٥

 
٤ JW١אאאW 

  א א א א א  א א א א 
٢٠١٤٠١}٤L،אאאא

א ، ٩٤}٥،٠٥}٤،١٠}٢٤٢٨}١٦٣}٢٥٨٨}٦،٥٤}٥
 L،א،א،א،א،א،

Kאא،אאאאא
אאא،אאאאאא،

   א א א     אא א   
٣٥  ٪ א א   א אא  א א א

٢٠١٤K 
٤ J٢WאאאW 

אF٤EאאFmS cm-1Eא
 א אא  א   א   א

אא א א אאאאא
אאאFאאאא

א،אאאאE،
  א  א א  Kא   א   א

 א א R2אpower functionא
Fאאא٩٩٩٢}٠WE 



אאאאאא  
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஺ோ௓,௘ܥܧ ൌ  ଴,ସହ଺ିܨܮ2.314
 

F٣٩E

    א   א    א
אאאאאאא٠٦}٩L

 א  ٠٥}٠     א
אאאאאאא،

   ،א  א  א ١}٠   
   א    ٥٥}٦אא L   ٤٧}٣
אL٤}٠K٤}٠

،אאאאאאאאאא
אאאאאאא

  ، א  א  א  א،אא א  
،א ،א ،א ،א ،א ،א ،א ،א W
  א   ،א ،א ،א ،א ،א ،א

Kאאאא 
٤ J٣WאאאW 

 א  א א  FmS cm-1א א   E
אiEC*

e,i
 א    אECARZ,e  אF א  ٣٩  E
אLRאאאאא

אאאא٢٠١٤EC*
e,i 
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FW٤אאWEאא
Kאאאאאאא 
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אאאאאא  

  

٢٨

 א    א א א  
אאאאאא٢٠١٤

٣٠}٠א،٢١}٠א،١٩}٠،١٢}٠،٠٦}٠
K  א אאא

אאאאאאאא
אא א

א א  ،Wא،א، 
א،Wאאא

  א   אF٣EK א  
אאאאא

א א    ،א א   
אאאאאאK 

א،אאאא
א   א א  ٢٥}٠א 

٣٥}٤אאא
L،   F א 4.0אEL،

אאא٢٥}١K٪ 
 
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F٤אאאאאWE 
אאאא 

א אא 
אאאאא

אא 
א ٢٥}٠ ٣٠}٠ 

אא ٢١}٠ ٢١}٠ 
 ١٩}٠ ١٩}٠ 
א ١٥}٠ ١٢}٠ 
א ١١}٠ ٠٦}٠ 

 
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  
א אא אא  א א א אא א 

 אא  א א א 
אא א  א ، א   א

א،א  ،א ،אא א  א 
   אא  אא  א א 

 א א אא  א
؛א  א  Wא ،א  א א

אאא،אא
א א Kא   א  ،א  ، 

אאאאאא J
 אאא    א א א  אא  

   אא   א א   J 
אאאאאאאא،

אאאKאאאאאא
אאאאאאא

    א ٢٠١٤אא   
Kאא 



אאאאאא  

  

٣١

  א  א א    א   
א אאא א א ٢٠١٤א

 א  אא א    ،W
א،א،א،א،א،א،א،א،

א،א،א،א،א،א،  
   ٤}٠א   א   ، אא  

אא Kאאא،
אא،א،א،א،٣٠}٠،٢١}٠،١٩}٠،١٢}٠،
٠٦}٠א  א אא    Kאא  ،

אאא،אא
  א     א  ،W

א،א، א     ،
؛אWאאא

   א K  אא א   א 
אאאא א  אא

אא א א،א אא،  ،  א
   אא א   א ، א א

א  ،א  אא، ،א א 



אאאאאא  

  

٣٢

 א    א א    
א  א א  אא   א אא

אאאאא،אאKאא
אא א  אא  א    

אאאאאאא،א
אאא

אא،
אKא 

 
: 

אאאאאKא



אאאאאא  
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Assessment of soil leaching requirements in Hassa oasis 
 by using a geochemical simulation model 

Abstract: 
         Sustainable development of water and soil resources in irrigated arid lands 
requires accurate estimation of soil leaching requirements (LR) to prevent: (i) soil 
salinization, (ii) unwarranted overdraft of water resources, (iii) environmental 
pollution, and (iv) maximizing the economic profitability of agricultural projects. 
Hassa oasis which is the largest and most important oasis in the Arabian Peninsula 
faces many challenges including shortage of fresh water resources, soil salinization 
from irrigation with marginal quality water, and environmental pollution with 
agricultural drainage water.  This work uses a geochemically-based simulation 
model to obtain better estimates of LR for selected crops in the area of Hassa oasis 
that is served by irrigation and drainage networks operated by Hassa Irrigation and 
Drainage Authority (HIDA). The model accounts for irrigation water chemistry, 
plant root water uptake, leaching fraction, and precipitation of carbonate minerals 
from soil solution. Estimation of LRs were based on mean concentrations of major 
ions of irrigation water that were distributed by the main irrigation channels of 
HIDA during 2014.  
        The simulation results indicate that mean root zoon soil salinity in Hassa oasis 
is higher than tolerance of low salt tolerant crops such as tomatoes,  cucumber, 
spinach, lettuce, pepper, onion, eggplant, carrot, clover, corn, grapes, orange, lemon 
and olive even at a high leaching fraction of 0.4. The estimated LRs for date palm, 
guava, zucchini, wheat, barely crops in Hassa oasis are 0.3, 0.21, 0.19, 0.12 and 
0.06, respectively. Such estimates indicate that the traditional LR model currently 
used by HIDA overestimates LR for salt-tolerant crops such as wheat and barely 
while underestimating LR for low and moderate salt-tolerant crops such as date 
palm. Overestimation of LR by the traditional model for salt-tolerant crops is 
attributed to ignoring  carbonate minerals precipitation from soil solution. 
       Since LR underestimation causes soil salinization which leads to crop’s yield 
reduction, soil erosion and environmental pollution while  LR overestimation causes 
unwarranted depletion of the limited water resources, removal of fertilizers from 
plant root zoon, pollution of groundwater, and higher production costs, LR estimates 
in this study are indispensible for  HIDA for sustainable development of the soil and 
water resources in Hassa oasis. 
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