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 الإهــــذاء:



 ج
 

 ن:الشهر والعرفا

الحمد لله الذي بنعمته تتم الصالحات الحمد لله على توفيقه وامتنانه 

الحمد لله الذي علم بالقلم والقائل في كتابه :"قل هل يستوى الذين 

 يعلمون والذين لا يعلمون" 

وقبل أن نمضي نقدم أسمى آيات الشكر والإمتنان والتقدير والمحبة إلى 

وللذين مهدوا لنا طريق العلم الذين حملوا أقدس رسالة في الحياة 

 والمعرفة إلى جميع أساتذتنا الأفاضل.

الذي  والشكر أجزله إلى مشرف البحث البروفيسور/ حسن ابراهيم محمد

سهر معنا الليالي ولم يبخل علينا بزمنه النفيس وكان نبراس علم يضيء 

لنا الطريق وليتنا كنا نملك أحرف موسيقية لنعزف لك بها ألحاناً 

ونكتب لك بها من مخيلتنا الشعرية وأفكارنا النرجسية فالشكر  شجية

 لك على ما قدمت لنا. وجزاك الله خيراً بقدر ما قدمت لنا.

 فقد كنت خير معين لنا في إتمام هذا البحث بهذه الصورة المشرفة.

 فلك منا كل الود والاحترام.

رعوا م إلى من ز2012والشكر لطلاب قسم الهندسة الزراعية الدفعة 

التفاؤل في دروبنا قدموا لنا المساعدات والتسهيلات والأفكار فلكم منا 

 كل التحايا العطرة.
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Abstract  

In order to rationalize and conserve irrigation water, it is 

necessary to use water programming methods based on crop, 

soil and climate characteristics  

There are many programs that rely on the water budget, 

but most of them are directed to the use of a specific climatic 

zone or specific crop and do not provide data or determine the 

validity of which requires the use of an irrigation specialist. This 

study aimed at building a comprehensive computer model for 

the development of paper in the FAO program 56 can be used 

with different crops and different climatic sectors. The study 

also investigated the use of the double-crop coefficient and the 

calculation of the standard yield-nectar, and compared the 

validity of the model with the computer models of the 

University of Dakota  

The results showed that through the application of the 

model on the cotton crop in the island project, it became clear 

that the program that relied on electronic tables is easy to use 

and does not need input is not available as the program's 

capabilities help the user in the selection of inputs  
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 المكذمة  1.0

18.5

 

%45-%65 

 

14

 

 الخلفية ومبررات الذراسة والمشهلة  1.1

 

 



-2- 
 

56

 أهذاف الذراسة  1.2

-1

56 



-3- 
 

-2

Cropwat 

-3. 

 ةالذراس ولذتويات إطار 1.3

(



-4- 
 

 الجاني الباب

 أدبيات البخح  2.1
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2 

4161

2112

3Field Capacity (FC) 

2111

ɵMfc=(Mws-Mds) /Mds *100 

……………………………………………..………..(2- 1  )

Mfcɵ

Mws

Mds
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4Permanent Wilting Point(PWP) 

2118

5TOTAL AVAILABLE (TAW) 

TAW=(ɵfc-ɵwp)/100 *ρs/ρw *Drz ……………………………….( 2-2  )

TWA

Fcɵ

wpɵ

Drz 

Sρ3

Ρw3

6Readily Available Water (RAW) 

2119

Dn=TAW*Mad…………………………………………..….(2-3 ) 
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Dnnet depth

Mad

TAW

7Gross Water Depth

3

Dg=Dn/Ei  ………………………………………………………….(2- 4)

Dg

Dn 

Ei
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8 Irrigation Time

Qs =(Dg * A) /Ti …………………………………………………….(2-5)

Dg 

Qs3

A2

9Irrigation Interval

2118
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4

II=Dn/Etc ………………………………………………………………(2-6 ) 



-13- 
 

Dn

Etc

II
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00Overload 
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111

2112

ET=I+p-D± ΔS ………………………………………………………..(2-7) 

ET

I

P

D
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Water balance 
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82S= (I+P) –(D+R+ET)Δ

ET =(I+P)-(D+R± ΔS)

SΔ

D

R

I

ET

P

Empirical equations 
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1Blaney – Criddle Equation 

2FAO 

3Penman Method 

4FAO) 

5Penman -Monteith 

2112
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Kc

Etc =Kc*ETo………………………………………………………………(2-9  ) 

ETc

Kc

ETo

Kc

Kc=Etc/ETo 

2118

Gravimeteic method

11524

m=( Ms+w – Ms )/Ms * 100 = Mw/Ms * 100…(2-10 )ɵ
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ɵm

Ms+w

Ms

Mw

Touch method 

2 Tensiometer meth0d
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4Gypsum bloks method 

5Neutron Probe method



-24- 
 

1

 

2

 

6

7

11

21315181

GSM

6Irrimax 



-25- 
 

 

2112

1

 

2

 

3 

4 

1water balance . 

2soil water tension . 

3soil water content . 

4leaf water potential . 

5Canopy temperature .
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برنامج جامعة شمال دانوتا  2.2

Irrigation Scheduling by the Checkbook Method 
   

Instructions Internal Links 
External 
Links 

 
Authors 

  Minnesota 
ET Tables, 
Conventional 
Units. 

      

Crops & 
Soils  NDAWN 

 
Disclaimer 

  

   

       
Crop: Corn 

 
ET Tables  Web Soil Survey Revisions 

  
   

Field: Field #2 
     

Emergence: 05/01/2009 
 

Charts  

    

Ver. 
2.1 

  
   

            
  

Cumulative 
Values     

  

   

Date Daily 
Maximum 
Temper- 

ature 
(Tmax) 

Week 
Past 

Emer-
gence 
(WPE) 

ET for 
all 

Crops 
Except 

Cut 
Alfalfa 
(ET) 

Effective 
Rain 
(R) 

Effective 
Irrigation 

(I) 

Soil-
Water 
Deficit 
(SWD) 

Soil-Water 
Deficit 

Percent 
(SWDP) 

Soil-Water 
Deficit 

Percent 
(Adjusted) 
(SWDPadj) 

Water Losses 
(Deep 

Percolation or 
Runoff); 

(WL) 

Root Zone Depth 
(RZ) 

Available 
Water 

Holding 
Capacity 
for the 
Root 
Zone 

(AWHCRZ) 

Total 
ET 

Total 
Rain 

Total 
Irrigation 

Total 
Water 
Losses 

Notes Management 
Allowed 

Depletion 
(MAD) 

   

- 
o
F - in. in. in. in. % % in. in. in. in. in. in. in.   %    

04/30/2009 49 0 0.00 0.06 
 

0.00 0% 0% 0.00 4.0 0.28 0.00 0.06 0.00 0.00 
 

45% 
   

05/01/2009 54 1 0.01 0.01 
 

0.00 0% 
 

0.00 4.0 0.28 0.01 0.07 0.00 0.00 
 

45% 
   

05/02/2009 64 1 0.02 0.11 
 

0.00 0% 
 

0.09 4.8 0.35 0.03 0.18 0.00 0.09 
 

45% 
   

05/03/2009 50 1 0.00 0.00 
 

0.00 0% 
 

0.00 5.5 0.42 0.03 0.18 0.00 0.09 
 

45% 
   

05/04/2009 41 1 0.00 0.00 
 

0.00 0% 
 

0.00 6.3 0.49 0.03 0.18 0.00 0.09 
 

45% 
   

05/05/2009 63 1 0.02 0.00 
 

0.02 4% 
 

0.00 7.0 0.55 0.05 0.18 0.00 0.09 
 

45% 
   

05/06/2009 73 1 0.03 0.00 
 

0.05 8% 
 

0.00 7.8 0.62 0.08 0.18 0.00 0.09 
 

45% 
   

ID Enter any other descriptive information here         

file:///F:/Checkbook_Irrigation_Scheduling_ND-MN_Excel_File_v02-1.xlsx%23Sheet1_MN_Inch!$AA$170
file:///F:/Checkbook_Irrigation_Scheduling_ND-MN_Excel_File_v02-1.xlsx%23Sheet1_MN_Inch!$AA$170
http://www.ndawn.ndsu.nodak.edu/index.html
file:///F:/Checkbook_Irrigation_Scheduling_ND-MN_Excel_File_v02-1.xlsx%23Sheet1_MN_Inch!$BA$230
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
file:///F:/Checkbook_Irrigation_Scheduling_ND-MN_Excel_File_v02-1.xlsx%23Sheet1_MN_Inch!$CA$400
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 الجالح الباب

طرم ووسائل البخح 3.0

 الننورج الحاسوبي 3.1

 نظرج عامو :

Excel

RAM2GB3.2.4

3.2

 مهونات البرنامج:2.3

XLS

1

2

3

4

5

6 
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 البرلدة الابتذائية 2.3.3

Start 

 

Start 

In put 

Soil data initial 

moisture fc,pwp,bulk 

density 

Crop data initial root 

,season length 

Grothstag, Root depth 

depth 

Climate  data Tmax 

,Tmin ,Wind speed 

,sun shine , ETo 

Data Processing &Preperation 

RAW DP KS ETO SMD 

Final output De,i start –De,i end –E  - Net 

irrigation Needed      

End 

REW  ETc 
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 ادخال البيانات : 2.3.3

                     

2.1.1

 

 نتح-حشاب التبخر 2.2.2

2.2.2 

 

2.1 
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ن     منا ن     م    ن       تح

  عؼ     ص       س  

Taw=…..mm/mػ     رًس

Drz=…….cm
  ع ي           ً        

ET=…….mm/day

                

Taw= Taw. Drz

    -    ع    ع    ر

Mad=0.50
ػ             

Dn=Mad.Taw
    س      س   

H=Dn/ETc

 ؼد    عسب  ع ع    س  

Isp=…………mm/hr

           

Ea=…….%

ػ             

Dg= Dn/Ea

 ؼد       

Ra<= I sp

     س 

      ؼد       

Ra max

ص    س 

Ti=Dg/Ra

ػددع ػ    س     ً      ً   ً  د

Tday=……………hr
 ع بػدد  س        ً   ً  د

Ni/day=Tday/Ti

ػددأ     س        

Nday<=H

  س     ع      سً    

  ً  د 

Ai=At/(No)irr-total

 ع بػدد  س              س   س 

(No)irr-total=Ni/day*Nday

  س       

Qs=Dg*Ai/Ti


ػ 



ss

 البرلدة الابتذائية : 3.2

2114

13    (       )        

Taw

ɵfc 

wpɵ

Drz
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As

23   
  

  
 
  (

  

   
)

 (
  

   
)
  

PS

Pw

Dn=Taw*Mad 

Dn

Mad

33π  
  

   
 

∏

Etc

43   
  

  
 

Dg

Ea
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53(   )                

(Dgs)day

P

R0 

 

63(  )    
(   )   

  

Dg=(Dg)day *Π 

73   
  

  
 

Ti

Ra

83
  

   
 
    

  
 

 Ni/day

Tday

(No)irrtotal=Ni/day*Nday 

(No)irrtotal

Tday
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93   
  

(  )        
 

Ai

At

113   
     

  
 

Qs

Ti

Ai

Dg

 ..  تجنيع البيانات3.2

 بيانات التربى2.3.3

25

198919911999

1999

mFc (    )Wp (    )    

TAW(mm) 
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180mm/m depth 

0.37%

180 mm/m depth

40mm/d

9.00

0.37

0.22

1.27

1.27

1.1m  

 

 بيانات المحاصيل وتاريخ الزراعة 2.3.3

44211

1977

1989

4111

Ky)Zr(m)

;Ky)
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4

4.11

 بيانات المناخ :  2.3.2 

Month 
Min 
Temp   

Max 
Temp Humidity Wind Sun Rad ETo Days 

  °C   °C % km/day hours MJ/m²/day mm/day   

January 14   33.5 35 216 10.3 21.2 6.02 15 

February 14.8   35 27 242 10.7 23.5 7.15 45 

March 18.1   38.3 21 216 10.4 24.8 7.77 60 

April 21   40.2 19 190 10.6 25.8 7.93 75 

May 23.8   41.3 28 216 10.1 24.9 8.39 90 

June 24.5   39.6 39 268 9.3 23.4 8.41 105 

July 22.7   35.7 57 268 7.7 21 6.64 120 

August 21.8   33.2 71 242 7.6 21 5.4 135 

September 21.7   35.2 65 190 9.2 23 5.8 150 

October 21.5   37.7 48 138 9.9 22.7 5.88 165 

November 18   36.5 37 190 10.4 21.6 6.26 180 

December 14.5   33.7 38 216 10.5 20.8 5.93 195 
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2.1.3

 

Example Spreadsheet for Calculating ETc = (Kcb + Ke)ETo and 
an Irrigation Schedule 

   

        

For a New Crop, Change Values 
in the Boxes   

Crop: Dry, Edible Beans 
 

Table 
11: 

  
Table 17: 

Following 
Adjustment: 

  

    
  Lini 25 

 
Kcb ini 0.15 0.15 

 
Kcmin 0.15 

Planting: Month 5 
 

  
Ldev 25 

 
Kcb mid 1.10 1.13 

 
Max.Ht.: 0.40 

 
Day 22 

 

  
Lmid 30 

 
Kcb end 0.25 0.25 

   

    

  
Llate 20 

       

    
  

  

Midseas. 
Av. 

Wind 
Speed: 1.98 m/s 

<----
Computed 

automatically 
from Lookup 

on column 
AO 

"Double" Underlined Columns (below) are 
User-Entered 

 
Midseas. Av. RHmin: 

 
29 % 

<----
Computed 

automatically 
from Lookup 

on column 
AP 

"Single" Underlined Columns are Computed 
by the Spreadsheet 

       

     
Wind 

  

<---------used for 
adjusting Kcb -----------> 

  

    
Tmax 

@ 
2m Tdew ETo eo(Tdew) eo(Tmax) RHmin 

P - 
RO 

 
Month Day Year J C m/s C mm/d kPa kPa % mm 

 0 15 74 -15 10.0 5.8 0.0 1.01 0.61 1.23 50 0.0 
 5 16 74 136 13.3 2.2 -5.0 1.45 0.42 1.53 28 0.0 
 5 17 74 137 13.3 3.8 -1.1 2.20 0.56 1.53 37 0.0 
 5 18 74 138 13.3 3.1 -2.8 3.01 0.50 1.53 33 0.0 
 5 19 74 139 13.3 4.5 -0.6 3.97 0.58 1.53 38 2.5 
 5 20 74 140 12.8 8.4 3.3 4.91 0.77 1.48 52 0.8 
 5 21 74 141 17.2 3.5 -0.6 5.65 0.58 1.96 30 0.0 
 5 22 74 142 22.8 2.2 1.7 4.85 0.69 2.78 25 0.0 
 5 23 74 143 24.4 2.5 5.6 3.54 0.91 3.06 30 0.0 
 5 24 74 144 24.4 2.7 6.7 2.11 0.98 3.06 32 0.0 
 5 25 74 145 25.6 2.2 8.3 1.40 1.09 3.28 33 0.0 
 5 26 74 146 27.8 1.9 10.0 1.01 1.23 3.74 33 0.0 
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(All "nonboxed" values will be 
recalculated automatically) 

      

 

Computed Dates for 
Stages: 

           

 
JPlant 142 

    

fw 
(irrig.): 

 
0.5 

     

 
JDev 167 

    
REW: 

 
9.5 mm 

    

 
JMid 192 

    
TEW: 

 
21.5 mm 

    

 
JLate 222 

    

initial 
De: 

 
1 mm 

    

 
JHarv 242 

    

Initial 
fw: 

 
0.18 

     

               

   

<-----------------------------------Evaporation Calculation--------------------
----------------> 

   

   
Net 

           

   
Irrig./fw 

(<--from irrig. 
sched., prev. 

day) De,i 
    

De,i 
  

 
Height 

 
(beg. of day) 

  
start 

  
E DPe end 

 
ETc 

Kcb m 
Kc 

max mm fc fw few mm Kr Ke mm/d mm/d mm Kc mm/d 

0.15 0.05 1.23 0.0 0.01 0.18 0.18 1.0 1.00 0.22 0.22 0.00 2.24 0.37 0.37 

0.15 0.05 1.22 0.0 0.01 0.18 0.18 2.2 1.00 0.22 0.32 0.00 4.01 0.37 0.54 

0.15 0.05 1.23 0.0 0.01 0.18 0.18 4.0 1.00 0.22 0.49 0.00 6.71 0.37 0.82 

0.15 0.05 1.22 0.0 0.01 0.18 0.18 6.7 1.00 0.22 0.66 0.00 10.39 0.37 1.11 

0.15 0.05 1.23 0.0 0.01 1.00 0.99 7.9 1.00 1.08 4.30 0.00 12.20 1.23 4.90 

0.15 0.05 1.26 0.0 0.01 1.00 0.99 11.4 0.84 0.93 4.56 0.00 16.04 1.08 5.30 

0.15 0.05 1.23 0.0 0.01 1.00 0.99 16.0 0.45 0.49 2.78 0.00 18.85 0.64 3.63 

0.15 0.05 1.22 0.0 0.01 1.00 0.99 18.8 0.22 0.24 1.15 0.00 20.01 0.39 1.88 

0.15 0.05 1.22 0.0 0.01 1.00 0.99 20.0 0.12 0.13 0.47 0.00 20.49 0.28 1.00 

0.15 0.05 1.22 0.0 0.01 1.00 0.99 20.5 0.08 0.09 0.19 0.00 20.68 0.24 0.51 

0.15 0.05 1.21 0.0 0.01 1.00 0.99 20.7 0.07 0.07 0.10 0.00 20.78 0.22 0.31 

0.15 0.05 1.21 0.0 0.01 1.00 0.99 20.8 0.06 0.06 0.06 0.00 20.85 0.21 0.21 

 

Rootmin 0.20 m MAD during Initial Stage 70 % 

Rootmax 0.8 m MAD after Initial Stage 45 % 

Avail.Water 160 mm/m           

                

        

   

(Irrigation that is needed is presumed to be applied at the 
beginning of the next day) 

<-----------------------------------Irrigation Scheduling-----------------------------> 

   
Net (From Precip.) (KsKcb+Ke) Corrected 

Root 
 

Ending Irrigation Drainage 
 

Adjusted Ending 

Depth RAW Deplet. Needed (DP) Ks Kc Depletion 

   m mm mm mm Mm   (Kc adj) mm 

0.20 22.4 1.4 0.0 0.0 1.00 0.37 1.4 
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0.20 22.4 1.9 0.0 0.0 1.00 0.37 1.9 

0.20 22.4 2.7 0.0 0.0 1.00 0.37 2.7 

0.20 22.4 3.8 0.0 0.0 1.00 0.37 3.8 

0.20 22.4 6.2 0.0 0.0 1.00 1.23 6.2 

0.20 22.4 10.7 0.0 0.0 1.00 1.08 10.7 

0.20 22.4 14.4 0.0 0.0 1.00 0.64 14.4 

0.20 22.4 16.2 0.0 0.0 1.00 0.39 16.2 

0.20 22.4 17.2 0.0 0.0 1.00 0.28 17.2 
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   ر تع   ثاب

 النتائج والمناقشة 4.1

 تحذيذ صخة الننورج الحاسوبي  1.3

 ً      نظم  أ ز  ن   بي      ت  ً ش   ج تح يل د  ٌ   شم      ؼ  ً ش   ج ً  غز     ضس ػ 

 شً ٌ   مإعتخذ     ص    ٌ    تش يب  نت  جًً غ  م  س   ً ٌ يح   شً      ذ ً 

ًأشك   تغييل ن  شتي  عتخ ص  نت  ج ني .

 المكارنة مع البرامج الأخرى:  4.1.1

 المؤشرات اوالف برنامج دا كىتا كروبىات النمىرج

 الرطىبة الإبتذائية 1.0 1.1 1.0 1.0

 نتح –البخر  0.75 1.22 1.32 0.22

 احتياجات الري 0.0 1.1 0.0 0.0

 الرطىبة النهائية 5.19 2.24 8.31 2.24

 المناقشة:

ػنذ   س    نمٌرج  ح عٌ   غ   ؼ شم  د  ٌ    ضحأ   نمٌرج ت ق ؼي    ل  بي      مذ   ً    نت  ج

 ً ش   ج  شً ٌ    ش   ج  غ   ح عٌ     نمٌرج    س   ًػنذ   ح عٌ     نمٌرج  ح   ؤ ذ أ  م    ضح ً    

   تذ     بش  ج    شطٌ     ني  ي ،  نمٌرج ت ق غىزه ي ً  تي      ش .ً كن خت ف    بخش تحً  شطٌ  

ػن  ت   ؼض  بي      مذ    تيج  عتخذ   ؼ د   خت   . تحًىز    ت  

 :رةتطبيل البرنامج برلدة لذصول الكطن بالجزي 4.2

  بش   ج  ز  ػتمذػ    جذ ً ً ن    طبيق  نمٌرجػ       حصٌ    طن مششًع  جض ش   ضح  

   كتشً ي عيل  عتخذ  ً  حت ج مذ   غيش ت   إر   ن  ك      بش   ج غ ػذ   مغتخذ     تي س

   مذ   .

 مقا نو   نمورج مع ترنامج كر تو خ 3.1جذ   

Cropwatشً ٌ    نمٌرج 

10381911Tatal water 

applied(mm)

 Total water useط1.61.9

(kg/mm)

1416Total number of 

irrigation 

 .سثة   تنو   عذم   ذقح في  قذير ميز نيح   مياه ىو   تقذير   غير دقيقح  لامطا 
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   خامس    ثاب

 الخلاصة والتوصيات  0-5

 الخلاصة  3-5

  نمٌرج ت ق ؼي    ل  بي      مذ   ً    نت  جػنذ   س    نمٌرج  ح عٌ   غ   ؼ شم  د  ٌ    ضحأ 
 م  ؤ ذ ح   نمٌرج  ح عٌ  ًػنذ   س    نمٌرج  ح عٌ   غ ش   ج شً ٌ  ً ش   ج    ً  ضحأ 
ي ،  نمٌرج ت ق غىزه  بش  ج    شطٌ     تذ  ي ً  تي      ش .ً كن خت ف    بخش تحً  شطٌ    ني  

.ًىز    ت   تحػن  ت   ؼض  بي      مذ    تيج  عتخذ   ؼ د   خت   

 التوصيات 3-5

 ٌ ى   عتخذ    نمٌرج  ح عٌ   بش ج   ش   ح   -1

 ٌ ى        تذ د  بش   ج شمل   ب  ييم ت  ج  بش   ج ػتم د ػ    عظ  نظش   تى مكن عتخذ  و-2

 م  س    بش  ج  مخت   

 ش   ج جٌ  يغك  مش   غش   عتخذ    بش   ج ٌ عط غيش  مينين ٌ ى ٌ غ  بش   ج   ط س-3
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 المراجع 



   لا :   مر جع   عرتيح

 ظم  ش   ح      طبؼ   ً    ٌص غ نش    مؼ س    عكنذس      ض   2112 عم ػيل،عميش -1

ًشش  ه
  ظم  ش    شػ  نشش  ؼ م ً  مط  غ   ؼ   م كعؼٌد  2114  غب س ، غين ن حمذ  غب س  -2
 .2119دس ع    غتيش، غش ن -3



 ثانيا المراجع الاجنبية

1) Boswell,M.J.1995.micro-Irrgaion Design Manual By James Hardie Irrigation ,Inc. 
2) Karamli, D.,and J.Keller. (1975).Trickle Irrigaion  Design. Rahn Bird Sprinkler 

Mfr.Crop.,Glendora ,Calif 
3) Rochester, E.W.1995. Landscrape Irrigaion Design  ASAE.St.Joseph,Michigan 
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 الملاحل :

 يعتمذ عليها البرنامج الجذاول التي


 

Lengths 
of crop 

develop
ment 

stages*f
or 

various 
Planting 
periods 

and 
climatic 

regions(d
ays) 

   

Crop 
Crop N 

o 

lnit.(Lini) 
Dev(L

dev) 
Mid(L

mid) 
Late(Ll

ate) 
Total 

Plant 
Date  

Month 

Plant 
Date  
Date 

Pla
nt 

Da
te   

Region 

        

Mont
h 

Da
y   

a.Small 
Vegetables 1 2 3 4 5 6 7 8 9 10 

Broccoli 1 35 45 40 15 135 Sept 9   
Calif.Desert,

USA 

Cabbage 2 40 60 50 15 165 Sept 9   
Calif.Desert,

USA 

Carrots 1 3 20 30 50/30 20 100 Oct/Jan 10   Arid climate 

Carrots 2 
4 30 40 60 20 150 

Feb/Ma
r 2   

Mediterrane
an 

Carrots 3 
5 30 50 90 30 200 Oct 10   

Calif.Desert,
USA 

Cauliflower 6 35 50 40 15 140 Sept 9   
Calif.Desert,

USA 

                      

                      

Celery 1 7 25 40 95 20 180 Oct 10   (Semi)Arid 

Celery 2 
8 25 40 45 15 125 April 4   

Mediterrane
an 

Celery 3 9 30 55 105 20 210 Jan 6   (Semi)Arid 

Crucifers^1 
10 20 30 20 10 80 April 4   

Mediterrane
an 

Crucifers^2 
11 25 35 25 10 95 

Februar
y 2   

Mediterrane
an 

Crucifers^3 

12 30 35 90 40 195 
Oct/No

v 

10-
ا تشريه
   لثاوي

Mediterrane
an 

Lettuce 
13 20 30 15 10 75 April 4   

Mediterrane
an 

Lettuce 

14 30 40 25 10 105 Nov/Jan 

06-
ا تشريه
   لثاوي

Mediterrane
an 

Lettuce 
15 25 35 30 10 100 

Oct/No
v 

10-
ا تشريه   Arid Region 
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 لثاوي

Lettuce 
16 35 50 45 10 140 Feb 2   

Mediterrane
an 

Onion(dry) 
17 15 25 70 40 150 April 4   

Mediterrane
an 

                      

Onion(dry) 

18 20 35 110 45 210 Oct/Jan 

06-
ا تشريه
   لأول

Arid Region 
;calif 

Onion(green) 
19 25 30 10 5 70 

April/M
ay 04-أيار   

Mediterrane
an 

Onion(green) 20 20 45 20 10 95 October 10   Arid Region 

Onion(green) 21 30 55 55 40 180 March 3   Calif;USA 

Onion(seed) 22 20 45 165 45 275 Sept 9   
Calif .Desert 

;USA 

Onion(seed) 23 20 20 15/25 5 
60/7

0 
Apr;Sep

/Oct 
04/09

/10   
Mediterrane

an 

Onion(seed) 24 20 30 40 10 100 
Novem

ber 11   Arid Region 

Spinach 25 5 10 15 5 35 
Mar/Ap

r 
03-
   ويسان

Medit.;Europ
e 

Radish 26 10 10 15 5 40 winter     Arid Region 

b.Vegetable -
Solanum 

Family 
(Solanaceae) 27                   

Egg plant 
28 30 40 40 20 

130/
14 October 10   Arid Region 

Egg plant 
29 30 45 40 25 0 

May/Ju
ne 

05-
   حسيران

Mediterrane
an 

Sweet peppers 
(bell) 30 25/30 35 40 20 125 

April/Ju
ne 

04-
   حسيران

Eroupe and 
Medit. 

Sweet peppers 
(bell) 31 30 40 110 30 210 October 10   Arid Region 

Tomato 32 30 40 40 25 135 January 1   Arid Region 

                      

Tomato 
33 35 40 50 30 155 

Apr/Ma
y 04-أيار   Calif.;USA 

Tomato 
34 25 40 60 30 155 Jan 6   

Calif.Desert,
USA 

Tomato 

35 35 45 70 30 180 
Oct/No

v 

10-
ا تشريه
 Arid Region   لثاوي

Tomato 
36 30 40 45 30 145 

April/M
ay 04-أيار   

Mediterrane
an 

c.Vegetable -
Cucumber 

Family 
(Cucurbitaceae

) 37 30 40 45 30 145 
April/M

ay 04-أيار   
Mediterrane

an 

Cantaloupe 38 30 45 35 10 120 Jan 6   Calif.,USA 

Cantaloupe 39 10 60 25 25 120 Aug 8   Calif,USA 

Cucumber 40 20 30 40 15 105 June/Au  Arid Region   آب-07
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g 

Cucumber 

41 25 35 50 20 130 Nov;Feb 

02-
ا تشريه
 Arid Region   لثاوي

Pumpkin, 
Winter squash 

42 20 30 30 20 100 
Mar,Au

g 03-آب   
Mediterrane

an 

43 25 35 35 25 120 June 7   Europe 

Squash 44 25 35 25 15 100 Apr/Dec 

04-
ا كاوون
   لأول

Medit.;Arid 
Reg. 

Zucchini 45 20 30 25 15 90 
May/Ju

ne 
05-
   تموز

Medit.;Europ
e 

Sweet melons 
46 25       120 May 5   

Mediterrane
an 

Sweet melons 47 30       140 March 3   Calif,USA 

Sweet melons 
48 15       135 Aug 8   

Calif.Desert,
USA 

Sweet melons 

49 30       160 Dec/Jan 

06-
ا كاوون
   لأول

Arid Region 

Water melons 50 20       110 April 4   Italy 

  51 10       80 
Mat/Au

g 03-آب   
Near 

East(desert) 

 d. Roots and 
Tubers 52 10       80 

Mat/Au
g 03-آب   

Near 
East(desert) 

Beets ,table 53 15 25 20 10 70 
Apr/Ma

y 04-أيار   
Mediterrane

an 

Beets ,table 54 25 30 25 10 90 
Feb/Ma

r 02-آذار   
Mediterrane

an &Arid 

Cassava :year 1 
     year 2 55 20 40 90 60 210 Rainy     

Tropical 
regions 

Cassava :year 1 
     year 3 56 150 40 110 60 360 season       

Potato 

57 25 30 30/45 30 
115/
130 Jan/Nov 

06-
ا تشريه
   لثاوي

(Semi)Arid 
Climate 

Potato 
58 25 30 45 30 130 May 5   

Continental 
Climate 

Potato 59 30 35 50 30 145 April 4   Eroupe 

Potato 
60 45 30 70 20 165 

Apr/Ma
y 04-أيار   Idaho, USA 

Potato 
61 30 35 50 25 140 Dec 12   

Calif.Desert 
,USA 

Sweet potato 
62 20 30 60 40 150 April 4   

Mediterrane
an 

Sweet potato 
63 15 30 50 30 125 Rainy     

Tropical 
regions 

Sweet potato 64           seas       

Sugarbeet 65 30 45 90 15 180 March 3   Calif .,USA 

Sugarbeet 66 25 30 90 10 155 June 7   Calif .,USA 

Sugarbeet 
67 25 65 100 65 255 Sept 9   

Calif .,Desert 
USA 

Sugarbeet 68 50 40 50 40 180 April 4   Idaho, USA 
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Sugarbeet 
69 25 35 50 50 160 May 5   

Mediterrane
an 

Sugarbeet 
70 45 75 80 30 230 

Novem
ber 11   

Mediterrane
an 

Sugarbeet 
71 35 60 70 40 205 

Novem
ber     

Arid Region 

e. 72                   

Beans (green) 73 20 30 30 10 90 
Feb/Ma

r 02-آذار   
Calif.;Medite

rranean 

Beans (green) 74 15 25 25 10 75 
Aug/Se

p 
08-
   أيلول

Calif.;Egypt,L
ebanon 

Beans(dry) 
75 20 30 40 20 110 

May/Ju
ne 

05-
   تموز

Continental 
Climates 

Beans(dry) 
76 15 25 35 20 95 June 7   

Pakistan, 
Calif 

Beans(dry) 77 25 25 30 20 100 June 5 22 Idaho, USA 

Faba bean,  
broad bean 
            -dry 

            -green 
78 

15 
20 
90 
90 

25 
30 
45 
45 

35 
35 
40 
40 

15 
15 
60 

0 

90 
100 
235 
175 

May 
Mar/Ap

r 
Nov 
Nov 

03-
   ويسان

Europe 
Mediterrane

an 
Eruope 
Eruope 

Green gram 
cowpeas 79 

20 30 30 20 110 March 
3   

Mediterrane
an 

Groundnut 
80 25 35 45 25 130 

Dry 
season     West Africa 

Groundnut 81 35 35 35 35 140 May 5   High Latitues 

Groundnut 
82 35 45 35 25 140 

May/Ju
ne 

05-
   تموز

Mediterrane
an 

Lentil 83 20 30 60 40 150 April 4   Eruope 

Lentil 

84 25 35 70 40 170 
Oct/?N

ov 

10-
ا تشريه
 Arid Region   لثاوي

peas 85 15 25 35 15 90 May 5   Eruope 

peas 
86 20 30 35 15 100 

Mar/Ap
r 

03-
   ويسان

Mediterrane
an 

peas 87 35 25 30 20 110 April 4   Idaho, USA 

Soybeans 88 15 15 40 15 85 Dec 12   Tropics 

Soybeans 89 20 30/35 60 25 140 May 5   Central USA 

Soybeans 90 20 25 75 30 150 June 7   Japan 

f.Perennial 
Vegetables 

(with winter 
dormancy and 

initially bare 
or mulched 

soil) 91 

            

    

  

Artichoke  
92 40 40 250 30 360 

Apr(1^s
t yr) 4   California 

Artichoke  
93 20 25 250 30 325 

May(2^
ndyr) 5   (cut in May) 

Asparagus 94 50 30 100 50 230 Feb 2   warm winter 

Asparagus 
95 90 30 200 45 365 Feb 2   

Mediterrane
an 
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Cotton 
96 30 50 60 55 195 

Mar-
May 03-أيار   

Egpt;Pakista
n;Calif. 

Cotton 
97 45 90 45 45 225 Mar 3   

Calif.Desert,
USA 

Cotton 98 30 50 60 55 195 Sept 9   Yemen 

Cotton 99 30 50 55 45 180 April 4   Texas 

Flax 100 25 35 50 40 150 April 4   Europe 

Flax 101 30 40 100 50 220 October 10   Arizona 

h.Oil Crops 102                   

Castor beans 
103 25 40 65 50 180 March 3   

(Semi)Arid 
Climates 

Castor beans 104 20 40 50 25 135 Nov. 11   Indonesia 

Safflower 
105 20 35 45 25 125 April 4   

California,US
A 

Safflower 106 25 35 55 30 145 Mar 3   High Latitues 

Safflower 

107 35 55 60 40 190 
Oct/No

v 

10-
ا تشريه
 Arid Region   لثاوي

Sesame 108 20 30 40 20 100 June 7   China 

Sunflower 109 25 35 45 25 130 
April/M

ay 04-أيار   
Medit.;Califo

rnia 

i.Cereals 110                   

Barley/Oats 
wheat 111 15 25 50 30 120 

Novem
ber 11   Central India 

wheat 112 20 25 60 30 135 
March/

Apr 
03-
 L°45-35   ويسان

wheat 113 15 30 65 40 150 July 7   East Africa 

wheat 114 40 30 40 20 130 Apr 4     

wheat 115 40 60 60 40 200 Nov 11     

wheat 116 20 50 60 30 160 Dec 12   
Calif.Desert,

USA 

winter wheat 
117 20^2 60^2 70 30 180 

Decemb
er 12   Calif.,USA 

winter wheat 
118 30 140 40 30 240 

Novem
ber 11   

Mediterrane
an 

winter wheat 119 160 75 75 25 335 October 10   Idaho, USA 

Grain (Small) 
120 20 30 60 40 150 April 4   

Mediterrane
an 

Grain (Small) 

121 25 35 65 40 165 
Oct/No

v 

10-
ا تشريه
   لثاوي

Pakistan;Arid 
Reg 

Maize (grain) 
122 30 50 60 40 180 April 4   

East 
Africa(alt) 

Maize (grain) 

123 25 40 45 30 140 Dec/Jan 

01-
ا كاوون
 Arid climate   لأول
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Crop NO Crop 
Maximum Root 

Depth^1(m) 
Depletion 

Fraction^2  

Minimum 
Root 

Depth^1(m) 

      (for ET ≈5mm/day   

a.small Vegetables 1       

Broccoli 2 0.5 0.45   

Brussel Sprouts 3 0.5 0.45   

Cabbage 4 0.9 0.45   

Carrots 5 0.55 0.35   

Cauliflower 6 0.75 0.45   

Celery 7 0.55 0.20   

Garlic 8 0.55 0.30   

    0.55 0.30   

    0.55 0.30   

Lettuce 9 0.55 0.30   

Onions -dry 10 0.6 0.30   

Onions-green 11 0.6 0.30   

Onions -seed 12 0.6 0.35   

Spinach 13 0.55 0.20   

Radishes 14 0.55 0.30   

b.Vegetables -Solanum Family 
(Solanaceae 15 1.3 0.45   

Egg plant 16 1 0.30   

Sweet Peppers [bell] 17 1.45 0.40   

Tomato 18 1.45 0.40   

c.vegetables  -Cucumber 
Family(Cucurbitaceae) 19 1.45 0.40   

Cantaloupe 20 1.2 0.45   

Cucumber -Fresh Market 21 0.95 0.45   

Cucumber -Machine  harvest 22 0.95 0.50   

Pumpkin ,winter Squash 23 1.25 0.50   

Squash ,Zucchini 24 0.8 0.35   

Sweet Melons 25 1.15 0.40   

Watermelons 26 1.15 0.40   

d.Roots and Tubers 27 1.15 0.40   

Beets ,table 28 0.8 0.50   

Cassva -year 1 29 0.65 0.35   

Cassava -year2 30 0.85 0.40   

Parsnip 31 0.75 0.40   

Potato 32 0.5 0.35   

Sweet Potato 33 1.25 0.65   

Turnip (and Rutabaga) 34 0.75 0.50   

Sugar Beet 35 0.95 0.55^3   

e.Lugumes  (Leguminosae) 36 0.95 0.55^4   

Beans , green 37 0.6 0.45   
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2.1.1

 

2.2.2 

 

2.1




