
 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

28  
 
 

ה   

ה   
 

 



  

 

  

│∂╘⌐ ................................ .............................  1 

з  ⌐╟╢ ⱴ♬ꜙ▪ꜟ ...................  2 

. ⌐╟╢ ─  ..............................  3 

. ─ ─  ................................ ..........  4 

. ─ ≤ ─  ............................  7 

. . ≤ ─ ⌐ ∆╢ ─  ............  7 

. .  ................................ ........  9 

. . ─  .........  23 

. . ◦Ⱶꜙ꜠כ◦ꜛfi  .............................  31 

. ⌐ ╢  ................................ .........  41 

. . ⌐ ╢↓╣╕≢─ ╖ .................  41 

. . ⌐ ╢ ⌂ ─  ...................  44 

. . ⌐ ╢ ⌂  .....................  47 

. . ≤ ─ ╘  .........................  83 

. . ─  ................................ ...........  85 

. . ─  ................................ .........  88 

и   ................................ ..................  90 

. ⌐╟╢  ................................ ...  91 

. . ─  ................................ .........  91 

. . ─  ................................ .  92 

. ⌐╟╢ ─  .............................  95 

. . ⌐ ╢ ─ ─  .....  95 

. . ─ ⌐╟╢  ...................  99 

. . ⌐╟╢ ─  ..............  101 

. . ─  ..........................  106 

. ⌐⅔↑╢ ─ ≤  ..........................  107 

. . ⌐⅔↑╢ ─  ........................  107 

. . ⌐⅔↑╢ ─  ................  109 

. ⅜ ⌐⅔↑╢ ⌐≈™≡ ............................  113 

. . ⅜ ─ ─  ................................ ..  113 

. . ⌐⅔↑╢ ⌂  ......................  117 

. ─ ≤ ─  ................................  119 



  

 

. . ─ ⌐ ∆╢  ....................  119 

. . ⅜ ↓∆ ─ ─  ............  134 

. . ⌂ ─  ..........................  134 

 

27  ─√╘─  



  

1 

 

│∂╘⌐ 

─ ─ ⌐⅔™≡⁸ ┘ ⁸₈ ₉

≤™℮⁹ ─ ─ │⁸ ⇔≡ ─ ≢ ╙ ↄ⌂∫≡⅔╡⁸

⌐╟╢ │ ─ ≢∆⁹ ⌐⁸ │ ⌐ⱷ♩Ⱬ⸗◓꜡

ⱦfi ╩ ⅝ ↓∆↓≤⅜ ╠╣≡⅔╡⁸ ⌂ ⌐ ╕╣⁸ ╩ ⌐

∫≡™╢ ⌐⅔™≡│⁸ ⌂ ≤⌂∫≡™╕∆⁹ 

│⁸∕─ ⁸ ∑≈ ⁸ ⅜ ⅛≈ ⌐╦√╢↓

≤⅛╠⁸∕─ ⌐ √∫≡│⁸ ╛ ⁸ ┘ ─ ≤ ╩ ≡⁸

─ ה ⁸ ⁸ ─ ⌐ ∂√ ⌂ ╩ ה ∆╢↓≤

⅜ ≤⌂╡╕∆⁹ 

╕√⁸ 26 ⌐ ↕╣√₈ ₉╛ 27 10 ⌐ ↕╣√

₈ ₉⌐ ≠⅝⁸ ─ ⌐⅔™≡ ╩ ⇔√ ≢ ⌂

─ ≤ ╩ ╢₈ ⱴⱠ☺ⱷfi♩₉╩ ∆╢↓≤⅜ ╘╠╣≡™╕∆⁹ 

≢│⁸ ─ ●▬♪ꜝ▬fi≤⇔≡ ─ ₈

ⱴ♬ꜙ▪ꜟ ₉≤™℮⁹ ╩ 11 13 ⌐ ⇔╕⇔√⁹ 

 ̧ ₈ ┘ ⌐ ╢ ⱴ♬ꜙ▪ꜟ 13 ₉ 

 ̧ ₈ ┘ ⌐ ╢ 13 ₉ 

 ̧ ₈ ┘ ⌐ ╢ 13 12 ₉ 

 ̧ ₈ ┘ ⌐ ╢ ⱴ♬ꜙ▪ꜟ 11 ₉ 

⇔√ⱴ♬ꜙ▪ꜟ│⁸ ─ ╩ ∆╢≤≤╙⌐⁸ √⌂ ⁸ ╩

∆╢≤≤╙⌐⁸ ─ ╩ ╕ⅎ⁸ ╩ ⇔ ⇔⁸ ─ ─

⌐╟╢ ─√╘─ ⌂ ╩ ≤⇔≡ ⇔√╙─≢∆⁹ 

ⱴ♬ꜙ▪ꜟ≢│⁸ з ≢ ─√╘─ ╩ ≤⇔√ⱴ♬ꜙ▪ꜟ╩⁸ и

≢ ⌐ ∆╢ ₁─ ╩∕╣∙╣ ⇔≡™╕∆ ⁹ 

⁸ ⌐⅔™≡ ╩ ∆╢ ⌐⁸ ≢ ╩ ∆╢

⌐≤∫≡ ⌂ ─ ≤⇔≡ ≡ ↑╣┌ ™≢∆⁹ 

⌐⁸ ⱴ♬ꜙ▪ꜟ─ ⌐ √∫≡│⁸₈ ─√╘─

 ☿fi♃כ ₉─ ─ ₁⅛╠↔ ↔ה

╩ ⅝╕⇔√⁹↓↓⌐ ╘≡⅔ ⇔ →╕∆⁹ 

 

           28 ה   ה  
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з  ⌐╟╢ ⱴ♬ꜙ▪ꜟ 
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.  ⌐╟╢ ─  

─ ⅛╠ ─ ⅜ ↕╣╢↓≤│╕╣≢№╢⁹⇔√⅜∫≡⁸

10mg/L╩ ⅎ╢ ─ ⅜ ⅛╠ ↕╣√ ⁸ ⌐│ ─ ⌐

∆╢╙─≤ ⅎ╠╣╢⁹∕─ ⌂ ≤⇔≡⁸ ─ ≈─ ⅜ ⅎ╠╣╢⁹ 

ᵑ ⌐╟╢╙─ 

ᵒ ∑≈ ─ ⌐╟╢╙─ 

ᵓ ─ ⌐╟╢╙─ 

↓─╟℮⌐⁸ ┼─ ─ │⁸ ⌂≥─ ≤⁸ ∑≈ ⁸ ⌂≥─

⌐ ↕╣╢⁹⌂⅔⁸↓╣╠ ⌐│ │ ⌂ ⅜№╡⁸ ⅜ ⌐

⇔≡ ╦╣≡™╢↓≤⅜ ™⁹╕√⁸ │ ⌐ ∆╢ ⅜ ⅝ↄ⁸ ≤≤╙⌐

⇔ ™√╘⁸10mg/L╩ ⅎ╢ ─ ⁸₈ ₉≤™℮⁹ │ ™⁹ 

⌂⅔⁸↓─╟℮⌂ ⌂ ─ ╩ ↑⌂™ ⌐⅔™≡╙⁸ ─ ╛

─ ⌐╟╡ ↕╣╢ ╛⁸ ⌂≥─ ─ ⌂≥⅜ ≤⌂∫≡™╢

╩ ╪≢™╢⁹ 

─╟℮⌐⁸ ⌐╟╢ ─ ≤⇔≡│⁸ ⅜ →╠╣╢⁹ 

ᵑ │⁸∕─╒≤╪≥│ ⌐ ∆╢ ≢№╢⁹ 

ᵒ ─ ⌐│ ≤ ⅜№╢⁹ 

ᵓ │ ™⁹ 

ᵔ ─ ⌐╙ ⅜№╢ ╕╣≡™╢⁹ 

 

 ≤ ─  

 

─ ⁸ ⁸▪fi⸗♬►ⱶ▬○fi │⁸ ─ ▬○fi ╩ ∆─⌐

⇔≡⁸ ⁸ ⁸▪fi⸗♬▪ │⁸∕╣∙╣─ ─ ─ ─ ╩

∆⁹ 

 

─   
N ≤▬○fi ─  

β  

 

NO -N≤  

⌐ ╕╣╢ ▬○fi NO  

─ ─  

 

 

NO -N≤  

⌐ ╕╣╢ ▬○fi NO

─ ─  

 

▪fi⸗♬▪  

NH -N≤  

⌐ ╕╣╢▪fi⸗♬►ⱶ▬○fi

NH4 ─ ─  

 

 

 

NO -N 
 

 

NO  
(▬○fi) 

 

×14 62 

 

 

 NO -N 
 

 

NO  
(▬○fi) 

 

×14 46 

 
 NH4-N 

 

 

NH  
 ×14 18 
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.  ─ ─   

─ ≤⌂╢ ─ ⌂ ≤⇔≡│⁸ ⅝ↄ ⁸ ⁸

∑≈ ⅜ →╠╣≡™╢⁹↓─ ⁸ ≤⇔≡│ ≥ ™⅜⁸ ╙

─ ≈≤⇔≡ ⅎ╠╣╢⁹ ─ ╩ ≤⇔≡ ∆╢ ─ ⌂

╣│⁸ - ⌐ ∆≤⅔╡≢№╡⁸ᵑ ⁸ᵒ ⁸ᵓ ┘ᵔ

─ ⌐ ↑╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ ⌂ ╣ 

 , ⌐╟╢ ─ ⅝,  

☿fi♃כ, 17  
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⅜ ∆╢ ⌐ ≠ↄ ( ─ ⌐№∫≡│⁸₈

─ ╩ ∆╢ ─ ⌐≈™≡₉( 14 ↑ 189

)≢ ↕╣√₈ ₉─℮∟─ )⁸ ⅜

∆╢ ⁸ ⅜ ∆╢ ─ ╩ ה ⇔⁸

⌐ ╢ ┘ ─ ─ ╩ ∆╢⁹ 

⅜ ↕╣√ ⌐│⁸ ⅜ ↕╣√ ─ ╕√│ ─ ⁸

─ ⌐ ╢ ⌂≥╩ ∆╢↓≤⌐╟╡⁸ ⁸

⁸ ─ ╩ ⌂ ╡ ∆╢⁹ 

⌂⅔⁸ ╩ ™≡ ⌐╟╢ ─ ─ ╩ ⇔√ ⁸ ⌐

╟╡ ה ╩ ℮↓≤⌐╟╡⁸ ⌐ ─ ⁸ ╩ ╠⅛⌐∆╢↓≤⅜

≢№╢⁹ 

 

┘∕─ ─ ╛ ⁸ ⁸ ─

╩ ⇔√ ╩ ⌐⁸ ⁸ ⁸ ⁸ ─

─ ╩ ∆╢√╘⁸ ╩ ה ∆╢ ⁸ ⌐ ∂≡ ⅝ ╡ ┘

╩ ℮⁹ ⇔√ ⌐≈™≡│⁸ ⌐ ∆╢⌂≥⁸ ⌐ ∆╢⁹ 

⌂⅔⁸ ─ ─ ⌐│⁸ ⅜ ⅛╠ ╣√ ─ ⌐

∆╢↓≤⅜№╢─≢ ╩ ∆╢⁹╕√⁸ ─ ⅜ ─ ⌐ ∆

╢ ╙№╢─≢⁸↓╣╠⌐≈™≡╙ ⇔≡⅔ↄ↓≤⅜ ╕⇔™⁹ 

│ ≢ ⌐ ∆╢↓≤⌐ ⇔⁸ ♃כ♦─ ╩ ∆╢↓

≤⌐╟╡⁸ ╩ ∆╢⁹⌂⅔⁸ ⁸ ⁸ │⁸ ⌐⅔

↑╢ ╩♃כ♦ ∆╢↓≤⅜ ╕⇔™⅜⁸ ⅜♃כ♦ ╠╣⌂™╙─⌐≈™≡│⁸

⌐╟╡ ⌂≥ ─ ⌐ ╩♃כ♦⌂ ∆╢⁹ 

⌐⁸ ─ ⌐№√∫≡│⁸ ⅜ ∆╢ ╛ ⅝ ╡

⌐╟╡ ─ ─ ╩ ⇔⁸ ─ ╛ ╩ ╕ⅎ⁸ ⌂

⅜ ╦╣╢╟℮⌐ ╩ ∆╢⁹ ─ ⅜ ╠⅛⌂ ⌐

│⁸ ≤ ─ ⅛╠ ⇔≡™╢ ╩ ∆╢⁹ ─

⅜ ⌂ ⌐│⁸ ─ ⅜ ╠⅛⌂ ⌐⅔™≡ ╩ ™⁸

↕╣≡™╢ ╩ ╠⅛⌐⇔√ ⌐ ╩ ∆╢⁹⌂⅔⁸∕─ ─

⌐≈™≡╙⁸ ─ ╩ ∆╢√╘⌐ ⇔≡⅔ↄ↓≤⅜ ╕⇔™⁹ 

⌐╟╢ ⅜ ╠⅛⌐⌂∫√ ⌐│⁸ ⌐╟╢ ╩ ∆╢√╘⁸

⌐ ∆╢≤≤╙⌐⁸ ┼─ ⁸ ┼─ ╩ ∆

╢⁹ 

╩ ╘╢℮ⅎ≢⁸ⱳ▬fi♩≤⌂╢ ⌂ │ ─ ╡≢№╢ ⁹ 

ᵑ ה  

╩ ∆╢ ה ⌐⅔↑╢ ⁸ ⁸ ─
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ᵒ ∑≈  

─ ⁸ ⁸ ⁸ ∑≈ ⁸ ∑≈ ─

⁸ ∑≈ ─  

ᵓ  

⁸ ⁸ ─ ┘

─ ⁸ ─ ─ ─ ⁸  

ᵔ  

⁸ ─ ⁸ ⁸ ─ ⁸ ⁸ ─

⁸ ⁸ ⁸ ─ ⁸ ⌐⅔↑╢ ה

 

ᵕ  

⌂ ╩ ↑≡™⌂™≤ ⅎ╠╣╢ ─ ●☻

─ ה ⁸ ⁸ ⁸ ─ )⁸

┘ ─ ⁸  

 

┘  

┘ ─ ╩ ⇔⁸ ─ ⁸ ─ ה

⁸ ↔≤─ ⁸ ─ ⁸ ─ ⁸ ─ ⅛╠⁸

─ ⌐≈™≡ ⇔⁸ ╩ ∆╢⁹ 

ᵑ ─ ⁸ ─ ה ⅛╠⁸ ─╖⌐

╟╢╙─⅛⁸ ⅜ ⇔≡™╢⅛╩ ∆╢⁹ 

ᵒ ⅜ ⇔≡™╢≤ ⅎ╠╣╢ │⁸ ─ ⁸ ─

┘ ⅛╠ ─ ╩ ⇔⁸↓─ ─ ╙ ╘√

↔≤─ ╩ ה ∆╢⁹╕√⁸ ⌐ ≤

─ ה ╩ ⇔⁸ ∆╢⁹ 

ᵓ ─ ─ │⁸ ─ ⌐ ⅎ≡⁸▪fi⸗♬▪

─ ⌐ ⌐ ⇔⁸ ┼─ ─ ┘ ╩ ╕ⅎ⁸

╩ ∆╢⁹ 

ᵔ ─ ⅜ ≢№╢ │⁸ ⅜ ≢№╢ ⌐ ═≡ ™ ─

─ ╩ ↑≡™╢↓≤╙ ⅎ╠╣╢↓≤⅛╠⁸ ⌂ ╛

─ ⌂≥╙ ⇔ ∆╢⁹ 

ᵕ ─ ⅜ ─ ⁸ ─ ⌐ ⇔≡™╢↓≤╙№╢─≢⁸↓─

↓≤╩ ╕ⅎ≡ ∆╢⁹ 

 

╕√⁸ ─ ╩ ∆╢√╘⁸ ≤ ∑≡⁸ ⁸

─ ⌐≈™≡╙ ⇔≡⅔ↄ↓≤⅜ ╕⇔™⁹ 
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.  ─ ≤ ─  

. .  ≤ ─ ⌐ ∆╢ ─  

─₈ ₉⁸₈ ₉≤⇔≡ ⌂ ╩⁸∕╣∙╣─

⁸ ה ⁸◖☻♩ ⌐≈™≡ ⌐ ⇔⁸ . ⌐ ∆⁹ 

  ≢│⁸ ─ ╩ ≤ ⌐ ⇔⁸ ∆╢ ╩ ⇔≡™╢⁹ 
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 .  ≤ ─√╘─ ─  

 
 

─ 
 ◦Ⱶꜙ꜠כ◦ꜛfi  

  ⱶ Ⱬ◐◘♄▬▪◓ꜝⱶꜝ◓▪▬♄כ◐
 

ⱴ♥ꜞ▪ꜟⱨ꜡כ  ⸗♦ꜟ ꜞ☻◒ ⸗♦ꜟ 

 

ה ▬○fi≤ ▬○
fi─♦כ♃╩ⱪ꜡♇
◓Ⱨfiכꜟ◓≡⇔♩
╩ ™⁸ ─

╛ ─
⅜╡ ╩ ∆╢─
⌐ ≢№╢⁹ 

ה ─ ─
⌐╙ ≢№╢⁹ 

ה ⌐╟╢
─ ⅜╡ ╩

∆╢─⌐ ≢№
╢⁹ 
ה ─ ─

⌐╙ ≢№
╢⁹ 

ה ─
─ ╩ ⇔⁸
─ ⁸
┤╪ ⁸ ≤─
╩ ∆╢↓≤

⅜ ╢⁹ 

ה ─ ─
⁸

⌂≥─ ╩
≢⅝╢⁹ 

ה ⌐ ⅎ⌂™ ─
╛ ⌂≥╩
╢⁹ 
ה ─ ◦♫ꜞ○─
⅜ ≢№╢⁹ 

ה ⌂ ⌐╟╡⁸ ─
╛ ⅜ ╣╢╕≢

─ ─ ╙ ≢№╢⁹ 

ה ╩ ⅎ
∏⌐⁸
─ ◦
♫ꜞ○─
⅜ ≢ №
╢⁹ 

 

ה ─
⅛╠⁸ ⌐ ─
⅜╡╩ ≢⅝╢⁹ 

⅜♃כ♦ה ╛∆™⁹ 
ה ▬○fi ⌐

▬○fi ≤ ╖
╦∑╢↓≤⌐╟╡⁸

╩№╢
≢⅝╢⁹ 

ה ╩№╢
≢⅝╢⁹Ⱬ◐◘♄▬
▪◓ꜝⱶ ≤ ∑
≡ ∆╢↓≤⌐╟
╡⁸╟╡ ─
⅜ ╕╢⁹ 

ה ⅛╠⁸
─ ≤⌂╢
╩ ≢⅝╢⁹ 

ה ⌐≥↔☻כ◔ ╩
⇔⁸ ╩ ⌐ ≢⅝

╢⁹ 

ה ─
⸗♦ꜟ⌐

═≡⁸ ⌐
╩

⇔⁸ ╩
≢⅝╢ 

 

ה ─ ─
│ ≢⅝╢⅜⁸

≤─ ╩
∆╢ ≢╛╛

™⁹ 

ה ─
⌐≈™≡⁸

⅜ ⁹ 

ה ≢⅝╢
⅜ ↕╣⁸
─ ◖☻♩⌐

═≡╛╛ ≢№
╢⁹ 

ה ⅜
⌐ꜞfi◒⇔≡™⌂™
─≢⁸ ─ ⅜

⌂™⁹ 

ה ╛ ⁸
─ ⅜♃כ♦ ↄ⌂™≤

⅜ ⁹ ─
⁸ ⌐ ╢Ɽꜝⱷ⁸╛♃כ
─ ⌐ ∆╢ ₁─

⌂Ɽꜝⱷכ♃─ ⅜ ⁹
⌐ ─ ⅜ ⇔™ 

⁸Ɽꜝⱷ∞╕ה
♃כ ⌐

⅜№╢⁹ 
ה ⸗♦ꜟ⌂
─≢⁸ ─

⌂
⌐ ™≡™⌂
™⁹ 

 

ה ─
⌐ ╩ ∆╢
⅜№╢⅜⁸

│ ⁹ 

ה ─
⌐ ╩ ∆

╢ ⅜№╢⅜⁸
│ ⁹ 

ה │ ⅜
ↄ⌂∫≡⅝√─≢⁸

╙ ↄ⌂∫
≡⅝√⅜⁸
╟╡│ ⁹ 

ה ─ ⅜
⌂ ⌂─≢ ⁹ 

ה ⸗♦ꜟ─ │
⌐ ⁹ 

◒☻ꜞה ⸗
♦ꜟ│
⌐ ⁹ 
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. .   

─ ╩ ™⁸ ⌂ ╩ ∂╢√╘⌐│⁸ ─ ╛⁸

⌂≥─ ≤─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ ≤⌂╢ ≤⇔≡

│⁸₈ ⌐⅔™≡ ⇔≡™╢ ₉≤₈ ⌐ ∂≡ ∆╢ ◌ꜟ

◦►ⱶ▬○fi⁸ ▬○fi⁸ ₉⅜№╢⁹╕√ ≤⇔≡│⁸

⁸ ─ ⁸ ⁸ ⅜№╢⁹ 

≢│⁸ ─ ╢╟⌐ⱶꜝ◓▪▬♄כ◐₈≡⇔≥ ₉⁸₈Ⱬ◐◘♄

▬▪◓ꜝⱶ⌐╟╢ ₉⁸₈ ⌐╟╢ ₉⁸₈∕─ ─ ⱴ♩

ꜞ♇◒☻⌐╟╢ ₉⌐≈™≡ ≤ ╩ ∆⁹ 

 

╢╟⌐ⱶꜝ◓▪▬♄כ◐  

│ⱶꜝ◓▪▬♄כ◐ ⁸ ▬○fi⁸ ▬○fi─ ╩ ∆ ≈─ ♄▬

▪◓ꜝⱶ≤⁸∕╣╩ ⇔≡ ╠╣╢ ≈─ ♄▬▪◓ꜝⱶ⅛╠ ↕╣╢⁹ 

╩ ℮ ⌐│⁸ ⇔≡ ♄▬▪◓ꜝⱶ─╖≢ ⌂ ⅜ ™ .

-  ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

.  ⱶꜝ◓▪▬♄כ◐ 

⌐╟╢ ⇔™ 1991  

 

♄▬▪◓ꜝⱶ╩ ∆╢⌐│⁸ . - ⌐ ∆ ⌐≡⁸ mg/L ⅛

╠ mEq/L mmolC/L ⌐ ⇔≡ ─ ╩ ™⁸ HCO3 ≤ Ca2+

Mg2+ ─ ⌐ⱪ꜡♇♩∆╢⁹ 

[ HCO3 ] ( HCO3 )÷( HCO3 Cl SO4
2 NO3 )×100 

[ Ca2+ Mg2+] ( Ca2+ Mg2+)÷( Ca2+ Mg2+ Na+ K+) ×100 
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 mg/L⅛╠mEq/L mmolC/L ┼─  

   

◌ꜟ◦►ⱶ Ca  0.0499 

ⱴ◓Ⱡ◦►ⱶ Mg  0.0822 

♫♩ꜞ►ⱶ Na  0.0435 

◌ꜞ►ⱶ K  0.0256 

ⱴfi●fi Mn  0.0364 

▬○fi Fe2+  0.0358 

▪fi⸗♬►ⱶ▬○fi NH4+  0.0556 

▪ꜟ◌ꜞ  CaCO3  0.0200 

▬○fi HCO3  0.0164 

▬○fi CO3
2  0.0333 

▬○fi Cl  0.0282 

▬○fi SO4
2  0.0208 

▬○fi NO3  0.0161 

┤∫ ▬○fi F  0.0556 

⌐╟╢ ⇔™ 1991  

 

↓─ ─ ≤⇔≡│⁸ ⅜ →╠╣≡™╢⁹ 

 ̧ ⱪ꜡♇♩↕╣√ ≢ ⅜ ⅛╢⁹ 

 ̧ ⅜◓Ⱨfiכꜟ◓ ≢№╢⁹ 

 ̧ ─ ─ ⱪכꜟ◓⁸≤⌂ ─ ⁸ ⅜ ⅛╢⁹ 

 ̧ ─ ⌐ ⌂ↄ ≢⅝╢⁹ 

 ̧ ─◘fiⱪꜟ╩ ⌐ ⅎ╢⁹ 

⁸ ≤⇔≡│⁸ ⅜№╢⁹ 

 ̧ ─╖≢ ⅜ ⅛╠⌂™⁹ 

 ̧ ╛ ⅜╛╛ ≢№╢⁹ 

 ̧ ☻Ɑכ☻⌐ ∆╢ ─ ⅜ ≢№╢⁹ 

√∞⇔⁸ ≤↕╣≡™╢ ⌐ ⇔≡⁸ │◖fiⱧꜙכ♃♁ⱨ♩╩ ⅎ┌ │⌂

™⁹ 

. - ⌐ⱪ꜡♇♩∆╢↓≤⌐╟╡⁸ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

ⅎ┌⁸ ─ ─ ⌐ ∆╢≤ ⅎ╠╣╢ │⁸∕─

─ ⌐ ⌂ↄ⁸╒╓ ─ ⌐ ∆╢⁹╕√⁸↓─◓ꜝⱨ─з⅛╠к─≥─

⌐ⱪ꜡♇♩↕╣╢─⅛⌐╟∫≡⁸ ─ ╩ ─╟℮⌐ ∆╢↓≤⅜≢⅝╢

,1991 ⁹ 

з Carbonate Hardness  

Ca(HCO3) 2 ╛ Mg(HCO3) 2 ⌐╟╡ ↕╣╢ ≢№╢⁹ ≤⇔≡ │

↓─ ⌐ ⇔⁸ ─ ─ ╩ ⇔≡™╢⁹ ╙↓─

⌐№╢⅜⁸╙∫≤ ⌐ ╡⁸ ₁⌐(и)⌐ ∆╢ ⅜№╢⁹ 



  

11 

и ▪ꜟ◌ꜞ Carbonate Alkalinity  

NaCO3 ╛ K2CO3 ⅛╠⌂╡⁸ ─ ≢№╢↓≤╩ ∆⁹ ─

│↓─ ⌐ ╕╢ ⅜№╢⁹ 

й Non- Carbonate Hardness  

↕╣≡™⌂™ ─ ⌐│№╕╡ ╠╣⌂™⅜⁸ ⌐╟╢

╩ ↑╢ ⁸↓─♃▬ⱪ⌐ ∆╢↓≤⅜№╢⁹ 

к ▪ꜟ◌ꜞ Non- Carbonate Alkalinity  

╛ ⅜ ≢№╡⁸ ─ ╛ ─ ⇔√ ≢№╢

≤ ⅎ≡╟™⁹ 

 

Ẽ ◐כ♄▬▪◓ꜝⱶ  

. - │⁸ ─ ⅛╠ ꜝ◓▪▬♄כ◐√⇔

ⱶ─ ≢№╢⁹ 

▬○fi│ Ca2+ Mg2+ ⱪ⁸כꜟ◓ ▬○fi│ NO3 Cl SO4
2 ⱪכꜟ◓

⅜≤╙⌐50 ⌐ⱪ꜡♇♩↕╣╢й ⌐ ∆╢ ⅜ ™↓≤⅜ ⅛╢⁹ 

↓─↓≤⅛╠⁸з ╛и ⌐ⱪ꜡♇♩↕╣╢╟℮⌂ ⌂ ≢│⌂ↄ⁸

─ ╩ ↑√ ≢№╢↓≤╛⁸↓─╟℮⌂ ⅜ ⌐ ↄ

⇔≡™╢ ╩ ╖≤╢↓≤⅜≢⅝╢ ,1996 ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. ─ⱶꜝ◓▪▬♄כ◐   

, 11 ⌐╟╢ ⌐⅔↑╢  

┘ ─ ⅝, 12  
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Ẽ ♩ꜞꜞ♬▪♄▬▪◓ꜝⱶ  

─ⱶꜝ◓▪▬♄כ◐ ≤⇔≡⁸NO3- N ⌐ ⇔≡ ∆♩ꜞꜞ♬▪  

♄▬▪◓ꜝⱶ╩ ∆╢ ≥ⱶꜝ◓▪▬♄כ◐⁹╢№⅜ ∂ ≈─ ╩

≤⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  NO3- N ─♩ꜞꜞ♬▪♄▬▪◓ꜝⱶ─  

, , ⌐ ╦╢ ─  

☿fi♃כ 35 2009  
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Ⱬ◐◘♄▬▪◓ꜝⱶ⌐╟╢  

Ⱬ◐◘♄▬▪◓ꜝⱶ│⁸ ─ ⌂ ▬○fi─ ╩ ─ ⌐ⱪ꜡

♇♩⇔⁸ ╩ ╪≢ ≢ ∆╢╙─≢№╢⁹ . - ⌐Ⱬ◐◘♄▬▪◓ꜝⱶ─

╩ ∆⁹ ╩ ╪≢ ⅜ ▬○fi─ ⁸ ⅜ ▬○fi─ ≢№╢⁹ 

⌂⅔⁸ ▬○fi NO3 ⌐≈™≡│⁸ ↄ ╡≈┬∆↓≤⌐╟╡⁸ ─ ≤

⇔≡ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ ™ ⅜⌂™ │⁸ ▬○fi⅜ ⇔⌂

™⁹ 

 

 

 

 

 

 

 

 

 

 

 

.  ⌂ Ɽ♃כfi─Ⱬ◐◘♄▬▪◓ꜝⱶ 

Ⱬ◐◘♄▬▪◓ꜝⱶ╩ ™╢≤ ▬○fi─ ⅜ ⌐ ≢⅝╢⁹ ⅜ ⇔ↄ⌂╢≤⁸ 

ↄ ╡≈┬↕╣╢ ⅜ ⅝ↄ⌂╢⁹╕√⁸ ─ ╩ ⇔≡™╢ ─ ╩ 

↑╢ │⁸SO4
2 ⅜ ⅝ↄ⌂╡⁸ ─ ⅜ ⅝ↄ⌂╢⁹ │⅝╣™⌂  

⅜ ⅛╣╢ ⅜ ™⁹ 

≤ ∂  

 

↓─ ─ ≤⇔≡⁸ ⅜ →╠╣≡™╢⁹ 

 ̧ ⅜ ≢⁸ ─ ⅛╠ ⅜╦⅛╢⁹ 

 ̧ ─ ⅛╠ ⅜╦⅛╢⁹ 

 ̧ NO3 ╩ ↄ ╡≈┬⇔≡™╢─≢ ─ ╩ ⇔╛∆™⁹ 

 ̧ ⅜ ≢№╡ ⅜ ≢№╢⁹ 

⁸ ≤⇔≡│⁸ ⅜№╢⁹ 

 ̧ ─ ⌂≥─ ⌂ ⅜ ⅛╠⌂™⁹  

 ̧ ─ ⅜ ⅝™ ⌐ ≢ꜟכ◔☻ ↑⌂™⁹ 

 ̧ ה ╛ ⌂≥⁸ ─ ⅜ ⌐ ™ ─ ⅜ ≢№╢⁹ 

 

⌐ ⌐ ≤⇔≡ ⁸ ≤⇔≡ ╩ ⇔√ ⁸

─Ⱬ◐◘♄▬▪◓ꜝⱶ≤ ⇔≡⁸ ▬○fi⁸ ▬○fi⁸◌ꜟ◦►ⱶ▬○fi ┘ⱴ

◓Ⱡ◦►ⱶ▬○fi⅜ ∆╢⁹ 
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∑≈ ⁸ ╛ ─ ⅜ ™ ⁸Ⱬ◐◘♄▬▪◓

ꜝⱶ─ ─ NO3 SO4
2 ⅜ ↄ⌂╢↓≤⅜ ⅎ╠╣╢⁹∕─ ⁸ ─ ⌂

│⁸ . - ⌐ ∆╟℮⌐⁸SO4
2 ─ ≤NO3 NO3- N ─ ⅛╠ ∆╢

↓≤⅜≢⅝╢⁹ ⌐⁸ ⅜ ™ │ ⅜ ↄ⌂╡⁸ ∑≈

╛ ─ │ ⅜ ™↓≤⅛╠ ∆╢⁹ 

 

.  ⌂ ─ ▬○fi ⌐ ∆╢  

 

 

 

 

 

 

, , ⌐ ╦╢ ─  

☿fi♃כ 35 2009  

 

╠ 2009 ─ ≢│⁸Ⱬ◐◘♄▬▪◓ꜝⱶ≤⁸ ⌐ ═╢ ─

╩ ∑≡ ∆╢↓≤⌐╟╡⁸╟╡ ─ ⅜ ╟ↄ≢⅝╢≤⇔≡™╢⁹ 
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⌐╟╢  

⌐│⁸14N≤ 15N─ ≈─ ⅜ ⇔⁸ ≢─ │ 99.635 ≤

0.365 ≤╒╓ ≢№╢⁹ ⌐╟∫≡↓─ ≈─ ─ ⅜╒╓

─ ⌐ ╕╢ ⅜№╢↓≤⅛╠⁸↓─ ╩ ⇔≡⁸ ≢ ↕╣╢ ─

╩ ∆╢ ≢№╢⁹ 

─ ə15N │⁸ ≤∆╢ ─ 15N≤ 14N─ R 15N/14N ╩ ╘⁸

─ ─ ≤─ ╩ ≢ ⇔√╙─≢№╡⁸ ⌐╟╡

↕╣╢⁹ 

ə15N(Χ) [( Rsample/Rair ) 1] ×103 

R 15N/14N  Rair 3.663×10- 3 0.365 ÷99.635  

ə15N│ ─ ≤─ ≤⇔≡ ↕╣╢√╘⁸ ─ ●☻╩ ⇔≡

↕╣╢ ─ə15N │⁸ ♀꜡≤⌂╢⁹ 

. - ⌐ə15N ─ ╩ ∆⁹ ⅛╠⁸ ≢ Χ⁸ ≢ 7.4

6.8Χ⁸ ∑≈ ≢ 10 22Χ⁸ ≢ 15Χ⌂≥─ ⅜ ↕╣≡⅔╡⁸↓

╣╠─ ╩ ≤⇔≡ ─ ╩ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ə15N ─  

 , ⌐╟╢ ─ ⅝,  

☿fi♃כ, 17  

 

. │⁸ ≢ ↕╣√ ≤ ə15N─

╩ ⇔√╙─≢№╢⁹ 

─ ⅜ ⌐ ∆╢ ⁸ ─ ⌐ ™⁸

ə15N │ ₁⌐ ∆╢⁹ ╩ ⇔≡™╢ ≢│⁸ə15N ─

⅜ 1.1 7.9Χ≤ ↄ⁸ ⌐ ⇔≡ ⌐ ↄ ┘╢ ╩ ∆⁹ 
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⁸ ─ ⅜ ™≤ ╠╣╢ ≢│⁸ə15N ─ ⅜

4.8 21.2Χ≤⌂∫≡⅔╡⁸ ≤⇔√ ─ ≢│ ╙ ™ ⌐ ⇔≡™╢⁹ 

↓─╟℮⌐⁸ │ ╩№╢ ⇔⁸∕─ ≤⌂╡℮╢⁹

⌐⁸ ≢│ ↄ⁸ ─ │ ╘─ ╩ ∆↓≤⅜

™ ,1996 ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ≤ ə15N─  

, ╦⅜ ⌐⅔↑╢ ⌐╟╢ ─ ≤ ,  

Vol.19 No.12 pp.950 955 1996  

 

Ẽ  

─ ⌐≈™≡ ≢ ↕╣√ ╩ ⌐ ∆⁹ 

╠ 1997 ( 1)│⁸ ─ ─ ≤ ─ ╩ ≈⌐

↑⁸ə15N Χ ≤ ─ ╩ ⇔√⁹ . - ⌐ə15N Χ

≤ ─ ╩ ∆⁹ 

─ ─ ⁸ ⌂≥─ ╩ ↑⁸ ⌐

│№╢╙──⁸ ⌂ ≢№╢ ≤ ⅜

≢⅝≡⅔╡⁸ ─ ╩ ∆╣┌ ─ ⅜ ≤⌂╢⁹⌂⅔⁸↓╣

╠─ ⌐│⁸№╢ ─ ─ ╩ ∆╢ ⅜№╡⁸ ─ ⁸

─ ⅜ ≢№╢⁹ 

                            
(1) , , .

, ,39,1997 
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.  ⌐⅔↑╢ ≤ ─  

       ⌐( ± )─ ( )⁸ ( )╩ ⇔≡№╢⁹ 

, ⌐⅔↑╢ ─ , ,67,2003  

 

↓─ ⁸ ─ ≤ ╦∑≡ ⌐ ╕╣╢ ─ ə18O

╩ ™╢≤⁸╟╡ ─ ⅜⇔╛∆ↄ⌂╢( 2)⁹ 

. - ⌐ ₁⌂ ⅜≤╡℮╢ə15N ⅔╟┘ə18O ─ ╩ ∆⁹ 

 ̧ ╩ ≤∆╢ⱴⱷ ╛ ─ə15N │O ─ ╩≤╢⁹ 

 ̧ ─ ─ə15N │⁸▬fiⱪ♇♩≤⌂╢ ╛ ┤╪

⁸ ⌂≥╩ ⇔ ₁⌂ ╩≤╢⁹ ⌐⁸ ─ə15N │

™ ─ ⅜ ⌐ ⇔⁸ ⁸ ⌂≥⌐╟╡ ╦╣╢√╘⁸

O╟╡ ↄ⌂╢ ⌐№╢⁹ 

 ̧ ┤╪ ╛ ⌐ ╕╣╢ ─ə15N │⁸ ⌐⅔↑

╢ ╛ ─▪fi⸗♬▪ ⌐╟╢ ⌂≥⌐╟╡ ™ ╩

≤╢⁹ 

 ̧ ⌐╟∫≡ ↕╣√NO3─ ≈─ ─℮∟⁸ │

≢⁸ ╡─ │ ≤⌂╢⁹╟∫≡⁸ ╛ ┤╪ ⁸

⁸ ─ ╛▪fi⸗♬▪ ╩ ≤∆╢

│⁸ ⅜ ↓∫√ ─ ⅔╟┘ ─ə18O ╩ ⇔⁸ │

⅛╠ 15 ─ ╩≤╢⁹ 

 ̧ ⌐ ╕╣╢ ─ │ ─ ╩ ≤∆╢─≢⁸

─ ─ (ə18O +23.50Χ)⌐ ™ ╩≤╢⁹ 

                            

(2)
  ( ) , . 18  
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.  ₁⌂ ⅜≤╡℮╢ə15N ⅔╟┘ə18O ─  

       ▪fi⸗♬▪ ⅔╟┘ ─ə18O │ ⌐╟∫≡ ↕╣√≤⅝─ 

NO3─ə
18O ╩ ∆⁹ 

( ) , ─√╘─ ⸗♬♃ꜞfi◓ⱴ♬ꜙ▪ꜟ 

, 18  

 

Ẽ ≤ ─  

╠ 2011 │⁸1960 ⅛╠ ↔≤⌐ ↕╣≡™╢ ☿fi◘☻

─ ⅛╠ ⅛╠ ∆╢ ╩ ⇔√⁹ ☿fi◘☻ ≢│⁸

─ ↕⌂ ≢ ─ ╛ ─ ⌂≥─

⅜ ⁸⌐≥╙╩♃כ♦─╠╣↓⁹╢™≡╣╠ ╛ ⅛╠─

⁸ ⁸ ╩ ⇔⁸ ⌐⅔↑╢NO3- N ╩ ⇔

√⁹ 

─ NO3- N ─ ⌐ √╡⁸ ≢─ ⅜ ⌐

≢№╢≤⇔≡ ┼─ ╩ ≤ ⇔⁸ ─ 1/3 34 ⅜ ⌐

∆╢╙─≤⇔≡™╢⁹╕√⁸ ⌐≈™≡│⁸ ⅛╠⁸ ≢ 0.05

⁸ ⅔╟┘ ≢ 0.35 35 ≤ ⇔≡™╢⁹ 

. - ⌐⁸ ─ ─ ─ ╩ ∆⁹ 

╕√⁸ . - 10⌐⁸ ─ ─ ə15N ─ ╩

∆⁹ 

╠ 2011 │⁸↓╣╠ ╛ ⅛╠─ ╩ ⇔√ ⁸

⌐⅔↑╢ ∑≈ ⌐╟╢ ─ ⅜ ╠⅛≢⁸∕─♩꜠fi♪│

╛ ─ NO3- N ─ ⌐ ∆╢≤⇔≡™╢⁹ 
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╕√⁸↓╣╠─GIS╩ ⇔√ ☿fi◘☻♦כ♃ ≤ ─

⅛╠ ⌐⅔↑╢NO3- N─ ⌂ │ ∑≈ ╛

─ ≢№╢≤ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ─ ─ ─  

╠, ⌐⅔↑╢ ─ ≤ ◦☻♥ⱶ⅔╟┘

⌐╟╢ ─ , , Vol.34, 2011  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ─ ─  

ủ │ ≢№╢⁹  

≤ ∂  
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Ẽ ≤ ─  

⌐ə15N ⅔╟┘ə18O ╩ ™√ ╩ ∆⁹ 

. - ⌐ ─ ⌐⅔↑╢ ≤ ─ ─

─ ╩ ∆⁹ 

ᵑ ─ Ⱳ◒ ⁸ ≢│ ⌐ ╩ ⇔⁸╕√

─ ≢│1999 ╕≢ ╡⌐╟╡ ┤╪ ╩ ⇔≡™√

╩ ∆╢ ─N2O ─ə15N │ ⌐⅔™≡ 20Χ ≢

№╡⁸ TN ─ə15N ╟╡╙⅛⌂╡ ™⁹↓╣│ ─N2O │

⌐ ─ ≢ ⇔≡™╢↓≤╩ ∆≤⇔≡™╢ . -  

⁹ 

ᵒ N2O─ə
15N ≤ə18O ─ . -  ─ ≤⇔≡│⁸

─N2O─ ⁸№╢™│ ⌐╟╢N2O─ N2┼─ ⅜ ⅎ╠╣╢≤

⇔≡™╢⁹ 

↓─ ⌐⅔↑╢ə15N ≤ə18O ─ │⅔╟∕ : ≢№╡⁸

─ ⌐⅔↑╢ ə15N ə18O ԇ : ≤ ⌂╢ .

-  ⁹ 

          ⇔√⅜∫≡⁸↓─ ⌐⅔↑╢N2O─ə
15N ≤ə18O ─ ⅜

⌐╟╢╙─≢│⌂ↄ⁸ ⇔√ ─₈ ™ ─

™ ₉N2O≤ ⇔√ ┤╪ ─₈ ™ ─ ™ ₉

N2O≤─ ⅜ ╦∫√↓≤⌐╟╢╙─≢№╢≤ ↕╣╢≤⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

.  ─ ⌐⅔↑╢ ≤ ─  

( ) , ─√╘─ ⸗♬♃ꜞfi◓ⱴ♬ꜙ▪ꜟ 

, 18  
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.  ⌐⅔↑╢ə15N ≤ə18O ─  

≤ ∂  
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∕─ ─ ⱴ♩ꜞ♇◒☻⌐╟╢  

ⱴ♩ꜞ♇◒☻⌐╟╢ │⁸ ─ ─ ╩ⱴ♩ꜞ♇◒☻

≢ ⇔⁸ ─ ⌐╟∫≡ ╩ ∆╢ ≢№╢⁹ ⅎ┌⁸

≤◌ꜟ◦►ⱶ▬○fi Ca2+ ╛ⱴ◓Ⱡ◦►ⱶ▬○fi Mg2+ ─ ⅜ ™ ⁸№╢™│

─ ≢№╢ ▬○fi SO4
2 ⅜◌ꜟ◦►ⱶ▬○fi╛ⱴ◓Ⱡ◦►ⱶ▬○fi≤

⅜ ™ ⌐│⁸ ⌐╟╢ ─ ⅜ ⅎ╠╣╢⁹↓─╟℮⌐⁸ ─

≤∆╢ ⌐│⁸ ─▬○fi ≢ ⇔≡™⌂™ ╙ ╕╣╢

─≢⁸ ⌐ ∂≡ ↓℮⇔√ ╙ ⇔≡ ∆╢↓≤⅜ ╕⇔™⁹ 

 

Ẽ ⱴ♩ꜞ♇◒☻─  

. -  │⁸ ─ ⌐╟╡ ⅜ ⇔√ ─

─ ⱴ♩ꜞ♇◒☻─ ≢№╢⁹ 

NO3- N ≤ ™ ╩ ⇔√ │⁸ EC Ca2+ Mg2+

≢№╡⁸ │∕╣∙╣ 0.83⁸0.76⁸0.76 ≢№∫√⁹╕√⁸ ─

≢№╢ ▬○fi SO4
2 ╙⁸ Ca2+ Mg2+≤─ ⌐⁸∕╣∙╣ 0.86⁸0.88⁸

0.83 ≤ ™ ⅜№∫√⁹ 

↓─ ≢│⁸ ≤≤╙⌐ ─ ╩ ← ≢ ◌ꜟ◦

►ⱶ≤ⱴ◓Ⱡ◦►ⱶ╩ ≤∆╢ ⅜ ⌐ ↕╣≡™╢↓≤⅛╠⁸ ⌐

∆╢ ≤ ▬○fi⅜⁸◌ꜟ◦►ⱶ▬○fi╛ⱴ◓Ⱡ◦►ⱶ▬○fi≤ ™

╩ ≈↓≤⅛╠⁸ ─ ─ │⁸ ≢№╢≤ ≢⅝

╢⁹ 

⌂⅔⁸▪ꜟ◌ꜞ CaCO3 ≤◌ꜟ◦►ⱶ▬○fi╛ⱴ◓Ⱡ◦►ⱶ▬○fi≤─ ⅜

™↓≤⅛╠⁸ ─ ⌐ ╕╣╢Ca2+≤Mg2+⅜ ╛ ⅛╠─ ≢│

⌂™↓≤⅜ ↕╣⁸ ≤ ⌐ ↕╣√ ⌐ ∆╢↓≤⅜ ↑╠╣

╢⁹ 

 

.  ⱴ♩ꜞ♇◒☻─  

 

 

 

 

 

 

 

 

 

 

ה , ה ≤ ,( ) ,1996  
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. .  ─  

│⁸ ┼─ ─ ╩⁸ ⌐╟╡ ∆╢ ≢№╡⁸

₈ ┘ ⌐ ╦╢ ⱴ♬ꜙ▪ꜟ 1999 ₉⌐╟╢

≤ ⌐ ∆≤⅔╡≢№╢⁹ 

⌂⅔⁸ ⅛╠ ⁸ ─ ⌐ ∆╢ ─ ─ ╩ .

- ⌐ ∆⁹ 

 

⌐╟╢ ┼─ │ ⅛╠ ∆╢⁹ 

Nfy Ɉ Ufi ×Afi ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ (1)  

Nfy ⌐╟╢ kg/  

Ufi i ─ kg/ha/  

Afi i ─ ha  

 

∑≈  

⅛╠ ┼─ │ ⅛╠ ∆╢⁹ 

Nay Ɉ Uaj×Haj×ɘaj ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ (2)  

Nay ∑≈ ─ ⌐ ℮ ┼─ kg/  

Uaj j ⌐⅔↑╢ ∑≈ ─ kg/  

Haj j ⌐⅔↑╢ ∑≈ ─  

ɘaj j ⌐⅔↑╢ ∑≈ ─  

₡ ₢ 

 ̧ ∑≈ ≤ ╩ ⌐ ≠™≡ ╩ ╘╢─⅜ ╕

⇔™⅜⁸ ⌂ ⌐│ Uaj × Haj ╩ ∑≈ ─ ×

≢ ⅝ ⅎ╢ . -  ⁹ 

 ̧ 11 11 ⌐⁸ ∑≈ ─ ─ ┘ ─ ⌐ ∆╢

∑≈ ⅜ ↕╣⁸∕─ │ ∑≈ ⌐≈™≡│

⅜ ╖⁸™╦╝╢ ה╖ ╡ ─ │╒╓ ⇔≡™╢⁹∕

╣╝ⅎ⁸ ⌐╟╡⁸ ↔≤⌐ ∑≈ ─ ╩ ╘╢

⅜№╢⁹⌂⅔⁸ ∑≈ ─ ╡ ─ ⅜ ╦╣√ ⅛

╠ ╙ ⅜№╢ ⅜ ↕╣≡⅔╡⁸ ⅜ ≢№╢⁹ 

 ̧ ≢ ™╠╣≡™╢ ─ ╩⁸ . - ⌐

∆⁹ 

 ̧ ∑≈ ╩ ∆╢ ⇔≡ ≢ ⇔≡™╢ │(1) ⌐ ℮⁹ 

 

 

⇔ ה ─ ⌐╟╢ ┼─ │ ⅛╠ ∆╢⁹ 

Nsy Usy×Pu Msy×PmΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ (3)  

Nsy ⌐╟╢ kg/  
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Usy ─ kg/ /  

Pu ─  

Msy ─ kg/ /  

Pm ─  

₡ ₢ 

 ̧ ┘ ─ │ ─ ⌐ ∂√ ╩ ℮

↓≤⅜ ╕⇔™⅜⁸⌂™ │ . - ⌐ ∆ ╩ ™╢⁹ 

 

 

─ ⌐╟╢ ┼─ │ ⅛╠ ∆╢⁹ 

Ncy Ɉ Uck×Nck ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ (4)  

Ncy ⌐╟╢ kg/  

Uck k ⌐⅔↑╢ ─ m3/  

Nck k ⌐⅔↑╢ ─ kg/ m3  

₡ ₢ 

 ̧ ─ ⅔╟┘ ─ ⌐ ≠™≡ ╩ ╘

╢─⅜ ╕⇔™⁹ 

 

─ ┼─  

─ ┼─ ⌐│ ⌐ ∆╢╙─ Nart ≤ ⌐

╟╢╙─ Nnat ⅜№╡ ∕╣∙╣(5) ≤(6) ⅛╠ ╩ ∆╢⁹ 

Nart Nfy×ɖ Nay×ɗ Nsy×ɘ Ncy×əΝΝΝΝΝΝΝΝΝΝΝΝ(5)  

Nart ⌐ ∆╢ kg/  

ɖ ɗ ɘ ə ─ ─  

Nnat Nc×P×A×əp÷100ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ (6)  

Nnat ⌐╟╢ kg/  

N ─ mg/L  

P mm/  

A ─ ha  

əp  

₡ ₢ 

 ̧ │ ⌐ ↕╣√ ⅜ ▬○fi╛ ▬○fi─ ≢

┼ ∆╢ ≢№╡⁸ ─ ─ ─ ⌐╟∫≡

⌂╢⁹ 

 ̧ ─ ⌐ √∫≡│⁸ ─ ⌐ ∂√ ⌂ ╩ ∆╢

. -  ⁹ 

 ̧ ≤ ─ │ ≢ ↕╣╢⁹ 

P E +Rs +Rg  
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 ̧ əp  Rg/P ─ │ 0.22 ≢№╢⅜⁸ │

─ ⌐╟∫≡ ⌂╢⁹ ≢│ ╩ 1,500 mm/ ⁸

─ ╩ 40 ≤⇔√ ⌐│ │ 420 mm/

0.28 ≤⌂╢⁹╕√⁸ ─ ╩ 80 ≤⇔√ ⌐│⁸

│ 140 mm/ 0.093 ≤⌂╢⁹ 
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.  ─ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2006 ─ ≤ ─ ─√╘─

ⱴ♬ꜙ▪ꜟ http://www.niaes.affrc.go.jp/techdoc/monitoring/  

 

 

http://www.niaes.affrc.go.jp/techdoc/monitoring/
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.  ┤╪ ─  

 

 

 

 

 

 

 

 

 

 

 

 

≤│⁸ ה 1997 ⅜ ⌐⅔↑╢ ─  

≤ ─ ₈ ≤ ⇔™ ₉ 15- 29≢№╢⁹ 

≤ ∂  

 

 

.  ─ ≤ ≢ ⇔≡™╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ה  ≤ 27 1  
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.  ─ ≤ ≢ ⇔≡™╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

≤ ∂  

 

.  ─ ≤ ≢ ⇔≡™╢  

 

 

 

 

 

 

 

 

≤ ∂  

 

.  ─  

 

 

 

             ≤ ∂  

 

.  ─  

 

 

 

 

            ≤ ∂  
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.  ─  
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≤ ∂  
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. .  ◦Ⱶꜙ꜠כ◦ꜛfi  

⸗♦ꜟ 

◦Ⱶꜙ꜠כ◦ꜛfi│⁸ ─ ⅜ ⌐ ⅎ⌂™↓≤⅛╠⁸ ╛♃כ♦ כ♦

♃⁸ ♃כ♦─≢ ┘ ה ─ ♃כ♦ ╩ ⇔⁸ ⸗♦ꜟ╩ ™≡

⇔⁸ ─ ≤ ─ ─ ╩ ∆╢ ≢№╢⁹ 

─ ⸗♦ꜟ≢│⁸ ⌐ ⅜ ™╠╣≡⅔╡⁸ ⁸

─ ⁸ ⅛╠⌂╢ ╩⁸ ⁸ ⌐ ↄ╙─≢№╢⁹ 

⌂ ⸗♦ꜟ╩ . - ⌐ ∆⁹ 

.  ⌂ ⸗♦ꜟ─  

 WEP⸗♦ꜟ MODFLOW Dtransu- 3D GETFLOWS 

 

 ( )  
U.S.Geological 

Survey 
  

 2D 3D 3D 3D 

    
 

 

 

≤─  ủ   ủ 

ה  ủ ─╖ ủ ủ 

  ủ ủ ủ 

≤─     ủ 

 

╣    ủ 

   ủ ủ 

 ủ   ủ 

ה   ủ ủ ủ 

( )   ủ ủ ủ 

( )   ủ ủ ủ 

ה   ủ ủ ủ 

( )     ủ 

    ủ 

 , ה ⅜ ⌐ ╓∆ ⌐ ∆╢ ,  

ⱪ꜡☺▼◒♩  No.12, 2006  

 

⌐╟╢ │⁸ ╛ ∑≈ ─ ╛ ─

⌐╟╡⁸ ┼ ↕╣√ ⅜ ⌐ ⇔⁸ ┼ ∆╢↓≤⌐

╟∫≡ ↓╢⅜⁸ ⌐ ⅜ ⇔⌂™ ─ ─

│ ≢№╢⁹ 

╕√⁸ ⅜ ∆╢ ⌐⅔↑╢ ─ │ ≢№╡⁸

≤ ≢│ ─ ─ │ ⌂∫≡™╢⁹ 

∕⇔≡⁸ ─ ─ │⁸ ─ ─ ╛ ⁸ ה

╛ ╛ ⌐ ⅝ↄ ↕╣╢⁹ 

↓─√╘⁸ ◦Ⱶꜙ꜠כ◦ꜛfi≢│⁸ ─ ≤⌂╢ ─ ≤ ─ ⌐≈

™≡⁸№╠⅛∂╘ ⌐ ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹ 
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Ẽ ◦Ⱶꜙ꜠כ◦ꜛfi─ ( 3)  

≢│ 17 ╟╡⁸ ─ ⌐ ∂√ ⌂ ─ ⁸ ─

─ ⌂ ה ╩ ℮↓≤⌐╟∫≡ ⌂ ╩ ∆╢₈

⸗♦ꜟ ₉╩ ⇔≡™╢⁹ 

│⁸ ⌐⅔↑╢⸗♦ꜟ ─ ≢№╢⁹ 

ᵑ ─  

≢│⁸ 15 ┘ 16 ⌐⁸ ⌐╟∫≡ ─

┘ ─ ⅜ ╦╣√⁹↓─ ─ ⌐№∫√─│⁸ ─

95 ╩ ⌐ ∆╢ ─ ⌐⅔™≡⁸ ─ ⅜

⌐№╡⁸ ─ ≢ ╩ ⇔√↓≤≢№╢⁹ ─ ─ ⁸

│ ─╖≢⌂ↄ⁸Ⱶ♁ⱬ♃ ≤™℮ ─ ─ ⌐

╙ ╠╣╢↓≤⅜ ⅛∫√⁹ 

─ ⁸ ⌂ │⁸ ⌐ ⌐ ↕╣√ ה

┘ ╩ ╘√ ∑≈ ≤↕╣√⁹╕√⁸ ─ ─ ╛⁸

─ ⌐╟╢ ─ ⌐≈™≡╙ ↕╣√⁹∕⇔≡⁸ ⅎ╠╣╢

≤⇔≡⁸ ⁸ ⅜ →╠╣√⁹ 

ᵒ ⸗♦ꜟ ─  

⸗♦ꜟ ─ ╩ . - ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

.  ⌐⅔↑╢⸗♦ꜟ ─  

 ╠, ─ ⌐≈™≡  

⌐⅔↑╢ ⸗♦ꜟ , 2008  

 

ᵓ ─  

─ ≤↕╣≡™╢ ╩ ╗ ≢─ ⱷ◌♬

☼ⱶ╩ ╠⅛⌐∆╢√╘⁸ ≢─ ⅛╠ ⌐⅛↑√ ─ ╩

⇔√⁹ 

                            
(3)  , 

, 2008 
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│⁸₈ ₉⁸₈ ₉⁸₈ ₉⁸₈ ₉─ ⌐⁸

. ⌐ ∆ ≤ ╩ ∂╢↓≤≢ ⇔√⁹

│ 2002 ⌐╟╢ ─ ⅝╒⅛ ╟

╡⁸ 30 ⁸ ⁸ 35 ⁸ 42 ≤⇔√⁹ 
 

.  ⅛╠ ⌐⅛↑√ ─  

 

 

 

 

 

 

 

 

 

 

 

≤ ∂  

 

ᵔ ⱷ◌♬☼ⱶ─  

╩ ⌐ ╢ ≢ ╩ ∫√⁹ ↕╣╢

⌐ ⅜ ↕╣ ⅜ ╣√⁹ 

. - ⌐◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆⁹ 

ᵕ  

╩ ∫√ ≢ ╩ ∫√⁹ ⌐ ⅎ╢

─ ╩ ↕∑⁸ ─ ≤─ ╩ ∫√

⁸ ⌐ ⅎ╢ ╩ 15mg/L≤⇔ ⅛╠ 40 ⇔√

⅜⁸ ─ ─ ─ 15mg/L ≤ ↄ⌂∫√⁹

╟∫≡⁸ ─ ⅜ ╕∫√─│ ╟╡ 40 ─ 40 ≢№

╢ ⅜ ↕╣√ . -   ⁹ 

⌐⁸ ≢─ ─ ≤ ⅛╠ ↕╣╢

5.4mg/L⅜ ╙ ↄ≤ ∆╣┌⁸ ─ ─

⅜ ╩ ╢─⌐ 40 ⅛⅛╢↓≤⅜ ↕╣√ . -   

⁹ 

─ ≢│⁸◦Ⱶꜙ꜠כ◦ꜛfi─ ⅛╠⁸ ─

─ ╩ ⇔⁸ ⱷ◌♬☼ⱶ╩ ∆╢↓≤⌐╟╡⁸ ⌂ ⱷ♬

╩כꜙ ⇔√⁹ 

↓─ ≢│⁸◦Ⱶꜙ꜠כ◦ꜛfi─◔⁸≡∫╟⌐▫♦♃☻☻כ ⌂

╩ ∆╢≤↓╤╕≢│ ↕╣≡™⌂™⅜⁸ ⱷ◌♬☼ⱶ╩ ╠⅛⌐⇔⁸
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⌐≈™≡ ∆╢↓≤⌐╟∫≡ ─ ≢ ⇔≡ ⅜≢

⅝√ ≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ◦Ⱶꜙ꜠כ◦ꜛfi  

≤ ∂  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ◦Ⱶꜙ꜠כ◦ꜛfi  

15mg/L≢ ⇔√ ─  

5.4mg/L≢ ⇔√ ─  

≤ ∂  
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ꜞ☻◒ ⸗♦ꜟ 

( ) ≢│⁸ 18 ⅛╠ 22 ⌐⅛↑≡⁸ ⌐╟╢

ꜞ☻◒ ◦☻♥ⱶ─ ╩ ∫≡™╢⁹ 

ᵑ ⸗♦ꜟ ─  

⅛╠─ ≤ ─ │⁸ ┼─ ─ ╩ ╘

╢ ≢№╢⁹↓─℮∟⁸ │⁸ ⌂ ─ ≤⇔≡⁸ 

( ) ( )   

≢ ╘╠╣╢⁹ 

⁸ ∆╢ │⁸ ─ ╛ ╛ ⌐╟╢

╩ ∆╣┌⁸ ≢─ ≤⇔≡⁸ 

∆╢ (  

) ( ─ ∟ ⇔ ה )  

≤⇔≡ ╘╠╣╢⁹ 

⇔⅛⇔⁸↓╣╠⅛╠ ╘╠╣╢ ─ │⁸ ↔≤⌐ ╕∫√ ≤

⌂╡⁸ ╩ ∆╢√╘⌐│⁸ ╩ ╛∆⅛⁸ ╩ ╠∆⅛⁸

─ ╡─ ⇔⅛⌂™⁹ ⌐│ ╛ ╩ ∆╢↓≤⅜

≤⌂╢⅜⁸ ╩≥─ ╠∆⅛⌐≈™≡─ │ ⌐ ╘╢ ⅜№╢⁹ 

↕╠⌐⁸ ⌐ ⅝⌂ ╩ ╓∆ │⁸ ⌐ ⇔ ↔≤─ ⅜

⅝ↄ⁸ ─ │⁸ ⌐╙ ╩ ╓∆⁹ ⅎ┌⁸ ─╕≤╕

∫√ ╛ ╩ ∂√ ─ │ ⅛╠─ ╩ ⇔⁸ ⌐╟╢

╩ ╠∆ ╙№╢⁹ 

↓─╟℮⌐⁸ ⌂ ─ ⌐ ⇔≡ ╩ ⇔⌂

⅜╠⁸ ─ ╩ ╢√╘⌐│⁸ ─ ─╖⌂╠∏⁸ √⌂

⌐⅔™≡╙ ╩⁸≢⅝╢∞↑ ⌐ ≢⅝╢ ─ ⅜ ≢№╢⁹

↓─╟℮⌂ ה ⌐ ╩ ≈ ⌐ ℮ ╩ ╡ ℮√╘⌐│⁸

⸗♦ꜟ╩ ™╢↓≤⅜ ≤⌂╢⁹ 

ᵒ ⸗♦ꜟ─  

↓─⸗♦ꜟ≢│⁸ ─ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ╩ ∆╢─

≢│⌂ↄ⁸ ⌐ ∆╢ ─ ⅜

≢ 10 mg- N/L ╩ ∆╢↓≤≤⇔⁸↓─ ╩ꜞ☻◒≤ ⅎ╢⁹∕⇔≡⁸№╢

╩ ⌐ ╦╣╢ ≢ ∂╢ ≤ ⅛╠ ↕╣╢

┼─ ─ ⌐ ⇔≡ꜞ☻◒╩ ∆╢≤™℮ ⅜ ≢№╢⁹ 

╕√⁸ ⌐ ⌐ ∆╢ ─ │⁸ ─ ≢ ≢№╡⁸

╕√ ─ ╕√│↔ↄ ─ ╩ ∆╢↓≤⅛╠⁸ ─

╩ ≤∆╢ │⁸ ╠╣√ ╩ ≤∆╢∞↑≢╙╟™≤ ⅎ

≡™╢⁹ 

↕╠⌐⁸↓℮⇔√ ─ │ ⌂ ⅜╡╩ ∫≡™╢↓≤⁸└™≡│

─ ⌐╙≈⌂⅜∫≡™╢↓≤╩ ╕ⅎ⁸⸗♬♃ꜞfi◓─ ⌂ ╩
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─ ≈≤ ≠↑≡⁸∕─ ╩ ─ ⌂ ⅜╡─ ≤

⇔≡ ℮↓≤≤∆╢≤⇔≡™╢ ≢ ≢№╢⁹ 

ᵓ ⸗♦ꜟ─  

─ ⌐╟╢ ꜞ☻◒ ◦☻♥ⱶRealN Risk 

evaluation for agricultural leached Nitrogen ⁸ ⁸2011

╠⁸2012 │⁸₈ ₉≢№╢ ≤₈ ₉≢№╢ ╩ ≤∆╢⸗♦ꜟ

╩ ╖ ╦∑⁸ ─ ₁─ ⌐⅔↑╢ ≤ ꜞ☻◒

╩ ∆╢◦☻♥ⱶ≤⇔≡ ↕╣√⁹∕⇔≡⁸∕─ ≤⇔≡₈ ₉─ ≢№

╢ ─ ⅜ ↕╣╢ . -  ⁹ 

↓↓≢⁸ ─⸗♦ꜟ│⁸ ─ ⸗♦ LꜟEACHMLeaching 

Estimation and Chemistry Model ⁸Hutson⁸2003 ╩ ─ ⌐ ™ Ⱳ◒ ┼

─ ╩ ⇔≡ ⇔√╙─≢ ╠⁸2010 ╠⁸2011 ⁸ ─↕╕

↨╕⌂ ⁸ ─ ╩ ⌐⁸ ╩ ╗ ⌐ ∆╢ ⁸

⁸ ╩ ∆╢ . -  ⁹ 

LEACHM⸗♦ꜟ ⁸1│♃כ♦ ▪ⱷ♄☻ 2 ⁸♃כ♦

 FAO Penmann- Monteith ⌐╟╢ ET0─ ⁸3 ─ ה

─♃כ♦ ה ה ≤∕╣⌐ ≠ↄ

ה Ɽꜝⱷכ♃ van Genuchten- Mualem ⸗♦ꜟ ⁸4 ה

ה ─ ⁸ crop management standard ⁸

5 ─ ⌐ ≠⅝ ⁸ ≢№╢⁹ │ Richards ⁸

│ ⌐ ℮≤⇔≡™╢⁹ 

₈ ₉─⸗♦ꜟMacT Mixing areal chemical Transport ⁸

⁸2011 │⁸ ╩ ╛ ⁸ ─GIS ♦⁸≥♃כ ⌐

≠ↄ ─ ≢ ⇔⁸₈ ₉─ ╩ ≤⇔≡⁸ ≢ ∂╢

╛⁸ ─ ⌐╟╢ ╩ ∆╢⁹ ≤⌂╢

│⁸ ─ ─ ≤⇔≡ ↕╣╢ . - ⁹ 

 

 

 

 

 

 

 

 

 

 

.  ⌐╟╢ ꜞ☻◒ ◦☻♥ⱶRealN ─  

, ꜠ⱬꜟ≢ ─ ꜞ☻◒╩ ∆╢⸗♦ꜟ,  

(2011a) ╠(2012)╩  
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.  ⸗♦ꜟ LEACHM─ Hutson(2003)╩  

, ꜠ⱬꜟ≢ ─ ꜞ☻◒╩ ∆╢⸗♦ꜟ, (2011a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

.  MacT ─  

⌐⅔↑╢ ─ ה ≢─ ─ ™⌐╟╢ ─  

⅔╟┘ ⌐⅔↑╢ ⌐╟╢ ─ ∂╢ ╩  

≤ ∂  
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ᵔ  

≢ ≤⇔√ │⁸ ┼─ ─ ≈≢№╡⁸ ⅜

⇔≡™╢⁹ │ ⅔╟∕ 46km2≢⁸∕─ ⅜ ≤⇔≡ ↕╣≡

™╢⁹ ─ ↄ│⁸ ⌂ ╩ ℮ ⱶכ꜡ ⅔╟┘ Ⱳ◒ ⌐

№╢⁹ │ ─ ≤⇔≡ ╠╣⁸2000 ☿fi◘☻╩ ™≡

≢ √ ⁸ ─ ─ ≢ ─ ⅜ ≢№╡⁸↓╣

⌐™╙ ⅜ ↄ⁹ ─ ⅛╠─ ⅜⁸ ─ ╩ ∂≡

─ ≤⌂∫≡™╢⁹ 

≢ ⌂ ╩ ⌐ ∫≡ ∆╢ ⌐╟╢ ╩

⇔√⁹ 

─ ≢│⁸↓─ ─ ⌐ ∆╢ │⁸ │ 100 

kg- N/ha⁸↓╣⌐ ≤⇔≡ 20 t/ha ─ ⅜ ↕╣≡™╢⁹ ≤⇔≡

─ ™ ┤╪ ╩ ℮ ⁸ ─ │ 260kg- N/ha ≤⌂╢⁹ 

⇔≡ ∟ ⇔ │⁸ 30t/ha ⌐╟╢ ⅜⅔╟∕ 100 

kg- N/ha ≢№╢⁹ ⅛╠⁸ ⌐ ↕╣╢ │⁸

∟ ⇔ ≢ 160 kg- N/ha ≤⌂╢⁹╕√⁸ ≢─ │⁸

⌂ ≤ ─ ⇔ ⅝⌐╟╡⁸625 mm ≤ ↕╣╢⁹↓─╟℮⌂

⌂ ⌐╟∫≡⁸↓─ ↑ ⌐╟╢ ┼─ │ 26 

mg- N/L ≤ ↕╣√⁹ 

LEACHM⌐ ─ 1978 2008 31 ─ ╩ ⅎ≡⁸↓─ ⌐╟

╡ ∂╢ ╩ ⇔√⁹ ─ ─ │⁸101 105 kg- N/ha≤

⇔≡™╢↓≤⅜ ↕╣√⁹⇔⅛⇔⁸ ─ ⌐ ™⁸ │ 242

1,204mm⁸ ┼─ │ 61 287 kg- N/ha≤ ⅝ↄ ∆╢≤ ↕

╣⁸↓─ ⁸ ┼─ ─ │ 19 27 mg- N/L─ ≢ ∆

╢↓≤⅜ ↕╣√ . - ⁹ 

⌐⁸ ─ 42 ╩ ⌐⁸ ≢─ ⌂ ↑⌐⅔↑╢ 31 

─ ⌐╟╡ ╠╣√ ⁸ ⌐ MacT╩♩♇☿♃כ♦─ ⇔⁸

─ ⌂ ╩ ⇔√⁹ 

↓─℮∟⁸ ⌂ ⌐⅔↑╢ ─ │ . -

⌐ ∆≤⅔╡≢№╡⁸ ─ ≤ ⇔√≤↓╤⁸ ⌂ ≢№╢↓

≤⅜ ↕╣√⁹ 

ᵕ ꜞ☻◒ ◦♫ꜞ○ 

─ ╩ ⇔≈≈⁸ ┼─ ╩ ∆╢ ╩

⇔√⁹ 

LEACHM╩ ℮↓≤⌐╟╡⁸↓─ ≢│ ─ ≤⌂╢ ╩

∆╢√╘⌐⁸ ↕─ ─ ⅜ ≢№╢↓≤⁸╕√⁸

⅔╟┘ ꜞ☻◒ ⌐│⁸ ╩ ╘√ ┼─ ╩

⌐ ℮ ⌐╕≢ ∆╢ ⅜ ↕╣√⁹ 
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↓╣╩ ∆╢ ─ ≤⇔≡⁸ ─ ≤⁸ ⌐ ∆╢

─╖╩ ∆╢ ⌐ ∆╢↓≤⅜ ≤ ⅎ╠╣√ ╠⁸2011 ⁹ 

↓─↓≤⌐╟╡⁸ ─ ╩ ⇔⌂⅜╠⁸ ⁸

╩ ⌐ ⇔⁸ ≤⇔≡ ꜞ☻◒╩ ↄ ≈↓≤⅜≢⅝╢≤

↕╣√⁹ 

∕⇔≡⁸↓─ ─ ╩ ⌐ ⌐ ∆╢↓≤⌐╟╡⁸

╩ ─ ⌐╕≢ ↕∑╢≤ ↕╣√ . -  ⁹ 

 

 

 

 

 

 

 

 

 

 

 

.  LEACHM≢ ↕╣√ ≢─ ⌐⅔↑╢ ─ ⁸ 

⁸ ─ n=31  

≤ ∂  

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ─ ⌂ ⌐╟╢ ⌂ ─ ─

≤ ─ ╩ ⇔√ ─ ╩ ∆╢ꜞ☻◒

 

≤ ∂  
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.  ─ ⌐ ∆╢ ╩ ≢  

      ⌐╟╢ ≤ ─ n=31 ≤ ∕─≤⅝⌐ ↕╣╢ 

ꜞ☻◒  

≤ ∂  
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.  ⌐ ╢  

. .  ⌐ ╢↓╣╕≢─ ╖ 

⌐ ╢ ⌂  

≢│⁸ ה ⌐ ⇔≡ ₁⌂ ╖╩ ∫≡⅝√⁹∕─℮∟⁸

⌐ ╢ ⌂ ╖╩ . - ⌐ ∆⁹ 
 

.  ↓╣╕≢─ ⌐ ╢ ─ ⌂ ╖ 

 ╖─  

 ₈ ⅜ ╩ ╗╙─≤⇔≡─ ₉─  

≢ ⌐ ↕∑≡│⌂╠⌂™≤⇔≡™╢ ╩ ╗ ─

⌐╟╢ ╩ ∆╢ ╩ ⇔√⁹ 

11  ₈ ה ⌐ ╢ ה ₉─  

ה ⌐≈™≡⁸ ⅛╠ ╕≢─ ╩ ⇔√ ╩ ⇔√⁹ 

11  ₈ ─ ⌐ ∆╢ ₉─  

─ ⌐ ≠ↄ ⌐ ╢ ─ ─℮∟⁸ ─

⌐ ╢ ⌐≈™≡ ⇔√⁹ 

13  ₈ ┘ ⌐ ╢ ⱴ♬ꜙ▪ꜟ₉─  

⌐╟╢ ⅜ ⌐╟╡ ⇔√ ⌐⁸ ⅜

─ ╛ ╩ ∆╢ ─ ⁸ ╩ ⇔√ⱴ♬ꜙ▪ꜟ╩ ⇔√⁹ 

13  ₈ ┘ ⌐ ╢ ₉─  

╩ ╘√ ─ ╘ ─ ╩ ⇔√ ╩⁸ ≤≤╙⌐ ⇔√⁹ 

16  ₈ ⌐╟╢ ₉─  

⌐╟╢ ─ ⌐ ∂√ ╩ ∆╢√╘⁸ ⌂

─ ⌐ ∆╢ ╩ ⇔√ ╩ ⇔√⁹ 

 http://www.env.go.jp/water/chikasui/no3_taisaku/index.html  

16  

 

20  

₈ ₉─  

⌐≈™≡⁸ ─ ⌐⅔™≡ ╩ ⇔⁸ ─ ה

ה ╩ ⇔⁸ ⌐ ⅜╡─№╢ ⌐╟╢ ╩ ⌐

∆╢√╘─ ╩ ∆╢ ╩ ⇔√⁹ 

Ɽfiⱨ꜠♇♩₈ ┼≈⌂↔℮ √∟─ ≠™≡™╕∆⅛

₉ ┘ ⌐ ╢ ⌐≈™≡≤╡╕≤╘√₈ ⌐╟╢

₉╩ ⇔√⁹ 

 http://www.env.go.jp/water/chikasui/no3_taisaku/tech.html  

17  

 

19  

₈ ⸗♦ꜟ ₉─  

⌐╟╢ ⅜ ╘╠╣╢ ⌐⅔™≡⁸ ─ ⁸ ─ ⌐

∂√ ⌂ ─ ה ⁸ ─ ─ ⌂ ה ⌐ ≤⌂

╢ ╩ ⇔⁸ ⌂ ─ ╩ ∆╢ ╩ ⇔√⁹ 

─ ⁸ ≤ ⇔⁸ ╖╩ ⇔≡™╢⁹ 

↓╣╕≢─ ─ ╖─ ≤⇔≡⁸ ⌐ ⌂ ╩ . - ⌐ ∆⁹ 

ↄ─ ≢│ 12 ↄ─ ⅛╠⁸ ─ ─ ╩

⇔≡⅔╡⁸ ─ ╩ ╢─⌐ 10 ≤™∫√ ─☻Ɽfi⅜ ≤ ╦

╣╢⁹ ─ ≢│⁸ ≢│ ⅜ ╠╣⌂⅛∫√≤⇔≡™╢⅜⁸ ─ ≢

│ ≢ ⅜ ╠╣√≤⇔≡™╢⁹ 

http://www.env.go.jp/water/chikasui/no3_taisaku/index.html
http://www.env.go.jp/water/chikasui/no3_taisaku/tech.html
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.  ─  

  ─  

 

 

2004

2006 ─

─

 

─ ╩ ≤⇔⁸ ∑≈ 2004 11 ⌐╟╡

∑≈ ─ ╩ ╡ ⅛╠ ┼ ⇔√

─ ─ ⌐≈™≡ ⇔√⁹ 

↓─ ⁸ NH4- N ⅜ 1.9 mg/L ⅛╠ 1.1 mg/L ┼⁸ NH4- N

⅜ 6.3kg/d ⅛╠ 2.6kg/d ⌐ ⇔√⁹ ⁸ NO3- N ╛ NO3- N

⌐│ ⅝⌂ ⅜ ╠╣⌂⅛∫√⅜⁸↓╣│ ⅛╠ ∂

√ ╩ ≤⇔≡ ⇔≡™╢√╘≤ ⅎ╠╣√⁹ 

 

 

2000

2005 ─

─

 

17 ─ ⌐⅔™≡ ─ ⅜

⇔√ ╩ ⌐ ⇔√⁹ 

↓─ ⁸ 12 ⅛╠ 16 │ 23.8 29.8 ≢ ⇔≡™√

⅔╟┘ ─ ⅜ 17 ⌐│ 13.8

≤ ⇔√⁹↓╣│⁸ ⁸ ⁸ ⌐ ∆╢ ╠⅛

─ ≤ ⇔≡™╢↓≤⅜ ↕╣⁸ ∑≈ ─ ╛ ┼─

⅜∕─ ─ ≈≤ ⅎ╠╣√⁹ 

 

 

1997

2009 ─

12 ─

 

⅜ ⇔≡™╢ ⅜ ⇔√ ≤∕─ ─ ⁸ ┘

╩⸗♬♃ꜞfi◓⇔√⁹↓─ ⁸ │ ⇔⁸22 17

≢ ⌂ ─ ⅜ ╘╠╣⁸ ≢─ ─

≤ ⅎ╠╣√⁹ 

⌐⅔™≡╙ ≢ ─ ⅜ ↕╣⁸

1997 ⌐│ 60 mg/L ≢№∫√ ─ │ 2009 ≢│

20 mg/L≢№∫√⁹ 

 

 

1988

2000 ─

12 ─

 

♬fi☺fi─ ≢№╢ ⌐⅔™≡ 1988 ⅛╠ ╩

⇔√⁹↓─ ⁸1990 ⌐ 30mg/L≢№∫√ ≢│⁸2000 ⌐ 22 

mg/L⁸1984 ⌐ 20mg/L ≢№∫√ ≢│⁸2000 ⌐ 12mg/L┼≤

⇔√⁹ 

 

 

1997

2004 ─

─

 

⅜ ╪⌂ ⌐⅔™≡ ╩ ≤⇔≡ 1997

⅛╠ ┼ ╪∞⁹↓─ ⁸ ≢─ ─

│⁸ ≢ 20 mg/L⁸ ≢│ 40 mg/L ™∏╣

╙ 2004 10 ─ ≢№╡⁸ ─ ≢

⇔⁸ ⅜ ↕╣√↓≤⅜ ╠⅛≤⌂∫√⁹ 

 1997

1999 ─

─

 

⌐⅔™≡⁸ ╩ 1,192kg/ha ⅛╠ 810kg/ha╕≢ ∆╢ ╡

╖╩ ⇔√⁹↓─ ⁸ ─ ⌐ ∆╢ │⁸

⌐ ⇔≡ 1997 1998 ─ 73 ⅛╠

1998 1999 ─ 38 ⌐ ⇔√⁹╕√⁸

─ ─ │ ─ 34 mg/L ⅛╠

─ 29 mg/L╕≢ ⇔⁸ ─ ⌐╟╢ ⅜ ╘╠╣√⁹ 

 

 

1989

2008 ─

─

 

◘♩►◐ⱦ┼─ √╡─ ─ ⁸ ─ ⌐

╪∞⁹↓─ ⁸ │⁸1989 ─ mg/L 13

⅛╠ 2008 ⌐│ 5.0 5.7 mg/L ⌐ ⇔√⁹ 

 

⁸╦⅜ ≢ ⌐ ↕╣≡™╢ ─ ⌐ ╢ ╛ ⁸

⌐≈™≡⁸ . - ⌐≤╡╕≤╘√⁹



  

 

4
3  

.  ╦⅜ ⌐⅔↑╢ ⌐ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ ™
─ ⌐

∆╢

∑≈ ─
─ ┘ ─

⌐ ∆╢
∑≈

─ ─
⌐ ∆╢

45 59 58 11 11 11 32

⌂

ה ─
⁷⌐ ╢
⁷ ┘
⁷

ה ─
⁷
ה ─
⁷
ה ─
⁷

ה ─
⁷┘ ─
⁷
ה ⁸
⁷
⁷─
ה ⁸ ┼─
⁷
ה
⁷─

ה
ה ⅛╠
⁷ ┼─ ╡ ⅎ
⁷
ה
⁷ ─
⁷

ה
⁷╩ ∆╢√╘⁸
⁷ ⌐⅔↑
⁷╢ ─
⁷≤⁸∕─√╘─
⁷ ╩

ה ─
⁷

ה ⌐╟╢ ≠
⁷ↄ╡
ה ─
⁷

ה ─
ה ─
⁷⌐╟╢ ─

ה
⁷ ┘
⁷

ה ─ ─
⁷ ⌐ ∆╢
⁷─ ╩ ∆╢
⁷ ⌐≈™≡

ה ┘
⁷ ⌐ ╢
⁷ ⱴ
⁷♬ꜙ▪ꜟ
ה ┘
⁷ ⌐ ╢
⁷
⁷

ה ─
⁷

ה ●▬♪ꜝ
⁷▬fi
™╟╡╟ה ─
⁷√╘─ ─
⁷ ⱴ♬ꜙ▪ꜟ
⁷ ↑

ה
ה ─
⁷

ה
⁷
ה
⁷
ה

ה ─ ™
⁷ ─
⁷

ה ∑≈ ─
⁷ ─ ╩ ╢√
⁷╘─

ה ⌐⅔↑╢
⁷ ┘
⁷ ─
⁷⅝

ה
⁷ ─ ─
⁷⌐ ∆╢
ה
⁷

ה ⌐╟╢
⁷
⁷
ה
⁷
ה
⁷ ⸗♦ꜟ

ה ⌐⅔↑╢
⁷

ה
⁷
ה
⁷
ה
⁷
⁷ ⅔╟┘
⁷ ≤─

ה
⁷↔≤─ ⌐╟
⁷╡
ה ─
ה ─
ה ─

כⱴכ□ⱨ◖◄ה
⁷
ה
⁷ ™

ה ∑≈
⁷ ⌐ ∆╢
⁷ ⁸
⁷ ⁸
⁷ ☻כꜞ⁸

ה
⁷

ủ ủ ủ ủ ủ

ủ ủ ủ ủ ủ ủ

ủ ủ ủ ủ ủ

∑≈ ủ ủ ủ ủ ủ

ה ủ ủ

⌂

ה /

⁷ ⁷
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. .  ⌐ ╢ ⌂ ─  

 

ᵑ  

≤⇔≡ ╛ ⌐ ↕╣√▪fi⸗♬▪ ╛ │ ⌐╟╡

↕╣╢⁹ ⁸ ⌐ ↕╣∏ ⌐ ⇔√▪fi⸗♬▪ │⁸ ⅜

╛ ⌐ ↕╣╢⅜⁸ ⇔√ │ ⌐╒≤╪≥ ∆

╢↓≤⌂ↄ ┼ ∆╢⁹ ╛ ≢─ │ ⌐╟∫≡ ⅝ↄ ⌂╢⁹

⌐ ─ ⌐⅔™≡│ ─ ⅜ ⅝ↄ⌂╢ ⅜№╡⁸↓℮⇔√ ⌐

│ ─ ╛ ─ ⅜ ╦╣≡™╢≤↓╤⅜№╢⁹ 

ᵒ ⌐⅔↑╢  

⅜ ⌂ ⅜╡╩ ⇔√ ≢№╢√╘ ─ ⅜ ≢№╡⁸∕─

╩ ↕∑╢ ⅜№╢⁹╕√⁸ ↔≤─ ╩ ⌐ ⇔ ╩

⌐ ∆╢ ⅜№╢⁹ ⁸ ≢ ╛ ╩ ∆╢√╘─ ╛

⌐ ≠ↄ ─ ─ ╡ ╖╛ ⅜ ╦╣≡™╢⅜⁸∕─╟℮⌂

⅜ ─ ⌐≥─ ⇔ ╢⅛╩ ⇔√ │ ⌂™⁹∕─ ≤

⇔≡⁸ ─ ⅜ ה ─ ⌐ ↕╣╢╕≢⌐⁸ ─ ╣

⅜ ∂╢↓≤╛⁸ ─ ⌐ ⌐ ↕╣√ ─ ⅜ ↕╣≡™╢⁹ 

 

 

ᵑ ∑≈  

∑≈ │ ≤⇔≡ ⌐ ↕╣√  ⁸ ╛ ⌐ ↕╣⁸

─ ↄ│ ╛ ⌐ ↕╣╢↓≤⌐╟∫≡ ─ ⅜ ╠╣╢⁹

│ ⇔≡ ⌐ ∆╢⁹⇔⅛⇔⁸ ╛ ─ ⌐╟∫≡

─ ─ ≤⌂╢ ⅜ ⅎ╠╣╢⁹ 

≤⇔≡ ⌐ ∆╢ ∑≈ ⌐≈™≡⁸ᵑ ∑≈ ⅜ ה ⁸ ─

⁸ ─ ─ ─ ⅜ ∏╢⅔∕╣⅜№╢ ⁸ᵒ

⌐⅔™≡ ≤↕╣╢ ╩ ╠⅛⌐ ⇔≡ ∑≈ ╩ ⇔≡™╢

╟╡ ↕╣≡™╢ ╛ ╩ ⁹ ⌐│⁸ ∑≈

│ ⌐ ∆╢ ⅜№╢⁹ 

∑≈ ─ ⌐≈™≡│⁸∕─ ─ ⁸ ─ ⁸ ─

⁸ ─ ┘ ─ ╩ ⌐ ⇔≡ ∆╢↓≤≤⌂╡⁸

≤ ↕╣╢ ⌐│⁸ ⌐ ∫≡ ⌐ ∆╢ ⅜№╢⁹ 

ᵒ ∑≈ ⌐⅔↑╢  

∑≈ ⌐╟╡⁸ ∑≈ ─ ה ─ ╛ ╩

╘√ ⌐ ⇔≡⁸ ∑≈ ─ ⅜ ╦╣≡™╢⁹ ∑≈ │⁸

⌐╟╡⁸ ╛ ≤⇔≡─ ⅜ ↕╣╢╙─≢№╢⅜⁸ ⌂

─ ⅜ ≢⅝⌂↑╣┌⁸ ─⅔∕╣⅜№╡⁸ ⌐╟╢ ─

⁸ ∑≈ ─ ⌐ ∂√ ─ ─ ⅜ ≢№╢⁹ 
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╕√⁸ ∑≈ │ ≢─ ⅜ ≢№╢↓≤⅛╠⁸ ∑≈

─ ╡ ─ ⅜ ╦╣√ ⅛╠ ╙ ⅜№╢ ⅜ ↕╣≡™╢⁹ 

 

 

ᵑ  

─ ⅜ ⌐ ↕╣╢ ≢ ⇔⁸ ─

─ ⌐⌂╢ ⅜№╢⁹╕√⁸ ⅛╠─ ─ ⅜

⌐⌂╢ ╙№╢⁹ ─ │ ≢─ ה ╩ ≢⅝╢⁹ 

╕√⁸ ─ ⅜ ⇔√ ⁸▪fi⸗♬▪ │ ╩ ↑≡

╛ ⌐ ↕╣╢⅜⁸∕─╟℮⌂ ╩ ∫≡╙ ⌂ ╩ ∫

√↓≤⌐│⌂╠⌂™─≢⁸ ─ ╩ ≈ ─ ⁸

ה ⅜ ⌐ ╦╣╢ ◦☻♥ⱶ─ ⅜ ≢№╢⁹ 

ᵒ ─  

─ ─ ≤⇔≡ ⅜ →╠╣╢ ⁸ ─ ╩

⇔≡ ⌐ ≤⌂╢ ⅜ √╠⌂™ ⁸ ╩ ≤⇔≡ ╡ →╢

⅜№╢⅜⁸ ↕╣√ │ ≥⌂™⁹ ≢ ≥─ ⅜ ↕╣≡⅔╡⁸

ה ⌐╟╢ ≢│⌂™↓≤⅜ ╠⅛⌂ │⁸ ─ ⌐≈™≡ ⅜

≢№╢⁹ 

 

  

⌐⁸ ╛ ≢─ ─ ⌐≈™≡│⁸ ⌐ ╩ ™╢ ה

⌂≥⁸ ≤⇔≡ ╩ ™╢ ≤⁸ ⌐♃fiⱤ◒ ╩ ╗

⌂≥⁸ ╩ ™╢ ⅜№╡⁸↓─ ─ ♃▬ⱪ⌐╟╡

⅜ ⅝ↄ ⌂╢⁹ ⅛╠─ ─ ⌐ √∫≡│⁸▬fiⱪ♇♩

⁸ ⁸ ─ ≤ⱪ꜡☿☻ ─ ╩ ⌐ ™⁸

⌂ ─ ≤⁸ ╩ ℮↓≤⅜ ≢№╢⁹ 

ᵑ ⌐ ╢  

⌐≈™≡⁸ 13 ⌐ 100mg/L( ─▪fi⸗♬

▪ ─ ─ⱷ◌♬☼ⱶ╩ ⇔⁸▪fi⸗♬▪ ⌐≈™≡│ 0.4 ╩

↑√ ≢⁸ ⁸ ┘▪fi⸗♬▪ ─ ╩ 100≤∆╢)

⅜ ↕╣√⁹∕─ ⁸40 ⌐≈™≡│ ∟⌐↓╣⌐ ╩∆╢↓≤⅜ ≢№╢

≤⇔≡⁸ ─ ≢ ╩ ⇔√⁹∕─ ⁸ ↔≤⌐

─ ⇔╩ ⇔⁸ ┼─ ╩ ╘≡⅔╡⁸  22 ─ ⇔⌐

╟╡⁸ 25 ╕≢─ ≢ 15 ⌐≈™≡ ⅜ ↕╣√⁹

25 ⌐≈™≡│⁸ ⅝ ⅝ ╩ ≤⇔≡ ⅜ 13 ⌐

≈™≡ ↕╣≡⅔╡⁸ 28 ⌐≈™≡│⁸ ↕╣╢ ≢№╢⁹ 
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28 ⁸ ⁸ ה ⁸

╘∫⅝ ⁸ ◖Ᵽꜟ♩ ⁸☺ꜟ◖♬►ⱶ ⁸⸗ꜞⱩ♦fi

Ᵽ♫☺►ⱶה ⁸ ⌐≈™≡ ⅜ ↕╣≡™╢⁹ 

╕√⁸ ≢│ ─ ⅛╠ │ ⌐ ↕

╣╢ ⌐≈™≡─ ╩ ⅜ ≢ ╘╢ ⁸ ⁸

┘▪fi⸗♬▪ ─ ⌐ ∆╢ ╩ ⇔≡™╢⁹ 

ᵒ ─  

─ ≢№╢ ה ╩ │ ∆╢↓≤│ ╘≡ ≢№╢⁹

─ ⅛╠⁸ ⁸ ⁸ ─ ⅜ ⅎ╠╣⌂™≤⅝⌐ ה

⅜ ≤⇔≡ ⅎ╢↓≤⌐⌂╢⅜⁸ ╛ ⱪ꜡☿☻⁸ ─

╛ ─ ╩ ⇔≡ ⇔⌂↑╣┌⌂╠⌂™─≢⁸ ה ─ ⅜

≤⌂╢⁹ 
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. .  ⌐ ╢ ⌂  

. - ⌐⁸↓╣╕≢─ ╩ ⇔≡ ╠╣√ ─ⱷ♬ꜙכ╩ ∆⁹ 

 

.  ─ ⌂ⱷ♬ꜙכ 

▬fiⱪ♇♩ ─  

1.1 ⌐⅔↑╢   

1 ─                ₒ ₓ 

 

 
(1) ╛ ⌐ ≠ↄ

╩ ∆╢
─  

ה ─ ─fi☿fi♥▫Ⱪ▬ה    
ה ≤ ≤─ ↑ 
ה ─ ─ ⁸  
ה ╩ ⇔⁸ ∆╢√╘─ ╖─  

 2 ─  

 

 

(1) ─  
ה ╩ ≤⇔√ ─  
ה ─  
ה ─ ─ ⁸  

(2) ─  
ה ─  
ה ─ ─ ⁸  
ה ╩ ⇔⁸ ∆╢√╘─ ╖─  

(3) ─ ה   

1.2 ⌐⅔↑╢  

1 ─   

(1) ─  

ה ─ ה   ⁸ ─  
ה ⁸ ─  
ה ─ ─ ⁸  
ה ╩ ⇔⁸ ∆╢√╘─ ╖─  

 

 (2) ┼─  

ה ←╢╖≢─ ─ ≤ ─ ה  
ה ⁸ ⁸∕─ ⌐╟╢ ≢─

 
ה ┼─ ⁸  

1.3  

 

1 ─  

ה ⁸ ┼─  
Ⱶꜙ♬♥▫ⱪꜝfi♩⁸◖ה ─  
ה / ≤─ ╩ ╡⁸ ┼─

─ ╖ ╖ 

─ ⇔ ─  

2.1 ↑ ─ ⇔  

 

ה (1 ─  

ה ─ ─fi☿fi♥▫Ⱪ▬ה    
ה ─ ⇔ 
ה ─ ─ ⁸  
ה ╩ ⇔⁸ ∆╢√╘─ ╖─  

2.2 ╛ ╩ ⇔√ ─  

1 ה ─  
ה ─ ─fi☿fi♥▫Ⱪ▬ה    
ה ─ ─ ⁸  
ה ╩ ⇔⁸ ∆╢√╘─ ╖─  

 2 ה ─ ה   
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. - ⌐⁸ ⌂ ⌐ ⇔≡⁸∕─ ⁸ ה ⁸◖☻♩ ⌐≈™≡

⌐ ⇔⁸ ╡╕≤╘√⁹ 

 

.  ⌂ ─  

  

∑≈  

 

 Ᵽ▬○●☻  
 

≤⇔≡─  

  

ה ⅜

∆╢₈

₉⁸₈

₉ │⁸

─ ⌐

∆╢⁹ 

ה ∑≈

⌐╟╡

⅜ ↕╣≡

⅔╡⁸ ∑≈

─ ╩

℮⁹ 

ה ∑≈

╩ⱷ♃fi

↕∑⁸ⱷ♃fi

● ☻ ╩

⇔⁸◄Ⱡꜟ◑

 ⁹╢∆≥כ

ה  

ה  

ה / ─

─ ה

⌐╟

╢ ⅜ ≢

№╢⁹ 

ה

⌐╟╡⁸

╩ ⇔⁸

╩ ∆

╢↓≤⌐╟╡⁸

─

╩ ∆╢⁹ 

  

ה ─

⌐╟╢ ◖☻

♩─ ⅜

≢№╢⁹ 

ה ╩ ≢⅝

╢ ╛

⅜ ↕╣≡

™╢ │⁸

⅜ ≢

№╢⁹ 

⌐☻●○▬Ᵽה

╟╢ ⁸

◄Ⱡꜟ◑כ

⅜≢⅝╢ 

ה ⅜ ⇔≡

™╢ ≢│⁸

╛

─

⅜ ≢№

╢⁹ 

ה ╛

─

⅜ ⌂

≢│⁸ ⅜

╠╣╛∆™⁹ 

  

ה │⁸

╛

⌐╟∫≡

⌂╢↓≤⅛╠₈

₉ ─

│⁸ ⌂

⌐⌂∂╕⌂™

─╙─≢№╡⁸

≢⅝╘ ⅛

⌂ ⅜ ╘╠

╣╢⁹ 

ה ⌂ ╛

⅜ ≢

⅝⌂™ │⁸

≤⌂∫

≡ ─

⅔∕╣⅜№╢⁹ 

ⱷ♃fiה ⌐

∫≡ ∆

╢ ─

⅜

≢№╢⁹ 

ה ┼─

⁸ ─

⅜№╢⁹ 

ה ─

⅜

≢№╢⁹ 

◖☻♩ 

ה ⌐ ╢

◖☻♩⅜ ∆

╢⅜⁸ ◖☻

♩─ ⅜

≢№╢⁹ 

ה ╩ ≢⅝

╢ ╛

─ ⅜

⌂ ⁸

╩ ⅔℮≤∆

╢≤⁸

─◖☻♩⅜

∆╢⁹ 

─♩ⱪꜝfiה

≤

⅜ ≢⁸

⇔√≤⇔

≡╙ ⅜

≢№╢⁹ 

ה ╛

─

─ ⅜№

╢⁹ 

ה ─╟

℮⌂

≤⁸ ⌐╟

╢ ╩

⌐ ╖ ╦∑

╢↓≤⌐╟╡⁸

─

─◖☻♩╩

≢⅝╢⁹ 
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⌐⅔↑╢  

╩ ⌐ ╘╢√╘⁸ ≤⇔≡⁸ ─ ⅜ ↕╣≡™╢⁹ 

 

─ ™ ─ ─ ⌐ ∆╢ ₈ ₉ 11 10

 

ᵑ  

⌐⁸ ⌐╟╢ ≠ↄ╡≤ ה ─ ─ ╩

⌐ ℮₈ ─ ™ ₉─ ╩ ∆╢ ╩ ∂⁸ ≤

─≤╣√ ⌂ ─ ╩ ╢⁹ 

ᵒ ─ ™ ─  

 ̧ ⅜⁸ ─ ⇔√ ─ ™ ─ ⌐ ≠⅝⁸ 

▪ ≠ↄ╡ ─ ─  

▬ ─ ⁸ ─  

► ─ ⁸ ─ ⁸ⱴꜟ♅

 

─ ∆═≡⌐ ╗↓≤╩ ≤∆╢ ─ ™ ─

╩  

 ̧ ⅜ ╩ ╩ ↑√ ◄◖ⱨ□כⱴכ  

ᵓ  

─ ™ ╩ ∆╢ ⌐ ∆╢  

 ̧ ─ ╩ ↑√ ⌐ ∆╢ (

( )) ─ ↑⌐ ∆╢  

─ 10 ⅎ ⅝ Ÿ12  

ᵔ  

▪ ◄◖ⱨ□כⱴכ  

 ̧ ◄◖ⱨ□כⱴכ─ │⁸ ─ ⌐╟╡ ≢ ⇔≡ 

⅔╡⁸ 27 2015 3 ≢ 16 ≤⌂∫≡™╢ . -  

⁹ 

▬ ─  

 ̧ ─ ╖─ ⌐ ™ √╡─ │

≢ ⇔≡™╢ . - ⁸ . -  ⁹ 

 ̧ ─ ─ │⁸259kg/ha ⁸ꜞfi ⁸◌ꜞ►ⱶ─ ⁸

. -   ≢⁸ ≤╒╓ №╢⅜⁸ ─ │ ⅜

─ ⌐╟╡ ⌐ ═⁸11.6kg/ha . -   ≤ ™

⌐№╢⁹ 
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.  ◄◖ⱨ□כⱴכ─ ─  

26 ה  ה 27 26  

 

 

 

 

 

 

 

 

 

 

 

.  √╡─ ⁸ ─  

25 ה  ה 26 27  

 

 

 

 

 

 

 

 

 

 

 

.  √╡─ ⁸ ─  

25 ה  ה 26 27  
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⌂ ─√╘⁸ ⅜ ─╟℮⌂ ╩ ⇔≡™╢ ⌐╟╡

│ ⌂╢⁹╕√⁸ ≤ ⌐≈™≡│⁸ ⇔≡™⌂™ ⅜

№╢ ⁹  

 ̧  

№╢ ╩ ∆╢ ⌐ ⌂ ─ ╛ ─ ╩ ═╢ ⌐ ⁹ 

 ̧  

─ ⅛╠⁸ ─ ─ ╩ ∆╢ ⌐ ⁹ 

 ̧  

⌐ ⅜ ⌐ ⇔≡⅔╡⁸ ─ ה ⌐ ─⌂™ ≢

╩ ∆╢ ⌐ ⁹ 

⌐ ∫≡│⁸₈ ₉╩ ≤⇔≡ ℮╒⅛⁸ ⌐ ╩ ™⁸∕─

╩₈ ₉≤ ╠⇔ ╦∑≡ ─ ╩ ∆╢≤≤╙⌐⁸ ⌐

⅜ ⌐ ⇔≡™╢ ⌐│⁸₈ ₉╩ ⌐ ─ ╛ ╩ ∆

↓≤⅜ ≤↕╣≡™╢⁹ 

╕√⁸ ─ ⌐│⁸ ⌂ ╛ ─ ∞↑≢│⌂ↄ⁸ ⌐ ∆

╢ ╛⁸╟╡ ⌐ ╩ ℮√╘─ ╙ ↕╣≡⅔╡⁸ ╖╩ ╘╢

≢ ≤⌂╢ ≤⌂∫≡™╢⁹ 

 

─ ⌐ ∆╢ ₈ ₉ 18 12  

ᵑ  

─ ⌐ ⇔⁸ ╩ ╘⁸ ┘ ─ ╩ ╠⅛⌐∆╢

≤≤╙⌐⁸ ─ ⌐ ∆╢ ─ ≤⌂╢ ╩ ╘╢↓≤⌐╟╡⁸

─ ⌐ ∆╢ ╩ ⌐ ∂⁸╙∫≡ ─ ╩ ╢↓≤╩ ≤∆╢⁹ 

╛ ─ ╛⁸ ⌐╟╢ ─ ⌐ ∆╢ ⌂

─ ⁸ ⌐⅔↑╢ ─ ⁸ ┼─ ⁸ ─

⁸ ─ ≤ ─ ⁸ ≤ ─ ─ ⁸ ─ ⁸

─ ─ ⌐≈™≡ ╘╠╣≡™╢⁹ 

ᵒ ─√╘─  

▪ ≢─  

─ ─ ╩ ╢√╘⁸ ─ ה ⁸ ─ ⁸

─ ╩ ╢⁹ 

▬ ⌐ ╗ ─  

⌐ ╗ ─ ─√╘─ ╛ ─ ה

╩ ∆╢⁹ 

►  
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23 ⅛╠⁸ ┘ ╩ ∆╢ ≤ ╦

∑≡ ℮ ╛ ⌐ ─ ™ ⌐ ╡ ╗

─ ∆╢ ⌐ ⇔≡ ╩ ℮⁹ 

 

 

ᵑ  

┘ ╩ ∆╢ ≤ ╦∑≡⁸

╛ ⌐ ─ ™ ⌐ ╡ ╗ ─ ∆╢ ╩ ∆

╢↓≤╩ ≤⇔≡⁸ 23 ⅛╠ ⇔≡™╢⁹ 

27 ⅛╠│⁸ ה ─ ∆╢ ─ ה ╩ ╢√╘⁸₈

─ ∆╢ ─ ─ ⌐ ∆╢ ₉⌐ ≠ↄ ≤⇔≡ ⇔≡™╢⁹ 

ᵒ  

▪  

─ ∆╢ ⁸ ─ ╩ √∆  

▬  

┘ ╩ ∆╢ ╖≤ ╦∑≡ ℮

╛ ⌐ ─ ™ ⌐ ╡ ╗ ⌐ ╩ ℮⁹∕─

≤⌂╢ ⌐│ ≤ ⅜№╢⁹ 

a.  

⌐ ─ ™ ≤⇔≡₈◌Ᵽכ◒꜡♇ⱪ ─

↑₉⁸₈ ─ ™ ─ ⌐ ∆╢ ₉⁸

⌐ ─ ™ ≤⇔≡₈ ₉╩ ∆╢⁹ 

b.  

─ ╛ ─ ╩ ⇔√ ≢ ⅜ ╩ ™⁸ ╩

⇔≡ ─ ≤∆╢ ⁹ ≤⇔≡│⁸₈IPM ה

₉╛₈ ₉ ⅜№╢⁹ 

►  

≤ ─∕╣∙╣─ │ ─≤⅔╡≢№╢⁹ 

 

 

  

◌Ᵽכ◒꜡♇ⱪ ─ ↑ 8,000 10a 

─ ⁸  4,400 10a 

 

℮∟∕┌ ה  

8,000 10a 

3,000 10a  

 

 ╛ │⁸ ╩ ↑√ ⌐

╟╡ ⌂╢⁹ 

3,000 8,000 10a 

 │⁸ ≤ ⅜ ─ ≢⁹ 

 ─ │₈ ─ ™ ─ ⌐ ∆╢ ₉─↓≤ 

 ─ ⌐≈™≡│⁸ ⌐╟∫≡ ⅜ ⌂╢ ⅜№╢⁹ 
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ᵓ 27  

─ 27 ─ │ ╖ ⁸ ┘

≤╙⁸ 23 ─ ⅛╠ ₁ ≢ ⇔≡™╢⁹ 

 

─  

 23  24  25  26  
27  

╖  

 6,622 12,985 15,240 15,920 4,097 

ha  17,009 41,439 51,114 57,744 76,863 

 773 885 918 931 872 

β 27 │ 28 ─  

β 27 ─ ⅜ ⅝ↄ ⇔≡™╢─│⁸ 27 ╟╡ ─ ─ ╩

₈ ₉⅛╠₈ ─ ∆╢ ₉⌐ ⇔√ ⌐╟╢⁹ 

₈ 27 ≤ ─ ₉ 28  
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─  

≢│ 1971 1973 ⌐ ─ ╛ ≢ ⅜ ╦╣√⁹

↓╣⌐╟╡ ⅜ ⌐ ⇔⁸ │ ─ ╩ ™≢ ╘√⁹ 

─ │∆═≡ ⌐╟∫≡╕⅛⌂╦╣≡⅔╡⁸∕─ │⁸ ─

⌐ ⇔≡™√⁹ 

─ ╗ ⌐╙ ╩ ⇔ ∆╢ ⅜ ╠╣ ⁸1974 ⌐│

─ ⅜ ╘╠╣√⅜⁸ ⇔√ ⅛╠ ╖ →╠╣√ ⌐│⁸ ─

─ 10mg/L╩ ⅛⌐ ⅎ╢ 27.5mg/L─ ⅜ ↕╣√⁹ 

≢│ ─ ╩ ∆╢√╘─ ╩ ™⁸440─ ╩ ⇔√ ⁸

─ ≢ ≤⌂∫≡™╢↓≤⅜ ⇔√⁹↕╠⌐⁸1979 ⌐ ╩ ≤∆╢

─ⱪכꜟ◓ ⅜ ╦╣⁸ ₈ ─ ⌐╟╢ ─ ⌂ │⁸

─ ≢№╢♬fi☺fi ┼─ ≢№╢₉≤─ ⅜⌂↕╣√⁹ 

─ ⌐│↓─ ⌐ ⌂ ╩↕╣╢ ╙™√⅜⁸∕─ ─ ╩ ╕

ⅎ√ 1986 ─ ≢₈ ≢⁸ ─ ⅜ ⌐⌂╢ ⅜ ™↓≤⁸

─ ⅛╠⁸ ─ ┼─ ─ⱷ◌♬☼ⱶ⅜ ╠⅛⌐↕╣╢₉⌐ ╡⁸

⅜ ≢№╢ ⅜ ⌐ ↕╣╢↓≤≤⌂∫√⁹ 

1986 ⌐ │ ─ ⌐ ↑≡ ↄ─ ─ ≤ ⌐╟╢ √⌂

╩ ⇔√⁹ 

↓↓≢│⁸ ─ ⁸∕─ ⌂ ─ ≤∕─ ⅜ ≤↕╣⁸

↕╠⌐ ⇔™ ─ ה ─ ה ─ ה ⌐ ∆╢

⁸ ─ ╛ ⌐ ∆╢ ⁸ ⌐ ∆╢ ⁸ ─ ⌐

∆╢ ⁸ ─ ⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi ⅜ ⌐ ╦╣√( 4)⁹ 

1990 ⅛╠ ╦╣√ ≢│⁸↓╣╕≢♬fi☺fi ⌐│ ꜟכ▪10 √╡ 28 30kg≤

ↄ─ ╩ ⇔≡™√⅜⁸∕─ ╩ 12kg⌐ ╠⇔≡╙ ⅜ ⅜╢↓≤⅜ ↕╣√⁹∕

╣⅛╠ ─ ⌐╟╡⁸ ₁⌐ ╩ ╠⇔⁸ ─ ╙ 30mg/L ⅜

20mg/L≤ ⌐ ↕╣√⁹ 

⇔⅛⇔⁸ ╩⇔≡ 20 √∫√ 2014 ≢╙⁸ ⅜ 10 15mg/L─ ⅜

⌐╕∞ ∫≡⅔╡⁸ ╣√ │∆←⌐│⅝╣™⌐⌂╠⌂™↓≤╙ ⇔≡™╢

⁸ ╟╡⁹ ◓ꜝⱨ ⁹ 

 

 

 

                            
(4)

 ⱱכⱶⱭכ☺ ─◖ꜝⱶ 

₈╟╖⅜ⅎ╢ ─ ₉ 

http://www.jagh.jp/cont ent/shimin/images/column/column002.pdf  

₈╟╖⅜ⅎ╢ ─ ₉ 

http://www.jagh.jp/content/shimin/images/column/column003.pdf  

http://www.jagh.jp/content/shimin/images/column/column002.pdf
http://www.jagh.jp/content/shimin/images/column/column003.pdf
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─  

13 ⌐ ה ≢ ⅜ ⇔⁸ 12 ⌐

58 ≢ ╩ ⇔√⁹ 14 ⌐ ─ ╩ ⇔

√⁹╕√⁸ ⁸ ⁸ ⅛╠⌂╢

⁸ ≤ ∆ ╩ ⇔√⁹ 14 ⌐ ⌐

╩ ⇔√⁹ 

↓╣╠─⸗♬♃ꜞfi◓ ╩ ↑≡⁸ 14 10 ⌐ ╩ ⇔⁸

⁸ ─ ╩ ⇔√⁹ 15 ⌐ ╩ ⇔⁸

─ ╩ ⇔√⁹ ─ ⁸ ≤ ─ ⅜ ⅝™↓≤

⅜ ⇔⁸ ⌐ ⁸ ╩ ⇔√⁹ 

17 ⌐₈ ₉╩ ⇔√⁹⌂⅔⁸ 14 ⁸

≤│ ⌐⁸ ⁸ ╩ ⇔≡⅔╡⁸ ⌐≈™≡ ─

╩ ≡ ╩ ╘≡™╢⁹ 
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─ ⁸ ╩ ⇔≡™√ ≢─ ─ │ ≢ ╩

⇔√⁹ 

₈ ꞉כ◒◦ꜛ♇ⱪ ₉ 26  
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⌐⅔↑╢ ∑≈  

∑≈ │⁸ ⌐ ∆≤⅔╡≢№╢⁹ 

 

∑≈ ─ ─ ┘ ─ ⌐ ∆╢ ₈ ∑≈ ₉ 11

 

ᵑ  

▪ ─  

ה╖ ╡╩ ⇔ ∑≈ ─ ╛ ─ ╩ ╡≈≈⁸

∑≈ ─ ╩ ╢↓≤⌐╟╡⁸ ⌂ ─ ⌐ ∆╢ ≢⁸

11 ↕╣√⁹↓─ ≢│⁸ ─ ⅛╠ ⌐≈™≡⁸ ⌐

∆╢ ─ ─ ⅜ ↕╣≡™√⅜⁸ 16 11 ⌐ ∆

═≡─ ⅜ ↕╣≡™╢⁹ 

∑≈ ─ ╖╩ . - ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

.  ∑≈ ─ ╖ 

ⱱכⱶⱭכ☺  

▬ ∑≈ ─  

∑≈ ─ ┘ ⌐ √ ∑≈ ─ ╩ . -

⁸ . - ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

.  ∑≈ ─  

( ╩╘←╢ , ה , 27 )  



  

58 

.  ⌐ √ ∑≈ ♩fi  

 

 

 

 

 

 

 

( ≤ ∂)  

 

. - ⌐ √╡─ ∑≈ ╩ ∆⁹ 

∑≈ │ ≢ ⅝⌂ ⅜№╡⁸ ⌐⁸ ─

≢│⁸ ⌐ ═ ⌐ √╡─ ∑≈ ⅜ ⅝™⁹ 

↓─↓≤⅛╠⁸↓╣╠─ ≢│⁸ ∑≈ ╩ ⌐ ∆╢

─ ⁸ ⌐╟╢ ╩ ⅎ√ ─ ─ ╖╙ ≤↕╣

≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  √╡─ ∑≈  

ⱬ⁸☻כ ╩ ⇔√  

( ≤ ∂)  
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ᵒ ∑≈ ─ ─ ─√╘─  

▪ ─  

─ ⌂ │⁸ ⌐ ∆≤⅔╡≢№╢⁹ 

 ̧ ∑≈ ─ ─ ┘ ─ ⌐ ∆╢ ₈

₉≤™℮⁹  ∕─ ─ ∑≈ ─

│ ─ ⌐ ∆╢ ₈ ₉≤™℮⁹ ─ ⌐ ∆╢

 

▬ ─ ∑≈ ─ │⁸ ╩ ◖fi◒ꜞכ♩

⅜ ⇔⌂™╙─╩™℮⁹ ∂⁹ ≢ ⇔⁸ ⌂ ™

┘ ╩ ↑╢↓≤⁹ 

꜡ ─ ∑≈ ─ │⁸ ≢ ⇔√ ≤∆

╢↓≤⁹ 

 ̧  ∑≈ ─ ─ ⌐ ∆╢  

▬ ∑≈ │ ⌐⅔™≡ ∆╢↓≤⁹ 

꜡ ─ ⌂ ╩ ℮↓≤⁹ 

Ɫ ─ ⁸ ™⁸ │ ⌐ ⅜№╢≤⅝│⁸ ⌂ↄ ╩

℮↓≤⁹ 

♬ ╩ ⇔≡™╢ │⁸ ─ ╩ ⌐ ℮↓

≤⁹ 

ⱱ ∑≈ ─ ─ ⁸ ─ ┘ ─ ─ ⌐≈

™≡ ∆╢↓≤⁹ 

⌂⅔⁸ 10 ⁸ 100 ⁸ 2,000 ⁸ 10 ─

⌐│ │ ↕╣⌂™⁹ 

26 12 ─ │ 49,830 57.6 ≢⁸

│ 36,621 42.4 ≢№╢⁹ ─ 99.99 ⅜

⌐ ⇔≡™╢ . -  ⁹ 

⌐ ⇔≡™⌂™ │ ≢№╡⁸ 23 12

─ 10 ⌐ ═ ⇔≡™╢⁹ ⌐ ≠ↄ ≢№╢ ┘

│ ⁸ │ ─ ⌐ ⇔≡ ↕╣⁸ │ ↕╣≡™⌂™⁹ 
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.  ∑≈ ─ ─ 26 12  

∑≈ 26 12 ,   

ה  , 27  

 

₈ ה ─ 25 ∑≈

25 11 ₉⌐╟╢≤⁸ 11 11 ⌐₈ ∑≈ ─ ─

┘ ─ ⌐ ∆╢ ₈ ∑≈ ₉≤™℮⁹ ─ ⁸

ה╖ ╡ ─ ⌂ ⅜ 11 ≢ 900 ♩fi/ ≢№∫√╙─⅜

─ 16 12 ⌐ 100 ♩fi/ ⌐ ⇔⁸ ─

♩fi/ ⅜ ⁸ ↕╣≡™╢≤⇔≡™╢ . -  ⁹ 

 

 

 

 

 

 

 

  

.  ∑≈ ─ ≤ ─  

ⱱכⱶⱭ₈☺כ ∑≈ ─ ≤ ─ ₉ 

  http://www.maff.go.jp/j/chikusan/kankyo/taisaku/t_mondai/02_kanri/  

 

http://www.maff.go.jp/j/chikusan/kankyo/taisaku/t_mondai/02_kanri/
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∑≈ ─ ה  

∑≈ ─ ה ⌐│⁸ ∆╢ ∑≈ ─ ╛ ─

⌐ ∂⁸ ₁⌂ ⅜№╢⁹ ⅜ ─ │⁸ ⅜ ↄ⁸ ≤ ─

⅜ ╪≢™╢↓≤⅜ ≤⌂╡⁸ ≢│ ≢ ™ ╛ ⅜ ↄ ╦

╣╢ ⁸ ⌐ ═≡ ⌂ ה ⅜ ™╠╣≡™╢⁹ 

. - ⌐ ⅜ ⌐⅔↑╢ ∑≈ ─ ⌂ ה ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  ⅜ ⌐⅔↑╢ ∑≈ ─ ⌂ ה  

ⱱכⱶⱭכ☺ , 26 ╩

http://www.maff.go.jp/j/chikusan/kankyo/taisaku/t_mondai/02_kanri/  

 

 

∑≈ ─ ∑≈ ─ ⌐│⁸ . - ⌐ ∆╟℮⌐⁸ ⁸

⁸◄Ⱡꜟ◑כ ⁸∕─ ─ ⅜№╢⁹ ⅜ ⌂ ∞⅜⁸

◄Ⱡꜟ◑כ ↕╣≡™╢─⅜ ≢№╢ ,2006 ⁹ 

 

 

 

 

http://www.maff.go.jp/j/chikusan/kankyo/taisaku/t_mondai/02_kanri/
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.  ∑≈ ─ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

, ⱨכ♪◦☻♥ⱶ 13 , 2006  

 

 

. - ⌐⁸ ∑≈ ─ ─ ╩ ∆⁹ 

 

 

.  ∑≈ ─ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

₈ ∑≈ ╩ ≤⇔√ ה ⌐ ∆╢ ⅝₉ 17  
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ᵑ  

▪ ∑≈ ─ ─  

∑≈ ─ ≤⇔≡─ ⌐│⁸ ╕╣≡™╢ ⁸ꜞfi ⁸◌ꜞ ─

─ ⅜ ≢№╢⅜⁸ ≤⇔≡─ ╙ ↕╣╢⁹ ⌐⁸

≢│ ה ┼─ ⅜ ™√╘⁸ ∑≈ ╩ ⌂ ⇔≡

∆╢↓≤⅜ ≤↕╣≡™╢⁹ 

│⁸▪fi⸗♬►ⱶ▬○fi⁸ꜞfi ▬○fi⁸ⱴ◓Ⱡ◦►ⱶ▬○fi╩ ⌂⸗

ꜟ ≢ ╗─≢⁸ꜞfi ⱴ◓Ⱡ◦►ⱶ▪fi⸗♬►ⱶ (MAP)─ ≤⇔≡ ∆╢↓≤

⅜≢⅝⁸MAP─ │⁸ ─ꜞfi ≤⇔≡ ∆╢↓≤⅜≢⅝╢⁹ 

2006 │⁸ │⁸╦⅜ ⌐⅔↑╢ ∑≈ ה ─

≢№╢⅜⁸ ≢│⁸ ─ ∑≈ ╩ ≤⇔≡™╢

≢ ⅝⌂ ™⅜№╢≤⇔≡™╢⁹ 

ⱷ♃fi ⌐≈™≡│ ∆╢⅜⁸ ⁸ ⌐♪▬♠≢│ ∑≈ ─ⱷ♃

fi ●☻ ⅜ ↕╣≡⅔╡⁸↓─ ≤⇔≡ⱷ♃fi ⌐ ∂╢

⅜ ⌐ ↕╣≡™╢↓≤⅜ →╠╣≡™╢⁹ ⁸╦⅜ ≢│

─ ⌐ ═≡⁸ ─ ╩ ≤∆╢ⱷ♃fi ─

⅜ ⌂™↓≤⅜ ↕╣≡™╢⁹ 

. - ⌐ ה ─ ╩ ∆⁹╕√⁸ . - 10⌐ ™╠╣≡™╢

─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. ה  ─  

, ⱴ♬ꜙ▪ꜟ,2000  
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. 10 ™╠╣≡™╢ ─  

, ∑≈ ─√™ ─ ה ,2000  

 

⌐│⁸ ─№╢╙─≤ ™╙─ ≤ ─ ≈⌐ ↕

╣⁸ │↕╠⌐ ╕√│ ↑ ⁸ ╛כꜞ♃כ꜡

ⱪכ◒☻ ─ ⌐ ↕╣╢⁹ ⅜╙∫≤╙ ◖☻♩≢№╡⁸

╛ │ ⅜ ↄ⌂╢ ∞↑◖☻♩ ≤⌂╢⁹ 

≥─ ≢╙ │╟ↄ ↕╣╢⅜⁸ ┤╪≢│ ≤ ⅜ ⌐

ↄ⁸ ┤╪╛ ┤╪≢│⁸ ╛ ⅜ ™⁹ 

2,326 ─ ╩╖╢≤⁸ . - 10⌐ ∆╟℮⌐⁸ ≢ ה

╡ ⇔⅜ 50.9 כꜞ♃כ꜡⁸ ⅜ 23.3 ≤⌂∫≡⅔╡⁸ ≢ ◖☻♩⌂

⅜ ↕╣≡™╢⁹ 

↓╣╠ ─ ⌐№√∫≡│⁸ │⁸ ─ ◖☻♩●▬♪ꜝ▬fi

. -  ╩ ⇔≡⅔╡⁸ ⅎ┌⁸ ╩ ╗ 500m2 ≢│ 37,000

/m2≢№╢⁹ 
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.  ─ ◖☻♩●▬♪ꜝ▬fi 27  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( ╩╘←╢ ⁸ ה , 27 )  

 

▬ ─ ≤  

╩♃כ♦─ ⌐⇔≡⁸ ─ ∑≈ ╩ ∆╢≤⁸

ⱬכ☻≢ 70 N♩fi/ ≤⌂╢⅜⁸↓─℮∟⁸ ╩ ≡ ⌐ ↕╣╢ │

47 N♩fi/ ≤ ↕╣≡™╢⁹ 30 │⁸ ⌐╟∫≡ ┼ ↕╣≡™

╢ . - 11 ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

. 11 ∑≈ ─ ─ ╣ 

( ╩╘←╢ ⁸ ה , 27 )  
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⁸ ╛ ─ ╩♃כ♦─ ⌐⇔≡⁸ ─ ─

╩ ∆╢≤⁸ 114 N♩fi/ ≤⌂╢ ─ 48 N/

♩fi ╩ ╗ . - 12 ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 12 ∑≈ ─ ─ ╣ 

( ╩╘←╢ ⁸ ה , 27 )  

 

╕√⁸ ↕╣√ ∑≈ ─ ⌐ ─╙─╩ ⅎ√

│⁸ ⌐⅔↑╢ ⌂ ≤╒╓ ⇔™↓≤⅛╠⁸ ꜠ⱬꜟ─

≢ ⅎ╣┌⁸ ⌐ ∑≈ ─ ⅜ ≤™℮ ⌐│⌂™≤ ⅎ╠╣≡™╢⁹ 

⇔⅛⇔⌂⅜╠⁸ ─ ╩ ╢≤⁸ √╡─ ∑≈ │

≢ ⅝⌂ ⅜№╢↓≤⅜ ↕╣≡™╢⁹ 

╠ 2003 │⁸2001 ─ ╩♃כ♦ ™≡⁸ ⌐ ↕╣╢

⁸ ∑≈ ⁸ ⁸ ≤ ⅛╠ ↕╣√

⁸ ⁸▪fi⸗♬▪ ≤─ ─ ─ ≡⅜⁸ ≤

─ ─ ⌐ ↑≡ ∆╢≤ ⇔≡⁸ ⌐⅔↑╢

─ ╩ ⇔≡™╢⁹ ╩ . - 13⌐ ∆⁹ 

↓─ ≢│⁸ ─ ⌐ ↕╣√ ∑≈ │ ↕╣≡™⌂™⁹╕√⁸

∑≈ ─ │∆═≡ ↕╣╢≤ ⇔≡™╢─≢⁸ ↕╣√

─ │ ╟╡╙ ╘≢№╢ ⅜№╢⁹ 
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. 13 ─ ⅛╠─ ─ ─ 2001  

≤ ,2005  

 

↓─ ⌐╟╢≤⁸ ⅔╟┘ ≢│ ⅛╠─ ─ │⁸

mgN/L ≢№╢⅜⁸ ⁸ ⁸ ⁸ ┘ ≢│ 20mgN/L

≢№∫√⁹ ≢│ 7.8mgN/L≢№∫√≤⇔≡™╢⁹ 

≢ ╢ ─ ─ ─ ™ │⁸ 398kgN/ha⁸

366kgN/ha⁸ 320kgN/ha⁸ 261kgN/ha⁸ 244kgN/ha≢№∫√⅜⁸

≤ ≢│ ⅜ ™√╘⌐ 20mgN/L ≤⌂∫≡™╢⁹ ⌐⁸

≢│ ⅜ 173mgN/ha≤ ╟╡ ⌂™⅜⁸ ⅜ ⌂™√╘⌐

─ ⅜ 30mgN/L≤ ╙ ⅛∫√≤⇔≡™╢⁹ 

⅛╠ ⇔√ │⁸ │ ⌐ ⇔⁸ │ ⌐ ∆╢─≢⁸

↓↓≢ ↕╣≡™╢ ⅜ ≡ ⌐ ∆╢╙─≢│⌂™⅜⁸ ⌂

ꜞ☻◒╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 
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2005 │⁸ ⌐⅔↑╢ ┘ ⅛╠─ ⌐ ⇔

≡⁸ ╠⅛♃כ♦ ╩ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

. 14 ⌐⅔↑╢ ┘ ⅛╠─  

25ϴ⁸ ה ,1996 ╟╡  

13≤ ∂  

 

≢│⁸↓─╟℮⌂ ╩ ⇔√₈ ₉≤™℮ ◦☻♥ⱶ

─♁ⱨ♩╩ ⇔≡™╢ https://www.zennoh.or.jp/sehi/index.html ⁹↓─♁ⱨ♩

│⁸ ≢─ ╩ ⌐ ∆╢ ╩ ╖ ╪≢⅔╡⁸

⁸♃כ♦ ⁸ ⁸ ─ ⁸ ⁸ ⅛╠─ ╩◦Ⱶ

⅜≥↓╢∆♩כ꜠ꜙ ╢⁹⇔⅛⇔⁸ ╩ ∆╢ ⌐│⁸ ⌐ ⅜ ∆

╢≤ ⅎ╠╣≡™╢⁹ 

↕╣√ ⅛╠─ ─ ─ ╩ . - 15⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

. 15 ⌐ ⇔√ ╦╠ ─ ─ ≤ ─  

13≤ ∂  

https://www.zennoh.or.jp/sehi/index.html





































































































































