


ɻʞʲʞʪʫʛʧ 
ʉʧʟʵ, 
ʠʞʩʦʧʛʣʙ 

ʘʚʤʧʦʸ, 
ʨʤʧʝ 

ʃʙʨʬʪʫʙ, 
ʤʡʪʫʵʸ 

ɻʪʞʜʧ ʠʧʤʴ 2.9% 1.44% 20.82% 

K2O 32.1% 35.7% 23.1% 

Na2O 1.5% 26.2% 8.9% 

CaO 2.9% 4.1% 28.5% 

MgO 11.2% 8.7% 4.1% 

Fe2O3 1.2% 1.4% 1.2% 

P2O5 47.7% 13.7% 3.7% 

SO3 1.3% 6.1% 17.4% 

SiO2 1.4% 4.3% 1.9% 

Cl 0.5% ʪʤʞʝʴ 12.6% 



Orites excelsa 

(Proteaceae), 

ɸʚʩʪʨʘʣʠʷ 

ʉʦʜʝʨʞʘʥʠʝ Al2O3   
ʚ ʟʦʣʝ ʜʦʩʪʠʛʘʝʪ 79%! 

ʏʘʡʥʳʡ ʢʫʩʪ 

Camelia sinensis 

ɼʦ 27% Al2O3   
ʇʦʩʪʫʧʘʝʪ ʚ ʬʦʨʤʝ 

AlF4
ï, ʪ.ʝ. ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʠʜʘ 



Dichapetalum 

cymosum 

Gastrolobium 

ʆʢʦʣʦ 40 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 
ʠʟ ɸʚʩʪʨʘʣʠʠ, ɹʨʘʟʠʣʠʠ ʠ 
ɸʬʨʠʢʠ ʥʘʢʘʧʣʠʚʘʶʪ ʬʪʦʨ 
ʚ ʬʦʨʤʝ ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʡ 
ʤʦʥʦʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ 

ʅʧʦʧʭʫʧʩʤʡʥʧʦʦʙʸ 

ʣʡʪʤʧʫʙ 

ʒʙʛʞʤʞʛʧʬʣʪʬʪʦʙʸ 

ʣʡʪʤʧʫʙ 

ʅʧʦʧʭʫʧʩʙʯʞʫʡʤ-

ʃʧʶʦʠʡʥ ɹ 

ʇʊʋɹʆʇɻʃɹ ɽʔʎɹʆʁʘ 

(ʏʁʃʄɹ ʃʉɾɺʊɹ)! 



Sebertia acuminata, 

ʅʦʚʘʷ ʂʘʣʝʜʦʥʠʷ 

ʄʣʝʯʥʳʡ ʩʦʢ: 1 ʤʦʣʴ/ʣ 
ʨʘʩʪʚʦʨ ʮʠʪʨʘʪʘ ʥʠʢʝʣʷ 

1 ï 2% Ni 
ʚ ʟʦʣʝ, 
26% Ni ʦʪ 
ʚʩʝʭ ʩʫʭʠʭ 
ʚʝʱʝʩʪʚ 
ʤʣʝʯʥʦʛʦ ʩʦʢʘ! 



ȹɇɓɏɐɌ 
Allium sativum  
ȰɆɊɏ ɉɕɃəɊɌ 
ɓɐɆɇɒɈɊɔ ɓɕɔɐəɏɕɠ 
ɏɐɒɎɕ 
ɓɇɍɇɏɐɘɊɓɔɇɊɏɂ 



Astragalus pattersonii, 

ʂʦʣʦʨʘʜʦ, ʉʐɸ 

ɼʦ 1,2 ʛ Se ʥʘ 1 ʢʛ ʟʦʣʳ. 
ʊʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ï  
ʥʘʯʠʥʘʷ ʩ 1 ï 5 ʤʛ ʥʘ ʢʛ. 
 
ʉʝʣʝʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 
ʩʝʣʝʥʦʤʝʪʠʣʮʠʩʪʝʠʥʘ 
 ï ʘʤʠʥʦʢʠʩʣʦʪʳ,  
ʢʦʪʦʨʘʷ ʚʩʪʨʘʠʚʘʝʪʩʷ 
ʚ ʙʝʣʢʠ ʪʨʘʚʦʷʜʥʳʭ 
ʞʠʚʦʪʥʳʭ ʠ ʥʘʨʫʰʘʝʪ 
ʠʭ ʩʪʨʫʢʪʫʨʫ. 
 
ɾʠʚʦʪʥʳʤ ʧʦʣʝʟʝʥ 
ʩʝʣʝʥʦʮʠʩʪʝʠʥ 



Justus Liebig 

ʖʩʪʫʩ ʃʠʙʠʭ 

P 
K 

S Fe 

Ca Mg Zn 



ɻʞʲʞʪʫʛʧ ʃʧʦʯʞʦʫʩʙʯʡʸ ʜ/ʤ 

Ca(NO3)2 1.00 

KNO3 0.25 

KH2PO4 0.25 

MgSO4*7H2O 0.125 

FeCl3 0.025 

? 

Julius Sachs 

ʖʣʠʫʩ ʉʘʢʩ 

Wilhelm Knop 

ɺʠʣʴʛʝʣʴʤ 

ʂʥʦʧ 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʩʦʜʝʨʞʘʣʠʩʴ  
ʢʘʢ ʧʨʠʤʝʩʠ ʚ ʨʝʘʢʪʠʚʘʭ ʠ ʚʦʜʝ 

1858 ʛ. ï çʦʪ ʩʝʤʷʥ ʜʦ ʩʝʤʷʥè  
ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʝ 



ʇʨʠʟʥʘʢʠ ʜʝʬʠʮʠʪʘ ʂ ʠ ʈ 



ʇʨʠʟʥʘʢʠ ʜʝʬʠʮʠʪʘ Fe, Zn, Ca 



ʇʨʠʟʥʘʢʠ ʜʝʬʠʮʠʪʘ  Mg, Cu, Mn 



ɹʝʟʫʩʣʦʚʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ 

C, H, O ï ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʝ ʩʯʠʪʘʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ  

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ 

N, S, P, K, Mg, Ca ï ʤʘʢʨʦʵʣʝʤʝʥʪʳ 

Fe ï ʤʘʢʨʦ/ʤʠʢʨʦʵʣʝʤʝʥʪ 

B, Mn, Zn, Cu, Mo, Cl ï ʤʠʢʨʦʵʣʝʤʝʥʪʳ 

 

ʇʦʣʝʟʥʳʝ ʵʣʝʤʝʥʪʳ  

Si ï ʟʣʘʢʠ, ʦʩʦʢʠ, ʭʚʦʱʠ ʠ ʜʨ. 

Na, Cl ï ʛʘʣʦʬʠʪʳ, ʩʚʝʢʣʘ 





ɾʘʥ-ɹʘʪʠʩʪ 

ɹʫʩʩʝʥʛʦ 

ɸʪʤʦʩʬʝʨʥʳʡ ʘʟʦʪ 

(N2) ʥʝ ʧʨʠʛʦʜʝʥ 

ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʛʦ  

ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ,  

ʥʫʞʝʥ ʥʠʪʨʘʪ ʠʣʠ ʘʤʤʦʥʠʡ! 

ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ 

ʚ ʧʦʯʚʝ + ʚ ʩʝʤʝʥʘʭ 

ʜʦ ʦʧʳʪʘ = ʧʦʩʣʝ ʦʧʳʪʘ 



ʄʘʨʪʠʥ 

ɹʝʡʝʨʠʥʢ 

Nitrobacter 

Nitrosococcus 

Nitrosomonas 



ʅʠʪʨʠʬʠʢʘʮʠʷ 

ʵʢʩʢʨʝʤʝʥʪʦʚ 

ʚ ʘʵʨʦʙʥʳʭ  

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʭʠʭ) 

ʫʩʣʦʚʠʷʭ 

ʈʘʩʪʠʪʝʣʴʥʘʷ ʧʠʱʘ, 

ʙʦʛʘʪʘʷ ʢʘʣʠʝʤ ʠ ʘʟʦʪʦʤ 



Bertold Schwartz 

ɹʝʨʪʦʣʴʜ ʐʚʘʨʮ 

ʆʛʥʝʩʪʨʝʣʴʥʦʝ ʦʨʫʞʠʝ. 
ʄʫʰʢʝʪʝʨʳ ʜʠʥʘʩʪʠʠ ʄʠʥʴ 

ʀʥʜʠʷ?  
çɹʝʥʛʘʣʴʩʢʠʡ ʦʛʦʥʴè 

ɿʘʣʝʞʠ ʢʘʣʠʝʚʦʡ ʩʝʣʠʪʨʳ 

ʂʠʪʘʡ? 



ʍʚʦʨʦʩʪ 
(ʜʣʷ ʘʵʨʘʮʠʠ) 

ʅʘʚʦʟ 
(ʠʩʪʦʯʥʠʢ NH4

+) 

ɼʨʝʚʝʩʥʘʷ ʟʦʣʘ 
(ʠʩʪʦʯʥʠʢ K2CO3) 

ʍʚʦʨʦʩʪ 
(ʜʣʷ ʘʵʨʘʮʠʠ) 

ʅʘʚʦʟ 
(ʠʩʪʦʯʥʠʢ NH4

+) 

ɼʨʝʚʝʩʥʘʷ ʟʦʣʘ 
(ʠʩʪʦʯʥʠʢ K2CO3) 



ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ  
ʬʝʨʤʝʥʪʘʮʠʠ 
(ʥʠʪʨʠʬʠʢʘʮʠʷ) 

1. ʕʢʩʪʨʘʢʮʠʷ  
ʛʦʨʷʯʝʡ ʚʦʜʦʡ 

2. ʋʧʘʨʠʚʘʥʠʝ 

3. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 

4. ɺʳʩʫʰʠʚʘʥʠʝ 

5. ʇʦʤʦʣ ʩ ʧʦʤʦʱʴʶ 
ʤʝʜʥʳʭ ʞʝʨʥʦʚʦʚ 



ʉʥʠʞʝʥʠʝ ʫʨʦʞʘʝʚ  

ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ,  

ʨʦʩʪ ʥʝʜʦʚʦʣʴʩʪʚʘ. 

ʋʭʫʜʰʝʥʠʝ ʩʥʘʙʞʝʥʠʷ ʘʨʤʠʠ 





ɾʠʚʦʪʥʘʷ ʧʠʱʘ, 

ʙʦʛʘʪʘʷ ʘʟʦʪʦʤ 

ʅʠʪʨʠʬʠʢʘʮʠʷ 

ʵʢʩʢʨʝʤʝʥʪʦʚ 

ʚ ʘʵʨʦʙʥʳʭ  

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʭʠʭ) 

ʫʩʣʦʚʠʷʭ 



ɽʙʫʙ ʊʬʝʦʧ 
ɻʴʛʞʠʞʦʧ 
ʰʡʤʡʢʪʣʧʢ 
ʪʞʤʡʫʩʴ 

ʄʘʨʪ 1812 ʌʨʝʛʘʪ çʊʨʵʡʣè 150 ʪʦʥʥ 

ʄʘʡ 1812 ɹʨʠʛ  
çʉʘʥʪʘ ɹʘʨʙʘʨʘè 180 ʪʦʥʥ 

ɸʚʛʫʩʪ 1812 
ʌʨʝʛʘʪ çʊʨʵʡʣè 

 
161 ʪʦʥʥʘ 

ʉʝʥʪʷʙʨʴ 1812 ʌʨʝʛʘʪ 
çʕʩʧʝʢʫʣʘʩʴʦʥè 209 ʪʦʥʥ 

ʅʦʷʙʨʴ 1812 ɹʨʠʛ çʇʠʣʘʨè 46 ʪʦʥʥ 

ɼʝʢʘʙʨʴ 1812 ɹʨʠʛ çʂʘʥʜʝʣʘʨʠʷè 156 ʪʦʥʥ 

ɺʩʝʛʦ ʟʘ 1812 ʛʦʜ 902 ʫʧʦʦʴ 



N2 + 3H2  ź  2NH3 

Fe, tÁC, 
ʜʘʚʣʝʥʠʝ 

Fritz Haber 
ʌʨʠʮ ɻʘʙʝʨ 

Carl Bosch 
ʂʘʨʣ ɹʦʰ 





1960 1970 1980 1990 

50 ʤʣʥ 
ʪʦʥʥ 

100 ʤʣʥ 
ʪʦʥʥ 

150 ʤʣʥ 
ʪʦʥʥ 

20-25% 
ʧʣʦʱʘʜʠ 
ʟʘʥʷʪʳ 
ʙʦʙʦʚʳʤʠ 

ɼʦʙʳʯʘ 
ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ 

ɽʩʪʝʩʪʚʝʥʥʘʷ ʘʟʦʪʬʠʢʩʘʮʠʷ  
ʟʘ ʩʯʝʪ ʩʚʦʙʦʜʥʦʞʠʚʫʱʠʭ 

ʙʘʢʪʝʨʠʡ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 
ʘʟʦʪʬʠʢʩʘʮʠʷ: 
ʘʢʪʠʚʥʦʩʪʴ 
ʯʝʣʦʚʝʢʘ ʜʘʝʪ 
ʦʢʦʣʦ 50%  
ʘʟʦʪʘ! 





Cʠʤʙʠʦʟʳ ʦʣʴʭʠ, ʦʙʣʝʧʠʭʠ 
ɸʢʪʠʥʦʤʠʮʝʪʳ ʠʟ ʨʦʜʘ Frankia 

ɹʦʙʦʚʳʝ: 250 ʤʣʥ ʛʘ  
(ʦʢʦʣʦ 18% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʣʝʡ) 

ɼʦ 35 000 000 ʪ N (ʦʢʦʣʦ 75%  
ʦʪ ʚʩʝʡ ʬʠʢʩʘʮʠʠ N2 ʥʘ ʧʦʣʷʭ; 23% ʦʪ 
ʙʠʦʩʬʝʨʥʦʡ ʬʠʢʩʘʮʠʠ; ʧʨʠʤʝʨʥʦ 
ʨʘʚʥʦ ʚʩʝʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʦʢʝʘʥʝ!) 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʟʦʪʬʠʢʩʘʮʠʷ 

ʉʠʤʙʠʦʪʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ  

ɹʦʙʦʚʦ-ʨʠʟʦʙʠʘʣʴʥʳʡ ʩʠʤʙʠʦʟ 
(Rhizobium) 

 
Rh. leguminosarum ï ʙʘʢʪʝʨʠʠ 
ʛʦʨʦʭʘ, ʚʠʢʠ, ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ, 
ʯʝʯʝʚʠʮʳ,  
Rh. phaseoli ï ʬʘʩʦʣʠ,  
Rh. vigna ï ʚʠʛʥʳ, ʤʘʰʘ, ʘʨʘʭʠʩʘ,   
Rh. cicer ï ʥʫʪʘ,  
Rh. lupini ï ʣʶʧʠʥʘ,  
Rh. trifolii ï ʢʣʝʚʝʨʦʚ,  
Rh. meliloti ï ʣʶʮʝʨʥʳ, ʜʦʥʥʠʢʘ,  
Rh. simplex ïɻ ʩʧʘʨʮʝʪʘ,  
Rh. robinii ï ʘʢʘʮʠʠ.  



ʋʡʨ ʭʡʣʪʙʯʡʡ ʙʠʧʫʙ ʈʩʡʥʞʩʴ ʧʩʜʙʦʡʠʥʧʛ ʇʚʳʞʥ ʭʡʣʪʙʯʡʡ 

ʊʛʧʚʧʝʦʧʟʡʛʬʲʡʞ 
ʙʠʧʫʭʡʣʪʙʫʧʩʴ 

Azotobacter, Azaspirillum, 

Clostridium pasteurianum 
15 ð 25 ʯ/ʜʙ ʙʠʧʫʙ ʛ ʜʧʝ 

ʊʡʥʚʡʧʠ ʪ Azolla Anabaena azollae 95 ʯ/ʜʙ ʙʠʧʫʙ ʛ ʜʧʝ 

ʊʡʥʚʡʧʠ ʪ ɺʧʚʧʛʴʥʡ Rhizobium 55 ð 140 ʯ/ʜʙ ʙʠʧʫʙ ʛ ʜʧʝ 

ʊʡʥʚʡʧʠ ʪ ʧʤʵʮʧʢ Frankia 200 ʯ/ʜʙ ʙʠʧʫʙ ʛ ʜʧʝ 

ʂʘʞʜʳʝ 10 ʮ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 10,25 ʩʤ ʩʪʦʣʙʘ ʚʦʟʜʫʭʘ. 
ʆʣʴʰʘʥʥʠʢ ʟʘ ʛʦʜ ʬʠʢʩʠʨʫʝʪ ʘʟʦʪ ʠʟ ʩʪʦʣʙʘ ʚʦʟʜʫʭʘ ʙʦʣʝʝ 2 ʤ! 

ɺʝʩʴ ʘʟʦʪ ʘʪʤʦʩʬʝʨʳ ʤʦʞʝʪ 
ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʠ ʩʘʤʳʭ 
ʥʠʟʢʠʭ ʪʝʤʧʘʭ ʬʠʢʩʘʮʠʠ 
ʧʨʠʤʝʨʥʦ ʟʘ 260 ʪʳʩ. ʣʝʪ.  
ʉ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʮʚʝʪʢʦʚʳʭ ʨʘʩʪʝʥʠʡ ʢʘʞʜʳʡ 
ʘʪʦʤ ʘʟʦʪʘ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʦʢʦʣʦ 500 ʨʘʟ! 



1. ʍʠʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʨʘʩʪʝʥʠʡ - 
ʤʦʣʝʢʫʣʳ ʬʣʘʚʦʥʦʠʜʦʚ ʠ 
ʙʝʪʘʠʥʦʚ. 

2. ʌʣʘʚʦʥʦʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ  
ʩ ʨʠʟʦʙʠʘʣʴʥʳʤ ʙʝʣʢʦʤ Nod D. 

3. NodD - ʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 
ʛʝʥʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠʣʠ  
nod-ʛʝʥʦʚ. 

4. nod-ʛʝʥʳ ʦʪʚʝʯʘʶʪ ʟʘ ʩʠʥʪʝʟ  
Nod-ʬʘʢʪʦʨʦʚ 



ʈʤʙʠʥʡʝʙ 
pSym 

ʃʧʩʧʛʙʸ  
ʨʙʩʞʦʮʡʥʙ 

ʉʡʠʧʝʞʩʥʙ 
(ʶʨʡʝʞʩʥʡʪ  
ʣʧʩʦʸ) 

1. Nod-ʬʘʢʪʦʨʳ ï ʣʠʧʦʭʠʪʦʦʣʠʛʦʩʘʭʘʨʠʜʳ  - ʦʣʠʛʦʤʝʨʳ ʥʘ 
ʦʩʥʦʚʝ ʭʠʪʠʥʘ 

2. çʆʙʱʠʝè ʛʝʥʳ  nodA, nodB, nodC ʢʦʜʠʨʫʶʪ 3 ʬʝʨʤʝʥʪʘ  
ʩʠʥʪʝʟʘ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʳ nod-ʬʘʢʪʦʨʘ, 

3. ɼʨʫʛʠʝ nod-ʛʝʥʳ ʢʦʜʠʨʫʶʪ ʬʝʨʤʝʥʪʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 
ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʣʠʧʦʭʠʪʦʦʣʠʛʦʩʘʭʘʨʠʜʦʚ 

Nod-ʭʙʣʫʧʩ 

ʍʤʙʛʧʦʧʡʝ 



ʗʜʨʦ  

ɹʠʦʩʠʥʪʝʟ 

ʥʦʜʫʣʠʥʦʚ ʀʥʬʝʢʮʠʦʥʥʘʷ ʥʠʪʴ 

N2 

NH3 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʙʝʣʢʠ 

ʣʝʛʛʝʤʦʛʣʦʙʠʥ 

ʉʠʤʙʠʦʩʦʤʳ 


