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*��� ��% 
)�����8��
�9�ก�)3�) ���������)���"��,	��� CB,DEF0GHIJGB8/KL/;8M0 3+45 18-6-12 -./Qก25
G4STU4<2QกSVQCT MW452 225 K8X 375 ก5WIDEF0/4,;/-./Q 3+45 7-3-10 B5]M 15-5-20 -./Qก259W^;2*8 
MW452 375 K8X 625 ก5WIDEF0/4,;/-./Q CB,DEF0<Eก 15 30 K8X 45 ��� 5/I 12 ก55I/S`J 9T/.2<Eก
ก55I/S`JCB,D5SI2a*8*8S4 HEa:29*8*8S4 K8XH/2IGL,IL,;`24EM2B25C;CTbI.K4ก4.2QกW;<2Q
3cS4S K8XM0+.C;Gกad7GBI2X3I ก25CB,DEF0<Eก 45 /W; 3+45 18-6-12 -./Qก25G4STU4<2QกSVQCT K8X
3+45 7-3-10 -./Qก259W^;2*8 MW452 225 K8X 375 ก5WIDEF0/4,;/-./Q 42I8e2fWT GDg;ก55I/S`J<JV
GBI2X3I IJ4,;<E;DEF04Ve2 K8X6e2;/;H5WhQC;ก25CB,DEF0;,M0 CB,;he2B;Wก*8*8S4 112 กSU8ก5WI/4,;Uf0
IJ;he2B;Wก*8*8S49iQD5X3QH7 95.5% LMQ;he2B;Wก*8*8S44.M4,; D5SI2a;he23,I 50.6% Uf0;he2B;Wก 
D5SI2aLMQKLkQ<JV8X820;he2bf, (total soluble solids, TSS) 12.3 o Brix D5SI2aก5f<JVb<G<54bf, 
(titratable acidity, TA) 0.5% 3Wf3./; TSS/TA 23:1 H/2IGL,IL,;`24EM2B25b;U45G6; (nitrogen, 
N) oM3oM5W3 (phosphorus, P) U9K<3GpJ0I (potassium, K) KH8GpJ0I (calcium, Ca) K8X 
KIก;JGpJ0I (magnesium, Mg) C;CTH]M 2.34% 0.16% 1.22% 6.58% K8X 0.99% 42I8e2fWT H/2I
GL,IL,;`24EM2B25 N P K8X K C;*83,IUf0;he2B;WกKB,Q H]M 0.81% 0.13% K8X 1.25% 42I8e2fWT  
D5SI2a`24EM2B25<JV4SfbDกWT*8*8S4 (*83f 1 กSU8ก5WI) H]M 1.24 ก5WI N 0.19 ก5WI P K8X 1.92 
ก5WI K 
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Effects of analysis grades, rates and application frequencies of suspension fertilizer (SF) 
in fertigation system on yield and nutrient concentration in leaf and fruit of �Sai Nam Phueng! 
Mandarin Orange were studied in Chiang Mai province. Orchard soil was acidic and high fertility. 
SF grade 18-6-12 was applied during a vegetative growth period at the rates of 225 and 375 g 
fertilizer/tree/period and 15-5-20 or 7-3-10 was applied during a fruit development period at the 
rates of 375 and 625 g fertilizer/tree/period with application frequencies of 15, 30 or 45 days; the 
total of 12 application treatments. The result showed that fruit yield, quality and nutrient 
concentration in leaf were not statistically different and satisfactory among the treatments. The 
treatment, 18-6-12 grade for vegetative growth period and 7-3-10 grade for fruit development 
period fertigated every 45 day at the rates of 225 and 375 g fertilizer/tree/period, respectively was 
the most satisfactory combination with the lower fertilizer cost and the less application 
frequencies. It yielded 112 kg fruit weight/tree with 95.5% favorable yield, 50.6% juice, 12.3 o 
Brix TSS, 0.5% TA, 23.1 TSS/TA ratio and leaf N, P, K, Ca and Mg concentrations of 2.34%, 
0.16%, 1.22%, 6.58% and 0.99%, respectively. Fruit N, P and K concentrations were 0.81% 
0.13% and 1.25%, respectively. Nutrient loss through crop removal was 1.24 g N, 0.19 g P and 
1.92 g K for every kilogram fresh weight. 
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*8K8X/S625a7          30 
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GMก325K8X3SVQM,2QMSQ         65 
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1. GD5J0TG<J0THEa3ITW4SDEF05XB/.2QDEF0GHIJGB8/C3K8XDEF0GHIJGB8/KL/;8M0           10 
2. GD5J0TG<J0THEa3ITW4SDEF05XB/.2QDEF0GHIJGB8/KL/;8M0กWTDEF0GHIJ-;SfGIkf 

B5]MB/.2;             11 
3. H/2IGL,IL,;LMQ`24EM2B25<JV/SGH52XB762กCT3,IM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8piVQ 

K3fQ/.2 L2fKH8; 4Ve2 GBI2X3I 3+Q B5]MI2กGกS;9M    19 
4. 3+45DEF0GHIJGB8/KL/;8M0 6e2;/;H5WhQ MW452 H/2IcJV D5SI2aDEF0 K8X-./QG/82 

C;ก25CB,DEF0LMQK4.8Xก55I/S`J48Mfก25<f8MQ     24 
5. H.2D{SกS5S02fS; H.23:29ก25;e2boo|2 D5SI2aMS;<5J0/W4cE oM3oM5W3<JVGDg; 

D5XU0-;7 U9K<3GpJ0I<JVK8กGD8JV0;bf, KH8GpJ0I<JVK8กGD8JV0;bf, K8X KIก;JGpJ0I 
<JVK8กGD8JV0;bf,LMQfS;C;3/;3,I320;he2*ihQก.M;K8XB8WQก25<f8MQ  
GD5J0TG<J0TกWTH.2K;X;e2fS;<JVGBI2X3I4.Mก25D8+ก9]-      32 

6. *8LMQ3+45 MW452K8XH/2IcJVC;ก25CB,LMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.M 
;he2B;Wก*8*8S4LMQ3,I320;he2*ihQ       35 

7. *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.MD5SI2a 
LMQ3,IGก5f4.2Q} <JVGกkTGกJV0/bf,K8X3Wf3./;LMQ3,IGTM57 4 5 K8X 6                               
piVQGDg;Gก5f<JV482f4,MQก25         39 

8. *8LMQ3+45 MW452K8XH/2IcJVC;ก25CB,LMQDEF0GHIJGB8/KL/;8M0C;5XTT;he2 
4.MD5SI2a;he23,I<JVGBI2X3I62ก*83,I5X0X95,MIGกkTGกJV0/ (M20E*8 11 Gf]M;)  42 

9. *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.MD5SI2a 
LMQKLkQ<JV8X820;he2bf, (TSS) D5SI2aก5f<JVb4G45<bf, (TA) K8X3Wf3./; TSS/TA 47              

10. *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.M 
H/2IGL,IL,;`24Eb;U45G6; (N) oM3oM5W3 (P) U9K<3GpJ0I (K) KH8GpJ0I (Ca)  
K8X KIก;JGpJ0I (Mg) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8 
LMQ4,;3,I320;he2*ihQ        53 

11. *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.M 
;he2B;Wก*83fK8X*8KB,Q (<WhQ*8)       57 
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12. *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.M 
H/2IGL,IL,;`24EM2B25C;*8Uf0;he2B;WกKB,Q     59 

13. GD5J0TG<J0T3+45DEF0GHIJ MW452 52H2DEF0 D5SI2aDEF0<JVC-, K8X4,;<E;DEF0C;K4.8X 
-./Qก25G65SzG4STU4 5XB/.2Qก25C-,DEF0GHIJKTTGfSIK8Xก25C-,DEF0GHIJGB8/ 
KL/;8M0C;5XTT;he2-8D5X<2; C;ก25*8S43,I320;he2*ihQ         63 
 

������	�ก
�� 

 
1. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

;he2B;Wก*8*8S44.M4,;LMQ3,I320;he2*ihQ      77 
2. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

D5SI2aGก5f3,IGTM57 3 LMQ3,I320;he2*ihQ      78 
3. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

           D5SI2aGก5f3,IGTM57 4 LMQ3,I320;he2*ihQ      78 
4. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

           D5SI2aGก5f3,IGTM57 5 LMQ3,I320;he2*ihQ      79 
5. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

         D5SI2aGก5f3,IGTM57 6 LMQ3,I320;he2*ihQ      79 
6. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

         D5SI2aGก5f3,IGTM57 7 LMQ3,I320;he2*ihQ      80 
7. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

           D5SI2a5/IGก5f3,IGTM57 4 5 K8X 6 LMQ3,I320;he2*ihQ                            80 
8. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 

D5SI2a;he23,I<JVGBI2X3I62ก*83,I5X0X95,MIGกkTGกJV0/ (M20E*8 11 Gf]M;)  81 
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9. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
 D5SI2aLMQKLkQ<JV8X820;he2bf, (TSS)       81 

10. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
D5SI2aก5f<JVb4G45<bf, (TA)       82 

11. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
3Wf3./; TSS/TA               82 

12. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
H/2IGL,IL,;`24Eb;U45G6; (N) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8                   83 

13. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
 H/2IGL,IL,;`24EoM3oM5W3 (P) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8   83 

14. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
H/2IGL,IL,;`24EU9K<3GpJ0I (K) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8                84 

15. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
H/2IGL,IL,;`24EKH8GpJ0I (Ca) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8   84 

16. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
H/2IGL,IL,;`24EKIก;JGpJ0I (Mg) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8   85 

17. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
;he2B;Wก*83,I3f 1 *8        85 

18. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
;he2B;Wก*83,IKB,Q 1 *8        86 

19. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
H/2IGL,IL,;`24EM2B25b;U45G6;C;*8Uf0;he2B;WกKB,Q    86 

20. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
H/2IGL,IL,;`24EM2B25oM3oM5W3C;*8Uf0;he2B;WกKB,Q    87 

21. *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
H/2IGL,IL,;`24EM2B25U9K<3GpJ0IC;*8Uf0;he2B;WกKB,Q    87 
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1. <.MD5X`2; <.MKL;Q /287/CB,;he2 ก25KT.Qก8E.I (block) 4 ก8E.I   
              K8X treatments         88
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Effects of Fertilizer Rates and Analysis Grades of Suspension Fertilizer in 

Fertigation System on Yield and Nutrient Concentration in Leaf and Fruit of  

5Sai Nam Phueng8 Mandarin Orange (Citrus reticulata Blanco)  

 

<=�	=�    
 

DEF0GDg;D~66W0ก25*8S4<JV3e2HWzC;ก25*8S49]- G9]VMCB,bf,*8*8S4<JVfJ<WhQf,2;D5SI2aK8X
HEa:29 62ก3cS4SD�9.1. 2553 D5XG<1b<0;e2GL,2DEF0GHIJ<WhQBIf 5.17 8,2;4W; HSfGDg;I+8H.2D5XI2a 
61,200 8,2;T2< (��20DEF0GHIJ, 2554) 3./;CBz.GDg;DEF0GHIJI245�2;B5]MKI.DEF0K8XDEF03e2G5k65+D
*3IG35k6 G-.; DEF03+45 18-46-0, 0-0-60, 16-20-0, 15-15-15 K8X 46-0-0 GDg;4,; MW452ก25C-,DEF0LMQ
Gกr45ก5b<0Uf0G�8JV0H]M 8.65 กSU8ก5WI/b5. piVQIJD5SI2a4Ve2GI]VMG<J0TกWTMW452ก25C-,DEF0Uf0G�8JV0
LMQD5XG<1<JVกe28WQ9W^;2C;KcTGMG-J0H]M 18.38 กSU8ก5WI/b5. I2G8GpJ0 35.74 กSU8ก5WI/b5. 
G/J0f;2I  21.69 กSU8ก5WI/b5. K8X6J; 45.18 กSU8ก5WI/b5. 6iQIJก25H2fก25a7b/,/.2D�9.1. 2555-2556
D5XG<1b<04,MQ;e2GL,2DEF0GHIJ3+QciQ 6 8,2;4W;/D� (1+;07/S6W0ก3Sก5b<0, 2550) I245ก25G5.Qf./;<JV<WhQ
5W�T28K8XGMก-;<JVGกJV0/L,MQ4,MQG5.Qfe2G;S;ก25H]M ก25CB,H/2I5+,K8XL,MI+8<JV-WfG6;GกJV0/กWTก25C-,
DEF0GHIJ <WhQ;JhG9]VMbI.CB,GกSfก25C-,DEF0C;D5SI2aI2กGกS;H/2I6e2GDg; CB,IJD5X3S<`S:293+Q3EfUf0IJ 
3Wf3./;LMQDEF0<JVGBI2X3IกWT5X0Xก25G65SzG4STU4LMQ9]- piVQGDg;K;/<2Q3e2HWzD5Xก25B;iVQC;
ก258f4,;<E;K8XG9SVIHEa:29C;ก25*8S43S;H,2Gกr45 G9]VM8f*8ก5X<T4.M3SVQK/f8,MIK8X
32I25cKL.QLW;กWTD5XG<1M]V;C;482fU8กbf,  

 
9]h;<JVD8+ก3,IC;:2HGB;]M Uf0G�92X<JV6WQB/WfG-J0QCBI. Me2G:M<JVD8+ก3,IกW;I2กbf,Kก. 

Me2G:M�2Q KI.M20 K8Xb-0D52ก25 5/I9]h;<JVD8+กD5XI2a 100,000 b5.G1r (3e2;WกQ2;G15r�กS6
ก25Gกr45, 2553) 3,I<JVD8+ก3./;I2กGDg;3,IGD8]Mก8.M;9W;`E7320;he2*ihQ CB,*8*8S4D�8XD5XI2a 3 
K3;4W; -2/3/;3,IC-,DEF0GHIJC;ก25G9SVI*8*8S4<WhQf,2;D5SI2aK8XHEa:29 DEF0GHIJ<JV;S0IC-,กW;
I2กH]M DEF0GHIJ-;SfGIkfC-,B/.2;8QfS;C;KD8QD8+ก3,I K8XIJก25C-,DEF0GHIJ9.;<2QCTT,2QGDg;H5WhQ
H52/ piVQGDg;ก25CB,DEF0KTTfWhQGfSI4,MQIJก25CB,;he26e2;/;I2กG9]VM8X820GIkfDEF0<JVB/.2;K8XC-,
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G/82;2;GDg;3WDf2B7<JVDEF0GB8.2;Wh;6X8X820GDg;`24EM2B25<JV9]-f+fbDC-,bf, 52ก9]-M26bf,5WTH/2I
G3J0B2062ก3258X820DEF0<JVGL,IL,; DEF0c+ก-X8,2QMMก;MกT5SG/a52ก9]-K8XpiI8iก3+.;he2C4,fS;
ก.MCB,GกSfD~zB2I8:2/X42II2K8X3Sh;GD8]MQDEF0 6iQH/53.QG35SICB,Gกr45ก5GB8.2;Wh;BW;I2CB,
DEF0GHIJC;5XTT;he2-8D5X<2; G-.; DEF0GHIJGB8/ Uf0ก25CB,H/2I5+,G5]VMQDEF0GHIJGB8/ /S`Jก25C-, 
MW452ก25C-, -./QG/82ก25C-,K8XKB8.Qp]hML20 5/IciQ*8Q2;/S6W0LMQ:2H5W�K8XGMก-;C;G5]VMQ
DEF0GHIJGB8/กWT9]--;Sf4.2Q}C;5XTT;he2-8D5X<2;Uf0G�92XKTTGB/JV0QB5]M9.;�M0 (Micro-
sprinkle) K4.L,MI+8fWQก8.2/IJ;,M0I2ก <e2CB,IJGกr45ก5T2Q520bf,fWfKD8QDEF0GHIJ-;SfGIkfK8X
DEF0GHIJ9.;<2QCTI2C-,กWTก25CB,DEF0<2Q5XTT;he2piVQGDg;ก25*Sf/W4cED5X3QH7LMQก25C-, Uf0;e2
DEF0GHIJGB8.2;Wh;I28X820;he2K8,/ก5MQGM2ก2ก (filler) MMก ;e2GM23./;<JVGDg;;he2C3}bDC-, *8<JV
GกSfLih;H]M ก258X820;he202กก/.2 DEF0MEf4W;42I<.M DEF0กWfก5.M;<.MK8XBW/5f;he2 ก25HSf3+45DEF0bI.
c+ก4,MQ *8*8S4bI.fJK8Xf,M0HEa:29  

 
0Q0E<` (2536) bf,KT.Q-;SfDEF0GHIJGB8/ (fluid or liquid fertilizer) MMกGDg; 2 -;SfH]M 

DEF0GHIJGB8/C3 (clear liquid mixed fertilizer) piVQGDg;DEF03+45CfB5]M3JCfกkbf,<JVIJ8WกraXC3 K8X
DEF0GHIJGB8/KL/;8M0 (suspension fertilizer) piVQDEF0;JhD5XกMTf,/03MQ3./;H]MLMQGB8/piVQGDg;
3258X820`24EM2B25กWTLMQKLkQpiVQGDg;DEF0<JV0WQbI.8X820 K4.KL/;8M0M0+. DEF0GHIJGB8/IJL,MfJก/.2
DEF0GHIJGIkfH]M `24EM2B25ก5X620M0.2Q<WV/ciQ K8XIJH/2IGL,IL,;3IVe2G3IMpiVQ;WTGDg;3SVQ3e2HWzM0.2Q
I2กG952XC-,D5SI2a325;,M0K4.3258X820DEF0ก5X620bf,<WV/<WhQ9]h;<JV 32I25c*3IกWT`24EM2B25
5MQ M2B25G35SI5/IciQ325กe26Wf1W45+9]-bf,Q.20 C-,K5QQ2;C;ก25CB,DEF0;,M0ก/.2 IJH/2I0]fB0E.;3+Q
C;KQ.ก25C-, G-.;C3.GI]VM9]-G65SzK8,/ C3.GDg;B0f 9.;<WV/KD8Q MWf�Jf8QC4,fS; C3.ก.M;B5]MB8WQ
D8+ก9]- C3.95,MIกWT95/;fS; K8XC3.C;5XTT;he2-8D5X<2; MW452ก25C-,;,M0ก/.2DEF0GHIJ-;SfGIkf 
(D~z695, 2544;  328JV K8XHaX, 2545; Thompson et al., 2003; Kusakabe et al., 2006) 

 
fWQ;Wh;c,2Gกr45ก5b<0BW;I2C-,DEF0GHIJGB8/KL/;8M0กW;I2กLih; IJ*84.Mก25G9SVI

D5X3S<`S:29ก25CB,DEF0GHIJ5/IciQ8fD5SI2aDEF0GHIJ<JVC-,8Qbf, K8X8f*8ก5X<T4.M3SVQK/f8,MI 
0ก4W/M0.2Qก5aJก25D8+ก3,I<JV6WQB/WfG-J0QCBI. 9]h;<JVD8+กD5XI2a 100,000 b5. 1 b5.D8+ก3,I
D5XI2a 50 4,; 5/Ibf,4,;3,I 5,000,000 4,; 3,I 1 4,; C-,DEF0GHIJD5XI2a 5 กSU8ก5WI4.M4,;4.MD� 
5/IC-,DEF0GHIJ<WhQBIf 25,000 4W;4.MD� 52H2DEF0GHIJ3e2B5WTbI,*8D5XI2a 25,000 T2<4.M4W; 
Gกr45ก54,MQC-,GQS;p]hMDEF0GHIJfWQก8.2/GDg;GQS; 625 8,2;T2< c,2Gกr45ก5BW;I2C-,DEF0GHIJGB8/
KL/;8M0 MW452C-, 30% LMQMW452ก25C-,LMQDEF0GHIJ-;SfGIkf (Kusakabe et al., 2006; Thompson et 
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al., 2003) C-,G9J0Q 7,500 4W; 52H2DEF0GHIJGB8/KL/;8M0D5XI2a 60,000 T2<4.M4W; 5/IGDg;GQS; 
450 8,2;T2< Gกr45ก5D5XB0WfGQS;Uf05/I 175 8,2;T2<4.MD� K8XD5XB0WfDEF0GHIJGIkf6e2;/; 
17,500 4W;4.MD� DEF0GHIJ6e2;/;;Jh6X8f*8ก5X<T4.M3SVQK/f8,MIC;6WQB/WfG-J0QCBI.Uf0G�92X 3 
Me2G:MH]M �2Q KI.M20K8Xb-0D52ก25   

 
   DEF0GHIJGB8/GDg;DEF0<JVIJD5X3S<`S:29I2กก/.2DEF0GHIJKTTGfSI 32I25c8f4,;<E;ก25*8S4
9]-5/IciQ8f*8ก5X<T4.M3SVQK/f8,MI K4.0WQL2fL,MI+8G-SQ/S-2ก25GกJV0/กWT3+45 MW452K8XH/2IcJV
C;ก25C-,<JVGBI2X3I Uf0G�92XกWT3,I320;he2*ihQ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



���>?@�A��<B 

 
1. G9]VM1iกr23+45 MW452ก25C-,K8XH/2IcJVC;ก25CB,LMQDEF0GHIJGB8/KL/;8M0<JV 

GBI2X3ICB,*8*8S43,I320;he2*ihQfJ IJHEa:29K8XIJ5XfWT`24EM2B25C;CTG9J0Q9M  
 

2. G9]VMD5XGIS;D5SI2a`24EM2B25 b;U45G6; oM3oM5W3 K8XU9K<3GpJ0I <JV4SfbDกWT 
*8*8S43,I (crop removal) 
 

3. G9]VMGD5J0TG<J0T4,;<E;ก25C-,DEF0GHIJKTTGfSIC;ก25*8S43,I320;he2*ihQกWTก25C-,DEF0GHIJ 
GB8/KL/;8M0               
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ก�����CD�ก��� 
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���G@H��@?IJD<E�   

 
 DEF0BI20ciQ325MS;<5J07B5]MM;S;<5J07<JVGกSf62ก`55I-24SB5]Mก253WQGH52XB7325Lih;I2<JV
32I25cCB,`24EM2B25C;5+D<JVGDg;D5XU0-;74.M9]- 6e2K;กMMกGDg; 4 D5XG:< fWQ;Jh DEF0MS;<5J07GHIJ 
DEF0M;S;<5J07 DEF0-J/:29 K8XDEF0GHIJ (0Q0E<`, 2542) 42I95X52-TWzzW4SDEF0 9.1. 2550 (�TWT<JV 2) 
DEF0GHIJBI20ciQDEF0<JVbf,62ก325M;S;<5J073WQGH52XB75/IciQDEF0G-SQGfJV0/ DEF0G-SQ*3I K8XDEF0G-SQ
D5XกMT K8XBI20H/2IciQDEF0MS;<5J07<JVIJDEF0GHIJ*3IM0+.f,/0 ก256e2K;กDEF0GHIJ42I8WกraXก25C-, 
KT.Qbf, 4 -;Sf H]M (fSG5ก, 2546) 
 

1. DEF0GHIJ-;SfGIkf (granular fertilizer) 8WกraXGDg;GIkfก8IB5]ML5EL5X C-,B/.2;<2QfS; 
 

2. DEF0GHIJ9.;<2QCT (foliar fertilizer) 8WกraXGDg;Gก8kf *Q B5]M;he2 4,MQ*3I;he2ก.M; C-, 
9.;<2QCT9]- 
 

3. DEF0GHIJG9]VMก25D8+ก9]-C;3258X820`24EM2B259]- (soilless B5]M hydroponic) 
8WกraXGDg;Gก8kf *Q B5]M;he2 8X820;he2Q.20 C-,กWTก25D8+ก9]-Uf0bI.C-,fS;B5]MC-,/W3fED8+ก<JVbI.C-.
GDg;KB8.QM2B259]- 
 

4. DEF0GHIJ<2Q5XTT;he2-8D5X<2; (fertigation fertilizer) 8WกraXGDg;LMQKLkQ<JV8X820 
;he2Q.20 B5]MLMQGB8/ 8X820;he2Q.20 G5J0ก/.2 DEF0GHIJGB8/ C-,กWTก25D8+ก9]-<JVIJ5XTT;he2-8D5X<2; 
H]M IJก254Sf4WhQ5XTT<.M8e2G8J0QC;9]h;<JV<JVD8+ก9]-G9]VM3.Q;he295,MI3258X820DEF0CB,Kก.9]-C;G/82
GfJ0/กW; 
 

ก256e2K;กDEF0GHIJ42I*85/ILMQ`24EM2B25B8Wก N+P2O5+K2O (fSG5ก, 2546) bf, 4 -;Sf 
 

1. DEF03+454Ve2 IJ*85/ILMQ`24EM2B25B8Wก ;,M0ก/.2 15% G-.; 3+45 5-3-5 
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2. DEF03+45ก82Q IJ*85/ILMQ`24EM2B25B8Wก 15-25% G-.; 3+45 12-6-6 
 

3. DEF03+453+Q IJ*85/ILMQ`24EM2B25B8Wก 26-30% G-.; 3+45 18-6-6 
 

4. DEF03+453+QI2ก IJ*85/ILMQ`24EM2B25B8Wก I2กก/.2 30% G-.;3+45 8-24-24, 18-18- 
18 
 
ก��K�
@?IJK	�A��	L=�MN@�A
�	 (fertigation system) 

 
 ก25CB,DEF0C;5XTT;he2-8D5X<2; GDg;ก25CB,DEF0GHIJ95,MIกWTก25CB,;he2Kก.9]-<JVD8+กC; 
G/82GfJ0/กW; 4,MQIJMEDก5a7B820M0.2QG-.; GH5]VMQ3+T;he2GDg;4,;กe28WQ *8WกfW;;he295,MIDEF0 bD42I
<.MD5X`2;K8X<.MKL;Q6;ciQBW/6.20;he2 <e2B;,2<JV6.20;he295,MIDEF0CB,Kก.9]-<JVD8+ก BW/6.20;he2IJ 2 
-;Sf KTT;he2B0f (drip) K8XKTT;he2GB/JV0QB5]M9.;�M0 (mini-sprinkle) piVQIJMW452ก25CB,;he2B820
MW452 G-.; 80 8S45/-WV/UIQ B5]M 120 8S45/-WV/UIQ GDg;4,; GH5]VMQ6.20DEF0 (injector) GL,2<.MD5X`2; 
K8X<JV3e2HWz<JV3EfH]M@?IJD<E�D�N� ก25CB,DEF0C;5XTT;he2-8D5X<2; GDg;5XTTก25CB,;he2K8XDEF0
bD3+.4,;9]-K4.8X4,; 32I25cK95.ก5X6203258X820DEF0bD3+.9]-bf,M0.2Q3IVe2G3IM K8XGBI2X3I 
ก25CB,DEF0C;5XTT;he2-8D5X<2;IJB820KTT G-.; KTT;he2B0f B5]M KTT�Jf�M0 3e2B5WT3/;bI,
*8C;D5XG<1b<0 H/5GDg;5XTT�Jf�M0 G;]VMQ62กGDg;5XTT<JVIJก25f+K85Wกr2bf,Q.20ก/.25XTT;he2
B0f IJD~zB2C;ก25MEf4W;;,M0 K8XMMกKTT5XTTQ.20ก/.2 3./;5XTT;he2B0f6XGBI2XกWT9]-D8+ก
L;2fG8kก (MS<`S3E;<5, 2545) fWQ;Wh; ก25CB,DEF0C;5XTT;he2-8D5X<2;GDg;5XTT<JVIJD5X3S<`S:29
I2ก<JV3Ef5XTTB;iVQ 32I25c8fK5QQ2;C;ก25CB,DEF0 8fก25-X8,2QDEF0G80GL452ก9]- ก25
K95.ก5X620DEF03IVe2G3IMT5SG/a<JV52ก9]-M0+. K8Xก25CB,;he26e2;/;I2กC;5XTTGก.2GI]VMMW452ก25
bB83+QIJUMก23<JV;he26XpiI8QC;fS;bI.<W; bB8T.2MMก;Mก<5Q9E.IGDg;ก253+zG3J0;he2 K8XDEF0 
G;]VMQ62กbI.32I25cpiI8Q3+.T5SG/a52ก9]-bf,<W; (I;45J, 2538) 
 

H
�O�H��ก��K�
@?IJD<E�K	�A��	L=�MN@�A
�	 (�P
QP�?	
�, 2545) 

  
1. GDg;ก25CB,DEF0<JVIJH/2I3IVe2G3IM95,MIกWT;he2C;H/2IGL,IL,;<JV9MGBI2X8QT5SG/a<JVIJ 
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52ก9]-B;2K;.; bI.4]h;B5]M8iกGกS;bD G;]VMQ62กก25CB,;he2KTT�Jf�M0B5]MKTT;he2B0f52ก9]-IJ
D5SI2aB;2K;.;<JV3EfT5SG/a9]h;<JVGD�0ก 

 
2. 32I25cD5WT3+45 K8XH/2IGL,IL,;LMQDEF0bf,<W;<J K8X5/fG5k/ (<Eก/W;) 42IH/2I4,MQ 

ก25LMQ9]- K8X3:29:+ISM2ก21 G;]VMQ62กGDg;5XTT<JVIJก25CB,DEF0H5WhQ8X;,M0 } K4.T.M0H5WhQ6iQbI.
H.M03X3IC;fS; fWQ;Wh;GI]VMGD8JV0;3+45 B5]M 3Wf3./;LMQDEF09]-กk6X4MT3;MQbf,G5k/ก/.25XTT<JV
CB,H5WhQ8XI2ก } 8QC;fS; 

 
3. G9SVID5X3S<`S:29ก25C-,DEF0LMQ9]- 62ก520Q2;ก25<f8MQ<WV/ } bD ก25CB,DEF0C; 

5XTT;he26XIJD5X3S<`S:29I2กก/.2ก25CB,<2QfS;ciQ 10 � 50 % Lih;M0+.กWT5XTTก25CB,DEF0 K8X;he2<JV
C-, H/2IcJVC;ก25CB,DEF0 �8� G;]VMQ62กก25CB,DEF0C;5XTT;he2 6X-./08fก25-X8,2QUf0G�92X
b;U45G6; K8XGDg;ก25CB,DEF0M0.2Q3IVe2G3IM<WV/T5SG/a52ก9]- bI.GBI]M;ก25CB,DEF0<2QfS;<WV/ } 
bDpiVQGDg;ก25CB,GDg;6Ef} ;2;} H5WhQ G-.; <Eก 3 � 6 Gf]M; T5SG/a<JVGIkfDEF08QC;fS;-./QK5ก} 6XIJ
H/2IGL,IL,;3+Q52ก9]-T5SG/a;Wh;M26bf,5WTMW;4520bf, <e2CB,ก25f+fC-,DEF0bI.fJ (328JV K8XHaX, 
2545)  

 
4. 8fK5QQ2; K8XG/82C;ก25CB,DEF0 G;]VMQ62กDEF0bDกWT;he2 fWQ;Wh; bI.4,MQG3J0K5QQ2;H; 

B/.2;DEF0 K8X32I25cCB,DEF0bf,cJVI2ก;,M042IH/2I4,MQก25 M26CB,<EกH5WhQ<JVCB,;he2 B5]M H5WhQG/,;
H5WhQ42IH/2I4,MQก25  

 
5. G9SVI*8*8S4<WhQHEa:29 K8XD5SI2a G;]VMQ62ก9]-bf,;he2 K8XDEF03IVe2G3IM K8X32I25c 

GD8JV0;-;Sf K8X3Wf3./;LMQDEF042IH/2I4,MQก25bf,M0.2Q5/fG5k/42IH/2I4,MQก25LMQ9]- 
;Mก62ก;Jh0WQ32I25c*3I`24EM2B255MQ K8XM2B25G35SI8QC;5XTT;he2bf,G80Uf0C3.C;5+DGก8]M<JV
8X820;he2Q.20 G-.; ZnSO4, MnSO4, CuSO4, <e2CB,D5XB0Wfก25�Jf9.;DEF0<2QCT5+DHJG84 (chelate) <JV
IJ52H2K9Q8Qbf,I2ก (3E`;, 2540) 

 
6. 32I25c*3IDEF0CB,<2Q5XTT;he2Lih;C-,GMQbf, <e2CB,52H2c+ก8QI2ก T2Q3/;32I25c 

*3IDEF0CB,<2Q;he2IJ52H2G<.2กWTก25CB,DEF0<2QfS;K4.IJD5X3S<`S:29fJก/.2 G-.; KB8.QDEF0b;U45G6;
C-, 0+G5J0 GDg;KI.DEF0 K8XU9K<3GpJ0IC-, U9K<3GpJ0IH8Mb5f7 B5]MM26*3If,/0U9K<3GpJ0I
pW8Go4 C;ก5aJ<JVก8W/H/2IGDg;9SrLMQH8Mb5f7 3./;DEF0oM3oM5W3CB,<2QfS;D�8XH5WhQ  
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H
�D��JH��ก��K�
@?IJK	�A��	L=� 

 
1. DEF0<JVC-,4,MQ8X820;he2BIf K8XIJH/2IT5S3E<`S�3+Q 6iQIJ52H2K9Q K8Xc,26X*3IDEF0C-, 

GMQpiVQIJ52H2c+กก/.2DEF03e2G5k65+DI2ก 4,MQC-,KI.DEF0<e2CB,B2p]hMbf,02ก K4.D~66ETW;32I25cB2p]hMKI.
DEF0bf,Q.20Lih;G;]VMQ62กIJB820T5SrW<3WVQKI.DEF0GL,2I26e2B;.20I2กLih; 

 
2. 4,MQIJH/2I5+, K8XGL,2C6GกJV0/กWT3ITW4SLMQfS; DEF0 K8X;he2<JVC-, G;]VMQ62กDEF0T2Q-;SfbI. 

32I25c*3If,/0กW;bf,<JVH/2IGL,IL,;3+Q } ;Mก62ก;Jh*8LMQGก8]M<JV8X820M0+.GfSIC;;he2 K8XH.2 pH 
LMQ;he2กk6XIJ*84.Mก258X8204W/LMQDEF0T2Q-;Sf K8XIJ*84.Mก254ก4XกM;LMQDEF0f,/0 fWQ;Wh; 
Gกr45ก5<JV6XC-,DEF0C;5XTT;he2H/5IJH/2I5+,C;3./;;Jh Uf0ก253.Q4W/M0.2QfS; K8X;he2bD/SGH52XB7
C;B,MQD{STW4Sก25 G9]VM<52TciQHEa3ITW4SLMQfS; K8X;he2<JV6X;e2I2C-,D8+ก9]-<e2CB,ก25C-,DEF0IJ
D5X3S<`S:293+Q3Ef K4.M0.2Qb5กk42IC;3:29<WV/} bDLMQD5XG<1b<0 -;SfLMQDEF0<JVCB,C;5XTT
;he26XGDg;DEF0<WV/bD G-.; 0+G5J0 U9K<3GpJ0IH8Mb5f7 B5]MpW8Go4 DEF09/ก;Jh6XIJD~zB2C;ก25CB,DEF0
C;5XTT;he2;,M0I2ก (3E`;, 2540) 

 
3. H.24Sf4WhQ5XTTLWh;4,;IJ52H23+Q C;<JV;JhBI205/IciQ5XTTก25CB,;he2f,/0H]M M26GDg; 

KTT;he2B0f B5]M5XTT�Jf�M0 piVQGDg;H.2C-,6.20<JV4,MQG3J0M0+.K8,/C;5XTTก25<e23/;3IW0CBI. 
3./;MEDก5a7G9SVIG4SIG9]VMCB,DEF0C;5XTT;he2 GI]VMG<J0TกWT<WhQ5XTTc]M/.2GDg;H.2C-,6.20<JVG9SVIG4SILih;I2
;,M0I2ก fWQ;Wh; C;3/;<JVIJก25GfS;5XTTCB,;he2M0+.K8,/H/5M0.2Q0SVQ<JV6X4,MQIJ5XTTCB,DEF0C;5XTT
;he2G9SVIGL,2bDf,/0 
 

@?IJD<E�D�N� (liquid or fluid fertilizer)  

 
DEF0GHIJGB8/<JVC-,G�92XกWTก25D8+ก9]-C;5XTT;he2-8D5X<2;KT.QGDg; 2 -;SfH]M (0Q0E<`, 

2536) 
 

1. DEF0GHIJGB8/-;SfC3 (clear liquid mixed fertilizer) GDg;LMQGB8/ C3 8X820;he2Q.20 
3+45DEF0GHIJ3+Q G-.; 3+45 18-6-12, 12-6-18, 30-0-0 GDg;4,;  
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2. DEF0GHIJGB8/KL/;8M0 (suspension fertilizer) GDg;LMQGB8/ L,; IJ3./;LMQDEF0<JV8X820 
;he2 K8X3./;LMQDEF0<JV0WQ8X820;he2bI.BIfpiVQM26M0+.C;5+D*8iกGLkIG8kก} KL/;8M0M0+.C;3258X820
GfJ0/กW;Uf0M21W032590EQ4W/ (suspending agents) 8X820;he2Q.20 3+45DEF0GHIJ3+QI2ก G-.; 3+45 21-7-
14, 18-18-18, 8-24-24,  25-7-7, 7-13-34, 15-5-20, 10-30-10, UAN-32�0-0 GDg;4,; GกkTC;<JVG0k;
B5]MGกkTGDg;G/82;2;M26GกSfก25Gก2X4W/ K4.32I25cก8WT3:29GfSIbf,Uf0ก25GL0.2B5]Mก/; 

 
D5XG<1b<0;e2GL,2DEF0GHIJGB8/C3GI]VMD5XI2a9.1. 2505 C;0EHK5ก;e2I2C-,กWT9]-<JVIJ52H2

K9Q G-.; ก8,/0bI,  bI,fMก bI,D5XfWT 4.MI2bf,I2C-,กWTbI,*8 9]-*Wก 9]-b5. K4.GDg;ก25C-,C;
8WกraXDEF0G35SI<2QCT 5./IกWTก25C-,DEF0GHIJ<2QfS; (0Q0E<`, 2536) D~66ETW;Gกr45ก5C-,DEF0Gก8kf
GDg;3./;CBz. 3./;ก25C-,DEF0GHIJGB8/C3IJ9MH/5 K4.กkGDg;8WกraXDEF0G35SI<2QCTG-.;กW; K8X
0WQHQC-,DEF0GHIJ-;SfGIkf B5]MB/.2;GDg;DEF0B8Wก IJGกr45ก53./;;,M0 <JVCB,DEF0C;5XTT;he2
-8D5X<2;GDg;B8Wก K<;ก25C-,DEF0GHIJ-;SfGIkf B5]MB/.2; G;]VMQ62กB2p]hMDEF0GHIJGB8/KL/;8M0
bI.bf,C;<,MQ482fpiVQDEF0GHIJGB8/KL/;8M0IJ3+45DEF0<JV3+Qก/.2DEF0GHIJGB8/C3 (4252Q<JV 1) 6iQbf,;e2
DEF0GHIJ-;SfGIkfI28X820;he2ก5MQGM2ก2กMMก ;e23258X820DEF03./;<JVC3bDC-,piVQGDg;ก25*Sf
/W4cED5X3QH7LMQก25C-,DEF0-;SfGIkf bI.G9J0QK4.B2p]hMbI.bf,G<.2;Wh; L,MI+8G5]VMQDEF0GHIJGB8/
KL/;8M0 G-.; 8WกraXDEF0<2Qก20:29 K8X<2QGHIJ MW452C-, H/2IcJVC;ก25CB,DEF0 L,MfJL,MG3J0 
H/2IK4ก4.2Q5XB/.2QDEF0GHIJGB8/C3 DEF0GHIJGB8/KL/;8M0K8XDEF0GHIJ-;SfGIkf (4252Q<JV 1 K8X2 ) 
KI,ก5X<WVQQ2;/S6W0GกJV0/กWTG5]VMQDEF0GHIJGB8/KL/;8M0<JVC-,กWT5XTT;he2-8D5X<2;Uf0G�92Xก25
CB,;he2KTTGB/JV0Q B5]M9.;�M0IJ;,M0I2ก  
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�����
�� 1  GD5J0TG<J0THEa3ITW4SDEF05XB/.2QDEF0GHIJGB8/C3 K8XDEF0GHIJGB8/KL/;8M0 
 

HEa3ITW4S 
<2Qก20:29 <2QGHIJ 

DEF0GHIJGB8/ 
C3 

DEF0GHIJGB8/ 
KL/;8M0 

DEF0GHIJGB8/ 
C3 

DEF0GHIJGB8/
KL/;8M0 

LMQGB8/C3 LMQGB8/L,; pH = 3-5 pH = 6.5-7 
bI.IJ*8iก 

 
IJ*8iก5+DGLkIG8kก}

KL/;8M0 
c9.1.1-1.25 

 
c9.1.3-1.6 

 
GกSfH/2IfW;ก�2p 

 
bI.GกSfH/2IfW;ก�2p 
 

3+45DEF04Ve2 
N+P2O5+K2O 

=20-25% 

3+45DEF03+QI2ก 
N+P2O5+K2O 

>30% 
GกkT<JVG0k; bI.4ก*8iก  

bI.KLkQ4W/ 
GกkT<JVG0k; 4ก*8iก 

KLkQ4W/ K4.H];4W/bf,G5k/ 
`24EM2B25 NPK 
M2B255MQ-G35SI 

H5T 

`24EM2B25 NPK 
M2B255MQ-G35SI 

H5T 
8X820;he2fJI2ก 

bI.GB8]Mก2ก 
8X820;he2fJI2ก 

bI.GB8]Mก2ก 
  

กWfก5.M; MEf4W;GH5]VMQ 
I]MMEDก5a7 

bI.กWfก5.M;bI.MEf4W;-
GH5]VMQI]MMEDก5a7 

 
 

 

GD8]MQH.2L;3.Q G3J0H.2L;3.Q;,M0ก/.2    
 


��E�: fWfKD8Q62ก (0Q0E<`, 2536)  
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�����
�� 2  GD5J0TG<J0THEa3ITW4SDEF05XB/.2QDEF0GHIJGB8/KL/;8M0กWTDEF0GHIJ-;SfGIkfB5]MB/.2; 
 

HEa3ITW4S -;SfDEF0GHIJ 
DEF0GHIJGB8/KL/;8M0 DEF0GHIJGIkf (B/.2;) 

3c2;X GDg;LMQGB8/C3 B5]ML,; GDg;GIkf B5]M*Q 
D5SI2a`24EM2B255WT5MQ 
 

DEF03+45ก82Q-DEF03+453+QI2ก  
N+P2O5+K2O = 20, >30% 

DEF03+45ก82Q-DEF03+453+QI2ก  
N+P2O5+K2O = 20, >30% 

D5SI2a`24EM2B255MQ-G35SI 
 

IJH5T<Eก`24E G-.; Ca, Mg, S, Zn, 
Fe, Mn, Cu, B, Mo 

bI.IJ B5]MIJT2Q`24E   
 

H/2IGDg;ก5f-f.2Q pH 6.5  3./;I2กGDg;ก5f pH 3-5 
ก258X820;he2 8X820;he2fJI2ก 8X820;he2-,2 
ก25ก5X620`24EC;KD8Q 3IVe2G3IM<WV/KD8Q bI.3IVe2G3IM T2Q6EfGL,IL,;3+Q 
H/2IGDg;9Sr4.M52ก bI.GDg;9Sr<e282052ก 52กG;.2G3J0B20 
MW452ก25C-, C-,;,M0ก/.2 (20-50% LMQDEF0GIkf) C-,I2ก 
H/2I32I25cGL,2กWT325M]V; 
 

GL,2กWT325กe26Wf1W45+9]-bf, G-.; 
02�.2KI8Q 02กe26WfG-]hM52 

5/IกWT325M]V;bI.bf, 
 

ก25-X8,2Q 
 

-X8,2Q;,M0 DEF0M0+.T5SG/a52ก9]- 
 

-X8,2QI2ก DEF0c+ก-X8,2QG80
GL452ก9]- piI8iก3+.;he2C4,fS; 

<ShQb/,C;MEaB:+ISB,MQDก4S HQ3:29GDg;LMQGB8/ -]h; GB8/ 6WT4W/GDg;ก,M; 
ก25D|MQกW;CTbBI, 
K8XU5H52 

CT9]-bI.c+ก3258X820 bI.bBI, 
CTKB,Q -X8Mก25GกSfU5H 

CT9]-c+กGIkfDEF0 CTbBI, 
CTGD�0ก UMก23GกSfU5H 

ก25D5WTGD8JV0;3+45DEF0K8X
MW452C-, 

D5WTGD8JV0;bf,<W;<J 
 

bI.32I25cD5WTGD8JV0;bf, 
 

4W/M0.2Q 3+45DEF0 IJ<Eก3+45GBI]M;DEF0GHIJGIkf 3+45 
21-7-14, 25-7-7, 8-24-24 

3+45 21-7-14, 25-7-7, 8-24-24 

 


��E�: fWfKD8Q62ก (0Q0E<`, 2536) 
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<��E�F

���G@Dก��J�ก���
E 
 

3,IGD8]Mก8.M; IJG5J0กกW;B820-]VM42I<,MQcSV;<JVD8+ก G-.; D8+ก<2QC4, G5J0ก 3,IU-กE; D8+ก
<2QGB;]MG5J0ก 3,I320;he2*ihQ D8+ก<2Q:2Hก82QG5J0ก 3,IGLJ0/B/2; -]VM32IWz/.2 KI;f25S; 
(Mandarins) B5]M K<;G6M5J; (Tangerines) (3e2;WกQ2;I245�2;3S;H,2Gกr45 K8XM2B25KB.Q-24S, 
2547) -]VM/S<02123457/.2 Citrus reticulata Blanco cv. Shokun GDg;bI,9E.I3+QD5XI2a 2-4 GI45 
GD8]Mก*8T2Q D5XI2a 2 IS88SGI45 3JGD8]MกIJ<WhQ3JGLJ0/ 3JGLJ0/MIGB8]MQ K8X3JGB8]MQ<WhQ*8 b3,
ก82Qก8/Q ก8JTK0ก62กกW;Q.20 IJD5XI2a 11 ก8JT *;WQก8JTT2Q IJ5ก;,M0 G;]hM*83J3,I 53B/2;
MIGD5Jh0/ *83,IIJ8WกraX<5QKD|;G8kก;,M0 3,IGLJ0/B/2;G65Szbf,fJC;GL4GMG-J04M;C4, IJD5SI2a
;he2�;G�8JV0 1250 IS88SGI45 4.MD� fS;5./;D;<520 fS;5./; fS;5./;D;GB;J0/<JVIJก255XT20;he2fJ CB,
*8*8S44WhQK4.M20E 3 D� GกkTGกJV0/bf,;2; 10-15 D� CB,*8*8S4 50-140 กSU8ก5WI4.M4,;4.MD� M20E4WhQK4.
MMกfMก6;GกkTGกJV0/*8*8S4 D5XI2a 9 Gf]M; 3,IGLJ0/B/2;MMกfMกbf,48Mf<WhQD�C;3:29
:+ISM2ก21LMQD5XG<1b<0 K8XMMกfMกI2ก<JV3EfC;-./QGf]M;กEI:29W;`7ciQIJ;2HI (b9U56;7, 
2507)  
 
<?Y����N�NP��
ED@NZ�กN��	
���[�@�A��<B 

 
HEa:29*8*8S43,I<JVfJGDg;3SVQ<JV9iQD5X3QH7<WhQC;3./;LMQ*+,*8S4 K8X*+,T5SU:H 3,I<JVC-,

5WTD5X<2;*83f<JVIJHEa:29fJ H/5IJ*S/*83/0 K8XIJ53-24SfJ M0.2Qb5กk42Iก256XT.QTMก/.23,IIJ
53-24SfJB5]MbI.Lih;M0+.กWTH/2I-MTLMQ*+,T5SU:HK4.8XH; fW-;J<JVC-,T.QTMกHEa:293,IGD8]Mก8.M; 
G-.; H/2IB/2; C-,H.2LMQKLkQ<JV8X820;he2bf, (total soluble solids, TSS) piVQ32I25c45/6/Wff,/0
GH5]VMQ Refractometer D5SI2aก5f<JVb<G<54bf, (titratable acidity, TA) 3Wf3./; TSS/TA piVQIJH.2
G9SVILih;GI]VM*83,IG65SzG4STU4Lih;6;ciQ5X0XKก. (Wills et al., 1981) 3,I orange C;5W�KH8SoM57G;J0 
C-,3Wf3./; TSS/TA D5XI2a 8:1 (Erickson, 1968) 3,I Valencia K8X Sweet  Ladu C;o�8SDD�;37 
C-,3Wf3./; TSS/TA D5XI2a 10:1 (Pantastico et al., 1975) 3,I320;he2*ihQC;D5XG<1b<0C-,3Wf3./; 
TSS/TA bI.4Ve2ก/.2 13:1 (3e2;WกQ2;I245�2;3S;H,2Gกr45 K8XM2B25KB.Q-24S, 2551) GDM57Gpk;47
;he23,I International Standards Organization bf,กe2B;fGDM57Gpk;47;he23,I4Ve23EfLMQ3,I4.2Q} LaX
GกkTGกJV0/fWQ;Jh Thomson Navel 30%, Washington Navel 30%, Orange 35%, Grapefruit 35%, 
Lemon 25%, Mandarin 33%, Clementines 40 % (Pantastico et al., 1975) 3./;3,I320;he2*ihQIJ
GDM57Gpk;47;he23,I I2กก/.2 35% K8XIJ TSS bI.4Ve2ก/.2 9 o Brix (3e2;WกQ2;I245�2;3S;H,2Gกr45 
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K8XM2B25KB.Q-24S, 2551) 3,I<JVIJGD8]MกT2Q K8X-2;;SVI 6XIJ;he23,II2กก/.23,I<JVIJGD8]MกB;2 
K8XIJก2กI2ก I;45J (2527) bf,5XTE3ITW4S4.2Q} <JVT.QTMก/.23,IGD8]Mก8.M;<JVM5.M0H/5IJ8WกraX
fWQ;Jh TSS 12 o Brix TA 0.6-1.0% 3Wf3./; TSS/TA 12:1 B5]M 13:1 D5SI245;he2HWh;bI.4Ve2ก/.2 50% 
L;2f*8D2;ก82Q H]M 7-8 *8/กSU8ก5WI (;W;<5W4;7, 2547)  

 
�ZL	
��D��A@NFก�
E 

 
 3,IGD8]Mก8.M; (3,IGLJ0/B/2; 3,IU-กE; K8X3,I320;he2*ihQ) IJKB8.QD8+กก5X620M0+.<WV/
D5XG<1 G-.; :2HGB;]M bf,Kก. G-J0QCBI. ;.2; K95. 8e2D2Q 3EUL<W0 9XG02 G-J0Q520 :2Hก82Q bf,Kก. 
-W0;2< 3SQB7TE5J 35XTE5J M.2Q<MQ D<EI`2;J 95X;H515JM0E`02 89TE5J :2H4X/W;MMก bf,Kก. 
;H5;20ก 6W;<TE5J 452f �XG-SQG<52 D526J;TE5J -8TE5J 5X0MQ :2H4X/W;4ก bf,Kก. ;H5D�I 
3IE<532H5 3E955aTE5J 52-TE5J ก2z6;TE5J :2HC4, bf,Kก. -EI95 3E52r�57`2;J ;H515J`55I52- 
5X;MQ D~442;J 0X82 ;52`S/23 5/I9]h;<JVCB,*8 144,621 b5. (3e2;WกQ2;G15r�กS6ก25Gกr45, 2553) 
 
Q��?�����
��C=�D@\	�=������
E 

 
`24EM2B259]-<JV6e2GDg;4.Mก25G65SzG4STU4LMQ9]-IJ 17 -;Sf H]M H257TM; (C) b�Uf5G6; 

(H) MMกpSG6; (O) b;U45G6; (N) oM3oM5W3 (P) U9K<3GpJ0I (K) KH8GpJ0I (Ca) KIก;JGpJ0I 
(Mg) กe2IXcW; (S) GB8kก (Fe) KIQก2;J3 (Mn) 3WQกX3J (Zn) <MQKfQ (Cu) UT5M; (B) UI8STfJ;WI 
(Mo) H8M5J; (Cl) K8X;SกGกS8 (Ni) 3e2B5WT3,I `24EM2B259]-<JVIJ*84.MHEa:29*8*8S4H.M;L,2Q
Gf.;-Wf H]M N P K Ca Mg K8X B 3,IIJH/2I4,MQก25`24EM2B25 N P K C;D5SI2aI2ก K8XQ.204.M
ก25L2f`24EM2B255MQ G-.; Mg K8XM2B25G35SI G-.; Fe Zn Mn K8X B (Chapman, 1968)  
 

b;U45G6; 
 

b;U45G6; GDg;MQH7D5XกMTC;ก5fMXISU; UD54J; H8MU5o�887 GM;bpI7 �M57UI;C;
ก8E.IMMกpS; K8XbpU4bH;S; ก5f;S/H8JMSก K8XKM8H28M0f7 (0Q0E<`, 2552) ก25IJb;U45G6;
G9J0Q9M6X<e2CB,ก25KT.QGp887 ก25G65SzG4STU4 K8Xก25B20C6 GDg;bDM0.2QDก4S 3./;LMQ9]-<JV9T
b;U45G6;I2กH]MT5SG/a<JV0WQM.M;M0+. G-.; 42 D8200Mf K8XCTM.M; b;U45G6;GDg;`24E<JV
GH8]VM;0,20C;9]-bf,Q.20 b;U45G6;6X<e2B;,2<JVbf,GBI2X3IG9J0QCfLih;M0+.กWTก25<JV9]-bf,5WT`24E
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-;SfM]V;G9J0Q9Mf,/0Uf0G�92XoM3oM5W3 U9K<3GpJ0I KH8GpJ0I K8XKIก;JGpJ0I (Zekri and 
Obreza, 2006) 3,I4,MQก25 b;U45G6;H.M;L,2QI2กUf0G�92XC;-./QK4กCTM.M; K8X-./QK5กLMQ
ก259W^;2LMQ*8 D5SI2ab;U45G6;C;CT3,IUf0<WV/} bDM0+.C;-./Q 20-30 ก5WI/กSU8ก5WIC;
o8M5Sf2piVQD8+ก9/ก Orange K8X Grapefruit GDg;3./;CBz.bf,กe2B;fCB,H.2H/2IGL,IL,;/Sก�4LMQ
b;U45G6;M0+.C;-./Q 25-27 ก5WI/กSU8ก5WI c,2C;CTIJb;U45G6;4Ve2ก/.2 21 ก5WI/กSU8ก5WI*83,I6XIJ
L;2fG8kก (Ritenour et al., 1992) c,2bf,5WTb;U45G6;I2กGกS;bD6X<e2CB,GกSf*8G3J0H]M*83,IKก.-,2 
GD8]MกB;2 L;2f*8G8kก8Q D5SI2a;he2C;*88f8Q IJD5SI2aก5fG9SVILih;;WV;กkH]M 3,IIJ53GD5Jh0/ 
ก25GD8JV0;3J*88.2-,2 M20Eก25GกkT5Wกr23Wh;8Q (short storage life) (An International Information 
Center for Farmers in the Asia Pacific Region, 2002) 3,IT2Q9W;`E7c,2bf,5WTb;U45G6;I2กGกS;bD 
<e2CB,*8K4กQ.20C;-./QB8WQก25GกkTGกJV0/ (GD5ID5J, 2544) C; Gก5oo5E4  9T/.2D5SI2ab;U45G6; 
22-23 ก5WI/กSU8ก5WIC;CT6XCB,*8*8S45,M08X 90 LMQ*8*8S43+Q3Ef (He et al., 2003) c,2
b;U45G6;C;CTG9SVI<e2CB, TSS K8X D5SI245;he23,IG9SVILih; K4. TA 4Ve28Q 3./;L;2f*8G9SVILih; K4.
c,2IJH/2IGL,IL,;3+QGกS;bDก8WT<e2CB,L;2f*8G8kก8Q  
 

 oM3oM5W3 

 
oM3oM5W3 GDg;MQH7D5XกMTLMQก5f;S/H8JMSก oM3Uo8SD�f K8X325<JVCB,98WQQ2;  

(0Q0E<`, 2552) IJH/2I3e2HWz4.Mก5XT/;ก254.2Q} G-.;ก253WQGH52XB7K3Q ก2535,2Q K8XG*2*82z
H257UTb�Gf54 ก25GH8]VM;0,2098WQQ2;C;9]- ก25c.20<Mf8WกraX<2Q9W;`Eก55I ก259W^;252ก 
-./0C;ก253EกKก. -./0CB,9]-<;4.M3:2/XGH5J0f GกJV0/L,MQกWTก25f+ffiQ K8XGH8]VM;0,20`24EM2B25 
IJH/2I3e2HWz4.Mก25KT.QGp887 K8Xก25L020L;2fLMQGp887 fWQ;Wh;9]-6XG65SzG4STU4;,M08Q c,2
bf,5WTbI.G9J0Q9M IJD5SI2aI2กC;3./;<JV0WQM.M; C;fMก K8XGI8kf (Zekri and Obreza, 2006) 
oM3oM5W3GDg;`24E<JV3,I4,MQก25C;D5SI2a;,M0 IJ520Q2;/.2B8209]h;<JVpiVQGDg;KB8.QD8+ก3,ILMQ
U8ก9Tก25L2foM3oM5W3;,M0I2ก (World Fertilizer Use Manual, 2002) H/2IGL,IL,;LMQ`24E
M2B25oM3oM5W3C;CT-./Q 1-1.6 ก5WI/กSU8ก5WILMQ3,I<JVo8M5Sf2CB,*8*8S4HEa:29fJ c,24,;3,I
bf,5WToM3oM5W3bI.G9J0Q9M<e2CB,*8ก8/Q D5SI2aก5fC;;he2HWh;I2ก GD8]MกB;2 K4.bI.IJ*84.M3J
*S/*8 c,2bf,5WToM3oM5W3I2ก6X9W^;23J*S/*8-,2 GD8]MกT2Q IJD5SI2aก5f K8X/S42IS;pJ4Ve2 
3Wf3./; TSS/TA 3+Q ;Mก62ก;JhIJT2Q520Q2;ก8.2//.2 ก25G9SVIoM3oM5W3<e2CB, L;2f*8G8kก8Q 
D5SI2aLMQKLkQ<JV8X820;he2bf,8f8QK4.D5SI245;he23,IG9SVILih; (Ritenour et al., 1992)   
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U9K<3GpJ0I  
 

U9K<3GpJ0I GDg;`24E<JVbI.bf,M0+.C;UH5Q35,2QLMQ9]- K4.IJT<T2<C;ก25GH8]VM;0,20
;he2428 K8XGกJV0/L,MQกWTก25D�f K8XGD�fD2กCT9]- U9K<3GpJ0IIJH/2I3e2HWz4.Mก259W^;2LMQ*8 
5/I<WhQHEa:29LMQ*8*8S4 (0Q0E<`, 2552) 5XfWTU9K<3GpJ0IC;CT3,I<JV<e2CB,*8*8S4HEa:29fJM0+.
C;-./Q 3-17 ก5WI/กSU8ก5WI (Ritenour et al., 1992) M0.2Qb5กk42I3,IK4.8X-;SfK4.8X3209W;`E7
4,MQก25U9K<3GpJ0IC;D5SI2a<JVK4ก4.2QกW; G-.; 3,IGD8]Mก8.M;IJH/2I4,MQก25U9K<3GpJ0I;,M0
ก/.23,I4SfGD8]Mก9/ก Orange (World Fertilizer Use Manual, 2002) 62กก2545/6/WfD5SI2a`24E
M2B259]-C;3,IU-กE;9T/.2<WhQ;he23,I K8XG;]hM*8B8WQHWh;;he2 IJU9K<3GpJ0II2ก<JV3Ef 3e2B5WTC;
GD8]MกIJKH8GpJ0II2ก<JV3Ef 5MQ8QI2 H]M U9K<3GpJ0I (MS35S02:5a7 K8XHaX, 2549) 4,;3,I<JVL2f
U9K<3GpJ0I6XCB,*8L;2fG8kก IJD5SI2a;he2428 K8Xก5f4Ve2 (An International Information Center 
for Farmers in the Asia Pacific Region, 2002) C;3,I9/ก Orange K8X Gก5oo5E4   c,2CB,
U9K<3GpJ0IMW4523+Q6X<e2CB,3Wf3./; TSS/TA 8f8Q K8XC; Gก5oo5E4  6X-X8Mก253EกKก.LMQ
*8bf,ciQ 83 /W;GI]VMGD5J0TG<J0TกWTก25CB,U9K<3GpJ0IC;MW4524Ve2 C;9/ก orange c,2CB,
U9K<3GpJ0IC;D5SI2aI2ก6X<e2CB,H.2LMQKLkQ<JV8X820;he2bf,4Ve2 D5SI2aก5fG9SVILih; D5SI245
;he23,I8f8Q K8X3J;he23,IbI.GL,I ;Mก62ก;JhT2QH5WhQ9T/.2CB,*S/GD8]MกB;2 K8XB02T (Ritenour et 

al., 1992) ก25CB,DEF0U9K<3GpJ0I6X4,MQHe2;iQciQD5SI2aKH8GpJ0IC;fS;CB,M0+.C;5XfWT<JVGBI2X3I
f,/0 (GD5ID5J, 2544) 3./;ก5aJ<JVC3.U9K<3GpJ0II2กGกS;bDM26<e2CB,L2fKIก;JGpJ0I G;]VMQ62ก
`24E<WhQ3MQ-;Sf;JhGDg;D{SD~กr74.MกW; (0Q0E<`, 2552) <e2CB,GD8]Mก*8L5EL5X K8XIJD5SI2aก5f3+Q 
(An International Information Center for Farmers in the Asia Pacific Region, 2002)  
 

KH8GpJ0I  
 

KH8GpJ0I GDg;MQH7D5XกMTC;325<JVG-]VMIGp887CB,4SfกW; -./0C;ก25KT.QGp887 ก25*3I
Gก35 ก25QMกLMQGI8kf ก5X4E,;ก25<e2Q2;LMQGM;bpI7 (0Q0E<`, 2552) <e2CB,ก5fMS;<5J07GDg;ก82Q 
6e2GDg;3e2B5WTก259W^;252ก K8Xก25<e2B;,2<JVLMQ52ก (Zekri and Obreza, 2006) ก259W^;2*83,I 
9/ก orange C;-./QK5ก9TD5SI2aKH8GpJ0IC;*8<WhQBIfH.M;L,2QI2ก K8XIJD5SI2aKH8GpJ0IC;
*88f8QGI]VM*8G5SVI3Sh;3Efก259W^;2*8 (Storey and Treeby, 2000) M2ก25L2fKH8GpJ0IC;3,I M26
3WQGก4bf,GI]VMH/2IGL,IL,;C;CT;,M0ก/.2 25 ก5WI/กSU8ก5WI fS;<JVH.M;L,2QGDg;ก5f B5]MIJก25C3.DEF0
b;U45G6;I2กGกS;bD 6X<e2CB,3,IL2fKH8GpJ0Ibf, 3:29M2ก21<JVIJGI�I2ก K8X�;4ก<e2CB,ก25



16 

 

 

f+fC-,KH8GpJ0I;,M08Q (An International Information Center for Farmers in the Asia Pacific 
Region, 2002) ก25�Jf9.;KH8GpJ0ICB,กWT*83,IU-กE; <e2CB,IJH/2IK;.;G;]hMI2กLih; K8X32I25c
8fก25K4กLMQ*8bf, H]M IJ*8K4กG9J0Q5,M08X 5.56 GI]VM�Jf9.;f,/03258X820KH8GpJ0IH8Mb5f7
H/2IGL,IL,;5,M08X 1 3./;ก5aJbI.�Jf9.;325Cf} IJ*8K4กciQ5,M08X 52.22 (320WaB7 K8X5X/J, 
2548) 3,I62ก3/;<JVIJD5SI2aKH8GpJ0IC;CT4Ve2 K;/U;,IIJGDM57Gpk;47*8G;.2I2กก/.2*83,I62ก
3/;<JVbf,5WTKH8GpJ0IG9J0Q9MB8WQ62กGกkT*8*8S4b/,GDg;G/82 2 Gf]M; (An International 
Information Center for Farmers in the Asia Pacific Region, 2002) ก5aJ<JVC3.KH8GpJ0II2กGกS;bD
<e2CB,3,If+fC-,U9K<3GpJ0IK8X KIก;JGpJ0I;,M08Q (GD5ID5J, 2544) 
 

��ก��
?��� 

 
KIก;JGpJ0I GDg;MQH7D5XกMTC;UIG8กE8LMQH8MU5o�887<e2B;,2<JV3e2HWzC;ก5XT/;ก25

3WQGH52XB7K3Q K8Xก5X4E,;ก25<e2Q2;LMQGM;bpI7B820-;Sf GกJV0/L,MQกWTGI42TM8SpiILMQ
H257UTb�Gf54 K8Xก2535,2Qก5f;S/H8JMSก -./03WQGH52XB7ก5fMXISU; /S42IS; bLIW; K8X;he2428 
<e2CB,3:29ก5ff.2QC;Gp8879MGBI2X -./0C;ก25QMกLMQGI8kf IJMS<`S984.Mก25GH8]VM;0,20
H257UTb�Gf54 62กCTbD0WQ3./;M]V;} ก5X4E,;ก25f+f K8XGH8]VM;0,20oM3oM5W3 (0Q0E<`, 2552) 3,I
4,MQก25KIก;JGpJ0IH.M;L,2Q;,M0 5XfWTH/2IGL,IL,;LMQKIก;JGpJ0I<JVGBI2X3IC;CT3,IM0+.C;-./Q 
3-4.9 ก5WI/กSU8ก5WI (World Fertilizer Use Manual, 2002) 6X9TM2ก25L2fGI]VMH/2IGL,IL,;C;CT
;,M0ก/.2 2.5 ก5WI/กSU8ก5WI (An International Information Center for Farmers in the Asia Pacific 
Region, 2002) M2ก25L2fKIก;JGpJ0I6X9TC;CTKก. B5]MCT8.2Qก.M;Uf0G�92XกSVQ<JV4Sf*8 Uf0
K*.;CT5XB/.2QG3,;CTGD8JV0;GDg;3JGB8]MQ (chlorosis) piVQ6XGB8]MQ62กD820CT B5]MLMTCT ก5aJ<JV
M2ก255E;K5QI2กCT6X5./QG5k/ก/.2Dก4S GกSfM2ก25KB,Q420<WhQK*.;CT M269TM2ก25L2fbf,C;fS;
G;]hMB02T<JVGDg;ก5f (Zekri and Obreza, 2006) D5SI2aKIก;JGpJ0IIJ*84.MHEa:29*8*8S43,I C;
ก5aJ<JVL2fKH8;<e2CB,*83,IIJL;2fG8kก TSS K8X TA 4Ve2 GI]VMG9SVIKIก;JGpJ0IL;2f*86XCBz.Lih;
GD8]MกT2Q8Q TSS K8X3Wf3./; TSS/TA G9SVILih; (Ritenour et al., 1992) 
  

���ก���     
 

3WQกX3J GกJV0/L,MQกWTGI42TM8SpiILMQH257TM; GDg;MQH7D5XกMTLMQGM;bpI7B820-;Sf
GDg;3./;B;iVQLMQ5XTTGM;bpI7<JVH/THEI3IfE85XB/.2QKก�3H257TM;bfMMกbpf7 ;he2 K8X ก5f 
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H257TM;Sก GDg;MQH7D5XกMTLMQGM;bpI7 <JV<e2B;,2<JVC;ก5XT/;ก25GI42TM8SpiILMQUD54J; 
6e2GDg;3e2B5WTก2535,2QH8MU5o�887 -./0CB,ก5XT/;ก253WQGH52XB7K3QGDg;bDM0.2QDก4S K8X
3.QG35SIก25f+f;he2LMQ9]- (0Q0E<`, 2552; Zekri and Obreza, 2006) 5XfWTH/2IGL,IL,;<JVGBI2X3I
LMQ3WQกX3JC;CT3,IM0+.C;-./Q 25-100 IS88Sก5WI/กSU8ก5WI (World Fertilizer Use Manual, 2002) c,2
H/2IGL,IL,;4Ve2ก/.2 25 IS88Sก5WI/กSU8ก5WI 6X9TM2ก25CT0MfGB8]MQT5SG/a5XB/.2QG3,;CTC;
LaX<JVCTKก.0WQIJ8WกraXDก4S c,2L2fM0.2Q5E;K5QCTM.M;IJL;2fG8kก K8XKHT8Q L,M3Wh; (An 
International Information Center for Farmers in the Asia Pacific Region, 2002) ก25L2f3WQกX3J 
GกSfbf,62กB82032GB4E G-.; pH fS;3+QGกS;bD GกSf62ก*8ก5X<TLMQG-]hM tristeza virus B5]MG-]hM52
M]V;} <JV<e2CB,52ก3+zG3J0H/2I32I25cC;ก25f+f`24EM2B25 (Obreza et al., 1998)  
 
ก��K�
@?IJK	��	�
E  

 
ก5I/S-2ก25Gกr45 (2545) กe2B;fK;/<2Qก25D{STW4Sก25C3.DEF0C;3/;3,I42IB8WกGกr45

fJ<JVGBI2X3I (GAP) fWQ;Jh  
 
1. H/5IJก25/SGH52XB7fS; 1-2 D�4.MH5WhQ G9]VMB2MW452DEF0 K8X3+45DEF0<JVGBI2X3I GDg;ก25 

8f4,;<E;ก25*8S4 
  

2. B8WQD8+กc,2fS;GDg;ก5f6Wf (H/2IGDg;ก5f-f.2Q4Ve2ก/.2 5.0) H/5C3.D+;L2/ B5]MD+; 
I2578 B5]MGD8]MกBM0G*2 B5]MUfU8bI<7 1-2 กSU8ก5WI4.M4,; B5]M42I*8ก25/SGH52XB7fS;Uf0
B/.2;CB,3IVe2G3IM5MTT5SG/a<5Q9E.I D�8X 1-2 H5WhQ 
 

3. ก25C3.DEF0C;D�K5ก H/5C-,DEF0<JVIJb;U45G6;3+Q G-.; 3+45 20-10-10  25-7-7 B5]M 15- 

15-15+46-0-0 (1:1) MW452 0.5-1.0 กSU8ก5WI4.M4,; Uf0KT.QC3. 4-6 Gf]M;4.MH5WhQ K8XDEF0MS;<5J07 10-
20 กSU8ก5WI4.M4,; C3.H5WhQGfJ0/-./QD820�f+ 
  

4. D�<JV 2-4 C3.DEF03+45 20-10-10 25-7-7 B5]M 15-15-15 + 46-0-0 (1:1) MW452 1-2 กSU8ก5WI 

���4,;Uf0C3. 3-4 Gf]M;4.MH5WhQ K8XDEF0MS;<5J07 20-50 กSU8ก5WI4.M4,;C3.H5WhQGfJ0/-./QD820�f+�; 
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5. M20E 4 D�Lih;bD piVQ3,I6XG5SVICB,*8*8S4 ก25C3.DEF0H/5D{STW4SfWQ;Jh  

 
• -./Qก.M;MMกfMก C3.DEF03+45 12-24-12 MW452 1 กSU8ก5WI4.M4,; K8X9.;DEF0<2QCT 

 G9]VMG9SVI`24EM2B255MQ K8X`24EM2B25G35SI  
 

• C;5X0X4Sf*8 M26IJก25CB,DEF0`24EM2B255MQ `24EM2B25G35SI G-.; KH8GpJ0I 
KIก;JGpJ0I GB8kก 3WQกX3J<MQKfQ UT5M; K8XKIQก2;J3 GDg;4,;Uf09.;CB,<2QCT 
 

• -./QCก8,GกkTGกJV0/*8*8S4 C3.DEF03+45 13-13-21 MW452 1-2 กSU8ก5WI4.M4,;  
 

• B8WQGกkTGกJV0/*8*8S4 C3.DEF03+45 25-7-7 B5]M 15-15-15 5./IกWT 46-0-0 (1:1) MW452 

1-3 กSU8ก5WI4.M4,;95,MI9.;DEF0<2QCT<JVIJ`24EM2B255MQ K8X`24EM2B25G35SI95,MIC3.DEF0MS;<5J07 
20-50 กSU8ก5WI4.M4,; 

 
ก���PD<��A�BOP	 ]NA�PD<��A�B�ZM 

 
ก25/SGH52XB7fS;K8X/SGH52XB79]- G9]VM;e2I2C-,D5XGIS;H/2IMEfI3IT+5a7LMQfS; K8X

H/2IGL,IL,;LMQ`24EM2B259]-C;CT 3e2B5WTC-,D5XU0-;7C;ก259S625a2ก25CB,DEF0กWT9]-<JVD8+ก 
ก25/SGH52XB7fS;GDg;D5XU0-;7I2กC;ก2545/63MT5XfWTLMQ`24EM2B25<JVbI.GH8]VM;0,20 G-.; 
KIก;JGpJ0I KH8GpJ0I <MQKfQ K8XoM3oM5W3 B5]M45/63MT5XfWT pH (Davies and Albrigo, 
1994) ก25/SGH52XB79]-32I25cTMก5XfWT`24EM2B25 K8XD5SI2aDEF0 <JV3,I4,MQก25bf,fJก/.2ก25
/SGH52XB7fS; (353S<`S�, 2517) G;]VMQ62กก25/SGH52XB79]-0ifH/2I65SQ<JVก8.2//.2D5SI2aH/2IGL,IL,;
LMQ`24EC;9]-6XIJ*8Uf045QกWTก25G65SzG4STU4LMQ9]- K8XD5SI2a`24EM2B25<JV9]-4,MQก25กk
32I25c9S625a262ก5XfWT`24EM2B25<JVIJM0+.C;3./;4.2Q} LMQ4,;  
 

ก25/SGH52XB7CT9]- 32I25cC-,GDg;K;/<2Qก25K;X;e2ก25C-,DEF0bf, <e2CB,<52T/.2 D5SI2a
`24EM2B25<JVIJM0+.C;CT;Wh;9MG9J0QB5]MbI. C;ก5aJCT3,I32I25c;e2I2G<J0TกWT4252QH.2/Sก�4LMQ
`24EM2B25<JV/SGH52XB762กCT3,Ibf, (4252Q<JV 3) c,2IJbI.9MG9J0Q6Xbf,G9SVI`24EM2B25;Wh;CB,กWT4,;
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3,I Uf0ก25C3.<2QfS; B5]Mก25CB,<2QCT ก.M;<JV6XK3fQM2ก25*SfDก4S (Chapman, 1960) <WhQ;Jh
G952Xc,25MCB,9]-K3fQM2ก25*SfDก4S G;]VMQ62กL2f`24EM2B25G3J0ก.M;K8,/ KI,6XCB,DEF0 K8X
D5WTD5EQfS;CB,GBI2X3IC;:20B8WQGDg;M0.2QfJ กk0WQbI.M26-./0<e2CB,9]-G65SzG4STU442IDก4Sbf, 
K8X*8*8S4<JVbf,กk6XbI.3+QG<.2กWT9]-;Wh;bf,5WTDEF0G9J0Q9MG3J0K4.G5SVIK5ก (353S<`S�, 2527) 
 

 

�����
�� 3  H/2IGL,IL,;LMQ`24EM2B25<JV/SGH52XB762กCT3,IM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8piVQ 
    K3fQ/.2 L2fKH8; 4Ve2 GBI2X3I 3+Q B5]MI2กGกS;9M 

 
`24EM2B25 GDM57Gpk;47̀ 24EM2B25Uf0;he2B;WกKB,Q 

L2fKH8; 4Ve2 GBI2X3I 3+Q I2กGกS;9M 
N 0.60-1.90 1.90-2.10 2.20-2.70 2.80-3.50 3.60 
P 0.07 0.07-0.11 0.12-0.18 0.19-0.29 0.30 
K 0.15-0.30 0.40-0.90 1.00-1.70 1.80-1.90 2.00 
Ca 2.00 2.00-2.90 3.00-6.00 6.10-6.90 7.00 
Mg 0.05-0.15 0.16-0.20 0.30-0.60 0.70-1.00 >1.00 

 

��E�: Chapman (1960) 

 
I245�2;C;ก25GกkTCT3,I  
 
I245�2;C;ก25GกkTCT3,IG9]VMก25/SGH52XB7 H/5GกkTก.M;<JV6XIJก25K4กCTCBI. G8]MกGกkT

CT<JV 3 K8X 4 IJM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8 B5]MCT<JVIJก25G65SzG4STU4 K8XL020L;2fG4kI<JV 
(young fully expanded leaves) 3JGLJ0/GL,I piVQIJM20E 60-90 /W; 6e2;/;CT<JVGกkTbI.;,M0ก/.2 20 CT4.M
4,; (;W;<5W4;7, 2547) Chang et al. (1994) 9T/.2 6e2;/;4W/M0.2QCT<JVGกkTI2กก/.2 20 CT K8X
4e2KB;.QCT<JV 1-5 bI.IJH/2IK4ก4.2QC;f,2;H/2IGL,IL,;LMQ`24EM2B254.2Q} Smith (1966) ก8.2/
/.2 ก25GกkT4W/M0.2QCT62กกSVQ<JVbI.4Sf*8IJH/2I3WT3; G;]VMQ62กIJก25K4กCTM.M;B8205E.;C; 1 D�
fWQ;Wh; ก25GกkTCT62กกSVQ<JV4Sf*8Q.20 K8X3Xf/กก/.2 D5SI2a`24EM2B25b;U45G6; oM3oM5W3 
U9K<3GpJ0I C;CT62กกSVQ<JVbI.4Sf*8 IJI2กก/.2C;CT62กกSVQ<JV4Sf*8 D5XI2a 20-25% K4.D5SI2a
`24EM2B25KH8GpJ0I K8XKIก;JGpJ0IC;CT62กกSVQ<JVbI.4Sf*8IJH.2;,M0ก/.2 (Chang et al., 1994) 6E�2
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8Wกra7 (2530) 9T/.2H/2IGL,IL,;`24EM2B25 N P K Ca K8X Mg C;CT62กกSVQ<JVbI.4Sf*8IJH.2
I2กก/.2C;CT62กกSVQ<JV4Sf*8C;3,IGLJ0/B/2; 
 
��	�PC�Jก��C�Oก��@?IJ���Eก��ก��K�
	L=�K	�A��	L=�MN@�A
�	 

 

Q2;/S6W0ก256Wfก25DEF05./IกWTก25CB,;he2C;5XTT;he2-8D5X<2;3e2B5WTbI,*8C;D5XG<1
b<03./;CBz.C-,KI.DEF0 B5]MDEF0Gก8kf9.;<2QCT 0WQbI.9TQ2;/S6W0Cf<JVC-,DEF0GHIJGB8/KL/;8M0
Uf0G�92X *8Q2;/S6W0GB8.2;Wh;9T/.2CB,*8*8S4 K8X*84MTK<;<JVI2กก/.2ก25CB,DEF0KTTGfSI
5/IciQD5SI2a`24EM2B25<JV3X3IC;CT9]-<f8MQbI.8f4Ve28Qก/.2Gกad7I245�2; K4.D5SI2aDEF0<JV
C-,<JV;,M0ก/.2ก25CB,DEF0KTTGfSI 

 
328JV K8XHaX (2545) <f8MQGD5J0TG<J0T5XB/.2Qก25CB,DEF0Uf0ก25B/.2;DEF0ก5X620<WV/

UH;4,; (/S`JGกr45ก5) กWTก25CB,DEF05./IกWT5XTTก25CB,;he2 Uf0M21W0K5QfW;62กGH5]VMQD~�I;he2C-,
D5SI2aDEF0G9J0Q 60% LMQD5SI2aDEF0<JV Gกr45ก5C-, Uf0B2H.2G�8JV0LMQ*8*8S4/4,; K8X
*84MTK<;/4,; GDg;G/82 2 K8X 3 D� <e2CB,GQ2X K8X<EG5J0; CB,*8*8S4 K8X520bf,I2กก/.2ก25CB,
DEF0KTT/S`JLMQGกr45ก5  

 
  D~z695 (2544) 1iกr2*8LMQก25CB,DEF0GHIJ<2QfS; K8XCB,DEF0C;5XTT;he24.Mก25
G65SzG4STU49W^;2ก25 K8X*8*8S4LMQGQ2X9W;`E7U5QG5J0; IWQHEf <EG5J0; K8X IXI./Q C-,DEF0MW452 
40-60% LMQMW452C-,DEF0GIkf 4WhQK4.M20E 3 D� 4Sf4.MกW;;2; 3 D� 9T/.2 bI,*8fWQก8.2/ IJก25
G65SzG4STU4LMQ4,; ก25MMกfMก ก259W^;2ก25LMQ*8bDC;<S1<2QGfJ0/กW;Uf0D5SI2a*8*8S4 
K8XHEa:29ก25T5SU:HLMQ*8*8S4 bI.f,M0bDก/.2ก25CB,DEF0GHIJ<2QfS; IJK;/U;,I<JVCB,*8*8S4
G�8JV0<WhQ 3 D� G9SVILih;MJก 15% K8X62กก25/SGH52XB7ก25GD8JV0;KD8Q3c2;XLMQ`24EM2B259]-B8Wก 
N P K C;fS; K8XCT9]-<f8MQ<WhQ 3 �f+ก25*8S4 กkbI.9Tก25GD8JV0;KD8Q<JV8f4Ve28Qก/.2Gกad7
I245�2; K8XbI.K4ก4.2Q62กก25CB,DEF0GHIJ<2QfS; C;f,2;*84MTK<;CB,I2กก/.2ก25CB,DEF0GHIJ
<2QfS;D5XI2a 18%  

   

;W;<5W4;7 (2547) bf,520Q2;D5SI2a`24E 1.3 g N 0.3 g P K8X 1.9 g K <JV4SfbDกWT*8
3,IGLJ0/B/2;3f 1 กSU8ก5WI (crop removal) Uf0ก25CB,DEF0C;5XTT;he2-8D5X<2;G-.;GfJ0/กWT6E�2
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8Wกra7 (2530) bf,520Q2;D5SI2a`24E 1.8 g N 0.2 g P K8X 2.1 g K K4.CB,DEF0f,/0ก25B/.2;DEF0GHIJ
-;SfGIkf GDg;<JV3WQGก4/.2<WhQ 2 520Q2;IJD5SI2a`24EM2B25 K I2กก/.2D5SI2a`24EM2B25 N K8X
D5SI2a`24EM2B25 P 4Ve23Ef <WhQ<JVCB,DEF0C;5XTT<JV4.2QกW; 3MfH8,MQกWTก25520Q2;LMQ:SzUz 
(2539) K8X Smith and Reuther (1953) K4. M25J K8X955a<S907 (2515) 520Q2;/.2 H/2IGL,IL,;`24E
M2B25 N C;*83,IGLJ0/B/2; I2กก/.2 H/2IGL,IL,;`24EM2B25 K K8XH/2IGL,IL,;`24EM2B25 P IJ
H.24Ve23Ef 
 
��	
ON���PC�JD�Z���@?IJD<E�D�N�K	�A��	L=�MN@�A
�	ก���
EK	����@�AD
_ 

 
Dasberg et al. (1983) 1iกr2MW452LMQDEF0b;U45G6; (C-, liquid NH4NO3 piVQGDg;DEF0GHIJ

GB8/C3 C;H/2IcJV 7 /W;H5WhQ ammonium polyphosphate K8X potassium nitrate C;H/2IcJV 30 /W;
H5WhQ) C;5XTT;he2-8D5X<2;C; Shamouti oranges 9T/.2ก25CB,DEF0 N I2กIJ*84.MHEa:29*8*8S4
I2กLih;f,/0 (C-, 27.2 kg N/b5. CB,*8*8S4 175 กSU8ก5WI/4,;) GD8]MกB;2Lih; ก25GL,23J-,28Q H/2I
GL,IL,;LMQ N C;CT3WI9W;`7กWT*8*8S4 Uf0LaX<JVกe28WQ4Sf*8H/2IGL,IL,;LMQ N C;CT6X8f8Q 
H/2IGL,IL,;LMQ N C;CT3,I<JVCB,DEF0C;5XTT;he2IJH.2I2กก/.2GI]VMG<J0TกWTH.2/Sก�4 5XfWTb;G454
C;3258X820fS;IJH.28f8QGI]VM8fก25C3.DEF0 N K8XGB8]M;,M0 (0-4 mg/kg N03-N) GI]VM3Sh;3Efก25
<f8MQK3fQCB,GBk;/.2ก25-X8,2Q K8Xก253X3Ib;G454C;fS;IJ;,M0ก/.2GI]VMCB,DEF0C;5XTT;he2
-8D5X<2; ก253X3I N C;4,;3,IIJ*84.Mก25G65SzG4STU4LMQ3,IC;�f+B;,2 Uf0CT3,IKก.piVQIJ
ก253X3I N b/,K8,/ 3.Q N bDM/W0/X<JVGกSfCBI.GDg;6e2;/;I2กก/.2 50 % LMQ N <JV3X3Ib/, K8XIJ
G9J0Q6e2;/;;,M0<JVM/W0/XCBI.bf, N 62กfS;Uf045Q 
 

Thompson et al. (2003) 1iกr2*8LMQb;U45G6;C;MW4524.2Q}Uf0C-,DEF0GHIJGB8/C3 urea-
ammonium nitrate solution (UAN-32-0-0) K8XH/2IcJV4.2Q}C;ก25CB,DEF0C;3,I 9T/.2H/2IGL,IL,;
LMQ N C;CT3,I *8*8S4 K8XHEa:29IJH/2IK4ก4.2Q<2Q3cS4S42IMW452DEF0 N <JVCB, K4.bI.IJH/2I
K4ก4.2Q42IH/2IcJV<JVCB,DEF0  ก25D|MQกW;-X8,2QLMQDEF0H/5CB,DEF0MW452;,M0K4.CB,T.M0H5WhQH]M 
H/2IcJVC;ก25CB, 10-30 H5WhQ4.MD� H/2IGL,IL,;LMQ N C;CT3,I<JVCB,DEF0C;5XTT;he2IJH.2I2กก/.2GI]VM
G<J0TกWTH.2/Sก�4 (2.5% N) MW452ก25C-,LMQDEF0C;5XTT;he2-8D5X<2;;,M0ก/.2GI]VMGD5J0TG<J0TกWT
MW452ก25C-,DEF0KTTB/.2; G-.; ก25CB,DEF0KTTB/.2;C;3,IM20E 4 D� 4,MQCB,MW452DEF0 N I2กก/.2 0.55 
kg N/4,;/D� LaX<JVก25CB,DEF0C;5XTT;he2-8D5X<2;CB,MW452DEF0 N G9J0Q 0.55 kg N/4,;/D� G<.2;Wh; 
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Kusakabe et al. (2006) 1iกr2*84MT3;MQLMQMW452DEF0b;U45G6; K8XH/2IcJVC;ก25CB,
DEF04.M3,I (Navel oranges) C;5XTT;he2 9T/.2 GI]VMC3.DEF0b;U45G6; (UAN-32�0-0) MW452 113 105 
K8X 153 ก5WI/4,;/D� 3e2B5WT3,IM20E 4 5 K8X 6 D� 42I8e2fWT IJ*8CB,*8*8S43+Q3Ef H]M  10 19 K8X 
30 กSU8ก5WI/4,; 42I8e2fWT IJH/2IK4ก4.2Q<2Q3cS4SM0.2QIJ;W03e2HWzC;f,2;H/2IcJV<JVCB,H]M 27 H5WhQ/
�f+ CB,*8*8S43+Q3Ef C;5XB/.2Qก25CB, 3 H/2IcJV (3 9 K8X 27 H5WhQ/�f+) K8XMW452ก25C-,DEF0 N 
3e2B5WTก25CB,DEF05XTT;he2-8D5X<2; H/5GDg; 17-34% LMQMW452ก25C-,DEF0 N -;SfGIkf K8X Crop 
removal LMQ N C;*83,IH]M 18 35 K8X 52 ก5WI/4,; 42I8e2fWT48Mf 3 �f+D8+ก (�f+<JV 4 5 K8X 6) 
ก25CB,DEF0 N 3+Q IJ*84.Mก253X3Ib;G45<C;fS;3+Q42I K4.H/2IcJVLMQก25CB,DEF0bI.IJH/2IK4ก4.2Q
<2Q3cS4S4.Mก253X3IDEF0 N C;fS; D5SI2a`24EM2B25 N C;CT3+Qก/.2H.2/Sก�4 (2.5-2.7% N) fWQ;Wh;
MW452ก25C-,DEF0GHIJC;5XTT;he2H/5C-,;,M0ก/.2MW452ก25C-,DEF0GHIJ-;SfGIkf ก25<JVIJD5SI2a`24E
M2B25 N C;CTLMQ4,; control G<.2} กWT4,;<JVCB,DEF0;Wh; M`ST20bf,/.2 IJก25GH8]VM;0,20`24EM2B25 N 
62กKB8.Q3X3IM2B25LMQ4,; G-.; CTKก. กSVQKก. K8X 52ก bD0WQ3./;<JVกe28WQG65SzG4STU4 
(Weinbaum and Van Kessel, 1998; Weinert et al., 2002). 

 
Boman (1992) 1iกr2ก25G9SVI*8*8S4Gก5oo5E4 Uf0ก25GD5J0TG<J0T5XB/.2Qก25CB,DEF0GHIJ

B/.2; 3 H5WhQ/D�กWTก25CB,DEF0GHIJB/.2; 1 H5WhQ5./IกWTก25CB,DEF0GHIJ5XTT;he2-8D5X<2; C-,H/2IcJV
C;ก25CB,DEF0 17-18 H5WhQ/D� 48Mf5X0XG/82<f8MQ 4 D� 9T/.2ก25CB,DEF0B/.2;5./IกWTก25CB,DEF0GHIJ
C;5XTT;he2 CB,*8*8S4 K8XHEa:29fJก/.2ก25CB,DEF0KTTB/.2;M0.2QGfJ0/ ก25<f8MQ;JhC-,DEF0GHIJ
GB8/KL/;8M03e2B5WT5XTT;he2Uf0G�92X H]M3+45 10-0-10 3./;DEF0B/.2;C-,DEF0GHIJ-;SfGIkf 

 
ก25-X8X820 (leaching)b;G454C;fS;IJI2กGI]VMIJก25CB,;he2I2ก B5]M�;4กB;Wก ก25<f 

8MQ<JVo8M5Sf29T/.2ก25CB,DEF0C;5XTT;he2-8D5X<2;C;H/2IcJV 10-30 H5WhQ4.MD�IJ*84.Mก25-X
8X820b;G454C;5XfWTH/2I8iก 18-30 ;Sh/;,M0ก/.2GI]VMG<J0TกWTก25CB,DEF0<JVH/2IcJV 5 H5WhQ4.MD� 
(Willis et al., 1990) GI]VMG9SVIH/2IcJVC;ก25CB,DEF0IJ*84.Mก258fก25-X8X820b;G454C;fS; K8XIJ
D5SI2a52ก3,I 85% LMQ52ก<WhQBIf ก5X620M0+.<JVH/2I8iก 3 � 12 ;Sh/ (Marler and Davies, 1989)  
 
 
 
 
 



�?@ก�YB]NA�PQ�ก�� 
 

4,;3,I320;he2*ihQ M20E 7 D� T;4,;4M9W;`E7 Swingle D8+กC;G;]hM<JVD5XI2a 25 b5. 5X0XD8+ก 
3 x 6 GI45 D5XI2a 1250 4,; <JV 4. KI.32/ M. KI.M20 6. G-J0QCBI. 9]h;<JV<e2ก25<f8MQGDg;<JV52T
G-SQGL2  CB,*8*8S4D5XI2a 100 กSU8ก5WI/4,;/D� CB,DEF0C;5XTT;he2 (Fertigation) <.MD5X`2; 2 ;Sh/ 
<.MKL;Q 20 IS88SGI45 BW/6.20;he2 120 8S45/-WV/UIQ GH5]VMQ3+T;he2 H.2MW452ก25CB,;he2 (Quantity) = 36 
8+กT21ก7GI45/-WV/UIQ K5QfW;;he2/WfGDg;B;./0H/2I3+Q (Height) = 32 GI45   

 
ก25<f8MQC-,4,;3,I320;he2*ihQ 6e2;/; 104 4,; GI]VMGf]M;IJ;2HI 2552 4,;3,Iกe28WQ4Sf*8

M20ED5XI2a 1-2 Gf]M;B8WQMMกfMก KT.Qก25CB,DEF0GDg; 2 -./Q -./Q<JV 1 (30 GIr20;-15 ก5ก�2HI 
2552) CB,DEF0GHIJGB8/KL/;8M0 3+45 18-6-12 กWT4,;3,Iกe28WQG65Sz<2Qf,2;กSVQCT MW452 225 K8X 
375 ก5WIDEF0/4,;/-./Q -./Q<JV 2 (30 ก5ก�2HI-15 `W;/2HI 2552) CB,DEF0GHIJGB8/KL/;8M0 3+45 7-3-
10 B5]M 15-5-20 กWT4,;3,Iกe28WQG65Sz<2Qf,2;*8 C;MW452 375 K8X 625 ก5WIDEF0/4,;/-./Q <WhQ 2 -./Q
CB,DEF0<Eก 15 30 K8X 45 /W;/H5WhQ (4252Q<JV 4) 

 
3./; standard treatment (Tc) GDg;ก55I/S`J<JVGกr45ก5D{STW4S -./Q<JV 1 (30 GIr20;-15 

ก5ก�2HI 2552) CB,DEF0 3+45 18-6-12 กWT4,;3,Iกe28WQG65Sz<2Qf,2;กSVQCT MW452 300 ก5WI-DEF0/4,;/
-./Q -./Q<JV 2 (30 ก5ก�2HI-15 `W;/2HI 2552) CB,DEF0 3+45 12-6-18 กWT4,;3,Iกe28WQG65Sz<2Qf,2;
*8 MW452 500 ก5WI-DEF0/4,;/-./QCB,DEF0<Eก 30 /W;/H5WhQ (4252Q<JV 4) 

 
ก25CB,DEF0LMQK4.8Xก55I/S`JC-,G/82 40 ;2<J Uf0CB,;he2GD8.2ก.M; 10 ;2<J K8,/CB,325�� 

820DEF0c+กf+f*.2;<.Mf+f;he2LMQGH5]VMQ3+T;he2 LaX<JVGH5]VMQ3+T;he2กe28WQf+f;he2M0+. 3258X820DEF0 K8X
;he26X*3ICB,GL,2กW; K8,/3.QbD42I<.MD5X`2; <.MKL;Q K8XBW/6.20 5/IC-,G/82 15 ;2<J 62ก;Wh;
CB,;he2GD8.2MJกH5WhQC-,G/82 15 ;2<J <e2<Eกก55I/S`J Uf0M21W04,;กe28WQ62กGH5]VMQ3+T;he2   
   
  /2QK*;ก25<f8MQKTT Randomized Complete Block Design KT.Q4,;3,I 104 4,; GDg; 4 
T8kMก (Block) 42IH/2I3IVe2G3IMLMQ4,;3,I K4.8XT8kMกIJก253E.I 12 ก55I/S`J IJ 2 phe2 ก55I/S`J8X 
8 4,; 3./;ก55I/S`J Tc1- Tc4 IJก253E.IC;KD8QLMQGกr45ก5 <Eกก55I/S̀ JCB,DEF0C;5XTT;he248Mf
ก25<f8MQ (4252Q<JV 4) 
 
 



�����
�� 4  3+45DEF0GHIJGB8/KL/;8M0 6e2;/;H5WhQ MW452 H/2IcJV D5SI2aDEF0 K8X-./QG/82C;ก25CB,DEF0LMQK4.8Xก55I/S`J48Mfก25<f8MQ    
 
ก55I/S`J CB,DEF0-./Q<JV 1   30 GI.0. -15 ก.H. 2552  CB,DEF0-./Q<JV 2   30 ก.H. -15 `.H. 2552 ;he2B;Wก5/I 

(ก./4,;/�f+) 3+45 18-6-12 3+45 7-3-10 3+45 15-5-20 

6e2;/;
H5WhQ 

MW452 
ก./4,;/H5WhQ 

H/2I
cJV<Eก
(/W;) 

5/I 

(ก.DEF0/ 
4,;/-./Q) 

6e2;/;
H5WhQ 

MW452 
ก./4,;/H5WhQ 

H/2I
cJV<Eก
(/W;) 

5/I 

(ก.DEF0/ 
4,;/-./Q) 

6e2;/;
H5WhQ 

MW452 
ก./4,;/H5WhQ 

H/2I
cJV<Eก
(/W;) 

5/I 

(ก.DEF0/ 
4,;/-./Q) 

T1 6 37.5 15 225 10 37.5 15 375     600 
T2 6 37.5 15 225     10 37.5 15 375 600 
T3 6 62.5 15 375 10 62.5 15 625     1000 
T4 6 62.5 15 375     10 62.5 15 625 1000 
T5 3 75.0 30 225 5 75.0 30 375     600 
T6 3 75.0 30 225     5 75.0 30 375 600 
T7 3 125.0 30 375 5 125.0 30 625     1000 
T8 3 125.0 30 375     5 125.0 30 625 1000 
T9 2 112.5 45 225 4 93.8 45 375     600 

T10 2 112.5 45 225     4 93.8 45 375 600 
T11 2 187.5 45 375 4 156.3 45 625     1000 
T12 2 187.5 45 375     4 156.3 45 625 1000 

     3+45 12-6-18      
Tc 3 100.0 30 300 5 100.0 30 500     800 24 
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ก.M;ก25<f8MQ (GกkT4W/M0.2QfS;Gf]M; IJ;2HI 2552) 3E.IGกkTfS; 2 5XfWT<JVH/2I8iก 15 

K8X 30 Gp;4SGI45 5/I 6 6Ef ;e2fS;<JV3E.Ibf,LMQK4.8X6EfI2กMQ5/IกW;K8,/<e2ก253E.ICBI. (<W1;J07 
K8X6Q5Wกr7, 2542) ;e2I2*iVQCB,KB,QC;<JV5.I Tff,/0H5ก 5.M;fS;<JVTfK8,/f,/04XKก5Q<MQGB8]MQ
L;2f 2 IS88SGI45 (0กG/,;4W/M0.2Q3e2B5WT/SGH52XB7D5SI2aMS;<5J0/W4cE 5.M;*.2;4XKก5QL;2f 0.5 
IS88SGI45) GกkT4W/M0.2QfS;C;cEQ98234SกD�f3;S< 45/63MT3ITW4SK8X/SGH52XB7B2D5SI2a`24E
M2B25<JV:2H/S-2D�9J/S<02 IB2/S<028W0Gกr45123457 กe2K9QK3; ;H5D�I fWQ;Jh 
 

1. /Wf pH LMQfS;f,/0/S`J electrometry Uf0C-, pH meter (Sartorius, PB20) (ก8E.I 
Q2;/S6W0GHIJfS;, 2544 ) (:2H*;/ก) 
  

2. /Wf3:29ก25;e2boo|2LMQfS; (ECe) Uf0C-, electrical conductivity meter (Hana,  
HI 8733) (ก8E.IQ2;/S6W0GHIJfS;, 2544) (:2H*;/ก) 
  

3. /SGH52XB7MS;<5J0/W4cEC;fS;Uf0/S`J wet oxidation (<W1;J07 K8X6Q5Wกr7, 2542) 
(:2H*;/ก)  
 

4. /SGH52XB7oM3oM5W3<JVGDg;D5XU0-;7C;fS;Uf03กWff,/03258X820 Bray II K8X 
/SGH52XB7H/2IGL,IL,;oM3oM5W3f,/0/S`J colorimetry f,/0GH5]VMQ spectrophotometer (Milton Roy, 
Spectonic Genesys 5, USA) (ก8E.IQ2;/S6W0GHIJfS;, 2544) (:2H*;/ก) 
  

5. /SGH52XB7U9K<3GpJ0I KH8GpJ0I K8XKIก;JGpJ0I<JVK8กGD8JV0;bf, Uf03กWff,/0 
KMIUIG;J0IMXpSG44 K8X/SGH52XB7H/2IGL,IL,;LMQ`24EfWQก8.2/ f,/0GH5]VMQ atomic absorption 
spectrophotometer (Analytic Jena, vario 6, Jena, Germany) (ก8E.IQ2;/S6W0GHIJfS;, 2544) 
(:2H*;/ก)  
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B8WQก25<f8MQ (GกkT4W/M0.2QfS;B8WQGกkTGกJV0/*8*8S4K8,/C;Gf]M; กEI:29W;`7 2553) <e2
ก25GกkT4W/M0.2QfS;G-.;GfJ0/กWTก.M;ก25<f8MQ  
 
ก��Dก�̀����J����ZM   

 
 GกkT4W/M0.2QCT3,I 
 

ก.M;ก25CB,DEF0-./Q<JV 2 (30 ก5ก�2HI -15 `W;/2HI 2552) bf,<e2GH5]VMQBI20กWTกSVQ3,I<JVbI. 
4Sf*84,;8X 20 กSVQ 5XfWTH/2I3+QD5XI2a 120 Gp;4SGI45 62ก9]h;fS; KT.QกSVQ3,IMMกGDg; 4 ก8E.I 
ก8E.I8X 5 กSVQ C;K4.8X<S1 4 <S15MT4,; (<S1GB;]M <S1C4, <S14X/W;MMก K8X<S14X/W;4ก) GI]VMCTIJ
M20E 4-7 Gf]M; B8WQ62กG5SVICB,DEF0 (/W;<JV 30 ก5ก�2HI 2552) G8]MกGกkTCT<JV 3 K8X 4 62กD8200Mf
LMQกSVQ<JVbf,<e2GH5]VMQBI20b/,K8,/ 5/I6e2;/; 40 CT 4.M4,; (;W;<5W4;7, 2547) GกkT<Eกก55I/S`J ;e2
4W/M0.2QCT3,II28,2QC;ก5fb�Uf5H8M5SH H/2IGL,IL,; 0.1 N K8,/8,2Qf,/0;he2ก8WV; ;e2bDMT<JV
MEaB:+IS 70 MQ12Gp8GpJ03 D5XI2a 48 -WV/UIQ -WVQ;he2B;WกKB,Q Tf4W/M0.2QCTCB,8XGMJ0f 5.M;*.2;
4XKก5QL;2f 40 GI- K8,/;e2bD/SGH52XB7H/2IGL,IL,;LMQb;U45G6; oM3oM5W3 U9K<3GpJ0I 
KH8GpJ0IK8XKIก;JGpJ0I C;B,MQD{STW4Sก25fWQ;Jh  
 

1. /SGH52XB7b;U45G6;C;9]-Uf0/S`J combustion Uf0;e24W/M0.2Q9]-<JV*.2;ก25MT Tf  
K8X5.M;K8,/ 6e2;/; 0.25 ก5WI B.Mf,/0oM087-;Sf9SG1r<JVD52162กb;U45G6; (LECO) K8,/G*2
f,/0GH5]VMQ protein / nitrogen determinator (LECO, FP-528, Miami, USA) TW;<iกH.2<JVbf,GDg;
GDM57Gpk;47b;U45G6;<WhQBIf 
 

2. ก250.M038204W/M0.2Q9]-f,/0 sulphuric acid (H2SO4) GL,IL,; (:2H*;/ก) 
  

3. /SGH52XB7oM3oM5W3C;9]-Uf0/S`J colorimetric method (<W1;J07 K8X6Q5Wกr7, 2542)  
(:2H*;/ก) Uf0;e24W/M0.2Q9]-<JVbf,62กก250.M03820f,/0 sulphuric acid (H2SO4) GL,IL,; G4SI
3258X820 Ammonium molybdate (5%) K8X ammonium metavanadate (0.25%) K8,/;e2bD/Wfก25
f+fก8];K3Q f,/0GH5]VMQ Spectrophotometer (Milton Roy 5E.; Spectonic Genesys 5, USA) 
 
 



27 

 

 

4. /SGH52XB7U9K<3GpJ0I KH8GpJ0IK8XKIก;JGpJ0IC;9]- f,/0/S`J atomic absorption 
spectrophotometry (<W1;J07 K8X6Q5Wกr7, 2542) (:2H*;/ก) Uf0;e24W/M0.2Q9]-<JVbf,62กก250.M0
3820f,/0 sulphuric acid (H2SO4) GL,IL,; I2/WfH.2ก25f+fก8];K3Qf,/0GH5]VMQ Atomic Absorption 
Spectrophotometer (Analytic Jena, vario 6, Jena, Germany) 
 

GD5J0TG<J0TH.2/SGH52XB7กWTH.2I245�2;LMQ`24EM2B25C;CT3,IpiVQIJ*+,/S6W0b/,K8,/ (;W;<
5W4;7, 2547 K8X Chapman, 1960) G9]VM0];0W;H/2IGL,IL,;`24EM2B25C;CT/.2G9J0Q9MB5]MbI.     

  
GกkT4W/M0.2Q*8*8S4 
 
GกkTGกJV0/*8*8S4C;�f+GกkTGกJV0/ (GกkTGกJV0/ Iก52HI 2553) M20E*8D5XI2a 10-11 Gf]M;     
  

ก��_[กa�@�PE�Y�N�NP�]NADก�O�N�
E 

  
1. TW;<iก;he2B;Wก*83,I5/I<WhQBIfLMQK4.8X4,; (กSU8ก5WI/4,;) <Eกก55I/S`J 

 
2. ;e2*83,I<JVbf,TW;<iก;he2B;Wก5/ILMQK4.8X4,;fWQก8.2/I2HWfGก5f*83,I 42I/S`J 

I245�2;ก25HWfGก5f3,I Uf0K0ก42IGกad7G3,;*.21+;07ก82Q*83,IMMกGDg;GTM57 1- GTM57 7 f,/0 
automatic fruit sizer K8XTW;<iกGDg;;he2B;Wก*85/IC;K4.8XGTM57 
 
ก��_[กa�<?Y����N�NP� 
  

1. 3E.IGกkT4W/M0.2Q*862ก*83,I<JVHWfGก5fK8,/fWQก8.2/ 4,;8X 5 *8 
  

2. -WVQK8XTW;<iก ;he2B;Wก3f/*8 
  

3. 4/QK8XTW;<iก D5SI2a;he23,I/*8 
  

4. /WfD5SI2aLMQKLkQ<JV8X820;he2bf, (total soluble solids, TSS) LMQ;he2HWh;Uf0;e2;he2 
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HWh;62กG;]hM3,IB0f8QT;-.MQKก,/ (prism) LMQ hand refractometer K8,/M.2;H.2GDM57Gpk;47<JVD52ก{ 
B;./0GDg; o Brix 
  

5. /WfD5SI2aก5f<JVb<G<54bf,C;;he2HWh; (titratable acidity, TA) (:2H*;/ก) 
 

6. He2;/a3Wf3./; TSS/TA 
 
ก��_[กa�@�PE�YQ��?�����
���POG@ก���N�NP� (Crop removal) 

 
;e2*83,I<WhQ*862กK4.8Xก55I/S`JI2*.2H5iVQ K8,/;e2bDMTKB,Q<JVMEaB:+IS 70 MQ12Gp8GpJ03 

6;;he2B;WกHQ<JV TW;<iก;he2B;WกKB,QLMQ*8 <e2ก25Tf4W/M0.2Q9]-CB,8XGMJ0f*.2;4XKก5Q 40 mesh 
;e2bD/SGH52XB7H/2IGL,IL,;LMQ N, P, K C;*83,I<WhQ*8 C;B,MQD{STW4Sก25 (<W1;J07 K8X6Q5Wกr7, 
2542) G9]VMB2D5SI2a`24EM2B25<JV4SfbDกWT*8*8S4 (Crop removal) Uf0He2;/abf,fWQ;Jh 
 
D5SI2a`24EM2B25 (ก.) 4.M*8Uf0 ;;. KB,Q  =  H/2IGL,IL,;`24EM2B25 (%) x ;;. *8KB,Q (ก.) 
                                                                                                               100 
 
D5SI2a`24EM2B25 (ก.) 4.M;;.*83f 1 กก.  = D5SI2a`24EM2B25 (ก.) 4.M*8Uf0 ;;.KB,Q  x 1000  

                                                                                                  ;he2B;Wก3f 1 *8 (ก.) 
 

ก25He2;/a crop removal LMQb;U45G6; oM3oM5W3 K8XU9K<3GpJ0IC;5+D DEF0 N P2O5 
K8X K2O fWQ;Jh 

D5SI2aDEF0 N = D5SI2a`24Eb;U45G6; x 1 
D5SI2aDEF0 P2O5 = D5SI2a`24EoM3oM5W3 x 2.29 
D5SI2aDEF0 K2O = D5SI2a`24EU9K<3GpJ0I x 1.2  

 
ก���PD<��A�BH
�EFN 

 
/SGH52XB7L,MI+8<2Q3cS4S f,/0ก25/SGH52XB7H/2IKD5D5/; (analysis of variance; ANOVA) 
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K8Xก2545/63MTH/2IK4ก4.2QLMQH.2G�8JV0Uf0/S`J Least significant difference (LSD) Uf0C-,
UD5Kก5I3e2G5k65+D<2Q3cS4S R program    
 
D@��J�D
�J��
	
?	ก��KM
@?IJD<E�D�N�]H�	N�Jก��@?IJD<E�]��DOPE (M	PODÈO) K	ก���NP��
E 

 
3MTc2IL,MI+8GกJV0/กWT3+45DEF0GHIJKTTGfSI (-;SfGIkf) MW452ก25C-, -./QG/82<JVCB,DEF0K8X

52H2LMQDEF0GHIJ3+454.2Q} <JVC-,กWT3,I42IHe2K;X;e2LMQก5I/S-2ก25Gกr45 3MTc2I62ก5,2;H,2 
T5SrW<H,2DEF0 K8XGกr45ก5Uf045Q <e2ก253MTc2IC;-./QGf]M;IJ;2HI 2552 � Gf]M; `W;/2HI 
2552 3./;3+45DEF0GHIJGB8/KL/;8M0 MW452C-, K8XH/2IcJVC;ก25CB,DEF0bf,62กHe2K;X;e2ก25C-,LMQ 
T5SrW< DEF0กWD4W; 6e2กWf K8X*8ก251iกr2C;H5WhQ;Jh ;e2L,MI+8fWQก8.2/I2HSfHe2;/aB24,;<E;DEF0K8X
GD5J0TG<J0T  

 
�>�	
��]NA�AJAD�N�
=�ก��
ON�� 

 
3c2;<JV  3/;3,IGLJ0/B/2;G9-55E.Q3S; <JV M.KI.M20 6.G-J0QCBI. LMQ ;20 /SG-J05 4W;<X3S; 

B,MQD{STW4Sก2535J5/S<02 :2H/S-29]-3/; HaXGกr45 กe2K9QK3; /S<02GL4กe2K9QK3; 6. 
;H5D�I  
 

5X0XG/82ก25<f8MQ  Iก52HI 2552- กEI:29W;`7 2553   
   

  
 
 



�N]NA�PC��YB 
 

�E���PH��OP	 

 
*8/SGH52XB73ITW4SLMQfS;ก.M;K8XB8WQก25<f8MQ 9T/.2 H.2D{SกS5S02fS; H.23:29ก25;e2

boo|2 D5SI2aMS;<5J0/W4cEC;fS; ก.M;K8XB8WQก25<f8MQ M0+.C;Gกad7<JVGBI2X3IKก.ก25G92XD8+ก 
(ก8E.I9W^;2ก2545/63MT9]- K8XD~66W0ก25*8S4, 2540) K4.oM3oM5W3<JV GDg;D5XU0-;7 
U9K<3GpJ0I<JVK8กGD8JV0;bf, K8XKIก;JGpJ0I<JVK8กGD8JV0;bf,IJH.23+QI2ก<WhQก.M;K8XB8WQก25
<f8MQ 3./;KH8GpJ0I<JVK8กGD8JV0;bf,ก.M;ก25<f8MQIJH.24Ve2ก/.2Gกad7I245�2;G8kก;,M0 K4.B8WQ
ก25<f8MQก8WTIJH.2I2กก/.2Gกad7I245�2; (4252Q<JV 5) ก8.2/bf,/.2fS;<JVC-,C;ก25<f8MQH5WhQ;JhIJ
H/2I3IT+5a73+QM26G;]VMQI262กGกr45ก5C3.DEF0GHIJC;D5SI2aI2ก 4.MG;]VMQGDg;5X0XG/82;2;  
  

H.2D{SกS5S02fS; ก.M;ก25<f8MQ IJH.2 pH 5.1 B8WQก25<f8MQIJH.23+QLih;GDg; pH 5.4 K8X4Ve2
ก/.2H.2<JVGBI2X3IG8kก;,M0 (4252Q<JV 5) GDg;fS;ก5f6Wf K4.bI.IJD~zB24.Mก25D8+ก3,I G952X-./Qก25
<f8MQIJก25C-,DEF0GHIJGB8/KL/;8M0G9J0QM0.2QGfJ0/piVQHEa3ITW4SLMQDEF0GHIJGB8/KL/;8M0IJH.2 
pH 6.5-7 4.2Q62กDEF0GHIJKTTGfSIK8XDEF0Gก8kf�Jf9.;<2QCTUf0<WV/bDIJH.2 pH 3-5 fWQ;Wh;ก25C-,
DEF0GHIJGB8/KL/;8M0 GDg;G/82;2;4Sf4.MกW;bI.<e2CB,fS;GDg;ก5fI2กLih;  

 
 H.23:29ก25;e2boo|2LMQfS; ก.M;ก25<f8MQIJH.2 0.8 dS/m B8WQก25<f8MQIJH.2I2กLih;
GDg; 1.4 dS/m K8XM0+.C;Gกad7I245�2;bI.GกS; 2 dS/m (ก8E.I9W^;2ก2545/63MT9]- K8XD~66W0
ก25*8S4, 2540) (4252Q<JV 5) K3fQ/.2bI.IJD~zB2fS;GHkI K8XbI.IJ*8G3J04.Mก25G65SzG4STU4LMQ9]- 
ก25<JVH.2ก25;e2boo|2I2กLih;GDg;*8I262กก25C-,DEF0C;ก25<f8MQpiVQGDg;G5]VMQDก4S<JV9TUf0<WV/bD
C;fS;<JVIJก25C-,DEF0GHIJ  
 
 D5SI2aMS;<5J0/W4cEC;fS; ก.M;ก25<f8MQIJH.2 2.7% B8WQก25<f8MQIJH.28f8QGDg; 2.6% 
K4.M0+.C;-./Q 2.5-3.0 % piVQGDg;Gกad7I245�2; (ก8E.I9W^;2ก2545/63MT9]- K8XD~66W0ก25*8S4, 
2540) (4252Q<JV 5)  
 
 oM3oM5W3<JVGDg;D5XU0-;7 ก.M;ก25<f8MQIJH.2 107.2 mg/kg B8WQก25<f8MQIJH.2 G9SVILih;
GDg; 153.7 mg/kg K8XIJH.23+Qก/.2Gกad7I245�2;B820G<.2 (26 � 42 mg/kg) (ก8E.I9W^;2ก2545/6 
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3MT9]- K8XD~66W0ก25*8S4, 2540) (4252Q<JV 5) K3fQ/.2ก25C-,DEF05XB/.2Qก25<f8MQ K8X3./;LMQ
DEF0oM3oM5W3<JV4กH,2QM0+.C;fS;ก8WTI2GDg;D5XU0-;74.M9]- (residual effect) IJ*84.Mก253X3I
oM3oM5W3<JVGDg;D5XU0-;7I2กLih; ;Mก62ก;Wh;-./Qก25G65SzG4STU4<WhQ<2QกSVQCT K8X9W^;2*8IJ
ก25f+fC-,oM3oM5W3;,M0 3MfH8,MQกWTB820520Q2;ก25/S6W0<JV9T/.2H/2IGL,IL,;`24EoM3oM5W3
C;CTK8X*8LMQ3,I IJ3Wf3./;;,M0ก/.2`24Eb;U45G6;K8XU9K<3GpJ0I (65S02, 2549; /J5X, 2543; 
:SzUz, 2539 K8X6E�28Wกra7, 2530) 
 

U9K<3GpJ0I<JVK8กGD8JV0;bf, ก.M;ก25<f8MQIJH.2 204.8 mg/kg B8WQก25<f8MQIJH.28f8Q
GDg; 177.3 mg/kg K4.IJH.23+Qก/.2Gกad7I245�2; (130 mg/kg) (ก8E.I9W^;2ก2545/63MT9]- K8X
D~66W0ก25*8S4, 2540) (4252Q<JV 5) GDg;*862กIJก25f+fC-,U9K<3GpJ0II2กC;-./Q9W^;2ก25LMQ*8 
3MfH8,MQกWT<JVIJ520Q2;/.2U9K<3GpJ0IGDg;`24E<JVIJH/2IGL,IL,;I2กก/.2`24EM]V;} C;*83,I (65S02, 
2549) 

 
KH8GpJ0I<JVK8กGD8JV0;bf, ก.M;ก25<f8MQIJH.2 918.0 mg/kg B8WQก25<f8MQIJH.2G9SVILih;

GDg; 1351.5 mg/kg K8XIJH.23+Qก/.2Gกad7I245�2; (1,040 mg/kg) (ก8E.I9W^;2ก2545/63MT9]- 
K8XD~66W0ก25*8S4, 2540) (4252Q<JV 5) D5SI2aKH8GpJ0I<JVK8กGD8JV0;bf,G9SVILih;;Wh;H2f/.23./;B;iVQ
GDg;*862กก25C-,;he2ก25Gกr45<JVbB8*.2;-Wh;BS;<JVIJKH8GpJ0IC;9]h;<JV ก5aJGfJ0/กW;กWTKIก;JGpJ0I
<JVK8กGD8JV0;bf, ก.M;ก25<f8MQIJH.2 240.8 mg/kg B8WQก25<f8MQIJH.2G9SVII2กLih;GDg; 281.5 
mg/kg K8XIJH.23+Qก/.2Gกad7I245�2; (135 mg/kg) (ก8E.I9W^;2ก2545/63MT9]- K8XD~66W0ก25
*8S4, 2540) (4252Q<JV 5)  
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�����
�� 5  H.2D{SกS5S02fS; H.23:29ก25;e2boo|2 D5SI2aMS;<5J0/W4cE oM3oM5W3<JVGDg;D5XU0-;7  
   U9K<3GpJ0I<JVK8กGD8JV0;bf, KH8GpJ0I<JVK8กGD8JV0;bf, K8XKIก;JGpJ0I<JVK8กGD8JV0;bf,  
   LMQfS;C;3/;3,I320;he2*ihQก.M;K8XB8WQก25<f8MQ GD5J0TG<J0TกWTH.2K;X;e2fS;    
   <JVGBI2X3I4.Mก25D8+ก9]- 
 

520ก25/SGH52XB7 H.2<JV/SGH52XB7bf, 
ก.M;<f8MQ B8WQ<f8MQ fS;<JVGBI2X3I1/ 

pH (1:1) 5.1 5.4 6 � 7 
H.2ก25;e2boo|2LMQfS; ( ECe; dS/m) 0.8 1.4 0-2 
MS;<5J0/W4cEC;fS; (OM; %) 2.7 2.6 2.5 � 3.0 
oM3oM5W3<JVGDg;D5XU0-;7 (mg/kg) 107.2 153.7 26 � 42 
U9K<3GpJ0I<JVK8กGD8JV0;bf, (mg/kg) 204.8 177.3 130 
KH8GpJ0I<JVK8กGD8JV0;bf, (mg/kg) 918.0 1351.5 1,040 
KIก;JGpJ0I<JVK8กGD8JV0;bf, (mg/kg) 240.8 281.5 135 
 
�E�JD��?  1/ ก8E.I9Ŵ ;2ก2545/63MT9]- K8XD~66W0ก25*8S4 (2540) 
 
�NH���F�� �����]NA<��E>��K	ก��K�
H��@?IJD<E�D�N�]H�	N�JK	�A��	L=����	L=��	�ก�N�NP�
H���
E��J	L=��[L� 

 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB,;he2B;Wก*8*8S44.M4,;IJH/2I

K4ก4.2QกW;<2Q3cS4S (4252Q<JV 6 K8X4252Q*;/ก<JV 1) ;he2B;Wก*8*8S4G�8JV0<Eกก55I/S`JH]M 112.1 
กSU8ก5WI4.M4,;Uf0ก55I/S`J T4 CB,;he2B;Wก*8*8S44.M4,;3+Q3Ef 151.3 กSU8ก5WI4.M4,; LaX<JV 
ก55I/S`J T11 CB,;he2B;Wก*8*8S44.M4,;4Ve23Ef 90.9 กSU8ก5WI4.M4,; 3./;ก55I/S`J Tc (standard 
treatment) CB,;he2B;Wก*8*8S44.M4,; 132.5 กSU8ก5WI4.M4,; 

  
62ก4252Q<JV 6  GD5J0TG<J0Tก55I/S`J T1 T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,G<.2กW;H]M

C-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-10 
C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.<WhQ
32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB,;he2B;Wก*8*8S4/
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4,;<JVbI.IJH/2IK4ก4.2QกW;<2Q3cS4S<WhQ 3 ก55I/S`J 9T/.2ก55I/S`J T9 CB,DEF0<JVH/2IcJV 45 /W;/H5WhQ 
4,MQCB,DEF06e2;/; 6 H5WhQ4.M�f+ก25*8S4 LaX<JVก55I/S`J T1 K8X T5 4,MQCB,DEF06e2;/; 16 K8X 8 H5WhQ
4.M�f+ก25*8S4 42I8e2fWT ก55I/S`J T9 6iQIJH.2C-,6.20C;ก25CB,DEF0;,M0ก/.2 LaXGfJ0/กW;กk0]fM20Eก25
C-,Q2;LMQGH5]VMQI]MMEDก5a7ก25Gกr45bf,I2กก/.2 piVQG3;M/.2 GDg;ก55I/S`J<JVGBI2X3IC;ก25
<f8MQH5WhQ;JhCB,;he2B;Wก*8*8S4/4,; 112 กSU8ก5WI/4,;piVQGกad7I245�2;3e2B5WT3,IM20E 7-9 D� CB,
;he2B;Wก*8*8S4/4,; 100-150 กSU8ก5WI/4,;/D� (1+;07/S6W09]-0];4,;K8XbI,*8GI]MQ5,M;, 2552) 

  
  ก25<JV;he2B;Wก*8*8S4/4,;bI.IJH/2IK4ก4.2Q<2Q3cS4SC;ก25<f8MQH5WhQ;JhIJ*862กH/2I

MEfI3IT+5a7LMQfS;3+Qก.M;ก25<f8MQ (4252Q<JV 5) 9T/.2 H.2D{SกS5S02fS; H.23:29ก25;e2boo|2 
D5SI2aMS;<5J0/W4cE M0+.C;Gกad7I245�2; oM3oM5W3<JVGDg;D5XU0-;7 U9K<3GpJ0I<JVK8กGD8JV0;
bf, KH8GpJ0I<JVK8กGD8JV0;bf,K8XKIก;JGpJ0I<JVK8กGD8JV0;bf, 3+Qก/.2Gกad7I245�2; ก25<JVfS;IJ
H/2IMEfI3IT+5a73+QM0+.K8,/ก25C3.DEF0C;MW4524.2Q}6iQIJ*8bI.Gf.;-Wf piVQ3MfH8,MQกWTB820
520Q2;<JVbI.9TH/2IK4ก4.2Q<2Q3cS4SC;f,2;*8*8S462กก25C3.DEF0MW4524.2Q}C;3:29fS;<JVIJ
H/2IMEfI3IT+5a73+Q (/J5X, 2543; :SzUz, 2539; 6E�28Wกra7, 2530 K8X Boman, 1992) 

  
;Mก62ก;Jh4,;3,I<JVC-,C;ก25<f8MQIJH/2I3IT+5a73+Q 3WQGก4bf,62ก;he2B;Wก*8*8S4/4,;

LMQD�<JV*.2;I2G�8JV0 115 กSU8ก5WI/4,; GDg;MJกD~66W0B;iVQ<JV<e2CB,IJก254MT3;MQ;,M04.Mก25CB,
DEF0GHIJGB8/KL/;8M0 ก55I/S`J4.2Q} G;]VMQ62ก4,;3,I<JV3IT+5a7IJ`24EM2B253X3Ib/,C; 52ก 8e24,; 
กSVQKก. K8XCTKก. `24EM2B25GB8.2;Wh;c+กfiQbDC-,I2กก/.2<JVC-,62กDEF0<JVG9SVQC3.CB,Kก.9]-<2QfS; 
(Dasberg et al.,1983) ก25C3.DEF0CB,IJD5X3S<`S:29H/5C3.G9]VM-fG-0`24EM2B25<JV3+zG3J0bDGI]VMGกkT
GกJV0/*8*8S4 K8XC3.G9]VM5Wกr2H/2I3IT+5a7LMQ4,;C;5X0X02/G9]VM32I25cCB,*8*8S4<JVIJHEa:29 
I2กก/.2<JVCB,GDg;DEF0G35SIC;5X0XG/823Wh;} D5SI2aK8XHEa:29LMQ*83,ILih;M0+.กWTH/2I3IT+5a7
LMQ`24EM2B25<Eก`24E<JV4,;3,Ibf,5WT48MfD� (0Q0E<`, 2552) 

  
C;ก251iกr2H5WhQ;JhCB,DEF0<JVH/2IcJV 6 � 16 H5WhQ4.M�f+ก25*8S4 K4.bI.GBk;*8Gf.;-WfC;f,2;

*8*8S44.M4,; G;]VMQ62กfS;IJH/2IMEfI3IT+5a7 K8X4,;3,IIJH/2I3IT+5a73+Q LaX<JV Kusakabe et 

al. (2006) 520Q2;/.2H/2IcJVC;ก25CB,DEF0C;5XTT;he2<JVfJ<JV3EfH]MbI.H/5GกS; 30 /W;4.MH5WhQ B5]M 27 
H5WhQ4.M�f+ก25*8S43,I K8X Thompson et al. (2003) 520Q2;/.2H/2IcJVC;ก25CB,DEF0C;5XTT;he2Kก.
3,I<JVGBI2X3I*W;KD5C;-./Q 10-30 H5WhQ4.MD� piVQK3fQCB,GBk;/.232I25cD5WT8fD5SI2aK8X
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H/2IcJVC;ก25CB,DEF0C;5XTT;he2bf, Uf0bI.ก5X<T4.MD5SI2aK8XHEa:29*8*8S4C;3:29fS;<JVIJ
H/2IMEfI3IT+5a73+Q 

 



�����
�� 6  *8LMQ3+45 MW452K8XH/2IcJVC;ก25CB,LMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.M;he2B;Wก*8*8S4LMQ3,I320;he2*ihQ 
 

ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 
30 GIr20;-15 ก5ก�2HI 2552 

-./Q<JV 2 (9W^;2*8) 
30 ก5ก�2HI -15 `W;/2HI 2552 

;he2B;Wก*8*8S4/4,; 
 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

กก./4,; 

  ก./4,;/15/W;    ก./4,;/15/W;    
 T1 18-6-12 37.5 6 225 7-3-10 37.5 10 375 113.5 
T2 18-6-12 37.5 6 225 15-5-20 37.5 10 375 116.1 
T3 18-6-12 62.5 6 375 7-3-10 62.5 10 625 113.9 
T4 18-6-12 62.5 6 375 15-5-20 62.5 10 625 151.3 

  ก./4,;/30/W;    ก./4,;/30/W;    
T5 18-6-12 75.0 3 225 7-3-10 75.0 5 375 124.3 
T6 18-6-12 75.0 3 225 15-5-20 75.0 5 375 135.1 
T7 18-6-12 125.0 3 375 7-3-10 125.0 5 625 139.6 
T8 18-6-12 125.0 3 375 15-5-20 125.0 5 625 125.9 
Tc 18-6-12 100.0 3 300 12-6-18 100.0 5 500 132.5 

  ก./4,;/45/W;    ก./4,;/45/W;    
T9 18-6-12 112.5 2 225 7-3-10 93.8 4 375 112.0 

T10 18-6-12 112.5 2 225 15-5-20 93.8 4 375 131.8 
T11 18-6-12 187.5 2 375 7-3-10 156.3 4 625   90.9 35 



�����
�� 6  (4.M) 
 

ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 
30 GIr20;-15 ก5ก�2HI 2552 

-./Q<JV 2 (9W^;2*8) 
30 ก5ก�2HI -15 `W;/2HI 2552 

;he2B;Wก*8*8S4/4,; 
 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

กก./4,; 

T12 18-6-12 187.5 2 375 15-5-20 156.3 4 625 110.8 
F-test ns 

C.V. 25.1 

 
�E�JD��?  ns = bI.K4ก4.2QกW;<2Q3cS4S<JV5XfWTH/2IG-]VMIWV; 95% 
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�NH���F�� �����]NA<��E>��K	ก��K�
@?IJD<E�D�N�]H�	N�JK	�A��	L=����@�PE�Y�
E��J	L=��[L�

Dก�O����d  

 
D5SI2aGก5f3,IGTM57 3 
 
C;ก25*8S43,IG9]VMก25H,2 Gก5f3,IGTM57 3 GDg;3SVQbI.9iQD5X3QH7 G952XIJL;2f*8G8kก bI.

GBI2XKก.ก255WTD5X<2;3f ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`J<e2CB,D5SI2aGก5f3,I
GTM57 3 K4ก4.2QกW;M0.2QIJ;W03e2HWz0SVQ<2Q3cS4S Uf0ก55I/S`J T1 CB,D5SI2aGก5f3,IGTM57 3 I2ก
<JV3EfH]M 2.4 % LMQ;he2B;Wก*8*8S44.M4,; LaX<JVก55I/S`J T3 T4 K8X T11 bI.IJ3,IGก5f;Jh 3./;
ก55I/S`J Tc CB,D5SI2aGก5f3,IGTM57 3 H]M 6.4 % LMQ;he2B;Wก*8*8S44.M4,; (4252Q<JV 7 K8X4252Q
*;/ก<JV 2)   

 
9S625a262ก4252Q<JV 7 GD5J0TG<J0Tก55I/S`J T1 T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,

G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT 9T/.2ก55I/S`J T1 
CB,D5SI2aGก5f3,IGTM57 3 IJH/2IK4ก4.2QกW;<2Q3cS4SM0.2QIJ;W03e2HWz0SVQกWTก55I/S`J T5 K8X T9 
piVQCB,D5SI2aGก5f3,IGTM57 3 0.5 K8X 0.7% 42I8e2fWT C;LaX<JVก55I/S`J T5 K8X T9 CB,D5SI2a
Gก5f3,IGTM57 3 bI.IJH/2IK4ก4.2QกW;<2Q3cS4S (4252Q<JV 7 K8X4252Q*;/ก<JV 2) ก55I/S`J T9 piVQ
G3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh CB,D5SI2aGก5f3,IGTM57 3 G9J0Q 0.7 % LMQ
;he2B;Wก*8*8S44.M4,;piVQIJD5SI2a;,M0  

 

D5SI2aGก5f3,IGTM57 4 5 6 K8X 7 
 
62กก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.IJ*84.MH/2IK4ก4.2QกW;<2Q3cS4SLMQ

D5SI2aGก5f3,IGTM57 4 5 6 K8X 7 (4252Q<JV 7 K8X4252Q*;/ก<JV 3 4 5 K8X 6) Uf0ก55I/S`J T8 CB,
D5SI2aGก5f3,IGTM57 4 I2ก<JV3EfH]M 19.7% LMQ;he2B;Wก*8*8S44.M4,; ก55I/S`J T11 CB,D5SI2a
Gก5f3,IGTM57 4 K8X 5 ;,M0<JV3EfH]M 2.2 K8X 50.3% LMQ;he2B;Wก*8*8S44.M4,; ก55I/S`J T4 CB,
D5SI2aGก5f3,IGTM57 5 I2ก<JV3EfH]M 56.3% LMQ;he2B;Wก*8*8S44.M4,; ก55I/S`J T5 CB,D5SI2aGก5f
3,IGTM57 6 I2ก<JV3EfH]M 43.0% LMQ;he2B;Wก*8*8S44.M4,; ก55I/S J̀ T3 CB,D5SI2aGก5f3,IGTM57 6 
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;,M0<JV3EfH]M 13.8% LMQ;he2B;Wก*8*8S44.M4,; ก55I/S`J T7 CB,D5SI2aGก5f3,IGTM57 7 I2ก<JV3EfH]M 
6.2% LMQ;he2B;Wก*8*8S44.M4,; ก55I/S`J T2 CB,D5SI2aGก5f3,IGTM57 7 ;,M0<JV3EfH]M 1.5% LMQ
;he2B;Wก*8*8S44.M4,; LaX<JVก55I/S`J Tc CB,D5SI2aGก5f3,IGTM57 4 5 6 K8X 7 H]M 15.1 43.0 34.5 
K8X 1.0% LMQ;he2B;Wก*8*8S44.M4,; 42I8e2fWT 

 
;he2B;Wก*8*8S49iQD5X3QH7 (;he2B;Wก5/IGก5f3,IGTM57 4 5 K8X 6) 
 
f,2;ก25482fIJH/2I4,MQก253,IGTM57 4 5 K8X 6 I2ก<JV3Ef 9S625a262ก4252Q<JV 7 

GD5J0TG<J0Tก55I/S`J T1 T5 K8X T9 C-,3+45DEF0 K8XMW452ก25C-,G<.2กW;H]MC-,3+45 18-6-12 C;-./Q
ก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-10 C;-./Qก259W^;2*8 MW452 
375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.<WhQ32Iก55I/S`JIJก25CB,DEF0<JV
H/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT 9T/.2ก55I/S`J T1 CB,;he2B;Wก*8*8S49iQ
D5X3QH7 94.4% LMQ;he2B;Wก*8*8S44.M4,; ก55I/S`J T5 CB,;he2B;Wก*8*8S49iQD5X3QH7 95.9% LMQ
;he2B;Wก*8*8S44.M4,; ��,���
ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh
CB,;he2B;Wก*8*8S49iQD5X3QH7 95.5% LMQ;he2B;Wก*8*8S44.M4,; piVQbI.IJH/2IK4ก4.2QกW;<2Q3cS4S
กWTก55I/S`J T1 K8X T5 (4252Q<JV 7 K8X4252Q*;/ก<JV 7)  

 
 
 
 
 

 



�����
�� 7  *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.MD5SI2aLMQ3,IGก5f4.2Q} <JVGกkTGกJV0/bf, 
                  K8X3Wf3./;LMQ3,IGTM57 4 5 K8X 6 piVQGDg;Gก5f<JV482f4,MQก25   
 

ก55I/S`J D5SI2a3,IK4.8XGก5f (% Uf0;he2B;Wก) D5SI2a5/IGก5f3,I 

GTM57 3 GTM57 4 GTM57 5 GTM57 6 GTM57 7 GTM57 4+5+6 
 T1 2.4 b 5.7 45.9 42.8 3.1 94.4 
T2 1.4 bc 8.3 60.1 28.7 1.5 97.1 
T3 0.0 c 16.6 66.3 13.8 3.3 96.7 
T4 0.0 c 10.0 56.3 31.3 2.4 97.6 
T5 0.5 bc 4.4 48.5 43.0 3.6 95.9 
T6 1.9 b 7.3 48.3 38.0 4.4 93.6 
T7 1.2 bc 4.2 55.7 32.8 6.2 92.7 
T8 1.2 bc 19.7 51.3 26.1 1.7 97.1 
Tc 6.4 a 15.1 43.0 34.5 1.0 92.6 
T9 0.7 bc 10.7 56.9 27.9 3.8 95.5 
T10 0.8 bc 3.9 59.3 30.8 5.2 94.0 
T11 0.0 c 2.2 50.3 44.7 2.8 97.2 
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�����
�� 7  (4.M)  
 

ก55I/S`J D5SI2a3,IK4.8XGก5f (% Uf0;he2B;Wก) D5SI2a5/IGก5f3,I 

GTM57 3 GTM57 4 GTM57 5 GTM57 6 GTM57 7 GTM57 4+5+6 
T12 0.6 bc 3.8 58.8 32.4 4.4 95.0 

F-test ** ns ns ns ns ns 
C.V. 119.6 100.4 33.3 45.1 121.9 23.2 

 
�E�JD��?  ** = K4ก4.2QกW;<2Q3cS4M0.2QIJ;W03e2HWz0SVQ<JV5XfWTH/2IG-]VMIWV; 99 %  

    H.2G�8JV0C;K;/4WhQGfJ0/กW;<JV42If,/04W/MWกr5GBI]M;กW;bI.IJH/2IK4ก4.2QกW;Uf0 LSD 
    ns = bI.K4ก4.2QกW;<2Q3cS4S<JV5XfWTH/2IG-]VMIWV; 95% 
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�NH���F��@?IJD<E�D�N�]H�	N�J �����KM
]NA<��E>��K	ก��K�
@?IJ���@�PE�Y	L=��
EC�ก�N�
E

�AJA��
�EDก̀�Dก��J� (��J?�N 11 DOZ�	) 

 
 ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB,D5SI2a;he23,IIJH/2IK4ก4.2QกW;<2Q
3cS4S (4252Q<JV 8 K8X4252Q*;/ก<JV 8) D5SI2a;he23,IG�8JV0<Eกก55I/S`J 49.5% Uf0;he2B;Wก Uf0
ก55I/S`J T11 CB,D5SI2a;he23,II2ก<JV3Ef H]M 54.1% Uf0;he2B;Wก ก55I/S`J T4 CB,D5SI2a;he23,I;,M0
<JV3Ef H]M 46.4% Uf0;he2B;Wก LaX<JVก55I/S`J Tc (standard treatment) CB,D5SI2a;he23,I 46.2% Uf0
;he2B;Wก 
  

9S625a262ก4252Q<JV 8 GD5J0TG<J0Tก55I/S`J T1 T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,
G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve2<JV3EfC;ก25<f8MQH5WhQ;Jh 
K4.<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB,D5SI2a
;he23,I 51.1 46.5 K8X 50.6 % Uf0;he2B;Wก 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4S5XB/.2Q
ก55I/S`J<WhQ 3 fWQก8.2/ 9T/.2 ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh
CB,D5SI2a;he23,I 50.6 % Uf0;he2B;Wก IJH.2I2กก/.2D5SI2a;he23,II245�2;piVQIJH.2bI.4Ve2ก/.2 35% 
(3e2;WกQ2;I245�2;3S;H,2Gกr45 K8XM2B25KB.Q-24S, 2551) K8XIJH.2I2กก/.2D5SI2a;he23,I<JV9iQ
D5X3QH7piVQIJH.2bI.4Ve2ก/.25,M08X 50 (I;45J, 2527)  
 
 
 
 
 
 
 
 
 



�����
�� 8  *8LMQ3+45 MW452K8XH/2IcJVC;ก25CB,LMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.MD5SI2a;he23,I62ก*83,I5X0X95,MIGกkTGกJV0/ (M20E*8 11 Gf]M;) 
 

ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 
30 GIr20;-15 ก5ก�2HI 2552 

-./Q<JV 2 (9W^;2*8) 
30 ก5ก�2HI -15 `W;/2HI 2552 

D5SI2a;he23,I 
% Uf0;he2B;Wก 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

  ก./4,;/15/W;    ก./4,;/15/W;    
 T1 18-6-12 37.5 6 225 7-3-10 37.5 10 375 51.1 
T2 18-6-12 37.5 6 225 15-5-20 37.5 10 375 48.1 
T3 18-6-12 62.5 6 375 7-3-10 62.5 10 625 49.7 
T4 18-6-12 62.5 6 375 15-5-20 62.5 10 625 46.4 

  ก./4,;/30/W;    ก./4,;/30/W;    
T5 18-6-12 75.0 3 225 7-3-10 75.0 5 375 46.5 
T6 18-6-12 75.0 3 225 15-5-20 75.0 5 375 48.5 
T7 18-6-12 125.0 3 375 7-3-10 125.0 5 625 50.2 
T8 18-6-12 125.0 3 375 15-5-20 125.0 5 625 49.8 
Tc 18-6-12 100.0 3 300 12-6-18 100.0 5 500 46.2 

  ก./4,;/45/W;    ก./4,;/45/W;    
T9 18-6-12 112.5 2 225 7-3-10 93.8 4 375 50.6 

T10 18-6-12 112.5 2 225 15-5-20 93.8 4 375 50.5 
T11 18-6-12 187.5 2 375 7-3-10 156.3 4 625 54.1 42 



�����
�� 8  (4.M) 
 

ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 
30 GIr20;-15 ก5ก�2HI 2552 

-./Q<JV 2 (9W^;2*8) 
30 ก5ก�2HI -15 `W;/2HI 2552 

D5SI2a;he23,I 
% Uf0;he2B;Wก 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45  MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

T12 18-6-12 187.5 2 375 15-5-20 156.3 4 625 48.5 
F-test  ns 
C.V.  10.7 

 
�E�JD��?  ns = bI.K4ก4.2QกW;<2Q3cS4S<JV5XfWTH/2IG-]VMIWV; 95% 
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�NH���F��@?IJD<E�D�N�]H�	N�J �����KM
]NA<��E>��K	ก��K�
@?IJ���@�PE�YH��]H̀�
��NAN�J	L=�

GO
 (TSS) @�PE�Yก�O
��G�D��
GO
 (TA) ]NA��O���	 TSS/TA 

 
 D5SI2aLMQKLkQ<JV8X820;he2bf, (TSS) 
 

ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB, TSS IJH/2IK4ก4.2QกW;<2Q3cS4S 
(4252Q<JV 9 K8X4252Q*;/ก<JV 9) TSS G�8JV0 <Eกก55I/S`J 12.3 oBrix Uf0ก55I/S`J T1 CB, TSS I2ก
<JV3Ef H]M 12.8 oBrix ก55I/S`J T5 CB, TSS ;,M0<JV3Ef H]M 11.4 oBrix 3./;ก55I/S`J Tc (standard 
treatment) CB, TSS 12.4 oBrix 

  
9S625a262ก4252Q<JV 9 GD5J0TG<J0Tก55I/S`J T1 T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,

G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB, TSS 12.8 11.4 
K8X 12.3 oBrix 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4SC;5XB/.2Qก55I/S`J T1 T5 K8X T9 9T/.2 
ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;JhCB, TSS 12.3 oBrix I2กก/.2 
TSS I245�2; (bI.4Ve2ก/.2 9 oBrix) (3e2;WกQ2;I245�2;3S;H,2Gกr45 K8XM2B25KB.Q-24S, 2551) 
K8XI2กก/.2 TSS MW;9iQD5X3QH7 (12 oBrix) (I;45J, 2527) 

 
D5SI2aก5f<JVb4G45<bf, (TA)  
 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB, TA IJH/2IK4ก4.2QกW;<2Q3cS4S 

(4252Q<JV 9 K8X4252Q*;/ก<JV 10) TA G�8JV0<Eกก55I/S`J 0.5% Uf0ก55I/S`J T4 CB, TA I2ก<JV3Ef H]M 
0.7% ก55I/S`J T2 T7 T8 T9 T11 K8X T12 CB, TA ;,M0<JV3Ef H]M 0.5% LaX<JVก55I/S`J Tc (standard 
treatment) CB, TA 0.5% 

 
9S625a262ก4252Q<JV 9 GD5J0TG<J0Tก55I/S`J T1 T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,

G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB, TA 0.6 0.6 
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K8X 0.5% 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4S5XB/.2Qก55I/S`J T1 T5 K8X T9 9T/.2 
ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;JhCB, TA 0.5% piVQIJH.24Ve2ก/.2 TA 
MW;9iQD5X3QH7LMQ I;45J (2527) (0.6-1.0%) 

 
GDg;<JV3WQGก4/.2 TA 62กก25<f8MQ;JhIJH.2G�8JV0G<.2กWT 0.5% GI]VM;e2I2GD5J0TG<J0TกWT TA

62ก520Q2;ก25/S6W0LMQ/J5X (2543) :SzUz (2539) K8X65S02 (2549) C;*83,IGLJ0/B/2;<JVC-,
DEF0GHIJKTTB/.2; G<.2กWT 0.9 0.8 K8X 0.7 % 42I8e2fWT 9T/.2 TA 62ก*83,I<JVC-,DEF0GHIJGB8/
KL/;8M0IJH.24Ve2ก/.2 3MfH8,MQกWTก25<f8MQLMQ Koo (1980) <JV9T/.2 TA 62กก25CB,DEF0C;
5XTT;he2-8D5X<2; IJH.2;,M0ก/.2ก25CB,DEF0GHIJKTTB/.2;B5]MDEF0GHIJ-;SfGIkf  

 
3Wf3./; TSS/TA 
 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB, 3Wf3./; TSS/TA IJH/2IK4ก4.2Q

กW;<2Q3cS4S (4252Q<JV 9 K8X4252Q*;/ก<JV 11) 3Wf3./; TSS/TA G�8JV0<Eกก55I/S`J 23:1 Uf0
ก55I/S`J T7 CB, TSS/TA I2ก<JV3Ef H]M 25:1 ก55I/S`J T4 CB, TSS/TA ;,M0<JV3Ef H]M 19:1 3./;
ก55I/S`J Tc (standard treatment) CB, TSS/TA 25:1 

  
9S625a262ก4252Q<JV 9 GD5J0TG<J0Tก55I/S`J T1, T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,G<.2 

กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-10 
C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.<WhQ
32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB, TSS/TA 24:1 20:1 
K8X 23:1 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4SC;5XB/.2Qก55I/S`J T1 T5 K8X T9 9T/.2 
ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;JhCB, TSS/TA 23:1 M0+.C;Gกad7
I245�2;ก25*8S43,IGD8]Mก8.M;LMQI245�2;3S;H,2Gกr45K8XM2B25KB.Q-24S piVQกe2B;f3Wf3./; 
TSS/TA I2กก/.2 13:1 (3e2;WกQ2;I245�2;3S;H,2Gกr45 K8XM2B25KB.Q-24S, 2551) K8XIJH.2
I2กก/.23Wf3./; TSS/TA 12:1 -13:1 MW;9iQD5X3QH7LMQ I;45J (2527) 
  

;W;<5W4;7 (2547) 9T/.23Wf3./; TSS/TA LMQ3,IU-กE;<JVD8+กC;6WQB/WfG-J0Q520Uf0ก25
CB,DEF0GHIJKTTGfSIIJH.2Uf0G�8JV0G<.2กWT 17:1 3./;:SzUz (2539) 9T/.23Wf3./; TSS/TA LMQ
3,IGLJ0/B/2;<JVD8+กC;fS;-EfG-J0QH2; 5SIKI.;he2;.2; 6.;.2; Uf0ก25CB,DEF0GHIJKTTGfSIG-.;กW; IJ
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H.2G�8JV0 10:1 GI]VM;e2I2GD5J0TG<J0TกWTก25<f8MQH5WhQ;JhpiVQIJ3Wf3./; TSS/TA Uf0G�8JV0G<.2กWT 23:1 
9T/.23Wf3./; TSS/TA <JVbf,62กก25C-,DEF0GHIJGB8/KL/;8M0IJH.2I2กก/.2 3MfH8,MQกWTก25
<f8MQLMQ Koo (1980) <JV9T/.2ก25CB,DEF0C;5XTT;he2-8D5X<2;CB,H.23Wf3./; TSS/TA I2กก/.2
ก25CB,DEF0GHIJKTTGfSI 

 
ก25<JV 3Wf3./; TSS/TA LMQก25<f8MQ;JhIJH.2G�8JV0G<.2กWT 23:1 IJH.2I2กก/.2H.23Wf3./; 

TSS/TA LMQI245�2;3S;H,2Gกr45K8XM2B25KB.Q-24S K8XLMQ3Wf3./; TSS/TA MW;9iQD5X3QH7
LMQ I;45J (2527) G;]VMQ62ก TSS G�8JV0IJH.2 12.3 oBrix IJH.2I2ก K8X TA G�8JV0IJH.2 0.5% IJH.2;,M0 
6iQIJ*8CB,3Wf3./; TSS/TA 3+QLih; ;Mก62ก;Jhก25<JV4,;9]-bf,5WTD5SI2a;he2K8X`24EM2B259]-M0.2Q
3IVe2G3IMK8XG9J0Q9M IJ*84.Mก25G65SzG4STU4LMQ9]-M0.2Q4.MG;]VMQK8XCB,*8*8S4fJ<WhQf,2;D5SI2a
K8XHEa:29 (0Q0E<`, 2552)  
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

 

 



�����
�� 9  *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.MD5SI2aLMQKLkQ<JV8X820;he2bf, (TSS) D5SI2aก5f<JVb4G45<bf, (TA) K8X 
                 3Wf3./; TSS/TA  
 

ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 
30 GIr20;-15 ก5ก�2HI 2552 

-./Q<JV 2 (9W^;2*8) 
30 ก5ก�2HI -15 `W;/2HI 2552 

TSS 
 

TA 
 

TSS/TA 
 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

(oBrix) (%)  

  ก./4,;/15/W;    ก./4,;/15/W;      
 T1 18-6-12 37.5 6 225 7-3-10 37.5 10 375 12.8 0.6 24:1 
T2 18-6-12 37.5 6 225 15-5-20 37.5 10 375 12.6 0.5 25:1 
T3 18-6-12 62.5 6 375 7-3-10 62.5 10 625 12.3 0.6 22:1 
T4 18-6-12 62.5 6 375 15-5-20 62.5 10 625 12.6 0.7 19:1 

  ก./4,;/30/W;    ก./4,;/30/W;      
T5 18-6-12 75.0 3 225 7-3-10 75.0 5 375 11.4 0.6 20:1 
T6 18-6-12 75.0 3 225 15-5-20 75.0 5 375 13.0 0.6 24:1 
T7 18-6-12 125.0 3 375 7-3-10 125.0 5 625 12.3 0.5 25:1 
T8 18-6-12 125.0 3 375 15-5-20 125.0 5 625 11.9 0.5 24:1 
Tc 18-6-12 100.0 3 300 12-6-18 100.0 5 500 12.4 0.5 25:1 

  ก./4,;/45/W;    ก./4,;/45/W;      
T9 18-6-12 112.5 2 225 7-3-10 93.8 4 375 12.3 0.5 23:1 

T10 18-6-12 112.5 2 225 15-5-20 93.8 4 375 12.4 0.6 22:1 47 



�����
�� 9  (4.M) 
 

ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 
30 GIr20;-15 ก5ก�2HI 2552 

-./Q<JV 2 (9W^;2*8) 
30 ก5ก�2HI -15 `W;/2HI 2552 

TSS 
 

TA 
 

TSS/TA 
 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

(oBrix) (%)  

T11 18-6-12 187.5 2 375 7-3-10 156.3 4 625 11.8 0.5 23:1 
T12 18-6-12 187.5 2 375 15-5-20 156.3 4 625 11.9 0.5 23:1 

F-test  ns ns ns 
C.V.  8.1 16.5 12.7 

 
�E�JD��?  ns = bI.K4ก4.2QกW;<2Q3cS4S<JV5XfWTH/2IG-]VMIWV; 95% 

 
 
 
 
 

 
 

48 



49 

 

 

�NH���F��@?IJD<E�D�N�]H�	N�J �����KM
]NA<��E>��K	ก��K�
@?IJ���<��EDH
EH
	Q��?����� K	

K���J? 4-7 DOZ�	C�กกP��
��GE��PO�N  

 
H/2IGL,IL,;`24Eb;U45G6; (N) C;CT 
 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB,H.2H/2IGL,IL,;`24Eb;U45G6;C;CT

IJH/2IK4ก4.2QกW;<2Q3cS4S (4252Q<JV 10 K8X4252Q*;/ก<JV 12) H.2H/2IGL,IL,;`24Eb;U45G6;C;
CTG�8JV0LMQ<Eกก55I/S`JH]M 2.39% Uf0ก55I/S`J T4 CB,H.2H/2IGL,IL,;`24Eb;U45G6;C;CTI2ก
<JV3Ef H]M 2.54% ก55I/S`J T7 CB,H.2H/2IGL,IL,;`24Eb;U45G6;C;CT;,M0<JV3Ef H]M 2.14% 3./;
ก55I/S`J Tc (standard treatment) CB,H.2H/2IGL,IL,;`24Eb;U45G6;C;CTH]M 2.65% 

  
9S625a262ก4252Q<JV 10 GD5J0TG<J0Tก55I/S`J T1 T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,

G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB,H.2H/2IGL,IL,;
`24Eb;U45G6;C;CT 2.52 2.51 K8X 2.34% 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4S<WhQ 3 ก55I/S`J 
ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh CB,H.2H/2IGL,IL,;`24E
b;U45G6;C;CT 2.34% M0+.C;Gกad7<JVGBI2X3IGI]VMG<J0TกWTH.2/Sก�4LMQ Chapman (1960) (2.20-
2.70% N) (4252Q<JV 3) 3MfH8,MQกWTH.2H/2IGL,IL,;`24Eb;U45G6;C;CTG�8JV0LMQ<Eกก55I/S`J M0+.
C;Gกad7<JVGBI2X3IG-.;กW; 

  
H/2IGL,IL,;`24EoM3oM5W3 (P) C;CT 
 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB,H.2H/2IGL,IL,;`24EoM3oM5W3C;CT 

IJH/2IK4ก4.2QกW;<2Q3cS4S (4252Q<JV 10 K8X4252Q*;/ก<JV 13) H.2H/2IGL,IL,;`24EoM3oM5W3C;
CTG�8JV0LMQ<Eกก55I/S`JH]M 0.17% Uf0ก55I/S`J T11 CB,H.2H/2IGL,IL,;`24EoM3oM5W3C;CTI2ก
<JV3Ef H]M 0.196% ก55I/S`J T5 CB,H.2H/2IGL,IL,;`24EoM3oM5W3C;CT;,M0<JV3Ef H]M 0.162% 3./;
ก55I/S`J Tc (standard treatment) CB,H.2H/2IGL,IL,;`24EoM3oM5W3C;CTH]M 0.189% 
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 9S625a262ก4252Q<JV 10 GD5J0TG<J0Tก55I/S`J T1 T5 K8XT9 C-,3+45DEF0K8XMW452ก25C-,
G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB,H/2IGL,IL,;
`24EoM3oM5W3C;CTH]M 0.18 0.16 K8X 0.17% 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4S<WhQ 3 
ก55I/S`J ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh CB,H.2H/2IGL,IL,;
`24EoM3oM5W3C;CT 0.17% M0+.C;Gกad7<JVGBI2X3IGI]VMG<J0TกWTH.2/Sก�4LMQ Chapman (1960) 
(0.12-0.18% P) (4252Q<JV 3) 3MfH8,MQกWTH.2H/2IGL,IL,;`24EoM3oM5W3C;CTG�8JV0LMQ<Eก
ก55I/S`J M0+.C;Gกad7<JVGBI2X3IG-.;กW; 
  

H/2IGL,IL,;`24EU9K<3GpJ0I (K) C;CT 
 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB,H.2H/2IGL,IL,;`24EU9K<3GpJ0IC;

CTIJH/2IK4ก4.2QกW;<2Q3cS4S (4252Q<JV 10 K8X4252Q*;/ก<JV 14) H.2H/2IGL,IL,;`24EU9K<3GpJ0I
C;CTG�8JV0LMQ<Eกก55I/S`JH]M 1.35% Uf0ก55I/S`J T3 CB,H.2H/2IGL,IL,;`24EU9K<3GpJ0IC;CT
I2ก<JV3Ef H]M 1.47% ก55I/S`J T9 CB,H.2H/2IGL,IL,;`24EU9K<3GpJ0IC;CT;,M0<JV3Ef H]M 1.22% 
3./;ก55I/S`J Tc (standard treatment) CB,H.2H/2IGL,IL,;`24EU9K<3GpJ0IC;CTH]M 1.42%  

 
 9S625a262ก4252Q<JV 10 GD5J0TG<J0Tก55I/S`J T1, T5 K8X T9 C-,3+45DEF0K8XMW452ก25C-,
G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB,H.2H/2IGL,IL,;
`24EU9K<3GpJ0IC;CTH]M 1.31 1.27 K8X 1.22% 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4S<WhQ 3 
ก55I/S`J ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh CB,H.2H/2IGL,IL,;
`24EU9K<3GpJ0IC;CT 1.22% M0+.C;Gกad7<JVGBI2X3IGI]VMG<J0TกWTH.2/Sก�4LMQ Chapman (1960) 
(1.00-1.70% K) (4252Q<JV 3) 3MfH8,MQกWTH.2H/2IGL,IL,;`24EU9K<3GpJ0IC;CTG�8JV0LMQ<Eก
ก55I/S`J M0+.C;Gกad7<JVGBI2X3IG-.;กW; 
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H/2IGL,IL,;`24EKH8GpJ0I (Ca) C;CT  
 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`J<e2CB,H.2H/2IGL,IL,;`24EKH8GpJ0IC;CTIJ

H/2IK4ก4.2QกW;<2Q3cS4SM0.2QIJ;W03e2HWz (4252Q<JV 10 K8X4252Q*;/ก<JV 15) H.2H/2IGL,IL,;`24E
KH8GpJ0IC;CTG�8JV0LMQ<Eกก55I/S`JH]M 6.30% Uf0ก55I/S`J T7 CB,H.2H/2IGL,IL,;`24EKH8GpJ0IC;
CTI2ก<JV3Ef H]M 7.26% ก55I/S`J T4 CB,H.2H/2IGL,IL,;`24EKH8GpJ0IC;CT;,M0<JV3Ef H]M 5.57% 
3./;ก55I/S`J Tc (standard treatment) CB,H.2H/2IGL,IL,;`24EKH8GpJ0IC;CTH]M 5.49%  

 
9S625a262ก4252Q<JV 10 GD5J0TG<J0Tก55I/S`J T1 T5 K8XT9 C-,3+45DEF0K8XMW452ก25C-,

G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB,H.2H/2IGL,IL,;
`24EKH8GpJ0IC;CTH]M 5.61 6.32 K8X 6.58% 42I8e2fWT IJH/2IK4ก4.2QกW;<2Q3cS4SM0.2QIJ
;W03e2HWz<WhQ 3 ก55I/S`J ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh CB,H.2
H/2IGL,IL,;`24EKH8GpJ0IC;CTH]M 6.58% piVQM0+.C;Gกad73+QGI]VMG<J0TกWTH.2/Sก�4LMQ Chapman 
(1960) (6.10-6.90% Ca) (4252Q<JV 3) K8XC;ก25<f8MQH5WhQ;JhIJH.2H/2IGL,IL,;`24EKH8GpJ0IG�8JV0
LMQ<Eกก55I/S`JG<.2กWT 6.24% piVQM0+.C;Gกad73+QG-.;กW; (4252Q<JV 3) 32GB4E<JVCT3,IIJH/2IGL,IL,;
`24EKH8GpJ0I M0+.C;Gกad73+QG952XfS;ก.M;ก25<f8MQH.M;L,2Q3IT+5a7IJH.2KH8GpJ0I<JVK8กGD8JV0;
bf, 918.0 mg/kg Cก8,GHJ0QกWT 1,040 mg/kg piVQGDg;H.2I245�2;LMQfS;<JVGBI2X3IKก.ก25G92XD8+ก 
(ก8E.I9W^;2ก2545/63MT9]- K8XD~66W0ก25*8S4, 2540) (4252Q<JV 5) ;Mก62ก;Jh0WQ9T/.2B8WQก25
<f8MQH.2KH8GpJ0I<JVK8กGD8JV0;bf, G9SVIGDg; 1351.5 mg/kg piVQ Ca <JVG9SVILih;M26D;I2กWT;he2<JVC-,
C;ก25G92XD8+กpiVQbB8*.2;-Wh;BS;4.2Q}        
 

H/2IGL,IL,;`24EKIก;JGpJ0I (Mg) C;CT 
 
ก25CB,DEF0GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB,H.2H/2IGL,IL,;`24EKIก;JGpJ0IC;CT

IJH/2IK4ก4.2QกW;<2Q3cS4S (4252Q<JV 10 K8X4252Q*;/ก<JV 16) H.2H/2IGL,IL,;`24EKIก;JGpJ0IC;
CTG�8JV0LMQ<Eกก55I/S`JH]M 1.02% Uf0ก55I/S`J T8 CB,H.2H/2IGL,IL,;`24EKIก;JGpJ0IC;CTI2ก
<JV3Ef H]M 1.14% ก55I/S`J T5 CB,H.2H/2IGL,IL,;`24EKIก;JGpJ0IC;CT;,M0<JV3Ef H]M 0.97% 3./;
ก55I/S`J Tc (standard treatment) CB,H.2H/2IGL,IL,;`24EKIก;JGpJ0IC;CTH]M 1.05%  
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 9S625a262ก4252Q<JV 10 GD5J0TG<J0Tก55I/S`J T1 T5 K8XT9 C-,3+45DEF0K8XMW452ก25C-,
G<.2กW;H]MC-,3+45 18-6-12 C;-./Qก25G65Sz<2Qf,2;กSVQCT MW452 225 ก5WI-DEF0/4,;/-./Q K8X3+45 7-3-
10 C;-./Qก259W^;2*8 MW452 375 ก5WI-DEF0/4,;/-./Q piVQGDg;MW452C-,<JV4Ve23EfC;ก25<f8MQH5WhQ;Jh K4.
<WhQ32Iก55I/S`JIJก25CB,DEF0<JVH/2IcJV4.2QกW;H]M 15 30 K8X 45 /W;/H5WhQ42I8e2fWT CB,H.2H/2IGL,IL,;
`24EKIก;JGpJ0IC;CTH]M 1.10 0.97 K8X 0.99% 42I8e2fWT bI.IJH/2IK4ก4.2QกW;<2Q3cS4S5XB/.2Q
ก55I/S`J T1 T5 K8X T9  ก55I/S`J T9 piVQG3;M/.2GDg;ก55I/S`J<JVGBI2X3IC;ก25<f8MQH5WhQ;Jh CB,H.2
H/2IGL,IL,;`24EKIก;JGpJ0IC;CT 0.99% piVQM0+.C;Gกad73+QGI]VMG<J0TกWTH.2/Sก�4LMQ Chapman 
(1960) (0.70-1.00% Mg) (4252Q<JV 3) K8XC;ก25<f8MQH5WhQ;JhIJH.2H/2IGL,IL,;`24EKIก;JGpJ0IC;
CTG�8JV0LMQ<Eกก55I/S`JG<.2กWT 1.02% piVQM0+.C;Gกad7I2กGกS;9M (>1.00% Mg) (4252Q<JV 3)  
 

ก25<JVH.2H/2IGL,IL,;`24EKIก;JGpJ0IC;CT3+Q K8XI2กGกS;9MC;CT3,I;Wh;I262กH/2I
3IT+5a7LMQfS;ก.M;ก25<f8MQIJH.2KIก;JGpJ0I<JVK8กGD8JV0;bf, 240.8 mg/kg piVQH.2<JVGBI2X3IIJ
G9J0Q 135 mg/kg K8XH.2KIก;JGpJ0I<JVK8กGD8JV0;bf,LMQfS;B8WQก25<f8MQIJH.2G9SVILih;GDg; 281.5 
mg/kg MJกf,/0 (4252Q<JV 5) piVQ Mg <JVG9SVILih;M26D;I2กWT;he2<JVC-,C;ก25G92XD8+กpiVQbB8*.2;-Wh;
BS;4.2Q}  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



�����
�� 10  *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M04.MH/2IGL,IL,;`24Eb;U45G6; (N) oM3oM5W3 (P) U9K<3GpJ0I (K) KH8GpJ0I (Ca)   
      K8X KIก;JGpJ0I (Mg) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8LMQ4,;3,I320;he2*ihQ 

 
ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 

30 GIr20;-15 ก5ก�2HI 2552 
-./Q<JV 2 (9W^;2*8) 

30 ก5ก�2HI -15 Ẁ;/2HI 2552 
H/2IGL,IL,;`24EM2B25C;CT  

(%) 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

N P K Ca Mg 

  ก./4,;/15/W;    ก./4,;/15/W;        
 T1 18-6-12 37.5 6 225 7-3-10 37.5 10 375 2.52 0.18 1.31 5.61 cd 1.10 
T2 18-6-12 37.5 6 225 15-5-20 37.5 10 375 2.28 0.17 1.37 5.99 bcd 1.00 
T3 18-6-12 62.5 6 375 7-3-10 62.5 10 625 2.35 0.16 1.47 6.04 bcd 1.04 
T4 18-6-12 62.5 6 375 15-5-20 62.5 10 625 2.54 0.18 1.42 5.57 cd 1.03 

  ก./4,;/30/W;    ก./4,;/30/W;        
T5 18-6-12 75.0 3 225 7-3-10 75.0 5 375 2.51 0.16 1.27 6.31 abcd 0.97 
T6 18-6-12 75.0 3 225 15-5-20 75.0 5 375 2.34 0.16 1.38 6.28 abcd 1.00 
T7 18-6-12 125.0 3 375 7-3-10 125.0 5 625 2.14 0.17 1.27 7.26 a 0.99 
T8 18-6-12 125.0 3 375 15-5-20 125.0 5 625 2.47 0.17 1.35 6.49 abcd 1.14 
Tc 18-6-12 100.0 3 300 12-6-18 100.0 5 500 2.65 0.18 1.42 5.49 d 1.05 

  ก./4,;/45/W;    ก./4,;/45/W;        
T9 18-6-12 112.5 2 225 7-3-10 93.8 4 375 2.34 0.17 1.22 6.58 abc 0.99 

T10 18-6-12 112.5 2 225 15-5-20 93.8 4 375 2.34 0.17 1.36 7.00 ab 1.00 53 



�����
�� 10  (4.M) 
 

ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 
30 GIr20;-15 ก5ก�2HI 2552 

-./Q<JV 2 (9W^;2*8) 
30 ก5ก�2HI -15 Ẁ;/2HI 2552 

H/2IGL,IL,;`24EM2B25C;CT  
(%) 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

N P K Ca Mg 

T11 18-6-12 187.5 2 375 7-3-10 156.3 4 625 2.39 0.19 1.33 6.44 abcd 1.04 
T12 18-6-12 187.5 2 375 15-5-20 156.3 4 625 2.43 0.17 1.41 6.05 bcd 0.98 

F-test  ns ns ns * ns 
C.V.  14.0 11.5 13.1 11.6 8.5 

 
�E�JD��?  * = K4ก4.2QกW;<2Q3cS4M0.2QIJ;W03e2HWz<JV5XfWTH/2IG-]VMIWV; 95 %  
                  H.2G�8JV0C;K;/4WhQGfJ0/กW;<JV42If,/04W/MWกr5GBI]M;กW;bI.IJH/2IK4ก4.2QกW;Uf0 LSD 
                  ns = bI.K4ก4.2QกW;<2Q3cS4S<JV5XfWTH/2IG-]VMIWV; 95% 

54 
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(crop removal) 

 

ก25C-,DEF0 GHIJGB8/KL/;8M0 <WhQ 12 ก55I/S`JbI.<e2CB,;he2B;Wก*83f K8X;he2B;Wก*8KB,Q 
IJH/2IK4ก4.2QกW;<2Q3cS4S (4252Q<JV 11 K8X4252Q*;/ก<JV 17 K8X 18) ;he2B;Wก*83fG�8JV0<Eก
ก55I/S`J 117.0 ก5WI ;he2B;Wก*8KB,QG�8JV0<Eกก55I/S`J 17.9 ก5WI Uf0ก55I/S`J T6 CB,;he2B;Wก*83f 
K8X;he2B;Wก*8KB,Q I2ก<JV3EfH]M 134.0 K8X 20.2 ก5WI 42I8e2fWT ก55I/S`J T5 CB,;he2B;Wก*83f 
K8X;he2B;Wก*8KB,Q ;,M0<JV3EfH]M 107.7 K8X 15.9 ก5WI 42I8e2fWT LaX<JVก55I/S`J Tc CB,;he2B;Wก*8
3f 124.4 ก5WI K8X;he2B;Wก*8KB,Q 18.9 ก5WI K4.GDg;<JV;.23WQGก4/.2ก25C-,DEF0GHIJGB8/KL/;8M0 C;
ก55I/S`J4.2Q} IJ*8CB,H/2IGL,IL,;`24Eb;U45G6; K8X`24EU9K<3GpJ0IC;*8IJH/2IK4ก4.2QกW;
M0.2QIJ;W03e2HWz<2Q3cS4S (4252Q<JV 12 K8X4252Q*;/ก<JV 19 K8X 21) Uf0ก55I/S`J T5 IJH/2I
GL,IL,;`24Eb;U45G6;C;*83+Q3EfH]M 0.98% K8X ก55I/S`J T3 IJH/2IGL,IL,;`24Eb;U45G6;C;*8
4Ve23EfH]M 0.75% ก55I/S`J T1 IJH/2IGL,IL,;`24EU9K<3GpJ0IC;*83+Q3EfH]M 1.60 % K8X ก55I/S`J 
T10 IJH/2IGL,IL,;`24EU9K<3GpJ0IC;*84Ve23EfH]M 1.14 % LaX<JVก55I/S`J Tc IJH/2IGL,IL,;`24E
b;U45G6; K8X`24EU9K<3GpJ0IC;*8 0.87 % K8X 1.55% 42I8e2fWT 3./;H/2IGL,IL,;`24EoM3 
oM5W3C;*8 bI.9TH/2IK4ก4.2QกW;<2Q3cS4S5XB/.2Qก55I/S`J<WhQBIf (4252Q<JV 12 K8X4252Q
*;/ก<JV 20)  
 

GI]VMHe2;/aD5SI2a`24EM2B25<JV4SfbDกWT*8*8S4 (crop removal) 62กL,MI+8H/2IGL,IL,;
`24Eb;U45G6; oM3oM5W3 K8XU9K<3GpJ0IC;*8Uf0;he2B;WกKB,QpiVQIJH.2G�8JV0 G<.2กWT 0.86% 
0.13% K8X 1.35% 42I8e2fWT (4252Q<JV 12) Uf09T/.2 <Eก} 1 กSU8ก5WILMQ*8*8S43f IJก253+zG3J0
`24Eb;U45G6; oM3oM5W3 K8XU9K<3GpJ0I4SfbDกWT*8*8S4 Uf0G�8JV0 G<.2กWT 1.31 0.21 K8X 2.07 
ก5WI 42I8e2fWT piVQ3MfH8,MQกWT520Q2;ก25/S6W0LMQ;W;<5W4;7 (2547) 6E�28Wกra7 (2530) K8X 
Smith and Reuther (1953) 4.2Q520Q2;/.2D5SI2a`24EU9K<3GpJ0IIJI2ก<JV3EfC;*83,I 5MQ8QI2H]M
b;U45G6; K8XoM3oM5W3IJ;,M0<JV3Ef  

 
 ก25GกkTGกJV0/*83,IB5]MbI,*8-;Sf4.2Q}C;�f+GกkTGกJV0/K4.8XH5WhQbI.G9J0QK4.bf,*8*8S4bD
G<.2;Wh; `24EM2B259]-<WhQ`24EM2B25B8Wก `24EM2B255MQ K8X`24EM2B25G35SIc+ก;e2MMก62กKD8Q
G92XD8+กbDf,/0 <e2CB,fS;L2fH/2I3IT+5a7 L2f`24EM2B259]--;Sf4.2Q} 6e2GDg;4,MQIJก25C3.`24E
M2B259]-GL,2bD<fK<;3./;<JVL2fB20bD Uf0ก25C3.DEF0GHIJ3+454.2Q} piVQT2QH5WhQIJ`24EM2B25T2Q
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`24EI2กGกS;H/2I6e2GDg;C;LaXGfJ0/กW;M26L2f`24EM2B25T2Q`24Ebf,f,/0 fWQ;Wh;ก25D5XGIS;
D5SI2a`24EM2B25 N P K8X K B5]M`24EM]V;} C;5+DDEF0GHIJ<JVIJC;*8bI,;Wh;} 6XGDg;D5XU0-;7M0.2Q 
0SVQ4.Mก25C3.DEF0GHIJCB,IJD5X3S<`S:29I2กLih;B8WQก25GกkTGกJV0/*8*8S4K8,/ GI]VM;e2D5SI2a`24E
M2B25<JV4SfbDกWT*8*8S4 piVQIJ`24Eb;U45G6; oM3oM5W3 K8XU9K<3GpJ0I G�8JV0 G<.2กWT 1.31 0.21 
K8X 2.07 ก5WI 42I8e2fWT I2He2;/aM0+.C;5+DDEF0GHIJ4.M*83f 100 กSU8ก5WIbf,fWQ;Jh 131 g N 48 g 
P2O5 K8X 248 g K2O B5]MHSfGDg;3Wf3./; N: P2O5: K2O G<.2กWT 3:1:5 4,MQC3.DEF0GHIJ3+454.2Q} G9]VM
-fG-0`24EM2B25GB8.2;Jh Uf0<WV/bDGกr45ก5;S0IC-,DEF0GHIJKTTGfSIB5]MDEF0B/.2; 3+45 25-7-7 6-
24-24 15-5-20 K8X 0-0-60 C;ก5aJ;Jh4,MQC3.DEF0GHIJKTTGfSI3+45 15-5-20 6e2;/;bI.;,M0ก/.2 960 
ก5WI K8XC3.3+45 0-0-60 6e2;/;bI.;,M0ก/.2 94 ก5WI piVQ32I25c<fK<;`24EM2B25<JVc+กGกkTGกJV0/bD
95,MIกWT*83,I3f 100 กSU8ก5WIbf, 



�����
�� 11  *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.M;he2B;Wก*83fK8X*8KB,Q (<WhQ*8) 

 
ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 

30 GIr20;-15 ก5ก�2HI 2552 
-./Q<JV 2 (9W^;2*8) 

30 ก5ก�2HI -15 Ẁ;/2HI 2552 
;he2B;Wก<WhQ*8  

 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

;he2B;Wก3f 
(ก5WI) 

;he2B;WกKB,Q 
(ก5WI) 

  ก./4,;/15/W;    ก./4,;/15/W;     
 T1 18-6-12 37.5 6 225 7-3-10 37.5 10 375 115.6 17.1 
T2 18-6-12 37.5 6 225 15-5-20 37.5 10 375 113.5 17.6 
T3 18-6-12 62.5 6 375 7-3-10 62.5 10 625 111.2 17.3 
T4 18-6-12 62.5 6 375 15-5-20 62.5 10 625 110.4 17.2 

  ก./4,;/30/W;    ก./4,;/30/W;     
T5 18-6-12 75.0 3 225 7-3-10 75.0 5 375 107.1 15.9 
T6 18-6-12 75.0 3 225 15-5-20 75.0 5 375 134.0 20.2 
T7 18-6-12 125.0 3 375 7-3-10 125.0 5 625 126.1 19.1 
T8 18-6-12 125.0 3 375 15-5-20 125.0 5 625 125.8 19.1 
Tc 18-6-12 100.0 3 300 12-6-18 100.0 5 500 124.3 18.9 

  ก./4,;/45/W;    ก./4,;/45/W;     
T9 18-6-12 112.5 2 225 7-3-10 93.8 4 375 118.6 18.1 

T10 18-6-12 112.5 2 225 15-5-20 93.8 4 375 109.2 17.0 
T11 18-6-12 187.5 2 375 7-3-10 156.3 4 625 119.7 19.3 57 



�����
�� 11  (4.M) 

 
ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 

30 GIr20;-15 ก5ก�2HI 2552 
-./Q<JV 2 (9W^;2*8) 

30 ก5ก�2HI -15 Ẁ;/2HI 2552 
;he2B;Wก<WhQ*8  

 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

;he2B;Wก3f 
(ก5WI) 

;he2B;WกKB,Q 
(ก5WI) 

T12 18-6-12 187.5 2 375 15-5-20 156.3 4 625 111.8 16.6 
F-test  ns ns 
C.V.  13.4 13.4 

 
�E�JD��?  ns = bI.K4ก4.2QกW;<2Q3cS4S<JV5XfWTH/2IG-]VMIWV; 95% 

58 



�����
�� 12  *8LMQ3+45 MW452K8XH/2IcJVLMQDEF0GHIJGB8/KL/;8M0C;5XTT;he24.MH/2IGL,IL,;`24EM2B25C;*8Uf0;he2B;WกKB,Q 

 
ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 

30 GIr20;-15 ก5ก�2HI 2552 
-./Q<JV 2 (9W^;2*8) 

30 ก5ก�2HI -15 Ẁ;/2HI 2552 
H/2IGL,IL,;`24EM2B25C;*8 

Uf0;he2B;WกKB,Q (%) 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q N P K 

  ก./4,;/15/W;    ก./4,;/15/W;      
 T1 18-6-12 37.5 6 225 7-3-10 37.5 10 375 0.89 abc 0.15 1.60 a 
T2 18-6-12 37.5 6 225 15-5-20 37.5 10 375 0.90 abc 0.14 1.59 a 
T3 18-6-12 62.5 6 375 7-3-10 62.5 10 625 0.75 d 0.13 1.39 b 
T4 18-6-12 62.5 6 375 15-5-20 62.5 10 625 0.88 abc 0.15 1.57 a 

  ก./4,;/30/W;    ก./4,;/30/W;      
T5 18-6-12 75.0 3 225 7-3-10 75.0 5 375 0.98 a 0.14 1.34 bc 
T6 18-6-12 75.0 3 225 15-5-20 75.0 5 375 0.95 ab 0.13 1.35 bc 
T7 18-6-12 125.0 3 375 7-3-10 125.0 5 625 0.83 cd 0.14 1.28 bcd 
T8 18-6-12 125.0 3 375 15-5-20 125.0 5 625 0.87 abcd 0.14 1.29 bcd 
Tc 18-6-12 100.0 3 300 12-6-18 100.0 5 500 0.87 abcd 0.15 1.55 a 

  ก./4,;/45/W;    ก./4,;/45/W;      
T9 18-6-12 112.5 2 225 7-3-10 93.8 4 375 0.81 cd 0.13 1.25 bcd 

T10 18-6-12 112.5 2 225 15-5-20 93.8 4 375 0.84 bcd 0.11 1.14 d 
T11 18-6-12 187.5 2 375 7-3-10 156.3 4 625 0.79 cd 0.13 1.16 d 59 



�����
�� 12  (4.M) 

 
ก55I/S`J -./Q<JV 1 (G4STU4<2QกSVQCT) 

30 GIr20;-15 ก5ก�2HI 2552 
-./Q<JV 2 (9W^;2*8) 

30 ก5ก�2HI -15 Ẁ;/2HI 2552 
H/2IGL,IL,;`24EM2B25C;*8 

Uf0;he2B;WกKB,Q (%) 

3+45 
 

MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q 

3+45 MW452 
 

6e2;/;
H5WhQ 

5/I 
ก./-./Q N P K 

T12 18-6-12 187.5 2 375 15-5-20 156.3 4 625 0.80 cd 0.14 1.22 cd 
F-test  * ns *** 
C.V.  9.6 13.5 8.4 

 
�E�JD��?  * = K4ก4.2QกW;<2Q3cS4M0.2QIJ;W03e2HWz<JV5XfWTH/2IG-]VMIWV; 95 %  

    *** = K4ก4.2QกW;<2Q3cS4M0.2QIJ;W00SVQ3e2HWz<JV5XfWTH/2IG-]VMIWV; 99.9 %   
    ns = bI.K4ก4.2QกW;<2Q3cS4S<JV5XfWTH/2IG-]VMIWV; 95%  
    H.2G�8JV0C;K;/4WhQGfJ0/กW;<JV42If,/04W/MWกr5GBI]M;กW;bI.IJH/2IK4ก4.2QกW;Uf0 LSD

60 
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62กL,MI+8D5SI2a K8XHEa:29*8*8S45/IciQH/2IGL,IL,;`24EM2B254.2Q} C;CT K8X*8

62กก25CB,DEF0GHIJGB8/KL/;8M0C;5XTT;he2 12 ก55I/S`J 9T/.2 ก55I/S`J T9 IJH/2IGBI2X3I<JV3Ef
H]MC-,DEF03+45 18-6-12 C;-./Qก25G4STU4<2QกSVQCT MW452 225 ก5WIDEF04.M-./Q (112.5 ก5WI/4,;/45 
/W;) K8X3+45 7-3-10 C;-./Qก259W^;2*8 MW452 375 ก5WIDEF04.M-./Q (93.75 ก5WI/4,;/45 /W;) CB,<Eก 
45 /W; piVQIJ6e2;/;H5WhQC;ก25CB,DEF0;,M0<JV3Ef CB,*8*8S4fJ<WhQf,2;D5SI2a K8XHEa:29  IJH/2I
GL,IL,;`24EM2B254.2Q} C;CT K8X*8M0+.C;Gกad7<JVGBI2X3I fWQ;Jh CB,;he2B;Wก*8*8S4/4,; 112 
กSU8ก5WI/4,;piVQGกad7I245�2;3e2B5WT3,IM20E 7-9 D� CB,;he2B;Wก*8*8S4/4,; 100-150 กSU8ก5WI/4,;/
D� (1+;07/S6W09]-0];4,;K8XbI,*8GI]MQ5,M;, 2552) ;he2B;Wก*8*8S49iQD5X3QH7 (;he2B;Wก5/IGก5f3,I
GTM574 5 K8X 6) G<.2กWT 95.5 % LMQ;he2B;Wก*8*8S44.M4,; D5SI2aGก5f3,IGTM57 3 IJ;,M0H]M 0.7% 
LMQ;he2B;Wก*8*8S44.M4,; D5SI2a;he23,I TSS K8X3Wf3./; TSS/TA IJH.2 50.6 % 12.3 oBrix K8X 
25:1 42I8e2fWT piVQIJH.2I2กก/.2GI]VMG<J0TกWTH.2I245�2;3S;H,2Gกr45 K8XM2B25KB.Q-24S (D5SI2a
;he23,I TSS K8X3Wf3./; TSS/TA IJH.2 bI.4Ve2ก/.2 35% 9 oBrix K8X 13:1 42I8e2fWT) (3e2;WกQ2;
I245�2;3S;H,2Gกr45 K8XM2B25KB.Q-24S, 2551) CB, TA 0.5 % GI]VMG<J0TกWT3,I9iQD5X3QH7IJH.2
M0+.C;-./Q 0.6-1.0 % (I;45J, 2527) H.2H/2IGL,IL,;`24Eb;U45G6; `24EoM3oM5W3 K8X`24E
U9K<3GpJ0IC;CT H]M 2.34 0.174 K8X 1.22 % 42I8e2fWT M0+.C;Gกad7<JVGBI2X3I 3./;H.2H/2I
GL,IL,;`24EKH8GpJ0IK8X`24EKIก;JGpJ0IC;CT H]M 6.58 K8X 0.99 % M0+.C;Gกad73+QGI]VMG<J0TกWTH.2
/Sก�4LMQ Chapman (1960) (4252Q<JV 3) H/2IGL,IL,;`24EM2B25C;*83,I4.M;he2B;WกKB,Q IJH.2 
0.81% N 0.13% P K8X 1.25% K (4252Q<JV 12) D5SI2a`24EM2B254.M*83f 1 กSU8ก5WI<JVHe2;/abf,
IJH.2 1.24 g N, 0.19 g P K8X 1.92 g K  K8XHe2;/aC;5+DDEF0GHIJ IJH.2 1.24 g N, 0.45 g P2O5 K8X 
2.30 g K2O 3MfH8,MQกWTQ2;/S6W0LMQ;W;<5W4;7 (2547) 6E�28Wกra7 (2530) K8X Smith and Reuther 
(1953) piVQ4.2Q9T/.2D5SI2a`24EM2B25 K C;*83,II2กก/.2D5SI2a`24EM2B25 N LaX<JVD5SI2a
`24EM2B25 P IJ;,M0<JV3Ef 
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62กก253MTc2IL,MI+8 3+45DEF0GHIJ-;SfGIkf<JVGBI2X3IกWT3,IC;-./Qก25G65SzG4STU4 <2Q

กSVQCT K8X-./Qก259W^;2*8 MW452C-,C;K4.8X-./Q 95,MI52H2<JV6e2B;.20 42IHe2K;X;e2LMQก5I
/S-2ก25Gกr45 5,2;H,2 T5SrW<H,2DEF0 K8XGกr45ก5 (3/;32IBW/C6 M.�2Q 6.G-J0QCBI.) C;-./QGf]M;
IJ;2HI � Gf]M; `W;/2HI 2552 GD5J0TG<J0TกWT3+45DEF0GHIJGB8/KL/;8M0 MW452C-, K8XH/2IcJVC;
ก25CB,DEF042IHe2K;X;e2LMQ T5SrW< DEF0กWD4W; 6e2กWf 9T/.2ก55I/S`J T9 piVQGBI2X3I<JV3EfC;
ก251iกr2H5WhQ;Jh K8X;e2I2D5WT42ID{S<S;32ก8G9]VMQ.204.Mก25CB,DEF0C;5MTD�3e2B5WTก25D8+ก3,I
320;he2*ihQ (4252Q<JV 13) C;ก25<f8MQH5WhQ;JhG5SVICB,DEF0H5WhQK5กD820Gf]M;GIr20; K8X3Sh;3EfC;
Gf]M;`W;/2HI 5/I 6 H5WhQ 3./;Gf]M; Iก52HI กEI:29W;`7 K8XIJ;2HI <JVGDg;-./Qก.M;ก25<f8MQ 
H/5CB,DEF0G9SVIMJก 2 H5WhQ fWQ;Wh;C;B;iVQD�c,2CB,DEF0<Eก 45 /W; 4,MQCB,DEF0G<.2กWT 8 H5WhQ KT.QGDg;-./Q
ก25G65SzG4STU4<2QกSVQCT CB,DEF0 2 H5WhQC;MW452 112.5 ก5WI/4,;/H5WhQ -./QMMกfMก CB,DEF0 2 H5WhQC;
MW452 112.5 ก5WI/4,;/H5WhQ K8X-./Qก259W^;2*8 CB,DEF0 4 H5WhQC;MW452 93.8 ก5WI/4,;/H5WhQ 9T/.2ก25
CB,DEF0GHIJ-;SfGIkfB/.2; 4,MQC-,DEF0GHIJ 6 กSU8ก5WI/4,;/D� IJ4,;<E;DEF0 G<.2กWT 120 T2</4,;/D� LaX<JV
ก25CB,DEF0GHIJGB8/KL/;8M0C;5XTT;he2-8D5X<2; C-,DEF0G9J0Q 825 ก5WI/4,;/D� IJ4,;<E;DEF0 
G<.2กWT 63.54 T2</4,;/D� fWQ;Wh;MW452ก25C-,LMQDEF0GHIJGB8/KL/;8M0C-,G9J0Q 13.75% LMQMW452
ก25C-,DEF0GHIJ-;SfGIkf 3MfH8,MQกWT520Q2;LMQ Kusakabe et al. (2006) <JV9T/.2MW452ก25C-,DEF0GHIJ
GB8/H/5M0+.C;-./Q 17-34% LMQMW452ก25C-,DEF0GHIJ-;SfGIkf 3./;4,;<E;DEF0LMQก25CB,DEF0GHIJGB8/
KL/;8M0C;5XTT;he2-8D5X<2; HSfGDg;G9J0Q 52.95% LMQ4,;<E;DEF0GHIJ-;SfGIkf piVQ3MfH8,MQ
กWT<JV 328JV K8XHaX (2545) K8XD~z695 (2544) 4.2Q520Q2;b/,/.2 ก25CB,DEF0GHIJกWTbI,*8C;5XTT
;he2-8D5X<2;IJMW452C-, K8X4,;<E;DEF04Ve2ก/.2ก25CB,DEF0GHIJKTTB/.2; 

   
62กก253WQGก4C;ก25/S6W0H5WhQ;Jh0WQ9TMJก/.2ก25-WVQUf0;he2B;WกLMQDEF0GHIJGB8/KL/;8M0IJ

H/2I3Xf/ก K8XQ.204.Mก25D{STW4SI2กก/.2ก254/QUf0D5SI245 



�����
�� 13  GD5J0TG<J0T3+45DEF0GHIJ MW452 52H2DEF0 D5SI2aDEF0<JVC-, K8X4,;<E;DEF0C;K4.8X-./Qก25G65SzG4STU4 5XB/.2Qก25C-,DEF0GHIJKTTGfSIK8Xก25C-, 
          DEF0GHIJGB8/KL/;8M0C;5XTT;he2-8D5X<2; C;ก25*8S43,I320;he2*ihQ 
 

 
 
 
 
 

5X0Xก25G65SzG4STU4 DEF0GHIJKTTfWhQGfSI (-;SfGIkf) DEF0GHIJGB8/KL/;8M0C;5XTT;he2 

3+45 กก./4,; T2</กก. 5/IGQS; 
(T2<) 

3+45 ก./4,;/45/W; 6e2;/;
H5WhQ 

T2</ก. 5/IGQS; 
(T2<) 

ก25G4STU4f,2;กSVQCT 25-7-7 2 18 36 18-6-12 112.5 2 0.077 17.33 
MMกfMก 6-24-24 1 24 24 18-6-12 112.5 2 0.077 17.33 
ก259W^;2*8 15-5-20 3 20 60 7-3-10 93.75 4 0.077 28.88 
5/I  6  120  825  T2</ก. 63.54 
;he2B;WกDEF0/4,;/D� 6 กSU8ก5WI  825 ก5WI  
4,;<E;DEF0/4,;/D�  120 T2< 63.54 T2<  
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ก25CB,DEF0GHIJGB8/KL/;8M0 C;5XTT;he2-8D5X<2;กWT3,IGD8]Mก8.M;9W;`E7320;he2*ihQ piVQ

D8+กC;fS;<JVMEfI3IT+5a7 K8X3:294,;IJH/2I3IT+5a73+Q Uf0C-,3+45 18-6-12 C;-./Qก25
G65SzG4STU4<2QกSVQCT MW452 225 ก5WIDEF0/4,;/-./Q (112.5 ก5WIDEF0/4,;/45/W;) K8X3+45 7-3-10 
C;-./Qก259W^;2*8 MW452 375 ก5WIDEF0/4,;/-./Q (93.75 ก5WIDEF0/4,;/45/W;) <Eก 45 /W;CB,*8*8S4fJ
<WhQf,2;D5SI2a K8XHEa:29 CB,H/2IGL,IL,;`24EM2B25C;CTM0+.C;Gกad7<JVGBI2X3I H/2IGL,IL,;
`24EM2B25C;*83,I4.M;he2B;WกKB,Q IJH.2 0.81% N 0.13% P K8X 1.25% K K8XD5SI2a`24EM2B25<JV
4SfbDกWT*8*8S4 (*83f 1 กSU8ก5WI) H]M 1.24 g N, 0.19 g P K8X 1.92 g K  IJ6e2;/;H5WhQC;ก25CB,
DEF0;,M0 K8X4,;<E;DEF04Ve2 GI]VMGD5J0TG<J0TกWTก25C-,DEF0GHIJ-;SfGIkf9T/.2 C-,DEF0GHIJGB8/KL/;8M0
MW452G9J0Q 13.75% LMQก25MW452C-,DEF0GHIJ-;SfGIkf K8XIJ4,;<E;DEF0G9J0Q 52.95% LMQ4,;<E;
DEF0GHIJ-;SfGIkf  
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Dกa��O�
��D�E�A�E�=�����ก���NP��
EDH�J����	.  ก5I/S-2ก25Gกr45, ก5X<5/QGกr45
K8X3Bก5a7. 
  

ก8E.IQ2;/S6W0GHIJfS;.  2544.  D�ก����PM�ก�� <F�EZ�ก���PD<��A�BOP	]NA�ZM.  กMQD�9J/S<02, ก5I 
/S-2ก25Gกr45, ก5EQG<9�. 

 
ก8E.I9Ŵ ;2ก2545/63MT9]- K8XD~66W0ก25*8S4.  2540.  <?Y�E���POP	
��D�E�A�E���ก��@NFก�ZM. 

3e2;Wก/S6W0K8X9Ŵ ;2ก25Gกr45GL4<JV 1, G-J0QCBI..  KB8.Q<JVI2: 
http://www.oard1.org/service/anasoil.htm, 20 `W;/2HI 2552 

 
65S02 /Q1745J.  2549.  �P
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�� ��J��	ก����EE	�กNJ?
QBก��C�Oก��Q��?������ZM�F���JGO

��J���JZ	.  /W;<JV 18 - 19 
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ก�����C����E���P ]NA�PD<��A�BQ��?�����K	OP	 

 

ก25/Wf pH LMQfS; 
 
C-,MW4523./;fS;4.M;he2 1:2.5 Uf0-WVQ4W/M0.2QfS;<JVTf5.M;*.2;4XKก5QL;2f 2 IS88SGI45 10 

ก5WI C3.TJกGกM57L;2f 100 IS88S8S45 G4SI;he2ก8WV; 25 IS88S8S45 C-,K<.QKก,/H;CB,GL,2กW; 4WhQ<ShQb/,
D5XI2a 30 ;2<J C;5XB/.2Q<JV4WhQ<ShQb/,H;fS;GDg;H5WhQH52/ /Wf pH LMQ3258X820fS;f,/0 pH 
meter (Sartorius, PB20) (ก8E.IQ2;/S6W0GHIJfS;, 2544)  

 
ก25/WfH.23:29ก25;e2boo|2LMQfS; (ECe) 
 
C-,MW4523./;fS;4.M;he2 1: 5 -WVQ4W/M0.2QfS;<JVTf5.M;*.2;4XKก5QL;2f 2 IS88SGI45 20 ก5WI 

C3. erlenmeyer flask L;2f 250 IS88S8S45 G4SI;he2ก8WV; 100 IS88S8S45 GL0.2GDg;G/82 30 ;2<J 4WhQ<ShQb/,
CB,fS;4ก4XกM; ก5MQf,/0ก5Xf2rก5MQGTM57 5 ;e23./;C3bD/WfH.23:29ก25;e2boo|2f,/0GH5]VMQ 
EC meter (Hana, HI 8733) (ก8E.IQ2;/S6W0GHIJfS;, 2544) 

  
ก25/SGH52XB7D5SI2aMS;<5J0/W4cEC;fS; 
 
-WVQ4W/M0.2QfS;<JVTf5.M;*.2;4XKก5QL;2f 0.5 IS88SGI456e2;/; 0.5 ก5WI C3.C; 

erlenmeyer flask L;2f 250 IS88S8S45 G4SI3258X820 potassium dichromate (K2Cr2O7) 1 N 
5 IS88S8S45 62ก;Wh;5S; sulphuric acid (H2SO4) GL,IL,;8QbD 10 IS88S8S45Uf0G5k/ Kก/.Q flask bD 
5MT } GT2 } G9]VMCB,;he202กWTfS;GL,2กW;D5XI2a 1-2 ;2<J 4WhQ<ShQb/,CB,<e2D{SกS5S02กW;GDg;G/82 30 
;2<J G4SI;he2ก8WV;8QbD15 IS88S8S45 B0f o-phenanthroline ferrous sulfate (D5XกMTf,/0 
Ophenanthroline 1.48 ก5WI K8X ferrous sulfate (FeSO4.7H2O) 0.70 ก5WI 8X820C;;he2ก8WV; D5WT 
D5SI245GDg; 100 IS88S8S45) 8QbD 3 B0f G9]VMGDg;MS;fSGHG4M57 K8,/;e2bDb<G<54กWT3258X820 
ferrous sulfate (FeSO4) 6;ก5X<WVQciQ6Ef0E4S TW;<iกD5SI245LMQ;he202 dichromate K8X ferrous 
sulfate <JVC-, ;e2I2He2;/aB2 GDM57Gpk;47MS;<5J07H257TM;K8XGDM57Gpk;47MS;<5J0/W4cE42I3+45 
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% MS;<5J07H257TM; = (N K2Cr2O7 x V K2Cr2O7 � N FeSO4 x V FeSO4) x 0.003 x 100 x1.33 
                                                                                  ;he2B;WกfS; (g) 
 

                      Uf0<JV N = H/2IGL,IL,; (N)   
                                 V = D5SI245<JVC-, (ml) 
GDM57Gpk;47MS;<5J0/W4cE = GDM57Gpk;47MS;<5J07H257TM; x 1.72 

 
ก25/SGH52XB7D5SI2aoM3oM5W3<JVGDg;D5XU0-;7 
 
-WVQ4W/M0.2QfS;<JVTf5.M;*.2;4XKก5QL;2f 2 IS88SGI456e2;/; 2.0 ก5WI C3.C; erlenmeyer 

flask L;2f 250 IS88S8S45 G4SI;he2023กWf Bray II (D5XกMTf,/0 ammonium fluoride (NH4F) 1 N 
30 IS88S8S45 *3IกWT hydrocholric acid (HCl) 0.5 N 200 IS88S8S45 D5WTD5SI245GDg; 1 8S45) 8QbD 
20 IS88S8S45 GL0.2;2; 40 /S;2<J K8,/ก5MQf,/0ก5Xf2rก5MQGTM57 42 62ก;Wh; f+f3258X820I2 
1-5 IS88S8S45 (Lih;M0+.กWTD5SI2aLMQoM3oM5W3C;3258X8204W/M0.2Q) C3.C; volumetric flask 
L;2f 25 IS88S8S45 G4SI;he2ก8WV;6;IJD5SI245 20 IS88S8S45 K8,/G4SI;he202 reagent B (D5XกMTf,/0 
ammonium molybdate [ (NH4)6MoO7.4H2O) ] 12 ก5WI 8X820C;;he2ก8WV; 250 IS88S8S45 K8X 
potassium antimony tartate (KSbO-C4H4O6) 0.2908 ก5WI 8X820C;;he2ก8WV; 100 IS88S8S45 K8X 
sulphuric acid (H2SO4) 5 N 1 8S45 <WhQBIf*3IกW;D5WTD5SI245GDg; 2.5 8S45 62ก;Wh; 8X820 
ascorbic acid 1.056 ก5WI 4.M;he202 200 IS88S8S45) 4 IS88S8S45 K8XG4SI;he2ก8WV;6;H5T 25 IS88S8S45 
GL0.2CB,GL,2กW; 4WhQ<ShQb/,D5XI2a 10 ;2<J 6Xbf,3258X8203J;he2GQS; ;e2bD/WfH/2IGL,ILMQ3JUf0 
G<J0TกWT3258X820I245�2; f,/0GH5]VMQ spectrophotometer (Milton Roy, Spectonic Genesys 5) <JV 
H/2I02/H8]V; 882 ;2U;GI45 c,23258X8204W/M0.2QIJH/2IGL,IL,;LMQoM3oM5W33+QGกS; 
3258X820I245�2; CB,8fD5SI2453258X8204W/M0.2Q<JVC-,8Q K8,/G4SI;he2ก8WV;CB,H5T 25 IS88S8S45 
He2;/aB2oM3oM5W362ก3+45 
 

           Z x Y x final volume (ml) 
                            P (mg/kg)   =      

   Aliquot used (ml) 
 

Uf0<JV Y = MW4523./;LMQ3258X8203กWf Bray II: ;he2B;WกfS; 
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           Z = H.2<JVM.2;bf,62ก standard curve 
 

ก25/SGH52XB7U9K<3GpJ0I KH8GpJ0IK8XKIก;JGpJ0I<JVK8กGD8JV0;bf, 
 
-WVQ;he2B;WกfS;<JVTf5.M;*.2;4XKก5QL;2f 2 IS88SGI45 5 ก5WIC3.C; erlenmeyer flask 

L;2f 125 IS88S8S45 G4SI;he2023กWf ammonium acetate (NH4Oac) pH 7 D5SI245 50 IS88S8S45 GL0.2
;2; 30 ;2<J K8,/ก5MQf,/0ก5Xf2rก5MQGTM57 5 ;e23258X820<JVbf,bD/SGH52XB7H/2IGL,IL,;LMQ 
K+, Ca2+ K8X Mg2+ Uf0/WfG<J0TH/2IGL,IL,;กWT3258X820I245�2;f,/0GH5]VMQ atomic absorption 
spectrophotometer (Analytic Jena, vario 6, Jena, Germany) <JVH/2I02/H8]V; 766.5 422.7 K8X 
258.2 ;2U;GI45 42I8e2fWT He2;/aB2H/2IGL,IL,;LMQKH4bMMM; (M+) C;fS;42I3+45  
 
          H/2IGL,IL,;LMQKH4bMMM; (M+) (mg / g) = C x (Ve / W) x dilution factor 
 
Uf0<JV C = H/2IGL,IL,;LMQKH4bMMM; (K+, Ca2+ B5]M Mg2+) 62กก52oI245�2; (mg / g) 
        Ve = D5SI245LMQ;he2023กWf (IS88S8S45) 
         W = ;he2B;WกfS; (ก5WI)                                          (ก8E.IQ2;/S6W0GHIJfS;, 2544)  
 
ก��J��J�N�J����J����ZM 

 

-WVQ4W/M0.2Q9]-<JV*.2;ก25TfK8X5.M;6e2;/; 0.25 ก5WI 8QC;B8Mf0.M04W/M0.2QL;2f 75 
IS88S8S45 G4SI325G5.QD{SกS5S02piVQD5XกMTf,/0 Na2SO4 K8X Se C;MW4523./; 100: 1 Uf0;he2B;Wก 
62ก;Wh; G4SI sulphuric acid (H2SO4) GL,IL,; 5 IS88S8S45 K8,/;e2bD0.M03820Uf0C-,MEaB:+IS 60 
MQ12Gp8GpJ03 GDg;G/82 1 -WV/UIQ 62ก;Wh; G9SVIMEaB:+ISGDg; 200 K8X 300 MQ12Gp8GpJ03GDg;G/82
M0.2Q8X 1 -WV/UIQ K8,/G9SVIMEaB:+ISGDg; 350 MQ12Gp8GpJ03 K8X0.M04.MbDMJก 1 -WV/UIQ 6;
3258X820<JVbf,C3 GI]VMH5TG/82 0ก4W/M0.2Q8Q62กGH5]VMQ0.M038204W/M0.2Q9]- 4WhQ<ShQb/,CB,G0k; ;e2
3258X820<JVbf,I2D5WTD5SI245f,/0;he2ก8WV;GDg; 50 IS88S8S45 Uf0C-, volumetric flask K8,/ก5MQ
3258X820f,/0ก5Xf2rก5MQGTM57 1 GกkT3258X820C;L/f98234Sก3e2B5WT;e2bD/SGH52XB74.MbD 
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ก���PD<��A�B����J����ZM 

 
/SGH52XB7D5SI2aoM3oM5W3C;9]-Uf0/S`J Colorimetric method ;e23258X8204W/M0.2Q9]-<JV

0.M03820f,/0ก5f H2SO4 6e2;/; 3 IS88S8S45 C3.C;B8Mf<f8MQ G4SI;he2ก8WV; 3 IS88S8S45 G4SI
3258X820 ammonium molybdate (5%) K8X ammonium metavanadate (0.25%) M0.2Q8X 1
IS88S8S45 42I8e2fWT GL0.2CB,GL,2กW; <ShQb/, 20 ;2<J /WfH/2IGL,I3Jf,/0GH5]VMQ Spectrophotometer 
(Milton Roy 5E.; Spectonic Genesys 5 D5XG<13B5W�MGI5Sก2) <JVH/2I02/H8]V; 440 ;2U;GI45 
GD5J0TG<J0TH.2ก25f+fก8];K3Q<JV/Wfbf,กWTก52oI245�2; K8,/He2;/aD5SI2aoM3oM5W3Uf0C-,
3+45 

 
 

D5SI2aoM3oM5W3C;4W/M0.2Q9]- (%) = C x Vf x Vd x 10-4 

     W x Va 
            
             Uf0<JV C = H/2IGL,IL,;oM3oM5W362กก52oI245�2; (mgP/L) 

         Vf = D5SI2453Ef<,20 (8 ml) 
                      Vd = D5SI2453258X8204W/M0.2Q9]-<JVbf,62กก250.M03820 (50 ml) 

         W = ;he2B;Wก4W/M0.2Q9]- (g) 
                      Va = D5SI2453258X8204W/M0.2Q9]-<JVC-,C;ก25/SGH52XB7 (3 ml) 
 

/SGH52XB7D5SI2aU9K<3GpJ0I KH8GpJ0IK8XKIก;JGpJ0IC;9]-Uf0 Atomic Absorption 
Spectrophotometer ;e23258X8204W/M0.2Q9]-<JV0.M03820f,/0 sulphuric acid (H2SO4) 6e2;/; 20 
IS88S8S45 I2/WfH.2ก25f+fก8];K3Qf,/0GH5]VMQ Atomic Absorption Spectrophotometer (Analytic 
Jena, vario 6, Jena, Germany) <JVH/2I02/H8]V; 766.5 422.7 K8X 258.2 ;2U;GI45 42I8e2fWT 
GD5J0TG<J0TH.2ก25f+fก8];K3Q<JV/Wfbf,กWTก52oI245�2; K8,/He2;/aD5SI2aU9K<3GpJ0I 
KH8GpJ0IK8XKIก;JGpJ0IUf0C-,3+45 
 

D5SI2aU9K<3GpJ0IC;4W/M0.2Q9]- (%) = (Cs � Cb) x Vd x 10-4 

                                                                                                 W 
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      Uf0<JV Cs = H/2IGL,IL,;U9K<3GpJ0IC;3258X8204W/M0.2Q9]-62กก52oI245�2; (mgK/L) 
               Cb = H/2IGL,IL,;U9K<3GpJ0IC; blank 62กก52oI245�2; (mgK/L) 
               Vd = D5SI2453258X8204W/M0.2Q9]-<JVbf,62กก250.M03820 (100 ml) 
                W = ;he2B;Wก4W/M0.2Q9]- (g) 
 
ก����@�PE�Yก�O
��G
D
��GO
 
 

Uf0;e2;he2HWh;62กG;]hM3,I 2 IS88S8S45 G4SI phenolphthalein 1 % 6e2;/; 1-2 B0f GDg; 
indicator K8,/b4G454f,/03258X820UpGfJ0Ib�f5Mกbpf7 (NaOH) H/2IGL,IL,; 0.1 N 6;ก5X<WVQ 
ciQ6Ef0E4S ;e2H.2D5SI2453258X820f.2Q<JVC-,I2He2;/aB2GDM57Gpk;47ก5fpS45Sก 62ก3+45 
 

ก5fpS45Sก(%) = N base x IS88S8S45 base x meq.wt. LMQก5fpS45Sก x 100 
                                                                           D5SI245LMQ;he2HWh;<JVC-, 
 

Uf0 N base = normality LMQ3258X820f.2Q NaOH 
                       IS88S8S45 base = D5SI2aLMQ3258X820<JVC-,C;ก25b<G<54GDg;IS88S8S45 
                       meq. wt. (milliequivalent weight) LMQก5fpS45Sก G<.2กWT 0.0064 
 
������	�ก
�� 1  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

             ;he2B;Wก*8*8S44.M4,;LMQ3,I320;he2*ihQ 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 5083 1694 1.7696 0.1704 
Treatment 12 11689 974 1.0173 0.4541 
Residuals 36 34468 957   

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 25.17239 
Treatment F = 1.0173NS                 
Block F = 1.7696NS                   
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������	�ก
�� 2  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
              D5SI2aGก5f3,IGTM57 3 LMQ3,I320;he2*ihQ 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 4.861    1.620   0.5228 0.669394    
Treatment 12 134.269   11.189   3.6101 0.001375 ** 
Residuals 36 111.577    3.099                      

 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 119.6610 
Treatment F = 3.6101** 
Block F = 0.5228NS         
 

������	�ก
�� 3  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
                           D5SI2aGก5f3,IGTM57 4 LMQ3,I320;he2*ihQ 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 55.1 18.4 0.1546 0.92604   
Treatment 12 2477.0 206.4 1.7361 0.09948 
Residuals 36 4280.2 118.9   

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 100.4277 
Treatment F = 1.7361NS                 
Block F = 0.1546NS        
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������	�ก
�� 4  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
                           D5SI2aGก5f3,IGTM57 5 LMQ3,I320;he2*ihQ 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 951.7    317.2   0.6452 0.5911 
Treatment 12 5652.1    471.0   0.9579 0.5043 
Residuals 36 17701.3    491.7                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 33.32844 
Treatment F = 0.9579NS                
Block F = 0.6452 NS              
 
������	�ก
�� 5  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
                           D5SI2aGก5f3,IGTM57 6 LMQ3,I320;he2*ihQ 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 2067.0    689.0   1.9627 0.1370 
Treatment 12 2712.5    226.0   0.6439 0.7907 
Residuals 36 12637.3    351.0                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 45.13829 
Treatment F = 0.6439NS                
Block F = 1.9627NS              
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������	�ก
�� 6  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
                           D5SI2aGก5f3,IGTM57 7 LMQ3,I320;he2*ihQ 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 309.13   103.04    3.544 0.02397 * 
Treatment 12 179.68    14.97    0.515 0.89101   
Residuals 36 1046.70    29.08                    

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 121.9724 
Treatment F = 0.515NS                
Block F = 3.544*              
 
������	�ก
�� 7  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
                           D5SI2a5/IGก5f3,IGTM57 4, 5 K8X 6 LMQ3,I320;he2*ihQ 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 3989.2   1329.7  1.7476 0.1747 
Treatment 12 9894.5  824.5 1.0837 0.4018 
Residuals 36 27391.9    760.9                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 23.20080 
Treatment F = 1.0837NS                
Block F = 1.7476NS              
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������	�ก
�� 8  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.MD5SI2a 
;he23,I<JVGBI2X3I62ก*83,I5X0X95,MIGกkTGกJV0/ (M20E*8 11 Gf]M;) 

 
 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 16.43     5.48   0.1969 0.8978 
Treatment 12 233.79    19.48   0.7005 0.7403 
Residuals 36 1001.25    27.81                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 10.71142 
Treatment F = 0.7005NS   
Block F = 0.1969NS

               
 
������	�ก
�� 9  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
  D5SI2aLMQKLkQ<JV8X820;he2bf, (TSS) 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.962    0.321   0.3203 0.8106 
Treatment 12 9.472    0.789   0.7888 0.6584 
Residuals 36 36.023    1.001                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 8.129061 
Treatment F = 0.7888NS   
Block F = 0.3203NS              
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������	�ก
�� 10  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
    D5SI2aก5f<JVb4G45<bf, (TA) 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.023077 0.007692   0.9172 0.4423 
Treatment 12 0.104231 0.008686   1.0357 0.4393 
Residuals 36 0.301923 0.008387                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 16.53538 
Treatment F = 1.0357NS 
Block F = 0.9172NS              
 
������	�ก
�� 11  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
    MW4523./; TSS/TA 

 
 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 30.434   10.145   1.2003 0.3235 
Treatment 12 134.987   11.249   1.3309 0.2444 
Residuals 36 304.268    8.452                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 12.74994 
Treatment F = 1.3309NS     
Block F = 1.2003NS            
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������	�ก
�� 12  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
    H/2IGL,IL,;`24Eb;U45G6; (N) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8  
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.1720          0.0573            0.4981         0.6860 
Treatment 12 0.8402           0.0700           0.6082          0.8209 
Residuals 36 4.1447           0.1151                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 14.09421 
Treatment F= 0.6082 NS        
Block F= 0.4981 NS    
 
������	�ก
�� 13  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
    H/2IGL,IL,;`24EoM3oM5W3 (P) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8  
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.0038625      0.0012875              3.1666           0.03601 * 
Treatment 12 0.0057711       0.0004809              1.1828          0.33146 
Residuals 36 0.0146372       0.0004066                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 11.55931 
Treatment F= 1.1828NS        
Block F= 3.1666* 
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������	�ก
�� 14  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
   H/2IGL,IL,;`24EU9K<3GpJ0I (K) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8  

 
 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.12537           0.04179                1.3269             0.2808 
Treatment 12 0.24809           0.02067                 0.6564            0.7798 
Residuals 36 1.13387          0.03150                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 13.12254 
Treatment F= 0.6564NS        
Block F = 1.3269NS          

 
������	�ก
�� 15  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 

  H/2IGL,IL,;`24EKH8GpJ0I (Ca) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8  
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 3  4.6621   1.5540   2.9572 0.04525 * 
Treatment 12 13.6151 1.1346 2.1591 0.03720 * 
Residuals 36 18.9180   0.5255                    

 
Signif. codes:  0 �***! 0.001 �**! 0.01 �*! 0.05 �.! 0.1 � ! 1 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 11.62065 
Treatment F = 2.9572* 
Block F = 2.1591*        
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������	�ก
�� 16  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M 
   H/2IGL,IL,;`24EKIก;JGpJ0I (Mg) C;CTM20E 4-7 Gf]M;62กกSVQ<JVbI.4Sf*8  

 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.083711              0.027904                 3.6724                  0.02090 * 
Treatment 12 0.108161               0.009013                 1.1863                  0.32919   
Residuals 36 0.273534 0.007598                    

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 8.500063 
Treatment F = 1.1863NS                   
Block F = 3.6724*        
 
������	�ก
�� 17  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

               ;he2B;Wก*83,I3f 1 *8 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 721.6    240.5   0.9610 0.4216 
Treatment 12 3143.0    261.9   1.0464 0.4307 
Residuals 36 9010.9    250.3                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 13.4614 
Treatment F = 1.0464NS                 
Block F = 0.9610NS                    
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������	�ก
�� 18  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
               ;he2B;Wก*83,IKB,Q 1 *8 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 16.181    5.394   0.9207 0.4406 
Treatment 12 76.080    6.340   1.0823 0.4029 
Residuals 36 210.887    5.858                 

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 13.45045 
Treatment F = 1.0823NS                 
Block F = 0.9207NS              
 
������	�ก
�� 19  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  

               H/2IGL,IL,;`24EM2B25b;U45G6;C;*8Uf0;he2B;WกKB,Q 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.026835  0.008945   1.2949 0.29104   
Treatment 12 0.194944  0.016245   2.3516 0.02371 * 
Residuals 36 0.248691 0.006908                 

 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv = 9.69 
Treatment F = 2.3516*                 
Block F = 1.2949NS              
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������	�ก
�� 20  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
               H/2IGL,IL,;`24EM2B25oM3oM5W3C;*8Uf0;he2B;WกKB,Q 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.0000309 0.0000103   0.0305 0.9927 
Treatment 12 0.0062331 0.0005194   1.5366 0.1563 
Residuals 36 0.0121691 0.0003380             

 
qf (0.05,12,36,lower.tail=F) = 2.032703 
cv<-sqrt(0.0003380)*100/mean(yield) 
cv = 13.54887 
Treatment F = 1.5366NS                 
Block F = 0.0305NS              
 

������	�ก
�� 21  *8LMQ3+45DEF0GHIJGB8/KL/;8M0 MW452C-,K8XH/2IcJVC;ก25CB,DEF04.M  
               H/2IGL,IL,;`24EM2B25U9K<3GpJ0I C;*8Uf0;he2B;WกKB,Q 
 

 Df Sum Sq Mean Sq F value Pr(>F) 
Block 3 0.01462 0.00487   0.3698    0.7753     
Treatment 12 1.29347 0.10779   8.1804 4.05e-07*** 
Residuals 36 0.47435 0.01318                 

 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
qf(0.05,12,36,lower.tail=F)  2.032703 
 cv<-sqrt(0.01318)*100/mean(yield) 
 cv  8.409852 
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