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CEC
CEC

1 2 2 (v/v/v) pH EC 1
5 5.0-6.2 0.75-1.30 dS/m CEC

CEC
15-35 cmole/kg 55 % 80 % 40-65 %  

 

 

CEC

(1,2,5,11,12,13,14,15,18,22,23, 26,31,32)

(2) pH 6.0-6.5
20% 30-40 % pH 5.0-6.2

 

 

 

1998 7 1999 6
Rage p 1.65 l

1 2 2 (v/v/v)
5-10 mm

1-5 mm 1 mm 1-3 mm 0.5-1.0 mm 0.5 mm
6-10 mm 3-6 mm 1-3 mm
1 1 1 (v/v/v) 4 1 1 (v/v/v) 3 9
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27 54 pH 1 5 w/v
5.0-6.2 EC 1 5 w/v 0.75-1.30 dS/m 10 6

N-P-K 250-40-325 mg/l 700-100-650 
mg/l 24 100 ml  

 

( )  
1.pH  

1 5 (w/v) pH (25)  
2. (EC)  

1 5 (w/v) (28)  
3. Cation exchange capacity, CEC  

NH4OAc NH4
+ NaCl

NH4
+ (21,29)  

4. (Bulk density, BD)  
1000 ml

(10,32)  
5. Particle density, PD  

100 g 1000 ml 300 ml

100 g
ml ml (10)  

6. Total porosity, TP  
% = 100 1- (10,32)  

7. Water capacity, WC  

% = ( - )
100(10,32)  

8. Water-holding capacity, WHC  
% = % (10,32)  

( )  

70 24
Kjeldahl 2 % 0.1 N

H2SO4 HNO3 HClO4 H2SO4 9
2 2 v/v/v (20)  

 

Y CEC



 CEC  (31) 

X
CEC 95 %

Average relatively value of characters, ARVC
 

ARVC ( Tic ÷ Hc ) ÷ N 
        i=1-n 

Ti H N c
 

y y CEC y = f (CEC
BD PD TP WC WHC) CEC (BD) (PD) (TP) (WC)

(WHC) (9)  

 

CEC  

CEC 1 CEC
CEC ( 1A) y = 102.8 + 44.8x - 0.6975x2

0.22 1 % 22 %
NH4

+ NO3
- NO3

- NH4
+

(7,19) Xu (33)

CEC ( 1B) y = 52.68 + 
8.073x - 0.1425x2 0.11 5 %
H2PO4

- HPO4
2- (7,19) CEC

( 1C) ( 1D) ( 1E) y = 431.3 + 46.24x - 0.8297x2 y = 103.2 
+ 5.942x - 0.128x2 y = 18.29 + 2.769x - 0.4926x2 15 % 18 % 15 %  
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1. CEC  
Fig 1. Relationship between the cation exchange capacity (CEC) of growth medium and nutrients 

uptake of potted chrysanthemum. 

 

( )  
2 ( 2A) ( 2B) 

( 2C) ( 2E)
N y = 1805 - 2533x + 1351x2 P y = 401.2 - 663.1x + 422.2x K y = 2863 - 2561x + 3553x2

Mg y = 146.1 - 251.1x + 160.5x2 35 % 15 % 12 % 15 %  
(14,16)

(7)

( 2F)
y = 465.7 - 945.7x + 699.2x2

0.09 5 %

Lin Nobel(24) (5 mM) 10
 

 
( )  

3
( 3A) y = 1141 - 117.9x + 128.5x2

19 %



 CEC  (33) 

( 3F) ( 3B) ( 3C) ( 3D) ( 3E)
P y = 253.8 - 108.8x + 26.11x2 K y = 1860 - 1131x + 

364.8x2 Ca y = 673.8 - 812.7x + 315.9x2 Mg y = 92.95 - 44.96x + 11.33x2 0.03
0.01 0.07 0.03 5 %  

( )  
4 ( 4A) ( 4B) (

4C) ( 4E) N y = 
1192 - 36.42x + 0.5323x2 P y = 552.5 - 18.47x + 0.2065x2 K y = 6011 - 211.6x + 2.195x2 Mg y = 
261.5 - 9.264x + 0.1002x2 40 % 23 % 19 % 24 %

( 4D) y = 972 –3 2.59x + 0.323x2

0.05 5 %
 

( )  
5 6

( 5A) ( 5B) ( 5C) ( 5E)
N y = 456.7 + 4.399x - 0.003637x2 P y = 114.5 + 0.5293x + 

0.00898x2 K y = 892.1 + 0.1417x + 0.02024x2 Mg y = 40.02 + 0.1398x + 0.0006692x2

31 % 24 % 15 % 23 % ( 6A) ( 6B) ( 6C) (
6E) N y = 879.2 - 15.7x + 0.2763x2 P y = 100.1 + 0.6603x 
+ 0.01437x2 K y = 620.8 + 8.108x + 0.002321x2 Mg y = 37.54 + 0.03273x + 0.007564x2

23 % 29 % 22 % 0.27 % ( 5D 6D)
y = 172.3 - 0.5548x + 0.00524x2 y = 16.3 + 7.097x - 0.06466x2

0.03 0.10 5 %
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2.  

Fig 2. Relationship between the bulk density of growth medium and nutrients uptake of potted chrysanthemum. 
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3.  

Fig 3. Relationship between the particle density of growth medium and nutrients uptake of potted 
chrysanthemum. 
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4.  

Fig 4. Relationship between the total porosity of growth medium and nutrients uptake of potted chrysanthemum. 
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5.  

Fig 5. Relationship between the water capacity of growth medium and nutrients uptake of potted chrysanthemum. 
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6.  
Fig 6. Relationship between the water-holding capacity of growth medium and nutrients uptake of potted 

chrysanthemum. 

CEC  

CEC 7 8
CEC 10-50 cmole/kg CEC 2-40 cmole/kg (2,3)

CEC CEC
( 7A) CEC 35 cmole/kg y = 15 + 

0.05299x - 0.002313x2 28 % ( 7B) CEC
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7. CEC  
Fig 7. Plant characters of potted chrysanthemum in relation to CEC of growth medium. 
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8. CEC  

Fig 8. Relation between average relatively value of characteristics of potted chrysanthemum and CEC of growth 
medium. 
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(4)
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9.  
Fig 9. Plant characters of potted chrysanthemum in relation to bulk density of growth medium. 
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10.  

Fig 10. Plant characters of potted chrysanthemum in relation to particle density of growth medium. 
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11.  
Fig 11. Plant characters of potted chrysanthemum in relation to total porosity of growth medium. 
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12.  

Fig 12. Relation between average relatively value of characteristics of potted chrysanthemum and total porosity 
of growth medium. 
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13.  
Fig 13. Plant characters of potted chrysanthemum in relation to water capacity of growth medium. 
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14.  
Fig 14. Relation between average relatively value of characteristics of potted chrysanthemum 

and water capacity of growth medium. 
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15.  
Fig 15. Plant characters of potted chrysanthemum in relation to water-holding capacity of growth medium. 
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16.  
Fig 16. Relation between average relatively value of characteristics of potted chrysanthemum and water-holding 

capacity of growth medium. 
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1. CEC  
Table 1. Correlation of characters of potted chrysanthemum with CEC and physical properties  

of growth medium. 

Characters of potted chrysanthemum CEC and physical 
properties of growth 

medium. Branches  Number of 
flower 

 Flower dry 
weight 

 Plant dry 
weight 

 Root dry 
weight 

CEC 0.53**  0.51**  0.48**  0.49**  0.59** 

Bulk density (BD) 0.41**  0.27  0.28  0.42**  0.28 

Particle density (PD) 0.35*  0.14  0.20  0.10  0.14 

Total porosity (TP) 0.58**  0.33  0.30  0.55**  0.48** 

Water capacity (WC) 0.17  0.35*  0.36*  0.49**  0.52** 

Water-holding capacity 
(WHC) 

0.61**  0.63**  0.59**  0.75**  0.66** 

 * Significant at p=0.05 
** Significant at p=0.01 
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2. CEC  
Table 2. Regression equations of the relationship of CEC and physical properties of growth medium to 

characters of potted chrysanthemum. 

Characters Independent variables R2 SE 
Branches 

(BRA) 
 

Number of flower 
(NOF) 

 
Flower dry 

weight 
(FDW) 

 
Plant dry weight 

(PDW) 
 

Root dry weight 
(RDW) 

Y(BRA) = 14.645 - 0.075CEC + 0.0462WHC 
 
 
Y(NOF) = -215.35 + 1.356WHC - 0.6811CEC - 0.4413WC + 5.718TP  

- 193.48PD + 345.1BD 
 

Y(FDW) = -11.2975 + 0.106WHC - 0.045CEC - 0.2174TP + 7.796BD 
 
 
Y(PDW) = -71.939 + 0.2765WHC - 0.1168CEC + 1.622TP + 94.087BD -  

43.34PD - 0.049WC 
 

Y(RDW) = 3.2027 + 0.0452WHC - 0.0206CEC - 2.1021BD - 
0.001116WC 

0.35** 
 
 

0.51** 
 
 

0.37** 
 
 

0.59** 
 
 

0.52** 

0.88 
 
 

154 
 
 

11.5 
 
 

39.6 
 
 

0.78 

** Significant at p=0.01 
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Summary 

This study was established to determine the criteria of CEC and physical properties of growth 
media to provide a proper formulation for potted chrysanthemum production. The media were 
made by mixing compost (cow dung, crushed rice hull and mushroom residue mixture with the 
ratio of 1:2:2 v/v/v), sand and expanded clay. The pH and EC value were between 5.0-6.2 and 
0.785-1.30 dS/m, respectively. Assessments of optimum CEC and physical properties of growth 
media for potted chrysanthemum showed that the plant characters were affected to a certain extent 
by CEC, total porosity, water capacity and water-holding capacity of growth media. Based on crop 
response, the optimum conditions for the growth media were proposed for CEC 15-35 me/100g, 
total porosity above 55 %, water capacity above 80 % and water-holding capacity at 40-65 %. 

Key words: potted chrysanthemum, growth media, CEC, physical properties. 
 


