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 The utilization of by-product from ethanol factory (spent wash liquor (SWL) and treated  
waste water (TWW)) on growth and biomass yield of eucalyptus planted in Kamphaeng Saen soil  
series was investigated. The experimental design was Randomized Complete Block (RCBD) with  
3 replications consisting of 11 treatments. The results revealed that the application of chemical  
fertilizer (CF) based on soil chemical analysis in combination with SWL of 20 m3/rai and TWW of  
20 m3/rai (CF

DOA
+SWL

20 m3
+TWW

20 m3
) gave the highest plant height, plant diameter, total fresh and  

dry biomass which was not significantly different from the application of CF based on soil chemical 
analysis in combination with SWL of 10 m3/rai and TWW of 10 m3/rai (CF

DOA
+SWL

10 m3
+TWW

10 m3
),  

or the application of CF based on soil chemical analysis in combination with SWL of 20 m3/rai  
(CF

DOA
+SWL

20 m3
) and also the application of CF based on soil chemical analysis in combination with 

SWL of 40 m3/rai and TWW of 40 m3/rai (CF
DOA

+SWL
40 m3

+TWW
40 m3

). 

 by-product, eucalyptus, spent wash liquor, treated waste water
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(Kamphaeng Saen soil series, Ks; Typic  
Haplustalfs; fine-silty, mixed, semiactive,  
isohyperthermic, Soil Survey Staff, 2003)  
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T
1

 control 0 - 0 - 0

T
2

 CF
DOA

24 - 4 - 14

T
3

 CF
DOA

+SWL
20 m3

T
4

 CF
DOA

+SWL
40 m3

25.2 – 5.2 – 31.6

T
5

 CF
DOA

+SWL 26.4 – 6.4 – 49.2

T
6

 CF
DOA

+TWW
20 m3

24 - 4 - 14

T  CF
DOA

+TWW
40 m3

24 - 4 - 14

T  CF
DOA

+TWW 24 - 4 - 14

T
9

 CF
DOA

+SWL
10 m3

+TWW
10 m3

T
10

 CF
DOA

+SWL
20 m3

+TWW
20 m3

T
11

 CF
DOA

+SWL
40 m3

+TWW
40 m3

25.2 – 5.2 – 31.6

2
O

5
) 
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2
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(Minolta Co., Ltd., JAPAN: SPAD-502 model)

    CF = chemical fertilizer                                                DOA = Department of Agriculture
    SWL = spent wash liquor                                             TWW = treated waste water
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Chemical and physical properties of soil before the experiment. 

Properties Results (0-30 cm) Rating

pH (1:1) slightly alkaline

e 
(dS/m) non-saline

Organic matter (%) low

Available P (mg/kg) high

high

1,114 high

moderate

31.42 - 

Texture sandy loam -

 
 

Science for Windows (SPSS)

Properties of by-product from ethanol factory before the experiment.

Properties
Results

Spent wash liquor (SWL) Treated waste water (TWW)

pH 4.10

16.15

Organic matter (%) 5.60 n.d.

Total N (mg/l) 300 n.d.

Available P
2
O

5
 (mg/l) 300 n.d.

2
O (mg/l) 4,400 n.d.

Total Ca (mg/l) 1,200 100

Total Mg (mg/l) 600 n.d.

Total S (mg/l) 500 300

Total Fe (mg/l) n.d. n.d.

Total Mn (mg/l) n.d. n.d.

Total Cu (mg/l) n.d. n.d.

Total Zn (mg/l) n.d. n.d.

Total B (mg/l) n.d. n.d.

Total Na (mg/l) n.d. 200

Soluble Na (%) 0.16

n.d. = not detected
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10 m3
+TWW

10 m3
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DOA
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20 m3
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DOA
+SWL

40 m3
+ 

TWW
40 m3

 
 
 

DOA
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20 m3
+TWW

20 m3
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(CF
DOA

+SWL
10 m3

+TWW
10 m3

)
 

Plant height of eucalyptus at different stages.    

Treatments
Plant height (cm)

3 MAP1/ 6 MAP1/ 9 MAP1/ 12 MAP1/

T
1
 = control e 2/ f 2/ i 2/ 312.34i 2/

T
2
 = CF

DOA
d 360.54d 412.59g g

T
3
 = CF

DOA
+SWL

20 m3
159.43a a 446.36bc 633.49ab

T
4
 = CF

DOA
+SWL

40 m3
150.32bc bc de 622.64cd

T
5 
= CF

DOA
+SWL 135.34d 342.29e h h

T
6
 = CF

DOA
+TWW

20 m3
145.36c c 430.22f f

T = CF
DOA

+TWW
40 m3

bc c 433.55ef e

T  = CF
DOA

+TWW bc bc 435.40ef 613.60de

T
9 
= CF

DOA
+SWL

10 m3
+TWW

10 m3
a a 450.31ab 636.42ab

T
10 

= CF
DOA

+SWL
20 m3

+TWW
20 m3

163.53a a 455.50a 640.53a

T
11

 = CF
DOA

+SWL
40 m3

+TWW
40 m3

153.29b ab 442.63cd bc

F-test ** ** ** **

CV (%) 12.43 12.95 13.95 12.91
1/ Months after planting    
2/ means within the same column followed by the same letter indicated no statistical difference by DMRT 
** indicated significant difference at P< 0.01  
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10 m3
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10 m3
)  

DOA
+SWL

20 m3
)  
 

DOA
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40 m3
+ 

TWW
40 m3

DOA
+ 

SWL
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(CF

DOA
+WT  

DOA
+SWL

20 m3
+ 

TWW
20 m3

 

DOA
+SWL

10 m3
+TWW

10 m3

DOA
+SWL

20 m3

DOA
+SWL

40 m3
+TWW

40 m3
)

Plant diameters of eucalyptus at different stages.     

Treatments
Plant diameters (cm)

3 MAP1/ 6 MAP1/ 9 MAP1/ 12 MAP1/

T
1
 = control f 2/ 1.62g 2/ f 2/ g 2/

T
2
 = CF

DOA
1.20d 3.35e d e

T
3
 = CF

DOA
+SWL

20 m3
1.50a 3.63abc 5.25abc ab

T
4
 = CF

DOA
+SWL

40 m3
ab 3.60abc 5.20abc b

T
5 
= CF

DOA
+SWL 1.03e f 4.24e 6.26f

T
6
 = CF

DOA
+TWW

20 m3
c 3.45de 5.11c d

T = CF
DOA

+TWW
40 m3

1.41bc 3.50cd 5.15bc d

T  = CF
DOA

+TWW 1.45abc bcd abc c

T
9 
= CF

DOA
+SWL

10 m3
+TWW

10 m3
1.51a ab ab a

T
10 

= CF
DOA

+SWL
20 m3

+TWW
20 m3

1.52a a 5.31a a

T
11

 = CF
DOA

+SWL
40 m3

+TWW
40 m3

ab 3.62abc 5.22abc ab

F-test ** ** ** **

CV (%) 11.41 11.33
1/ Months after planting    
2/ means within the same column followed by the same letter indicated no statistical difference by DMRT 
** indicated significant difference at P< 0.01  
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Leaf greenness (SPAD reading) of eucalyptus at different stages.      

Treatments
SPAD reading

3 MAP1/ 6 MAP1/ 9 MAP1/ 12 MAP1/

T
1
 = control 33.49b 2/ 32.93d 2/ 31.63b 2/ 30.69d 2/

T
2
 = CF

DOA
36.12ab bc 41.52a bc

T
3
 = CF

DOA
+SWL

20 m3
a abc 43.16a 41.22a

T
4
 = CF

DOA
+SWL

40 m3
a abc a 40.39abc

T
5 
= CF

DOA
+SWL 36.00ab c 40.62a c

T
6
 = CF

DOA
+TWW

20 m3
a 44.11abc 42.11a abc

T = CF
DOA

+TWW
40 m3

a 44.32abc 42.53a abc

T  = CF
DOA

+TWW a abc 42.63a 40.33abc

T
9 
= CF

DOA
+SWL

10 m3
+TWW

10 m3
a 46.32ab 43.32a a

T
10 

= CF
DOA

+SWL
20 m3

+TWW
20 m3

a a a a

T
11

 = CF
DOA

+SWL
40 m3

+TWW
40 m3

a 45.32abc 43.00a 41.12ab

F-test * ** ** **

CV (%) 11.42 13.26
1/ Months after planting    
2/ means within the same column followed by the same letter indicated no statistical difference by DMRT 
** indicated significant difference at P< 0.01  
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+SWL

20 m3

DOA
+SWL

20 m3
+TWW

20 m3
)  

 
(CF

DOA
+SWL

10 m3
+TWW

10 m3

DOA
+SWL

20 m3

DOA
+SWL

20 m3
+TWW

20 m3

 
(CF

DOA
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10 m3

DOA
+SWL

20 m3

DOA
+SWL

40 m3
+TWW

40 m3

DOA
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40 m3

 

Total fresh biomass of eucalyptus at 12 MAP1/.     

Treatments
Fresh biomass (ton/rai)

Stems Branches Leaves Total

T
1
 = control e 2/ 0.93g 2/ g 2/ 6.20f 2/

T
2
 = CF

DOA
d 1.54e 1.43f e

T
3
 = CF

DOA
+SWL

20 m3
b 2.25ab c 16.05abc

T
4
 = CF

DOA
+SWL

40 m3
11.36b c d 15.24bcd

T
5 
= CF

DOA
+SWL d 1.34f 1.40f e

T
6
 = CF

DOA
+TWW

20 m3
10.33c d 1.63e d

T = CF
DOA

+TWW
40 m3

10.65c d de 14.24cd

T  = CF
DOA

+TWW c 1.93d d 14.42cd

T
9 
= CF

DOA
+SWL

10 m3
+TWW

10 m3
12.53a 2.33a 2.13b 16.99ab

T
10 

= CF
DOA

+SWL
20 m3

+TWW
20 m3

a 2.36a 2.25a a

T
11

 = CF
DOA

+SWL
40 m3

+TWW
40 m3

11.64b bc d 15.65abc

F-test ** ** ** **

CV (%) 14.66 14.30 13.42 13.16
1/ Months after planting    
2/ means within the same column followed by the same letter indicated no statistical difference by DMRT 
** indicated significant difference at P< 0.01  
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DOA
+SWL

20 m3
+TWW

20 m3

 

 
(CF

DOA
+SWL

10 m3
+TWW

10 m3

DOA
+SWL

20 m3

DOA
+SWL

40 m3
+TWW

40 m3

DOA
+SWL

40 m3

DOA
+SWL

20 m3
+TWW

20 m3
) 
 

DOA
+SWL

10 

m3
+TWW

10 m3

(CF
DOA

+SWL
20 m3

Total dry biomass of eucalyptus at 12 MAP1/.      

Treatments
Fresh biomass (ton/rai)

Stems Branches Leaves Total

T
1
 = control e 2/ 0.42f 2/ g 2/ 3.53g 2/

T
2
 = CF

DOA
d e 1.11e f

T
3
 = CF

DOA
+SWL

20 m3
a abc 1.43ab ab

T
4
 = CF

DOA
+SWL

40 m3
5.11a 1.60cd 1.33cd bc

T
5 
= CF

DOA
+SWL 4.22d 1.33e 1.00f 6.55f

T
6
 = CF

DOA
+TWW

20 m3
4.53c 1.51d 1.25d e

T = CF
DOA

+TWW
40 m3

c 1.55d d de

T  = CF
DOA

+TWW b d 1.30d cd

T
9 
= CF

DOA
+SWL

10 m3
+TWW

10 m3
5.23a ab 1.46ab ab

T
10 

= CF
DOA

+SWL
20 m3

+TWW
20 m3

a a 1.51a a

T
11

 = CF
DOA

+SWL
40 m3

+TWW
40 m3

5.15a 1.63bcd 1.40bc ab

F-test ** ** ** **

CV (%) 13.26 13.45 13.06
1/ Months after planting    
2/ means within the same column followed by the same letter indicated no statistical difference by DMRT 
** indicated significant difference at P< 0.01  
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