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APPENDIX

Appendix 1
Bold Basal Modified Medium (Spencer, 1989) 

contained the following components in gram per litre.

NaCl 12.5
CaCl2.2H20 12.5
MgS04.7H20 38
k 2h p o 4 93
k h 2p o 4 44
EDTA 25
FeCl3 2.5
Na2M o04.2H20 0.35
ZnS04 4.4
MnCl2 0.73
CuS04 0.77
C0CI3 0.23
(NH2)2CO 0.12

In the mixotrophic condition 1.4 g/1 o f sodium acetate was added. 
The pH was adjusted to 7.3. The medium was autoclaved at 15 lb/'in2 for 
20 minutes.



105

The Basal Medium (Kakizono, Kobayashi, and Nagai, 1992) 
contained the following components in gram per litre. '

Appendix 2

MgCl2.6H20 0.2
FeSo4.7H20 0.01
CaCl2.2H20 0.02
Yeast extract 2.0

In the mixotrophic condition 1.2 g/1 o f sodium acetate was added. 
The pH was adjusted to 6.8. The medium was autoclaved at 15 lb/in2 for 
20 minutes.
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Medium for น. lacustris ATCC 30453 (Eduard et al, 1993) 
contained the following components in milligram per litre.

Appendix 3

k 2h p o 4 75
k h 2p o 4 175
CaCl2.2H20 25
NaCl 25
MgS04.7H20 75
NaN03 250
EDTA 25
FeCl3 2.5
Na2M o04.2H20 0.35
ZnS04 4.4
MnCl2 0.73
CoCl3 0.23

In the mixotrophic condition lg/1 o f sodium acetate was added. The 
pH was adjusted to 7.0. The medium was autoclaved at 15 lb/in2 for 20 
minutes.
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Determining o f Specific Growth Rate (Black, 1996)
Specific growth rate can be described by the equation

In N-ln No = p (t - to )

To solve for p, take the logarithm o f both side o f the 
equation, and rearrange the terms

Appendix 4

log N-log No = p (t - to) 
2.303

V- 2.303 log N
t - to No

when No = number o f algal at zero time
N = number o f algal at the end o f a selected

period o f time 
to = time at zero
t = time at the end o f a selected period 
p = specific growth rate



Appendix 5

The linear models procedure and Duncan’s multiple range test for 
effect o f sodium chloride.

Dependent Variable: ASTA
Sum o f Mean

Source DF Squares Square F Value Pr > F
Model 9 572.2230667 63.5803407 13.80 0.0001
Error 20 92.1434133 4.6071707
Corrected 29 664.3664800
Total
Source DF Type I ss Mean Square F Value Pr > F
LIGHT 4 63.9877467 15.9969367 3.47 0.0261
NaCl 5 508.2353200 101.6470640 22.06 0.0001
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Duncan's Multiple Range Test for variable: ASTA
Alpha = 0.05 d f = 20 MSE = 4.607171
Number o f Means 2 3 4 5
Critical Range 2.582 2.711 2.801 2.853 '

Means w ith the same letter are not significantly different.
Duncan Grouping Mean N LIGHT

A 6.310 6 100
A
A 6.098 6 50

B A 4.802 6 20
B
B 3.028 6 200
B
B 2.872 6 150
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Duncan's Multiple Range Test for variable: ASTA
Alpha = 0.05 d f = 20 MSE = 4.607171
Number o f Means 2 3 4 5
Critical Range 2.828 2.970 3.068 3.125

Means with the same letter are not significantly different.
Duncan Grouping Mean N NaCl

A 10.890 5 0.2
A
A 9.786 5 0

B 2.692 5 0.4
B
B 2.534 5 0.8
B
B 1.164 5 1.2
B
B 0.666 5 1.6

6

3.171



I l l

Appendix 6

The linear models procedure and Duncan’s multiple range test for 
effect o f carbon and nitrogen content.

Dependent Variable: ASTA
Sum o f Mean

Source DF Squares Square F Value Pr > F
Model 7 817.9117400 116.8445343 22.59 0.0001
Error 12 62.0605600 5.1717133
Corrected 19 879.9723000
Total
Source DF Type I ss Mean Square F Value Pr > F
LIGHT 4 55.0982000 13.7745500 2.66 0.0844
CARBON 1 53.1288600 53.1288600 10.27 0.0076
NITROGEN 2 709.6846800 354.8423400 68.61 0.0001
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Duncan's Multiple Range Test for variable: ASTA
Alpha = 0.05 d f=  12 MSE = 5.171713 

Number o f Means 2 3 4 5
Critical Range 3.497 3.663 3.774 3.833-

Means with the same letter are not significantly different.
mean Grouping Mean N LIGHT

A 14.393 4 50
A

B A 13.143 4 150
B A
B A 12.650 4 100
B A
B A 12.568 4 20
B
B 9.372 4 200
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Duncan's Multiple Range Test for variable: ASTA  
Harmonic Mean o f cell sizes =7.5 
Number o f Means 2 
Critical Range 2.554

Means w ith the same letter are not significantly different.
Duncan Grouping Mean N CAlRBON

A  13.366 15 43.8
B 9.602 50

Duncan's Multiple Range Test for variable: ASTA
Alpha = 0.05 d f= 1 2  MSE = 5.171713 
Harmonic Mean o f cell sizes = 6 
Number o f Means 2 3
Critical Range 2.855 2.991 

Means with the same letter are not significantly different
Duncan Grouping Mean N NITROGEN

A 15.887 10 0
B 12.542 5 21.9

c 5.384 5 43.8
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T h e  l i n e a r  m o d e l s  p r o c e d u r e  a n d  D u n c a n ’ ร  m u l t i p l e  r a n g e  t e s t  f o r  

e f f e c t  o f  s o d i u m  a c e t a t e .

A p p e n d ix  7

D e p e n d e n t  V a r i a b l e :  A S T A

S o u r c e D F S q u a r e s S q u a r e F  V a l u e P r >  F

M o d e l 7 1 5 3 1 . 6 6 9 7 2 5 2 1 8 . 8 0 9 9 6 1 2 2 . 6 1 0.0001
E r r o r 1 2 1 1 6 . 1 4 0 3 7 0 9 , 6 7 8 3 6 4

C o r r e c t e d 1 9 1 6 4 7 . 8 1 0 0 9 5

T o t a l

S o u r c e D F T y p e  I  s s M e a n  S q u a r e F  V a l u e P r  >  F

L I G H T 4 9 7 . 5 5 4 8 7 0 2 4 . 3 8 8 7 1 7 2 . 5 2 0 . 0 9 6 4

S O 3 1 4 3 4 . 1 1 4 8 5 5 4 7 8 . 0 3 8 2 8 5 4 9 . 3 9 0.0001
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D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A

A l p h a  =  0 . 0 5  d f  =  1 2  M S E  =  9 . 6 7 8 3 6 4  

N u m b e r  o f  M e a n s  2  3  4  5

C r i t i c a l  R a n g e  4 . 7 8 4  5 . 0 1 1  5 . 1 6 3  5 .2 4 3 -  

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g M e a n N L I G H T

A 1 9 . 1 7 7 4 5 0

A

B A 1 7 . 2 2 7 4 1 0 0

B A

B A 1 6 . 7 6 5 4 1 5 0

B A

B A 1 5 . 2 0 5 4 2 0

B

B 1 2 . 5 7 3 4 2 0 0
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D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A  

A l p h a  =  0 . 0 5  d f  =  1 2  M S E =  9 . 6 7 8 3 6 4  

N u m b e r  o f  M e a n s  2  3  4

C r i t i c a l  R a n g e  4 . 2 7 9  4 . 4 8 2  4 . 6 1 8  

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g M e a n N S O

A 2 6 . 2 4 8 5 2 1 . 9

B 2 1 . 7 1 2 5 4 3 . 8

c 1 2 . 5 0 8 5 0

4 . 2 9 0 5 8 7 . 6
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T h e  l i n e a r  m o d e l s  p r o c e d u r e  a n d  D u n c a n ’ ร  m u l t i p l e  r a n g e  t e s t  f o r  

e f f e c t  o f  t e m p e r a t u r e  a n d  l i g h t  i n t e n s i t y  s u p p l e m e n t e d  w i t h  0 . 2  %  ( w / v )  

s o d i u m  c h l o r i d e .

A p p e n d ix  8

D e p e n d e n t  V a r i a b l e :  A S T A

S u m  o f M e a n

S o u r c e D F S q u a r e s S q u a r e F  V a l u e P r  >  F

M o d e l 5 2 7 9 . 8 3 6 1 1 6 7 5 5 . 9 6 7 2 2 3 3 3 1 . 3 8 0 . 0 0 0 3

E r r o r 6 1 0 . 6 9 9 7 8 3 3 1 . 7 8 3 2 9 7 2

C o r r e c t e d 1 1 2 9 0 . 5 3 5 9 0 0 0

T o t a l

S o u r c e D F T y p e  I  s s M e a n  S q u a r e F  V a l u e P r  >  F

L I G H T 2 3 2 . 5 2 6 1 5 0 0 1 6 . 2 6 3 0 7 5 0 9 . 1 2 0 . 0 1 5 2

T E N A 3 2 4 7 . 3 0 9 9 6 6 7 8 2 . 4 3 6 6 5 5 6 4 6 . 2 3 0 . 0 0 0 2
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D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A

A l p h a  =  0 . 0 5  d f  =  6  M S E =  1 . 7 8 3 2 9 7  

N u m b e r  o f  M e a n s  2  3

C r i t i c a l  R a n g e  2 . 3 1 1  2 . 3 9 5

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g  

A  

A

B  A

B

B

M e a n

1 0 . 0 4 2

N

4

8 . 3 1 0  4

6.022

L I G H T

5 0

1 0 0

1 4 0
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D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A  

A l p h a  =  0 . 0 5  d f  =  6  M S E  =  1 . 7 8 3 2 9 7  

N u m b e r  o f  M e a n s  2  3  4

C r i t i c a l  R a n g e  2 . 6 6 8  2 . 7 6 5  2 . 8 1 0  

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g M e a n N T E N A

A 1 4 . 3 5 3 3 2 2

B 1 0 . 0 4 0 3 2 5

c 5 . 9 0 0 3 3 0

D 2 . 2 0 7 3 3 5
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A p p e n d ix  9

T h e  l i n e a r  m o d e l s  p r o c e d u r e  a n d  D u n c a n ’ ร  m u l t i p l e  r a n g e  t e s t  f o r  

e f f e c t  o f  t e m p e r a t u r e  a n d  l i g h t  i n t e n s i t y ,  s u p p l e m e n t e d  w i t h  2 1 . 9  m M  

s o d i u m  a c e t a t e .

D e p e n d e n t  V a r i a b l e :  A S T A

S u m  o f M e a n

S o u r c e D F S q u a r e s S q u a r e F  V a l u e P r  >  F

M o d e l 5 1 3 2 4 . 6 2 0 1 8 3 2 6 4 . 9 2 4 0 3 7 2 6 . 6 8 0 . 0 0 0 5

E r r o r 6 5 9 . 5 8 8 2 8 3 9 . 9 3 1 3 8 1

C o r r e c t e d 1 1 1 3 8 4 . 2 0 8 4 6 7

T o t a l

S o u r c e D F T y p e  I  s s M e a n  S q u a r e F  V a l u e P r  >  F

L I G H T 2 7 . 6 5 9 3 1 7 3 . 8 2 9 6 5 8 0 . 3 9 0 . 6 9 5 7

T E S O 3 1 3 1 6 . 9 6 0 8 6 7 4 3 8 . 9 8 6 9 5 6 4 4 . 2 0 0 . 0 0 0 2
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D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A

A l p h a  =  0 . 0 5  d f  =  6  M S E  = 9 . 9 3 1 3 8 1  

N u m b e r  o f  M e a n s  2  3

C r i t i c a l  R a n g e  5 . 4 5 3  5 . 6 5 2

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

G r o u p i n g M e a n N L I G H T

A 1 7 . 3 7 7 4 5 0

A

A 1 6 . 7 2 0 4 1 0 0

A

A 1 5 . 4 5 3 4 1 4 0
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D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A

A l p h a  =  0 . 0 5  d f  =  6  M S E  =  9 . 9 3 1 3 8 1  

N u m b e r  o f  M e a n s  2  3  4

C r i t i c a l  R a n g e  6 . 2 9 6  6 . 5 2 6  6 . 6 3 2

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g M e a n N T E S O

A 2 9 . 7 6 7 3 2 2

B 2 2 . 1 8 7 3 2 5

c 1 2 . 1 7 0 3 3 0

D 1 . 9 4 3 3 3 5
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A p p e n d ix  10

T h e  l i n e a r  m o d e l s  p r o c e d u r e  a n d  D u n c a n ’ ร  m u l t i p l e  r a n g e  t e s t  f o r  

e f f e c t  o f  f e r r o u s  s u l p h a t e .

D e p e n d e n t  V a r i a b l e :  A S T A

S u m  o f M e a n

S o u r c e D F S q u a r e s S q u a r e  jF  V a l u e P r  >  F

M o d e l 5 6 2 . 2 6 7 6 0 8 3 3 1 2 . 4 5 3 5 2 1 6 7 7 . 8 1 0 . 0 1 3 3

E r r o r 6 9 . 5 7 0 6 8 3 3 3 1 . 5 9 5 1 1 3 8 9

C o r r e c t e d 1 1 7 1 . 8 3 8 2 9 1 6 7

T o t a l

S o u r c e D F T y p e  I  s s M e a n  S q u a r e F  V a l u e P r  >  F

S 0 2 1 9 2 0 . 3 0 3 1 1 6 6 7 0 . 1 5 1 5 5 8 3 3 0 . 1 0 0 . 9 1 0 7

I R O N 3 6 1 . 9 6 4 4 9 1 6 7 2 0 . 6 5 4 8 3 0 5 6 1 2 . 9 5 0 . 0 0 5 0



1 2 4

D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S I  A

A l p h a  =  0 . 0 5  d f = 6  M S E  =  1 . 5 9 5 1 1 4  

N u m b e r  o f  M e a n s  2  3

C r i t i c a l  R a n g e  2 . 1 8 5  2 . 2 6 5

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g M e a n N S 0 2 1 9

A 2 4 . 8 7 5 4 4 0

A

A 2 4 . 6 3 2 4 2 0

A

A 2 4 . 4 9 0 4 6 0



1 2 5

D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A

A l p h a  =  0 . 0 5  d f  =  6  M S E  =  1 . 5 9 5 1 1 4  

N u m b e r  o f  M e a n s  2  3  4

C r i t i c a l  R a n g e  2 . 5 2 3  2 . 6 1 5  2 . 6 5 8

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g M e a n N I R O N

A 2 8 . 3 7 7 3 2 2 5

B 2 4 . 3 6 3 3 4 5 0

B

B 2 3 . 6 6 3 3 0

B

B 2 2 . 2 6 0 3 9 0 0



1 2 6

D e p e n d e n t  V a r i a b l e :  A S T A

S u m  o f M e a n

S o u r c e D F S q u a r e s S q u a r e  F V a l u e P r  >  F

M o d e l 5 1 8 6 . 9 9 2 8 2 5 0 3 7 . 3 9 8 5 6 5 0 5 . 7 3 - 0 . 0 2 7 7

E r r o r 6 3 9 . 1 5 0 4 6 6 7 6 . 5 2 5 0 7 7 8

C o r r e c t e d 1 1 2 2 6 . 1 4 3 2 9 1 7

T o t a l

S o u r c e D F T y p e  I  s s M e a n  S q u a r e F  V a l u e P r  >  F

S 0 4 3 8 2 1 0 0 . 9 5 2 0 6 6 7 5 0 . 4 7 6 0 3 3 3 7 . 7 4 0 . 0 2 1 8

I R O N 3 8 6 . 0 4 0 7 5 8 3 2 8 . 6 8 0 2 5 2 8 4 . 4 0 0 . 0 5 8 5



1 2 7

D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A

A l p h a  =  0 . 0 5  d f  =  6  M S E  =  6 . 5 2 5 0 7 8  

N u m b e r  o f  M e a n s  2  3

C r i t i c a l  R a n g e  4 . 4 2 0  4 . 5 8 1

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n  G r o u p i n g M e a n N S 0 4 3 8

A 3 3 . 8 9 3 4 4 0

A

A 3 3 . 5 9 8 4 2 0

B 2 7 . 5 9 7 4 6 0
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D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  f o r  v a r i a b l e :  A S T A

A l p h a  =  0 . 0 5  d f = 6  M S E  =  6 . 5 2 5 0 7 8  

N u m b e r  o f  M e a n s  2  3  4

C r i t i c a l  R a n g e  5 . 1 0 4  5 . 2 9 0  5 . 3 7 6

M e a n s  w i t h  t h e  s a m e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

D u n c a n G r o u p i n g M e a n N I R O N

A 3 5 . 2 8 7 3 0

A

B A 3 2 . 9 8 0 3 2 2 5

B A

B A 3 0 . 3 2 0 3 4 5 0

B

B 2 8 . 1 9 7 3 9 0 0
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