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Research Title The suitable stocking density to growth of Spirogyra

spp. and its ability of ammonia nitrogen removal

Project Leader/Researcher Nuttarin Sirirustananun
Co-Researcher Thanaput Worapussu
Major Agricultural management, faculty of agricultural

technology, Phetchabun Rajabhat University

ABSTRACT

Study the suitable stocking density to growth of Spirogyra spp. consisted of 5 treatments
and 3 replications, Spirogyra spp. were reared in different stocking densities as 0 (control) 1 3 5
and 7 g fresh weight/l for 3 weeks and then studied its ability of ammonia nitrogen removal at the
suitable stocking density for 3 days. The results indicated that weight gain and growth rate of
Spirogyra spp. at all treatments were the highest in first week of experiment and gradually
decreased in second and third week respectively. Weight gain and growth rate of Spirogyra spp.
were cultivated at 1 g fresh weight/l was higher than control treatment and other treatments, these
parameters would decrease when stocking density increase. At the end of experiment, average
weight gain and average growth rate of Spirogyra spp. rearing at 1 g fresh weight/l were higher
than other treatments (1.41+3.62 g and 0.46+0.38 g/day respectively) and showed significant
difference (p<0.05) when compared with the treatments of 5 and 7 g fresh weight/l stocking
density rearing but no significant difference (p>0.05) when compared with 3 g fresh weight/l
treatment. Finally, the suitable stocking density to rearing Spirogyra spp. of this study was 1 g
fresh weight/l which showed the best of weight gain and growth rate, its ability of ammonia
nitrogen removal was 0.034£0.009 mg/l/day. In addition, Spirogyra spp. cultivation for 1 week
revealed higher product than 2 and 3 week cultivation period.

Keywords: stocking density, growth, Spirogyra, ammonia nitrogen
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Descriptives
Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound

Glgﬂmimam‘ﬁ 1 3 .0000 .00000 .00000 .0000 .0000 .00 .00

Glgﬂmimam‘ﬁ 2 2 7.0900 21213 .15000 5.1841 8.9959 6.94 7.24
y o443 Glgﬂmimam‘ﬁ 3 3 4.1367 1.74787 1.00913 -.2053 8.4786 2.75 6.10
HINUNNENUUU 4

PYANTNANDIN 4 3 -.2500 1.80208 1.04043 -4.7266 4.2266 -2.10 1.50

G]gﬂmiﬂﬂam‘ﬁ 5 3 -4.3233 4.06426 2.34650 -14.4195 5.7729 -8.22 -.11

Total 14 9193 4.31445 1.15309 -1.5718 3.4104 -8.22 7.24

G];ﬂmiﬂﬂam‘ﬁ 1 3 .0000 .00000 .00000 .0000 .0000 .00 .00

G];ﬂmiﬂﬂam‘ﬁ 2 2 1.0129 .03030 .02143 7406 1.2851 .99 1.03

G]fﬂmiﬂﬂam‘ﬁ 3 3 5910 .24970 .14416 -.0293 1.2112 .39 .87
A IMIIAnIa ' .

PYANINANDIN 4 3 -.0357 25744 .14863 -.6752 .6038 -.30 21

Ggﬂmimamﬁ 5 3 -.6176 .58061 33521 -2.0599 .8247 -1.17 -.02

Total 14 1313 .61635 .16473 -.2245 4872 -1.17 1.03




< '
AT 1N N-1 (D)

30

ANOVA
Sum of Squares df Mean Square F Sig.

Between Groups 196.302 4 49.076 9.668 .003
ﬁ'lmﬁ'ﬂﬁgﬁwﬁu Within Groups 45.687 9 5.076

Total 241.989 13

Between Groups 4.006 4 1.002 9.668 .003
gn31Mssdnla  Within Groups 932 9 104

Total 4.939 13

smtiniiiiaa
Duncan"’
PYANITNANDY N Subset for alpha = 0.05
1 2

G]jﬂf‘lﬁ‘l/lﬂﬂ’f‘)\?ﬁ 5 3 -4.3233
G]gﬂﬂﬁ‘l/lﬂﬂ’ﬂﬁ‘ﬁ 4 3 -.2500 -.2500
‘]ﬁ]ﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ 1 3 .0000 .0000
‘];ﬂﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ 3 3 4.1367 4.1367
G]éﬂﬂ"li‘l/]ﬂﬂ’é)\?ﬁ 2 2 7.0900
Sig. .060 .057 .160

onMsiyAula

Duncan®’
PFANITNANDY N Subset for alpha = 0.05
1 2

‘];ﬂﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ 5 3 -.6176
“];ﬂﬂ”li‘l/]ﬂa’t‘lﬁ‘ﬁ 4 3 -.0357 -.0357
G];ﬂﬂﬁ“l/lﬂa’t‘]ﬂﬁ 1 3 .0000 .0000
YANINAADTI 3 3 5910 5910
“]gﬂﬂ'lﬁﬂﬂﬁf]ﬁ'ﬁ 2 2 1.0129
Sig. .060 .057 .160

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size =2.727.

b. The group sizes are unequal. The harmonic mean of the group sizes is

used. Type I error levels are not guaranteed.
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Descriptives
Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
G]gﬂmiﬂﬂa’r)ﬁ‘ﬁ 1 3 .0000 .00000 .00000 .0000 .0000 .00 .00
G]gﬂmiﬂﬂa’r)ﬁ‘ﬁ 2 3 .1600 1.04590 .60385 -2.4382 2.7582 -91 1.18
y oL 443 G]gﬂmiﬂﬂa’r)ﬁ‘ﬁ 3 3 -3.0333 3.05425 1.76337 -10.6205 4.5538 -6.56 -1.25
HINUDNNWUVU 4
PYANTNANDIN 4 3 -11.1700 2.08612 1.20442 -16.3522 -5.9878 -13.47 -9.40
‘Igﬂmiﬂﬂam‘ﬁ 5 3 -10.7700 9.74246 5.62481 -34.9716 13.4316 -18.63 13
Total 15 -4.9627 6.54612 1.69020 -8.5878 -1.3375 -18.63 1.18
Glgﬂmwmam‘ﬁ 1 3 .0000 .00000 .00000 .0000 .0000 .00 .00
Glgﬂmwmam‘ﬁ 2 3 3771 18299 .10565 -.0774 .8317 17 Sl
Gmmi‘ﬂ@am‘ﬁ 3 3 .0788 .10136 .05852 -.1730 .3306 -.03 17
dasimsniadula ' g
PYANITNANDOIN 4 3 -.8157 .11890 .06865 -1.1111 -.5203 -91 -.68
ﬂ;ﬂﬂ”li‘l/lﬂam‘ﬁ 5 3 -1.0781 98185 56687 -3.5171 1.3610 -1.92 .00
Total 15 -.2876 .69343 .17904 -.6716 .0964 -1.92 Sl




< '
AT NN N-2 (D)
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ANOVA
Sum of Squares df Mean Square F Sig.

Between Groups 380.545 4 95.136 4.337 .027
ﬁmﬁﬂﬁﬁwﬁu Within Groups 219.380 10 21.938

Total 599.924 14

Between Groups 4.688 4 1.172 5.734 012
aMaTAula  Within Groups 2.044 10 204

Total 6.732 14

vhwiiniaay
Duncan’
PYANITNANDY N Subset for alpha = 0.05
1 2

G]jﬂf‘lﬁ‘l/lﬂﬂ’f‘)\?ﬁ 4 3 -11.1700
G]jﬂf‘lﬁ‘l/lﬂﬂ’f‘)\?ﬁ 5 3 -10.7700
‘];ﬂmi‘ﬂﬂam‘ﬁ 3 3 -3.0333 -3.0333
‘];ﬂﬂﬁ‘ﬂ@aﬂﬂ‘ﬁ 1 3 .0000
G]éﬂﬂ"li‘l/]ﬂﬁ’é)\?ﬁ 2 3 .1600
Sig. .069 444

onIMsIyAula

Duncan’
PFANITNAND N Subset for alpha = 0.05
1 2 3

G];ﬂﬂﬁ“l/lﬂa’t‘)ﬂﬁ 5 3 -1.0781
Glgﬂﬂ'lﬁﬂﬂﬁﬂ\?ﬁ 4 3 -.8157 -.8157
¥ANINAADAT | 3 0000 0000
G];ﬂﬂﬁ“l/lﬂa’t‘)ﬂﬁ 3 3 .0788
FANINARDId 2 3 3771
Sig. 493 .052 352

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Descriptives
Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound

ﬁ;ﬂmi%ﬂﬂmﬁ 1 3 .0000 .00000 .00000 .0000 .0000 .00 .00

ﬁ;ﬂmi%ﬂﬂmﬁ 2 3 -1.1267 76631 44243 -3.0303 7770 -2.01 -.64
y a4 4 ﬁ;ﬂmi%ﬂﬂmﬁ 3 3 -5.9500 1.47713 .85282 -9.6194 -2.2806 -7.20 -4.32
HINUNNENUUU 4

YANITNANDIN 4 3 -7.1967 1.90222 1.09825 -11.9220 -2.4713 -8.54 -5.02

ﬂgﬂﬂﬁ‘ﬂﬂamﬁ 5 3 -7.8567 10.97805 6.33818 -35.1277 19.4143 -19.45 2.38

Total 15 -4.4260 5.41520 1.39820 -7.4248 -1.4272 -19.45 2.38

ﬂ;ﬂmsmamﬁ 1 3 .0000 .00000 .00000 .0000 .0000 .00 .00

ﬂ;ﬂmsmamﬁ 2 3 1725 20186 11655 -.3290 .6739 -.06 31

ﬂfﬂmﬂ]ﬂﬁmﬁ 3 3 -.2308 .00279 .00161 -.2377 -.2239 -23 -23
A IMIIAnIa ’ .

YANIINANDIN 4 3 -.8865 .09258 .05345 -1.1165 -.6565 -.99 -.81

Gl_fﬂﬂﬁ‘ﬂﬂamﬁ 5 3 -1.0929 43629 25189 -2.1767 -.0091 -1.59 =77

Total 15 -.4075 54627 .14105 -.7101 -.1050 -1.59 31




< '
A1 1N N-3 (D)
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ANOVA
Sum of Squares df Mean Square F Sig.

Between Groups 156.731 4 39.183 1.544 263
i Within Groups 253.810 10 25.381

Total 410.542 14

Between Groups 3.698 4 925 19.289 .000
aMaTAula  Within Groups 479 10 048

Total 4.178 14

vmiiniliiay
Duncan’
LFANITNANDY N Subset for alpha
=0.05
‘]ﬁ]ﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ 5 3 -7.8567
G]jﬂf‘lﬁ‘l/lﬂﬂ’f‘)\?ﬁ 4 3 -7.1967
G]éﬂﬂ"li‘l/]ﬂﬂ’é)\?ﬁ 3 3 -5.9500
‘];ﬂﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ 2 3 -1.1267
‘];ﬂﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ 1 3 .0000
Sig. 110
onMssgyAula
Duncan’
PFANITNANDY N Subset for alpha = 0.05
1 2

“];ﬂﬂﬁ“l/lﬂa’t‘)ﬂﬁ 5 3 -1.0929
¥AnINARedd 4 3 -.8865
¥ANINADITI 3 3 -2308
¥ANINARDIT | 3 0000
“]gﬂﬂﬁﬂﬂﬁf]\iﬁ 2 3 1725
Sig. 275 .056

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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H H ! Y
A5199 -1 miﬁmammaﬁammmmﬁa%’aymﬁaﬁug@mimam

Descriptives
N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound

ﬂgﬂmi%ﬂﬁmﬁl 9 .0000 .00000 .00000 .0000 .0000 .00 .00

ﬁ;ﬂmi%ﬂﬂmﬁ2 8 1.4100 3.62380 1.28121 -1.6196 4.4396 -2.01 7.24
y o443 ﬂgﬂmi%ﬂﬁmﬁ3 9 -1.6156 4.88349 1.62783 -5.3693 2.1382 -7.20 6.10
HINUNNENUUU 4

PANITNANOINS 9 -6.2056 5.07107 1.69036 -10.1035 -2.3076 -13.47 1.50

ﬂgﬂmsmamﬁs 9 -7.6500 8.11198 2.70399 -13.8854 -1.4146 -19.45 2.38

Total 44 -2.9082 6.01436 .90670 -4.7367 -1.0796 -19.45 7.24

ﬂgﬂmﬂ]ﬂﬁmﬁl 9 .0000 .00000 .00000 .0000 .0000 .00 .00

ﬂgﬂmsmamﬁz 8 4593 .38346 13558 1387 7799 -.06 1.03

ﬂfﬂmﬂ]ﬂﬁmﬁ3 9 .1463 .38384 12795 -.1487 4414 -23 .87
A IMIIAnIa ’ .

YANITNANDINS 9 -.5793 43521 14507 -.9138 -.2448 -.99 21

Gl_fﬂﬂﬁ‘ﬂﬂam‘ﬁS 9 -.9295 .65394 21798 -1.4322 -.4269 -1.92 .00

Total 44 -.1952 .64960 .09793 -.3927 .0023 -1.92 1.03




< '
AN ¥-1 (9D)

37

ANOVA
Sum of Squares df Mean Square F Sig.

Between Groups 540.547 4 135.137 5.193 .002
ﬁmﬁﬂﬁﬁwﬁu Within Groups 1014.871 39 26.022

Total 1555.418 43

Between Groups 11.001 4 2.750 15.013 .000
aMaTAula  Within Groups 7.144 39 183

Total 18.145 43

vmiiniiiiaay
Duncan®’
PYANITNANDY N Subset for alpha = 0.05
1 2 3

G]jﬂf‘lﬁ‘l/lﬂﬂ’f‘)\?ﬁS 9 -7.6500
‘];ﬂﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ4 9 -6.2056 -6.2056
‘];ﬂﬂﬁ‘ﬂﬂaﬂﬂ‘ﬁ:’) 9 -1.6156 -1.6156
G]éﬂﬂ"li‘l/lﬂﬂ’é)\?’ﬁl 9 .0000
G]éﬂﬂ"li‘l/lﬂﬂ’é)\?ﬁZ 8 1.4100
Sig. .556 .067 249

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 8.780.

b. The group sizes are unequal. The harmonic mean of the group sizes is

used. Type I error levels are not guaranteed.
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onmssAula
Duncan”’
PYANITNANDY N Subset for alpha = 0.05
1 2 3

¥ANINARDITNS 9 -.9295
FANITNARDIN4 9 -5793
FAnsNARD 9 0000
FANINARDIN3 9 1463 1463
FANINARDITN2 8 4593
Sig. .094 478 134

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 8.780.

b. The group sizes are unequal. The harmonic mean of the group sizes is

used. Type I error levels are not guaranteed.
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