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Over-compensatory growth of Tetraselmis tetrethele under the

stress of nutrients deficiency
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Abstract: The phenomenon of over-compensatory growth was initially discovered among some higher
animals and plants. Its concept is when an organism encounters some harmful environmental conditions
such as nutrients deficiency, disease. and extreme temperatures, etc., its growth and physiological
function will be affected and restrained, but when the stress is removed, the organism will grow fast than
that under no stress. Normally, compensatory growth is categorized into three kinds, i. e. over-
compensation, zero-compensation and under-compensation, based on the characters of recovery growth.
Research on compensatory growth has covered ruminant animal, aquatic animal, and higher plant.
However, there has done little research on micro-algae compensatory growth due to small size of micro-
algae body and methodology limitation.

In this paper. Tetraselmis tetrethele was used as experimental materials for studying the compensatory

growth of micro-algae. Firstly, Tetraselmis tetrethele was cultured for ten days under the conditions of
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nutrients stress, i. e. poor nutrients, N deficiency, P deficiency, and N plus P deficiency, while normal
nutrients condition (f/2 culture media) was served as control. Secondly. the nutrients stress was
removed, the treated group and the control were simultaneously cultured for another ten days under
conditions of same inoculative density and sufficient nutrients supply. Cell density., biomass, content of
chlorophyll-a, intracellular protein and carbohydrate were analyzed and determined during these two
periods. It was found that after subjecting to the nutrients stress., Tetraselmis tetrethele showed a strong
ability of over-compensatory growth. The growth difference between the treated group and the control
was significant (P<C0. 05). The main character of the over-compensatory growth of Tetraselmis tetrethele
was that the treated group had higher average relative growth rate, more number of cells, higher biomass
and higher chlorophyll-a content than those of the control group in the initial culture time (1~5 d), in
addition, the maximal rate of net cells increase was 68. 2% ~121. 1% . and the maximal rate of net biomass
increase was 21. 8% ~95.3%. As the culture time proceeded, the difference between the treated group
and the control decreased gradually. Eventually, all parameters of the treated group and the control
trended to be equivalent. Whereas the intracellular protein, the intracellular carbohydrate and the ratio of
protein to carbohydrate (P/C) changed under the nutrients stress, but all of them returned to their initial
levels in the following culture after the stress being removed.

Those results showed that over-compensatory growth might be an internal cause of algae bloom, and
manipulation of over-compensatory growth could be used as guidance for controlling bloom of harmful
algae and carrying out aquiculture of useful algae.
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Fig. 1 Growth curves of Tetraselmis tetrethele under nutrients deficiency and after nutrients recovery
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Table 1 Rates of net cells increase of Tetraselmis tetrethele
4 ( 2, DR after nutriests recovery
3 R 2 Treatment
° Culture time -
I Poor N P N+P
’ nutrients  deficiency deficiency deficiency
’ 1 38.6 23.8 63.7 21.1
2 68. 2 76. 4 121.1 76.5
3 52.5 28.4 101.1 33.7
4 27.3 32.8 66. 2 37.1
’ 5 35.9 29.5 66.9 32.3
’ ° 6 26.0 32.4 41.8 14.9
2.3 a 7 34.6 18. 2 29.9 11.2
a 8 18.2 18.4 9.4 4.5
s ( 1~6 ).,4 9 21.2 13.1 6.6 —0.4
2 10 14. 6 7.7 —2.9 —2.9
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Fig. 3 Content of chlorophyll-a in Tetraselmis

tetrethele after nutrients recovery
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Culture time(d)

Index Treatment 0 2 4 6 8 10
Control 9.7 20. 0 56.1 79.6 109. 2 123.8
Poor nutrients 8.5 29.3 62.4 107.9 138.8 152.6
Biomass (ug/ml) N deficiency 6.7 24.3 64. 3 94. 3 115.7 119. 3
P deficiency 8.6 39.0 82.3 126. 4 133.9 134.6
+ NP deficiency 8.2 29.7 64.8 92.1 115.0 121.1
Control 0.0 0.0 0.0 0.0 0.0 0.0
Poor nutrients —1.2 9.4 6.3 28.3 29.6 28.9
Net biomass N deficiency —3.0 4.4 8.2 14.7 6.5 —4.5
increase (p1g/ml) P deficiency —1.1 19.0 26. 2 46. 8 24.7 10.9
+ NP deficiency —15 9.7 8.7 12.6 5 —2.7
Control 0.0 0.0 0.0 0.0 0.0 0.0
Poor nutrients —12.6 47.1 11.3 35.6 27.1 23.3
Rate of net biomass N deficiency —30.9 21.8 14.6 18.5 6.0 —3.6
increase (%) P deficiency —11.7 95.3 46. 8 58. 9 22.6 8.8
+ N+P deficiency —15.7 48. 8 15. 6 15.8 5.3 —2.1

recovery



1302
2.5 . /
10d .
(46. 8 pg/cell)
14.5 pg/cel) (17. 4 pg/cell),
/ (P/C) (5.9)
10 .
3),
3
Table 3

during different experiment stages

23

(17. 4~46. 8 pg/cell) (63. 6 pg/celD,

; (7.9~
(14.5 pg/cell) ;
(3.7, 3 (2.0~3.2) B
. pP/C (
R /

Content of intracellular protein, carbohydrate and ratio of protein to carbohydrate of Tetraselmis tetrethele

Treatment
+
Index Stage . . . .
Control Poor nutiets N deficiency P deficiency NP deficiency
0d“ 60. 8 59.7 57.4 59.1 56.9
Content of protein 10d® 63. 6 17. 4 29.5 46. 8 34.6
(pg/cell) 10d® 56. 8 62.6 59. 1 586 57.3
0dw 16. 3 15.2 14.6 15.1 16. 2
Content of carbohydrate 10d® 17.4 8.1 14.5 7.9 10. 8
(pg/cell) 10d® 15. 6 15.8 13.4 16.8 15.6
/ 0d® 3.7 3.9 3.9 3.9 3.5
Ratio of protein to 10d® 3.7 2.1 2.0 5.9 3.2
carbohydrate 10d® 3.6 4.0 4.4 3.5 3.7
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