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Tab.1 The meteorologic data of Chuxiong, Yunnan during 1971~2000
1 2 3 4 5 6 7 8 9 10 11 12
() 8.7 11.0 14.7 18.0 204 213 20.9 20.4 18.9 16.4 12.3 8.7
() 168 189 224 252 264 261 255 255 242 220 188 164
() 1.6 3.6 7.0 11.0 15.2 17.7 17.8 17.1 15.6 12.6 7.4 2.8
(mm) 12.8 12.7 14.5 18.4 69.0 139.1 190.7 167.5 126.3 67.7 36.0 8.2
(d) 3.5 3.9 5.1 6.2 9.9 14.8 18.8 19.8 15.2 11.9 7.7 4.6
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Tab. 2 Year-round changes in cell growth of different strains of H.pluvialis
C-) (<10*  /mL)  (><10* /mL) (um) A 7500 (mg/L)

H, 2.6x1.4 14.8%3.6 0.348 25.6%3.5 0.233 133.86

2007-09 H, 29+1.4 13.9%3.6 0.313 26.0%3.6 0.214 89.895
H; 2.7%1.0 12.142.7 0.300 28.1%+43 0.141 103.63

H, 3.6x14 18.54+4.4 0.412 27.3#%3.1 0.152 63.626

2007-10 H, 3.4=%x1.0 15.2+3.8 0.469 25.0%4.6 0.159 64.074
H; 3.441.1 16.243.6 0.429 28.944.2 0.148 45.095

Hy 4.4=+1.7 16.0%3.0 0.258 20.1#%3.0 0.322 8.4420

2007-11 H, 43+1.8 10.6%2.8 0.180 19.6%2.6 0.249 12.885
H; 49418 8.90+3.7 0.119 21434 0.258 8.7100

H, 3.9+1.6 16.7%5.9 0.208 23.84+4.0 0.188 20.976

2007-12 H, 3.6%+1.8 11.1%£3.6 0.161 248429 0.118 16.307
H; 44=+1.9 14.244.0 0.167 22.744.3 0.222 18.917

Hy 1.0%1.1 22.948.3 0.352 24.0%2.9 0.507 46.600

2008-01 H, 0.920.6 20.7%5.5 0.292 21.8%2.8 0.450 44.841
H; 0.920.5 15.6%4.6 0.235 20.423.1 0.453 33.351

H, 1.0%0.7 14.94+4.5 0.270 239444 0.305 42.540

2008-02 H, 0.8%0.8 10.5+3.3 0.257 25.1%3.2 0.225 66.857
H; 1.140.8 7.40%2.9 0.191 24.743.0 0.171 38.380

Hy 0.70.7 28.6%5.7 0.285 23.844.3 0.307 28.316

2008-03 H, 1.1=%=1.1 28.9+6.4 0.251 21.3%29 0.298 20.509
H; 1.3%1.1 29.7%6.4 0.241 22.1%3.0 0.373 22.471

H, 0.820.7 16.6+3.8 0.433 25.6%2.7 0.299 43.674

2008-04 H, 1.0%0.9 11.3%+3.9 0.346 25.6%2.8 0.266 28.133
H; 2.0%1.3 8.00%2.9 0.198 23.843.6 0.201 38.784

Hy 1.9%+1.0 25.3%4.5 0.288 25.7%3.0 0.396 35.892

2008-05 H, 2.1*1.4 18.142.9 0.239 27.0%3.9 0.314 30.338
H; 2.2+1.7 16.8%3.5 0.226 26.6%3.9 0.262 28.884

H, 2.7%x1.5 21.3%3.9 0.258 22.143.0 0.296 8.3930

2008-06 H, 2.0=*1.1 16.742.9 0.265 25.443.0 0.308 12.968
H; 2.7%x1.7 15.743.8 0.220 26.542.6 0.326 8.1640

H, 1.221.0 1132429 0280  24.8%4.6  0.149 16.031

2008-07 H, 1.1%0.8 14.243.2 0.320 26.543.7 0.221 19.602
H; 1.7+1.2 11.423.3 0.238 28.642.7 0.161 22.931

Hy 2.8+1.2 12.242.6 0.491 22.443.0 0.223 7.7530

2008-08 H, 1.5%0.9 9.20%2.6 0.605 25.84+4.0 0.199 5.8350
H; 2.1%1.1 8.80%2.2 0.478 26.3%+3.9 0.189 5.9150
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Tab. 3 Light saturation points for cells at different
development stages in 3 strains of H. pluvialis

[umol /(m? - §)]

Ho 750~1000 750~1000 500~750
H, 1000~1500 750~1000 750~1000
H; 750~1000 500~750 500~750
o3
) H2
(
) (2
Hy R >
( ) (2
H;, )
; (
2), , (
), H3 >
; H; 3
5 ) b
(D

24 sk mipitiit i b e kL M

5 ke
( H )
OJIP 2 , s
Fo ( 2A-3),
Fm ( 2A71),
F, ( 2A-2) R
< < ,
0.666, 0.716 0.768 2B
2 ms ( 2B-2
2B-3), 30 ms
( 2B-2) , Vi oV
s PS
, 500 ms ( 2B),
s PS
HAEE(F)
45
T 40 A
= 35
’E 30
B 25
§ %{5) ——1
= 1.0 -2
§ 0‘3 ——3
001 01 1 10 100 1000 4000
i} [8]/ms
W ASEF,(0.01) vrs. F, (1000)
12
z 10}
] o8|
ﬁ
5 o6}
2 o4t
& 02}
0001 01 1 10 100 1000 4000
i8] /ms
2 H, OJIP

Fig. 2 The continuous fluorescence kinetic OJIP curves of
different cells of H. pluvialis strain H,
A. F, OJIP ; B. F,
Fa OJIP 1
OJIP s 2 OJIP s 3
OJIP
A. OJIP curves normalized with respect to F,; B. OJIP curves doubly
normalized with respect to F, and F,. Curve 1 shows the OJIP of green

motile cells, Curve 2 stands for the OJIP of green non-motile cells, and
Curve 3 indicates the OJIP of red non-motile cells
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Fig. 3 The photochemical parameters and their energy pipeline models of H. pluvialis strain Hy at different developmental stages
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Abstract: Cell growth, astaxanthin accumulation, photo-adaptive capacity, photochemical properties, and energy
distribution models of the cells at different developmental stages of three strains of Haematococcus pluvialis were
studied with continuous chlorophyll fluorescence and other techniques. The results showed that photo requirement
for photosynthesis varied significantly in green motile cells, green non-motile cells and red non-motile cells. The
light saturation points for the motile cells of strain Hy, H, and H; were 750, 1 000 and 750 pmol /(m? - s). respec-
tively. The light saturation points for the green non-motile cells of strain Hy, H, and H; were 750, 750, and 500
umol/ (m* - s) respectively. Meanwhile, the light saturation points for astaxanthin enriched non-motile cells of

strains Hy, H, and H3 were 500, 750, and 500 pmol /(m2 - s), respectively. Therefore, the sequence of illumination

required for maximal photosynthesis in H. pluvialis was strain H, > strain Hy> strain H;. The green motile cells
required the strongest illumination for their maximal photosynthesis, followed sequentially by the green non-motile
cells and the red non-motile cells. The year-round data of specific cell growth rates indicated that Strain Hy grew
fastest in most culture seasons (in September and the period of November to May). The cell growth rates of Hy in
April and November were 2.2 times higher than those of H;. Strain H, grew fast in the period of June to August and
in October, although the variation was not so significant. As for astaxanthin accumulation, strain Hyhad high con-
tent in January, February, June, September, November and December. Strain H; accumulated more astaxanthin in
March and May, while Strain H, had more in July, August and October. To achieve a high yield of the mass culture
in Yunnan, based on the combined the effects of fast cell growth and high cell astaxanthin content, we suggest that
strain H, should be selected in fall, winter, spring and early summer, when temperature is moderate and light inten-
sity fluctuates relative smoothly. In contrast, strain of H, should be selected in hot summer and early fall, when high
temperature and abrupt light variation occur. Based on the energy pipe models, we also discussed the possible
eco-physiological functions of astaxanthin accumulation in the non-motile cells.
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