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2008 10 28 2008 TN(GB/T 11894— 89) NH=N(GB/ T 7479- 87)
118 2008 11 26 NO3;-N(HJ/T 346- 2007) TP(GB/T 11893-
( ) 89) POi—-P(GB/T 11893— 89) al'
70 L , , 1
1
1 a
Tab.1 Concentration of Nutrient and Chla in the Experimental Zone
TN(mg/L) TP(mg/L) NH+N(mg/L) NO3-N(mg/L) PO3--P(mg/L) a( mg/ m3)
3.89 0.13 1.25 2.41 0. 064 12.17
2.91 0.23 1.49 1.45 0. 024 12.51
3.72 0.14 1.13 2.34 0. 058 11. 34
3 ;
(POi =P NH>=N NO;-N)
, ( 30mg/L
1—1 ik 0 lmg/L) 124 POi-P NH=N NOi-
22k N POi-P+ NO3-N
335 kR
R , (3 0mg/L
015mg/L) 051L01520 POi -P
Fig. 1 Slampling Sites Distribution of Dianshan Lake NH-N NO:-N POI-P+ NO-N
1.2 POi-P NO;-N ,
2
, (KH2PO4) (KNO3) (NH4Cl)
2 NEB ’
Tab.2 Nutrient Adding Method of NEB Test
PO} -P NH N NO3-N POi"-P+ NO3-N
1.0 2.0 4.0 1.0 2.0 4.0 1.0 2.0 4.0 1.0 2.0 4.0
0.51.01.52.0 0.51.0 1.520 0.51.01.520 0.51.01.520
0.51.01.520 0.51.0 1.5 2.0 — —
1.3 3 \ 100 mL
, 4 000 Lx; 5kPa
14: 10; 25 C; ., 90% a,
24 h, 4 000 r/min
1.4 10 mins ( Instrument:

1L
1L )

Trilogy Laboratory Fluor

ometer; Part Number:

7200- 000; Corporation: Turner Designs)

a

[91
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s Control Dunnetts’ s test
[1,12~ 14]
, 3 4
a 2 POi -P
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@eontrol Control 50% , Control
100% 1 , ( ) POi-P
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15.16
netts’ s test ! ] NEB (Slg O 000 0 000
a( p<0.05), 0 008), 4 PO -P
Control Dunnett ( 9
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[5]
(umax) (xmax)
2
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2.1 Control,
(Control) ) NHsN
a 2 , (Sig. Q 876
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Fig.2 Analysis of NEB Test
3 NEB ( a)
T ab. 3 Analysis of Variance for the NEB T est: Chla
SS af MS F P Sig
POi--P 1344. 564 3 448. 188 14. 589 0. 000
NHs N 20. 968 3 6.989 0.228 0. 876
NO3-N 76. 542 3 25.514 0. 830 0.489
PO3—P+ NO3-N 169. 669 3 56.556 1. 841 0. 165
POi——-P 4529. 306 4 1132.327 25.031 0. 000
NH+ N 303. 145 4 75.786 1. 675 0.178
NO3-N 3 384. 648 4 846. 162 18. 705 0. 000
PO3—P+ NO3-N 301. 094 4 75.274 1. 664 0. 181
POi-P 1515.947 4 378.987 4.773 0. 008
NO3-N 427.279 4 106. 820 1.345 0.292
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4 NEB Dunnetts s test ( a)” , 1~24d, Control
Tab.4  Analysis of Dunnetts s Test for the NEB Test: Chla , P
Control Sig. R 5
1 POI—P 15.732  0.016 NO3-N Conr
2 PO - P 15.227  0.021 trol, Control,
4 POI-P 25.369  0.000 NO3—N 7
4POF P+ 4NO3-N 17.704  0.006
Control
1. 5PO3—P 30.368  0.00 _
2 0POI—P 31.836  0.00 NOs-N a
0.5NO5-N 29.227 0.0 Control , NO;-N
1.ONOs—N 16.813  0.045 Control : NH=N 3d
1.5NOs-N 20.664  0.008
Control ,
0.5POF —P+ 0.5NO5-N 36.233  0.000
1.0POF —P+ 1.0NO3—N 37.553  0.000 NHsN Control,
1.5P0F -P+ 1.5NO3-N 37.849  0.000 1. SNH3sN Control,
2.0POF —P+ 2.0NO5—N 32.990  0.000 Control .
1. OPO3—P 31.435  0.003 POY—P+ NO=N ,
Ccontrol POZi—P-F
Control 0. 05 ; NO3=N Control,
NO3-N Control,
NO3-N , 3 , P POi-P+ NO3-N
NO;-N , POi -P+ NO3-N
(Sig. 0 489 0 292), Dun p
netts’ s test ; NO3=-N
a 05 5 ,
; ;NH3>-N ,
PO -P+ NO3-N Control 50%
s Control 90% , 3 2.3
POi-P NO3-N
0. 05 (Sig.
Q165 0. 181), Dunnetts’ s test a 5
4POi-P+ 4NO3-N PO =P+ NO3-N
Control 0. 05 POi —P
Control, 0. 5PO3 —P+ 0. SNO3-N
: (146 87Hg/L);
) P , NO3-N
: Control, ;
, NHsN
; R Control ,POi-P
; + , ;NO3=N ,
, ;: NH>=N
1997~ 2004 ti ,
POi -P+ NO>-N POi-P NO;-N
2.2 Control, POi -
3 P P+ NO-N  POi-P

Control
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Fig.3 Phytoplankton Growth Curves of the NEB Test
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5 (W (ML) wne(d))
Tab.5 Average Maximum Standing Crop and Specific Growth Rate of NEB Test
X T, X m i X max i
Control 41.91 0.73 Control 75. 67 0.78 Control 47. 62 0.54
1POF-P 72.39 1.46 0.5P03—-P 108. 79 0. 88 0.5P03--P 85.43 1.02
2P0 -P 79. 54 0. 85 1.0PO3—P 93.24 0.87 1. 0PO3—-P 115.75 1.00
4P0O%-P 99.25 1.01 1.5P03—-P 120. 57 0.93 1. 5PO3—-P 76.72 0. 88
INH3N 37.99 0. 82 2.0P0O3—-P 133.43 1.19 2.0PO3—-P 81.52 0. 96
2NH N 39.91 0.96 0.5NH N 68. 45 0.56 0.5NO3-N 71.8 0.95
4NH >N 59.25 0.78 1.ONH+N 85.30 0.91 1.ONO3-N 56. 46 0.92
INO3-N 45.31 0.83 1.5NH+N 51. 80 0. 80 1.5NO3-N 46. 4 0.73
2NO3-N 51.22 0.94 2.0NH N 63.31 0. 68 2.0NO3-N 42.7 0.97
4NO3-N 46. 47 0.87 0.5NO3-N 115. 49 0.91 0.5P0%-P+ 0.5NO3-N 146. 8 1.09
1POF-P+ INOs-N  72.72 1.03 1.0NO3-N 94.38 0. 88 1.0POF-P+ 1.0NO3-N 136. 17 0.94
2POF -P+ 2NO3-N  54.43 0. 89 1.5NO3-N 111.37 0.92 1.5POF -P+ 1.5NO3-N 125.74 0.79
4POY -P+ 4NO3-N  65.71 1.11 2.0NO3-N 72.% 0.71 2.0POF -P+ 2.0NO3-N 139. 4 0.91
[5] [M].
3 , 1990: 275~ 285.
[6] MAESTRINIS Y,BRERET M, BERLAND B R, et al. Nutri-
ents limiting the algal growth potential (AGP) inthePo River
NEB Plume and an adjacent area, Northweat Adriatic Sea: Enrich-
s ment bioassays with the test algae Nitzschia closterium and
s s T hal assiosira pseudonana[ J]. Estuaries, 1997, 20( 2): 416~
. 429.
' [7] MOSER G A O,SIGAUD-KUTNER T C S,CATTENA C O,
et al. Algal growth potential as an indicator of eutrophication
’ degree in coastal areas under sewage disposal influence[ J]. A~
P ’ quatic Ecosystem Health and Management, 2004, 7 : 115~
. ; 126.
+ , [8]
[J]. , 1996, 8(2): 125~ 132.
[9] ) ) ,
[J]. ,2004,2(4): 273~ 278.
: [10] , a
[J]. ,2001, 13(2): 143~ 148.

(1 . . 20 [11]

[J]. ,2008,20(4): 409~ 419. ( 4 H)[M]. ,2002.

[2] GOLDMAN C R,JASSBY A D, HACKLEY S H. Decadal, in- [12] ARAR EJ, COLLINS G B.In Vitro determination of chlore-
terannual, and seasonal variability in enrichment bioassay at phyll a and pheophytin a in marine and freshwater algae by
Lake Tahoe, California- Nevada, USA [J]. Can J Fish Aquat fluorescence ( Method 445. 0) [ R]. National Exposure Re-
Sci, 1993, 50: 1 489~ 1 496. search Laboratory, Office of Research and Development, U. S.

[3] JONES J R,LAPERRIERE J D, PERKINS B D. Limnology of Environm ental Protection Agency, 1997.

Walker Lake and comparisons with other lakes in the Brooks [13] GOLDMAN CR,WETZEL R G. A study of the primary pre-
Range, Alaska (USA)[J]. Verh Internal Verein Limnol, 1990, ductivity of Clear Lake, Lake County[J]. California. Ecology,
24: 302~ 308. 1963, 44(2): 283~ 294.

[4] DODDS W K,JOHNSON K R, PRISCU J C. Simultaneous n+ [14] HORNE A J, GOLDM AN C R. Nitrogen fixation in Clear
trogen and phosphorus deficiency in natural phytoplankton as- Lake, California. 1. Seasonal variation and the role of the het
semblages: Theory, empirical evidence, and implications for erocy sts| J| . Limnol Oceanogr, 1972, 17(5): 678~ 692.
lak e management[ J]. Lake and Reserv Manage, 1989, 5: 21~ [15] s . SPSS —

26,

[M]. ,2007: 197~ 233.



298 19

[ 16] . SPSS [M]. : ,2007: Wat Res, 1990, 24( 4): 529~ 532.
515~ 525. [18] TAYLOR M F,CLARK W J. Variability in algal growth pe-
[17] TAYLOR M F,CLARK W J,HO L. Nutrient availability and tential and related parameters in four central Texas ponds
the algal growth potential (AGP) in a small microcosm|[ J]. [J]. The Texas Journal of Science, 1991, 43(2): 133~ 148.

NUTRIENT LIMITATION OF PHYTOPLANKTON IN DIANSHAN LAKE

WU Xuefeng"?, CHENG X{i’, LI Xiao-ping’

(1. School of Environment Science and Engineering, Donghua University, Shanghai 201620, China;
2. Shanghai Academy of Environment Science, Shanghai 200233, China)

Abstract: T his paper studied the restrictive factors which affect the growth of phytoplankton in Dianshan
Lake through the Nutrient Enrichment Bioassay, combining by two analysis methods including factorial a
nalysis of variance and post comparison analysis. T he growth rate and the maximum average stock as well
as the maximum average growth rate were affected by the nutrients including POi =P NH+N NO3-N.
The results show that the concentration of POi =P could promote the growth of algae and increase the
growth rate and standing stock. With the increase of POi =P concentration(0. 13 ~ 0. 53 mg/L) , the pre-
motion could be enhanced, POi =P was regarded as the first restrictive factors in Dianshan Lake; T he pro-
motion to algae of NO3-N in low concentration(2 91~ 5 91 mg/L) was small, while inhibition effects
could be displayed in higher concentration( 5 91~ 8 91 mg/ L); NH>N could inhibit the growth of algae
and the inhibition effect is enhanced with the increase of concentration( 1 25~ 7. 25 mg/ L). In addition, the
combination of POi =P and NO3-N could promote the growth of algae significantly, suggesting that the in-
teraction effect exists between POi =P and NO3—N.

Key words: nutrient enrichment bioassay; nutrient limitation; Phytoplankton; Dianshan Lake



