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Effects of nitrogen/phosphorus ratios on algae growth in the Beiluo River

YANG Zhen ', ZHANG Huigiang', CHEN Jing', ZHAO Rongna', ZHANG Chun', ZHANG Qinming', YIN Xianqgiang’, FAN Xiaoteng™

(1. Shaanxi Environmental Monitoring Center, Xi’ an 710054, China; 2. College of Natural Resources and Environment, Northwest A&F
University, Yangling 712100, China; 3. College of Animal Science and Technology, Northwest A&F University, Yangling 712100, China)
Abstract: This study collected water samples from the Xiatao Hydropower Station dam, Beiluo River, and added phosphate to elevate the
total phosphorus concentration and modify the nitrogen/phosphorus ratios to explore the algae growth and diversity in Beiluo River under
different nitrogen/phosphorus ratios. In total, 11 groups with varying total phosphorus concentrations (0.02, 0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.40, 0.45, 0.50 mg+1."") were set up for 5—day cultures. Results showed that the identified algae belonged to 31 genera and 4
phyla in the culture conditions, among which Microcystis, Merismopedia of the phylum Cyanobacteria, and Scenedesmus, Crucigenia, and
Placoma of the phylum Chlorophyta were the dominant species that accounted for a relatively high proportion of algae in the Beiluo River.
The algal abundance gradually increased with the total phosphorus concentrations, and the highest was in the 0.40 mg -+ L' group. The
dominant algae grew rapidly when the total phosphorus concentration was higher than 0.10 mg- L', resulting in a significant increase in the
species richness index (P<0.05) and significant decreases in the Shannon diversity index, Simpson dominance index, and Pielou evenness

index (P<0.05). Besides, the determination of nitrogen and phosphorus in water samples showed that the absorption of total nitrogen by
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algae was accelerated with the increased input of exogenous phosphorus concentrations. The total nitrogen uptake was accelerated, and the

nitrogen/phosphorus uptake ratios tended to plateau when the total phosphorus concentration exceeded 0.10 mg+L™". In summary, the present

study found that the input of phosphorus could promote the absorption rate of total nitrogen by algae, increasing the risks of rapid growth and

algal blooms of the Cyanobacteria and Chlorophyta phyla when the concentration of total phosphorus 20.10 mg-L™".

Keywords : Beiluo River; nitrogen/phosphorus ratio; eutrophication; algae

T KA TS G Tl BT SR AR U f PR [ T
IR R A IR AR MR B S i o K A A W e
AR RNETE , I —E MR DGR KRS 55 P4
Gy e ROKAE ST o FEAKBAES RS 5 N @R,
Horp JE BOK A2 1 32 81 U 28y e ) ) L o
(Microcystis) . B 3% ( Oscillatoria) ¥4 3 (Merismope-
dia) DA S BBE ] VRIBRSE T TR0 20 e 26 55, AR e M 3
A AT LAS | K AR AR AR TS G I AE7K THTE B e
BRI, MHCHER R, ERRS ER AR E
T KA S B SR AL I ARAS L B, R B S5 R e T
T 7 7 4 o Bl 55 5K 2l 71571, T U ) o £
LU AR 52 M 8 288 A R R I 5 A A R EE 2 R R,
i H A BERAE KA R AR WL 16: 1, Bl Redfield
FEARE ™, 7KK /U LK T 161 1, NI hy J2
FA K PR 2, Sz, DU oA A e PR
o[RBT AR RS A 2 e, AR
oo O R R LU Bl AN AR R0, R XEAS [R)AT 3 1 O, B
T LR S AR A BRI 1 R 3R R Rl LRI, %o
TR E EFGE SRR A HENRE R E L

ACIEATAE Ry BT B RS, SRR A Fe K i TR
i, X5 K HEWE K 7 K Rl & e S A B AR A
MR B PG 4 /K D RE X 1) , AL & 7K BT H AR o 2K
SR, A T AU )L e Sl b B e, 7K -3t 2 )™ o,
T Y5811 5 R 5 e e AR, A K rp T e i BN
T G INJKCFRL Sl P O A SR YT B 1 R AR J 4tk 7K S
T K B IR ERHERUS AT RS S e 2R 1 Mz i
K 1 R KBS AR S B SR AL R, S e AR A R
Gefahle . am i AR A & B, ALK TR AR R
IRV 3k KRR B | 1T S AKST-3EAIC, P A Rl L )
P T 30, SVALE T B BRI RS HoK A
FRUAGRBED | EBET TROAE e 155y 32 4 S A 1Y
PSR RE M ALV T TP R R R VR S5 A A8k K
T3 A R AR BRI R 2%

hy it — 20 WYt A e A K P 5 AU LA A X
B TR B FRAC M EE G 52, AW 58 R i
R A A TS F7 S50, 3 R S A [ ¥ 2 1
BAETR R LAV B Gl /K7 B /U L, o e R A KA L

P 1%) WHARTY

LR AR AR AL, A IR 2 AL 10T P A v Rk
S EFRER KOV (R AH S LA R DRy [ (Y R, LA A
T B TR AR 23 B -5 9 ] 3R et T 5 S L e
FORHS R R o

1 #MEETE

1.1 SRt

7E A6 3% TR T Bk K L 3 (359277 177N, 109°27
47"E) WK R ALK, 432 F 500 mL 1) H#ETE R
oh SE L S IR S R S KA SR R A
AW SCOGBEE I BRI 3R 1, A A FvR
PN E 3APATA, TR A i T 5 d
FBEIS R IR 00, T K FR TR R 25 °C, B IEaR By
50 umol *m s, JEHE LA 12 he 12 hs
1.2 BEWHESHEESHT

AR P ki 7K S i 2 B AR ) (S 733—
2016) Y FLE , >R WO H Bk g s ARk
i RS VR f TR AT AR FE A 0.1 mL A9 40 B T i1
BOHE D, 72 W AR N SR VR I B 2R 1T S A W
ik, IF S E RS B TR IS A I e I
il BEAFESL IR K, B ER S SR F (E  R

F1 BERERTEBERES RBLL

Table 1 Total phosphorus concentrations and N/P ratios in

different groups

peti: MA A BELL
Total phosphorus/ Total nitrogen/ Total nitrogen/total
(mg-L™") (mg-L") phosphorus ratio
0.02(AiRAA 2.94(AiRAA 147.0
Background value ) Background value)
0.05 2.94 58.8
0.10 2.94 294
0.15 2.94 19.6
0.20 2.94 14.7
0.25 2.94 11.8
0.30 2.94 9.8
0.35 2.94 8.4
0.40 2.94 7.4
0.45 2.94 6.5
0.50 2.94 5.9
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Figure 1 Relative ratio of algae in different groups
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Table 2 Count of algae in different groups(x10*-L™")

IS 0.02 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Specy mg- L mg- L™ mg- L mg- L mg- L™ mg- L™ mg- L mg- L mg- L™ mg- L™ mg- L
WA Oscillatoria 0 0 0 3 10 10 10 17 30 33 13
WEAT 5 Fragilaria 77 57 17 7 0 0 0 0 10 23 40
Z5HE Golenkinia 3 10 50 17 47 43 37 83 57 33 13
5 8 Schroederia 7 10 3 7 17 13 10 7 13 20 10
B Placoma 0 557 583 777 1510 993 1680 2903 2053 2133 1887
£E R Acrtinastrum 13 53 60 113 73 93 280 97 203 600 287
UV B Amphiprora 3 30 33 7 3 3 10 3 10 10 7
I HERE Arthrospira 20 10 47 113 60 130 223 140 267 307 347
23 Raphidiopsis 37 120 313 317 247 360 477 460 333 380 290
23 S Coelastrum 0 147 47 83 127 67 367 303 230 123 363
BUEEEE Oocystis 87 83 100 150 107 100 93 177 243 167 137
BEUIE B Spirulina 0 0 0 0 3 3 13 7 0 3 7
W Euglena 40 37 67 43 93 117 130 97 97 50 67
HE R Pediastrum 253 0 53 53 80 53 27 160 53 27 213
V243 Merismopedia 577 187 1653 1227 2347 3533 4013 4878 14524 10644 14367
W 2238 Lyngbya 70 87 237 327 247 243 477 360 303 420 647
+F#E Crucigenia 13 427 1240 1220 813 1980 2333 2 740 3040 3187 1200
M Scenedesmus 360 547 730 843 1297 1890 2413 2467 2 659 3533 4817
VU ) % Tetraedron 43 37 60 93 63 100 157 83 110 93 177
U 5L 3%E Tetrastrum 13 13 0 0 0 0 0 0 0 0 0
B8 Kirchneriella 3 90 240 263 173 187 337 297 320 337 113
TEESE Microcystis 907 2 686 4125 8 900 5365 10 767 6 425 7 485 12 506 7300 6338
Pyt e 167 47 163 237 203 247 413 143 357 137 220
Pseudanabaenaceae
INEREE Cyclotella 83 277 477 343 733 493 367 633 380 480 453
SEFFHE Asterionella 0 0 0 0 0 0 0 0 13 43 20
#r H B Closterium 3 3 13 20 23 10 17 27 63 27 64
LI YEBE Ankistrodesmus 13 57 143 137 137 113 263 230 317 230 240
JNERTEE Chlorella 120 413 513 243 360 240 183 283 307 297 280
ETFF 3 Synedra 127 177 170 293 140 120 143 140 147 130 337
B4 EE Melosira 570 653 1060 787 700 357 393 783 270 410 233
FHE B Navicula 197 547 293 287 173 203 173 63 153 187 253
K3t Total 3807 7359 12492 16910 15152 22470 21465 25066 39069 31364 33439
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Figure 2 Relative density of algae in different groups(lg)
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Table 3 Uptake and residual concentrations of total nitrogen and total phosphorus in different groups

Wk SRl Tie SAFA ST SABE-F 4 WSO L
Phosphorus concentrations Uptake of total Residue of total Uptake of total Residue of total Uptake ratio of
group/(mg-L™") nitrogen/(mg-L™") nitrogen/(mg-L™")  phosphorus/(mg-L™")  phosphorus/(mg-L™") nitrogen/phosphorus

0.02 0.20 2.74 0.02 0.00 9.91

0.05 0.17 2.77 0.03 0.02 5.27

0.10 1.83 1.11 0.07 0.03 24.81
0.15 1.43 1.51 0.11 0.04 12.46
0.20 2.20 0.74 0.17 0.03 12.80
0.25 227 0.67 0.21 0.04 10.74
0.30 2.37 0.57 0.24 0.06 9.74
0.35 2.59 0.35 0.32 0.03 8.13

0.40 2.05 0.89 0.35 0.05 5.78

0.45 2.23 0.71 0.40 0.05 5.56
0.50 2.44 0.50 0.44 0.06 5.50
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Data shown as mean+standard deviation , different lowercase letters on the column indicated significant differences between groups (P<0.05).
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Figure 3 Species diversity analyses of algae in different groups
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Figure 4 Uptake of total nitrogen in different groups
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Figure 5 Uptake of total phosphorus in different groups
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