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Strategies of Nutrients Control in Lakes Based on Ecoregions of Lakes in China
DIAO Xiao-jun', XI Bei-dou', HE Lian-sheng', DENG Xiang-zheng’, WU Feng’, WANG Peng-teng’

(1. Laboratory of Water Environmental Systems Engineering, Chinese Research of Academy of Environmental Sciences, Beijing
100012, China; 2. Center for Chinese Agricultural Policy, Research Institute of Geographic and Natural Resource, Chinese Academy of
Sciences, Beijing 100101, China; 3. College of Chemical Engineering, Beijing University of Chemical Technolgy, Beijing 100029,
China)

Abstract: In order to better reduce lake eutrophication, based on five ecoregions of lakes, the relationships of total nitrogen (TN) ,
total phosphorus (TP) , and TN/TP ratio with chlorophyll-a ( Chl-a) in 100 lakes were discussed, furthermore, strategies of nutrient
control were proposed respectively. Results showed that among the five ecoregions, the lake eutrophication level was the lowest in
Dongbei ecoregion and the highest in Huabei ecoregion, but the eutrophication level in lakes of all the five ecoregions is increasing in
recent years. Algal growth in lakes of Dongbei and Huabei ecoregions was limited by phosphorus, while it was simultaneously limited
by nitogen and phosphorus in lakes of other three ecoregions ( Zhongdongbu, Yungui and Mengxin). In lakes with TN/TP < 10,
significant correlation between Chl-a concentration and TN was found in lakes of the five ecoregions except for Huabei ecoregion, and
significant correlation between Chl-a concentration and TP was found in lakes of Dongbei and Mengxin ecoregions. In lakes with TN/TP
>17, significant correlation between Chl-a concentration and TP was found in lakes of the five ecoregions except for Mengxin
ecoregion, and significant correlation between Chl-a concentration and TN was found in lakes of Zhongdongbu, Yungui and Mengxin
ecoregions. In lakes with 10 < TN/TP < 17, no significant correlation between Chl-a and TN (or TP) was found in lakes of all
ecoregions except for Zhongdongbu ecoregion where Chl-a concentration was significantly affected by TN. As for strategies of nutrient
control and reduction in the five ecoregions, lakes of Huabei ecoregion should adopt TP control in priority, and in Dongbei ecoregion,
TP and TN should be controlled simultaneously in lakes with TN/TP <10, while other lakes should focus on TP control. Lakes in other
three ecoregions (Zhongdongbu, Mengxin and Yungui) should control TP and TN simultaneously.

Key words : ecoregion; lake eutrophication; nutrient reduction; control strategy; TN/TP
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Fig. 1 Eight ecoregions of lakes
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Fig. 2 Status of lake eutrophication in the five ecoregions
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3.3 TRAEZSMXIHNA TN, TP X Chl-a L5450

PG TR B LKA X 100 A R ZRELHIIA Y 4 a
(2008 ~2011 4F) M7 AR L5 R, 57 1 1g TN,
lg TP 55 lg Chl-a #Y —JeZ P M J7 2, >R FH Z ot [l
AT T R G HRIT T TN, TP % Chl-a 254 5%
My (% 1).

ZALMIX . 1g Chl-a = —0.078 lg TN +0. 444 Ig
TP +1. 596

HEJLIIIX . 1g Chl-a = —0. 110 1g TN +0.517 Ig

TP +1.927

HIZRIBII X : 1g Chl-a = 1. 507 1g TN +0. 321 Ig
TP +1.035

51X ;g Chl-a =0. 662 1g TN +0.399 lg TP
+1.627

SEHTHIIX ;1g Chl-a =0. 956 lg TN +0. 382 Ig TP
+1.061

MR TR R XA T B T AR
FAEALHIIX A TN X} Chl-a B 800 A B 2% 41, Hoftb
TN, TP X} Chl-a 37775 4 % 1 3 stk & 2 1) 52
(P<0.01 B{ P <0.001). st TP ZEAHILFE
ACII DA 2 A R A BR M35 FR 6 I TN R0 TP
[ AR ER . = SNSRI DX A e S AR KA IR
S IR, RUIKE Z 80005 5 7= E a2
TN, TP IZEA 520,

£1 AAEDSHEHAT TN, TP 5 Chl-a £ EZH - TEFASKIT S

Table 1  Statistics for regressions of Chl-a on TP and TN in lakes of five ecoregions

EBAIX AR b ES 4 FrifEiR (SE) ' P R df
I b 1.596 0. 147 10. 835 0.000"**

ZRAGIEIX lg TP 0. 444 0. 124 3.593 0.002** 0.632" " 29
lg TN -0.078 0. 096 -0.811 0. 427
HHE b 1.927 0. 168 11.447 0.000" **

1EJLIIX lg TP 0.517 0.120 4.320 0.000 * * * 0.465%** 139
lg TN -0.110 0. 148 -0.746 0. 457
W b 1.035 0. 105 9.817 0.000"**

PR X lg TP 0.321 0. 091 3.529 0.000* * * 0.496* * * 456
lg TN 1.507 0.156 9.643 0.000"**
BRHE b 1.627 0.074 22.106 0.000* * *

=X lg TP 0.399 0. 051 7.783 0.000 " * * 0.760* * * 511
lg TN 0. 662 0. 062 10. 685 0.000 " **
I b 1. 061 0.172 6.182 0.000 " **

SR IX. lg TP 0. 382 0.119 3.225 0.002* * 0.642%** 127
lg TN 0. 956 0.179 5.329 0.000"**

1) ® % F/R P<0.01, = = = F/R P<0.001

FEWIA U 5 2% 2 C R MBS TN/ TP Joi
i (TN/TP) & — AN SR, H AR 3iE TN/TP 3]
BT WEBEE B SR BRI 28 AL — A, TN/ TP Eb
BRI P2 i BRI (TN/TP > 17) , TN/TP F 48 /)N
32 Z BRI (TN/TP < 10) , TN/TP M 25t 52 — 3%
FEEIFR (10 < TN/TP < 17) 2. ¥ L R AE B4 IX
WATE B3R TN/TP F5isrh 3 A4, A
lgChl-a 5 1gTP | IgTN MIEIHSCR (£ 2). WA
O TN/TP < 10 WA, B T 440X, 3
fl 4 AW X AY TN Y55 Chl-a A5 8 0 (P <
0.05) ; TAEREAL , ThARF A = 5L X, TP % Chl-a
A RELW (P >0.05) , AT AL G0 TN/TP

<10 B U E BRI SRR LS. @7 10 <
TN/TP < 17 #AH Br T H R X TN XF Chl-a A
WBEFLMAN(P <0.05) , HAh TN Fl TP X} Chl-a
WA BER (P >0.05) , 3% Al B2 i T7E 10 <
TN/TP <17 Bf TN, TP XEKMH R L2, w55 T
HX} Chl-a B E M. @FE TN/TP > 17 #iA
BRS28T I X A0, TP 2I%) Chl-a A JAEH B W50 (P
<0.01) , W FEZRGFIVEE T, MTEHARE, =5t
FSEHWX, TN XF Chl-a tLIRIA77E7E B (P <
0.05) , X S51E5G:H9 TN/TP > 17 I S2: ik — 1% R 7l
PEE FRER UL AT — 8 22 7, LR KR A Rtk
— AR
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Table 2 Statistics for regressions of Chl-a on TP and TN in lakes with different TN/TP ratios in five ecoregions
HBATIX TN/ TP A B4 FrifEiR (SE) t P R dr
T b 1.567 0.418 3.747 0.006 " *
TN/TP < 10 1gTP 1.290 0.526 2.452 0.040* 0.845"* 7
1gTN -1.287 0.312 -4.127 0.003"*
T b 2.170 0. 456 4.756 0.003 " *
ZRALHIX 10 <TN/TP <17 1gTP 0. 807 0. 408 1.979 0. 095 0.967*** 6
1gTN -0.022 0. 356 -0.063 0.952
IR b -1.508 0.276 —5.462 0.000 " *
TN/TP > 17 1gTP -1.123 0.286 -3.928 0.000* * 0.741% % * 14
1gTN 0. 629 0.720 0. 873 0. 389
) 1.874 0. 430 4.359 0.012"
TN/TP < 10 1gTP 0. 030 0. 549 0. 055 0.959 0.910 12
1gTN 1.187 0.774 1.534 0. 200
HHE b 1.305 0.777 1.679 0.114
S ATITES 10 <TN/TP <17 1gTP 0.114 0. 676 0.169 0. 868 0.798 * * * 26
1gTN 0.203 0.672 0. 303 0. 766
) 1. 968 0.298 6. 607 0.000 " *
TN/TP > 17 1gTP 0. 642 0.194 3.309 0.001** 0.523*"* 99
1gTN 0. 060 0.203 0.298 0. 767
T b 0. 940 0.253 3.712 0.000 " *
TN/TP < 10 1gTP 0. 124 0.318 0.391 0. 697 0.497*** 127
1gTN 1.916 0. 417 4. 600 0.000 " *
B b 1. 169 0. 851 1.374 0.172
AR X 10 <TN/TP <17 1gTP 0. 679 0.783 0. 868 0. 387 0.518*** 141
1gTN 1.995 0.818 2.439 0.016
R b 1.390 0.270 5.154 0.000 " *
TN/TP > 17 1gTP 0. 493 0.181 2.725 0.007 * * 0.561*** 186
1gTN 0.975 0.252 3.871 0.000 " *
) 1.010 0.317 3.183 0.002"*
TN/TP < 10 1gTP -0.163 0.379 -0.429 0. 670 0.689* * 69
1eTN 1.302 0.374 3. 480 0.001"*
HHE b 2.347 0. 786 2.985 0.004 " *
BRI 10 <TN/TP <17 1gTP 0. 944 0. 697 1.355 0. 180 0.603* * * 78
1gTN -0.277 0.710 -0.390 0. 698
I b 2.269 0.172 13.176 0.000 " *
TN/TP > 17 1gTP 0. 780 0.112 6. 986 0.000* * 0.835*** 362
1gTN 0. 494 0.101 4.898 0.000 " *
B b 1.458 0.231 6.318 0.000 " *
TN/TP < 10 1gTP 0.720 0.268 2. 691 0.025* 0.957*** 13
1gTN 1.155 0.381 3.033 0.014 "
) 2.170 1.596 1. 360 0.190
SEHTIX. 10 <TN/TP <17 1gTP 1.286 1.418 0. 907 0. 376 0.767*** 23
1gTN 0.162 1.301 0.125 0. 902
) 0. 856 0. 180 4.748 0.000 " *
TN/TP > 17 1gTP 0.150 0.106 1. 406 0.163 0.584 "~ 89
1eTN 0.526 0.141 3.742 0.000 " *

1) #* TR P<0.05 % % FI/RP<0.01, % % = F/R P<0.001

R BR  TE H RS X GG N AR A
R 1) IR R A ( TN/TP > 10 ~ 17 ) B U Le 3 Bl Y
R T LA 3 A 70 9 S T W 118 i oy o I 2 5 e
A RS DT 8 B 9 28 A K 2 27 B U o
BRI AR EIY. R AE AT R o3 Xl S 4%

ENIBEP SN AT J1-E - ROl E= 5 NiiE 210NV
T BE T SRS B Y B 5 Chl-a AH O OC &R 19 15 J7
R, TECIERY_E B2 A 2573 DX 32 288 SRR BRI
R SN R AR 2500 X I B ) AR, B7EAS
GEAPEWE A SR e T 2R, LA RO Pk
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X, TN/TP < 10 BJ#ITA TN F1 TP #5235 254 KRR
VRS TR W R IBCRUBRIR 45, A9 niy DA
B 32 A XWITE TN FI TP X 3282k KA
FRm B RS A% G W N B TR S
IR o) = e PR ) A WTH (TN/TP > 10 ~ 17 ), Rt
TR A PRAIRA, I w [R5 AR B A
(%£3).

®3 BEXRESHXMARBHZE BREE

Table 3 Selection of nitrogen and phosphorus control in lakes of five ecoregions

HEBIFIX TN/TP PR Rk P H Ar
ZALHIX Wik > 17 R A PR S B TN/TP < 10 1A R BRI A e il , HoAb el &
1EJLIX Wik > 17 T BR e Sedsmh &
FRZR R X SN, > 17 AR Z AR BRI FERE R A G A
ZRIIX Wik > 17 B A PR FER R A A
SEHIX Wik > 17 R R ] PR R A i A
s TP XA KA W 5 m 5 B AR SR A% 40

(1) TLRAEZSF X TN 4EBRi shi K, Rk
7 1 N7 958 2 (A = [ 3 | P N7 9 B S = T e B |
WA DX RN ST X A HAB I X TN % BE 2008 4F J5 &
T TP YRR 20 ok ABEEA K. 2006 5
-2 ZAEBRIL BN, 2009 4F Ji5 W S 48 i 3.

(2) IRAE S XKIA H 1gChl-a 5 1gTP ¥ 2
M IE A OGO R AR G AR 22 5. TRIF
PRI TP () FH 803 e B R ZR 0 X 500
A . 2= S, 2R X R4 b X, 1gChl-a
55 1gTP B S B AR A X = Bl X
SR | H AR ERIBA DX AL X

(3) N TN, TP X FL R A= 243 KA i g R vk
JERIREIR A, TP & A JL AL i) XA B 2 A K Y
FELRI P F2 0 T TN AL TP [RIA R T R . = 5t
SR DT B2 AE K A B 14 %8 R 8. DL TN/TP
T, TN/TP < 10 B, BRAEACHA XA HoAth 4 A4~ X
WA Chl-a #4332 TN B35, TP UK 4RI 50
WA Y Chl-a A7 W50, TN/TP > 17 B, FR5%
BB A B HAl 4 AN X9 Chl-a ¥952 TP & 3
SN, TP ARTS . = BRISEHB X, TN Xf Chl-a
A BEFLM. 7610 <TN/TP < 17 I, & T h A& 3
X TN %f Chl-a A & & % W 45, HAth TN 1 TP X}
Chl-a¥5 A W 2.

(4) TEAAL I XA, 5 % R 45 1 LG e 45
Wil 3 ZEARILIBIIX, TN/TP < 10 A1 TN F1 TP
HRAR B AE R BRI R IR AR N R BRUA R A 45
il , FLAb I N DA Wl o s LA I XCAYA TN A

W A5 S T 2l K 5 BIR o) e B A ) 38 A ( TN/ TP

>10 ~17) , L E & T R 5 BRAAR S, i [R]
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