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Potential impact of TN/TP ratio on the cycling of nitrogen in Xiaojiang backwater area,
Three Gorges Reservoir
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Abstract: TN/TP ratio represents the nutrients structure for phytoplankton in aquatic ecosystem. Observed data of TN, TP and TN/TP
ratio from March 2007 to March 2008 in Xiaojiang backwater area in Three Gorges Reservoir were summarized in the paper. It was
found that mean value of TN is 1553+43pg/L, while that of TP was 61.7+2.7ug/L. Although both TN and TP showed remarkable
seasonal variability, their variations were approximately the same. Generally, they were low in early spring while suffered a sharp
increase in the late spring and reached a maximum level in the summer due to the frequent storm. Concentrations of both TN and TP
decreased in the autumn while increased again in the late winter. Average ratio of TN/TP was 30.6+1.4 and indicated a
phosphorus-limitation in the XBA generally. The significant positive correlation between TN and TP indicated that both nutrients
might have the same importing and exporting approaches to the water area. TP was major nutrient that controls TN/TP level. When
TN/TP<:22, nitrogen is control factor and the relatively intensive TP input can result in the decrease of TN/TP ratio. Nitrogen fixation

might occur to overcome the surplus phosphorus in water column. When 22 <TN/TP <32, TP manipulated nutrients that controlled the
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TN/TP ratio. It was also anticipated that the organic anabolism loop from nitrate to PON might be the dominant process in nitrogen
organic anabolism. When TN/TP=32, low TP would considerably prohibit the organic anabolism process, while ammonia might
become the potential significant factor that impacted on the pattern of nitrogen cycling. It was suggested that due to the relatively
short hydraulic retention time in XBA, nitrogen cycling would not be influenced by TP but also impacted by the hydrodynamic
condition. Intensive nutrients loadings that increased TP were due to the relatively heavy precipitation and surface runoff in XBA,
followed by the unstable physical living environment for planktonic communities, while the decrease of TP indicated the feasible
living environment, stimulated the organic anabolism process of nitrogen.

Keywords: Three Gorges Reservoir; Xiaojiang backwater area; TN/TP ratio; forms of nitrogen; characteristic of nitrogen cycling;
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Fig.1 Drainage system of Xiaojiang watershed Fig.2 Sketch map of Xiaojiang backwater area
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75 Hoh)-9 A, #kZE 9 H FH)-11 H Al 42 12 H-RF2 H.

2 RO

21 EAXR. BRENSHELERE

2007 4F 3 H % 2008 4 3 H, /MLEIKIX TN BB Ry 1553+43pg/L, ZB46E HISh 664-3239pg/L.
TP 43 S N 61.7£2. 7pg/L, ZSALTE N 12.0-191.0pg/L(FE 1). TN, TP [{ZET 28 fbadt B2 (& 3), (A3
WEFWE. 2007 FEZF, MLEUKX TN, TP BEREEHI MUK, B TN, TP FXES510
1098+60pg/L . 57.0+7.8ug/L. Z AFGH G MIEF, 4 A4 TN, TP Esmddhn, Hrb TP f3siR Il %
F. A6 5 HEE oK AEIIE], TP BB WS TR, 5 TN e BE A2 5 i AR W 1 U s i g 5 3 27, kA
B )5, TN, TP Z#i L7, B2 TN, TP ¥{H/0 1693+79ug/L. 62.3+5.2ug/L. BAK TN, TP /K-
iR, (HARKR B IR TR, 76 2008 45 2 A | 3 H AR &4 AR m K, 2008 4E 3 TN,
TP F- M 43 15K F] 2217+192pg/L, 89.5+15.4pg/L. K HE Wetzel $2HERIIINA K ZEE FRAR SR bRl #F
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FEMAE/NTEIK X 96.0% A0 TN FEARFI 90.4%H0 TP FEASHE 1L H & SRR 10 1R BE AL BR (TN =753 pg/L,
TP=26.7ug/L), Ti 34.0%H TN FEARFI 22.6%H) TP FEAE T & & IR R A AR M B E (TN = 1875ug/L,
TP=84.4ug/L), /NT.IIKIX SR - 4bF -5 B3R IR
21 /MLIEKIX TN, TP #1 TN/TP &tit4h
Tab.1 Results for the concentration level of TN, TP and TN/TP in Xiaojiang backwater area

AE(n=125) 2 (n=35) K Z(n=35) FZE(n=25) &2 (n=30)

TN PG 1552443 1417£110 1693+79 138655 168658
(ng/l)  ASfbiuFl 644-3239 644-3239 659-2671 1014-2089 1087-2302
S.D. 484 651 468 274 315
TP Y& 61.7+2.7 66.3+7.4 62.3+5.2 47.6+2.7 67.3£2.8
(ug/L)y ARy 12.0-191.0 12.0-191.0 22.0-129.0 29.0-82.0 44.0-92.0
S.D. 30.5 43.7 31.1 13.4 15.4
TN/TP HH 30.6+1.4 33.9+4.2 31.5+2.0 30.3+1.4 26.2+1.3
AR LG 6.8-87.3 6.8-87.3 13.5-61.5 19.1-52.8 12.7-40.8
S.D. 15.3 24.7 11.7 6.9 7.0
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Fig.3 Scatter dots of the variation of total nitrogen and total phosphorus
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X TN/TP fREFFE S AF T K- (] 4), H 4 A TN/TP BESR TR ZE SRR, 4 A A FIK X 45 RAEEWT
TN/TP 3R 8.8. MJF MIZKIX TN/TP B #imFt, 4 7 AK . 8 AVIEMA TR, HARKE TN/TP 3k
AARAFTE 20-40 Z (8], GeitHaue R/ NI AKX TN/TP 446215 8] 22 55 3 AU i, {52 TN/TP A28 I
HURA BN, M Guildford 48 HAY/K FE FR W BRI 2 ISR UER): TN/TP = 50(BE /R He, 5
Fit L2k 22.6) M BERRHPIRAS, 1 TN/TP<20(BE/K Lh, #eS it L2k 9.0) W A FR GRS, AF5EHIN
70.4%M TN/TP &b TBEBRHIRAS, 1N 3.2%MBEHEA AL T/ BR GRS, BESRFFFWIT /NI BIK X S A4
THEBR RS, HAUBR PR 091776 3R IR o 30 (0] 8 SR W BR RS 2 B i I DL W] RE A7 AE, 1A P REX 1T
A A A TRV TR 7 £ S

3 iTit
Z M Guildford FYE IR FRFIPERRAES, BeBF5E I/ K X TN/TP %143 H AT =4 KF: TN/TP

<22(Fiflt, TR, 22<TN/TP<32 Fl TN/TP=32. % 2 #2t T7E ERIR S T RIS AZ UK TP HF
Yy B RS ARV L, T S e T RTR] TN/TP KSR B9 R AU .
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Fig.4 Scatter dot of the variation of TN/TP ratio  Fig.5 Composition of TN under different TN/TP ratio

WFFEE], ZMTRKIX TN 5 TP 5 8 3% EAHSCOCR (R 3), RWI/INTIIK DA ik A A i ik
RECHIFL. T 2 8 SR (O DTRAEER ), BRI AR T 5 7K 5 Tl K Ah, KA TP i £ BRI R
Sl 5 U A B i B Rk W AL TP B A R R S e T 2K U SR i A G e e R A RN
FEIE], TN/TP 55 TN JCH R4 6 &, HFE TP A RESRA AR R, H log-log L MERRIAIR Y
-0.725, LOESS &L T 3 ikEImA M ihZ I (& 6), [7] Downing, Qurios %5 M sr b S —3>0), it
R 2% A0 Dk B R PR/ N[l K X TN/TP A9 252 ma R B 5548, NH,™-N [R] TP Al TN/TP JG . 35 AH 51,
1M NO;™-N 5 TP i 3 IFAHC{H[F] TN/TP i3 A C (3R 3), H NOy-N /KM AR 1 FERMATEE, Ul
W] NOy-N &/MTIK KR E A M EZIX, HA TP A% A4 GEAH .

2 TN/TP<<22 i, /KA TP & it B B 8 FHA R TN/TP ACE R TP S 2), UIIRAET
IR AT, B Y TP W A0S T TN/TP AR E AR K 10 E R NP BF 98 & IR
AT TN/TP [7] TP LR ES X, /2 TN [/ TN/TP W FARE(& 7), TN ANk b2 82 TN/TP
W, RPAEFRYRMARERRAEIT, TP A E R TN AU /NI K K8 SR 25 4 2 1Y
FEREER, ZRET RE0EA v e [ 5049 W ZE R TN SRR, 1895 TN/TP LAH4AH
Xty TP BRI e TN/TP <22 BhHh B T [ 08 i e (9 A TR L T _ a7, [R]A Smith
JRIAH TN/TP<22 J [ ZUR 8 b e 3 ) 3 AR 2,

2 A TN/TP K T4 TR AR FE M TP (1971 B 5728 bt
Tab.2 Mean value and range of TP and different forms of nitrogen under different TN/TP ratios

TN/TP <22(n=36) 22 < TN/TP < 32(n=46) TN/TP = 32(n=43)
TP YE 92.6+4.5 60.5+3.1 37.1+24
LI 41.0-191.0 27.0-130.0 12.0-75.0
TN PG 1476 + 87 1616 + 74 1550 + 66
AARTER 644-2671 659-3239 748-2592
NH,-N  #{H 297 £33 289 + 26 325+39
ASAVTERE 78-902 15-737 34-1036
NO,-N i 793 £ 50 724 + 44 613 £37
TARIEE 213-1344 18-1606 40-1087
NO,-N ¥l 254+25 17.9£2.9 20.5+2.6
LI 2-55 0.0-116.0 0.0-77.0
DON Y1 184 +29 342 +39 274 + 45
LI 9-639 5-1207 0-1045
PON e 177 +27 242 +35 317 + 49
AAVIER 6-798 13-1063 8-1523

* BN ug/L, n AREAREL.
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Tab.3 Martix of correlation coefficients among different forms of nitrogen, TP and TN/TP ratios

SR NH,-N  NO;y-N NO,-N DON PON TN TP
NH,"-N 1.000
NO;™-N - 1.000
NO,-N - - 1.000
DON - - - 1.000
PON - - - - 1.000
TN 0.453" 0.453" - 0.461"" 0.416" 1.000
TP - 0.445™ -0.226" - - 0.464" 1.000
TN/TP - -0.219° -0.192" - — - -0.813"
TN/TP<22 NH,”N  NO;-N NO,-N DON PON TN TP
NH,-N 1.000
NO;-N - 1.000
NO,-N -0.434" 0437 1.000
DON - 0.398" -0.348" 1.000
PON - - - - 1.000
TN 0.703" 0.749" -0.414"  0.543" 0.506" 1.000
TP - 0.390" - - - 0.479" 1.000
TN/TP 0.580"" 0.402" -0.544" 0337 0.451" 0.594"" -
22<TN/TP<32 NH,N NO;-N  NO,-N DON PON TN TP
NH, -N 1.000
NO;™-N - 1.000
NO,-N - - 1.000
DON - - - 1.000
PON - 0.416" 0.295" - 1.000
TN 0.380" 0.560"" - 0.387"" 0.629" 1.000
TP 0.303" 0.551" - 0.370" 0.612" 0.938" 1.000
TN/TP - - - - - - -0.442"
TN/TP=32 NH,N NO;-N  NO,-N DON PON TN TP
NH, -N 1.000
NO;™-N - 1.000
NO,-N - - 1.000
DON - - - 1.000
PON - - - - 1.000
TN 0.399" - - 0.459" 0.460" 1.000
TP 0.436" - - 0.351" 0.468" 0.861° 1.000
TN/TP -0.296" - - - -0362"  -0.416"  -0.788""

* REMIK 0.05; #+ WETEAKF R 0.01; “=7 FoRICREMCE.
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B RS (R )P4, TN/TP A%
i, FHIEMEAMT R I TN TP (R4 8508 1 iF
KRR, HIERECH 0.861(5% 3). RAKTEEAKRZBMHIEXRZ AL, H TN A1 TP 35 DON, PON
FINH,-N ZEIEASE, H DON, PON [i] TN, TP MIAHZEMERT NH,-N(GE 3), WBHIZIRE T TP & &I
APA G HCRER. 1M PON 5 TN/TP A BEFTAHKE KR, SHNHZIRA TR PON & it FFEE TN/TP
ThEnsk TP &8 FHA 6, PR T TN/TP THi A il PON &8s/ ryadh, S il i ek )
FTHLAE A AL PON Ry A v BEZ 200 ). 45 2R T NH,-N [[] TN TP 8% 1EAHE, [ TN/TP
E TS, BTN NH, -N AT IR MIZRAE T R AR A ORGP A2 ) SR P

VRS FR A5 I SEAERAE, TN/TP A4k B W AR WA AR B8, XIS RIS I3 A K i % B,
TN/TP A ARSI B R K S AR a0, i fkpE TN/TP fFEAI, NH,-N/NO,™-N Bifi TN/TP ([ ifi
AN, WA KK D SE A PRBE [ 38 S5 SR B AR U725, (]t e R G B8 A ] 42 7, DON/PON %
BE A IR AR A R AR (HAEARBIE ST, /N [EDK X NH, -N/NO5-N Fifi TN/TP B3 715, i
DON/PON JUIAH 7 i1 52 B0 H R b ta 35 8). 5341, 2422 < TN/TP <32 Hl TN/TP =32 i} TON(DON+PON)
Frit R IAE TN P & LB AR Y, HIRT TN/TP<22 /KE FRYAEN(E, [FiT PON & A TN Hhpf
B ILETE TN/TP=32 KE T e, ME TN/TP<22 KETHEA%. FUE L, NLEKIXEAZRSH R
(NH,"-N/NO;™-N FI DON/PON)Fifi TN/TP F = mk e AR ifii & Az A9 A8 fh 351 6 B0 H 91 A B 43 A 9 P B R i o A

%1@:[1,6].

HRYEHTIR M IE 455 B SN SOOI 2256, F 5% 2% B 2% X 3 ] T8 50 K 2 £ e el gy TR 25 5% K 88 g %Atk
R LIRS TP 2 ARt 2. BFSEE], /NVLIRDK X TP AR R 25 S BRAA I A 0k A
BRPP)FIAR I . PR 354 0 3 A IEAHSESC R, i, 5% I RIS AR i i R AR AR KRR Lok T ik
FERYE TR, BEKIX TP &g Tk, i 00 K 2R K R T JR S /N T (s 22 5
ANILIRK X 145m 7K B 2R 3K 22 1 K BT R 20d 2245, 1T 156m /KA 44 Ze Atk 28740 537 JT 19
N 80-90d), 48R A [ TR ANAR AL 1t FEEAT AT g fe [0 K X 7 A B o 30 B g AT B PRI AE AR . R,
16 TN/TP<22 7K F, TP KA RIRIEE, A& ERK SN &0A nT g — e s T A ZRA L
B, IR T DON, PON & LK EATEE TN Hr s e AR TN/TP 7K T A R 1
I, 1 NO5-N & 5 K HAE TN Hir o L A d5c i, NH, -N/NO5™=N W R LR B b3 i i A2 It o P 19
ALh, TP i FREE TN/TP 2045 BT Thi, /K8l S T s S I A A A R At T A AR 1 P 3R
55, IR0 T X ICHLEE A WA, S8 7E TN/TP=32 il 22<TN/TP<32 /KT, DON., PON &4
HCAE TN BT 7 LB 4% TN/TP < 22 I AYAE I (E 5, NO5-N & 5 SHAE TN ir o e s BT TR, HH
R BIF ST B JCTE R LA A B 42

EAR(N

Fig.8 Varation of relative abundance of major forms of

nitrogen under different TN/TP ratio



516 J. Lake Sci.(#ia4+5), 2009, 21(4)

(1) TN/TP <22 fif, 53 14568 o W9 ANAR 0 R i TP &5 d 9, NO5™-N & AR W, [ml/K X g
FLAMDINE A 5. BIREYE BRI R PO N RN T IR T RGP A 20 TP, [HM
REWSHM LR, RIS IFAAEAETCHL R AR AS R 11 300 {7 0 8 e o [ U0 P 0 2 ) B 2 R o
ZRAFR, Tl A R R A b s AR PO 2 P G . TR, RS T NOy-N & BB A M TN 2
BEFASE, H DON 5 NOy-N A WFMIEMICCR, HFFEHEINAEY) [E R A0 4=l RE R TCHL AR 1A= 4
ATA PR DA SE, JREAR AT RE ORI A RIS, b Tok= W2 MR, H AT et
IR R R

(225 TN/TP=32 i}, HIRBEFEIA N NH, -N XFZCRAS B R R PG WL R0, {3 NH, N 7ER R G
RN PR B ) M ORI, S34b, Z0IRAET TN [A TN/TP A F AR R (R 3.8 7), &
MR TP 20 TN/TP HYAEfEAh, TN 548 A2 IR Rl A PR i FR ) e 2 1) A8 AL A DIIBCR . (B HRTAYBITSEATS
JCEAR R FLEAE ) A AL

4 Fig

WA, /MK X TN RS g 1553+43ug/L, TP XU Jy 61.7£2. 7pg/L, 7K X R4t
Tr-EE IR, TN, TP AR b B2, (A 22 50, HOLARZ LT 2 2007 4B RILES
AR EARIKT, 52 A5 2 W 0 52 0 72 8 K 00 BUBCR IR B i3l hn, A B R 8 2R K, A
PG TN, TP WRBEEZW TR, (BALGASEZE BT, PR HiE, TN/TP 350 30.6+1.4, IR
i, SAEBPAMEIFAHE, EAEFRSAWBR. ZKEE . BA L SR KRB0, TP ka2
PEE/NTEK X TN/TP (4 B R K.

24 TN/TP <22 i, TN 2RI/ NI RK X FR a5t R s i) FZEE R, AW EAEA T Re & A LAY
TN/TP, THAAIRTE B TP, 24 22<TN/TP<<32 i, TP Bft TN B4 TN/TP i FEH %, RG5E
X NO3-N R4 EL . LA A LA R A ST B &, 2 TN/TP=32 i, TP & &R KF,
TP Al TN/TP XA HLE & B R0 B2, WFSSHEI TN/TP BT A R R A WL A 32 B A 7B, NH, N
H T BESERZ M TN/TP =32 /K T R 2 A BURIE P R ) Sk PR 7.

AN LK DX 3 3 A0 A 28 R R I M ER ) S SR AR TR] TNVTP KSE R R R IE S AR A R A5 1
T KBTI B i R R R SRAR Ui 3k RO [ K DX B8 SR i A B EE R, Kb TP & B i FUK 8l ) 24
HIRE BRI A, APV S XA TN Hir by LR TP & A9 R TNV/TP (4R R TR
(ELR BB TR 5 T AR AR I T FR 192845, TP i FREH TN/TP 51 BT P, /K801 S8 T 008 I ey
A RABIEE T AN E R BEIAEE, s T EHL R A AR, £ TON &g e HAE TN J AT & FLE T+,
NO;™-N & K HAE TN Hi7 b7 LbE B TR (FUR H R WFs L i R RBSE TN/TP < 22 i AE W) [ A AE
B E ML L B TN/TP =32 KT TN % TN/TP AR5 AR 45 30 A8 — 25 14 1 %

5 SZ ik

[1]  Wetzel RG. Limnology: Lakes and river ecosystems. CA: Academic Press, 2001: 207-210.

[2] Tilman D. Resource competition between planktonic algae: An experimental and theoretical approach. Ecology, 1977, 58(2):
338-348.

[3] REZ, &b, & Ot FUCERE LN W 2 LR s e m. WIHEE, 2007, 19(2): 125-130.

[4] Smith VH. The nitrogen and phosphorus dependence of algal biomass in lakes: An empirical and theoretical analysis. Limnol &
Oceanogr, 1982, 27(6): 1101-1112.

[5] Downing JA, McCauley E. The Nitrogen: Phosphorus Relationship in Lakes. Limnol & Oceanogr, 1992, 37(5): 936-945.

[6] Quirds R. The relationship between nitrate and ammonia concentrations in the pelagic zone of lakes. Limnetica, 2003, 22(1-2):
37-50.

[7]  Quirds R. The nitrogen to phosphorus ratio for lakes: A cause or a consequence of aquatic biology? In: Fernandez AC, Chalar

GM eds. El Agua en Iberoamerica: De la Limnologia a la Gestion en Sudamerica. Programa Iberoamericano de Ciencia y



R

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

WE: =0k K BT EIK R RE] TN/TP KB F §0E W &5 W Fo g 3045 5. 517

Tecnologia para el Desarrollo (CYTED). Buenos Aires, Argentina, 2003: 11-26.

Guildford SJ, Hecky RE. Total nitrogen, total phosphorus, and nutrient limitation in lakes and oceans: Is there a common
relationship? Limnol & Oceanogr, 2000, 45(6): 1213-1223.

Hakanson L, Bryhn AC, Hytteborn JK. On the issue of limiting nutrient and prediction of cyanobacteria in aquatic systems. Sci
Total Enviro, 2007, 379: 89-108.

Reynolds CS. What factors influence the species composition of phytoplankton in lakes of different trophic status?
Hydrobiologia, 1998, 369/370: 11-26.

Smith VH. Low nitrogen to phosphorus ratios favor dominance by blue-green algae in lake phytoplankton. Science, 1983, 211:
669-671.

BAEEAR, XUERE, SAMF T4, =0 X i KB R A IR Y Ja A . KR AR 4R, 2006, 30(1): 116-119.

RESCHE, REA, DR ZWUREKIFIE YRR S5 5 DNA 28 ILB . WAFRY:, 2007, 19(3): 333-339.

B EL WEEER BRI GUK S RS EWIT. BRI, 2005, 18(6): 80-84.

R, sk, W R SWoRPEEIFRRESIEIARENT T, IR, 2006, 26(6): 1022-1030.

iR, AR, RAONAE. oK U R SORUAEE B IRIRAS BOE SRR . FREERE, 2008, 29(1): 7-12.

AL, W P, B RV R XK T LA TN/TP A S AR i bl o R4 (D ),
2005, 3534 T 1T): 111-120.

Xie L, Xie P, Li S et al. The low TN:TP ratio, a cause or a result of Microcystis blooms? Wat Res, 2003, 37: 2073-2080.
2P, WIS, J5 055 ZWONLIRDK XA RIS R AL SRR, 2009, 30(6): 28-34.

FE RIS A B RPN M5 ) 2. AKFBK M I 73 B 5 i BB IR, Lot v PRI 2 A,
1997: 243-285.

Allan JD, Castillo MM. Stream ecology: structure and function of running waters 2nd Edition. NL: Springer Press, 2007:
256-264.

ERAREM. BRI MRS 9CE. 2007. http://www.121.cq.cn/service/cqweather.htm#one.

Odum EP 3, MUK, BRIERTAERE. A28 0a. Jtat: NREH ittt 1981: 83-100.

Havens KE, James RT, East TL et al. N:P ratios, light limitation, and cyanobacterial dominance in a subtrophical lake impacted
by non-point source nutrient pollution. Enviro Pollut, 2003, 122: 379-390.

Stumm W, Morgan JJ. Aquatic chemistry: chemical equlibria and rates in nature waters(3rd ed). NY: John Wiley & Sons. 1996:
927-932.

Howarth RW, Marino R, Cole JJ. Fixation in freshwater, estuarine, and marine ecosystems. 2. biogeochemical controls. Limnol
& Oceanogr, 1988, 33(4 part2): 688-701.

W, 5 U5, BEINAE. ST X B 2007 F A FOKAE S EFRIMRFE. AR, 2009, 21(1): 36-44.



