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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+2.7pug/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;

hydrodynamic condition
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1 AREEBERRTE

1.1 MREEERFEFR

INTHR(E 1), A TFAbds 30°49'-31°42", K% 107°56'-108°54'2 8], sk FR 5172.5km?, F i 0
P =R 247km, S =X B bR TSR AR AR AR GO, S OKEE K E 156m 5, /MLE
K IXFE(R B B BTN, K2 60km. (B &KX K 5GZE] 156-145m KALEKRIE IR0, ARBFFT 1%
& 145m LUF K AKX : 3218 S Z/NTI 1, 245 40km T BAE BT X 2). 4T S/ N [l K
XIMTBK 1254, IFEr62% IBIR R BHEG 52, EE A/ NMNLIEK X BT E 5 A REEWE, 5750 0:
WL YE T1(N31°07'50.8", E108°37'13.9") . = BHFHI(N31°5'48.2", E108°4020.1") . # 14 (N31°0029.4",
E108°42'39.5") , SULAHF(IN30°56'51.1", E108°4137.5")FI/NLIT F1(N30°57'03.8", E108°39'30.6"). 4% W i
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KA I T RO R AL, B 2 RCRAE/KER 0.5m. 1m. 2m. 3m. 5m. 8m &Zbdt 6 4N 17K ke, R
FERF AR H 09:30 & 16:30. BREUZGIMRIEARAN, X EIRARFEIRE KN TERIRS, REE
JKEET 48h P SERUITA FEAR A4 MR TAE.
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Fig.1 Drainage system of Xiaojiang watershed Fig.2 Sketch map of Xiaojiang backwater area

1.2 WK SHELER

MAFE AR ZEANH,-N), HEENO-N), EHESENO,-N)., HitEIIKRA(DKN), LK
F(TKN). Forr, TKN ARG /KEEE AT . DK, FHARAER 9K Tse it 0.45um 41K
Al g Ab . 53 5h, TN 4G BA HLA(TON) . IS fATE sUAEE R NH, NP, b6 38 7 ] BT HL
SR R e A 2 T ) R A5 U RU(PNH)!, E T PNH; W R A FR EL 5 32 /K SR ASAE (g TR0 21, At
FEXTKA Y PNH; A T2 82N, AR SCik[21], AR SR SR X E LR T:

RS HLE(DON)=DKN-NH,'-N; ¥ it 2 JCHL & (DIN)=NH, -N+NO; -N+NO,-N; ik 2547 WL A
(PON)=TKN-DKN; A HLE(TON)=DON+PON; 4% (TN)=DIN+DON+PON.

SRR TEAR A BTN 528 SCRR 20161 7. S RTINS RSk A SPSS #7484 #Tr. S ffiAH
KM BN A S5 A e, Wb o3 A 25, ANWF TR AR B AT X EUE AL SR, IR AT R R A 105 5 i
(LOESS A, BHRECH Tricube) X £ UCRAFEARIEAT T8, ULRHER P9 10 SR AR fLRe . ARTFSE
EFE 2007 4F 3 1 -2008 4F 3 A WIMIRAER 5 AW St 125 MEARFEAE T 0. MRIESFERE . KR
AFARAE LIS I R PR X 2 AR (LR, X g s Rl e A kb AT e R oo B2 3-5 H bfi); &
Z=5 Aal-9 Aha]; #kZFE9 ATAI-11 AR, 4212 A-kR¥2 H.

2 RO

21 EKER., BRENSTTAERE

2007 4F 3 H 2 2008 4F 3 H, /MT.FIKIX TN fFEEHE R 1553+43ug/L, ZRETE N 664-3239ug/L.
TP 3 N 61.7£2. 7pg/L, ZALIE N 12.0-191.0pg/L(FE 1). TN, TP [{ZET 28 fbadt B (& 3), (A3
WRESFE. 2007 £EZFE, MLEUKIX TN, TP BIGEFFEHT ALK, B TN, TP FIES 510
1098+60pg/L . 57.0+7.8ug/L. Z AFGH I, 4 A4 TN, TP Esmddhn, Hrb TP g3siR Itk %
F.OAE S HuEEOKAEIIE], TP 3B BAT W, H TN R BE 0 22 05 e AR [ SR o) (2 4R 7). kA
B )5, TN, TP Z#i L7, EZ TN, TP ¥{H/IN 1693+79ug/L . 62.3+52ug/L. BAK TN, TP /K-
i NRE, BARE IR ZAS T, 75 2008 4 2 H . 3 H EIEA B4R i K F, 2008 4F 3 J] TN,
TP F- M 43 5K F] 2217+192pg/L, 89.5+15.4pg/L. Kt Wetzel $2HERIIINA K ZEE FRAR SR bRl #F
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FEMAE/NTEIK X 96.0% A0 TN FEARFI 90.4%H0 TP FEANHE 1L H & SRR AS 101k BE AL BR (TN =753 pg/L,
TP=26.7ug/L), i 34.0% TN EEAF 22.6%M TP FEARTE T & & SRR AYAI R I BE (TN = 1875pug/L,
TP=84.4ug/L), /NT.IIKIX SR - 4bF -5 B3R IR
21 /MLIEKIX TN, TP #1 TN/TP 4tit4h
Tab.1 Results for the concentration level of TN, TP and TN/TP in Xiaojiang backwater area

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

TN PIE 1552443 1417110 1693+79 138655 168658
(ng/l)  ASfhiuFl 644-3239 644-3239 659-2671 1014-2089 1087-2302
S.D. 484 651 468 274 315
TP E 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
* o AREARER.
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Fig.3 Scatter dots of the variation of total nitrogen and total phosphorus

22 {. BEMEENSHTHITE

WA, /IMNTIIK X TN/TP S48 J 30.6+1.4(3% 1), Z84kIE R 6.8-87.3. 2007 4£ 3 J1, /MK
X TN/TP fREFFE S AF T K- (] 4), H 4 A TN/TP BESR TR E SRR, 4 A AKX 45 RAEWT
TN/TP F3{R 8.8. MbJF MIZKIX TN/TP BT, 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 AW i, {HEZ: TN/TP i 28 I
HURA B AN, M4 Guildford %48 H 97K FE SR P BRI 2 ISR e TN/TP = 50(BE /R He, 5
Fit b 297R 22.6) M BERRHPIRAS, 1 TN/TP<20(BE/K Lh, #eS Uit L2k 9.0) A FR GRS, AFFEHIN
70.4%MH TN/TP &b TBEBRHIRAS, AN 3.2%MBEHEA AL T/ R GRS, BRI FI /NI BIK X S A4
THEBR RS, HAURR PR S 091776 3R IR AT 30 (0] 5 SR W BR RS 22 i I DL W] RE A7 AE, 1A FT REXIT-
A A A TR VR TR 7 2 S

3 iTit
Z M Guildford FYE FRY) FRFIPERRAED, BeBF5E /MK X TN/TP %143 A F =4 KF: TN/TP

<22(Fiflt, TR, 22<TN/TP<32 Fl TN/TP=32. % 2 #2t T7E FRIR S T RIS A Z LUK TP HF
Yrufe B RS ALY L, T S el 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], ZMTIKIX TN 5 TP 5 8 3% EAHSCOCR (R 3), RWI/INTIIK DA ik A A i ikt
RECHFL. T 2 8 SR (9 DTREER ), BRI AR T V5 7K 5 Tl K Ah, KA TP i £ BRI R
Sl T U A B i B Ak D AP TP A R R S T 2K U SR i A G e R R A RN
FEIE], TN/TP 55 TN JCW B4R, HF TP AR ESRA AR R, H log-log LMERRIAIR Y
-0.725, LOESS &L T 3 ikEIA M ihZ I (& 6), [7] Downing, Qurios %5 M sr b S —3>°), it
R 2% A0 Dk B R PR/ N [l K X TN/TP A9 2252 ma R B 55 48, NH,™-N [R] TP Al TN/TP JG . 35 AH 561,
1M NO;™-N 5 TP i3 IFAHC{H[F] TN/TP i3 A E (3R 3), H NOy-N /KM AR M FERMATEE, Ul
B NO3™-N &/MTIK KR E AWM EZIEA, H 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
EIRYHT AT, B Y TP W A0S T TN/TP RS E AR K 10 E R NP BF 98 & IR
AT TN/TP [7] TP LR ES X, /6 TN [/ TN/TP W E IFARE(& 7), TN ANk b2 82 TN/TP
W, RPAEFRYRMARERRAEIT, TP AN E R TN AU /NI K K8 SR 25 4 5 1
FEREER, RS T RG0EA v e [ 5049 W ZE R TN SRARm, 895 TN/TP LAH4AH
Xty TP RS E TN/TP <22 BhHh B T [ 08 i e (9 A TR L T _ a7, [R]A Smith
JRIAH TN/TP <22 [ ZUR 8 b e 3 i) 3 AR 2,

2 A TN/TP K T4 TR SR FE M TP (1971 B 528 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 e 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
AARTERE 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 ng/L, n AREAREL.
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relationship relationship

% 3 WIFREI/NT K XA [E TN/TP K FBIESRER TP, TN/TP AYFHE R E00E 4

Tab.3 Martix of correlation coefficients among different forms of nitrogen, TP and TN/TP ratios

SFEEE 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; #+ WEVEAKFH 0.01; “=7 FoRICREMCE.



& FE: ZMRBENIEAREARE TN/TP KF T RETESH A4 L 515

24 22<TN/TP<<32 B}, TN il TP /& iEAH ok DON/PON

o, M RBEE 0.983(5€ 3), {H TN [6] TN/TP 0 NH,*-N/NO,-N
T FEM T TP [6] TN/TP 2 8 E MK, : TON/IN

BLHTIZR A8 TP HUR TN S R K A F b
Mt S A FER K. NH,-N, NO;-N, DON #i
PON 5 TN ¥ BEIFAXLR, (AXHHIER
A LA A B, ZCIRAS T NOy-N il PON A3 i
Xt TN N sTikic k. [FR, PON [ NOy-N 75
A RFIEASEIER, 1MH NH, -N JGH] S .
A FBEBR RS R KA R R R RN A R
#} NO;y-N—PON #I NH,'-N—PON", #f}{>
T, IR R0l X NOy-N #y# O NP2 <TNAP<32  INIP=32

e MDA VRIS BRI g o TR F SRR A X AL

2 TN/TP=32 K, /MLEZKIXAKAH TP
B RS (R )P4, TN/TP A%
B, AHSEMESMHT & R TN Al TP R4 i 1F
KRR, HIERECH 0.861(5% 3). RAKTEESAKRZBEMIXXRZ AU L, H TN A1 TP 35 DON, PON
FINH,-N ZEIEASE, H DON, PON [d] TN, TP MIAHZEMERT NH,-N(E 3), WBHIZIRET TP & &
APAE G HCRER. 1M PON 5 TN/TP A BEFTAHKE KR, SHNHZIRA /KT PON & it FFE[E TN/TP
ThEnk TP &8 FHA 56, PR T TN/TP THi A il PON &8s/ ryadh, S il i ek )
FTHLAE A B PON Ry A vl BEZ 200 ). 45 2R T NH,-N [[] TN TP B & 1EAHE, [ TN/TP
E TG, BEFEIN R NH, -N AT SR MIZRAES T iR AR A ORGP0 A2 ) SR P

VR FREE R I SEAERAE, TN/TP A8 (ks B R AR WA AR B8, XIS RIS I3 A A i % B,
TN/TP (ARSI B 2K T 8 AR a0, i fkpE TN/TP (FEAI, NH,-N/NO,™-N i TN/TP (A ifi
AN WA KRR A SE A PRBE [ 38 S5 SR B AR U725, (]t el R G B8 AR ] 42 7, DON/PON %
BEIFIIA 7 TR AR A T R AR (HAEARBIE ST, /N [EDK X NH, -N/NO5-N Fifi TN/TP B3 75, i
DON/PON JUIAH 7 i1 52 B0 H R b ta 5 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 FRYAER(E, [FET PON & A TN Hhpf
B ILETE TN/TP=32 KE T e, ME TN/TP<22 KETHE%. FUE L, NLEKIXEAZRSH R
(NH,"-N/NO;™-N Fl DON/PON)Fifi TN/TP Ft = uk e AR ifii & Az A9 AS fh 35 6 B0 H 91 A B A3 A 9 P B R e i A

%1@:[1,6].

HRYEHTIR T IE 455 B AN SOOI 2256, F 5% 2% B 2% X 3 ] T8 50 K 2 £ e el gy TR 25 5% K 8l g 4% Atk
R L3RS TP 228t 2. BFSEE], /NVLIRDK X TP AR Rl 2 S BRAA I A 0k 2
BRPP)FIAR I . PR S35 0 35 A IEAHSESC R, i, 5% I RISRAR i i R AR AR KRR Lok T ik
BERE TR, BEKIX TP S W Tk, i 00 B K 2R K R T JR /N T (s 2 5
ANILIRK X 145m 7Kz B 2R 3K 22 1 KRBT R U 20d 2245, 1T 156m KA 44 Ze Atk 28740 537 JT
N 80-90d), 48R A [ TR ANAR AL 1t FEEAT AT g fe [ K X 7 A B 30 B i AN B TR AE A . R,
16 TN/TP<22 K F, TP KA RIRIEE, A& ERK SN & A rT g — e LiH T A ZRA L
B, IR T DON, PON & LK EATEE TN Hr e AR TN/TP 7K T A R
%, T NO5-N & K HAE TN Hir 5 b R fi s, NH, -N/NOy =N WIS [, (LK B B 7 A A2 i F i
ALh, TP & i FREE TN/TP 045 T THi, /K8l s S T s S I A A A R At T A AR 1 P 3R
55, IR0 T X TCHLEZE A WA, S8 7E TN/TP=32 fl 22<TN/TP<32 /KT, DON. PON &4
HAE TN BT i L E 4% TN/TP < 22 I AYARE I (E 5, NO5-N & 5 SHAE TN ir o e s W TR, HH
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