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Riverine primary productivity dominated the source of particulate organic carbon in Liaohe River System

CHEN Chonghao, LYU Jixuan, WANG Shimin, HE Chipeng, WANG Yaping, GAO Jianhua
Key Laboratory of Coast and Island Development of Ministry of Education, School of Geographic and Oceanographic Science, Nanjing University, Nanjing
210023, China

Abstract: As a crucial terrestrial source, the source, transport, and flux of riverine particulate organic carbon (POC) to the ocean are currently of
significant interest. However, human activities, such as the construction of reservoirs, are changing the composition of river POC, potentially
impacting the source-sink processes between land and sea, as well as biogeochemical cycles. To address this issue, the Liaohe River System was
selected for this study, in which 14 samples were collected in July 2023, and the trends in POC content and sources within the drainage basin
were analyzed using biogeochemical methods and gene detection technology. The potential mechanisms by which riverine primary production
(Rpp) has become a dominant POC source in the Liaohe River System was explored and those in other typical Chinese rivers were compared.
Results indicate that the Rpp was the predominant source of POC in the Liaohe River System, and Trebouxiophyceae and Cyanobacteria were
the primary contributors. Additionally, animals may also play a significant role as POC sources in rivers, warranting further attention in future
analyses. The retention effect in reservoirs could alter the composition of river plankton and thus significantly affect the POC sources. Moreover,
the proportions of plankton-derived POC in the Changjiang River, Huanghe River, and Zhujiang River in the continent, and rivers in Taiwan and
Hainan islands have also seen notable increases. These changing trends could lead to substantial shifts in the patterns of POC sources and sinks
across watersheds, estuaries, and continental shelves, meriting considerable attention.

Key words: riverine particulate organic carbon; reservoirs; riverine primary production; Liaohe River
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Fig.1 The study area and land-use type

The numbers represent the sampling point number. S1—S4 are Nanchengzi
Reservoir, Qinghe Reservoir, Zhenziling Reservoir and Chaihe Reservoir,

respectively; and No.12 is Shifosi Reservoir.
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Fig.2 The source of POC grouped in C/N vs §"°C plot
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Table 2 Elemental and isotopic characteristics and POC source analysis of SPM in Liaohe River system

POCKIE i Lb/%
i 5 R PN/% POC/% C/N  Chla/(ug/L) A"C/%  “CH:i&/aBP  §°C /%o
A i i Rpp
LH2 SURT| 0.16 1.30 7.92 0.02
LH7 SURT| 0.17 1.35 8.11 0.29
LHS SURT| 0.13 1.01 7.66 0.26 -153.74 1270 -23.9 155 2589 1960 5296
LH9 SURT| 0.14 1.19 8.62 0.33 —269.35 2450 -22.9 8.69 4388 991 3751
LH10 SURT| 0.13 123 9.33 0.47 -291.74 2700 -23.3 1233 4219 13.63 3185
LHI1 SURT| 0.63 3.92 6.19 0.83 —248.13 2220 -23.6 788  21.14 328  67.69
LHI2 SURT| 0.25 2.18 8.60 N.D. -250.00 2240 -23.5 721 4183 1145 3952
LH13 SURT| 0.13 1.10 8.36 0.07 —296.14 2750 -22.1 1128 4405 759  37.07
LH14 SURT| 0.12 0.97 8.09 0.21 —269.35 2450 -22.8 8.53 4134  7.68  42.45
LH15 SURT| 0.10 0.80 8.25 0.32
LH16  AFWCKIZ) 081 4.87 5.98 225 -226.29 1990 -27.3 709 755 499 8037
LH17 YRR (CKIZ) 0.72 4.26 5.92 3.78 —144.21 1180 -25.7 134 765 811 8290
LHIS RIL 3 0.25 1.87 7.41 1.10 -261.12 2360 -26.2 0.57 125 9573 245
LH19 Kugin] 0.20 1.88 9.31 0.29
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Fig.3 DNA analysis of SPM in Liaohe River System

a. Eukaryotes, b. prokaryotes.
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1M H A B AR F K7, —F28i)E, KiL
T sk 3 DNA & 50 0 Z 500, i858 T 50.50%,
BB A /NI B, IR B T 7.02%; {H 3h ¥
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DNA & 54 BT T R, (U5 24.20%.

R AE T A AR P Y E XS L, AR A R R A 2
Teor R Kb A 1% AT 2K IG, AR T
JUAELTIREY RN A (B 4) o T
HE A B R AR fH W B AR LHY 3 i, O 2.01x10°
copies/g, fix 1=y (. W M PR 76 3T 10 BfF T B9 LH14, N
7.59x10° copies/g; FEARTT 7 , HHiiF i A= W) 1 AR T
T, KAk E] 5.46x10" copies/g, ¥4 i Jt
(A & R 8.70x10° copies/g; W #& 381 J5 , K AL 19
FEF B A TP A W Z ], S 1.00x10™ copies/g.
KA AR | I PH A 2 A0 T, e
10 BT i Y LH16 J& 427K 3 A= W i B i 19 5 7 5 171
LH11 3 037 F AR [ A7 3 28 Ak T3kl ks, B
A7 T3 DR 22240 T X i, PRI A= AR, R
6.55%10° copies/g.

AU PN PSS A R 7S E) o A R R (] 4), &
AT T DX 8 A 3 437, A0 LH16 I LH14 25, % 3% 2 3L
T U A ) %) e 32 A R A, R R s RS
WIAET] DXL b R % IX, 4 LHS LHY #ll LH11 453
AL, e WE SR AN B PR A b o LR

4 HHE
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Fig.4 Spatial distribution of main biological phyla (partial) in
SPM in Liaohe River system

ik B POC -2 (5 LA R 10% 2247, S G0N AA
BRMZESR ., s HEZEHE, B 685 il m
R 2 R B YDA DG (] 1) o ZRAL T K Ja) I
] 1 R L bR (TR 1), 5 A R TR L 51 A Ry
B, AH 3K BB 43 b XA R A K PR, A O il
X R4y POC TG ik 2 3k b R it X U0, LW, T i
WL 28 X3 2 o 10 I, fF iR 2, K £k ™
&, R TR B R, B =L KRR E LY
Jo i) () s, 25 kAR W Bl AN A Bh TR AR
YrrE K, N4 T POC H Rpp S U5 4 H 45112254,

1M ML 3L 38k POC 5 £ 11 2 g 1) s R AR Akt
ATDLE KRR E A B 3 O T 3 R Y
POC % FZH 1, W19 A 7™ J1 >k U5 /9 POC B Jb 3
hno G LHIL s A7 b 9% 53 A A T WA R K
JE T K R S TRT B SETRT K 92 TR B R I K R
&, X S B LHIL 35 7 POC % & ik 3 3.92%,
Rpp % POC 1) 57 #ik Lt 5] 76 4= 3 3k &% =5 (67.68%).
A SF K AL T 00 3, H PR X (LH12 3547 ) 7K
1A POC 1y & HE 2] T 2.18%, Rpp H I8 Y POC L 4
LT 40%.

k48 78 AL 3] Rpp K U5 B A2 4k, A SCHE $E XF
Rpp A 52 W [ AE W 1128 (ke 1] . 3h i L 0 ifls e
1), LA & Chla, POC, C/N, A"C FI 8"°C %5 #H 5% 45
br, i T EMZEHE X RZE . K4 oTu B
M Bon, SR BB th S g M LR i N —
R, PR AS SO — 3 3 i AT IR . 45 2R R
(£ 3), Rpp 5 POC % 1t b 25 1F AH ¢ (M X R %K
0.75), 5 DI - WSS YRS 45 S AH — 3 ek, POC &%
i 5 C/NAE A §C 2 M AH 2, 1 55 Chla & 2 1F A
K, KRR ENIE T 1L 7K A& POC % 2 AR IR 14 52 45
T AR B A 77 T 254k

A SCHE— X T POC & 5 K ] 26 U 7 i
YRR R, AR B, ILERE NN RS
POC & it 52 B 1 5 IEAHOC; W] &L & 5 POC
R DG M LA R SR AN L P i S POC 7 &= Y AH
FPERAR . H AT UL, BRI AN A By ] R AL T AR
I8 POC WY f K TTHR 2, FLURCH WS T], T 4 i 40 >k
TR POC FHXT3 b

AL, s RN S POC S R B
1IEAI €, H 5 Chla, POC, C/N, A%C il §°C 548 b1t
47 2% B0 MR A R A G, X U A Bl 7 A 0 AR W R T
358 1A % % Al b T 3 BT RK T — E B0 1 POC. LA
BAES> W A Wy R POC BTkt 5 2 % J8 T 4l
Bl FPR e A= W, A SC R BIF 5T A5 SR W B, sh i
DTkt AN AT Z 0, AW, R R Rpp Sk POC & &t
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Table 3 Correlation between selected indicators and biological categories
POC C/N Chla A¥C 3tC Rpp SRBEN JERRTEN LY/ b W]
POC 1 -0.87" 0.79" 0.42 -0.71" 0.75° 0.33 0.68" 0.70° 0.6
C/N -0.87" 1 -0.77" —0.61 0.70" —0.86" —0.42 -0.59 -0.63 -0.48
Chla 0.79" -0.77" 1 0.61 -0.75" 0.80" 0.34 0.45 0.61 0.38
AC 0.42 -0.61 0.61 1 -0.47 0.51 0.1 0.19 0.24 0.13
3°C -0.71° 0.70° -0.75" —0.47 1 —0.62 -0.80" -0.85™ -0.91" -0.65"
Rpp 0.75" -0.86" 0.80" 0.51 —0.62 1 0.13 0.61 0.65" 0.63
SRR 0.33 —0.42 0.34 0.1 -0.80" 0.13 1 0.65 0.67" 0.34
FLEREIN 0.68" -0.59 0.45 0.19 -0.85™ 0.61 0.65" 1 0.96™ 0.91"
GIEYE S 0.70° -0.63 0.61 0.24 -0.91" 0.65° 0.67° 0.96™" 1 0.89™
WHET 0.6 —0.48 0.38 0.13 -0.65" 0.63 0.34 0.91"" 0.89" 1

E: B TPNAIPOCHA W A RIE(R=1; P<0.001), FrLlitk—Por#irint A7 tHH PN HAE e 1 8 &

A RE B = A

Z T T B, Jeun AT HOBE S 1k o M e
i K AR POC R IR, S G o3 B 7 i 4 A T 0 i )
G 7 7 B AR TR 0 B AR s AR SCGE L B A
DNA #£ AR, & & #o Al 5 7 A [8) 77 Ui 25 9 68 3 30
POC BT ik (32 Fei W& Fr B, Ao A BT TR, IR T
DNA i AR 7E POC B 55 9 I A7 1%, 3% A 1 T f
PRI AN [F] P2 Ui 25 P 6T 7K 2 R G 2 1 o 1o LB, Al
H AR AFRITI I POC e J5 %k N 243 3l 1 i 7
I 2 A AL BEE TR SRRl

4.2 RN[E)IAD i B R FURL ) St iR A0 4H AL X EE

W AT, K EESE 0T B AL 7K & A POC 1Y
WM& EE TWRZIM A A . B RT7E 4 E 5 FE W,
LA A JT K RSN AN [ ] 3 3 7
B KRR RLE AT AR X 1 22 57, Rpp SRR
(AT 3 POC i 37t 3k 7K J22 (1% Wi 17 °T BB A7 7 3 25 ] 25
S0 NI, ASCUCEE T E AR L S AR MR R
POC YRR AE(E (35 4) o I X b o B & B, B KL
Ak, g R B NG B R C/N % 7 A,
8C {H 32 W I 55 A 4P AIE

AR SCHE— 25 X6 TS [R5 40 9k 7 T AR Ak
X} POC KR FEM (% 4, & 5) . Ml FHMEREA
FE, ASCRE K 5 5 25 T I 1Y C/N B, §°C il A™C 1 F
PER AT . 45 WoR, KT, ] ek 55
R AT i 8t 2 B Rpp oK I POC o FE 2 e 1 4
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() 8"C At/ — a2 A B I 15 W 3 3] 3 ) B 2L A
BRI = 77, Rpp X 7K & POC 11 51 ik 1 BE A

2 BT D7 s B, A SCTC A D BB O [ ok
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FEAE T T e A B E i K ALRT /N R,
X BB IE W Rpp £ 28 1A ) 9 A POC 1Y 32 22
K Us o XL bR BESE R ECHE, AU i POC He
Rpp e U 4 b3 w3 T BB Y R 5l A7 e B4 . ]
TAE A i Y5 A AL IE TR 1) T B0 G, 3K o s 34
FE T SO0 I N 05 R B & U B [T, s
S ) Y00 A0E A DB T 11 3 S, T X U VA 1 A B
FAE A AR AR FE R

KPR R ARS8 b 3 0 Jo %) [) I, b feff 453 3
(14 3% 308 Pk A — R EE BB, IR T —
ARG i TR XA O T AR L Ok U R
B KR WY R L SRR IR T, S HW)
G AR BN B, PR PR A M NE A T
W2 R ARG ML, T EL TR S 14 U A 2 TE L
B Ak R AR 1 < A ML ™ 15700, s o T 3 e 114 B
PET K. BEE 2 B2 1 5 A0 R IR B2 1 B2 8, 3 b8
FIRESHENIG 2, XA AT AB/Z Rpp XHMIKAi XTI POC
TUHK =  E S K (3R 4. & 50T, JLSh,



114 T b 5T 5 56 DU 40 b 2024 4 10 A
#4 FEEETNRNZZBNINI D4
Table 4 Characteristics of SPM in major rivers of China
POC/% C/NfH 3"3C/%o AVCH (% /aBP
Al AN
SEEE Y SEEME Yt SPHME Yt SEEME PN
st 1.30 N.D. 7.92 N.D. N.D. N.D. N.D. N.D.
a2 1.74 1.01~3.92 7.98 6.19~8.62 —-23.43 -23.9~-229 2160 1270~2700
US|
T 1.26 0.80~2.18 8.32 8.09~8.60 -22.80 -23.5~-22.1 2480 2240~2750
Fy 1.5 8.11 -23.19 2297
KIL ] 3.67 1.87~4.87 6.44 5.92~7.41 -23.11 -27.3~-25.7 1843 1180~2360
b 0.31 0.14~0.48 7.45 6.60~7.60 -24.16 -24.8~-233 5362 3650~7770
Y] 58 72-50) T iE 0.49 0.13~1.78 7.12 5.80~10.5 —24.77 -27.4~-22.6 4868 3100~7160
Fy 0.40 7.28 —24.47 5115
3 1.42 1.03~2.10 7.83 6.03~8.82 —25.65 —26.7~-243 3271 2620~4810
a2 1.48 1.41~1.59 7.59 7.37~7.82 -26.39 -27.3~-25.8 2816 2620~3040
K‘?Im’ 81]
T 1.07 1.03~1.12 7.67 7.06~8.67 -26.03 —26.8~-25.2 2850 2480~3380
Ty 1.36 7.74 -26.02 3069
i 0.65 0.12~0.95 N.D N.D. -25.90 —27.4~-2438 2076 1040~3085
a2 0.33 0.09~0.81 N.D N.D. -25.50 —-28.6~-18.8 2731 760~3730
%\]I[bo-m, 82-86]
T 0.39 0.24~0.52 6.55 6.20~6.90 -28.50 -31.8~-21.9 1908 985~2800
Ty 0.46 6.55 -25.77 2331
BV s 0.76 0.30~2.77 6.29 5.20~9.30 -2431 —-28.1~-22.0 N.D. N.D.
R e 3.42 1.80~13.57 6.78 4.30~36.00 -25.96 -29.5~-19.0 N.D. N.D.
TP RITEAE Rk B R R EHFR, NDACKIEA AR EIE

x5 HEFEARPOCNEEERFRXRIESL
Table 5 POC flux and percentage content of different sources
from major rivers in China

POCKE/%
POCiH# =/(Tg/a)

HH e liEE Rpp

TR} 0.03 8.21 37.19 1045  44.15
KL 0.08 3.00 5.48 36.28 5524
FEA 0.47 34.08 14.96 8.81 42.15
KT 2.15 1438  20.74 1433 50.55
BRIT. 0.51 5.35 10.56 9.68 74.41

VE: 1 F LI P $ FK S, BIE TR T4 FE R POCIE
B2 A%,
IR POC A2 A H it 25 5 BORAE 380 19 i
AR NSTEL /T I A B D N TR = ]
BIF 52t 32 B, 7K P2 R 28 8 ¥ A 31 1o Ak U5
AR, BT A A B SO P TR AR SR o

Wit 25 4 BRI P P9 7K DRI A W o K 2 1

I 2 9 POC B A O SRR K 28 o, H AT
e 2 288 3 50%, I AT A W 3 e B0 o e
FRAE T L HERR AR 855, Rpp R POC 78 fi iz 1 72
HR R Dy B A 3 i 0, T R AR T 11 R 2 X gk
Fi L 30 il 383 HL At T D) R, Aol U - - i 4 ]
P B 0 A 0o et 2 AR B 05207 Sl -4 1 - il 2R
E R GER U KRI85 A i ik AT
g AR TR Y BT R IR AP R GE b, IF o i ik
A KRR X B 2 5 O A AR A — 2P
EIJ[I(),%,()X]O

(1) ARG AE 77 J7 & 0] 7K & 7K A& POC 1Y
FEORYR, HUCH 1, 1A FAR ORI & b
(2) DNA Zr#fr it 7, 1030 Rpp KR A9 POC 3 2
Pl 2R A0 A= Wt 2, ) ) 3 3 A DT Rt A T 2
MR, 23 i 4 A= ) otk DU A A RIS, 7 JE TR K PR 8
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