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Abstract: Understanding carbon dynamics and source processes in terminal lakes is essential for accurately characterizing their
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role as carbon "sources" or "sinks" in regional carbon cycles. This study investigates Lake Ulansuhai, a terminal lake in northern
China, to identify the sources of different carbon forms and their influencing factors, using a Bayesian mixing model (MixSIAR)
and a dual carbon isotope two-end-member mixing model. The results reveal that both dissolved organic carbon (DOC) and
particulate organic carbon (POC) exhibited a significant north-to-south decreasing concentration gradient (p < 0.05). Temporally,
phytoplankton were the dominant source of DOC and POC in April, whereas irrigation return flow became the primary contributor
in July and October. Overall, irrigation return flow accounted for the largest proportion of DOC sources (72%), followed by
phytoplankton (15%), terrestrial C3 plants (7%), and aquatic plants (6%). For POC, the main contributors were phytoplankton
(39%) and irrigation return flow (34%), with aquatic plants and terrestrial C3 plants contributing 15% and 12%, respectively.
Spatially, dissolved inorganic carbon (DIC) and particulate inorganic carbon (PIC) showed no significant variation (p > 0.05).
However, DIC sources varied markedly across months: soil organic matter (92.7%) and atmospheric exchange (7.3%) dominated
in April; irrigation return flow (74.1%) and biological activity (25.9%) were primary in July; and irrigation return flow (71.9%)
and atmospheric exchange (28.1%) prevailed in October. PIC primarily originated from endogenous autogenic precipitation.
Multiple regression analysis indicated that chlorophyll-a (Chl-a) and total nitrogen (TN) were the principal drivers of DOC
concentration (R* = 0.662, p < 0.001). Secchi depth (SD), TN, and suspended particulate matter (SPM) collectively explained
POC variation (R?= 0.566, p < 0.05). Ammonium nitrogen (NH4+"-N) was the core regulator of DIC concentration (R?= 0.370, p
<0.001), while both TN and pH exhibited a dual promoting effect on PIC formation (R?=0.573, p <0.05). These findings provide
a scientific basis for understanding carbon cycling in terminal lakes of agricultural irrigation areas.
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Fig. 2 Spatial and temporal variations of four forms of carbon in the water column of Lake Ulansuhai
(The capital letters in the figure represent the significance analysis of temporal changes, while the lowercase letters represent the
difference analysis of spatial changes. The following figures are the same)
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Fig. 4 Temporal and spatial changes of 8'3Cpoc, 8'*Cpoc, 8'*Cpoc and 8'3Cpic in Lake Ulansuhai
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Tab.1 C/N 5 §3C in The Main Channel, The Tongji Channel, The Eighth Drainage Channel, The Changji Channel, The Nineth

Drainage Channel and The Taboo Channel (the table shows the average of three months)

FERL 8"3Cpoc ((%o0) DOC/TN 3"3Cpoc (%o0) POC/TN 313Cpic (%o) 33 Cpic (%o)
Cl1 -25.74+2.33 7.2+0.2 -25.82+1.63 10.1+£0.5 -12.26+0.38 -4.80+0.53
Cc2 -25.46+1.06 9.8+0.7 -24.71+0.71 12.6+£0.9 -11.37+0.40 -8.73+0.42
C3 -25.88+1.74 7.6+1.3 -25.58+0.71 7.7+£1.6 -10.77+0.16 -2.33+0.11
C4 -27.60+0.81 8.2+0.1 -25.73+0.34 7.5+0.6 -5.45+1.01 -4.98+0.52
C5 -27.65+0.64 12.1£0.4 -27.45+1.68 8.4+0.4 -12.23£1.35 -9.03+0.61
C6 -25.31+0.78 8.3+1.1 -26.08+0.32 10.8+0.2 -10.2340.60 -7.12+0.87

# 2 POC # DOC H L5 c i C/N 5 813C
Tab.2 C/N and §'3C of end members of POC and DOC
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& 3 DIC ¥yt 813C 18

Tab.3 Stable Inorganic Carbon Isotope (3'*Cpic) end member Values.

Ui 76 33C (V-PDB, %)
TERIR K -13~-5
B BT AR -13~6
KA -15~8
Wi BN 26~-18
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Fig. 5 Temporal and spatial changes of water quality and physicochemical parameters of Lake Ulansuhai
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Fig. 6 Qualitative and quantitative analysis of DOC sources. (a) Scatter plot of C/N ratio and carbon isotope; (b) Annual average
contribution ratio of four contributing end-members to DOC; (c), (d) Contribution ratios of the four contributing end-members at each

sampling site (white solid lines represent error bars)
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Fig. 7 Qualitative and quantitative analysis of POC sources. (a) Scatter plot of C/N ratio and carbon isotope; (b) Annual average
contribution ratio of four contributing end-members to POC; (c), (d) Contribution ratios of the four contributing end-members at each
sampling site (white solid lines represent error bars)
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FAMA KRBT R P2 S FE IR, k. EAR. B3RS, RWHENIWR 8B5S EmEs
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BN, TERMISEE SR, EEETIRAY CHHIE S DOC EZRIE, 5 AE DOC B
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W MR SORF F AR R R, TR 2@ B B RS S E B A AL, G R 2
DOC 7= A F oy ffloN), =35 2 M D1 AR ke 7 e A7Ea 3L R RE DOC A K4 R . 72
HAERRGH, YA 00 A T B8 R B AR 2 P 0R (0 NHa™-N. NO3-N) , TN &5 4 [Hidh
SRR EE F= U, T8 — 1 NH N AR AT B R FH B e 2 —162), Jeydomi os Homh B A E 1 5T
HRo BT ) TR B R AR R ) SR AR R, TN RIREE B2 50UE4, EH MR E 2B HLRM
A5, 1 NHa-N O STER AT B TN . Fk, R TN 5 NHs N B RIFRZRMELEE (7=0.55,
p<0.05) , {H TN BN EZ MK T NHa -N RS .
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KAk SD. SEEEFIFEYEAEFH L T4, Mk =2 Hl55K Nk, BRI IRH 0
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MHF A A1ER, S8 POC £ %R,
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Tab.4 Statistical analysis of parameters and coefficients of DOC and POC regression analysis models.

R 2K p VIF BRI R? DW
DOC Chl-a 0.000 1.400 DOC=0.442X cp1o+3.016 XN +2.619 0.662 2.139
TN 0.001 1.400
HE 0.566 2.171
SD 0.005 1.326
POC POC=3.979X1\+0.460Xspm-6.677Xsp+10.615
TN 0.002 1.066

SPM 0.025 1.283

NEIE A KGR 5T R IL R S8 T 5 3% DOC 5 POC “dbimmfk” =8 k&)= . db
R R RN A R T AR R, REARAR KA 1515 7K AL BB E T AI68], B oy (R A AR 1 AL
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JECH KB (I AR A A LA TERUE IR FE R 28 48 B AR 9 oL 2 177 NH N ZEFC A (103 2508 90%1),
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fERF=E NH4W-N, EXAEREF, hEbiE cox MkE=400, Hit DIC 5 NHe-N BIF & E
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Tab.5 Statistical analysis of parameters and coefficients of DIC and PIC regression analysis models

BE M p VIF Ry R?  DW
DIC i DIC=18.293Xnm4-Nn118.985 0370 2206
NHsN  0.000  1.000
HHE
PIC TN 0.000  1.006 PIC=0.894X~+0.521X,u-4.830 0573 1.935

pH 0.011 1.006
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