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Relationship between dissolved organic matter spectral characteristics and

phytoplankton in early spring in Xiaolangdi Reservoir
WU Li', LAI Mengyuan', YANG Meng', FU Jiwei', ZHAO Tongqian" ", WANG Liang’

1 Institute of Resources and Environment, Henan Polytechnic University, Jiaozuo 454000, China
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Abstract: Changes in phytoplankton community composition can effectively change the composition characteristics of
dissolved organic matter (DOM) in water. By studying the spectral characteristics of DOM and the response relationship of
phytoplankton community in Xiaolangdi Reservoir of the Yellow River, this study aims to provide a scientific basis for water
resources management and water ecological environment protection in the reservoir area. Three-dimensional fluorescence
spectroscopy combined with parallel factor analysis was used to analyze the spectral characteristics and sources of DOM. To
explore the structural characteristics of phytoplankton community, the diversity index was used to evaluate the water quality
of the reservoir area, and the key environmental factors affecting phytoplankton community were explored by redundancy
analysis. Correlation analysis was used to explore the relationship between DOM composition and phytoplankton community.

The results showed that a total of 110 species of phytoplankton in 6 phyla, 73 genera were identified, and the community
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structure and relative abundance of phytoplankton were mainly found in the phylum Chrysophyta, Bacillariophyta, and
Chlorophyta. Spatially, the relative abundance showed obvious spatial heterogeneity in the community characteristics before
the middle reaches>in front of the dam>in the upstream>behind the dam. There was obvious spatial heterogeneity in the
community characteristics. The results of diversity index evaluation showed that the water quality in the reservoir area was
medium pollution type, and the diversity index in the middle and before the dam was significantly higher than that in the
upstream and behind the dam, and the community structure was more complex, indicating that the biological activity of
phytoplankton was enhanced after dam construction. The results of redundancy analysis showed that chlorophyll a, total
organic carbon, total nitrogen, dissolved oxygen, and pH were the main driving factors affecting phytoplankton community
structure in the reservoir area. DOM is mainly composed of humus (C1) and tryptophan (C2) in the ultraviolet region,
which are affected by the comprehensive influence of terrestrial input and endogenous contribution, and contribute greatly to
the endogenous such as algae and phytoplankton. Correlation analysis showed that phytoplankton community structure was
positively correlated with protein-like substances, and dominant species were significantly positively correlated with

biological index, indicating that phytoplankton in the reservoir area had an important contribution to DOM.

Key Words: Xiaolangdi reservoir; phytoplankton; dissolved organic matter; community structure; environmental factors
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Fig.1 Schematic diagram of the sampling sites in Xiaolangdi Reservoir
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®1 EMSHEHEERKRITNIRE

Tablel The assessment standard of the biodiversity indexs water quality

Shannon-Wiener Z k£ PE$8 %L Margalef & JET5 4L Pielous $415) B 8 %
Shannon-Wiener diversity index Margalef richness index Pielous evenness index
BUH TG PO AR E BUH TG PO AR E BH T PO AR E
Numerical range Evaluation criteria Numerical range Evaluation criteria Numerical range Evaluation criteria
0—1 {5 0—1 CREEY 0—0.3 H 5
1—3 SRR 1—3 s 0.3—0.5 s
>3 S5 >3 S5 >0.5 FEIG A

FIHFOCHR B (FT) A PpU5H8 80 ( BIX) K A AL R £ (HIX) SEIPAl DOM R IR AL | 261 S 4
R RILE 2,
F2 ZHWERIESEHEIR
Table 2 Description of fluorescence spectrum parameters
%S ZHUE X SHOH R
Fluorescence parameters Parameter definitions Parameter descriptions
- Ex=370 nm B, Em =450 nm fl Em =500 #HTRAE DOM R HIBAIR, Fl<1.4 LIRS A D £, FI>1.
nm Ak 1975 G5 B LU AR ; 9 LLAEERE,
_ _ —— B I TARAE DOM [ A AR BTk, BIX<0.7 SR B A A4 STk
BIX Z;;g,é‘%g;{g_ 380 nm 5 Em =430 mm -y, ) g Ak 2 BIX £E 0.7—1.0 2 R0 DOM I 12
T ’ B S0 | BIX> 1 I =55 g A ) S8 40 A 5 P R
B FHTRAFE DOM BT  HIX<4 W] DOM 2 1855 i 5 1k 4
HIX Ex=255 nm B}, Em 7£ 435—480 nm F1300— fiF, AT S B 405, HIX {H7F 4—6 Z A8 DOM 250 i 58 5y
350 nm [H] XA R A LU AR ; i, EAT s Atk AR R, HIX > 6 2200 DOM S 53 Ji# 48 i R 1iF
il V5 DR BH
Fn(280) Ex =280 num I, Em 15 340360 nm FIALK o et o oy s v A
B TR B
Fn(355) Fix =355 num I, Eim 15 440470 nan FURCR et ot o XY AT,
IR 5

DOM : % f#4:4 #HL i Dissolved organic matter; FI: % 6HE B Fluorescence index; BIX: 4 LR Biological index; HIX: & Ak 38 %%

Humification index

1.4 Hdabrg

K H Matlab R2023a F1 DOM flour T HAG X =45 HHEHEA T AT 77081 (PARAFAC) 5 RIS R 7
225301 (ANOVA ) K 36 R85 R 77525 [ 1 4 22 5 ; FIFH Mantel test 156 PE T30 17 B MU RE VS 4549 55 DOM
HFFIEOE R 2R CANOCO 5.0 FRAXTHR AR Y 5 IR 858 D7 R4 7 BB 3455 B 43 BT ( DCA) |, 75 H 55—l
BE(E <3, FIFHIUAR 3T (RDA) #R 5T 352 R 5 TR IAAE I RIS R OC RR

2 HRE5S

21 KIFEEHF

WFFE XK IR BT T W25 SR W3 3, MRHRRT U Y, pH o 7.73—8.37 & A St g it , R vl RS 45
Z IR AT L TH A R T IR T A T, Chlla 36 B3NNG4 V8 F ol | 83 2219 o, il
FE 3 KR CO, S RIEA%, pH BT, DO ¥ 11.34 mg/L, £ RAE 5 8] 22 5 .3 (P<0.05) , DOC #
B>~ 3.95 me/L, I = {E H BUAE AT . NH,-N A1 TP ¥ FEIE 5514 0.33 mg/L A1 0.025 mg/L, Hirf S4 SRAFE 55
A R e, 5 R T 2% s 0 T AR R X PN, A B 58 2 WA 400 (i i & il 7758 45 ) X
A E SRR B K Y — AR, BB SR RUK R A HE & TN W >0.2 mg/L, TP #J¥>0.02 mg/L'™>",
WFFE XIKAAR TN S5 B R 5.08 mg/L, AbF 47K, 1 TP M BEHE AR AR TF 0.02 mg/L, 456 45 RAE AL TN/
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R3 BRERKEEEMER

Table 3 Physicochemical characteristics of water at each sampling point

SR F SRR Sampling points

Environmental factors S1 32 S3 S4 S5 S6 S7 S8
KR WT/C 7.3 11.4 8.87 9.77 7.5 9.53 8.1 8.3
pH 7.73 8.2 8.37 8.37 8.27 8.31 8.24 8.07
g5 DO/ (mg/L) 10.44 6.47 12.09 12.7 13.31 13.05 13.15 9.47
4% % a Chl.a( mg/L) 0.36 0.46 0.55 0.36 0.43 0.48 0.49 0.91
AR HLEK DOC(mg/L) 3.46 4.21 4.3 3.32 4.4 4.12 4.69 3.08
B TN(mg/L) 53 4.79 4.87 5.41 4.77 4.7 4.95 5.89
A NH;-N(mg/L) 0.39 0.21 0.24 0.76 0.16 0.15 0.15 0.54
S TP (mg/L) 0.01 0.01 0.02 0.09 0.02 0.01 0.01 0.03
AW L TN/TP 530 479 243.5 60.1 238.5 470 495 196.3

WT.: 7Kiff Water temperature;; DO ; ¥ f# 48 Dissolved oxygen;Chl.a: M%%Z% a Chlorophyll a; DOC; %A HLEK Dissolved organic carbon; TN : &
& Total nitrogen ; NH;-N; 2%l Ammonia nitrogen ; TP 4 Total phosphorus
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Fig.2 Spatial Change of Phytoplankton Community Structure in Xiaolangdi Reservoir
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FEHET 1A 3 Jm 4 P A G U FIAE S (] oA A7 22 5, e LARE SR T T RN RaBe ] o 8 ; wh i A Ui
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Fig.3 Dominant species and dominance index of phytoplankton
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Table 4 Characterization indexs of phytoplankton in Xiaolangdi Reservoir

KA Shannon-Wiener ZFEPEFE S (H') Margalef =& FEEE 5 (d) Pielou Y5 B85 )
Sampling points Shannon-Wiener diversity index Margalef richness index Pielou evenness index

S1 1.59 5.19 0.41

S2 1.21 5.51 0.31

S3 2.53 9.74 0.55

S4 1.63 5.34 0.41

S5 2.25 7.23 0.52

S6 2.35 6.96 0.55

S7 1.46 5.96 0.36

S8 1.04 3.22 0.31

2.3 DOM YEiE4RAE

231 7OESH

JINRJEEZK FEK AR DOM 2S5 d 4 s FLIE R 1.76—2.19, 3418 4 1.91, Ui BH ZE XK 4K DOM 3Z [ii
T A PN YR STk S 2, LN R Bk o 32 HIX JE R 1.75—2.85 , ¥(E 2,12, F A DOM 11 & Ak A B
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Fig.4 Distribution of fluorescence indices of DOM in sediments from Xiaolangdi Reservoir
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Fig.5 Fluorescence spectral characteristics of DOM in Xiaolangdi Reservoir
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Fig.6 RDA ordination map of phytoplankton and environmental factors
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o 83.72% ,Hrh Chla SREBEN TR IEARDC, 5 HA B 5 6700 3¢ ; DOC F1 pH 5 77 I A8 P 7 Vi 14 52 TE A
K, TN F1 NH,-N 55 PR A 0 34 52 07RH OC | 3 SE PRI IR - X S B | ) RN RE 5 11 5% e 5 K ; TP RN TN/ TP 5 4
PEDVRRERE ) S ARG, 5 HAD WS S E ARG R RESE T TN G T TS MR R K, 8 AN RAFE SSUREAR A, BT
[F) SR A5 SR P AR ARV G AR 1) R BRI I AR TR 22 R

3B 5 EREEH T RDA J3HT( DCA, BB K 1.20) 85K ULIET 6., AT M 4l 1 B RN 73.76% , B 3K
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Fig.7 Correlation analysis of DOM with environmental factors and phytoplankton communities
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