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THT R BRA 1 S5 B R 5, I 52 me e 280 Tl 5 A U 2L
IRV H R AL 27 % P i 72 (Battin et al, 2016 ; Wu,
2016).
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JE A i A e 2R U B A T 5 (Liu et al,
2021, 7 HAE H AU T 32 i Jo 4 97 o0 BT B A B v
T 52 e A FH 5% 93 ) R el R DA B 338 sl B K g
WLB RN B 75 SRR R AL . [R)BF J AA A )t e A
REVIM R EERIH AT & A BB )
BORE , LEFR - E AN g B 3l Hh kS =5 4 H (Bi-
choff et al,2016) . ULAb, JE M AE4) 43 WA W FH Bk A v
B 2RI 5, X RS A i I R S B B L
AW % A R 5 38 TR S T 38 A AR W e U 4E R %
XA LB A AE L AT 2038 e == SR HETBURFAE
(Xia et al,2018; Wang et al,2022) . H: TV EE
T RETU AR M = AR E MR ST AL, DA AR Y 4 i
SRR 2 (A7 AE KB 25 B AN T , A 4 o
Bt 28 A AR DT R R A 1 78 53 B A A, o AN AR
F ¥ 25 B T R 75 7K 0% (Wu et al, 2012 Lu et al,
2016) . BRIt F AR MBI ERAKES R G
Bk & B IE RS A AR %o T 3 AT ) 4 TR
5 B 7 V6 AR = SRR 1 R O H B AT
FHORHE S = RGN
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FF I, A6 2019-2023 456 T WAV T
AT SCER T B2 A, 48 B AT R A T
] [ 2 BE TN A RGN, R T O SOk — 2P
GG T AR BRI R (R
XFJE N AE A SR IS AEWT T2 05 M AT T R, DU
— GRS R G AR M ERAL SR A R AN, OF
Jhy e g 1) 4 R A AR A A A T AR A B TR YRS G R T B
328 DL B - S8 [ i Jak HF S L BB AR

1 FANEYHARIEHITEF S0

JE AR SRR LSRRI, o )3 AR T 9
TH VRHBIR ST A ()5 A NS E TR IR T A E VAR
CIGsE LB AR A R A SR A sh O AR A4
JR MO E A RS B D R RN SRR 5 ) I 4
AR (Wu,2016; Xu et al,2020) . J& MNAWIR— M
DR, A A AR 2 8 b R AT SE 400 R AR g
B FHEFR TR, 58— REvE A G,
AR TR IR BAER R, Re AR Infase
MAESRG . HAREYEE £ 20557 7Y
IR E B R ARSI R E SR (a2t e
FEANTE N %5) (Bharti et al,2017). A MNEVIHAEKE
JE— AL TR LERCK, — K AR R K 2 L2
KA UK AF AR R BEAM R T i A AS

polycuiture

culfures
nile tilapia
°
food mergury methylation
deltan1s @ invasives pecies methy@ertury  spedpion
i ¥ dissolved organic-matter
»
diet ratios carbor’”  fish @\l accuplation / bioconcgntrati
wetland - o soil
ecosystem 4
stabledsotope oo diwebs o ebigfilm v‘r @ o
trate L4 metabolism- o
M e Eign TP S
fattygacids 3 “ecology ™ -
o lgh b 4 : oty vt
stoichigmetry — foodsveb L,
[ Sk A exposure river biofilm
.
ecos) - Tmpgcts .
& d‘wle' ‘ ¥ N “ .(ESW’ISES * coﬁer w
utident S 2 . .
p ¢ fresh-water o aualy ¢ ecotonicoldgy
. o 5 ~pollutio
dmaeiilige® o C GBI g
s @peand @ phytoplaniton ;

e
impact ~ Perbicide
sherbigides

 benthigalgal & ngV
g a,bnw"?aﬁ S

/ s
bi“ss@ R 2% agriculture @ "
i resistance
& @pechanisms | L

herlgiyory g /
¢ disu‘nce'
\ & successionbenthig@iatoms
algal communtties

[ 2 riggrs el ) ecologi@l guilds

3

A A KB B, 10 T e -5 AR K R B (pHD 1438
WL 5 A (DO B bE 55 — 2 B Ak 5 A5 AH 5%
(Huang et al,2018; 52 [E*F%%,2019; Liu et al, 2021).
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PLCE 1D, Hop “periphyton” /E A6 2% 9% 8 17 H 8Lk
i 2 =ik 244 IR, Hok 5 JE AR AH 9% () 2K “al-
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A7 Z B (81°C) AL (8N (1) FU A R AR 7K i A2 4k A
W9 45 K4 (Ishikawa et al, 2018 ; Camilleri & Ozersky,
2019, LA K J0] 3t I 748 0T & A AR Al T L AL 7D 52 i
(Hiatt et al,2019) , X SEAHH S 7T T 230 K {2 61°C:
815N BY, C:P 7£ Jil A= v i B F B IR AN 43 A
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Fig.1 Keyword co—occurrence network analysis of periphyton—related literature on the Web
of Science platform from 2019 to 2023
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Fig.3 Statistical chart of annual number of periphy-
ton—related publications on the platforms of Web of

Science and CNKI over the past five years
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5, 2021 KAE R B AT AR (VAR A5
2022) PA K JE Ayt AR b TR 5 7K e U 2 B (R
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FEIX — 2 o S 77 4 TR Rl I A A P AR g
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1 3k > 75 5 AR IR 2% (Liu et al, 2021) o {HJETE
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B 5EE(Wang et al, 2015 (K 4) . e EZ W,
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Fig.4 Schematic diagram of the migration and trans-

formation of carbon, nitrogen, and phosphorus ele-

ments at the soil-water interface by periphyton
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I 70 1T BROK B ) 2 B R E T, T 28 23 ) R 9 40 1)
WP 28 A L TTRR SR AL T 78 20 B SR TEAR RIS
A AR R IR 4306 B O R A A AN [F 1 s
TR IE RIS, A WA T A B R — T T RE
{388 o A D T A A FE = A TE AL A Sk 38
FERIRY), Hdid e A /E I FE CO, 51 ik H T 7K
- 5% 5 pH 3 I, 3 1 42 i3E 2 4% K (She et al,
2018;Zhao et al,2020) ; 55— J7 [HI W B 78 = 7K F 18 1)
AMEmReEERAE B R T HEREREHSH
FAN AW, AT DL Bk 2> - 358 g K AR B ) <A
T 408 2845 % (She et al, 2018) & M AR W% 42 4%
R AE A 1 AN i) [F) B 3R AT 14, I HLAE AR PR
B R (W8 pH. DO & B R A FD A AR 45
o Huang 55 (2021) & I 24 Ji A4 & o e — 1)
B 110 g/m2 I, & AP0k 4% & 3 vE i &
FF R, A E AR E R ER, B
DN R S8 1) DT R 2 I it AT = P 0 CRIY HE TR
KGR 3 D S FEHOE I, B e BRSO E
Pt 28 1 TR A A0 IR WA AS RE K Rl pHL - i 46 0 28 15
R REVE ] o B 5255 (202 1D HIF 78 & B H 1T 7K 4
B R Hu TR R | & A A i e B A R HE
JRCEL 1) 3N REE R ZR, I BAE T CoH o NSS 145 A A
AW A K R 05 A 0 PRI S A DL % 43 B I 44 1) g
TR, Uk R R 2 45 K R B 2K Il

ZAE I I 2 AR T S (NL,OD (177 AR 2 R R

T IR PR SOSAPE F Gil 24, 2019)
Forb SROHACAE FH RE B8 LE ™ 4 A& TR N,O 44k
N, AT NLO FIHERC (BRSSO T, T35
RS AL B A A SRS R B A2 NLO BRI
H H N, O 2 1358 N F A b A2 1 (] =4 R0 i = i
WG ASAARAE i) 338 3 T B R e, S e B A P A
FHVHFE—H53 I N,O Sk (Klefoth et al,2012) . J& A
A NLO HE I ML B N B A%, Tl AR A AT A
520 3 pH. DO Eh CRALIE i FAD IS B S
BUA SR L 2 5 0 3] F 38 i Ak S R AT AE )
TEVE ) 2H R U, 3 1 398 () 30 P ST RO R A P 3
HB 2 FM F NLO MIHER . DAERT 7R W, 76 2 Mt
IR T AN AP AFAE 5 B AR KA v v IR AL 8. T
L A= 08 1 B A A4 1) BT R K T HE T K P T R
(Xia et al,2018) , 6B J& I\ A= 4 AT e 2 3 i e 10 S Al
PN, B AE T80 NLO FIHE . Lubbers 55 (2020 iff
FUR IR = E R (3G N2 980 NLO Bk 3
TN CO, FIHER, 1X A H T CO, A& IR A3 i 3k R H 1)
BT T NLO A2 S TR AE ) N e Al i AR v (1 1 =
W, X AE A A N, O SRR DASE N 3 A 2 H
B FEIFE— B AL N, AN AEYI R A B AR
EVIREE RS0, BA RS YR E R, X n] fe Ll
INAEFEAT NG AL R o o 2 I FEN,O F b Ay
N,, Fe 4 FEUN,O HEBUR 98> o [F] R AN A=)t e id
Tk 5 W G A A B 2L R ARG 25 52 e NLO R HE TR, 61
W, JE AP se Ak I B s B R R R
(Pseudomonas) , 18 £ & Al BR 25 38 J5 i (nirS A1
nirK) FAEAL TP 0 R i (nosZ) 3 A (Xia et al, 2018) .
b Ak AR W R B AR PR I AT DA 43 22 ol i 12
VAR 1 Bl TR Tl R L SR b RS L X B i
s WA 260 2% R 2 T B A 2k e, DT 8 v 2R 1) AR 4
A %% (Pohlon et al,2010) . J& M A4 r 1) 5 6 B
T I 2 IR P RS B AR OG5
(2013) K IR [ R 8 0.4~17.5 kg/hm?, FH7E
PERFUT Ja 2 T AR P o3 A2 W [ VA B R B v,
A I 73 B 4 3 e %l 1o [R) 4 1 FH SR ] e i, 9 B
JE AR o B A SR A v A R T SR B
AR R 2 (1456 00 21, LGSR 3G ik A= 4
TR X Tl AR W A FH (Lu et al,2014a) . H BT A 3
W 70 2 BB AR BN M5 5 4 AHLs A2 B 42 1) 22
W7 AU T MM 00 7= Az A 3 B R
W, tH 2 U 35 B IR h 4% 12 i 1 9 [ (pit, pstSCAB) Al
% W 6 St L IR Cppke, ppx) » AT TR478 L 9 TE WL
(IR IS AN LAk 3 FE (Xu et al,202152022)
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H A B 3R VDR BB S SR R 2S5
FSC R THT 55 G O 28 A 3 il b 2 7K I 558 1) B 22 5
R 2R, R E I 2R IO A0 R i fl /K A i B oG 3R (1)
BRG] R K E R R R (RK A5,
2011) o 3 4RI FH Ak 38 2 B AR A v s e B
B2 R IR B AR AR R SR S
AR W) HEAT 8 R0 0TI B S AR AT DK T K A Y
NH,.NO;.NO,.H,PO, & AL & FFGHLH FIN
P25 46 G B0 BE 48 T SR A . R R S
Rt A R ELAR A b 25 B /KA B 8 37 A R G
It AR a6 1 P AR B8 3 07K A4 pH B X5 7K kS
P EAER , 980 5857 A 241 B 0 20 & (Schumacher
& Sekoulov,2002) . LT, i A A RHEK A
1 1) 25 B A R A R, B 9 3R B R R A A= ) Ak
T AV IR A5 KR, 55 9 KA R LB R TIA 90%
(Gonzélez et al, 1997) ; 75 Ab B & 5 F7 LK AR RS, & A
VR e B 5 K K AR TN IR B B 4~5 mg/L [% F
2 mg/L LA R CREZ%,2009) ; 78 4 H A H 5 e 7K K
i, 25 B AT 62%~90% (R K L045,2011) . HJE
DAy H R g | Wk 2, Rk T i vy St K A S 114 2%
BRACR , SZI6 R BATE NN S mg/L 5| Wk 2R 1 i AR
WIAE 56 2 R S R IR 1) 25 B 28 43l 9 99.9% Fi
95%., 1 Jl J5 % Al 28010 25 B 28 0 v ik 99% (b i 45
2022). ANAEDERINH EEZEG LT3R5 1
Tl 7 32 B A Hh R B A s R (B
JiREER IR R R BT B R R AL &
A G A E RS A, &SR
28 ik IR A i A i R % A8 O N, (Alejandra et al,
2022) , IF HAE X AN ik B ot 22 77 AR i = SR NLO
(Wrage-Ménnig et al,2018) ; £ 2 Fh 77 =72 JAl N A=)
T A A RS B T 2 A A R R A
PR 3h IR F R R 55O JRl L A v A= =, A
BAAR KA P R RO EE 5 5 3 iy 3 B A AR v
B e A E FE N T KA ) pH, (i 33k B AR 25 - 1)
NH, At , s &S a3 % (Wu et al,2018) .

gt IR 1) 7K A 7 Ui BE S B TR TG R, R KRR
BIRLPSCREINEE, E RN RS S EER
A= 3 I DA B e FE L I R R AT ]
) 7K A& it 52 ( Alexander & Smith,2006) . #HELTAL 4L
(1 ol 28, R FH B A=) LB B 5 8 4E  m ROR
IS KPS IR REE T 2. ©F
Tt 5 3 B JEL DA AR 40 v 1 B o 8 20 B AR v R i A
77, REECA B R SR , I BB IR A AS L A

A AR A AR A K 8 R TS 2 R e 1) ) A A % 1 1)
W T 3% 2 (R T 245, 2009) , Liu 25 (2016) 3 i Sz 56
IGAE T DN AE AR T 0ot B 2H A 5 2 4 v R K TP R
TR o B A= 5% e 1 22 B ML ok 32 B A IRl
W B R L YT UE 55 7 i, ] DA T B AR A i S i
DURR W) Uk RV R W (Liu et al,2017) . JEHTE %
(2013 1F 50 R LA 11 18 A8 10 R fi 24 2 b #8252 3]
AR D R0 5 T, A A ST DA VR WSO AR A AR R R A
AW, FEIW R B 2 5 55 a I/ ) 7K A R ORE )
Tl , ¢ LB BT [0 1R HE 8 2 0 A ) B R AR 8 Al 2 4
Tk 7K Ad H sl A Ao TRt A T T 2R B LA
SR 71 A A B L SR Dl T 1 B A R D B B AR
(Luetal,2014b). HAjc A N TR EEE A EY) 242
= BRI 2R, e T2 (2021 LR E M E (Tetrades-
mus obliquus) ta 8 HT BN T AN AEY), 7E5255 7 d
J& HOT IR IR B J1 52 = T 200% , 45 SR B AR
LT AR TANE GBS e i

BT A R AR E R LR E SR ST
Thag, Eg 2 M E KRS A S B E T, e
K G T A R T K S AT . S8 AN R
K AT (2019) %5 B A=W B FTE “ A SV - N T
A A T2 AR 0 AW A T T e AR M TR
T5KIMBE T, 45 R 3R A A E D256 B (TP L &
RS (TDP) EAE (TN VSR (NOS-N) FlEE 26
A (NH,-ND 95 38 25 BR 20K 43 51 N 94.7%, 94.2%
93.3%, 80.4% £ 91.8%, #H bt T % HE 20 4 Jl $2 H+ T
30.0%- 33.2%. 22.0%, 27.2% 1 28.0%. T i& i
(2016)38 i [ 3= B it i A e AR R 5T o6 Cu
FeRRR 45 R A S N B 45 7K R Cu
B T E LA B 5 KON 3, F BT DU R & RS
IK ) Cu, £ 82 A 99% , N B A AE kAT A 4
15 BHIBAT ARG 2 BB REREE AU S5 s
2.3 BAEWRTCO,EERF M

Jz AR A AE K [ A 2 TR AN 7K - F T2 (8] 1) J
INAEWRE CO, 1 [l 5 ANHECA 2 sz, Ji A9
) E ISR IR AR I e A A P SR [ e KA R
(1] CO, , 3X — Ik FEAS W7 714 FE IRV WA A% 1 = B R (ATP)
FE JE A St TT (NADPH) 3 [ 58 CO, T i 8 %7 4
5K PR &5 (2023) BIF 5 R 30k 358 A A R I [ ik 25
i BT LUK CO, et R I L B B o 2 WS
SRR 1t AR [ E 1.83 t1 COye A
HHEE R B R A 2 5 T B ] B0 %, Ge 55 (2013) BIF 7L
R IR B AR ) CO, [ e R B T i, 1X
Sl TREF R ENEYESHRER SR BEH
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FLER T T F AR ) A2 8 30 1) Bk [ € &, Flipo 45
(2007) W & 7 ¥ [E T B Grand Morin & i H JE M
AW IR B [ 58 B TE 180~315 mg.  [A) B Flipo t HL %
TR A 5 Uit A et bk ] R TR sk, B
T A R e A Y T WA AR WA
FEIR L P8 E Y 5 [3.4 g/(C-m?)] 8 2 = TV
AEVIE[0.3 g/(C-m?)], X T B A1) & 40
EPE O, B B R AR ROR . Wang 55 (2022) 18
b S I VI A AN AR LA R G [ B AE A A
Eb o} 8 2 e 08 42 T 7.2%~12.7% I B B 50K . A
AEPE A KR E ISR T Re % 8 i s R B R I
A A A T s S S L AR B8 I8 I A 1 T )
R 45 77 3 PRRE SOR AR AR AR K, DA SR A = A
W B [ B R AELLE ) AR ) S T S LR A R
A2V T A I B R TR o R O R R R AN 2 R
CO, , 1 7] g 2= 52 1A 2] - 358 J5 A A WU 8™ 4k, BRI
AEWOR RS (E 4D
2.4 FENE CH, HE IR0

AR HAZS RS0, GnFE H L0 AR S5 2 B 2
1) CH, SRR , At Fote i T8 H 1 CH, o5 KA
KB ) 8%~13% (Jacobson, 2002) , i 20~40 Tg (Ali
et al,2008) . & H CH, HE U 1438 7= H b i A H bt
AT AR BLAE I 25 3, 7 Wb o R A LAY e AR
CH,., 17 F e S8 A TR AU TH A CH,o 8 HH 2 7K IR R
B, X 45 CH, A =14t 7 R4, BN i AE
PRI R Je i IR A A0 o o il N oy TR E ), 72
e BT 13- 3E — 22 4 CO, AT H, < B 28 A0 LR 554 ot
Ak N CH,o A5t CH, HEBU) 200 5 2 i
AT 0 R B AN PR SR BT (%) AL R A A L
VB 2PE A 1 1% Eh 2% (Liang et al, 2016; Said-Pulli-
cino et al,2016) . Wang %5 (2022 H [a] 3046 /& 3 A
AR 3 AN A A GG L T BT IR A ARS B CH,
He o A e 3k B, Jod B N AE VD e 8 (2 1E 7.1%~
38.5% 1) CH, HFTBC, eI A2 Jil A=) 3 W ) A0 A= )
T (1) B R R A = 1 3 LA e, X e
Bt W PR T TR G A R S A 5 LI S AT ML (1) %
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Role of Periphyton in Migration and Transformation of Carbon,
Nitrogen, and Phosphorus Elements at Soil-Water Interface

LI Ting-fang'23, ZHOU Lei**, WU Yong-hong??, HAN Long-fei'
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Abstract: Periphyton, growing on the surface of submerged solids and at the soil-water interface,
consists of microorganisms such as microalgae, fungi, bacteria, and extracellular polymers. These mi-
croorganisms can interact with each other to form more complex microbial aggregates, which are eco-
logical stable and directly affect the material cycle, energy flow, and information exchange between
the soil and water interface. In this study, "periphyton", "periphytic biofilm", "periphyton algae" were
selected as search terms, and the relevant literature for the period from 2019 to 2023 were searched
in the Web of Science (WOS) database and the China Knowledge Network (CNKI) platform. Then,
the keyword co-occurrence analysis of the retrieved literature was conducted using VOSviewer soft-
ware. Results show that current research on periphyton primarily focused on the effect of periphyton
on the migration and transformation of nitrogen and phosphorus in shallow water ecosystems such as
rivers, lakes, paddy fields, as well as the regulatory mechanisms. There were relatively few studies on
the effect of periphyton on the carbon cycle. Based on existing literature, we further summarized the
impact and mechanism of periphyon on the migration and transformation of carbon, nitrogen, and
phosphorus. Additionally, we proposed the future research directions of periphytic organisms, such as
the research perspective of carbon fixation and carbon mineralization affected by periphyton com-
bined with isotopic analysis. The objective of out study aimed to strengthen the understanding of bio-
geochemical cycling processes in ecosystems and provide theoretical support for precise prevention
and control of non-point source pollution through regulating the growth processes of periphyton.
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