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Bk AR I A= AR AU AT DA 4 A 0 Ui A A R ffS
FAK, WA AR B R R R 2 AR e R
NBERE . JKAAEY) L AT AR A R e,
TEXTE LUK AEY) b3 A B2 v 1 i £
TN, AP AL R DA RE BT M4k 88 17] (Chlorophyta)
hE, HRZE®RTT, I EAFHET]
(Euglenophyta), 4[] (Chrysophyta) 1Bz ]
(Cryptophyta)5™, HWF5T B IT 80% M F2 7K
AR R A BEE M A AR K IR A A
R, JHE (Potamogeton crispus) /A KB
2R 1T B A IS 1 % N A e R R e T >
A > RS A K, b R AT R M
b T3 WO B B RS 1 R AR, AR RS AT DA
W SCsK S8 5 S I LR F F B ARG, K A A
WIRET SRR, SRR AR KRR
PALPERT, WA RBROREE IR, EAUKARE
BRAY, MEREEDPURESTRESZ, ¥
VLIt & 7k i G Bh 5T B @ (Achnanthes) . A%
J& (Gomphonema). BRI #EJE (Cocconeis), FHIE
BB (Navicula). 288 (Nitzschia). AUJH i
J& (Amphora). St AT 88 (Synedra) F H 5% ¥ &
(Melosira) %P, UL, 405w LR F 6 B2tk
A YK ARG IR i B U R e, EDA
A TR A E SR IR B ROK AR E
ARG SRR i 1) U 2

X AE ) R THT B e 2 I S A I 1Y
PN, ARADEXTE LI B A
HE ARV, X518 v EE Y i SR AR an i
BEPE (Microcystis) KA VEAT IR AL ST, fide
PEREAIE B AR B0RE T 25 Hh A e B 2 A 1,
RT3 9 1) Ak e SR, e AL
BEAFAIE U 20 R AE S S ok R R U FR 3
D BT %) T 3 200 Ry ik R A 2R R AL
A Ko T (Lemna minor) J&—FIFPEK
AR, E R (HORA) — K 1.5~5.0 mm,
$& 2~3 mm. TR AT DURICE FREL, IR A
FEA IS P B 244 F v LUEIE Tk, X 25U
TR B ANORLAE K B sl i, PRt HE
W, RS AT LU IS T3, 16
A LUA 2R 0 B A R AR L RS A BT . AT
FI B SRS 0 P A 7 N B R B B 57, D)
0 UIE JB 92 V7 T LAAE b ik B R A AR R R T,
It IR AR Y s R R BN R AR K

1 MRS Tk
1.1 SEIEiT

2022 4F 6 H 28 H 157 HUTE 3% 35 1 == (%) /K A
SRR, MERUE— 10 L) D BB
JERE TR AR R T R U 8 A OROK, DA
FEVETIR L, SO IR RIS FR L . TR
WY R DB ERR, 202247 7 21 H¥
O 2 MERUE 2 24 d B9 77 7 1 80 H U8 W 4 38 |
Wik, HeBWKIGE MR E 0. 4. 8.
12, 14 g/L) 43R 5 b EE, MK SRR g 5
I.oI.m. v, V, 034 Eg, &
HRbERA T Xt B, AR, 7E 10 L
A TC ) B BB R AT S8 . WK R I
B KRR 95% (T 105 °C HET). JERAIE M
2 80 Hid i85 MRl 5 A kKRG IR 1E N %
AOERA M BE SRR . SEI AR E kAT, F
202249 H 9 HESH, bt 51d.

S A AN B A A S SR AR . (R T oK
SYIRRIE, AP 2 KA ARk &2
10 L K £ Ak o B AN 230 34 4 FH i e e 25 R
FEWMRWAIEITE BRI, BEN 045
m'/h, DAYERRIE T R e Bk WA,
AN S0 P A0 4 B e 4 R A RIS 19 T
COBEHBES , HAAE 75 mmx15 mm, BB
A1 mm, BEIE AR R EAEKT 20em &b, H
TR R

1.2 B IEFRNE

SZB W ] A 2 K 8:00.,  14:00 I 5E /K i
(WT), %% (DO). pH. #hJE (S); 4 7 K
E 1 IRER (NH,'-N), 1R (SRP). A A
A (DTN)., MM 8% (DTP). A2 17 R )
(TSS) FI HLETE R (0SS).

WT. pH. DO il S % H £ & HOUK i 47 #r
S YSI professional plus (Yellow Spring Instru-
ments, JEE) JFAME . NH,-N, SRP, DTN,
DTP A9 % A 7K #£ 32 Whatman GF/F JE J% (0.7
um FLAR, S fE, R 98 IR D% B
NH, -N. SHBBPUAEO6 R0 SRPM, R HI Bl
PR B R EPIBE 5V 1k [RIBsHl % DTN, DTPYY,
TSS K H 105 °C HE Ay FE ik ilE"" , 0SS ik
FETE 450 °C Bk B f vk e o
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1.3 REEAHMIIRE. LESHE

VEHURR AL B2 3 A P47 ) SR RUR A /KA
K REEVEME LR & S RS & (%
903 W, 50~60 Hz) §i73% IR & /K kFE 2 min, {2
i oE BB A S, T, AbFEA T
BExF Rl v, PR IIE S, Ht k%
BB LR A R aE S, (0 T 0 2 R B
A LA YRR, Sk 2 R A K ek LA
PRRET S, EREH 1% 18 A7 R E E .
A7

BERITECR 0.1 mL 3H4HE, T Olympus
CX31 Wi Fiktr, EEMEESCAE X
BRU, RS IR E RN o BESAN M )N
3 A 2D 30 A AR 5 R ST 464kl Al
I B TRT B LA AR R AR S AT A RN R
THERHEE 1 mm® (AFEF 1 mg B
1.4 BIRESH

2 Ak 3 ) i 1 L AR R SPSS 16.0
B — MM 43 AT B A (General Linear Model) H
HBAD )5 2208 (ANOV A), R4 FHZ] WT .
DO. S. pH. NH,-N. SRP, DTN, DTP, TSS.
0SS. DTN/DTP. OSS/TSS i#k47 LAt , 57T
SO LA g RS, R LSD ki TR S H
i, 25 5EKFEE P<0.05, KH#A Ori-
gin 2021 fEWE, VR T A0 R - 4 (B Hhr o
# (mean+SD) BEY{EFIR
2 #R
2.1 WT. S. pH #1 DO BINE

SR T 25 8 AR B Bl E T . WT Oy 25.5~
36.9 °C. SH 0.17~0.22, pH N 7.22~9.23, DO
H 4.63~6.94 mg/L(E 1), F 2R ExR,
Toig & 8:00 1 14:00, £ 4b B4 [6] () pH {H 34
R E 2R (P<0.05), Hh&aMEHy Vs>
IV>M>M>1 . 7£ 8:00 F1 14:00, Ab¥EZ] I A1
() S H i R T HAB AL FEZH (P<0.05), 8:00,
ALEEZ T ) DO I 3% i T H A AL PEAT (P<0.05);
14:000F , 4% 4b P44 (6] DO 4 B # 2 % (P>
0.05)(& 1).

22 EFEHMBFYIER

TR TR, AP T B NH, N,

SRP ¥ J& i % i T HAb AL BEAH (P<0.05), [HH
il 4 AP R TC 2 2= s A AL FRY] DTN
DTP #52 F i H I B i (R Rt R fe e, Abg
V) DTN, DTP FIik R K, 400k (1.665+
1.678). (0.603+0.672) mg/L, {H#&AbFEL ] DTN
1 DTP Wk BE3Jo i 2 22 55 TSS 1 OSS 7Efrfi
b PR 2 [ 35 25 5 (P<0.05), WM
FRAR K K V>IV>T>1> 1 (K 2).

£ 4b B (6] DTN/DTP A A A1E & 2 57 (P>
0.05), ALFRIVHY OSS/TSS ¥ B ZHL TAHE T |
. 10 (P<0.05) (& 3).

2.3 MIEFEE

SEESHIAR T, B R A TR R R & BB
B, MR AR 0.
SE SRR, A5 A A T L B R e ) 2
Y S AR R TR TR (E 4).
25 M PRZELTE I B B R R A R
3 2% 5 (P<0.05), MEEMRHEF HIV>V>
m>Mm>1.

AR A b B R I 8 AN (R 1),
AW E R KN ARSI 2 M, B4
Ve i 97.04 mg/L, HIAESE 35 K.

A PRI rp ob 30 0% o 2 A 10 48 (3R 2),
AW o fe K [RVRE 2 AT S RN BRI 3 2 &
o FR IR B 0 2R o o R A W R R L (R o
50%; SV R EE{EN 116.23 mg/L, [FFEH
PSS 35 K.

ARV A B RS IE A TN B (R 3),
AW BRI SHE b T B A Y
50%, HUGEIEETE,; SV RN RSER
249.13 mg/L, HBIES 35 K.

ARV Ao b B RE SR 8 AN B (GR 4),
YR KRS EE, s b
i AR 50 %, HOKEIIEEE,; B4t
Wy fe = {E  172.88 mg/L,  [RIRE HY B AE 4
35 K.

I R T AR A G R R AR YR R
SR, A AL I R b Y B R R R
A AR R TR TR Jr =T
RO, A 1 8 EL T HALAL A (P<0.05),
A ERZ IV ) 5 3w T AR B4 (P<0.05); H
P37 L BB A e A i TR (P<
0.05)(I 5).
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Fig. 1 Diurnal variations of measured parameters at 8:00 (left) and 14:00 (right) of each treatment

(@) (b) WT, (¢) (d) S, (e) () pH, (g) (h) DO.
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Fig.2 The changes in NH,'-N (a), SRP (b), DTN (c), DTP (d), TSS (e) and OSS (f) of each treatment
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1) A W) o 328 R R KT B R 0 AR S
B 35 Tk 3 11 2 0 e R 2 B 37 ) T A R Y
My, Horr, JEEDIRASTEMIREY 12 g/L AL
Hrh B SR Z, TE5 35 REMEEREBEY
HOAF] T 249.13 mg/L, ARLEAA A . B
BRRENA —e s, LR EY R

EIAL BRIV . VA DTN, DTP ¥ AR (O

i NH,'-N Fl SRP S 1 3% A5 U8 N 77 35 i A 21 1

i), 2% B TR A i i T B A
AP RS RE S A . BE SRR EA X,

W R BEOL AN 5 B TR A — 5 K
Fo STHERLEERY R A RE B PR AR KT AR 2
R, BB E N IR R TR A R B
FEE M P o HE I A X A2 0T R i B ]
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Fig. 3 The changes in DTN/DTP (a) and OSS/TSS (b) of
each treatment
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AR JEIR R M AR KA — A E R
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Fig. 4 Changes in density and wet weight of
diatoms attached to L. minor under different treatments

(a) the density of diatoms attached to L. minor, (b) the wet weight of

diatoms attached to L. minor.
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Fig. 5 The changes in epiphytic diatoms attached to

(a) the density of diatoms attached to the glass sheet, (b) the wet weight

the glass sheet of each treatment

of diatoms attached to the glass sheet.

WERLE YR A TR IR 1 1 AR A
e B A S T B LR FE A [1) 2 0 i 18 1) B
ARG EANTRI R o XA T 3R DU 9 £ A 4
3 R B S Y I 5 TR J2= L RO RE B BB AT O BT
KB, BEERMUR OSBRI, REREH
B LN B, TR 2 b R R L B /N
PRIy, ST RS JEE R I R R
BRI A Z R, Khatoon 51 HEE T
R . PVCAE | ZP4ER M . BERE S 5 BhAE R
ERE LR AR, R FEE L&
WM Y RATAEE ST . RIEPAE BT T itk
I B A (7] B 3 2 X8 B 2R W O S i =
TRERCR AR . ST FEOT A R L L
WEE S A B, BRI IR LR LS, LI
SEFHE B R AL SR R L IR . AR SR
WEE R B AR AR Y i R T I A
PEVEM LERREBE A, BR T SRR
B SRER BERE B R A KA R, AT figiL
5P PR BB R SRR, AR T R A
JeL R B AR AT

RS PR T i RS CE SR
TEBESOMI T, [ s o ml LA RS Ay e o B 2
M, b SRRt It 7oKl T 30 Re A G
M TR IR K AR A Y, R R B B A
HATR e ™, NI e sha B 7
PEMERTRAEAK R, A UCREEE B A 5 B AR A
PRI . AL RISk e fe EE
FREh R A . LS g T Kk DO,
TR T 4550, T RIS 1R P PR A

4 Y

7

RGP T — M AERR B N A £

F 1 AIEA | AR ERE M EREANITERRE T
Tab. 1 Changes in the wet weight of epiphytic diatoms in treatment II mg/L
Wi 5 ik EYPR H14R H21R H28K H3SK 2K 49K
epiphytic diatom day 7 day 14 day 21 day 28 day 35 day 42 day 49
FIEER  Navicula 27.77 41.13 43.31 59.47 91.09 65.51 58.11
SUIL#ESE  Cocconeis 23.71 23.34 29.64 17.22 5.03 16.89 21.22
PARGEEE  Tabellaria 0.26 0.95 0.48 0.19 — — —
/INREER Cyclotella 0.17 0.20 — 0.48 0.30 0.36 1.06
Mh5cH)E  Achnanthes — 0.70 0.57 0.34 0.63 0.57 0.34
S EER  Gomphonema — 0.30 0.45 0.88 — 0.59 —
Fi5EH)E  Eunotia — 0.16 0.25 0.79 — 1.00 1.11
W m  Cymbella 0.30 0.76 0.48 — — — —
Bt total 52.21 68.52 74.82 79.04 97.04 87.90 81.86
e I FRORK N ZEEE B, TR
Notes: "—" indicates that the genus does not appear in the corresponding samples, the same below.
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F2 IR I AFERE M EREREANITERE T
Tab.2  Changes in the wet weight of epiphytic diatoms in treatment III mg/L
it 5 ek TR 14K EVIDR H28K H3SK Ha2R HA9K
epiphytic diatom day 7 day 14 day 21 day 28 day 35 day 42 day 49
FICEIE  Navicula 35.82 38.22 42.00 45.02 77.13 78.62 70.90
YL #E)®  Cocconeis 22.58 27.61 34.47 43.11 28.30 27.63 23.26
AR R Tabellaria — 0.92 0.32 — 2.08 — —
IR Nitzchia — — — — 0.73 — —
EATEE  Synedra — — 0.10 — 0.41 — 0.35
INEEJE  Cyclotella 0.53 0.47 0.65 0.44 0.87 0.31 —
Mh5e#)E  Achnanthes — 0.33 — 0.56 0.92 — —
AR Gomphonema — 1.93 — 1.29 — — 0.42
RIS H)E  Eunotia 0.53 1.64 0.86 — 5.79 0.73 1.34
WS HE  Cymbella — — — 0.20 — 0.36 _
it total 59.46 71.12 78.40 90.62 116.23 107.65 96.27
3 REENV PIFEREMEEENTERMEE K
Tab. 3 Changes in the wet weight of epiphytic diatoms in treatment [V mg/L
i 5 ik HIR EVPN 21K 28K 35K HA2R AR
epiphytic diatom day 7 day 14 day 21 day 28 day 35 day 42 day 49
FEEE  Navicula 62.30 88.42 112.02 136.86 170.54 155.06 106.47
YRTEEE)E  Cocconeis 33.10 70.21 63.90 68.81 74.41 41.91 101.56
PAREESE  Tabellaria 0.59 — 1.48 1.01 1.43 1.3 1.91
SEIHIE  Nitzchia 0.65 — — 2.90 2.10 0.95 1.26
AT E)E  Synedra 0.49 — — — _ _ _
NREEE  Cyclotella 0.56 0.37 0.93 — — 0.82 0.36
M H#E  Achnanthes — 0.65 — 0.54 0.64 — —
Mit total 97.67 159.64 178.34 210.1 249.13 200.03 211.56
F4 RIBAVPFEREDHEEENTEREMEINTK
Tab. 4 Changes in the wet weight of epiphytic diatoms in treatment V mg/L
Bl 5 ek IR EAVER H21R 28K 35K 42K EUPR
epiphytic diatom day 7 day 14 day 21 day 28 day 35 day 42 day 49
M E)E  Navicula 60.66 77.58 103.68 123.96 143.91 113.99 104.33
YBIL#E)E  Cocconeis 53.05 45.56 4437 28.63 25.88 26.97 26.07
PAREEIE  Tabellaria 3.73 — — 1.77 1.19 — 1.21
EHFEEE  Synedra — 0.37 — 0.22 — —
/NIREEJE  Cyclotella 0.34 1.39 0.94 0.67 0.37 0.31 0.38
H5EHEE  Achnanthes 2.13 2.30 0.83 — — 1.11 0.50
SN EEE  Gomphonema 1.04 _ _ o o o -
Jis&EE)E  Eunotia — 0.92 — — 1.32 1.48 —
it total 120.95 127.75 150.19 155.02 172.88 143.85 132.49
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Effects of duckweed (Lemna minor) biomass on epiphytic diatom
colonization under aeration disturbance

PAN Hengfeng >,  WANG Xiaodong ', CHE Xuan', WANG Hong ",
LI Yiming’, CHENG Xiangyu ’, LIU Xingguo '
1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
3. Key Laboratory of Inland Saline-alkaline Aquaculture, Ministry of Agriculture and Rural Affairs,

Engineering Technology Research Center of Saline-alkaline Water Fisheries, East China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: Diatoms (Bacillariophyta) have important biological significance and application value. Diatoms are important
primary producers in water bodies and can serve as bait for many fish, shellfish, and other aquatic animals, thus playing a cru-
cial role in aquatic ecosystems, particularly in aquaculture. The high-density cultivation of diatoms, particularly epiphytic spe-
cies, represents a critical research frontier in aquaculture. However, there is currently limited research on using natural aquatic
plants to cultivate epiphytic diatoms. In order to cultivate epiphytic diatoms with Lemna minor, a culture experiment was con-
ducted with decaying L. minor in different biomass under aeration disturbance. According to the wet biomass gradient of the
rotting L. minor, a total of 5 treatments were set as 0, 4, 8, 12 and 14 g/L, named as treatment [, II, III, IV and V from low to
high, respectively, each with 3 replicates. The results showed that no hypoxia occurred in any of the treatments. The concentra-
tions of ammonia nitrogen (NH,4'-N) and soluble reactive phosphorus (SRP) in treatment [ [(0.584+0.649) and (0.336+0.274)
mg/L, respectively] were significantly higher than those in the other treatments (P<0.05). The dissolved total nitrogen (DTN)
and dissolved total phosphorus (DTP) concentrations in all treatments exhibited a declining trend before stabilizing, with no
significant differences observed between treatments. Although treatment V had the highest mean DTN [(1.665+1.678) mg/L]
and DTP [(0.603+0.672) mg/L] concentrations, these values were not statistically significant. In the middle and late stages of
the experiment, diatoms of Navicula and Cocconeis appeared on the rotting L. minor, and the wet weight of the epiphytic diat-
oms of treatment [V was the highest (P<0.05), reaching the maximum of 249.13 mg/L on the 35th day. The maximum biomass
of epiphytic diatoms on L. minor was significantly higher than that on glass sheetS (P<0.05). The results show that the wet bio-
mass of rotting L. minor at 12 g/L is more conducive to the growth of epiphytic diatoms under aeration disturbance, and L.
minor are more beneficial to the growth of epiphytic diatoms than glass sheet. The rotting L. minor releases nutrients such as
nitrogen and phosphorus, providing a material basis for the growth of diatoms and serving as a medium for the diatoms’ attach-
ment growth. This experiment provides a feasible method for cultivating epiphytic diatoms in a decaying state of L. minor

under aeration disturbance, expanding the cultivation method of epiphytic diatoms.
Key words: Lemna minor; epiphytic diatoms; aeration disturbance; nutrients
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