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mEX T EEFTERAEIY
RERUR ELAA MR B RN

BEFE RO ZHEKY BHE'Y kAW
(1. PENGEPERFUA TP H5 2661005 2. HERFEREH 5 A WRIR 5t BT
R E RGBS E INARA R R R E N E FS 266101)

BE 2007~2019 4 3# & (Ulva prolifera) % e RE M #H 55 13 FAMERKL, BFELEF
HERARITH ML EZ TR A S EHE T, KBRS RITI 00 5 5 R4 4 & A A
TEREBEWR., RELEREZE ., AARTEIT T BENKE BEEXKEBEREBEID(EELE
BN EFEANERE AR P e, FRET, FRIEZAST, 20CH 25C)xt 0~7d %
P gt A2 VR R LB (DOC) By B B H B % % 7 (P<0.05): 20C 4T, DOC % E R %5 T 15C
F125CAMT, T 7~30 d FREE TAKE DOC ik &% H 2% 2 5(P>0.05), xTEMEEIE
(DON)TT &, & & Xt 0~7 d 7 % B # DON 8% 1 & £ (P>0.05), i 7~30 d £ & & T, DON &
EWNREZR, A, 25CHHT, DON KEZ B EMKT 15CH 20C(P<0.05), X F E i THELE
HE L, RS Bk H) DON A% TALER R, T 25CAET, mAeDFERE, #
i F 24K % 8 DON K 4 %1, 74, FIE = 4% o6 b #—F 4T H F 247 8 K (EEMs-PARAFAC) #t
W PR AR AR B OB VA AR A WL (FDOM) By 41 ik Fn i b A ME AT 2T, 4RI H 3 AR obd s %
8 2B 4 4 (C1 Fr C2)Fn 26 JF 75 4L 4(C3). A RIRE T, 3 A Aatmaxt4&EXW, 1&E 5 FDOM
W94 R SEIE A B2 %08 (P>0.05), TIAT C2 Fn C3 41489 77 78 5 B B 2% % 1(P<0.05), X 7 # i
A T8 T A A A o R R TR B B B

XKW OWE; B BEANG; BE; TATETFON

FESES S968  XEAPRIRED A XEHES  2095-9869(2020)02-0027-08

2007 ALK, WHEBHEIESE 13 FRRDIE et al, 2015), AW E AR B B X T ANHEH Y
(Ulva prolifera) k2S5 3R B S K F , RHZ ISR IR, (A S KR 35 751 7 3R 2K IR S BE
W M DX B AR PR L Ui SO0 il Ui I K R R Y T HEIF HLIHAE K P 5, XK RS st A28 R 5L
YR T M E M (Li et al, 2017; Liu et al, 2016; Zhou T RGE R , JUHS A A= Y V% (Liu et al, 2010,
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Zhang et al, 2017; 3%, 2009),

FoRRFQOIMFREY, LR LMW EIFA
RE T B RO, A I & T & R A
FT 5T U 2076 F- 11 LA F (Zhou et al, 2015), {E4% T
T-W B, SR RATH M S TEMUE IR ERT, 1)
TR 7K v RS Tl 1 1Y 1 f% A HIL Y (DOM)(Zhang et al,
2017). Duarte 25 (2017)AF5E KB, BERF A 2 T 1
DOM W ZINRIFZ — o I B R4 HInT 1A 4 F g
PRSP0 B E I K (Lemley er al, 2014; Carpenter et al,
1979; Best et al, 1990; Kotta et al, 2010), Valicla 55
(1985)48 th, /Kl 5k 35 52 i 6 VA 8 A6 38 R 4 W e ik ok
#£; Lenborg %5(2018){8 i, WM =S~
i) A= 4 ] ) AR AT 1 5 il A AL (DOC) Y T A=
ok i

AR, BHIF G XHE 5 S00 ) B  RER R  &
EREEBRULE N S SSEHT T2
W% (Li et al, 2016, 2017; Wang et al, 2015), {H4t%}
W B A VR I B R0 Bl « R AR ik
P& DOM 4 AR SE AR 80 . A 5T 0 & 5
ToRE R, WFSEAS TR IR BE X &5 A B it DOC . & &
ARG s2m , LAR) AP R WU & B DOC | Wil
HLA(DON) s 75 748 A ik A A K IR BE X Y i i A BIL
(FDOM)Z RIS, Ay S AR5 B R 32 4 ) 5 M ¥
1A 8 R PR HEER AR

1 e
1.1 EIe#Fal

SCES AT EF S T 2017 4F 7 AR A WA SR
T, I A K s EGE , Y I SEES = A AE T 4°C
UKAE o ST A R K A KIS e S, ARG A
0.5 mg/ml W) " E LB BRI HIEE B AR, A
0.5% FKIRTEERFELL ef al, 2016), I GHHFE
RE=Y i35 S D M2 LA E RN

1.2 LIt

$£0.2 ghb B A& () INAS LELES B,
SRIGINA2 Lid 32 um)ifEK, HEHHA, & 3NN
RIS BE(15°C . 20°CHI25C MG IRE 46, AR
BEAAF R E 2 TATHE, BRI R30 do T 50,
1. 3.5, 7. 15,20, 25, 30 KRHUFE, ET-MHF&TE
TERAE R R 2 AN [FK IR 2 JE LA, WF S
SR T~8 H PR TR R KRR M E S, — A
FREE BRI 11~12 5 A2 KRB B Bk 2, i
HREREWRIL AR ST (T HE, 2014) .98

BECHRGEORNE I, 2011; BI2EHE, 2013; PN, 2014)5
ith, MEIBEZEMER . IRNKERSS B H25C
GFEE) . 4 CURE)MISC(EIE). 14CUR)ZE), Wi,
AW E15°C . 20°CHI25 CHIMEIE

HURETT 7850 F ) BB, ## 8 2 Smin J5, H
B BB L ZKET/ANENR T, maiEs) . I
1.8 ml A UK AE FH T A 0 4 B e, A S
[ (ZORIE R 0.5%), AR, RIEiEFT-80C
VK#H " (Brussaard, 2004), 7K#E R A9 (450°C,
5 h) 0.7 um GF/F fad i€, U8 5% 2 15 ml K
PSS, 40 ml, 20 ml FIEEAE Y (450°C, 5 hyEr gt
B I T8 58 . DOC. FDOM ZpHr, N
FF-20C,

1.3 HmaH

FHTIA ) = BE 43 AR L T 37°COK IR i i
1 SYBR Green | Z¢ 36 R 7 =0 T SR WS B e o
15 min, [ 44 07 BRE i TR ABRHEDE/ NERAE g N
%, KRR ML BD FACSAria )BT, E
K7 H: 2 I8 Marie 25(1999) 7 ¥ .

A ASI-L H Zhak e 9 5 HE S AT DL 0 B
1 TOC-Lepy M7E DOC HREE, LASBIR — H R A B (KHP)
PR R, R R A AR R A T A o A
HFR R 4 pg/L, EHME CV 1E 1.5%LIN,

IKFEFE o R T e = T T P R SRR A B
43K (BRAN and LUEBBE QuAAtro, 7[5 5
£h NO3-N \NO,-N I NH;-N [ B, %5 i JCHLZ(DIN)
BN NO3 . NOHI NH Mk & 2 Fl ., T it 86 48 1k
58 SRR 2 (TDN)H J (Valderrama, 1981), DON &
TDN Jik 2 DIN,

= 4 9Ot O 1% 45 & P AT W F 43 Bt (EEMs-
PARAFAC)H AR KA & B g il 2 Hh B il FDOM 1)
2B A B SR o KRR AR I e = TR TP
i), At 0.22 pom SR EEDA L YE Bt U8 L 38 W Hitachi
F-4600 %3653 66T E FDOM 138 & —%& 53 4 [
HIE(EEM). R KRR 200~480 nm, AHHEK R
4 250~650 nm, [A]FF A 5 nm, %4 1200 nm/min,
BBt E 2R 0.05 s,

PEAT VAT 40 BT, i AR 2 WO A S ) L
S5, sl MATLAB Al Statistics Toolbox £
DOM Fluor toolbox (R2016a; The MathWorks, Inc., &
ED AT AT K23 B B3 2 6 41 53 (Stedmon et al,
2008) AT 20 B T LA B AR AL A 1 A X
TRREE, FFPAL TR 1, e R
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1,=Score,* Ex,(Anar) <Emy(Zonax)

K, Score, {URHE n Fl o0 1R XT 9058 1L

Ex(Pona) IR n MBI R T RAE, En(Zna)

TRERER n Mo RS B iR KB . BIOERE Tror
R 25 AR &5t P, A 3T

n
Iror =Zln

1
Pn:[n/ITOT

FH W EH DT R R FDOM AR Mk
A5tk (Kowalczuk et al, 2005).

1.4 ZitoH

FI ALK 2 7 2 (Two-way  ANOVA)J3 T 52 56 %k
P, Hrr, DOC. DON#HE 73 4 0~7 dFi17~30 d 27~}
() BEHE AT 40 B o 20 PR 2R 40 ) Sk B sk [ R B .
Spearman F 5& 43 B B X Y AE 1 (8] S 75 A7 1E 2 3 B9
XA . FlSigmaPlot 12.08/Ftfrgeitortr, W&
P 7KF40.05,

2 #HER5ITE
2.1 AREETABENIHNINEETE

AN BT W B A R v DOC Rk AR fL REAIE
W 1R 3 AR T AY DOC W EEFERT 7 d 2L
HOmERD R 7d 2 E4ERFIDT R GE (E 1), DOC
s PR AR HIGH R BRAETT 24 h, 435 1.13 (15°C).,
3.31(20°C)F1 0.94 umol/h(25°C), TERT 7 d 200C &4 F,
DOC ¥ B &= T 15°CHl 25°C(P<0.05), i 7~30 d
3 /MR DOC WA B8 1 25 5:(P>0.05) . K FRHT
[E]X DOC ¥ AT i #5200 (P<0.05)

370

—e— 15C
—o—20C
—o— 25C
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N N w
193 [ —_
S S (=]

A UK DOC/(umol-L™)
N
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S
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A1 Time/d
B AN [RIREE T VA A DLk A2
Fig.1 Concentration changes of dissolved organic carbon
(DOC) at different temperatures

AN [E) R BE T S0 &5 A e oo R v 9 i 25 L Tk i AR Ak
#HE DOC AFE(E 2), 3 MEE T A DON He B it

ER RN RO, 258 7 RiK R EE
(K 2a), IEHS, DON HYRERH A5 5]h 3.64(15°C) .
4.22(20°C)F1 3.48 pmol/d (25°C), ZJ&, DON ¥ T
AUk, 0~7 d 3 AMRFEETF DON MR AT & 25
(P>0.05), 1Mii 7d ZJ&, 25°C 44 F DON # i i ik
T 15°CHl 20°C(P<0.05), H5F50][E] % DON ¥ A
352 (P<0.05). DIN ¥BEAMHIFESS 20 K(15°C). 56
15 RQ0C)FIEE 7 RQ5C)F BRI, HEILE
KRIAPRFE I ka2 (8] 2b), IS asoamt, 3 4>
IREETT DIN MREHGE 27308 0.49(15°C). 1.68(20°C)
A1 3.55 umol/d (25°C). EEXT DIN BEiCAT i & 52 0
(P<0.05), MISEFE, 25°C 40T H) DIN H I 85
T 20°CHI15°C, 20°C4AMF T DIN B & T 15°C
(P<0.05), BEETEETHE, DIN #BE M EWIn, B3k
6 DIN ¥ FE A 2 5200 (P<0.05), 3 MNMRET
1) DIN ¥ & 585 Al A7AE i 25 IEAI DG OC R (Ry5:c=0.883
R0c=0.950. Rysc=0.983, P<0.05),
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Fig.2 Concentration changes of dissolved organic nitrogen

(DON) (a) and dissolved inorganic
nitrogen (DIN) (b) at different temperatures
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AR AR R S B/IMIE BE B sh A2 Ak, X 20°C A 25°C i
T, WUEYIFERAERT 3 d /MR B>, 2R S
ISR/, 15d Z )5 2I/NREK Ik, 5
0 KNS 30 KB £ 430 2.36x10°(20°C)
2.42x10°(20°C)A1 2.83x10°(25°C) . 2.85x10° cells/ml
(25°C)o BAKRE, 25CHRUTMMAEYFEMRE S
T 20°CHl 15°C(P<0.05) 35 & B X G A= M =+ BE LAY
R (P<0.05).

——15C
20C
6l —e—25C

A FE
Microorganism abundance/(10° cells'ml™)
N

0 5 10 15 20 25 30 35
A JE] Time/d
K3 AR E TR R
Fig.3 Microorganism abundance changes
at different temperatures

IR WFIE 45 1, SRVEAEY DOM IR RN [ i
aJ Lo 3 ABrBr(Hicks et al, 1991; Valiela et al,
1985; White et al, 1994): 55—y B i A WL B TE
BOR MR ; 58 — B BRI E R N AR s oy T1E
B N E AR, dE— D BE AP ; 5 =B B
SRR, TEAUE, R R ENAR TR
XS 1)V A o A 5 4 R A

AHFFELE R Bk, DOM [BEHUR — P iy 1t
o 3 MMRE R DOC fe bR il B H0s % H BLFE FT 24 h,
DON 7ERT 7 d PLE B . Litz(2006)7E LL#T 5 1Y)
Spartina ZEFIM W FEXT LA TR, TSLU0HT 24 h
WA T DOC M PHE R . Zhang % (2017)45 i ,DOC
F14) PR B 3T R A b 2 A o (b n K e RN A A D)
WA, ZIR A E RS, e s EEAER.
AW B (8] 3)LA e DOC 145 5 87 , Bl i) DOC
FESS 1 RZJ5 A Wy ek W A =2 5 dE R A X R
X R R e BRI R RS A L, 1B A LA L
TN R R A AR . 2.2 BT A R e
B )

Wang Z5(1995)0F 5545t , Ne WG H e, thian—
HZ(MMA) . —H JiZ(DMA)FI1 = H iz (TMA) & B4 K
Hi(Spartina alterniflora) BB K b FE A& AA

M. A RS, TCKE (Spartina patens) Fl 5a M-
T (Typha latifolia)7ERT JLR B3 BRI &,
IR 5 B W) B R FH (Wang et al, 2007). 132 WITE %
fift DOM 3 i S48 — e HUIE 20 AU Ak TTHLE
KMYA, £ 7~30 d /1) DON A3 Y DIN RHH
AHLRFE A A TEHIE X (E 22 FIE 2b), R XTiZd
FEEA W52 . 25°C 1T DON #REHI AT 15°C
F120°C(P<0.05), FIRERM T 25 CA&M N UEY FE
HHLEE R EP<0.05)( 3), 15d ZJ5 DON J /b )
ARG (JLHIE 25°C), ATREZ T BL IR R AL T
FUIRAS, [EARAE FHHC 1% (Wang et al, 2007). DIN &%
WO, WFE KRR R EHLE TR, 5
Lemley %5 (2014)%1 %} Great Brak Estuary 3 Fi K FIFE 1)
St BRI AT AL, FEAR B B, KA BE Y
WO B TCHLA, ERERE BT, BRIt 5
PEI(Wang et al, 2012), Z5H o, IR KA 3%
fitid FEH Y DOM 5 B AR,

22 REBETEARBENNIABEURAS
BAETAL

I PARAFAC fRENS EEMs & 2R A
Y531 R A B 9 6414 (Osburn et al, 2015), Qe 1
ffizs, FIH PARAFAC %5 3 264l r: C1 M
C2 MR EHAMRA /(WA NI E AL S, C3 ARE
B 4Y o 2RI B 08 620 o0 AN 5 W A W s A |
FHTT 8% A & 7K A4 4 PR 5 A HL(RDOC) ) i 22
MRSy, WEAE MK RDOC AYEE 755 (Murphy
et al, 2008; Zhao et al, 2017), AREE T4 Cl. C2
N C3 AHRXT S5 Py Py A1 Ps RIS R] 25 Ak A9 4 fE 0
Kl 4a~[&] 4c firzn . Hrp, PRl P, ¥ T80 20 Kk 3 i
B, 3 MEET, Py7E 0~20 d 25 BS80S v b 1)
BB FELIR S IAA Irim . AFERE TR P P,
P 0 2 H(P>0.05), FWEEXT FDOM 4
WA B0 K 4~ 4F 50500 3 AN EAR
[ RE T 2 s AR b R . 3 MR FRE A4y
C1 Ml C2 (B NG E 1, N I 52 BRAR AL ) A8 AL R AIF
HROR TG S A 2 B> B, 2 e B,
SAIITESS 20 R(15°C). 45 20 KQOT)FIE 15 K(257)
IRE KM, FESCERIE T, DGR s/ (B 4d~
Kl 4e). N 4F ffs, 15°C R P 415 C3 1Y%
FEIREE [ 7E 0~20 d 2, e, 20 d JFIFLRED .
20°CH 25°CHF AL AL : 7E 0~20 d L G
BRI AR, 20d Z 5, LR, iRt
L I B B2 0(P<0.05): 25°C&MHTF, LML
KT 15°C, nlREe R R A P i
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Tab.1

PARAFAC £ 5] A9 3 1 FDOM K 4H 5 K HAF1E
Fluorescent component characteristics of FDOM

2043 Components & /& B EXpax/EMpay (nm)

K Style 2% Hk References

1 225,275/325

A8 Z R Tryptophan-like

Murphy %(2008); Li Z£(2018)

2 235, 300/345 20, % /R Tryptophan-like Zhang %:(2014); Murphy %:(2008)
3 270, 330/445 2585 Bt Humic-like Coble(1996); Stedmon irff(2005)
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Fig.4 Relative contents and fluorescence intensity changes of three organic components at different temperatures
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THUAE WA B fit DOM 2k 72 i 3 A3 L UG 78 R Tl
A, WX G R B . 25 CAF T DON ik
JERH AR T 15°CH1 20°C o 3 LA A AT 25 B 7 AN [
B AR R OO 3 25 5, SRR EE IR b 35
FDOM 2R A, Ml EE & (i 25°C), KEHA T
C2. BIEFERA15Yy C3 B»O B LB W e, ]
A A2 T I B T v I RACAE B ) 43 i R T 3
FDOM 5 5 38 i o
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Release Dynamics and Composition of Dissolved Organic Matter from the
Macroalgae Ulva prolifera under Different Temperature Regimes

GENG Qiangian"?, CHEN Jing?, LI Hongmei*”, YANG Rujun'”, ZHANG Yongyu®

(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100;
2. Key Laboratory of Biofuels, Shandong Provincial Key Laboratory of Energy Genetics, Qingdao Institute of
Bioenergy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao 266101)

Abstract Large green tides of Ulva prolifera had become an annual event from 2007 to 2019 in the
southern Yellow Sea and millions of tons of U. prolifera which were not salvaged settled to the bottom
every year, releasing a large amount of biogenic elements such as C and N through degradation by
microorganisms. This study discusses the effect of different temperature regimes on the release and the
composition of dissolved organic matter (DOM) during the decomposition of U. prolifera. The results
indicated that temperature significantly influenced the release of dissolved organic carbon (DOC) during
0~7 days (P<0.05): the DOC concentration at 20°‘Cwas significantly higher than that at 15°C and 25°C.
There was no significant difference in DOC concentration at different temperatures from day 7 to day 30
(P>0.05). For dissolved organic nitrogen (DON), temperature did not significantly affect the release of
DON during the first 7 days (P>0.05). There were significant differences in DON concentration at
different temperatures after 7 days (£<0.05): the concentration of DON was significantly lower at higher
temperature (i.e. 25°C). The reason for this was that some organic nitrogen was converted to inorganic
forms of nitrogen by microorganism during day 7 to day 30 and a higher microorganism abundance at 25°C
led to the transformation of more DON. The composition and fluorescence characteristics of fluorescent
dissolved organic matter (FDOM) were evaluated by an excitation-emission matrix combined with
parallel factor analysis (EEMs-PARAFAC). Three distinct dissolved organic matter fluorescent
components (i.e. Cl, C2, and C3) were identified using parallel factor analysis. C1, C2, and C3 were
considered as tryptophan-like substances (also called protein-like substances), tryptophan-like substances
and humic-like substances, respectively. The results showed that temperature had no significant impact on
the composition of FDOM through comparing the relative content of three fluorescent components at
different temperatures (P>0.05). While the fluorescence intensities of C2 and C3 were larger with the
higher temperature (i.e. 25°C). Temperature affecting the fluorescence intensity markedly (P<0.05) may be
caused by quicker microorganism decomposition rate under the higher temperature.

Key words Ulva prolifera; Decomposition; Dissolved organic matter; Temperature; Parallel factor

analysis
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