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Abstract: Over the years, integrated remediation efforts in Lake Dianchi have yielded significant interim success in curbing
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cyanobacterial blooms. From 2018 onward, both the frequency and spatial extent of these blooms showed a consistent downward
trend. However, a marked resurgence was observed in 2023, prompting renewed scientific and public concern. This study
systematically investigates the variability and outbreak mechanisms of cyanobacterial blooms in Lake Dianchi from 2018 to 2023,
leveraging MODIS satellite imagery alongside integrated water quality and meteorological monitoring data. Analysis of the
monitoring data reveals that the annual bloom frequency followed a “V”-shaped trajectory over the six-year period, with 2023
registering a notably high frequency of 87.0%, significantly exceeding the six-year average of 69.3%. In contrast, the average
bloom area from 2022 to 2023 was substantially lower than that from 2018 to 2021. Specifically, the average bloom area in 2023
(15.86 km?) was 65.3% below the six-year mean, although it represented an 11.4% increase from 2022. Spearman correlation
analysis demonstrated that both bloom frequency and average bloom area were significantly positively correlated with air
temperature and precipitation, while showing a significant negative correlation with wind speed. Additionally, cyanobacterial
density exhibited a strong positive correlation with total phosphorus levels. Multivariate linear regression analysis highlighted air
temperature and wind speed as the dominant meteorological drivers of bloom dynamics in Lake Dianchi. However, total
phosphorus concentration had limited explanatory power regarding variations in algal density. Throughout the 20182023 period,
cyanobacterial density consistently surpassed the mild bloom threshold (1.0x107 cells/L), suggesting that the 2023 resurgence
was primarily driven by synergistic meteorological influences. During the non-bloom season (January—May and December), an
increased proportion of temperatures between 13—20°C accelerated cyanobacterial resurgence. During the bloom season (June—
November), more frequent low wind speeds (<2 m/s) promoted cyanobacterial surfacing and aggregation. A reduced proportion
of temperatures below 13°C favored cyanobacterial growth. A significant rise in the proportion of 20-25°C temperatures during
the bloom season likely enhanced cyanobacterial buoyancy, contributing to the broader bloom coverage observed in 2023. These
findings offer valuable theoretical support for the daily prevention, prediction, and early warning systems for cyanobacterial
blooms in Lake Dianchi. Furthermore, they provide a scientific reference for bloom management in other plateau lakes across
Yunnan Province.

Key words: Lake Dianchi; cyanobacterial blooms; dynamics of cyanobacterial blooms; meteorological factors; nutrients

Bt S T A HERR IR . AR A i LUK MV R RR 895K, I SRR AL IR 4 2 B s, 4Ek
WSS TR EARBINE, FEEEKERERRMLLE8T:, TR ARRK A RS ) E KBk
dilte FRERWIA R E TRL R RO R I AR SR —, Herp ], B TR AR R R KA B R K
e B I . AL T I VRS, R M AR s W, R AR BB RS Pt
b KB ST RS SR, B A\ EEAROR, B RIS B B RS S
BAT HORE N, VE R E IR I H 28, B T EAR B B AR, KR SR
Bl WHOKERIEE K, BOVESTENG B4 ¥, 0t 2001 45 U B SR EoK ), s
RREA R AE AN FIVER . AN FIREEZ KA, 9 R E A AR, RTINS T — RPN ZRaA
AT, 2200 20 ZAEIIAIRSS T, FHIGBEARIZL 58, GBI E . A 2018 SRR, Hit 4K
JRASEAEIVIE (AERZE RO, KA HEY] R s, HHK R A REOZE R, KA .
SR 2023 £F 6 A, VEIMIES R E RO IEEK e, TR Eig, SRSz K.

IKHEFRRGRAERFE E TR AURNUKSCRAT T, SR R SRR MBI 5, MR Rk 2 HARER
U, S5 TS K B TR L AN SR 3 R 2K AT T IRAR DS, KRBTSR, w8 IR a2
KA IRE EER . Lewis S5, RABHEHRAEKMIGTAI RG] TTER; Steiberg 5T
BE—BRWY, RS E SR A E SR B 7R EOK KT Downing SEUMLERDG 99 AN




TR 5 R AT RO R T R, MBI ECT 30 pg/L B, R 3AE R R /N T 10%;
MR E AT 30-70 pg/L I, KRS E 40%; MBI ERL 100 pg/L I, KR EIE 80%. XEEHFFTEI>
VLA T8 TR SRR B K AR B R, KEFFARRMW, SRR INEK Y TR 5 — S E
Fo Paerl FUNNy, ST E AR T BB SRS, HARE B KT BT & BRI B R4 AT . i
SOOI TR I, AR R, KAEES COLIRBET & M b AT I . KU R FE . H R
V51 K S8 R 3R ARk 1 W W K AR R AR . SRR TR ISR AR R RN & SR AR S R G B
AR, SR T WA S K -OK AR AR, FER N T WK A R AR AR SR . gk R AR ST X
IS K AR SRR IR BN IR 2R (0 0 R B, AR B/ AR I A1 5K 2 B2 S G IR RORE R, T 25 (A1 5K
FEP Y SR 2SR 75 S IR R .

B4, 2023 4FEMFEENS BRI R RE T2 RS IR BRI T, ERAIR. KUE. NS
RIRZEMAR? IRANEE —FILEIE AR ? X — W, AR T PEBEEEE, /47 7 HEb
2018-2023 NG K s, 4G R SRAK S EHE , IRAIRIT T 2023 R JEM 5 /K 2 S I A
DR, DA A TR b I 3 K A B L B 45 R Ak BB T A (Rl S0 0 A S i S

1 MR E

1.1 R

I (102°36'E-102°48'E, 24°40'N-25°02'N) {7 T = Bt i i, ~rA RIATKIERH (B 1), &
FARIL 20 BRYLop /KW by, JRACTLIATR, el FIn R i . bR AR 2920 ~F 7 T-K,
FENBIRA 35 % (Bl 1b). H 1996 FARIR LR, EMLE 7 F8 BEAE IR X LT A R 5
WASNEREE S (B o). Hr, BRI AR 10.8 7K, “FH/KIE 2.3 K, IEEEKAN 1886.80
K, WIEE 0.25 23T K ANEFIBITHNEIRR 298.7 07 ToK, PH7KIR 5.3 K, IEH m/KALA 1887.50 2K,
2% 1535423077 K . b R TR AL T S, ADUKRIRE S, KASSIae 5. BERE 2, M
HABZRG M, 2KESEXFABURX S0, [Hik, K4 — B EM A6 FAZ% O f E 5

Bl 1 bR B L NI E A I A s A
Fig 1 Schematic diagram of the geographical location, inflow rivers and monitoring points of Lake Dianchi
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Fig 2 Changes in the frequency and area of algae blooms in Lake Dianchi from 2018 to 2023
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Fig 3 Changes in algae density in Lake Dianchi from 2018 to 2023
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Fig 4 Temporal changes in total phosphorus and total nitrogen concentrations in Lake Dianchi from 2018 to 2023
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Fig 5 Changes in temperature in Lake Dianchi from 2018 to 2023
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2018-2023 AE [ R MG 45 R BoR, A RGELE 2.51-2.86 m/s X A5, 2023 4V XH 2.66 m/s
S5NEMME (2.68 m/s) Y, {HE5F 2022 £ ETF 13.4%. FABREHMERIIN: 2023 4 134725 RGE 2.20 m/s
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WEAR T /NEESME (2.25m/s), EET 2022 4F (2.17m/s); AEEEM 3.12 m/s FIRGE S /S EMHE (3.11m/s)
FP, EEZF&T 20224 (286 m/s) (B 7a). KEMZE SRR EHEARGELL 1-3 m/s AE, JEE#E
BRI LL 3-4 m/s FI>4m/s NET (B 7b). 2023 FEHEM 1-2 m/s F 2-3 m/s KGHE LB 551 45.9%F1
40.4%, BONTFIMEII MG 7.2% 1 2.1%, KW EEAFZHAEA L EE L, EF5 3-4nvs F1>4m/s K
T ELBIE 47.0%F0 13.7%, BNERMEIETE 16.1%8 5.4%, #2022 FHIEEIE 30.9%M1 24.1%, FHIEE
BRI F B Z .
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Fig 7 Changes in wind speed in the Lake Dianchi from 2018 to 2023
2.4 BESHEERTFHXR
AP FIET RN REE CGFERR. 28, A RARE, RGITFE THEBEEKE GRFE.
RAZ, M SR T Spearman MMM, HRFW, FHER. FEMAEEEHREL, H
THAEAEIRG], A5 SR T R R R E WA (p>0.05). Fik, FEoHT 2T AR
SRS A RS RIE . 2018-2023 FEMIEF/KE (HKERAER, A FH/KERR. ATH
PR SIESN T Spearman AHGYEUWNE 8 Fim. AKEKARESE (1=0.334, p<0.01) FIPEMWE
(1=0.255, p<0.05) 2RFEIFME, ME5RE (1=-0.497, p<0.01) WIRB A EZE A, KEERFERE
558 (1=0.369, p<0.01). W& (1=0.383, p<0.01) EWMIFLMR, SRE (r=-0.386, p<0.01) N
W A DG. R, SVBEIR A 5 i B B 28 IEAH 2R (1=0.302, p<0.05), TMi# % & 5/KEmA (=0.538,
p<0.01) KEAZHR (1=0.336, p<0.01) HEHEZE <.
E Spearman FHICTEM T EEAE 1, SRS/ Z AT 2 S0 LR IE AT, E—2D 00T T S BRI
TREB AN TR (R D. 4RER, R KEABERNEEEKERERTUIREREN 27.4%
(p<0.01), Hrpigmim KIH 7= KE, HUORAR, MWERZHIEAEE (p>0.05). AR, KiEH
o6 W B0 A TR K SR T AR AR AR N 14.7% (p<0.01), HAgumii KB TR, HUGERGE, P
B FERERRE (p>0.05). S SR X B BEAR A MR R BE O 4.1%, H _F I A B
# (p>0.05). Kk, “RARGEZ RIS EDE KB GEAIR AT, MERE (A B%) REX
A AR R T TR -
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Fig 8 Correlation matrix between monthly cyanobacterial bloom frequency, average bloom area, average
cyanobacterial density, and environmental factors in Lake Dianchi (2018-2023)
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Tab.1 Multiple linear regression results of environmental factors with monthly cyanobacterial bloom frequency,

average bloom area, and average algal density in Lake Dianchi (2018-2023)

[E] YA Y & AT

R AR HAR & i o
5 R? BEMH PR R AL BEM K
il 0.404 0.003** 0.657
KRR JEBLS 0.274 <0.001%** -0.491 <0.001%* 0.658
% T == -0.264 0.089 0.471
il 0.337 0.019%* 0.657
IRAETHFR JEBLS 0.147 0.005%* -0.324 0.024%* 0.658
[ W = -0.150 0.370 0.471
STk 0.219 0.085 0.927

I 0.041 0.099

e -0.100 0.429 0.927

T MEIRIE 0.01 ACT R EHI,
TEIBR I T AR IX 6] L 5] 5 T K R IE Y Spearman AHICHESMT B (R 2), AKMEKREZ, AF
BIKAEHEAR S <13 CRIR G 2R T E AR (p<0.01), HKEREZRYE 1320 CIR G2 3 EH X



(p<0.05), H-FEKEHBINE 20-25C il ELF] &2 IEAHSR (p<0.05), FREIA R TIR X TR0 K HE 52 R
AAPRZER. Fib RSN RIE S K ERHER Spearman ARME TR (R 2), HKSRAZE,
JAPHBIKAETFS 0 mm ] 23 ) 2 235 FUHDE (p<0.05). AR HURHIDE (p<0.01), 1A B R X [R] oK
o RIMIEFMRK: HKERERSES 4-6 mm 2 H BN H 2005 EMEK (p<0.01), 5 0-2 mm. 2-4 mm
HH P LB 2 R E IEARDG (p<0.05); A FH/KEHFE 0-2mm. 2-4 mm. 6-8 mm 5. H [ LG 2 4% 2
FHIEASR (p<0.01)o IX—4 R, & FEFEKALHERK BT, 520 M 2 M K e R e o b s
PUHARFAE 5 W BOK B AH NS0T (R 2D BoR, AKERAER, HPE/KERRS5<2 n/s K G 2K
B3 AR (p<0.01), M5 3-4 m/s A1 >4 m/s KRG LA AR B 2 51 AH < (p<0.01), T IR KIE (<2 m/s)
fRHEKERE, Bl E (>3m/s) WEFMEER.

R 2 FMAKRERER . HF R KBRS ARG T X8 P R A 23 45
Tab.2 Correlation analysis results between monthly cyanobacterial bloom frequency, average bloom area, and

proportional intervals of different meteorological factors in Lake Dianchi

KEETIX (A AKSERAEZR AP K AT R
<13C -0.424%* -0.388%*
13-20C 0.274* 0.233
ASRX (A
2025°C 0.226 0.287*
>25C 0219 -0.075
<2 m/s 0.456%* 0.387%*
2-3 mis 0.117 0.124
HIRGE X (8]
34 s -0.434%* -0.405%*
>4m/s -0.427%* -0.332%*
0 mm 0.301% 0.411%*
0-2 mm 0.325* 0.370%*
2-4mm 0.279* 0.385%*
H L H R X
4-6 mm 0.325%* 0.221
6-8 mm 0.098 0.316%*
8-10 mm 0.086 0.198

T FORTE 0.05 KTRBHIK, HITRTE 0.01 KT BEHR,
3 it
3.1 2018-2023 FiE SRR LR A HHE

BESR A R B TP S K R R RIS, FErh ARy R B IR R e 3O R AR K B Tk
SEMEEAE DT, BRI, BRIk SER K RO R E RN FRREIE (S 0.15-0.5
mg/L, S 0.01-0.02 mg/L) 2 il HEE IS PG 5 R OCEIR BE X [A)0640), T EFREIME (R4 2 mg/L, S
0.2mg/L) WIkREEE TR ALHE A B, ERERIR, KB RNE IR BRAE A7
gy, XARE S E IR RRE T (WRIE BN ED Z AR A b A RN A O, AR (B 8), R
TR PR I B 5 A IR B R IEMIE (p<0.01), RIRH B EIREIR R 83 FAHE (p<0.05), X—455%
5 FRWSAERT . B RS RE TP R AN ] RiE I 2 AR K ST Bl ) S R4, SR 3



FLARAE FINLE 75 S RN AL FE T LA O o BT s 97 #h B AR v X VT 2018-2023 AR HHE k4T
SR, E#E (0.060-0.072 mg/L) AUSZ (1.26-2.23 mg/L) R EEBITIEHAEKN TRBIME, H
1 2021-2023 BB E H B R0 ERRME 2mg/L). MMM (K 8) Six, MBiSHEEREEFEIE
S, TR R B E e, 3E— DA SR B 28 A K B S BRI R, IR — 2518 5 ARSI
WAL R SR, 2018-2023 4 A Eh S B4 35 I FE AN 1 S I P S0 B 1) R IS B JE T 3, RT3
PR IR R AR R IR E, 5 H PR B S A SR 2 Je R L [FA 45 RAHTF (R 2),
T B I 7S PSR B T AR IR ) B B P AR A I B R 3

AR R B AL B K ST R B IR IR U6 AR RS IR, RIS KRR A SR R AR B
PR AR R (B 8), X—RILGEBEEVIII AL B0 BoR, AEEREXEXKE
s B B2 <I3°CAUR &SRR AR R, 1M 13-20°C &5 LRI IEASG (& 2),
ZEE RS H SO AL RS . E R 13-20°C FOEE X A EEHBIE 1-4 A (B 5b), iX—Hh
Wi AR, (AR W T O B R T R MY RE S (R R R AR K, SNBSS
T RORRTT R, AT EOER DI RERBUKES, [HAERNZ, HiEE<13CH, T
A TARIREY, FRAZ=1 <13°CHIRBE X (B L)~ BT R 2 A R T AR, bRt K AR k. RTR
IRSKETARI R, AT WS B 8% 1 IEA D (B 8), X 5T AMF AR -5, BkfE,
20-25°C I X 1A) 5 Lb /KB R R IER (R 2). You MWW F KDL, 28°C4MF FZES M L7
BHATTIL 17.8° CHIM 5 Ao 3X— PGS T FE T e A 5 4 e Py B 200 o v 2 1 SR G 234k, 3858 T
WRAEF, BRAR T HEAREE L, MR35t 7By /), (RS0 2 05 B BIR B R 2 T WK A0,

JREE 2 R 428 AU T 5 i ] 3 A AL /KT SRR R DGR FA I [ 103751520, AR T R, AU 5 b W R K A R
AREREFMK (B8, X—4RE5EHMENNT LGRS CATFTRPESS, 1 RUEMK T4
ST BIMERT, TS LRIEEWIRIE R T REIL K R, m R T R A G 5, Al
HIKAETE . B IEE SR B B ik — 2D AR T I — BME RN, 48 HRGE <2.0 m/s {2 FEIR KK
A, T >3.0 nvs MEA BEMRIEM . ATTAREIERY, HibEEOKERERE <2 nvs MG 2 23
EASE, 5>3m/s KIRHEI R REFHK (2, XRS5 DRI RS REE . o, ks
ST ILE K ST AR 5 KB AALE 2 DGR R, AWFF AT 4 SR T X — 4510 (& 8). AKfhidge
H7~, 1-2 my/s IR RGE R ARSI B T BOR TAR 2K, 1T >3 mys KUH T B PRUEERS TE il /N TR
BIRKE, RFFRIESE T %45, KBRS <2 m/s RELLGIERR, 5 3-4 m/s & >4 m/s KK L6117
XK (2.

KT PEN G WEEEARIBIIE R, FARFAFEPIFIT S A« 505 50 F 50 30 18 B4 T 1100 o o 280 T 4 | /K A %
AT, T g — SERFF AT DU AR AT N (R B SR B AT e K AR R Y. AR TR VELE 2018-2023 4RI
AR HTRI, FBEMESKEIRERERYREZEEMX (B 8), HHAMWE>0mm MRS
KESHIAFAFERZE EAHGKRR (R 2), B—ERIFF G M. 8T, 2otk BIE5 g R TR
(R D), SRR K S8 R A AT ARSI 35 500, T 4 R R s DU AR OE B G v 22 B 3 K,
X AT 2 Ry I R 1 200 e AR R Rk 25 3 SRR BE R T 5 o 7 24 10 % BRI B 0T T 2% 1) S i AL v
AP, WA RRIE MK S JJHEE . Je RS R AR T /KM . 3K 3 i@ {2
HEAKARTE BRG] 22 /K AT 58, 17 55 7K 30 773053 W AG 1 T B e 16 R 2R 0 VA SRAE /K BN TR AIE
MZ 0S8, IR G KRR i i R E AT XA K. TR 8] 4 A B A 1R e M R i 160621,
BERERNE, 2018 ELICK, ARSI K TREAMKT G BRI GLETENBIKE &8 NHK
I 70%LA D) FEARKAREE FBCE T b K SCRRIE, N/K 2 S5 B W 2 (A 2R M 5C RV R AN RE L 8L



SR A I SO FR S T A DA e e B PR 2 2 BT v A I R S A K B e . Ak, AR TR
KGR AR BE A K IR AN N S AT DI 25 o DRI, 95175 0 B2 T 52 4% P el AT L B 75 38 3ot 28 DR 1 & 20 #r
SEITIEHAT RN R T o

3.2 2023 FiAMIERKER R E

IR EOK AR AR KBTI S A AR B IEMOR R (B 8D, 4R, 2023 4R 1 i I K
SRR RRAE U % P AT 309 PR R 3 B TS 35 8 P NI AN AR B AR, (KA R A SR B IR B
NAFUAE, AKABTHIARES 2022 SEHUH BT K. X — ISR B %5 AR A 3Rk 2023 4EKAERAER TR 2
BRI ORERESHE MR HEARPNEY (HI 1098-2020) [FH @i, MEEERT 1.0X
107 cells/L Iy BIR] 3 & A2 /K A6 . 2023 AEJEIM 39 [ B AR PRAIS, (A2 2 & THZBME N IR, XK
BRI T DM AR, &5 DA, MEREH NI RER, B B, 7
FTRESIRKAEILG, XOAMERE 2023 FIEE RISUE T RFARYE . ST, BT R K R R T
TERMLH], HE—BIRA T 2023 KB RMIMGE R T AR, S 1REHE.

2023 FEVEM AT K B R AR B I N e, TP R RN R S U 1P K R R AR FR RN
FEHEE T (B 2a). KGEFHEHTZBL, 2023 4 E 3 <2 m/s RE ELEIESERME BT 7.2% (&
76), SGKERAREG RGNS MM (R 1, RUNEEREEAMRE T HEN RIFRE, gk
SEOZNHKERAFT BB RN R, AR 3-4 m/sy >4 m/s RUE GBI TN, B RGE
FHAEZR BUK R AR EFETH T AURK MO HTR Y, — 7510, 2023 4 1-4 H GEEEND <13C.
13-20°C 3L X 1) L A5l o3-S A5 7S A 350 T BE 6.9% 7 9.8% (B 5b), [RIIZK AR R A 26 2 4 1 30.1% (&
20), ESETARRS AR TEES I, AR AR E KT A E IS E R . 55—, 2023 4 9-
12 3 (FERFEFEHD <13CRIBLHIBSELIE T 7.0%, £ ERE LAEFTEEAK, TRl
T EEHKERRAE,

2023 AEVEMAET I W K AR THARER 2022 S TR, FEEA EEMEERK (B 2b). [R%
o3 HT RN, 2023 FEEEHT 20-25 CIRAEX [AI HL %L 2022 45 BT 13.1%, [RIHI/KAETIFASRE 87%, KU
B AR TR B, FTRER S EOZRI KA TR ORI R R . UEARFIE 2 T B, 2023 4R
<2 m/s KU L8 2022 4E T B, 3-4 m/s F1>4 my/s KUK ELBIA BT ETH (B 7b), S5& /KRR SR
HAGAHOCHE (GR 1D AT, BA/KAETAR S KRR E AR, HXIE IR 2023 4 13 /KRR R 3 2
JEIR o AT AR H T AR Z 0 K SR TR AR AR P SE D 2, T 7 B S K A TR ) 7 T 2

ZE LR AR, EEEE S TKERAEBRMEMNFLET, 2023 G ST EK e K LR AT
NI AP K AR TIAREL 2022 FE8 RIILG, FERZAR . OSSR E TR FERE . BAmS,
AE B 13-20°CHEE L) L F-ntRIEFE G 75, M <2 mys (R KGR ARG (e e IR JR4E, <13C
TG PR AT R, AT AL FMRAE 1 2023 SRk AR AR B TF TR Y 20-25°C i b s 2
T EE BV, AT AR AR KA TR Y K E IR 3
3.3 FEMRE

AR FEEET 2018-2023 BT MODIS PEMAR, SiEKRARWMAER, REani 1 HIbER
WARFAE, R TR B 7055 N FO0 I8 BK A R A A RIS R T RS2 R . ZE S R RS, JE
TBFEE A B R AR ZRE N, AW TGS BAR ST A R R RR S IR AN SR, R IE BK e 2K
(R M AL 0 55 0 — B UR N AT, 3617 N} S A 3 I W K AR B 45 LA .

B LML WE LB E, AMRET AT E (MODIS) $REUCHIBEEWE, TS B EEER
SR, ToyksE A RMOK R A L. A, MODIS 25 [/ 53 HER A, T mix R AL, " Res



R A BRI, I8 BRI R A, R, Al i G 2R RS, fem e 8 i HR A
B HE, DU InAEn R B K B R AR . BEAN, AR GERIE RSN H B R Ge it 20 M Cox A4 1
BN SN NS, e R IR R, JF R R 2 R T

IR T A B 5 T 7K 5 98 A A V% N K Bl AT RE 2 XA 7K B0 70 5 8 2R SO IR DL A=
SN, 0 T SRS M K AR R A A RS+ 05) e TR T &, AR VSRR R O T B, s S
NRIEB) 2 (8 AT REAFAE B AR MM N DR R o AR AT -V AN K TR 2GE 1A 80 1 26 A RUK R S 4
R R MR 5 F B KB, 1K gtk KA I B AUKIR BT SISO R T HT (K 7K SCA 520
HLHE o SRR, Dot 5 4% St 1Y) 2R 51038 K 70 185 TASE I LA T 457 55 75 A LBl 2 1R A& 0y
ARG R o 3R N O F0HK) B0 RO T A 5585 LB 1 R DR 3R A K B AR S KR, 3 3k it
IRAE I3 b X AAERA B 5 SR DR 3R (K45 P o ASHIE T A BT AT 7508 358 175 2 10 0 e o 2 (AR 7 A 3t 1 A P 8
R R MR, PAEET A IRIKBN 51 73 T HESR CUAS A2 DL oe BE e R VR W 3 /K SR TR AL B, RO 7T
i AR B IR- NV RE S PR IR, R GEMENT 2 S0 T S RO WA SO, DoV R B T e i TR 2
BB -

RN PR TR AR BUE, AR50 RO R R IR A 7 A B R iR 50K
PRI RNE B 2E S . S ILFR, R SN AR SNBSS A S S K & i,
FHIE K A R AU 2L AT P ARA R A, SRR A DL B AN € R B 2 0 . Rk, A b
RS LUK RS HON ERTIEL, @ SRR A TN OB &, RN REEE 8RN
TR AR TRI TRE A R, S T I /K A B FOUIDRS S M T I 2 o

4 #Eip

2018-2023 4 [AEIBE K R A R IR R TS, 2023 fFIXFEH (87.0%). /KEMRFE
BTE 2022-2023 F 2 FEKTF 2018-2021 &, 1H 2023 445 2022 43N T 11.4%. Spearman FH54HT i8R,
KR A, SPRPKAETIA S SR PR E 2R IEAE, 5K 2 38 GG, BTSSR EA
Ko ZICLRIERNA T HTEE BRI, AR ARGE R R O 3 SR M SRS RN T, TR X i
A IR S PR . 7E 2018-2023 4F 5% B2 RREE I B BE KB BIME (1.0 X107 cells/L) T HE R, 2023 4
TS S - B SRR T I R . BRI S, AR EEIN 13-20°CIREE LLf BT IntRIE SR T8,
BT <2 m/s ARG R AN (E 2k iR I, <I3CIRELLEI AR THmAEK, Rtk T
2023 FFEARAERAEA ETF T 20-25°C i HU ) B BN i, AT AR AR K AR T AR YR
(1 2 B OK N [F R o AR A ARG T VR B K AR AR AR S, TR AT TR AT A i e AR A K 3 7
KR R m KA 0 R A, 75— RGUENT 2 EMA T SRS NS, 8 DR RN %O
WKEh AR, BESRINATHRERIKETN S AR, FEMKER RIS .
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