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1 E: [% %) &RILA IR 2854 (Zabuye saline-alkali Lake, ZL)2 vAKAK G 45 K E CO5* . HCO5~
Fo Na'h R E 45 b ey L, FRABFHAY S HHOMXIARTHREN. [B 6] 2ARTIA
AR AR AL B M6 B AR, B AAT AN AR EMARA AR ERT N [FEL R
A 18S rRNA K /5 31 (V5-V7 R) &8 2 0 5 947 2UA0 3R 3088040 B A 5 2k th 09 B T 45 4 s Am dh
A % AfdE; AT AR KA F A AEFe Spearman A0 X £ 2 AT B X B L IR R T ag4a X bk, SR
FUNGuild 44 AFn A E ¢9& x5 X. [£R] llumina N5 RKFEALFHAMETARRAD)
MRAEBR) 121720 R 25 B, H¥E4F %AW £BRKZ Aphelidea (0.12%—51.84%)-

Nucleariidae-Fonticula # % £ (0%-91.70%) . F % & 17 (Ascomycota, 1.38%—9.04%)#= 32 F & I
(Basidiomycota, 0.20%—10.16%). & JL/& (8T F E>1%) £ %4 Nuclearia (0%-91.70%). %7 H /&
(Fusarium, 1.38%—4.32%). Paraphelidium (0%—4.57%)#= 4 £ & 2 (Homalogastra, 0%—4.39%). 4 %
% & . Protosporangium#= Nuclearia 5 Na". K'. Ca® ¥ B3 FTRERELEEZEIMIEZEMX, 57
JE(T). ¥H(TP). EHAB(TOC)A» pH ZMEF fiA0X. EHAFFHARNARKS R4,

H B ¥ A 42 ) & 7 A A H (saprotroph, 1.38%—5.24%). [ 456 Y 3UA 3R 2h sl A A% s A i BE K o
Mh At X &AM, FEFTLZFTEH N2 FTEHN, 224 £ Aphelidea #=
Nucleariidae-Fonticula A2 £ Zf - 4§ 2R a9 40 % 11 K 2% BER 2 M 5 LA IR L 09 B THAE AR E W
MK, FHARNOEIZERENZFAETHA.
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Community structure and diversity of eukaryotic plankton in
the Zabuye saline-alkali Lake, Xizang

TAO Yujie', QIAO Lijuan', GUO Min', XUE Binjuan', LU Xinyue', WANG Rong',
HAN Rui?, ZHU Derui'

1 Research Center of Basic Medical Sciences, Medical College, Qinghai University, Xining 810016,
Qinghai, China
2 Academy of Agricultural and Forestry Sciences, Qinghai University, Xining 810016, Qinghai, China

Abstract: [Background] Zabuye Lake (ZL) is a saline-alkali lake in Xizang, with high
concentrations of CO;>", HCO; ™, and Na". There are few studies involving eukaryotic plankton
diversity in this lake. [Objective] To clarify the diversity and composition of eukaryotic
plankton and the trophic mode of fungi in ZL. [Methods] High-throughput sequencing of the
V5-V7 region of the 18S rRNA gene was employed to analyze the community structure and
species diversity of eukaryotic plankton in ZL. Spearman correlation coefficients were
calculated to measure the correlations of genera with the chemical characteristics of lake water.
FUNGuild was used to predict the trophic mode of fungi. [Results] Illumina sequencing yielded
25 genera of eukaryotic plankton belonging to 20 classes, 12 phyla, and 2 kingdoms. The
dominant phyla were Aphelidea (0.12%-51.84%), Nucleariidae-Fonticula (0%—91.70%),
Ascomycota (1.38%-9.04%), and Basidiomycota (0.20%—10.16%). The common genera
included Nuclearia (0%—91.70%), Fusarium (1.38%—4.32%), Paraphelidium (0%—4.57%) and
Homalogastra (0%—4.39%). Homalogastra, Protosporangium and Nuclearia showed
significantly positive correlations with Na”, K*, and Ca®" concentrations and total salinity, and
they had significantly negative correlations with temperature, total phosphorus, total organic
carbon, and pH. The functions of planktonic fungi in each sample site were mostly unknown
and saprotrophic fungi (1.38%—5.24%) were present in all the sample sites. [Conclusion] The
community structure of eukaryotic plankton in ZL was similar to that in other saline-alkali
lakes. The dominant phyla were Ascomycetes and Basidiomycota, with the presence of
Aphelidea and Nucleariidae-Fonticula. The community structure was closely related to the salt
concentrations of ZL. Most of the planktonic fungi in this lake were saprotrophs.

Keywords: Zabuye saline-alkali Lake; eukaryotic plankton; community structure; biodiversity;
high-throughput sequencing

T Ufif A= ) (plankton) 2 — 2R /K A 355 HL ik
ZHBMRETT BN, T 20 h P I
B AR B AR ) R AR A ) (LT
TP E I Sh W) A5 o TR IR A L U R
NE, IR ISR Wi
s 2t ar A, WislEAsh . B

Kb RN By, R 2 R
RELWLEEE ., HE . YA = 214
M, FEONEA BMBOTERL . RN
2L 3P R e U A R PRl AR
SRR AR BRI 2 B P 8 DA G . il
X0 45 IR P AR 0 43 BT 4 Tl /N O b 7
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ARG, R HSETE RSB A s
KSR Tlumina /3538 50 7 42 R 43 M1 A [
TS AL R . K BT ZR I AEER) - 5 B A T iR
VI ZFEVERA DG , R IROL S AR R AR W) 0 )
A ith 5 & (Aspergillus) . L] 14 J& (Saccharomyces)
FE JE i )& (Tulasnella) . Suikkanen ZEPF] ] &
WO B0 Ml B 2 R I i A A, K
WEAZAA D SR 2 K EY), W
Eubosmina. Evadne il Podon 4. EA%IFiFE
Wy 1) TR V% 45 A8 2H AT s B A 2 R T 1) fg BREIR
B AEBABRR S HAKIRE TR, B
A Hp /K A B3 e L s A SR SR AR

L B A (saline-alkali lake) & T 6 iz 7l 15 i
o 1 $T 8 (soda lake), KRG, & & ek e
COs* Ml HCOy o #17AZE L 43 Sy w25 B 45 7 (#h
JERT 290 g/L). "HERFRERTI(FLEE 80-290 g/L)
TS RRIRER Y (2R 1-80 g/Lyix =21 LA BBk
BRSSP R H g ) DX, KA SR LA B A (F
BN Li,COs). SRENEEA [NasMg(CO;),Cl il
KIRTF(NaHCOs) F IR ER (R 243-396 ¢/L,
pH 9.0-9.5)* Ji& T S 7Y () vy B B2 R 19191 o Se iy
1 EAX I Y Z R R 2 4 T L B
BRI SE RS, (E AR v R 1 4 A
KW N Z . Zheng ™ i 85 A FL A BR £ A
I % IR A 3k g i (Artemia salina) , {H A 4%
ARFBRIBRE], KW S HAZ IR E Y Z PR
ARG . I, ASBHFFE AL A HRER 08 A i 5%
X4, R el I P B R 3 FAX TR AR Y 2
FEVE, FFENT K AL 22 REAE R 2R 0952 i 5 0 i L
W EFRER 7, DU R R 0805 B R i AR
Yo IR 248 5 R SR BERH I S5 ik

1 MR5r%

1.1 EERAFFUEE
Power Soil DNA Isolation Kit, MoBio /A #] ;

Taq DNA -4, Thermo Scientific 23w ; 5|4
A TAY) TR B AR A FE G . PCR
{%, Bio-Rad A#]; MiSeq PE300 il /¥4,
Ilumina /A7) ; QuantiFluor™-ST # {f,7¢ 6 & &
A4, Promega Avl; pHit, FiBFHREEA];
SR/ R ST, Jena A H] S
1.2 HmERESEBAMRNE

2019 4 7 A AIRAE 3 AHLATEBER A
(83°57'—84°15'E, 31°27'-31°34'N)J/KIEIR &
FEAS, ZL1 (83°98'E, 31°33'N), ZL2 (83°95'E,
31°30'N)Fll ZL3 (84°01'E, 31°27'N), #HFEAH]
H>100 m, 4K 4 379 m, REEREE S 10-25 cm,
YREEZ) 19.3 °C, fii [ 4 °CZE# vk A B AL A 2 ]
S E A5 H o RAERHCSEFEAS pH B FELEE (T) ;
Sk T MR R E B L ¥ (total  salinity,
TSPV il FLEAT HURR /243 43U 58 AT HILAR
(total organic carbon, TOC)#/ . % (total nitrogen,
TN) & dit 5 >R FHAH R B 43 D ot B I 5
(total phosphorus, TP &EP!; S SCHR[9]A0 S
TGS HT J IRE FE h  ES T RAIE S B (Na
K. Ca**, Mg*". CI". SO,>". COs* fil HCO;),
A IO AL T2\ 58 A
1.3 #7ZX DNA 2B5 18S rRNA E[H 775
FERH 18

K 0.22 pm R RERR IR 21 4 55 2 il g
FE&h, TORBYMRUERL, {1 Power Soil DNA
Isolation Kit #2HUE DNA, ffi fHEAZAEY) 18S
rRNA F: K 5154 SSUOSTTF (5'-TTAGCATG
GAATAATRRAATAGGA-3")#1 1196R (5'-TCTG
GACCTGGTGAGTTTCC-3")y 1 Vv5-v7 X H
M3, PCR AR FR (50 pL): 2xPCR Mix
25 uL, DNA #ifR(10-20 ng/pL) 1 pL, F. T
5147(10 pmol/L)4% 2 uL, ddH,0 20 puL., PCR 2
B 451 : 94 °C 5 min; 94°C30s, 55°C30s,
72 °C 1 min, 35 ME¥F; 72 °C 7 min, PCR *

H
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Y1k Al QuantiFluor™-ST ¥ {479 6 E B R 4
HEFT RN A i, A A% ) Y e Y B
T Al e . e DU Y AR AT B HAK TR
W99 18S rRNA JEHFF 5 LL sequence
read archive (SRA)%#E M TE XL HE3C NCBI %
P& /% (http://www.ncbi.nlm.nih.gov/) , % %5 N
SAMN35682128—SAMN35682130,
1.4 EMEEESH

FFH FLASH v.1.2.11 1 QIIME v.1.9.1 /4
2:B% barcode FEIHWFH, RIGA KT 515
K1 USEARCH v.11 BAFAE 97% ALK
#E17 OTU 2 ; FIH Mothur v.1.30.2 481t
o ZHPERREOT e HIM R Z; 2L T Spearman
FHOC R B 1T )8 21 5 P45 R AR OG5 of
A RIES vegan v.4.2.2 T HAUZ: ] Venn & | B
AL TR A1 2R 35% K F A 5 heatmap ¥ F) H
MEGA 11 B2 248 & 5 W (neighbor-joining
%, bootstrap & 1 000); & A FUNGuild
(http://www.funguild.org/)E4 78 F= AR O

2 BRS04

2.1 FLAEBKALEEHFE

FUAT R AR A A2 B R R R B . — /K le
IRAPIREAR KA iR : T h 19.3-23.2°C,
pH 9.55-9.87, TS & 157.45-357.23 g/L, TOC
4 7.11-9.14 mg/L, TN Jj 83.25-103.25 mg/L,
TP J9 53.91-70.25 mg/L. &5 (46 I 534
N: Na“, K'. Ca*", Mg*", CI', SO, COs*
A HCO; W3R 6.17-12.69, 1.26-2.32,
0.17-0.28.0.30-0.46 . 98.99—141.94 . 1.69-3.22
13.45-23.98 #1 14.99-20.61 g/L.
22 EZFHREY) o ZHEMSH

“ANFE AR PCR ™ ) 8 g 3 1 3R
1% 209 766 Z )RR IF A, PN 382 bp. il

J¥ i 1k R £ A3 BT R - 45 FEAR Sobs £k H Bl
J7 RS AN S TP 28, U B R R DA
JWRAEAS VR B SE PR A 18 O o SR W R IR
a ZRMEMTBR(ER 1) S A SO W
99.99%—100.00%, % BT 15 1Y EAZ 77 e A P B
%5 BRI R A E R Z A, W)
Fl 4 & B Sobs. Chaol Fl ACE #§%k4> 5 &
14.00-21.00, 14.00-22.00 F1 15.80-22.83, ¥
fp Z F£ P Shannon F1 Simpson 5 #0537l J&
0.41-1.72 11 0.25-0.84 . Venn &4 #71 B/~ (1)
3 ANHEA I B TR AE ARk 33 4> OTU,
Hr i oTU 54>, ZL1, ZL2 fl ZL3
i OTU 439k 5. 8 Fl 3 A, BLHIAS[ARAF
A FEED R B I o0 A, HAE2E R0
AT ARF Ao
2.3 EEREVINESEMER T
F|H] ribosomal database project (RDP)#I
Silva $(¥8EUEFT OTU FEBRMELXT, 2 HI7ET]
(phylum). 4(class) & (genus) s3I /K- F AT
REVR L B, FF 4 TIAR X = BE AT AR B (B 2,
X FEEE>1%). Bray-Curtis BEHTE/R: FE
A ZL1 5 ZL2 RIFEH—3, KA ZL1 5
ZL2 W 250 BA MR #EA ZL3 F R

F1 I AEEBUREZZFNREY o ZHMST
Table 1 Alpha diversity statistics of eukaryotic
plankton in Zabuye saline-alkali Lake

FEA Sample ZL1 ZL2  ZL3

A WUTHNEL Sequence reads 68 329 70 120 70 727
715 % Coverage (%) 100.00 99.99  99.99
=B 5% Richness index

Sobs 20.00 21.00 14.00

Chaol 20.00 22.00 14.00

ACE 20.00 22.83 15.80
Z M8 %L Diversity index

Shannon 1.72 1.67 0.41

Simpson 0.30 0.25 0.84
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Z11 ZL2

ZL3

1 JBHEAERFHFEDN OTU Venn
Figure 1 Venn diagrams of eukaryotic plankton
OTUs of sampling sites.

FKh—H, FHE—ENZESM. 3 MHEATH
FLAL TR U A2 W W 43 25 o i o 3 T R (O
A R L) 1277 20 49 25 J@ o L%
HKBEE 2A) KK 2 Aphelidea (0.12%—51.84%) .
Nucleariidae-Fonticula #825#(0%-91.70%) . F
FETH ] (Ascomycota, 1.38%—9.04%)F1#H T 1]
(Basidiomycota, 0.20%—10.16%), AN, KEEFPILAE
TEARBARR Y201 1258 (unclassified, 6.46%—52.18%).
LN (E 2B) AR S 2 AKX IR A )
I, B N Aphelidea (0.12%—51.84%) . Nucleariidae-
Fonticula #25HE(0.02%—91.70%)F1 A 4325 1
B 49 (0.04%28.48%) ; Hi W & 4 HE 4N
(Choanoflagellida, 1.49%—19.15%)F1 ¥ 4% 5 20
(Sordariomycetes, 1.38%—6.45%). 41, i,
W 49 (Malasseziomycetes, 5.97%) F1 P & %X
(Agaricomycetes, 4.19%)EFEA ZL1 HA 42
£, Intramacronucleata (0.92%—4.50%) 42 F A
ZL1 Ml ZL3 Fe A5 09 N 2R B, B2 TR AN
(Eurotiomycetes, 1.61%)&FEA ZL2 Fi A 1492
. TEEFOKE B(E 20), 3 MEAHIE

R 3 215 2 b S R I 34 J CREL G 3 B >1%) /2 Sk
154 J& (Fusarium, 1.38%—4.32%), I HIJFE7E
K AR )8 (unclassified, 1.98%-86.01%), H
H, AEAS ZL1 I ZL2 BEE AR, e
A Paraphelidium (0.43%—4.57%) 1 53 51 % J&
Aphelidea 5 Choanoflagellida # & 4 2% J&
(38.15%—51.04%, 2.30%—19.15%)., W4, A[FH
FEARMFER AR, ZL1 ¥ B e P A g
(Malassezia, 5.97%); HEA ZL2 Fifi )@ 2 7 3%
14 44 (Sordariomycetes) F11 il # £} (Aspergillaceae)
RAYLKIE(1.12%F0 1.16%); FEA ZL3 Fih g 2
2F & H J& (Homalogastra) (4.39%) 1 Nuclearia
(91.70%).
24 EZEFEREVNNBESIERERFHE
KM

BEOL S B PRI, 5G40 T pH.
TS.TOC Fl TP Fl & F4#IEZ40)i#F1T Spearman
AR (E 3), Heatmap 73#7 /s B A Y)
FL . Aphelidea Fl4E [ ] (Chytridiomycota): 7335
LB AR EE S Na™ . KR Ca™ 1 TS 2
W B EMAE, 5 T, TP, TOC Fl pH £ B %
1EAASE ; 27 U8 | Protosporangium £ Nuclearia
5 Na', K'fl Ca® 55 PR B LI I TS Al B %
IEA, 5 T. TP, TOC HI pH £ H i & 7 A
Ko BLAF, FWAREIBAFXFEES TN 2%
AR, 40 Acanthamoeba., Paraphelidium,
At T Jm A BGR s T AR Y U] (Amoebozoa) |
SAR #AZSHE . 4UiHE 40 (Choanoflagellida) . %1
% T B (Pleosporales) #l i 2 #l (Aspergillaceae)
IR R
25 E#EFREVMRGELZXENSH

JEF 18S rRNA JE[H V5-V7 [X i il
J¥4), KA neighbor-joining 154 £ HAZ 7 i A=
YIRS R B (B 4).25 MRERFERRE T
7 AN B o A ) BT TR e S, B
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A

w

100

100 M Norank p Aphelidea

B Aphelidea
I Norank _p Nucleariidae-Fonticula_group
W Unclassified_d_Eukaryota

B Choanoflagellida

M Nucleariidae-Fonticula_group
M Unclassified d Eukaryota
B Norank d_Eukaryota

I 4scomycota I Sordariomycetes

60

60 W Basidiomycota W Malasseziomycetes
" | SAR k norank U Intramacronucleata
B Others 40k B Agaricomycetes

40
M Unclassified p SAR_k_norank

Eurotiomycetes

I Others

Relative abundance of phylum (%)
Relative abundance of class (%)

20 20

— A& o
3 SER
N

712
ZL3

100 W Nuclearia

[ Unclassified f norank p_Aphelidea

B Unclassified d_Eukaryota

B Unclassified o norank _c_Choanoflagellida
0 Fusarium

W Malassezia

| Paraphelidium

80

60

40 B Homalogastra

M Norank o Agaricales
Unclassified_ p_SAR_k_norank

Relative abundance of genus (%)

20 M Unclassified f Aspergillaceae

M Unclassified ¢ Sordariomycetes

B Others

ZL1
71.2
ZL3

B2 BEREFFEMIA) RBFMREC)T LR RIEFZLEWAER D TAEXTEE21%)
Figure 2 Relative abundance analysis of phylum (A), class (B) and genus (C) of eukaryotic plankton
(relative abundance >1%).

FRE]. MR, WEI]. Nucleariidae-
Fonticula #2578 . Aphelidea, Centrohelida i1
Protosporangiida. ¥%£18 [ (4 /1> J@) AR 2
ey, H AR S T R A 4 SRR B Y

=

1

GyIEeEAL HYCRMFIEIIG ANE), i
)8 . Apiotrichum F 1 H 1R 402K )8 B 2%
Sl — A s HATTRICE 1-2 ks
T ERITEBERIH 3 ANiifsr 2, HXE
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Spearman correlation heatmap

E--E---

o

Norank ¢ Chrysophyceae

--- Acanthamoeba

- Norank_o_Abeoformidae

-- Norank _k_Amoebozoa

Protosporangium
- Unclassified_o_norank_p_Centrohelida

- Norank p Aphelidea

--
Norank p Chytridiomycota
--EEﬂE---E-wm
Uncla351f ed_k_norank l 0.5
- ------- Unclassified_f Hypotrichia i

B3 MBEFESKUFFEREXMERE

Unclassified ¢ Sordariomycetes

------------ Unclassified_o_Pleosporales l—0-5

Unclassified__Aspergillaceae -1.0

-----=--- Unclassified_p_SAR_k_norank

Norank o _Agaricales
- - Homalogastra
=m -----mmm

Malassezia

--------- Fusarium
-- ------. Unclassified o norank ¢ Choanoflagellida
EEEE e

Unclassified d_FEukaryota

---- Unclassified_f norank_p_Aphelidea
[ | e

x o o X W w ’, Q < Q»
& I é"% < O GQHQ@Q% {é & PO

Figure 3 Heatmap of correlation between abundance of dominant genera and water chemistry characteristics

of water. ***: P<(0.001.

VSR A A T TR B (P T DRI 3T D3
BT EFES, BERFE—Is 5 HAbrI2%
#E4n Aphelidea., SAR B JSFE FI A B 43 22 1
7B 1143 590 5 2o 1 A o W 43 8 2 b 7 1Y
AR AY . BRI, BRI AR VR O R
FEI B Ak ) AR R
2.6 E%GEFEY FUNGuild 5 LERM
53 #f

i FUNGuild 8 PE AT BAX IR AR D)

P B FRAATN , TR RIE (B 5, X
FE>1%)0 SRR . FLAT HRER B K 22 51
H R E RIS, W8 R A A (unknown,
89.71%98.41%); FHIK, &SFEAH AR
B #7  (pathotroph) M £ 7 3% A (saprotroph) .
WAL, B2 LA E SRR S H A E 5
WA BRI BN, STy
A7 A6 P JL T - A M T8 AE B (plant pathogen-
wood saprotroph) i & FR LA RIZERE, 4005 H
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=== Nucleariidae-Fonticula_group

Phyl tic t level
PAERCHERE B WILERIR et ) === Unclassified d_Eukaryota
0.38 Nuclearia == Norank_d_FEukaryota
0.14 Norank Chrysophyceae == Centrohelida
Unclassified Eukaryota Unclaﬁ}ﬁed_k_norank
=== Chytridiomycota
0.84 Acanthamoeba Ascomycota
0.44 Fusarium === Protosporangiida
. e ) === Aphelidea
0.94 Unclassified Sordariomycetes A ———
U nclassiﬁed_ASpergiﬂaceae — Norank_k_Amoebozoa
0.88 0.47 Unclassified_Pleosporales ==SAR_k_norank
NOrank_Agaricales
015 |
Norank_Chytridiomycota
0.06 Protosporangium
28 Norank_Abeoformidae
Norank_Amoebozoa
Unclassified_norank_Aphelidea
Unclassified _norank
-Norank_Aphelidea
Paraphelidium
Iinclaccifiad SAR narank
0.04 Unclassified_Hypotrichia
Salpingoeca
0.21 Unclassified norank Centrohelida

L 1 1 1 1 1 1 1 1 1 ]

00 01 02 03 04 05 06 07 08 09 1.0

4 ET 18SrRNA ERFIMEMBRBRGLER N BTFEWNDYIRIEIEACEEE, FANRET

Jr 20 B RUEJEALEE B, WY SRA J¥ 81145 55 /) SAMN35682128-SAMN35682130
Figure 4 Phylogenetic tree of dominant genera based on 18S rRNA gene sequence. Branching numbers are
evolutionary distances between two species, and the bottom scale in the figure is the evolutionary distance.
SRA sequence accession numbers: SAMN35682128—SAMN35682130.

ZL3 Others

W Unknown

B Undefined saprotroph

M Plant pathogen-wood saprotroph

B Animal pathogen-undefined saprotroph

ZL2

ZL1

1 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70 80 90 100
Relative abundance (%)

5 FRERESENERLE

Figure 5 Trophic types of planktonic fungal communities.
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4.32%. 5.24%F1 1.38%. WA, ShPs e i -k
7€ X84 i (animal pathogen-undefined saprotroph)
B GRIEI AT ZL1 (5.97%)H 5 145
Ji& A= T (soil saprotroph) ¥ 7 U 2 B AU AE 7E T
ZL2 Fll ZL3 BEAR(0.40%, 0.20%) 5 5 ZL2 BEA
S A7 R B 6 D 68 04 8 Ak B 28 B (undefined
saprotroph, 1.61%),
3 Wik
3.1 I AERBUAEZEREINEES
MERNS SN

T e R B K 2 T A SRAL . [
IK A TR Z8 it v S AR AR B T R 8E T F b
X, WK pH S8tE, S &SWEmRRE!,
W, REMN 32 M sk R B ) FLA% AR Wi /b T
JEAZ AR, AR TR 55 AT R I AR W) B 5 4l 0
WA . AR, R A
T Ui A ) %) B 485 /e A B 5 2 R 5L A AR AR
P, BMDEEARFEFHITMEFEITNE, |
D51 25 A R B K Ak FEAEAEAE — 28 10 25 Sk
RV 25 A AL SR 2 B A AT
Mwirichial’! 43 #7 15 JE W 4 > h 6 19 (h B
38.1 g/L, pH 7.6-10.3)F4 777 B 18 AR VA 4544
(Shannon F8%% 0.30-4.00), KHEHE 107 IN&
SrosRE TR TGRS m) R R4
FOFFRE T i 2 A5 100 BT € bR SR 0 (3R )
2.19-7.08 g/L, pH 9.3—9.6) 1) ELA% 17 i A4 W V%
2H BY.(Shannon #8% 0.32-1.85), KIALH I
M7 B 1] (Ciliophora, 86.54%)F175 £ &h#H1]
(Arthropoda, 10.90%); Wang %13 1 725 18 -1l
Fe o3 B S IR AR R M ER i R E(Fh - 0—466 g/L,
pH 6.73-8.98) 1Y FL 1A # V% 21 Ji (Shannon 5 %X
2.40-5.80), PL# 1M IE Holozoa (44.50%)F
Sramenopiles (24.2%); Han 25V 5 i 30 (5h
JE 11.91-14.47 g/L, pH 9.45-9.53) /) ELAZ IF 7 AE

WYIHETS 4 (Shannon $5%4 0.71-3.15), &I
IR 435 1 (Chlorophyta, 42.1%). Metazoa
(29.3%)#1 Cercozoa (13.9%) . A~ 58 43 Hr LA B
LTI (ERE 243-396 g/, pH 9.0-9.5)ELA%IF i
A W TS 25 #4 (Shannon 541 0.41-1.72), & #1
Yo 2 B 2 Aphelidea (0.12%—51.84%) .
Nucleariidae-Fonticula #25H#£(0%-91.70%) . T3
P T 1(1.38%9.04%) F14H ¥ 11(0.20%—-10.16%) ;
g 2 /2 Nuclearia (0%—91.70%) . Hiff &
J& (1.38%—4.32%) . Paraphelidium (0%—4.57%)
EF B HUBE (0%—4.39%) . iX 5 HoAth [7] 2 70 > i
WA A5 A AL, BRFLA BREh B A2 e I 2R
YA HRE) MR (FREET TR,
B0 A5 VR B A 2 FL A0 R Eh B i i A FE R A 1Y
Nucleariidae-Fonticula # 25 #f (0%-91.70%) LA
B R A W 0 28 24 WL 1) B A% TR iR AR )
(1.98%—86.01%) . 5 I3 i) 8 il A5 5% X He 40 #r
WoR, LA ERER B PR B 2 AR
BB, AT RE D R A i L B A 58 (U pH) AR
JE i 24 5% ) ELAZ IR U AR W) VR SE R AR, B
DL AR A AT 2 B A T 25 57

3.2 ILAEBEMUBHMB ZHEMRERS
HEEZ&

IKA 22 AR 2 5 W) 7 1t A R 7 235 ) A
SR EE N R, #aK s R il 5 i
T A ) 22 1B) B8 RH A P 2 Y K AR 22 5T 1Y
S 20 B R AR Y 2 R S
Ab A PR AE B VT AR SR A [ 2 U S
R, KAEZEREF-(n TP, TN, TOC, pH Al
Vs A SR 55 ) 5 T IR D B ) Y 3R] oA B
AN s AN & AR IR R AT
RIS TR, iR Ee R A A
K. B2 SETR S G 2 S R AR A
YIAHOG, Hk, pH fEES RN ZHEvER
TR, AHIESE o & BRFL AT BRER BI04 T v 45
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P2 AF R T8 [ )R TR )55 FL IR ST 12 (S
it 1.58%-19.20%) K 3, AT ARG RZ K i
(A5 B SR AR R L A e R P,
ARSI BT LA e ER a3 J@ 2R S LA
HRERTIA K B A2 R B OGP,
JRHIF B 1 Nuclearia 255 Na™, K'fll Ca™45 25
T TS B F LA, [R50 & & A7
TE TR PG AR P I i) b, B
A% 20 Pl 2 XD R AT A R B B (R T Ak
TSR AT RE S 32 B UNREE | BRI pH 55458
P2 522, Nuclearia f&— 28 HATFR G 22 /2 1)
SFMAIE R, e S EM IR, W
P& BT iR K SRR 2 A Y e R e p
BB, A5 A Nuclearia J2FEA ZL3 1)
¥ 8 H 5K & 1 1b 5 Rk 2o 0 3 i A ¢
P, X g2 Nuclearia 1) FH 405 HHAELE )R
TRAR Y, 3 I B A e DA SE B R A B

FLAZ PRI A 1) 5 A TR s A A% AR ) R
A 2GS N R RO AR B BT B, W
T HLA8 ()RR IR AR R -2 LA TR A ) 2 FE 1
WROEFBESHRNEK, flan, EEFREHAL
JoT 1) 43 A 55 R R A R R S TR W R0 B 4% DA
X, MR R AR ITR IS T HUEY ML B AR,
i) | R INE NG A b Ll N
FEREEANIRAREESS TN B 25
A, AT RE T DR SR 0 TR I S S i AL L A G
WFEXS SO P gik e, AT 3 Kk AR TR
F17% (Fusarium oxysporum)fe 52 i ik 4614 F , B
AT NOy WP | W) it S e AUl . LAt
e At TR AR YA TR A S AR BUR T, REAE SRR
s AEIE N, R RS B A A Ot G T R 4
T E R,
33 ILHEEBUAEHFERNE RIS
RSB

MYs H R E S, BRFERNERD)

BRI 43 — RS, R B4 % 1 (pathotroph) |
I A= B 3% M (symbiotroph) I JE A= & FE R
(saprotroph), i — 4l 73k B W I IL T
AR ELTE . M e L AR SR AR LR AR
FWR A ELE, Wu P4 ff ] FUNGuild
I AR U DU BRI E R ER, DIEAEE
F% 1 (43.36%) Fp 3L H 52 A1 (37.31%) R £ B
{515 25 OV Bl FUNGuild B8 £F 7T 11 2 X B
BHREA, DS 57 1(1.27%-75.83%) . f§
M 3R (2.38%—48.10%) Fll 55 B - J6 A i 35 1Y
(11.22%-96.20%) K & . A5 F|H FUNGuild
T HA, 255 SR FL A HEER A ) 21 08 DU A=
A R KR16.91%), ¥ M s 5 .
T A WM IS A RS 4 FhE TR,
X5 W IR EC Vi T R X EEE
FERTGF T4 I AR — 5, RIER B A5 1 &
LU A B R AR F, I S s AD
HAZAY A EAEEN R, LA PSR
HOIRAELE AR AR RN I BE A LR (>89.71%) - £ TR
A W SCHREAE , R B R DIRE R M R R ER,
W I FLTE RIS 5 PR B IR 2 2 o] A/ R ML 6 75
TRATRGT o A, LA HE R i A B3 1) ek 1
(k. W pH. BEWJE COs* fl HCOs), Hi%
TRIEA WU RE TS T I RR A RS, BT
FERR LR R AR, ARG K A= 58 B PR i A
YIRS SR 0L T KA AR R S 1

4 Zit
4.1 FLAERELEUH R B E VIR0
RS SR

FL A HRER i J 7 A e Eh R e, LA
AT CO5*", HCOs Ml Na ¥ )& ol i Z 454, pH
54 9.55-9.87.

o 38 0 P A AR R AR 12 1) 20 2
25 &, #1248 4 Aphelidea. Nucleariidae-
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Fonticula MZEHE . FREET IR PR, LH
a8 2 HR 0 TR S8 N A T SIS 2 b ) T U LA
AW FLATHRER G P b Z % Shannon $5 4%
S 0.41-1.72, ML HABERGE, YIFhFE & B
ik, wIaRe S thomER iR I R A 6.
4.2 FLAEBEWUBENEREMNIMERRE
5 & 7FLER

#JE Aphelidea F1E B 1A 4328 B HH
XPTEREE T, TP, TOC Fl pH S0 i 2 1E A 5% ;
- EHJE . Protosporangium F1 Nuclearia 5 &
THFE N Na*, K'FI Ca™28)F1 TS 24k B #1F
K, SRMEIEYS TN HAa B EHer. LA
HISER W 18 A 22 B30 T 2 ) 7 R S 0 o Rk
Br, CAIRREEE SRR | A B R R A B R
RE A, A2 EAERTRYHEE
ST I W S LA R ST S Eh i A R 1)
325 g AL I EL A R 28 A QA RRR AR o
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