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¥ F £ & 1(dscomycota). £F 1(Mucoromycota)F=42F & 1 (Basidiomycota)y 3 N EZH T, %
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Responses of soil fungal diversity to long-term straw
incorporation and manure application in the field with
winter wheat-summer maize rotation

CHEN Mengnil’2’3, LI Y()ngshan*l’z’3 , WANG Hui1’2’3, FAN Qiaolanl’2’3, GUO Zhenwei1’4,
XI Jilong1’2’3, ZHANG Jianchengl’z’3
1 Key Laboratory of Sustainable Dryland Agriculture, Ministry of Agriculture and Rural Affairs, Cotton Research
Institute, Shanxi Agricultural University, Yuncheng 044000, Shanxi, China
2 Key Laboratory of Sustainable Dryland Agriculture, Ministry of Agriculture and Rural Affairs, Shanxi Agricultural
University, Taiyuan 030031, Shanxi, China
3 Yuncheng Cooperation Academy of Agricultural Sciences, Yuncheng 044000, Shanxi, China
4 College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, Shanxi, China
Abstract: [Background] Soil fungi dominate the straw decomposition in the field, and straw
incorporation and manure application provide nutrients for fungi. [Objective] To study the
effect of long-term straw incorporation and manure application on the soil fungal diversity in
the field with winter wheat-summer maize rotation. [Methods] Basing on the 14-year location
experiment of straw incorporation and manure application in the field with wheat-maize rotation
in southern Shanxi province, the study employed high-throughput sequencing to explore the soil
fungal community structure and diversity in response to straw incorporation and manure
application. The treatments included straw stubble cleaning+unfertilized control (CK), straw
stubble cleaning+N and P fertilizers (NP), straw incorporation+N and P fertilizers (SNP), straw
stubble cleaning+N and P fertilizerstmanure (NPM), and straw incorporation+N and P
fertilizers+manure (SNPM). [Results] The richness, Chaol index, and ACE index of soil fungi
in the treatments with straw incorporation and manure were higher than those of CK. A total of
953 OTUs was detected in the five treatment soils. Specifically, CK, NP, NPM, SNP, and
SNPM had 398, 451, 472, 462, and 440 OTUs, respectively. A total of 9 fungal phyla were
detected, among which Ascomycota, Mucoromycota, and Basidiomycota were dominant and
their abundance were significantly different among treatments. A total of 262 fungal genera
were detected, among which the three genera with high abundance were Podospora (18.85%),
Mortierella (16.67%), and Fusarium (7.77%) in the CK. The top three common genera with
high abundance in NP, NPM, SNP, and SNPM were Dendrostilbella, Botryotrichum, and
Mortierella, which showed different relative abundance among treatments. According to the
cluster analysis, NPM and SNPM with high similarity in fungal community composition and
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were classified into one category, while CK, NP and SNP were independent categories. The

redundancy analysis with environmental factors showed that total nitrogen content was the key
factor affecting soil fungal community structure, which was also affected by available

phosphorus, pH, available potassium, available nitrogen, and total phosphorus. [Conclusion]

Straw incorporation and manure could alter the soil fungal community structure and diversity in

the field with winter wheat-summer maize rotation.

Keywords: wheat; straw incorporation; manure; soil fungal community; long-term location

experiment
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RN, RERE SR ShAE DRI, 43 i AR 435
HI KO FEIY IR = EE LS,
TSR EAL, X A AR S RG] R 2L
KRR 2 o B AR BRE R R
SHHEEIRAE, BB IR PR A ) 5
WY, 2 53R MRERAEIAD, Fe iRy 41
NEJy . LA SRR F 4 e n] e ke 48 7 T
HAETEEZE X,
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i, AREE LSRR RBBRNREI ., LFREF
IR gE KB, TERG 2 50 ERE R RS FHAA H AR
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XFEFER R T 25%, H5CH B (Schizothecium) .
i K% % J& (Sarocladium) Fl 7§ %5 # J& (Gibberell)
SEVETERE AT PR HL T B B AT R T
2.5-132.3 4%, LR WIEAL A 2T 4 3R ) FLRA =
£, IS AP AR . Wang 2RI gT 45 R 4
PERS AP o DIRE LA 8 B D RS X
AnEE S IR A LR S5 AL AE Bt | VR & PR
I INA HUIE R AL R 2E 45 i T R R )2 - R UE
VIR 5 M, meEiRE R E
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B, Sun ZFEUTUR FIRS R H ARG HLAE A
PRI PE L . AR VR A 2 AR . HAl
A Li FUWEST & BURS AT H B HLIE K 2
FIEIHAEY F B, BSRFE HOAS A L
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FOA RS T Al A P R R 4 A
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J9 7 (57 10K, 38 A vt A 0 A S AT 3
PC it A UL S LS L G A B, s 22 AR S
R GUAERE AT I8 T AN A ALIE 5 e R e v
YU ZE S, LAY PR R TH AR 25 R G0 L Sy et
T g T 4R 2 R T 1 R B A B AR A R AR I
AR

1 MRETE

1.1 IS XA

RIET 2007 4 4 H-2021 4 6 ALEILITER
b K 2 A AE B 52 T 9 4R 3 (A 5 M1 0 25 ) i
170 g Bt 7 T 1L PG48 is T L HL(35°11N,
111°05'E), V34 EEA 13.2 °C, 4F H BEEHS
2293.4h, JCFRW 212d, R 525 mm,
MK 407.5 m, SR RRER AR, E R
FEm a3 75%, KEWRIFLETRENE
ZRIRIE L PRI EE AR /INAZ - oK — AR P
b T HEWRAR 55 DX, AT T OE R . K
WA, SR A 1 (17.5%% 1

F1 IR

28.0%W0 i 1+ 1l 54.5%H0# S 1)
1.2 it

BEE 4 ANLBRAEA 1 AXRYL, 360 m?
FI R & XAE R — A3, A PR BN K 5355
— AR X 3, 15 m® (2.0 mx7.5 m)fE K3k Ee /)N
X, W3WEE, i 15 49/NX, KA BAn
BRTER LR 1o #EFIETIE 2/3 7 PR 2= FLS L i
FREGAE NN, HoAx 1/3 By PR R 1T 1t
ARG T2 BB A o FEVEPICR IS 7 BT R
ZAEIREFE, R CK. NP F NPM R BR,
FERDETHERE, JELE 10-15 em IRH IR A1k
NE . FEFFRZEIC . /NERMEAERAE 10 H RAa 2
WA 6 J1 1), WORIEREFIE £k,
1.3 EERXFIFNEE

AEAEN . IR . R . EAREREN . Bk
PREAN, Rt e T A BR AR HELr,
KR fn ) BH A, KiEEmts
KL TAFFERT 5 BRI, R Kbzt
R WAATRASRE . IR . ZSHEPIIN LR |

Table 1 Experiment design
b3 T2
Treatment Type and quantity

AN NE+FSFT i #(CK) AT, FEFFAEH

Straw stubble cleaning+unfertilized control (CK) Straw stubble cleaning and unfertilized control in the total growth period
AL +FEFEI5 #E(NP) P2 Mg N h4h N 450 kg/hm? (N E K% 1/2), PR P,0s 148.5 kg/hm?
Straw stubble cleaning+N and P fertilizers (NP) (/N2 #E R Phti A, T KA

Total amount of N in two seasons was 450 kg/hm? (half of each wheat and
corn), 148.5 kg/hm? for P,Os (total P was applied before wheat sowing, and not
applied in corn)

N. P &g L, S R/NE-FOKFEFT it H

N and P were the same above, and S was wheat-corn straw returned to the field
N. P &R E, M REASIAE, NERFRTETA, AR 9 m’/hm’
CBZEh A LR 233 g/kg. A 19.9 g/kg)

N and P were the same as above. M was the fermented chicken manure. The

manure was applied before wheat sowing, and the application rate is 9 m*/hm?
(chicken manure contains 233 g/kg of organic matter, 19.9 g/kg of total N)

N. P. S. M &L
N, P, S and M were the same above

RABEAAE+FEFTAE H (SNP)

Straw incorporation+N and P fertilizers (SNP)
AN +A WU +FE T £ (NPM)

Straw stubble cleaning+N and P

fertilizers + manure (NPM)

AL IE+FE A8 B+ HLAE (SNPM)
Straw incorporation+N and P fertilizers
+ manure (SNPM)
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MR, Kt A RA A s Power
Soil DNA Isolation Kit, FEIINTTL LR AR
/NH]y Pure Link RIS ZEBURAR &, b
G EYEAR A A RA T

ST, BT ER A FRA 5 Ak
W, LR R W] B RR AL A IR 3
FEAH , TR TR b DO R AR A R A 5 B
ARG g, LHRH AR CEAER ) KA EEE
if, BT EHUCRA R AR pH I, My
1 -FE A Z AU # ( ) A FR 2 Fl 3 NanoDrop
ND-1000 #% 1% € &1, Thermo Scientific 2> ] ;
PCR 1%, ABI/Z\#]; QuantiFluor™-ST i 42¢ 5
EfR RS, Promega 23H],
1.4 THRESNESH

T 2021 AF/NEWORF L RIREE LA . R
A, EAEFLXE 10 A E 0-20 em 2+
5, EBRba . MARS)FRIRS, KR
T I ORAEAE-80 CCYKAR  , T4 L1
PR 2 As o O AR A BAE XU, W A P
(organic matter, OM), 4% (total nitrogen, TN),
W% f# % (available nitrogen, AN) . 4 fi (total
phosphorus, TP), #Z{f#(available phosphorous,
AP). A (available potassium, AK)Fl pH, +
HEAT MR P AR IR B - L kP 4
FURFIH -V BOXRY, -0 2R AR
BOLRY, S EER A HCI04-H S0, 3575 £
R RO R R IR S AN 4R SR B B L 2352
B AR Y R R R KO B TE Y
HE pH R FK:+ K 2.5:1 (i), 25 °C&MU4FF
PERIR Y 30 min, FHEJS A pH T2
1.5 TEREENSEENFRIH

FREC 3R 5L 0.5 g, J6H Power Soil DNA
Isolation Kit #2841 & DNA, FLH NanoDrop
ND-1000 %2 & 5 AR 1% 35 it B e Fl koA
TR e BE FIZERE . DNA FE il T-20 °CIRAF o

FIFH$ 1519 ITSIF (5-CTTGGTCATTTA
GAGGAAGTAA-3")HI ITS2R (5-GCTGCGTTCT
TCATCGATGC-3")¥ 4 +HEEL B 1 ITS J¥41,
PCR JUWAKZE (25 pL): SN ZEMHH 5 uL,
5xGC i 5 uL, dNTPs (2.5 mmol/L) 2 pL,
. FHSI#(10 pmol/L)4% 1 uL, DNA iR
2 uL, ddH,0 8.75 uL, Q5 DNA A F(2 U/uL)
0.25 pL. PCR Wi z5f4: 98 °C 2 min; 98 °C
15s, 55°C30s, 72°C30s, 30 MEH; 72°C
5 min, PCR ¥ 35T 2%In NEMEE R HL Tk
J&i , f#FH Pure Link PRisk &8 12 2 BUR R &% Bris
Zar b Tar b aifl, ik R BAE R A R
F A Tllumina MiSeq ¥ & #7987 .
QuantiFluor™-ST ¥ (566 E it R 40K PCR 7~
YIRS f, i BRI PP R SR 1 LU BINR 5 o HKHR
FEARIALE, i QIIME #{FFiA, /51
41 HEA~ OTU (operational taxonomic unit)Jf-4¢
T A LA OTU & 0L, *FEE Unite (Release
8.2, http://unite.ut.ee/index.php)EL & F 45 J4 10 1
IR 42, 78 OTU Jr Sl ALK ik F] 97%
JLmt F, %M RDP classifier D1 M-85 g gk 174
PG B0, Beit 4 FEATE T FJE K F
FRREEAR, PR L EYMEE T
Shannon-Wiener $§ %4 #1 Chaol 5 %455 .

Bl R WPS A 3685, HE TR R 22
SMT(SPSS 20.0), FF Duncan Wi T2 58 UK

2 BER54

2.1 FEFTHMEEBHEN TIRERE
=B MR

AN T] b B 3 LR S 2R B
PSZm L3R 2, PR R AR SR/ MRIRh
NP>NPM>SNP>SNPM>CK. Chaol #l ACE #§
A R AT 8 B Rt A AL AE A b B4 3 T
CK, H NP # CK .2 = 34.99%7F1 29.93%. ¥
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Table 2 Richness and diversity index of soil fungi of wheat under straw-returning and combined application

of organic fertilizer

Ab 3 PiFh B AR AL Chaol 154K ACE 454K TAR-WAEE FERIGE Pielou oI B AL
Treatment Community Chaol index ACE index Shannon-Wiener Simpson index Pielou’s Coverage (%)
richness index index evenness

CK 283.00+£36.0lc ~ 306.31+40.4b 315.76+41.59b  5.79+0.39a 0.04+0.02a 0.71+0.04a  99.93+0.02
NP 377.33£19.76a  413.50+39.52a 410.284+23.09a 5.34+0.46a 0.09+0.04a 0.62+0.05b  99.91+0.02
NPM 350.67+50.82ab  376.15+52.3ab 376.45+53.85ab 5.22+0.39a 0.08+0.02a 0.62+0.03b  99.91+0.01
SNP 325.33+19.14abc  351.38+21.11ab 354.86+19.30ab 5.36+0.28a 0.06+0.01a 0.64+0.03b  99.90+0.02
SNPM 308.33+£15.04bc  350.49+15.68ab 348.44+15.37ab 5.20+0.12a 0.08+0.01a 0.63+0.01b  99.86+0.02

RIS B AN ] /NG T B3R 7R 2 57 .25 (P<0.05)

Within the same column, different lowercase letters represent significant differences (P<0.05).

A - JBL AN BRI 2 3 AR BUOTE 4% A 3 IR) A7 A 22
B, HZRAREE, CK 1 Piclou WA ERFS
FH A4,

M OTU K- b A F-i4 FH At A LAE X
T E BRI, R 1 PR, S A
AbFEAEr= A 953 4~ OTU, Hirp A5 OTU 2 150
A, &5 OTU %K1 15.74%, CK, NP, NPM, SNP
F1 SNPM 19 OTU £t Hr5k 398, 451, 472,

SNPM

1 BHTHMERESINEEETNETRE
B Venn

Figure 1 Venn diagram of soil fungi of wheat under
straw incorporation and manure application.

462 il 440, Hrh CK ¥¥A1 OTU %, SNPM
FEAH OTU f220.CK 5 NP NPM ., SNP Fll SNPM
K OTU BH 0k 245, 223, 225 F1212,
1 NP 5 NPM H1 SNP 245 /) OTU %4 H 735124 297
#1298, NPM 5 SNPM AN 294, SNP 5
SNPM H:ARR 278, Kk, M OTU HXKE,
FEFHA HANEA VUL FE T BRI 2.
22 FEFTHMEEBIIES TIRERE
& 4B AR AN TR B 45 A B 22 MM

AN TRV AL 3 - S LT RE R T IR AL S 4
A 2 R, 5 ASAREAERI 9 MR, H
H-HER [ ] (Ascomycota) . BEE | 1(Mucoromycota)
FHH T ] (Basidiomycota) ly 3 N~ FEHHI ], 1E
CK. NP, NPM, SNP #il SNPM Hix 3 5[ HE
B 5 A4 SR 97.26% . 98.30% . 99.02% .
98.26%F11 98.54% ., AR 3= B fi v 1 0 F-2E TR 1]
I o 32 B R /MRl SNPM (87.61%)>NP
(86.17%)>SNP  (81.97%)>NPM  (78.93%)>CK
(74.51%), FAbHRR2E 5 0%, HIOEEEH],
K/AMER K NPM (17.51%)>CK. (16.67%)>SNP
(11.43%)>NP (9.12%)>SNMP (7.33%); M7
I TAIXTFEREAE CK H 5 (6.08%), HiAth b i
BRT CK.

TEJE A b, 5 AR ER I Y 262 A4~ EL B
J&, EEEEBE A oA 3 R, A
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m Ascomycota @ Basidiomycota m Others
® Mucoromycota B Unclassified

100 —
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CK NP NPM SNP SNPM
E2 FIHTHMEREGNRBZG T NEDREERE K FNENERE

Figure 2 Relative abundance of soil fungi of wheat community under straw incorporation and manure
application at phylum level.

j .
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0
CK NP NPM SNP SNPM
m Dendrostilbella m Lophotrichus m Unclassified o Hypomyces Bolbitius
m Mortierella o Schizothecium  m Coniochaeta m Pseudaleuria m Exophiala
m Botryotrichum @ Alternaria @ Nectria m Stachybotrys m Subulicystidium
= Podospora m Solicoccozyma @ Dokmaia = Apiosordaria m Sordaria
m Fusarium o Zopfiella = Cheilymenia o Preussia o Psathyrella
B Fusicolla m Pyrenochaetopsis v Plectosphaerella m Gibellulopsis m Others
o Humicola m Cercophora m Acremonium m Pseudombrophila

B3 FITTHEMEESIEZGT N ETRERFFERKENENEE
Figure 3 Relative abundance of soil fungi of wheat community under straw incorporation and manure
application at genus level.
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B FRAFX 32 B R T 1.00%5E XA A B>
S AN EIEEN 8 MMEBEEEN
Dendrostilbella  7.48%-25.79% . ¥ #1 % J&
(Mortierella) 7.33%—17.51% . ¥4 #1 7¢ H J&
(Podospora) 2.366%—18.85% . & #i 1 )&
(Botryotrichum) 2.75%—17.31% . % 7] H &
(Fusarium) 3.32%7.77% . J& Jii %5 J& (Humicola)
1.67%4.37% . 7= il W J& (Solicoccozyma)
1.32%—4.05% F1 2¢ 7¢ W J& (Schizothecium)
1.92%-3.60%, A0 PR AL S TR Jg AR 32 25 57
3%, CK, NP, NPM, SNP fI SNPM fL#E
BB BRI 17, 18, 21, 15 1 16, 5%
AbFR IR A 78.76% .83.21% .86.11% .84.0%
1 84.40%. CK FZHHRY 3 D& Al 5E d R
(Podospora) 18.85% . #% 1 % J& (Mortierella)
16.67%F148f 71 1 )& (Fusarium) 7.77%; NP .NPM ,
SNP FI SNPM R EHIET 3 MHFEE

Similarity

El4 FEIFTHMEREIEZETINE

Taxonomic composition

& Mortierella

a Botryotrichum
N N1 V| & Podospora

8 Fusarium

a Fusicolla

Dendrostilbella . FE#ift1J& (Botryotrichum) Mt
7% )& (Mortierella), {BFIXT=EE(EAFAEZER . NP
1 NPM [ Dendrostilbella 1 Botryotrichum 1A
X EZERA B E

HUZERIETFI(E 4), 5 ADAbIRARKHE FUR
FEVELLAT 22 DU RZE, NPM Hl SNPM 37 46 i
i, AXTEEECAHM, RHA—3, CK. SNP
NP Uk S g —32, Rk, A AT FH AT it
APUESRMT LRI A 2O
23 TREESTEMEREXRMES A
LRSI

3BT BN () Ak B 4 398 B D A V& 1 A0 (] 22
SRR, M4l LEfSe 0 #TiE#E LDA score KT
3.5 KSR AT HR B R (8 5A). 452R K
BRI FRZ SEAEAE 48 A~ 2 Al , H
t, CK &M BA BEEZRNYMREZ, A
18 A, G2 1L 14H L 6 DFE

Taxon
m Dendrostilbella

8 Humicola

a Lophotrichus
L NPM a Schizothecium
| a Alternaria
@ Solicoccozyma

a Zopfiella

i B Pyrenochaetopsis
a Cercophora
& Unclassified
® Coniochaeta

8 Nectria
8 Dokmaia
8 Hormiactis
8 Cheilymenia
@ Plectosphaerella
8 Acremonium
B Epicoccum
= Hypomyces
a Thielavia
o Pseudaleuria

= Others

ETIRAERSERMMERIER

Figure 4 Similarity cluster trees of soil fungal of wheat community under straw incorporation and manure

application.
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8 s HUJE NP ARERAA 11 AR, AU
LA 24H 3R 44 E . 1T AFE; SNPM
WEHZAA 8 A4S, EEE2 NH . 2R 448

NPM AbHI4A 74, wWiG2 H. 28, 3J8; &
JAJ& SNP AL HEZHA 44, s 1 AME 3418,
XA FIAE S 22 A AT 1T . BB & .
Pt (& 5B), b SCEH, 206, S,

Wi RS 8 I RN AN R 3 4 A B 2 SR )

FRERBEAC R T €0, QndLrparta iy fifidk CK
i B RAE IR, BT RN R
AL FREAH AR B S E AR IR . AT
RO ZOKT- B 24 4R SRS T
AR FEER, CK BZEE](Blastocladiomycota)
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Figure 5 Difference analysis of soil fungal community under straw incorporation and manure application. A:
The histogram of LEfSe analysis of soil fungi (LDA score>3.5). B: Cladogram.
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Figure 6 Redundancy analysis for soil fungal groups and soil environmental factors.
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FLA TR AL R B0 IR 24.25% . 4.33%,
SRR Ty 28.58% TN ot 5 T I ELIH BEVR 45
PR ek, AP fil pH IKZ . AK. AN FlI
TP (R ik ZEJef i fm, RUIEMZHE
AfRE ELA PMREION . CK. NP, NPM, SNP Al
SNPM [ X} i TN f9 34 5% 48 & {5 HE ¥ 0
SNPM~NPM>SNP>NP>CK, [, FHFFif HEg
Jit AT AILAE Acb 2 349 368 o el A8 A 9 3 Ak M S5 ) R
HETE 2L, JUHDE TN & 50 B R 454 A8
&ALk LN
3 ik
31 ZEERERERAX T KRBT TCHIAE K
BHRENEZEHITIEEREZHF RN

ARG DR Z R R X T4 1 4
TAE -1 A A, B T R e e R (A
PR - R W b BB FE A R A AL
i 25 EFRICERIEARS e WP AL R F
SO REFEEEERP, e RSk RS R
A FH T it SR IR A A i AR A B 3 T - SR 2
PRI T AR . Li FPIRT A K
et A g fifp 2ol R b TR A9 20 VR o i 0 3 b
B, FECAFEAEERR L AUE, K2R %
Pem . AR AR, FEFFIE B A A P
FRA ()P FP = & FEHE L. Chaol M1 ACE #5%3%
T CK, H. NP /¥ Chaol #1 ACE %% CK &
FE 34.99%F1 29.93%, CK F4 Pielou ¥J45] i i
05 T REFF A HAEA AUIE A AL BREH  ANIE 2 F5
FFIA 3 J2 it A HLAE A9 kb B2 B394 55 1 L Y
2R, 5 Li FPR AR AR
e T IR FR A 2 it MU AL, K BIRSFFE
HH Jiti AL A (SNP) L 3 22 FF PR T A 18 H it Ak
JENP), K HARSFT A H B A AT (SNPM)EL
ZHPEIRT KB Hit A HLIENPM)

OTU %k it RE 8 S5z W 45 Ak 3 1% S 71 7 Vs 2

B, M OTU BEFREFES, 5 AMbHts
) OTU 5 EETA 15.74% , 4% AbFEAGIN H i OTU
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(462)<NPM (472), RBIFEF L H a8t A HLAL Y
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H A0S FF34 F At AT MUAE SO T B0 R V% 1Y
H A O A W5 RIS FE I A7 8 HHFE F SRR
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W, MELIS SIS YIRIEIR, ST e
Pt ARB SRR T K I RS R IR AL S it A
MUIEAL, SNP B ZFE 1 FAIECE AL T NP, SNPM
EHZREE SRR T NPM, 5 Wang 2170
Sun 2 I ST 45 AP AE R 22, T RE S KR
FF D07 345 HH SR FRUA O
32 EEREBRAX T KT ECHIE K
B EZH T IEEEEEAR N
TSR UESE , FLIR T ) T RE R AR A2 4 1
HEh Bk B AT R FUR R e R Y5 N FF
WH G HIEN BRI EEON PR 3
AT TREF BT P50 Tei e de I 85 37 1R 0
WA IA R E A A, AT S TR B
FRRE o = B 38 S 1 B 2 AR 9T AR R B
R 9 NI, FEEET 1 (Ascomycota)
AR R E LR, HREERT]
(Mucoromycota) MR [ ] (Basidiomycota) , {H
A PR AT B AR 25 5 o T RETR ] o 4 EL A1)
K, AP AT R R ™ A K i ot
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B R KM EEZERE, HA 5 B R AU v
B4 AT R AR A AR R T
E il K /b K R B SNPM (87.61%)>NP
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H CK TR T TR AN 2 B B o 6.08%, H:
fl b B Je AR F CK, RIREEHHF w1 Al FEIR
ABE P EMATR R LR, BB
AR, BABSRM A ME A RRE S, 25
AT LI JEWCA VLY . YRR S 2 5 45
e, X FAREFFEREA S . S SR oY
WIE 5 A FE BT AL, B AL BRER & T MR B
Bl TR, S AAFEFR(S) S AT ALt I IE(FS)
A3 RN T Ak 1 AR IR,
S T AR PR T SRR T B AL T
PETR [ A B e S B2, DL B2k 53R
WP ER S B E A S, (HEE 2 5
FS AP 51 AR b 1 458 BRIl 35 A
b, SR 2k,

it 5 s s FH TR ot A AT AES 1) R A o 335 44 it
Tz M) RS A A Rt AT AT 2 AR
SERA LYY AEYIER A | TR R SR S5 A S i
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| E W & AR e = U Y e IRk
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JE LB, FEATIA R 16.5 thm® B, F
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B )@ DL St 00 5 s A = B X6 BE 2 43 A 22
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0.44%, FHIFREFFA H B4 = 753 TR @ B AH X =
. WHE & (Mortierella) 2 13 v —FP G 251k
AWy, HAWRERBE DR E AR
R, KIS 2 5G4 58 b gk &R
(Mortierella)ff £ FEU"S P AWFGTFRM, CK £
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18.85% . #iffiEJE (Mortierella) 16.67% Kk J] #
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PRI L 0] 22 S RI BEA T LEfSe 234 , & BUAS [ 4k
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SFONFEFFA H BERSHE in +58h N ORI P oo
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NPM. SNP il SNPM fX TN #3358 A8 5 {H
HEF iy SNPM~NPM>SNP>NP>CK, [HIlt, F5FF
I FH B8 7t A AT A 2R 857 5 o - ) b 2
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4 Hip
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B R R SRR T LR L T R
RIS AR T2 B, AT 3028 398 ke 1 BT R
VA o FLRRETE T KA 5 358 RO
SIHTRIL, TN & e i 38 HL R IS 45 1Y
KHRF T, 32 AP, pH. AK. AN Fil TP %:¥£
BRbRsZ . I, 7545 0 T AR b Bk — 2 R
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