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Identification and biological characterization of a nematode-trapping
fungus

GU Yaru!, CAO Jingxin', HAO Xin!, LI Shushen?, LI Yang', ZHANG Yue!, JIN Xianglian!,
MA Ling™!

1 School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China
2 Ningcheng Forestry and Grassland Bureau, Chifeng 024000, Inner Mongolia, China

Abstract: [Background] Pine wilt disease is a serious disease that endangers forest trees.
Nematode-trapping fungi can use their trapping organs to prey on Bursaphelenchus xylophilus, thus
achieving effective control of pine wilt disease. [Objective] To isolate and identify a
nematode-trapping fungus and explore its optimum growth and sporulation conditions, thus
providing a reference for the biocontrol of B. xylophilus. [Methods] The strain was identified based
on the ITS2, RPB2, and TEF1-a sequences and morphological characteristics. The growth status
and variations of the strain under different temperature, pH, and nutrient conditions were observed
for biological characterization of this strain. [Results] The nematode-trapping fungus was identified
as Arthrobotrys robusta. The optimum growth and sporulation conditions of the strain were
different. The optimum growth conditions were 28 °C, pH 10.0—11.0, corn meal agar (CMA)
medium, starch as the carbon source and KNO3 as the nitrogen source. The optimum sporulation
conditions were 30 °C, pH 8.0, potato dextrose agar (PDA) medium, starch as the carbon source
and peptone as the nitrogen source. [Conclusion] The nematode-trapping fungus A. robusta has
strong adaptability to the environment. It can grow well in various environments except some
extreme environments and demonstrates biocontrol potential against B. xylophilus.

Keywords: Bursaphelenchus xylophilus; Arthrobotrys robusta; adhesive networks; growth
conditions

B bA £k U 2 — b 4 BRI L N 5 3 7 FE 1Y
AR F o HRRE , AR N AR A 2k U] A
40 4Fp, H A<= 71 J& (Bursaphel enchus) 1 # £1
£k i1 (Bursaphelenchus  xylophilus) Fl # ¥ k4 £& Ht
(Bursaphelenchus mucronatus)# A A & ¥ #1 £k
HOT I R B R U B s R, — 2t
B . LR RIS B A 2 LA B R R B R
YERL; H, B SRBle, &k 33 )8
27 RO BRI UL, LR AERA A L BB IA b
A RIFRT 5. AR E T AR, Akt
P bF e 2 A B A B TR 43 S 8 A AR
WL EEE A e R, NEAR
PR A 77 A R B A TR A AR i s e e, H

H I B P b e e N P A LR AR B 2240
J& (Har posporium) A i F Fl A7 [G £k HLU TR (Esteya
vermicola)®*1, 7 & B i D238 2o 7 A= A= AR
Pk ABEL . lhn, 7] T & (Fusarium) Al il
75 J& (Aspergillus) 30 43 BB, BT Ak A
AU UE S AT DR SEAN AF 2k e, I HAL B
(BRGSO 2 T A e L )
S LA R A E WA IR . R T X R
gkt , I ASELE B I 7E AR Py B, i,
£ 397 A (Arthrobotrys polycephala)nJ LA i izt
AR TR XA A 2 AT R AR B,

KT B2 iUt B oY E B AR
M\ #1 J& (Arthrobotrys) B [ 4n /2> 4 45 M 9
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(Arthrobotrys oligospora) !, 3 o % HoAkE K4
PE. HESRE R ERI ST, Tk
PRI 2 M LA & A B — o B
Z= )2 RS20

B 4 M TR Y AR SR E R RS AR BY
B, i ER BRI AR AR B 3 AN AL
RS E NI AR & E AW N E R
A I AR B T AR T . R A R
AR oA s] L AR R
R 4 NP5, TEHE A E IRt fdr,
AR SR OB R, [FE, fEdE
O3 WAL LE W A 5 | S BB A2k i fih B A
SN = T 3= e VN7 A o
rahJi. MR E, AW AEEn
fitf A FLAR 2 LI RE | HF B AR YL ), 3@
W, TERE S & RS STE U AT, B
JE S AWk B B2 RIENIE LRI R 22, W)
WORIARE IR, BT R P B BT 4
R, — Sl 2 Bk LA AN A8 IR IR
(Drechslerella dactyloides) /#9755 A X #A 4
A HA WS R ke L, e
2 P LT FEAM A S A W B IR B B AR S
WA

AHIF SRS — R AR R B T B
FE, X ILA YRR T SRR, DI O IS 22
AR BRI SR AR AR A0 o

1 #e5F*E

1.1+

FEAR SR H WA UM I 22 XK B 326
LR AR Y i S AR PO a4k Bl AR b AR
KEEFRMARIP 22 B W) AR 25 R0 o3+ A= W) 2 S5 0
FEiRAE
1.2 EHFE

Ty 4 22 48 7 M B I8 (potato  dextrose agar,
PDA)R:FEH: | K E I (water agar, WA)RG 57 36 K
F KK BifE (corn meal agar, CMA)R; IS
XL AEPIR Ty e Be il BIR A & Eh 2%,

TR T KW R 2N 20.00 g BR/A LR 7%
Hi(g/L): 2 0% 10.00, KNOs 2.00, MgSO4-7H,0
0.50, KH,PO,0.50, Na,HPO, 0.65, KCI0.50,
TRE M 20.00. Db b8 IR0 K SN
121 °C 30 min.

RAEF T CMA 3385 FIFT 25 °CHs
F%, SLRE TR R AR B CMA
Rige sk b, 25 °CHEFR 7 d I A T AL,
1.3 FEELFIF{LEE

CTAB ZE M (g/L): CTAB 20.00, NaCl
81.82, EDTA 7.44, Tris-HCI 12.11, FLERE#
WY, IR AR A B A E . B
BiRAE, R EORSO A RA R EFiRET
R DAL, AR A FEFE YL,
IRINAR B DG B A SR A R A | I 2 6ok
FETE, BN B ER A FRA R AW B R
RARAEA BRAF]
14 FEESFEE

HAFTILAS R FE 7 d MREE LS R E
7R 5 mm WEEYE, #HMT CMA 8RR L, &
25 cClEIRIEFAE IR, PR HAE K2R
ML —2 B JCRBE R DL 45° 8B ARG SR 3k i
HESRE, HEWZKW, MEH TS5
PRECT, KAWL —mnFia 2L m s
W AW I ., TAY BT 170
. WESE MR E, 3L
HIMAHL (AL R), 24 h JGERMEE T
PO S IR T EAY (AN (S SR
1.5 DTFEMEELEE

DNA H4RBCR CTAB 3£ 3EF702, 1TS2
AP A58 ITS3F (5-GCATCGATGAA
GAACGCAGC-3")HI ITS4R (5'-TCCTCCGCTTA
TTGATATGC-3"), PCR JZ W& £ (25 pL): 2xTaq
Premix 12.5 uL,##(<250 ng) 1.0 uL, 514 ITS3F
(10 umol/L) 1.0 uL, 5[# ITS4R (10 pmol/L)
1.0 uL, ddH,O 9.5 pL. PCR i £5f4: 98 °C
10 min; 98°C 10s, 58°C30s, 72 °C 1 min,
30 MEF; 72 °C 10 min; 8 °CI#fF. RPB2 %
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143459 RPB26F (5-TGGGGKWTGGTY
TGYCCTGC-3")F1 RPB27R (5'-CCCATWGCYT
GCTTMCCCAT-3"), PCR S W& Z& (25 pL):

2xPhanta Max Buffer 12.5 uL., dNTP Mix 0.5 pL,

Phanta Max Super-Fidelity DNA Polymerase
0.5 pL, Hikz(25-200 ng) 1.0 uL, 514 RPB26F

(10 umol/L) 1.0 uL, 5|4 RPB27R (10 pmol/L)
1.0 uL, ddH,O 8.5 pL. PCR JZJW &1 95 °C
3min; 95°C30s, 58°C30s, 72°C45s, 354
¥ ; 72 °C 5 min; 8 °C{#7F. TEFl-a JF4I4"
#5144 AS4F (5'-CCTTCAAGTATGCCTGG
GTT-3")#l AS4R (5-TGGAGTGGGAGACGGA
GA-3"); RNERZRFY G %MS RPB2 ¥4I
A, [OKHB KRR 56 °Co F=#iF A= 1
AP TR DA BR AR T, MPEHE
{2 NCBI #47 BLAST H B34 [dlmf, ffi
PhyloSuite Xl J3> &5 S 47 53 16 S LA DL i3 vk
WHZIENEEG RERKEW.
1.6 ARIBEEKETHXEHKEKKE
FETRIE AN E

FHATILES NG IR 7 d RETELG Y R A
#R 5 mm WEYE, ERT CMA B33 L, &
WF 20, 25, 28, 30 Ml 35 °CHigF, WMEEHA:
KAIGH, @& ER ., ARERE, BEE
TWA 3 AEYEESE . RS %A T
F6L 8 I o LRI Bk AR R
& 1 d FFIR A28 SO V& 1 BAR, ESE
M 5 do A KB mm/d)=(H 75 24 K ER-5)/K
o sl M 10 d #1750
1.7 ARERBEKFETHXEREKE
FERTE B E

CMA B3 MBCl riklnl 1.2, (HAEI ARG
Wy R (8 PR TESE vk (0.2 mol/L NaAc:0.3 mol/L
AcOH=1:9)FIH& P 2% i1 (1 mol/L NaOH)¥4 5%
FREH) pH B4 IR 4.0, 5.0, 6.0, 7.0,
8.0. 9.0, 10.0, 11.0 F1 12.0, K EHA K 5 mm
R PHEM T ERAE pH ) CMA i3k b
28 °CHiFEMEL, B4 pH 3 MEY¥EER .

FEF, Hi&—HT 30 °CHEATHEFE LA E 7= 11
o BERg I R 7R 1.6,
1.8 AREEFELLHAEHKREKES™
RSB E

¥ A2 R S mm [T E 530 F PDA $5
FiH . CMA iR 5f WA J5gR3E |, 28 °Cl
FF, MEHAREN, BrdeE 3 MY
ST AL I E T 30 °CHETT . B
=7 %0A 1.6
1.9 AR, fURTHIXERE KL
aIERENE

AREIBRTEE FR3E . DL KNOs HRIE, Kt
Tt 355 7% 5 v (0 s 5 45 B8 B 50 o A 224 1) S 7
B ORERE . TER AR . AR AR SR AL
DATE NS AR, 5 B Atk 3% 37 35 v 1) R0 4 58
BRI (NH)2S04 . AR IREFR
AR -

A A BRI SR A I SE 4390 T 28 °C Al
30 °CiftAr, JiklA 1.6
1.10 HIERGITS S

fdiJf] EXCEL. IBM SPSS Statistics 26 Fil
GraphPad %5 14 X3 Fr 45 4 B340 00 47 48 11 4
B, GETTETFIBR AR B E Y B AR (S mm).

2 RS540

2.1 FEEEF4HE

£ CMA ¥5373E | 25 °ClEEKE R 5-6 d )=,
W% HART 35 9 em, % H OB, B2,
B, W0k, BHAARN 37 um; SR TR
A, REF, AR R, mRs ek,
SHEREICE, REIEE, ke R, U m i
5, AR, K/ R(1.7-17.4) pmx
(5.5-8.4) um (n=20). fHEHE NFEFEN . H
PRI A FRAE LI 1,
2.2 PTFEYEFFE

MR BRI 1TS2 . RPB2 )2 TEF1-0 JE 415k
P 29 A7t A B R A B 24 50 o0 (National
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1 BE#HE CMAEFE EHNEKRARBSMUEFE  A: FHHRE CMA 55735 FAUET%; B:
7, FRR=100 um; C: W%, HR=10 um; D: /MEMFMAERTHE, FR=100 pm; E: EHT
M4, AR =10 um; F: 4/, FpR=10 um; G: ZEitEEM, #R=100 um; H. £kl

FE R ML, ARR=100 pm,
Figure 1

Growth of isolates on CMA medium and some micromorphological characteristics of the strains. A:

The strain grows white and transparent colonies on CMA medium; B: Mycelia, scale bar, 100 um; C: Mycelia,
scale bar, 10 um; D: Conidia and conidiophores, scale bar, 100 um; E: Conidia and conidiophores, scale bar,
10 pm; F: Conidia, scale bar, 10 um; G: Adhesive networks, scale bar, 100 um; H: Nematodes are captured by

the adhesive networks of the strain, scale bar, 100 um.

Microbiology Data Center, NMDC), ¥ 5I{# 175
43512 NMDCNO0004TFK . NMDCNO00060PO #1
NMDCNOO006IH3 . 7> 45 S R B, {4k 1 ik
ITS2., RPB2 J% TEF1-a J¥ 41 K/IN3 5 357,
793 F1 968 bp, BLAST H.XJ )5 &P, Mk ITS2
41 5 Arthrobotrys sp. NefuO1 [ 41)(GenBank
Bok'5 0Q456637.1) K5 71715 AL (Arthrobotrys

robusta) nefuA4 Fll A07 [t 51l(GenBank %55
MZ326655.1, 0Q398129.1) ELA # BE AR, — 3%
FERA 99.71%. RPB2 J¥%1 5 Arthrobotrys sp.
YNWS02-5-1 % J¥ %] (GenBank % % %
AY773422. 1) B A = BE AR AL, — BOE AT
97.18%. TEF1-a JF A LA 45 R A2z, Hrp
#£ 75 M\ 10 (Arthrobotrys sinensis) 105-1 ¥ 41
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(GenBank & %5 AY773387.1) 1y — B JF ik
91.14%, {HHE F L 65%. ¥ ITS2. RPB2 i
TEFl-a JFHN RS R R LT, G5 RKW,
AL E#RS Arthrobotrys robusta nefuA4 RAE—
X (F 2). GG HIEARHE, W H Y w Ry Iy
A
23 BATMABEAREE TEEKHN
FEE

58 15 ANRLLE 25-30 °CTE Bl N ¥ fig B 474k
K, I H 28 CCHM LM Tl A RKIRE, xR
TR AR AR R AT AR
A 28 °CF Ry EAUA 1.46x10* 1>, H 30 °C
B 7 6 S e TR . ik, 30 °Ch
s LB . 20 °CH B 22 4 K 22 3 0] i 4
il , A REAE K HA D8, MifE 35 °CIH £

&2 ETEH AR ITS2.RPB2 fl TEFl-a FHHMEM ARG A B H

IAEVIAE DR &, IRtz s kA K (A 3,
1),
24 BHTHMABAEAEEREE THE
K~ RIER

ANIF] pH X5 745 AL AE K an &l 4
fii7R o 7E pH 4.0-12.0 BYYEE A, 38 77715 AJf 8
etk . (HAENGRYE pH 4.0 FIRBEE pH 12.0
WEET, s AR Z B B g, 78
pH 5.0-11.0 BB FIN , W& BEARRE 24K H
R A, 1E pH 8.0 B BB I R e, {H
5 pH 7.0 Z5IEARE; H pH 10.0-11.0 A
T VR LA TR 22 A G ol 3R s 2 I 25 10 T H A
pH; BRILZ 4N, pH 8.0 A= i B B F HiAth
pH (5% 2). X5 J7 15 AT 4 8% HoAT
— 7 B AT

4 AN EE A bootstrap 1 (>0.50);

55 AR o %F I BRI ITS2 . RPB2 1 TEF1-a JEAIRIIEZ S, — RILFAEFEIEE; FrR 0.07

REFE 7% M L2 5

Figure 2 Phylogenetic tree constructed based on ITS2, RPB2 and TEF1-a sequence of strain AR. The value
at the branch is the bootstrap value (>0.50); The accession numbers of ITS2, RPB2 and TEF1-a sequences of
the corresponding strains were in the brackets; —: No relevant sequence information was found; The scale

0.07 represents 7% evolutionary divergence.
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20°C 25°C 28 °C 30°C 35°0

3d

5d

B3 BHATABEREERE THEKER
Figure 3 Growth of Arthrobotrys robusta at different temperatures.

x1 BATVMAAEAEERETHEEZER. BLEKERN~HAE
Table 1 The colony diameter, growth rate, and spore yield of A. robusta at different temperatures

T W% AR AR R et
Temperature (°C) Colony diameter (mm) Growth rate (mm/d) Spore yield (x10%)
20 51.58+0.29d 10.32+0.06d 0.28+0.03¢

25 70.12+0.13¢ 14.02+0.03¢ 1.56+0.06b

28 77.78+0.23a 15.56+0.05a 1.46+0.10b

30 72.58+0.28b 14.52+0.06b 10.80+0.00a

35 1.58+0.08¢ 0.32+0.02¢ -

- AU ARVNSTRFRORESBE . TR

—: No sporulation; Different lowercase letters indicate significant differences. The same below.

pH 4.0

pH 5.0

=

pH 6.0

pH70  pHS80  pH90 pHI100 pHIL.0 pHI2.0

5d

B4 s2AOTMAMEARE pH THEKIFR
Figure 4 Growth of A. robusta at different pH.
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x2 BATMBEARE pH THEERER B
FREERF~RE

Table 2 The colony diameter, growth rate, and
spore yield of A. robusta at different pH levels

PRUAE K EAR AREAE R

pH Colony diameter ~ Growth rate  Spore yield
(mm) (mm/d) (x10%
4.0 65.13+0.13f 13.03+0.03f  6.61+0.10bcd
5.0 71.2840.10¢ 14.26+0.02e  6.47+0.22bcd
6.0 72.97+0.19d 14.59+0.04d  5.61+0.14d
7.0 73.78+0.13c¢ 14.76+£0.03c  8.16+0.22b
8.0 73.60+0.09¢ 14.7240.02¢  11.59+1.03a
9.0 75.73+£0.13b 15.15+0.03b  7.46+0.57bc
10.0 77.33+0.33a 15.47£0.07a  6.08+0.05cd
11.0 77.53+0.15a 15.51+0.03a  3.42+1.25¢
12.0 59.75+0.22¢g 11.95+0.04g  3.10+£0.73¢

25 BATBMBAEAREFRE EWNE
K= RIER

AN [R]85 5 L X6 588 7715 DA A A K R 7 L
HBERW . PDA KSR LR 75 A AfiE,
W2 HoRik, R ECRERE, MR RE;
CMA RiFR3k FITETE R, w28 b,
A V% B AR K R T oAb 2 R 3R
B, AR R E T PDA IR, WA B
B TE WO A, B2 R, HELLULER
AR ERE T, BJLEATHRE S, £3). H
BERT UL, /b 98 3R W e B T A Y A
AWK ES, JF HEERNIREA AT H
P
2.6 SBATMABEARREKRIETBIEKF
FERIER

5 171 NI 5 Rl AR VR A ) A 1 L
AR EER EUTER MBI R E, W
HEHAERK, ARECRED, FmlRakE; £
ZEME . REME . AP RN Z (A AR
FSE) MR SR I 2 A H(E 6,
F 4y, B ILAT AR, 5 71 AT 22 0 A R
FH AR T 0URE AR, JF HLJGHE B4R
FLbE

PDA CMA WA

E5 smATMABREREESRE ENEKER
Figure 5 Growth of A. robusta at different medium.

* 3 BADABEFEEFRELNEEER. B
LERERM-RE

Table 3 The colony diameter, growth rate, and spore
yield of A. robusta at different media

BigRdE R EAR AR AR P
Medium Colony diameter Growth rate  Spore yield
(mm) (mm/d) (x10%)

PDA 59.97+0.29¢ 11.99+£0.06c  24.06+4.52a

CMA 69.28+0.45a 13.86+0.09a 7.02+£1.25b

WA 63.87+0.59b 12.77+0.12b 0.10+0.03¢
-+ =] /= Z

27 BMATABMAEAERERETREK

—_ ERY
MAERIER

58 NIAE 5 AL R R R R AL B RE
RIFAK . 78 KNO; §i983E Bk B mRK,
AR, EAR. RNEARRE IR Z
(W (A JC 22 57 W 38 ) o 9 ELAS [ /U B R 5 |
B =g a2 5. AR IR ™
fiifiZ, AIik 27.64x10% 4>, ZRN &R KT F7 K
Z o (NHa)SO4 #5575 P« maeAt K, HILF
AP 7, £ S5).

3
il B 2 A LR — R E B A W TR
B R —EE E NS A R S T
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Glucose

Maltose

5d |

6 BATABAERRKIELHEKIFRL

Sucrose

Amylum Galactose

Figure 6 Growth of A. robusta at different carbon source.

x4 BATAAEFEKRETHEEER EL
SRERF~AE

Table 4 The colony diameter, growth rate, and
spore yield of A. robusta at different carbon source

31 WK HAZ AR P
Carbon Colony Growth rate  Spore yield
source diameter (mm) (mm/d) (x10%
Glucose 58.85+0.00d 11.77+0.00d  0.25+0.03d
Maltose 64.13+0.23b 12.83+0.05b  2.52+0.02b
Sucrose 61.58+0.21c 12.32+0.04c  1.2940.10c
Amylum  70.60+0.36a 14.12+0.07a  9.03+0.47a
Galactose  11.75+0.25¢e 2.35+0.05¢ —

TERE 2k Bk B R R 4 26, RERIET
— B S AR A AR FL RO TE S L RN,
oybE . BT TR T R G L
T E MEEE % (BT A E ST AR
TEASFRIE EARE L (ORI, W W = — s
W, FYRAME MmN, 5, MEREL
BEMRE, W5 E R T HAAIEE
FRAE, 2 AR T A M S e AN [ @ =2 ) il 2
S, BB A M S B A 4 M TR 1 43 2 D638
[FES, —260 A #FRE U 28S rRNA LA |
ITS 1 18S rRNA FE[F ) 52 £5, 15 HAM 20N

HERf . HAT, KB L hbE o 8 A
FBh(Orbiliaceae) HL.I& ; MG HAH T & EH L4
YIZEREE, RS R 3 AN E, Sl T AL
WA E AR M 5 72 X% & (Drechslerella),
WESE MR, UATESEAR
(Dactylellina), fiE#sE AZiEk, HMoFHIEIKL
AR EG M A R0 FEARBESE R B i%
W B AR ERA, AHT, A8
A, TimAIE R Ao, SR DN
B, EhiHE . FHAELRNEST, H
22 R A T B T RE R —4ERE TR M . X
SEREE ) (P E R ) TRl R o AR
FIESFHERF G, 24797 Al (Arthrobotrys
superba) iy 15 A AL, 5 ) AL S 2
A E AR, FEZEXH 58T
TN R FREAER . HREKH, ERE
KA AN L, I A5 R AT A A
(Arthrobotrys cladodes) R 7£ — 32, T Z #1715 A\ ffd
/DRI AR RTE— 3, IS 24
NSRS O R AW TR Y & B
PR 1TS2 . RPB2 Fll TEF1-a F¥51 K /N3l
357, 793 F1 968 bp. FEfHH DLt ER R
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7 BATABEARRRLHEKBER

Peptone

Carbamide Phenylalanine

p—— gy

Figure 7 Growth of A. robusta at different nitrogen source.

x5 BOATMABEFRRERTHEERER. HZ
TRERF~RE

Table 5 The colony diameter, growth rate, and spore
yield of A. robusta at different nitrogen source

R WK AR ARKEE R
Nitrogen Colony Growth rate  Spore yield
source diameter (mm) (mm/d) (x10%)
KNO; 67.35+0.61a 13.47+0.12a  2.45+0.44c¢
(NH4)2S04 53.40+0.40d 10.68+0.08d  0.08+0.00d
Peptone 65.50+1.39b 13.10+0.28b 27.64+1.09a
Carbamide 61.65+0.52¢  12.33+0.1c 0.18+0.06d
Phenylalanine 64.17+0.63b  12.83+0.13b  9.88+0.54b

EHHFEGTRERE ML, 2WkS
Arthrobotrys robusta nefuA4 B7E—37, HIEMHE N
1.00 ¢ SXHE— A UESE T R A 15 TR 5 75
ME(A robusta). BRiLZ 4k, 7 BLAST 2553
KB, R AR ITS2 Jy 51 538 5 81 45 181 J (Orbilia)
B TS B — 2 A, X TR T
[ 35 B & 5 15 A8 =22 (A7 AE 3 A PR A TG
R T o 6 ZR 3431,

5 771 A 1951 AR I ARGE TR E MO H
A, REJE . mpg. S WG EE. P

AL EAL BRI NS
A, )z oA e FEl g — 20 R B T R I
A B WK BFFEMAE Y TR . FRIRE A
B i 37N SN R R Y S
B, IR GE A K IRE | BRE A
)8 R 45 1F N A AR KRN 7= HUIR I 2 I 2 T T
FER IR . BA TR R, B RN fE
A K RTESE IR N 25 °CAEAAW, AREFFEH, 31
F171 AAAE 25-30 °CHY IR BE TE BBl N 35 7T DA R 4
A, IR HAE 28 cCARKHERR MR, X 5HA
A RALTF o B H el 7 R EE R 30 °CifiidE
28 °C, B — IS 1 I R AT BB A 2 1 v
KRR T —E Ty, TR R A
PRI R B AR K E RN R, B’
PR30 B OUCFE IR R A PR T AR, (EAERR
WEENMeeA K. #lan, #y AHE pH
7.0-8.0 SR TAERK R, JIF H AR VE IR EE
AR REY, AP REXN, &£ pH
5.0-11.0 IFEEN, 5T R I AEK,
JFH pH 10.0 A1 11.0 (44 AR 13 2500 T HoAth
pH. BRIL=Z4N, pH 8.0 (U= fl e, Hitknl
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D, 58 7775 ARG R T AR IR B A — e
M 52V, I ELRH BRI PR B o 5 5m 1) Ai p
5 71 A AEAS ] B 3 2k b A0 7 40 B Bl SR
FEEMREMIY 2, BRI
AN, ZHETE CMA 553535 B AR Kol R itk
WA X2, PDA 8, hitnl I, SR FEE
FEARTE M AR AR KR ME— R, x5E
ARSI —8, 77 A X — G i i (K ]
RE AN A B 3R b B & i B R A e, JF HL
558 1 75 DAL AN [58]9S ) WS A K P A i 22
SPO X REARAT A JE Sk . RIS 5 )
LA KA AR B SE TP A5 BBk . AN [R] Bk
R XT 58 5 NI AR R A 2 A 2 R
M, XEB IR A R A5 SRR W], ek R T 19
) e A AR R R AR . 58 T AR TETE R4
R R ZUBE, AT RE S R S 5 01 A TE T
AR S b o A A Ul TR AL 1 A A R AT AR . T
FEXT IR RIS TR R I, 58 071 AAAE 5 it
AN BT R, Hifp A KA A
SR KNOs FIEE k. 7ELA(NHL).SOs A& R
PG FREE B A KR g i 25, HEI AT R
KR e o iR s AR R et f v 2e 4 K 1, fiff
IR pH T, DATTSZ A 5 15 AR A K
5

4 Z

AT 5T IR B R A b o0 i Y — R s gy
AL, Y THREE . pH. REFRIE . BRIE A
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Wedm b IAN I RE R AF A o il L, 5 771y
XA LR B R A7 R A B v 1, T 4 D xt
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(!
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