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Study on the Effect of Lycoperdon perlatum Pers. on the Growth and Drought
Resistance of Populusxcanadensis cv.‘Zhongliao 1’
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Zhiyan Yang' , Rusheng Peng'*

Abstract: [Objective] In order to enrich the ectomycorrhizal fungi resources of poplar, promote the growth of poplar and improve its
drought resistance, in this paper, ITS sequence molecules of the Lycoperdon macrofungi collected were identified, and based on the
co-culture of the fungus with tissue culture seedlings of Populus*canadensis cv. 'Zhongliao 1', mycorrhiza formation was observed
and its effects on the poplar growth and root development were discovered. With the water control method, the physiological index
changes of the potted cutting seedlings under different degrees of drought stress were analyzed to reveal the fungus effects on the
poplar drought resistance. [Result] 1) the macrofungi collected was Lycoperdon perlatum Pers., 2) it could form ectomycorrhiza
with Populus*canadensis cv. 'Zhongliao 1', and through the co-culture, compared with the control, the whole seedling biomass, root
biomass, total root length, root surface area, root volume and the number of root tips were increased by 96.43%, 162.07%, 75.71%,
108.33%, 178.34%, 88.81% respectively, 3) under drought stress, compared with the control, the content of osmoregulatory substances
such as proline and soluble sugar in seedlings inoculated with Lycoperdon perlatum Pers. was higher, the contents of peroxide product

malonaldehyde (MDA) and hydrogen peroxide were lower, the activities of superoxide dismutase, peroxidase and catalase were higher.
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Lycoperdon perlatum Pers. could form ectomycorrhiza with poplar, which enriched the resources of poplar ectomycorrhiza fungi.
[ Conclusion ] The inoculation of Lycoperdon perlatum Pers. could significantly promote the growth of poplar and improve its drought

resistance, which was of great significance to solve the problems of poplar growth in arid areas.

Keywords: drought resistance; ectomycorrhizal fungi; osmotic regulation; antioxidant enzyme; reactive oxygen species

P e v [ 1677 30 X 3 bR TR R B K RO o, 72 HIA BRRI BT 4 AR e o5 A S BEMAT (CEIE 2RSS, 2006)
W e — Tl 7K o3 BUR RO R, HARRKK I F SR EAEH K (Cao et al. 2012), FERD TR X
PEROEFAR . ARG, PR F ™ EEERIARIE, A BAR. B ST Be ™ &R B 45 1)
R o XA I R S E IR UK 2 SRR AN AR B, SRR T e i DR B JHRE S R T AL B
RRKIEA R EDE S MRS AT, R AE KRBT R, (Wang et al., 2022; Jiao et
al., 2022; Jiao et al.,2021) SR, BR 7HEY A S TR HUHISL, AR ERAEY) B Y B 177 T e 3 3 22
Ve, HRTCA TR 3 b AR IR L (AMP) 35 SRR R L AR IE A 5 &, 7T LA S )
Xof - L A 3 N RO 32 1 (Wang et al., 2023;Ma et al., 2022;Leventis et al.,2021).

B 7 MR ARE AL, A RGh M E AR B T R AR KL SRRt R R T R A R .
AR TR L 2 — SR AR IR e LA M R AL 8 TR, SRR 3T € TR B B AR N B 2 4 i 2 21
(] BT UM 3 IR, DA 1] S e T FU A M A TR 22 S 5 R I B 1R, HL 5 AR 3R T i B R S A 5 Ry b A
HHR (Ecomy corrhizae, ECM) (XiE#EEE, 2007) o fETFWHAMEE T, ECM AT RAE 16 1 R 4
RN A 2R A AL F AR R AR B, K R AME T 22 BE B ™ AR R (A B0 AR, A 338 R WS R 7K e AT 9% 4
BETT R BT A IR K G D KR, BSGE A AER, ATBIE Y RS 5 43T 55 U5 B Bl A
TR S EY PR RE D), YL BT R MK 2 (Smith et al., 2009;Alvarez et
al.,2009;Sato et al.2019;Kipfer et al.,2012;X|#k, 2021;Lehto et al., 2011;Xu et al.,
2015;Sebastiana et al., 2018;Liu, 2022) .

MR R R, WA NAERR. SMEER, XA WAMERGTEARER GEENSE, 2019). &
WA MR B A AR R, MRET LB AR BT R . RS 8 KINARIAZL I (Suillu
luteus). 0¥k %E (Paxillus involutus). AR THFHE (Xerocomellus chrysenteron). 45 F.4E
(Lactarius insulsus)~ BTG %) (Pisolithus arhizus) “SEAMEEME A DR R TIENE OB
B, 2009; TR RFESE, 2022; RAL, R/NT, 2011 (H AW HM BRI B 53 U5 B W45 LL i b2, e T A
SEER R A B e sb 2 b (UG AR, 2002), [l H AT 28 H 5 B0 A KRBT B8 0 R L ] AN
HH. WrSH/EELTRIEHEHER, MR ? EHE R, AUFTE T e AR
TREFMSHBEE, WESIVEBMAMKF, S ER I 1 SHEKE RN, xR
PRI AR RPURIR], MR EE IR R AR KIS . O 7 RS R AN AR B R, Lk
Bt IR R PL R, A SO L g AT REE S S 3208 I HET 1TS FPall oy 142, PR 5
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i1 S PR SESR, IR R R AT T R, B SR AR L W AR
P, T RS A FARAR S, TR R R A K S R R, R D R X s AR A A
B AT HE I PRI

1 AR5 5%

1.1 B

111 HA

TSR 2 RAE T BT AA WS AR T ARACARAL AR Ll SEIG 3, 2R )R T 1l Rk A g
P, HuERARRILS 45°20' ~ 45°25', K& 127°29' ~ 127°44', L4y BG4

[ AR A 5. KA PDA SR HiaRdt, DR 200g/L+HIEE/ REME 202/L+BlE 20g/L+BERR — S04
3g/L+L/KBRIREE 1. 5g/L, pH{H 5.8, T 25CHEREFF 30d.

TR % K3 JedePirE PDA LEAREIREE BB R AT FLAR 4TI S8mm B 1 2 B A2E4 100m1
WAARERFRAE N 250m] = fRr, ARG FRAEI U7, SR 200g/L+R %) B/ RERE 20 o/ L+ERR — &8 3g/L+
LKBREREE 1. 5g/L, pHAE 5.8. BT 25°C. 150r/min IR %% L5597 30d.

1.1.2 24kt

L 1 5% (Populus X canadensis cv. ‘Zhongliao 17) RGN, AASTHW (HIEES, 2014).

AR 7. BoR L BASERLILRS, BAMSPRNKEWE 121°C FKHE 2h.

1.2 A&

1.2.1 B#F TS Bol o 75 %

HIALALL B RGBTt R 22, {1 FH DNAsecure HiZUAHAYZEHZL DNA 42 HUAT G 4T SN 41 DNA 42
HO, ULBRHC DNA gt , S FHECE @M S5 TTS1 A 1TS4 3E4T PCR #7184, 1TS1:5 ~TCCGTAGGTGAACCT-
GCGG-3', T1TS4:5 ~TCCTCCGCTTATT-GATATGC-3' ; ITS-PCR 4" #{A & }y: 10 X PCRBuffer2. 5 n L, dNTP (2. 5me
mol/L) 2uL, 5% (10umol/L) 0.5uL, rTag DNA KA&WE (5U/nl) 0.25uL, AR DNA2 L, H ddH0
M EZ 25 n L PCR 7 34F2 5 M : 94°C A YE Smin, 94 R FEARME 30s, 55 #R IR K 455, 72°CHE{f 2min,
I 30 MEI, g 72°CZEMH 10min, KRR 4°C o RN EEHGE 6 u L =T 1% I8 B E AL B Yk
W WM, EERAEYTRE OGE HRAFETNR .

KR 7 %N GenBank, AT BLAST Lbxt, 52 im KAMERFH, FEAHCAEF 511 1TS
X3, F Clustalw (BioEdit7.0 #f) #ATZ/FHILLXS, MU TEIE. B 25 R4 MEGA 5. 2 KX
fF, REN-JEWENBRFANRERKEN, HITREKE I (kP 2016,

122 MU ) 54 b3 3557 ik

K- E LR R i R 5 (RYTRET 0. 38g/L+AHR4A% 0. 33g/L+le — &40 0. 136g/L+-L/KiRER 8
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0. 074g/L+ /K& A4S 0.088g/L+1/5 fEILEK 2ml/L+VB10.0001g/L+1/5 kkh 2ml/L+RENE 1g/L+H0 % b
lg/L+FHifik 9g/L, pH5.8), {EEFR 150mm 35 IR MAb il {E S 7= H AT, R 006G £ 8597 M 1/2 4.

K BE AR SRR i B3 — I9HIL 1 SR S T e B R R, AR 2 #k o e FH NG B[]
PRSPAR B A, THCE AR 8mm B 4 A, FeHe MR AR A B, xS IR ZE BeFh JC B PDA BiE B, 35101 J5 TR 25°C
JERH 12h OISR Dy 20000Lx) DGR IE FRAE B 97 (A% HB4E, 2021).

1.2.3 MU iy w2 M3 BARZ A KH LR 2

537 30d J5, FREEAEEMREE E R ARE, IR AR R OO ER RS IRARSRKE . AL W)
R dhBEREFRE 180d, FIF IR BB MG AR IR 45 o

1.2.4 #f & BATIE G AP M LD 27 ok

FerhiT 1 SRS N\ K B LR A 7 (280mm X 300mm) Hr, 4 BEK 17k, 4 50d 5, 7ERRED
Jo LR AT LR R I SO SR 7). (755, 2007).

125 FFmia s X

AAFFIE T AN 30d J5, MNREF, K, RIEHATRES KA, B HKsy, BE DI
B, LIEMERE KRR 80% £ 5% IEH Ky, HRIREK A 65% 5% AT 5, HIaRKER 50%+5%4
T, HERFKE R 35% 5% H T 5 (G higss, 2016 5 28RS, 2021) o AN F LHOK DL,
HUTGUHR 56 6-8 Jy i by EAT 5 AL FEAR AR U

1.2.6 33 & 245 A7 M 5K

WRBZE AT RE R ERR . FIATERE, BRIk I . A A, PUE LS RGE
Mk AR, S ERE . R BLES .

SIHHIE: AERRFRER 0. 2g AT 2ml BOE, N 2 UNMRER, B4R S RIRAEYE, JRREE
T B R U SGIAT IS, BFBS Ry 2000r/m, B BEESIA] Imin. 038R 78 A FBE A Ay, DU FE K Be
WRGER, EEUE Inin, RHEE, A 2nl BERR MW (PBS 0. 05mol/L Tris-HCI, pH7.4), fff
FIEREARY 25 78 4 R IR 50 4% F o

T34 R A P s A AR IR R, A TR R SR D SR AT e L v i e SR P T =
Vi AT VERE SR P IR R S v L T R AR AR B AR IR i AU AR
BRI #0353 S8 A Al SR R At ST S BTy A A il SR 8 P 4 % P 4 A0 A il 2 7 7% o

1.3 B

HI SPSS 26. 0 Git# X iR HdE it T it ot , BIERHIEIZH Excel B,

2 R 55

2.1 REFRERX (I1TS) FHlaHh

2586



EYINGE e N A S40 B 44237

MB 751 E 45 5 R, e PCR 4738 P4 B2 it 697bp, W7 45 SR %6 3% NCBI 48 BLAST Lbxf, Hoxf
GIRZ NG (Lycoperdon) HIE, T 18 MHLE K ITS F#4, H ClustalW #EAT 2 FHILLYS, I
FUUANTAZIE S, F MEGAT. 0 8K N-J (Neihbor—Joining) {EME RGIAK BN, MK H M BT
KK, FEHAFE 1000 7k, FHEARSE SRR MB 5 DQ112630. 1 Lycoperdon perlatum voucher MJ4684
FEHVBEN—3C, SRERRRIT, #ek MB 452 MO 53,

EE SR EFZE P E e NNt S5 (Lycoperdon perlatum Pers. ).

f[ DQ112563.1 Lycoperdon niveum voucher Lange900910

64 DQ112566.1 Lycoperdon molle voucher MJ4260

——DQ112583.1 Lycoperdon decipiens voucher MJ850902

——DQI112568.1 Lycoperdon frigidum voucher MJ484

90
— DQ112590.1 Handkea excipuliformis voucher DobremezMJ6467

83 DQ112589.1 Lycoperdon altimontanum voucher Dobremez710910
75 DQ112588.1 Lycoperdon altimontanum voucher MJ4270

66

——DQ112576.1 Lycoperdon lambinonii voucher MI5245

84 L————— DQ112578.1 Lycoperdon echinatum voucher MJ6498

IN572908.1 Lycoperdon subcretaceum voucher MJ9032
IN572903.1 Lycoperdon rupicola voucher RGC96-144

94 KR811088.1 Lycoperdon rupicola voucher ECS 39
o9 KR811093.1 Lycoperdon ericaeum voucher ECS 44

DQ112554.1 Vascellum pratense voucher MJ4864

DQ112632.1 Lycoperdon marginatum voucher Parker750822

DQ112630.1 Lycoperdon perlatum voucher MJ4684

99

®MB
100

KR811070.1 Lycoperdon perlatum voucher ECS 20
731KT875062.1 Lycoperdon perlatum voucher CB0897

0.0050

K1 RGKEM

Figure 1 Genetic evolutionary tree of strain

2.2 MY IR EIE R

AL KIEFRMILER RIS, HRAR S AKEEZR T RUER, RIGERAR Y B S AR, 1
REKRHLEVRAEKRE LR TR (B 280, XS 26 A 20 35 1 5 Ak i 51 RRR AR i 5145
SR (PO, 05), £5SREIR, M TN Zh ARG E M il 1 540 T B bk e AR B 2 T A
PDA BR IR URA IR I h 4 B 2, =t 96. 43% (& 2D); S4b, AERRTYHIRAE S HEE T K
2, mith 162.07% (& 2E),

2.3 ML HITHRIRRE KAIFM

b 30d J5, FIMLER BT A I AR G, WIRAE KK B O 50 UK AR 6 B0 EE o AR R T LUK,
BRI EER T REAER, RAKERERTHE (K 200, 4558 R B ML 3 MR R &
KJE MBI AREPFIRIE I E T A, PR RS K A5 m 75. 71% (& 2F), REKM
PR IR $2 5 108.33% (&l 26) . MRARBI U AL $ 1 178.34% (&l 2HD. MRISHLHUX HEZH R i 88.81%
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Figure 2 The development of ectomycorrhiza in Populusxcanadensis cv. 'Zhongliao 1'
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(A) FLEEFR 30 R, AREMTTTHIL 1 SmAREKEER
(B) JLR53% 180 K, i BG4 A AR 1R B
(C) LHrF% 180 K, i B SR B B 1% i /A B AR IR B 1 L
(D) B AR BRI AR R T PR R K A R
(B) ANFAEM T T HIL 1 S0k & B AR IR 2 (8] 1 e T S 325 A T ST R AR ¢ A 3005
AR [E.
(F) ANFEFJ7 L 1 59 0R & &
(G) AEFEMTTATHIL 1 SRR DKE
() AFEHEF 7L 1 5B R R SR TR
(I) AEFEMTT AT HRIL 1 SRR SR
() AFEHEEF TR HIL 1S9 R R SR REK
2.4 TEMETMY 3Hxtil 1 SHEERTHYRHTIE
ZRK T ZEINT, MR & B AR P AL BRN T RAC R [0 REZ BAER (R D, BRI+
FREPERX Pro SEYIH RELM (P0.001). FEETFREEMME, X AR BRI ST =5 T
WEr s, Horboet AL FRAE h BT R R AR R B, Bl b S DN 7E v BT R A B R R ME, E T R T
SN RE. TEARMET 20T, BEMMNLCSE)E PRO B m TR (& 30).
ZWR TG 20T, TR & B B Rl A B T R A 2 M AR 3% (%
1), Feff b B RN 52 AL B0 W VA MRS & B W (P<0. 001D, FEE TS RREEM N, RO EMAb
HI R SeTH 5 TR, Xt RNl A BN 7E o B T R A BB, BT R TR TR 1E
AR 2T, B fh b3 ay v IR & &2 2 5 TXHE (& 3B).
R 1 T RERMBAS T 1 SSIEETR & B R 2 A 5

Table 1 Results of two-factor variance analysis of the effects of drought and inoculation on the content of osmoregulatory substances

in Populusxcanadensis cv. 'Zhongliao 1'

e it 2 ATV
Treatment Mean square F-value Mean square F-value
F5 Drought 5454. 87" 1359. 96 73.18™ 456. 03
Hefh Inoculation 10686. 73™ 2664. 32 13.16™ 81.99
TR 1941. 61° 484.07 0.03" 0.21

e ow, sk, kkkfll NS 20 BIERAE P<O. 05, P<O. 01, P<0. 001 /K~FEEFMAGE
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Note:#, %% and #*# and NS indicate significant difference at P<0.05,P<0.01 and P<0.001
levels and non-significant difference respectively.

2.5 FEMETMY 34T 1 SHRELERNIEMm

2.5. 1 FRPE TN EIRT L 15 =1 ) 5

SRR TT 225301, MDA & EAEH M A FEAN+ R A3 2 [ R F M HAR (3R 20, Hhhabsfn+ 5
ALFEF MDA £ B3 R (P<0.001). B T AR M INER, o BRI FE P A B 1) R It R T [
#o EMFETFREMT, BRIEEKDZGTERALE, TR, HMAOE MDA & & 8 E LT X
(K 30,

ZWMRE T 200, W0, & BAE B AT R H 2 G BENLEIEM (R 2), HhbmmT R
REFEF H0, & B8 R U (P<O. 001D, B T SRR MINE, X RN FE R A BRI R It R T i s
o MEAHFEIT-REMT, BRIEH KD FM4 FERARE, HMT 2B, B 10, & & BT X
(Kl 3D,

F o TEABEA L 1 ST S RO 27 2550 Wi

Table 2 Results of two-factor variance analysis of the effects of drought and inoculation on the content of peroxide products in

Populusxcanadensis cv. 'Zhongliao 1'

hb¥E MDA H202
Treatment Mean square F-value Mean square F-value
5 Drought 163. 9Tk 1248. 80 81120. 4344k 3070. 23
B Inoculation 57. Thskek 439. 84 2602. 29%k% 98. 49
TP A

8. 1Tk 66. 75 937. 29k 35.47

Drought xInoculation

e ko owk, RRAINS 22 HIFRIRAE PCO. 05, P<0. 01, P<0.001 /KT REMALRE

Note:, %% and ##% and NS indicate significant difference at P<0.05,P<0.01 and P<0.001
levels and non-significant difference respectively.

AR NG SRR R AR A A 25 AT N, AR R A 2 S 25 1 22 5 (PO, 05) s ARIR B F-REROR
MR AL HE R, N[ -5l (0 52 3 7 22 5 (P<O. 05). CK: XF R4, MB: RISCEh3h. NW. IEH /K45
BETRME: MS: PETREPNE; SS: EET RN

2.5.2 FRWHE T MArhZhx il 1 SHie il R 58 150

XK 2 T7 225787, CAT FEVEAEFE MR AN T R A0 8 2 (A B AR HAEH (R 3), #HMsEMmT52
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REFEXS CAT Y PESS A R FE (P<0.001). BEF T AR AOINEE, X AL AP AL B3 R 56T J5 T F%
(Fpadh, STREORIE R AL RIS 16 T IR B R R, ERET R IFLE TR EMET 24T, Bkt
HCAT Wi PR R = T X (& 3ED.

ZRUN KT 2250 H, POD I5 PEEBE Rl AL FRAT T R Ab 3 2 [l B3 RS EAE (3R 3), Mg sf T 5
ALEERS POD V& PESS A REFM (PO, 001D, BEE T RREEEMANE, X AIHE AL E I R e Tt @ 5 TR
fokad, SRR e T BT A B oKl BT R IFA FRE. AR TR 40T, Bt
i POD i PR TR (& 3F).

GRUN R T7 2500, SOD J& PEE Bt b BA T R Ab 3 2 [l 47 B35 (As AR (3R 3), B abEA+ 5
ALERXT SOD WG PE A R FE TN (P<0. 001). FfAE T FAEREAUINEE, S BRI b AL P53t S T i J5 T B
R, T IRMIRE A AL BRI AR rp B R INE B i K E, HET R ITR TR AT 240N, Bt
P SOD i 1 52 T i (&L 36D,

R 3 TR I 1 S P ERE TR OO 3R 7 2 7 4

Table 3 Results of two-factor variance analysis of the effects of drought and inoculation on the autioxidant enzyme activities in

Populus*canadensis cv. 'Zhongliao 1'

b3 CAT POD SOD
Treatment Mean square F-value Mean square F-value Mean square F-value
F 5 Drought 3156. 6%k 1950. 56 408. 51k 796. 74 7699. 51k 3701. 09
## Inoculation 813. 64k 502. 81 257. 87*k% 502. 94 1598. 54k 768. 41
T B e

94. 18%kek 58. 20 15. 39k 30.02 159. 63k 76.73

Drought xInoculation

VE: ®. sk, wkfll NS 20 B3R FE P<0. 05, P<0.01. P<0.001 /K EZEMA L E
Note:*, %% and *%* and NS indicate significant difference at P<0. 05, P<0.01 and P<0. 001 levels

and non—significant difference respectively.
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Figure 3. Effects of different drought stress and inoculation methods on the development of Populus*canadensis cv. 'Zhongliao 1'

(A) AFTFEIETHIL 1 SRR S E.

RN G 7 BEFR R T RHNa 0 R, R eR AL 2

2 VEZE 5 (P<O. 05) , MEHIMSZREA ¢ RIGGETTH R A FKE F RS M F TN, AN
TR R ZE 5 (PO, 05) , fERTZE I E SR EVE. CKoT AL MB: RIS 2h. NW: IE

K

(D) AN[A]5

(B) AIF- R
(F) AEF-R

LS: BT e,
(B) A[ETF-F i
(OZNGIREYIS

it F iz
i1 F L
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i1 F L
i F iz

MS: TS
L S Al s &

1 ‘511 MDA & &

1 S B0, & &

1 ‘S CAT i& 1t

1 ‘51 POD ¥& 1
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(G) AFEFFWria Pl 150 SOD i1t

IR EE®

3.1 18

311 MGt Fil 1 SHAERERRLF %

R RV, BOM B R AN M E AR bR (Kumar et al., 2018), ZIRFAEMY, Y ECMF )
Sk, R R BRI E GRSCR, B, 2013), AT RN, BER LD 3T LUR s A
KAMRAKE, HPRARSKE IR 75. 71%. AR B LT IR 4327 108. 33%. HEAARN Ebxf a4
S 178. 34% ARRALLL XTI AR i 88. 81%. H AL W L AR & MR A Y B, W ECS P 5 i
FAERHOT, HT et R A ER RN, AR E B0 TR M F R 22 W) 3 1 i 22 Ry A AR B
155 00 TR IIE T RO TR G Bl R SR Y B, 37 AR SRR OSBRI R 815 5 R 22 4y S Bliate
T (Fries et al., 1987), WG| B & % EMRRIEM (Horan & Chilvers, 1990) . #F EAYILE ECM
SAFEAE I B R FL AR S T IO, A B S S SR AGRUE I B 7R R A LR P A 10 2 e e S L3
Ao HE SHEYTEY EEA 0T, 8 AR S B A SR S U, PR S A R B R R
DRI RN A5 A 45 & SR A SRR AR IE. (6, 2014). [AIRS, ECM BB 2B A RIS 5 20 11 25 32 1R A1
B, BBFEN— REVER FIE, FEHRRAEKIAT I DU R G EMRIFRE R, 2007) . AL
VAR AT, AME B AR BT 3 vT A K 6

312 FFMAETRAL 3T +iT 1 FHBERT IR GHh0

FET R E RS, RN T IRGE th P s A B AR AT 4, 4K R R — 2N P LS
Yy, WRHERR . FUVATERE. SRS DBV E TR BRAROK A, dERFRGRIIBIETE , SRUFAER Y IE A
HIhRE GRAVLIESE, 2006) . %R (Pro) MW AR I 52—, FEAT LA BRIRA A2 1 Tk o,
B T AR R BB TR AL, SRS e LRI R A A . BRI R T L AR ST LA AR R
BRI IE T EEAE . AT ATERE R BRI A IR RS, FffES5BE
VAT AL B PR E T IS B 7S] (R ZEAE, 2006). +FHE N WER S BItE, — 2R
TR ZEE TR T R A 53— TR B il B A A SR S R 2 B, 7T R
MO RT R A R, AR R AR AT M R A B — e K RAPE . R 2B AR A L AR R AR AR A
A HEUFIB I ARE /) (Ouledali et al., 2018), AT LU A RS 57535 P A0 I 20 RR A0 AT I8 PERE R PRI
BB, VBT R P8 (Khalil et al., 2020) o ABFFCA, Hh S T2l (140 B AL 7E 1E 57K 20 R+ 2

BN R AT ) S AR A T AL, X5 Badia FAWIA—E (Badia et al., 2022), W[
SR S P RHE T AL 1 SIS ER, MR RN TYREZ, BE RS R
Whne REBEHTYFHEENPIRENE RS T EERER, HEETRERRLNE, KEEHRSR

0
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Wb, AW E T R R RSN, R A AR S B L T TR R N REAE S, TRERE
TR WA tbsg™ Ei, 4™ ERK, SR IR BN, SEGSIE YR & B R R 37
FITBCREIR, B 1E T MU JCiE I R

313 FFMAT RGP 1 FHIREAARR ok

IV 5T SLBE R 27 KBRS (ROS), 32 LU UL (10:) A4 71 i (0°) Fo

Fadk H % (OH) 55T :0UA77E, ROS AUl & R YR IE Bty (DelRio, 2015). Jy 1 4ERFAA ROS
ST, A — 2 T A AN Bl BT A A R R B A RGN R B ROS HEAT HRABANIS BR . A
R BTAL B 32 ZALSE CAT. POD. SOD %5 . b 416 2l (CAT) mIRAE Ho0: 43 A 43 F8URIK, TSR A I
A, TN S T8 52 0. 35T, 2 EPiaik R Xl — . %8468 (Peroxidase, POD)
HAT W B F A By R R A W EAE Y, R A B2 1 N B B A R S s — . A
W BALES (Superoxide Dismutase, SOD) , /& AW A T IR H B R0 1 VR o I E AL (Peroxidase,
POD) i ALY LB (SOD) + i 84k Sl (CAT) BrEIME L, THER A A I B 3, AT SR m i i it
PE (He JL,et al. 2011). FE+FHHEAF THEMEN Y TIERRIEZ H ROS, HTA B HE MEE W A B
P, TR Ph B AR L AR (S S A M BU AL BB 1, NI PR AP e ) (Zhang H S, et al.
2011; Wu @S, Zou YN, 2009.), ABFFLr, EMETRFMAT, HAMCHE RS LR Em TR, 7T
W, EFRWET, P11 SHASREE TN T RS RS, 5 7P iEr:, MaaeRET
—E1EH, e T EARMPLR . APEARIEE AR — BN, WA T REAR — e R, HiEE
WK (Liu et al., 2013). ABIFTH, BEETRMMNE, JTEMLEREEZI % LTS T RS
F, FEPETREPEE T, BEETEARRAME, XS KRREEAPT 3 (Zhang et al., 2023), #J
BRI TBEAE T RIORFELINE, ROS AWTMAR, B T AIA RISTELEE S, S PRI 2 L
PUAEE R GE 2520, HUA B 03 VE BE W I 8] B 8 AT T B (RS 2013

A SR E RS ROS EEAR L —, EHEY IS Han, 52 AMRN, KE RPN
TR A, TIER FEIL ) 10 wmol/L I ] AR Y06 &5 1F F rhBeir 50% 5% & 52 (Ivanov,
2014), FE+ FHA T YR N 2T H0: (KR R 8 (MDA) 2 IR Ak e E B ) 2
—, ENENLT Y, oS 5REAN . MREEM RS TICHERS, R AT RS &Y &
ARAR AN g, HEAG MmN, nridid MDA 1 g M e S A 0O RE,  DATRIE I 58 I R e 52 P R
AR AEYIRI Lt (Azarabadi et al. 2016). fE4AN IS &R ROS HA0MEE ERIBENR . By S5 A L iR i
S SR, T R A B B S R L A 7 ) T T A ) 4 D IR 3 B EE 4 (Sharma et

,2012) . AW EonbE% TS A2 NE, VMDA 5 00, S BFE: BT, BRI TRt Xl fe 5
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BRI E AN RGTEVE RIS B VI8 &R, RN AN A R B T AL FEZH MDA 5 Ho0. 7 848 2 21K T IR 4,
X5 Huang % NFIBF7E—% (Huang et al., 20200, UiBEERMO LRI M AZ RN MERETR, 23
THMEER BRI

2 55

WRP A NN S E, WMElS %, Lycoperdon perlatum Pers. , ENEH . SEhERL D&, oA
WETE CHHEY%, 1994 WIS, 1994: BREIMSE, 1995 WEksE, 2005) ™, ERKEM A LEF
A, BBRAETEAR L, ZiNara, EVEAEM . k. @EEH, TS 2. B SRR RSMERER, A
AARH =R TSR AOME AT TR I S v LLS R A A R, FRE st A,
HAEWEI A& W R S TR B EAE RS T S RS T B, IRE R T 505 15t
FREN . WAL T T M AMEER H B TR, IS P S 3 AR RNt g TRl X A7 e R A
TR AR .
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