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Effects of common mycorrhizal networks on the growth and alkali tolerance of

Pennisetum alopecuroides under different planting patterns

YANG Meng-hui, LIU Ya-jie, LI Na, YANG Chun-xue’
College of Landscape Architecture, Northeast Forestry University, Harbin 150040, China

Abstract: Arbuscular mycorrhizal (AM) fungi connect the roots of different plants via common mycorrhizal networks
(CMNs) , mediating nutrient transfer and resource allocation among plants and influencing plant interactions. Soil
salinization threatens the sustainability of grassland ecosystems, but the impact of CMNs on donor plant growth and
alkali stress tolerance in alkaline environments remains unclear. In this study, Pennisetum alopecuroides inoculated
with AM fungi served as the donor plant. Different transplanting patterns were established using compartmentalized
pot experiments: no adjacent receiver plant on the other side of the root barrier mesh (neighborless plants) , an
adjacent uninoculated P. alopecuroides receiver plant (conspecific planting) , and an adjacent uninoculated Plantago

asiatica receiver plant (heterospecific planting). This experiment was designed to investigate the role of CMNs

WA H 3B 2 2025-04-24 5 g [] H 39 2025-06-16

eI H R A RR ARG T TTH (62471123) BE 1

VEH A 2 2 (2001 —) , &, W A VN E B2 | o E-mail: yangmenghui0802@163. com
* il {F1E# Corresponding author. E-mail: senxiu99@163. com



180 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 2

under alkali stress on the donor plant P. alopecuroides. The results demonstrate that: 1) Under alkali stress, the
presence of neighboring plants (particularly conspecific neighbors) significantly increased the mycorrhizal colonization
rate and colonization intensity in P. alopecuroides. 2) Under alkali stress and AM inoculation, P. alopecuroides in
the conspecific neighbor treatment exhibited significantly higher mycorrhizal dependency and soil easily extractable
glomalin-related soil protein content compared with both the neighborless and heterospecific neighbor treatments. 3)
Alkali stress significantly inhibited the growth of P. alopecuroides, but the establishment of CMNs alleviated this
effect. 4) Under alkali stress, CMNs significantly enhanced the photosynthetic capacity, levels of osmotic
adjustment substances, and antioxidant enzyme activities in P. alopecuroides, while reducing malondialdehyde and
superoxide anion radical contents. 5) A subordinate function analysis indicated that under alkali stress and AM
inoculation, the conspecific neighbor treatment conferred the strongest alkali tolerance upon P. alopecuroides. The
results of this study demonstrate that AM fungus-driven CMNs can promote the growth of P. alopecuroides and
enhance its alkali tolerance by mediating plant—plant interactions. Notably, CMNs formed with conspecific
neighbors had the most pronounced beneficial effect on P. alopecuroides.

Key words: Pennisetum alopecuroides; arbuscular mycorrhizal fungi; separated pot; common mycorrhizal

networks; alkali stress
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Fig.2 Colonization of AM fungi in root system of P. alopecuroides
1:42 42 15 Infection site; H: 22 Hyphae; V: %% Vesicle; A: M Arbuscular.
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Fig. 3 Myecorrhizal colonization under different treatments

AN SR R AN AL AE BRI AE 0.05 K22 5 8 2 o CKAR RN BUM J8 5 ST« S Bl 360 5 AME: 5P AMICR AR B s NP JC 4B AR A9 s PE - SR AR AT 1)
FR R EE  PLABIRRIY) N 20T R: Z R4 . T . The different lowercase letters indicate significant differences at the 0.05 level among different
treatments. CK: No alkali stress; ST: Alkali stress. AM: Inoculation with AM fungi; NP: Neighborless plants; PE: The neighbor plant is P.

alopecuroides; PL: The neighbor plant is P. asiatica. R: Receiver plant. The same below.

F1 FARLEBTREEEREBMEMRMAEKESZEAXLIEEZEASE

Table 1 Mycorrhizal dependence and glomycin-related soil protein content in rhizosphere of P. alopecuroides under different

treatments
oy At SRR AE Y FARMOHE Mycor- By SR OR B RA K 13 SHRIMOR BB RN L SR IROR B 5 3 G 0
Stress  Inoculation  Neighboring plants rhizal dependence & [1 EE-GRSP (mg-g ') & T-GRSP (mg-g ") H M D-GRSP (mg-g )
CK NM NP — 0.34=+0.01f 0.79+0.02¢ 0.45+0. 02f
PE — 0.33+0.01f 0.81+0.02¢ 0.47+0.01f
PL — 0.34+0. 021 0.79+0.01e 0.45+0.01f
CK AM NP 1.12+0. 06d 1.06=+0.03b 2.2840.05¢ 1.22+0. 06e
PE 1.23+0.03c 1.14+0.03a 2.8240.09a 1.67+0.07a
PL 1.154-0. 02d 0.95=£0. 08¢ 2.54+0.03b 1.594-0. 05he
ST AM NP 1.484-0.01b 0.56=£0. 02¢ 2.09+0. 02d 1.5340.01c
PE 1.6340.01a 0.76£0.02d 2.15+0.04d 1.3940.02d
PL 1.494+0.02b 0.54=+0.02¢ 2.15+0.01d 1.6040.03b

TE: WS NE 8RR ASTF AR BELE AR 0. 05 7K 25 5 8 2 o CK AR I BB 380 5 ST < i I i 1360 5 AML: B2 b AM LT b B NML: R 2D AM LT
JbFE NP TEAB A s PE : SBAAR Y AR 755 PLAB AR o A2 iy s < — AR R B . Rl

Note: The different lowercase letters in the same column indicate significant differences at the 0. 05 level among different treatments. CK: No alkali
stress; ST: Alkali stress; AM: Inoculation with AM fungi; NM: Uninoculated AM fungi. NP: Neighborless plants; PE: The neighbor plant is P.

alopecuroides; PL: The neighbor plant is P. asiatica. R: Receiver plant; “—": Represents no data. The same below.

T A IO Pl 20 %o AR R R G T R A RN 4 2 K R 3 (P<0. 05) o JG IS 2 15 i i Bl bl 2, 4 R Ak B 4
HAM-PE4IR B EGEEM T E R 5 T R4 (P<0.05) ,HEHRN SKBEEHLOBAZHER AR
=(FE2),
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Fig. 4 The growth status of P. alopecuroides under different treatments

AM: e Rl AM FUR AR B s NM: R H2 Rl AM FCR A 35 NP TEAR R ) 5 PE - &8 A TY) AR R 5 5 PL - BT o 420 5 CR At In Bl 31 5 ST il Jin sk
it ; [ . AM: Inoculation with AM fungi; NM: Uninoculated AM fungi. NP: Neighborless plants; PE: The neighbor plant is P. alopecuroides;
PL: The neighbor plant is P. asiatica. CK: No alkali stress; ST : Alkali stress. The same below.

R2 ARLEBETREENEME

Table 2 The biomass of P. alopecuroides under different treatments

i ia R AR ) fif TE LS K (6 )

Stress Inoculation Neighboring plants Fresh weight (g-plant ') Dry weight (g-plant ')  Tissue water content (% fresh weight)

CK NM NP 0.83040.025¢ 0.174=0.004d 79.04+0.612b

PE 0.846=+0.034c 0.17240.001d 79.60+0.812b

PL 0.846+0.031c 0.174£0.004d 79.4240.589b

AM NP 1.13040. 028b 0.195=£0. 006¢ 82.75+0.908a

PE 1.2044-0. 044a 0.21240. 005a 82.41£0.372a

PL 1.13240. 050b 0.20040.001b 82.31£0.811a

ST NM NP 0.353£0.027e 0.104=£0.001f 70.37+£2.371c

PE 0.358+0.018e 0.103£0.001f 71.03+1.431c

PL 0.350£0. 042¢ 0.104=£0.002f 69.90+3.492¢

AM NP 0.73140.027d 0.154£0.001e 78.92+0.956b

PE 0.827=+0.024c¢ 0.169+0.001d 79.59+0.674b

PL 0.72940.027d 0.155£0.001e 78.73+0.780b

2.4 CMNs*REF vt Ff L e4F A0 h

B A 2 B E R UR B M 48 K a MR b & & (£ 3) . Toilbse wIm e a 3w b AM-PE 4R 8 7T
Mok a fint 4R b & B 25 T AM-PL fil AM-NP 41, Jf HLYER& B 38 5 1k 31 W K7 (P<<0.05) o Bdbhia 25 W 3
R AR Rt e A R (P,) VAL R (GO RZERE R (T,) (P<<0.05) . B4R M RB R P, .G M T, Hth
Xt T4 75 5 (P<<0. 05)  RR 2 AL B Wit A 32 R 42 B Ab v AM-PE 409 P, GR T 18 i 5 A, AR LA 52 78 43
5 AR T 90. 68% .68. 89 % 153,97 % (P<<0.05) .
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R3 TRLETREEHEENMRESH

Table 3 Chlorophyll and photosynthetic parameters of P. alopecuroides under different treatments

38 W SRR A 4% 3% a M4k K b ot A iR MR ARALTE e A AR ZE I 2
Stress Inoculation Neighboring  Chlorophylla  Chlorophyll b P, G, C, T,
plants (mg-g ") (mg-g ") (pmol*m *+s ") (mmol-m *s ') (pmol+mol ") (mmol-m *s ")
CK NM NP 10.3240.32b  2.91%0.11b 2.7640. 20b 24.40+2.90b 392.67+32. 88ab 1.1440. 08b
PE 10.30£0.29b  2.9740.13b 2.7440. 26b 23.85+3.25b 389.33+23. 35ab 1.18+0.02b
PL 10.30£0.33b  3.04=40.09b 2.7640.27b 24.16+3.01b 390. 67+32. 53ab 1.16+0.05b
AM NP 12.64+0.23a 3.2740.10a 2.9440.43ab 30.68+4.57a 286.00+107.53b 1.314+0.03a
PE 12.74+0.18a 3.3940. 16a 3.3840.32a 31.25+5.74a 289.00+132.73b 1.33%+0. 04a
PL 12.7240.23a 3.34740.23a 3.04=+0.41ab 30.45+5.83a 383.33+45. 35ab 1.3340.03a
ST NM NP 4.884+0.11e 1.61%+0.12e 1.23+0. 18e 9.7741.29d 408.00+14.73a 0.6340.06d
PE 4.7940.13e  1.57%0. 16e 1.18+0. 18e 10. 64=+1.05d 407.67+45. 79 0.6340.05d
PL 4.854+0.14e 1.40+0. 19e 1.214+0. 19e 10. 20£0. 97d 404.00-+£8. 89a 0.6340.06d
AM NP 7.2840.10d 2.0840.03d 1.53=0. 40de 12.7840. 87cd 392.67+27. 50ab 0.90=£0. 15¢
PE 9.08+0.06c 2.67+0.07c 2.25+0.10c 17.97+1. 21c 401.00£7.00a 0.97=+0.07c
PL 7.4240.02d 2.1840.06d 1.84+0. 11cd 14.634+0. 64cd 402.33433.08a 0.9640. 08¢

2.5 CMNsREZEARFe b i &KL R

H P S A0, B 38 25 o BRI R R B SR R IR b R i e CK b B 4 38 % b e i 19 2 AM-PE
LKW MR G SRR 2 AM-PLZL, 05838 b E2 AL BN AM-PE 40268 % b R JF H i 3% T AM-
NP 41 (P<C0.05) .

B8 T, & AL B4 MDA i 3% 1 FH(P<C0. 05) , A 12 B AL AL 1 TH iR B 34 Lo 3 s 4L K, 7 CK AP, 3 1 5t
LY MDA & B2 WA 583, E A 5 T, $2 B BE 0 2 BRAAE Y it - MDA & &2, O BL7E B PR 5% rp 422 1 Ab 3 vh AM-
PE # & & K, (HAH H CK 5 1 263, 41% , RIEH AL P 2 A MDA &8 2 S A8 % . 76 CK i HE W N 2
B R A B SE 0 5 MDA ZE L, (AN [R) B4 2 B R 85 v, 42 T A 3 v AM-NP 4R ) I SR & i g Lok
0.3265 mg-g ', 1A AE$E i AR R T AT I M M R T A M AR P o ZE R 30 R 4R R B (P<T0. 05) o B,
T A BEZH T VA VB S B AM-PL 40 > AM-NP 41 > AM-PE 4 , il 512 1 & & AM-PL 41> AM-PE 4 >AM-
NP 41, AM-PL 41 & ¥ R fe i -

FE CK 2 B XA YT i POD  SOD & M52 W R 1 25, CA'T 16 1 b 2 T W 7T ol 360 4 40 e 4 1 g 0%
35 48 (P<<0.05) , Hrf POD Al SOD ¥ P LA 88 JBfr 38 0 558 v 42 76 Ak 3 AM-PE 20 £ &, A B CK 23 il 4 v
93.57% F194.96% , CAT 7% 7 LAAK ik 160 3455 v 322 18 kb B AM-PL 4 e, A L CK AR5 T 39. 39 % o Bl a1 6 5%
o AL B A o AM-PE 40 il AM-PL 41 CAT .POD 1 SOD i ¥ 5 F AM-NP £, #5751l J& CAT 36 % H1 POD 6 7%
B = T AM-NP 20 (P<<0.05) o 1 PAL 3% ¥ 09 28 {6 A BT AN [R) , 42 8 Wb 35 4 8 7 A ) PAL W& P (P<<0. 05) , 1€
CKH, #EH AL H i AM-PE 41 PAL 36 ME & .

B AL B R A Y R B A R RS TR R B R B IR S R R R T AR
(P<<0.05) , 7€ Wl Jilp 38 R 855 v, 42 D Ab B2 R 40 B 5 7 A PR 25 3 B2 HE P 9 AM-PE 4 <<AM-PL 41 <<AM-NP 4 .
W43 AT LA AR Wy 508 SRR 00, H2 TR RE AR S A ) K 43 i L 7E CK L 35 40 AM-PE . AM-PL il AM-NP #f It
TR KA & A 4R T 77.18% .65. 51 % F142. 83% , Bl 3t T A4 JK 43 & oA e CK B 35 48 v, Bl ER B vh
AM-PE # JK 73 & & 8355 T 3 AP 2H (P<<0. 05) .

2.6 IR

TR R B A4S T 45 A 6 bk 32 A A3 A (PCA) 1543 LI 6, W T AS [R) BE A 7 15 A4~ ZE 5 43 (PC LRI PC2) 9 43 A

1500, LA B 728 i (Loadings) 76 3% B A4S T 82> b AR AT o PC1 R RS v e 32 2 19 48 S0 TR, A B 1 5088 A 28 S 11
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Fig. 6 Principal component analysis of comprehensive indexes of P. alopecuroides

82.6% ,PC2ARE T R AZE S Y 14. 0%, BT B 1k 96. 690, MR AR S B e i o AN [R) A 3 (R 1) 2 7
5 R 2 B BB 18 5 R W 3 ) FEAS A A B A RIS, BN X B RE AR 7E 2 R b AR A AN TR B AT 7 IR bR AR
R RIA 2R ARRE OLS G R AOEERARITE PCL A 8T, F8 52 A KRR AE A 45 M 1Y IE 3k
i, R E X PCLA BTk ALK . SR SR AL Ty ] 538 & V015 W) T s A AR AR B A17E PC2 1A 44, 1M B
oA AL B PC2 (i STk K . B AL BT BUAE AR 7E PC2 1A T8R4 , 26 W1 & % PC2 By BTk J7 17 5 HE A 78 584 2 o
2.7 ARRIE GBS

éﬁ&é’\#‘éﬁﬁ# S ik G B —FR AR IE AN B R TR, R SRR eR B0 S [R] b R AT 45 VAN 2 — R R0 O

o ISR JE R A B A PR R AR ARG 3 4 T LU 0 T Ak B A AR R R M ) e T R 4

PR AL PR A CK H 42 B Ak P2 i A P R /N HE & AM-PE 41> AM-NP 41 >AM-PL 41 , H:f AM-NP 41 5 AM-
PL 415 J& e BOV- BIE 230, 46 ST oy, 45 T A0 FR ALt 9t /N HE P & AM-PE 41 >AM-PL 41 >AM-NP 41, % I
A LA B8R 558 v A A8 AR ) 1 A Ak R 2L T 8 v T O AR AR L 3 3R TR 0 T B TR R R R S AR A
T 1 TR 22 ) 4% e B AR 2 R a0 O it v T e
3 itig

TR AR 42 otR D0 J2 i AM LB 5 7 A W 362 00 R0 S5 1 T B AR A . A U0 4 SR 3 I, R TR 4 L R R 0
ZEH) AM ELTE I 4= G , 100 4% B 00 Rk DU e 2 o AM BT (R 2 L X R B AM EL TR 8 05 A 80 5 AR R R T 2 A G
R HEDAAL PR Y A TR YL A8 b AE R DR ER BT T S8 P B ax 3R WY R OB 3E T BB AR HE T AM ELTR S AE Y Ry 2L A
KR XGET AP RS R AW . 5 AM-NP A H, 35 4 3 AM-PE F1 AM-PL 4118 8 55 1) 45 T 42 4 48 b5 34§12
L UL AR A ) 5 B A AR T8 U9 CMINs R #E T AM ELTE 5 R B R iy S AR OC & L 3002 BRI Ry 8 K1) T 24 I 2 97 K
THY S AM B R E A m A R T AM B SR YT S S S B S AM BRI AT A
TF 9 42 B b 32 v (AR ) 1 R G AR O S8 B S A T 32 R R A, U B AAR A A 5 AML L B 3R A R TR Y T 2295
43 B 19 A1 FiE 28 A8 VA 0 I 2 B T B E) o AL I TR R AR 0 A 4R IR B 2 DRAE B b 2 L T R RS ) T A 22
ST RO R A7 VR AR R R A AR e bR A 2 AR R L T AR TR A Ol VR A2 AR ) A AR 3 M L BT
FUBEIE G 5 5 AR OR w0 ) g vy oA O & e F T RAR A 4% o
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x4 ARLETREEEDHEIRRE & HE R MRS IEN

Table 4 Subordinative function values and comprehensive evaluation of the various indicators of P. alopecuroides under different

treatments
iR CK ST
Index AM NM AM NM
PE PL NP PE PL NP PE PL NP PE PL NP

4% % a & i Chlorophyll a content 0.973 0.971 0.962 0.678 0.679 0.682 0.531 0.330 0.313 0.013 0.019 0.023
4% % b & & Chlorophyll b content 0.914 0.890 0.862 0.732 0.759 0.706 0.600 0.386 0.345 0.123 0.051 0.138
2] % [ Z 4 i Carotenoids content 0.967 0.977 0.967 0.851 0.818 0.853 0.312 0.275 0.179 0.156 0.056 0.065
¥t 45 3% Net Photosynthesis rate 0.916 0.785 0.745 0.668 0.677 0.676 0.480 0.320 0.199 0.064 0.076 0.084
I A LS ¥ Stomatal conductance 0.807 0.778 0.787 0.547 0.558 0.566 0.340 0.222 0.158 0.082 0.067 0.052
K Leaf length 0.864 0.831 0.944 0.703 0.582 0.669 0.483 0.342 0.675 0.195 0.056 0.319
% Leaf width 0.909 0.864 0.924 0.424 0.409 0.409 0.652 0.591 0.727 0.091 0.045 0.030
i 2 Leaf area 0.884 0.900 0.964 0.515 0.450 0.478 0.523 0.426 0.723 0.146 0.092 0.109
B 5 Plant height 0.854 0.833 0.917 0.667 0.646 0.729 0.375 0.313 0.563 0.125 0.146 0.146
22 M Stem diameter 0.785 0.788 0.885 0.448 0.417 0.538 0.729 0.809 0.781 0.208 0.122 0.052
MR K Total root length 0.862 0.756 0.797 0.575 0.596 0.622 0.501 0.391 0.405 0.079 0.167 0.155
F i B Surface area 0.854 0.732 0.714 0.341 0.333 0.329 0.448 0.196 0.180 0.063 0.051 0.069
& B Volume 0.705 0.794 0.696 0.477 0.482 0.480 0.417 0.460 0.404 0.054 0.070 0.067
V-1 42 Mean diameter 0.775 0.714 0.664 0.406 0.433 0.447 0.286 0.294 0.289 0.119 0.086 0.111
i T Fresh weight 0.951 0.874 0.874 0.572 0.575 0.558 0.554 0.453 0.456 0.063 0.053 0.056
T Dry weight 0.944 0.833 0.778 0.583 0.611 0.611 0.583 0.472 0.444 0.000 0.028 0.000
CAT %t CAT activity 0.280 0.280 0.120 0.440 0.413 0.402 0.934 0.974 0.720 0.587 0.587 0.605
POD i 1 POD activity 0.053 0.044 0.062 0.025 0.024 0.020 0.968 0.955 0.916 0.797 0.808 0.810
SOD ¥ #£ SOD activity 0.079  0.070 0.042 0.070 0.060 0.041 0.995 0.982 0.965 0.615 0.626 0.627
PAL {1 PAL activity 0.344 0.341 0.338 0.004 0.003 0.004 0.931 0.915 0.934 0.625 0.697 0.645
i & 2 75 #& Proline content 0.031 0.045 0.041 0.046 0.043 0.044 0.984 0.983 0.989 0.569 0.570 0.575

Al M 2R 1 % 1 Soluble protein content 0.070 0.067 0.071 0.035 0.034 0.037 0.974 0.978 0.875 0.467 0.461 0.477
Al 5 VB & Soluble sugars content 0.191 0.214 0.207 0.129 0.163 0.114 0.703 0.961 0.788 0.503 0.474 0.479
AR A S 0.969 0.942 0.922 0.875 0.886 0.884 0.528 0.521 0.521 0.074 0.056 0.043

Superoxide anion radical content

N %t MDA content 0.961 0.871 0.956 0.875 0.878 0.927 0.594 0.548 0.465 0.143 0.144 0.122

s & PR O 24 {8 Subjection average value  0.678  0.648  0.650 0.467 0.461 0.473 0.617 0.564 0.561 0.238 0.224 0.234
HEF Rank 1 3 2 8 9 7 4

(2]
[o2)

10 12 11

PR R (GRSP) & AM R ™ A 78 8 b 35 A7 70 19— iR ok 8 1 o 78 e i 1 38 P SR AROE iR AR E

S0 -4 S L L B 30 R ) T T B ST AL B4 GRSP A Y 5 T o 474 A
zﬂ““,z;c%fﬂﬁ@ﬁfmmemﬁzﬂT-GRSP@%@% JE A R AL, 0 25 SR 0, AML L0 45 £
9006 47 26 %0475 - SR GRSP & REEA TS AR AR T, BRIUMSE 3R 5 5 45 P AU 10 46 0L T-GRSP 75

TG AB R A My 2H AH 25 S O W 3K AT BE R TR O SRR 5T TP pH R AR W Bk o BC UG S8 B B P e o BT B IR
AFT AM HRF I AERK LT HE M-S ECT-GRSP A B2 R0 T MR 2 15 A2 0 T AR L T A R AR, &
J e T ) 38 e R TR R ISR o AR 2 B RE T W0 A 8 S AR RR D T 4R R BB 6008 R 2R B, RO

%Eé [46]

o
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B2 AM I B0 AR R R A KA 22 T 1 RROR S i) B R 6 P o, AR R R M R M R 4y 1 AR )
DL R o i R B K R 38 3% I A AN T R AR AML ECRA T G A R R R AR K U TR R AM B RE 2% 1 Na Xt
FEAR I 05 AR SRR AN M A R BB IR FAE K AR AR 7E 45 A A R AT f A 14 49 0 B2 T A B A TP A AR A R
Py iy b AL R )R A R 0 B 5 B TR A AL R A S A AR A ) Ak B A K G T AR IR A M A A, TESE T
CMNs 1 #8411 5% 43 28 4 19 35 B2 3 A%, N (S0 B AR 2 52 0K 43 U 3% A5 B U, 38 38 o (2 8 ) o 0 2 A B A% 3
A TR ) 1) A A LR LSRR A F B A 0 A 3 g e Ak, R 1 AM-PE 4R B R A K
4FF AM-PL AL, #E0S45 CMNs {2 3F 74 9 0] ) 98 I8 4k =2 (R A W) Z R SR AF A e 4 0 R P e 4 2R T
TN 55 4 .

TR Ay G W AR N B A T Y 35 0 KOV (R 25 A e A o B A 3 M 3 A A P Ay
T, A 0 BR R L R A W B 2 A TE ML ES T (0 Na ' 45 ) i 45 20 79 19 18 05 4, X S8 B TR A 4 LUK
Sy BITE SAFAE TAE AR N I B R e A VR P AS o] sl i i) £ 28, JEL 5 o 0 9 M T B e 3 R A 1 ' A
BORBHEFMAIL T EFEZOCA R AR TR AM E A AR 3% 128 & R B R AP T ks RS
TG A S8, R R 5006 A VR FHB 3 ™ )2 AM-PE 4R P, .G FI T4 8 5 K, 33 26564 2 50 ik 14
A fi 2 3 A CMINs H 35220 FIK 23 4 44 386 8 52 BB, CMIN's A 2 7 A0 T4 ik 77 AR A 52 (A A 0 640 4R EC AR T

PN (MDA &t B4 B W 32 Tl 360 Rl 0 400 65 2 5 2 3 e BBt L IR R Rk e MDA & i i 25 7
P2 MDA RS0 5.3, Horh AM-PE 41 & it i fil . M7 3 55 vh B R T M 9 % IR 558
75 T 0T, X 2 R A0 R K 53 RS 3 TR AR MRS 1 e v LA AR SR A R T R0 DR RS A A Y
EEHLH S ARG R I, A TR R B0 R0 LA R R M R ORI R R W T T DL &
ARARAE Y I AFAE S — 2D i T X A bR B BB el R R — D 0 5 M 4 (reactive oxygen species,
ROS), &5 KNG I Ak, BN A ML 25 4 o AR e b ZE BRI 38 B IR BBy p A D) B Al AR W T
L TR B TP R R A B 7 H i 5L & & . CAT .POD I SOD I P25 46 ) 55 22 A1 [, 55 3 {5 1) B2
iR CAT POD A SOD & ¥ Tt &, SR WIAEY) A S AFA7E — & W A KA B8 ) Ll 35 5 CAT .POD 1 SOD 1
P 7 bR o B 0 ROS, IR SERE W A2 K R 07, AHF9E 45 5 o , B8 30 B0 55 v oR 12 1 A B 40 2 [A) 970 41k it T
PE2E SR W2 M B A B2 h AM-PE fil AM-PL 1R B HE/9 CAT \POD & 4 & 2 % T AM-NP 41, 3 & 4b 3 rp
B AL 0 1) A7 A 2 4 v A R S e ST T P g i AR R AR M e O RE T . PAL TS M Al R A W B
0P SR 55 ) AR BRAR bR AR oY 45 SR R TR S T PAL TR B SR A ) 0 P SR B T A A
] 22 AR K.

T L 5 SR o IO 24 0 0 AR 2 R 1 AT 2R A, 4 SR SR I AE AR 30 T 2 TR A 3 SIS 1A A 1 A A
(BIBEIE Mt CMIN's ) fil B2 i PAL A A 49 A8 2 0 14 T P , 156 W) 7 386 35 v, CMINs AT el 5k A 5 A8 40 [ 1) 47 T e il G
Je ¥ FELAE A LLRS B RE 90 6 R R IR B AR A X 5 R 0 0 BT T B AR 0 4% 003 4l A K R (R R A 4 ) AR AR
FH BB SE 25 1R o I Ah , AR R 4 Sk R % Ak T AL TR e T A R A ok A T Y A B, 3 I AE AR 5
HhORE A R A A AR R RSk U, CMINs 3 2k A ol P B A XA 40 T 2 ) 2 5 T B 22 O i ] LA

4 it

Zi LT IE  HE R AM ECTE AT A AR R R R A KRR IR AR R 38 BB, AT LA R A 38 AR
AT A 2 H A K A B A A AR . AM B A Rl A 0B @ TR R R A A R b (B (2R i
KA RR G R R AR O SOB T B AN ZUE K ) IR B G T AR ORGSR e
QESE OCESE BEWY R SR (POD . SOD) LI K PAL /Y 7& ¥, AKX MDA FUE A 2+ A H
B R BB A BRET TR B 5 AR IR ALY TE iy CMINs #E— 2D 33 1 LA AM W R R B BB AR L e )
J2 55 [F) AP A ) T2 K CMINs X AR R 5 A9 A TS A2 35 o B8 & CMINs 19 38 i 1 1R o D 1 1 e ok S s
BRI M AT Y B 30 e TR Ak AR R R B2 M R < AR AL o SRR R 4 A B A > SR AR W) S T Y b P AL >
TR IR AL B
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