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Effects of inoculation of exogenous mycorrhizal fungi on the antioxidant and root

configuration enzyme activity of Pinus tabulaeformis seedlings
QI Jinyu, DENG Jifeng, YIN Dachuan, CAI Lixin, LIU Dongping, ZHANG Lili, LIN Mei

College of Forestry, Shenyang Agricultural University, Shenyang 110866, China

Abstract: The seedlings of Pinus tabulaeformis were inoculated with Lactarius hatsudake and Suillus luteus under pot
culture conditions, and the growth characteristics, anti—oxidase activity and root architecture of seedlings after the formation
of ectomycorrhizal fungi were examined. The results showed that: (1) The two exogenous mycorrhizal fungi variables can
form exogenous mycorrhizae with P. tabulaeformis and the seedling height, ground diameter, fresh weight, and dry weight
were significantly improved; (2) In the needles treated with S. luteus, the activity of superoxide dismutase (SOD) was
14.77% higher than that after L. hatsudake treatment, peroxidase (POD) was 20.77% , and catalase ( CAT) was 34.68%.
In roots treated with S. luteus, the activities of SOD, POD, and CAT were 8.54% , 4.34% , and 33.31% higher than those
after L. hatsudake treatment, respectively. All root indices (root length, surface area, volume, average root diameter,
number of root tips, and branching) and anti—oxidase activity with the two treatments were improved significantly. Among
all root indices, there was only a significant difference in the number of root tips between the inoculation of L. hatsudake
and S. luteus. Following S. luteus treatment, the seedling primary lateral roots number in the 80°—90° angle of branch was
23.81% , which was significantly greater than that following L. hatsudake treatment and in the control group (CK). Based

on these results, S. luteus and L. hatsudake treatments improved seedling growth, enhanced the anti-oxidase activity of the
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seedlings, and enlarged the absorption range of the roots. Compare to L. hatsudake treatments, S. luteus treatment has better

promotion effects on all seedling indices.

Key Words: Pinus tabulaeformis; ectomycorrhizal fungi; antioxidase; root architecture

A ( Pinus tabulaeformis) A ERFARFN , EE BPEGR MR ACHR | 1 S i, A 1 b Oy b X f 32
T M FP AR BRTAR R T SR A3 R FR 43 DASE AR B RS 450 AME TR B (R E il A A 1, 15
AP RFE R

TR R A HE ) ] 78 3 v S A R b B3 03 SR A W ISOK o3 R SR 4 1 F AR E IR 1Y 25 1]
OIARFE X FBOK 43 3543 0 BE T R R AR /R R A7 SRR R Bh B2 (kA B Y AR RR E
P ( Ectomycorrhizal fungi; fiiFK ECMF ) {2 YR ARAR 25, BEMN T AEARAR 28 085 1, #1190 1 R R 3 BBUE 9% 1) 2%
T, SN RE5E 3 Rl B 25 8 T ( Rhizopogen luteous ) % {0 5 5%l ( Pisolithus tinctorius ) F1 26 W 245 BT B4
( Boletus edulis ) YJREXE N AR (P. thunbergii) M Z8 ELAZ W ISCHR (14 20 A3 Y5 BRI A AR 22 240, & 0 261 B 5248
IFLA TR (S, luteus) R DL AN BEWG M T BREMR R BKE KRR AERERRZSEL YR TR
JUE . H RO IR R A5, FEAA ARG IR i A AU I S5 A5 T IR RS B0, LA R ST MR
R = LR AR ORI RS 1 A R AR L B AN 4 A AR R A R D

AT AL AN R PR FL A TR (S, luteus) LT LA (L. hatsudake) , LIIIEHEMFA L) #  Hb AR
ARG 32 i TR BV T, B PN ECME XA R 548 Y A4 0L A 200, 35 7 00 R A VA TR AR B A, 42
TR 2, ST REA

1 #MRERFE

1.1 K5k

ARt Aol R de BT RR 20 FLEE (L. hatsudake ) 5 ARAOD 27 B 5 4 BR 3L A= BT 1 (S
luteus ) 5385 AL TR B2 G525,
1.2 RIS

P25 2016 47 4 A 20 H#EF , BB/ N —S AR TR+, TS5 0.5% &5 PR # TH 8 30 min, JCH 7K
PREEOR S K IR A AL AR, BT 25°C N TAAE TP 28, B K M E K &5 0Pk 1 ik B R
H2E,

Toi 45 AR P 25 R R (15 emx12 emx 13 em) . PR FSERE A 121°C F il i 5K 8 2 h IR
A (FR A =2:1:1)  FgE H R 500 g,

BRI A AR 5 mm BT LA, VB AR 3R 3 1S JR I B IR LA BT 20T e, 2 i3
P 250 mL PD WA FREE (FC )y - B0 20 ¢, D442 200 ¢, KH,PO, 3g,MgSO, - 7H,0 1.5¢,H,0 1000
mL) =AM BRAERN 3 R PE, BT RER 1(25°C (160 v/min) Y% 55 35, 15 B AKR T ], B F A iR
BRI RUKAREUCA 123 (14 LU BNR A, O RENLES B 22 IR B e S0 3 A B 25
1.3 5Tt

I E 3 Fhab B 7K

AL 1R TCE PD B 3RIE(CK)

AbFE 2 FERRLT T FLaE (LH) 5

AbEE 3 R G PR FL AR BF IR (SL) 5

TR IS RS, SR T FLIEAR SR04 07 s AP 20 T 2L 2 AR R LA P 1, 4 592 Fh 50 mL B, CK
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AL PEREHLIURE 10 8%, B R 1+ K s R A 1, A RO R R 25 51000 AR 1 7 s
AR 5 WK AR T 7K 43 HL - RSP FR B 2, 80°C 4t T~ H F AR T3,
1.4.3  HARPUAIEGRE M

53 V3 BUA [vi) Ak 3P 8 v R RIS A b AR SR JBURE , AR P Bt sl s ) 5 0 8 4L Fb 4 82 ALl (SOD) ) |
i ALY (POD) i SR fb U ( CAT) 161,
144 PHARRZRSEIE

RRARK AR RIS AR R AT 9, FIJTIR LA-S IR R 0T RGEXR R KB HY
T AR RN KR P AR MRARE A B A8 SUBEE SR bR AT 40T

MR ZR 2 (R AR 7R 0 2 — AR 5 AR e Sy RS S /N 5 b — AR 43R 3 28 ( T o <60° MR ; 1T .
60°—80° AR ; I . 80°—90°MIHR ) , 154455 F BEMIAR 7 — G MIAR S E5 0 L A7)
1.5 gt

BEH SPSS HEAT BN FE 22 5 B T, « =0.05 , I S S(E bR 2 B 0K

2 RS54

2.1 A AR R YR B AW

AL B AR R YR L2 1, HARTE S LR 1, 32 1 Al 28, WA o1 A TR M B 2 B 55 T AA T LA 2B AR,
AR IR LA B S A B AR A B R el 68.62% , 4T IT FLEE SN AR & B K 62.12% , —H EF AN
B,

IR ZLA IF B 5 A Rl g iR A — SR 43 S A R AR 5 21 7 2L 2 5 Tl A T2 ) B AR H S 2 38 B fR
R o T TR AR ) 1 A R T A R R, 2SR X BB AR TE B A R AR 28 AT -5

CK

SLERIRFN = SCIR TR LHEREAR

1 FEEERFELS(20x)
Fig.1 The formation of mycorrhizal synthesis(20x)
CK: %f IR Control check ; LH: 2L ¥L%5 Lactarius hatsudake ; SL: ¥ FLA4- FF & Suillus luteus
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FERh AL PR RE B 2 HRE R TN A i A M A Rt T, SRR PR R A AR S RO
B (P>0.05) , MBI FL A A L AP 200 2L 4% 09 W R T & 3800 12.17% ; b b Fsb R 35543 /Y & = 48 i
37.68% .60.68% ; Hi |- FlIHL T B4 A9 T H I 40.11% .61.64%

F1 FREENLEERKPZM
Table 1 Effects of different treatments on seedling growth

fhsm W itz Hi |#8 Shoot/g A8 Root/g ﬁ*&{;g&%

Treatment ?lant . Ground ity T fif T . My.ﬂnl‘rhlzal
height/cm diameter/cm Fresh weight Dry weight Fresh weight Dry weight infection rate/%

CK 6.81+0.71a 0.642+0.01a 0.4713+0.11a 0.165+0.03a 0.1576+0.03a 0.0623+0.02a 3.85+0.03a

LH 8.23+0.82b 0.853+0.01b 0.9147+0.15b 0.2963+0.03b 0.2683+0.06b 0.1027+0.02b 62.12+0.03b

SL 9.37+0.36¢ 0.898+0.01b 1.4677+0.19¢ 0.4947+0.04¢ 0.6823+0.24c 0.2677+0.09¢ 68.62+0.03b

CK: X F8 Control chcck;LH:?I‘H“?Lﬂ; Lactarius hatsudake;SL:?‘%%?L¢H¥% Suillus luteus

2.3 N[E]S1AE DR BRI AA &) 1 BT S A R 1 114 5 T

AN b R RA By B A BE P L3R 2, HERh AN A BAR B T PA S AT FIAR R SOD POD (CAT 3 Ffiit
FALTETEPE YK T AERI AL IR, 2607 2250 M P Ab PR 5 X0 B CK A7 7E B35 25 57 0 2 FP e IR 2L 4 I B il et
B EALBEE PE K THE R 20 SL s 40 i, Horb SOD & 1k e AP 20 VT FL 25 B9 55 14.77% , POD &7 & 20.
77% ,CAT 1k 55 34.68% ; M 2 v e S AL 16 P A 34 R T M 20 FLak 4 i, o0 5 & i 8.54%,4.34%,
33.31%.,

F2 FREIER S E AR AR ENEE NI (U s™")

Table 2 Pinus tabulaeformis seedling needles and root antioxidase activity under different the mycorrhizal inoculation

L FRAL b3 AL AL Bl PUEERiaY). 5 AR
Seedling parts Treatment Superoxide dismutase (SOD) Peroxidase( POD) Catalase ( CAT)
£ Needle leaf CK 119.75+2.53a 9.29+0.31a 2.00£0.44a
LH 201.08+2.06b 11.60+0.64b 2.26+0.18b
SL 236.20+5.65¢ 14.64+1.59¢ 3.46+0.25¢
HL A& Root system CK 178.18+2.53a 13.82+0.84a 9.03+0.26a
LH 298.54+2.47h 18.49+1.25b 16.14+1.76b
SL 326.44+3.65¢ 19.33+1.53b 24.20+1.62¢

2.4 [RGB B Ll TR 280 78 ) S )
241 WHRSEH

AL PR 22 A K BB e 45 0 WL 3, AL P 8 40 TR R K R A IR E AR
MRAQHL o KL, P IR LA JF BRI 2L 7L 20k Ak B 5 6] R L, R 254 8 20 38 i 12.82% 11 19.15% 5 1
FR3 51381 70.37% 69.81% ; 3 2R AT 1411 92.34% 92.61% ; H 2 F-44 L AR Y34 I 66.67% ; FR ALK 4333
KA 92.24% 88.13% ; 43 AL 3 HIHE N 79.29% .80.41% ,

x3 FELEHERRZERKSH

Table 3 Morphological parameters of different treatments

Ab T LSS FIH A TAF T AR HRIEL 43U
Treatment Length/cm Surface area/cm” Volume/mm? Average diameter/mm Tips Bifurcation
CK 22.92+4.44a 0.16+0.02a 0.47£0.02a 0.06+0.01a 113.67+40.29a 19.33+4.64a
LH 26.29+4.76b 0.54+0.01b 6.14+0.01b 0.18+0.01b 1465.33+280.60b 93.33+5.44b
SL 28.35+2.41b 0.53+0.01b 6.36+0.02b 0.18+0.02b 957.67+172.57¢ 98.6+14.01b

2 Fh R AL AR R SRR AR R RE R IR B2 /N 7R 10.00%—20.00% 2 [7] 3 H A48 bR 14 60.009% L
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o T5 2o AR W AR AL BE 5 X IR A A R 2 S WA R b PR R A AR B A B 3 25 S TR R 2
BRI Z R AR E
2.4.2  IMFAATR] ARSI AR 2 ()AL 2

A4 BEAR A B AR R A L UL 2 3

2 FELEHMRAES

Fig.2 Pinus tabulaeformis root morphology under different treatments
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A I 2 AR T FE AR 43 S A 80°—90° A —ZL AR f 23. =X 0

81% ,60°—80° [l —ZL MR 5 16.65% , <60° (1 — LA §§ ol

17 59.54% HE RN TTFLAR AN U £ R s0e— BT %0

90° g — MR 7 13.3% ,60°—80° ffy —ZLMAR 5 17. &3 40

349, <60° )~ ML 69.36% XA BRI EAS, 22 2]

R 80°—90° Y — L MIARAL 5 2.41% ,60°—80° ) — 2k = 00

DR 4.91% , <60° 1y — IR 5 92.68% ., F 15 5F T e
SLA P 80°—90° fl— G AR 22, 20 i SLak v, o Different treatments Pinus tabulaeformis seedling

HEAR 2R TR BT of5 LE A b, D TR SR ZL R T AN Y @3 s R R SN BAR B AR 5 7R 50 5 B — SR AR T o b 5
WREARBEARE T AR & X IRAR & 1 80°—  Fig.3 The occupation of primary lateral roots in the different
90° E"J“g& ,w"J )FE //l\ BE%IJ T*E % E"ﬂ:&‘: m /;_E 'll/t angle of branch under different the mycorrhizal inoculation

3 Fig5itig

WFFE A RAW] TS0 38 250 T e A P RR S B AR T 1 AE 5 R 5 i 2R A S0 A TR AR, TR AR = e 3
F 60% o AR T X3 R IRFL A I B DA 1) TR 5 R U D i 450 48 R 2L AR I T 5 5 AR TR A R
X ] BE R A R AN [ SR i BT RR 22 e AN (] 2 AR ) 22 Sl T R i P B ) 2 5, B3R LA TP SR
FIE RPRIR AN —SUIR AR s Z07EZL s Sk 2 208 PR AR, 08 T AR B HAB L A AR . BT 4 R R
I W], PIRR S AL BRAR A Ak B 25 1 A 4 v A e e A T B

CAT POD 1 SOD JZAH 4 P& N £ 2 1 T S AL 2, 58 5 & ] A0 28 Ak R 8 T LS WAl g i e i 7
SOD 1E AT R R G — BB A AR Pl A7 7, s S B 8 11 ol SR Al i SRl =, 4
AR A, B i CAT 1 POD Sz RIPRE AL S0 i TEFE K FEIE R M4 1F T A R Dy il
5 I BIRT, 15E0 2 S0E F il A % P o 00 R 2 ) 0 ) R R DR R e B R S R A ) X 0 5 ) T B
T3NS ARHIRGE RN A A B AR A G B B AR R 3 R AL (SOD (CAT POD) i 88 35 v T AN He
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Ab P A R AR A A B 1) 48 B 2L AR T A AT i FAR R T A AL TR M AT LA A B b AR R
POD TG PEMTC I 22 5, KR A B E XS,

AR FEAR AT A B AR E K AR AR R PR S BEAR RS, T R bR S A KRR T
B R UG T A PR AN A AR B A R AR E R ME R . A8 ZL A I SRS BB AR A 53 ¢
Z LU LA R GE A A SR G T AT AL S S R AN A AR A K BRSO R T S
T AN RIS B AL FL % B i 2NN U T L0 L S R R B AR, L K 2 S B AN A 4T 3
FLaE SR A ARSI ARBFSOIE LT L3t e AE N T 550 F S MM B AR , IR i AR A K
ELAF 5 235 SR 2 H 3P A 2R 7L 20 JFF R XA 2 i A 4 B A i i I AR SR VE LA 40 v 2, TRI sk, 35 il 3R 7L 4
JHF BT B TR T AT I AR 2R rp R il P 38 o TV LA B R . AR AR B R LR P B AR L R
A ) i, 1E— 20 DA A B A I BH 38 ‘BB Pk PR 2L A B s B A v

MR T AR AR B A e A AR 22 437 31 L ) B 2 280, 0 R 207 2L 2 R0 A I 2L 20 I B 1 i 17 3l
AR ZR B EE RTIAVRMARR,, FIMR R AR RIS SCEUR A AR 2 R W oh 200 B 2 280, R 200 3L
T FIRR PR LA BT BB 0 T AR 22 71 AR ARARE 0 B, 3k S5 A O ZEAR IR LA I TR AR R R
Fa 10 B A8 A FH B BAF 9 8 R — 3

ANTRIAh BRI FA ST 1 AR 2R 5 N () A B P AR 43 A AN S8 i, G v 4 v B 2L 40 I T 4 e AR T 2 AR 40 S R
80°—90° 1Y — M (5 23.81% , i & R TLLVTFLas F LR A3, <60° 1Y — MR B35 R T2t ZLah b3, 455
WEERKSH SR MAELGEGE, RAERRDRKE RERESH L0 FL s T I ZL AR I R/E A
AR, (EEEFAE R FL A IF B IR Ll B — G AR £ B rh 80°—00° Y — MR Bc 22, A Al AR R 9™ KU AR Rl 1) S
[ 77 1) 2B A 43 L, B AR BR LA I B TR B TR 2R K38 A3 A3 ) R 3240 MUK - e, BT DA
Tl 7L 20 B 110 A By A R A A 4, 6 BRAR 2R rp 80°—90° 1) — R AN AR AR /0>, BR il 1 4R 2 B4 1]
A, —HAMERERE S AMRIE BAME ARG, Rk S H R - B4R, oM E IR A 1B LT, AL
b DX i = A1 AE AR DA, 7R P AR I AR e SRR TR AR TR AR MY, A Tk BT A VA 3 AR
TR NN EREE AR st B8+ s,

A T HIFSE S5 A S A BR ), AH Lo b 32 D RE T AR OIS, AR RIS APARG 5 > L ARBIF 9% ik A 42
Ik AR T2 AR B, S0 s AR 2R A DT SIS e 5 S PR O IR I B4
i )P TP M A1 S 3 2% it — 20 S
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