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Effects of Piriformospora indica on growth and root morphology of Pinus
thunbergii seedlings

ZHOU Xiao-ying', LIANG Yu’, DONG Zhi'* , LI Hong-li', ZHANG Meng-xuan' , HAN Xiu-feng', FAN Xi-
ao-li’, FANG Yong’
(1. Forestry College of Shandong Agricultural University, Shandong Provincial Key Laboratory of Soil Erosion and Ecological Res-

toration, Taishan Forest Ecosystem Research Station, Tai’an 271018, Shandong, China; 2. Shandong Academy of Forestry, Jinan
250014, Shandong, China)

Abstract: In order to study the dynamic effects of Piriformospora indica on the growth and root morphology of Pinus thunbergii
seedlings, we studied the effects of Piriformospora indica on the growth and root architecture, and root fractal dimension of Pinus
thunbergii seedlings. The results showed that the promoting effect of Piriformospora indica on the growth of underground roots was
earlier than that on aboveground parts, and the effect was significantly higher than aboveground parts. 15 to 30 days after Piriformos-
pora indica was inoculated, the inoculation seem to have little effect on aboveground parts, but the promotion effect on root was ob-
vious, while the aerial part had significant growth effect on the 60th day. Inoculation of Piriformospora indica can increase the
above-ground and root biomass, and also significantly improve root length, branch number, surface area, volume and other configu-
ration parameters and root fractal dimension, and promote the growth of Pinus thunbergii.

Key words: Piriformospora indica; Pinus thunbergii; growth effect; root architectures; fractal dimension
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BFRTCR MM, XHE AR A B R AR R B RS A s L TR SR A
PIE ARITRE T, A ACH SRR R0 T BT S R P T S T AR A AR A R
32 BRI B SGHE

FBHA (Pinus thunbergii') 52— R $R 08 U0 PEER ARl 2 Bl I 5 B P o b i F A 3 S et it
PR (ER SRR A K S8 . BN RUE AR W A U A B A O L AR R R Ky
B BT s AR AR R ERGESET B R B RUE A AR 1L T A L B T 7 5 AR A
e HERE R AR RO i 2R 52 7 it s Waaller 45117 J B, K A2 e o B0 2 BUE 60 )5 AR R A= R, 7= 12 84 0 5 R A
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IR R 2353005 W W AR TR B PR TR T S e 42l
1.2 RIiEit

FH 90% 1) Z.FEF 0.2% 1) HgCl iE VESEFAFIT- 10 s, S8 5 TG IR 19 5 85 T /K & bk, K b 7 KR 1)
FEFE LN JC A BB AR LR A7 25 b 34 e 2 0 1] TR 9 25 B /K R I A1 DR e L 2 s 1 B, 3 5
CE TR REN LA A T i 2F IR 25 °C,

R T 2017 4F 4—9 ATEILAR RN KM LI ui i %= h 47,4 H 20 H, HIH B MR MR TR AT
BN SOE ST I 5 K, SRR 18 em  EAR 9 em, EFRER DI R + 5B RS 31 IRA (i
i), el S R KT 2 h RS IR, 2R EE 0 SRR 3 A B FRAR RN R S S B4y 42
PR FRAFIEHT 05 1) B B AR AR B 7], 20 5y B35 SRR B 10 mL B, X R ( CK) AR, 2t 2 4>
AFE AR 100 MR, 1 DA EEERN 1R, Ira iR 7E 25 g s, WIEH 25% 1 Hoag-
land B FRIRAE R BN E FRRUR RIS 2 NGB IR, G IR Rk 4 s it — 24
1.3 MZEFZE
1.3.1 BAREAZFE RN E

S IE SO G g 07 TR IRAL 2 A H R I R, HUR L E N 30.91% , X (CK)
B RGE,

1.3.2 A KFHHREBEAHGNE

BT HEBE 15 d BRI 38—tk &, 05 2000 F 30,60 ,90 120 d 0 ik, JEFEMLEERE D) 10 Bk
A7 S 2 N HEAN B TR R Y R E A ER R, & ARAKIE RS , MARZEAL K G 40 1 LA
PRFIHR R P 53 5 37 BT EPSON ~PAR 9 A 5 B AR R, AR R B R, R H WinRhizo #2243t {3
EREE RMR R S BER BB ESE, e e UG K B34 R & T 80 THET 12 h J5 AR5
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R AL A BOR FH T RS kit 5
14 HiEAERFE

fdi 1] SPSS 19.0 X BN K FIR RSBGHATSIT 7315 ANOVA J5 25 53047 I HLAG: 56 40 31 1) 22 S 1) ik
FE, BEEIKE A «=0.05, R Excel 2010 #£474

2 HEREHHMN

21 ENEREANEREKSREMEDSHZMN
% 1 ATRVAE 38 15,30 d J5 , 42 R0 09 SR AN 5 6 BR B Bk 5 22 5 AR B i (P>0.05) ,30 d I, 42k ab 2 (1)
PPN R 9.06% , R 60~ 120 d, BN ALIE /A o b e 1 1 2R A B e 2R K B A B ) 5 ) B i) 2R
PARRE 22 57 0. (P<0.05) , #EFENEERUE AL 60,90 120 d B RAN BB &5 A2 A0 43 51 17.18% .56.45% |
48.19% ., EV R0 X Pk e A A 42 A FH B R BeF [) 1) S0 R e s 3, Ji5 128 D 2% .
F£ 1 RFEAIT BAM S L K S Sk

Table 1 The dynamic changes of stem height of Pinus thunbergii seedings under different treatment

Ah I ]/ EK PiriformOjfaora indica e KA %
P/ cm Pk /cm
15 5.44+1.22* 5.18+1.64" -4.78
30 5.96+0.54" 6.50+0.62" 9.06
60 6.43+1.29 7.58+1.29° 17.18
90 7.67+1.26" 12.00+2.00° 56.45
120 9.67+0.29" 14.33+0.76" 48.19

RPN FR/ING FREFR R AR B E] 22 57 .3 (P<0.05) , TR IA],

22 EERREANEREYEINSHEM

2% 2 TN, SEANERED EE BRI 15 d B, $2 AL B 5% R A1 AE Wy B I A B 3 25 59 3RS 60 d TH IR,
B[R0 B An bbb FR o AR it A T R AR AR (P<0.05) o #EFT 60.,90 120 d B, $5 EJI EE AY
TEAAY AN b 5050 A Wi A R 4 b Xt R 23 591 75 1 84.9% . 210.00% ,129.50% , 57 ik B A SEFMR 2R AE 9
FETE 15 d B T3 B4 H 5 0] B 2% 5O .35 530 .60 .90 120 d B, B3 JEEBLIE 161 kb B A4 BEAAAR 2 2E )& 1
35 5 T AL B (P<0.05) ,30~ 120 d [, B EE R0 6 SRAMR R AR K A HE1E BT FL AP AR Bex) B
PIMAK 52.91% , BT M ERUEAG , BAAE 60 ~90 d ARG K | b0 J5 2 2EVE Ik ZE

2 AN[EALET BAN Y S AR AR L

Table 2 The dynamic changes of dry biomass of Pinus thunbergii seedings under different treatment

‘ CK Piriformospora indica o CK Piriformospora indica o
R Sy e et 0 g wELmE o
/g - Bk /g - KR /g - BE /g - Bk
15 0.011+0.005* 0.010+0.006" -9.09 0.001 6+0.001" 0.001 8+0.001* 12.50
30 0.014+0.005" 0.015+0.006" 7.14 0.001 9+0.001° 0.002 4+0.004" 26.31
60 0.053+0.032° 0.098+0.038" 84.91 0.017+0.007" 0.023+0.012° 35.29
90 0.110+0.040° 0.341+0.137° 210.00 0.028+0.008" 0.046+0.015° 64.29
120 0.200+0.060" 0.459+0.040° 129.50 0.071+0.040° 0.132+0.030° 85.71

23 HEREEANMNERREAES VREKMRERS ZHHENZMN

& 1 RN EN B RUE LRI R FRAEFE S 15~ 120 d I A9 SRAA AR 2 A T80 350 B0 3 A8 fo b 3 MR K
FE AR R BARES AR R B 53 S B AR R A R B O T AR RN AT IR 2R b BRAE A A K R R Y
SRR AR FR R T RIERAE FLAOE T A SR (18] 2) o 3EAN BN RS RUIE 61 00 SR AR T SR TE 60 d I IF
WHERB X AR B E S, 7890 d B, R b FEAY SBAM T BRI K ok, 120 d B, 2R ENEE Y
TR R SR B K, 58] 255.83 cm, SRS R I BN BEALIE 4. (255.83 cm) >CK (141.84 cm)
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Fig.1 Root system architecture of Pinus thunbergii seedlings under different treatment
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Fig.2 Total root length and forks of Pinus thunbergii seedings under different treatment ( Different small letters meant significant
difference among treatments at 0.05 level. The same below )
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HRZR 0 SRR BN ENJE RYEA1.(985.00) >CK (410.00)

24 EEREANERNRARTDRNERNSHZNE

ANT) b BR B AR 2R e TR A AR AR A BN AR K AR (b A A — 2, A&l 3 PR, St AR
HR R R A B AR FR e RS OR [RAR BE I TR P A B, R R0 ED EERLIZ 46 15 .30 d B 5% I (CK) 41 A 2
F25(P<0.05), FEFH AR AYLEK:, N 60 d 22 120 d, $:FAb BHAY SR P AR 2R 26 1w AR B 3 K T X

FEBEFP AL BRAEAT T, B2 B I B ) ) S AR R R T8 K (181 3) o 5 R (X B AL B, 4R Ak
FRAR A A A A o 1] S R R R K TR A b 3, R BEAE 15,30 d BAR R AR AH 5 6 HE 4 AH
Hb 22 AN 35 N 60 d B ke, i A B A A T AR R AR RO B 55 X0 BRZH 77 AR T 1 3 ) 25 5% (P<0.05) ,120 d
At AR R AR AR N BN AL 46, (0.597 3 em®) >CK (0.312 3 cm?) ,
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Fig.3 Total root surface area and volume of Pinus thunbergii seedings under different treatment
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