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Abstract: To explore the effects of sub-macrosarchitecture of different root systems on seedling growth, Pinus thunbergii
seedlings were inoculated with three ectomycorrhizal fungi: Rhizopogen luteous ( Rl), Pisolithus tinctorius (Pt,), and
Boletus edulis (Be) , respectively, to study the relationships of different ectomycorrhizal root architectures and the growth of
Pinus thunbergii seedlings. Results showed that the root parameters (length of tap roots; total orders, numbers, and
diameters of primary lateral roots; distribution range, number, and specific surface area (the ratio of surface area/volume)
of absorptive roots) of Pinus thunbergii seedlings with three kinds of ectromycorrhizae increased at different degrees in
comparison with non-inoculated seedlings (the control) , and were positively correlated with the growth of P. thunbergii.
The root architectures were significantly different among the seedlings with different ectomycorrhizal roots. In the root system
of the seedlings with Rl, which grew best, the primary lateral root with different branching angles to tap roots were
appropriately distributed. The ones with 80 —90° branching angles were more than those with other branching angles and
the lateral roots with branching angles of 60 —80° and <60° decreased descendingly, which made the root system “heart-
shaped” ,and increased the uptaking spacial areas of the root system efficiently. The seedlings with Be grew relatively

worse. Its root systems with different branching angles were not well distributed and the primary lateral roots with branching
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angles of 80 —90° were less than those with other two ectomycorrhizal roots. The root architectures of the seedlings with Pt,
were between the ones with Rl and Be. The control seedlings developed the least roots, and almost no lateral roots with
branching angles of 80 —90°. Thus, ectoycorrhizal fungi had impact on the seedling growth of Pinus thunbergii by affecting

the architectural development of its root systems.

Key Words: ectomycorrhizal fungi; Pinus thunbergii; root architectures; root parameters
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FHEYRARERE D . TR, AREVRAZNE TR BN L, RAMEEER —RAPARZE
RUARTEAE R A B 12 8] A, A8 S A LA B AT T U A B . X T SE A LA &L, H | 4 0 € B
RIER-EFEPR 5 T T LAl #4 2L 0 AT BB B 460U € i FeAm (Tn AR SR Z (8] i e 1 46 S 80 ik, & 28R
K MRE MRS AR — SRR BRI B R AR . BRI, LIS (AL B ) Y
AR AR A B AT B, QAR B B B FEAR B AR 1 AR B T8 B, [RIEH AR AT LAGE 8 20 M58 3R R PR AR A
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thunbergii) JyPEL, WTE ERYRNGTR 70 1) A E — R R B BRI R RIARAR S A B AR B 5 R ARTE B
HIRR R A AL 22 5 B OO BN AR R e, itk — 20 BB AR I VE R IR Bt 2%

1 HREH=E
1.1 fHaAh Az AR T %L I A 0] 1 ol

RI0 R 3 Fhob AR R« 35 B0 B ( Rhizopogen luteous , TR #R R1) & 8 5 53l ( Pisolithus tinctorius , {7
R Pty ) FISEBR A BT 1 ( Boletus edulis, fRiF%K Be) o 2 WL/ 7511 4l 4 B A B9
1.2 AW R ERE ST

PAXFARS Ay B (Pinus thunbergii) , i FRIET IR

MILH A BEMRG R EMM L TR A ARE (FEXKE L) , B —M o &R iREEXKE 2h 5
FRACKEL) . BAEXKE L RKE L3N EFAR, RIS FRAFH 3 Fh A AE B AR R 4 B0 RS 4 i (& RS
20d 247 ) AT AR AL B G A E JRARS 0 B (CK) R, 3531 8 MAb B, 40 38 20 MR . BiA iRk
W HTE 25 CIRZE IR, TS — G IRFR K B,

1.3 BEREAKENIE

BMARRSMEERE A 14 ADNH G, 205000 58 &40 25 B A i = AR
1.4 BFERERASHHNE

AT 53 BB AL T AL B NP H 7K B B AA T 4 3 Bk, B RAR R AEK R W 10min, ki HiK 254
R+, BIBRAR PR T3 R B A4, X DL TR RS BT E

(1) EHR MR RSE

FARK, MR S, —FMARE, —F R KEMER

(2) B S5

O R & A TS L

QF AR 3em 75 B V148 3 —F MR LRI

OWMAR A EE L(mm) \EFE D(mm) | HREFR(SRA) « 4540 PR FEHL L HUR R AR FAMAR /30 ik
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(3) MARZE WIS HL

MRE — MRS FAREIFEA  RIEI A BRI —F MR 9 3 26( T = <60°MUAR; 1T :60 ~ 80U ; 1 -
80 ~90°MUIHR) , H A5l 53 455 2 i BEMIAR o5 — SR B B8 Lol
L5 BdRgEiath

xR ERBARAS M E G SPSS A # TSI/ 47, LSD ZEH WK K, B EFHKFR o =
0.05,
2 ZR55H
2.1 RSP A BEAR B0 AR B AR A2 2800 B L

X AR AR R A AR T IR G TR (R 1) , R dE KA LR R KB A, 7% Rl ¢
RIAE R AR AR R, PR R (KE LM AR LR FRFE) ATk 31.74% , H 5 P, \Be .CK
WHBZEZESR. Pyl Be WRAEBCRMXIRZ, F 3K R0 5 0 22. 82% 1 22. 15% , — & Z [ LB E %
5o MHARTIE , RL AIR AR AR Bebr , 76 KA b 530 BEAH EL3 K 53. 33% , P393 K 3Rk 36.28% ; Py,
MR, PR RNy 34.17% , H5 R 8F BE 257 ;Be X R, 7E4R KE - AP ibfe A KB M 2 T3 1],
{HAE R+ H 175 37.5% MK IR, P KRN 18.75% . BRI E AR A KRILAE KB 5 R A
MTFAEKE L (B 1), XERBEAEKE L P A S Y AT EEXT B R SR E ™A T — & K38 STk TR
ot B AR B B0 R R AR KB b P AR AR 4 T K B b, SRR KB = b ) — LB A ] BB S FRARTE I
TEFREERR, HHAERRIEA REIEKE P EF T HROEREARA(E 1) . dgbal i, #5 H
AR B REA AR R AR B AR I HAR A —

F1 FENMERRENELRERERBINE
Table 1 Effects of different ectomycorrhizal fungi on the growth of Pinus thunbergii seedings
T 15 Height of the seedling #1#2 Root collar diameter
K+ JEXKH+ WY KWt JEKH + 2L

FHE X FHE R Hx FHE R FHME TR B
(em)  HK(%) (em)  HK(%) (%) (em)  HK(%) (em)  HK(%) (%)

Rl 8.58a 37.20 8.03a 26.28 31.74 3.00a 53.33 2.55a 19.22 36.28
Pt, 7.58b 28.89 7.12b 16.75 22.82 2.88a 51.39 2.48a 16.94 34.17
Be 7.75b 30.45 6.93b 13.85 22.15 2.24b 37.50 1.98b - 18.75
CK 5.39¢ - 5.97¢ - - 1.40c¢ - 2.06bc - -

HERFFE—FIBE D BEARNEFRERRERBE (P <0.05) , LT RMAFEAR; PHIMKE(%) = (KELPHEKE + AR TP
WK #)/ 2 Significant differences (LSD test, P <0.05) were indicated by different letters in the same line; Increase rate referred to growth increase
compared to the Control. Mean increase rate (% ) = (increase rate (% ) in sterilized soil + increase rate (% ) in unsterilized soil) / 2; K+
Sterilized soil ; I K P& 1 Unsterilized soil; -2J{f Mean; HX}HRIE K Increase rate compared to the control; P 5 F-#HEH # Mean increase rate of
heights ; #4243 % Mean increase rate of root collar diameters

B 1 ARSI B AR X RAR B AR A K KRR
Fig. 1 The effect of different ectomycorrhizal fungi on the growth of Pinus thunbergii seedlings
a. K 1 Sterilized soil,b. JE K 7 1 Unsterilized soil

2.2 BMAFRERE EERRSUER KL SBRMNERKER
BRI FRIERE A K 14 A5, HIRRPRER B RA R, H2E5 8 3% ; R0 SR w422 6
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RAERREBAFEB R ZER . R ERE KRR A KBV RE; PL ISR ; Be BR MR R A RKEZE
(E2),
2.2.1 AFEBERE EARRMARR RS L LB

AR TR ABTE R LIRS AR KB L, H AR AR A A= SR B3 U6 T 308 R 5 fELA% T AR B 4k 42 )
BRrERR2).

FER B L, R ERE EARFIIR B 93em, Fr K A 140em; P BAR B EARAE KRB, HIRK AN
50 ~60cm 745 ; Be TR Y EAR 80 ~85em 7245 ; A MR 1 49 EARB AL, SF MR K HA 35em (KB ER
WAL N 50cm, x5 RA 20em) o FEAEKE 1P, A AL BRRAA B I EARK B RL> P, > Be > CKo

AR BB F , KB RLBERE AR RS AIE 6 Har 37, PoS 9, Be 4 4, CK IRA &R, R
B 3 G AEKE LA FAL R B 2257, 7O 3 B, 0 ORI TE MR B, — X LR o PRAAAS IR
MR IS —FMRBIIZ T IR, — Mk 8 ~ 10 45 XS IR — Ml 5 ~7 450 Besh, RIMBERE S —RMRE
R A B R E R BHL, AT 3K 0. 7 ~ 0. 85mm, X il ¥ B A2 <0. Smm; £% B AR B AL BE 2 8] 0 22 5 A
B

®2 BRATRMEEREEIREMURRESH
Table 2 The main and lateral roots parameters of different ectomycorrhizal Pinus thunbergii seedlings

ERFHK (em) AR SR B IR R/ SF— A E A2 (mm)
K+ JEKH L KW+ JEKH L KW+ JEKH £ KW+ JEKH £
RI 93 59 5~6 3 7~9 8~10 0.85a 0.8a
Pt, 54 50 5 3 8~9 8~9 0.8a 0.72a
Be 83 34 4 3 8~9 9~10 0.7a 0.50bc
CK 35 33 3 3 4~6 6~8 0.45b 0.46¢

FAHRF K Mean length of main roots ; flljH3 i 2% %X Total order of lateral roots ; 45— lIAR%% (£5/#k) Number of the first order lateral root ( pieces
/ seedlings) ; 55 —Z% MR 4% Diameter of the first order lateral root; K} 1 Sterilized soil; JF K % + Unsterilized soil

H1 BT, 3 Bl A AR B R BE T PR EAR RAUAR A AR, HAR AR AE KB - R BB, X 5 R
TER T L B A AR R T AR KB LSRR — 2 R BR B BEE T 2 AR AR B A ROR Bk
MR AER o
2.2.2 ARBERERBRSHHZESR

IR AR R B SR PSR B A . PRAA AR A A RO B R ik, BB S s HA&
KeBRIE) A7 7E2E 5 (181 2) o AN RV R B A 2K R OOAR S 0 A VS B S HAR R S B e R (3R 3)
RIG AR B I SOAR S A i Bl T, R BIAR TS ~ Tem s P IRZ s Be G IUR B D, RAEAR T 1 ~ 2em i Fi N 2R

®3 BRTEMEERERERSENER
Table 3 The absorption roots parameters of different ectomycorrhizal Pinus thunbergii seedlings

Kt Sterilized soil JEK B + Unsterilized soil
] 3cm PY— P
mickten S st maoien waiien miion 000
W B (5%) Fien::|

Rl WELIT 5 ~7(cem) 114 3.31a 0.21a 19.29a WHELITF 3 ~5em i 4
Pt,  HELIT4~6(cm) 103 3.23ac 0.21a 19.06a HHELLITF 2 ~3em %
Be MRELIT 1~2(cm) 43 2.84b 0.23b 17.93b ARG >
CK N i 25 3.02be 0.28¢ 14.46¢ N Ll i 7>

W MR 4 w40 A YT Bl Concentrated distributing scope; ARJE 3cm P — AR IR AR %% (4%) Number of absorption roots per first order lateral
root within 3c¢m from the main root ( pieces) ; WZ AR KB Length of absorption roots; & WHR E 4% Diameter of absorption roots ; W% AR Lt 2 i FH Specific
surface area of absorption roots; WZUWCHI (B HR ) 4 F 40 75 AU VE | Concentrated distributing scope of absorption roots ( ectomycorrhizas) 5 W st M3 %5
Number of absorption roots; #23£LLF Below the root base; /£ H1434ii No concentrated distributing; #{42 More; & Many; /)> Few
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K CK AR e /D, AP oA o PRAMERR B EARSAE 3em Vo BN — S — MR E R RERBE Y Z T
X R, 45 A B IRSCAR P SRR RO O : R1(114 2%) > P, (103 2%) > Be(43 2%) > CK(25 %) o

PR RSOAR PR BETE BIAR S AR BRIAR A B ) 22 5 A, (OO (9 AR TE &AL B W) 22 53 .2 . RL A Py,
AR B A IROR P2 B 42499 0. 21mm, Be BAR ¥ 0. 23mm, T CK ¥ 0. 28mm, H LR AR HH A X
A, OSOR AR B R/INE R R T @2 T H EE R AR A R/, B, A CK—Be—Pt, 71 RL, HG AR B SR B
HRERZEHE K, HERBBNBEKF. 456 2.1 BMEERRIORE, A2 KF K RLA P, BEARE B0k
WRBEZ, MATEE), ERERBOR, HEiR s TARRKTRES e T ARKER.

TEAR KB L AP, AL B TRAA B S AT AR AR EIR AT 9B A BAR (B 3 H B IR iE R T D &
AR MBI 2.3 3 AL, R AL B EARBUR 2, S /0 A T ), AT IAAR L LR 3 ~ Sem; P, BY R R
WBZ P RERZELUT 2 ~3em 7247 ;Be FN L BRI B D, EIEKE L RN LER R P
R I LT PR WSO, TRAE AR AR I BT B AR AT AR B DD BB, X 5 K = P I R AR A
PR .

B2 RAATRIE BEAR B RO BB AR R A ROR L
Fig. 2 The root systems of different ectomycorrhizal Pinus thunbergii seedlings
a. KBt Sterilized soil, b. JEK B + Unsterilized soil

2.3 BARIF R IR EH R 2 5
SRR R A A AR B , e AR R A B B2 — SR B 2 K B S0 R B 5 5, TR 45 7
HRBAL I [ R T Bk B (2, B 3) o ZE/R IR B S AR R b, L 3 R — AR ( < 60° i
1,60 ~ 80T 80 ~ 90° MR ) T i b FITE16 15 T B H3E BTk K B -+ s (LB —3., RI Al Py AR 0
R &R BRI R0 , FT AR R R 4 Ko J02E X £ b, RU A P, RS 0Y 843 2 R 80
~90° By — MR LT 5 MIAR R B —F 60 ~80° I —ZMIARN < 60° By — R MIAR ST 5 HL e RI BAR b 4%
<60°AR T 5 ELffil Percentage of the first order lateral roots with <60° branching angles

60°~80° MR Ff 5 L] Percentage of the first order lateral roots with 60°—80° branching angles
80°~90°MM#R Bif 5 EbA#] Percentage of the first order lateral roots with 80°—90° branching angles

a Kt Sterilized soil b B4R+ Unsterilized soil
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Fig. 3 Percentage of three categories of the first order lateral roots in different ectomycorrhizal Pinus thunbergii seedlings
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510 29% 1 25% , 76 P B K 219% F137% , TR R SR O B, 5 #E M O 8, Be B
HRETRRZE K 1 80 ~90° Hy— AR U1 8e £ , {81 60 ~ 80° K MIAL JLT- B , B3 R 41 10 s EC AR T
R R B A1 80 ~ 90° Hy— M/ , BT Be BARTH f0/E KAt RLAN P, % HRALR 3
80 ~90° iy — LR MR , B4R T AR R AR A K o 45 4 SEHAZE KA , 80 ~ 90° FRIMIAR B, < 60° MR ORI B
o X BB A K B A R T RO . B SEAA T A R PR 80 ~ 90° fI— R MIAFF o EL A\ RI BAR 5 9
46% (K Hi+) F1 59% (IR E+) FHFB/NE] 0, < 60°—FMHLFT & B R B 15% 35 W74 K B3 B B
86% (€ 3) , HA: i t M\ RI>Pt,—Be—CK THZHIH/N (3 1, 1) o BN R EAR 7 i1 T 80 ~ 90°
AR, EL AR AR R R RE , AL, TR A F 4 Rk A B, T8 T A A B2 K
3 sipEite

PR R R R S, A A M T AR R S B X IR B % 2 T RIS Lo Regvar and
Gogala' HFIE & BN, ZAZ 4 50Fh Pt IS ELOUME SR FTRE AN ; 2T 1 60t 26 T 412 A 0 76 0 M R 774 0 A
TIBAR 0 2 A R R o IR, ISR P B A R B (M R, FUA L 5 B KA S B M
Mt RUA P BRI O R R 5, L 3 FOR £ BE (00— AR A K40 008, 3R TR 4% 2
FCR IR 5 B BT RUK A TR s Be AR T MORR J AR KB R, SR B> T R B AR R AL
Bl /b, FLLT A B AR K M — SR, /N TARR B A KTS .  WTAR M B0 T B AR R IR K3 40
IKATHORE ) , TR WA R 1 2 K

BB ES , BAARORZESE R £ 5 R R RSB TR, 10 Be M AR K AI— AR H 2
FHAE K ARAE T+ ) BT AR R B £, 30T W T B b S A 4 5 BT 10 A AR P 2 1
REAFTESLFI 2 I I AR T, TE— R IO T Be MR PR FEFR IR A R IR, TR T BRI A .
EF, BB AL 8 1 A T - P T TS SR T8 TR B O AR, T E T B b A A R B, X
A B R A B — SR ) AR A A SR T REAEE R ) A B TR B AR F
SR, T B R B R BRI 5 BB T 81T LB B AR A, (ELEC A K a8 T 9 B ™) o T AR T A
{12 A AR T T R S 00 ) — B SN TR K o

5351, VR AR B AR AR IR A 1K 21 R X1 3 A RN IR R 455 Be A R1, AXSCH0 % 9 76 K
BT (DT + 8 S BAS SRR S Y4550 Be A RL, R 3 Be MURAEMMTF RIS, T ik s A + 50
I KRN —H IR RUET Be, 3B AR B [ A A R o B A 2738 R R R IR, 22 W A i
FRVAR A 1 PR I B35 - PR A - S pHL (AL 7 A R AR L S a5 AT 56 3 6 R 2 ] Bl —
T IR R

ABFFE AR FIRR 3R 20 B T 7R SN B AR B SR A 1K (OB, A3 — S B O R A 1
FINUBRIE T 2% . 7645 DRSS BVAR R S AU R A0 RA M, MR RS BT 524
W EOW 2 , [IEGH I T 45 & M3 0% U E M RORE DR RO 4097 , TR AT AR B3 S 50 P %
S0 TSP RE AR M 07 H S, 39— 3 W B AR A A 1 AL,
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