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SEAHBR TR BRE ST BRI T 4 T
20 22 80 4F-AX,, HAETE R T X ULHE (Aquilaria
agallocha ) . W ( Catalpa bungei ) . 18 B2 A% ( Quercus
variabilis ) . AN ( Piuns tabulaeformis ) . FHE ( Betula
platyphylla ) 55 24> SR AR5 R0 LT 5T, B
BT —ER R,

TR AR 2 AR Bt v — R sl A7 A AR ) 3L A B
G B E YR F R R R A,
JieE FAEYIRS IR, R, AR A AR
AR E RIS T, B KRER (Auxin) | 4000
4134 (Cytodinin ) . FREF &R ( Gibbereline ) . i 7%
2 ( Abscisicacid ) %, {EiFfE FAEY) I E KT S
kO T ReAR 3k [ X AR ELH RS
BARA, IWHAARETE T IR AR 20 A Al
IR ST, SRS T —E R

1 1 ¥ (Pinus sylvestris var. mongolica ) J& &
] 2 5 XD M DA T PR A ST i, RS K
B, BE ST AT BUAM AR TR R 10 TR AR TR 2
%, WG D% ( Pisolithus tinctorius ) « K 55 2F
JFTE (Suillus bovinus ) . RHEMRANET ( Rhizopogon
luteolus ) % " 2, HFT, T HERLE HHA
AW FE S N A 2, B RARAL i AR
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e, TR R R T RUEAL T i, XA I
FEE A IEEHR S R E IR, RIS
ARIFR R, TEMOR AR 7 i A dn gy
iz HIFE BOEAE B Nt DLAHGE . AT L 2 4F
AR R VR A A IR AR, BRI AN AR TR AR
PG TRBUBAC AL B, SR R R S R AR B9
ARAROL, DI TCR, B BE RE T
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1 #REFZE
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T ML A P STt Al R S R B U i

2R T R A KRR 2 KA, DR AR
W H2E S8k, RN 6.7°C, TR
KN 400 mm 247, HHERARU £, ORI N
113 ~ 134 d.

IS AR 2 AR AR AR AN T L A K
TP R T A v AT B IOC . 2018 ARk R
FERRAI W PP TR o BE 0 B A R R R AR T N
S RTILMX, J§FTERELEESE. EHE
K AR 14 P B b A0 A T ) 0, A el
L1, X5 A+ pH (O 7.63, 3K R
A HUBCRR . ARSI 3015, 117.42, 7.82
mg * kg',

®1 HiEMHER

TR 24 R Tk TR 24 R WG

A Tricholoma fulvum T.£2004-1 2 A4 Suillus bovinus S.b2012-1
TREE AR 16 Rhizopogon luteolus R.12004-2 RN S Boletinus grisellus B.g2012-2
BRAR 2210 Leucocortinarius bulbiger L.b 2004-3 JEL PR 5 2 Suillus grevillei S.22012-3
FAE 5 Pisolithus tinctorius P.t2015-1 TR PR 25 2 T Suillus luteus S.12012-4
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o, BEAHEBE I bk [R]FH PVC FEMBE T . PVC
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FEHLBE 34— 00 2 AR TRl i 25 tk,
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Bt B 6 MEHCA— XL, MK AEEES
AN BERE Pk 3 Pt A AL B, B RO
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25 8 A H 5 B A BERE ML 1 AR 4 I RAR AR
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A5 JrHi6 3 8 Hha)aiae, sitmbaly 2 5, 3t
T8 YA . ELAHEAL B E) W2 2 a3k A Tim-—
mer ! 3 H A SO TS SR AR L A A A
N W/
N=Ng (e"-1) (1)
N=Ng (e'-1) =N (., (2)
A, Ny R Az K5 A i ORI N 3% 405 N
NN IR R e R L PO R/ | BT
B t RN M E B N, RR S c IR I & N,
FORE -1 KA EEAE L
0 T I I R AR ZE A R N A
6828 mg - kT, FHA (1), (2) iR
Bt (EF) F1 2 548 80EAE ( DEF ) Bk it e
(R 2), WHHEE (CF) EREMEYERAEK
FUERTESS 1 ORISR 5 R CEFRAKFIERAR ) 4
PR A . NERHERIRE [CO (NH,) , & N
46% 1, NIRRT AT, A KHPO, LIAh5E
P, KM, AN 10mg - ¥k, BEIRE A,
HIF 80 mg - Bk 7o MEAE VAR F/NTERE 54
RIS em ZEHIZ 1 ~ 2 em IRIIRE, BB HR
AR ACRRE ToK T, R R 25 A B A 2)) B T 20
TR, RIEHE R
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x2 EFHRAREMARGIER AL EFN AR 2 (mg - #™)
it AE AL PRI EF CF DEF JEF JCF JDEF
(H-8)
1 05-05 7.84 4733 15.68 7.84 4733 15.68
2 05-19 8.74 0.00 17.48 8.74 0.00 17.48
3 06-02 9.75 0.00 19.49 9.75 0.00 19.49
4 06-16 10.87 0.00 21.73 10.87 0.00 21.73
5 06-30 12.11 4733 24.23 12.11 4733 2423
6 07-14 13.50 0.00 27.01 13.50 0.00 27.01
7 07-28 15.05 0.00 30.11 15.05 0.00 30.11
8 08-11 16.78 0.00 33.57 16.78 0.00 33.57
IS8y 94.65 94.65 189.30 94.65 94.65 189.30

1.3 bRl

AR ARPRINE - FEAEZE R — S Bk, A 4b
PEREALEL 3 ARG, 400l A RORNEAR - RO 5
L M AR Al RS 00 R 2R IR KIS Uk, &
R, 2B IR AMEEABAR N, £ 105C
FARE 30 min, 7F 80°C T ZfEE , HET/5FRIL
HR, 22 AEYE, BAEYE=-RAEYE+
A+ R, WRIEA RO
R,

PN, PISE: FEHET IS A RS .
TEAHRA, BB BR PR E JIE I E 4 N,
B OENES P, N (P) FUERE (g- k) =
N (P) FREAEL (g~ k') x ARG E ALY
R (g BT, BN (P) FLEE = FE4
N (P) FLBHE + #H N5 N (P) BlEE,

PRI YL E . AME AR YRR g T
Bk, BARFEBTAL 1 em 22 SF K AOMR B, BlALBE
BURKE, BAMEEE 100 MREL, FERILEE B EHh
AR YR Y ERR R (%) = (HHRR
BEBC BARBE) % 100,

L4 Bdaaobr

¥ FH Excel 2016 F1 SPSS 18.0 ik 47 %k 4% &b 3,

i ] SigmaPlot 14.0 #E47 EIFHIE .

2 HBRESH

2.1 AKX AR SR A
TEH W 2T, R RAL B S R TR AL PR 4
5 SN RAR B R T RAR, (R AL B Y

Y EAARR YR E R T AR (£3), 1F
WEARZE S, JEF 5 JDEF &b 3 40 1 (0 B AR 4 e %
5 JCF A0 L Y340 T 21.1% (P<0.05), {H JEF 5
JDEF bR Z [H] 22 A 3 (P>0.05 ), 1Ml DEF Zb3f
W AR YR58 CF ARBERA N T 17.0%( P<0.05) ,
DEF 5 EF 4b #1022 55 A & 3% (P>0.05) ( %3 ),
X BRRAR YL R A TR 28 22500, s AT A 342
PR AD PR PRARAZ G R A W B 5, H 8 i se B
VEFIAS 35

xk3 HIREHRE (%)
AR+ HEIE ORISR R MR R
EF 64 +0.03ab JEF 86+0.0la
DEF 69 + 0.00a JDEF 86 +0.01a
CF 59 + 0.00b JCF 71 +£0.01b
St A3 ok
LA AT ok
e x B NS

Ve RUOSE NV « bR, ARG TR LR
(P<0.05) ; * R P<0.05, ** F/R P<0.0L, ** FIR P<0.001; NS %
FERRRE; TH.
2.2 N[EARFRXT A . AR R

TER B S5 05, JEF A0 P A B feok (%4),
93073 em, 43 TAHAMEACALEE (P<0.05), 41
A J2& JDEF, JCF 4b BE A9 1.13 1130 f%. EF 5 DEF
MBS AN (P>005) (£4), HIY5 CFAb#
ZS R AR S BT L A S X
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MSEI R —3, Hr, JEF &5 IDEF HiAR T % 2
S, T A A AL BRI A A B 25 5 (P<0.05),
4 0 LIE W, JEF Zb BRI AR % JCF 4 BREE N T
323%, kG EZES (P<0.05), 16 A EAL B,
EF 71 DEF 4b ¥ H1 4% % CF A4b B8 23 5 3 00 1 22.3% .
18.8%, A7 7E 3% 22 5% (P<0.05), [fi EF 5 DEF
AEFRTC i 25 (P>0.05 ), 3% 2 BH 5 5 80 it At AH

o, FEEUEAEXT . MR KA R, R
4RV, JEF SR, —Jrme A K AR Rk
Rl F— e nT Dg A IR IR 2. XL
F L AR TR R 200 (£ 4) R, Mt
PR AR FN L B R . HAR S MR AR R KR
(P<0.01 ), Jita BRI RAL R (1) 58 5 A F B e 500
F (P<0.05), XHAZRINIAREE (P>0.05),

x4 AEIHEALALIE X ZHERHT 2200

AW (g)
S e A3 Hiws (em) 72 (mm) a4
i 2% - K3
EF 25.63 £0.13be¢  10.19 £ 0.33b 6.11 £ 0.40c 7.22 £ 0.76bc 12.19 £ 0.60c 26.49 + 1.35¢ 6.66 £ 0.28cd
DEF 25.93 £ 0.51bc 9.90 + 0.05bc 6.89 + 0.78bhc 7.07 £ 0.30bc 11.08 + 0.30c 25.09 + 1.78¢ 6.19 +0.22d
CF 21.94 + 0.30d 8.33 £ 0.24¢ 5.53 +£0.26¢d 5.93 +0.53¢ 8.61 £0.17d 19.85 +0.59d 5.26 £ 0.07e
JEF 30.73 £ 0.78a 13.11 £0.32a 11.66 + 0.37a 11.33 £0.3% 16.39 + 0.28a 40.22 + 1.23a 11.51 £0.32a
JDEF 27.28 + 0.62h 12.09 £ 0.57a 8.28 +0.23b 9.07 £ 0.30ab 14.47 + 0.48b 34.09 + 1.06b 9.98 +0.02b
JCF 22.98 + 1.08cd 9.91 £ 0.48b 6.64 + 0.05¢ 8.24 + 0.40bc 12.21 £ 0.33¢ 29.38 £ 0.59¢ 7.51 £0.15¢
iy Wb - ok ok * ok sk
AL ko ok sk ok sk ko
i x . NS *x NS s *

2.3 AN[FIALFEXT Ay i A P e s

AN [r] it HE A R348 1 T A B &0 AR ) AR
R B ZEHE, AN TR AL H A 2 A i KM
K K JEF>]DEF>JCF>EF>DEF>CF (% 4), JEF
Wb B4 AR W) & 8 EF, JDEF, DEF., JCF. CF &b
R4y B 8 T 51.8%. 18.0%. 60.3%. 36.9% .
102.6%, ¥J3ik 3% 22 5% (P<0.05); X ANEZRH
Jeifi, EF 4bFR5 DEF AbHR 25 R 53 (P>0.05),
MZEH 5 Crah 2R W3 (P<0.05), £
BN T 33.5%. 26.4%, W45 KOs AR
HARERA R [, XY R T XA R
i 225 (24), 290 ite JIE 042 T Ak B G 4 v A
Y KN B3 (P<0.001 ), il JE A4 i Ak
PR 22 HAE A 5 B (P<0.05), %
AH 2 AR L 5 SR 8 B30 AE X A 1A 4 i
Y )R EA BWMAER . BR JEF ZbFEAN, K [F] it
JIE Kb B &)y e A% s B AR W R/ MR R I > 2K > R
(% 4), JEF QbR Ay EREK, HEETIHAD
i MEAL PR, /N IR CF AR 3R, R 5.53 g5 MR
— 196 —

Yo SR A Y A — 3, JEF AL ZE A W) i
K, Br IDEF Sh 2 T AR HE , X4, 25,
A i A TR R T 22500 (R4) R, HAE
PR AL IR R — R AR B AR XA . A
Pk E 25 (P<0.01), TikEHE ., $E7H A0 B X 25
R B ER (P<0.05), T %38  HAEM R
HIE WM (P>0.05 ),
2.4 AFECHEXTLE N P BRI

W 5% & B0 AE AR [ A I A BER, B Ak
AW AN, PRHESEYWE FRKTAERLH
(P<0.05), ZH IR EN, RS A ER L
R, EF. DEF ZbHE4 S N LR 5345 CF 43
FiEES (P<0.05), Ifi EF, DEF Z[A] 25 A0
# (P>0.05) ( 1), JEF, JDEF, JCF 4k BH %) ¥ &
PRBEHNZREE (K2), MAEENEEFS
CF b 22 53 B3, L5 H )5, JEF 5 EF Zb#f
i N LR CF BN T 96.4% . 38.0%,
PR CF B HIE M T 100.7% . 21.4%, 3%
HH 8 B0t N 5 A1 A B AR L o OB FH B e



rRE SRR 2022 (3)
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AFFEAEAEETS , i EEB5r N AR R0 B BN
JDEF>EF>CF>DEF>JCF>JEF ([K13), HiF#84r N
FLE B L 48 JEF>JCF>DEF>CFSEFSJDEF; %)
b MR ER S P AR BRATEC LS N AR SRS EL AR
H—2 (E4), B, DIl Lo 5R0 05
B R T T35y, b, JDEF Zb¥Hs &85 N
PR BT 7 34 d K, JEF AR FHL R #B 43 N, P
FRERIT 7 Lol e A, 28 WH i A AR L 11 s £t
JE AR B P 4 X 35 5343 B BRI AE 40
IR o

RS
Cb 3Ry
1007
80
=
= 60f
H
£
\Z 40
20+
AinEEnN
EF DEF CF JEF  JDEF  ICF
QbR
B3 AEMEELERN N S L)
[ BN
b Ry
1001
80
=
= 60f
&
H
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R 40t
(=W
) J_l_lj_._l
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EF DEF CF JEF JDEF JCF
AbF

4 AEHEARALIERY P 53 ECLL 5]

3 itig

3.1 ANTF] A Ak BT A TR AR AR G 3 5 )
ABIFSE TR -5 AN T AL B B A B A S TR
RERRYE, XAl HEseE o JFOR i [ 3 77 ek
A FAMERIRE S, LR AT SR T
A, (HIX L8+ 25 AR B AR T Ay AR5 v R
Wk, 1L IRMBIE AT TR R . XTRR
RARPEATUNZRTT 2500, T AL AL R T A B
XA QAR B B E 0, (H A IS HARH]
SEMAAN L o X AT RESE PO AN TR AL B 2l 1 SE PR
BRI E R, SREAHAL L, i
NEFIE AL B SC HAR IAAZEAN K, ASRE WA 4
2 i A 52 HAR IR AR R YR AR5 B,
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FE BN AE B AR A 5 LS S B R 2 A S X T
WA R ZER, il 2 Eal 8kt —L 5T,
3.2 AS[RItEAE AL BE X2 B A K )

Wi, MR AEWE VR T OR R AT IR
HEE bR, XA 2 R TS RO R 4 1 4R
RS E . HLAR; Iverson TNy, P ARZEM) R
MR, TEAne s, FLAERIME ST M A T A
TR, T AR AC AT AR S A4 N, P
FRor o, MW m A A Y R, 38t XA
RO 2 M R B, it A Ah B R T Ak B ORI
B HAR L AR RS IR B KT (P<0.05)
1 =35 28 BAE AU 4l o 0 . AR o 5 e 2
(P<0.05) , SH&5UGATAEME 2 [ A%k 7
SEARRAN L IS AR B R AR K 0 R A
Fefel, BEFEHEAC SR, W, R, A
FIRARAE R R (£ 4), RS R, EELA
BT, 880G GmA e, e, A
KF AR BUGAL, [FR, % KT8 Bt
B, Forr, JEF ARG A AR ik R, X R
i B30 A A0 TR Ak B 19 58 A FH O R AR 0 i
oo BB MASER R B WO TSR HR A KN R
EF>DEF>CF, JUA b 4 i 70 A KW AR Rk R &
BoE4a, WU ALAL FLALAA L A TR A RN RERE 74
FIH, EESHE—ERE FHAYNRANER,
XRERE R IR 9, Mg gl i . s, B
Yo, 4B AR K A I, B R R A BN RE AL
Bt R FRSy, SRR AR 850
MEH TR A BRI, AR, 575
feeddg /b, HIC AT TR oK, Toas
I 70 R A AN T 2B Z 1006 T W or Bl 2R
., MEATH B, gl bk
Ao S A VE B R, dkimfe s A &R,
HEAWILEE—ERE Ll B SRRNER,
D NL(TE: )15 O 195 A o = O 2 R V57 S 1.5 W RS
o FEARIG P, LHTHR . e Et AE RN 4 v Ak
PR 55 . Hodge ™ IORIFFY 2B,
DA PR AL BT EXRHE, EREEARUH
PRI R A, WIRIBCE 20555 BG4 K
IR T R B RS, T B AL A T
Rz AR, W THHAERKIIR IR,
HRAHT A o FE B A FE e Ao 448 Gy UL A Y
KI5y, FFATARESAN AR BFRIERE, I
W RHAREEFESE, S5 MGEACAH LA AT iR
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2R
3.3 AEEACALFEXT L N P 3R FR R N5
A 4 10 Ay T R M AR i AR A A
WHRAMREE, RAOAEED kv a £k
Bt NEA TV PR 5 AR R EAR IR
o, R SCOR AR S N, P IR BLREY
A EF>DEF>CF, 3R B 48 $0iti NE 47 75 #U e, {2
WEE R, NRERE S KA E ., Salifu %5 ) B
FEM, B FRS AR TR, BARFRSY
TR AR Mg ARG T AR
BT RS, AR EA SRS, L5
2 R, fEARE T JIDEF 5 DEF 2 FE4IE N, P
FAB B H/NT JEF 5 EF 4B, Al fE2H N
DEF ZbBRAR LA L s T 4 i ok, LASK
D ORI W aa e 23 i SN (B8 %\ S0 i 1| EATE4) e £
R[] i B 7 i B T 3R IR B, Xt T 4R
a0 e DY Ak, S
WF5E RIS AR TCNE R 4B AR ZUIT | LA S it R >
FHUREAL > e EUEAL 25 /A . AR, A
P CF ARS8 MR 3843 N A0 C e 5l KT EF A3, i
LA EEN S5 SR, A JEFSJCF . 4l e 43
P rECHLAR S NAHIE, 33— TR W E B L AE 4
HiAE R E AR N BN R R AR K TR, 4
W 725y f LA e RS M R4, MR AR &R
AR E L5255 o5 — T HRVIER LR S
YRR ARG, #8587 IRMIReR, it
Bt A5 5 B AEAH B AF A 4l i A Ko, I
B, R RAR B S AR AU 2 A BAE X %)
BT AR R

4 Zig

YT B AR 385 T IR0 s 50 Bt
NEAH H Bt e e fR E i AR adh, HEW S
Jiti Ak B 3 5 B AR R 4 8 S R v i A R
YIKNEZ N, P IR FLER,

R SRR, A E0t R A FE X 41
WA TE AR AR HEVE AR T 50t IE . S T 3Bk S i
NERHIR 3%, SRR T-AA AR AL B B R >R
BB AL SR A

SE Wk
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Responses of Pinus sylvestris seedlings to inoculation with ectomycorrhizal fungi and exponential fertilization
WANG Jia-yue', HAO Long-fei', BAI Shu-lan'", BAO Hui-ga’ (1. Forestry College, Inner Mongolia Agricultural

University, Hohhot Inner Mongolia 010019; 2.Wuhai City Wetland Administration, Wuhai Inner Mongolia 016000 )

Abstract: In order to explore the effects of inoculation and fertilization on the growth of seedlings, the 2-year-
old Pinus sylvestris seedlings were studied under different inoculation treatments and fertilization regimes to provide
a theoretical basis for precise fertilization of P. sylvestris seedlings. The 8 kinds of ectomycorrhizal fungi were
mixed inoculated in the process of seedling transplanting, and no inoculation seedlings was used as the control.
Treatments including exponential fertilization (EF ), double exponential fertilization (DEF ), conventional
fertilization ( CF ) , inoculation+exponential fertilization (JEF ), inoculation+double exponential fertilization
(JDEF ), inoculation+conventional fertilization ( JCF ) were set up. To prevent the migration of fungi and the
interplay of fertilization, the treatments are separated by PVC partitions. The results showed that the seedling growth
index, nutrient accumulation (N, P) and mycorrhizal infection rate of exponential fertilization were significantly
higher than those of CF treatment, with the largest for seedlings indexes under JEF treatment. The height, ground
diameter and biomass of seedlings under JEF treatment were 1.30, 1.42 and 1.34 times that of the mycorrhizal seedlings
under JCF treatment, and 1.44, 1.55 and 2.01 times that of the non-mycorrhizal seedlings under CF treatment.
Compared with JCF treatment, N accumulation increased by 32.7%. Compared with CF treatment by 96.4%, P
accumulation increased by 48.6% compared with JCF treatment, and increased by 100.7% compared with CF treatment.
Thus, the combinations of inoculation and exponential fertilization treatment were more heneficial to cultivate high-quality
P. sylvestris seedlings.

Key words: exponential fertilization; Pinus sylvestris; ectomycorrhizal fungi; growth response; nutrient
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