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Abstract

The construction of dump completely destroyed the ecological environment of mining area, ob-
structing the process of revegetation. In the study, Pinus tabulaeformis seedlings on dump soil
were inoculated with Suillus collinitus-99 and S. luteus. Biomass, chlorophyll content, photosyn-
thetic indexes and the activities of rhizospheric soil enzymes of seedlings were determined for ex-
ploring the feasibility of applying ectomycorrhizal biotechnology to revegetation. The survival
rate and biomass of seedlings was significantly increased when seedlings are inoculated with S.
Iuteus. Moreover, seedlings have more obvious growth chlorophyll content, photosynthetic index-
es and the activities of rhizospheric soil enzymes of seedlings (P < 0.05). The results show that the
growth of seedlings was significantly improved when inoculated with ectomycorrhizal fungi; ec-
tomycorrhizal fungi can accelerate the process of revegetation.
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1. 53|

FE SRR B HE LY, AR T 24 i B AR SO & Rt AR P F A, T LA RER T
JRAE ST, LRSS AKIRA I BIR (1] I8 Ak X - b b A7 8 5 1 2 1) B A st e (i i - 398 0 it
FE B7 oK it 2k« BB L (R 2E B A= MR BT 1 Ja 378 FRE A S6[2] [3]. #iFA (Pinus tabulaeformis)
s H AR TR E R A VR 1) 32 B bz —

AR TR AR B B (Ectomycorrhizal fungi, ECM fungi) % 5 4 0o i EHEPIE AR R, HAET
16 EHEYIRTOR B A S AN IbA4]. EAEEFRIEI . A RA4E 438 REMYIF 2 FEESETT
R FEE EEAEH[5]. AMERAR B E s (e A . a0+ 5. HEE 8 SR 1 52
J1[6]-[12].

S NI SR B, B MR AR B8 77 AT UBR i X e s Hh AR L) (A0 22, 1% 38 2% 1R 13]
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I A0 A T AR T TR0 HF I e T A2 )R AR R L
AR FA T (Suillus collinitus)-99. #AFLAEFFIRI(S. luteus) s IS /R 5 21 #8 R IEH HE 37 T 4 B o
A AR 0 AR SR B IR TS TR R S, RSN AR B AED X HE L3 B B i N T 47

P, R DGRAL 3 R A R R AR A — 20T R %
2. MRFAEE
2.1. M8
PG PR AR A 2 TR TR T A b A 58t A R 2 AR 2 B R R AR U, AR R 7o A S 06 &=
e o

FER IR Pach [E A RE 725 MMN TR R 72 5060 U5 [14]
k3. 3T 2019 5 5 AR EH N L S0UR 2 MRS RS R S R RET HEE.

22. A%

PRI % FH Pach [l 4435 7R 06 A AT VR AL RS 77 . SRTE JIHE RS R 2248 J5 , T o IR 50K e
AR B REH MMN B SR R, fERRIK | 120 r/im ¥59% 15d, RN 28°C, #%H.

AR WRIET 2019455 H 30 HE 10 A 30 H, fEWZ N KFEHERAEMM R =317, HHkigh
(RPHF X8 5 R T AA BT A 10% NaClO ¥R 15 min J&, TS 2808 /K Pt T35 1 28 . T/ 13 em.
HAEHN 10 cm $6F 1.5 kg ARG, R 10 REA R AR, L1 4 ANBREE: (1) CK: REFE
(2) My: FEFHEEFIAIFER-99; (3) Mp: MBI FLAIT B (4) My + My: Z-JFE-99. #B3F LA (% 2.5
mi)RG R, REFEIRNEN 5 ml Kk, (EAXIH., MO ES 5 K.

REFRA N IR P HIE T3 i KA K B ) 75%~80%: SGJEIIN 14 L:110 D; R 95RE N 27°C; &
SIBE N 70%~80% .

2.3. MEmE

AW RRACERIRE 10 BRZhH AT AE YR I E .
P AR AR S AR IR R s SR ATHE G A e AR e, JF I e B 4 15] . KR BY AR 1 cm
FIFREL, HRACBERENLEI 50 MREL.

x100%

M= BRI T E
AR TE
TN AR AR B

M Y SR B

JtETabR: SR Li-6400P (450 & R G0 E SCFIm A, T 2013 4F 10 H 25 H 4 9:00 Wl &
TRMRIIEEER . A RS, FRE T 4483 & &[16].

FIEREE T K RT I 1 mm i, . SRR ENE[17], B mg HO, gt AR
T E[18], A mg NH;-N-g ™ d ™" FERERGS MM E[18], PO MY mo-g td s Bl B IR A e
SE[19], BT mg-gd .

2.4. BURRYALIEFNG it s

TR I6 B 19K AE J 4 Hrifi it Microsoft Excel (version 2007) 11 SPSS Statistics (version 20.0 for Windows)
BAFTE R -

Tl AR AR A5

x100%

R AR R =
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3. RS54
3.1. EEAENHRREEYMENF I

FEPN TR LIRS 4 P BB AR B T X A2, A BRI, S EONIREE, FRIRIR A RO .

5T HRLAAH L, BERh B AL Bl i A IS R B e, ORI m H 2N M, (48%) > My (37%) >
M; + M, (30%). £FP2-RF5E-99 S AL AR, WESMM e E., FE, M BEEEE . Hh 5
FH#H ., MR AEEE R AT E R S T IRZL(P < 0.05) (7 1). ALFE M, AHXS T CK, JHIFA S 1 i 5
T, M B, M RIS E L MR AEEE . MR 048 & 160.62 mg. 73.59 mg. 123.48 mg.
37.08 mg. 42.69 mg. 30.9 mg, ¥ Z 4311k F] 136.37%. 157.74%- 130.54%- 160.2%- 134.72%. 206.41%-
32.63%, IRitbiEmE 15.4%. AH My HET My 5 My + My, THFAZN B 2B K br 22 7 2. 2% (P < 0.05).

Table 1. The effect of mycorrhiza on the growth of P. tabulaeformis seedlings
= 1 EEIER AR EE K

e i T FHE by b b e Hb T g b 2L i i HR e L
Tretment Fresh weight Dry weight Shoot fresh Root fresh Shoot dry Root dry weight Root/shoot
/(mg) /(mg) weight/(mg) weight/(mg) weight/(mg) /(mg) /(%)

CK 11772 +3.32c  46.73+332c 94.63+332c 23.14+171lc 31.73+202c 1501+152c 47.21+3.63ab
M, 198.53+15.21b  85.01+3.61b 152.73+14.91b 45.83+042b 56.74+291b 28.42+2.0l1b 50.71 +4.54ab
M, 278.34+1093a 120.32+3.42a 218.11+80a 60.22+3.43a 7442+215  4591+4.8la 61.69+8.52a
M:+M, 218.61+6.30b 8432+4.01b 17832+54b 40.21+201b 5853+153b 25.82+282b 43.92+4.01b

T CPEIME £ ARifER. RSN R T RERR AN R AR B a1 SR R A7 A 2 22 5 (P < 0.05)

3.2. FHEAIEX L EE R R ERE RN

PR ARAR A 14 (MD) 48 FH Shefiy 2 e A7 ) B AR A1 R B2 1R/, t ] USRS B AR BB S5 R SR A R
AVERI[20]. HFAZITE MD N My > My > My + My, 275008 257%. 182%. 181%. [KULibFA4h it 5
My IR LA TR T R ) TR AR AT H S it P A v, x5 24 T B -99 T s P A AR AR B 1 45 55

OIS G AR, SBA M AR R e, RO Ik B 5 G R YA E KB/ M, (96%) >
M, (80%) > M, + M, (75%) > CK. &#ZFh4H 5 CK HFMRREZEREZE, M5 M. M+ My R JLEAE1E
3 72 5(P < 0.05).

3.3. EHEAIEX R LE LS IEIRER

5 CK ML, B B 3w TS B M 44K a. M4 by M4 RS RS R (P <0.05)
(% 2)o HEFPAbELEIN203 av MR by BMSGRNTEFAEERTE, Mafs, 7 likE] 1.26. 0.36.
1.62 mg-g ' FW, BG4 IRHE S 41%. 50%. 43%, HUUE Mp. My + My. AEEE My. My 5403 My + M, Al
CK R P RS R(CE 2)RIEEEER.

Myw My 55 CK [T AR A AE i35 22 (P < 0.05), 735+ CK 0.11. 0.1 cm?, FERhL ) A f7AE 2%
ZEF(H 2)o Man Mis My + M, 55 CK I 8 R R A7 AE 123 22 (P < 0.05), M, >M; > M; + M, >CK,
Iy B AR T 86.35. 75.03. 47.72 pmol CO, m2s™, i WHERE IR FLA-HT 3 5 4= P 14-99 4= 5 1l
AT HEAT Y VR IR (3 2). BERMALIMBAEAE B2 2 5

PR b FR AR AL G 22 B R (32 3), Mk, BORHIEIIN T 7.81 mmol H,0 m2s™, R4l ] 2 57
AREP < 0.05). UiIABFEIFLA I B 5 4R B-99 BT LASE MR AR )y v 1 T ik i S AL TR OT R,
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Table 2. The effect of mycorrhiza on the chlorophyll content and photosynthetic characteristics of P. tabulaeformis seedlings
= 2. BEALIEXUHNEH R R 2 2L SRS

b5 agEa MEkEDb KT bR AMGER 42 alb HEAR EaEE SALSE ABEE T
Treatment Chla Chlb Car Chl Total Chl Chlﬂa//E:hI b Leafarea P, (umol CO, Cond (mmol (mmol H,0O
(mg-g*FW) (mg-g'FW) (mg-g'FW) (mg-g FW) (cm?) m?s?)  HOm?s’) m?s?)

CK 0.89 £0.01d 0.24 £0.01d 0.21 +0.02b 1.13 +0.01d 3.66 + 0.01b 0.36 +0.03b 5.54 +0.21d 0.48 £0.09b 0.02 + 0.04c

M, 1.20£0.02b 0.32+0.02b 0.26 +0.01a 1.51+0.01b 3.74 £ 0.01c 0.46 + 0.001a 80.57 + 4.04b 7.58 +0.6a 0.31 *0.02ab
M, 1.26 +0.02a 0.36 £0.01a 0.28 +0.02a 1.62+0.01a 3.51+0.33a 0.47 £0.03a 91.89+3.51a 8.29 +0.71a 0.34 +0.03a

M;+M; 1.10+0.15c 0.30+0.03c 0.22 +0.01b 1.36 +0.01c 3.50 = 0.02c 0.40 + 0.02ab 53.26 + 3.67c 6.37 +0.88a 0.23 +0.03b

e PEIME & brdER. RIS THOANE TR R R AN EI AL B 6] R — SR O A7 A 5 22 5 (P < 0.05)

Table 3. The effect of mycorrhiza on the activity of rhizospheric soil enzymes of P.tabulaeformis seedlings
7= 3. BEEXTHR A E R R IR AR M AR

[ PR 4 ok s
(mg NHEZE-N%;%agZ-S h)) ﬂ%;g%;ﬁgz(?%lase Sfff&ﬁ??sg . Alkalﬁﬁﬁ)ﬁ?ﬁéease Totai?ﬁi&)ﬁtﬁase
(f mg-g-d™) (B mg-g™-d™) (fy mg-g~-d™)
Ck 477+0.17c 0.33+0.01d 3.70+0.03d 2.58 +£0.15d 2.78+0.11d
M, 5.71+£0.06b 0.68 £ 0.01b 4.54 £ 0.06b 4.11 +£0.02b 4.60 + 0.03b
M, 7.72 +0.44a 0.93+0.01a 6.45+0.07a 5.37£0.07a 5.91+0.11a
M+ M, 5.54 +0.11bc 0.49 +£0.02¢ 4.24 +0.05¢ 3.41+0.09c 3.59 £ 0.04c

e PEIME & brdER. RSN THOANE TR R R AN EI AL B 6] R — SRR O A7 A 5 22 5 (P < 0.05),

PR AEIAIL T 524 HTR-99 B 18w LM Z ARG E R, My > My > My + My > CK, 8
STHE /S8 7 0.2, 0.29. 0.21 mmol H,O m2-s™, 1 A4 b /A BRT AR I 87 1T LA o T 4 1 1 1) 2
R, et R AR .

3.4. HEECIEX ML E R R RSB AR

IR AR S N R R AL A 2 R B2, AEE M, B T IR IREEAETE: My > M > M,
+M,>CK, Z354: 7.7167. 5.7133. 5.5467. 4.7733 mg NH; -N-g -d*; JREHEVER &2 . 16%~62%.
AL EEERNETE: My > My > My + M, > CK, Z3J04: 0.9304. 0.6838. 0.4986. 0.3337 mg H,0, g%
M, EEXT IR = 1 178.85%, AR AL FIEE =% 49%~104%.

JEPERR TG TE: My > My > My + M, > CK, 435104 6.4523. 4.537. 4.2412. 3.6965 mg % #-24 h,
LR AR BRER =% N 74.55%. 22.74%F01 14.74%. FRVEBERRBERITENE N : My > My > My + M, > CK, 433l
4 5.3269. 4.1137. 3.4087. 2.5832mg/g. EFALERSEREN: 106.2%. 59.24%7F1 31.95%.

4. ¥1ig

He L3 IR E 28 2 7 H R R L. 3@ MR SR T X Liggi by, L3R

TAREEE RS, AR T E BE K.

PR LR ITE-99. IR AL AT E a1 HEL g R A AT AR R . EE, (RS R K,
I AN TR AR R, X 55 S%(2002). £2(2013). K TR (2013) IHTF AL 45 AL Horr,
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IR FLAE BT DR A=A BB S, R 20 it EL L 1 B AR A st e e o

PR AT B AR T IMAAL T SR a. AR by RIARY MRS R, B T4 A R LA
RS E. FR, WMIMEREREECRS TN R, A aEE, SALSEMABESE, A
THRYFAT I EER . X5 & 1i45(2010) [21]. Choi DS (2005) [22] A1A7ER(2011) [23] () HITF 7T 45 e A
*ﬁ(o
SR 1 A SRR AE LI TR R AEAREE B A o RN s I M X AR A T DL
T AR B o AN AR IS AR B 1 R VAR R A B R v, ol A S R
R, N 49%~104%, HUCOSIPEREIRES . REVEREAIIREE . M, BeRh AR B, 0 e R A A 4R AR
BE . HEY R R KR ) P AR Y R R R R B R, R DA R AN T AR A B Tk
S R uee 575 PR ((pvidane: £ Y A

5. &

AR IR LA T B S, BN BRELE, WA S TG 28 1 30%~48%. BV EIR S T
30.92 mg~160.56 mg; S MIHEER SIS T 41%. 50%. 43%; (FLA#F L THH T 86.35. 75.03.
47.72 pmol CO, m %57t Z& BB 24 I3 = 1 0.21~0.29 mmol H,0 m2s ™, MR Er+IEEnE I B &4 &, IR
Bl 3 1 B R RO 16%~62% . T A AL AU 1 VE PP T 49%~178.85% . JRE BE B I UE M 1R
14.74%~74.55% ., B PERERLEEAOTG 2 T 31.95%~106.2%. it A AME HR B A B T HEL 35 3
WA AEK, BT DA 370 b T 2 AR

e HE

[ 5% B SR T R . IR B 27 e T R 8 5 1R (2016 YFC0600708);  [H 5% At Vi 4 B R} %
SEERIH:  “BERITRKEIRRS SR 7 ESKE AL s — i R0 X R s a1 LT Es
BNL(GINY-18-77); MARFHE G IH : A0 A R ITRE X AR 2 R Gifa e M 7E(201691548939)
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