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(1. BEHFE KT BEFT \LAESKHEGEFRTIE, R L 710054;
2. HEF W RFEE) T ASBEEA K, LI 100083)
BE: HADNARHRRKEGIFTFF-FFIFRFRASSELPCAAT ZEA, R EDE R
FERMNTRHRIERFEGAESEELFAATLEEZL, REAZRAZAARTE, HRXAMNAKE
A @ W £ A (dark septate endophyte, DSE), KB iR E & X%, K E DSE B &AL FREF(GXZR).
DSE H izt i R IR(YMTM) fo st B G £ (CK)3 M2, ARR A REN XS EGEEKLF
YR LA SGENE, AREAW, 5 CKARK, YMTIM 5 GXZR A4 ERZ TG ER LA
WE, ¥mwaEH 1.9-334; R YMIM 5 GXZR &2 42# 7 & @ F 323 C. N, P aysulk,
AR RIIRTT 164.8% F= 121.8%., A R FIIRIT 177.7% F= 132.4%., 255 H13FT 113.6% F= 28.7%.
BIL, YMTM 5 GXZR 422 & & 69 Aast4a A ML B 55T 1.04 F= 1.07 45, X %2R £ %, DSE
P AR R G Z LB C. NRIK, & aZEheG. Ak, RET AT LI R ERIT,
AABIRGBICAER . Mok, DSE Rk @ikikae#1k DSE ik 278 TR G Frth, BA RS TOK
Be, AR ARG, WA bed4E s, B, DSE vt @ik THEA — R e A m B Iea il 5 XEes X &
BEEFPRR, ARFTIR NI RS A SEIRER R LI,
X $# W RO, REARAALR, BrRX;, £5%4
FESES: X171.4;S1544  XEAREZR: A XEHES: 1001-1986(2023)02-0187-08
Effect of foliar application of DSE fungal solution on growth of Morus alba and its prospects of
ecological restoration application
BI Yinli"*, WANG Zhuoyou', KE Zengming'

(1. Institute of Ecological Environment Restoration in Mine Area of West China, Xi’an University of Science and Technology,
Xi’an 710054, China; 2. Institute of Mine Ecological Environment Restoration, China University of Mining
and Technology (Beijing), Beijing 100083, China)
Abstract: Microbial reclamation technology has been widely used in the ecological restoration of western arid and semi-
arid coal mining areas. Convenient application of microbial agent has important significance for improving the effi-
ciency of ecological management in coal-mining subsidence. Herein, this study tested with Morus alba as the study ob-
ject, and the dark septate endophyte (DSE) as the test fungus. using a greenhouse pot experiment with three treatments,
which including the root inoculation of DSE fungus (GXZR), foliar application of DSE fungus (YMTM) and control
Morus alba (CK), this study investigated the effects of different inoculation methods on the growth of Morus alba and its
ecological restoration prospects. The results show that: (1) Compared with CK, both YMTM and GXZR treatments
could significantly increase the aboveground biomass of Morus alba by 1.9 to 3.3 times. (2) YMTM treatment also signi-
ficantly increases the adsorption of Morus alba to carbon, nitrogen and phosphorus by 164.8%, 177.7% and 113.6% re-

rfE B HA: 2022-12-08; f&[E HEJ: 2023-02-05
HEWHE: FEEHE ST HQ022YFF1303303); FEZ HAARAEE4I H(51974326)
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spectively, while the GXZR treatment has them increased by 121.8%, 132.4% and 28.7% respectively. (3) The relative
forage value of Morus alba subjected to YMTM and GXZR treatment is significantly increased by 1.04 and 1.07 times

respectively. These results indicate that YMTM could promote the uptake of soil carbon and nitrogen by Morus alba,

resulting in a significant increase in plant height, crown size, and root and leaf biomass of Morus alba as well. Further, it

realized a strong effect of carbon sink. Moreover, the YMTM could make DSE colonize the leaves of Morus alba rap-

idly, which has the characteristics of fast nutrient uptake, high utilization rate and quick effect. Therefore, YMTM could

be applied as a new microbial fertilizer application method in the ecological restoration of mining areas, thus providing

technical support for land reclamation and ecological restoration in coal mining areas.

Keywords: Morus alba; dark septate endophyte (DSE); coal mining area; ecological restoration

UEAFAR, FRIRBE IR AR ™ 510 B o — I BE TR A5 F 1)
70% 2247, BB H 268K P R—2f TR0
DX A AN A o oA M 553 P b X 2 —, R IR 5 12 K
T I R AL TR, A 5 Y A
AIREE H AL, YR & 5 BSR40 & il .
KL R¥E NESBE NSRRI T TIHRR
ST, 57 AR S B E TAEAOCHE AR SR
#, WSe R Pk sk Akt & as . IR 2
DAE AT 1L AE IR BB BRI AR S AZE 3
R, A st 2800z, T L AT R R AR M7 4 O B e
A X R L A, 2 AR T R BT IX
SRR RN — iRt

2 1 3& (Morus alba), XFRERESE, T4 0T AR ol
A, BAYUTR W5, THER . U FLvbHE i
JOE PSR T B, (RIS e AR S
L BAERMETE . AR EGEN HEAEENE
PG P, 28 R KRR TR kR, By
WA T 0 T3 FSE FH AR, S P53 R R
PRI DA T A= I BE S A DL iR

A=Wy 53 BBORTEAE B 52 h BAT Ry 30k
R IR R LT SR, R R P T R
R XA g — Pl ikt TR T
W B (Dark septate endophyte, DSE) J&—J5Hg1% &
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Table 1 Physical and chemical properties of indoor potting soil

R (grem D) AHUEAEAgke) LWEEAgke) 2ASE(gke) WS E(gke) HRBEHE/(mgkg ) BRH SR/ (mgke ")

1.60+0.17 0.84+0.12 1.13+0.15

0.80+0.09

0.45+0.06 1.84+0.46 12.35+1.33

TS AL ATV 10 kg, V5 v 70 591l 4 EOKF-
100 mg/kg. 7K F 30 mg/kg A4 K F 150 mg/kg i
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YIRS R W AR 85 5 e b, IR IR U K R

S

(25°C. 160 r/min)8 d, $X J5 ¢ il 75 T W 47 25 0
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1.4 HIELEBERSITHH

JIT A BHi R FH Excel 2003 B4 1735 (L ATbR 1
22318 Rl IBM SPSS Statistics 21 i 17 P
# (one-way ANOVA) 5224341 (Duncan ¥:5672%), .3
P2 FKTE R 0=0.05; iz H Origin 2018 #1743,

2 #ERE55H)

21 ARSEBEEARERKERREYE

P2 AR B A SR K IR AR, 45 R R
YMTM il GXZR 4bHi#¢ CK B E 42T 2.9 F1 1.9 155
g DL YMTM Ab 28 5 F:, 5 CK 4b 2 i 3% 42 7t
3.5 1%, GXZR # CK #£7F 190%. 5 CK ML, YMTM
Fl GXZR PR ZEM: 43 Bl REAR 32.8% F1 23.5%. [F]
BF, YMTM Fl GXZR b3 14 ik i R e et S 38 8 v o
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Table 2 Growth indexes of different treatments of Morus alba

b7 MR /g e B /g E-Ugie HiiFi/cm Jedli/cm

CK 3.67+0.34b 1.70+0.23b 3.01£1.19b 0.74+0.08a 27.33+1.76b 15.93+1.96b
YMTM 7.22£1.01a 6.58+0.90a 13.5242.67a 0.50+0.05b 57.57+5.62a 28.77+3.50a
GXZR 8.05+0.26a 4.95+0.17a 8.72+0.51ab 0.57+0.02ab 47.80+1.68a 28.67+1.27a

T R/ NG TR SR b BE ] BAT B35 k25 57 (0<0.05),

AR AP R H A S b MR AR R R AR
WE 1R . YMTM 5 GXZR 4k 3 F A4 9 7%

INCE

CK Zr B B3 TF 1.0 580 1.2 4%, Ho b A= e i 548
175 3.3 F5A1 1.9 4%, B B 226.1% 5 159.6%.
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A% CK ALHE, YMTM Ab BRI 28 5 a, M4 b
FUREER A R AN T 53.78%. 53.49% F11 53.30%,
GXZR b FE 43 F32 TF T 021, 0.20 Fl 0.21 /% (55 3).
LA LB YMTM A 302K 1 38 40 5 A 15
Wi 5 T GXZR Ab B,

%51 %
351
m R AR a
30 - mm b RAEYE
o BAEYE
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JOSE
K1 AR BN SR b R A A S A Y i
Fig.1 The aboveground and underground biomass and total

biomass of Morus alba under different treatments

*3 TRLEMERRMHRRIENTMN
Table 3 Effect of different treatments on chlorophyll content of Morus alba

pisiid 4k Fad i/ (mgg ™) Mg b a i (megg ™) A i (mg-g ™)

CK 0.85+0.08b 0.49+0.05b 1.34+0.12b
YMTM 1.30+0.11a 0.75+0.06a 2.06+£0.17a
GXZR 1.02+0.06ab 0.59+0.08ab 1.61+0.13ab

23 AENEEHREKREZSEE C.N.PEE
AR A FAE I RAE R A S E CONL P
K2 7R, YMTM AR3R F &M C & &8 CK A
GXZR A3 542 TF 5.5% F1 5.8%; YMTM 5 GXZR
SEFRARER A C & 4 CK AL FRAE T 12.3%~13.6%; [F]
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Fig.2 C, N and P in organs of Morus alba plant with different protein treatments

24 ARKETEREAREKR CNPSE

& 4 JR[AAbEE 4 HE K B I SR AEPE CLNL P i
A CK AL, YMTM 1 GXZR 4 FR¥ et m 1 +
HEC.N &, Hidh YMTM &b 3% CK 4b 23 + 3 C.
N &5 BN 60.1% F1 26%. YMTM Fl GXZR &b
HAEH R C. N S B8 CK A HE 45 51l 45 5
12~1.7 % . 1.3~1.8f% . #HE CK AL, YMTM Fl
GXZR 4+ 358 P 7 1 W FEAIR 36.9% Fl 27.6%, S&

AR I SRAERR P S i 20 0BG 113.6% F1 28.7%.
25 AESEZEBRAFME

30 &L 4 2 1 S () 3 A7 ) ) o B % 8 o
AH#E CK 403, DSE P04 FIAR 11 5 7 (1) NDF
ADF & it FEAI, REV (E38 N, A A FREE it i
{7 i) ADF Fil NDF &% i ik T 22 &8, YMTM 5
GXZR AhHEAHEE CK Ak PR & 35 BRI R K b 8B 1
ADF %4t 41.3%~41.4%, 15.4%~18.0%, Z55B7 Y ADF
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Table4 C, N and P in soil and Morus alba plants under different treatments

2R N) L (P)

TS EA(gkg ™) FERR S 2R /g THEE R (gke) MRS B TS REA(eke ) MitRE ERR/

86.11£11.74b 0.38+0.03a 5.54+0.73b
239.13+39.00a 0.24+0.02b 11.84+1.95a
200.08+7.33a 0.28+0.03b 7.14+0.49b

2Hk(C)
Qb B
CK 0.99+0.03b 1116.44+163.31b 0.10£0.01b
YMTM 1.59+0.24a 2956.34+478.30a 0.13+0.01a
GXZR 1.19+0.07ab 2476.28+163.30a 0.11£0.01ab
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Fig4 RFV of Morus alba under different treatments
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Fig.3 NDF content and ADF content of Morus alba under
different treatments
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