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B E: (88 )R A E AR A (arbuscular mycorrhiza fungi, AMF)f=if &4 & R A& A ¥ (dark
septate endophyte, DSE)*f %& & F(Morus alba) = AR 6% m. [Fik]1 KA EHKE, AL
HMARAAFREH AN EALR A MAENLERA, @K ELEMN DSE. L34 AMF FoBid
At DSE+AMF 3 REI A MBS AT ZA £AEK. FEFRERF YA, EERMAEDH T
A SPMAEMEAZGZFES. [ER] SRERALECKAAL, 3 AEHLAL T F R
EOEMEIFAR, BRI LAY E, HMEEH 156.4%-196.6%; HEAMENMRZT EEF
A EE, T MR R B SRR, REFOENTE. BRARANALEE E-T
HEO S TR, BT LETRNEL, N EEREEGELR. RAEMA IR D EIG
EO et E, RATEEGETHOE, KILEREH, REMREMRENEE ErT H E4
B S R AGAT O R AR E A AR, T AR Fethe ZAT 69K 8 &2 dAT S H AL IR FA)
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FHOIFEIMARA, BE AT MM LR o b SRS 05, KRR 2 A A 18.4%-34.6%
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Fo 41.0%-45.4%; HHLEEEE F oMM ANETEE A 220.0-241.5, 2F4-RF 0.8-1.0 12,

HBAZCAHE. BHBERANBEZTFHAE M, (48] KA RSO ik, HBHEEG
F T SRR KA T EREES, RK A AMF+DSE>DSE>AMF>CK, DSE 44 %
WRTARAMGE T FRFEMEO ZHNREMENTA T, R EG EZG TR SR,
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Abstract: [Objective] To investigate the effects of arbuscular mycorrhizal fungi (AMF) and dark
septate endophyte (DSE) on the yield and quality of Morus alba. [Methods] Pot experiment was
conducted, and AMF and DSE were used as bacteria agents for microbial treatment. The effects of AMF
and DSE on the growth, yield, and quality of M. alba and the economic potential of microbial agents on
the ecological feed crop M. alba were explored by setting up three different microbial combinations
(DSE alone, AMF alone, and combined inoculation of DSE+AMF). [Results] Compared with the
control check (CK), the three treatments with different bacteria agents significantly promoted the
aboveground growth of M. alba and increased the aboveground biomass, with an increase range of
156.4%—-196.6%. Microorganisms with the inoculation of bacteria enhanced the photosynthetic rate of
M. alba, and increased the accumulation of nitrogen, phosphorus, and potassium of the leaves, thereby
increasing the yield of M. alba. In addition, microorganisms with the inoculation of bacteria increased
the crude protein content of leaves and reduced the nutritional value of feed fiber, thus comprehensively
improving the quality of M. alba. Microbial treatments significantly increased the leaf-to-stem ratio of
M. alba, and increased the proportion of leaves in M. alba, so as to optimize the growth structure. The
effect of microbial treatments on the forage quality indexes of M. alba leaves was more significant than
that of M. alba stems. Different grades of forage quality were obtained by rationally matching the
protein content of leaves and stems, thus improving the overall forage quality of the aboveground part
of M. alba. Microorganisms with the inoculation of bacteria greatly improved the forage quality of M. alba,
and significantly reduced the content of acid detergent fiber and neutral detergent fiber by
18.4%-34.6% and 41.0%—45.4%, respectively. In terms of the M. alba with the inoculation of bacteria,
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the relative forage value ranged from 220.0 to 241.5, significantly increasing by 0.8 to 1.0 times, and

the content of vitamin C, sugar, and alkaloids increased as well. [Conclusion] By the principal

component analysis, the order of the comprehensive effect of different bacteria agents on the yield and
quality of M. alba was: AMF+DSE>DSE>AMF>CK. DSE, as the bacteria agent for microbial

treatment, could optimize M. alba, the economic crops, in the bioremediation of coal mining subsidence

areas, and promote the yield and quality of M. alba.

Keywords: Morus alba; arbuscular mycorrhizal fungi; dark septate endophyte; principal component

analysis; forage quality
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Fi T PDA [EfA¥E 53, T 28 °CHi5 7 d, &
WIENGATIL, MBERZNR 5 mm WEH; &
F RN E 150 mL MMN WA R 3238, fE IR
PR #:(25 °C. 160 r/min) 8 d, E3:45 DSE
B Chy R A5 TR 22 AR TR S )
1.1.3 #HikEy

B E AR RO 127, HR/D
AH I 2 1 SR R i DG TR 2R 1R K b A
i, BT KR A T E S, 7d)E
EERNZE. TG . WE . R
H—BHARRNE AR, B bk,
AR IREEI N 20 cm &£ 4
1.1.4 #Hil2%

RIS 8K A% 220 mm. 5 320 mm AL
Za, FIFAS AT R ATTH #E(10 min).
1.2 [ERRAE

M8 A B9 2R KR VD BT 10 kg, ¥
VbR A3 55 B K 100 mg/kg | B 7K SF 30 mg/kg
FH K- 150 mg/kg Jiti A NHNO;. KH,PO,
KNO; fE R AR, GE7K 2K o m ik 2L e K FF
KR T0%LE A, DAARIESS Ab BRAE AR IE # A o
1.3 REEIT5EE

EARBHBRE 4 5T A YW
AbE, G B 4 NEEE, RN IAZRK
T WA W ) O R BEAE B (CK) L MR &R Uit AMF
3 50 g (AMF) ., R & /Uit DSE [ 71 100 mL .
ML & 7Uiti DSE 7] 50 mL il AMF #7525 g
(AMF+DSE), #A4bFRiE 3 IRER , KA FEKE
ML . e fe iR = hifftT, EAREAERKY

<l actamicro@im.ac.cn, & 010-64807516

6] IR AE 5 7E 20-25 °C, B RIEHE SRR I,
JEHRIFE] S 16 h, FAYIEIT AN e R, IR
SRIEN 12 000-13 000 Ix o $5 %3 i (45 K 4
FFFE 40%-50%2Z [M(E ARG A T R4, of
R I K R B AR AR A BRI S A
4 80 d.
1.4 MEHRIRSHZE
141 ZBAREKNEHRRBERNE
FHE RN 2 4 A0 AR 1 SAE R bR & L ol
W TR SRR o SRS AL PR 1 R fif
M AR AR, B BB, IR SR %
T4 °C KMV ORAE, TR R 0 2%
JRAEFR AT BT 8. AR Phillips 19 5 k)
€ ELIE R YR REFDIRDL . A AL 1 5
FE AR AR Z A i T B RO S 3, AR N A AR
25 MY FR SR AF E TR, 7E 105 °C A4YF 30 min,
HAE 60 °C LR {H T, Frit T,
142 ZEAQREWFSRMRERINE
FEUETAEPIRE S A TR, 3177 (0.25 mm),
PRI 50 mg # i B AU 28 5 i A JT R i Y
(vario MACRO cube elementar) X4 it 4= &(N)
PEATINE o PRI 6 55 (0.25 mm) B AL T4 )
FESY 0.1 ¢ BT 100 mL W8T, %A
H,S0,-H,0, iH#ILHATIH A, s ICP (ICP-
OES, Optima 5300DV, Perkin Elmer, Waltham,
MA)XSHE D) 2 (P) . 8 (KB Tl E o R
T B 35 0 T v A e Y, R L
P E R SR 2,6- S B i A2 vk
MEYEA % C (vitamin C) &=, FEhmR/NEE
B Eb (o 2 0 S B ik, e Ah, MR R F T
R AT AR AR S SRS AR . X
HETRE L BEAT A B 06 (1 mm), FREX 0.5 g A4
JBUA ringbio JE4S, SR FC IR FHER 4 2 4%
Hri¥ (Automatic Fiber Analyzer, R-2000)XFH:H
VR 5 £F 4 (neutral detergent fiber, NDF, %).



BeRRNSE | R WA, 2022, 62(10)

4061

PR P Yk 14 2T 4 (acid detergent fiber, ADF, %)t
e, 25 R UAT9 oo Bl 3 8k s . M
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Table 1 Effects of different treatments on mycorrhizal infection rate and growth of Morus alba

Treatment Colonization rate/% Plant height/cm Crown breadth/cm Leaf width/cm Leaf length/cm  Root length/cm
CK 0.00+0.00c 27.33+1.76b 15.93£1.97¢ 6.83+0.64a 8.03+0.94b 27.00+1.69b
AMF 31.48+4.90b 42.90+4.21a 28.50+2.12ab 9.53+2.27a 12.97+1.07a 32.57+1.89ab
DSE 77.78+6.42a 43.13+3.72a 24.10+1.08b 8.73+1.68a 13.23+£0.81a 28.33+1.62b
AMF+DSE 27.78+5.56b 39.60+2.46a 32.33+1.41a 9.57+£0.98a 12.07+0.99a 35.37+2.46a

The different small letters within the same column mean the significant difference (P<0.05) of different treatments. Same as

below.
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Table 2  Effects of different treatments on the yield of Morus alba

Dry weight of Dry weight of

Treatment

Dry weight of

Leaf/stem

Above ground
£ Total biomass/g

root/g stem/g leaf/g biomass/g weight ratio
CK 2.26+0.27b 0.61+0.17b 0.56+0.43b 1.174£0.59b 3.44+0.85b 0.72+0.11b
AMF 4.66+0.33a 1.21+0.28a 1.79+0.43a 3.00+£0.65a 7.65+£0.49a 1.52+0.35a
DSE 2.98+0.40b 1.33+0.07a 2.15+0.28a 3.47+0.26a 6.45+0.24a 1.63+£0.25a
AMF+DSE 2.89+0.37b 1.44+0.14a 1.87+0.14a 3.31+0.27a 6.19+0.54a 1.31+£0.08a
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Figure 1 Effects of different treatments on total nutrient accumulation of Morus alba plant. Different
lowercase letters in the graph indicate significant differences between treatments (P<0.05). Same below.

R3 TRLEMERRM @RI

Table 3  Effects of different treatments on quality of Morus alba leaf

The accumulation of P

Soluble sugar Vitamin C Chlorophyll Chlorophyll Chlorophyll .
Treatment Alkaloid/(mg/g)
content/(g/100 g) content/(mg/g)  a/(mg/g) b/(mg/g) ab/(mg/g)
CK 7.61+0.11c 1.51+0.03b 0.85+0.08b 0.49+0.05b 1.34+0.12b 2.95+0.59¢
AMF 11.51+£0.25a 1.57+0.06b 1.27+0.18a 0.74+0.18ab 2.01+£0.31a 3.95+0.01b
DSE 9.76+0.25b 2.14+0.16a 1.2240.06a 0.83+0.02ab 2.05+0.08a 6.83+0.10a
AMF+DSE 9.64+0.20b 1.88+0.16ab 1.40+0.03a 0.88+0.07a 2.28+0.04a 4.11+0.07b

A= Py Ak PRRT fie i 2 1 SR i e ML B S A AR R
HLEE 1 (CP) & RN, AR MU 2% £F 4E (NDF)
FIRR ML L R 47 4E(ADF) & &, Ul W FE M il A W 42
w T EHRERAR.

EASMER CP F BRI AN > b
W>2E(E 4). 5 CKAHLL, H2Fh AMF. DSE Fl
AMF+DSE Ab# i 2 82 5 17 2 1 S e A
W) CP &k, &Y -3 24N CK
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*4 FRLENERQRERSERALE R @RI

Table 4 Effects of different treatments on feeding quality of different parts of Morus alba plant

Treatment
Index Part
CK AMF DSE AMF+DSE
CP/% Leaf 27.46+0.36¢ 30.79+0.41b 32.9240.10a 31.52+0.34b
Stem 17.54+0.28a 17.94+0.10a 18.00+0.04a 16.42+0.46b
Above ground 21.01£1.14b 25.45+0.54a 27.15+0.47a 24.98+0.16a
NDEF/% Leaf 38.97+0.51a 26.58+1.22¢ 25.50+0.35¢ 31.81+£1.53b
Stem 52.70£1.09b 53.83+0.44b 54.11£0.50ab 56.23+0.33b
Above ground 47.77+2.24a 37.75+2.22bc 36.53+0.72c 42.43+0.65ab
ADF/% Leaf 36.73+0.84a 20.07+1.04b 21.67+0.86b 21.56+1.84b
Stem 39.67+1.51bc 37.04+0.86¢ 43.18+1.36ab 44.17+£0.51a
Above ground 38.74+1.32a 27.21+0.83¢ 29.83+0.81bc 31.29+1.21b

AEEL) 1112 5, M EERE CK A BEE Y
1.2-1.3 %,

R iR ) B 1 R o A2 ) NDF
BB EMT CK, iy 7 A b3 5 AR
18.4%—34.6%H1 11.2%23.5%. 4 AL B E 5
5P ) NDF 5 20 5 F CK A3, 348 Jn i i 4
AN U (S EE S S d S E IR I o 1
FEATE R, e B S REE R AT A BREE L o

FEAN I Wy b PR 1 S R Bt R AT Y
ADF ¥ EMKT CK AbFE(P<0.05), FHormisfn
Hi A3 SIREA 41.0%—45.4%F1 19.2%-29.8%;
A0 AMF & 154 -3 ADF AR T AP A

Peoi ab PR, X EE TSR o B A R
AMF+DSE 4 ¥ 2 1 525 FF 19 ADF & T CK 4t
B ZEAF RIS AT LA B AR AS R A 1 5
Tk R o
266 AEAENEHRBERAREAAE
Xt 48] F 44 4B B 22 i

5 CK M (ER 5), ARl Pk sn {2 it
B R B A AR TR S
(DMI) . A 4k 9 5 (DDM) Al AH X6t 4] i A
(REV)RHE TN, A [ 422 781 Ah 3% 4% 8 s 114 52 il ik
FPEAE, DMI, DDM. RFV f545 1 A #|
T8 SR S R T

x5 EMRBEYNERREXNFRMERFY). TYRXEEOMD)RAE LT R (DDM)H Y
Table 5 Changes of relative feeding value (RFV), dry matter intake (DMI) and digestible dry matter (DDM)

of Morus alba under different treatments

Index Part Treatment
CK AMF DSE AMF+DSE
DMI1/% Leaf 3.27+£0.07b 6.01+0.30a 5.56+0.23a 5.65+0.52a
Stem 2.28+0.05a 2.23+£0.02a 2.22+0.02ab 2.13+£0.01b
Above ground 2.64+0.16b 4.42+0.11a 4.28+0.25a 4.15+0.35a
DDM/% Leaf 60.29+0.66b 73.26+0.81a 72.02+0.67a 72.10+1.43a
Stem 58.00+1.18ab 60.04+0.67a 55.27+1.06bc 54.49+0.40c
Above ground 58.72+1.03¢ 67.71+0.65a 65.67+0.63ab 64.53+0.94b
RFV Leaf 152.90+5.06b 341.60420.42a  310.50+£15.79a  317.24+36.08a
Stem 102.54+4.04a 103.79+1.97a 95.06+2.63ab 90.16+1.09b

Above ground

120.9849.26b

241.45+7.18a

228.50+16.55a

220.00+24.00a
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Figure 2  Scatter plot based on the PC1 and PC2.
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ATLAE Y, i A 3 RO BEXT 12 M35
WIETTLR G R AT, HeFlh AMF+DSE X7+
FEHRGA MR R
3tk
3.1 WMEMLENERRFERGRIEA

V43K AMF 1 DSE #¢) 12 iE 2 fE 515
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AR S R T E R P,

* 6 ARMEVAEEAREKARIENER
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Table 6 Different microbe treatment Morus alba
growth quality extraction square and loading matrix

Index PC1 (63%) PC2 (14%) PC3 (11%)
Above ground biomass 0.920 0.006 0.185
Chlorophyll ab 0.867 -0.19 0.381
Chlorophyll b 0.824 0.375 —0.345
Chlorophyll a 0.815 —-0.030 0.482
Plant height 0.810 0.141 0.233
Crown breadth 0.799 -0.372 0.041
Overground part ADF  0.796 -0.295 0.248
Soluble sugar content  —0.794 0.367 0.375
Vitamin C content -0.792 —-0.093 0.519
Overground part NDF  0.773 -0.413 -0.429

Overground part CP 0.636 0.697 —0.190
Alkaloid 0.611 0.633 0.215

R EEHBIHEZ

Table 7 Composites scores and rankings

Treatment Y1 Y2 Y3 Y Sorts
AMF 0.77 -0.12  0.29 0.49 3
DSE 0.76 -0.39  0.70 0.50 2
AMF+DSE  0.98 -0.46 0.34 0.59 1
CK 0.65 -0.59 0.31 0.36 4
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