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Abstract: [ Objective ] This study aims to investigate the effects of returning Stropharia rugosoannulata
residue to paddy fields on rice yield, soil fertility and microbial diversity, thus providing an important reference
for evaluating the improvement of soil environmental quality by S. rugosoannulata residue. [ Method ] Field
experiments were conducted in the Ji’ an city, Jiangxi province.Three groups of Regular fertilizer (CK) , in situ
S. rugosoannulata residue returning + regular fertilizer(JZ )and total rice straw returning + regular fertilizer(JG )
were designed.The changes of rice biomass, yield and nutrient uptake, as well as the soil nutrient contents, flora
abundance and microbial diversity were analyzed under different cultivation practices. [ Result | As compared
with CK, the result showed that biomass and yield were significantly increased in JZ and JG treatments, and the
yield was increased by 9.51% and 4.89%, respectively.JZ and JG treatments promoted the uptake of N, P, K
nutrients in different growth stages of rice by 41.44% and 31.01%,48.64% and 33.13%,28.44% and 26.74% at
maturity stage, respectively.The pH of soil under JZ treatment was slightly higher than that of CK, while the pH
of soil under JG treatment was significantly lower at the early stage of transplanting and young panicle
differentiation stage.The contents of organic matter and available nutrients in soil were significantly increased
under JZ and JG treatments.The application of S. rugosoannulata residue and straw significantly increased the
diversity of bacteria in soil, and the abundance of bacteria related to organic matter degradation in soil under JZ
treatment was significantly increased, which promoted the degradation of organic matter and nutrient release in
soil. [ Conclusion ] The results of the study showed that both in situ S. rugosoannulata cultivation residue
returning and full-straw returning could improve soil nutrient content, soil microbial community diversity and
rice yield, and the effect of in situ S. rugosoannulata cultivation residue returning on rice growth and soil
environment was better than that of total straw returning.
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1 MREF=E
1.1 R XHER

S T 2021 AFEAEVLVE 48 35 2 1 7 JR X E H R AT 7 & F s Al Lol & FE 41 (26781776"N,
115°23'61"E) 47 , i HLIX P 247645 1 204.5 m, J& rh S Ay 1 3 22 XU , 4 A7 R B i , DU 23 B, 48
F-EIREIK 1100 mm 2247, AP R 15.2 °Co R RFHE R RO SE R & 2 45 I RS FAEHE 2 £
HEpH 5.71, WL 19.72 g/kg, 2K 0.87 g/kg, 25 0.28 g/kg, 241 3.04 o/kg, Bl fif 2 167.95 mg/kg, A RUBE
9.35 mg/kg, HRH 37.38 mg/kg; R RERTE L pH 6.64, AHLT>100 g/kg, %5 3.45 g/kg, 45 0.40 g/kg,
424 1.70 g/kg, BR# 2 289.17 mglkg, £ R 45.28 mg/kg, AL >300 mg/kg. KRR FFAY A CON PO,
K,O & &34 393.00,6.07,0.68, 11.40 g/kg.
1.2 RIEit

ARG IR 3 A A, UM AR (CK) | B& 78 SR 34 FH -+ R AE (JZ) FRS T 4 53 FH -+ 5 1 it A
(JG)o T 20204F 11 A LA AhAH K IR 55 45 , 55 T2 B LL A RS AT - RJE « A 78 =32 1, o RS FF &R
4.5%10" kg/hm?, HoAx PR HEBIECH], 3531 R 9%10° kg/hm?, 2021 4F 5 A 45 dRBk 36 45 AR TR
P4 A3 TR (1.08x10° kg/hm?) FEREE SEHbIA FH o AT 434 F AL 3R A SRR - ZRK R AR 3R T 15
2021 4F5 4 19 H AR FE AR, T 6 7 10 H SR AKAT , LAARFIRE K BR 55 2% HRS AN [ 9 H Rk % e
BEAS/NXTEFL R 200 m*, BN PEE A 3K E IRAE Jr AN « AU AL < 43 BEAL : BEAE =53 : 2 ifF 47
it L, PR 2 A FH & 391 kg/hm® (ifi 0 180 kg/hm®) 5 B AR GREBERRES ) 4P AL AE , PO, FH & 4 90 kg/hm®;
BPAE (SRR AR ) Fe AT - A =1 1, K,0 B 5k 120 kg/hm® o ZKAF A 4 ], 42 JEE F 7 vk 2047 1 ]
IK A3 BB HE A R
1.3 MEEIRSHE
1.3.1 KAGAERZFFH A ZMNE  TRBEAKKE I SCHR (L8501 S50 A ) &
AR BRGNP AT 20 KRR IR (4 20 BEE , HR 5 VA A5 11 25 23 BE R4S /1N X B e Pk A /K R AR 159,
AYZE HFIRE 3 R4, BT A RE S AE 105 'CF AT 30 min, M5 76 70 “CTR LT 2 15 8, I 5 H T4 5 i i .
TR /K REAE R E A B B B B A b AN () /N XK RS e R S, BRI 5 /Kt I 03 T E A /KA
Fra . [RIRE, PR AN R A B AN /INX K AR A RO, ARl A A 1) PS8R N DR SRR A /K R ALK 155,
T 5 A R LR 110 A5 REE, A R A R SR L 2 b TR S0 b i HIE P i AR 2
132 RAG R HE A7 SR Sl TOKFELN R SRR I, He 4/ IN XIS 1 43 BE R4S B
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HE L (O I A i, KOO TE I E K™ B B O A I A T AR R 2R
T CAL B B B R i
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FE I A A S, U B L e D il B i, AR BETHA N E K& i AR EUR B i
WIE A3 2005 R F NaHCO, 12 $2—5H B BT L (3500 2 , UK R S IR = 4 — S A e e BT R DI o
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i F Trimmomatic v0.33 3K {44 X 3RA5 R A EHE (raw reads ) #E4 7138 ; 2R J5 8 Cutadapt 1.9.1 843517514
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(1) Clean Reads #FATHF% , SR J5 MR AN W] X S8l A 4 2 3 DR 9422 J B384 7 B2 08 5 (1] UCHIME v4.2
B % I LB i A R F 51, 15 20 5 & A7 OB (effective reads) o f# F Usearch v10 {4 %) Reads 7¢
97.0% FIARALEE /KF T 0473828 3145 OTU, LA SILVA S5 2% 5l A i AN R DL -3 43 28 28 X 1 5 51
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ST S VR T A R A AP 040 B 53K (3 B JETT 76 % 7K F (phylum  elass . order  family . go-
nus , species) S5 B IREE AL, I QUME $ A AR [ 42K gy R o J 2, PRI R 7 &5 T
L B B 45 40 KT R 2R
14 HIELAEBS4SH

K SPSS 17.0 il Excel 2021 HEATHCHR S8 H /T FAER] . B8 V-2 +F7 HE 5 (Mean=SE ) %775 , I
i R R T 2290 HT (one—way ANOVA) Fl Duncan’ s K58 351 7438 . P<0.05 R Bl 22 55 W3 .

2 HBREHR

21 WERMEEMNKEEVE.FEREHREZEHEIE
SRR AT S5 BRI R A JZ RN TG A B 7R T4 I R SR 34 W 2 R TR R CK, 45 B B A 38
i 5435914 18.66% 1 11.59% . 16.05% F111.41% .16.31% F119.59% (F 1) . JZ Fl JG Ab B4 WAk 45 B A%
TX IR CK,L JG AR R OR G Eime AR . AT DL, TR7 s i Ao i FE DRS4S RRAR /K R T 9 i
FRE (H PSR T-H) BT AE KR 09 53 TC LG R
1 AKREFHEBTENKBEYENEMN

Tab.1 Effects of mushroom residue returning on rice biomass

AMpE/(t-hm™) Biomass

i3 - e A%
e FrEEH Y ,
Treatment Harvest index
Panicle initiation stage Full heading stage Harvesting stage
CK 10.18+0.22¢ 12.09+0.32" 16.49+0.19" 45.67+0.88"
17 12.08+0.29" 14.03+0.36" 19.18+0.49" 44.68+1.67"
JG 11.36+0.38" 13.47+0.38" 19.72+0.57" 42.52+1.30"

CK: WU AL ; JZ « TR S 03 F + 8 AT AL 5 JG RS AT i ik L+ MR AL o B8 F P B b 22 308 (n=3) , /NE 7
BEFRIRAE 0.05 K 225+ W 2% (P<0.05).

CK: Conventional fertilization; JZ: Cultivation residue returning + regular fertilizer; JG: Total rice straw returning + regular
fertilizer. Data are expressed as mean + standard deviation (n=3) , with lower case letters indicating significant differences at the
0.05 level(P<0.05).

XA CK AR LL , JZ A1 TG AR 8 35 2 iy 1 /KR S5 Py B AR 7 &t S 3531 00 9.80% A119.51%
6.66% 1 4.89%; JZ 4 3 T JG AL F (R P [A) JC fb 5 2257 o b 7 b M) IR 3R AT A e B, JZ 1 TG A
B A AR G BN, O O B0 8 500 Ry 7.68% 11 6.929% 5 FLAth ek KA i P 3 4% Ak L ) 44 G I
2e5(F2) 0 mtnl DL, AN [ A4 A By 2 8 SR MR KRS B9 A OB, T 7 3 T Ak 3L ) A AR5 RE S i
S ERTIR RN

R2 AKEHFHBEEINKE~ERTEWHEERNZNT

Tab.2 Effects of mushroom residue returning on rice yield and yield components

7. s )] =} 5 $‘ R /): E‘, N =) P gl [t =)
W SR TR iﬁuﬁfﬁ/ (f_;ff&/ i SR it
Panicle Setting Thousand ,J - o m. (kg-hm™) (kg-hm™)
Treatment Grain number  Effective spike
length rate seed weight per spike number Theoretical yield  Observed yields

CK 21.21+1.45° 84.22+020° 19.1x0.14° 121.02+4.89° 422.00+16.86" 8208.18+220.44" 7 240.63+188.17"

Iz 21.23+0.74°  84.82+1.17° 20.05:0.99° 116.37+3.11° 454.40+12.08* 8989.00£528.94° 7 950.00+179.05°

JG 21.48+0.82° 84.55+0.43" 19.6220.58" 115.04+1.15" 451.20£12.00° 8 609.77+254.50" 7 722.97+170.29*

CK 5 R AE 3 JZ « B IS D7 30 FH + 3 RIS 5 TG« R FF 4 018 FH + 3 MM AT o 85080 T P39 8 et 22 R (n=3) , /NE F
BEZRIRAE 0.05 K 125 7 i 35 (P<0.05) 5

CK: Conventional fertilization; JZ: Cultivation residue returning + regular fertilizer; JG: Total rice straw returning + regular

fertilizer. Data are expressed as mean + standard deviation (n=3) , with lower case letters indicating significant differences at the

0.05 level (P<0.05).
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(A) (BYFICC) 73R T RS B i AR S o o CKC 8 AR 5 JZ - TRT i A3 T+ B S 5 DG« AR AT 4
S T+ 3 HUGAL o Kl FH P2 B AR i 223808 (n=3) , /NE FRERIR1E 0.05 KF B 22 57 2% (P <0.05) .

(A), (B)and (C)represent nitrogen, phosphorus and potassium absorption, respectively. CK: Conventional fertilization; JZ:

Rice growth period

Cultivation residue returning+regular fertilizer; JG : Total rice straw returning+regular fertilizer. Data are expressed as meantstan-

dard deviation(n=3) ,with lower case letters indicating significant differences at the 0.05 level(P<0.05).
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N, P,and K uptake in rice at different growth stages

Fig.1

2.3 BEEREAEBEIT TS EE RO

MNP 2A W] Bt KRS A 7 0100 2 R, JT A Ak A s T 4 38 pHL (240 S 2 47 AR AT ) R s FE RS A i
LRSI, JZ F0 CK AL BR G pH (E 2 25 5 T JG AL B, JZ AbFRAY pH (8 5 5 5 7R A0 3 44k B )
pHEJC B #5225 Ud A BRI RO 0 H A 42 vy 398 pHL N IE RO, R AT 438 TN Tk o Bl 7K R
AR WIN R, B A b B A LT 3 2 e T S R A A 3 FE SRR I8 B i KM, HZ b3 A
BIUITE B 240 e T LAl 5 1 A 355 AE RS AR BT AN S Ao A0 1A L JZ R0 TG A BRI AT AL & o I 3 i T IR CK
P SF R R A Y], JZ A B AT HILT S i 2 T JG RN CK AR B (&1 2B) o 7T UL, 58 Wit A RS FF 4 1
W FAH H T S A KRR AR B 3 9 L0 A AR S it .

AN T) A B G 2 R ) - MR A R 4 B (1 2C-F) o 5 CKAH FE , 454 5 IHU) J 7 Ak 3 4 398 ) oA /L o
T TR A& A R A3 B 12.02% .8.51% . 10.18 F1 15.30% ; £ 44k il 2 5F R4 , JG Fil CK Ab B 4
e A S IO 2 A I 2 2 L JG AR B b C AR B &5 11.11% JZ A1 G Ab B i
TR T A S A KR AN A W 2 AR T G CK AR FE (K 2C) . BEE A B IR R,
CK b 3 4 HEA 3500l 7 BB W A, JZ A0 )G A5 B THE T R 3, HLISHE 2 A8 0 A 0138 45 KA .
TERSAR T AR 05 5 R A Sl AR T CK AL B, JZ Kb B 33 0w & b 0 R T 11.45%
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(A) . (B).(C) . (D)FI(E) 73 ISR T L85 pH A DL Bt 0 A R0 RO 5 i o CK W RUMGAL 5 JZ - TR i (oL ik
P+ 3 BLAAC 5 JG < R AF 4 B T+ RUBAC . /NG P REROR1E 0.05 /K- E 2257 3% (P<0.05) .

(A),(B),(C),(D)and(E)respectively represent the contents of soil pH, organic matter, alkali—hydrolyzed nitrogen , avail-
able phosphorus and available potassium.CK: Conventional fertilization ; JZ : Cultivation residue returning + regular fertilizer; JG:
Total rice straw returning + regular fertilizer. Data are expressed as mean + standard deviation (n=3) , with lower case letters indi-
cating significant differences at the 0.05 level (P<0.05).

12 KR FBHE LS T
Fig.2 Dynamic changes of soil chemical properties at different growth stages of rice
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(A)Diagram of bacteria principal co—ordinates analysis.(B)Hierarchical clustering tree of soil bacteria samples.CK: Conven-
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Fig.4 Effect of in situ spent S. rugosoannulata cultivation substrate return on soil bacterial and fungal diversity
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Fig.5 Effect of in situ spent S. rugosoannulata cultivation substrate return on soil bacterial and fungal community structure
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Fig.6  Analysis of bacterial abundance distribution in soil after spent S. rugosoannulata cultivation substrate return in situ

F3 KBERSTEAFUERMMED SHEMEXME

Tab.3 Correlation between soil chemical properties and microbial diversity and plant growth

AHLE Bl e , A 2R o 48 Shannonf& %
EiEL PR . ) AR .

Organic  Alkali-hydrolyzale Available Total Total Total Shannon
Index pH Olsen-P

matter nitrogen potassium  nitrogen phosphorus potassium index

ik
Yield
Y
Biomass

N i . - -
0.022  0.784 0.871 0.863

0.238  0.791 0.786" 0.791" 0.856™ 0.709" 0.844™ 0.713" 0.824™

-0.227  0.467 0.755" 0.744" 0.812" 0.788" 0.933" 0.639 0.788"

o

0.847" 0.910™ 0.983™ 0.831 0.970"

N absorption

P
P absorption

I/ The . w -
-0.058  0.677 0.859 0.827

0.055 0.8527 0.864" 0.810” 0.775" 0.916” 0.964" 0.745" 0.963"

0.823" 0.884" 0.989" 0.748" 0.916"
K absorption

T FRIRAE P< 0.05 7K ORI B 835G, " R AE P< 0.01 7K CBUI) b 8 25 A5G

“*”means significant correlation at P<0.05 level (two—sided) ,and “**” means significant correlation at P<0.01 level (two—sided ).
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