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Abstract

To study the effects of coupling rice straw with biogas slurry on wheat agronomic traits and soil
fungal diversity, Illumina Novaseq high-throughput sequencing technology was used to analyze
the fungal community structure under the conditions of equal nitrogen fertilizer treatment with
rice straw full return combined fertilizer (S-CF), straw full return combined biogas slurry (S-BS),
full biogas slurry (BS), full fertilizer (CF), and blank treatment (CK). The results showed that in
terms of plant height and stem base width during the filling period, the S-BS and BS were relatively
lower than the combination of chemical fertilizers. The theoretical yield of S-CF is the highest, but
there is no significant difference compared to CF and S-BS. Both S-CF and S-BS can enhance species
richness and diversity. The results indicate that there are certain similarities and differences on
agronomic traits of wheat, soil fungi between the coupling of rice straw and biogas slurry with fer-
tilizer treatment. S-BS can ensure a certain theoretical yield and the richness and diversity of soil
fungi. This result can provide a theoretical basis for establishing a scientific and reasonable straw
return and organic fertilizer fertilization plan in local areas.
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Table 1. Basic physicochemical properties of soil and biogas slurry
F 1. MR RBIRAEARIE MR

AR AR EE AR EME WREKR e

e H G ( ( ¢ ¢
i P @KgY) (@©@KgH (@KgY) (gKgH (g-Kg? %)
+3% soil 7.72 22.31 4.02 1.41 1.22 0.61 263.01 e+
VA Biogas slurry 8.20 38.79 0.84 0.58 1.29 1.46 — —

2.2. M

2022 4 10 A 30 H#HA7T /MM AL EE . tHE S T BUKFEREFT B &, HEH TR & B E TR KRS
FT e i B BB 7625 kg-hm ™2, &R & 8N 5.99-kg™), HaiHEMAT &R E 5% AL IEGEH & 2R
f) i B (BL/NZE P2 550 kg TN, 3 FUREALIE A 15%~15%~15% [1]f NPK BRtEE &8, ik &N 276.45
kg-hm™2), 56l 4% it 0 VAR SRS AT b 78 (K R A FE & ZURE RN 7625%5.9 = 45.0 kg-hm 2, A& R 70 % #
it fIE i U 276.45 kg-hm 2 (5 EEl 16.28%) . REG B E 5 AN FILL: 1) WHRALCRREFTHER, s
W ANHALAE, id CK); 2) fhAEALHEEZA(100%40AE N, idh CF); 3) Fiff4iicH + {LE4bFE(16.28%
FEFF N, 83.72%1LAE N, it N S-CF); 4) FEAFEEEH + ARATE(16.28%F5FF N, 83.72%H N, id
4 S-BS): 5) VAMA(100%HM N, i BS). Hr, JERHSZELLEIAEAL: JBAE = 1.1 gHA7E A,
R E R 3 K. WRIE/NXTHFN 4 mx 7 m. /X REE B H AT

2.3. MEmMERFZ*
1) BRrE SRR A /NEA KA SR AT E S R L BB A AR e R AR, 43 ) Sk e

LI AR
2) N FERANERAR, A ATRLBERLAIN 1 me TR, 3 MR SFICT I, AT
LTS VL

3) 3% 5 DNA - EUHE I MoBio PowerSoil® DNA isolation kit 12771 & 2 HU &% 41 AL B - 33 RE A 5 DNA,
FH 1% i b A2 H ARG TR 20516016 922260 nm/280 nm S 25 J3 EL)HEAT B A M, $RHNAS 31 () DNA FE 5
RS, T-80°CIRAF LA f5 gt ia Al H

4) Fp5F X IEY 48 L7 DNA FEARE 2 S B En AR A RA T, A2 e AR I % B
H B rDNA ITS2 X, ¥ 5/%°A~ ITS3F (5 - GCATCGATGAAGAACGCAGC-3) Al ITS4R (5' -
TCCTCCGCTTATTGATATGC-3') [11]. PCR L4k % 25 pl: 10 pl 2 x EasyTaq PCR SuperMix (Transgen
Bio, Inc). 1 pl IE[AZI4. 1 pl IAFIY. I DNA S8 10 ng, &5 dd H,0 b4 25 pl. RN S
$: 94°CTIAETE 5 min; 94°CASYE 30's, 55°CiBk 30's, 72°CZEfH 1 min, 35 NMEFF; 72°CHE{H 8 min.
FIF Nlumina Novaseq PE250 7= &l 571 & Wl 7
2.4. BRABE G940

AR IE A5 T TR &0 QUME B 8. PiiE. KBRIRACEE, 540 F BRIt i & a1
T 20, MFAKLEE/NT 150 bp. BEIAESOHIAN 5| PO T 51 . ARTE barcodes VAZRALIR A 7 5145 B RSNV

I3 2RI A ER 1 BT (Operational taxonomic units, OTU), ¥ & OTU AR 97%, 5 silva i 2835 &
HEATHO[12]. 383 QIIME BAHAT I /Ri%(Alpha) & £ 41 HT[13].
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3. GER55Hh
31 RELENZERZMHR

FE/NEZHIIR T, Z2 R E R A4 Kk f b, CF. S-CF. S-BS il BS 4bFHI5 i 2T CK. ki
Jilfl, CF. S-CF Al S-BS fEAN A AL HAY T i 3 72 s SR, BOMUKVATR BS AbFE 24K T CF. S-CF
1 S-BS, AHERRTBME AT RIS 2RI TR T, ERCY I, A ARUHER CK 4k, HARMFRAS TG
BEER, HEMEHERI, CF. S-CF5 S-BS. BSfA{ERE %R, W EHHERIRIGHAETENEEK
JE AT RE IR LRI L, IR E (% 2).

Table 2. Effects of different treatments on plant height and stem base width

2. FRILEX NEHE. EREEHFME

- rE/em ZEHETE/mm
) 45 1A ZAFE FES I AT HA Z FER
CK 30.8° 60.4° 71.8° 3.6° 4.7° 4.7°
CF 35.5° 68.5° 81.4° 4.22 5.1% 5.6%
S-CF 35.1% 68.8% 81.2% 4.2 5.1 5.5%
S-BS 35.2° 67.5% 79.7° 4.1® 5.0° 5.2°
BS 34.7% 66.3° 76.8° 4.1 4.9% 5.1°

E: RPFESEEE R ARNG FRRRZER L (P <0.05), -

INERW PRI, CF. S-CF. S-BS. BS ¥JRE M T CK 4. S-BS Ay /~&LY CF. S-CF &
72 e, UL AVEROANRS FRER G it F — e R FE R AU L IE I, 31X 5 S-BS ZH Ik i 2E AN [A) AL A I 44
5 CF. S-CF LM EZEREH 8. Hok, BRAE TS or iR, EREAELUD ISR,
H BS TR ER, SURASNEFEREEER., HTEBRTRESSUNEEFAEKIERE, AKIEN
UHFEIH . SRAEIA. ROGAIHER, fPTETTEIEAINE, ik BS 5 CK AHLL, #MHIER &k 7~8 K (3K 3).

Table 3. Effects of different treatments on theoretical yield
= 3. TEIIERTNEEIL SR

R R . BT o Thi 2

N Z B - = i S22 327 [0, N
MEAL T 10thm?) e T T YRR <1

CK 582% 32.2° 44,28 7041°

CF 570° 37.9° 41.5° 7620%° 8.2 -6.1 0~1
S-CF 576° 38.3° 41.78° 78347 11.2 -55 0~1
S-BS 581% 37.4° 40.9° 7554% 7.3 -75 4~5

BS 563 37.8° 40.2° 7272° 3.2 -9 7-8

3.2. TIMIRPREEEER Alpha ZHMH

ARG AL B E VA Alpha £ K% goods_coverage $EFRIFIAT] T 0.99, 1 B A ORI HA 5 v
HITAEY) 78 55 % . Chaol F1 observed_species == ZLR Al THEE P SR BB H febr, BA—EMIER K
BePE. AP CK AR s H i 2, SR BS. CF & WIF A H, BLEVAW. AR,
FEFF IR A it FH 2 PRAREEVE R P e, U SOl FH A IERL . Shannon fR &R 115 B, HAETR
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HoBOK, FORAHENER, WHIR MR PRI R, YR 2Rk, S-CF. S-BS k& it ILAL
B[ shannon 55 CK. CF fA{ERF 7R . Kitt, BKGHEALH S-CF. S-BS REMGIRTI I =5 FEA 2 kf
PE, IS ER RE VISR (R 4).

Table 4. Alpha diversity analysis of soil fungal community

F* 4. HIREERSE Alpha ZHME SR

GO LEAE chaol observed_species shannon simpson goods_coverage
CK 1017.5% 950.7% 6.2 0.9% 0.9°
CF 914.5" 833.7% 5.7¢ 0.9° 0.9°
S-CF 997.2 945.7% 6.6% 0.9% 0.9%
S-BS 941.5° 843.7° 6.1 0.9° 0.9°
BS 906.6% 816.0° 6.0 0.9° 0.9°
4. g

4.1. TEFF. Bl HWEBEREX MERZEMRAFIT

VEIREAT IS #5005 KRB SR SR A SR A K I 7 MR A B R VAT DA D — i 3L
WAAAINERL, 5 REAT A I REW e At RS AT O (LA . REATIE HUE AL B S, 2ot — DI n + 4810
FRorE R, REEE. AR, EEMERAKE . ERBBKIZE N5, AR A
TRRE T AL, B A WA F AL RIS, RIER AT RO (b vk vk . 2R TEHIRE . 5
b, FEGRIEEMRTIR N, HBUBEIEINA 2 SEUNEE KL, SUFIEM, X507 4t H A
1 BS AERAATAE A KR B I FVERAT — B [14]. AWFTTFFERI “ 28507 JELR RS, KR
BEAFNARAEIE L GIH A, O TS R BT 50% B L IEA T2 /N 2 FEFT ARV At b i s
YR, EYERFELA PR R, BRE RO T LU R R S IE[15]. AWPTE, S-BS RS CF
ARPRL AR B e R EIER R 2SR, AR TR AR AL, GA R IR IRCR . TEE R BT T ,
i B AR O R IIE U P RES (e 3t /N 22 BT R T R ISR T - o R Wk SR Y
e, WEFEMBMER, I EEHRN R E[16]. JUHASFE HAB AT, Hl P FEEE
WV kA it FH AT DA BSAG L 398 S A 14 (Den) RN 45 ZU(NOs—N) ZU AL (DNRA)E %, 584 FIl Tl B AL AR Ak
B+ DNRA iR, (2 +3E N Z I ORAF AR +3E NLO IOk, S m il A & [17].

4.2. F5FF. Bl HWARECHERY TIRARPREE R AR

TIRMAEMIRR R R IS RS BRI, BT E E A SRR D R A AL A
WAERIEDL, 2 FEVE SR R0 = 2R W SRR E MR v (0 = 5 BEA 2 R [18] o B AR 3 p e UK
THEKMEY, BARAER, XABURE[9]. AT, ASFE LB B A R 22 R
BS. CF i il b 3 52 &y D Al 50 H . S-BS F1 S-CF XA it I [ R I DR A H . SERRTER fh
B AEFT RO A it S 2 PRV TR M KR, 4518 S XIRIGSE 2 H BT U R, it L
NEFEAR L3 pH DAS AR R R EM BRI, A IR EHE HREAA HUIE B AL L) 4 R PR B
E[9]. FSh, AHEERERPAFEREE IR BE, SR TIRBRAEYIREE 2R e 2R, BAE AR
VOB RE M [20] . AEFTAR T, 1 2255 23 3 S A YIRS AT P OOH ] - R VR I 0 A, RERS TR 1 LA
PRI ELAESC AR, RIBR E WA EEREAE A, DR B 1, RES SEBlm ™ & [21]. B R TP R BLRFAREAT
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WA S 1N MR R E R R, SRR BRI E R, SN h SRS S R, e
R, Gl AR E X R [22].

5. &g

FEREAT STHAA A TR E MR IR B B A A P 5 A IR A R AE e — 2 ) 1R ESR A ik
710, BS ALPE G EAL T HAR AL, ZEELETTIR, 5 H S-BS. BS AbFE AR EFEALT S AL AL B ZH
fo S-CFAbHRE = e, HES CF. S-BS LR E £ R, BS MM FRHEMN =AM, A
JEAE) S-CF. S-BS ¥REHE TR 'S BEF Z eV, IF 5 B0 & 1IE W) 5CHK.

E&WH
HEZ2 T AR BRI & e K4 100 H (HN'Y 202108)
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