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Abstract: [ Objective ] This study aimed to clarify the effects of different return methods of organic matter on the characteristics
of soil microbial communities. [ Method ] The changes of soil microbial community abundance and structure under single

application of maize straw, sheep manure and combined application with biochar were analyzed by quantitative PCR and
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high-throughput sequencing based on two years of field experiments in dry cropland red soil.[ Result ]JThe results showed that: (1)
Compared with the control (no material), the soil pH and nutrient content of sheep manure alone increased significantly, while the
single application of straw had no significant effect on them. Compared with straw and sheep manure alone, soil organic carbon
content under the treatment of biochar co-application with straw or sheep manure was significantly increased by 133.5% and
81.47%, respectively. (2) The abundance of bacteria and fungi under the treatment of sheep manure significantly increased by
448.7%and 1 709%, respectively, and the abundance of bacteria under the treatment with biochar was further increased by
35.34%. Straw alone only increased fungal abundance. Single straw application and its combination with biochar significantly
reduced bacterial diversity and richness but had no significant effect on fungal diversity. (3) Straw, sheep manure and biochar
alone changed the structure of bacterial and fungal communities, and there were significant interaction effects. Functional
predictive analysis showed that the combination of biochar and organic materials reduced carbohydrate metabolism and the
abundance of potential plant pathogens. Available phosphorus, pH, total nitrogen and available potassium were the main factors
affecting the abundance and structure of soil microbial communities.[ Conclusion ]In summary, the combined application of sheep
manure and biochar can effectively improve the fertility of dryland red soil, increase the abundance of soil microorganisms, and

reduce the number of potential pathogens. Thus, the combined application of sheep manure and biochar can be used as an

effective measure to improve the fertility of dryland red soil and maintain soil health.
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Table 1 Soil chemistry properties of different treatments

4b 3 soc/ ™/ NH,-N/ NO,-N/ AP/ AK/
pH C/N
Treatment (gkg!) (gkg') (mgkg") (mgkg!) (mgkg!) (mgkg™")

-B CK 4.94+0.22¢ 4.54+0.17d 0.62+0.06¢ 5.76+1.23ab  2.77+0.46b 2.95+0.79¢ 100.4£32.71c ~ 7.39+0.88b
S 5.16+£0.27bc  5.15+0.84d 0.73£0.07bc ~ 5.60+2.61ab  2.55+0.32b 4.08+1.11bc  108.4+33.18¢c  6.98+0.49b
M 5.54+0.08ab  7.23+ 0.84c 0.99+0.23a 8.85+1.73a 4.44+1.87a 8.89+1.61a  219.7+40.56ab 7.55+1.72b
+B CK 5.26£0.27bc  11.02+0.85b 0.72+0.04bc  5.20£1.09b 2.43+0.32b 4.30+0.76bc  166.7+27.42b 15.27+1.34a
S 5.29+0.20bc  12.02+1.27ab  0.87+0.11ab  8.54+1.65ab  2.03+0.04b 5.69+1.95b  193.6+£13.86b 13.90+1.12a
M 5.80£0.14a  13.13+0.77a 0.92+0.07ab  6.66£1.99ab  2.83+0.58b 10.10+0.21a  251.2+13.40a 14.33+2.02a

OA 12.56%* 12.28** 9.20%* 2.57 4.23% 38.76*** 21.64%** 0.65

B 5.79* 254 . 4%** 1.13 4.30 5.93* 20.31%%* 126.3%**
OAxB 0.28 0.50 1.30 3.22 0.98 0.04 1.35 0.30

TE: SOC: THEAMLEE; TN: ©%; NH,-N: #8%; NO-N: HAK; AP: A3H; AK: BAH; CO/N: BALL; -B: RE
A B Ab R +B: WA TR ; CK: XHE; S: #FF; M: F3&; OA: AWK T; B: EWHEKHF; OAxB: A
MLYRNS A9 I 5 28 BN o BB N P ERER 2 . RFARRNG FhERR B EEES (P<0.05) , *F£R P<0.05, **F
7R P<0.01, ***3F/R P<0.001, FI[d]. Note: SOC: soil organic carbon; TN: total nitrogen; NHZ-N: ammonium nitrogen; NO,-N: nitrate

nitrogen; AP: available phosphorus; AK: available potassium; C/N: C/N ratio; -B: without biochar addition; +B: with biochar addition;

CK: control; S: straw; M: manure; OA: organic matter factor; B: biochar factor; OAxB: organic matter and biochar interaction. The

value in the table is average + standard deviation. Different lowercase letters in the same column mean significant difference at 0.05 level. *

P<0.05, ** P<0.01, *** P<0.001. The same as below.
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B ORTR b B SR . O R R L

Fig.l1 Soil bacteria, fungi abundance and ratio under different treatments
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Table 2 The a diversity index of soil microorganisms under different treatments

M A Bacteria HEH Fungi
bl
FEHEA Chaol #MK K ERERK Chaol HH LERLE
Treatment
Richness index Chaol index Shannon index Richness index Chaol index Shannon index
-B CK 3 142+114.7a 4 089+197.2a 10.00+0.08a 746.0+£64.65a 815.2+65.03a 6.41+£0.08a
S 2 697+£214.1b 3 619+294.0b 9.57+0.18b 765.7+247.5a 889.9+263.7a 5.70+0.37ab
M 3212+20.31a 4237+114.5a 10.02+0.02a 684.7+£35.02a 792.4+30.05a 5.44+0.45ab
+B CK 2 764+100.8b 3 655+129.4b 9.61+0.05b 711.7+48.60a 786.5+£82.29a 6.05+0.21ab
S 2 754£19.31b 3 733+37.20b 9.59+0.06b 676.3+£29.50a 794.9+26.68a 5.75+0.23ab
M 3208+49.22a 4 286x127.4a 9.97+0.06a 662.3+71.02a 796.7+£32.84a 5.32+1.17b
OA 29.32%%* 18.59%%** 32.60%*** 0.43 0.29 3.62
B 4.35 1.29 10.97** 0.85 0.51 0.31
OAxB 6.90* 4.65* 8.66%* 0.15 0.28 0.20

23 TEMEVBEEERESR

FEEHZY4ENE (NMDS) /Hr#EH, ARG

LA Ak B 14 A0 B L AV 45 4 PR A A B IX
B, iR RS YRR BCHE (] 2a) FEAL T
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Fig. 2 Non-metric multidimensional scaling ( NMDS ) analysis of soil bacterial (a) and fungal (b) communities under different treatments
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Fig. 3 Relative abundance of dominant communities of soil microorganisms at the phylum level under different treatments
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R3 FRLETHEMEVERK T TEEZRFENEXEE
Table 3 Relative abundance of major communities of soil microorganisms at genus level under different treatments/%
A R T R HEEFF I MRS RS A IR R
Qb3 Treatment Candidatus_S Ellin6067 Haliangium
Bradyrhizobium Bryobacter Acidothermus Conexibacter
-B CK 1.74+0.20d 1.87+0.31c 1.70+0.19¢ 2.144+0.14b 1.63+0.14a 0.72+0.13¢c 0.90+0.08¢c
S 3.36+0.39a 3.36+0.42a 2.26+0.25a 2.6340.16a 1.56+0.19a 1.11+0.09b 1.19+0.19bc
M 2.18+0.04cd 2.07+0.13bc 1.7240.11¢ 1.56+0.18¢ 0.85+0.19b 1.21+0.11b 1.47+0.22ab
+B CK 2.85+0.21ab 2.57+0.14b 2.12+0.11ab 1.89+0.16bc 1.434+0.10a 1.37+0.19b 0.92+0.10¢
S 3.254+0.29ab 3.14+0.11a 2.23+0.15a 1.84+0.17bc 1.58+0.35a 1.294+0.05b 1.324+0.09ab
M 2.66+0.37bc 1.8140.20c 1.7540.19bc 0.594+0.08d 0.56+0.16b 1.86+0.25a 1.53+0.08a
OA 15.70%*** 31.10%** 8.80%** 67.28%** 22.58%** 10.70** 18.17%**
B 9.54%* 0.24 2.03 59.76%** 1.79 30.87%** 0.8
OAxB 4.77* 4.91%* 1.95 6.08%* 0.59 3.19 0.14
FRMEE R AR LRONEN Bk SE
AbFE Treatment Burkholderia-C-P Saitozyma
Gemmatimonas — Sphingomonas Talaromyces Coniosporium Chaetomium
-B CK 0.76+0.08d 1.124+0.10b 0.66+0.15b 7.49+£0.39ab 9.29+1.23ab 6.73+0.36a 4.50+1.39bc
S 0.87+0.10cd 1.12+0.17b 1.56+0.22a 10.36+2.69ab 3.64+0.68b 5.1343.14a 2.87+1.12¢
M 1.4140.13a 0.95+0.06b 0.58+0.11b 8.04+3.28ab 9.63+4.33ab 4.50+0.67a 7.2241.25b
+B CK 1.01+0.03cd 1.13+0.04b 0.79+0.08b 6.81£2.52ab 10.67+0.46a 9.76+1.04a 4.96+3.22bc
S 1.17+0.16bc 1.1940.16ab 1.9240.34a 13.04+2.95a 5.50+0.48ab 9.09+6.32a 2.84+0.34¢
M 1.92+0.24a 1.50+0.24a 0.61+0.08b 4.30+4.66b 10.31+4.80a 4.06+1.18a 13.41+1.67a
OA 36.09%** 0.52 43.18%** 3.8 5.28%* 1.89 20.12%**
B 19.20** 6.28% 2.54 0.11 0.69 1.63 4.88%
OAxB 0.99 4.29* 0.82 1.13 0.05 0.61 4.00%*
e ) B YA s m 5t )R (I
AbF Treatment Striaticonidium  Acidomelania
Fusarium Mortierella Schizothecium Curvularia
-B CK 7.60+2.28a 3.79+0.71b 0.12+0.10¢ 6.46+1.17a 0.44+0.10a 1.76+0.59b
S 5.33+£0.62ab 7.51£2.62a 13.82+3.30a 1.2040.26b 0.14+0.05a 1.39+0.18bc
M 5.82+0.60ab 4.39+0.76ab 0.83+0.14c¢ 0.98+0.26b 10.74+14.60a 0.47+0.26¢
+B CK 6.04+1.57ab 3.14+0.31b 0.14+0.11c 2.26+1.21b 0.04+0.02a 1.69+0.77b
S 2.09+0.78¢ 5.28+0.14ab 9.48+1.04b 1.15+0.25b 0.04+0.02a 3.56+0.64a
M 4.06+1.53bc 5.68+2.31ab 0.69+0.19¢ 1.76+0.79b 0.06+0.02a 0.43+0.24¢
OA 5.19*% 3.84 83.42%** 21.00%** 1.03 16.62%**
B 7.57* 0.38 33 6.63% 1.17 5.59%
OA xB 0.44 1.39 3.05 11.73%* 1.02 6.57*

7 Note: Candidatus S: Candidatus Solibacter; Burkholderia-C-P: Burkholderia-Caballeronia-Paraburkholderia.
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Fig. 4 The relative abundance of functional microbes of soil microbial community under different treatments
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