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Effects of Single Application of Organic Amendments and Their Combination
with Biochar on Microbial Community Composition in a Red Soil

XU Yimeng, ZHANG Lei, BAI Meixia, ZHOU Yan, QIN Hua, XU Qiufang, CHEN Junhui'
(College of Environment and Resources, College of Carbon Neutrality, Zhejiang A &F University, Hangzhou 311300, China)

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 high-throughput sequencing based on two years of field experiments in dry
cropland red soil. [Result] The 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
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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 treatment 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.

Key words: Straw returning; Biochar; Dryland red soil; High-throughput sequencing; Microbial community

composition
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1.1 RIS

RIS HAL T WL A BN T I 22 X AR AL HTE (30°15' N, 119°43' E). HF 7T X & 0 #4 2 KUS,
i, FEHBEKE 1420 mm, SR 15.9°C, R56H HIRRRONR D 5 B R B TR 2085,
TAEIERVE . pH 4.74, HHUBE 4.559-kgt, 2% 0.45g-kgt, HRLEE 1.58 mg-kg?, AL
89.00 mg-kg™, B 63.10 mg-kgt. TIEMUBRALE A WORL 104.0 g-kg?t, KL 435.0 g-kg! A
Ziki 461.0 g-kg™.
1.2 Rt
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THARTEVIHR 1 em A &M VR B FKRFEFHERFHIR (I 450~500 CIRA M E 2
h#I4TMEG It 2 mm . ToKRFEFF4k 5 352.6 g-kg™'s 4% 9.2 g-kg?, T&(LL 38.32, 3%
K& 063g-g', pH8.2, 4 2943gkgt, &% 21.79-kg?, £ 10.6 g-kg!, 44 11.2
g-kgte AEMIFRMER N pH 9.3, 4k 424.2 g-kgt, 4 10.16 g-kgt, 4% 1.6 g-kgt, 440 2.6
g-kgh, BRELLA 4174, RIGWIMAGERME T Tk, WIMASHAGAE,  DLBE %00 AR it 7T Bt
A HPES A4 TR (AR AR B P A T4
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JF (lllumina Miseq “F*4, Illumina Corporation, San Diego, *[E). JFE %K PE reads H4kE
overlap K RHATHHE . AL IE, PFAEMMTI. BT FiE USEARCHT-uparse /5 iR
KT B 97% 7 HIAMAEE BEATHAE /3 2K 8ot (OTUW) Kilor . FEHHATHIE M 2 AT TREAR

FRobey,  PRAEEEE A HER L. P23 QIIME (Version 1.7.0) B FiEAT ZHEE M

1.6 HEE PCR O

P B PCR 40T 5147 338F/518RMVFI NS1F/FungRPZ% 43 R 4H B 16S rRNA FIELE 1
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Tablel Soil chemistry properties of different treatments

AbE

SOC

TN

NH;"-N

NOs-N

AP

AK

Treatment PH g-kg™) Nokg  Amgkg?)  Amgkg)  A(mgkg?) I(mg-kg) N
-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
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 0.01 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

¥E: SOC: THEAHUEK; TN: 2% NH-N: % NOs-N: M&ZR: AP: AU AK: HMAUH; CIN: BAL; -B: ANdsinAm it
i, +B: IR, CK: XTHR; S: FEFF: M: 2E3%;
Mo FRAFHE N FEME AR 2 . FIPIAR/NS FREFORBEEZER (P<0.05) , *®/x P<0.05, **%/x P<0.01, ***%& 5 P<0.00l. F[[. Note:
SOC: soil organic carbon; TN: total nitrogen; NH,"-N: ammonium nitrogen; NO3z™-N: nitrate nitrogen; AP: available phosphorus; AK: available potassium; C/N:
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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.

22 TEREMEEEEMSHEMTK

ExTHEAHLL, pEE ISR . HEFE R E RS T 448.9%. 1 709% (K& 1); H
SRS (P<0.05) N T HEFEEMEEMBELM (F/B), HXEFERELEZEL M. M
P sE s, RIS AT URRCHE W E S TN, SR EIEE )y 35.34%. AHLLEREFREFT,
KAV RIS ZERIC T FIB. SRR Z R, AR L840 5 A1 L 2
FIB 354 3 (P<0.05) $2mi; HHLEAIEDR =T FIB A BEAZ BB (K L.

[<5)
8 & (s & 18 2 04
g Foa = 65.03%%* il o ° Fop = 99.24%% = B Fon= 4.20%
=1
3 Fg=3.52 a S~ Fg=136 T 8 Fg=175
& B 3 120/F,,,=381 28 02/F,5=551%
g 8 Z & =
€8 8 &3
@3 e 60 w2 01
F H o = o
= "= I8
= E =<
= % ek s M 2 00— s M
[T
+ KbHE Treatment RLEE Treatment AbFE Treatment

e Foa: AWWIRIATH FAH: Fe: AEVFURFETH F1EH: Foaxs: A HADEIAAEDFRAE BRI F . A
FRFORA R EEFEREE R (P0.05), *ER/R P<0.05, **#/K P<0.01, ***#/8 P<0.001. T, Note: Foa: F
value of organic matter factor; Fg: F value of biochar factor; Foaxs: F value of organic matter and biochar interaction. Different
letters indicate significant differences between different treatments (P<0.05), * P < 0.05, ** P < 0.01, *** P < 0.001. The same as
below.

K1 A FIACEE SR Am v . SRR R S LA
Fig.1 Soil bacteria, fungi abundance and ratio under different treatments
AHEL IR, P RS FF B A R SB35 (P<0.05) PRAK T 4N R4 =F & i 5 4L, Chaol i
RAREG AHURL S ARV FUR BTt R R 2 AR Uy L B2 (R 2). WHER
TIESNERY, BHED AR 2 AR E B (P<0.05) F2mi, HAHWRIAAD R
IR R A HAE s AT R AN G B R A AR FR R RE R (R 2).
R 2 FEIIET HIRMEY o ZHMEER

Table 2 The a diversity index of soil microorganisms under different treatments

e Zi# Bacteria H1# Fungi
Treatment Fw R Chaol T %% HRIEH £ Chaol 1E% LG
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 2697+214.1b 3619+294.0b 9.57+0.18b 765.7+247.5a 889.9+263.7a 5.70+0.37ab
M 3212+20.31a 4 237+114.5a 10.02+0.02a 684.7+35.02a 792.4%£30.05a 5.44+0.45ab
+B CK 2 764+100.8b 3655+129.4b 9.61+0.05b 711.7+48.60a 786.5+82.29a 6.051+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 4 286+127.4a 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 ITEREVEEREARESR

FEEZHEREE (NMDS) TR, AN A WL AL 1R 4H B FH 3 B B V& 45 1 S AA A
B, PBtE e M S AV FURRCHE (B 2a) RESIE X AT R B, AR T R
WA ZE R AMAE R (B 2b). BE#Zio)7Z5 % (PERMANOVA) R, HHWIEAIE
MIFURINEE (P<0.01) o048 7 IR M B W B A4k, H_-FFERENZOIEA. ©
B pH. BHBE (SOC). &% (TN). A (AK) FIF R0 (AP) 2 & 52m - 33 4 i Al 1
PRI IR B LN 3R
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Fig.2 Non-metric multidimensional scaling (NMDS) analysis of soil bacterial (a) and fungal (b) communities under different
treatments
AT R4l AR AR T 3 E N W 11 (Proteobacteria ,  22.44% ) . R T 1 1]
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ITRIREXTE R, B T RE WA F 8. 5REFRFH AL, -S40 5K B i 2 3%
FRAR T 225 I TIMEE . SR E, VPR S FIEAE T ER LR T. KT
IR ERE o W2 7 Z W R AV FUR . AR B3 (P<0.05) s /ERERE ], 2
LB T TIARXS B P IR E (P<0.01) s2mi T ARTRB 1T SEB BT R B 1 TRAEX 3=
FE, T EHE T RIAR F AR A BARR (B 3D,
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3 g = =
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8 42 Fope=176 S PR pe=0.14 8 ™| Fone= 151 8 Fope = 1.49
S O 5 ab ab abab ab gy E=
£26 4 d cd - < <
- 4 & - -
= 1 i I ®
N CK 3 M & CK S M £ CK S M § CK S M
e QbHE Treatment A3 Treatment = AbEE Treatment ’ A3 Treatment
g < g g
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g S
g S
;;27 Fou=0.14 % 2L, =0.06
S 1g|Fa=009 £ 14/Fs =0.04*
2 Foaxg=0.99 % Foaxs= 0-31**
= a N
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15 CK s M i
® AP Treatment B
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Fig.3 Relative abundance of dominant communities of soil microorganisms at the phylum level under different treatments

SXEALL, RS FT . GEFRNEE (P<0.05) 40T ENn6067 HIMIXTHE, BEME T
I 1 B & (Curvularia) (A 32 B (3R 3D 1 5t A FF B0 A 4 0 e S 5 184 o 718 A AR R 1
(Bradyrhizobium) . Candidatus_Solibacter. # &+ J& (Bryobacter) . #\[i i J& (Acidothermus) (1)
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(Mortierella) . %¢ 5% J& (Schizothecium) [ AH %F 3= B o Bl £ 3 B F W 0 7 2F 9 &8
(Gemmatimonas). Haliangium [JAH % == 55 £ 2 2 B A 15253 i I B 8 (Conexibacter) . #4E% B
J&+ Acidomelania AHXJ L. 5 HUERSFTECEISALL, AP R S5 0 i 38 2 2 PR AR T AR
B ) 8 (Fusarium) . 250 @ AR £, 2R ZERIN T Acidomelania FIAHXTFFE; 4
VIR R 5 M A W 2 i T ENin6067 .« #H B 5 I B J8 (Sphingomonas) «  E 5% &
(Chaetomium) H AHXF 2 o XU R 7 Z 045 R (R 3) R, AHWEEZE R T
Candidatus_Solibacter. # &£+ BJ& . HEZs Wi [IRAFEJ& . Haliangium. Burkholderia-Caballeronia-
Paraburkholderia. #IREJE (Talaromyces). WT{EE’J*HXH“%EE, AW R B R T R
BB R AR SRR, P R e TR AR AR R . ARR B R . ENInG067 . ER B JE |
Bre)E. MIJEE. SME)E. Acidomelania E@*HXH‘EIEEO ﬁﬂ%*ﬂ%ﬂ%%fﬁﬁ)’%ﬁ‘@i*ﬁﬁ%
J&. Candidatus_Solibacter. #\REJE. WA HAMEE. B8, SHEE/E. Acidomelania [
FXF A R E A HARR

RIITELETHIEMEMERKE T EZERRNHENFEE

Table 3 Relative abundance of major communities of soil microorganisms at genus level under different treatments/%

-B CK 1.74+0.20d 1.87+0.31c 1.70+0.19¢ 2.14+0.14b 1.63+0.14a 0.72+0.13c 0.90+0.08¢c
S 3.36+0.39% 3.3610.42a 2.26+0.25a 2.63%0.16a 1.56+0.19a 1.11+0.09b 1.19+0.19bc
2.18+0.04cd 2.0740.13bc 1.72+0.11c 1.56+0.18c 0.85+0.19b 1.21+0.11b 1.4740.22ab
+B CK 2.85+0.21ab 2.57+0.14b 2.12+0.11ab 1.89+0.16bc 1.4340.10a 1.3740.19b 0.92+0.10c
S 3.25+0.29ab 3.14+0.11a 2.23+0.15a 1.8440.17bc 1.58+0.35a 1.29+0.05b 1.3240.09ab
M 2.66+0.37bc 1.81+0.20c 1.75+0.19bc 0.59+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
b3 2F TP B THEBEY )8 Burkholderia- . S NE g E7E
Treatment Gemmatimonas Sphingomonas C-P Saitozyma Talaromyces Coniosporium Chaetomium
-B CK 0.76+0.08d 1.12+0.10b 0.66+0.15b 7.49+0.39ab 9.29+1.23ab 6.73+0.36a 4.50+1.39%bc
S 0.87+0.10cd 1.12+0.17b 1.56+0.22a 10.36+2.69ab 3.64+0.68b 5.13+3.14a 2.87+1.12¢
1.41+0.13a 0.95+0.06b 0.58+0.11b 8.04+3.28ab 9.63+4.33ab 4.50+0.67a 7.22+1.25b
+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 1.1740.16bc 1.1940.16ab 1.92+0.34a 13.04+2.95a 5.5040.48ab 9.09+6.32a 2.84+0.34c
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*
—— Ty Zu o
Trzﬁfent ﬁgrgilﬁ I\jl)%it@i?ﬁa Schlzothflum Cui?ui)r?lﬁa Striaticonidium Acidomelania
-B CK 7.60+2.28a 3.794£0.71b 0.12+0.10c 6.46x1.17a 0.44+0.10a 1.76+0.59b
S 5.33+0.62ab 7.51+2.62a 13.82+3.30a 1.20+0.26b 0.14+0.05a 1.39+0.18bc
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+0.78c 5.28+0.14ab 9.48+1.04b 1.15+0.25b 0.04+0.02a 3.56+0.64a
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M 4.06+1.53bc 5.68+2.31ab 0.69+0.19¢ 1.76x0.79b 0.06+0.02a 0.43£0.24c
OA 5.19* 3.84 83.42%** 21.00%** 1.03 16.62***
B 7.57* 0.38 3.3 6.63* 117 5.59*

OAXB 0.44 1.39 3.05 11.73** 1.02 6.57*

7 Note: Candidatus_S: Candidatus_Solibacter; Burkholderia-C-P: Burkholderia-Caballeronia-Paraburkholderia

2.4 TWEMREIN TN

KSR (9.14%) . EHEMICH (8%). RERACH (4.51%). FiBhAFFI4EE R
R (417%). iz (2.81%) NEZE_HIhEZ (B 4. I, FEfiE® (P<0.05)
BRI Thae (BREERRARUAN) BIIARXS FE 58, Bt AR M) TR i 35 PR T Bk AL & AR AN
VIO RE B AR S22 o AR LU E 3, 2F 38 5 AR W o I Tt 2 35 B AR T Bk Ak & AR Th e
AR F2 . SRR T7 22 0 T 66 R WY, A7 HLAZRL A0 A= W ot e 50 %8 40 A i /K A 45 DA R
e REww, HAVWEse Rl S 7 g R R EE (P<0.0D) 52m.,

KGR (17.28%). HYIHEIER (5.71%). FEJEAERE (4.24%). BN AERE (1.56%)
MBI (1.25%) AEZEREEIHEEREE (B 4. SXEML, RiEfiFr. FREsEy
JR R ¥ (P<0.05) BEAR T A A5 I B (0 AR X = B, 7 Pt = 3% 2 35 38 0 T 3 0 AR TR AN B )
o3 JE A T AEDG B o AR LU B ARE AT, AT 5 AR A o e S 3 0 T AR A0 P A T R B A JE
AR R, TR b SR, LS AR W R O e Y 2 BRI T 2 A B RN B9 i T AR S
FEo WRFE T Z AW REZY, AVDER L Th RSBS54 4 R SO FE A7)
P A R AR R 2 B S R, R R AR PN AR B R B SR B S5 R S AR A

o

X
s g © ® 2
= o 7 D
= 2 9.9/ F = 4.64* []-B gg 5 Foa=0.22 E 6.0rFy,=13.13** ﬁ - § 4.9| Foa=17.49%%*
§ g |Fe=1245 W+B 590 R =090 =2, ,|Fe=127 528 |Fe=329
T = 585 =5 S
& E 95 Fone=267 é § 6.7 Foaxs = 1.87 i\\ég Foaxs = 0.95 &2 §4-5 Foxg = 240
R = = o
T £ bc bcpe @ k=t aa aa aa 3’%54-8 aab ¢ c abbe T E =43l a
a§ S w278 < S8
=590 o 242 "] 340
£ CK S M £ CK S M i CK S M =z 3 CK S M
© Ab¥E Treatment < KbEE Treatment KbEE Treatment Kb Treatment
S 4L[Foa= 17827 E[%\c’ 90/ F,, =4.98* 8 4BrFya=12.13%* & 18rF,=78.40%** 4
S - e _ = - = _
2 36 Fg=7.91* it % 6ol Fe =025 E g x Fg=149 1= § 1ol Fa =337
2 |Fons= 1.90 g g FEAEB =130 g |Fonp=328 ;g s Foaxg =289
- o
F31la ¢ dne i 5 307 8 abp abl ﬁg %#26
526 : R e 5 ot el
®eOTek s M CK S M CK S M e CK S M
< AbHE Treatment AbFE Treatment AbHE Treatment KbFE Treatment
E) .
2 161F ,=16.42%%* g 211 Fy,=9.95%*
s 11|Fe=551* E S Fa=121
0 7| Fopnp= 6.55% S | Fop= 22.30%%
OAxB ~ O B OAxB :
® 5 a S= 7 a
5 b b = ©
Eoii_ibf-cc N'Eobb b &b
S "k s M <Pk s 0w
el

AbHE Treatment

KAbEE Treatment

4 ANV RE TR SR A MR R D RE R (A X R

Fig.4 The relative abundance of functional microbes of soil microbial community under different treatments
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FREFTIE B AT R T 22 A 1 3R AL, 32 R R HLAE — T T A8 hn 1398 b 2R 56 B8 T 1N
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