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Effects of Different Types of Straw Returning on Bacterial Diversity and Community

Structure in Dryland Red Soil

LUAN Lu'?, ZHENG Jie?, CHENG Menghua®, HU Kaijie*, KONG Peijun'?, JIANG Yuji'", SUN Bo'

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 College of Life Science, Nanjing
Normal University, Nanjing 210023, China)

Abstract: The purpose of this study was to investigate the effects of different types of straw returning on the microbial
community structure in a dryland red soil. The field experiment was conducted with different types of straw returning in corn
mono-cropping system at the National Agro-Ecosystem Observation and Research Station in Yingtan. The sequencing of 16S
rRNA gene was used to investigate the effects of different types of straw returning on the diversity and structure of soil bacteria
community. The results showed that: 1) the straw returning treatments (NPKS, NPKSM and NPKB) significantly promoted soil
fertility, with the highest effects under the NPKSM treatment (straw plus pig manure) ; 2) the straw returning treatments
significantly increased the bacterial diversity compared to the chemical fertilization treatment; and 3) soil available phosphorus
and organic carbon were the two most important predictors of the bacterial diversity, while available potassium, pH, total
phosphorus and total nitrogen were the significant predictors of the bacterial community structure. The results provide the
scientific basis for the synergistic improvement of biological functions and soil health in agricultural ecosystem from the
perspective of promoting soil fertility and microbial diversity.

Key words: Dryland red soil; Straw returning; Bacterial diversity; Bacterial community structure
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A FC it REAEAR KRR E b s 145 M | 4R T - HEAD
Ji. HOMAEYIZRENE | GR REREY REAF EHEE
FFIRS A1 2 Alads TH BER $7 o S OROK BE JT , 39 Jn -8
A7 BB 5 e Al L 4 P R AR TE R0,
W R T R AN RIS A T A o 7 AT A 15 T

TR RAO A S R G R AN, 2
5T ZMESRGEIRE, GFAYERMR . JSTRIE,
Rt AR R AR 1 A Y
P S0 T RE T B IR A R G REA WA,
1914012 55 A 25 T RE ) ) o 800 Dk /0 3 O R i Y
FeR, S A Z REVEID | REAT iR R ) B AR
7 ke AE My 22 R O 384 i U A Bl T 4 - R A 25
ek LIERHAE Y IR AL IR X ALY
BHE M EUE, FE R 2R | RS
R, L) RE I M AR 2 2 R mT e
1 SR Rl A W) 2 FEE R B AR AL AR S R G
LA B Al A 1 F B AR AR DG TARSFRIE
XA Y Z2 RN B O A RIS, (0 SRy
XA AL AT i 7 3 A — 2, TS AT B 4 BT RE
i L A Wi A, AT AL FBCTE AT HLAL REHE 5 £
e ACIIBE ST , FEATAE M o i T e P D A W A
BE S, R YREE N AR A U

TEARIXI, e HIELRAEYI 0T, Lo
A PR RS AR E Oy =X A S [ 121, 3T g
5 R HERRAC ) BA SN OC R X T AL B
MR, i TR B IRETCARIERY), REFE
PR ol A ) Z2 A P LA B A 25 DD RE R B AT B, (B2 7
IR TR BT, FEAT I U AT REAR A i -
E 2RI R R TR AR S e  FRIE R 2T
R B | WUEM Z R H I REZEL, T E R 2
TR TR VR R RS BT BT Kk, e
$ 2 TR 0 8 A 25 T R LA B 2 £ e (X R e i
TR E A S L e BAW N EERNE L T, A
(I ERa PO AU EREAR R RSV 4= NibEAR: IR P& NEIl
i 7 A BAY I AR, DIRT . OAFFSFF IS
F 5 X 203 S 0 B8 A AL s AN RS AT 1 75X
T LLSEAN TR AL B RV A AR R s LU 2 E
PR R 5 FA 1) S B AR 2l PR 1, AT A 88 e A T A 2
R Y82 I RENE MR B - S FRE SR AR AR A

1 #MRERE

1.1 RIS LR
R W I8 TV 7 44 R Tl v R 24 B 41 4 A=

B (116°55'E, 28°13'N), Hog il #ully = K<,
i, AFEHFEIKE 1795 mm, 4EHJE 17.8 C. Rk
BT 2010 4F, KK/NXEAR 100 m*(5 m x 20 m).
R R R F H A L2055+ 0 B A i i & ik
+, HIF AR R B SRR, RHERRERE . 3R
T APUR A RN, PHE 73S it (CEC) K, HEik
FJZ IO ~ 20 co) AT . A MK 2.52 g/kg,
4 0.40 glkg, W 0.23 g/kg, 48P 11.95 g/kg,
A 38.30 mg/kg, AR 0.76 mg/kg, LA 47.58
mg/kg, ZERUA 135.38 mg/kg, CEC 12.12 cmol/kg,
pH 4.73,
1.2 IR

AW E 6 FFSFFIEH . O [
(Ref), ANiEAEARFHL; @XFHR(CK), AL, Fil
EYr ;s QFBHHI(NPK), Jiti AR LIE; @R B
+iFFIE FH(NPKS), i H A B HLIE, FL AR5 FFia i
O Z B +FE5 FF /45 FEBLE(NPKSM), it FH 2 87 1k
B, FEFE 3T 9 ¢ L BRI ARG ; @R
B HA-+FSFF A2 0 T 5 (NPKB), it U4 AL I RS A1 2E
YR (FEAEY BN 450 C T ERE b8 TS F1 1M
). B Ref AbFEAN, HARAALHIFFE AT F K,
TAE 4 HAE, 7 AMGK, HLFOREFN IR E 24,
AL PRI RENLIX L HES , BAALH 3 Ik E R FEFFid
M 4L F(NPKS . NPKSM Fil NPKB) % FH A 14
C 1 000 kg/hm?®, H:ff NPKS AbBRAEFFH&E N 2.51
t/hm*; NPKSM AbHAEFF N 2.26 thm®, F7EH
T4 0.31 t/hm®; NPKB Ab BEFE A1 A 9 I e F A 2.42
t/hm?, [ Ref Al CK AbFHAN, HAAb FEAL AL jitE FH Ht 35
J: JRZE N 150 kg/hm?, F5EEWEAR P,Os 75 kg/hm?
FALAT K0 60 kg/hm®, ZUBE AL IE T4 Fh T — vtk
JEA o FRFEFF | FEFERN TSR A TR 500 5
mzE 1 fs.
£ EREH. BENEREAENRREERHGR

Table 1 Main nutrient contents of straw, pig manure and biochar

kL RS 2R 4T il
(gkg)  (gke)  (gkg)  (g/keg)

FORFEFT 397.82  10.55 0.80 14.94
b 325.09 5272 8.94 5.38
FAFEFF AW Ak 413.19  17.45 1.83 14.46

1.3 H@REERSHAZE

2019 4F-F T KRIGGK G H S BURBEL 4 10 MEEA
RAE 0~ 20 cm FRJZ LIERES, IRES)E U
B 600 g -4, —&B KA J5 F 000 -t i e,
— AT EEREARATAE 80 "CUKAS FH T E - S9 4n i
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%55 ZEBRAE . OR[RIREFFIA M5 200 S 23N B8 22 R BBV 25 S i) 993
5 ZFEVE WHEM “vegan” ., FIH R IEFHEFH

+3¢ pH SR A HAEI Y, A LR (SOC) K
FH A% TR A LTI , 25U (TN)R FH LG 2 vk
E, WE(TP)R I m s IR FR IR I —FH B BT L k]
FE, AU (AP)R P B R S M BR—EH AL LU (5]
FE, HAUE(AK)ZR F B o3 O BE VR D E
1.4 16SrRNA EESHEENF

- HERE T DNA e IR -3 5L 41 DNA $2 G
& (MoBio Laboratories, Inc., CA, USA)AARIEL TR iE
17HEHC. i Nano Drop 23664 A DNA B
. AR E S Y 515F(5-GTGCC
AGCMGCCGCGGTAA-3") Fll 907R(5-CCGTCAATT
CCTTTGAGTTT-3") ¥ B4 474 16S rRNA FE[H 1) V4 ~
V5 X, S15F 59850 & A R s R AR i bR 4% .
PCR JWIRA (20 pl)yfd % 5 x FastPfu Z2 0PI 4 pl,
iE . RIS ¥ (10 umol/L)4 025 ul, dNTP(Q2.5
mmol/L)2 pl, 10 ng i DNA Fl FastPfu R & i
0.4 pl, #hzli/k 2 20 pl. PCR W £514: 95 °C 5 min,
94 °C 30s, 55°C30s, 72 C 45s, 120 MEH,
72 °C 10 min, JEUEIAY T, DLISFEEIRIRE A
TERAAE, SRJ57E Tllumina MiSeq “F- 15 (Illumina
Inc., San Diego, CA) I #4732 il £ A 2 18 = e

X JEUAR e 2 AT B O, JFHTH Quantitative
Insights into Microbial Ecology(QIIME)ifi F£(v1.9.1)i
30T KRR T 20, KEE/NT 200 bp (751 2%
B, AR S AR P U L B AN R AORE S, I
B HAY BRI AN 16S rRNA FEPR Y ph S b o fifi A
Usearch B4 18 97% FUFHALIE X 934 T 3R 2801
EERE G, FRIEHFES R AR OTU,
A OTU BE#F F R m P IE M IRF S, JFiEsE
SILVA119 Bdis PEXHCRIF I HA TR TR, R T IE
BEANIRIRE a0 2R W T A R i B P 0 e — 1 31
AH A 25 %0, AT QIME 4 iy iy & “ alpha_
diversity.py 1153 4 & Alpha Z#:4(Richness .Chaol
ACE. Shannon),
1.5 HESH

Bds 22 7 WE AT R T 22 70 Hri2: (ANOVA)
1 Turkey 7% 5T Bray-Curtis 25 AR 5 245 R
J£ 53§ (NMDS) F1 5 2 73 #7 (helust) HI LA R AL T 7% 25
225, B IT )T 2253 HT(PERMANOVA) H LA 5
HETE 4500 22 5 09 25 1k o URUAH G 43 AT (canonical
correlation analysis, CCA)M LLEAFAN R FETE 450 5
ISR A DG o B ZR ARAE DG 43 F AR AR 20 TR
TR ZREME S IR IR T A G o LA LA Hr i R

“randomForest” #E17 Pl HL AR PR U 4G 4, 725 40
“rfUtilities” Fll “rfPermute” 73 SIS I B0 & L &
AR P .

2 HBREHSH

21 ARBEFEHAXTLELFERTK
AFREFHAH T, Br CK A3+ 4 pH i
FRTHABACHSL, Hopbib P2 7] -4 pH JC & &M
258 1, P>0.05), FEFFEH R ER S T 11 SOC
ik, Hob NPKB 40P 25 F NPK 4hBE, SOC &
B ETHT 1.96 f5. H3E SOC &K N NPKB >
NPKSM > NPKS > NPK > CK > Ref, NPKB Ab## fi 2
Pem 7 HHE TN R AK &8, 4053 CK b3 T
1.62 fi5F1 2.42 £5, +HE TN FI AK M RARK N
NPKSM > NPKB > NPKS > NPK > CK > Ref,
NPKSM AbHE R 45w T 58 TP 1 AP &, 433
B CK AbFEE R T 2.94 151 36.68 £, TP il AP (1)
MR NPKSM > NPK > NPKB > NPKS > CK >
Ref,
22 ARABEFEHAXTIEARSHEETK
TR K B RS AT X B S B o T RN R £
FEPE(E 2, P<0.05). NPKSM. NPKB 2 NPKS #b3i
T A Richness 1 Shannon ZFEHEFE U 2 5 F NPK |
CK J% Ref 4bF, NPKSM HI NPKB #bB () Chaol I
ACE 18%0 35 T H AL FE, Wi Ref 4bHHAY Chaol
F1 ACE #5550 Ik T H A AL 3, CK Al NPK Ab3fY
Chaol Fil ACE #8#( L EME2E R HY B EMT
NPKS 4b B,
23 AREBEFEHAXTLEARBEZLEHTH
55T Bray-Curtis FEEJAE 41 NMDS 43 Hr FIER2E
SIHTEE AR, G DA R IE 250 BEAS A 1 7 X 2
For5(K 3, P<0.05), Hrf Ref 435 CK ZbFERY
Y B R 45 4 5 H A A LI 25 70 57 (P<0.05) . NPK Al
NPKB 4b B HETE AU =, NPKS I NPKSM 4b
PR BEVE A ME RS R . {5 NPK, NPKB., NPKS Al
NPKSM 4b 3 2 [i] iy #f 7% 45 #4 G 1o 35 1 22 = (P>
0.05).
24 TERBEREMNAESEMERIIE
IR FRAHAE IR, AP, SOC, TP, AK
F TN 3495 4 A 402 5 35 TEAH G (P<0.01,
Kl 4), BEPLARMA AL TN 25 LB, AP, SOC Al TN
J& AN B Richness 5501 =220 [F 2 (P<0.05)
200512 AP, SOC Al TN HU{ERF, Richness $§
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Fig. 1 Chemical properties of dryland red soil under different types of straw returning
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Fig. 2 Alpha diversity indexes of dryland red soil under different types of straw returning
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Fig. 3 Nonmetric multidimensional scaling (NMDS) analysis and cluster analysis based on Bray-Curtis distance

P72 10.69. 8.21. 8.07 F1 7.34,
25 TEREREXHEEEAMNR N
CCA T Ha 5 e 5% PR 28 X 4 B v 45 44 1Y)

(P<0.05), 23 AP, SOC #1 AK, Chaol #5347
FZAyHHEINT 10.08, 7.54 1 8.29, AP il SOC &5
M4 PE Shannon FE4LAY FEZH K (P<0.05), Ais AP
F1 SOC J&, Shannon F8EAH4 5 2240 8N T 10.11

20 (& 5). Ref Al CK Ab B A HETE 28546 43 1) 5 HAth Ak
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NPKSM Ab B2 [0] (V& 25 A0 TC i 5 R 25 5 0 A
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Fig. 4 Effects of soil chemical properties on bacterial diversity based on Pearson correlation analysis and Random Forest model
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Fig. 5 Canonical correlation analysis (CCA) of bacterial community and soil chemical properties
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