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B OE: [(FRIAARERERZORNLERT R AT E, DEEAKT S TFFA, KM
AW B A BRI LR MAE DB R RE A LR EREARNOEA. [BQ] HLLUER N TR
432 7 RAT R BIEHNAARG@EH SR, BELEMNR LEREAL TG A, [FiE]ddgd
TME OB HERAN TR LS HRAARFLIE @A Z R ELENN 0, RASHLE S
M B NAR R L3R IR F AT IR BHRAARF @A A DS R E 2B X, [4X]

ZHmERAANY). BAEFEFAANAALZ TN S ZA TR KAERAEYALE, M8 o 24
P45 %542 Chaol. ACE #= Shannon 423t B3 Fr3ghm; R 4L 22 85 RAR FRAL 2 tm i A2 11 KF &
¥ & B 11 (Proteobacteria) « X 4 B 11 (Actinobacteriota) . % & & 1 (Chloroflexi). B AT & I
(Acidobacteriota)% , H F Proteobacteria AA5F F E R &, KK A A (28.26%)>Y (26.74%)>YA
(22.61%); 2 ¥ F @ 7 & 2 HINAR R L3 F £ 0 & A (Gemmatimonadaceae) 2 % ¥ F K, & #+
(Nocardioidaceae) A8 5t F 44+ BB B 2 42 5 2| 4.06%A 2.43%, &I T F KA 42 AR LIER
¥ 0.1 B (Pseudomonas)F /& . % 1% 3 (P<0.05), R & B LA M AT B B (Microvirga) A8 5t F & 3%
TRAKF ARG EHEBANEBRE ZAFEEANGALIE, BT LEER. 25 AR
ML E LI G; WA (redundancy analysis, RDA)& B, 1 pH. & & #®AHF. & A47
5 5 RAR R 0 ) BE % 45 M LA 2 F A8 % M (P<0.05); Spearman A8 % M5 AT R B, ARFRB LI E A
AAxFFEL AR, 28, B, RHAWEREFIMBEEAX. [£4] ZwEHN AR
HHIEFHINFAH P B R G REAFE LKA GELE, DARSENRIFLE @E Z4AH. ¥

T IH - Ao mt R AR RE A B A1FT e 0 2 i % BT(KICX20200110 , KJCX20200426) ; At 5T £ K Ik 2% Bl H
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Effect of different treatments of Aspergillus niger agent on the
rhizosphere bacterial community and soil physicochemical
properties of watermelon

ZHAO Juan, LIU Ting*, ZHANG Taotao, DONG Dan, QIN Wentao, ZHANG Gaopeng

Institute of Plant Protection, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China

Abstract: [Background] In view of the serious soil borne diseases and deteriorative soil
physicochemical properties in protected cultivation of watermelon, we explored the effect of
microbial agent on rhizosphere microbial community and soil nutrients of watermelon.
[Objective] To study the effect of different treatments of Aspergillus niger agent on rhizosphere
bacterial diversity and community structure, as well as soil physicochemical properties of
watermelon. [Methods] Through high-throughput sequencing, we analyzed the effect of A.
niger agent inoculation alone (YY), amino oligosaccharin water aqua (root irrigation) alone (A) or
the combination of the two treatments (YA), on the rhizosphere soil bacterial diversity and
community structure of watermelon. Analytical chemistry methods were used to detect the soil
physicochemical properties and elucidate the main driving factors of their dynamic changes.
[Results] The bacterial a diversity indexes of Chao 1, ACE and Shannon indices increased in Y,
A, and YA treatments compared with those in the control. The dominant bacterial phyla in the
rhizosphere soil of watermelon consisted of Proteobacteria, Actinobacteriota, Chloroflexi, and
Acidobacteriota, among which, Proteobacteria was the most abundant, with relative abundance
in the order of A (28.26%)>Y (26.74%)>YA (22.61%). The relative abundance of
Gemmatimonadaceae and Nocardioidaceae increased to 4.06% and 2.43% in Y treatment,
respectively, while the relative abundance of Pseudomonas was obviously improved under A
treatment (P<0.05). The relative abundance of Microvirga rose in all the three different
treatments in comparison with that of the control. The content of soil total nitrogen, total
phosphorus, and available phosphorus significantly elevated in Y and YA treatments. RDA
suggested the significant correlation of bacterial community structure with soil pH, total
nitrogen, available phosphorus, and available potassium (P<0.05), and Spearman correlation
analysis suggested the significant or highly significant positive correlation of relative abundance
of Pseudomonadaceae with the total nitrogen, total phosphorus, available phosphorus, and
available potassium. [Conclusion] Application of 4. niger agent alone or in combination with
amino oligosaccharin water aqua in watermelon under protected cultivation can improve
bacterial diversity, abundance of beneficial bacteria, soil physicochemical properties, and soil
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fertility. The findings lay a basis for the development of microbial agent with A. niger and the

rational application in watermelon cultivation.

Keywords: Aspergillus niger agent; microbial diversity; high-throughput sequencing; soil fertility;

watermelon
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FRINER G HHAFTLL 6:4 B R HLIR G, &K
N 60%, A 250 g/42.

RBELTEMEZROKA, AR 1%, bt
HRE AL AR IR AT

PTG I et 36 10K, Jb 50 Bt 5 A
B FRA A

+ 3% DNA 425U £ (FastDNA® Spin Kit
for Soil), MP Biomedicals 7~ r] ; Ji& [BIKRFH &,
Thermo Fisher 3 7 . NanoDrop 2000 2841 A ILfi#%
HAEEE T, Thermo Fisher 22 H]; CHN JLH
S3HTiL, Elementar 23 w); 5 2 mH R &L L,
Sigma /A H]; PCR ¥ 344%, ABIZH]; HIKIY,
RS — VR A R A T 5 BRI RRAL,
Bio-Rad A,
1.2 it

I A2 T AL BT KOS X = JE B YK
PP, XIS BTG 4 21 R TAEAT A0 2
PENXSIR(CK) . FR A2 RGTCitE(Y) . LT
FOKFIRERL(A) R ] Ot + 2 SRR 2K
FIHEAR (YA) o PERFh PR HE WX T
BT, P — O BIRS AR Z M o PRt 5 750 Ot 7
VORI R AR FI I 4 g/PRHEA T, 2 B0 RK
F HE AR b 3 A A% R R A & SE R KGR
500 F5H BRI FERE 100 mL/ARIEAT . AEdAbHE
— MR, E 3 AELENX, BN 3
28, B 147 12 BRPUJR, ZEME]HE 60 cm, ZEB%E
50 cm, FRMEEE 50 cm, WARPTT. EZEET iGN
REFEAENIRIL, AL B,
1.3 #HERE

TEVE AR 45 d AR b B R R
HEAT VU AR B SRR i R AR, BBRHb R 5
POTGERAZE, g SR BMEE S %S,
KT BRI SRR BB S W LEER
FR B SR i o T AT R it 2 TE T TR 2% 4% S iz
I SEB IE 53 2 . — 13 T80 °C VKAt

7, AT A pE s Y s o —10 ARRT
1 0 i T - S FRALAE AR o
1.4 TIEBACMBRNE

- HERLAR A ST S 22 (AR AR AT )
A7, Hp 43 pH R A pH il E 3 H3ES K
FORFMT e, HESEIR SRR E
BRI - E ;. HIEA RS ERAPLR
EAIE T CHN JTR T GNE 5 TS
R R ARSE BT L £ vk o 58 A1 n] DL A ek T
e s 3 A0l ) KA BE T E
AR ] 0.5 mol/L BRFR S AN IR 1R -4 80
P AN A 5 T3 HUSCE R ] 1 mol/L R B i
P AR TR RETEI A s e S RS A
AR 2 mol/L S LR 3-4 B shift shik 534
B ARSI
1.5 REFTEAESEENFE S

¥ Ffl FastDNA® Spin Kit for Soil ¢ Fé i B
43 WA B - AR S S 4] DNA, il i
NanoDrop 2000 %5 b ] LG & 0 6 6 B ke
I DNA W JEFMAETE, R 1%30 505 BE kK H
Uk K O DNA JiT & . SR H 51 ¥ XF 338F
(5'-ACTCCTACGGGAGGCAGCAG-3") Fl 806R
(5'-GGACTACHVGGGTWTCTAAT-3') PCR #"
BN 16S rRNA FE[K v3-v4 a] 28 X 121 pCR
VAR ZR (20 uL): 5xFastPfu buffer 4 pL, dNTPs
(2.5 mmol/L) 2 uL, 1E. IA54¥I(5 pmol/L)4%
0.8 uL, FastPfu DNA F4A WS U/pL) 4 uL, A
Ht DNA 1 pL, ddH,O #MeE 20 uL. PCR KA 4%
. 95°C 3 min; 95°C30s, 50°C30s, 72°C
455, 3£ 30 MEFR; 72 °C 10 min, 2 EH%
i) PCR 774 el 1 2635 LE W R 25 B A PR
P47 Mlumina MiSeq FAHLIMF . 4R SCHER
JH QUME 1.9.1 #4743 #fr Al sid% i il USEARCH
Bt v TR FEAIAE. 97 % AR KR HEF 743
P ¥ T (operational taxonomic units, OTU)®E
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Forr, BIRRRT N IR 25 B
1.6 #HiEALIE

FIFH Mothur ZAEHr 4 ERET o ZHE0ESR
B, wiEWAFE R RS
F Ak BR43HT (principal co-ordinates analysis, PCoA)
RGN AN [7) Ak 20 T A s 4 ¥ 25 5 o 8L TUA 0
(redundancy analysis, RDA)FI Spearman #f 5 1
3 M B S A o A A T A A S I
FiEEASEME . (i Microsoft Excel 2007 15 SPSS
19.0 BRI AEAR A TN ZR T 2273 HT(ANOVA) .

2 ZERE54

2.1 EHEBETAELLSIES A NRIR LR
B R R0

AN TR A B 254 R P IR B 4 9 A0 8 5
£ 1 PoR, BIMEEROEY). 2R ZEK
FRITE R (A) B 2 i 25 T 7] 5 2 S S0 R K G it
(YA)AE PR AE S A [R] FE b 24 Ay + S BEAb v 5 o
HY AbER A R RS A A R O BRI 4R
i 28.1%M1 41.2%, A AP HIESA . SRR
R o B IR 36.5% . 18.5%7F1 28.2%, YA
SER AL . A AR AR IR
EHE R (P<0.05), A[EAbHEZ E] g S

AM pH LR E 25T [N YA ZEBR L 3EATHL
AL FR(P<0.05), it B 2B h 2 B 0] Fpoph A A a2
S SEME 2R KGR T it A 3L XA BB A ANk - S PR AL
PRI, B vE AR bR 3R T .
22 EHMEBETAELLGIES A NRIRLIE
2 B 25 M M RN R 5% 2B B RO =2 T
22.1 SBERENFHIERRFRAERE S S
i 16S rRNA BERY 1S 7 F , MAHTSE
12 A7 AR PR 4= 3 4% i v 3R 15 A 2807 4
837 618 7. OTU AL R BN, KW
5 513 DM OTU 43J& T 40 '] 137 44 328 H
496 Bl 889 J& . FiiBEHh £k (rarefaction curve) 2%
T LI P 2 55 R 05k 97% LA |, B P45 R e
% [ WY BT RE A A R VR I LS F R . R 2 15
A1, 3 AL FRAN PR S OTU U 300t BRI AT Firs in .
[FJF ik 3 ZHARS S X HRAH LG, dH1E o ZHEVETE
$0U1 Chaol . ACE F1 Shannon 2834 A6 F2 )5 14
e 2), (HARR EREH G227
222 IREFAEESEERRABMEEE
LA (A Ab PR VG JTCHR B - 358 240 P A s 2
WE 1 FR TAKCE B PR £ 2 AT R
I I(Proteobacteria) . JRZWI J(Actinobacteria). %

*1 BHEETAELEX A RPRTIRIE WM R

Table 1 Effect of different treatments of Aspergillus niger agent on the rhizosphere soil physicochemical
properties of watermelon
b AP o) U o HA AL SR BASA pH
Treatments Organic Total Total Total Available Available Nitrate Ammonium

matter nitrogen phosphorus  potassium  phosphorus  potassium nitrogen  nitrogen

(¢/ke) (g/ke) (gke) (gke) (mg/kg) (mg/kg) (mghkg)  (mg/kg)
CK 25.82+2.18b 0.96£0.06c 1.08+£0.09c 17.90+£1.96a 85.07+7.10b 196.90+12.16ab 1.06+0.18a 0.34+0.07b 7.63+0.59a
Y 23.35£1.75b 1.2340.07b  1.13+£0.06bc 16.38+1.70a 98.48+11.46b 177.00£13.80b 1.17+0.14a 0.48+0.09a 7.4440.52a

A 26.53£1.63b 1.31+0.08ab 1.28+0.13ab 18.53+1.55a 109.10+11.18a225.75+21.19a 1.02+0.13a 0.38+0.03ab 7.53+0.41a
YA 30.31+£2.22a 1.4440.12a 1.37+0.05a 19.47+1.62a 117.82+13.19a209.78+18.33a 1.00+0.04a 0.35+0.04b 7.51+0.62a
CK. Y. A, YA 7Rl fCaxt i SR EE R Ab B . R SEmE SR b . PR il 2 T R A L SEME R T AL . TC: AHLET;
TN: &% TP: 28f; TK: &8; AP: MR AK: HE; NOy -N: ffS%; NHy-N: SR, R8s -
HhRUEZE (n=3); [AIZVEUHR 5 AN [Rl/ING B R0R 26 53 1% (P<0.05)

CK, Y, A, YA represented the control, Aspergillus niger agent, amino oligosaccharin, Aspergillus niger and amino oligosaccharin,
respectively. TC: Total organic matter; TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium; AP: Available phosphorus;

AK: Available potassium; NO; -N: Nitrate nitrogen; NH, -N: Ammonium nitrogen. The values were meantstandard deviation
(n=3); Different lowercase letters in the same column indicated significant differences between samples (P<0.05).
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*2 EHEEFTRELENAETRRAE OTU HES o ZHMEHAIFI
Table 2 Effect of different treatments of Aspergillus niger agent on the rhizosphere soil bacterial OTU
numbers and alpha diversity indices of watermelon

b FR OTU %k Chaol #5%% ACE 455 BARITEL TR k£
Treatment OTU number Chaol index ACE index Shannon index  Simpson index Coverage (%)
CK 2998.67+280.82a 3 818.87+£332.13a 3 863.66+318.26a 6.72+0.23a 0.003+0.001a 97.20+0.20a
Y 3072.33+229.25a 4 110.74+111.21a 4 090.93+£174.09a 6.88+0.18a 0.003+0.001a 97.00+0.10a
A 3 129.00+106.06a 4 007.39+302.17a 3 998.71+£302.85a  6.79+0.20a 0.003+0.000a 97.10+0.20a
YA 3 121.67+£60.70a 4 049.18+83.66a 4 050.11+64.74a  6.89+0.15a 0.003+0.000a 97.10+0.00a

CK. Y. A, YAFERRFE 1; ROGAR T BEARMEZE (n=3); RIFIEHRIEAR/NG FBRIR 22 7 .3 (P<0.05)
Notes on CK, Y, A, YA were the same as Table 1; The values were meantstandard deviation (n=3); Different lowercase letters in
the same column indicated significant differences between samples (P<0.05).
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Figure 1 Bacterial community composition and relative abundance in the rhizosphere soil of watermelon
under different treatments of Aspergillus niger agent. A: Phylum level. B: Class level.
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LA )(Chloroflexi) . BRFFIA 1(Acidobacteria) . JEERE
W 1(Firmicutes)MZE BB 1(Gemmatimonadota),

it ik 86.01%87.23%. HrP AR SRR = h
Proteobacteria, £ I3A 3 dHACPRAAT &1 oK
TR A (28.26%)>Y (26.74%)>YA (22.61%), £54HIH]
2 AR 1A AFIAEIEPE JTARER LS540 i 1
) O I /e L e S S R A
(Alphaproteobacteria) . T2k E 4 (Actinobacteria)

V-2 T B N (Gammaproteobacteria) . 2 fAT 1 4

A
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Relative abundance at family level
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Relative abundance at genus level

2 RHEBEARIEFE IARFR S WE T FE

(Bacilli) . Vicinamibacteria X W& # i & 4
(Thermoleophilia) (] 1B),

PUTAR B3 3 B LS AR B R K 2
NN ERN Bacillaceae) . Vicinamibacteraceae .
2 U R Gemmatimonadaceae) . WAH AL HLE
W B} (Vitrosomonadaceae) . /)N PR B Bl
o Pt
(Xanthobacteraceae) 1 fi H Jfl & F
(Pseudomonadaceae)3 (1K 2A), —LE A FhHELE

(Micromonosporaceae) .

“CKsY=A=YA

A: BUROF. B: JEAKF. BB - (E+

PRUEZE (n=3); AEARIEN L5 AN R /INE T RER 7 X I DI S5 2 R 0T 2 88 1A ) Ak B2 22 53 B8 25 (P<<0.05)

Figure 2 Relative abundance of the top 10 rhizosphere soil bacteria of watermelon under different treatments
of Aspergillus niger agent. A: Family level. B: Genus level. The values were meantstandard deviation (n=3);
Different lowercase letters on the top of the bar indicated significant differences of the relative abundance of the
dominant bacteria among the samples (P<0.05).
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ANTF AL PR AR XS AR B 25 5, a0 Y b B
PR Gemmatimonadaceae 1 Nocardioidaceae
FRXS = 2 43 Sl A 0T BN 2.89% 1 0.79% ] it 42
3 4.06%H1 2.43%, A MBEARPR Bacillaceae
FAXF B AT RN 4.70% 42 3 #2551 8.57%,
Pseudomonadaceae M\ 0.08% 5 % # = 5] 3.72%
(P<0.05). 7EJmK¥ F2FETEE R (A)Ab PE 25 10
FF B8 8 (Bacillus) X 3 B0 FEMN 3.64% I8 3%
%] 7.61%, B JE (Pseudomonas) FH X
FREBXT RO 0.05% 2 E 5 F] 3.71%. [AlI}
K 3 HAPRAETE A F & (Microvirga) #H Xt
FEBXT A IS, T Amycolatopsis H
Xf = B B R A (&1 2B)
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B R R A
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Ap il ERERE B X2 JF , BIGERY B A Wi Vs
2H B2 A0 A AE I 3 25 57 (ANOSIM,  P=0.015).
3 21 Ab PP AR B 4 DV A AR AL B v, AN
RESE A X TF(E 3), &4 AC PR E S A AS I B A
X, AT RE - I RS ) o0 Al B B2 2R PR AN 2
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YR TE R AP 5 ER TR R (A 4). 2B
1o 2 i Slox 4 358 20 5 R 7% A2 1k 1 Al R 2y
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Figure 3  Community structure variance of the
rhizosphere soil bacteria of watermelon under
different treatments of Aspergillus niger agent based

on PCoA analysis.
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Figure 4 Redundancy analyses of rhizosphere
bacterial community structure and soil
physicochemical properties of watermelon under
different treatments of Aspergillus niger agent. TC:
Total organic matter; TN: Total nitrogen; TP: Total
phosphorus; TK: Total potassium; AP: Available
phosphorus; AK: Available potassium; NO; -N:
Nitrate nitrogen; NH,"-N: Ammonium nitrogen. The

same below.
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i) Spearman AHICHER I TEAS 13 R K
PR FEBERT 30 DUF AT 5 IR A BT A
K (KB 5. R ERW, ZF R EF
(Gemmatimonadaceae)5 4= (TK) & i 2 T A ¢
(r=—0.608, P=0.036), SEAZNH, -N)Z B FH

Spearman correlation heatmap at family level

TC TN TP TK AP

1E #1 5% (7=0.690, P=0.013) . & . J0 & Bl
(Pseudomonadaceae) 5 4% .(r=0.678, P=0.015) .

4 W (/=0.694, P=0.012) Fl 3 % B (r=0.615,
P=0.033)4 35 (EAHSG, 5 R0 S 0 0 3 (E A
X (=0.762, P=0.004) . 2K i# K K B #
(Nocardioidaceae) 5 ¥ & ‘A & o % 1FE M X
(r=0.690, P=0.013), 5 pH &M & & i AHx%
(r=—0.724, P=0.008). fFKFFF( Micrococcaceae)
5 pH £ BN K(=—0.668, P=0.018), ILHH
B A NS A AR R IR 2 B 2K

Solirubrobacteraceae l 0.5
Microscillaceae 0.0
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Norank o_norank ¢ TK10 -1.0
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Figure 5 Spearman correlation analysis of the dominant rhizosphere bacteria at family level and soil
physicochemical properties of watermelon. *: P<0.05; **: P<0.01.
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8 ¥ i & )& (Pseudomonas) . % % W )&
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PR LA PLR . A k. HAmE . B
IR = ey Nl £SO BB E e N R =
i, FY R ot 2 R R Pl e P B R S R T it
AL PR R s - R PRAR R BT | 4 i U AR PR
TN ) o 35707 BRI L AT M) - 45

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2478 (Hay/ES

=S|

e Microbiol. China

AR TS AR fE R, I 3T P A
Bt v A 5 B S B A TR Y A G, A
BRI 22 ML B =2 38425, S M R AL R 3
S Z T AL PR DM E AT, Horp 3
pH B A Ay 2 5 ) - 39 40 D A 5 5 0 1) I
O bRt FAEPIE SR, 4 pH R AL
T ke 5 e A - SRR A W VR A A S A
THEK BB EPE 5 pH Al SR 25
B S ANTARE I A2 A 2 AR R P
SRR R 41 B 7% 254 5 3R o A LB A
pH HA &AM

AR W R P 2 28 o B el -
R YIPEAR | Biih DI AE SR TG e | PRIER
B A o e 7 R . MR ARSI R E A
T A= W R RN S R K A AEZH & Ak B, IRAR A6
T AT A R R BT, B IR R
(Rhodanobacter) . ﬁﬁﬁ@?ﬁﬂ@%)ﬁ@phingomonas)
Wy = BEES I 2 =, BOXT SRR AL IR RO AR
Wy HAT B S A 5 R AN A A A RITHA
BT R ot T ) LA I LR 1 ) AR B s B 4
YRR RYZEAL T, Bz i 77 St FH sl 5 2 5L 58
B 2R e P P TR B - S A TR R 4 ), 4
P AR B A R 2R, BTN 4 40 1 A 2 A T
(Bacillus) . 8517 J& (Pseudomonas) &, i
53 VU AR B s A= Wy v s AEe B AR 1Y 7 ) &
JE& o AHOCT 5T 4 SR BE A% Oy 72 it T 1 AL 3L Ao
Mo Bt , I B o 8 it 5 150 M b 2 S 28
Wl R AE SR 7 i 1 RS2, DT Ay i e
POl e it R R S (A R0 AR

REFERENCES

(11 #I78, Koz, skunse, S0, X2, Jury s, ok
AR A E TG ol A 0 R P TG AR 3 TR
AR RS2 [J]. B E AR RO AR, 2022, 30(2):
248-257.

CHANG FJ, ZHANG GY, ZHANG LP, LU BB, LIU Z,
FAN QL, YAO Z. Effects of biological fumigation

(3]

(7]

combined with microbial agents on fungi community
structure in continuous watermelon cropping soil[J].
Chinese Journal of Eco-Agriculture, 2022, 30(2):
248-257 (in Chinese).

LAROUSSE M, RANCUREL C, SYSKA C, PALERO F,
ETIENNE C, INDUSTRI B, NESME X, BARDIN M,
GALIANA E. Tomato root microbiota and Phytophthora
parasitica-associated disease[J]. Microbiome, 2017, 5(1):
56.

LY, SZ8kAm, JUIRDY, SKZ%E, EiRl, SBHIHE, i
U, TSI, A, AS TR RA P 0 700 X 24 01 A K M
WRPR L AE Y AIR 73 B (D). TS PR AR o4,
2017, 23(3): 511-519.

ZHU Y, PENG YN, GONG XF, ZHANG J, WANG ZY,
GUO ZX, MA KY, ZHOU JP, YANG H. Effects of
different microbial agents on growth of Angelica sinensis
and microorganism population and nutrients of
rhizosphere soil[J]. Chinese Journal of Applied and
Environmental Biology, 2017, 23(3): 511-519 (in
Chinese).

B, RS, FEE, K, PERAE. BTy
W58 5 55 M BRI A W e VR S A RN 2 AR (],
2019, 51(1): 51-60.

ZHAO F, ZHAO MZ, WANG Y, GUAN L, PANG FH.
Microbial community structures and diversities in
strawberry rhizosphere soils based on high-throughput
sequencing[J]. Soils, 2019, 51(1): 51-60 (in Chinese).
hEE, wiEiE, XIMESE, RIS, RN, JERGR,
BUIRAE, ARIK L. AR T R0 i P X S50t At AR B 1
BEFR A T TR I Z REVE R SE m [T]. A 4l AR,
2020, 47(1): 140-150.

MA HY, HUANG YY, LIU SY, XU BX, HUANG YL,
FAN FC, JIA ZH, SONG SS. Effects of microbial agents
on nutrient and bacterial community diversity in
rhizosphere soil of eggplant cultivated in facilities[J].
Microbiology China, 2020, 47(1): 140-150 (in Chinese).
KU, T, BRbo, MRS, SR, BFER T
JBE A TR TR R A A AR B B AR s - S
AP AP A [T]. H 3, 2019, 51(3): 477-487.
SONG YL, YU J, CHEN SG, XIAO CZ, LI YH, SU XR,
DING FJ. Effects of complex microbial agent on cotton
physiological  characteristics, microorganism and
physicochemical properties in rhizosphere soil[J]. Soils,
2019, 51(3): 477-487 (in Chinese).

LEE SI, LEE KJ, CHUN HH, HA S, GWAK HJ, KIM
HM, LEE JH, CHOI HJ, KIM HH, SHIN TS, PARK HW,
KIM JC. Process development of oxalic acid production
in submerged culture of Aspergillus niger F22 and its

biocontrol efficacy against the root-knot nematode

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AU A T 25 7R A () Ak TG 74 TR B 4 T A B S BEAL PE oit FR) R i 2479

Meloidogyne incognita[J]. Bioprocess and Biosystems
Engineering, 2018, 41(3): 345-352.

[8] sK¥E¥, S, BIB, 2Kk, XIE. MARUZEYI AL
FRVHR A W A X 7 JICAR 25 2 i i B VA RO [T]. R e
AN R, 2022, 2022(5): 50-53.
ZHANG TT, DONG D, ZHAO J, L1 YD, LIU T. Control
effects of two bio-nematicides combined with fosthiazate

disease[J].
Heilongjiang Agricultural Sciences, 2022, 2022(5):
50-53 (in Chinese).

(9] FREHIR, BEIRZ. WUEYFSRRAORM]. PE: (i
P 43 Hi ik, 2000.

CHENG LJ, XUE QH. Experimental Techniques of
Microbiology[M]. Xi’an: World Publishing Corporation,
2000 (in Chinese).

[10] #1-+ H. +HeRMAHTML. 3 B, Jbat: o E RO H
#t, 2000.

BAO SD. Soil and Agricultural Chemistry Analysis[M].
3rd ed. Beijing: China Agriculture Press, 2000 (in
Chinese).

[[1]MORI H, MARUYAMA F, KATO H, TOYODA A,
DOZONO A, OHTSUBO Y, NAGATA Y, FUITYAMA
A, TSUDA M, KUROKAWA K. Design and

experimental application of a novel non-degenerate

on watermelon root knot nematode

universal primer set that amplifies prokaryotic 16S rRNA
genes with a low possibility to amplify eukaryotic rRNA
genes[J]. DNA Research, 2014, 21(2): 217-227.

[12] XU N, TAN GC, WANG HY, GAI XP. Effect of biochar
additions to soil on nitrogen leaching, microbial biomass
and bacterial community structure[J]. European Journal
of Soil Biology, 2016, 74: 1-8.

[13] HOU DD, WANG RZ, GAO XY, WANG K, LIN Z, GE
J, LIU T, WEI S, CHEN WK, XIE RH, YANG XE, LU
LL, TIAN SK. Cultivar-specific response of bacterial
community to cadmium contamination in the rhizosphere
of rice (Oryza sativa L.)[J]. Environmental Pollution,
2018, 241: 63-73.

[14] ZHENG Y, CHEN F, WANG M. Use of Bacillus-based
biocontrol agents for promoting plant growth and
health[M]//Bacteria in Agrobiology:
Management. Berlin, Heidelberg:
Heidelberg, 2012: 243-258.

[15] H %, e, Sebd 72, skEIF, AEF, &k, £
K, BRI, G TR Y TR B S SR A T
IR [J]. A PR, 2016, 43(2): 301-309.
XIAO R, SUN HF, NIE YJ, ZHANG CF, DENG S,
MENG YP, WANG JB, CAO QF. Effect of complex

microbial agent on the soil bacterial communities in

Disease
Springer Berlin

apple replanted orchard[J]. Microbiology China, 2016,
43(2): 301-309 (in Chinese).

[16] REL, EXHF, #hik, FAE, LM JRTERR

-5 Mt e P TR T TR FHT 77 3 /N2 1 s 8 it 2 204 R ).
A2, 2022, 61(6): 449-452, 464.
WU YX, WANG YJ, HAN S, LI QS, KONG LX. Effect
of reduced application of pesticides during the control of
wheat powdery mildew by mixed use of
amino-oligosaccharins and pyraclostrobin[J].
Agrochemicals, 2022, 61(6): 449-452, 464 (in Chinese).

[17] ZEHik, 36Me, T 222, MR, SRS, £22. 5%

BALSEE R AL POR B ZR T )], T EARAE,
2016, 43(3): 15-18, 21.
YUAN XL, LI MH, YU SS, CUI YH, ZHANG YB,
WANG L. Cotton resistance induced by 5% amino-
oligosaccharin to Fusarium wilt and Verticillium wilt[J].
China Cotton, 2016, 43(3): 15-18, 21 (in Chinese).

[I8] TAN L, GU SS, LI S, REN ZH, DENG Y, LIU ZH,
GONG ZH, XIAO WJ, HU QL. Responses of microbial
communities and interaction networks to different
management practices in tea plantation soils[J].
Sustainability, 2019, 11(16): 4428.

[19] DEANGELIS KM, BRODIE EL, DESANTIS TZ,
ANDERSEN GL, LINDOW SE, FIRESTONE MK.
Selective progressive response of soil microbial
community to wild oat roots[J]. The ISME Journal, 2009,
3(2): 168-178.

[20] RING E, HOGBOM L, JANSSON G. Effects of previous
nitrogen fertilization on soil-solution chemistry after
final felling and soil scarification at two nitrogen-limited
forest sites[J]. Canadian Journal of Forest Research,
2013, 43(4): 396-404.

[21] TAO CY, LI R, XIONG W, SHEN ZZ, LIU SS, WANG
BB, RUAN YZ, GEISEN S, SHEN QR, KOWALCHUK
GA. Bio-organic fertilizers stimulate indigenous soil
Pseudomonas populations to enhance plant disease
suppression[J]. Microbiome, 2020, 8(1): 137.

(221 WA=05, s, LIERUEYITER Y 345 3% 0 h A
FAT). 4752441, 2015, 35(20): 6584-6591.

SHEN RF, ZHAO XQ. Role of soil microbes in the
acquisition of nutrients by plants[J]. Acta Ecologica
Sinica, 2015, 35(20): 6584-6591 (in Chinese).

(23] M Jut, Wbk, BOSOH, A5 RRORE N
A7 el b STl A W RV A5 F S D BE RS AL RO SE A D). AR
2#4, 2022, 36(1): 190-200.

XIAO LT, YANG HL, HUANG WX, FU XQ. Effects of
grass cultivation on soil microbial community structure

and functional characteristics in Nanfeng tangerine

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2480 WAEY

e Microbiol. China

orchard[J]. Journal of Nuclear Agricultural Sciences,
2022, 36(1): 190-200 (in Chinese).

[24] DELGADO-BAQUERIZO M, REICH PB, KHACHANE

AN, CAMPBELL CD, THOMAS N, FREITAG TE,
ABU AL-SOUD W, SORENSEN S, BARDGETT RD,
SINGH BK. It is elemental: soil nutrient stoichiometry
drives bacterial diversity[J]. Environmental

Microbiology, 2017, 19(3): 1176-1188.

[25] fal E 52, B, B, BRm4x, #7r. SPRZMG

HbER T W Gl RIS 5 ISR AT 0], R
W, 2022, 49(3): 911-923.
HE YS, HE TH, ZHAO MT, CHEN XQ, CUI Q.
Microbial communities and soil conditions in the salt
marshes of Ordos platform[J]. Microbiology China, 2022,
49(3): 911-923 (in Chinese).

[26] ARFiiof, XM, FHEm, whikdl, Hbs, 2k W

TN [) A 35 R AR B b 8 A B 7 2 AR 1 5 PR I 1
M 5E[I]. FEHLEHR, 2020, 28(3): 652-660.

ZHU RF, LIU JL, WANG JL, HAN WB, SHEN ZB, LI
D. Study on bacterial community diversity and
environmental factors in  rhizosphere soil of
Leymuschinensis[J]. Acta Agrestia Sinica, 2020, 28(3):
652-660 (in Chinese).

7] bk, 25, BRfE, BRES, wmades, MU, sieRil,

SO, R 75 o W 0 et DA AT L S 200 T AV

TEFZ ], E SRR, 2018(3): 161-167.

LIN YC, L1 Y, CHEN W, CHEN Y, GAO WC, HE FM,
HUANG HG, PAN WI. Effects of green manures on the
bacterial community characteristics of the rhizosphere
soil in flue-cured tobacco[J]. Soil and Fertilizer Sciences
in China, 2018(3): 161-167 (in Chinese).

[28] fRiEse, skRUtE, 288, F50F, FRak. M

W E AR PR HCE YR R R R R )], TR X,
2021, 38(6): 1741-1749.

XU JL, ZHANG FH, LI BB, WANG JP, CHENG ZB.
Effect of fertilization on the characteristics of soil
microbial community in the rhizosphere of Cyperus
esculentus in the sandy area of Xinjiang[J]. Arid Zone
Research, 2021, 38(6): 1741-1749 (in Chinese).

[20] Mniedw, S+, FIER, R, PREIL, sk, JiE, A8

&, B, B, (ISCHE, S, mte. AR YHER
SR IR R NE L At X 3 2E 39 T AL o A A
YIREE R [I]. SRR 2019(1): 151-158.
LIU XL, QI Z, YAN Z, XU M, CHEN JS, ZHANG ML,
LUO J, XIONG R, CHENG Y, LI Y, HE WY, LI P,
TANG H. Effects of compound microbial fertilizer and
amino acid water-soluble fertilizer on physic-chemical
properties and microbial community structures in banana
soil[J]. Soil and Fertilizer Sciences in China, 2019(1):
151-158 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



