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(1. HEA BB AT 50 RREe & s, JEat 100081 ;
2. IWAREMWE LN E AN Futs, WK MG 264001 )

EA

 E: WSO ST SRR L A SRR AR A AR DX [ R VR A5 R ST R R el e S, DA K
AEPRAE R IR (CK ), P T Wit ¥ J32 2 50 me/L 972 S 05 (CSOS) FEF4ESEml (COS), FI w3l i 5 4
A, BIFFE 9 [ U R D S M AL B e 2 REVE AT RRAE 3T 2 Fh SRR X - HEBRAL E FOR A A e R AR BRI
(1) 5 CKAHEL, CSOS 4bFR1e AR E I8 ( Bradyrhizobium ) . BWHEREE (Vitreoscilla ) . A E A F M E)E
(Azohydromonas ) . Bl AIRNIE (Azospirillum ) . P IEEIE ( Pseudomonas ) . JHBEIE ( Calothriz ) F1H 2% 58 [L TR
& (Frankia ), AHX I B840 10.99% . 45.63% . 29.88%. 23.24%. 181.13%. 27.75% F136.61%., COS
AbPRIE IR R (Azospirillum ) . "PAEHIEHE (Sinorhizobium ) FEHEJE ( Calothrix ) FHXT = 5 2E B4 N5
86.12% . 664.41% F1277.97%. (2) 5 CK Lk, CSOS AbHLE E4E e H b &/ M S/ S i, P51k
15.50% #1120.19%. COS b3R5 34 m - erh A . WS A MEER, 40018 17.05% . 18.68% F127.58%; IL4h,
CSOS Fl COS AbFAHE: T CK, 48 pH ¥ W3 TR, 4351 FFE T 0.08 F10.06. (3) CSOS FI COS A3 b 44
AT, AR 19.3% F122.0%. B, I WS iGase S mar g si i, af DA A6 AR AR IX - AN [ U R 1

AR =EBERIE ] IR BRI 7 (R SERMEER ), R BB L

KGR SUIEME; APUESERE; MR e R

14 (Arachis hypogaea L. ) JE—FpE 2 1) SRk
WEMEY, &AFERM, &Aook ISy,
XAy A2 R A S X RS
Pgrh, A MR 2 RN A R ) B2 X
Herb E R B [ E A R E AR, AEARER
e SR Y 4R 1 R URE Sy, e R ELRHE P Y A
RE, R R T R, B
A REE A A T S S B e R 2
R LT A o SR R T E ) AT H
B SRR R BN . PR . 4R
re TSGR P i B VE ], e B AR T
IR R SRV BRIV A 7 v
A A s SR R Bk AULT BRAC R R B
e s B R RN, B e K 4R
YEW S BT 5 AR UM A e 08 5T 5 A ) e T

KRB 2023-07-17; FHAHE: 2023-08-21

EEWA: FERE2EGERHL O TR (CAAS-ZDRW202201 ) ;
AT =R A& 5T (2017YFD0300410-02 ),

EE/ N 2BR (1996-), Wi-LRFFEA, BF7805 A i YR+
ARG I . E—mail: 15650090557@163.com.

EifEE: BE%%E, E-mail: lvguohua@caas.cn,
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PR B T BRI, SEEEME AT LA
YA UAARPRCEY) . St AT
FEE , FEFEME T LARCE B P T i AR )
X HEP Y SR M S3Ah, SEsEmE T
VEN ARG, i 2 SHEYEER (55 et
MPERET, mARERY L Y
Bl 2 BRI T A 2 F i B K R AT AR B
oy FERI R . TR R R
KEEI MR IEFEEEMER > 0, o >
WESE R B, £F AESEM TT LAY Ik Wy R VR 45
My, SRR s, WA EREE. 55,
EFUAESENEA A T AR W 20 R A T LA otk
TR M AR PR A, AR RS B
] IS AR R R R, I AN G Rk,
TEMAR A 7 ol B R BRI, m& ™
BEUUL SERERE Y L R SR R A
Wyrrie, HANRIZENE UN5E S AT 4R SRR X -+ S ]
RIS A R THE— P RAIE . fa7Roe st
BEFNET2E SRS LA AR P - 38 8 200 2R RV
SER R MR 2 S SO AR A AR R IR, A7 B T IE
B RIS, SR S A 1A
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TF A AHE) ™ B HIF AT B B AR
1 #REFZE

1.1 36 5 A )

AR b o5 R A s T SRV PR BE £ A i 0 A
Hi (40°10° N, 116°92" E ), ZIX 435 o Ry 3 1,
J& T Ry PR I Bl =g, ARk H i fE A
nn R AL 8 5. STEEMERAE N3 ~ 7, Fa
TN 1159; SFHFHENREGEN2 ~ 6, 51
Tk 827, ARFEUREIL AT A0 25 5L 2 Fh SRk
FER A 50 mg/Lo et HIESLACRRE WL 1,

F 1RGSR+ B A

44 - H WMAHE O ESHE AxEE
" (%) (mgkg) (mgkg) (mgkg) (mgkg)
Bt 811 013 13.64 49.11 14.69 175.82

1.2 Rt

ARG R U . it JE 4% Feh— B LA T 1 ]
ek, R EWEK (CK) . 5o3E4E (CSOS) FLf
HEZEHE (COS) 3 A~ Ab B A8 A= 16 o i 1k 47 8% it
BACIE 3 ER, BN, & EBERG
JE, PNXTEA 15m x 0.8m=12m’, FFMIREY
A3 em, ZEIE 80 em, Z&7E 10 em, ZE1H 7% 50 cm,
28 F/NATEE 30 em. 7CHE 20 em. JE it &2 A IR K
(N=P,0,-K,0: 15-15-15) 500 kg/hm’, R it 505
b (F2), ANHEATHAMAAREARLE, FH 5K
Wit 5 2R 2 d SREEAEAEMR X L3RRS, A8
HI R e R . SR i 3 2,

2 AR

AR Jit s 1] Tt 175 =X LS
(mg/L)
FAEH 2021-05-18 - it 50
2021-05-26 - it 50
2021-06-03 A TG 50
TEH 2021-06-28 i 50
2021-07-06 - T P 50
e A 3 AN L] 3 L SERRA T

1.3 RS CRAR SRR E

TG 5 YR IEE 2 d R IERES, BT
AL AEA IR 3 9%, Sebnah fe A4 M AR R g 35,
FAEATERE, /INODBR AR R R R L, 1idE
0 ~ 20 em HFZAEAEMR R FHIRY HHE, 2G4
HRAEFES BB BN 2.5 mL JC@# 0.9% NaCl %

W, 12000 r/min, 4°CEC 10 min, W FIER, I
LR EIRHMTINE, 2P BRER 3k, HRER
LHERES L 3AESE, o HERESh . R,
W% H R A S = s, AR a3,
F B I, PS4 pH K.
R AR AR SR, BRI
WA H Y oy,
1.4 +HERUEY DNA BOEE BN

S [ R U E 4 DNA $2 U7 2 18 Power
Soil DNA Isolation Kit ( MoBio Laboratories, Carlsbad,
CA) I ui 4, $RES 2% DNA H 1% BihR
B L T RN 20 6 G BE T EA T DNA Jo 2 Rk BE 4G
W Bk B IREASEAEAE 20 C MM . [T
B nifH ZEHRMF519) F (5’ -AAAGGYGGWATCGG-
YAARTCCACCAC-3" ) FIR(5’-TTGTTSGCSGCRT-
ACATSGCCATCAT-3" )" & iU A S 1 7 51
1 L3R5 19547 PCR §73 . PCR M8 1% Bl
WBEE I FL VKR 34 H 9 45 K/, FEH Agencourt
AMPure XP EFRAEIAR G 4lifk. PCR =¥ H T4
Y Z AT SO, £ T lumina Miseq (5
WEIF6 4T Paired—end JU)F, P AR 55236
Jb ot BRI R A B A 7 52
1.5 AeA =i RO SR I

A AT REAS /N IX R 22 10 Bk, TE 255
( NER — XA A A B T 5 A B ) o 2 — X
MR (B — X AL e b A — MR B, BVl
525 A 2B T B ) L R (A
BONEE, KERT 20 em) K280 (H E# R
R REE A AL o BRI, TR a2 X
FISEREL . B ISR THEME R TH,
1.6 DU FEcHE i oA ik

fifi Q IT ME1 B AL PE Barcode
FESHEATYR Sy, P Pear #R1F X8R HE 10k . Bt
1. PHE)GH ] Vsearch 4 UPARSE 543 %5 #H LA
J W{E 97% ¥ FIHEATH2E 20 Silval28 i
FEXFF51, 7E FunGene ¥ 5 30 [ 20 8GR AS 1Y
RFEME OTUs JFPHIHEAT L, IR ASRE B niftl
BIER B FF, BT HITE GeneBank ) RE JE A A B
JE AT ERARARRUEE R 0.7 ¥ 51 LEXT
L7 geitsrtinik

T Excel 2016 /Mgl HIMERME, o 2
PEHE FORAE A AR MR A5 50808 1) 7 25 43 Bt SPSS
20.0 5E %o
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2 ZEREHH

2.1 BERIEXFAE A AR X M [ 2T 4 B A v 45 A
iE Al
HIZE 3 I, ASAEAS A S RER B 1k 31 99.9% ,

®3 AEAELEERE

VLTI P A G B, R DMRRMEA TP A |
SEM . RPAIIEEOS LR, 5 CKAHLE, W
Jiti 2 Fh ZEHE J5, Chaol 5§ 4. Shannon 8 . WL
PR ECRE R 2GR R R BE A3, (H4 0
BEER,

o ZEMIEEITHER

Ab¥ Chaol $5%% Shannon 548 PUNIEZE b TERZFEME [oE1
CK 391.19 £ 59.21a 5.55+0.35a 344.00 +41.07a 31.48 + 10.46a 0.999

CSOS 414.44 £ 17.07a 5.95+0.16a 375.67 +22.19a 37.09 +7.74a 0.999
COS 392.24 + 18.70a 5.90 £ 0.16a 344.67 + 13.65a 45.35 +22.56a 0.999

T RS/ ING FREORAE B A 2 ME2E 5 (P<0.05). FIAf.

I P AR R, BRA AN, K3
TI134TT. 2004, 4740 H., 77408 13148
18554~ OTU, TEI 142K & CE 1), Rl
FISAEE T TEAEIE ] ( Proteobacteria ) . PERLEH ]
( Verrucomicrobia ) . 5 W5 ) (Cyanobacteria) R
BER] (Firmicutes ), ZEIEEAT] (90.96% ~ 94.40% )
S PTG = B A s P R T, R
WO T (232% ~ 3.32% ), W@ ] (040% ~
1.46% ) FIJERETET] (0.11% ~ 0.38% ) HYAHXS
AR, 5 CK M EE, Bk COS AhBR B AR T
AT BE T TR B 3.65%, (HEBGHN T i 1)
AN FE B 43.12% ., CSOS ALFEAHES T CK, 7 [ %
WK B R EMES

HEKT- L (F2), SRR A 2
WIBIA T, e AR )R ( Bradyrhi-zobium,

120
[ b
100-_I_j‘f_ a O CK
80' O CSOS
:' m COS
X 5T a
o 4F
20 :
2} b
1F a a a a
0 bl &

AT P ] WEBEHT]  JEERERAT ]
Proteobacteria Verrucomicrobia Cyanobacteria —Firmicutes

1K

1 AREREZHTELIERRE
BB K ERNHETEE
e AR FVNG R I A0 3R] 22 53 52 (P<0.05 ),
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AEXF L 7.71% ~ 8.89% ) . A F)E (Azotobacter,
342% ~ 6.75% ) . EWEEJE (Vitreoscilla, X
JE 3.84% ~ 7.08% ) . [ S (Azoarcus, HFHXT
FJE173% ~233%) . [ B IR T J& (Azospirillum,
AXF FEE 1.30% ~2.41% ) . [ A & E 5% 50 6 s
( Azohydromonas, FIX}FEE 121% ~2.34% ) . RH
M JE ( Pseudomonas, X FEF 0.60% ~ 1.70% ) .
ot W B E )8 (Sinorhizobium, AH X F OEF
0.24% ~1.93% ) . J& ¥ J& ( Calothrix, HH X F B
0.32% ~ 1.22% ) 3 >= 50 [RR & ( Frankia, FHX}
F1E 0.001% ~ 0.002% ). & B CSOS &b BEAR X+ J&
S BT ) [ 2R A 0 A MR TR L P
WL ERE A SRR, EAREE . R
WiE. BEEMIE L IREE, 5 CKHL, B
2558 R X 3 BE 4300 O 1099% . 45.63% . 29.88%

120 -

100 - AR R
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(N [E R
Azotobacter
% N )
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[ 22025 o )
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i U B 77 R
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[ R T
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B I 1
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HAERUR R
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JE )R
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22T IR R
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2324%, 181.13%. 27.75% F136.61%. COSALEEAXTF
JE S S [ A R R AT [ AR TR . R TR
JBAERE, 5 CKAHLL, SRR A
86.12% . 664.41% F1277.97%.
2.2 Wit ST A A R 5

M4 rTLIEH, CSOS A B4 CK 1,

ER SR MEERA SR, Y5
15.50% F120.19%. Y CKAH b, COSAb # 4> (.
il A AR 8 5 A A AN [ FR BE 3 hn, A 3o
17.05% . 18.68% F127.58%. It 4k, CSOS Fl COS 4k
FF A 48 pH 9.8 3 TR, /00l N T 0.08 Al
0.06,

x4 BUEEHEN TEBEAERENE

2R THER SR AR TR
yhEL) pH
(%) (mgrkg ) (mg/kg ) (mgrkg ) (mg/kg )
CK 8.08 +0.03b 0.129 + 0.007a 12.10 £ 1.25a 4293 +5.22a 1537+ 1.33a 168.33 +7.51a
CSOS 8.00 + 0.05a 0.149 + 0.008h 13.87 +1.19a 51.60 + 0.62h 15.63 + 0.49a 169.33 + 7.02a
COS 8.02 +0.02a 0.151 + 0.009b 14.36 + 1.44b 54.77 +3.09b 15.70 £ 0.03a 175.67 + 4.16a
23 IR A SR B R +
WY

mEs P, 5 CKAHE, 2 Fp s B 18
AR TSGR o 25 A
AN FREE A, Hodr, CSOS b BE A AE A B4
REOR =25 B (P<0.05), I BGIE 7
1M 19.6% 1 31.3%; COS kb B [ 484 2558 . I
R B BEON 2R A (P<0.05)
S 25 388 0 43 01 A 13.5% ., 13.0% . 15.8% F11 31.3%.
Ut BH W8 it S WA 1 8 e AR o BB 22500, A
—EREFERA N T A A 2K E A

*5 BEEEENEERZERNEME
T Pk K SrReK 20
(em) (cem) (A1) (mm )

CK 46.5+ 1.1a 44.5+0.8a 15.8 +1.0a 0.16 +0.3a

pisiil

CSOS 474 +0.8a 45.1 £0.6a 18.9 = 0.9b 0.21+0.3b
COs 52.8+1.8b 50.3 + 1.4b 183+ 1.1b 0.21 +0.1b

mE 6 frw, 5 CKALL, CSOS Al COS Ab 2
P 8 3 A A 0 7 R A R T, A e R
B, R E ., AREAEYBERS (P<0.05),
Horr, CSOS b #7341 53 51 16.7% . 20.3% |
8.3% 1 19.3%, COS Kb 3V Y514 18 43 51 R 17.5%
22.6% . 10.2% F122.0%. 5 2 FhEEmEE Al LIS
e, AL, JERE, JERE A R
A AR I E A
F6 BIEEMEXEEFBR R EFHEM
JEREL IR AR E FE
(A~ 719%) (g 70) (g) (kg/hm®)
CK 25.1+1.5a 353+3.5a 161.8 £2.2a  4576.6 +334.7a

s

CSOS 293 +1.9b 425+2.6b 1753 +2.7b 5458.3 +378.6b
COS  295+19b 433+1.6b 1782+3.5b 5582.2 +380.1b

5 R — S B R E WA,
TERi s B CR | (R R A s A i 5
i TR R AR T AW R, i
it SE T LU s e S R, R A
JR2E SRk, 7 AR A T A T 2
APLIR . & EEFR A PR, IR A A
RO A Y BSR4 5
BT AR R 2R Al PEREANARE R C &8, X
ASRE A RAR LI A&, RIS Y
Bo EERERE BRI R, O I I S S T L
WEAR A IR, R X EA
T aE R 8 (K 4), WS Y BT k5T
SEVEREfC T s R T . RSl A Ao A AR
SFLEPLIE R, PR ARG e B ET R AR L
—H o A A K R m AR O RE R, 55—
OGP AR BB AR TR RN RO, e
WA AR Bz, TR P S AR T LA
FLEA AR A B A R e B AR I,
TN A= P

I T Wt S A ) AL B AR AR A A
K, AN —Fh GBI AEY), nl LIEAREE piAR
TR, X SEARLIRT Y 7 A T L [ R R B AR A 1 4
Y o MU AP AR R A [ R AR, n] DL E 2
PR R AR A A 7 B S¢S
Ja, TP eRMEASRA BETERSIIN; Bkt
SRS, LR RR. MESRMESRNIA BF
PRI (K 4). ABFREERY, HEP2R. M
AR5 S H RE 125 52 M) S T PR 4 22 R A
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BEVELEH T R RS I E Z R R
B, RHERERAVEFRYIT, AR R
WICER . XEEFRY A R TSR E AR A
T I R 0, MRIE WA, A
BLER Y 7= A 23 AR 2 8] Bl 1810 pH, R 240
R R R PR S EE R, R, pH BRI
T E AR D ARIAERG N 2 PSS,
pH ¥ FERRAL, AR TRERAREMARK. Kikm
R Z A R [ R BB T 5 2 e s, A AT 1
R SRR AN, i mm i ser, fedt
WAERARNAERK, WREIRBIE K., 2WEFRY
. R R HE pH AP T AR R B AR A S, %)
9 BT 1) A R R e A R T 22 11
[P 280 B AT AR HERE 06 R R MSORR T, e
RS A K, B IPE

gE Lk, —JrTm, Ak i T i S
SEWE E Y A K B R IEER . 55—,
SEFRE A SRR R AR, IR R A 2R
RO, G AR AR BEEE AN M, i
R B G MR 0 SOnT DA RS AR 2R % 1 4
HE SR, SRR A

CSOS F1 COS b B 52 i [ 20 0 A V% 45 A0 AN [
Kb, COS Ab 35 BB #% 8 25 19 i i 35 v 1] 1) AH
X, AUFRRE, WEE T RIER 2 aeg it
AR IREAY, N2k A I &
FEGCHYER .. oh, BAJCAR R B APt
SRAAHET LI HAR S B W B s e T 1A L Bk
-1, CSOS AbHRAENS R g BRI R . B
S . A HFRREE . EEREE . )
MR R . JE R AR 2 SO G E A .
JCE A [ A PR OCHEVE AT, 18 AR AR 1R R T LA
R R S SRR Y, BB E R BA [ AR
RBETT, AN nosZ FLH T LUK RS IRER . W AH R
R — S SRR R AT AR, A
F1%) 375 B 5 4 I 21 2 (1 BE S HE rm A A ) I A i
It BB e A E R RE Ty, HET AR R A A A
K B R, ZERE R 10 LaErh, B
AHFAMRHES PIEPL2AMBEASTRER
FIEAX, FEAEAFLEEES L i & E
HBmYIR L, SRR (F4), A
FURH B A LR E AR ), se SRR A
AR, B KT ARA, A REAER
Feor 0L TR AT LR A 0 e 2 TR, AR AR A T
— 182 —

AN A U BT A 5 TR RIERK M 4
TIAR 25 4 i RN AR B i, DR 49 o 1 8 55 43 1Y
W A 2 Al e e L o T R 7 AR B A 2
JBt £ 52 W i 2 AR 0 O 0% R R, T o
B U A WA T B, AR T U A B 4
0, AR HERE AR KL B N R B B 7 A R
g, AR 1 T LA K AR IR £ LR OB 1 43 )
WRILE, AR R ST ROt R, Rk
Wy T TR A S — R A A R,
B B R S A R AR, O
I B TR 95 B 65 5 B SRR RS W R 0%, T RE 68
T 1 A0 e AT T 200 T LA 4 e e T 2B
A0 o 22 o G R B A LA B S AETE T e,
WRE ST A A TARR 2 TR
AT HSE A T AR 1, T A ) Y 9 285 g ST L)
IR R 10, COoS AbBrh, AR AR
1] R i 8 B R X 3 S, A TS
KW, BRh T PR RIS, BIAR SRR
TP A R, TR T N 2 T A
TEZHME, XT38 10 1 SRR B R S A 2 R AR
gV g B, R[] R R G SRR
S AE AR TR A 2R A UMb 2 ) B S5 2 i R 4R
B RBE S . ARIHE T 2 PSR (RO
LR ) RN B R AR B S R R TR 4
TRV F2 R, MBI R AR T AL A
MEKRE, REGRE LR, (A, RFEFEAR
8 4 25 St e T 7 SR T 4k SR L R
A R A K B R AR ]

4 Hig

Jiti FH 2 Fofr St Xof - 4 v [0 60 B R AR X T R
M) A [ 8 e 57 B A 40 5 1 = 398 v 4 2B AR R B
&, BEHEEE . BEE A RS AR
J& . AR . T R AN 24 v TG R R A AR X
o Wit £ 2 S B AR AR R L [ U
R T 3 AR AR X =

2 S X R A B IR = AR e i
FESLARENS W 3 SRR A T
TYESENE R R 2R MRS A
2 FhEEHH) 25 PR 419 pHL,

S KT R EL, il e S S e A
19.3%, it £F 4 2 B 2 B N AE A 7R R 22.0% .
Uk, 2 FPEiE i mt H A B TR m e 7=

S

(T




rhE ISR 2024 (6)

S 3K -

[1]

[2]

[3]

[4]

[5]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

Masuda Y, Shiratori Y, Ohba H, et al. Enhancement of the
nitrogen—fixing activity of paddy soils owing to iron application [ J J.
Soil Science and Plant Nutrition, 2021, 67 (3): 243-247.
Claa J, Roda C, Zanetti M E, et al. Compatibility between
legumes and rhizobia for the establishment of a successful nitrogen—
fixing symbiosis [ J ]. Genes, 2018, 9 (3): 9093125.

Yang J, Lan L, Jin Y, et al. Mechanisms underlying legume—
rhizobium symbioses [ J |. Journal of Integrative Plant Biology,
2021, 64 (2): 244-267.

FoRk, kA, ABESE, AR AM ECERURIE R VR AL AR
TR S A R PRS2 [ ). P e SR
2023 (2): 106-112.

Chen K, LiN, Zhang S, etal. Biochar—induced changes in the
soil diazotroph community abundance and structure in a peanut
field trial [ J ]. Biochar, 2022, 4 (1): 26.

Aftab T, Khan M M, Naeem M, et al. Effect of irradiated
sodium alginate and phosphorus on biomass and artemisinin
production in Artemisia annua [ J]. Carbohydrate Polymers,
2014, 110: 396-404.

Li X, Chen Q, Lei H, et al. Nutrient uptake and utilization by
fragrant rosewood ( Dalbergia odorifera ) seedlings cultured with
oligosaccharide addition under different lighting spectra [ J | .
Forests, 2018, 9 (1): 9010029.

Yang W, Chen D, He Z, et al. NMR characterization and
anticoagulant activity of the oligosaccharides from the fucosylated
glycosaminoglycan isolated from Holothuria coluber [ J ] .
Carbohydrate Polymers, 2020, 233: 115844.

Liagat F, Eltem R. Chitooligosaccharides and their biological
activities: a comprehensive review [Jl.

2018, 184 (15): 243-259.

Carbohydrate Polymers,

Kim S, Rajapakse N. Enzymatic production and hiological
activities of chitosan oligosaccharides ( COS) : review [1].
Carbohydrate Polymers, 2005, 62 (4): 357-368.

Liu Y, Yang H, Wen F, et al. Chitooligosaccharide—induced
plant stress resistance [J]. Carbohydrate Polymers, 2022,
302: 120344.

Zarattini M, Choaibi A, Magri S, et al. The oxidized
cellooligosaccharides confer thermotolerance in Arabidopsis by
priming ethylene via heat shock factor A2 [ J]. Physiologia
Plantarum, 2022, 174 (4): 13737.

Pikr, XEes, SigA, S5 FCRHERYN E BNA T I
WEIEE (1], fellestioR, 2015, 41 (6): 10-14.

WAE, kAW, FRER, S FEIEMEXTEUT A SR
WOR e AL BTSR[], WiR b RE, 2021 (5)
23-26.

Dzung PD, PhuDV, DuBD, etal. Effect of foliar application
of oligochitosan with different molecular weight on growth

Plant

promotion and fruit yield enhancement of chili plant [ J ].

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[28]

[29]

[30]

Production Science, 2017, 20 (4): 389-395.

Ou L, Zhang Q, Ji D, et al. Physiological, transcriptomic
investigation on the tea plant growth and yield motivation by
chitosan oligosaccharides [ J ]. Horticulturae, 2022, 8 (1):
68.

Chen P, Shrotri A, Fukuoka A. Synthesis of cello-
oligosaccharides by depolymerization of cellulose: a review [ J].
Applied Catalysis A: General, 2021, 621: 118177.

Shibuya N, Minami E. Oligosaccharide signalling for defence
responses in plant [ J ]. Physiological and Molecular Plant
Pathology, 2001, 59 (5): 223-233.

He J, Han W, Wang J, et al. Functions of oligosaccharides
in improving tomato seeding growth and chilling resistance [ J ] .
Journal of Plant Growth Regulation, 2022, 41: 535-545.
BRALE, A%, LA, AF. SEWEXT BRI 2R R
BEEAAIIRTER ()], hERIE R, 2022, 43 (6):
464-473.

Desvaux M. Clostridium cellulolyticum: model organism of
mesophilic cellulolytic clostridia [ J ]. FEMS Microbiology
Reviews, 2005, 29 (4): 741-764.

Cheng D W, Lin H, Andrew Walker M, et al. Effects of grape
xylem sap and cell wall constituents on in vitro growth, biofilm
formation and cellular aggregation of Xylella fastidiosa [ J] .
European Journal of Plant Pathology, 2009, 125 (2): 213-
222.

Na X, Xu T, Li M, et al. Variations of bacterial community
diversity within the rhizosphere of three phylogenetically related
perennial shrub plant species across environmental gradients [ J ] .
Frontiers in Microbiology, 2018, 9: 709.
0N SR o1 &/ (s T | = 71
2000.

Hh ] el Y R A

Roésch C, Mergel A, Bothe H. Biodiversity of denitrifying and
dinitrogen—fixing bacteria in an acid forest soil [ J ]. Applied and
Environmental Microbiology, 2002, 68 (8): 3818-3829.
Edgar R C. UPARSE: highly accurate OTU sequences from
microbial amplicon reads [J]. Nature Methods, 2013, 10(10):
996-998.

Abdel Latef A A H, Abu Alhmad M F, Kordrostami M, et al.
Inoculation with Azospirillum lipoferum or Azotobacter chroococcum
reinforces maize growth by improving physiological activities under
saline conditions [ J ] .
2020, 39 (3): 1293-1306.

Sumbul A, Ansari R A, Rizvi R, et al. Azotobacter: a

Journal of Plant Growth Regulation,

potential bio—fertilizer for soil and plant health management [ J ] .

Saudi Journal of Biological Sciences, 2020, 27 (12): 3634

3640.

TR/ME. HET Z AT — R G RS SR /N (AR

FEOLH (D], demt: hER2EBRE (i ERE B

E01), 2018.

Bipelg, RFE, K, F =RMEYAE R RI R G AR
— 183 —




rhE SR 2024 (6)

[31]

[33]

[34]

[35]

[36]

[37]

[40]

[41]

KB B isgm (1] BeResdi, 2021, 35 (4): 980-988.
Al A%, BAfRE, FISCHE, S5 i iE s AR g A K

UrRe B HAr A= 2y L e i ()]
AR, 2022, 53 (1) 37-47.

Hh i 2 2 Tl 2

A B IE S ER L] ELIAZ, 2019, 40 (12): [42] FujinX, JieW, LiyangR, etal. Characteristics of soil nitrogen
783-792. and nitrogen cycling microbial communities in different alfalfa
i, SRAERT, XU, AF. SR EA T R planting years [ J]. Archives of Agronomy and Soil Science,
Loy M B se e L] R E 24, 2017, 39 2023, 69 (14): 3087-3101.

(4). 483-487. [43] Dobbelaere S, Vanderleyden J, Okon Y. Plant growth—
ZEWCdy, PRSFRA, XURCE, AF. T ST SE M AR S promoting effects of diazotrophs in the rhizosphere [ J ]. Critical
oA VERIF RS S rsem [ ], R\BH=A9E, 2019, 40 Reviews in Plant Sciences, 2003, 22 (2): 107-149.

(3): 19-22. [44] Malhotra M, Srivastava S. Stress—responsive indole-3-acetic
Haas B J, Gevers D, Earl A M, et al. Chimeric 16S acid biosynthesis by Azospirillum brasilense SM and its ability to
rRNA sequence formation and detection in Sanger and modulate plant growth [ J ]. European Journal of Soil Biology,
454—pyrosequenced PCR amplicons [ J |. Genome Research, 2009, 45 (1): 73-80.

2011, 21 (3): 494-504. [45] Ak, wilf, B, % FREEMHORACHYHER TR R
B, SIS, RS R E A 1 e AR RS A R A TRAENBPEEN (1], BEKRERS, 2020, 34 (4):
FREREE [ ], AEBIR, 2020, 40 (17): 6189-6201. 287-299.

Hu H Y, Li H, Hao M M, et al. Nitrogen fixation and crop [46] EHF, mEs, JFUF, 55 MR R DQSAL Ay 4 B %
productivity enhancements co—driven by intercrop root exudates FE SR B e N X ek R A (D], R,
and key rhizosphere bacteria [ ] |. Journal of Applied Ecology, 2021, 48 (8): 2653-2664.

2021, 58 (10): 2243-2255. [47]  ZhangS, Liao S, Yu X, et al. Microbial diversity of mangrove
Pereira . C, Bertuzzi Pereira C, Correia L V, et al. Corn sediment in Shenzhen Bay and gene cloning, characterization
responsiveness to Azospirillum: accessing the effect of root of an isolated phytase—producing strain of SPCO9 B. cereus
exudates on the bacterial growth and its ability to fix nitrogen [ J ]. [J 1. Applied Microbiology and Biotechnology, 2015, 99(12):
Plants, 2020, 9 (7): 923. 5339-5350.

Shih PM, Wu D, Latifi A, etal. Improving the coverage of the [48] Sanni D M, Lawal O T, Enujiugha V N. Purification and
cyanobacterial phylum using diversity—driven genome sequencing characterization of phytase from Aspergillus fumigatus isolated
[J]. Proceedings of the National Academy of Sciences of the from African giant snail ( Achatina fulica ) [ J ]. Biocatalysis and
United States of America, 2013, 110 (3): 1053-1058. Agricultural Biotechnology, 2019, 9 (1): 3.

Speck J J, James E K, Sugawara M, et al. An alkane sulfonate [49] SREYL, TR, KRB, A IR AEEE Calothrix sp. 5
monooxygenase is required for symbiotic nitrogen fixation hy Lyngbya sp. AL FRWFSE [J]. #aimiEz4, 2006, 25
Bradyrhizobium diazoefficiens ( syn. Bradyrhizobium japonicum ) (4): 46-50.

USDATI10T [J]. Applied and Environmental Microbiology, [50] g, AR, 4250, 4. MM IS LU AR S LR R 1
2019, 85 (24): e01552-19. PRI 36 22 SO IR (Frankia ) ZREVESM T S S REE
Chen W, Gao Y, Zhang W G, et al. Taxonomical and THRIER [T]. BEYfdak, 2023, 43 (1): 9-19.
functional bacterial community selection in the rhizosphere of the [51] Barnett MJ, LongSR. Novel genes and regulators that influence

rice genotypes with different nitrogen use efficiencies [ J ]. Plant
and Soil, 2022, 470: 111-125.

W, RS, WAL, SF. IR AL A

production of cell surface exopolysaccharides in Sinorhizobium
meliloti [ J]. Journal of Bacteriology, 2017, 200 (3):
JB.00501-17.

Effects of leaf spraying oligosaccharides on the community structure of azotobacter in the rhizosphere and the yield
of peanut

GONG Min' , QIAN Yuan-chao', DU Lian-tao’ , HE Jiu-xingl , KONG Meng] , LV Guo-hua'" (1. Institute of Environment
and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081; 2. Yantai
Center of Agricultural Technology Extension in Shandong Province, Yantai Shandong 264001 )

Abstract: Field experiment was conducted to study the effects of chitosan oligosaccharides and cello—oligosaccharide on the
community structure of azotobacter in the rhizosphere and the yield of peanut. The experiment included three treatments on the
surface of leaf: clean water ( CK ) , chitosan oligosaccharides 50 mg/L ( CSOS ) and cello—oligosaccharide 50 mg/L. ( COS) .
High throughput sequencing technology was used to analyze the community structure and diversity of azotobacter in the
rhizosphere. ( 1 ) Compared to CK, the relative abundance of Bradyrhizobium, Vitreoscilla, Azohydromonas, Azospirillum,

Pseudomonas, Calothrix and Frankia, significantly increased of CSOS treatment by 10.99%, 45.63%, 29.88%, 23.24%,
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181.13%, 27.75% and 36.61%, respectively. The relative abundance of Azospirillum, Sinorhizobium and Calothrix of
COS treatment significantly increased by 86.12%, 664.41% and 277.97%, respectively. (2) Compared with CK, the
CSOS treatment significantly increased the content of total nitrogen and ammonium nitrogen in the soil with an average
increase of 15.50% and 20.19%, respectively. COS treatment significantly increased total nitrogen, nitrate nitrogen and
ammonium nitrogen in the soil by 17.05%, 18.68% and 27.58%, respectively; In addition, soil pH decreased significantly
by 0.08 and 0.06 for both CSOS and COS treatments compared to CK, respectively. ( 3) Both CSOS and COS treatments
significantly increased peanut yield by 19.3% and 22.0%, respectively. Therefore, foliar sprays of chitosan oligosaccharides
and cellooligosaccharide regulated the relative abundance of different nitrogen—fixing bacterial genera and affected soil
physicochemical factors ( total nitrogen, nitrate nitrogen and ammonium nitrogen ) in the root zone of peanut, all of which
ultimately significantly increased peanut yield.

Key words: chitosan oligosaccharide; cello—oligosaccharide; azotobacter; peanut; yield
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