H43% 4 1
20244 7H

ok ok R o R

Journal of Huazhong Agricultural University

Vol.43 No.4
July 2024 ,159~168

H R, ST, B AR AR SR DR B K RRAR PR R DI RERY SR [T ] Aol R=22441E, 2024, 43(4) : 159-168.

DOI:10.13300/j.cnki.hnlkxb.2024.04.018

L ERRE X KRB R B R T RE AR
MaE 2, E i B EN Y REA

1R LBAM K REBFSH AR EELHEF, &KX 430070; 2.4 P L K F AR FHRFR, XX 430070;
JAEFRERFFRRERZEFR/RLERNFKILP FTHAKT ELER T, KX 430070

WE B ELEA IR # (integrated fertilization management, IFM ) 5 AT B & FILAL B (farmer” s prac-
tice, FP) X (A Wy A& R - S D BE Y520 22 53, ARWFFE R 2013 — 2014 4F 7 19 WL A H (]300 . 45 257 5 R
BHLIEM) A RSEER (FP) 2 i gb B, 368 3o 72 WA AF A< Z= 75 1Y 3 (] SR SEARBR AR AR Br 139, 4 3k~
TR A | i B 1 D7 2 (phospholipid fatty acids, PLFA) %85 Sk 94 Wi Mg i 418, 25 R BoR . 5
FP 4bBRAF LE, TEM Ab BEFEAR T AR B 4 498 19 4 2% G FH 4% (Gram-positive bacteria, GP) A4 41 14 (Gram-negative
bacteria, GN) [ FLEL(GP/GN) A A= Y0 $5 85 . TFM AL BEAE F T 2R 4044 300 R 55 R U AR Bk 4 358 rp R Bl
TR T WA TR I R AL IR TSR TR A, 300 ) 1 BRI 1 o TUAR AT HT R W], A BRI R AT 23 30 i R AR W T
R PR 59 15.9 %6 F1 12,596, 3 Fe WU 20 A S0 O 43 301 2 5% We A FH B B35 1l A W i s R G D e ) G
o AL, 2 TR 0 B | T N DA T AR T X I 1 R Y SRR R i) 3R 31 5.39 %6 . 3.88 %% Al
3.09%0 0 ALY II0 4 KR A TR AR M RS 1 22 SRR G, IXR WA A L 0 S 5 SRR AR Y . BIFE R
W, TEM 3= 2238 ik IR 2 A A% A5 22 el A8 o A W T v 4 0D TG 48 T Js B T 10 S e M, £ sk R A ok

IR
KA
RESZES  S511.42;S154.36
VR4S B 5 0 N0 SR s FE B FHVE ) 26 77 01 S ffiAb

FHES RS2 LR EMERY . XA

R 2R 2 U VR BT, OF 5 R A W R TR A5 R T

ARARIE T A MR T A - e R R B0

b7, P AR A g e 3 PR R AR AL AR U E L

RN, T YA N R 5 AR T I R I 2 A 3R

W&, AL R (YY) R AR (A DL K 38 i A2

(S)U, 4 e b 35 e B, oA 3 i

PR A KR FE 43 R FH BT 5 10 55— 50 4 WU 3 ek 4

L Bt R 53 itk 52 2 S ), DT AR IBCA L 5 03 o Tl

A ) T A1 Bl AN AR 3 A ) B R SRR 4B A e

TSRS o FE TG R T, — 2Lk Yk g

b A WRE E B R IBT , A3 5 240 R P R M S e A

PE S BRI, VR FHS it A S s A0 T S0 5 Y -A-S

SR AH G T W A I AT, B RTAH DG D
TCHLIERHE J AR A 48 T K R 7 1 1Y 32 23R s

Wk H 191 : 2024-05-28

FeaTUH  FRK ARFHF IS TUH (41701284)

14 $i4E , E-mail : 3061104354@qq.com

WAE1EH : P HHs , E-mail : xuesongluo@mail.hzau.edu.cn

LRENURVE B REYIREE s BEYI0 S5 50 WG s kAR £
XHEkFRIRAE A

XEHS  1000-2421(2024)04-0159-10

A A = AR 202 0 . K AR IE 251 &
R 00 AR A AR AR BRI
BRI AT RETE 1000 SR AN 24 A JCHLAE Rt
o AT RE XS T B4 B A R R e . S T T
b2 A T BEL IR (9 235 ), 1 55 LA AR i it L TR
(¥ A 1, DT 265 7K e 5 SR A 1 A 25 KRR, otk
A, o it R 2 B AR [ AU ) 2 e IR, B T
AR B R DRI, A B A e AT SR o T
AE 47 2 R 0T R 2 KRR A i B Ok e 22 G
B 5HE R AL AL EE Giti ] 273 kg/hm* 4 .59 kg/hm”
5 A1 112 kg/hm’g # ) A Eb , K B9 (10 a) R H 240
kg/hm? % .52 kg/hm’g #§ A1 198 kg/hm* 4 1) ¥ 1] &k
HEWEIE AT , REfS B 2 D AR L P R AR A
B A1V T O B ) € N o 7 0 7 IS SR A ]
WS, RS b R A A AT ST LATEAR B
FHUB Y Z R TR T, A RO LUK



160 LRI I NI <3 4

943 %

e TR ARG, B MR TR R = e R AR S
ARG AR - EACAE P ) B R R AR T AL
AP AR AERV RPN B4R R B N B RV S
Mri s, &S5 W A 5 B R T A WUE & YEs
b RN R AR S T RE L (EE 55 T RS AR AE R
- F R B A e i ) L M R ) B SR AR
X S TR A Y BE 08 T FE U [ A R T AR T 2 0 46
T s gE R R E R AR Y A T g B
TS A KRBV IR E IR e

AR, AR R VL DO IR A A 7 0, 4 BRI Il
RS LI A9 FLAL PR (farmer” s practice, FP)
gh G TR T — R 4 PR X L 25 IR B (inte-
grated fertilization management, IFM ) 5 B fz 4 55 Hi
SR H AT AN TERE TFM S 15 AE % 5 G 5% 2 7 1
YRS RSGTIRE. IFM 5 FP Ry 22
SEAE TR M T S KCE A A BRI AL , H it
AT 22BN G KRR AE KT K A IFMIS R T
AR R . TFM I8 a3 R | B v A
FHRCR AR R Nt , B4 5% T 5% 40 19 0] ) 4 5 o
BT KRR A, ASBIFSE AR TFM AT fig i i
A AR TR B A S R U SRR R BT SR S 1T BB
Hit i - 9l P DR 3R 4 mT P A e A A
T 2EL 8 CER BB A 7 1R A3 A s 7 ) sl 9 U 3R BURE 7 1Y
P T (A 38 il 5 P T 8 S R sk A 9 X 5% TR R B T
K)o RHEUEX —{B %, ARWFFEXS FP A IFM A # T
(I IR T5 2540 Wi 6 55 LA R 4 b G 1 1 92 iy
TP T LA T, B A TE PEAN IEM O i A 4 A4
A IPEAEFZA
1 #MRtEFRE
1.1 HiHEIA S B

A H [E) 6 ik T b B CE R e, A
& g A 2B XS . 2013 4F 5 2014 4 (A1), it i
SCi 7 R ARG R A R o iR A TR B AL IX ZH A
Jay AR LA TR HE (IFM) FE Ge 4 R ST (FP) 2
FRAbBR, For  FPARSAE AW S8 A0 B2 . B4~ 4b
FBA 3N HE R G R T SEE . B EEW
HiFe K /NA 13 m X 9.5 m, MR 123.5 m%,

FE FP b 3 AN KR AR R R (—4FE P 22)
P, B AE o R 195.0 kg/hm? i 40.0 kg/hm? FiI4p
75 kg/hm?, Horp @A HAE R RE (ZnSO. - 7TH,0)
DA 65 % B9 ZEAE Ry e AE — U it A, 8 45 1 35 %
R DUAE S BER 43 B BERE A FH [H] . FP AL B A R 25
JE RN FEARE 29.4 em/FR. X IFM AL BE , RSB EE,

BN M B A9 RUIE A AR A 245 kg/hm?® B AR
} 75 kg/hm? BB 4 180 kg/hm?. I A5 B B ) 4 %
i ZUE 260.0 kg/hm” AL 50.0 kg/hm? £ JE 205.0
kg/hm®. B R FTEENEAE Ry SERE G A | 5 G Bk ik BRAR
Fe—2, MRS AN it FH SR & Ry - 5096 1 R S IE
309 543 e b it A, A% 19 20 Y6 D7 &0 A 431 4
A o B AE T 2 S E R — 2 IFM Ab g
(AR S R AT 24.1 em/#k

FE 2014 A Ma e AR R I IE) TR A4k SRR A
I RAE 0~20 om () L 3ERE S . 7RS40 B b
Herh | ISR AT00EE 5 A T BE0RE , I X s
BEIRA AN E AREA, D F I e iy 13
BEAS R HERE AR B 3403, 56 1 I REAR 2 VA R T HR Ak
PG AGAAAE —80 CHYMRIR IR, bW g
JI1i 2 (phospholipid fatty acids, PLFA) 23 #r. i 2 {3
FEARMIGEAAAE 4 °C, IS BD A TR TG PR BT . B i —
OYREAR KI5, 03 2 mm (R0, B 0038 4 S0 e
FT A K R 2014— 2015 4E 58 1l
1.2 TEAFHRMEE RN E

438 (moisture , MOL) 1@ 33 1£ G5 1) T4 32 13k
AT, H pH AR AE /7K e~ 1:50m/ V) B 2 . He
Al A SR | A R (total C, TC) | 3 8A
(total N, TN) . A % & (available N, AN) . # & &
(NH, "-N) AR (NO, -N) B8 (total P, TP) A
W (available P, AP) . S8 (total K, TK) Fil A &% 8
(available K, AK) iyl & 77 1% , ¥ 2 B3k [13]
7.

TR TG R T | 2 12 ol e Al ) % S 0 12 1 g %)
PERR 066 B vk (AL AR R M S A BR A 7))
PEATINAE o TREAR T TE 820 1 TR M 0 R 2% vh i 1k &
37 ‘CI N 24 hF 508 nm P M5 ; BRAG7E 10%6 1 R
FWEIR -F7 B IR 22 vh i (pH 6.7)fA £ 1 38 “CJ % 3 h
T 578 nm WA T I E 5 B2 P BER B 4F 5 mL 0.5%6 &
FEWEAR AN BIRR 2% vhi (pH 5.0) 1 37 “CR M 12 h F
570 nm P KM ; 55 FE A IR Fg il 7E 7% 0.005 mol/L i
BB BRI AR A9 0.5 mol/L 2.1 28wl v 37 “C R
1 h, I 400 nm e K
1.3 PLFAS#R

SR FH BUAH ) - - K (R R 1:2:0.8) (K &
PEWCAR T R S B RR . Bl BERE 2K RN
B LA B , R HE(R 6850 R A B AHM
T5{Y (Agilent Technologies, Wilmington, DE ) X} fif 15
i JU 1R R TR R A7 4 AN 1. SR FH MIDT &R, LU
19:04E H N AR AT PLFA B9 % 8 F5E # . PLFA 4%



H AR 2. 20 RS BN K R AR BRI W e D RE A5 R

161

Y5 WA R 2 U R A G A AR R A g
B (Fun, D) 18: 2w6e F1 18: 3w6e LT ) MR
HH (AMF, L 16: 1loSc AHFAE) SR A 40 (Ana, £
§% 15:0-30H ,16: 0-OH 1 18: 0-OH) itk i (Act,
L 10-F B I R R Amic ) ) B A (Euk, L 20
dw6e F120: 4w9c HFE/R) 22 [C PR IR (GP, R#AE
Shy S5 I RS AR S i T TR ) L % L % G T 4 4
(GN, AL 45 cy17: 0. cyl9: O FI B A FAS D5 1R )16
21 1 I 348 068 i ey17:0/16: 1lo7c . cy19:0/18: 1w
Te RV P 5L AR 107 2 / 5 R 1T A (cy17: 0+cy19: 0/
16: 1w7c+18: lw7c) i L RPFAL T
1.4 SitHR

T 28 508 4B 16 R 5 WA 4.0.2 ARAR &1 38
it GraphPad Prism 9.0.0 8425l . K g ab B A= K&
B B R A 2 R ) 22 S R = IR D 2247
Mro BEAk, B ) HSD (honest significant difference )
TR HERRERR . MR EIEHE Y S5

< - m[FM = FP
5 3001 # ®
~ L % x )5
= a E EX3 a
o a ab |_I ’_‘
= 200 b
7 c

A Z b
g
= 100
=
—
=
fa

Il IR IR
Panicle differentiation Full-heading Maturity
AL 38 Treatment
* ks
00 wipm arp 'a~| 2 4
b a
0.04 b b

I_\
F/B

0.02

0.00—* = T o = o
Jlesg S B EKE |k g =
= V== o =
B . BOE . ES : ES L
z z s RS z z
oL SR R
Panicle differentiation  Full-heading Maturity
Ab B Treatment

PG Py a1 B0 8] B9 T AR DG 22, R H Spear-
man FHICAG R o IR AR 2 Bl k31 22 1] B )i B
R4 22 57 , iz I R 1 5 #17 STAMP (statistical analy-
sis of metagenomic profiles ) s A TTA /M8, LLEE
GERETE S5 PR IE DR 22 Rl 7% M 22 ) ) R TR BER &R
TETCAR I eh , M R B A e 1 S 0 T 07 2 T ik
FH, 5 i 3 Akaike {7 BEARER AL AT . %
J& AR TCAR S Bl SR T S R I EE 42 1 999
UK B A 50 JEAT B0 o 7R s b B Fe v, b 22
If R A — A Ak B RO R 2E AT 51T 0 B

2 HRE5HMH

X IR R
XA B AR B 1 B Ak O 1 0 4 AR B
BT FPANHE, TFM Ab PR 5 2% 52 ) B (F=17.315,
P<<0.001) . f1 % # (F=32.918, P<<0.001) . A& B

(F=8.393, P<<0.01) fll pH (F=3.248, P<<0.001) .
m[M = FP

2.1

1.5

1.0

==}
GP/GN

0.5

0.0_™=

EYidia FF R IR
Panicle differentiation Full-heading Maturity
Qb3 Treatment
025 m[FM = FP
%
0.20 a a _ a2

0.15

o
Act/B

0.10
0.05

z
IR

Panicle differentiation Full-heading Maturity

AL Treatment

BR 25 R RN A Y S AR O 22 (n=3) 5 AN [8) T B RS A AN [8) A A By BEAF A6 1. 35 22 5 5+ R AR R 2Z ()77 76 18 3% 22 57 O [ Ab )
(%, P<C0.05;%*, P<C0.01;***, P<C0.001), F [@, Error bars represent the standard variance of the value mean (7=3).Different letters indicate
a significant difference in different growth stages.Asterisks denote significant differences in traits between different variation (*, P<Z0.05;**, P<<
0.01;##x, P<C0.001).The same as below.

Bl AREKFEERHER. FERLEMN T EERE L PLFAA) EZKIAMAE S BEEE LS (B) .
HESHEL G (COMMERE SHE LG (D)
Fig.1 Total PLFACA),Gram-positive to Gram-negative bacteria ratio(B) ,fungi to bacteria ratio(C),and actinomycete
to bacteria ratio(D) under different paddy growth stage ,fertilization treatment and soil type



162 LRI I NI <3 4

543 3%

R C/N Ak, HoAh - 398 1 57 35 32 AF & 401 5 it A4 it 52
HAEFEW . teAh, AR B 58 0 A S0 B s
PR (D),
2.2 AR SR EMNE R ER N
TELNRE LI TFM b B i 248 T T A 2
Yoo ABAE S5 REIRN BEY , TEM Ab 200 - 3500
NENg AR ((PLFA) FRE(EI1A) o H2% [RFHPE R 5
22 GBI 2 (GP/GN) 78 55 B ) 2 3L T a3,
T 7E B AT B R R (B 1B) o TFM AL B S SR b
30 GP/GN LU FRAR , 2850 (L 0 S0P S 40 PE L
F(F/B) YN 2 5 5 40 B H % (Act/B) TR, B
BINF/BIN(K1C, K 1D), STAMP 43 #7455 i
7, IFM A B2 1 b 48 b s 22 QT M B 48 45 (17 : 1o
8c) HI R A& i 48 ki (20H 16:0) i K 4808 . M,
FP Ab PR ] VR A i 2 s 6 45 19 10Me 18: 0 Al EL A
FEARAY 18: 3wbc B F 5 (K 2), BLA  ARBR -4k
%) 40 T I S BOfE FP AL R R i T IFM AL FE . T4
ST iR (B 3) IS AR R 1 62.53 %0 WA=

m P
20H lﬁ:O-P

o lFM

inism

& 18:3w6¢

17:1 w 8¢

A Microor

0.0 0.5 1.0 1.5

. Hr, AN MOT XA 9B 96 28 5 10 5k
R, 43R 15.91% F110.57 % s pH S8 FIA S50k
X SR MRV A5 40 7 A i 2 R s e (11 4) ¢
23 EEUREEHERE

N N e A b T A R
PERE TPl 5 K 57 46 P AH DG Y - 5= o)
AE. SRR BEE AR Bok s | 3 4 R Y 35 7
L E A (B 5) o BN, A28 e ], IFM Ak
FRAR T R M O 5 T A 5 AR R I ol R T
PESA L TH(EI 5A) o REMERGTE PE7E U T %, 7
B (B 5B) o ik 7R AR AR PR - 2 i
JORTit , 3 PR B S AR PR b . SRR IR AR
FRPR - 38 v (%) JIR Bl 0% P A TEMLA B R B AR (181 50) 6
I 7E % #8844k B, 07 3k 6 R MR B Y TR P A
(F5D).

TCARGIT R T 2 A b R iR 1 el et T
5| Y - R AR R0 86.65 %0 (K1 4B) .+ 13
ek B TN VAN AK  pH AL TP S 3 i B 1 4 1

95% Ky B A X ]

95% confidence intervals

14 1 1/%

Mean proportions

i 0.012
; v
_e_| 0.047 3
! a,
: o
Ry
'—% 0.044
d | 0.036
! [
00 01 0.2
S35 EE ) 22 1%

Difference in mean proportions

B2 ETFSTAMP S #THIZE R PLFAs
Fig.2 Differential PLFAs based on STAMP analysis

e m|['M @ FP

cyl17:0/16:1 w 7¢
cy19:0/18:1 w 7¢

ok

Kb Tr

Panicle differentiation Fu

m['M =P

I
3

=
=

I
)

(cy19:0+cy17:0)/
(16:1 w 7e+18:1 w 7¢)
=)
=

SR

Maturity

S

Full-heading

4bF Treatment

Maturity Panicle differentiation

A:cyl7:0/16:107¢;B:cy19:0/18: 1w7c¢;C: (cy19:0+cyl7:0)/(16: lw7c+18: lw7c).

&3

AREKHER L BB ELLLE T R E MBS

Fig.3 Microbial stress indicators under different growth stage, soil type and fertilization treatment



163

[CGR A

N

FR P

ZEA NURHE BEXT KA

o541

(T00°0>>d “#xx* T0°0>>d “ %S00

>d ‘%) sojdwes ay) Suowre uoneLea Ay} paure[dxa AULDIUSIS SI010B] Y} TRy} PAIRIIPUL SYSHDISY (GO’ (> ) SIOUIIDJJIP JUBDIIUSIS PatedIpul s159) (JSH A9¥N I, YIas SIONS] USIJJICT (TOO 0> “##+ 100

=d ek FG0°0>>d ) ESEO BN F T HA MR S I S XS (S00>d) X

B 107 B ST (USH G S [1] ) -onel usSontu o) uoqre) 1% 4 * N /0 ¢ U0qIed (810 T MY * D], tusSontu [Bl1o T,

LOLETY P NLL $OIISIOIN L5 3 F TOIA £ Ua30Iu d[qeieAY B 3¢ B * NV ¢ winisseiod d[qe[ieay fd ¥y B+ SV ¢ snioydsoyd dqereayy 4y B Jv ¢ wnisseiod (810 T, g w * ST ¢ snoydsoyd [e10 I, 45 * 4.1, 910N F:

CODXETOT 9260 LITP0SE  £9FC 89671 CL6O 176 0870 .815°6 096 aXL
wOUXPLYS 1620 L1262882  LEVEL9  L9SLLE LATOEL  LE090T  L8LE€S €806 L.L66'9F 4%
wOTXIE8'0 8660 ..6L07P9  L.08601  L.6ST9T  SOGT  L.@6LLT 889 ..02€°02 0161 LXS
i OUXSTZE 11T L6878 €022 ARE ST L8162 1867 €612 WSTELT (T uOnRZI[119. 5 T A
e OUXOLTT 120 LTS 87 cz9'1 LT L9189L SEsL 6802 6902 (1)S Ttk
g ODX6ST6 L FS86 LFEV6L22  LBSTISL  L2682F  ..088%9  .GL9°96  ..09TLF  LOSLLL  L.6V901 ($)981S [ fu
296°g vzg 01 061 PASTO  dapze  POALTZL P99 Gzl QeeIS8Z  9d0'SSL dd saoudsoz-toN
M q200°01 T 1910 1887 PPLOOT A8 9PETL  BH000E  PISGLL WAL Sl fwme
v o101 281 PNSIO  OPGYIE  PPOSEIT  9P9TC  9PETL vCE0E  POYESL dd — H{
ey w01 869'1 1910 L6z PPELIT  POTHY  9PLTT Qg6LLZ POESTL NI S
PICS ee0 01 28.1 MYT0 0LEEE  PSZOL  OPEES  AT9L  pSZES T P99l dd ssoydsoz-ton
Jee's ez 01 ML MO A99FE 99Ol OGee0s  d4Z9L  dqROE8YZ  POA0G9L I ELEl Suprou[ng
qQ09° 0T LT LU0 PagTZE POl JUTE PNOOT  20FeST  PIgEaL dd I — I
MGG SEARL 99T 90 apeTe JZTol JA0'Eh 2101 26CST  PRORL NI S
traNs w56 281 ELO  2qZ0eE gzl BO9S PG P9OTTE  PIZSeL dd s10ydsozItoN
(267 ®© 286 qar6T 4610 deLes R ve P8 v3'1Z PZ9SIZ  QEGTRS AT SEL HONBIUALIIP e
S91°¢ 66 PIST VIO PNZOZE  OPNOTEL  AeYE8  OPNGET PG 09FZ  POFEY dd sraudsozpy R
180° 866 eI 2170 Wzse @Il @oEs  vehe PAU99EZ  BII06 I S
Hd N/ %/0L %/NL % /IO Amw@s AMNME AMNME aﬁﬂav awwgu %Mﬂﬁ oA T3 o8ES [ff fi

sanaadoad 10§ 1 9qe],
HRnEEF 1%



i3 R LR
164 ol K 55 43
B G
1.0p
1.0p A
Y 05 GN
HEAEALFH Fertilization
05 AN ; Ab3H FP
5 N ~ 05t - nv A 1
3 S £ 00 it AEAE H4 1M
& S S N EE Stace
a = 2 \—\)pl.“ J’H&l.\mg
5 oor et S e ® S Full-heading
B Z oot S A Y Maturity
g o 2
= - w43k Panicle differentiation
-0.5F
AMF P
—~0.5F un
pH -1.0) Aty
-0.5 0.0 0.5 -0.75  -0.50 -0.25 0.00 0.25 -0.3 03 0.0 0.6 0.9
RDAI (63.10%)

RDAT1 (54.2%) RDA1 (59.93%)

A B i vs. PLFA 4 i, Significant environmental variables effect on PLFA composition ; B : B {ifi 4 B9 5 Wi Enzyme activity ; C: i £ 4
T % X6 il 9 7 5% 1 Microbial community effect on enzyme activity. $¢ K A4 5102 MR PR £ 38, 8/ 45510 AR MR PR £ 4 Bigger symbols
represented rhizosphere soil while smaller symbols represented non-rhizosphere soil.

B4 RROWER
Fig.4 Redundancy analysis results

m[FM &=FP

=
PR 1 W R A (mg/ )
Acidphosphatase

Fr R e

Full-heading

Ab P8 Treatment

ok

Panicle differentiation

0.08-
*
— 0.06
=0 a
B 1
C 2% om Y P
&S
E 0.02
0.00 BiRERERE  BIRCEIEZ BIE g
BEETRTERT B Y EmTRcmE
g wE g g g
w3 w2 w2 S w2 w2
e Fr R e
Panicle differentiation  Full-heading Maturity

Ab P8 Treatment

m[FM = FP
12
s
; b & i
B v
£ {
b 5E
i
= =
p #
z
(vidia
Panicle differentiation  Full-heading Maturity
Ab 3 Treatment
m[FM = FP
SRk g
0.10- a
R a a i a
& L a a
£ o 0.08
E <
== 006 b
om =
=S
B2 oo0af
2 o
(S
<
bl 0.02-
#R
0.00LH
B
M FEREH et
Panicle differentiation  Full-heading Maturity

A3 Treatment

5 AEEKHER . GEIEALIEAN 1 5K B FiE R

Fig.5
it 5 1k 0 A8 AL, i RE R 4 il O 12,1596, 5.95%
5.17%.5.00% F14.14% . AR 2% [ ET M40 0 L
PR R AR A AR L P 0o - S S P A0 ) A R S
45.39%6.3.88% F13.09%6 . XKW == [CEH AN
AN LR AE Y R e 7 TS AR . AHOC A
BT ah— 25 SCRe T 1A WV 5 R T 2 ) %
# o Pho 5 2 [CBAM: 41 & (P<<0.01) Al EL 1 (P<<
0.01) 2 TEAH G, 75 A =2 G BH P 48 77 42 67 AH G (P<<
0.001) . FEMERG S I IA R Ak, IR

Enzyme activities under different growth stage, fertilization treatment and soil type

il 5 IO T PR TR AR L T R L TR R A O T S
LR M R N e T il O I Sk = ]
Tl TR Tt R A TG P S SR AR G (&1 6) 6

3 i #

A BB 4 Bt FH o A M R A T BSR4y K
o BEIRLR, A [R] A48 B R o i/t X6 78 1k
2F R R ST M B I B I ) A A 7 R R g
TER LI, IFM AL FR A MR B 338 b, B PLFA & &
BT FPAMEE . X 0] IFM 76K 78 A4 & 0 10 %



o541

FOHRER 45 LR A ILRME BN K AR PR GCE YIS DI RE RIS R 165

A

?@*’%E%- 004 01 022 024 013 -0.03

(cy19:04cy17:0)/(16:1 w7c+18:1w 7¢) 006 -0.03 car
W{Fg ~0.09 -0.06 -0.14 -004 006 017 001 -008 [ | 05
Ie ey19:0/18:1w7¢ 01 002 o
4 " i
D7 EORTRIRH | 014 049 044 -031 -027
Ary ek £33 | .70.5
1 iy 047 011 -0.06 026 05 | 0.05 ey17:0/16:1 m7e B % 10
Pho & %
> > S x © ] & & 3
SEFISSTS S E&EFS
S & & =
5 SIS
& £ &

B

RS RN A M R F M Asterisks indicate the significance of the correlations.
6 TIEEAERSHEWAN A BEMBIEE (B KB ERE
Fig.6 Heatmap of soil enzyme activities responses to microbial component(A) and microbial stress index(B)

{14 e 79 AE AR F T 3 A A K AR T X — B A
FEAREIH A BT (T 1A X 7R TFM Ak
HAT A AL AT A KSR AL TR 3R 5 B W
AT T A= A= e A B4

R A5 216 B B9 9, 5 2% E 92 40 B o A ki 7Y
M) 7 FF R 0B T T R A DA B 2 R B P 40
T fif— S A A A O S 0 (A5 TE AV S, GP/
GN I ETH 5B RGAE T I BEAA & % U110 %
e RS & B, TEM A B RAR T AR bR 358 b G/
GNH(EI1B) . BbAh, it AT & A 2 it AL mT BE 4
HEARBRUCER, N 5| 5 2 1) & B Y . ok
B, B S5 AN Y R (F/B) 5 TSRS AT )1 %
MO I LA T R R Ak IR RS i R I Sk
IR AR F/B AR (8, HIFM 4b
B E T X — R (B 10) . X —KIHR,
TETEM AL BER |, 7K R i Vi H ) ot T 0 2 4
FRAR TR B rTBE & Fl T BB 1 B0 . TUR T
GERRW] AR K pH SV A R R Y
M) ffc 2 W A 0 1) R R R b R BV A
(R S e o PR R KRG 9500 R R AR RN
A REVE P RO VE B G E B peAh A Ak
JE A Sy 5 ma RE IR W BE TR R OC R R
ZQ[ZSEZGJO

— BN Ry, AT IR R 5 N TR R D TR 1 L R
A TP A RIS O A BE SRR X an
FRUE, cy19:0/18: 1w7 B HLR AT LAFE /R 3K H sk
% 480 A R M B9 BR B R 1L A, (ey19: 0+
cyl7:0)/(16: lw7c+18: lw7c) J& 40 B B V& 5 35 i if
AR RRT B G A T 4R Tl T BE T R
R AL B B AR B s R, 5 FP b
HAH o, IFM &b 3B I T cy19: 0/18: lw7c Al
(cyl19:0-+cyl7:0)/(16: lo7c+18: lw7c) (K 3) , 3
Wk TEM Ab B AT E 23 08020 %l 28 9 9 2038 7, B

S 7 A A I B D7 TR 1) A ) B

IFM 312 i +3E0E 5t TN AN AK .pH F1 TP fy
Ak 2 M AR T - SRR TS PR ARk . R T ke
JiTZ A, 2 LGB A P TR R DA T AR L R i
TR T DRI T M B R I R D R R T e 1 RS
37 (1 4C) |, 2 W 2% [ B 240 RN L DR 7R I8 7
- S M R PR AR KA o A A A A
Fh IR S ie)  7) 21 1 DG B R 3R 2 TR T R 24 [
FRPEANEE 2. — Ak, 2K e £, AN RV LA
TR T - R T A i B O R AR 4%
P e AR STl A 27 T i 5 A W v 5 4 v B
FAEDO S ARG v, 22 T BE P 40 T Y L 5 T
Tt R Tl R Tl %) 3 P 2 R O, A B, o 2 TG M
G TR 5 I S 5 TE AH OC , X SE 45 SRR FE AR 5T R
522 [C B 20 B AT RE 3R IR T 22 1Y BE M Bl R M W 1R
il o O R IR T S M SR ML PLEA I 3
FHOG . X —ZEHAN ) T SR IR R AR R 40 i
TE [14) R TR Tl R PR T Tl 5 - SR AR A v A 22 TGP
PEAR T AR S R

% 8 F] PLEA 3% 0] LS 78 AN R ) 587 A
JIE 7 TR ) A= 400, T A 7 il AR 8 R TR DA 7R 32 PR B
JE A B AR AR IR Bl A i 1 RO R
KT fie Z 8] P REAFFEAR DG ME o A6y A s 3 7K SF- 7T
e 2o M 592 25 RGETRE, BN W = B g 01
R R IR, S0 0 W 300 i 505 A ol T i 0 e A
ARG, X WG, TR T B IR il R0 8 T B L R
it 1 A 2 T T 5 By 2 B A B ik 38 1 97 T 52
WA o A A — ol A LA A 00 A2, 7 A R G g 7 T 1 Tk
AT BEAFAE 7™ A BN 7 A A DG ) D 4

IFM I FP A B 2 1] A =5 2 X307 b 2% 52
SR CEACEREIE T 25 . S YA R AT
DA i - M ) S0 2 PR, AR MU S0 38 A A Tl 0 5 %
X — B 5 IFM &b 34 b i il 0 o 5 B — Bk .



166

LS N AN S o ¢

943 %

P07 A AT DA R K R b B E B AR AT
KIAFE (IFM 5 FP)ALHL T, A W iV 5 57 501
IAH Y B D RE A A AR 25 5, X2 O IFML Ak 3
T FERE A I RN A Y T RE R S TR E R
AT AEAR B = A 5 22 1 il (IR BR M) o SR, IFM
XoF 7K A AR W B 5 TN Ih g B K 3 5 e AT A F

25 LT IR  IEM AT LA7E R 201k B BE 3G in 2B 9
PLFA  {BAE 505 IR AR GUE P 85, 3 n] 5B A5 A
TR A KK b A K R A S
FE AR 22 [0 1) 8 35 56 4 5 il 3 B AR P - 48619 GP/GN
LU RS2 A G A R 5 AR A A i 8 0, 8 A
WIASTR) K 5 Wi B A T A ol T Al 1 % ik T g
it (0 P S DT R B 0 R i s AR i DA 30 T 57
RV Ay e VR AR AL, E 7 = A A R T 3R A6 B LA
PR AR HED X R, R IFM S 2 21
BUAS TN 57 8l JJ 4N o AR 04 it JIE BF 5 38 3 7% 1 A
NS 7 DA N NN B R A= R

L

2 % Lk References

(1] W8 RS, X7, 55 GRS T A I e i X Ak g 7
i SRR AR R RS R [T ], AR Al R 2 T,
2022,41(6) : 16-26.HU Q L, YANG B J,LIU N, et al. Ef-
fects of application rates of nitrogen on rice yield, carbon and
nitrogen, microbial community in soil under mixed sowing of
green manure [J].Journal of Huazhong Agricultural Universi-
ty,2022,41(6) :16-26(in Chinese with English abstract) .

[2] SR, T AU, 5 R m o 5 il SR AR R AR R 4y
WX IR R [T, A AR R A 4, 2023, 42
(4) :177-184.1L1U Z Q,LIU N, LI S J, et al. Effects of root
exudates on soil microorganisms under intercropping pattern of
Chinese milkvetch and rapeseed[J ].Journal of Huazhong Agri-
cultural University, 2023, 42 (4) : 177-184 (in Chinese with
English abstract).

[3] MALIK A A,MARTINY J B H, BRODIE E L, et al. Defin-
ing trait-based microbial strategies with consequences for soil
carbon cycling under climate change [J]. The ISME journal,
2020,14(1):1-9.

[4] BREIDENBACH B, PUMP J, DUMONT M G. Microbial
community structure in the rhizosphere of rice plants [J/OL].
Frontiers in microbiology, 2015, 6: 1537 [2024-05-28].
https://doi.org/10.3389/fmich.2015.01537.

[5] HUANG Q,WANG J L, WANG C,et al. The 19-years inor-
ganic fertilization increased bacterial diversity and altered bac-
terial community composition and potential functions in a pad-

dy soil [J/OL]. Applied soil ecology, 2019, 144: 60-67 [ 2024~

[9]

[12]

[15]

05-28 ].https://doi.org/10.1016/j.apsoil.2019.07.009.

WU M, WEI S P,LIU J, et al.LLong-term mineral fertilization
in paddy soil alters the chemical structures and decreases the
fungistatic activities of humic acids[J].European journal of soil
science, 2019, 70(4) : 776-785.

WANG J L,LIU K I.,ZHAO X Q, et al.Balanced fertilization
over four decades has sustained soil microbial communities and
improved soil fertility and rice productivity in red paddy soil[J/
OL].Science of the total environment, 2021,793:148664[ 2024~
05-28 ].https://doi.org/10.1016/j.scitotenv.2021.148664.
WANG L M, HUANG D F.Nitrogen and phosphorus losses
by surface runoff and soil microbial communities in a paddy
field with different irrigation and fertilization managements[J/
OL]. PLoS One, 2021, 16 (7) : e0254227 [2024-05-28].
https://doi.org/10.1371/journal.pone.0254227.

WANG J L,LI Q K,SHEN C C, et al.Significant dose effects
of fertilizers on soil diazotrophic diversity , community composi-
tion, and assembly processes in a long-term paddy field fertil-
ization experiment [J]. Land degradation &. development,
2021,32(1):420-429.

ZHANG X X,ZHANG R J,GAO J S, et al. Thirty-one years
of rice-rice-green manure rotations shape the rhizosphere mi-
crobial community and enrich beneficial bacteria[J ].Soil biolo-
gy and biochemistry,2017,104:208-217.

LING N, WANG T T,KUZYAKOV Y.Rhizosphere bacteri-
ome structure and functions [ J/OL ]. Nature communications,
2022, 13 (1) : 836 [2024-05-28]. https://doi. org/10.1038/
s41467-022-28448-9.

WANG D P, HUANG J L, NIE L X, et al. Integrated crop
management practices for maximizing grain yield of double-
season rice crop [J/OL]. Scientific reports, 2017, 7: 38982
[ 2024-05-28 |.https: //doi.org/10.1038/srep38982.

LUO X S,FU X Q, YANG Y, et al. Microbial communities
play important roles in modulating paddy soil fertility [J/OL ].
Scientific reports, 2016, 6: 20326 [ 2024-05-28 ]. https: //doi.
org/ 10.1038/srep20326.

LUO X,YANG Y,WANG L,et al.Relations between bacteri-
al communities and enzyme functions of two paddy soils [J].
European journal of soil science, 2018, 69(4) : 655-665.
MOCHE M, GUTKNECHT J, SCHULZ E, et al. Monthly
dynamics of microbial community structure and their control-
ling factors in three floodplain soils [J]. Soil biology and bio-
chemistry,2015,90:169-178.

BUYER J S, SASSER M. High throughput phospholipid fatty
acid analysis of soils [J]. Applied soil ecology, 2012, 61:
127-130.

FIERER N,SCHIMEL J P,HOLDEN P A.Variations in mi-
crobial community composition through two soil depth profiles
[J].Soil biology and biochemistry,2003,35(1) : 167-176.
ZHAO J S,CHEN S,HU R G, et al. Aggregate stability and



o541

FOHRER 45 LR A ILRME BN K AR PR GCE YIS DI RE RIS R

167

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

size distribution of red soils under different land uses integrally
regulated by soil organic matter, and iron and aluminum oxides
[J].Soil and tillage research,2017,167:73-79.

HUANG Y P,WANG Q Q,ZHANG W 7], et al.Stoichiomet-
ric imbalance of soil carbon and nutrients drives microbial com-
munity structure under long-term fertilization[J/OL ]. Applied
soil ecology, 2021, 168: 104119 [2024-05-28]. https://doi.
org/10.1016/j.apsoil.2021.104119.

LICH,LIY,MA J, et al. Microbial community variation and
its relationship with soil carbon accumulation during long-term
oasis formation [J/OL]. Applied soil ecology, 2021, 168:
104126 [2024-05-28]. https://doi. org/10.1016/].
s0il.2021.104126.

FANIN N, KARDOL P, FARRELL M, et al. The ratio of

Gram-positive to Gram-negative bacterial PLFA markers as

ap~

an indicator of carbon availability in organic soils[J].Soil biolo-
gy and biochemistry,2019,128:111-114.

MALIK A A, CHOWDHURY S, SCHLAGER V, et al.Soil
fungal : bacterial ratios are linked to altered carbon cycling [J/
OL]. Frontiers in microbiology, 2016: 71247 [ 2024-05-28 ].
https://doi.org/10.3389/fmicb.2016.01247.

LIUH Y,XU W,LIJ Y, et al. Short-term effect of manure
and straw application on bacterial and fungal community com-
positions and abundances in an acidic paddy soil[J].Journal of
soils and sediments, 2021,21(9) : 3057-3071.

ZHOU F W,CUIJ,ZHOU J, et al.Increasing atmospheric de-
position nitrogen and ammonium reduced microbial activity
and changed the bacterial community composition of red paddy
soil[J].Science of the total environment, 2018,633:776-784.
CHEN Z M, WANG Q,MA J W, et al.Soil microbial activity
and community composition as influenced by application of pig
biogas slurry in paddy field in southeast China[J].Paddy and
water environment, 2020,18(1) : 15-25.

CHEN Z M, WANG Q, MA J W, et al. Fungal community
composition change and heavy metal accumulation in response

to the long-term application of anaerobically digested slurry in

[32]

a paddy soil [J/OLJ. Ecotoxicology and environmental safety,
2020, 196: 110453 [ 2024-05-28 . https: //doi. org/10.1016/].
ecoenv.2020.110453.

FROSTEGARD A, TUNLID A,BAATH E.Use and misuse
of PLFA measurements in soils[J].Soil biology and biochem-
istry,2011,43(8):1621-1625.

ZHANG Q C,WANG G H, YAO H Y.Phospholipid fatty ac-
id patterns of microbial communities in paddy soil under differ-
ent fertilizer treatments[J].Journal of environmental sciences,
2007,19(1) :55-59.

ZHANG Q,ZHOU W, LIANG G Q, et al.Distribution of soil
nutrients, extracellular enzyme activities and microbial commu-
nities across particle-size fractions in a long-term fertilizer ex-
periment[ J]. Applied soil ecology,2015,94:59-71.

QASWAR M, HUANG J, AHMED W, et al. Linkages be-
tween ecoenzymatic stoichiometry and microbial community
structure under long-term fertilization in paddy soil: a case
study in Chinal J/OL ].Applied soil ecology,2021,161:103860
[2024-05-28].https: //doi.org/10.1016/].apsoil.2020.103860.
ZHANG X Y,DONG W Y,DAI X Q, et al.Responses of ab-
solute and specific soil enzyme activities to long term additions
of organic and mineral fertilizer[ J].Science of the total environ-
ment, 2015,536:59-67.

CUTY X,FANG L C,GUO X B, et al.Ecoenzymatic stoichi-
ometry and microbial nutrient limitation in rhizosphere soil in
the arid area of the northern Loess Plateau, China[J].Soil biol-
ogy and biochemistry,2018,116:11-21.

CHEN P F,MO C Y, HE C, et al.Shift of microbial turnover
time and metabolic efficiency strongly regulates rhizosphere
priming effect under nitrogen fertilization in paddy soil[ J/OL ].
Science of the total environment, 2021, 800: 149590[ 2024-05-
28] .https://doi.org/10.1016/j.scitotenv.2021.149590.
SUJQ,DING L J,XUE K, et al.LLong-term balanced fertiliza-
tion increases the soil microbial functional diversity in a phos-
phorus-limited paddy soil[J].Molecular ecology, 2015,24(1) :
136-150.



168 LRI I NI <3 4 843 %

Effect of comprehensive fertilizer management on function of rice
rhizosphere microbial community
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Abstract Integrated fertilizer management (IFM) with a higher N dose and more fertilizer splits has
been designed to increase rice yield for the full double rice system instead of for farmers in the subtropical
regions of China. Higher levels of chemical fertilizers negatively affect the environment and microbial ecolo-
gy, but more splits to meet plant demand might reduce adverse effects and promote soil function. A field
experiment for double rice cropping conducted in 2013—2014 was used to study whether integrated fertilizer
management has beneficial effects on the microbial community and microbial function compared with con-
ventional practices of farmers (FP). A randomized block including integrated fertilizer management (IFM )
and conventional practices of farmers (FPs) was designed. Rhizosphere and non-rhizosphere soils were col-
lected at three time points during the season of growing late rice to investigate the chemical properties and
enzyme activity in soil. The phospholipid fatty acids (PLLFA) were used to identify microbial biomass and
community composition. The results showed that IFM treatment reduced the ratio of Gram-positive bacteria
(GP) to Gram-negative bacteria (GN) and the index of microbial stress in rhizosphere soil compared with
the FP treatment. IFM promoted the activity of sucrase, acid phosphatase, and arylsulfatase in the rhizo-
sphere soil at the stage of panicle differentiation and full-heading, while inhibiting the activity of urease at
the stage of maturity. The results of analyzing redundancy showed that available nitrogen and total nitrogen
explained 15.9% and 12. 5% of the variability in the microbial community and enzyme activities , indicating
that N availability and its level play key roles in regulating the microbial community and enzyme functions
in paddy soil. The enzyme activity was significantly explained by Gram-negative bacteria (GN, 5.39% ) ,
fungi (3.88% ) and AM fungi (3.09% ). The index of microbial stress was negatively correlated with the
activity of phosphatase and sucrase, indicating that both bacteria and fungi are involved in the regulation of
enzyme activity in soil. It is indicated that IFM mainly regulates the rhythm of nitrogen incorporation in pad-
dy soil to change the composition of microbial communities, thereby enhancing enzyme activity in soil be-
fore maturity and promoting nutrient cycling during the growth of rice.

Keywords integrated fertilizer management ; microbial community ; index of microbial stress ; enzyme
activity ; paddy soil
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