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o L ¢ U 8 fn wl AE B A T 3 R R ek
s, 2 T AR 9 A R R IR R AL B R R T
AR R R 3 R O i R R B AR BETY . Hu
SN D HE A BT 5T 2 B L SF A e T S S 4R e 1
R Y T RE Z A, SR, Shi 48T & B
2253 17 a BEEEBEAIE (0.17.5 1 35 kg/hm?) it JH )5
TN R BRSO R R A B AR, mT L, R
AT R &5 1 RS TR S R E—E 2R,
R AT A R A R it AC L O R AR R
CHERBE B AN T8, it A BT B8 £ AT 4t
I 7K A A R BT G IR FEAR A it FH 8 HE X
- e A oy B LA i 5 ) s BH A B A S
W ZREVEZ A OC 2R L DL A K R 5 1 X IR B
27T FH R A g {4 R R A A A

1 MR57EE

1.1 K&t

R 30015 07 T ] 6 i 457 38 6 2 70 M T 90 20 X1
JERZE b (30°33' 24N, 112°4'56"E, ¥4k 52 m) » K3
T & BRI KR L. 2011 4EKRE BT LR EAT
JEL A% FH ()6, SR FH — 4 R A ) K - A T SR e VR I
IR HFZ (0~20 em) RHEREA AL pH 6.4,
A i 0.6 g/ ke JBE A i 275.3 mg/ kg A MU
1 28.8 g/ke B 444 me/ ke AL B 96.6
mg/ kg FIZERHAE S 528.2 mg/ke™ . ARBFIT N E
2 A3 B (DNK(—P) FI(2)NPK(+P) AbH, 45 4b 3
3RHEME L /NXTE R 20 m®, R 58 e FEHLIX 41 HEF
B Ah B (D ASFEBEAE SN, V54 15 25 55 43 it F B 44 44 2 b
et AL BN 180 kg/hm? P, O; 90 kg/hm? Fil K, O
120 kg/hm® , HAvil 324Nt AL 15 keg/hm® . AERLFH
FMIRFE (46% N BERR A5 (1290 P.Os) S AL
(60% K, O)FIHIES (11 % B, HAK £ FtE FH 7 %
KRG ZE 4y 3 Ut AR, FL B R SR AR ¢ BEAR
AE=2 =1« 18R A4 AR XE K A8 A% H it — ko 3
Jiti . AR ZRAr 3 Uit AL, LA B ¢ B A
AE : FEEAL =3¢ 1 ¢ 1;BF A0 B0 00 R0 0 AE 76 3l =2 58
AT — YR L Aty [ A R A 4 Y b AR T
K AT,
12 TEBES XS SNE

2019 4F 5 H &Rk G L Hi iR S RURFRIA R
LK /NX 0~10.10~20.20~30 F1 30~40 cm + )2
FE S IR AT U437 B 1 kg F 19250 2, KT
#H . HEE R e A PLBE L Ry Tk at
AT 5 5 SR Ak 2 % 252 488 BT DU 5 4 S iy o 45 ol

T TCHLEE & 0, 1 T HLBE 4 51 85 (AL-P) (B
W (Fe-P) M & 8 (O-P) FIE5#E (Ca-P)4 4,
13 TEDNARBREZEENFE

TR WK I, R A 7 + 58 DNA 43 B 7 &
(MoBio Laboratories, Carlsbad, CA, USA) X} & 2
(0~10 em) & + 47 DNA BREL, o EZE 3 cm
- 98 500 o ok A S A L 2 5 A T AR JE R4 3~ 10
em HAE B 3 IRE R . R 1.2 00 B B
HE AT FE i DNA By BE A58 B M, Al Nano-
Drop % 4M 3 6% B 3+ (Thermo Scientific, NC2000)
R DNA (ke B f 2l B2 . H JC B KK DNA 6 B
& 1 ng/pL, LR REJG 3L 41 DNA Sh BT, AR 45
e DX 38 i 16 6 (A7 Barcode B 4% 5551 40 Xt 41
W 16S rRNA V3-V4 FIEH 18S rRNA ITSI X 5§
HEAT Y HE . X518 16S V3-VA X 5] 4 (338F: 5
ACTCCTACGGGAGGCAGCAG-3'; 806R: 5'-GGAC-
TACHVGGGTWTCTAAT -3") #1 18S ITSI X 5| ¥
( 1737F: 5-GGAAGTAAAAGTCGTAACAAGG -3';
2043R; 5-GCTGCGTTCTTCATCGATGC -3, H #r
Sty e Il Wit Ak 5 i AT SC R A, R A Tlumina-
MiSeqPE 250 Z AR 5 F & (L JR 375 2% AR Y R4
B0 A R D HEA TN
14 HIFELE

I3 JA 0 500 2 I 5 0 4 3K 05 910 B 45 A AR A1 It
B S R AT PR 4 Ak BE L A5 B AN RE AR A RO
SVEEIE . Z )5 VL 97 % R 4l 22 1948, X 16S Fl 18S
J¥ 5 47 BT #4428 ¥ 50 (operational taxonomic
unit, OTUW X 43, >Rk H QIIME # {4, #§ § UCLUST
JP A HesE T B4 97 Yo 19 ) 50 AH BLE 3E A7 R 28, 9 3
WA OTU B fe s 19 7 904E iz OUT AR 7
H1., EFXTANEE 16S rRNA FIELTH 18S rRNASY 71 % H
Greengenes $UHEEF Silva B0 FEA/E N OUT 43 2%
Hiu A 55 5 AR T B

R H R R H] MS Excel 2016 347 &b B F11E
KLLSD g8 P=0.05 K122 53 8 &, A H
R M vegan T HAL DL 3 BEAL S0 A 0 BF V% AH G 3=
FEAE A R AS L 4 0~10 em TR BB A XML
W20 43 & BEAE N RS B AT TUR 40T

2 #RE545Hh

AR T LIRS M
2% 1 W K 3 it A Al B ] AS [ 2 2 o0 A+ 3
KB, MB(—P)0~10.10~20,20~30

2.1



170

PN

%40 &

M30~40 cm T2 A GBS 553 51 593.4.495.8.
406.1 1 272.8 mg/kg. i HEENE (+P)J5 . & 12 &
B 2 f 4 WIS A 213.1.206.0.34.6 F1 15.4 mg/kg.
R Ay 3R 35.9% .41.5% .8.5% 1 5.6 %, [A]
FE X F - 8 T ALBE & &, X R4l 0~10,10~ 20,
20~30 Fl 30 ~40 cm + 2 JCHLBE & & 400K
439.8.385.7.,310.9 1 245.2 mg/kg; i FH # I8 )5 4%
+ )2 LB =5 B3 209.9.183.2.35.1 A1 11.3
mg/ kg, W 0E 5Bk 47.7% . 47.5% . 11.3% 4.6 % .
*FREZH 0~10,10~20,20~30 Fl 30~40 cm +JZH
R B 3.7.2.9.3.7 F1 3.3 mg/kg, K Wit
NGNS R & 1 2 A 808 & & 2 B 5 3.3,

3.1.1.6 i1 1.7 mg/kg, {43514 90.3% .107.4% .
44.4%F0 50.1% . X T3 A PLBE & k1T &
B, X HE4H 0~10,10~20,20~30 Fll 30~40 cm +
EANLEE o &4k 153.6.110.1.95.2 1 27.6
mg/ kg i i i FHBENIE 5, 45 T2 A HU8E 2 & 4 ) 3
hn3.3.22.8,—0.5 fl 4.2 mg/kg. WiE N 2.2%.
20.7% .—0.5% F1 14.9 % , 3= B 1t FH 8% I T 4%
+E2AE VBN T, H 20~30 cm £ 2A
DL A D,

A 1 T L, X HE 2 R Ak B A P S B S AR MR
B, MRS T A B i AN AN 32 30 it I 52 il 3 5
PEVR B A OC . K W1t R i A vl &8 2 42 %5 0~10 em

1 TELAEBENEE . TIH EHRNEUHESE
Table 1 Contents of organic P,inorganic P,total P and available P with different treatments

4b BB/ A LB Organic P JeHLH Inorganic P 1w/
Treatments (me/ke) # it/ (mg/ke) s/ % T/ (mg/ke) i/ % (mg/kg)
Total P Content Ratio Content Ratio Available P

0~10 cm 593.44-39.3c 153.6£5.9a 25.944.8a 439.8+46.0c 74.1+£4.8¢ 3.7£0.4d
10~20 cm 495.8441.6d 110.1£14.2bc 22.2+1.2ab 385.7428.7d 77.8£1.2b 2.9+0.4e

—P 20~30 em 406.1446.0c 95.2+14.0c 23.47+.2a 310.9455.4d 76.6£5.2bc 3.740.9d
30~40 cm 272.8420.5e 27.6+2.3d 10.141.5d 245.24+22.1e 89.941.5a 3.3710.4d

0~10 cm 806.5+11.1a 156.94+17.9a 19.4+2.4bc 649.7426.8a 80.642.4b 7.04+1.0a
10~20 cm 701.84+13.8b 132.9£12.0b 18.9+2.1c 568.9424.7b 81.142.1ab 6.0+£0.7b

P 20~30 em 440.7429.7dc 94.7+4.5¢ 21.5+2.4b 346.0434.2d 78.5+2.4b 5.3+ 1.1c
30~40 cm 288.2438.0e 31.8+9.7d 11.0+5.0d 256.5+47.1e 89.045.0a 5.0£0.7¢

1« R B EE o B R R R 8 A B3 M 22 5+ (P<C0.05) . T [Al. Note: Different letters for same item indicate significant differences

(P<C0.05) ,the same as below.
A1 10~20 em + 28 & X 20~30 ecm Fl 30~40
cm JiE 240 B TE] 52 ) 25 S AN B R
22 WEFAREEX T ELYBEAE S K

At & s R, LR B R
RAAMCE 2, B2 S AL 0 5 e 4
7R S 7R 8 R 11 2 A Wl R AT S B i T 46 R
PG AR AN 5 XIS 2 T A 2 A W i A A A B
Jit FH 9l AT Xof - 8 v 4% T LW 20 43 7 o A 52 S K
Yt IR 0~10,10~20,20~30 1 30~40 cm fJCa-P
S & 598 17.0,12.1.8.9 #1 6.0 mg/kg. Jif
BG4 £ )2 Ca-P & &40 513 3.3.3.9.0.8 F1.3
mg/ ke, H0E 5k 19.29%.32.7%.8.5% F121.5%
[FRE X R4 0~10,10~20,20~30 1 30~40 cm
1) Fe-PCER#E) & & 70 5l 34.0.32.8.30.2 Fll 27.6
mg/ kg, i H B B J5 4% £ 2 Fe-P & & 45l 85 m
72.9.45.8.21.5 F1 0.6 mg/kg, B g 4> 51K 214.4% .
139.7%.70.8% 1 2.3% . XFHE4H 0~10.10~20.
20~30 Fl 30~40 cm B AI-P &0 08 2.9.1.2,
1.7 #1 2.7 mg/kg, Mi & 1 o] + 3 e o I =, &%+

)2 AP &84y 3 4.9.2.3.2.2 F1 0.2 mg/kg.
HEWE R 164.5%.188.8% .129.9% Al 6.2% . 5 XF I
A it AR S 4% )2 O-P &2 5148 n 128.8,
131.1.10.7 #1 9.2 mg/kg, ¥ I 4> 3~ 33.4%,
38.6 % 4.0 % Fl 4.4 %

AN TR] it A Ah B R JE L8 40 43 o5 JCHLBE B RO AR
XFF it UL 3, NFR 3 AT A it kA 2
HETHLBE A 4P Fe-P F1 AP 45134 i, T fff Ca-P
A O-P AX AR & g b, X RAHZ 0~10 em
1 10~20 cm W ICHLBELL 5> Fe-P LN 7.7 %50
8.5% , ikt WAL IS . & £ 219 Fe-P L6 53 5142 5
112.7% 1 62.5% ., XJHEZH 0~10 cm Fl 10~20 cm
HEZ M L2 5 AP A & 820 30 0 0.7 %
0.3% Wi HBE N J5 » £ 12 1) ALP AHXF & & 73 ) 3
T 0.5% 1 0.3%  HEWE A 79.1% A1 95.8% . X B4
0~10 cm M1 10~20 cm #F)Z B THLBEL 53 Ca-P L
115397 3.9 %0 F1 3.1 % . it B AL J5 45 + )= Ca-P AH
Xof o B D 0.7 Y0 F 0.3 % L i M 19.3 % A1 10.0%
YFHEZH 0~10 em 1 10~20 cm #F )2 TCHLEE2H 23
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O-P HXTE 510 87.7% 88 1%, i B IE )5, &% 9.7% M1 6.1% ., I, 7E 4 B[R ICHLBE 4L 70 b I &

+ )2 Ca-P X 12 43 B 9k 2> 8.5% Fl 5.4 % . W i A

*2 AEAHEELELIBESSE

Table 2 Contents of various inorganic P fraction with P fertilizer application

AW i L dn ey o FC U B WA A B L T B o L AR A

mg/kg

Ab P Treatments 451 Ca-P ik Fe-P M Al-P & S O-P
0~10 cm 17.0£0.8b 34.0+4.2d 2.94+0.4bc 385.9+42.1b
10~20 cm 12.1+1.1c 32.8+1.1d 1.24+0.3e 339.7+28.4b

—P 20~30 cm 8.9+ 1.4d 30.2+4.6d 1.740.8e 270.0457.9¢
30~40 cm 6.040.8e 27.6+t4.1e 2.7+t 1.3¢c 209.0423.4d
0~10 cm 20.3+1.5a 106.944.3a 7.84+0.7a 514.6+22.6a

4p 10~20 cm 16.0+3.9b 78.6+7.0b 3.5F0.6b 470.84+23.6a
20~30 c¢m 9.7+0.6d 51.7£1.0c 3.9£0.2b 280.7+£34.5¢
30~40 cm 7.34+0.4de 28.2+3.2¢ 2.8+ 1.0c 218.2449.7d
3 AEAMELAELNBESENSE
Table 3 Proportions of various inorganic P fraction with P fertilizer application %

Qb PR Treatments B Ca-P W Fe-P i Al-P A& & O-P
0~10 cm 17.0+£0.8b 34.0+4.2d 2.9740.4bc 385.9442.1b
10~20 cm 12.1+1.1c 32.8+1.1d 1.2+0.3e 339.7428.4b

—P 20~30 cm 8.9+ 1.4d 30.2+4.6d 1.7£0.8e 270.04+57.9¢
30~40 cm 6.0£0.8e 27.6E=4.1e 2.7t1.3c 209.0423.4d
0~10 cm 20.3+1.5a 106.9+4.3a 7.8+0.7a 514.6 £22.6a
10~20 cm 16.0£3.9b 78.67.0b 3.5+0.6b 470.8423.6a

+P 20~30 cm 9.7+0.6d 51.7+1.0c 3.9£0.2b 280.7434.5¢
30~40 cm 7.37£0.4de 28.2+3.2e 2.8+ 1.0c 218.2449.7d

23 MEABEX T EMEYEESEHNEI
DOTU )7 F7r 2o % 5E . 18 1l %
T A E B M E A AR A T (Phylum) | 49
(Class) .+ H (Order) . B (Family) . J& (Genus) Fl Ff
(Species) 443 28K 10 OTU By & F K Wit FH w
NEFEAS . XF T4, X BRAEATT 49 5 B} &8 FF
1 OTU Hom 40510 3 291.3 180.2 3261 451,908
F112, T Wt HI AR AR A OTU O 43 ) 9 20>

7 Bacteria
12 000

8000

4000

OTUZL & Number of OTUs

AbPE Treatments

m1
Fig.1

2) HHER A Y REVE £ W K& Alpha Z 815

B o H FE h £ B8 S WA i SCPE D ) B i Y A B
P, H I 2 W] X IR 4] A A B2 ) R R il £k 2O
%, R W Y AT T IR B R 8 S BRE AR BT T A
W) Z2 R L Ak S 1 i R R R S A &) A i Y R

171,182,267,305,206 F1 20, Jik & 2> % A 5.2% .
5.7%.11.5%.21.0% .22.7% M 17.9% , X} T ELH .
XFHRREATT M H B8 R Rl 2% 43 2K OTU
B2 oh 383.346,343.256.,271 F 211, K 3 jiti
FHBEAEFEA T OTU it 43 i 2> 46 .47 .,52.26 .35
A1 32, Uk 0 43 1 A 12.0%.13.6%6.15.2%,10.2% .
12.9% F115.2% . X B 5 % A L, K i FH
JIES 2 1K 200 B R L B 104 TR VR 80

A4 Fungi
R v 2000
® 1] Phylum 2 m i ] Phylum
o]
o4 Class < 1500 B4 Class
0 HOrder 5 0 H Order
e
m Bl Family g 1000 mFBl Family
m /& Genus u;}?ﬂ m/& Genus
A F Species & 500 AFh Species
O7k432% Unclassified % o432 Unclassified

ALPE Treatments

OTU %Il 53 70 53 28 3t (i 45

OTU classification and status identification

OTUs, Xt 25 5% A W 3% 5% i, Ut W 40ds = &
BLi NI

Chaol 1 ACE 45 %5 I B8 % 7K 3L A4 9 i) 1
% F % &, 1M Shannon Al Simpson $8§ £ 5 fin & % 14
B A B BE TR 2R K it Tl P 2 i - e 4
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LRI B TR R R F R M 2 REPERRAR (R 4, Hor,
i FH B AR % 1 240 5§ Chaol #1 Shannon 8 M £ K
B (3 687.7.3 571.7 1 10.27.9.95) , [& & 43 51 K

" 4000r MH Bacteria
o)
S _____
< 3000} P
(=] ,/’
= ’/
L -
£
E 2000f L
Z. 2
] L,
B/ 1000F 2 -—- -P +P
jn} /,
H 4
e}
0 1 1 1 J
0 5000 10000 15000 20000

J# %8 Number of sequence

3.1% M1 3.1% s %F +HEEE Chaol FI ACE $mifx K
W 3(492.8.435.7 Fl 495.1.442.1), i 4 %1 A
11.6 % #1 10.7%

600
EJH Fungi
500F
400

300

200

—

100 P

OTU%&# Number of OTUs

1 1 ]
0 10000 20 000 30000

J#% & Number of sequence

2 OTUs #ibi # £
Fig.2 Rarefaction curves of OUTs number

x4 BB Alpha ZEEIEH

Table 4 Alpha diversity of soil samples
A Microbial group Qb H Treatments Simpson Chaol ACE Shannon
. —P 0.998+0.023a 3 687.14+121.7a 3 878.1£50.4a 10.27+0.30a
4 Bacteria
+P 0.996+0.021a 3571.7£117.9b 3 829.8449.8a 9.9540.30a
e . —P 0.94640.022b 492.8416.3c 495.146.4d 5.85+0.20b
H Fungi
+P 0.93240.021b 435.7+14.4d 442.145.7¢ 5.7740.20b

3) L IERCE W BEVE A1 BCREAE . 1 25 S (8] 3)
SR A L B IR L K R 2R B = 5 | B ) 20 T A
LA ) P BSR4 S SR OT . AN e
J& BEH K B A: W R R R . LR
VAN B B B E M SR R . X
MR AN BEVE T A0 B BE B TR KT 18 i
BB > 9l 35.89.151,187.237 1 51, ik

ZHTH Bacteria

W BENE , A AR R T AL B B R AR K
H AR A W b BE R 2 3.10.9.22.53 1 5, [ IE K
8.6%.11.2%.6.0% .11.8% .22.4% F1 9.8 % . [RAE
b, HE 2 B RS A L B VBB R K S A A
PR EESY N 26.64.,99.,127 F1 1225 1 K 31 i JH W
NEJE , BBV T H B AR KO A Y R
AR 2.6.10.4 17 BRIRHRIR N 7.7%.9.4% .

800 500
P 77 2
é 600 ml] Phylum é 400 mi] Phylum
18 B Class . 300 E 4 Class
= O = O -
Ty 400 O HOrder el O HOrder
=L | . =39 200 s .
A § mF} Family i § mF} Family
E 200, m)% Genus E 100 M /& Genus
= A fi Species = B Species
0 0
-P +P _p +P
AbFE Treatments A3 Treatments
B3 BHXRKELHEYMESTF

Fig.3 Microbial groups distribution at different taxonomic levels

10.1%6 3. 1% 1 5.7% .

Bl 4 458 R T3 2K B 40 240 7
£k 1 ] (Chloroflexi) . B2 #T B '] ( Acidobacteria)
MZAS I 1] (Proteobacteria) #H X1 3 B & &, B
PRAE T3 B Y 32.4%60.,27.7 0 1 17.0%, Hk
J& Patescibacteria, & B & '] (Rokubacterial) | %

BA B B 1] (Gemmatimonadetes) . B 26 7 ] (Acti-
nobacterial) FIPE M B ] ( Verrucomicrobia) 4§ AH X
FEBE P AR 4.0%.3.5%.3.0%.2.5% F
2.3% s H W F# ] (Ascomycota) |, Rozellomy-
cota FIHH-F [ ] (Basidiomycota) X% £ E & &, B
RSB RE, S ¥ 5 el 58.2%0 . 14.3% 1 6.7% .
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5 X} B e, it B AR S A0 b S T L R A
W2 B B 1], Latescibacteria A1 il 44 12 g
[T (Nitrospirae) A X} =F BE 84 i, i 2 At = #F AH X
FREE WA JH R P T % W 1. Mucoromycota

i Bacteria

o 100F
Qo
E ] .
= gob — I
=)
£
o
2 60F
k|
()
& a0k
I
B
20F
H
&
£ o ! )
P +P
Chloroflexi Acidobacteria

Proteobacteria Patescibacteria
m Rokubacteria Verrucomicrobia
m Gemmatimonadetes m Actinobacteria
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Effects of long-term application of phosphorus fertilizer on soil phosphorus
fractions and microbial diversity in rice-rapeseed rotation
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Abstract A field experiment with two treatments including NK (—P) and NPK (+P) was conduc-
ted in 2011 to study the effects of long-term application of phosphorus (P) fertilizer on the phosphorus
fractions and microbial diversity of rice-rapeseed rotation. The soil layer was divided into 0-10,10-20,20-
30 and 30-40 cm for sampling and analyzing. Soil available P,total P and organic P were determined with
conventional analytical methods. Chemical continuous extraction method was used to determine the inor-
ganic P fractions in the soil samples,and Illumina-miseqpe 250 platform was used for high-throughput
sequencing of surface soil (0-10 cm) microorganisms. The results showed that long-term application of P
fertilizer (+P) significantly increased the content of total P,inorganic P and available P in each soil layer
compared with the CK (—P treatment) ,but the organic P content did not increase significantly. P con-
tent in soil layer of 0-10 cm and 10-20 cm significantly increased by application of P fertilizer, but the
effect on the bottom layer of 20-30 ¢cm and 30-40 ¢cm was not obvious. Compared with —P treatment,
long-term application of P fertilizer reduced the alpha of microbial community diversity and changed the
structure of microbial community. At the level of phylum,the dominant bacteria were Chloroflexi, Ac-
idobacteria and Proteobacteria. The relative abundance of Chloroflexi and Acidobacteria was increased,
while that of Proteobacteria decreased. Ascomycota and Basidiomycota were the dominant phylum, the
relative abundance of Ascomycota decreased and that of Basidiomycota increased. Compared with CK,al-
though the application of P fertilizer significantly decreased the number of bacteria and fungi in the layer
soil in each taxa,the relative abundance of the dominant flora decreased from the perspective of the genus
level. The results of analyzing redundancy showed that the content of Al-P and Fe-P was closely related
to the abundance of various bacteria and fungi. It is indicated that long-term phosphorus deficiency in-
duce an increase in the number of microorganisms to activate soil nutrients, and a sufficient supply of
phosphorus fertilizer meet crop nutrient requirements and maintain the dynamic balance of soil microbial
communities. Therefore,it is necessary to optimize the application of P fertilizer in the entire crop rota-
tion system to promote the activation and release of soil phosphorus, thereby reducing the amount of P
fertilizer and improving its recovery rate.
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