551 % 521 + 1%
2014 43 H

ACTA PEDOLOGICA SINICA

= Vol. 51,No. 2

Mar. ,2014

DOI:10. 11766/trxb201307280354

A EIBEE A EXKFE T B ERA LA
AEAEZHIERNRZm

z ' Hiw'

&S

% %

(1 WRTT R 23005 5 B2 e, BLJH 310058)

(2 Department of Bioproducts and Biosystems Engineering of Minnesota University, St. Paul 55108 ,USA )

wm =

VLK R HEL I i) 8 o2 188 IF 0 4, T = 48 2 e i 45 R (3D EEMs) A 454 3 )5 4 A, R

4 A HERE K (0.,30.60 90 kg hm ™ a ™) 38 5 AT HLER S 1k V& A A7 HLBK ( DOC ) 2 Bl A 45 44 A 2 4
B R AR R T B R AR Ml . S5 2R WOR K FEBERG N T B SRR ( Olsen-P) , T 2 5 T 4 DOC & 45,
BT A LG BT E AR R ARG . 3D EEMs &5 SRR BEEE > 0 2 SN T O 1 MO BE I 4 K 1%
~10% M1 3% ~21% , i BEAR T IE R A FE 45, 5 1 38 24 40 1 52 ( Olsen-P \DOC FiI B~ 4 4 11 B ) B A W 3 48
Stk U T B 3 42 7 Olsen-P, {238 T 2 9 U DOC 94k %, RN F# A T DOC 55 F LR E 4y F & K&
JEFEALARE AT 4R 5 T DOC AR Wl e i itk o W), MG B2 i 07 40 B RE 9% O L AN SR AR A B RS 5 T
22T B Ak O e 1) 1 A0 10 0, DTG N R T 5 e A WLk e R e R PR e Ak IR A, 32 RS B 3 WA
Fi FH e AE 30 ~ 60 kg hm ™ a ™ I b AT HLER B 1 B A0 TR AR 9 22 R M A B R VR Bk B PR 3 R G
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w2 T A T, H A W e A T RO T DOC
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A T W A VR BT Y O R e AR bR Tk

[+ 3 DOC BF5¢ £ 48 1 18 DOC 7= A= fl & 1 45 )7

A B s = eS0T s A AL s AN eV 5 454 il o
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ST T A T A PLER AR Y T R R B
T EEMNE L,

R Wy Bk R - A PR B Ak B AT, X
MY E FR TR MG L U W R T
fIE5 DOC 1 25 #8) A8 Ak %6 YT AH O , I Be 48 7~ 1 ot &
ARAE . AN R SR T0% ~
90% , H:AE 3N 1 AR FE B HLY 43 i A4 A PR
27 TR B R AR L R e iR
2 I N B8 2 3 B v Rk A b AR W P DT
P 3 - A i AR K Liu 2850 F) FH B AR BE 07 R
3BT (PLFA ) X #8H7 FR AR A 38 v 26 W 3 7 285 4 1
WEoE 22 0, W % AT B S 0 b E S AR i IR
AR W) B REVE S5 A . Tan 250 R F AR A B R

# HZEARFEIE T H (40701162) IR AR ML 25 MEAT L BHIT % 55 (2010467014 ) Bt 1)

+ 3l iHAE # , E-mail ; zjzhang6917 @ 163. com
[ P

Wk B 9T 2013 - 07 - 28 i BB ok fs H 393 . 2013 - 10 - 12

(1983 —) , 2, P RN W, 22 A PR AE IR 5 AR ALY

E-mail : 1ixia200820082008 @ 163. com

http : //pedologica. issas. ac. cn



24 7

AT AN () A A 6 0 7 R A LBt A1 760 40 T 7 v 22 R 1) 52 ) 361

JB HL Uk 12 (DGGE ) X ey - 836 1) 40 T A v AT 50 B 3%
WY 0t 18 T 4 v - M AR T A T 2 R e )
REZ REPERUIG AN . SRTTIE T 454 1y 38 &0 R SR F
SR FH S Wl A 0F 9 A TR RE VR 2 R O AT 5T
A O B R A A0 S S LB B Ak K
DOC Z5 AL MIAR& BT T8 R DL ARl . L, A&
SC LA K AR FET ) S A7 358 8 O BIF 5 %) G, ) P = 4 2%
JEIETEHOR 454 vy i 1 I e R BRIV TR [
JIELFH 60 A F = A AL 57 4k \ DOC 25 44 455 ik 11 240
AR 2 AR PRS2 ) W 50 A 0 9K B0 ) 9 ik -
FOMAE 9 A Ak B3t A5 2 HLBEL, O 5 1 oK i 3R
R A FREOR T O DXL 5 A 25T R 2 kR
IO Xt A 78 Ak i B MR A

1 MRSk

1.1 XX

AT H 7K B8R A 8 A g AL TR T AR
B IX K 5 4% 3 7K 84> 3 (30°18751. 84" N, 119°54"
13.37"E) ,fn 8 F 1997 4%, 50 3 g F W #horly 2
WA X, 2433l 17,8 °C L, I A RE T i
1450 mm, H 6 AWIZET A oM ZET . A&
R KAE £ WA A VTR Y K IR TR U B
+ o REBEIZ 15 cm L HEHUW A B A - BV KL (>
0.05 mm)3% Myki 47% Fiki 50% |
1.2 A&t

AW R B BTN B AL 4 m x5 m,
et 12 AN/ AT HES SR HE R RE L SR F K e %
) (R A 2R 45 cm ) FH 351 % 25 AH 40 /1N X, FH 35 v i)
FSGA A PE By 12 I 3kE A T 7K F0 i IE , T 45 4 7
SR -HEK R G

W R B 2R F 58 e B AL X 24 %, U A~ A BE L3
WHEE B0 kg hm (P -0) .30 kg hm (P -30) .
60 kg hm >(P -60) .90 kg hm *(P -90) (Lk Pi})
IR S . AR /N X AR it 170 kg hm 7 R F AN
50 kg hm " SR AR . K RE AR 43 5 4E 2011 4F 6 A
27 HF1 2012 4F 6 H 28 H i )5, 2R AL IR A 24
5~6 emByR L, AR R 2 a, 53 5] T 2011 4
50 .8 A 11 7L K 2012 4E 5 JT AT 11 J R4+
A .
1.3 TEHRRE

TIERE AR ST LRI B S A SRR
RS R EATIR A, i By R S, TR
B REREERE 0 ~ 15 em +HE, H— LR R

T4y, Hovh 3843 B e K L BRAE YRR, 57 R
it 2 mm G, SR O A IRAE T 4 C KA
P, TE— S 22 PN R T 48 A 2 P A A O —
oy HHERES AT G 1 S AE Y SR AR AN e S 4 )
it 60 H 1 100 H i, RAA7E MR B D4 T £
e E AL P AT
1.4 TELENERIH

(1) = 3 3k fili 0 W 5 B SR 6 TR W e ik U
e FRIGE 2 mm R 20 ¢ B EE 05, 5 H T
250 ml 5 il P W RS, 9T 2 e KHFK &= 60% , 78
IR MA 10 m1 0.1 mol L™" NaOH Wi . MW
MR, T 28 £1 CHEIRM PR (REE 3
W) o HHITH1.3.5.7.14 .21 28 35 42 49 56 K
J&i , # NaOH 3% W W 4, A 1 mol L™ BaCl, ¥ #i
2 ml, i 13 M EK4E 7R ), AR HERR (25 0.05 mol
L™"HCL) i 2 240 @3 2%, 45 NaOH Wik i CO,
o MR CO, AR T 1 HE A IR I 55 5

(2) 35 — G N 8l F1 2 Jy FEASE R %k Bt
b1y CO, FATIA , Tk R

C,=C,(1-e")

Hop:C, ik fe o Ak, B 4+ 3 b A= W3 A BBk
JER RN, R P TG R . €, R
Zeid o B R HE D BRI CO, &Lk A1k
B, BDAE W A ALK PR 1 R e R o A A
T, =In2/k, ] LS Bl 4 38 i (1 5% 53478 20 AL 57 bk
W A WL AL P AR R

(3) 4 4 W W (Olsen-P) 2R ] pH 2y 8.5 Y
0.5 mol L.”'NaHCO, ¥ R #EHL, b a5 5 B4
KT (BG) SR O AR POk He gk
1.5 =45 NIEHMESH

(1) WERMARHL 10 g WTFE 5 (i 100 H i) , &
F 100 ml BB KB 1:5 i A 50 ml
Milli-Q 7K , % #HZ7% 4 h,4 °C T 12 000 r min " &0
20 min ( CR22G AU m # R R E.OHL, Hr, HA) 5
i1 0.45 wm JE I, JE W CE T 4 °C UKAH B RL, FF 4
B A HLER 2 B AL (TOC-VCPH, 5, H A)
7 5 ik DOC ¥ B

(2) =456 I 2 A & R B S 1 43
B (Cary Eclipse %¢ 560 G EEH, UL %, 5 W)
FEAT . SEERAS O Milli-Q H Ak . I BR 2Ot
WUEfE L, BT A RE S K% DOC Wk E R R &2
10 mg L™ dEAT 404, ELAEI 10 A AF & W 7 — Ik
FaE . PRGSO , 2 0 D e 4% R i 1 28 O
SR BARIE B Bk Y
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Table 1 Measurement and calculation of the three fluorescence spectra parameters

i 54 WRE 58T
Fluorescence parameter Measurement

TOLE R

Fluorescence index ( FI)

W & DN 370 nm B, 450 nm Ab A K& SR E 5 500 nm &b A & 558 BE 22 H The ratio of the emission intensity at 450
nm to that at 500 nm for an excitation wavelength of 370 nm

i J3 45 K
B/« index (B/a)

R WK 310 nm B ,380 nm &b [ & SR E 5 420 ~ 435 nm 22 (8] () 5 K & 5T 58 B 2 [t The ratio of the emission in-

tensity at 380 nm to the maximum emission intensity observed between 420 and 435 nm for an excitation wavelength of 310 nm

J& 5 A48 5L PO KR 254 nm 5,435 ~ 480 nm 2 [8] (1 & S5 638 T AL 300 ~ 445 nm 2 [A] ) & G565 ET AL 22 L The ratio of the

Humification index ( HI) area of the emission spectra at 435 ~480 nm to that at the 300 ~ 445 nm

(3) - 3EHE 5 DOC 41 3 R FH H A &5 UV-2550
AT LS 43 5606 BETH I 2 200 ~ 400 nm 1Y W 1L
B, AR 0.2 nm A 50 w0 DR 457 30 2 1 5
(TERZKIE 20 £0.1 °C) o Jir D) 25 SR 34 4 B o 56 =5

FLCATTR) 26 4T MilLi-Q 21 7K 19 55 A0 W O 2 {1
‘Tﬁﬁ‘i’% 2 ﬁ\%uiT-%: SUVA28O ‘SUVA254 ‘E250/365 \E253/203 E,:J
"

R2 BEIRESHUNERTELZE

Table 2 Measurement and calculation of the four UV spectra parameters

ELIE 34

Spectra parameter

GRCIIRES

Measurement

280 nm Ak ) 25 40 AT UL SE R G S5 R fE AL i) DOC ¥ B 2 It The ratio of the UV absorbance at 280 nm and the normal-

254 nm b ()28 40 AT LG O (E SRR dE 1L G DOC ¥ J# 2 Lt The ratio of the UV absorbance at a wavelength of 254 nm

250 nm Ab {48 AN BT WG G (E S 365 nm Ab 45 A1 a] ULSE I G {H 22 EE The ratio of UV absorbances at 250 nm and at

253 nm Ab ) £E AN AT UL YEIR G (E 5 203 nm 4b A48 A0 ] WG G Z e The ratio of the UV absorbances at 253 nm

SUVA, ized DOC concentration

SUVAsss and the normalized DOC concentration
Easorses 365 nm wavelengths

Eas3003

and at 203 nm

1.6 TEMFEBZRFMESW

(1) HEBRPRIL 0.5 g ff 4, HI OB /K DR 3 K
12 000 r min "' B0 5 min, 7 EWE A —E B A
PR (A 9Erb: 3 =1:5) K 1 ml B2 22 vk (0. 1
mol L™"  pH 7.4) , JiE 1% #& 3% % #% 10 min; 12 000 r
min "' B0 5 min, F L POBA R T 2L N 41
DNA [ #£HL,

LR 2 DNA (932 HUS I Ezup HE 2L R 21 1 1
DNA fil £ 057 & (SK8264 , /£ T /B W), g ) By 454
ULEHHEAT o $EECAY JE [ 41 DNA H 1. 0% 30 fig bl
JE FEL UK EAT ARSI . K AR ECA DNA FE S 1 5 X 41 B
16S rRNA X #4797 84, 5144 9 N 27F F1 1492R,
HYK K FH 514 341F F1 1073R, % 16S rRNA V3-V6
Xy ) PCR ¢} ABI GeneAmp9700 %I . It 3
pl PCR =4 64T 2. 0% ¥ 15 s Pk AG 0, I 458 1 [ i

15 & (AXYGEN 23 5] YJ 5 [l e, P U i Dk Az

(2) ¥ PCR 7% H QuantiFluor™-ST % {8,2% %
E & A 50 (Promega 4\ 7] ) #1 PicoGreen ® dsDNA &
i 33 ] & ( PicoGreen ® dsDNA Quantitation Rea-
gent) HEAT ARG I A2 5 , 2 ) 4 BRCRE A A i 1 0 o
K, BEAT AR L L B 3R &, 7E GS FLX & AT
454 M e, b AL FE 50 4 ] Roche 45 5E 19 GS
FLX + - Sequencing Method Manual — XL + Kit,

(3) KR4 454 I A d o S RE SR B |
B BE F & ( Community richness ) B 45 40 A &
(Chao) FIVE 55 FE WA F8 B (Ace) , EEH T4 T
AR BB Z R (Community diversity ) F 48 80H
F4¢ 8 % ( Shannon index ) £ 2E I £ 38 4% ( Simpson
index) , % J T S Bt alpha Z #1445 %, Shannon {H
B, U6 W RE VE 2 FE 2L B, T Simpson Fi £ (R

http : //pedologica. issas. ac. cn



24 7

AT AN () A A 6 0 7 R A LBt A1 760 40 T 7 v 22 R 1) 52 ) 363

R, U RE e 2 AR B
1.7 #HiEE

I B ] Excel 2010 #E473H A 4031, Pr &k
PFIALE AR 1 2 1T Orrigin 8. 0 il £ o S8t 73 #r R H
SPSS15. 0 X £ 4k B 2 [6] (Y 22 5k W4T — 48 07 22
#r (One-way ANOVA) Ffl13F Duncan(p <0. 05) ) i
FHVERLLS , XA (] b B K AN [) SR A 1) ) 2E 4T 32
5353 B (PCA) . Pearson A5Gk H] SPSS15. 0 #k 4
H Pearson AH G R KORUSUIN Sk 25 14 A6y 36 HE 47 AR 5C 1%
8. A B A4F SigmaPlot 9.0 H Contour {F K 3
RE , 2 Tl i A ML B = 4k 22 6Ol 3% 45 e 2 RT3 . 4
WRFE 45 M R 2L g1t , FIH PAST (V1.0) &A%, LA
Bray-Curtis #f 2 17 unweighted-pair group 5347 .

2 iR 5He

2.1 BEEXMENHRT KR TEEUERNZN
&L Ar%En,5 A58 A P-60 3k 5 A4 HLAR
WAk 3 % Y 7E B FR R 35 d W E T %R (P-0)
(p <0.05) ,1fi P-30 Fl P-90 W75 30T 14 d &5
T P-0(p <0.05) , Z J5 B & + 3 A HLuK h 2 7 file 40
Sy B E T 2 11 A R A LR 1k
W P-60 Fl P-90 #) i 2 & T P-0(p <0.05) ;1 P-
30 BRI 21 d BEH T P-0, 25 2R AR E
(1) o BAFEFRN, Bl A BB T = +
BRI R i, 43 il % P-0 &3 (p <0.05)
BT 6% ~19% (P-30).35% ~ 51% (P-60) .
19% ~26% (P-90) ,H:rf P-60 F1 P-90 2 A HLikH"
i B B R KCF (p <0.01) (8 2) o A HLER
WA FEZE I A LK O3 A, PR SR ] — 8 2
D7 T AAEL A A HL AR 0k B B B 1) AR AR 8T A 3l
B(FR3), AREEEAHE T, LA PR BHE
fhad B B AT A — S 8h J1 2 T (R =0.95) .
WER 3 FoR AN [R]RAE B 8] St g 34 15 hn 7+ e AL
TRV TE ™ L3, H P-60 3k 3| 5 K AH , 8 P-0 4
T 36% ~50% , 3= W mE 4 A B 5 0 T 4 498 b s
HHLERE . BR 11 H P-60 4b AN, By A XSG I T+
YR IR A R R S R T e
JEBEARE HE T A A HLAR B Ak, DTN R - 158 Bk R Y
VEPR o AH LY, SO (Olsen-P ) 12 [ 45 it i & 114 4%
I, b B S P-0 MRS T 1A% ~ T £
BEALTE ALY 3 (p <0.05) 4w T 12% ~83% (1 B-
%6 B i (BG) 15 £, H BR 2011 4F 5 H 4b B4,
BG [iff (1) 15 PEAE P-60 4b ¥R 38 Bl R (£ 4) .

AW 2 W AN [W) il w98 Ak B 2 15 T 4 A L
R B 1k R R R i, X 5 Ah Al
T O AR 1 A S B R 38 T 45 - A PLER
S A AR R A5 R A — 3, X AT RE R T
Wi A$E 7 T 14 Olsen-P By &5 (R 4) , WA
4 A SR T R R A, R T A
T2 BG B P (R 4) , i 1 4 3 Hlax Y
B AL R (B 1A 2) , ek K AR ek s
AR UM I g, 2 Olsen-P & & 0. 32
mmol kgflE%’?Eﬂ‘,ﬂﬁ?k?é’ﬁifﬁ?%ﬁﬁ%@ﬁ/@[mo
A BF 55 7 P-0 (0.08 ~ 0.13 mmol kg™ ) I P-30
(0.14 ~0.20 mmol kg™ ') kbR, -4 Olsen-P HJ1I%
F 0.32 mmol kg'l , A P-60 b3 (0.27 ~0.47
mmol kg ") Olsen-P 7 & iz $37 0. 32 mmol kg ™', Al
IR LA A% 4 ey A g8 b R SE A AR B T P-90
(0.41 ~0.59 mmol kg™ ") Olsen-P & & 21 8 1 &5
F0.32 mmol kg™ BEFE LR, HEFE W, T AT b
A=Wy R B 558 5 o3 i A HIL Ak 2 4 3 W e /b, B
T 2 K T B H ) R R e R T
I FH 2R 2R A 328 W sk /b, B DA GZE W 3 P ek 5, O A
A R T — B, B, b i T 4 g
AL, B2 8 T AR Y A L 0 R
LY
2.2 WEFEXTIERMBANBRE EE K LILRHMEN

2

i AHAG LA HA e AT WP i SR N e B
b R i il A AL (DOC) 1 =X, A 58 B B A= 9 W i
TR o BFSE & B, - A HURR 1967 1k 3 R 3 45
ALY DOC & 1y 28 f i oM — 80 i B Y
DOC Fy 45 M HRAEAR 5

AWF5Ed,DOC & &5 A HLa Y0 1k 3 %
EAUAH— B 2011 AEIR ) SR AE Bof ) it i 349 4 3 (p
<0.05)#&m T DOC & &, 5 P-0 4 b4 5l 2 =
T 17% ~20% (5 ) .12% ~26% (8 J1) Fl 7% ~
20% (11 A ), H P-60 ¥jik B K{H, 2012 4F 5
2011 4ERY DOC & 2 A8 4k — B, i B b ¥R 34 12 2 (p
<0.05)#& % T DOC W& & KA T s
DOC 2 i e 4549 19 22 AL 5 Ak, xF + 3 vh DOC i 47
T =AY K5 ANGIE 43 BT, T AR R AR IO 1
DL 3. H R 3 AT i A 1 DOC 9Ok
WERRE AR T IR ARk, POt A(Ex/Em =254/
438 nm) fll B( Ex/Em =254/438 nm) 5B MR (&
IR AV ERORR ) A O, =R T ORI AR A R
i o MR TR AR P-0 b AL BT, 2K
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Table 3  First-order kinetic parameters of cumulative organic carbon mineralization relative to phosphorus input
e o WTET L WA % PesE R 2 Ji] i )
Potential mineralization Mineralization constant Determination Half turnover period
Time (yyyy-mm) Treatments

(mgkg™") (d™h) coefficient R (d)

2011-05 P-0 23.15 0.072 0.95 3.32

P-30 27.18 0.091 0.96 3.09

P-60 31.50 0.091 0.97 3.09

P-90 28.61 0. 101 0.96 2.99

2011-08 P-0 42.61 0.134 0.96 2.70

P-30 46.23 0.158 0.96 2.54

P-60 59.98 0. 140 0.96 2. 66

P-90 50.72 0.174 0.95 2.44

2011-11 P-0 32.04 0.083 0.96 3.18

P-30 36. 89 0.108 0.95 2.92

P-60 47.92 0.079 0.96 3.23

P-90 40. 15 0.093 0.96 3.07

I FE R E EI A F B & A= s R Y H WA A % 5
WK Ty 1 # 3l , 3 H 298 0 o B2 Uk 55 , 31X 3% I i A
A T DOC YL S FNE5HY . Valencia 25 ANy, i
%5 DOC k7 7 ROF H R A X M, 20
PSRN R0, A B & 7 & IS, DL HoAth
O AT S BN TR R R AR AR R Ay R . 9
U Y R R B DOC H i KAk A W 2 4 B4, i 2
13 245 20 3 AE GE I/, DT 4 B DOC 1 A5 49 AT R fife 1
RO W B A= T AT PE . S 5 Ak 45 %k (HT) Fa
SRHNETERAE(E (SUVA ) SUVA g, (Eos; 00 ) T
i DOC (W FEFEALFEBE o PR 3R 4 AT, il il b 38R 5
S AL FE % HI A X P-0 B FREIK T 5% ~30% ,5 3D
EEMs Z0 7 0045 B — B (| 3) . BFFEIk R8> AL
YIFE 254 nm T B9 SN IE B E 5 00 £ ZEACKRTY
Tl G W Ko H A A VR T i B 11h) — 2 38 o 4 i
B AL A W, i it B A PR 3% WO BE AL AR sk D (3 4)
) 2% B s 25 FRAIR T DOC 19 95 B AL R, 1 FL 1) kT
FAAL T5 10 Ak . SUVA R FE FAE A HIL T Y 7 1) 1
PR B, HC AR /DN, 5 7 1k M A 7R B N
MF 4 W LIEH,SUVA,, 5 SUVA,,, B M R /Y 28
fbias, L, B L T DOC 4 1 & 5 & & Al
JE AL AR B R oA ik DOC B A= 9 ] A A
98 B (F1) I B 48 40 (B/a) J& FAE DOC
Hh 8 B IR ) St R IR A R U R o PR
YEFR =41 DOC A X EE K, B U DOC FlA: 9y
P DOC [P A SR FLAE AR 92 1.4 A 1.9, A&

W5, e 4 Al BR 2011 4E 8 H R0 2012 45
P-30 b RN Y B/o fH, 5 i B AL FR B R (p <
0.05) 3 1 FLFI B/ {H, 53 A F % & P-0 B4 T
1% ~10% F1 3% ~21% ,H. 9 P-60 kb3 T Ay FI i
B/a ¥R E| T H 2K (p <0.01) . X5 Wilson
Fil Xenopoulos' "™ i 4 [H 3 5 BF 5 AH — B, % W W
PN GILE R e 7/ R R IR SN TR R 1 €2 =7/ B
DOC {774 5 7 R e E (£ 4) .

T g ARV BT 5 A AL BT 9 6 4R AIE (8] 1) Pearson
A PEFE M an 3 5 Fron . Pearson A 574 % B Ols-
en-P 5 FI B/a [ E s 565 2 0 IEAH I (p <0.05) ,
M5 HI il SUVA,,, 2 R ZEMAHE(p <0.05) , XK
W 2 2 9K 3l 1218 DOC R 21 AN 4548 A2 1k 1
1. 1 DOC 5 FI.B/a  Fl Eyg e 5t b 3 TEAA G
(p <0.05), 1 5 J& 54 1k 48 #x ( HI, SUVA,, , SU-
VA s Epss ey ) 522 1035 A5G (p <0.05) , 150 WY + 15
DOC & 748 Ak 5 H 4 plFn 25 # FR AR B & 1Y
FKME . B SUVA,, Fl SUVA,, Ab, & 47 LT 920 4%
fEfH Y45 BG 5 W A SCHE (p <0.05) , X 7] BE A2 H
FHEWIE DOC 2 BG M4 mUM IR " o bl
A B EE T DOC i 25 48 7 B Ak (181 3) L BRAR T
DOC 43 i M FH AL FR B, $2 /1 DOC [y 4= 9 ]
Rfd vk 58 m 7 DOC /Ny g K AL A W1 0 L
1, g B Wy e K B A R R T AR S 2R D
DOC /= (K 4) o X FEZIZEJy DOC 1451y 42
AT B A W VA 45 O R B W I S5 R (3R 5) , i1 T BG
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File i ok £ 24 3% I A A RS B AU T
MERITEASE = T BG BTG PE (£ 4) , BT LIREAR T
DOC By&s 0 52 J Ji | T $i2 i HG 2Ry wl M) A £
PEGCAE YA A ML B8 1 (I T AR 2) .

g12
§§10 a2011-05
=510 f
2%
gs8r
%36
2845
&E
23 2
e s
"E" 0 Il 1 1 Il 1 1 1 Il
0 7 14 21 28 35 42 49 56
i FEW}HE] Incubation time (d)
8§12 ——
;%10 b2011-08
- o
25
on o 8
£ ©
%“5
% 6
igg&.’
S E
=S4
g
27 21
-
§ O ! 1 ! 1 1 1 1 1
0 7 14 21 28 35 42 49 56
34320 Incubation time (d)
s12
P ¢2011-11
T 210
on o
=< 5
on o 8t
£ ©
%“5
% 6
ﬁB
S E
BE 4
# 3
235 27
2
§ O ! 1 ! 1 1 1 ! 1
7 14 21 28 35 42 49 56

S

1EFEMFE] Incubation time (d)

P A [ it 96 b B K T FR A I 1)
A HLBR AT AL AR A A1
Fig. 1 Change in mineralization rate of soil organic carbon as

affected by phosphorus treatment and sampling time

2.3 BIEXTHRAEHESHFENRM
TR W A T A A R 22 A I A AT LS i
ARG AR E VR A 7= 7 RLRCH R X s 7 A
B Y A R R R T LR A
H R E 51 908 A HH - 39 40 TR R v 45 M R AT T 454
e i Y o> Ao 454 I REAS L 4 A g Sk
P —-0.P-30.P-60 LK P-90 kb3, 2405 & I 5

70
PN a2011-05
S lop 60
WIS | —=P-0
2F E S0 —&-P-30
Bog | —4—P-60
ES 40 —=P-90 _ T
Bk 5 & . ]
E- —
=EE 30
T
=Ml
S 20f
0 ! L L L | L L
0 7 14 21 28 35 42 49 56
43} H] Incubation time (d)
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Table 5 Pearson correlation coefficients of soil biochemical properties with soil DOC spectral
properties and UV spectral properties of the paddy field soil
PR EL i J3E 95 JE BHAL TR
e # e mee Eﬁ SUVAsg SUVA,s, Ess3003 E2s0/365
Fluorescence index B/« index  Humification index
AL Olsen-P 0.591" 0.865"" -0.762"" -0.429 -0.613" -0.429 0.755""
. {ﬁﬁ@ﬁﬁ["ﬁﬁ 0.554" 0.881"" -0.853"" -0.794"" -0.886"" -0.748"" 0.726 "
Dissolved organic carbon
Bl % A 0.819"" 0.806"" -0.705"" -0.471 -0.383 -0.891"" 0.864""
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Fig. 3 Changes in soil DOC character with proportion of three-dimensional excitation-emission matrices

http : //pedologica. issas. ac. cn



368 + b

il 51 %

P —60 &b P52 Wi £ O, AT RE S 1 T 40 ORI R E
%N R R AN TR B A A ) R T
ORI B A TS AR S A o AR R R TR 2 R AR
6 n[ 1, P -60 il P-90 4bHiHY 3% (p <0.05)
T AR RET 09 ) B 42 2 (Ace Al Chao) o Shannon

F1 Simpson Z A P48 B B, L4 & Ak B A Simpson
FeBO A I8 B W2 P 22 % B 95 AL #E R Shannon
60,5 P -0 ML (p <0.05) B4, i & Wk
A NG W A R R VR T 2 R R B B I R
HEAE, B P - 60 Zb3E R ik B 5 KA

Acidobactsriacsas
Anasrolinacsas
Chitinophagacsas
Genonatinnonadacsae
Nitrospinacsas
Rhodocyclacsas
Hydrogenophilacsas
Porphyromonadacsas

Msthylococcacsas

Hyphomonadocsas

Oxalobactsracsas

Burkholdsriacsas
Phaselicystidacsas

Chlorofisxacsas

40839

Haliangiacsas

Caldilinsacsas

Cystobactsracsas

Comamonadacsas
Rhodospirillacsas
Xa nthomonadocsas
BVAIS

% | Spirochastacsas

Xanthobacteracsas

Syntrophorhabdacsas

olyangiacsas

Geobactsracsas

Desulfobactsracsas

Syntrophacsas

Nityosomonadacsas

Holopjagacsas

Acetobactsracsas

Payachlamydiacsas

EE

Cytophagacsas

Bradyrhizobiacsas

]

&

09-d|

;P
o
(=]

06—d

Pl 4 A [ Aok R0 200 T B 9 LK P B B SR 2600 A

Fig. 4 Hierarchical cluster analysis of bacterial distribution of families among the four treatments soil samples
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Table 6 Richness and diversity of the bacterial community in the soil ( Mean +SD)

20 T R v S £ TR T VR 2 R
fib 3 B Bacterial community richness Bacterial community diversity
538 OTUs
Treatments oL T AG 48 B fEiR TR T AR
Ace index Chao index Shannon index Simpson index
P-0 5550 13 532 +407b 10 203 +474b 7.77 £0.02¢ 0.001 1 £0.000 la
P -30 5785 13 359 +386b 10 218 +444b 7.86 £0.02b 0.001 1 +0.000 la
P -60 6 178 15 065 +434a 11 363 +493a 7.97 £0.02a 0.001 2 +0.000 la
P-90 6 004 14 664 +424a 10 737 +458ab 7.89 £0.02b 0.001 0 £0.000 la

T R A B AR Rl 78 2 0] R 2 53538 p <0.05 (19 &L 2 7K - Note : Different letters in the same column indicate significant difference at the

0. 05 level
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EFFECTS OF RATE OF PHOSPHORUS FERTILIZER ON ORGANIC CARBON
MINERALIZATION AND BACTERIAL COMMUNITY DIVERSITY IN PADDY SOIL

Li Xia' Tian Guangming' Zhu Jun® Zhang Zhijian'"
(1 College of Environmental & Resource Sciences of Zhejiang University , Hangzhou 310058 , China)
(2 Department of Bioproducts and Biosystems Engineering of Minnesota University ,St. Paul 55108 ,USA)

Abstract Soil dissolved organic carbon (DOC) is an important fraction in the global carbon cycle and is critical to
soil biogeochemical processes related to soil fertility and climate change. Soil bacteria play an important role in controlling
soil DOC dynamics. To determine effects of phosphorus (P) fertilization rate on paddy field soil mineralization of the soil
organic carbon,DOC structural complexity and bacterial community structures, a stationary field experiment, designed to
have four P application rates,i. e. 0,30,60 and 90 kg hm *> a™' of superphosphate , was carried out in a paddy field, and
lab analysis was performed with the 3D EEMs and 454 pyrosequencing techniques. Results show that higher P application
rate raised the content of soil readily available phosphorus ( Olsen-P) ,thus increasing the content of soil DOC,and DOC
mineralization rate and accumulative mineralization as well. Analysis with the 3D EEMs demonstrates that P input in-
creased fluorescence index and B/« index of the DOC by 1% ~10% and 3% ~21% ,respectively,but decreased its humi-
fication index,which were significantly related to soil biochemical properties ( Olsen-P,DOC and B-glucosidase). The re-
sults also indicate that P application increased the content of Olsen P,stimulated formation of microbe-derived DOC and
meanwhile decreased the aromatization degree, molecular weight and humification degree of the DOC, thus improving the
biodegradability of the DOC. P input also increased the abundance and diversity of microbial communities,and in particu-
lar,induced growth of a variety of carbon-degrading bacteria ,thus speeding up degradation of complicated organic carbon
and oxidation of methane. Besides, principal component analysis shows that the effect of P fertilization on mineralization of
SOC and diversity of bacterial communities was the most significant when P 30 ~60 kg hm > a~'was applied. Tt is, there-
fore ,assumed that a proper rate of P applied may significantly stimulate the activity of C-degradation-related microbes,and
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hence improve the biodegradability of DOC, accelerate mineralization of the soil organic carbon and promote the cycling of
soil organic carbon in paddy field.
Key words Soil organic carbon; Three-dimensional excitation emission matrices; Humification ; Bacterial communi-

ties ; High-throughput 454 pyrosequencing
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