+ 1% (Soils), 2010, 42 (3): 32964~371

KEAHERE S 4138 2 4t + 3R 14 B L Rk FIBG I 1R 22

RN 123, RITFT,, BEXF', B T K B!
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Bl B AT HUT A4 H ) CMIT R 3 H LT
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1 #MR57HE

1.1 X3 HuE R

EARE LS: I8 i VIR VAR oas A NDitpsiaid 1 U MINITE < EAN
TR (116°26°E, 28°37° ND. %X 4 i,
PRI 26 my ARG K, R 17.7°C, 1
HO ¥ 5.5°C, 7 A3 29.9°C, FEIMFW =N 1727
mm, FKFEFHEFNEAY, FEKEFH (4—7
HO M ERAETW (7—10 ) W ZEFB KDY
Bl AT ASAERE K1) 37.8% Fl 14.4%.

MR UG T 1986 4, WG LLE 10 ANjtaAE
AR COANMEAEALEE (CK); @jifi N JE (ND; @it P
B (P); @jii K I (KD; ®jii N. P Il (NP); ®ijife
N. Kt (NK); @jiti N, P. K it (NPK); ®jiti Fifis
() N. Py K it (2NPK); @jitiH] N. P K JE[A]bSiti
Bt g (NPK+ OM); i sEsE (OMD. /X
R 2222 m?, BEANALEE 3 ANER, SKBEHLX 4 HE
1, Tl S 8 R FH T K- TR K- 4 IR

JEARLFPE > AR R AR LA ST . ek
RSP, 25T N 60 kg/hm®. P,0s 30
kg/hm® F1 K,0 60 kg/hm?, it 4% it FH 7 15 t/-hm?,
P B K BRI S N BE AR, NI & 2/3 9 5EAE,
13 AN, HIEREFON IR+, HIESR LR
TR ARAT E I EEAYE TN pH (H,0, 1:2.5)
6.0, HHLC &8 9.39 glkgo &= N. &P, &K 2054
0.98. 1.42 F115.83 g/kg, Hilifif N. i#%L P (Olsen-P).
K (NH,OAC-KD 73051 4 60.3112.9 A1 102 mg/kg.
1.2 #mEXESNE

2008 4F 3 H KA 0~ 20 ecm [IHHZ 5, &N
XAZHEFAEIE 5 s KA IRA . BRESTP IR AR, A
PPk, —i o TSP B I IR R )
VR, 5o AR EHAAATIE 2 mm B S I E
B L AT MR .

- HEREACER A MR 0 5 SR T VAR, Mo
4% pH KA pH vHE; HIEFE FACH R (CEC)
KA R BRI E s AL C (SOC) R
H KoCrO5-H,SO, A bkl s 134 N 2l
ks ;s +3%4 Py HF-HCIO4 V4 & - Hei Pt ta ik
W2 5 34 K A HF-HC10, 78 & - KA BRI 5
TEHL N K H 2 mol/ L KC1 438l 7 B A g ; 5L

P KM HCI-NH.F ¢ #a K RA] 1 mol/~L
NH,OAc 28— K IV AN o LA A&
C. N RSN EH-KSO, ikl , iy
i C RHEZARI- A zilbe: MAEYE N X
FH B AR e e R PO iz

TIEEPEE ML C (LOC) KA 333 mmol/L KMnO,
G- e BRI, MR LS AL C &R
WEHANLC Gl C HiEHANL C 22 T TIE
C PETRSEEL (CMD), CMI [ AR5 08 DL A4 B
SEUSIPHA

ARG TE (UL TPE i, pug FPE/(g-+24h))
K G =R R M (TTC) B J5ykm Y, 145
HAERAETE (DL glucose 1, mg-ghacose/(g-=24h)) il
SERH 3, 5~ AR KR L ks IREG TG PE (ue-LL
NH;-N i, —ug/ (g=24h)) SHIHER T H vk e,
IR I R R 1S M Gme— LA phenol 1], —mg/(g-=24h))
(130 52 SR i R Al L (i
1.3 SHitoth

Hedi R SPSS13.0 # A Fife /) i 3% % 10 (Fisher's
LSD) AT 53 HT o

2 HR5HH

2.1 KHARERE T L IR E AR A 820

—— R 1 R TR AL TR BT 21 4% 5
H - SR APEAR K 5 . A5 R, 5K AT A
b, ~PATHALIEALFE (NPK. 2NPK) Fljti A HLIEAL P
(NPK+OM.OM) H3EAHL CHEm T 1.8% ~ 19.8%,
ML BE T IEAHL C HFRNFALTRET 5.9% ~
9.7%. BRANUEALEESL, AT T3 pH 5L
AT PR B34 Ny 4 P & B AU it A7 HLAE S
DR (R 8.2% ~ 17.3% Ml 3.5% ~
4.9%). HT Py KNEJSEZEMH, 43 AH N b2+
B ESCES Py K S B i e s

F AR, A HUIBALTE 135 pH B, 10w it
N JEALEE 138 (N NKD ) pH BA%, i N e
AbFE A3 pH K h 4.55. FHUIEALEE ) CEC B,
i1 LAt A B DU ARG A HA b2 i) 22 e AN R 3. T3
AHLC KIAHFA AR (&N, & P25 fEHHUE
Wb ER Ry, CKARFEEHL C &= HAK, FI0E (N,
P. K) FIPICEMEAE (NP, NK) AHAHL C &EW
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1 EE

BAL, HARbZ ZERABE . CK. P AT K AbFE 135
FI4s N &l At 2 e 2= 5. bah, BF
P. K B RSESE ], A A AR Y A 3 R S R A

AHLUIEAE L) IR C Bl arA s e, Feal ik
e S MR R RO e df . 5 CK ML, A HLAE
fe P 3% pH, CEC. N, £ P. LHLN. #

TR I AbAL BE ] B4R
FREFARE R BN, NS Py KPR S s 0

F1 KYMERLESHEREROTN

Table 1  Soil physio-chemical properties in long-term different fertilizations in Jinxian, China
AL 2 “=HEpH CEC fiFLc 4N &P THLN AP HAHK
(cmol/kg) (g/kg) (glkg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
CK 5.40 de 12.87b 8.48d 0.85 ef 0.60 ¢ 10.62d 4.15d 63.32d
N 4.55h 12.16 b 873 ¢ 0.92 cde 0.60 ¢ 16.95b 3.94d 57.98d
5.78 ¢ 12.53b 8.83 ¢ 0.82f 0.63 ¢ 10.26 d 15.10 cd 97.99 be
K 5.45d 12.67b 871c 0.85 ef 0.71 be 9.91d 7.28 cd 2274 a
NP 524 ef 12.71b 8.70 ¢ 0.90 cde 0.69 be 1347 ¢ 19.31 cd 54.65d
NK 495¢g 12.16 b 8.67 ¢ 0.92cd 0.63 ¢ 1381 ¢ 9.62 cd 124.7b
NPK 5.14 f 13.12b 9.56b 093¢ 0.71 be 1225¢ 28.71c¢ 136.7b
2NPK 5.11 fg 12.83 b 10.14 ab 097 ¢ 0.84b 18.49b 40.37b 270.7 a
NPK+OM 6.15b 1430a 1125a 1.15a 149 a 2343 a 196.2 a 236.7 a
OM 6.50 a 14.69 a 10.81 a 1.07b 147 a 24.82a 176.4 a 134.0b

W F—HIFREARRIR R Z R B3 (LSD, p<0.05), FE[H.

P LR, X S AR R L R LA
:[:% Iﬁqﬁ)]%?ﬁﬁﬂ%/ﬁ*ﬁlw’ 16, 18, 22 23]o
b S b 5 S

BRI ARG

W IUIAN [ it AT e Yl 25 5% ) - Bl 2= 4 A4 e 7 K
AN (2D, Horp A I A B IR AR A e
WAL, MEMAEYE C N FPFE SR 18213
mg/kg I 14.78 mg/kg. 1Mt HAHUIEN] W& T+
HBEY E R (p<<0.05), HPhATHUIRRAIL I KL
AL BRI AP AR E CN e, 22 361.87
mg/kg F 39.17 mg/kg, REAHUIELIEE R L, 5390
& 326.88 mg/kg M 37.56 mg/kg. £ BT itk I AL 2 v,

Bl e —CR PR N AR A AR C N Ik, K bk,
e NS O e e e e A T 2NPK AbBR B . dSAT L, —2NPK P EALAE At
P K R S A R b SR s B IR AR BE m T R IER CK (p<
et AL ULl 0.05), TMIA B LR ey L B m T

2NPK i fEAL I, Sl RS KA Ny Py K
A itk N S e A LI S, AN nT DLId e 38 e
P, YRR IR IR ZR S AT 3G 0 - AT LS
PRALRE A C YR h7 FLeT DLk TR RO, Al
EIEEMAEY R RS, MR T A A P 1)
YIS
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Table 2 Effects of long-term different fertilizations on soil microbial biomass, liable organic carbon and carbon management index (CMI)

it A b 2 WA Y= C AEYIEY) BN WAL C C A5 It sk
(mg/kg) (mg/kg) (g/kg) (CMI)
CK 100.57 ¢ 735¢ 1.54¢ 89.36 b
N 103.15¢ 717e 144 ¢ 77.72¢
P 150.34 d 11.56 d 146 ¢ 77.99 ¢
K 139.15 de 9.43 de 1.51¢ 83.07 be
NP 221.26 ¢ 16.78 ¢ 1.52¢ 83.73 be
NK 173.75d 1573 ¢ 1.62b 90.58 b
NPK 217.67 ¢ 1893 ¢ 1.72b 94.97 b
2NPK 269.60 b 23.85b 1.78b 97.47b
NPK+OM 361.87a 39.17a 2.08a 11571 a
oM 326.88 a 37.56 a 2.10a 118.51 a

e VA (1986 4E) [MIEHEATHLC b 1.79 g/kg.

M 2 AL, KRR S AL ¢ KL C
RS (CMD B B m . 5alar LA L
GEHEAHLC A 1.79 g/kg), BEA i B 1E4F B )
o, AR R HIEE AL C B EAHER, N,
P. K PG IEAL BEEPEA L C ARANK, T CK
PG S P G 3t 0 Ak B ) S5 R LTS AN
[FRERE T B, o il NS B (1.44 g/kg),
FEARTT A T 19.6%. 131 C R4 B FR Hih HAT 24
ARk, RT3 AL, Bl NI CMIT
Wi, 4 223, 1l NPK+OM #1 OM 4bBRf] CMI
W43 S8 00 T 15.7 A1 18.5, bk, BT 2 it HE AL FE 1)
THEEA ML C RN C BT Lt ESR AT T
B i L2t 21 SRR FIBHEA LS, CK FIAR
At it A Ak 2 1) - 8 R HIL C BRI AR T4 R B T 15.4%,
TS TER ML C AR 7.2%, W0 IR BRAS Y- e A
AEFE T IEAHLC MR R e T HIERE A AL C
(AR A B o T E AT FLAC AR B rp, 3 RATHL C
IR 17.8%, TEEAHLC BT 16.8%, LW
Jit P AT HLAEAE S n -5 S AT B C RIS, SRR L C
LEAGIEI I

THEEHANL C & TIEP AR G SR
WAL R A XTREAFR o0 N A e A E A
ML Co TIEPRESMEAHL C BAR SRR, EHXHT
AL C Rt A B it P 5 I, L s o g FL el
HEEEA AL C A R C B PR B AE s S R AR

e A 1 AR T (R Y, B A AR A T A
B AL WA P AE X - HUT M R T A
o, CK RSP it L -3 i A WL C F1 CMI
AW R, XU AR RF SRR A, IR R ] R
— 7 BRI, I TGN C M T
[ X Se AL B AR P LA, R SE T IR AR R A
Bb, ANEEA M R AL C AR 0, i
Jiti FH A B LA 8 L it A A A B ) - 338 e WL C A
CMI BJBERAT B TF, 32 W FH AT LA G 21 358 5 oy 1
BEEAEM, LEEMERE N RIPIRESKRE. KL, R
SRR TR A R4 1, K it A HUIE B 5 A e
BCA T, AR Wi LA VU S &, i HLAE
B GE WU R, AT R R R T K
SR HEA )
2.3 KHAMERE AT + IEEEE M AY 200

B1 s T I [ it A 6o 20 398 54 b 3 4 4
Fig MO0  JOR TG RN I P B R e M T 5 o A () it
AL FE A - 5581 4 PPl PR R IR . BEST
ROt ACEE R PE R 643 ~ 11.58 mg—glueose
[(g-=24h) 1], HMEH N 8.56 mg-ghicose/(g-=24h), I
e A MU 3 A BT P g5y, 2NPKC P48 it A
W2, HEEHIEREEZE A T30S
AMEEK, 7E 0.011 ~ 1.92 pug/(g-+24h) 2 [i], N I NK
Aab TR - 48 5t S R N, T it A LI Ak B 3 )
SEEE R, BN 1.91 pg —we/(ge24h), P kbFE
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W2, M 041 pg —ue/(g=24h). BEAN, ANFEDHEAEAL
PR 2 e T IR S P, DRI S 1 AR IR AT 361.85 ~
778.06 pg-ueNH=N-/(g-=24h) 2 |7], HiAHUEALFE
R IREES PE B R, ME A 763.02 pg-se NH=N-/(g-=
24h), 2NPK 43R Z, N 636.18 wepgNH=N-/(g=
24h),  HoAth Ak B 558 JOR P PR ATDRT R /N HLARE I 2 T 222
FARE . FIFE,  AS[R] it AT Ak 3, 55 25 5 e - 49 R 1
WRIRIE VG T, At AL P+ SR R IR AT IR A 1.32 ~
2.49 mg-phenel/(g=24h) 2 [A], Ho i WAL A2 1 15
VB RR I M =y, SN 2.49 mg-phenol/(g=24h).
2NPK, NPK, NK Ml N 4#xz, 1 CK, P, K,
NP A%, oA HUIEAL ) 1 S i IR 5 1 2 2 B
NEALERE) 1.5 5. Bz, R0 S e £ i
W, SNSRI A NEAR L, it A HLIE — R e
WP IR AR SR R R TR P T R il 11
.

T Ll 2k AR, e LIEMAE DI
FE R B DIAE DG, R P T R R AR A

:

%
:
:

AL R (glucose mg/(g-24h))
. o0

T

_ﬁ CK N P K NP NK — NPK- —2NPK- —-NPK
0Fowom 0
Jiti B Ak
800 §
700 + \\\

600 | s
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\
\
§
\
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400

.

.

300

200

100

NP NK — NPK-

FHEARRERTTE (NH3-N, pg/(g-24h)) btk

it A Ak 3

&
—2NPK- -NPK £
=

A A it 1 5 S50 i R (AR A 2T
96 15t S A A At T SR E S VE I — AN R bR
S, b DRI W RRT S5 /K M WS 1k B i 2
fE+3E C. Ny P EEFRIMNPEIMR G . AWETT, K
AN [ e B - SR PR W s, LR R ] AR K
WA A 5 35 3R S E A E . S E X R4
Fe DA S AR I B e A 5, A A 32 B e A A 7 AR 1)
T 1) K R R A AR A I i L 4 1
it v 38 DUt ATLIE A 384 B, 3 U BH AT AT UIE 1) it
FAADOINGE 7 -3 . Ny P & e £1835, i A D)
T R AN AR K, O I R
T,
2.4 HIFFMHENKR. MENEYE. BEERIIE

EX MK Z B 898 K%

3 WO T KIS LR HL C
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TIEBFREHGYE  (mg phenol / (g.24h) )

K NP NK NPK 2NPKPK+OMOM
it I 4 2

Bl 1 KEARMGEIRNTIER TR LEE (). REEE (b). IREE (o) FARBERES (d) SEMEMIEM

Fig. 1 Effect of long-term different fertilizations on soil invertase (a), dehydrogenase (b), urease (c) and phosphatase (d) activities

AHLC AW R Co WAEMAEYRE N B 4 5 REG AR SRS Y 5 L% pHL AT HL C 4 N,
Foft SRR 1 52 W E A OG (p<<0.05) BUAR REANR 4 Py JOHL N MIER P 2 85 IEAOC, BeAh -5
(p<<0.01).o T 4 Fift - 398 Ml 3% 11 OO A5G 56 3% o Al P I R P S R S5 B pHL AR B LR R
bR - AL L B R VR VA SR AN B4, At ARAERFEMOCR R, AN P O/N 5 Bkt
SRR T R AR M 2 ) R AR AR OG . R 4R SRR L C M B A A R 1] B AN A AE AR
AULE H, RIEREEANL CL AR R L T
2 ) KN B 44 fifg sk K7 - {2 X [

F3 LIEEMEAN C . HMEMEYEMEGTEERZ BRYEXE

Table 3 Correlation matrix among active organic carbon, microbial biomass and soil enzymes-

Ap i WA ER C RN FE AL BRI PR PE i St TR
WAL C 0.923" 0.970" 0.923" 0.956" 0.860" 0.929"
WA EY R C 0.981" 0.672" 0.946" 0.787" 0.859"
AR N 0.702" 0.970™ 0.872" 0.919"
AL 0.754 0.652" 0.610
PRI 0.843" 0.918"
i B 0.828"

ok, # EOR p<0.05, p<<0.01 [RFEMAKT, FTEM.

R4 HEEMEN C. MEVEYE. BIEEALTIBUERAEXE

Table 4 Correlation matrix between active organic carbon, microbial biomass, soil enzymes and soil parameters

AR +3% pH HHLC 4N C/N 4P THLN M P

wmEAHLC 0.699" 0.946" 0.925" -0.158 0.945" 0.840" 0.937"
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WA YR C 0.642" 0.850" 0.885™" -0.291 0.887" 0.760° 0.882"
MAEEYRN 0.706" 0.907" 0.926™ -0.256 0.947" 0.838" 0.944™

AL TS 0.586 0.953" 0.838™ 0.105 0.819” 0.784" 0.818™
PREGIEPE 0.651" 0.944" 0.935™" -0.190 0.938" 0.891" 0.927"
i S B 0.8717" 0.824" 0.8217" -0.152 0.964" 0.828" 0975
R mE S 0.507 0.940" 0.989" -0.349 0.895" 0.933" 0.907""
RGNS TR MR RIEE A .
fify, (B3P 2B S ENT . TRE RS R L e |
= .

. OAHLC SR A B DOR P AR
AL Cy ANy APy EHUNL H P 5 4501
RN AR R E AT OC, R L I ST (1
Sy, W DU N T, B R AR
TR HEN o [RII H 3 ST DA P S A B DA R 5 D
AR D BB, S M AR T DU W e e - 3
AEJRBUR 3Ry COUHE N P) #efbitimggt,
1 HAHF G R — LRl T RS A EY R W%
PEAHL C RSB MaE PE FR)  3R AER  mT LA A K
WL A% AF N I ) AR A ) E AR

3 IhEf

(1) CO-2r 3R 4 21 AE K AL FORE R %
B 52 58 R BRSP4 I it L
O AL HE - AL C kT s, S AL,
FHA HUIE S BE B 244 = 135811 pH. CEC. 4> N. 4x P,
ToHL N K P AT, R IE S A PUILE
it %oy i v - A R BOR B

(2) 2ol AR ol A2 AT LA R S 5 4 v
TR RS FEPEAPL C R C R B AR
EaRprAHLE, PTG IR AR FE RS A ML C B EA K,
WA PR ERETEANL C M C R RS 4R
i, R A LR B A0 IR T it e 21 St 3 o
IR E AR .

(CPEERES CENCI) T EEIVRTE -2 TRw: 1N
PRI FALBE AR VERE RIS e, — ki), S5
RIS AL REAR LG, it A P AR B T LR P 4
Fb RO PE, L 2 £ NPK AL g ] i iy 138
WAL AN IR S 1, AFCAS P-4 Tt JIES RS e Ak 3 1) - 38
BRI 1) 22 S AR AN B3

(4) THEEIEANL Cy EY)EY) B 1 e S
PEZ MAHCRZE, 1 H eSS T8 aHL C. 22N,
AP EHLN R P& LRV R E A G, Htkar
B R A HUIE, T LG R BRAGTRIR, B
TR, AR R IR AR AR SRS A R
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Effects of Long-tTerm Fertilization on Soil Active Organic Carbon

and Soil Enzyme Activities in Upland Red Soils

ZHANG Ji-guang"? -, QIN Jiang-tao', YAO Wen-qian"?, ZHOU Rui', ZHANG Bbin'
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

3 Tobacco Research Institute, Chinese Academy of Agricultural Sciences, Qingdao, Shandong 266101, China)

Abstract: Soil fertility is important for the sustainable development of red soil agroecosystem. In this paper, soil microbial biomass, soil
active organic carbon, carbon management index (CMI) and soil enzymes activities were studied in upland soils under different fertilizer applications
in a 21a long-term fertilization experiment. Results showed that soil pH, CEC, SOC, total N, total P, mineral N, available P, available K and soil
microbial biomass in manure fertilization treatments (NPK+OM and OM) all increased significantly compared with no fertilization (CK) and mineral
fertilization treatments (N, P, K, NP, NK2, NPK and 2NPK). The active organic carbon and carbon management index also significantly increased and
more than the original soil and other fertilization treatments. Furthermore, the soil invertase, dehydrogenase, urease and acid phosphatase activities
were all significantly higher than those in other fertilization treatments. There were significant correlations between soil microbial biomass, active
organic carbon and the four soil enzymes activities, and these soil microbial properties were all positively correlated with soil pH, SOC, total N, total
P, mineral N and available P except for the correlations between soil invertase, phosphatase and soil pH. So, manure application or co-application of
manure and mineral fertilizers not only increased the quantity and quality of soil organic matter, but also enhanced significantly soil microbial
biomass and soil enzymes activities, thus could improve red soil fertility and soil sustainable productivity.

Key words: Red upland, Long-term fertilization, Soil microbial biomass, Active organic mater, Carbon management index (CMI), Soil

enzyme



