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i E NEM2TFESEMANERLSHE BEREAENNEZBR LERENZ W,
HEFTERE RAFAE ILRE MENTHREAR pH HEFREE ARKLS L
B S e Bk L IEBE R & P ) ETEAE NI AR, R EL R BRI B A
BT I N BRI S o G e F RN RIFE
WA= 4 R, A 4 T e o Ak R 0 LR B4 H(SQI) . R KW .SQ1 &
P E H 0.544(CK) ~0. 729 (e Ao 47 E+FG 4038 ). 5 7 A B8 47 JIE (NPK) 4L 32 H 3 AR 1,
K 4 3 #E B 89 PK NP NK 4038 +3E T & & & 7 3R 4. 138 Shak ok 49 2 IR 4| A AS & 7=
WEEFRE, WESFEEH30 - hm?BEH 42t m B EHF L LG F AR IE
EhtiEs WEEAKT. KA TR TEABLIRENRAXEFRE. A FaEK
AKX, R % F5AVEREZRALEREN R EREHE.
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Effects of long-term fertilization on reddish paddy soil quality and its evaluation in a typical
double-rice cropping region of China. NIE Jun'’, YANG Zeng-ping'?*’, ZHENG Sheng-
xian'?, LIAO Yu-lin'*?, XIE Jian'?*, XIANG Yan-wen' ('Soil and Fertilizer Institute of Hunan
Province, Changsha 410125, China; *College of Resources and Environment, Hunan Agricultural
University, Changsha 410128, China; *Ministry of Agriculture Key Field Monitoring Experimental
Station for Reddish Paddy Soil Eco-environment in Wangcheng , Changsha 410125, China). -Chin.
J. Appl. Ecol. ,2010,21(6) ; 1453-1460.

Abstract; In order to quantify the effects of 27 years application of chemical fertilizers, pig ma-
nure, and rice straw on the reddish paddy soil quality in double rice cropping region, the indices of
soil bulk density, porosity, maximum water holding capacity, normalized mean weight diameter,
pH, cation exchange capacity, available nutrients, organic matter, microbial biomass C, enzyme
activities, and rice yield were selected as the evaluation indicators, and classified into four function-
al groups, i. e. , resistance to physical degradation, plant nutrients supply and storage , resistance to
biochemical degradation, and sustaining of crop productivity. The soil quality index (SQI) was cal-
culated based on the four functional groups. The results showed that the SQI ranged from 0. 544 in
treatment CK to 0. 729 in treatment NPK plus rice straw. Treatments PK, NP, and NK induced soil
degradation, compared to treatment NPK. The deficiencies of soil P and K were the main limiting
factors for the double rice productivity in reddish paddy soil area. Even though 30 t - hm™ - a™' of
pig manure and 4.2 t - hm™ - a”' of rice straw were applied, the soil P and K were still not ade-
quate for the requirement of rice growth. There was no obvious effect of long-term application of
lime on the reddish paddy soil quality. The combined application of NPK with organic manure was
an important and effective measure in improving soil quality in double rice cropping regions of
Southern China.

Key words: soil quality index; long-term fertilization ; reddish paddy soil; pig manure; rice straw.
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AR R, N -BIR-PREE R A 7 TG H 45880,
R A (] A W7 2 3 S L P R T G
IS S AR A S R G A S M SR R T AN
St BER AL ML IR SE R BUE A G e L 2
Py Al AA P I LA SR sk 26 1 Joi f)— 46
TR LR A AR L R Oy 3% B e
JE R MR M T A T8 78 T 1) 58 B XSG B I, AN
Y - AR R Al 2 S B A VLSS R A T
WU RARES R BER T | LAY SRR E A Y T
PR RO NI R Ak VR 2SR i
it FH A MECRE 3 20 - SEES A R IR | 4 H o i A 7
TR 5 —eRRF AR | S S AT XS
S 7 RN FE B ST | IE TR
TEW s AT AN LT I S A it —
FRREARAFIRAF I 8270 AT L PR | £
SRS F3 AR = 3 04 AT Rp e 52 4 s AT 7 3 BRE
R A 45 22 i DR 28 (3 . o PR R S5 5l et 9 AR
PRI TR, 2 HE KRS 7 2 it e 1) 2 i it £k
METE LT, Bl A DRI JCHLISS P ot i) B i /b, £
SRS PIRER , AN, LI B, K AR PR 25
PR AR &, A R AR R R T Bl e 2K
S BEARIR , R HEIE T R . — AL T T AL
FIE IR 4 - A Lo & 5 v Tt AR R 5% 23 1 0
HUALA " e WA I &R e b, A LA 5 AR AT L e
Y A el N, A DL A B R, SR PR L b
HELER B0 A W 2 R R T AR S A AL
IS R 1 - S8 i Bk o g 3 v T Bt AL A Ak B,
HE-55 A5 ML FC it 2 B o A T 2 7 g 0 L M o i, £
7 eV 3 I AU O SR I £
BT RV JCHUIE A HUIE MRS G S5 R0 +
A BN B4 A —.

CLHEKAE IR AE RIK AR R vh, id —
F YN A R WA R TR S B T
Hh i B LR ) — kA KB, i TR AR R A
Hh R E A, AR OGBS 2 B EE L. (H H AR 5%
TRt R 0o 7K R e S8 2 i) ) (A i
PERFFEREA . ARSI T 7T i 2188 M XY 1 30
HE 3 RE A8 A~ 65, W 58 S A ] A Ak B £
SEMEKAS - B R, B AR PPN KNI AL
I 8 SRR e B 7 R a2 A S 7K AR 8 S ) R T

1 #MREFZ*

11 B S A

KA Sy @ g0 v TR A B B ¥ 4 2
(28°37' N,112°80" E, M4k = 0 100 m). X5 F
1981 4EFF 4, 1981—2007 4F [ 4F ¥ F& T 7 h 1385
mm , AR 17 C IR 300 d. ks
THORE N+ kB RKRE L OB R L, -
B E KA L) R IRET 0 ~ 15
em FIEIEAMER . HIEATE 114 ¢ - em™, pH
6.6, AHLF34.7g kg, &N2.05g - kg™, Hilifit N
151.0 mg - kg™, 4> P0.66 g - kg™, HZ P 10.2 mg
skg! 2K 10.2 g - kg, S HE K 62.3 mg -
kg™

I E AR 9 ANMEFE . 1) CK (CRHtifE
TR 52) PK (@ #RAEAL ) 5 3) NP (it & w1k
) ;4) NK(Jit 2 8P4 AL ) ; 5) NPK (it & i 81 1k
JIEV) 56) NPK +Ca ( Jiti & 8540 AL AP +45 ) 57) NK+PM
O ZALIE + 3526 ) ;8) NP+RS (it & W AL T +
%) ;9) NPK+RS (Jiti A BEHR AL NE + R 7L ) . AR 40 B 3
WELE 327 A/NX AL A HES. /N DX AR
66.7 m* , FEA/NX Z A 30 em FEK JRIEREIF, X
ZH 2 B A HEZK 18 B B R 50 em , X 4 22 18] FH 7K e 3
BT, sk G T T 7K ) R 8 R AL 3 2 1] 14 32 ST .
I N P K ARNE SRR 53 58 PRI ik B AR 4% 4R
8. 7E 1981—2007 4[], ZACHE FA% 150 kg N -
hm™ BEAE 180 kg N « hm ffi A ; B . BE RS B3 5%
38.7 kg P« hm R FIES R BERGAEZE 99. 6 ke K
- hm i A5 55 2500 ] 4R B AE 30 ¢ - hm (% N
54.0 kg - hm™ P 60.6 kg - hm™ K 34.8 kg - hm™)
fiti A5 R RS A4 4.2 t - hm ™ (7% N 33. 8 kg
- hm™ P 77.4 kg - hm™) jifi A BEAC BPAE $4 25
FE LBk 4G , IR IR A 35, EUIE 0 PRt
70% 9 N FEFGRRAT 1 d A, AR N 30% B9 N 7E 57 BE
Wit A

AR SR R RIKRE Sl IR A R K
TR s e s K FE AL A W 1R, PR T 4 IR
Bak,7 A b Aok AT 7 A TR, 10 AR
AR, B AR 30 ~ 35 d SRS TR R T
RIS/ INX. HURE AR 7Rk I 4 ~ 5 BRBR, 24 S A A
TR 1 ~2 BRBOE , BRATIHE 20 emx20 em. 7E7 B
e AU ], FH TR R K PR FFTE 5 ~ 8 em , IK R ISR
HI 10 d HEK & 2R, AT AR B VR .
il FE )45 B it 5 2 b A RS A A T A B [
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1.2 +HERELH

HIERES T 2007 45 11 A 5 H (MpREUEK)S 2
Ji) SR H TR EE/NX . B 2Z i, 2R /N X B
TR AW, ARG NG A/ N A BEHLR B 10 4
FER Rk P b i B 5 ARG A B2 il i A2 B 1
g T )R A 1 SRR - A Sl B AR SR B
iR s T B A Z 85 R LR RR ROk 4548, +
Rz M= NG R TR, Y Sk ek E
BEIRTERT (EK R 25% 240 TRl oy
HAREE M TS EAR 2 1 em (/N D)4 2 S ML
FE AR, BRISHUAR A/ ING B, K5 T 38
FHFNAL 2 43 M. ) B 43 550 5 BEE )2 (0 ~ 15
em) TIEAEE  LUHE LB AT ) 4K

14845 5 (BD) FISLBREE (POR) FH¥R T | Ak
B (SPD) H FL % | A K H R 457 /K i ( MWHC)
JHIBURBE S8 7 K R AT 588 A B s a2 1
F IR T A e i (CEC) FH RS FR 4% 1k pH FH Az
2 B (EC) PR AR B I v | A ML
(SOM) H 4% PR PP 45 ik vk L 4 N ('TN) F v i iR - 7%
T E L 4 P(TP) A A LA ml- SR B b i L &
K(TK) & A AL A - OB L B N (AN)
FHY 8 A% P(AP) Fi NaHCO, 12 $2-5H86 41 L (1
2% AR K(AK) ] NH,OAc 1242 K HOCREE I A 3L
B (AS) B R - £ BR-Bi R 1 EL i vk A8 A%CEE (AZn)
F DTPA 12 - J5 7 W 40 60l B i 2 207 - 45
A AL N (PMN) 4% B8 Waring 252" 3538 4 7 = 1)
E. WA AR C (MBC) R (URA) 5% 1L
(ITA) L& B ( DHA ) | R PE 8% W2 i ( PHA ) Fi + 48
I (SER) 3 Page %522 1 1R i 77 VL0 2.
1.3  TIEFEIE IR

4 AR A R ) S A BT A £
PR O B R, TR R B e A
ETIREMZE G RBL. AHIE 5T R F W 48 T 0 i 45
PR IE I 3BT 30 HAR ™ | ™ | e 7 R K A
F AT AR IR AR AR L (AR AR
SEAED AR ™ | R e 7 7K e b A S R
. e e R BE Z )5, R F R 9 O R ) LR
WO - A 2R OR PRI AL ) B 45 2 1 b S P o 11 2 4
H0~1 ZIJC R

FELMEPEIY (y) = 1/[ 146 ] (1)
Ko o BEVERT I A S RE BT %5 T 0.5
() MR T ;0 AL B XA 7 R XS 4 48 A it

TThrEALET SR 3 28R HETE /> T RE . 1) SSF1, i
AT 52) SSF2 , B/ LT ;3 ) SSF3 , Fieidi Ay . 5 %
P B B PF o th 2 SCR IERERR < b i
U R SCRTRURER R AR 2 e O 4 A
VB Ah T BT AR bR B B R BRI 0 ~ 1 1Y
TNy, B o R B SR EE R B R
Jo W A5 T 1 o a0 (AR HEVE 4 O
TR A5 B EE A HEAR PR HEAT S (E. S0 (%) T3P o
Wb F il A K IR BT AR A T 1 S0
(1) 1 S VE AL TN G A B i A G, A M T A A
YR 0. SEMEE N P4y RS T 0.5 FAE FMA
B A A S AE, SR — A o R R E
PRl SR 2R WIS 3E 4k BRI R S fn [ 34k | 4y
5 A K i R EIE Il £ AR X R e
Fritda bR (SQ) # UL A5

SQI = q,(wt) + q,, (wt) + qq4(wt) + q.,(wt)

(2)

s g, A IR BRI RE ) 5 q,,, F T IEAEN
FEor MR 3 B BE T 5 g, A L IEBTAEYI L 1R
RHIRETT 5 q.., WORFFEYI AR JIRYRE ST 5w R
T BEDIRE BB AN . X L SR AR YR AE 57 LR RF 12 1
JoT e () A R i ) R B . TEABIESE
TR R B 2 IR R E Y 7 . A T AR
RS T 1, BRI IR RE B UE 2 R iF 2 118
B B A 48 o AR AR A 1.
1.4 FTEREEME AR EL(SYD) M5

FHZAE i BdE G A5 8 TR ]
Frgtk = e f (syn) .

SYI=(y-o, )y,
Ky BV o, BinEZE;y, &R —8H
S — 4 AR B ) B e PR
1.5 Hdlabr

I 25 R FH Microsoft Excel 14 4b A Fl
il e, A SPSS #K44-% H Duncan J7 kit 725 57
I E MR

2 HRE5HM

2.1 K HEARGAE XS T K R = ) B B 1) 5 i)
LA 27 4F 54 KRR Z SR, NIt IR Ak 21
ZIHEHZE (0 ~ 15 em) HIEAERMH B 25 (R
1). CK 4bHH + 3 75 f i iR 56 A0 (1980 4E 4 %) (1)
1.14 g - emHAINE] 1. 19 g em ™ s Kt FH NP Al
NK AbFRIEHNE] 1. 16 ~1.20 g » em™ ; K3t F§ NPK
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Tab.1 Effect of long-term fertilization on physical indica-
tors of reddish paddy soil

phs:il BD SPD MWHC POR NMWD
Treatment

CK 1. 10d 2.32a 18.5f  47.77cd  0.24h
PK 1.13¢ 2.28b 19.1e  50.29b 0.45g
NP 1.16b 2.28b 19.9d  48.98¢ 0. 48f
NK 1.07e 2.21d 18. 8ef  46.70d 0. 56e
NPK 1.07e 2.26¢ 21.3c¢  52.65a 0. 66d
NPK+Ca 1. 26a 2.03f 16.4g  51.66ab  0.88a
NK+PM 1.08de  2.02f 22.5¢  52.80a 0.72¢
NP+RS 1.08de  2.14e 23.4b  50.78b 0.83b
NPK+RS 1.07e 2.03f 24.1a  51.28b 0. 88a

BD: % H Bulk density (g + em™) ; SPD; +Ki% ¥ Soil particle densi-
ty (g - em™); MWHC: f KFF/KE Maximum water holding capacity
(%) ; POR: fLBREE Porosity (% ); NMWD. FniEfb V-3 i it B AR
Normalized mean weight diameter (mm). [RZEHE 5 A F/NG FHE%R
AL B R] 22 555K B 3 7K (P<0. 05) Data with different small letters in
the same column meant significant difference among treatments at 0. 05

level. T[] The same below.

b PRA G 5 T W A BN ; NK+PM NP +RS #il
NPK+RS AbHfY 45 & ¥ T F K, F B B
ik 6. 5% . K31t FH A0 AT Ah 2 %) A okr 2% B IR I i T
TOHLAE 5 5 2 FNAG S BC bt AL R, SE 3438808 7. 7% , %
ARt FH AR A AR ACIR B - 498 0 2R I 25 F 7
) 1 O N i 1 e e s v A e o T E I
(NMWD) 775 B i 22 57 | AR HE 55 0 2E TR B E it 4
T NMWD {555 AR (4 Bt A AR Ab B | 24 53k 3
B FKF ; CK ALY NMWD {8 /. K306 FH A Pl
YIREA FI T 1 58058 A FH % 3 it A LA B i i 4
f, TS R K 45 21 235 . NK+PM  NP+RS Fl
NPK+RS AbH#Z 38 0 5 KRR K & H AR R it £k
JE &b B BH I 4 5, SR 5. 3% ~ 13. 6% , 22 51k F

F2 KHUAMEAERT IR L FIER

TR

F T3 - b KR/ . NPK A 2 - 38 f KRR
5 CK NP Fl NK AbFEAH EL , T 3% 25 5+
2.2 I AC T LT e K R A8 bR R R
AN [) it A Ak BB )2 38 pH A 5 56 i 1 1
(pH 6.6) M L AR B B FREE# (% 2). CK 4bHE
BRI AT HHE R T 0.99 AN, BA T Ak AT b 23
(NK NP NPK) FFgE T 1.28 P Efr, ALIE 55830
e BT i 40 38 ( NK+PM  NP+RS NPK+RS) FF& T
1. 29 A~ B, 3 W Bt A0 AR 5 4k AR R AT ML) ) T
APRY) pH 225 A 3. - (EC) DL CK A3 i
5, AT A AEFNARIE 5 5 3 R m i A 3 22 ) 22
SN R Oy PR M ALK RS iR
Jite P AL AR A 2 it AT MLAE 3 R 2 S 8+ b ik
it A T AL BN AR AT 500 26 | e R i A R Y
148 SOM TN 1 PMN & 5 #f U i 5 T CK Ab 3, B
Jite A A A6 A 5 A LIES P s Ak 2 1 38 SOML, TN il
PMN 342 i AP A B C N FIKREAR 7
P 5 A R R 4 SR T A i 9 b B (NP ONPK
NP+RS Fl NPK+RS) () -4 3% P &% 12 /&5 T At i
AEALFE(NK NK+PM ) , NK+PM Ab 3 34550 P
T CK Al NK AR B, ATt 47 JE (CK NP fl NP+
RS) 4b 3 +HEA 20 K & A% Tl A H (60 mg -
kg™') ; NPK+RS b3+ 345 % K & £ 5 T NPK &b
FRL At AR BN AR IS AY NP AR+ AK &
EHIREATAY 62.3 mg - kg™ TFEF] 47.0 mg -
ke VEIERAENG T 4. 2 t + hm™ TR RI QM LA 44
13 AK /K. BT NPK+RS b B AL HAth b 2 )
AZn FE R T 1 mg - kg™'. P FH I 0 R 455 1)
148 AS B 2 T A AL B

IS4
w

Tab.2 Effect of long-term fertilization on chemical indicators of reddish paddy soil

ik 3 pH EC CEC SOM TN PMN AP AK AZn AS
Treatment

CK 5.76b 0.21de 11.5e 33.95f 1. 96f 18. Oe 4. 5f 57.0g 0. 86¢d 11.8h
PK 5.34f 0.27b 11.9d 33.80f 2.12e 19. 6d 48. 6a 179.9a 0.96b 47. 4c¢
NP 5.24¢ 0.21de 12.7b 34.30e 2. 54cd 20. 0d 26.5¢ 54.3h 0.96b 49.7a
NK 5. 54¢ 0. 20fg 10. 6f 36. 15d 2.52cd 22.2¢ 6.7e 168. 3b 0. 58e 16.9¢
NPK 5.33¢ 0.25¢ 12.9b 36.90¢ 2.59bc 22. 6be 23.5d 98.9d 0.67e 27. 1e
NPK+Ca 6. 56a 0.30a 13. 8a 36.55¢ 2.45d 19. 8d 24.3d 90. 8f 0. 85cd 48.7b
NK+PM 5.61d 0. 20fg 12. 2¢ 38.87b 2.70a 24.2a 7.7e 95.3e 0. 80d 18. 6f
NP+RS 5.36e 0.22d 12.7b 39. 60a 2. 66ab 23.5ab 28.7b 47.3g 0. 88¢ 43.9d
NPK+RS 5.39h 0.19¢g 12.9b 39.50a 2.71a 23.7ab 23.1d 130.9¢ 1.23a 48.8b

EC. H53% Electrical conductivity (dS - m) ; CEC: FHE 735t Cation exchange capacity (cmol(x) * kg’l ); SOC: +HEAHLT Soil organic matter
(g-kg'); TN: 4N Total nitrogen (g« kg™ ) ; PMN: F[H{L N Potentially mineralizable N (mg - kg™ ) ; AP; % P Available P (mg - kg™') ; AK:
A3 K Available K (mg - kg™') ; AZn: A%{ Zn Available Zn (mg - kg™'); AS: F%% S Available S (mg - kg™'). F[A] The same below.
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2.3 KA 20 M KRS A W R Ak s A
(A iobAl|

H 2 3 AL 7RI A B 00 T, A 358
YRR AR MBC % &t fE AR AE AL B fRAE
W3 FEREEMEAN IR MBC o i W2 T Bt Ak A
AR P NPK -7 it AE Ak BE 5 2 w8 T Al S i it AR Ak
B 7 2253 W 45 R B, S Rt AE A B MBC % &=
FEAE B2 25 5 KM NPK 25 ite A Ak 4 £ J0 s 44
o T AR At AT AL FE (NP NK) | 356 B K 29 3 24 46 it
JIES XS JOR R A B i VR T NPK P it P DU ] 34
TR P AR S A R D it T ) 4
JIR S R A R AR S C/N(C/N=25) & B &
BT BE 7430 4 T M 0T T 5 it DAk 80 %) O T 4
o B A MR T A R A T A PRI R S
R AT, AT HE A 350 ( CK A NKO) £ T 1% I 776
PEAIG LB 55 4 2 R R bt T ) S 4 o ol R e
P, 5408 e it 5% 2% ( NK+PM ) AbFEAH H |, £ A B Jite
FEFE A P40 B8 ( NP+RS  NPK +RS ) 42 55 2% 5 0 1]
5 NK A B 4 5 1R il 06 PR T NP+PM AL BE | 153 B
TR B 2R R B v IR T 1 Ty TR A AR
FH. 4% Jita JIE Ak B2 A il % P 35 = 1 CK b 3R, TR D
NK+PM Ah $H X 2 Ak il 35 4 0 38 im 250 5% 355 NP
NPK P iff 85 5 6] 6 AR i P A AR Ar i $2 = VR
R A C/N(C/N=45) B i Fg B | Hs o ik
O AL T 2 R S SR T R
MNTHIER T4 WU A A, FRRE 555 26 R o Bt Ak
P A M0 SRS PR B T A AR AR b B AR AE
Ab PG = T CKAR B, (A 22 A8 B 3 AR A0 5 R i

F3 KHAMGEX O EMSEKE T EWiERKF N
Tab.3 Effect of long-term fertilization on biological indi-
cators of reddish paddy soil

Ab B MBC URA ITA DHA PHA  SER
Treatment

CK 1239. 1c  54.54e 22.24f 17.0e 121.5¢ 2.8lc
PK 1226.7¢ 55.08¢ 25.43e 19.0d 136. 1bc 3.27d
NP 1470.6b 78.63c  27.11d 19.7cd 133.5bc 2. 67f
NK 1052.9d 70.39d 27.80d 20.6b  129.7bc 2.80e
NPK 1246.0c 86.86b 29.46c¢  20.5bc 131.1bc 3.58¢
NPK+Ca  1055.1d 77.65¢ 26.83d 15.5f 132.4bc 3.22d
NK+PM 1443.3b 78.24c¢  33.04a 20.3bc 149.3ab 4.1l1a
NP+RS 1614.7a 73.73cd 31.23b 21.0b 161.8a 3.6lc
NPK+RS ~ 1468.7b 93.33a 30.87b 23.5a 164.6a 3.81b

MBC: i AE ¥4 1 8 C Microbial biomass C (mg - kg™' ) ; URA . ik i
1 Urease activity (NH;-N mg - kg’l <3 h! ) 5 ITA . FEAL BTG P4 In-
vertase activity ( mg fructose * g’l - 747! ) ;DHA:H%’_%?%‘H‘L Dehydro-
genase activity (H*ml - kg™ - d') ; PHA ; B B2 Hf# 5 4 Phophatase ac-
tivity (mg PNP - kg™ + h™'); SER: - 3PP Soil respiration (mg -
Cco, g’l - d! ). “F[&] The same below.

Jita Ah ¥ g AR B S5 0 S A A B 5 FRIE S 3% R
et A 3 ) 48 v T B IR A 3, H 25 S 0

ST Ab P A S5 A g BIIE 14 G S NPK+RS
>NK+PM>NP+RS>NPK>NP>NK>CK ; H i, fLiE 5
FEFE R AL B TR A AT AL 3 R R
I HER I R AH 2 57. 7% ,NPK 5 NP .CK 5 NK
AL TE] Y 22 5N S, (H NP Ab B3 A S8 I 07 5ok R A5
NK AbBESEXIHAN T 29. 1% . AR , BAsit b AL &
SRIENN T TR (R T S 53 R
et it Ak 3L, 50 B 3 AR ) 1 o - i e 2 3
WEZEMER.
2.4 KA LT M K RS VR A 7 T BRI

AN ) it R A R 5 25 b 2 i 7 R LA 4 7 o
FUkERE =5 (6 4) . IR SE 27 4F 54 Z /K R Ak 1Y)
], NPK I NPK+RS &b B ) LG R 4 4F 7= it 45 1
T NP 1 NP+RS 4b3. 7E A5 1], . o Fg Y 4
AR AL 15 ¢ - hm ™. 1981 4RI, CK AbFEAY R
FEAAE R} 8. 60 t - hm™, 3] 2007 4EHT, B WA
SAEP R 5.36 t - hm™2. NP FI NK 43R H 7545
1 AR AR 45 5 NPK A FEAR LA 7= 8, L e 5 i
TR HEIAAE NI A 3 A, NP Ab B L | B A 4
AEPF AR 10 ¢ - hm™  NK b BRAR /DRt 8. 0
t - hm™ Ui 38 P K LR 5 R0 4 P AL
SRR KR ) SRR R AR S5 S R D
Jiti (NK+PM NP+RS F1 NPK+RS) &b FH 4 5. A5 4
AP I 1A e FOR L 2 T A N ) Rt Ak
JEALEE(NK NP NPK) , H 25 535 3] i 3 /K. SYI
{ELBA AT R it A 2 9 1 i ifi $2 /&, NPK + RS 4b 2 i
SYI fH K.
2.5 TAEFTEITN

AR TR 25 A0 ik, RV RS

R4 KEEENLEEKTE L EME SRR
Tab.4 Effect of long-term fertilization on crop productivi-
ty of reddish paddy soil

b 3 Ay

FPRPR R

Treatment Biomass yield Grain yield FEH SYI
CK 10. 48h 6.21g 0.37h
PK 14. 14¢ 8. 04f 0. 45f
NP 17.79¢ 9.44d 0.57e
NK 15.58f 8.25e 0.47¢g
NPK 20. 79a 10. 96b 0.67b
NPK+Ca 19.23d 10.01b 0. 68b
NK+PM 20. 00be 10. 48c 0.63d
NP+RS 19. 34cd 10. 61c 0. 65c
NPK+RS 20.61a 11.67a 0.71a
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Tab.5 Soil quality indicators and scoring function
eI o3l T KR i T e Rl
Indicator Scoring curve Lower threshold Upper threshold Lower baseline Upper baseline Baseline value (0.5)
BD U Tess is better 0.8 1.8 1.07 1.26 1.35
WHC AL F AT More is better 10 35 18 24 20
POR 22 HAF More is better 10 70 46 53 40
NMND L More is better 0.2 1.0 0.24 0.88 0.4
pH feE Optimum 4.0 10 5.2 6.6 6
CEC HEZ FEUF More is better 10 20 10.6 13.8 12.5
SOM 22 LT More is better 10 60 33.8 39.6 25
TN B2 1 UF More is better 0.5 4.0 1.96 2.71 1.5
PMN R Z AT More is better 12 60 10 60 25
AP AL Z AT More is better 5 50 4.5 48.5 10
AK 2 HLF More is better 50 180 57 179.9 70
AZn % 2281 More is better 1.0 5 0.58 1.23 1
AS HEZ F AT More is better 10 60 11.8 50 25
DHA 22 HAF More is better 5 40 15.5 23.5 20
PHA 2 HLF More is better 50 250 120 165 140
ITA % 228 T More is better 5 30 22 31 20
SR AL FUF More is better 2.5 20 2.6 4.1 10
MBC 22 LS More is better 200 2000 1052 1615 500
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Tab.6 Soil function and their soil quality indicators asso-
ciated to quantify soil quality

Eg7kes Iy fig RERGE B A5 fERRAUE
Number Function Function  Indicator  Indicators
weight weights
1 PR 0.30 BD 0.25
To resist physical POR 0.35
degradation MWHC 0.30
NMWD 0. 10
2 Fr S (R 58 0.35 pH 0. 15
To supply nutrients CEC 0.15
and storage SOM 0.25
TN 0.15
AP 0. 10
AK 0. 10
AZn 0. 05
AS 0. 05
3 ety S1EY 14 0.25 MBC 0.50
To resist biochemical ITA 0.15
degradation DHA 0.15
PHA 0.10
SER 0. 10
4 (SRR ] 0.10 SOM 0.40
To sustain crop PMN 0.35
productivity AP 0.10
AK 0.15

AR KB SR RE VA 45 b 2H R B A L
BLHARZNE P J5 R (7 1) $ e R AR A (e
o9 0 B 1 IR NE, )5 M S 848 A0 2E AT
R0 A — RO T LAZE S Sk I TR S
WUE. e R AP SR T 3 eI ZIEARTT
P22 BB IR (s B o et | R S JE il

LRBZ M) T S Bk Gl ) (3%
5). RIEHTY LR AL | A BEFE RN RN | A T
PRI D REAEE F % 5 4 RO Gk 4 3
e AR X EE BT o0 . 45 LT RE T i HR bR
R R % ZAT 43 R 43 H AH 45 6 10 7 160
(#6).

A 5T # B, NPK Ak I8 35 £ it A0 A e 55 Fe
BRI A i AL P B e i L R R
2. KW A7 SR AL B ( NPK +Ca ) B 9K BE 42 25 135
AR RAE A pH ), {0+ Kk s AL
Bl B TN B0 o3 B A= Ak 8 bR ¥R T NPK Ab3,
SQI ZF A IR, NK Ab P iy 4 498 i & S 9 (IKF NP &b
FE NP b B B B A% T NPK ARBE. H AT, B R IX
R 28R A B Hi NP sl NKAERE, 150 BH ax 2
R H AT e A7+ HER Ak, 3 % Bk SQT %l e 1
FH 4 0+ D RE - BI TR (R 7) , B3 CK,
PK NP NK &b ¥ X 45 K A8 A2 7 71 D RE Y 52 1 K.
NPK+RS 4b 3 5t A= 9 4k 2 3R 4k 1 B 01 K F At 4k
P ARIE S RE R R IR Gt FH AR Y SQT A+
BT B = T AH L PR A M AL . NPK A B AR
IKFEAE T TP RE 9= T NP i NK 23] (B304
Yk 2ER AL RE AR, X 7R 5 K T A NPK AR
A2 BT e B R AL, FERRYE AT KRS £ I
Jith FH A R — T4 vy 4 pH B i, 7 < 30 b R
WBERSAET A A K TE AR o] DI4R
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Tab.7 Effect of long-term fertilization on soil function rat-
ing and the overall soil quality index (SQI)

b # FHETBE Soil function SOI
Treatment ¢4 0,30y *  Gpus (0.35)  Guded (0.25)  Gscp (0.10)

CK 0.170 0.177 0. 146 0. 050 0.544(9)
PK 0.173 0. 157 0.159 0.074 0.562(8)
NP 0.180 0. 206 0.158 0.061 0.606(7)
NK 0.184 0.220 0.155 0.071 0.631(6)
NPK 0.202 0.234 0.162 0.070 0.668(4)
NPK+Ca 0.193 0.240 0. 149 0. 068 0.651(5)
NK+PM 0.229 0.222 0.162 0. 069 0.682(3)
NP+RS 0.214 0.247 0.176 0. 063 0.700(2)
NPK+RS 0.224 0.254 0.175 0.075 0.729(1)

qrp‘]:?f'll%IEJ‘Eﬂﬁ To resist physical degradation;qlm;?%ﬁ{}@ JSE A8 To supply
nutrient and storage; ¢,4.q: DB AL To resist biochemical degradation;
qscp:ﬁ$§ﬁ:~%iﬁ:ﬁ To sustain crop productivity ; SQI; 138 Fi 484X Soil qual-
ity index. * 55 PR A IREALE Data in bracket was function weight.

1o 13 pH FIZKAR PR AR AR & 1 Ak 1 485 4 (1
I A K A] 5 3 S AR Wy A | o S N
FEALBES PR T B, - SR IR BRI, Al T A
Y2 AR T TR A TR ks 5t .

33

AR BT R LRG0 Ok, AR R
F%) PR B 15 (0 S22 30 BRAER | v R s 7= 7k s F )
SE(E A E Y. £ 48R0 BRI 2% 1 8 i 7= /K i
FRT I L R AU AE 3t Y ) — s A T R He e 4%
FH(NPK+FE D) (I 5E(E. Zn A1 S R FHFR EH FH B
f6 AL 2 Y0 PRl A R e 7 AR e 7 7 e A 0 2 1.
MBC AL I UG W e A - e i R RR | -
FRREEMEME 250, TS % S0 R ah A AR
FEMRHRA P 7 A I (A5 1.

TEAREGEH 4 11 2 4 D RE (35 6) X Bk
SQUAERMEH. I LR /NAE W, i T e AR 2
BRI L e AE S B R /KORE - 338 i E A A AR
o} MR SR A A AR Y. 7R TR R R R X,
YeR5 AN R KRG £ 3% BN BE T AR 20 IR K
S it I SR ek 114 B L H b, PRI, % 0 (1 A ek )
REFESZ T I A (35% ) . 2 T A RFAE X1 22
o FH - S BT A R ) 5, IR R AR Y
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SEAHE AT /Y. A Y A R A R R E D A 7 T
TIREXT IR B AT R4k 4 58 F Y H ARt S 1R Y,
P B4 T 25% BYRLEE . 45500 5y RE AL TR (1 2
FH—2H T AR AR A2 1, X SR AR R AR B KT
Ay RR F-43 M 2L RE L 25 7

T PR AL D RE BT BRI FR bR o2 3 BD |
SPD .POR \MWHC Fll NMWD , [A yixX 2648 b5 X%F 4t 1
ey AR EEAEAY . bR (b T RE T
PEHEAY 1 2 802 MBC ITA . DHA _PHA F SR. 3
53-HE N D) BE JIr % £ 1% 48 45 J& CEC, SOC, TN, AN
AP AK AS Fll AZn. FEAMFGEH, T 11 pH Z 8
AL P 4 52 B ., AT 81 F 3R 4 T BB 1) 35
BN ARFFVED A 77 71 D) REHE b AR R 2 H - 18 ot
TRAR IR R FERL ™ 4 (VD R A8 4 ) 2Z 1) i i 20
[l 7 R ok, Horb Pk T SOC TN AP FiI
AK 4 MEIR. AR TR febn 5 TR e 4L
) I 58 % 2% F A9 TOC . SPD . AN . DHA £l MBC

BRRFEEARAL . ARWFGTIE AZn T AS 1N FEH

PRz —, 28 W T 20 18 M DX 30 it I X 56 1+ A
AZn F AS B S BUKAE = B0 AR

K HEZM: Ty BT R A A A 300 4 48 o 4
FREIBRAERF A, 155017 I e AR 5 W45 30045 A 1) S
PrAg L. A[RIE T 3] POR NMWD . TOC (AP F1 AK
IPEAME RPN T 22 5. (b0 554 2 FRg K e
Jiti b B ( NK+PM NP+RS F1 NPK+RS) 0P/ & T
P AE AL B ( NK NP F1 NPK) , JCAIL 7 43 340 6 it
FHALHR ( NPK ) 75 T 246 it i 4L B8 ( NK F1 NP) . BD
1 pH AR B0 R BLH T 22 5% (AP (A 1 22
SR XA R (RS E B S A
) RAAEN & 22 50 LI BEAS B ), AR
SHEAL T IR REAE I BB, R R E M A 7 T
FABE A T 232 B .

LG 4 T T RE 1Y R AL, AR AL
£ 0.503 ~0. 928, HAH K /MIUT 7 : NPK+RS>NP +
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22X A e e AR U E R R TR R PR 21 K
Fo = B ASESGE SR E A K. A ST, SQI 5
AR (A +FHD) (r=0.880) JKAEFFRL™ &
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FEor AR 4 i FH AL 38 (NK F NP) B9 SQI AL T 44 £
Jii FHAL 3 ( NPK) . Manna 2585 % B[] BE — SE G K 1Y
B LRI ) 77 H R A A3 AT e B Al #4441
PR N X S AR A e —E T R R
FEbR A 15 2, A S LUK R A T B VRS BF
YEJ X5 A PLICHLAL BC e (A HLAE ) Fh 280 L i)
Xif S B 5 A Al S TR A R A Rt — 2
FERERTT. 3% 7 5 7K R A Jo o 110 45 T A 52 88 ]
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