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MOTEAG 28 5 1100 L B, T L T g
FE MWK, B E W AR5 % (Phosphate
sorption index, PSI) "' BEEIEHE (Degree of
phosphate saturation, DPS) "5tz
i FH o PSR LA ZRAE A 458 [ RH 86 1] Y AH 8¢ ik 19 7T g
PR/ B R R AR (Xm) BB
e IEARSEE R 12 DPSIE 6 4F + 1 £ 2 % it
OB, AT LT bR R B e B Y

- 558 A SR A R L R /N B H A B 1) 2 ] 4
S K B R 5 3R A 4 1) T B R L
Jite HES 2 52 ] - 8 AT 2R 45 kg R G 5% A 2L 1 25 B 1Y
EEA G I, AR SO LK I IR Y 5
213 (1988—20144F ) MHEFEMRE, LI [RIRL K
A SR AR Ry A, e B R ETP L AT R
CaCl,~P. DPS K PSIZ4aHr, TR IMGAL 2w T
L1438 AT SR AR X B 2 i A2 SRR . T 5 RO
VEF 22 52 e A8 bR ) (M DG R o BFIR 45 SR
CTMERE R AE ) A B L M R LR AR PR AL K
T 21 58 IX s 2 0% R A B0 058 A A5 e kR 4 G
WS

1 PRSIk

1.1 Rt

30 IE R 67 4 B T 198 8 4F 2t A VT 74 45 1
EARBAESRGEEZEIIRE N (28°04" ~
28°37'N, 116°41'~117°09'E ) . 19954F L) Hi 1T
AR E, JECh —F e, & FKH
Pl RS A af R F T, AL
THLIE Bt 80 X % . X (CK ) . CK+FE#F
(RS) . CK+EAREFAMKE (PS) | CK+EEE
¥ (FR) . CK+JEBEAE (PM ) JE5ANAREE, /NIX T
F134.6 m*; JCHLAEIREE X 5. NPK, NK, NP, PK,
NPKCa, NPKCaS3:64~4b8f ( CaftEiti A E, SIC
FiAMEITER ) , BN/MOERHE LEL DX
HA35.1 m*, BEiEACAERE A 3K, KEHLHES .
1.2 TEHSRXESHARKGS

+HERE A Ok B FNPK., NKX&CK., PS. RS,
FR. PMAE7TA/NXHZE (0~15 cm) L35,
20144E Rk (AEEMUR2M A TR ), TEBEA/BX A
e “S” MR B RS S BRERES, T
W B ad, A E KT

F1 KPEMREHZERNXENZHAE (1988—20145F)

Table 1 Total amounts of fertilizers applied in each treatment of the long—term field experiment from 1988 to 2014 (kg hm™?)

X AEEAE 2 . o TAEAERT THEFF it 3 b3 fif 2
5 /N X N Vel S e =1 ) . .
Fertilizer N P Dry peanut  Dry rice Fresh radish  Fresh pig
Test plot Lime Gypsum
treatment stem straw vegetable manure
TeHLIE NPK 2931 1363 4015
Chemical fertilizer
. NK 2 931 4015
application
HHLICHLAL it CK 1731 969 2686 4412 331
Combined application PS 1275 793 2053 4412 331 99 369
of organic=chemical RS 1275 789 2091 4412 331 66 003
fertilizers
FR 1275 789 2177 4412 331 129 370
PM 1157 782 2201 4412 331 738 698
ELEAE SN RE, W ARG SRR, K 2= e L s b 212 em, R

HAFRBFRERLA10 ~ 12 mm /DR, KT
JE, FRECEAEREAR20 g, BOAET (N B2 T oL
HAMKK A2 mm, 1 mm. 0.25 mmA10.053 mm )
e LRI T b, SRR B A DX =100 M 5 A

110 minf5, FTFALERFFE, FE0H 03 607K/
min£HF, FF#i4r30 minfs, BUHER, 2 I
[N =2 e R R i e T VA2 SN S 8
HE AT, T40°CHBLR P HLT . FRE, Ik
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FERFRY A > 2mm, 2~1 mm, 1~0.25 mm5
0.25 ~ 0.053 mm Y RAREEA
1.3 TIEPSIBNE

FrEC1.00 gid2 mmifi i KT L HERES, BT
50 mIB.O&d, IA20 mIBkW E H75 mg LAY
FLAR IRV TR (BRI AR S T1.5 ¢ kg ) 0.01
mol L™ CaClLi& e, R A K B 2K B 1k A= 9
W U BB MEIS, T25° £ 2°CH R
T, HAEHRGIEIShE, &o . i, M4
W O I E R P R . PST (mg kg™ ) BT
BALT

PSI =X/ 1gC

A, X HIE#W M E (P mg kg soil) ; CHF
BrEmrh R )E (Pmg L)
1.4 TIEDPSEYNE

FRECEE 2 mm i 9 KT 8 RER 1.00 g, B
T100 ml =4, MAS50 ml 0.2 mol LAYy 2L
BR B 3R BOR (pH=3.0) , FB I 2R 0 % %
Ja . BEANBAHMNRA LSRR, R IR
(25°C£2°C) &M TH#Hw2 him, .. 50.45

um B MR, BG4 B % AX (Inductive
Coupled Plasma Emission Spectrometer, ICP ) Jlj5E
PRBGE Pk . R R & . DPS (%) MitH
w1l

P, /31

DPS =
0.5(Fe, /56 + Al,_/27)

x 100

X, PR BRI BUR P B (mg L)
Fey . Al NHERRERBGR TE, kE (mg L)
SU MBI E M TH; 56 MR T&; 27
HERTCE M T 05K TEB AR,
1.5 TEEREBEHERS

TR TPR R - = AR A, Hil
R E s ARk IR AL vk (Bray-1) I
53 CaCl,~P3RJ110.01 mol L' CaCLE =4, W
+ 10 21, MHICP (HLEGHEG 45 B FOohig L)
DU s R Bl . A AL (OM) R s iRk
P A% TR AR AL — 2 B TR A s pHR A R A R
FE, W25 1. Bk i H HARRE A IR
PEUWLSCHR W7 o AR A B I L2

K2 i HEEREBAMER

Table 2 Basic physical and chemical properties of the red soil in the experiment

B /NX Akt sk 2 pH OM TP Available P CaCl,—P PSI DPS

Test plot Fertilizer treatment — (gkg!) — (mgkg™) (%)

FHLIL NPK 3.85b 7.96b  0.64a 66.96a 0.63b  872.5b 9.63a
Chemical fertilizer application NK 3.24c¢ 5.36c  0.27b 6.40b 0.48b  2092.9a 2.09b
A HLIEHLEE CK 3.81c 8.69c  0.49b 39.32b 0.60b  696.4a 9.84b
Combined application of PS 3.90b  12.18b  0.46b 38.98b 0.69b  651.0ab 8.89b
organic-chemical fertilizers RS 3.79c  12.86b  0.47b 39.39b 0.62b  591.8b 9.83b
FR 3.84bc  12.33b  0.50b 37.93b 0.50b  653.0ab 9.69b

PM 4.05a 16.29a 1.29a 482.5a 5.13a 313.5¢ 48.55a

W RPN FEEEAS R AL B F R FE0.05 /K F | 25 L 3 Note: Difference letters in the same column mean significant difference at

p< 0.05

1.6 ARKLEBRERRY (E) WitE

TP

I Tpm il

A, ENEIEBERERRE, TP opregue B —HL
PR LB E i (g kg ), TP o B 11
R (gkg') o BRI — L 9% P R A

EMEAHRESEENNIAE, HE <15,
WHWREEEN,; E> 1N, BAHMEEEE
M EfERCR, He—Ri g A SRR KT8 2 1 B 4R VE
W L
1.7 HitoHh

BRGS0 BT R FHExcel 5SPSS 22844, 4K
* M Origin 201584 .
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0.27 g kg™', SNPKALFH F W MK T58% (%

2 75 R 2) o HNK/b B 407 2% B AR TP 3% 4 i K T

NPK 4 $ [R) 45 2% 1 40% ~ 54% , B F /KL A1 5

21 KERENEMMOIEARBKBEREREND HATPHEZEFARE (K1) . 5CKARMLL,

A A PMAh B AT A 36 TPAE it fb M 1) L iy b 8 3 18

TIETP & BRI LB R G T KNG 164%, K/INELG A BRI TP o f 48 i b 3 H 2 91
—ANEESER, KPABEICANKAE B FIETPAL Bl R AR SO/ E AR (F1) .

25 CNPK 25~

CK
= NK % 58
i - RS
= FR
20~ 2.0 B PM
E ¥ ot Aa ABa
7 s 2. Ba
g o= % 1.5
S S
Z i = Ca
=10t Z10
g g Ab Ab
2 Aa =]
i i = Ab
& T An Aa a % AbTA Aby AP
05 I & 0.5
%h Ab b Ab
0.0 .
0 S T T 02 0250053 =) 21 1~025  0.25-0.053
Fi4h Particle size (mm) HiZk Particle size (mm)

TE: AE/NE FRROR R — B R OB R A R L EHE R 22 5 R B3 (p< 0.05) 5 AHIE KE FREROR [ — NERHAL 33 b AS [R)RL 2% 141 5%
REZFALZE (p< 0.056) o NPKIFRBFHALIE, NKIFAS LI, CKIGXS HAb T | PSHRCK + fEAREFFAS L HALZE . RSFECK
+ FEFFALFE . FRIGCK + SRAEAL3E . PMAECK + BEACAL . T A Note: Mean values affixed with the same lowercase letters are not
significantly different at p < 0.05 inaggregatesthe same in particle size in different fertilizer treatments. Mean values affixed with the same
uppercase letters are not significantly different at p < 0.05 between various fractions of aggregates in the same fertilizer treatment. NPK
stands for nitrogen phosphorus and potassium treatment, NK for nitrogen and potassium treatment, CK for control treatment, PS for CK
+ peanut straw treatment, RS for CK + rice straw treatment, FR for CK + fresh radish treatment, and PM for CK + pig manure treatment.

The same below
BT 3 it A %o 55 b 27 38 45 s 2 AT R AR P 4 Wl 75 2 19 S )

Fig. 1 Effect of long-term fertilization on content of total P in aggregates in the upland red soil relative to particle size

TAUEIX, NPKARFE AL > 2 mmBi g A RAE  FIERENEEN80% ~88% (K2) . HCKAFEA
X RA B ENE LM mNKAD B b 25 8 4% A Fb, PMAREE A] {52 4 21 38 o A R0 3 1 oy
RIEBRMBBERMWEEEH (X3) o APLLH  HAGBEE WA EE (R2) ; PMALBEA RS A
REBCHE DX, A R B RN AT SRR (PM B & K/MRIR R : 2~1 mm > (> 2 mm) >
WEFEH10.25 ~ 0.053 mmPYRLBRAN ) BIXBERA  1~0.25 mm > 0.25~0.053 mm, HAKKIEM11.3
BENEEMEN, HRAERMAE (> 0.256 mm) B %, 13.8f%. 11.76%5 9.24%, RiglH 2 5 W%
B W3 T0.25 ~ 0.053 mmbL 2% i3k A 5 44 (E2) .
(#£3) . 2.2 K< HARE BE Xt £ 1h 4T 158 B B2 (A D PS AY 52 M

K 9 AN it 9 BE A N K 4 B+ 358 3B 6. 4 K39 A it s A A N Ak B+ 3EDPSAYU M 2.1%
mg kg™', WHEMTNPKAH (F£2) ; HERHE iR ANPKA B +HEDPSHI.6%, £ ANK
R A R0 2 IR FNPRARBE h [ S8k b BRAYSAE (£2) 5 NPKALFE b & kr g A 5 &
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Table 3 Effects of long-term fertilization on P enrichment factor of aggregates of various particle size fractions in the upland red soil

. AR AL 2 A1 T A s 2
/N X . . .
Fertilizer Aggregates particle size
Test plot
treatment > 2 mm 2~1mm 1~0.25 mm 0.25~0.053 mm
TEHLAE NPK 1.12Ac 0.93Bb 0.96Bc 0.94Bc
Chemical fertilizer application NK 1.12Cc 1.17Ba 1.34Ab 1.02Db
B HLICHLAL it CK 1.33Aa 1.22Bab 1.20Bc 1.06Cb
Combined application of PS 1.32Aa 1.24Ba 1.23Bb 1.05Cb
organic-chemical fertilizers RS 1.20Bc 1.20Bb 1.29Aa 1.17Ba
FR 1.25Ab 1.24Aa 1.25Ab 1.06Bb
PM 1.25Ab 1.24Aa 1.16Bc 0.84Cc

W MF/NG FRRR R — A RN AR BRI 2R A B E (p< 0.05) ;5 MR KE FHER R R — R B A3 OR [F k7
FARIKEI2Z A BE (p< 0.05) Note: Mean values affixed with the same lowercase letters are not significantly different at p < 0.05

between treatments the same in aggregate particle size. Mean values affixed with the same uppercase letters are not significantly different

at p < 0.05 between aggregates different in fraction in the same fertilizer treatment
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- [CINK
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= 600
j=11]
- L
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E 5001
o -
o
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§ |
g 300/
;ﬂ L
£ 200
100~ Aa
L Ba Ca Ca
ol ﬂ'l J"\hll Ab. s\bl
>2 2~1 1~0.25 0.25~0.053

Fi gk Particle size (mm)

)

g'l

A% Available P (mg k

L CPs
RS

700 % FR

L [ PM

Aa

600 — Ba
500 Ca

F Da
400 —
300
200
100 Ap Ab Ab Ab| Ab. A‘gb

>2 2~1 1~0.25 0.25~0.053

Fi#l Particle size (mm)

12 RSB A o 5 M 2T 3 4547 4 DA SR (A 2t 5 Bt )52 )

Fig. 2 Effect of long-term fertilization on available P in aggregates in the upland red soil relative to particle size

FIDPSK/MEXR N : (> 2mm) > 0.25~0.053
mm > 1~0.25mm > 2~1 mm, H1~0.25 mm
50.25~0.053 mmH W ERARE (K3) . 5
CKAMERAH L, AXPMALEE O] fiff +HEDPS i 42 5 T
396%, =ik49%, HA&RHARARPDPSE) i1
T 361% ~427%, AR R DPSAE k25 7 AN
= (FE3) .
2.3 KEATEPEXT B Hh 41 1% H B A PSIRY 521
ENPKACH#AH b, NKARHEPSIH] i E 42 5 2.5

¥, FiA2093 mg kg (%2) 5 HARHARIEKM
PSIHE N3, KAMKK A : 2~1 mm > 1~0.25
mm > (> 2mm) > 0.25~0.053 mm ( ®4) .

ECKALHAH L, RSEHPMALH ] i 22 (AL 2 21 3
PSI15%555%, PSS5FRAMBEE MER AN EE (£
2) 5 HAPMALI + 558 rp & 9 A R IR PSTE 3%
FEA T 35% ~ 48% , {H &40 9% [H] (Y PSIAE 4k 22 5% AN
WBF (K4) ; PSHFRAFEHXH0.25 ~0.053 mm5
> 2 mmAbi g A AR PSIA W (F4) .
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g 50— g 50—
w oI <
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- Ab Ab
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10— Ca Ca 10—
r Ab ; A Ab "
O 1 L | Ah 11 b | 1 0 1
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P3RS AL X 57 4 21 S 45 25 AT 3R A 2 0 R BE ) 52 )

Fig. 3 Effect of long-term fertilization on degree of phosphorus saturation ( DPS ) in aggregates in the upland red soil relative to

particle size
_ 3000 — :
3000~ —NpK ek
CINK L LIPS
A RS
3 FR
2500 2500 —= PM

| Aa Aa i
2000 l l 2000~

——%

E i Ba o i
21500 T 2 1500
2 [ Ab L £
= Ab ] 1000 (— ABab
1000 L T ABb Aab Ab
Bb +
I I T I Ab Bab J\Bb Chrhic Bh
500 500+
ol 1 1 1 I (e
=2 2~1 1~-0.25 0.25~0.053 1~ 0 25 0.25~ 0 053
Fii 4% Particle size (mm) B4l Particle size (mm)

Pl A I AL X 7 4 21 39 AT 3R Al 30 R AR 5 B 52

Fig. 4 Effect of long-term fertilization on phosphate sorption index ( PSI) of aggregate in the upland red soil relative to particle size

24 BEHTEHBZREHSBHENNENER 2 ~1 mmhbr g A R E 5 CaCl,-Por il 2 B 3%
MR RWY (F4) , HERMLE D > (r=0.430, p< 0.05) 5W B (r = 0.459,

2 mm52~1 mmB A RKILFIRIML, L p< 0.01) IEMEXR, HAMK S ARKEES

TPSHEMBE N MERE (p<0.05) 5HEE (p CaCl,-PHEAMKKER, HH0.25~0.0563 mm

< 0.01) #RHH (F£4) ; HEEHF0.25~0.063 K 5CaCl,-PHMAMEREE (r = - 0.387, p<

mmAL % A RARR RN L, PRAMBEEEE 0.05) . HHETPEEBLK, A% 5CaCl-PRI%K

FEffkas (r=-0.362, p< 0.05) . > 2mmYg  EHWHEZL (r=0.937, 0.903; p< 0.01) , X
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Table 4 Relationship of aggregate composition with TP, available P, CaCl,—P, DPS and PSI in the upland red soil under long-term

fertilization
ki TP Available P CaCl,~P DPS PSI
Index (gke™) (mgkg™) (mgkg™) (%) (mgkg™)
I 5 1 L 1) > 2 mm 0.447% 0.456% 0.430% 0.511%% ~0.682%*
Aggregate 2~1mm 0.375% 0.485%% 0.459%% 0.507%% ~0.254
proportion 1~0.25 mm -0.336 -0.336 -0.294 ~0.368% 0.460%%
(%) 0.25 ~ 0.053mm -0.313 ~0.362* -0.387% ~0.424% 0.437*
<0.053 mm -0.333 ~0.349 -0.298 -0.344 0.505%%
TP (gke™) 1 0.937%% 0.903#* 0.939%## ~0.583%
Available P (mg kg™) 1 0.983%% 0.979%% ~0.413%
CaCl,~P (mgkg™) 1 0.983%% ~0.365%
DPS (%) 1 ~0.495%*
PSI (mgkg™) 1

A o*, FE0.05/KF B FEAHFE; *%, 7E0.01/K¥ I W #FHHE Note:*, Correlation is significant at the 0.05 level; *%, Correlation

is significant at the 0.01 level

SEA W . CaCl,-P5 > 1 mmFI B A% 2 90
FIEAHCR R EERH (FR4) .

M AT LU b5 S TPECR A3, 4 4
DPSH. 8 (» = 0.939, p< 0.01) . PSIHI&
AL (r = - 0.583, p< 0.01) . +HEDPSAH7I
5> 1 mm51~0.053 mm¥ige A 8RB S
FIEHEER (p< 0.01) H5EREAH KR (p <
0.05) , 1PSI5 I Il P A~ hr 2% P 3R R 55 i 1) #H G
KRIEMMR (%£4) o

3 i

TR R AR . A WSS AR 5
W EZI T, HkR KNG B mE IR
PRI B LR R T K A T T L
LT > 1 mm g A R AR LB (B R 51
), (R R LT VR A R AR > 1 mmr
AR N

0 it FH A AL R e e 2 S S T L2 Sl 3 34 o 5 b
CTHE RS R A RIKN TP & (F£2, K1),
JEH I PMAL BTtk 25 18 Jin 25 R 20 1A SR Al 1Y) ' 4
28 (E,) , HFHEEBRAERIA BN, Ers g
@ (R3) . BEEFHLEF0.25 ~0.053 mmbir
R REB RN L, LIETPRARBEEET

Mea (F4) , XH5EMESE TS LS BN
oo K 300 it 38 A g e ML 7 8 oo 5 b T S il
FAE Ty, BN ERE R BRI E, B R
IR T LT I WERE ) . R T HIEM B R M
FUEE L SN T - HERE 2R 00 IR T AR 5 I O KURS
JeH IR PMAL B & 3518 0 T A HE K A5k 9 1A SR AA P
TP, A% 5CaCl,-PR & (F2, K1, A
2) , WERMT LE#PSI, THEDPSEER M T3
5 ~ Af%, Tik44% ~53% (2., F3) , it
o7 EBR R AMImAE (DPS=28.6% ) (K&l
5) .

TR R E AR, HAK
3K i g AR S AR A 2 S i 2 R A
Al 100 ARBFSE Y, NKALBE i T 01 %A MR
BEAE A4 A H IR R A0 T A SRFEWRIR S, Tl +
TP Z AR P B IS RS . PS. FR
AR FRSA T A SRR R L AT IR TP i, (H45 b B E]
XFAHETPR M 26 AN i 3, X F 2Rl T & R E
YIRS FFf AR B 22 AR RTS8 (£1)
7T it A S A v LA S8 3 1 o P e 2T A9 TP A it 554 5o
BER R, FEE R T HUAE A A A A AR R
S REM TR EMAER, X ST BR TR
T B e e 2 A, BIAEIE R . B
SRR R DURCOR A HLER , A HLIR nT LAY -3 h
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TR0, PR LA S ke .
+HEPST S DPSH] LAAR b Ml Sz e + 458 1) [ % ik
3 R A5 s B A B AN AR T HDPS
SRR PR E R R EIEMEER L A
FEIM, MYDPS > 25%H}, UK B e B H I
Ak AT, RVAR R P R B BE 1 EDPSTE 1)
ORISR, L, KEDPS = 25%1E + Hewk
RIS L (R R R R RDPSIR A
{8 1 5 32 S R S B R T A RS
DPSH15%20% ~ 25%1F J I 5E 0 0 26 1
I S 2 ARG ke BB T M 2T SEDPS 1 4
K, TIEAHBESCaCl,-PY R B “Z18 5N~
5 oc2dmikm MmArBad i (E5) , Y
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Fig. 5 Fitting of relationships between DPS, available P and CaCl,—P in the upland red soil under long-term fertilization
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Effects of Long-term Fertilization on Phosphorus Retention and Release of Soil
Aggregates in Upland Red Soils

WANG Jingwei' WANG Yanling" *  YAO Yi' XU Jiangbing' FAN Jianbo”
(1 International Center for Ecology, Meteorology and Environment, College of Applied Meteorology, Nanjing University of
Information Sciences and Technology, Nanjing 210044, China )
(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )

Abstract [ Objective]) Soil aggregates in the soil are important media capable of storing, transforming
and activating soil phosphorus ( P) , and distribution and stability of soil aggregates is influenced by long-
term fertilization. However, little has been reported on release pattern and adsorption capacity of P across
various soil aggregates and their relationships in red soils as affected by long-term fertilization, which are
essential to sustainable management of P sources in agricultural fields. The objectives of this study are to:

(1) investigate changes in TP, available P, CaCl,—P, PSI and DPS, in soil aggregates of different particle-
size fractions in a red soil under long-term fertilization; (i) to explore relationships between CaCl,—P,
available P, DPS; and (iii) to study how DPS andAvailable P affect P loss potential. [ Method]) A long-
term fertilization experiment was established in 1988 and soil samples were collected from the 7 fertilization
treatments, designed in the experiment as follows: NPK, NK, Control (CK) , CK + peanut straw

(PS) , CK + rice straw (RS) , CK + fresh radish ( FR) and CK + pig manure ( PM ) . The soil samples
were fractionated, using the wet sieving method, into aggregates of different particle sizes ( > 2.0 mm,
2.0~1.0 mm, 1.0~0.25 mm and 0.25 ~0.053 mm ) . Then the various fractions of aggregateswere analyzed
for total P (TP ) , available P, CaCl,—P, P sorption index ( PSI) and degree of P saturation ( DPS) and
relationships between the parameters. [ Result] Results show that Treatment NK was the lowest in TP, and
DPS but the highest in PSI in all the aggregates, regardless of particle size fraction in the red soil. Compared
with Treatment CK, TreatmentsPS, RS and FR were quite similar in effect on soil TP, PSI, Available P and
DPS; but Treatment PM significantlydecreased soil P retention capacity with the highest TP and lowest PSI,
and increased P release or loss potential in all the fractions of aggregates with the highest DPS, Available P

and CaCl,—P. All the fertilization treatments, irrespective of their pattern, significantly increased P content
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in the > 2.0 mm fraction of aggregates with PEC ( P enrichment coefficient ) > 1, but in Treatment NPK +
PM soil P was more easily enriched in macro-aggregates ( > 0.25 mm ) . [Conclusion] Correlation analysis
indicates that the P accumulated in the soil may be subject to potential loss to the safety of water quality
when available P was range in 168 ~ 260 mg kg™' or DPS < 28% in the red soil; otherwise P loss would
be significant. Therefore, new strategies of using both commercial fertilizers and animal manures must be
established and implemented to prevent P build up in the soil and to minimize P loss to water bodies in the red
soil region.

Key words Upland red soil; Long-term fertilization; Aggregates; Degree of phosphate saturation
(DPS) ; Soil Phosphate sorption index ( PSI)
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