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(1 HHES AN AT A R [ ) FE p SE 00 (P B A Be o HHETSERT), Rt 2100085 2 R AERRE S5 0P kil R s,
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NP<PK<CK, 5+ S MRIRERAS A4S . S8 m e —8, M54&B A MAENE G . B Em /LA .
OM AbH I+ pH B45 . BEICHE i, XM s/, b R IRER DIBRIRES R =, BRIREEIR Y, FRIMIRIRAR BT
S5HENEE G, BT B MMM A R B F5EEETH, S T58BEMME S, SHIURMNE &RES AT,
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Effects of Long-term Fertilization on Calcium and Magnesium Morphological

Transformation and Environmental Behavior in Typical Fluve-aquic Soil

WANG Qingyun'?, ZHANG Jiabao'", ZHAO Bingzi', XIN Xiuli!, CHEN Lin', ZHOU Yunpeng?®, GAO Hongjian

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of
Resources and Environment, Anhui Agricultural University, Hefei 230036, China)

Abstract: In this paper, the accumulation and morphological transformation of calcium (Ca) and magnesium (Mg) in typical
fluvo-aquic soil under different long-term (1989-2009) fertilization treatments were studied and the roles of Ca®*, Mg®" and
carbonate to soil buffering ability and organic matter accumulation were explored. 7 fertilization treatments were designed in the
field experiment: 1) CK (non-fertilized control), 2) OM (organic manure), 3) OM + NPK (50% organic manure + 50% mineral
fertilizer), 4) NPK, 5) NP, 6) PK and 7) NK. The results obtained by volume method and the modified BCR-sequential extraction
method showed that the contents of Ca and Mg in topsoil (0-20 cm) accumulated continuously, and were in the order of NK <
OM < OM+NKP < NPK < NP < PK < CK, which was in accordance with the contents of soil crystal lattice-bound Ca and Mg and
carbonate-bound Ca and Mg, while contrary to the contents of metal oxide-bound and organo-bound Ca and Mg. pH, contents of
Ca and Mg were lower under OM treatment, but OM treatment had little impact on the content of soil carbonate. CaCOj is the
main carbonates in soil, followed by MgCOs, they are bound to soil organic matter to form a complex acid-base buffering system
in soil. Compared with Mg?", Ca®" are easier to bind to the metallic oxide, whereas are weaker to be bound to soil organic matter,
which may inhibit the formation of soil organo-mineral complexes.

Key words: Long-term fertilization; Morphology of calcium and magnesium; Soil buffering system; Stabilization of organic

matter
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5 R R LR R 2 b B R UL T R AL A
Y, Ve S TR T RIS v RE R A
KA HUF R e h R 2 E RN, KA REAL
BTG | SRS — R, [ R %
PEREFE MU RS P, (EAHSCHLRIE R 4, T
XTI 2 (R s ) i T PR 258

TG | B RS A X TELIR
PER IR E R e i E R RR, JUHA RS
B CBESTRIRAR, fE—E R LY T A AR
SR BREET, HX ARG AE pH AR & A+
HErpAAR A B, mRctE RS | BE SRR, B
BELUBR IR IR TE A1 o B R SR 43 i e e 1+ 48
iz . BZE P PERER EREE YL T 30 a, ETIRUL
R AR ZUE (/R F T 456 B B et ka4,
R SR O A M B FEREE B RS, X
FAS AL AL 2552 e 3] -+ SRR B % v LR , X+ 48A Bl
FkesE WA T RE = AR R, th AN, T
PURMEI LI e 32, 45, 85 k. B4R
TFHE AP TCHLE G I b ke 4 G EE Y PH 3 T
SEMFVE A, J e LA E T AR e BRI 0

T 2 P P v b X e Y R S
T2 XS T AR 70% LA E o b R A AR
B EEXRINZXEREMRE . BENREES,
St KR FEAC AL, i AR LR 4 & 4
TS ML, ARk B K IARS AT
W H BT, 58 pH 5 07 50 B L BRI T 0.5
AR A AT RS SRR R LI AS 2 8 3 B A1 - ik
FRih o, (H b s | BERSA rT R &L T B AR
1k, FEIRIFER T PR RS . AT &
FLAE A SE T K AR X -+ e R B 2% vh I fE AR
A SR HAS AT R4 | BBk, KX
A BT RS RE A5 A 5 E0 A AT 4G

AR FEARFC AL -+ AR AR5, B o8+
HeEs | B RBURHIE, JHME X E SRR AR B @ H
) BCR =40k, A miffbr ARl A b 5~ +35
5 PR AR, BN+ HESR v RE A ML
T2 Y RTRESE AL, Ry X Sk HH A= 2548 Ak 5 + 158
P TR AL AR

1 #REFE

1.1 HiE T

HH )50 15 T b Rk B B [ 4k 1 AR S
IRIVE(114°24' E, 35°00' N). iZXHAEERN R 615 mm
A RARE), FEEDF 7. 8 AH A 7

Kt 1875 mm, LK TREME; FHSRE 139 C,
JE TR KA, IR TG R

HEHRIERTFIA T 1989 4E, IR H/NE -
TGRS, BB 7 R RIACALEE . AL
JE(OM). OM+ICHULAE A BT (NPK). NPK. NP,
PK. NK FIAMEAE(CK), H:H OM+NPK Ab A HLAE
MIHUIE E R At —2F . A 4 41 EE, 3R
ANXEFN 47.5 m*™®, OM+NPK., NPK. NP #l
NK AbB/NEE | FORPIHFEALFLEE AL, PK A3 X
FAEATHIE AL . OM Kb 4 22 JEE— U v LU AE A B
KA AR . BIEHIRE (F N 470 g/kg),
BEAE A BERR S (7 P,0s 170 g/kg), BRI A HRER R (&
K,0 500 g/kg); AHLAELLEG N/NEREFE N F, BLLATE
YRR RN R, 4% 100 : 40 : 45 HLORA, LIRS
HrhEm A, S NPK AMFES AR AHSE, AL
JIES 28 T i it FH o MEARRAFE T R > 24 b K FH ARt
PSR 1), 05800 FZIENN)300 kg/hm?,
WAL (P,05)135 kg/hm?®, A E(K,0)300 kg/hm?, AL
JIE 2 LR 5 5 o i, 5 NPK ARERA Y, B
BN R EB o th B FER AR A 72, MFONE T E
K20 4 500 kg/hm?(fE ), HE R K 5 R &
LR K, AEREM 2 4 000 m*/hm?, LR
M A

£ 1 HENKLE AR B £ (keg/hm?)

Table 1 Fertilization rates of experimental plots

e EACErE ZUBQN)  BRIEP.05)  ATIE(K:0)

N e 90 75 150
bEN 60 0 0

FoK HNE 60 60 150
bEN 90 0 0

(BB 9 a(1989 4. 1999 4| 2009 4F), £ KL
IF (10 ARTIE)RERZE EHEO ~ 20 c)FE S . 13
EmaEBlATE, BHEERRARA . 2009 41
HEILA PR AP R WL 2.

1.2 MEFZE

S HERAR PRI N e, 39 pH SR AT
B, TUK 2.5 1 15 BUSCA(AN)R TR o ;
A R (AP)R FHIR IR SN s SR (AK)R T SR B
PRHE; 2A(TNR ARG ILIREE s 2 (TP)RH
MA—FHBA UL (A 28(TK)>RH] NaOH Jfl—k
OGRS, HEEAMLRCR A AR A RS
(DTPA-Fe)X ] pH & 7.3 i DTPA(_Z =M &
MiR)-CaCl-TEA(= ZFEMOSBGRIR$E, TN 1 - 2,
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F2 0~20cm RERE TIREKRBLIEFR(2009 F)
Table 2 Basic physicochemical properties of topsoil (0-20 cm) in 2009

Qb B pH  AHLF(zke) LA (gkeg) £Wi(gkg) 2 (gke) HMA(mg/ke) B AW (mg/ke) HA4H (mg/kg) DTPA-Fe(mg/kg)
oM 8.21b 983 a 133a 0.64b 173 cd 348l a 12.38b 1416 ¢ 7.85a
OM+NPK  8.25b 76.5b 1.02b 0.64 b 17.9b 2430b 9.61c¢ 120.2d 7.80 a
NPK 8.30 ab 515¢ 0.68 ¢ 0.62b 17.4 bed 20.25 be 6.70 d 125.5d 7.28 ab
NP 8.32 ab 48.6¢ 0.71 ¢ 0.63b 17.5 be 19.75 be 7.16d 472 ¢ 476¢
PK 8.50 a 37.0d 0.55d 0.74 a 18.5a 14.05 cd 20.19 a 275.8b 7.08 b
NK 8.46 a 34.7d 0.54 de 0.45¢ 16.8 d 23.54b 1.12 ¢ 3019a 7.88 a
CK 8.53a 33.9d 0.52¢ 0.46 ¢ 17.7 be 12.66 d 1.10e 613¢ 5.09 ¢
e R RS F/NG FRRRTE P<0.05 K- 12557 B3 (m=4), TR,
+3E CaCO; F i R AL, 45 BB Jr iR A g 4t

YR BCR B IEIEN M B R . D551
WA FREL1.00 g £HEF 100 ml BRSO,
JA 40 ml Z#R(HAc, 0.11 mol/L), 22°C +5CH#ki%
16 h, 4 000 r /min B.[> 15 min, 235 LG ; QAR
JRA& . s LR A 40 ml B EC R R R e
(NH,OH-HCI, 0.5 mol/L, pH 1.5), 22°C +5 CH#%
16 h, 7B LI, OANEEN: ik LT mA
20 ml B K (H,0,, 8.8 mol/L, /3 MK ANA, 85°C +2
CARBMAATIZE 1 ml, A 50 ml £5 R 2B
(NH,OH-HCI, 1 mol/L, pH 2), 22°C +5 CH&¥% 16h,
YR VR @RS LaRsRIE 3, KRR T
FEMEESG, BEZE 100 H, BT TESPRN. 5%H
A | BERN e kR T A et IrA AR
Wk ferh, R FRgvekE H 2 ik, JF5H
TARBUR AT G, 4% 100 ml, £l
RIS . BRI E . B 20 ml AKEEZR A BT,
JIA'S ml HNO; f1 3 ml L5 FoKEffskit, #E%E
ET, EAE 10 ml, R LSS BEAaRA
HNO;-HCIO;-HF =R ff, $EBORhes . 88 By
T LB 5 45 B AR R BT A (ICP-AES) . 256

10.01

9.5r

TJaab

9.0

85F |-

CaCO, % (%)

8.0r|"

7.5

1.3 HiEAbE
BARGE AT SPSS17.0 %14, SR LSD 4T
22 7 ARG 0 Ak B[R] (1) 22 5% (P<0.05)

2 &R

2.1 KEAARREFEEXTE L bR 5 RARFER &2

AR E SR W, Wbk R AR (UK
CaCO; R & m , &L RIS 9.2%
(920 mmol/kg) (Kl 1), fEit A 20 a H1(1989—2009
VAR TRIAE Ay B b BRIFT 5 H B — o 25 5 o Hovp, NK 4k
i3 CaCO; & BN B0 T RE, Ak
PHAR B [a] 1) 722 AL AL AN B (2

ZF KWIARIEALAL B, OM I PK Ab R+ 3
CaCO; iy, W3 m T NK ALH, i m THARAL
M, BEIEAYERFEIL T 148 CaCOs Y& i, BFFTSS
SRR R, AHUEARHIE RS T 3% pHGE 2)-
2009 4F, OM 4b#i+ 3 pH % i E K T PK Ml CK 4k
OB R TR ER S pH W3 UG,
H K37t A HLAE Al i BRI 38 pH(-0.35)52 1
SRR AR AR A )

C719894F  [J19994F [l 20094

OM OM+NPK NPK

NP PK NK CK

JENEAL 3

(FEB B T7 A R/NG 3 2R A — 4R 03 A [Fl AL TR 22 5 £ P<0.05 7K 135 (n=4))
E1 KHAFREREEKERT DR R RRFE

Fig. 1 Carbonate contents under different long-term fertilization treatments
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2.2 KHARREMEST TES. #% RRFENIIT

2009 4 T3 A | BE S i 4300 857 mmol/kg
+ 33 mmol/kg Fll 416 mmol/kg + 9 mmol/kg, il F &
#1300 mmol/kg, HHr, 507 SR T at kil
FE B 14 CaCO; & i AU ZE (920 mmol/kg) . 284t 20 a
PSR AE AL B, 49 A5 | BE38 RN TR R B 1Y)
S, DL CK Ab BRI A . CK Ab3 3
55 B B2RUE 50 47 mmol/kg Al 32 mmol/kg,
b B 5% At

ERIWAFAEALAL R, taeh4s | Bt HAS

HEES N —5, OM I OM+NPK Ab3 34 | BEf)
SEAML, WAKT NPK FI NP 4bHE, B BKTF PK I
CK Ab3, X 5 133 pH M2k h—3, M5 H45h
HLET 5 S A SR (36 2) 0 BRLARAS B TR B I A £
Bl PH S, (EBRAC A Tt R oA i 4 s - 3gErh
RS, PK AR RIS RS NP NPK & CK
WA WE RS . (EEENRE, REBIEN
it FHAN 23 185 B - 35 ) K B, (HBRIEBC A4 1
AR S FEE R B . NK AbH 1845 | BE i
LT HARAN B X [R]F 1€ CaCO; B il i 25 5

3 KHFEMBEARER T LIEE. £ Z2F4FE1989—2009 5 )(mmol/kg)

Table 3 Accumulation of Ca and Mg in soils under different long-term (1989—2009) fertilization

Ab SREMASE RS EDE AN E S 5% BR A4 Eree
2009 4F 2009 4F 1999 4F 1989 4F
OM 531 ab 558a 759a 199.0 ¢ 852 be 835 ab 848 a
OM+NPK 527 ab 59.2a 730a 208.5¢ 852 be 834 ab 823 a
NPK 556 ab 50.7 be 6.03b 238.1 be 868 abc 844 ab 836 a
NP 611a 51.9 abc 5.83 be 310.1a 873 ab 841 ab 857 a
PK 594 a 53.1 abc 5.95 be 281.2 ab 881 a 872 a 856 a
NK 485b 44.7 ¢ 5.20 be 219.7 be 787 ¢ 822 b 837 a
CK 593 a 52.6 abc 237¢ 267.2 ab 883 a 849 ab 836a
HIEB LI (%) 65.13 £3.94 6.19 +0.43 0.65 + 0.22 28.94 +4.19 100 - -
Qb BRINHASYE BREAGSYE AVLERE B R A Eoeny S
2009 4 2009 4E 1999 4 1989 4f
oM 44.5 ab 22.5a 194 a 332 ab 417 abc 402 a 397 a
OM+NPK 43.4 ab 23.1a 18.6 ab 325 ab 415 abc 399 a 391 a
NPK 45.1 ab 213a 16.6 be 327 ab 410 be 404 a 396 a
NP 483a 20.2a 16.7 be 326 ab 416 abc 405 a 402 a
PK 49.1a 21.8a 173b 338 ab 426 abc 408 a 401 a
NK 413b 193a 15.6 ¢ 321b 401 ¢ 401 a 3952
CK 502 a 21.8a 142¢ 342 a 428 a 408 a 396 a
FIEA 5 (%) 11.30 + 0.68 5.14+0.25 4.07+0.43 79.33 £1.20 100 - -

2.3 KHEANEMEEs IEE., SFRSHNSFIEN

=AU

e R GE 3)ER, PR, R
AR R HE PR 2 D5 R VA R A B A A
(65.13%), 53k 611 mmol/kg, T 133585 R AR AN Bk
B & EALA 413 ~ 502 mmol/kg, 5 H Y
11.30%. + 3 ag8E 2 LIGR B 50 F(79.33%)

Lo AR AR AREE , 149 b 55 RIS A | 6
SHEYEH OM, OM+NPK ., NPK AbFEAHMEL, KT
NP. PK Fl CK 4b#H, 13T NK A8, X FpEfk
MRS R AR . B AL e i AR — 3
RI¥545 v AESZ 3 4% pH oA ML & AR TR A5,

TR TS A e 2 ) 2 Wb 3 AT - B b LA 2885 L B 1Y
T

T R E L A A AR DL A A Bk
AL I A 0 T 5S FR I A MR B AR S LY
ALFEE, R T A VLR, SRR
OM>OM-+NPK>NPK>NP>PK>NK>CK, 4 +
SRS | RERSS B A M A R i i T,
EE LA ASBEN S W m T8, S 5mAAL, 3
555 L A HUR & EE A R

3 ihie

B B b EEAGER LR T, R
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PR b e B Ar , AR A ST g T &2 B, 9+
G | BEIGER S CaCOy(RTE) REUHIEA B KK
25, HHE CaCO; FiAREPRIE A AR LB, TS .
BEOCZ B T Ry BAL, 55 54 857 mmol/kg,
PRI F 14 CaCO; (920 mmol/kg); TEADHT
FIRWEFE R, CaCO; W& B AT 611 mmol/kg
(F PR VA R A4S ) o SRR BT A2 1) CaCOs U5 B
A%, R MERRERER B X H 43 CaCO; FIES
PR BRURE ] KB, +HERRFR LR A PRIA] & ARk
WK, Rz, ZRZMHEZNZW, IER #EE.
TR I AT ] REE I AR 4 pH (A1 HE R I R R L
B 2

AL IR AR 28 2 1 600 mm, IEIL i TH4F
HERA TR 5 (580 mm) . TEANGFRAHEIE T, 1% X H 4
B E N R EIX I AP R BN, B
JZ(0 ~ 20 ecm) -85 | BEUR BEURIERC IR, X
FWZ A LRI AT VS AE ER AL Y AT R 3X b SRR
FERRIEAEAN T, JEHA HLAE Bt FH T 7521 BH 51
IR S . 4 pH BRICR /D BEZE 555 | BE R
TR d F2 B S P (ELisC i AR Ak I oA 52 ) - 498 e iR Ak 4
it AP AR R T 4 pH, iR
TRl SRR RS T A A R K- i F 423 pH
SV R) SR IR R, £ MUY it
PR AT B[ 2 TR A B R R AR B T, R
PR R BRI — 2

5 BT B BRSO AR AR B 56, {HiX
FEATE P TFIMNEEAS | Badi A2 /0, AR
Wit AR — A4S, BHE RS A BB A R
Mo X RHE LR LA TR TN,
22 BRIt A0 R - e A e AR U, 2t
KRR, 43R AR B 7 38 i I 2
MRS E HHE R, | BE, TR TR AR S B B T
b I ERIE B o TR ISR A I
HE” AR A, 2875 Ak Pk 56 B 5 7 W VR B o W
B & A T I WAk s A2 1o T A PSR
RSO T, 45 . ST RE RS, B
TR L,

B B R LR R 2 SRR IR v PR RE Y F AR
T, AR e Pl B AR, e A
SCHIE AT P AR T ARG (19 56 UE o A8 S5 7 i 2 m
H, SSERVEMASAS . BELMRIRER N, BELS RS
AHLES A B 22 A S AL A HLT Y
BN, AR B S R R AR A AT, 2009 4R,
Herh CaCO;. MgCO; Rit &%) 650 mmol/kg, it

HEORTRERY 70% Zofi . T 13 CaCO; & 5 2K
LT MgCO;, CaCO; s 45 TIEMR . Higz nh g
) fe B o Gead KN [6] 9 7t I Ak B, 4 g
CaCO;, MgCO; K H 4k 5 + A LT BRI
I, 5 pH ZRACRLEARL, WA T LR AR S
S BBURAE . BIR I 6 F AT AT RT3 5 R 4 4
pH i/l CaCO;. MgCO; M HA Ry B, (HXT 115
IR AR SR IS I /N o TR AT EE SR RER, +
B DUTR IR ITRAR 25 7 1) B 2R, 76 H 37 o g
RS P B AR

A T B LT AT W SR L s, 5 R RRA A
T IR L ARMER S, DAk R
B BRI T M A R A e A L
TCHL BB A R EIE K A AL B Ak 2s R th iR 1A
WHEBENERRP ., AR LSRR IS | SR
A RBIIE S B R AR . OF ML S 555
P EIAR, 7E 3 HLARAS v ke 3 E Y v ) 4%
WAER . PR e SRR e E R ER,
FE A LR AT 185 A AT R Hh 8 /4 A 1) SR AR 1Y
PR/ AR A A @S/ S 4 R Ak il
M5 G R 255 A E5 /) 2 SRR B & R
e, ANFITFHEIIRRE . FERrivrss s &8, 18
T Tt AR, 498 4 Jm A A I TR AL S
(F 2), AR T TREASERIER . A BT
MO AR R WoR, AR AL Tt
T4 JE ALY S8/ T R SR B, R
B RS R, HEELISER R . BT
RIS IR A S 3, (85 R HEA HLIRES A &8/ 2
R, B RARTFANLE GBS, Bk, 951
HEEEFML, SHEVRGEM NS L, fEail
e R P o 22 ) B R s VR

4 #ie

DAFIEAC AT, i ds  BEon R & e
SN, B A T R RABURE . APLIEAY K
W RS P m A LA &84 | e, Hanlid
AR I pH, W SSRRIFMRASES . BE KA T
i, HHE CaCO; 32 AHLILNE R mED,
PR BRI AR B 7 5 A WLk K2R A2 5 R SRR 1A &
AE BN TT

2085 . BET R AR L b i) RS2 B SMEIESS | BE
AR, FESHAE R R ER A K. BT
It P e 5 B 1 ) B I3 S i i T R A B TR B
JZ e R 2B, A SAL AT T A AT
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