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Effect of Lon@term Alfalfa Succession on Soil Sulfur,

Calcium, and Magnesium in the Loess Plateau
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2. Graduate School, CAS, Beijing 100049, China)

Abstract: Sulfur, calcium, and magnesium are essential elements in plant and play very important func
tions in physiology and plant nutrition. Based on the long@time stationary experiment, the changes of soil
sulfur, calcium and magnesium were studied under a condition of 22year alfalfa succession in Loess Plat2
eau. The results show that the contents of total sulfur, available sulfur, water soluble sulfur, adsorbent
sulfur, HCI soluble sulfur, total imorganic sulfur, and organ sulfur in tilth soils, after long2time P2fertil i2
er application, increased by 9.41%, 62. 41%, 47.51%, 30.07%, 2.25%, 5.38%, and 17. 54%, respe
tively. The contents of total sulfur, available sulfur, water soluble sulfur, adsorbed sulfur, HCI soluble
sulfur, total inorganic sulfur, and organic sulfur in tilth soils, after lon@time NPM2fertilizer application,
increased by 20. 89%, 98. 31%, 68.44%, 57.34%, 8.07%, 12.54%, and 37. 69%, respectively. The
contents of total calcium, available calcium, water soluble calcium, exchangeable calcium, and HCl soluble
calcium in tilth soils, after lon@2time P2fertilizer application, increased by 4. 64%, 4. 27%, 11. 66%,
4.05%, and 8.59%, respectively, but the content of residual calcium decreased by 2. 21% . The contents
of total calcium, available calcium, water soluble calcium, exchangeable calcium, and HCI soluble calcium
in tilth soils, after long2time N PM2fertilizer application, increased by 8. 69%, 8.30%, 51.59%, 6.73%,
and 27. 77% , respectively, but the content of residual calcium decreased by 26. 23%. The contents of total
magnesium, available magnesium, water soluble magnesium, exchangeable magnesium, HCI soluble mag2
nesium, and residual magnesium in tilth soils, after lon@2time NPM2fertilizer application, increased by
7.38%, 61.98%, 63.16%, 61.85%, 5.81%, and 8.97%, respectively. Two peaks of available sulfur in
soil profiles were detected with a transportation trend of available sulfur to deep soil layers. Additionally,
the eluviation and accumulation of available calcium and magnesium occurred in soil profiles.
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i H( Med icago L. ) 75 51 o IR M X AT & A
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DA A B T A SR DR R R
A e g oy U R R EAL R
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1.1
TR T3 s i o peg S Bt 4 oL+ LAl
RIS e g MR ) AR . Bk A R
Yt BESORIR ) g o sy 2w+, A 5ty
SJEERS, WIE VL. BHE (1984 FERKZEAR B
GO AT ) AL & i 10,5 g# kg ', AR
0.80 g# kg ', MRUH 37.00 mg# kg ', 40 0. 659
g# kg A 3.0 mg# kg !, BUKET 129. 3 mg
#kg ', CaCOs 108.4 mg# kg ', pH 8.3, LT
PG, M=+ E, A B ok 50 1l
1200 m, W56 XAESE 9. e, THM 171 4, \
Oe WG BhARIE 3866e , \ 10e JEZEIAIR 3029¢ , &
1R ST DN i X R R 0 1
o USSR AEAE 0L o D R X AT R R

1.2

KR TF 06 T 1984 4F, B 5 EA4E % 3 Mt
. CK (AL ; P (i P205 60 kg # hm ° #
a ');NPM (Ji N PM : N 120 kg # hm *# a ',
P20s 60 kg#hm “#a ',M 75t# hm #4d '), /)
XA 66. 67 m’, 3 X EA, BEHLHES. HE R
2, AR o RS, AT ML IE R (AT PR
106 g# kg ', &% 2. 65 g#kg ', Bf#A 3. 65mg
#kg ', HHWE 0. 11 g# kg ). B 3 HP A
TR e vt R B Ot T/ X, FH DR PR R DR .
BRI RIPIR (6 H haif 10 A A))

1.3

2006 4 9 H K4 0~ 200 cm 73 )= L FE (5 20
cm A —)2), XTJE B 1 mm 7%, BU 1 mm +FF
i 0. 25 mm i,

P ARE Sl 2 ARSIV VB i, B2 R
(0~ 20 cm) il 52 4= EAAS [FIE 2500 25 VB =

4R SA'S B AR AR P b AT 3 A

1. 4
2 AR [0 5 VR 43 A B ARV R L TR B
i H CL ] PR JEHUR A7 HLR AT
448 ] HNO=2H CIO2HF 1k, ICP2AES
W HARTEE KA BaSOs Lbyhyk e

1.5

2 Page'™ R FHI 5 VL4 A5 KV .
AT RVESE R RS AR KBS
5 AT A EHLH R

44555 T HNOL2H CIO2HF 41k, ICPR2AES
WE o IR A, R 5 WO & 5E o

1.6

fi Page ™ TR FIIR 7 V40 A A B KV S B
LAV RBS BT RA . A dKEE
BRAAZ A D R

4455 1 HNORH CIO2HF W41k, ICPR2AES
WE . R AR R WOBEN 5E o

2
2.1
2. 1.1 RS

AN S5 Z A Bt BRI R s i R DA DG, ik
S BERFVERIE A A 2 IR 45 Nk IR 2 5
Wi o it FH I BAERRAES vh B AR IRES & S B 12 %, J®/IE
S HEL 0. 02 %, AT LR R F A 22 a 1A
AR, S T RDEAG & mWLE 1. i P,
NPM B &8 205 o4 92. 30 mg# kg '<101.98 mg
#kg ', Lb CK /& 9. 41% .20. 89% . Jiti /| P.NPM
B RS S5 4 8. 64 mg# kg™ ' 10. 55 mg #
kg ', Eb CK & 62. 41% . 98. 31% . & fim A4 2806
O B2 SRR R B KT, Kt 2 R R R A
HUIERE 34 B 70 AR 2 38 ORI R 2
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Table 1 Contents of different sulfur conformation in tilth soils

s IKHHE S WP S HCL# Pk S BIEHLS HHLs S

Total S Water soluble S Adsorbent S HCl soluble S Total inorganic S Organic S Available S
CK 84. 36¢ 3.01° 1. 43 51,932 56.37° 27. 99 5.32¢
(100) (3.57) (1.70) (61.56) (66. 82) (33.18) (6.31)
P 92. 300 4. 442 1. 862 53.102 59. 402 32.902 8. 640
(100) (4.81) (2.02) (57.53) (64.35) (35.65) (9.36)
NPM 101. 982 5.072 2.258 56. 122 63. 442 38. 542 10. 552
(100) (4.97) (2.21) (55.03) (62.21) (37.79) (10.35)

T S5 WEEA A TR SR F— 5P 7RO A B R 22 575 0. 05 S K. R 1A

Note: Data in brackets refer to the percentage of the relevant sulfur conformation to the total sulfur amount; means with different letters

in same column are significantly different at the 0. 05 level, same as below

i P NPM 1K PEGR S 5700 8 4. 44 mg
#kg ' 5 07 mg# kg ', b CK & 47. 51% F
68.44%, P.NPM KUKMo & #2252, (H P
5 CK.NPM 5 CK Z i 3 . it 2 kL g 4
In-EHoK PR S . it PONPM IR IR R AR
BN 186 mg# kg 'H12.25 mgH#kg ', b CK
151 30. 07% K1 57. 34% o WP PEAR & 22 e AN 3
T ph ISR L SRR (R B e TS . it
I P.NPM ) HCL nJ3EPEGR & 523 0 53. 10 mg
#kg 'F156. 12 mg# kg ', Hb CK 2. 25% A
8.07% . HCI [ PEmL & & 22 e A 2, R ]
A AR DX L1 PR 3 240 8 43 Eh TRV AR AL B

JETC AR Tt A2 F K PR AR W B B HCL AT
PR 3 B0 . T PONPM LR TEHLR & &
I3 59. 40 mg# kg ' F163.44 mg# kg ', b CK
115.38% 1 12. 54% o & CHLER & 7 NPM 5 CK
ZRE %, P 5 NPM.CK 2 5 A& ¥, jii i P.
NPM [ HLGE & 540 3 24 32. 90 mg # kg™ ' Al
38.54mg# kg ', b CK &1 17. 54% 1 37. 69% , 11
Pl & e ZE AR . ARX LI A
S TN A7 A
2.1.2 A5
IR e TN R FIES ) 5 N it N 338 £, it N F A
NERR AE PO 2 25 Ak, R R T L,
Bt 2L SOF A WAEMWM A, SOF 4 1
Ao, 45 THEE B AKIE B, 2 koY

ME 1 ATE H, CK PRI AR BN, 3%
A 3 T A Ak B o B 3R B IR R N
NPM P b3 358 51 f7 32t B 1A 200 AN Jm) 7 2 1)
R, 7£ 60~ 80 cm )2 I AR 2 1 AN 2
P, ZERBLIE(E NPM 4 24. 04 mg # kg '\ P 4
20.01 mg # kg ', 5t CK @it 122, 64%,
166. 82% o R L4535 [ IR, 76 140~ 180 cm
)2 SO BAT SR 5 2 A BB, P AR TR K5 2

NG R B ILAE 140~ 160 cm + 2, 2R
ik 28. 06 mg # kg ', tt CK & 180. 94%.
NPM AbHF155 2 AN AT 56 2 A I AE 160~ 180
em T2, BERUEE ) 36. 46 mg# kg™ ', Hb CK = i
302.43% . NPM AbBREE 2 ANAT %hin S A0 B i)
TR T P, A R BRUEE NPM> P,
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Fig.1 Distribution of available sulfur in soil profile
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AL S5 S B BRI R il s R DIARG, 16
5 R BE A Rl 2 L IR it 45 Ny IR 35 5%
W) o il P AR 500 JBE PR 5 5, AE 3 b R
ik 22 a FAE AR, B E L AR TE A4 5 =L AR
2. JiH P NPM (1) 445 5 555 il 28999 mg #
kg 'Rl 30120 mg # kg ', Hb CK & 4.64%
8. 69% , Z=5 W&, [Tl P.NPM A7 5045 & 4
W04 10258 mg# kg 'H110628 mg# kg ', bt CK 7
4.27%F1 8.30% . 11848 & NPM 55 CK [A] Z£5¢
W, P 5 NPM.CK MZERAEE. KIHHS
05 BERLFIA AU R 35 0 S 78 S AE BHZ 344 Ay
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Table 2 Contents of different calcium conformation in tilth soils
4 Ca JKHEZ Ca LA Ca PRI Ca HRARA Ca 2y Ca
Total Ca Water soluble Ca Exchangeable Ca HCI soluble Ca Residual Ca Available Ca
CK 27713¢ 283¢ 95550 11677¢ 61982 9838P
(100) (1.02) (34.48) (42.13) (22.37) (35. 50)
P 28999® 316° 9942ab 12680 6061 10258
(100) (1.09) (34.28) (43.73) (20. 90) (35.37)
NPM 301202 4293 101982 149202 4572b 106282
(100) (1.43) (33.86) (49. 54) (15. 18) (35.28)
H{Eﬁﬁ P.NPM E‘J7J<¥§£\%¥’a‘%§3\%ﬂj'y 316 mg BB & Available Ca content (mg * kg ')
#kg ' 429 mg # kg’ L CK 1L 66% A 8000 10000 12000 14000
51.59%, 2500 2. I PONPM (A8 #4547 5 0
4314 9942 mg# kg ' A1 10198 mg# kg ', L CK =K
1 4.05% M1 6. 73%, SCHASHSE 5 NPM &5 CK 1] Ny —+— NPM
ZE5 W, P 5 NPM. CK W22 A B 3%, T P,
NPM [T 35 45 45 3 520 3k 12680 mg # kg ' Al 280
14920 mg# kg ', bk CK % 8. 59% A1 27. 77% , % 5t =
. PONPM BRSO 545 6061 mg # w120 |
kg ' A1 4572 mg # kg ', b CK % 2. 21% A0 %
26.23%, FR A& 4 NPM 5 CK #7253, P + 0 |
5 NPM.\CK [H] =5 ANE 25 o Kt 2585 AT kA
AHUIERESEET £ T AF B2 138K 45 AL s 200 L
PRH R A 5, (A R A B PR AR, AR )

BT S h AT L), HE BREASE> %L
PS> RAREE > KFEESS, CK.P.NPM [H] A
A T2 BT o A 5 LE AR A S A 3

2.2.2 5 2% i Tl A T
HHUER A EEN 35, 220t 22 a % 2Lt I )T,
I EE 380 T 0~ 200 em 2 A3 43 At 14
2 fi7R. #E 0~ 80 cm + 2, CK.P.NPM £ 4k FE 1)
AL FAFAFEAA [F], £E 40~ 60 ecm + 2 L — AN
AR B PR 9 A, AT b R A =
Fhimr o £E 80~ 200 em 12 CK BT K AR H 511
BN, oA S0 A0 Lo i AR, P AR BEAE
100~ 120 om = 2 H B0 T 430 1 b A3 R8s (1) e K
fH, & 13887 mg# kg ', tb CK /& 10.90%, fEH T
TEERAS SR A K. NPM A 140~ 160
em I A THIAT 28085 ()3 K AE N 13983 mg #
kg ', b CK & 10.33%, 765 F - 240 s & 54
ANK o A7 25080 - 30T R ) e KA NPM>
Po K FH 5 5 AE ) e 154 n - S350 ThIAT R0 1
i, A0 A6 - 58 T _EAEAE R BRI

Fig. 2 Distribution of available calcium in soil profile

S SRR EE AR R S IRk it 45 N Ok [N & 5%
Mo 50 A5 AN [, ARG A AT FH 1 JEERE 5 B,
FEF L AR R I 22 A AR R, JLHHE 1
ARG BILE 3. JiH PONPM (485 &
4350 9877 mg# kg '.10051 mg# kg ', b CK &
5.52% 7. 38% o i [l P .NPM (K330 & & 5l
223 mg# kg 2311 mg # kg ', b CK @&
16. 15% 61. 98% . AHEFAREE SR NPM 5 CK
() 2 e 5, Kt FH A LA fi S 38 184 n A i A
P2 A BRI A S i o

Jiti FH PANPM (7K A8 5550 3l 22 mg#
kg 'MI31mg#keg ', Lk CK & 15.79% F163. 16%,
ZERARNGE. Wi P NPM A A5 5 )
202 mg# kg 1280 mg# kg |, b CK 116. 76%
F161.85% , NPM 5 P.CK 2Rk B . JitiJf] P.
NPM IR 85 & 820 M 8200 mg # kg™ ' Al
8380 mg# kg ', b CK 1 3.54%.5.81%,NPM 5
P ZRAEZE NPM.P 5 (K Z7rE2#. JEH P.

2.3 NPM (5% 4 &85 &0 5k 1453 mg # kg ' Fl
2.3.1 S 1360 mg# kg ', bb CK 5 16.43% 8. 97%, R

ARG B 5O et R s VI 5k, Ik

AR o I AT LIRS S A EE BEE 1%
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Table 3 Contents of the different magnesium conformation in tilth soils

4 Mg KEA Mg
Total Mg Water soluble Mg

LA Mg
E xchangeable Mg

H Cl soluble Mg

B Mg
Residual Mg

HR Mg
AvailableM g

CK 93600 19
(100) (0. 20)

P 9877 22a
(100) (0.22)

NPM 100512 3]s
(100) (0.31)

(1.85)

(2.05)

(2.79)

79200 12482 192b
(84.62) (13.33) (2.05)

82008 14538 223b
(83.02) (14.71) (2.26)

83808 13600 311a
(83.37) (13.53) (3.09)

IR AR AT AR RIS MEBE IR A . R
P B SR B B Lo, 5 B S >
R WA P> KA, CK.P.NPM At
HER) AN A B BT A L] AR b s A — 3.
2.3.2 BEFE A HLAE
(Rt T HEN T35, 200k 22 a RS S, T e %
Ve 45 TH 0~ 200 ecm + ZH B At 3 Fr
JRe 1E 0~ 20 cm + 2, NPM &b Bl 1K 3t 1 A7
HUE(SAHEEER), 11 NPM 3G S B KT K
WA EE RN CK M Pe WA HITE: K%
HRERMPBN CK P, AR S AR a4t
A%, 0~ 80 cm L2 AR BEE BT M 7E 100~
140 em + JZH R0 = TR 4 140~ 160 cm
2, AN R S R SR T A AL R b
RS RN AE T . NPM AR08 & Jb e+ 4
HIT EARE BN 0~ 120 ecm T2 LT — HAE R
B, 75 140~ 180 cm L2 &7E Ty, fEH F L 2N %R
PR R BEe A0 A T b A RO Y B KA B AE
NPM At # () BE 2, 4 311 mg # kg ', b CK &
61.98% o It FH A HLAL BEIE 0 - 18 350 1f A R Bk
G . NPM #% ACBE7E 4 385 b3 4 H AT 2%
B I 2 SRR, {EE 3T AP E A RIS

U RIYTH S 5t AL FE 488 o 7 B A B I 0
st & K AL Ay LA 0 135847
HUBR AT o B AR 2 17 S b B - ) AR I
I SOF WK | - HEAKIE BRI | - L
(VR P25 DRI R | DG T ARIX - S T A7 2007 1 bk o
SR N OARE " o KIS B R
S I A e v RIS, AT R A
Flm BT I R, B 2 RRUERIRT A 1
SRR, YOI A ROR AE L S T A R R T
FRIRFAL, W5 - 30K 73ia s Al kAt —2E W5 .

3.

R
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Fig. 3 Distribution of available magnesium in soil profile

3.2 ARXEAKYELIE PSSR 5. K
FH S0 AR B 1 B PR I Al KA AT
B BRI AP S BN . AR W it
i BERR B AR P S A Y . B NPM
Kb BB A S B 3 PR, L JRUIA AT e 2 P it AT
HUNETE 73 SRE A AT HLIR, A8 20 B R 45 7
figp A A LA A 2 R4S, BE A il NPM (e 2 1 A 2B
K, B ARAR AL RACHE R R A LR L
Tt SRR AR B o3 AR = T AT WL, A 870 SR
AP R AN FLARIE S 850 IR 5 AR
FE S0 338 0 A 5 e, AT RS A L S i L
FAEME RS . A W TR, KU A 58
JIE, PR AR SR 2 0 555 L, (RO SR A B 5 F
TN, 30T G M ATHLACYS A6 T 38 p g 5, 4 F i)
R R

3.3 Kt AT LIS AL e A R LR R3S
AR RGN, G R e A LIRS B ey
A AEAE Pt FIAT HUIEAE 20 fi i R o T RAT HLIR, A
PRI BR AR AR BT e A J O At T 251K B, 5 e A it
NPM et & 1 A, A AR AR AE A K A e
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TERCH LI, A R AR M T ) 70 i 23 T2 AT L
12, A3 Bk A% 25 00 Mk A A R LA TR 2R R B
SEA STt 5 BRI R w4 o S5 Ty 2B
T, AR AR A AR RS

4

4.1 KM P A B & AEREZ R AT R
IS VERR B PERT VH C1 Al MR R LR A
HIBE & &2 e 9. 41%. 62. 41%  47. 51% -
30.07% 2. 25% 5. 38% 1 17. 54% . KHHjiti NPM
TFE AR RHZ 35 R0 A RO K P W B
PEBR JH CL AT PR 5 C LR A HLAR 7 & 2 3l
B4 20. 89% .98. 31% « 68. 44% .57.34% 8. 07% -
12.54%F1 37.69% » K jiti A it JE, ff NPM.P At
B ) TS I T AT RRAS [RIRE B B, AE
60~ 80 cm I J22 H BLAT &5t 1) 27 — A SR AR, SN
I NPM 4 24. 04 mg # kg '\P & 20. 01 mg #
kg ' 75 140~ 180 cm + 52 S H A AR 5 2 A
BRI, BRUIEE NPM 4 36. 46 mg# kg ' P A
28.06 mg# kg ', HLES 2 BB KT 28— BAIE
A8, U A 2500 7 g8 1 b A ) R IR R
4.2 K P A B & A RS A . A7 R0
I A A H0 A0 R R 5 2585 o 19 o 3l 14 m
4.64% 4.27% 11.66% 4. 05% K1 8. 59% , {HEL 4
AP EEIE 2. 21% . Kl NPM £ 18 A #F
J2 T A A A R KV AR L AT A R R U A
PSS B0 43 5 8 0 8. 69% + 8. 30% « 51. 59%
6. 73% F1 27. 77% , {H 5% 42 A 85 7 1t PR AR 26. 23% o
Kt s A RER I 6350 T AU & &, P AL
PR 36 T 100~ 120 em 2 B T A 208 i K
{8, 13887 mg# kg ', NPM AbBH7E 140~ 160 cm
2 B A T A ROES ) B K AE, I 13983 mg #
kg o A AE BT E AR B RIS
4.3 KM 58 RS A I AR 2 g A
AR KIS IS RIS BRI R A B
EE RN 7. 38% 61, 98% 63.16%61. 85%
5.81% 11 8. 97% . It FH 5 B I RL e 1 o 1 g
BRI R & B, NPM AL BEAE B2 304 35 T AT
R B AE N 311 mg# kg ', HRELE 38
FAFEM I B IG
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