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Soil physicochemical properties of a grassland receiving long-term applications
of anaerobically digested cattle slurry, farmyard manure, or chemical fertilizer
— Concentrations of soil available phosphorus (P) and exchangeable cations (K, Ca, Mg) in
sixth-year measurements —
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MbHIX (S) 1143 17.7 7.8 l 6.2 4.3 ! 7.0 4.4 I
1B2EIEEHX (C) 357 11.3 7.6 NS 5.9 4.3 ! 6.2 4.4 NS

CaO THYERIK (Ca0)
MEREHX (N) 0 355 342 NS 376 365 NS 373 371 NS
HEMEX (M) ND 325 359 0 336 316 NS 336 321 NS
HLHIX (S) 781 337 323 NS 360 330 ! 355 341 NS
LEEHERLX. (C) 25 292 275 NS 319 310 NS 319 313 NS

MgO THEE L (MgO)
MEREAX (N) 0 39.7  36.0 NS 33.2 295 ! 31.5 28.5 !
HEMEX (M) ND 43.8  57.4 0 31.2  31.1 NS 28.1  26.4 NS
HLHIX (S) 298 39.8  47.0 0 26.0  30.7 0 25.5 27.4 NS
1B2EIEEHX (C) 90 35.9  39.2 NS 25.4 29.1 1 25.3  26.7 NS

#1 2005 4F o0 LIEEREAE D &5 2010 4F ) THEFRHUET £ T (5 4F-[H])
L 64EH (2010 4F) b (CHI5EIZ P=0.05 % JE#E)

#2 Tukey »ZEILEIC L 5, 14H (2005 4)

#3 NSEAEMELL, RABFAEL LAY LIBETERY,

MWL IX Tl LAY BRI L Twiz &
Bbnsd, wapz L, il EPREZt
I BB D B E B b,

THREAH Y

1485 4~6 12l 7 ) DREE—EZ R L, &4E
L2 2 IR T, EDEIITBWT Y, TLELX
DT HAENZ A M (Pry <0.05) 25386 5 1172,
L7229t C, BB >k L R RERNZbo L
rizid, AR (EHEM) 12k > TRL B w2 b,
Kiz, BRWEE) v & FERC ALE X N O 5 [
DZAL (F2) I2OWTHET 5, AKX &L
WX T3, &DRBEEEICBWTLMERTHEIC
BT LTz, ZiucxL, HEX (&£ ThHrs)
EABSAIERNX (7.5-12.5 cm LIAY) Ti3, Wi4FKICA
BUEEED LN 512, TS DRERIZAR)E
VYBRERLDLDTHD, Thbb, FELET
DR LTz DIF, ) 7 A E T W7 Wi
M &, Wichd ZmDh ) 7 LHHH S N0
LHEIXTH Y, PREDS ) 7 LKHARTH - 72
JEIX &AL IERHX T3 B 2 25580 S it v,
W2 UE, RS ) TR E - R
ZAICIIANGEIR D e v & Bb i %,

(#1). NDiZ7—2%7% L.

THERIR

522 T~ I RO P EE—E 2R L, #4E
MZELEX 3 IR T, & (0-5cm) DAICBWT,
PP X 4 ) D HAERICH B (Pray <0.05) 2558
HHLNTz, Lzd - TC, 7.5cm BIRICBW T,
BOMEHEM) 12 X 2RENELD Lz icH BN
37, TNREREOAICHD E VL B,

FKHEICBIT 5 5 FMEIL (R2) i22W»wTHES
T2, HIERDAFE L EA»RD LN, ZNLL
NDOXTIIE B L ZIEDTRD ST - 72, HEEX
BT BHMHBET — v izdlic ZOREBAL
THEZLE, e sliiBmn %EiZ HEOLH:
WHIKEEDEELZALEE L T nE vy
b,

THREE+

1726 10~ 12 Ic 33t Lo flEE— S 2 /R L, £
FRZAL X 4IRS, EDOWEITBWTY, T
BLXAE ) DEHAERIC A B (Prey <0.05) 25386 5
Nz, L7ehs->T, ARIREY) B &3ty ) Fkk
12, FEERIZALD Lo 721E, AER (&R 12 & -
TRLLENZ D,

RN LB 2 B &, 5 Rl (&



WAL - HENE - AL iR o RWLER I 517 5 13 P, K, Ca, Mg 15

30 30
K,O, 0-5 cm K,O, 7.5-12.5 cm
25 L P; <0.001 25 L P; <0.001
— P, <0.001 — P, <0.001
> P, <0.001 i P, < 0.001
8 20} >XY 8 20} XY
= =
O(\I ON
¥ 15F ¥ 151
(o)) (@]
£ £
(@] 10} 1 o 10 | J
¥ N
51 - 51 1
0 0
1st (2005)  3rd (2007) 6th (2010) 1st (2005)  3rd (2007) 6th (2010)
30 Year
K,O, 15-20 cm
251 P; <0.001
= P,<0.001
S 20} Py, =0.008
=
O
¥ 15t
(o))
£
10} 1
o, —o— N
) QEEEQ?::EEﬁg M
5f 1 —o—s
——C
0
1st (2005)  3rd (2007) 6th (2010)
Year

X2 tEEhoHrEy ) DERMER, (ERIINM 1 & FEEE)

2) IZDWTHET %, R Tl3Z b L (0-5
cm) & L <IHET (7.5-12.5, 15-20cm) 2R L7
DIZK L, HHED R %5 - 72 LR IX Tlx B35
(0-5, 7.5-12.5cm) ¥ L < {3ZfbZ L (15-20 cm)
Th -1z, HiHEDPHRE TH - 72AbFERX Tl
ZTALDINE D572 (7.5-12.5cm DA T EH), il
LDFEDL, =7 57 AR HEOT
WHEENZICIE, ) CBRIZ YR vy, b
BtRdh 5 & Hicilz 5,

WIE FEREM) 2L 2EV GIR)

P bTilk~R7z k912, Rt (0-5cm) TIEAH
EE) VR L T O A 4 iz DT, T
BIX4E ) OLHEBICARE»ED LN, 2D
EliE, ZO5FEMICBWTHIHEMIC X 20500
H AEHIZAbD Lo e B B2 &) RREY
2LDTHb, Lo Luh s, bAEMIGHEME%R
DY) W, )T A, AKX, BLUOHZOMEE
b 0 HEREZALDOBIFRIC DWW THET L 728528
BRICL > TR L ZLDTH-72, Thbb, A
SNREY) e & T I B W TR RS
bl b= 3 3: 2 O a1 | R X S R N BV AL DY e S B

THNES ) & R MEAIR TIZ % D & 9 i3 R2
LN ot, LizdtoT, T&EM» LD » g,
)7L, AR, BIUOWIOHENZEE 2
5O T HREDORAFN BTG T 55 v )
MAEECZEIFTE LN,

SHENRE

A, B2 EMEMAL 2K, Uk
TN, A A, AR, BXOE LS
THEOHEME) BB L NF NS DTIRIER A 4>
DORFEZEAZ DWW THE L2 D Th D, L L
i b, T DTN BT 5 R TR
ZAGIIEN Y (A > 7 b ET7 M7 b D),
B Lot () BT AR IEERED,
RHMERG A & > Tla etk & JEIRtE o b vz oz
ReZsft (avh, 2003) Ik > ThFEBLNTH B
EEFEZ UL, RREORETRIAT5TH DL b
b2, WEIKICOWTIE, TE~DEK
B L UOBEOFSIIIC L 2B L2 g EZN T
v, BIEEICEL T, ) EBRIIAEE E L TEREIC
M & N2 GAIC TRICHER T 2 Hes s 2 2
L, HIIIEECHEH X N GAIC TEA~BENT 5



16

|

A

400 | Ca0, 0-5¢cm
P, =0.020
380 P,=0.797
a0 | Pry=0.010

340

320

300 |

CaO [mg Ca0/100 g]

280

260

1st(2005)  3rd (2007)

6th (2010)

400

380

360 |

340

320 |

300

CaO [mg Ca0/100 g]

Ca0, 15-20cm
280 F P;=0.120
P, =0.043
260 P, =0.400

1st (2005)  3rd (2007)

Year

6th (2010)

i -

CaO [mg Ca0/100 g]

fib

400
380
360 |
340
320

300 20, 7.5-12.5 cm

280 PT =0.090
P, =0.001
260} P, =0501

1st (2005)  3rd (2007) 6th (2010)

Year

X3 FEGOTHRMAIRDERMS, (BRI 1 &)

WREMED D B Z L BH LT3 (B, 2003),
BHIZOWTUS, BEHEDRD L O RIGHHEIZ 5
LTWwb ek BUTE LN L2h 5T,
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23D0H5H LNV, FEWROT, KX
LRGN % ZHTHE24T) 22 TFEL T
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4., & #
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), B L6 4 (2010 4F 9 A) ISR A7z i
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Summary

The objective of this study was to analyze
long-term changes in soil properties of a grass-
land at Rakuno Gakuen University, where anaer-
obically digested cattle slurry, farmyard manure,
or chemical fertilizer had been continuously
applied to the surface since 2004. We sampled
the soil (0-20 cm) from 40 points of the grassland
in September 2005 (1 year after the application
treatments), in August 2007 (3 years), and in
September 2010 (6 years). We measured the
concentration of four nutrients in the soil: avail-
able phosphorus (P,0;) and exchangeable cations
(K,0, CaO, MgO).
repeated measures ANOVA showed the signifi-

The results of two way
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cant interaction (treatment x year) for all nutri-
ents in the topsoil (0-5 cm). These results indi-
cate that time courses of the nutrient concentra-
tion in the topsoil during five years were different
among applied materials. However, the relation-
ship between the amount of applied nutrition and
the change in its concentration in the topsoil was
observed only in P,Os; and MgO, suggesting that
mass balance should be considered to explain the

change in soil nutrient.
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oA =

FR1 B O05em BT 2THRE) B (71 4 No.2) [mg P,0s/100 g] D5,

N-a M-a S-a C-a M-b S-b C-b N-b

U_(2005) 62.0 74.5 68.6 75.3 73.1 55.0 70.7 61.8
_(2007) 55.7 64.0 52.1 65.0 78.0 48.5 61.5 53.8
_(2010) 52.8 74.9 69.3 59.8 94.1 65.3 54.9 46.0
UM_(2005) 61.1 68.4 51.4 55.0 64.3 63.8 58.8 68.4
_(2007) 56.6 63.6 50.2 58.9 58.8 69.3 62.9 56.1
_(2010) 51.5 77.0 43.4 49.1 86.8 71.4 66.4 51.9
M_(2005) 68.2 77.6 62.4 64.8 173.7 62.0 67.7 4.7
_(2007) 63.2 69.2 57.9 50.8 82.7 59.4 64.6 63.1
_(2010) 56.7 76.5 46.5 42.6 68.5 60.6 70.5 51.1
LM_(2005) 71.5 62.1 58.4 64.6 83.4 74.0 68.5 82.5
_(2007) 65.5 63.5 58.0 53.5 72.9 72.2 56.1 73.7
_(2010) 60.3 86.6 47.6 42.8 91.7 68.8 63.2 52.6
L_(2005) 74.2 90.9 72.5 67.4 88.3 81.0 74.4 86.7
_(2007) 70.1 79.7 61.9 60.0 73.8 77.6 1.7 77.0
_(2010) 68.4 71.9 62.6 65.7 85.0 81.3 68.0 49.3

e PATO N-ISHERAID, M-ZHERLR,  S-3MAL X, C-3LK 2R,
B EHNO U 3R LF8, UM 3R LIS, MR PR, LM OISR TR, L3R TR E2Rd,
U 1B 2005 4F (L4EH), WA 2007 4 (34EH), TEBA 2010 £ (6 4 H) DiHERT.

M-b KOBEHERIZ 31T 5 2005 4 (L4H) T, 173.7 LW ) B TEWEERF2AY, THUIFEME & BB L, (ERICTTSE2 5B L 72,

HE2 B 7.5-12.5cmicBIT W) Vi (71 A4 No.2) [mg P,0s/100g] ofER, (ERFIAIELICHEL)

N-a M-a S-a C-a M-b S-b C-b N-b

U_(2005) 60.9 75.1 63.4 66.9 64.7 50.7 61.8 64.5
(2007) 55.4 63.2 60.0 62.6 66.6 48.5 55.1 53.0
_(2010) 51.8 66.9 48.6 50.7 66.6 59.1 46.9 42.7
UM_(2005) 65.4 56.7 44.3 46.4 50.0 52.6 55.6 64.8
(2007) 64.9 48.0 35.4 46.7 50.6 54.6 52.2 60.7
_(2010) 47.8 54.3 42.3 40.1 62.9 63.5 54.5 53.8
M_(2005) 74.2 66.1 53.5 64.2 62.2 62.1 54.8 67.1
_(2007) 70.8 67.7 52.1 46.0 48 .4 44.5 59.6 68.3
_(2010) 56.2 50.6 42.4 38.1 59.5 53.7 59.5 49.1
LM_(2005) 74.6 65.6 60.1 64.3 78.1 68.1 67.8 73.6
(2007) 70.4 54.2 49.8 48.1 59.5 53.2 45.9 70.3
_(2010) 61.8 64.7 39.7 43.5 72.0 54.1 65.9 49.3
L_(2005) 78.3 83.6 76.4 56.4 68.5 85.3 78.8 84.6
(2007) 71.0 74.1 64.8 46.3 70.6 72.9 66.6 78.9
(2010) 66.4 68.0 55.0 37.0 63.7 80.9 69.9 45.4

&3 WS 15-20cm IS BIT 2 HHHE) »# (71v 4 No.2) [mg P,0,/100 g] okiH, GERIfFE 1IZHL)

N-a M-a S-a C-a M-b S-b C-b N-b

U_(2005) 66.9 72.0 59.5 67.5 62.2 65.2 70.8 64.5
(2007) 57.4 70.0 57.6 67.5 59.0 54.0 63.3 55.0
_(2010) 54.0 69.0 57.2 57.2 67.2 64.8 48.5 50.5
UM_(2005) 65.5 53.4 43.9 4.7 48.1 50.2 58.9 69.8
_(2007) 67.5 51.4 41.7 48.9 59.9 60.6 62.3 63.5
_(2010) 49.8 53.7 41.1 39.5 68.9 62.5 54.4 49.0
M_(2005) 73.3 73.1 42.8 67.4 74.6 69.3 66.0 63.7
(2007) 69.0 67.7 53.3 63.6 63.3 57.6 65.6 64.0
_(2010) 57.6 63.8 50.0 47.1 68.2 64.0 61.2 49.3
LM_(2005) 74.0 65.4 55.6 73.7 78.9 77.2 69.5 73.6
(2007) 71.3 58.3 55.2 49.8 57.7 63.4 58.3 69.4
_(2010) 59.9 64.3 46.9 43.9 74.6 61.6 67.8 51.5
L_(2005) 74.3 81.0 75.1 o7.1 77.1 80.0 78.9 83.5
(2007) 72.7 69.5 72.4 63.7 75.4 71.2 70.9 82.8
(2010) 65.8 77.4 64.9 29.1 58.6 80.4 70.6 46.5




WAL - HENE - AL iR o RWLER I 517 5 13 P, K, Ca, Mg

HRE E205em BT 2THEY ) [mg K,0/100 g] OfEH, (FRIFAFELICHEL)

N-a M-a S-a C-a M-b S-b Cb b
U_(2005) 12.3 14.9 10.1 12.8 13.6 14.1 15.5 .1
~(2007) 10.9 16.1 15.8 7.2 14.3 11.5 6.9 )
_(2010) 7.1 6.3 6.8 6.7 10.9 10.5 6.7 .8
UM_(2005) 17.8 12.4 20.2 7.5 15.8 19.1 13.4 .3
~(2007) 14.0 11.8 24.3 8.6 13.7 37.2 8.5 5
_(2010) 6.3 10.8 4.5 6.5 19.8 7.8 6.3 .3
M_(2005) 12.2 26.9 18.3 7.7 25.1 14.7 9.7 .9
~(2007) 7.7 12.6 18.0 5.6 9.4 20.5 5.8 .6
_(2010) 5.9 11.0 4.8 6.1 11.7 7.2 7.3 .6
LM_(2005) 15.8 16.0 14.7 8.0 15.8 16.7 11.8 .9
~(2007) 8.2 16.1 21.8 7.9 21.9 42.1 7.5 .9
_(2010) 6.3 25.1 5.6 7.6 28.7 6.7 6.7 5
L (2005) 16.2 33.8 18.6 12.7 35.1 30.7 14.3 .6
~(2007) 9.1 8.5 8.6 9.4 13.9 45.2 7.1 .3
_(2010) 5.5 7.7 9.8 13.5 56.0 13.8 8.2 1
HFR5 WX 7.5-12.5cm 2B 22 ) [mg K,0/100 g] ofER, (ERi3fE1icHEL)
N-a M-a S-a C-a M-b S-b C-b -b
U_(2005) 8.9 7.6 5.4 5.4 5.9 5.6 6.8 12.7
~(2007) 6.3 4.8 6.6 5.7 7.0 5.5 4.8 7.0
_(2010) 4.5 3.7 3.3 3.6 6.1 3.6 4.8 7.8
UM_(2005) 13.3 6.7 5.1 4.2 5.4 4.8 5.6 8.4
(2007) 10.2 6.0 6.9 5.0 4.4 6.3 4.5 6.2
_(2010) 4.5 5.1 4.1 3.3 5.9 4.0 4.1 7.3
M._(2005) 8.8 8.3 4.4 4.4 5.1 6.3 5.4 8.5
~(2007) 7.0 6.7 6.6 3.6 4.8 5.7 4.5 6.3
_(2010) 4.4 4.6 3.3 3.3 3.9 4.7 4.3 8.9
LM_(2005) 10.0 7.4 6.1 4.8 8.0 7.2 8.5 12.6
(2007) 7.0 5.6 10.4 4.0 10.5 9.1 5.5 10.4
_(2010) 4.3 6.7 4.0 3.9 7.3 4.6 4.9 9.8
L (2005) 9.2 8.8 6.3 5.3 11.7 10.9 8.1 14.2
~(2007) 8.1 6.0 5.3 6.9 8.7 10.7 5.8 9.1
(2010) 4.7 4.7 4.5 5.3 18.1 6.8 5.2 8.0
HRE HES15-20cm BT 252 ) [mg K,0/100 g] ofEH, (FERi3ATE 1ICHEL)
N-a M-a S-a C-a M-b S-h Cb b
U_(2005) 13.8 6.8 6.1 5.6 6.8 11.6 7.9 .3
~(2007) 8.6 6.0 5.0 4.7 5.2 4.9 5.1 5
_(2010) 5.4 4.1 3.5 4.0 4.4 4.1 5.1 2
UM_(2005) 15.6 7.7 4.5 4.3 4.9 5.3 6.2 .8
~(2007) 10.2 6.3 5.1 3.7 5.7 8.3 4.9 7
_(2010) 5.1 4.0 3.6 3.2 4.9 4.1 4.0 .3
M_(2005) 10.6 7.2 4.9 4.6 6.0 8.5 6.5 .9
~(2007) 7.5 6.1 5.8 3.5 4.6 5.6 4.7 A4
_(2010) 4.7 4.2 3.3 3.4 4.1 4.8 4.0 2
LM_(2005) 14.6 6.1 6.0 4.8 5.6 6.6 8.3 5
~(2007) 8.2 6.0 5.2 3.9 6.2 7.4 6.0 7
_(2010) 4.5 5.4 4.1 4.1 7.9 4.5 4.7 .1
L (2005) 11.9 7.8 6.1 6.0 7.5 10.6 8.1 5
~(2007) 8.7 5.2 6.8 7.0 6.2 11.0 6.1 .3
(2010) 5.1 4.8 4.1 5.5 12.7 8.0 5.8 A




20 [ N A (A1

FRT B 0-5cmic BT 3 RIHEMEAIK [mg Ca0/100 g] DR, (ERFE1LICEL)

N-a M-a S-a C-a M-b S-b C-b N-b

U_(2005) 415 267 249 248 261 476 269 312
_(2007) 394 269 282 264 275 531 259 301
_(2010) 346 303 284 263 401 346 239 328
UM_(2005) 380 333 361 326 282 310 292 294
_(2007) 337 336 347 316 312 316 267 285
_(2010) 308 346 350 275 323 329 246 294
M_(2005) 369 334 281 257 273 253 260 265
_(2007) 334 319 312 250 297 302 262 286
_(2010) 322 351 279 247 289 298 237 304
LM_(2005) 392 354 322 290 364 339 292 321
_(2007) 384 341 332 269 343 316 243 290
_(2010) 371 403 291 276 379 308 245 366
L_(2005) 405 362 334 339 419 449 350 401
_(2007) 402 363 295 354 409 422 331 396
_(2010) 399 344 340 407 455 405 318 386

FFR8 WX 7.5-12.5cm 2B 2 ZTHEMHIK [mg Ca0/100 g] DfFER, (ERFIMAELICHL)

N-a M-a S-a C-a M-b S-b C-b N-b

U_(2005) 442 299 280 251 274 508 333 344
(2007) 420 310 311 291 267 596 318 333
~(2010) 380 272 259 274 306 403 307 341
UM_(2005) 401 331 367 355 285 309 315 314
(2007) 376 326 359 360 316 334 337 302
~(2010) 337 311 360 301 290 328 277 288
M_ (2005) 369 365 316 296 281 292 294 300
_(2007) 370 349 318 264 281 316 295 303
~(2010) 344 307 290 263 278 290 291 330
LM_(2005) 393 367 335 310 355 374 312 329
(2007) 409 355 348 316 341 316 283 322
~(2010) 367 330 313 325 311 314 302 389
L_(2005) 448 383 351 347 415 468 377 420
(2007) 448 360 321 354 439 437 368 414
(2010) 446 336 330 400 417 413 359 424

FRI9 B 15-20cm 12 BT 2 HMEAIK [mg Ca0/100 g] oFiH, (ERFAHE 1IcEL)

N-a M-a S-a C-a M-b S-b C-b N-b

U_(2005
2007

2010

426 316 281 271 274 555 312 334
406 287 293 272 279 614 297 316
395 282 274 280 312 443 289 346

UM_(2005

2007

386 313 362 352 283 316 317 306
380 325 357 351 308 322 327 307
2010 358 317 369 304 293 330 283 292

M_ (2005 382 357 283 304 282 285 286 292

2010 358 304 297 289 286 302 283 345

LM_ (2005 408 361 306 323 371 349 270 323
2007 402 355 350 302 353 341 279 332

2010 382 334 323 327 330 328 300 388

L_(2005 459 366 347 362 434 470 388 409
2007 449 359 322 371 452 468 390 417

(2005)
(2007)
(2010)
(2005)
(2007)
(2010)
(2005)
(2007) 378 339 312 281 292 311 288 318
(2010)
(2005)
(2007)
(2010)
(2005)
_(2007)
_(2010) 437 339 327 403 409 412 367 412




WAL - HENE - AL iR o RWLER I 517 5 13 P, K, Ca, Mg

FRI10 B2 0-5cm 2B 2 ML [mg Mg0O/100 g] OFsH, (EFfFE1I2EL)

N-a M-a S-a C-a M-b S-b Cb b

U_(2005) 33.1 54.8 39.9 40.6 40.1 29.3 40.5 .8
~(2007) 33.6 54.0 40.4 43.5 45.2 27.6 38.7 .8
_(2010) 37.8 49.1 56.9 36.1 74.3 42.1 39.9 .9
UM_(2005) 40.4 44.7 40.6 34.0 37.5 43.5 38.7 .3
_(2007) 41.4 47.4 45.6 40.4 40.4 48.9 40.1 5
(2010) 38.4 58.0 40.9 30.5 60.7 52.7 47.7 7
M_(2005) 35.7 49.1 43.1 27.8 37.1 35.7 30.8 i
~(2007) 32.3 49.8 40.0 32.3 43.5 44.3 38.6 .6
_(2010) 37.2 62.7 44.1 33.3 37.4 42.6 38.6 4
LM_(2005) 38.5 41.7 37.0 29.3 41.3 39.4 31.2 .2
~(2007) 37.1 44.7 47.4 35.5 50.4 60.4 34.5 .3
_(2010) 37.3 64.4 40.1 39.5 56.1 48.7 38.5 .0

L (2005) 42.2 46.0 38.2 40.9 46.1 51.5 45.3 7
~(2007) 40.4 43.9 34.2 42.1 46.3 55.0 39.9 .3
(2010) 34.1 42.5 46.7 46.1 68.3 55.3 41.9 .8

R 11 B 7.5-12.5cm I B} 2 M 1+ [mg Mg0/100 g] ofsH, (FER3f& 1icHEL)

N-a M-a S-a C-a M-b S-b C-b -b
U_(2005) 31.2 36.0 22.6 22.5 27.3 15.8 25.3 .8
~(2007) 33.5 41.6 33.5 33.5 31.3 15.3 32.0 7
_(2010) 28.6 30.2 33.3 27.9 34.0 25.1 35.3 .6
UM_(2005) 33.4 36.0 24.6 22.3 24.3 23.5 26.5 .8
(2007) 34.4 38.0 28.8 27.4 25.2 29.0 29.6 .6
_(2010) 30.0 32.3 25.0 18.6 27.5 31.2 31.9 )
M_(2005) 29.1 36.1 25.5 20.8 23.0 25.3 23.5 .9
~(2007) 30.8 41.2 26.1 21.4 25.2 28.9 31.0 4
_(2010) 26.8 28.5 25.1 20.6 21.7 26.7 28.2 .8
LM_(2005) 33.1 34.5 27.8 26.0 27.4 29.5 26.6 .0
(2007) 33.3 34.2 35.2 28.3 34.9 32.9 31.0 .5
_(2010) 26.2 34.1 29.6 28.9 33.2 32.6 31.2 .0
L (2005) 32.7 35.3 26.1 29.0 32.0 39.7 31.7 .8
~(2007) 32.2 33.5 28.2 36.7 36.2 40.9 32.7 7
(2010) 29.5 30.4 38.1 35.6 38.6 40.0 32.5 5
4% 12 EX15-20cm I2 BT 2R+ [mg Mg0/100 g] DR, (EREFME1ICELD)
N-a M-a S-a C-a M-b S-h Cb b
U_(2005) 31.8 30.6 21.8 19.8 24.7 19.2 29.7 4
~(2007) 32.9 35.4 25.1 25.1 23.9 15.3 28.1 )
_(2010) 26.9 25.8 25.8 25.8 25.5 19.1 29.4 7
UM_(2005) 32.9 28.8 21.7 19.7 22.2 24.7 25.9 .5
~(2007) 32.4 31.5 22.5 22.1 24.4 29.8 26.6 5
(2010) 27.3 24.8 23.1 21.4 22.5 28.3 24.7 4
M_(2005) 27.8 32.6 22.8 20.3 25.0 25.8 25.4 5
~(2007) 30.5 33.4 22.5 16.2 23.6 29.1 26.2 .3
_(2010) 28.2 22.2 23.9 22.2 21.2 25.0 24.7 2
LM_(2005) 35.1 28.4 26.1 25.3 28.5 31.5 26.0 .0
~(2007) 31.4 32.6 28.3 26.1 30.0 30.9 26.4 .9
_(2010) 27.6 28.6 29.7 27.7 30.5 28.3 27.2 5
L (2005) 33.3 30.6 22.5 28.5 29.8 38.9 32.0 .6
~(2007) 32.7 29.6 24.4 35.5 32.1 39.2 31.4 .0
(2010) 30.3 28.6 30.0 34.2 34.7 40.3 29.3 7




