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Table 1. Ingredient composition of control and low K diets,
and K content of each feedstuffs (% DM)

Ingredient (K content ) Control Low K

Corn silage (1.54) - 49.3
Italian ryegrass silage (2.65) 40.3 -
Alfalfa hay cube (2.64) 10.0 -
Brewer’s grains (0.01) - 13.4
Barley (0.50) 9.9 10.1
Corn (0.39) 16.9 5.1
Oats (0.60) 11.2 10.2
Soybean meal (2.66) 10.0 10.2
Vitamin-Mineral mixture 1.7 1.7
DM : dry matter

Table 2. Chemical composition of control and low K diets

(% DM)

Control Low K
DM (% FM) 81.1 403
oM 91.5 94.3
CP 16.0 15.6
EE 2.9 39
ADF 19.6 155
NDF 38.1 38.2
K 1.80 1.19
Na 0.04 0.03

DM : dry matter, FM : fresh matter, OM : organic matter,
CP : crude protein, EE : ether extracts, ADF : acid detergent fiber,
NDF : neutral detergent fiber
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Table 3. Intake, excreta, milk performance, digestibility and
nutrient values of cows fed control and low K diets *

Control Low K
Intake
DM (kg/day) 190 + 1.0 217 + 1.8*
N (g/day) 4944 +£324 547.1 +38.7*
K (g/day) 3325 +239 2594 +206*
Na (g/day)
Feed 81 = 03 58 £ 0.7*
Drinking water 3.7 = 03 26 = 03*
Salt block 48 + 6.7 71 £ 43
Total 16.6 £ 6.7 156 + 41
Excreta (kg/day)
Feces 513 = 55 505 + 5.1
Urine 16.3 + 4.2 9.7 = 2.7*
Feces + Urine 676 * 5.2 60.2 £ 70*
Milk yield (kg/day) 259 + 44 314 £ 50%*
Milk composition (%)
Fat 434 £ 0.65 469 £ 0.37
Protein 3.18 + 0.37 335 + 031
Lactose 444 + 0.14 448 + 0.13
K 0.17 = 0.01 0.17 = 0.01
Digestibility (%)
DM 67.0 + 1.8 66.9 + 0.9
oM 69.1 + 1.6 69.0 + 1.0
CP 648 + 4.8 633 + 25
EE 788 + 24 812 + 28
ADF 509 +12.2 458 +10.9
NDF 492 £ 43 52.7 + 47
Nutritive values (%DM)
TDN 66.3 + 16 69.0 = 1.0
DCP 105 + 09 100 + 03

! Mean + SD, * P<0.05

DM : dry matter, OM : organic matter, CP : crude protein, EE :
ether extracts, ADF : acid detergent fiber, NDF : neutral detergent
fiber, TDN : total digestible nutrients, DCP : digestible crude
protein
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Table 4. K and water balance of cows fed control and low K

diets *
Control Low K

K intake (g/day) 3325 +£239 259.4 +£20.6*
K excretion (g/day)

Feces 90.0 +£28.9 97.1 + 6.0

Urine 166.5 +47.2 79.6 £17.4*

Milk 446 + 8.2 532 + 8.1~*

Feces + urine 256.6 +19.3 176.7 +16.2*

Total ? 301.1 £19.8 2299 +21.1*
K balance * (g/day) 314 +129 295 + 22
Water intake (kg/day)

Feed 37 £ 04 316 + 3.2*

Drinking 9.1 + 6.8 682 + 6.7*

Metabolic * 59 + 03 70 + 05*

Total °® 105.7 = 7.4 106.8 +10.4
Water excretion (kg/day)

Feces 450 + 52 433 + 44

Urine 156 = 4.0 92 = 25*

Milk 225 + 4.0 271 + 45%*

Feces + urine 60.6 + 4.8 526 * 6.1*

Total * 83.2 + 86 79.7 £10.5
Water balance * (kg/day) 226 * 47 271 + 25

' Mean + SD, * P<0.05

% Sum of feces, urine and milk

® Subtracted total excretion from total intake

* Calcutated from the intake of digestible crude protein and
digestible non-protein organic matter *

® Sum of feed, drinking and metabolic
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Table 5. Composition of ruminal fluid and plasma of cows fed
control and low K diets *

Control Low K

Ruminal fluid

K (mmol/L) 200 + 4.3 151 + 37

Na (mmol/L) 1154 +£145 1241 + 3.2

Na/K ratio 59 + 13 85 = 1.7*

Ammonia (mgN/dl) 128 + 28 103 + 20
Plasma

K (mmol/L) 43 £ 0.2 41 + 01

Na (mmol/L) 1374 + 21 1375 + 17

Na/K ratio 319 + 20 333 + 10

Ca (mg/dl) 10.7 + 03 108 + 0.3

Mg (mg/dl) 27 £ 02 28 + 0.1

Cl (mEq/L) 989 + 56 100.1 + 1.0

Osmolality (mOsm/kg) 2835 + 2.1 2835 + 34

Urea (mgN/dl) 183 + 0.8 17.0 + 3.0
! Mean  SD, * P<0.05
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Effect of low potassium diet feeding on urine volume reduction

for lactating dairy cows
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Summary

The practical low potassium (K) diet that was prepared by actively utilizing the feed sources with low K content
as roughage and formula feed was fed to 4 lactating dairy cows and examined whether urine volume could decrease
effectively without damaging milk production. Two feed treatments were arranged that control diet (1.80% of K) was used
Italian ryegrass silage and alfalfa hay cube as roughage and low K diet (1.19% of K) was used corn silage as roughage and
brewer’s grain as one of formula feed ingredients in order to decrease K content of diet. Dry matter intake and thereby
milk yield were significantly lower for cows fed control diet compared to low K diet, although there were no differences in
milk composition rates and digestibility between two diets. This difference observed in dry matter intake was attributed
to poor in palatability of Italian ryegrass silage used for control diet, so it was deemed at least that low K diet did not exert
adversely effects on feeding and milk production of cows. While fecal water excretion was not affected by feed treatments,
urinary water excretion significantly decreased from 15.6 kg/day in control diet to 9.2 kg/day in low K diet. On the other
hand, since total water intake did not increase in cows fed low K diet despite the increments of dry matter intake and milk
yield, it was guessed that voluntary drinking water intake might be decreasing associated with the reduction of urinary
water excretion in low K diet. It was thought that the homeostasis of electrolyte and nitrogen was maintained even when
cows were fed low K diet, because there were no differences in plasma mineral concentrations, osmolarity, and urea
concentration between two diets. These observations suggested that the decrease of urine volume induced by reduction
of K intake was a physiological reaction in lactating dairy cow. Additionally, even though K intakes were reduced when

cow fed low K diets, the total sodium intakes included salt block by cows were not increased.

Key words : Lactating dairy cows, Low potassium diet, Urine volume reduction
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1. n-ADFom 2 DFIE
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The problem for application of detergent analysis method to vegetables

Masahiro AMARIY, Osamu ENISHI?, Fuminori TERADA?Y
and Kazuhisa NONAKA?

DLivestock Research Support Center
2Livestock Research Team on Global Warming
9Department of Planning and General Administration

YResearch Team for TMR Preparation and Feeding Technology

Summary

It is necessary to know chemical composition of feed exactly to use a surplus vegetable effectively as an animal feed.
However, it is frequently observed phenomenon that amount of acid detergent fiber (ADFom) content is larger than
amount of neutral detergent fiber (NDFom) content by analytical detergent method in vegetables. Then, the detergent
analysis method in a cabbage, a napa cabbage and a Japanese radish was examined in this study. The value of NDFom and
ADFom contents in cabbage, napa cabbage and Japanese radish were 14.6, 14.2%, 15.6, 19.0% and 11.5, 14.2%, respectively.
In napa cabbage and Japanese radish, the amounts of ADFom content were shown larger than NDFom content. Crude
protein (CP) that remained in ADFom and NDFom was 0.2-0.6%, 0.1-0.8% respectively, and no one that greatly influenced
ADFom and the NDFom analysis value. Amounts of organic cell wall (OCW) by the enzyme analysis method are 7.4-12.4%
larger than amounts of NDFom. This is thought to be a difference according to the residual extent of the pectines. It is
guessed that it takes part in the generation of the material that doesn 't filter these pectines easily during heat-treatment
with the AD solution and ADFom is evaluated excessively. The amount of ADFom that removed the pectines by the ND
solution (n-ADFom) in the cabbage, the napa cabbage, and the radish were 11.1, 12.3 10.0%, respectively. The value of
n-ADFom did not exceed that of NDFom in each vegetable. As a result, it was considered that n-ADFom was a proper

procedure as methods of analysis of ADFom in the vegetable.

Key words : Detergent analysis, ADF, n-ADF, Vegetables, Feed
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T3 VT ATo 72 NG L2 T — & WELHEE L RO b O & TRFHIFRRER T — 7 2UEELTT -2 2 1L
WLz 2h, MMEE (01~07%01~03%) (3/hs<, B HBIMRE r=0.99562 ~ 0.99999) Fm <, Mz
T Y AT LB ORI TH o722 b, SEELETL 727 — & WELHEE L, (kDb O & [FSFEO
W= BRONDLIEFIMELR S AT LA THL E VR T,

F—7— K R SEREE, AV F R, KT RE

w B BT - RIS, EACERNN - BIMRE, TASH
il T S ELBEE L VRSN Tnb, ThD
VRFZEATIZ BT B R RERBERBA (A5 (&, BRAN27 4 (1952 4F) IZHATHO TTHEMHIZKRE
u,wv,w;,zyy@a@lmwé—%y/ﬁaﬁ HH O ABRE B R E SN TR Y, Saseds 2
DERES L OZF IS OFRRE % £ Mo - % RBRB e, BEAI55 4 (1980 4F), Uik 7e42
B9 5 720 B SN RE RO TH 5, ﬁﬁ% B8 S N2 BR O PRI ICIZIZHAE DAL £ T
BRI O M7z 13 B A il 28 e <o 1] ACAE HE i 1 o5 WENLDTHE Y, 2Dk, Tk 44 (19924F) 12 F v
ICFREER SN, AT BRI ZERRRE R0 W AL £ IE < YN—ORE (KRSH2#) BXar¥a—s—%
HwbhTwd, 72, KEIREPSLDRAY I A% TR LTk, AR 2RI EFT IR S Tw v,
B QIR R RIEEAR OIS L v o 7RSSR A2 Lela], WP SRR AR ORI MERE - B L 255
¢é%%%&ﬁ%%%m%uﬁwf%mén,Emﬂ« 57— & SR LESE R 12DV T2 ik a T 2 2,
BRENTVS, 20 L) 2 RHERBORKOEFH 7y IR W E R gy P a— 7 — sl
X, FEOWEMMZNET S 200#ME LT, Mt ASNTBY, WOTEYETH N 2B LPEERBROE
RERLETE & K% DA AR % ERE L CRRI T 8 720 B i ﬁ%#.%ﬂf%t”oit,z/tl—5~®@%ﬁ
RIFHABIEB X EM L T2 L Th b, MU Bl b v, BEEHIE, RGN, T— 5B o
i, HZORBRE, KFEEHOHIREICEL T TR t@%ﬁﬁt%b%éf@ﬂ@%:/tl—y—fﬂﬂ
HHREZRF x v 8 — (RFREM 43, PAREM 438, TN E AT, B O I & BT —
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Y OWNEL L, BRERIESEHEARO~ A 7 uay
Va—4—THlz B2, HAGHO—#ET—%
M A I Ea—F —|ZHBSETnD, HAEDT Y
Va—%— (7= A5—3a ) & FELHFD/$—
VI ar¥a—4— (PC) OWREICHA T TE
ECRELIN—FNT72T7EV 7N 2T72HFLTH
D, ITNFCRMMEZERBL X/ LML, BIE
DPC LR L, BERAEOLLE, 7Y AHMIO
AMELDORENBEAL L TV 5B, F72, F— 7 IR
BEOT =7 AT —Ya AR ENZY T Ny T
&, 7T FIUERRRE, FiskS N7 — 4 0%, T,
fEATRERE, BRECHIMRES 4 FFF LB CERE 2 O
Thl), HBHEEET L% CFHRT 2 13K a8
LR AT B0 RIS T — & PRI LE i % T8 - ek
L72a, 2o 7 — & Ofa % &1 B 925
O E SR SND T LG EN L,

ZZT, PCOWREBBAEN-FY2T7BLUTV 7L
T T EDICRENICMEL TS, a2 —
& — LT L /NI RE D 7 — 7 AT E b Z2iLC
AFTEDLZ NG, Zl TR IR S ZEHRITH
IS TE 27— FNEMBEEDOEFTBLOHAY AT 4
EFERIATINC T — 2 2 UET 5 Z L 2 ildh, IELL
T=FIZOWTHA Y AT 4L QA EBETL 72

MHETE

HEAE

IR BRSSO & 737 — 7 IR ILEREE B (Fig.
LA EHllay bo—9 -t a2 Ea—%—(7—
JAT—vay) THEHREN, TNOIETAGIEE
AR - HIEEEE D X OBREEERN - B E &
ENTWD, 7— &7 PEENBREEORENT, 7 AGHLE
BT 5, WEAmEHE, BEFHIMES L O
AGHHEZIET L2 L, F LTINS 2l LTI
WEREFATL, TARBERLAAHETLZLTHL. &
AL 727 — Z PR (B AT L) 1F, BEFO
7= ZINEIEEE (IHY A7 4) E5E4ICBHIRIC
ASHTEEESE & Ffe L7z (Fig. 1, RN o 20720
By AT AE CMIGRER T F479 2 AR OBED, H
VAT AN D IPFRERERE FAT L eSO Y AT 4TI
ZOBRTT—INEOARE BT R ) BELWEEE 7 o
TWh,

#5105 (2010)

= Gas analyzers
= Airflow measurement and control units
*Environment measurement and control units

Data acquisition
system

Data acquisition
system

\

[N ' ittty faiiili it .
1 N7 V! !
| Controller L !
| o ' 10 Controller i
1 computer ' !
I \ N A !
o | |
1 1 !

! 1
| v x \ |
1 1 !
' Workstation o Personal !
! 1 computer .
1 1 !
1 1 !
1 1 !
1 1 !
1 1 !

*Allows show data flow.
1 . .
! t1existing system
.'___: newly—established system

Fig. 1. Outline of data acquisition

N—=Kz7

By AT AOERNN— P = 7R, Fig. 112
HHEHNI0OTY I —F—BIXUIPCTHS, 10T~
Fa—=F = PCIE, NTEALIA =Yy b TR
L7z 103>y ba—F— %l 5EY 2 — ) (Table 1)
BLUORHAEEICHWs N LGS (B 1,2 22he
TR L7z,

VI T

V7 b T, ¥4 71y 7 b Fk® Microsoft
Foundation Class 74 77V B L3 7 v 71D 1/0
ayhMa—=F—-H NI4T 47751 API-CAP (W32)
v, v A4 27 8av 7 o Visual C++ 6.0 THIEL 72
VI NI TOT7UO—F v — & Fig. 21IR L7z V7
by 7 OREER, FEMLLE Z B 2 vy, HIERRRIR
RELhbo WEDHERZGZAE, 1HHBETIO 2~
M= =X T7Far7BILOTI 5T — 8 2 S
n, FAGHHE, WBAES X OREHIMES O, £
R, MEPBIbhsd, RBHEEMEOL I ERS
Twiud, 1 IR EME 2 &5 L, CSVERD 7 7
ANELTTF Y N—IIHI SN D, HT AT ATH
T1&ENB CSV 7 74 VONEIZ, HY AT AIZFEES
N7z L < CSVIERDKESRYI T — % Td 5 /Nl T *
A LT 7ANVOHRRIZHE L /2,



BT 5 ¢ pE SR 2 R A BRI S 35 1) 2 8 7 — 2 R O a% 17

Table 1. Equipments and specifications

Input

. . C i
Units Products (Output) Resolution on::;‘r?smn Channels
range
10 Controllers Contec, 1/0 Controller Module,
CPU-CA20(FIT)GY
(Number of
Contec, Isolated Analog Input . conversion
10 Modul DC 0-5V 12-bit 8
odute Module, ADI12-8(FIT)GY : channelsx10
+20) psec
Contec, Isolated Digital Input
10 Modul - - < .
O Module Module, DI-32(FIT)GY DC 12-24V 1msec 32
Contec, Isolated Digital Output
10 Module DC 12-48V - < 1msec. 32
! Module, DO-32(FIT)GY
Power suopl Contec, AC-DC Power Supplies,
PPl POW-AD13GY
Power supply Keyence, Compact Switching Power DC 24V

Supply, MS2-H50

Measure? Access to /O

v
Calculation

End

isplay

A
Integration

iy

Yes

i Output ?
Write to utpul
CSV files

Wait 1 sec.

V.

U :
=)

Fig. 2. Flowchart for data collection

DEDY AT A% HAWT, WA 24 1, $2304- 34 1
7 5 NZY F 16 BIOMIGEAERIZOWT, [HY AT AT
AR L 727 — % &, [RIRREATAYI IR ALER L 7287 >
AT ADT =5 L OEGWEBRE L7z, & TOMEEE
[ZSAS 9.2 #HIWTBIhole MY AT LT —4[H
DR EIE CORR 70 ¥ ¥ v, AHxf RS X OH%E
BRI 2= O T3 & R 221X MEANS 70 3 Y x & v
720 FHED B 5 t #isE (X TTEST 7' 1 ¥ ¥+ |2 PAIRED
AF—=h AV EHOWTBI ol VAT LAT—%
BB RMRREOWEL, [HY AT AT =57 12x7 5
WY AT LT =2 OFaHi 2Bz, B5N7hE
KOWENP1THHI L L, YHMED O THDhEHE
FTHIEILEDBI o7, MRNOEHIZIEZREG 7
Ty Yy &M, MODELA5— k% ¥ MIZCLB A7
v oa v Fe TG R EOE R E O 95% 15 HIX H % Ko
726

BREER

B AT HIZEY, WWRERER 74 B9 b B IER 74 H
NZb72% T — S PRI L7ze TOREE, wIho
RFEX M OZMRABIC BT, BENEE, —Rt
Frshkm, AY VAR LUEISERETOMEIH
2oV TEATR (FHBI AR %2 0.99562 ~ 0.99999) A%
50 (Table 2), 7 — % OMIFAEOFIHMEEB L O
HAF #1301 ~ 07 £ 0.1 ~03%Tdh > 72 (Table 2),
BL, R#EOLVWALS, LT, YFOIMICEER
KEDPo720 FY AT AL BMEMDPSIHY A7 412

=

}I‘J}_K‘—l
H
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L BB A = LT Wl MM A, RETISER L7z WHEB LY FIZOoOWTE, @co)Eo
WEL o7z, Thbb, WIAIZ BV THEIEMHER 22 3E HEDBBWFBEXMEAIZIBEEINLI 2L, I
Ofli, IS TIHAEDMEL Y, YFICBWTHEIZ/NS SOMIRROEE 1 & A7 (Table 3), —F, #
Mol WIEDEE o Tz WY AT A THSILHEIZ AFOETOT—=7IZ2o0VWTH, HEDEBLOZD
OVTHIEDH L tREEZBI R L, WIFhofilcs BEEXES 1ICZIFEML2EEELZTLIwERbR
WTbFEZEL -7 (Table 2), 72 (Table 3)o MR O IZOWTIE, YFDA Y >~

DEZE BV ETOT =7 I2BWTREBROTHIE0 &

MY AT AT =24 28 A7 47— % ORET
Mo &), #FHY A7 L7 =126 N5 Rtk & HE FEAI LD o7z (Table 3)o UIRENEEE Ro72Y

Table 2. Correlation coefficient, relative error, difference of measurements, and result of paired
t-test from data collected with new and existing system.

Difference of

. Correlation Relative )
Animal Item . measurements Paired t-test
coefficient error, % .
between systems
O, consumption 0.99574 0.7+0.3 27.9+10.8 *
. CO, production 0.99763 0.5+0.2 23.3£12.2 *
Lactating cow .
CH, production 0.99971 0.5+0.2 21413 *
Heat production 0.99562 0.6£0.2 564+230 *
O, consumption 0.99997 0.3+0.2 —6.2+5.9 *
CO, production 0.99998 0.310.2 —6.6£6.2 *
Dry cow .
CH, production 0.99997 0.3+0.2 —0.5+0.6 *
Heat production 0.99998 0.3+0.2 —130+112 *
O, consumption 0.99991 0.2+0.1 0.3+0.3 *
G CO, production 0.99997 0.1+0.1 0.3+0.2 *
oat
CH, production 0.99999 0.3+0.1 0.1+0.0 *
Heat production 0.99994 0.1+0.1 745 *

'Data were calculated as (new system)-(existing system). O, consumption, CO, and CH, production were
shown in L. Heat productions were shown in kJ.

*p<0.01
Table 3. Test of systematic error of the data collected with new system.
Animal Item Test for slope and intercept" inte?\?:f f(;c:'nsfllggz(gue

O, consumption y =0.9829 x + 101.1107 (r* = 0.9915) 0.9427 ~ 1.0231

Lactating cow CO, production y = 0.9822 x + 111.3264 (r* = 0.9953) 0.9523 ~ 1.0122
CH, production y = 1.0056 x — 0.4539 (r* = 0.9994) 0.9949 ~ 1.0163
Heat production y = 0.9824 x + 2205.5554 (r* = 0.9913) 0.9416 ~ 1.0231
O, consumption y = 0.9960 x + 2.4493 (r* = 0.9999) 0.9933 ~ 0.9987

Dry cow CO, production y =0.9949 x + 5.7408 (r* = 1.0000) 0.9926 ~ 0.9972
CH, production y =0.9960 x + 0.3903 (r* = 0.9999) 0.9931 ~ 0.9988
Heat production y = 0.9957 x + 71.9088 (r* = 1.0000) 0.9935 ~ 0.9979
O, consumption y =0.9994 x + 0.5158 (r* = 0.9998) 0.9915 ~ 1.0072
CO, production y =1.0022 x — 0.2792 (r* = 0.9999) 0.9979 ~ 1.0065

Goat CH, production y =1.0001 x + 0.0618* (r* = 1.0000) 0.9978 ~ 1.0025
Heat production y =1.0011 x + 0.6724 (r* = 0.9999) 0.9949 ~ 1.0072

'Slope and intercept values were tested from regression of the data from new system on the data from
existing system.
*p<0.05
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FORXY IOV TH, ERHEOEIHD ThEWeD
(Table 2), YVIFMEAS0 &0 WERIZEM RO L
Zzohize DEORYEGITOREREY, HP AT AT
WELZT =2 I2&EINL /AR D EE R
b7z,

IS OMEHRRE Y, RBEOLZVIBILFIZBITS
MxiEo A, REEGOWEMLEZE ZFoHE
BB LY XD RS MBI S 2 B AR A
DNTIRSHEDTFT—FIZBWTHIEHTA2LEILIH S &
EZHND, 12, MIEDOH D tMEDKFTIEM > A
T AOPEBEICHE R E=ms RN SN0, HY AT A
WKLo THEONLT—FIZERHLHEDOW D LD
n7z.

AT ATHREDOWS FT= B E oz L iam
Z, WHPCEZHMALTWA D, 7— & IR E
ELCOMEY - BEEEIRESEE LEEILN
o T HNT—FOFEHIIPCHOS LIZBITA 77
ANVOER LML %), KEmORREEELHEL A
HEBEOBRELZ A EDTREE D, BIELEY
25720 T =412 CSVIERTH 720 FKFHE Y
7 NETHESIHE - ML TE 25, fABHEE % i1
BIhH)7H0U 7 b7 b REHEL (BE6),
F72, WA PC L ae e MR B LV 7 b x
T CEMANTRETH L 05, EBHORENPST—%
DHFR - fENTEF T, HIRE SIS 2L GERRADRE
ThobEEZONL, V7 b7 2T ONEKEEE LT,
FiEE VTN 2T O AT O % bl THIBEET
TUT T3y L2 ET, EMOEEIC D FRITHIG
TEDLEHIZh>THBY, HAGHFRT ¥ v N—DH
Bt RN A LT L 72 E, B A VIHHO T A5

R B OWEE) 2 ME - Lk 2 KEZ R T 5 &
BHAEIIBVWTCYH, FLI0TPI-F—-D L)%
ADEEY —NEET 2 L) BHA BV TH IR
DTUTT Iy T THBESTRTH L. o T, 4
HIFE L 727 — & ISR ALHR 3 {8 (L PR O MR R BR S B O
DERBT L7220 T% L, TR0 % PR R & 0 P
BARILERIC D TAICHTE 2D EZ SN,

51 A3k

1) #IE= - RS - &R K- ZRE—/E - B
WZ - LB - JEHBEDR - HAP 2B (1961).
BB AMEB LAV F— O T.
B EIZDOWT, REHANIIZEI Y, G (FiE)
20, 21-52.

2) OiE fe - SMERRT - HEP R - AR (1977)
K& DT AN F— R BT 2 BB RE 2 i
L 728 J1 N s BREe i — & DR & tae —, &
FERBI e, 32, 4561

3) EUSFIME - SHAEAEE - HE RAF - SFHESC - G
o - faliiE— (1982). F#HEMBIGIZHH L 2RK&
A FEBREEE 2DV T — & AP ERBREE i OB RE
EHLLE LT -, HEABSIIZEEE, 39, 41-73.

4) MR - BIE= - LORE—AB - PIEEERR - S
Wiz - ek - A KW - AHBT -
AlE A - BESFIOER (1955). 428 2B K
XAV F—ORF, RESINTETHEE, G (F
#) 11, 157-231.

5) SAS 9.2, SAS Institute Inc., Cary, NC, USA.
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BE#M 1 AEAHAT—2EMEE

&5 %R 5 TV a— Vv EV 2= ID F ¥ » 4V No
A BT AGHEE L 02 I AR 7Fu s A ADI12-8(FIT)GY 0 0
A BT AGHTERE 1 CO2 7 AUERE 7Hu s A ADI12-8(FIT)GY 0 1
AZETAGHEE 1 CHA T AR 7Hu s A ADI12-8(FIT)GY 0 2
A BT AGHTEE 2 02 I AR 7rar Al ADI12-8(FIT)GY 0 3
A BT AGHHEE 2 CO2 T AERE 7Hua s AT ADI12-8(FIT)GY 0 4
A B AGHTEERE 2 CHA T AYERE TFuaz Al ADI12-8(FIT)GY 0 5
AEF ¥ oN—1 #EXE TFuaz Al ADI12-8(FIT)GY 0 6
AZEF v oN—2 ERE YRV IN) ADI12-8(FIT)GY 0 7
AZEF v N—3 BERE VYN ADI12-8(FIT)GY 1 0
AZEF v ryN— 4 HEE VRN ADI12-8(FIT)GY 1 1
AZEF ¥ yN— 1N Bk e REP VNI ADI12-8(FIT)GY 1 2
AZEF ¥ N— 2 Bk Ve RET VNI ADI12-8(FIT)GY 1 3
ASEF v v N— 3N EEKRE 7ru s g ADI12-8(FIT)GY 1 4
AEF v v N— 4 EEERIRE VRN ADI12-8(FIT)GY 1 5
AZF v ooN—1 I EEkigRE TFazAh ADI12-8(FIT)GY 1 6
AZEF v ooN—2 I wEkigRE TFazAh ADI12-8(FIT)GY 1 7
AET ¥ ooN— 3O BRI 7Fus A ADI12-8(FIT)GY 2 0
AZEF v oN— 4 ERRIREE 7Fus Al ADI12-8(FIT)GY 2 1
AZET v N— 1N AHFREE 7Fus Al ADI12-8(FIT)GY 2 2
AZET v N—2H AHFREE 7Fus Al ADI12-8(FIT)GY 2 3
AZET v N—3H AHFREE RN ADI12-8(FIT)GY 2 4
AZET v N— 4N AHRHREE 7Fu s A ADI12-8(FIT)GY 2 5
AZETF X 8= 1O HIxHEE 7Hu s A ADI12-8(FIT)GY 2 6
AZEF v 8= 2 I AR E V=N ADI12-8(FIT)GY 2 7
AZEF v 8= 3 HIT HEE V=N ADI12-8(FIT)GY 3 0
AZEF v N— 4T MR VRV N ADI12-8(FIT)GY 3 1
A EFEEREN IR 7Hua s AT ADI12-8(FIT)GY 3 2
A SEFEEREN MR 7Hua s A ADI12-8(FIT)GY 3 3
VR BRI TFuaz Al ADI12-8(FIT)GY 3 4
AV AR R RN ADI12-8(FIT)GY 3 5
KEE RN ADI12-8(FIT)GY 3 6
7\%’1‘)?%% 1 A MY—24 015K FIE VAT DI-32(FIT)GY 4 0
AMTEEE L A M) — A 02 FEIR FIH VAT DI-32(FIT)GY 4 1
ASHERE L A MY — 4 03 IR TUEIWAT] DI-32(FIT)GY 4 2
AW 1 A MY — 2 04 3R FUE VAT DI-32(FIT)GY 4 3
ﬁ‘xﬁ}ﬁ%%ﬁ 1 A MY —2 05N FYE VAT DI-32(FIT)GY 4 4
‘N‘ﬁ%’% 1 A MY —2 06 &R FYF VAT DI-32(FIT)GY 4 5
SNTEERE 1L A N — 4 07 IR FUH VAT DI-32(FIT)GY 4 6
)J\frﬁ'iz‘l_ A b)) — 2 08 R FYE VAT DI-32(FIT)GY 4 7
ﬁ\xéa*frﬁ%‘éfé 1 A M1 —2 0941 FYE VAT DI-32(FIT)GY 4 10
HAGHTEEE 1 A B — 4 10 IR FYUE VAT DI-32(FIT)GY 4 1
HAGHTEE 1 A A VL HER FUY VAT DI-32(FIT)GY 4 12
AGHEEE L A4 2 A28V ER FUY VAT DI-32(FIT)GY 4 13
HAGHTEE 1 7 R FYUY VAT DI-32(FIT)GY 4 14
HAGHEE L 7 A28 R TV NVAT DI-32(FIT)GY 4 15
HAGHTEE 1 53T — N CH TV NVAT DI-32(FIT)GY 4 16
HAGHTEEE 1 53— K HC T NVAT) DI-32(FIT)GY 4 17
HAGHEE L e — FFE) T NAT DI-32(FIT)GY 4 20




RS HPE R K P SGE RN J6 1 B 8T 7 — & IR UEESEE 0O 3%

(EEEZN &5 EV a2 V& EVa2—)VID F ¥~ ) No
I AGHEE 1 R T NAT DI-32(FIT)GY 4 21
HAGHHE L HE)F = v 7 T EIVAT] DI-32(FIT)GY 4 22
AW L HERIE FYZ VAT DI-32(FIT)GY 4 23
IAGHEEE 1 BRI T NAT) DI-32(FIT)GY 4 24
HAGHFEEL 02T LY FYZIVATS DI-32(FIT)GY 4 25
HAGHFEE L cCo2hTL Y FYZIVAT DI-32(FIT)GY 4 26
HAGHEEEL CHATF T L Y T IVAT DI-32(FIT)GY 4 27
HAGHEEEL 7)o r TV Y NVAT) DI-32(FIT)GY 4 30
HAGHTEENE 1 BT FYy VAT DI-32(FIT)GY 4 31
HAGHEEE 2 A M1 — 24 01 3R TV VAT DI-32(FIT)GY 4 32
7 x'ﬁ TEGE 2 A M1 — 24 02 3R] TV INVAT DI-32(FIT)GY 4 33
AHTEEE 2 A M) — 4 03 HIR FUE VAT DI-32(FIT)GY 4 34
AR 2 A M) — 4 04 IR FYI VAT DI-32(FIT)GY 4 35
AR 2 A M) — A 05 BIR FYE VAT DI-32(FIT)GY 4 36
X/\frﬁ%ﬁ 2 A M1 — 2406 R TV VAT DI-32(FIT)GY 4 37
W AGHTEENE 2 A B 1) — 4 07 38R FYUY VAT DI-32(FIT)GY 5 0
HAGHTEEE 2 A B 1) — 4 08 33EIR FUE VAT DI-32(FIT)GY 5 1
HAGHEEE 2 A b1 — 24 09 2R TV IVAT] DI-32(FIT)GY 5 2
AHEEE 2 A M) — 4 10 HIR FUYNVAT DI-32(FIT)GY 5 3
HAGHTEE 2 A4 v EHER FYUYNVAT DI-32(FIT)GY 5 4
HAGHREE 2 A A ¥ A 3# IR TV INVAT] DI-32(FIT)GY 5 5
ﬁ‘x/\ffﬁ-”* 7L uER FYINAT DI-32(FIT)GY 5 6
T‘%E TT AN GER T NAT) DI-32(FIT)GY 5 7
wxﬂff‘z'%fﬁz 53— K CH T NAT DI-32(FIT)GY 5 10
HAGHTEEE 2 S3HTE— K HC 7YY VAT DI-32(FIT)GY 5 1
HAGHEEE 2 SHE— FFEH) FYZ VAT DI-32(FIT)GY 5 12
AT 2 PRSP T NAT DI-32(FIT)GY 5 13
SN2 HEf T v T EIVAT] DI-32(FIT)GY 5 14
ATt 2 HENRIE TIEIVAT] DI-32(FIT)GY 5 15
SINTEEE 2 BOEH T IWVAT] DI-32(FIT)GY 5 16
SHTEEE2 029 TL vy FYy VAT DI-32(FIT)GY 5 17
GNTEE 2 CcO2HTL VY FUE VAT DI-32(FIT)GY 5 20
GNTEE 2 CHATF T L VY FUE VAT DI-32(FIT)GY 5 21
ﬁ?lﬁ EE2 Ty FYI VAT DI-32(FIT)GY 5 22
AGIHTEE 2 BRI FYI VAT DI-32(FIT)GY 5 23
AGHTEERE 1 4 SW 2L (INT) FYE VAN DI-32(FIT)GY 5 24
7 X”Vr FHE1 AM)—uF vz (INT) FUE VAT DI-32(FIT)GY 5 25
AR L RIEF = v 7 (INT) FUE VAT DI-32(FIT)GY 5 26
AR 1 BOEEH (INT) FUE VAT DI-32(FIT)GY 5 27
AR 1 HERIE (INT) FYUY VAT DI-32(FIT)GY 5 30
AGrFrEEiE 2 Sw 2k (INT) FUY VAT DI-32(FIT)GY 5 31
HAGHEE2 A M) —LF v 2 (INT) FYUY VAT DI-32(FIT)GY 5 32
H AW 2 AIEF = v 7 (INT) YUY NVAT DI-32(FIT)GY 5 33
7 7\/\70? il 2 ROEAEFIC (INT) TV NVAT) DI-32(FIT)GY 5 34
AGrHTEEE 2 HEIE (INT) FYZ VAT DI-32(FIT)GY 5 35
AZEF ¥ rN—1 @KL yY K T NAT DI-32(FIT)GY 5 36
AZEF ¥ onN—1 #@ELrY H T NAT DI-32(FIT)GY 5 37
AZEF ¥ rN—1 @KL yY /b T NVAT) DI-32(FIT)GY 6 0
AT Y IN—2 #ERLYY R FYZ VAT DI-32(FIT)GY 6 1
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(EEEZN &5 V2V EVa2—)VID F ¥ ~ ) No
AZEF v rnN—2 #BRLYY W TIEIVAT] DI-32(FIT)GY 6 2
AZEF v =2 @BRLYY /b FYZIVAT DI-32(FIT)GY 6 3
AZEF v N—-3 #RLYY K FUH VAT DI-32(FIT)GY 6 4
AT v N—3 @HRLYY FYZ VAT DI-32(FIT)GY 6 5
AZRTF ¥ N—4 HHRLYY K FIUE AT DI-32(FIT)GY 6 6
AZEF v oN—4 @BRLYY H FYEIVAT DI-32(FIT)GY 6 7
AZRF v N—1 FRIREE FUE VAT DI-32(FIT)GY 6 10
AETF v N— 2 FERIREE FYE VAT DI-32(FIT)GY 6 1
AETF v N— 3 JERIREE FYE VRS DI-32(FIT)GY 6 12
AEF v v N— 4 FRRIKEE FUE VAT DI-32(FIT)GY 6 13
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A new data acquisition system for respiration trial system on metabolism laboratory in

National Institute of Livestock and Grassland Science

Kouji HIGUCHIY, Yousuke KOBAYASHIV, Itoko NONAKA? and Osamu ENISHI?

YEndocrinology and Metabolism Research Team

2Livestock Research Team on Global Warming

Summary

A new data acquisition system for open-circuit indirect calorimetry has been constructed and validated. Equipments
of the system are consisting with commercially-available computer and input-output control units. The function of the
software is specialized to monitor and calculate the respiration trial data under personal computer system, and the design
of the software is oriented to simplicity, flexibility and user-friendliness. When the respiration trial data acquired from
this system were compared with the data from existing system, the relative errors were very low (0.1~0.7 = 0.1~0.3 %),
the correlations were very high (r = 0.99562~0.99997), and few systematic errors were found. The data obtained from
this system were sufficient, thus, it is assumed that the function of new system is equivalent to the existing system.

Furthermore, the new system has flexibility for expansion or reformation of apparatus in the future use.

Key words : open-circuit indirect calorimetry, ruminants
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4. X RIS OHER IV, R L 72028 < 2 2 DITH LESRIE T0% AT THERE L 720 L72ds> T
IFWIRATE D /NN DB, PALR Z [0 L S E DR RS B 2 EAVRE NIz T7258RDFEEHIEII O HBIER S,
SEONAI B & OWRALIE T O 5 ORI TEIUAENET L, ARSI LI AT R O 2R B Tn 7z FE
B /NI OEPUT 2 HH DL E O RIIRAFINOMALR 2 B35 2 R D o 720 LA LA~ DK D IEmE
BRORE S ERLRIIE—EOMENNIZRD SNk b o 7ze REIRAE L 722N OMALERIZIEBIEE T BIR 5 2
DS, ZREIND/8y X2 7L B BRIIRAFOBALERICRITT BRI 25, 3~ 5 BMREIZBIT LML
DI EBsH S, 6 BHEEAETHORIBIE SN, /Xy F 2 FRREETIIINE TN Lz o7z, L7z o THRAEH
DINEDBAZIZ B 2 EPPALREUET 5 2 LATRREN, 2O Z LAHARDILROM EO—HEE 2 b7z,
COXH)IIRIIEORE RIS L LTEELZSDOTH Y, FIRGREOIRRBEOIND T HRERS & LT HEESR
ELTHENTWDEZ EAURENTZ, £ 2T ) LWBOREEZFML T, v X T WM ZEAD="7 b)) O
BV CRE LS E s 2L 2#lhiz, 3ODOTETRERELLLE ZA, 320Kk LFIATE & AUEILERIL
114 ~176% ToHo72o ZHIZEoT=T MY E HWT Y X T IE % RONE &R OFEEMI OB S B L £ TR
T&AZE, T BOTUNRAPEETHL I L 2R LT,

5. JIIIZ BN CHFEEANOBATRHE A D T DTN R0 72 7 FE IR REHIIERO T EP o720
L7275 THRREREE & F R imE R O M ICBE D 5 5 2 EAVRIE SNz, HEOR I IR BRI o725, I
IS 5 FEHOFG AP R I S REDP o720 TNOHDERDPS, IFWERETITH T 2 BT, I
2B 2 TEIRER M EIVEICB 0 2 TERORIGISEREZ SR L2 EPWLNERY, TEHIEIZBT 5 INRIEK
DN IREE & R & (B 2 2 LAUR STz,

DEofRzTenn s, FHIRETIIN S 5K/ 2 HIAANOBHRERIZ L - T, FIRELTFLOIRMK §5%) &
ARG (ER) RS2 2 SICHII L, BIROMR LR L7z € L CHERIREEIZ BT 2 BEEISUL > 5, IRk
BT O /NTT O EPUT IR 2 RIS R T2 2 & 2SN L7ze £ 7233 /N A O BT,
INERCHEINR T S €L VWL E R o7z, TRIBIRALIIE, BIEBEL V3% L 0D, TOMOINRIE
HEFBEOURIRTH L Z LW HNIT LTz S SITIFIEETE O/ ORI R RAFIN DML 2 23
THI LW L7 FEBEIEEIITN 2 &KL, IR BT 5 FEE R R R &, IVEICB 0 5 FE RO
BB EG 25 EDHAL N LR o072,

DEoZ bn, JIBGREOBICHURIZBWT, IBEERIIAEHLZBEATH L Z PP L L k572,
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mE, BHENGIEEE D257,

BRI X BHEEIZ OV T, Anderson 5 2 13 A FY A
THEESNDLIND ) B, 6.7%H N 7% & DI B
Td A EHEE L, Roland™ 137 X V) /1 TIREREII D 6.4%
PPNHEAEIITH B L HEE LT 5, Hamilton 5 ™ 13,
INHOHMER S LIZAEIID ) 5 6 ~ 8% DINA IR
AREIE L EHEEL TV D. ZOFIHIZIERLIEG 5
BEFICTORMEBLEATNS,
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% M0 Roland™ &, BIEEZEMRE LIHERIT
W, BEOR T TEEING 7.7% I ARIIT, F0
BGPEYH —TE5I25.16%DINHHEIN 72 5 L HEE

L, HWEEER T TOHEEIVOEEIZEMAET I3 ~20%
WZDIZ5 EHEE LTz THLEDIRINE 1 H22D
132 ~2 IV EHE Lz, CoHEIcko L, KRk
PIFEAT90% D=7 h ) T, FHEOESTIIHINO S
D% VIR 83% D=7 b ) L[ L &M ST
LE 9. BEIZITHIEIZBIT 5 IO BASRIZE
DEDOHY, EINEOMEARHF VWFRETE R Lo
TWbo ZOROWINOIEN LR R L Z LI, &%
IRIRATR Z

Carter™ 1%, BEONIEAb 2 & I0RZI D B E S ITHF L
T, I EEZ R 5 TIOINGHGEIZA LS E LT
Who OISR SR A TIDINEETH b, L2
S o TINRERE DR Z WIIT EIIAEIILIZ < <, BEIFIC
HDIZ WS &L b, ZO7, JREEE % EIamIZ
WELT, BINOREAZHIET A EDEENL L) I
o7z,

PR & BRI R T A 7290120, F 9 IR
ZEHliT A 012, E0 k) R EEEEL LTHY 22
PHEE %5, T LTEOREPEMLNERTFFEL, #
WRICELDUBATELLDOTRIFIUE RSV, I FE
THI R E ORI & L CHL) BiF & 72l g2,
AR 1ONO g MY gRARONEE I Y IR E 1Y
BRI Y JERBEAIE Y, WA RIS ) OIFR%
D el e b, Tl ial—y—F RHES
A f Bk BRI SR R SRR & L 22 RF R b )
HENTWD,

TR ION (PN7%) (I E L C N AN o IR
DMEDOREIEDOZ LT, g ELT 5T vHE
BRCOMNRREICR DIEWVWEE TH L. ZOREDOME
13 1955 4 12 Brooks 5 ' 12X o TH® THE S,
Z ORI ERERLEERENGE SN, —RIcd TR L
TWb, LALIOKEE ISINELRLINRE & [ U
I, MEBIEL W EMETE RV E W) KAV H
2

AR L, JRHEIZINREE & OMEAE <, IR IE
WIERIZMETE D W) RN D A%, HIEINR
AT AIRIE & V) DI Tl v, FRREOFER
REORESIZLDEENEH N WD Y, 22T
FEMIE TR T & BINREHEE &) & & TIRMIELTE &
W TEDE Z &N, INEGRE & IR CllE T A
ZliE, EEIRORRFME L H e b LEHT, 2

A MDD HEBEOFEREOY T, BEHEHAY) v b
HRE
JERIEATEL, 1962 LI E OH L WllERE & L
C, Schoorl & Boersma'™ 12 & o THIH THS- 27z,
ZOWPEFE, —EOMELXIN (I T 72D
WOEREZWETAHLDTHA, LI LLYWOHIE
BIHEO L THELRH - 72 T bbb EROKE
S0 1Imm LR ENS L, ThE YA TV — T THl
ETLIORED LTHRENRKEL, TR IELHEL
Polze TOROIRREORE L L CoOML, &y
sy PIOBD L RN P (2. F D, Voisey
B HRIBI - ko TEEATNZ S, K O i
S E AR & IR s AR S S A, FEREIEA
TEDIIREREDOIRE L LTHL TWnwad 2 s

7)», 42,131,134)
o

ZDOEINIVD VA LRTLEINEREOTRIE L L TR
A, CHEHCERERLRAONDS L)1k
oo BERFEERTIL, JHop HER LS g 101D
N s R 18 Y A | 18 | O /3
FY R EOBED, B LTMAEDET, Ik
BREOIRIEE L THW SNz, SRS OBIEED % <
(&, BEHOTRIZE R X AR ENA SN LS L
TWb, LA LERIEIR S AL TOboFE AL
T, RINID7 5 BIREBROBE BN 2> 720

NS DIEDOHT, FEWIRLI & PR R DIREE &
L 7= FEERTIL, Pevzner 5 % 1% Schoorl & Boersma
DOJF i TIBIRLEE A WE L THB Y, = e p fE
WA TW722%, JEEEATE ORI X 2 A8 IE—%E T
Zedrolz b WE L TWhe F72 Van Tijen'® 1%, FEpiE
ZEIO M IIFREIE & 9 L & LA A D CINRE R EE O 1R
e LTHY, Hl%ED Schoorl & Boersma @ /5T -
TW72As, EIRIC X ZYEBRDSA S NIz LG L Tw
Bo L7230 THEDEEEROIEEREL SNTHED,
IEMIELT 72 2 4RIE & L - T OB IRERIATD
NTWwiv, F2IEHELTEONE S, Voisey H DL
BRIZM o720 O TIE A<, BRKIC L 20 EER S s
IZE o THRLE TV, 207280, #IKIZBIT 250808
FEDIRIE L L COIFFPIEZTZOH AMEIZ O WIS »
TIE %o T 2T IR 5 38008, RFHRET
B2 INE IR AT THELH S~ TIE R,

Z ZTAWIGETIE, JRRGREE DRI BT 5 Il
Eof R, ROBHEEE L OMEEIZ oW TR %2 B
Chol. TETHE1IEIZBWT, Voisey 5 DRI L 72
HISER & 2 IFMIELR T 4 PR E & LC, 10 AR
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D720 KN 2 FIANOEIRFEERZ AT, BIROR)R & M
HL7ZOT, ZORBEIIOVWTIERE, ZO8%, JEnk
BERORRM (555) LGB (GiR) Z2EET S
ST L, BIKOMEEMER L /2o FoBIEREICE
V% BRSO 2 5, IR DU R AR % B S A1
L7z 22 CH2ETIE, IEBIEER IS 2 BT,
MDY R INE R IR 7 & OREF N RT3
BZOWTHE L7 RIZ OV TR, Z0fE%, I
WAL O/~ OES (58R) 25, INER IR L
BTFSELIEZHLNIILZ, 2L RFILED
BT, EBOBMHUEOE TIIRELREEE 725729,
B 3EICBWTC, ML % I s O & LY
HOYREIZONT, ML OL&MEE%EE L TR L
FERIZOWTIRARD o Z ORERIFMIRATE L, MR
EVE%5LL00, FOMOIGRIEYE & FFREOL LD
KCThiHILxWOENII L, &2 TEBOERETIERE
bFRIEa~— Y VOBE AT S L CEELRFELYE
ThY, SOHITIREDSIEORAELGT L L CEEREEHE
Rrzd 2 Ens, 84 B TIRIFIEATI 0T 5 EHD
PRI AT TREIC OV T NS, TMMLIcBIT 5
PR DEZEIZOWT, IR FEREAT o 7o R & B~
o FI2INRIERK & SNRETRIE OBIFRIC O VT S 22T
B0, HS5FEICBWT, BIEERCTIEE SN/EK
SAREOINFEENZ BT B FF I DV TIANAE R IOV T

j\jﬁl\‘%o

B1E FFRREMICKHT 2 K/ 2G5 ERIKKER
ICE T B EZRRRRIC EWRMEICE S
3 HHBE RIS

1.1 #%s5

BIMI AR 2 5 DFETI IS, IRk 2 S ze <
o AT A U A BINIAT 2 EI0 & L CoRE il
flE% 72 9720, BEFTICIBW TR O RS L/REHEN
HEEL 25T, ThEHD 2oIE, EEEE D
F2HEEEEE ST HED 200K 5NN H 5, L
LEEINRENI SRS IED & 00 d B HUAE, EINFETI DA
BARUBIZHL { 2o T\Wb, ZO70YIRGRE % U
LT, WIBDSEZIET 2B TN L)l
726
INFTIREEOHEMRMWUEEZDSLT, £ D
BIREBRPAA SN2 TS ORILFERTIX, I
S g Y AR E I Y miEsREr T, I
BZET 1Y IR P R P oI E D, BE—b LI

%105 (2010)

FAEDLET, INREEOREL L TH LN,

09 L, FHHTE & IEMIEZ T IS 2 IR
WET A HETH L. L L, FEBIELEROWEIZD
WCIZEER R ER RO T2 b0k, Ik
WA T2 T 28I & L 72— IR B O BIERIZfT b1
Lotz Dk, Voisey B I3 IN7E I E B 2B §
5—EOWENS, BEOMTHRDO DD LY 3 s
DR e A & FEMBE AN ESE E L, b
DINREGRIE OFFHE & LTl LTV 2 & s L7z 2
L Lah s, #KICBI I EEOIREL LTo,
IR O H FPEIZ DWW TIZIH S 2 T2,
ZZTH1ETIE, Voisey 5 OBFE L 72 HlE 12 &
BIFMEE T 2 R & LT, 10 #RIch 720 R/ 2
FHEA~OREFEREE T, IFIELEEO KR (55%)
LR (R) OFEM A RA, JEEIEETRIC BT 5 #
ROREEMET U7zo F7-HIEREE 2 BT 5 MR
JGA D, JHEEREEI T A EAREHL 2T LT L
L7,

1.2 BRIEERETE
B

BEIREER O AL RN RMOKES RIS 50 (K
FURY Yy —RESY) TRAESNTWALHEL 7
R— RO G2 Rt F\ 720 G2 A%t | b I8 7 25 4 35
DA T 2 RFEOHTIE, JIEIZKE { VAFEIIEEDS
FHVODFEHTH S,

Bk &

FIRFEFRIZ BT, Rl OIEREEEATE & SRk AL e &
U720 FEBHEEATE CIIBEAVIN S VIT &, P70 AL A0
WEERT WD B = QIR L TR 2
HIANOBRZ T, KT FIANORIRM T 555, DN
N EPCRIT 2 5% & L7ze PIEUITRMZ L2
FEREOMET 320 T & L7z MEIZEMARLERICED S Ik L
7oo ML, &% &9 2Vl FEDEFFIEH L O
T, EAOIFRE K TIE L 72MIZEoWTOERL
770 AT KkIZk=0/C+ @ - Dh) o LY
Koz, 22 TnildeE ) Ao h iz
RELKL, W =03 EGE L7ze BUCHEUIMRH E b
HE10 ), MESO T & L7zo EHIL L4 1AL LT10
HARATV, EOM OIRREEDEAL 2 A L 720 72720
1M H ORI BT, FEBIEETEO M E R E AR
T o7z720, BRI 2 kAR L LTIk E 1T -
720
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SRR E D BIE

JRRSREE DFRRE & L CIRMEATE & i 2 LY 1
FBEIR D ¥ — 2 %5t X 72 36 ~ 38 BB IZHIE 21T\,
BIEOT— % & Lo B OB E L CdikE
X729 AICHT5, BRI S 31
DWW, FEREIEATY L ERE WY, 2 OIS fE &
BRDTF—% & Uize MIEIZFEINT: 24 BRI LLAIZ4T -
720

FEMAEAT LI R EE N e 2R (1 > 7 A a#) & v
THMIE L7 ZOMESIL, Voisey b OIS L 72llE
& F LFEI RO WTEE SN2 D TH D, T742b
BRI LR EE TS, 7 0 ANy FOBBHE
10mm/min THNZETI 2 Mz, Z O EMHEDS 1.1kg &
oz, 7 a ANy FHPIUIHALL TH S OREH)
PHEEZ BAMICHMET 2 0T, TR LR E
L7 COEREEMEMTEH > T, WE kg b7
DI L 7% JERE AT & L7z,

F BRI L, DO R E (T A a)
R, B L2 0 M 7 1 2Ny FORE)HE
£ % 50mm/min & L CHIE L, J0ATEIIL 720 0 di KA
HEWE L7z,

XL AEEE

B OZEIE AN TR T, £& 59 Z2uRY
FE LM BT EAI L Lz FHINIEERIN
E (IREE 14T, MXHEEE 85%) (ZfRAF L, HRAFIRmIE
R 3BM & L 7zo R L 72N § RTINSt L 72,
M bidmgtitat 12 A 15 HEifk & L7z, BfbL7ze -0
5, I T RTCOMEE, FHEIEERRRH20 2]
FTORMAIELAIEATER L7z 17 B &
FRH720 12 EEAIRY, MEXE &N S
512 320 M & FEA T,

ik 4 E TIEEGT, 2ok 17T HEimE TR
Y= D CHERERNC BRI TE L L 720 mATIE 1I5L (15
FEHIEAM) 9D (9 WeRIREHE) & L7zo 17 i CHIRES
BB, MUIEEmEICr— YT, M2 TR
=T THEE L7z, HITIEERR L F L 15L:9D & L7z,
HSIT AR O AT EI Y ba— Wik Lo o7,
SRR OKIE H EERLE L7z R OMRIZ TR 1ITRL
720 OO EAEEIILE ERBIGOEITIC L 572,

1.3 JFERIRERS & BURMEE ORER
FERIRZEI DR 7E 27 D S WL A FERE A D IR IRF (2 AT 12
EbRhporzlzn, BERE 1B T, JIRGRED

x1 R5EFROER

oo oA (%)
FrETDOY 56.3
~Aiu 9.0
KEAH 7.0
Jsit 7.0
T AR 50
T oK a7 2.3
TIVTZ7NT 7 I—)b () 2.0
A=Y INTF Y I 1.8
VBNV T A 1.2
i SR 7.1
Al 0.2
Byt 1.0
vy 3 Y BRI 0.1
T AV F— (Mcallkg) 2.82
My 828 (%) 16.25
BN L (%) 3.57
B3 2 (%) 0.77

(Y)

WEmE (ke)

20 40 60 80 100 120 140

HWEER (um/kg)  (X)

1. 51 HRICH T 2IEIRER & WIRGRE ORFR

IEWREM T & L COIEMIRELEIL & BEmE & ORI
DWTIRES L 720

e &

FA 72 1R P 1 AR 0 TR 55 T 4% o M 584 1T,
36 JMGIE |2 FEIN S 172 1455 OIS DT, AR
& IR O W GE & AT - 720 ME H L BB A T
DETAHTHENRIZEBYTH D,

HR
IEWIRAT & BBREE D 3 A 2 B 1 IR L 720 Bk iR
FEREIERBLIT HIE £ & 2 5N HBIRIREE & IR
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TEOBIZIE, — 059 EHOMEPRO LN, ZDZ
EAIBBEBRE AR VIO F ) PSR AR IS, I
WAV N S W L 2 ERT 5,

F2IEBIEATE X) ISR B 0HEEE (Y) O—K
s x KDL 2 A,

Y = (- 0.024)X + 4.348

b, AEZ—REE (P<0.01) 2»H5N7h7,

Voisey & " 13 E H O BRI L L CHIERIE &
JERIEETE & O T - 0.73, BEEERE & INRIE & oM
T3 064 L3 L TWhH, F72Potts 5% DG T
1%, SHEHO I~ — ¥ v VI TRD 72T OAH B R EL
(X, WREEREE L IEMIRATE L O T - 0.78 ~ - 0.93,
TIERR T & IRIE & OB TIE 064 ~ 083 ThH o720 T
7= Hunton O#iisTlE, B pE & JERHEL & oM
T— 071, BIEGEEE & NRIE & ORI TIX0.67, 723
WL EINRIE & ORI TIE - 0718 TH o720 E5H1C
Voisey & " (3 IERLEEZA TR SERE O MIE %2 0.5kg & L 72
Wi, MR & IR & o M OM BRI - 0.62,
IR & ONRRIE & O Cld 0.69, MRIEGRE & JNRRE &
DO TIL 046, BEEEIRIE & NIV I & O Tl 0.64
LHRE LTV A, Voisey & ' (300 & IERHEL
EOMBREEINOY A4 XFNIKDA-E T A, ~ 052
~= 076 TholzbiELTWD, WINoHEbIE
IR L B EERR L & OIIZIE, BVWAOHBEOH L
ERRLTWD, FMHAOKRE S IIRIERIIRRINE
e e E L OB EF L H5WTH D L L
TWwh,

KREEROAE R O L BIEIREE & EIEL I L O T
&, FHOERI RSN FMHEOREZSLINE
TOREOHEHHANTH > 7275, LLBENMETH o720 &
DEIRFER TR L 72 IR 20 4 OBl 410 7
EOBEWZEBEELEZ OGNS, LALLM AD
IROPREE 2 FF Ml L & 9 &3 256, FERHEZLIZIZIN
FRIE RPN, INRRINE L & B CRBREA R 2 B EE T H
HEEZLN, DHEOBRERICBVTLT] & k& #IK
AR E LT,

1.4 FEWBERICAH S h-EEERRT EWIERE
ICH 1T 3 HEERE
IR T 5 10 #AUZ D72 B RN 2 Ji s8R
EBOT—5 % LI, IENIEETIZ BT 5 EEER
G &, BRIESREEC BT AAHBI UG & BTl L, BRI R
IR L7z,

#1095 (2010)

MEEHE
BIRER

SRR % DU IE DIGHE & L 72 2 IR
BEEIE 1 2 T2k B Thoo

T — 2O ERBETCEOHT

T — & O5HTIZIE Harvey O i/ 5380 7 a 7
& LSML76™ % v 7,

FEHLEEERL BRGSO 2 BRSSO [ R
ZX o THEE LAY, B HHROBEEE, MM
MR 2> 5 SR 6D 72 B % P L TR 7z MEDEDGFE
5 ORFFROETTFH 26 ORI, WAL L2 F
ELOBTEAMINT L TRO/z, HEOSEEAEL, &% &
I 72V OREDTEERICE AT LCRO/2EE D LI,
ERIBEIZ L TR 720

RS
ERRUE

A DRI ) FFBIRETE DR 2 B 2 1278 L 72,
BEPOLE Th HIFWELTL TIE, AR, §5R & HITHAA
ORI RILFUE SRS 5, 5 10 HALTIE R
#351.9 * 6.2 pm/kg, 59545 100.6+13.4 pym/kg & 7% -
72 L LRUGOREITRMICE o TRE o7 T4Db
LRORKIGIEH T Y REL R, B 7 HALETIE—
EDFME RS ol —HERIEE 7THA T TEE
LcsmL, 4 S LIRIZ S SR & RMiNE /R L.
Z DFERNN 2 FT AN OEPUL IR B 72 UG 2 7R L 726
R IR AR L & DITNS KR D DI
L, 55RIFE—RNE % o 725 8 IR DR IZ R R &
{rotzs TR T & ORI O /N Z et il
MO LRI ORMREL2ITR L2, B 1HA2S
RMEN A B R EZ RO SN, 5 2 HRLIEEIXE DD
JRSY 5 8 WA LIRE & 125K & < 70 A E[M2SFED
5Nz,

AR DR D BHEREOHER Z [ 31 TIR L7z, B
HEEE IR ORI E Y, R, FRE B ICHL R
B SUG 254 & 7z, TS 2 A F TIEEEREIER &
ZIZFE L THh o 72hs, 5 3 AL NS 2 M 2 7R
U770 §9R1EE 4 R FE CIIRELELHE RS Lh o7z
A3, 5 5 WAL & A I 2 R L. L7zhio
THRBEMEFMAROFEE LD IckE o7 (K2,
F7oAROY A, JEREEIE CILA 5 A LIRE I EI
B3 N KEL o loh’, BHEMECITEMEZRL
720 ZTORERGE 10 AL TIEHEAR DS 3.75 £ 0.46kg, §9-%
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120 ~
100 +
80 A

40

JEMHIEZEF (um/kg)

# K

K2 JBRICHESIERR () RUBR (O) KB 3IHRE
FDHRE,
BRIHABOFHEEZ, EHEREZOREREZERT

4.5 -
4.0 ~
35 +

3.0

B IR TR (kg)

25 1

2.0 A

1.5

# K

H3. ERICHESRR () RUHER (O) KB 2HRRE
DS,
BRI RBOFHEEZ, ZHRIEZOREREEZERT

x 2. FFBHRE & L ORREE O A5 OREEREZE

A
G, G, G, Gy Gs G, G Gy Gy
IR T
AT ] 75 O fie /N e s A1t
555 —50R (um/kg) 4.83 5.78 7.55 18.06 2226 2522 2897 4046  48.69
%ﬁﬁf’ﬂ%@ﬁ%lé Kk *% Fk K% *k E23 *k *% *k
Tt
S I 72 D fe /e e (E
iR = 55% (kg) 0.18 0.22 0.32 0.84 0.98 1.15 1.15 1.46 1.59
%‘\ﬁ.ﬁ [:lﬂlj }—‘Jn’—‘z ) ﬁ J‘Ej':‘li *% ** *% *% *% *% *%x *% *%

** 1 P<0.01 HFEKRIEL B THEED Y

H2.17 = 0.34kg & ko 7z. L720So TIRMIRAT & 48
FRE LB L o C, JRREDOUEDN TR TH S
EHRENT

FERFIRATT & Wi DEHF 5

RIS F D ABEGA IO, HADOKEIZ
HOHEREZH AR L7z, BADEE, 1A T
40 ~ 100 ym/kg OHFFAIZ 545 L T 7258, AT
2O, IFFIRETE D/N S I Ai O E D,
GRRORY) DEL o 7ze FORERE 10 D5 1E
40 ~ 70 um/kg OHPAIZ 72 5 720 —HIGRDLGAEL, &
T AR CUEEER & A U < 40 ~ 100 um/kg O #iFHIZ 554
LCW7eas, RANET 2D T, 54 R A IR
TEOREWHFIZERE L, 5540 S 5 10 #ATIE 70 ~
140 pm/kg (ZJAH3> C, GO E — 7 ML o 72

AR 3D R AT I DT, R OREEIHE

IR A5 IR L7, A0S, 6 1HATIE2 ~
dkg OHFIZ 545 L CTva7z28, RS iz T, %
HREOREWHIZHADBE L7z, ZOMEHE 10 1
fTIE 3 ~Skg DFFHIZHA L, TORIETH T Y ZAL
LZerolze —HISROYEL, B 1A TIERR LM
U< 2~ 4kg OFPAIZ M L Cw7ess, A5 12
ONT, GAEERDPBEEREO/NS WHICHE L, H5
DOIEHEE 10 A TIX 1.6 ~ 3.0kg & R E - 720

IREER DORBEEE
FEMIIA T O P & RS % K 3 1R L7z iR
OBEFZEFMROZA L & LITNEL R DHEIERL
2o THUTK L THRIEZLVOLEHEH L O OD, T
BT LZVICKE o7 ZTOMEE 101K F
TOREGRIE LT RDHBROR 16 L o720
IR E O FEHBIEFE O EMIE, BRI I
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4. BRRUGHRICH T BIFRRERICE D B HOH

& PR R b EAE
N =73
SR 59 R
40 40
30 30
G1 20 20
10 10 1
0 II Ill wil g II II- \\\\\
30 50 70 90 110 130 30 50 70 90 110 130
40 40
30 30
G4 20 20
10 1 10 1 »
0 b oL 11| T
30 50 70 90 110 130 30 50 70 90 110 130
40 40
30 30
G7 20 20
10 ] 10 3 M
SN || PR ot OO |11 Py
30 50 70 90 110 130 30 50 70 90 110 130
40 40
30 30
G610 20 20
10 Hf 10 3
0 I I TP A A ' I llIIIlll
30 50 70 90 110 130 30 50 70 90 110 130

RS

IEWHEZS (um/ke)

JENHEZY (um/ke)

®3. FFEREROEFMAICH T 5 BH=E ERRRIT

FrffFeERe 26 10

i
*

W
|
J&

%

X 5.

EPZE (umikg)

FHOS (pmikg)

o It Py R Bt L

5 R
G, 961 721 841 841 4.98 4.98
G, 9.43 654 798 16.39 —6.30 -1.32
G; 821 6.83 752 2391 6.08 4.76
G, 6.61 492 576 29.67 0.67 5.43
G; 762 538 650 36.17 0.21 5.63
G 509 417 463 40.80 4.30 9.93
G, 6.18 429 524 46.04 —3.46 6.47
Gg 723 562 643 5247 3.78 10.25
Gy 6.34 242 438 56.85 —2.30 7.95

FEHLE (R 0.16

§5:%
G, 956 921 939 9.39 —4.02 —4.02
G, 1328 586 9.57 18.96 8.07 4.04
G; 1022 9.89 10.05 29.01 0.32 4.36
G, 1211 591 9.01 38.02 3.44 7.80
Gs 1293 7.06 9.99 48.01 3.99 11.79
Ge 898 851 874 56.76 -1.33 10.46
G, 12.30 10.03 11.17 67.92 6.74 17.20
Gg 13.11 10.66 11.89 79.81 8.18 25.38
Gy 13.63 11.82 12.73 92.54 10.53 35.91

FEHRER 0.38

FERREEZE T (um/ke)

5 (2010)
i 55 A
25 25
20 20
15 15
Gl 10 10
5 . 5 .
o Lo, . [N, .. ..
1 2 3 4 5 1 2 3 4 5
25 25
20 20
G4 15 15
10 | 10
5 5 M
o L. 111111 o Lo L.
1 2 3 4 5 1 2 3 4 5
25 25
20 20
G7 15 15
10 | 10
| 1 1
o 11111 P 111111
1 2 3 4 5 1 2 3 4 5
25 25
20 20
G-Io 15 15
10 10
5 1 | 5
0 H‘HH-II Ill 0 ) - i
1 2 3 4 5 1 2 3 4 5
250 FE (ke) Tl 320 A (ke )
BMBRRUTERICE T IEEE CE D CEEFIROHK
i3
110 -
100 -

90

80

70

b=0. 38+0. 04

60 b=0. 16+0. 04

50

40 T T T r )
0 20 40 60 80

100

REEEZE (un/kg)

e BERICHEIER () LUVHR (O) ICHTBIFHE
EROEEEERIE & REEEEICHT 2EF

T 5 ERUS OGS Ko, 1R TIE0.16, §5RTiE

0.38

"C%’)f: <6>o

1.5 &%
AR OBIRERRT, IFBRER DR/ 2 T~ #Eik




AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72

IZ& 0, BSOS 2 @KU bz, IR O
I RIZDOWTIX, TIFE TE L OFgEHE HHENER
i, FFIRATE 2 PO B I o T2 HE b H 5,

Van Tijen' (%, JEMIRZT & N & E D S 7 5 1
PETR RO RIIREL E LC, INREIRTE % A U7
ANO 4 WAGEP AT, FEBIEETIT NS o lz L #R
# L 7 Pevzner ¥ 13, Bl 7 R— 22 RIS
DWT, FEREEATE L IR & SRR, AT
A&, BEIIERIEE < % BT 3 R A 1T 5 72

2, FRWHIRE WA L 2 AR D Y, IO
bUYHESPRON LD o7z L L nd EmEETE

*EUHBILEOERTH %720, IEHIEETIN T
LB O F A IEMEIIT B L TV 72 vy, HE1C Pevzner
5% OEARENELOMBAHES LTV bDL%E
ZHNb, THITK L, SRIOEKERIIIEFIRETL O
AR E LIHE—TREORIKTH V), LT H5
RICE > TELTARETH LI LA RTIENTE
720

Comb & ™ |IHEEBARE % 54512 L CHAGH 2 H 1~ 2
AR 2 AT\, BI85 5 A58 % T 3.45kg, 595 T 3.04kg
27 o/ & i L7z ARFEBRTIENR 2 iAo BEmE 1L
iR 2.96kg, §9RAT2.74kg TH Y, REE0EITR
PREVHHEETHY, ToBRIROREL &b IRKE
HZEZIRAS o Tz L7228 TINRGREE OB OIRIE L L
TIIEAS T A TE D EZ NI, 7272 L8
2RI BT 2 AFM DA Comb 5 1FEKRE L %
Mo 728, TAUTIERLER & BEEROEVIZL 5D
Lz 5Nz, 72 Voisey b PV IZIEMHELSTE & BT
JE L OMIZIERTEOBRD S V), B 2 2 518

37

e L CIEMEE R Vv 28481%, kb L <idxtik
e H 2 EIZ X VHEEREDS AL L LT,

12022208 AN S e BB B I NP 27 A NP IE| S O I A
WA SN0 TOZ EIGEEPESICONT, A
Ml & 0 IR DM DAL CE/zZ &
R LTWAEEZ LML, FEFRZ EIKUS O K KA
D128 LT, FHELEEOLEL L COMFELrH S L
# 2 bN7ze £¥, Falconer™ 254545 L 72 R EE#) 5 (Scale
effects) DEENH D, Thbh, SHIOEKERTIE
IEWHIEETE O TFIGMEDK & < 7 BTN TIEERZE S K
ol T2 10 A TOIEMIELTLOE BRI
E58RDY 12.0%, §92A513.3% & & F V) Do 72 (F
4) KIZHROEBGEE &I, FRARIICBIT D594 OIEA
Bl e o 72, EBIEE CTlE 40 pm/kg £ 0 /N S Wil
ERTMEIEA R, Z0d e ) IIEIEATIE O Ml E S
ELTCOTRDEH 2 #2572 Van Tijen™ 0k
FERIZBWT D, IEBIEETROMEFGIR L L 00,
FIRRDHERAE STV 5o

REBROFER > S, FBIRE 2 et & L 72# kI
LoT, RGREEZUETE 2 2 EAVRENT, Ll
IWIELETE 2w EBEO =7 M) OBEEE~NCH T 5720
121E, BRI E CH LINEREINEL &L oM B
SPICTBLEND B, FoIEHIEER AR L%
WHBIB DB L) BT 200, WHIZT 540
BHH 5o

1.6 /&
IEWIRIET % INRE DRI L L7238 DIl EH Ot
HOTREME 25§ 2 72012, IR 3 5 K (55

x4, FHRBFTROEHADOTEYE, ZERZECTHER

o iR SR 55 %
I 2 ff 7 LERE P R 7 ZEEFRE
um/kg pum/kg % um/kg pum/kg %
G, 59.86 a 10.41 17.39 64.69 b 11.79 18.22
G, 5488 a 9.49 17.29 60.67 b 10.86 17.90
G, 6118 a 8.35 13.64 68.73 b 9.93 14.45
G, 55.10 a 7.29 13.24 69.05 b 9.99 14.47
Gs 5443 a 7.01 12.88 7249 b 11.23 15.49
Gs 5422 a 7.22 13.31 7648 b 11.15 14.58
G, 4993 a 5.59 11.19 7515 b 10.63 14.15
G, 5339 a 7.07 13.25 8189 b 11.89 14.52
G, 4961 a 6.69 13.49 90.07 b 12.01 13.33
Gy 5191 a 6.24 12.01 100.60 b 13.39 13.31

ab: F—ATRFSHICHEED D (P<0.01)



33 T PE S BT T B R

) KOVN (B85%) A0 2 @R FEE % 10 1AL
(2720 TITV, JEBEEETE OB US & BEREE~D
HEBIZOWTHINT, BYIEE CTH 2 IEHIRALTL, il
F, §5RE B ITHAAOREE IRV BB 2570 H i,
55 10 AL TIE5RR 27519 * 6.2 pm/kg, §55% %% 100.6
+ 134 ym/kg & % o 72, L LBIEUS IR O H A
NS, TREG 2 AR TR IR BUG &R L 720 Wi
FEIZDWTIE, FEBIEZE TR 3 2 BB AN S 200
THGRIZB VT, ZELZHEMERL, FORES
10 A% TR AT 3.75 * 0.46kg, 59575 2.17*0.34kg
Lol TOTEPSHIFMIEETL 28R L L 728U
Lo T, IFEREOLEATHETH D 2 LIRS NI,
F - IEBHEA T O EH R, WA T 016, R T
13 0.38 & HEsE S A, BiES 2 /A H CIE R R A R L7z

F2E FWEEHICHT 2K/ 2 HERKEER
IZH T 2 EERK R

2.1 %
»HLHEMEIKN L CGRIEETT) &, ZOREDS O
B4 OBl NL, 2O L) HREFREZIHSH
1295 2 8lE, EROBRKEED FTIIEETH 5,
BREBRICB U AREROBRIZOWTIE, =7 MY
TIEEIN L INE &L oM TROMBBRDH 5 Z & A3
SENTW 5 Y FRoMETh, EINEIET 5%
WEAT) &, INERLIHHLESRT T2 2 LB s
NTWw5 P, F7IBE 2 AR & L 2@k EEBR T,
JHECREIIEE S 2 W ILEIE - DA ORI - BT 5
RS BUG 25 & s B BHOBEBBLD 2 gy £ ¢ 98,
PO G DAL O IR BN 7 ) BB SUS AR B
72 EEWME LWL, ZUIx LINEREINFIC BT
LHBISEH E ) @ 2L, FMEICLHEND
IS N7 FEBIELSIZIZ OV T b Pevzner 5 %Y % Van
Tijen & " 25 % OE & OMBYSUS % #i LT
75, FHEEERO A LR E L —TRE OREIEFR T
E 72\ FO7OIEWIEATA T 58Ik L 588 %
EREICBE L TV D S 3V 2 v, L7zt CIEREZ
Frnge LE—TREOBRKERZTH) 2Lk
T 2 DB L OMBENIE AL T20EDNH 5.
GRS DRI, BRI IR % 5 < L ChESD
OHMAWMS T LD, RELHWTHS, L7zAoT
IR MR 2 8RS, EIHEROBCR 25T 2 2 &
BEETHL, LELEDS, ZHhETVAWVA LRI
TR AR T T X 72 INRGRE OBEIFERRTIX, 2

il

#1095 (2010)

DD S DOFDNTE A LR ENT W, ERRRD
WIOMBFE LM L2b0L LT, Y 3Iab—%—
W2 & B B0 O 56 A S A R IRIE & L 72 Garwood
5% ZHNCT 5 &, JILE A EILIEIE & L 72 McPhee
5% O, 3ODIHRIBLEIZOVTH—IZED 2
75 10 F2 8% % 47 - 72 Hartmann 5 ™ OHE DD 5.
[DERR NI TLIPN NG 7 §y/E SINZNCY (WARaE: 3 P
Wb,

B0 o HBLEE & R ERE & O — I 72 BARIC DV T
2, B OWED D Ho Tyler 5 19 1%, H AL Y
7o) OYNE L HEIN O MBLERIC, AR E RO
BB X 2 R R % ko T 2. Bowman 5 ¥
E, IIREE L ORI - 0.84 DEVE OB & s L
720 Wells™” (350 05 %0 B T 24 72 V) o0 7 EE % 97k
BREEDIRE L LCHY B, wFhd il s
=073 ~= 077 OEVEOHMRERICH 5 L L7z,
Holder & * dPBILEIIHIBO 2 ) LT S 0fRiEL LT
BTV D LA L7, Strong'™ (&, JIHE & IIAEIN
HEILIIBINOHHE L — 085 ~— 0.88 L BV E OB
FALRIZ & % 7%, BEEETRIE 1L — 0.16 LKA o 72 & s L 720
Thompson 5 'V %> Grunder & " &, BIEHE R HHH &,
GO E b & IR o0 I BEERIZId + 0.3 ~ 0.5 D IEDAHBY
%, F72IERE I L IR o HEIER 12 1: - 0.31 ~— 0.35
DEDHMEEZ#E L7ze O XD BN MEBR & ik
BEOIRIE L L TELNLIE L oI, HEOKE
SEENYDH L 00, MEMEIZROONL, €2
T, SEOIFEBIELT & FHOLE & L7z 10 #Ab7z
BR/N 2 AN DBIRFEERIZOWT, JIFESRIE 3T 5
YRR E GBI BB A I T2 2 LIdEET
Hbo

DEDZ Mo 28TIE, § 1 ECTBRZIEmEZE
Fzxt 3 % 10 AR D72 B Ko 2 KA~ EIRFEERD
7= R T, JEREEETE & IR ) O
- T 5 INESCEEINEES & O FEIEHIBEME I DV TR
Y50 FRFEBROWERRIIOVTHINO ML 1R
FEIHRES S % 0

2.2 DIRETE LEWRENICH T ZEERRRT
I 2 BRI & L7z, 10 RIS h 2B RN 2
TN ORIEERD 7 — 5 % F\C, #IKIZ & % I07%64
TEE N ONIRE R FEINRE I A & 7= AR Bt & B 5 2212
L, FEBHEATE L ORI E IO W THRE T %,



AEVE  IEBPRATZ T 2 B K 2 N 5RIE OB R A R IZ B % fiff 72

MR ERE
HEAEY & RINER

IEMIEZ TN § B K/ 2 TR FEBR OO
TIEE1FETRREBYTH L, ThbEEWKES
Ml FEZ A (RS SR v & — i) Hkor
LT AR—VHEDOG 2RHEO="7 M) & T, JERE
IR L TR 2 FIa~ER 217w, K71 % 552,
INFZGRRE Lz BT RHREZ L2 MR FE I O i
T320 W& L7zo MESMARRSRICED B L 72 HE
£E 1) RO PHMEOEITIEH S DI, EHAD
& L72 IR W TR L 720 EPCHIEUZM AR L b
ME 103K, W80 T & L7ze kI 10 HARAT VS, Z DR
DIHE, IR EOZEALIOWTHAE L, 727201
1 H ORI BT, FEREEATE OB 58 21 A ARSE
WCTdh o727z, BUIEMRE L B L L CGERET-
72

SRS & EDRRE N DBIE

JURE & LCHUY) RT3, SR, IR, Inet
W, OJNRRINE L, INRARECTH B EINTEL L CIER)E
Hi, #EI=EZ& LY BiF7e,

P OMEL, IO Y — 27 %8 X7 36 ~ 38 Ml
WELZ, Bl & IERHEATE OWIE & FIKECAT - 720
B RERR S N7z 3 OINZ DV THIE 247V, Z D
BE % MR D 7 — & & L 7ze BIGE IS FEIN 4 24 BRI DL
MWIZAT 2 720

IR ARE T OIE DI & BT, ) =T 7 —
Y UNEFRIZRE) & CHE L 7ze PRREE I FIINEIK
L, 100C T 1 BERMIEZHE L 22212858 L 72 INIAREL

39

FEEFRICHT 2HUEDIELZHGETELIZDDOT, HI
g (BT LER) CHIELZIORE L EED
fEA 5RO 720 JIRINEILIZINE (233 2 IR E O =R
THDETELEZLDOTH S,

F 2SRRI oW T, RO EIIRCER E b & 12,
HRE F i, EHARESR=E (181 ~ 270 Hil), RIAFEINHE (181
~ 370 Hifm) Zif L7

F— 2D
T — & O4HTIZIE Harvey Ot/ oot 7 a o
Z 2 LSML76"™ % w72,

LS
IR E RO EINRESIC BT 2 BRI

MAROFEEIAE D IR E ORI 7 ~ 14 1R L7z,
720855 2 REH O KT EIZ B 5 RfEH 2= OHER % %
51m L7z
1. gpEE (B 7)

PUEILEGR, §5RE IS A MR ERE, HAO/KR
WPV B 2R L, §9ROTTNZ OMAE L
Polze FRMMOZEIEIHRPSHETH 57275,
I L - TEEDA SN, —ZOBEHIIER SN
726
2. PmRE (148)

PRRRIEE, TR TR 2 AL, A ORE Iz
W 2@ R Sz, —H5RTIESE L #HATeR
WAL THhOEAMRETIED T VEILL b o728,
5 A AL IEA T 2 Em AR L, BRI 7 AL
EEBINZIEAD LTz Z ORERIEBIRETZN R 2 #Eik

x5 ERICHTZFMAOMRELE LENRNDORGEE (BN _RETEME)

AL IR IRERA T TIRR L Ui d 7 FUIARE IR E WIE H i e FHIERE

g um/kg kg pm g % % H % %
G, 1.03 ** 4.83 ** 0.18 ** 11.7 ** 0.21 ** 040 * 0.23 ** 15 * 0.21 0.22
G, 1.79 ** 5.78 ** 0.22 ** 13.7 ** 0.31 ** 046 * 0.27 ** 14 1.78 * 1.18
G, 2.32 ** 7.55 ** 0.32 ** 16.2 ** 0.42 ** 049 * 0.42 ** 2.3 ** 346 * 3.95 *
G, 1.81 ** 13.95 ** 0.61 ** 32.2 ** 0.63 ** 0.54 ** 0.83 ** 3.6 ** 5.07 ** 6.18 **
Gs 211 ** 18.06 ** 0.84 ** 41.0 ** 0.80 ** 0.77 ** 1.11 ** 3.5 ** 9.06 ** 10.51 **
Gs 1.85 ** 22.26 ** 0.98 ** 49.4 ** 0.90 ** 0.16 1.35 ** 7.8 ** 10.70 ** 10.81 **
G, 1.70 ** 2522 ** 1.15 ** 60.9 ** 1.06 ** 0.06 1.66 ** 13.3 ** 12.74 ** 13.64 **
Gg 1.57 ** 28.97 ** 1.15 ** 59.1 ** 1.03 ** 0.19 1.68 ** 14.8 ** 1291 ** 14.29 **
Gg 3.59 ** 40.46 ** 1.46 ** 88.7 ** 1.57 ** 0.28 2.36 ** 19.4 ** 13.26 ** 15.29 **
Gy 2.55 ** 48.69 ** 159 ** 99.5 ** 1.63 ** 0.30 2.72 ** 19.1 ** 15.02 ** 15.47 **

> FERIEL % THEAED D
*HEKES % THEEDD
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2& o T, BRI HIE <, 59RIIIRRATHE < %= o 7o
TR OEIE I AP SFETH Y, HAOKE
Vo TEDILD LM ZR L7z,

3. Rk (14 9)

PR E I, AR TS IMA T TIHITLE A (LY
3, 4SRRI L CUREZIZ T — 2 Ol THER
L7zo —H55R M 4 R Z KRS, HRAOREBRIZHEVE
BRI T 2 EIN AR L7ze ZOFGR, R 2358
1R SHETHY, HADORBIHE > TEDPILDS

27w L 72.
4. JRORELL (4 10)
PURRBNE LI, 5RARTIEEE 8 #HAUZ By S A DRE®IZ

Mo THINT @A AR L7 — iR TIEE 1 AT
LA L, LS A AT TIE—EDETHE L
72h3, A MDA T 2 2R L, R 7
FLABE XS L7z TER N E O HERS 1 X IFRE
BT BHERE L IBTWz, TR 0235 1
RO HFETHD, HRORBIPE S THEANLA S A
R L7,

5. UNIEARE (B 11)

JIARE L, BRSR, 555 & DA 1 TN L 72 A8,
ZNPRIZITIE—EOHETHR L7z, KMz 11
2S5 MR ETIEIFELESREOON, DI PTO
T D 2 D EDIL D B E % A 7258, 5 6 ALK
EDVRO NG hotze LIS > THAFE ITIZMH
CHER %R L7z,

6. WFEHE (X12)
R, & 3T TR, BREDRELE

65.0 -
625 T
60.0
57.5

55.0 4

RE(g)

525 4

50.0 4

47.5

45.0

7. BHRICHESIBRR () 8LUVHER (O) KHTHMED
5.
BREHRIENFHEE, SHRIIEEREOKRE L
ERY.

%105 (2010)

LERAER D572 L LiRIEE 4 A0 D8 2 D
fEmaxrL, 87 WAUBRIE—ZOKRETHER L,
725 4 R 8 7R F TEAEB) L7278, &
7THALIEIL R R HA AR L7z, R OZEILE 3
A DB E L EDRO S, RO & R4 12
RS BAEMAZ R L, 59 HALIRIZ S 51K E (RD o
720
7. JEEAREDRER (181 ~ 270 Hih) (X113)
IR, §9RTIEE 4 A TI—E DT
BL, E5MRTHLEL 2o TURIZIZIZ—EDAKIE
THRE L 720 —HlATIEE L2520 0EHIEdH
%5 ODOEMINART L7ze RMEZIEE 2 5
B EDPRO LN, RO &> TR 5 [ % 7R
L7
8. EMgpEsN= (181 ~ 370 Him) (X 14)
BHIEIN=E, IR e L MR Z R L7,
TabHERTIE, 5 AT %N HE TEEL T
R L, AR TIEE 1D o ORI - Tl
HIARTN L7ze SRR ZEILEE 3 A B F B 2 ED RO
i, HAOREIE - TENED - 72,

HRBICH T 5 EIRRK

PR DFBIZAE ) SUBRDOBEIN E A5 72012, FEL:
TEREIZO VTR T & ORI 3 5 HRRE L Ko
72 (%6), HELLEEDY B, WELIEAZEOY
BRI, HRREROF TS REE TR Y, JEpE
BN T B FRO TN & > TRISHER 5 Z & 2R
L7z 209 BILRINEIL O FRREUE, A /5

BRI (um)

225

X8 BEEICHEIER () LVEHER (O) ICHTZMRE
DTS
BEREHRIEDOFHEEZ, BHRIIBEEREOKE L
KT,
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6.0 -

55

5.0

45 7

I E(g)

4.0

3.5 A

3.0

# K

Xo. BIRICHESER () BLUVEHER (O) IKHITZMRE
DTS
FERIIMRIEDTFHEE, SMRIIEEREOKRE L

ERY,

80 -

75 A

70

BRTZ 1% 20(%)

65

60

# K

11 BRICHESBR (D) EUHER (O) BT 3MHE
BOHS.
FERIIERIEDFHEE, EMRIIEEREOKRE S
ERY,

100 -
920
80

70

THAEDRE(%)

60 -

50

13. BBKRICHSER (D) HLUHR (O) (CHT35EH
FEDPERDHERS.
ERIIMAIEDFHEE, BHRIEEREZEOKRZ S
ERY.

11.0

10.5

10.0

o
n

9.0

8.5

DR ENE L (%)

8.0

7.5

7.0

6.5 ]
10

o
N
w
ES
o -
=
~
©
©

10 BIRICHESER () HLUHR (O) (ICH T 2 I
ELIEDOHR.
BFERIIERIEDOFHEE, SMRRIEEREOKREE
ERT,

170
160 -
150

140

PMEBEA)

130

120

o

N

w

EN
IS
o

~

[=<]
©
>

X 12 BRICHESBR () LUHER (O) KBTI 39EH

B ODHTS.
FERIIERIEDOFHEE, EMRRIIEEREOKREE
ERY,
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80

70
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©
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42 LR AT e 8 10 5 (2010)
%6. RENOR/NMN_FTFHEOHABICKH T 2 BIFFREK
- R 55 R
7H . - o .
i EURRE R R FURRE R R

JNE -0.467 **  0.079 0.796 -0.660 **  0.089 0.861

IR IEA T -0.989 **  0.264 0.636 3.740 **  0.494 0.877

R 0.090 **  0.010 0.892 -0.072 **  0.009 0.879

R 3565 **  0.629 0.781 -5.966 **  0.768 0.870

PNk E 0.032 * 0.013 0.406 -0.125 **  0.012 0.921

IR EL 0.005 0.083 0.000 0.044 0.069 0.043

U N EE 0.136 **  0.014 0.909 -0.132 **  0.015 0.898

P H i 1636 **  0.393 0.659 —0.562 0.359 0.214

ST RE R =R -1.360 **  0.137 0.917 0.320 0.216 0.197

EHIEII=R -1221  **  0.109 0.933 0.606 **  0.165 0.600

** o RKEE ] % CHE
* O EKMED % CTHE
*®7. EEMEBOXREHEE
A= Rl A YN P JHikE INRRINEELL WG RN RHIEINEE

eI -0.69 0.06 -0.79 -0.60 -0.85 -0.07 0.07 0.09
-0.72 -0.07 -0.82 -0.70 -0.87 -0.05 0.04 0.01
s 0.05 0.68 0.56 0.67 0.20 -0.11 -0.09
0.17 0.71 0.66 0.71 0.11 -0.14 -0.12
ey 0.19 0.66 -0.20 0.14 -0.12 -0.10
0.25 0.66 -0.07 0.16 -0.11 -0.14
PRI 0.80 0.84 0.13 -0.12 -0.12
0.84 0.88 0.09 -0.11 -0.09
ViREs 0.59 0.18 -0.16 -0.15
0.70 0.15 -0.13 -0.13
G N EE 0.08 -0.08 -0.09
0.04 -0.07 -0.03
B H i -0.12 -0.06
-0.07 -0.06
JHA R IR 8 0.78
0.75

Gy~ Gy MR AT LT — b BEATRR, TEAEIR

R DLHFRESZIEEAERLET, JUSHHIETH S
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Gq 50.59 5.48 1.14 13.24 43.97 0.43 0.09 0.26
G, 48.25 0.95 1.89 47.31 0.08 sl 0.04
Gy 39.13 191 4.36 12.22 32.86 0.20 0.45 0.32

GEES
G, 139.62 4.07 12.35 32.85 123.19 0.11 0.35 0.24
G, 118.36 2.70 9.09 23.57 106.57 0.09 0.31 0.20
G, 99.59 7.59 10.75 36.70 81.24 0.31 0.43 0.37
G, 100.27 3.42 5.73 18.30 91.12 0.14 0.23 0.18
Gs 127.02 3.06 6.13 123.96 0.10 ceee 0.05
Gs 126.33 17.15 17.30 68.89 91.89 0.54 0.55 0.55
G, 114.06 8.82 7.78 33.21 97.46 0.31 0.27 0.29
Gq 142.36 8.35 7.57 31.85 126.43 0.23 0.21 0.22
G, 146.09 17.35 13.68 62.06 115.07 0.48 0.37 0.42
Gy 181.51 19.68 23.33 86.01 138.50 0.43 0.51 0.47

FEIRERATTZ & DR RR &N B DRAF

AR T IR AT L AR B2 L IR I0 H e R 7t
JE X ORIEATRKE W EAYRE N7z, Grunder 5 13,
JEME AT & IR B TR O BB DWW T, IR
HILD - 056 ~— 099, BIE@EED - 0.57 ~ - 1.02,
PIREE AT~ 050 ~— 0.74 LHELTB Y, IREOH
FENE DO N2 BRI H 72 ) OINEE & OB
= 0.62~-098 EARFERLE —FH LT, Lo T
MR ZE T LB IR A I I TN N L R IR IE & DB 4R
KEWZ EAIRE SN,

SRR E & BNE ORIR
ARIEERTITIENHELTE L IV EOM OESAHIL, R
T+ 002, F25RTIE- 01 LIEFITNEho7,
FoER I L INEOM OB L EATIZIZEA L
ME2IER S NT, §IRTIE+ 0.36 & IED A BI1R
AR L7ze FEBIEAT L YNE O BRI DOV Tl Van
Tijen 5 " #70.02 ~ 0.05, %7 Grunder » " 25— 0.21
~+ 013 EHEFE L2 XIS, LR EINEOM O

BIZAHBEIEN SV DL Sz, 72 Potts & ¥
DHEETI, — 0.29 ~— 0.57 & HERIE VB EMAE 72 -
7275, FAEMEIE - 0.04 ~ 0.06 & /N0 7z, B
£ L IR O BIEHIEIZ DV T, Grunder 5 7 2% 0.04
~02 LHELTBY, hEWnEEZOLNL, 2OX
I IZIHRETREE & IR & OB I/ N S W T L AR S
N7z

RrRRE R D 7= DER G &

REBROKERA D, BIEEEZT 2R AL T %%
Pk, M, FRICEINEORTEZ 7261, EHWT
WS EDTRIE S NIz, 7o b 2B IEHRE LTI
HOHMEMZ T, QR BED IR 72T TIdA
PRIIRT T 2. 207280, JHiRpE & EERE 2 filAh e
HE7YURBEORENAT R TH L,

INETINRIEE - GO EBEE 0 EHRER L L C
1%, Pevzner & ¥ HIEBIBZIL L BEIIER %, % 72 Van
Tijen'™ 1 ZIBHRET, IRLIE, JHILE A M A A DE
IR EAR B TAT > 72 B1H3% Bo  Pevzner 5 * 13, 2%



AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72 55

KA 7208 1 DS EEIN AT 2, FEREA AL/ & <
ofzds, b9 1 OREIEDSH - T, IERHEATILR
EL Y, —EOBEKIS TR »o 2 LT,

% 72 Van Tijen™ 13 IERIEL T % 13 Lo IR, kL
HEfo TEF LI EIRMEHWTBY, Il
L ER RSB SN EHELTWE, WTFRho
i D EPEREE VT v,

ZCIINE, BRSOV CIEBUR A R L 2 055,
PR REE % S 9 2 BRERTENC DV Ot L 720 AR
BER IR OIRIE L L TEZ S L, R ) BiEmE %
BIRIBBOEHEE L L CHW5E, SRR D
Brolze IEMIRATAIHIERE & OBIZAHEAT - 0.78
EEM o T, B IIHIEIRE D 67% 123 X o
720 FI-BIEMEE LMMOIRIEE 2 MA G DS A
1, MRS OBGAICIART, 2TRETIZ0 ~ 1%,
3IETIZ02~6%, 4 BETRTHALEDLE LA
12 7.3%8GE SN T v, JEBHEET UAL O gl
FEEWTNAIEE S 2w EMETE RV, Ld s
CHIE RIIRBIEREE & RICHETE 5 2 & n, AiE
BRI LA TN OE#RE L THWA 2L TE
o LALTTICBRZL I, ZIUT Lo TUEOR)
RPZFIEH LT 2D TIER V. — T OIEIELET
IR CHIECE 2720, IS 20874 {, JEBE
BTG 720 CHBR R OIREEIC T AW B T L H 2
SNk, FEBIEATIZE IR & L CIEINREE X 1 #k
DRPEDSR DS, BIEREECINREINEIL L V1355, FF
BIEATEA RS 12 F S 2018, JEIC X BIi0iE%k
RV EIZERFENA) y FThHHEEZEZ LN D,
L7280 THRBESRRLME T EOW RS HED X, I
RIS OIZERWIEEE 25 EZ N5, LD
CEMSHEOERMNAERBICBVCIE, BIERE L E
Ik 2 BPHR B OF L LT 2 #IKEDS, &L
M7 BHEE T 5 LIRS N7,

3.5 /E

AR TR 5 % K/ 2 TBEIRERRD T — 5 % b
EAZ, IR BATEIC L D BIZRT A =S mHEE L
7oo FEMBEATL 213 Lod & L CH3EmR e K OOk atie &
DEIRFIL 0.22 ~ 048 & PREOMEAHEE S, JEL
B0 LR, ISV EIIEEE RO SRR Em o
720 F-EINRENIZE TIE, 019 ~ 041 & HREE O
RERDHEE SN, HARDTT D ENMEDHEE Sz, JIE
EINEARELTIEMm R E b 0.5 ~ 0.6 DEWENHEE S
720

BB M OBIEHBEIZOWTIE, FERIEET & INEE
B OBZHBIL, HERK TR E S B OB AYHE
SESN, FRIZINRINE L & IRIE & OB <, JEm
BT LB AR AL IR0 B P IR & DFFRASK &
W T EATR SNz IEHBELTY & EEINER & OB (RAHB I,
SRR &) S EVIEOMEAYEE S iz F 7ol
FRREIGE L BEINER L ORI IE, B OBEHBE AT S,
BRAD AR L) D E Ao oo IEMIELTE K OHiE R
Ji L PRE & ORI LRI TES A SN, IR
J & PNE & OFBIBIRIZ B\ TR L §5R TRV DD S
LHEE SN,

INOLDOMELZ/ST A= D% b &I, JELEIN=R
BT LX) ICEE L7254 OINRERIE O L%
%, DR A BIE & U CBEIR R v CORGE
L7z0 UIFREBRE DTG E L CIRMIRET, INRE, Ik
PIELLD 3 ODREIZOWTHE Lz e 2 A, BEmRE
YURTL2HEOTHTIZINRINELL D R b AR
<, WNCTIBIEET, WREDIETH o7z, Lo LK
SR & IR E OB E L THW G E0REE
EEZZEETE o7,

FAE IPRGRE EHEORR

4.1 HE

PEE, BihE L COWERFFT 2 IRFE R Th B —
I, EWENICE, ZREIBORLIZ BT 2 IR E OB
B L, BEE#ESTLE V) IFFHICEE R EH T o
T\Wb, FFEAETORNOHEEY OMFGIHE L THEE
BE LT\ 2500 | e TORRREZ O 5RETIE, IRk
OFOFETOREZRET L L) BRENICEET L L
BEZOND,

PHEGREE & LR D BIFRI DWW TR {2 S B L5 H:
7onTBY, FERIETHETE Z2I0EDS, IIRE O
EEE LTHA &N T &7, Mussehl 5 % Munro®
lZ=7 FYT, Payne 5% vy F A F 3T, Ik
BEERLEREL OBIIZIEDOMEDH 5 L5 LT b,
ZHucxt L Phillips 5% 1E, Y F A FavEffioT
PRHCEE & MELERICIE 2D L) AT 2w L LR
Wiz, 0 Coleman 5 » % McDaniel 5 ' o
eI X - T, JILLE ORI LMK < AHRIBI 4%
2505, FIHEOEVIICIII LR & DML/ E <
BB EEWSNIZLIZe LA LD S ZOMOIIRE®R
EDORIZEIZ oW, ZHINAKZ IR TRET 5 2
ENTELRNO, IS TV, TR Y



56 T PE TS AT B R

Th HIEWHELEIZOVTH, WL L oMFR T ME
L 7281313 & A &7 <, Hartmann 5 * % Grunder
5 W EAT o 72 AR T, EMEAT L Dl
RIZOWVTIEEZH O TRV F 72l 4 OHEINIC
DWW, TOIFWHELTLDOR & S LIRLDOBIfRE BET L
REL R, TOANLOMEEIT) T & THNRTRE
EIRLOBREHONICTH I ENTE R EEZEZLN
720
F 72PN E ERALEICHIBE D S 5 2 LIS TIZaR T
A, LRz 0 LS5 EZHIZOWTIE, IR
DIREEINREE L 12T TEZ LI LN TE D,
N TIALICE L TIdZ S oifZEn 2 ST & 7.
JRINERBEIC OV TIE, BHEEOFRIHE KBRS
MPTbNb L))o T, REOL FZMIET HLED
TCE2ens, WIMEEDOEMALZ #O 2 1 THE
GBREID 7 SNGHIZE STV D, £ THLNKE
122V, Lundy®” 2 LT DTS, FHUC
UL, MR E AT A ERE LT, WE, RE ik
URERE, IROEXT), EE, K, b BRFERE, Rk
AWRRER &% LIFTW5e 209 BEFHIZIRE LRI
DWTIE, KU L HIVEDORAIHEEL, 202
EDPPALERICHEES L LR RT Wb, SN ERIIFEOM D
BRI, Izl L TR RDNDL ZETH Y,
PR AL & INRIE & OBR S b, B & OB EE 2
5N5,
F-MINETORAEOIREEIZ D W T D, FIIORF O
D BIALERIA L D720 OBE A R ST B, 72& 21E
A OREIRIEHIPILZ < 025 10 ~ 15T & &1
T B DO - 7= Proudfoot™™ &, iz LI L
TRAEL 72 DL R R W EHE L Tnd, EHICHR
IR h O AR P00 RdEgl 0 7 L2 & B IR
DA EATAA SN, HLREOREDPED T W5,
ZHL7RAADH L, RAFRESCIIOME X % &%, &R
R DIRGFAEFER IR AT A DZEH ORI & B L T 5
LEZLNTWD,
TITIDL) ZBEDIS, BEBIRROEZ - T
RN 2 B A 5 A 5 7z Proudfoot™® %9
% Becker”, Becker 5 ® Bowman'’, Gowe™
Warren 5 ', Gordon 5 * % 137 54 41Ny 7 (R
VIEfbE = 7y — ) o TRAFZITV, MRfEsR
BHE SN2 EWME L TWD, LA LERETROINE K
BIZOVTIEHAS 22TV, IR LML L OBR
T, Coleman 5 ® % McDaniel 5 ' OWF%2I12 & - T,
PRI E ORI LR BB S 5 2 &, &

#1095 (2010)

AR OINEO R L ILEIIZAOHESH L 2 &
Mo, KRGFEFEEWERICHEEDSH D Z L ERRIEL T
%, %72 McPhee 5 “ ZIIHLE OV ARIZEE T O
INERA D/ NSV EHE L Tnd, Ld s TRIFEF O
IRE A ORI R AW 2 T 2 A% 2 5
n7z.

FAEEICHRAZ L)1, IR ORLIc BV
T, MEEOHIIZTER L, REREST L LW IFFIC
FELBEE 2R TWb, TONA F 77 70—
ZEDFERIZHEV, BEIZ BT O IR O BASE 2
FNTE/e TNFETIE, IHEE MDA %
HFUOMZIREE DA BN T X728, Wb CIEFETE
Lotz TOOREEL-EEREE LML,
EHRTES, MOREEHMOBEIFICET R TV,
ZZT, MoOREGEE L CORRICER L, Ikx v
7R OERERBM OB TOINDE X )2k 72, k%
=7 MU EOF R & L CHRAICAIA L 72 @13 Kinutani
5T, BEIFHEIC L > T 15 Ho=7 b UIEIC,
v AT RO & B L TS F 2 SRR R L
FNEWALSEL T EICHEII LT b, %72 Rowlett
5N, B E W PO & 2 B8 2 £ F L 7.
K 5121988 4E 124 F1) A Perry™ 13, =7 b ) BIAR
EREGLE LTHWL Z 12X, PR (1 Mmies)
DORLE TORIRIZEII L, D% Naito 5 ™ 12X -
THEEEPIUE SN TV L,=27 M) DA OREFE T,
RGOV THEIAALNTE . Ono 5 ¥ 13,
WIR 25 HO X% =7 MV IIFRRICRE L TR L
JRALICHEI L72e £72 0no & ™ 13 X5 0 IhEE
B HAD, PALITIZEII LT, £ 72536 903,
BRITHRICE - T, 7 XFRIZ=T M) RS~
FEL CTEo 72 % A TR %, BLEE5 2 LIZHHI L7,
L2 LWIFnoad 1~ 3 HEWEI L TREIEAT
TR A VB TH Y, BN %O WS O 1)1
R0 5 =7 bV PR VTR 2 RA 2Bl A SN
Vo

AREETIL, IHssREE QM2 LIZ KT T BB L O
MEEAEI BT IO EZEEZWHONICT LI L E L
7o ZO720F 3 10 WU 72 2 IEMIELTL I T 5
KN 2 HRIRIC BV 2 BALROHER 6, BRfbsioxt
TLBIROFERX AL, R TZREIH o IERE
EROKRE & EIRILDBRIZOWTHE L7ze —F%Hs
RO RN & OB EA S JRFRGHREE & ORFEIZ D
TR L7z S BICREBIROMALIZBIT 5 Ik O EEENE
IZOWT, YXATIMOREEFERIZIVHSMIT LI L



FEVE - FEBHRZEI IS § 2 08K K 2 YN R IE OB RS R 12 B 2 iff 78 57

L L7z

4.2 BRICHESBEROZEIL

FIERBEA T 3§ 5 10 RIS 72 2 K/ 2 FTaE R
FEZ BT 5, AT L DRLROHER L T 5 2 &
WD, BMERISTT 2 BEOBELYHAL 2L L) &
L7z,

MR ETE
B ERERE

IEWERZETZAZ 0 B KA 2 T 10~ D BIKFEER OB E
&, FIETERZEB) THD, ZORKFERIZE
T, B LMD S 2% 15 2 R ORLRDER & 53T 12
Wz ARAR L Z2IH B I seRE IR LR, O o BRAF A R 5l
DX Z RIS, FEE P ILIR R E 2 DL BIH T &
%0

RER UM LIESE

KRB 1l A5 12 HE L, 12 A 15 HEj
BRI SE D L9 12 L7z REOMAIIH A E b
FE S 70 10 2P & 80 NI DT, HE 1 NI Lk
STTORMAELIZKIL L7 B BIOBEE £ ) 720,
FEEHILVE) LOXRERIT D L HI2 L7 KB
P ANTIREC, 1AM 1T 5 720 FIREIFINE (R
JE 14°C, MIAHRZ 85%) \ZRAF L, RAFEIRIE R 3
WY& L7z $RECL 72 FEI0E 3T fit L 72

SO RIS AAREINEEC 17 H B & CHisREE 2 112
LTI L 22 A" 547wy, 18 H HIZHH O RIFEAE#1C
LR E S 70, MEEHEILE EABRGOETIC
it > TT 5720

He IR IR 2 2 [\, MR Es & F v 72 B 1 T
W, 1 EZFII5 HELW, 2B % 18 HHIZfT-> T,
HEABIN & ZE A4 IR0 & LY B 7z,

22 HHICE L2 ozbLzbos L, &
DRFFETHEELL2>72bDIETXTIHZEDNIIE L
72

HREBLUER
2B LR DS

A DREBE AL D IR L (LUF R & ng)
DR Z 15 1R L7z 5 1 AT AR 25 68.3%,
FIRM675% & T L A LD Do 72708, & 2 LI
200 ETiEd 500, HAORBIZE, HRDL
2L DS B o T Lozt L, 55:R1 70%

100 -

*F ZAEORRRL 2 (%)

50

15. RORBICH S X3 ZHEIRH LR DA

WTTHB L2, TOOLEVICRHEMOEITRELL L
0, % 10 A TIEHRAD 87.0%, 59RD73.3% & %>
Too ZTORER, HARILEDBCY IR 10% DL R
D SN2 T DT EIZIEHHRAETE O /N D ER
5, WAL LS DRRBDH D L ERIE LTz,

I AL T & AL D BIFR 12D Tid, Hartmann
5% 02 HEERER TS, FEBIEETH O/ HO R
HOFPALENEH W LD 5, F 72 Grunder
5T DT b, IEBIEL L LI, - 017 ~ - 042
EAOBIMHBEAHEE SN TBY, KL & FEAEORE
BTV D, L72hs o TIENHEATE L LI 1L E R
IZEOMBBEERLz S 5 L DRIE S,

4 rp O SR D BEEREF R 31 O HIRAR T

A DRI 5 84 p 1EIR OBEIRE R 1) 0 HHBLIR
DR EZX 16 12R L7z,

JiF9R 5 HH £ CoZAEHIbIloE & X, HHH#HAET
b F ) EDS L o72h, 6 AL ESRLND L
I o Tze BRI DFE R IEIIOE G MK < 7 %16
% R7z, B8 6 HHA S 18 HH F TOSE A LGP
DEEE, WREE D S5%LLT L&D 7275, #2555
DFHENMEZRL, 89 HALIER R < 7 2 M %
RA7zo W0 19 H H PO A d IR0 & 41X, 5555
2510 ~ 15% OB ZHERE L T 012 L, BRI~
2T T LEM AR L7,

xS REINEALRIC BV TR & D DR SN2,
IRE A L2 LR IR Y] & S LT o0 g 5 oD ) C a3 A1 &
LEBPTTVDLEEZ BN, 20O ELHAD
FHTHIEIIO BTN T & LTHATE Y, FRiot



58 T PE TS AT B R

EHIOHIEII DA L PR TTnDEE R BN 5,
ZOFERE LT, WAERT O TR 2> & RIFR
IZED B O T, JIRGREDOUED IR DAL %
I L 720K 53T BER I A SR DY D 3 o 72D Tid 7%
W EHEE SNz — AR TIMATRON L) %
R (ARG TRCY (B /AW A

REHEOZE

PREMMEZ 0~ 1M, 1 ~28M, 2~3:8H>3
DN 72D, R ORBIHE D BLR MR % ]
17 1R L7z,

0~ 1AMORETIE, WAHE D 80 ~90% DT
WBL, KRELZERON o7, E0MH 0%
bHEN Lholzh, BITHARDFTHRRm I LR %
RLT20 1~ 2 BRI OMAETIEETERA 80% Bl 2 THERS L
TWLOIZR L, GRIEE 1A TIZEER L D KA -
72hs, RO E & HIELITE L Y, 510 AL
TIX89.9% L 13% mi { %2 o720 DGR, HMHED

20

¥lo~5HR L

15

10

ik BRH R EE (%)

ohk DR HEREE (%)

ik BAHHIR R (%)

16. HHAOREEICH S FINEFER OREPIEINOHRED
i e

%105 (2010)

PSR AANLA B AEIN F 72, 2~ 3EB ORI
§9%70540 ~ 65% OHPATET LTV B DIZR L, %R
28 5 IRLIEEE L < ER L, 80% BRI LEZ R
L7ze ZORER, 45 #A LI IZ 10 ~ 20% 5855759
F LD ECELERE R L 72,

REREINICH (T 2MEOPHIHA & ML ERTDFEFIETID
HIFERR

AR BT, WEIRRHED & WAL IE T O S A Hr IR TE 28,
B> TARL 2D T L ZHICHNTe 22T2~
3EM O FEIRRAFINCOWT, NRYIAIHEA & B LIE T O 38
A RSO MBURIE O OFF A S HERE 2 A L 72
(1218) -

JEUE 5 HEH F ToRERIRIIOE &L, FAHke bt
ROFE#E & & H IR % B EAI R L7z SRR TIE
6 A LIRS R D S 3 7 o 720 HEIP 19 H H DD
FEAEHIEINOEI AL, 59582515 ~ 25% DM 2 Hife LT
WAHDITR L, AR A TS T A Z 7R L7z,
oo L o~1EmEs

80
70
60
50
40
30 +

S AHOPREL = (%)

100 ~
90
80
70
60 -
50 -+
40
30

»t SZAEIRRRLE (%)

100 -
%0 - 2~ 3BEERRE LA

xt ZAFINRZEE (%)

17. RORBICH S REHER O ZHEMPHEEOHERS



FEVE - FEBHRZEI IS § 2 08K K 2 YN R IE OB RS R 12 B 2 iff 78 59

Z OFEREE 5 A LIEIL 58RO FEE A RN o BB,
TWIZTGRDEG LT LI IR NEEZ R L 720 2 O
(&, WEIREER B C A7 SO FEE T IO B D HER
oL, FFIZIC—FH LT,

L7255 TREAFINC BT 5, sRIZBT 203k
DEFEL, WEIRE] & ELIEET O T ORI T, FeEh
IR HBEPKT L2 EICL B2 ENHLNE o
720 EHIZZOMBRIIPLERT ORI DT ALK E v
LI b Nz, R LIERT O FE A PRI O BER I
FBIREBRO R B TR DR S N7z, T
DFEEHRIEII O RBIEE, BEPE 6 AL R I
ERRLENDL L) hoT,

McDaniel 5 1%, JUEREATIV & S AIILED
INECIIE, EER 7 H R E TORIEIEERD E & s L
T3, REBRIZBWTYH, FROMINIH OFEEPIE
AR LD b E L, FOMEMMIFEO SN, L L
AANTIE, IR 0S4 R IEE O I DRI & b b
W E S S 7z,

McDaniel 5 1%, JUHE DK ZAEIN O REIIRIE
EPEHEIIZOWT, A7 B L OIRIN R DK I3 255812

35

30

#El0~58H 2

25

20

15

10

ek B R (%)

5

0

b B3R 2 (%)

18. 2BELULOREFEMICH T 2 FAEFIETPOHREDRE
HRICHE D #H5

LDINERAPRE N LIE D EERLTD, LTz
3o TINR DR RFFRRED A LRI E T 5 2 & E
F oY (WA

Db Z &0 6 IEBIEZTE O /NI~ OFER T, R
AR < 72 B 12T ICTEERN R R S L B
9%y, 2EBI Lo RIS L7220 ts
RWETLIEIROKRE NI EAURENTZ, T T
T DK S EALRICBIE D S 5 Z LA ST
VB P Z e s JEIEERO/N G ANORKIZ & o
TIE DK RFFRRED S £ ), ZRIIOF A REDOHEFF
WMDPEL olobo LR SN, ZLTIDIEN
AR EROMLE L ] L STV RN EEZ 5Nz,
SE R3S A0V NIINGE: =/ A QB E a3 i1 | E
o7z,

4.3 FWIREFOKXE & EMLEOEF

IRz LR D BRI OV T, IR Tl T
ELPHEIZOWTE L DD LR SN T E 72, T DR
R, JHRHEOEVINIELRAE CHIBBRDIH 5 2 &
PSPk o720 L LD SE CIFEIEEE TS %
FEWIRET IOV TIE, B LER & DBIRZ MRS L 723y
3% <, Ml A2 DZREINOWT, ZOIFIEETHOKR
&2 LMD BMREBET L2 1E e v RERTIL,
CDOEDSOME EATH I & THNREE L Lotk %
Mozl &) &L,

MREFE

IEIEATLA RS % KU 2 FIAERIRERR BT 5, 46
S AR DAL DOEE D ZHEIN 2250 8 (5% 1044 i, §5%
1206 1) % A7z, FEIN (ZHEI0) O PRAF I
BRET3HEBITH o720 N5 OZHEINIZ DWW TR
%G 0 ORT H IR 2 58 L 72o JEREEA 13 %
REER L FRRICIES RN ER (7 ATH) ZH»
THIE L7zo WRINBLGE:, MH 4 OZHEINI DWW TR Lo
Wik % P4 L7zo 3R L 7230 B s I s, gio
TRAFI I A O ZREIRMEA LR, FEAE IO ¥ E 2o
B CH %o % BREINORAE S, BRINERIE K O
FHEIHHI Tz BY TH b,

BRELVEE
FEBIRER DK E & EXFZHEIMIER DR

55 8 HEARIZ BT B A ABINB LRI TR AR 87.6%., 55
RHT51% Td o720 F 72 ZMIBOIEIEL I O F 1y



60 T PE TS T B R

100 +

90 -

80

70 4

60 -

R ZFEIIRE R (%)

50

40

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
FERRIRER (um/kg)

®19. R () H&UVER (O) KB BFHREMOK
& & EXZARINRE LR DORER

X 58RAHY 47,9 = 6.9 ym/kg, 555 A5 82.9+12.6 ym/kg
THholzo TNOLDOZAEIZIFHIEEAETLOKE ST 25
um/kg HEOXIZ53T T, ¥ TVE 10U EO b o
WZOWCRFRNI LR ko, FFELTEORE S L
PR DBIRIZ DOV TGS L 720 € DfFRIZIX 19 il
DTHY, BRR LR E TE 60 pm/kg 3T % 5212545
YA ARY (A

TR D ZREINE 37.5 ~ 62.5 nm/kg 12554 L7z RAL
1 40 ~ 55 pm/kg Tlx 85% L E D@ W ETHERS L 72
2%, 57.5 nm/kg DL CIEIEBIEATEA KR E L 2 512D
NWCRABIIRNT L7z —HIEBIELIE R b /NS 2 37.5
mm/kg DX T, BALR 2% 1K T Lize Z07-03F
WIEEIE L LR OB —E D@ R\ 7247 h o
720 G5O ZREINIE 57.5 ~ 107.5 pm/kg O JE W HEFH 12
AT L7ze WEAEERIE, 57.5 ~ 62.5 um/kg Tl 90% VL E
Db A BNTA, 65 pum/kg Lh b Tid 70 ~ 85% D i
FACHER L7z ZO720iRMEE, FEEIRATE & b=
DO —EDOMENL R A2 o 720

McDaniel & ® &, JUHEA 1.080 & 0 LTI,
PRI AV S VT ERALRDMRC 2 ), FHEBIRDSTED
SN 05, PILEAT1.080 L Y mwIlCciE, MLEL o
MBS NS WERELTWD, 2O LIIINRIEE &
BALROBIRIL, 25— EDKENTIZINIEE D % %
EAHBARED END LR DR R RIZL T 5,
SRl D FEERTIE B 8 A DIILDORFZIFEREL T 5
CEND, BIRIC X o TIEMIEAEDS, BILROBIZH
BIBIRSERD LN B HPH L D b RNENZN DTSk
ELABHLTCLESWEEMELEZ 5N 5,

FREHEORE

MM E 0~ 1HM, 1 ~28K, 2~3EM»3
DT 2R, JEMIEZETE L AL O B2 % X 20 12
RL7z,

%105 (2010)

0~ 1AM<TIE, #HATIEIERELEOKRE WL TR
{LEDOBERNXATA S, F 72555 Tid 70 ~ 80 ym/kg
& 95~ 97.5 ym/kg TR DR KB A SN2, £
D7zOMFRE D, FNRAS L IFHELEEIKRE L 2D
WZOoNT, PLEIMEL 22 E MDA SN, 1~ 238
B ORI T, BRRUERE S XIZ X o THLED 2
Y BT L2, IZIEE UAKETHER L TBY, JEniE
ERORKE S L OBEEIZ Do THUTHL 2~3
M OUFIITIE, §5ROHEMES D% VKL %o
TA0 ~70% DHPAT LT L7ze FIEMEATEOR S
STHLE, 925 um/kg LEDOXTIE50%ET, 925
pm/kg LLF O K2 AN E ) & 7225, FERIEZ
HORESNLDBEE LRI A SN o7z, 7258
S CIEIENHEZE A 50 pm/kg PUT Tl 80% BL E o v
BrbE A 7R L7245, 55 ~ 60 um/kg OHiFH CHALED &
BT A SN,

o~ 1ERERE
__ 100 o0 5
X % 20 0
~ 90 . o -
'Iﬁl' 'Q. K Oo- :
§ 80 © O'DO’ b
= gﬁ;f‘t 5‘5% ._..'
g'..'ﬁ‘ 70 e}
?:,;( 60 - . .
30 40 50 60 70 80 100
FEREIRZE R (um/kg)
o0 1~2;8MR7EF
~ Q
g L g g BR
o 90 O S Q¢
o Lot itgy
g 80 B 00 i
= = ES 5
T 70
B
® 60 - . . .
30 40 50 60 70 80 90 100
FERGIRZET (um/kg)
2~3ERBRE
100 -
g 90 -
% 0 - BR
& 70 -
£ o0 nE 0% € o7
S g 1ibd i g
' 50 - i 05 ©
40 © :

30 40 50 60 70 80 90 100
FERRIRZERZ (um/ke)

20. RTFHENOIHEEROKE & EXZHIPPEED
E5)ET



FEVE + FEBHRZEI IS § 2 08 IRIC K 2 YN RIE OB R SR 12 2 iff 78 61

4.4 Nyx2JIC&BZ7 M) ZHEBORIER®RE

HIEIIZ BT, FEHIEETEO/NFRA~OREE (5ER)
2 & o TIMLERDUGE S, FRICRIIE IS B 5865
WL BREDPRE N L F BT, S OZHEIND I RE
DEMHEAMEIMI L > TH 25 ENZDTH S ) H

INETOWIREDS, RAFHOKIFEFER KEEH A D
EHOWHIEB#E L TV b LEZ bz, £22TINDL)
RBLE S, ABIR RO % > THAEIN = B L,
WEALER % L3S B AT & Lz PRABBONILBLS - 2
DFEFILRITYE SN EH|E SN TV B, HfET
DOIPFEF IO WTIEH S TRV,

— I L AL & OBARTIE, IIRRE ORI L
LTHLNTWAIILEIZOWT, JILEOER I
(LA C AHBIBRD S B & LA S, 7245
DOINEOWRA L IIHEICIZEOMENSH 5 2 &, JILE
DAL PRAFH DIVEITA AN S T LAt S
TU‘Z} 25,61,62)0

FITRERTIE, Ny X RIS X BINERD O
PRI S & LR DBRIC OV THRET L, FEREE TR0
NSO & B ZHEI O BRI O JFR & B &
ML &) L7

MRRUHE

ks, AL V- (v 2—N—F%) O
26 T, ZOFA56 ~ 63 Wl EIN L 7200 % FEBR
WCHW 720 2CFL)T 0L 62 G E Tk, 13 T2 2 o
HERE T, 63 AT ATIREE L. 2B, 4H
FHRBOMEGI O > 7)) > 713 Th§, L 7290
%7 Y AIEBXIZEID BT TN DIIZONT
TREPLZZLD%E, TOHIZ) BIT/Sy 3 7L L
725

Ny XML (W) &, RURILE=Y
FUTHELLER)ZFLYE (754 FNy 7 L[
DTIAF ) T, EEIZ50um THb, ZOMY
DK E MDY Tg/m’ - 24hr, FRFE BT 6
~ 10ml/m’ - atm - 24hr & JEH ISV &0 ) BICDH B,
COEICHEINE 1 HTOANT, TAEL—F—THO
ZERAERE, BARKEEIIHPEET DL L THA
L7z BRI EL T2 3, 4,5 6, 8 12K»D7
Raill7ze ftHe LTy F U7 e LK EiET,
A & LC2MA 5 6 MM F TOSXEZRREL 7
INIARE R % I C 10T CRRAE L7 GREEIXBERIH)
T/, IS E FICLCTIRIEL Y, ks, Sy
F U7X, KX L b &A= kIR A 50 48

PRz s k5127

MAbixaE s o (MEINIRE 37.6C, 1 60%Hif4)
THrv, 7HH, 12HHE, 18 HBIZHEHEIZ X 20
T o720 ZOMIIT 7 HBIZZsA 1L &Il L 7251012
DWTIFEIIL T, WIRTRENBD LN Lo/ 0D
(FEEREIN & L7z,

TRATBRAG & LRGP E 2 e L, INE A= %
Koz B, SRV ZZIIORLHGR O E S 125
MO PIYTHAL L 67.8¢ ~70.8¢ TH o720

HRbLUEER
X AR LR D HEFE

RTINS & & % ) 2N DO IRIL RO IR % X 21
VR L72e ZNENORAHIMIZ BT 2 =13 2 81
PRAF TR DS 77.4%, KFIRIXAY98.2%, LT 3 BMIR
17T 82% & 685%, 4 EMMRATT66.7% & 42.3%, 5H
MIPRAEC 322% & 15.1%, 6 R T 10.0% & 3.9%
Th oz WHX O AMIRAE & 12 HH R T,
(LB 7 2o 720 MR O 4 HERAE £ TORLHIZ S
NETOWREFILIFIZFA L TH o720 WX & RAFHIRH
M R BITONTHEEREPMNT § 2%, 3EMU Lo
PRAETIZALER X O F WAL= <, 4B IRAE L 598
HOAF CTIE SR KETHBEN RO LN, 2O &
B8y X 7PN X 2RI 5 EMETIE TSI S
CEDVIRENTZe LI LGDS, Ny Frr7ax LTHIE
IERDETIIHZ SNT Vo ZAET BT TETO
WL, HIXEIZEAEEN LN o7, TDIOMR
NI LR O T 2 1 AMBEES R E 2o 72,
ZOZENBNy XU I L o THBINO A % 1
~2HMECT A LIEWEETH S Z LATRENTZ,

100 1 q
~ 80 -
X —— A0
vl X
*f‘ﬁ 60 -
E YeX ﬂpﬁ
& 40 |
X
® 20
0 —————— Y et —,
1 2 3 4 5 6 7 8 9 10 11 12 13
REFEAR GA)

* 5N FREKETHREREGEEZHY
* k1% HBKETHRREAEESHY

21, REHEICH S X ZHREIMPHEROHE



62 T PE TS T B R

FREDDINERD

BAEICE b 2 ) WEOHER %, ARG OINE (26
T HLHGROINEDOE A L LT 221K L7z, Xt
BXIZEAHMPELC 251220 T, I ZITEMAKICIVE
WA T 5, WEKIIRAEMEAIRES 20T, 13k
A ETIEOFA IS N2> 720 INEDIHAIZINN D
KAHEILEEECTERDNL I LIZL DT, WHIC
Lo TRGOHREIZTERIWZ D L TELE
AbNhb,

Davis 5 7 W& RZHNE 7 T4 Ny 7 TRy F ¥
TR 7236 D IR E O A E 6 R T 04g & s L
T2, RETIE6MEMETO0.06g (FRAFHGRO
0.09%), 123 T 0.11g (FREEFAAKED 0.16%) & Ik
WA hrole TN EAMEZEESEL20LE
25,

LA Ld s, WALIRE SE PRI E ORMIZIE, R
HONERICEIEDO SN 572 TNHDT &
5 6 WHLL EORFEOY &, KoMK= % i

100 OO { = —{]

98 |
.. —O—i3E
“o.. &
"0 -0 SR

X

9% -

9 HEIE (%)
o

9% |

92

90

REFRARERFDINE|

1 2 3 4 5 6 7 8 9 10 11 12 13
REHARM GA)
X 22. REHRBEICEES PEDRD

#1095 (2010)

THRELENTE L WITREMED D 5 6

Davis & * 1E[ U < RZHIIO pH £y 2=y b2
DOWTHMEL, pHIZOW T ILEX TlZ 2 H T
BOMB 90 EATLIDICHL, 79441y 7 &ffio
T AEE 6B TTS NS 81 FTLALAYT, /-
Ny MIEALELE & TR R WAMRAE & & B ISR
FTHMEABAS NI EHRE L TWD, TOZ LT TA
TNy 7 e ffioftpt, TR OZEBIZIH S b
B, BEEINEHOKFLIZRIEVRETVWLE I ERRLT
Wi, RERTIIZRINE HWCTW225, REFICEb %
I pHR N T L=y F OZEAGITZHREII & RZAEI L & b
WK CEMICH S EEZ2 5N 5, b LIREIFEAILIC
oL CHEERSEEHZRZLTWERLIE, ZoREH <
TharemEdinyr=y FOBKTI, BLED
ETIZD%D D Ll b, L2io T, BIEINE b
(bRE AT HBERO—2 L LTEBTLLENHDH &
ZEZibb,

REHIE & AP IERFHAD RS

SR IEIIORNEZ R IS IR L7z, MELX, HHRX
ELRAEMMAEL 2B IZoNT, 1HE 7THH) @
MO TORERIEDOEE, D F ) RO D E <
% HED AR S NT, —FHED DIITAS &, Bk
TENFRD LNz 48 & 5 HBRATIE, HEBXO)
WA DA HNTze LALGAS 6 8L O
TlE, FEEHRDIZE A ED, EBEMMOEETH - 72,

REHE EMERAER S
PIOWALICE L 22 HEIC DO W TFR 19 1275 L7z, s

®18. RFHREICE S & S FREPIEMOHRIKR

g SEIN B %1 PRAFIIIE ()
(H) 2 3 4 5 6 8 12
18 1 (] 1 18 (]

1~7 5 2 1 32 38 49 61
APE Y 8~ 12 0 1 3 5 4 1 0
AL X 13 ~ 18 0 0 0 0 1 0 0
FEEED D 7 6 3 3 2 0 0
e Ak 40 41 34 19 5 0 0

1~7 0 5 20 29 43

X HE X 8~ 12 0 0 3 4 3

13~ 18 0 1 0 1 0

EED D 1 11 7 11 3

i AL 54 37 22 8 2




FEVE + FEBHRZEI IS § 2 08 IRIC K 2 YN RIE OB R SR 12 2 iff 78 63

x19. REFEHAEICEH LS BEAEBROHERE

I RSN H £ PR G
(H) 2 3 4 5 6 8 12
il (i (i i il (i
21 2 15 4
AL 4 22 35 36 22 1 1
ALFR X 23 3 8 8 3
24 1
5 40 4 34 19 5 0 0
21 33 1 5
xif HE X 22 21 24 16 7 1
23 2 1 1
24 1
&t 54 37 22 8 2

DEBEBLICEST A HBIZ21 HTH 59% WTFhoX
LA EL 2 BI1I22oN T, BLICES 2 HEsH
ZOMEMMDB A SN, T2, 4B EORETIX, W
FRX D J7 A3 BRI A2 STz 23 H DL EEE L 729028
Shrotze THIFHORXTIED Y IIrE T
EEZHbEDLE, WHE L 2FIUIEED D I2R L0
2, HEUIET B L1dv i, Ny x oy 70k o TL s
THETDLEIINICARDLEVIEZHTLTE D,

—J7 2HEBRETAL L, WEXDOFIE, ZLAED
IS 22 HTHMLL TB Y, 23 H Do 72flb Ao b
DI, REXIZE 21 H T L L 720 oAl %
7z BALERTS 2 BHERAE TN O A E -
Tl b EEZHbEDLE, Sy FUTUEZED L DD,
F 720378y F 2 T REEA F oA S 2 ORETEDS, LR
I C OWALEE T UL H B 3B % T 23 T R AS
TRIE X N7z,

Ny X2 TRBOHR

Dbz bms, 79 AF v 7 &flioizry 2 7L
2 X B ZHEINOLRAFIE, BLROET Dbtk 2 1
MR S B3R D D, RO 6 B TR T
HBIEPIREINTZ, TNy F U TUEOK SRS %
MRIIKT DI L BWEOBAZIRHZ L TH
0, FERRIC 12 B PRAF L 7252 K500 T S SN E O T3 0.2%
DFT, ZOMREMRETE 720 L72h > TIEFED D
M SR OFEAE RO RN 2 U 5 E RO 1
DTHBHIEIREEI NI, LoL, KipERFELTH
MR % 2 12O THEERIME T T 5, 20
&, WEOBPLUSNDERIHES L ENER 5N L,

JoIZ, IEBIRATA K 5 /N5 A& GRR) 128D,
N & L CoRMRAMEPSE SN, ZORERE LTK
SFORFHERRS S L o072 b D LHER L7z, SRIDFERRC
L0, %y F 2 7T ALK IR RE 2 5 5
ZLicky, HHE L CoRMRFEITESNDL 2 L
HIRENTZe LA L Xy &2 ZBEITIE, IS
WP 7 EDHEARIRE L L CoRIPIH S s L ZEZ SN
b — AR RILT 5 2 L, EAfREE LToR
BEIZEZ DN D Z L7, RIOWRFFHRIEZE S L
e, IRosERE L ToERIRIL S b LIS
SNz L7zhio THIIORLER Lo FE e LT, oI
REAZBILT 5 LIIEETHL EER LN,

4.5 Z7bMUBKRERAVED X SHIBEOKEE

BEIZBIT 2 IMOR21L, Ik % b 2 v eI 28
EHOICERA SN TE 2D, LT TIREETE 2h o
720 WAL E T RE 2R M ORI OB SEAUFICE F T
W7z,

—75, R E TICHS P LTEA L DT, BIRRIEIE
ORI E LTEELRLDOTH Y, INREFRE ORI
DIRDFA, WAb=AT &, Ladto TR L LT
BENTWVWDLILERLZ. ZOW@E =7 M) RO
Fwarr LT, 1988 4E124 1) 20 Perry™ &, WIIE
(1 ffi) 2 WbE TORREIIKI L, Z D% Naito
Mk o THBENRA SN TV,

T AFIIBVWTL =T M) IR E VW EEED A S
o BLEDSIRE STV MY LarLwiFhod
Ad 1~ 3 HEMIN L TEREDHEA 7ZZREIN % v 72 5f
FETHY, BINEZORBEIEN OGN & 5538 % A



64 A PE ST I e

72BN A SR,

F ZTARIZETIZY XF12oWnW T, UNE oM
(MRfEE]) %, =7 M) IR AR LR x 7w
PbsE5n 2 &2l miz,

MHREFE
R L2y XT2HINE, ML THEL TS 12~
BEED T XTS5/, FAEMRIZIE, =7 M) OH
@V7$—/ﬁ(ﬂﬂ)@Wﬁ#&%ﬂ%g@iﬁ%¢
SWIIOSIER IS, TAEAOESR NIV TEERN 3 cnd
RabF2bOx vz, 531E, Lotz 2 <
572012, Perry™ $ X U Naito 5 ™ D=7 k) 4500
DFEFEERSEIL, DTO3o0)E (M23) T,
Z ORERE ERET L7,

ViR

FEINEHEO Y X7 o R % 70% 7 )V 32— )L T
HEER, WEH- T, NEDE&HEEHFEO=T MU

2R L7 IR ORI & Gt 7 v 7(7 2 F
7 - THENRESE, RS L o8 DIy ) T
BE L2, 38T, WmE60% THEE 45 T 1 RFHIZ 1
BRI L 72255 14 HEEERE L7z, 2O®RBLE Tol
5 HEIIMLICH 2 TR a1k L CRF#E L7z 2O
WZEDEDTNT E 726, Wz BT 2 7201 27EH T

BEPET =

HBE3IBT BE60%

Esﬁaa 145?&%!

=7+ EERR

64 5° 1 4 BRIERE

=7

+ HB1ml
—
=9 b Y ERRE
s 3 #z509 0° G457
2. 5 HMEE 118?,’1}&&

23. D XZMBREOEELE

#1095 (2010)

T TRz 720 S HITIMEERIIZIET v 72 B
& RbVIZTIAFv 7y —LahREl,

Jii 2

FiEl EFERIZ LT, EINERZRO Y X T ZHEIONE
Wa, =7 P)IRICR Lz SIZE 5128 Iml
=7 MUK R L 728, Ty STRE L7,
ZOHEITHEL LR UFETERL .

i3

Perry®” $ X U Naito 5 ™ ®© =7 1) ZAEII D K5 3%
FEOVATF LN ZIGH LT, "X T ZHRINEREL 72,
FoREESRE LTHWD =7 UGS, =7 MY IKER
TEIIE % %9 30ml A7z RICEINEZO 7 X7 %K1
DRI % 70% 7 V3 — )V CiH#ER, HEEH-> TIHZ
WY BrE, P22 =7 NI Lz, S612=

F20. 3BHEOEBEBLEICHT IEFEOHS

#®1 ®2 %3
—— Hit Tt Tt

(N=51)  (N=52)  (N=44)
% % %
1 96.1 100.0 100.0
2 94.1 96.2 100.0
3 922 88.5 100.0
4 922 86.5 955
5 90.2 80.8 86.4
6 84.3 75.0 86.4
7 84.3 73.1 86.4
8 78.4 71.2 841
9 78.4 71.2 841
10 76.5 712 841
1 765 712 818
12 765 69.2 818
13 765 67.3 818
14 706 635 818
15 64.7 615 818
16 54.8 50.0 818
17 39.2 25.0 50.0
18 19.6 135 15.9
19 17.6 135 114
Sefese 17.6 135 114
(9FIL) (7ML (539b)
HRMERL 1 1 .
(AR HBIE)  (23.5%) (25.0%) (0.0%)




FEVE + FEBHRZEI IS § 2 08 IRIC K 2 YN RIE OB R SR 12 2 iff 78 65

x21. SEHEOBEHZCLUPMEL OB (FHiE + BERE)

Ky WL EFE Begrul  WMEEME ESHEE MLEMAEES Y
9) (9) (g) (mm) (%)
Jik 9 105 =02 502 +10 63 +08 132 =11 60.3 = 3.3
ik 2 7 106 = 02 512 +17 69+04 130 =11 64.4 = 7.2
i 3 5 111 02 511+22 66+10 128 =08 59.2 = 9.8

1) WEALRRE S & = BRLRERIE x 100/ HIE

7 N KERIEINE 2 N A T2z L7ztk, 7 v TCRITIER
TEML, TI9AF v o) I LATRELZ, Z
Mz 38C, mEE60% THEL 90 FET 1 eI 1 Mgzl L
A5 25 HIBEE L7z, BRI v 72133 L, IRk
WOHIE A 8ml 12 7% 5 & ) FEHFE THRDZ2INE 2 W
Wilo 720 WIZT v 7 THUEER L, 38C, &E 60%
THSE 45 FET 1T IRERIIC 1 MIsbl L 2755 11 H R L
720 ZTORMALETOS HEIZHELD L RIBRIZ L7,

DEDFEBREED ) B, ME % &I X 5755 % 8T %
720, ZRIWOBLIBEZIZ 7 ) — XY FHNTITY, £
72EEFE N O 72 EIN G X N & VA R C Y LS
ML 720 3ODTEDORRIL, AFROHERS, ALK,
RO, #RHBRZEEE L THEL 22,

#R

BEOEERO# &M bER
3ODHEILL 5T, YAIMOE#RLITo 1278, &
DFHEIZE > TOURLS DL ENTE, BERIZED
7% ) RO AAEROHERS % %2 20 1R L 72,

HiE1TEEESH T TEERIELIZETLT
784% 127 ), L% 13 H F TIILE L - EFES RO
BN L2LMHEASEMIZKTL, 18~19H
AT CHREZE L7251 B2 & 9 BIASIRAL L, MEMbaR i
176% TdHh - 7=,

Ji2 b EEM L EEROWER TR L. 72
72U, Bi#S5HEF COAFEOKTIRE L, 528 H
TIE712% LY, FERLZ3O2OHEDH L TR
HCTH o 72 AL IERTFE L 72526075 & 7THIAEAL L,
JEILRIZ 13.5% TH > 720

Fi3 CldEEE S H EF TIITERIE R <, IIHOHE
WO 2BI o7l D4~5HIIIETT HENA LN,
5 HDEMFRIZE64%TH 7o TNUKI6HF TR
HAERDI80% 5 CTHER L, 16 H D4 fE= 1% 81.8% Tl
D2O0FHFLD L 20% U EEroTs LAL 17T HEL
BaMa ETEORTIEL, BELLZMUFADI LS

BIAPAL L, LT 114% &% D,
bRV ER & %o 72,

3ODOFFTERIIB L TAHA D &, i2 14 HUREICIT
OB BIEMB A SNz FICHEI BT S 17~
18 HDOWLED S h o Tze ORI TOTIRIZINGE %
NI E RO R VIRIED F F TOITEAL (RO 5
N7z

L72S>T=7 MBI E AWT, 7 X TR % g
WIAOMALE TR T2 2 EAMRETH L LATREN
720

3OO FHFEoORT

BHEL 7= B DR

WAL L72e F oz £ 21 IR L7z, b OFIHE
HI2IE, RPETERICRE 2 A EE IO SN ko
72 (P>0.05), Hr#EF O XTIPEIZHT LT D
FEOEIEZ, HE2HWDTNIE D 3 DD TEDRM
THEERZAON o7z (P>005), 72, L
7zetoH b, HELITI6, k2 TH5HE, HE3T
3EI%s, B S hOEFEEZRL, TDIEFLEAE
ALt 2 R LAIZRE T L72e ZOMMIZIET L %
Doz FIE T RTHBAIZEY 2 T TRE L 72

BREOEBRE

¥i2E 6 H O FROWBIE 2 £ 22 1R Lz Tk
128235%, JiE273250% THAHDIZR L, HiE3T
GHBPBE SN0 7z FRORERNL, K13
FIFROEEAET, TOMOBEREFIIR SN
Molze T LWL A EEERERCHT L

x22. HEEGHBURICHRL ZHHOERE HERK

I OHE Figi 1 ik 2 73
BHEE A4 3 0 0
AR 5 9 0
FriiR 3 4 0
AR - BHER RASHAN AT 1 0 0
it 12 13 0




66 e EATEAT e RS 25 10 %5 (2010)

x23 EF16 HELURORCTHEOHELEIUR (FiHE + FERE)

iNRZIAWES ]
gk T’ 16HH 17HH 18HH
ikl JEARE (g) 374 =056 (3) 429 * 139 (10) 553 * 0.79 (10)
55 3R (mm) 102 + 1.3 109 = 1.4 123 = 1.0
Jiik 2 NN o)) 3.64 = 056 (6) 455+ 095 (15) 6.63 = 1.43 (4)
2 38EE (mm) 94+ 13 10.8 = 1.2 125 = 0.9
J:3 Ik E () 6.87 £ 1.69 (14)  7.20 + 1.44(15)
% 3 (mm) 11.9 + 1.2 121+ 1.4

O WEFZY 7V

WS, JiEE2 TIEZTHIRO e Fa L L7z (LA
L)

RCHEOFELEIUR

3OoDFFEE EFREHRTIEE L 72IED 50% 2L L 28,
K32 16 HUEOILTTH o 720 3 23 [LIERT O Fs 3
16 HUABE DL CHE DO FIEE L B3R AR L7z, &
DHH 17~ 18 HIZHTE LRtk E X, Jiik 3 b
L, DWTHE2, HELDIETH 72, Jiih3 DR
FIIBWT, 22 HHENIIFC LZEOREL, & bI
FHE1LVEBICEL-7 (P<00D). JiEk3 okiE
2B % 18 HORTIRD VI EIIBL L 72e F oL
NEYLE, o7, TLEIAREIIOOHFTLLIFL
AERLETHo 727, 18 HORTEIRTIEIL L 72 5
L0 RWHEISA SN,

8

Y A EOREHEIE, Ono 5 ¥ 12X ->T, =7 FJuH
AW L DD TIMLIZ T L7258, B
16753 2.5 HOIEEMINA T, FEND D FEEMA TZE
oo THY), LA a1 3% L RETH-
720

REFRTIIRINEZD 7 X7 K590 0 & 538 % 5 A,
PRAL SR DT LTI L 2 BUONE RO ™ X 52k,
HHIE & B2 L B B 22 ) &~ 7S S, A DB
ELTEREENCHY, v X T IRE RS A
LETHRFET 2 EDWRRTH D Z EDVRENT,

AFEETIE, Perry™ =7 b ) IEDRE3E & [FHEIC
WP & AT 5 720 EIDORFIZ OV T, Rowlett 5 ™ %
Tullett 5 "9 1%, HERBEDOIEZMRAE L, HEOWILE
BLLT, BOKESMILICBWEEL 5.2 5 LML
TWh, REBROEREDL INELFHTLIDEEZ LN
5o

Shanawany'™ (3L L 72 FOBEED, oY X
SHNE IR B HHRIZDOWT 552 ~ 76.0% & #Hiis L T
WoHHS, RERTIZIDOFFEE S ZoHFIZEEN
2, ARV OMEIZIE VL DTH 5720

3ODRBRFEXR WK L7284, HiESIEI6HFET
DEFENPOU AR LEL, FRBEEFTOHFEOM
HBRFE oK RN LD o722 &0, FIOIRSEAIZ
WFEWEEZ 2 T EEZONL, TOHHE LT
&, BIAENRKE ool bk, RO OB TR
WEWH LD HREIER SN T z7zdtEZ Hh
bo LA LILED 3 DD O TR b Kh 5 7251
DWW, LI RTIIE T L 22RO E S E NS L5,
KGTIED D Loz TR RV EEZ S
NDo REBRTIIHAE 3 HIAT - Z2I0EIRI Y ORI,
RN DI DR % Sml 2 L7225, Shhdb LS
S LIl AEETE v EBbLs, F2mML
7ZIENE, Y AT OINATIE L =T ) OFIETH Y,
FDLORENLEEOWNEELEZ SND,

J5id 1138 bR EASH T, PR ZIRIEINE A A 72
FETMUIIRICB L CHEL CHILI e 2 L8
TE, BRI ROBVRHRE R o7 HELIIAHES
WA O BR L OMERHA 5T, DI LR
JALICHET 2O TR VAL FHRENLD, FEH
Lwrotzmx BT, EFREEETH o2, TOHH
ZINEADSEIEIN e IS E DN T W7z, IRERAS
2SS HHRELER SN2 EIZEADTRR VR E
MR nd,

F 2 3ARGHIEEEBLTC=7 NI ZRINL 72
DTHEH, TOMBEIRENEDo7 7272 LEER
NSNS, FEE 3 L I ATIZAE T L 22RO R E DS,
FE IR REEHAIRA SNz, Zhd 30
Yty LRI, RN OIIHO®RIC L 2B LE 2 b1
5o



AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72 67

Tl &2 TRERDOHBSASNIZD, ZOHFO
% D IROTERE T o7 HOTBIIRE 6 HEE
TICE, HARERTTLI LN, BEEOY O
IROWBI BT A ENELOND,

BERITHCHC LIRS 3IER A5 &, Jik3
WEAHFEL & 21ICHREIBENEL, MOFEEIHAT
WhZEARENT, T 72853 18 HOTIEDH 3 i
FiX 320hFEES 2ml EicZoTBY, BLE
TICEEEL 5 ho72b00, EAEFICHELTE7:
EEZOND, LIAo TIIRE H\V 553812 & - TR
DFFIZEE OIINOIRAEIZE L 2 b T L AR SN
720

=7 M) TR TICRGEOZHIN 2 S L E To—
B LEESHEESNTED, FATOER™ i
ETEAY OWRICAH SN T b, RFZEIZE - T,
U AXFIZBWTL =T MY IR T, IR S
DEREDPETH S Z EATREN, IRIVNELRRET
HoTh, BEORRINZREFHT LI LI2L>THRD
HARHIT & BATREMEAVR SN 7z,

4.6 /IE

FEMIEATAZ T 5 10 #ARIZ D72 % K/ 2 Tk
FEERORERDN S, IFHIELT & AR O BIRIZ OV T
SHL 720 *HZ RN R OHER 12 PRV, BRAA
L7Z2WIZEL 220120t L, 5551 70% i THER L,
FEEDOEDS L IEVIZOA D 5720 L72h > CTIEMEZE
o/ (G#R) ~OFEEDS, W% LS8 25%)
R L RRE LT, F5RDOSERIEIIO B
S, MRYNIEA & LIERT O 5 OB T, ik
T L, SRS TR R 0 2 s BT w
720 F722 ~ 3BHEOEMMRAEOWE, HRILE 5 HEAL
DI L LD LR L, 0% D@ ER R L7z,
L 727 TR TL /N~ O, 2 BEH 2L
DOEMIRAE L 72 I ORI 2 Bt 3 23R h 5 2
EDITRE Nz,

18 % D ZHEI O IHIEETFOK & & LALEO %
%, B3 MADWLDOREIMGES L7z, ZORER, SRk
WL D L OV R SN0, RN TIE—5%E
OKRETHR L TBY, IFBIELETFOKRE S L LRI
I, Eo &) & LAEEIZALN L o7 RO
WELWMET L2, 28U EoEMREOSA, A%
DI L NI, KN TIZIFBIEETZ O R & S
L BZALE AN D572,

SREIN O BHIRAF B D AL DAL IR - A3 B AR

THLZEDS, IO/ X 2 72 & D BRI OR
NI AEEE 7 T RVAREIO) - NVASIE S Al )
T 3~ 5 AMMAFIC B 2B LR LA s, 658
BRAE T OILBIATE STz L7zt TRIEH DR
R L 2WEOWAHIZ 5 Z LS, BLEOUHEIC
MEDH DI EHREN, DT EHFRRIZHBIT DL
KO\ EO—REZ 2z 57z,
WIS B Y 525 2 e h s, RoKsE
e L CONBOEBEEEME T 572012, =7 MU
R R T IMEREN oY X IR B2 L,
bS8 2 2L 2R AT GRARD =T M) IR E VT,
3ODFETREE AT o720 TOREZIODOFTL LI
LB SN, PERIZ 114 ~176%ThHo72e Th
Lo ToXFK%E, =7 M) IigE v CRENE#Z O
SN OBRE 2 HILE THETE L 2 LAUREN,
AL B BN D EE A FERE T 5 2 L AT E 7,

BE5E RIFBOMERICE T 25

5.1 =

=7 M) O, IRRICBWTIIEMIMES N, HE
PRI E N TINE, NI, SRR S TR T
%o P IIFRAECHIR A ZE V2 6, IS W ERAT
HONE, TR, R (UNEREGRAL), s (91
I IGEBAL), Tt (NBEReEnhn), o2
5P, 20z, BIVEKS OGO %
BYRHHLEEZOND,

ZOHTIE, EINEOBA2OINEK EINERNTO
PN o B8 BRI O AR I DWW THFZE E T & 72, Warren
5 BL, HEEN ORI ED KD OHEIN > S B E T
DIVEX IR OWEH 2 A L 720 ZOREE, Hle» 5k
DINOHINE T 31 53, HEIED & 102500 & W AR D
5F T34, RFEPINE@HAL FTA13 5, T
18 45, WRHE 2 HEM 54 43, WES 1 HERT 14 4, FE
T & BT 20 W] 40 4 & HfEE L, IRIZIRE E s s o
F82% % FEHIMTHIT T LEHLMNIT L,

L O TIE Melek & 0 1358 % BT &, Hion
P HROINOHEIIE T 24 55, BRI & FE I %
HATL ETH T4, IO E T 5 94, F
BT 19 B[ 46 4 L HEE L 720 Naito & ™ & i ]
TCUE, BB HROIFPOHEIN F T 25 55, HEIR A Sk
B E T 4 W 43 4, FEHECT 19 R 24 43 L HEE L 72,
WO b I INE P R 08 80% & T B
TR T 52 EAVREN, BINHROZLELT = A



63 T PE TS T B R

REHMOZEENI L2 2 EPREVEREL TS, $7-
Naito & ™ 1%, HOINHFEAE < 755 5P IR 0 4
FAED B3, I REATET OB B 2 & &G L7,

IR 7 B & FE A R R o BIAR I D v T,
Berg' (&, UNRRIE & i o0 BB O BIAR 2 BN, IR R
WEWVIT EIIRESIE 7 A & #id L 72. Burmester
5 1% % Talbot & '™ 1%, T = EN T AWK R L 72
O & INFRIE S &= & OMICHERH ), —EDEE
THIRGL A= T 5 LW LT b, —77 Buss 5
W, ORIV H IR B R Y TR L 22 E
F & EIER A VT, IR BT AR TR o
PR, TEONER & ISR O’ T, N R R
WIS 2 7 <, L722% THNRINE Lo 22 13O0 7%
LA REEDFE & B EHEE L2 ™, 72 Combs & %
b, BEEREE O K/ 2 M T R R 2 A2 2
ozt L Twa,

Z CCIBEA T A BV & L 72K 2 H~osE
WEBR TR L7:, JEBBEERTRORAM B5R) LR
Wt (R) & HAWT, T & SRR O BILRIZ O
WTHLRPICT LI &I LT TN T CHIREGREE &
PIEIIRE DBIRIZOVTOREIZITE A LR W0,
[ UM & A CORREE I 2 BT 20 © OFFFE & 3l 72

5.2 EIRBEOIPFRIFEOSE
JHERIIINEDOFEHI TR S NS, Licdi > TINET
H BT OIIRIEEE & SRR EE VXA & 2 O BIR S H B &
HESIND, 22T, L2 EITEE & L 72K
2 FIANO R FEER TR L 72, IFFIRATE O K RHE (59
) LR (BER) 120w, PRI & i L,
Z DR & IR & IR D BIARIZ DWW THT S
ML I &I L7,

MRRUFE

FEZH 2B, IR 0 A IR SRR D 2
9 AR, KO 10 DT, 64 ~ 63 Mk FHE %
To720

F9E I HROBEH AT, B2 HKOPIIE TD
i &, TEEAORZRRH 2 A L 72, FA1E Naito
50 OFEICL VT o720 T D HHIIA S ROPEIH
I CTORMAHTET 572012, R TIEMII# 10, 20,
30, 40, 60, 80412, F72595%1% 20, 30, 40, 60, 80
I, FX10FToE LKL, HINOFEEHINL T
WG IRINOALE 2 AR L 7. IRICTFEHEBA D F5E
Bl &2 HEE 3 A 72002, HeiR 2 300, 320, 330, 340,

#1095 (2010)

350, 360, 370, 380 47ri2, WA TIIHX 7T, R T
FHEX 8P TOoR &KL, EHIZHEL TNENOIID
MrEAHAE L7z, ERIZETHIRE DR bvE Sy —
VF ) a (R 7y — VIESE, KHASE) %
1 W& 720 100 ~ 150mg HH 32 2 L2 L o> TiTo 72,
ERRILTIND 5 IR OHEIN F T OREH N O = S~ D F &
B OHESE X 70 Ey b 1 oI L o T
e L7z

WIZH 10 A D 2 FHWCTIN O T EEBIZ B 5 iHE
BEf A HESE L7z TERRICH T 2L, Pk
IR & T EEANOFIHERM A2 LI 2 EI2LD
FH L 720 SPIIR I R 1 FEBR B A T 28 H [ o) IR kg
A OFERE D AT L ICHE I L7z BUPREZNE &R A
540 [T O EAEA IR, EINREL BB E O
HELCh LM — Y THELAE L. TEIH~D
FER NS HINAE 300, 330, 360 4 RICHRMEE b &IX
0PF>E LKL, WENOIOMELFLHFLT, %9
RO LRI LT TOE Yy ML DEE L 72,

7 BIAFSILEAI & U CERE L TW A ERT, FidH
DFRGFHIND I 5 N FABR % 8858 L 726

R

BT BT 2R LR 24 1R L7z, §5RT
LRI 40 25 TR COPRIIDHERE S, IRt 60 43
WIZINEPIZIIATHL Y A F Tz SHUSH LR T
1, BTN 60 12T R TOHIND RO S,
FIENANOIIOTY A H S HINtA 80 7 L 557 & 1
Ao 720 F 2 FEHANOFEEM TIE, 557/ T
(IR T4 320 43 CHID TIIAS T B EBAFIE L 74758
BN, R TIEHINE 300 43 T4 T FEEA~H)
ELZESBE SN, TOBOKEIKXTH T ETEE
EROEEDERE D bE <, Bk 380 5 Tld$XT
DERTINAFEEHIZTEAEITW Y AT Tz,

INSHDTF—% % b LIHEE L7722 5 IR OFEIN £
TOWME, FEHIBNORERM %K 26 IR L7z B
B & K OPEIN F TOHEERENIZTTROTTH 8 43wz
bbb F, T E R RR O J A5 18 4
Brotze ZOREHIIA O F = EHICE 2 R IE RO
Fins 26 3R oo FHRITER LD b EIIEAK
<, FHRIIEESRWEHREINL Z LA s, 20k
DOFEHTOWERMILBAOINEL 2 b LRSI
720

WA 10 RIS BT 2 AR R LK 25 1R L7z, 5
9 A DEE & FAEEIZ, 53R TN 300 4 TI3BIAs T



AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72

F24. REUIROBEEMERNOINOME (5 9 HAR)

JiE5R H %% BB B ORER (43)
(H) 10 20 30 40 60 80 300 320 330 340 350 360 370 380
T REl x) B RR RE T REl B B REl x) B Be
AT 10 9 10 10 10 10 8 8 9 8 8 8 7 8
JRAe 9 3 2
N 1 4 4 3
5 =18 2 4 7 1 1
2 i R 9 9
fr
[ S 8 5 7 6 2 1
IR — F- = B 2 1 2 3 4 1 1
FEH 1 1 5 5 7
[N
AT 7 10 1 10 10 6 7 5 8 6 7 6 7
iyl 5 4 1
R IpE 2 4 4 2
5 JaHi 2 6 3 1
i Wk 5 9
i (75 4 5 1 3 2 1
IR — -5 HB 1 1 1 1 1 1
TEHH 1 1 3 4 3 6 5 7

K25 HENEOEEEMERNOIMOME (5 10 HE)
55% [
BOBROR:R (47) 300 330 360 300 330 360
T F) RRl BN T F)
AT E 8 10 10 8 1 10
90 g3t 8 6 7 4
8 I3 — BT 1 1 1 1
i TEH 3 9 6 10

K26, KD 5 ROBEE % TORERE & IOIPE PFEEAFRE

£ 9 fibft 55 10 At
5 R GEEY [ 55%
BERT 4 R4 BRR 4 BRER 4
TR 2 & kD 0:26 0:18
HEIN E TR (A) (48)”  (48)
IR 2> & IR DR DT 5:30 5:48 5:25 5:33
HREE E TORR (B) (52) (64) (29) (28)
SIS (C) 2<7181>2 Zégf
P & T ER )
Teomn ma S 59
TEIEE RN (C-B) 21:47 20:05

1) 71y INOEFIHEE I L 22305

69



70

EEICELE L 22 ARIEREO H S, itk 360 5 Th F
FERIZHRE L TR WEERDSRD 57z, T
LR T, BUIRtE 300 4 CIIDST-H EHADORBAT & 1fid
7R BIEE S, IRt 360 43 TUlE TR TOEE DI
AFEIICERE L Tz,

COFT =% % b LIHEE L FEIERERH &k
T & OREIIRRIFEEEA & KD 7 I N IR, KO
BRI IR 2 32 26 1O/R L 720 IO T B E E R R IX 55
9 HEAR D & FERIZ5RR DT AR 8 457 { HEsE
ENTzo —JFIIHMINERG LR D A5 1 B 34 0 F
Polze EORRFEEH TOWmGRERILRAD S A1
42 505 {HEE S 7z,

Db o s, FEBIELTA R 3 2 A0 2 Jria ik
A, SHOINEFEEIC B AT A 2 LS
RENTze T LI T d 2 4 T =T
DO EH OZE L, JIEREE R IR O & DI
Flod 5 2 L E2RIBLTWA,

5.3 ERBOMEMROMHE

IEWFIRATLA RS % KN 2 LRI & - TIEH S
725055 2 RMEMI UL, IRRGRIE & BEIIERICK & 2 EATRE
HHENTz, ERINERIE THL I En6, BEKIZL
LIVETRIRNDZEZ WO L L) & L7z

MERUOFE

FATIZI3H 9 MR DOMEDIE 2 F\ 720 70 ~ 72 il
(RGO 15 T 0 & MEAEA IED, RERE
HERL, BEHICHBEL TINELRMIE L ERIZET
HRE DR PNVESY =L F R A (R TF—)b

T PE TS T B R

#1095 (2010)

S, KHAASEE) % 1FdH720 100 ~ 150mg 4
THILILoTITo 72, M L7200, BRI L -
T 727 ENTIRBEIC R > T B DT, ZOEEL T
EL2DENVIYBENTEoFT WA D LT L, Wl
HEIINEOE&E, WAHE, WHE, FEBE KO
FTEBOERTH Do % BIFHIZOWTIEIRHEE O
SENSHE L\ 72, BREBBAARLE A & 5 i £ T % P
BoeERE L. WKL S 0B R, B 255
XD HGE L 72, Z e TE oS RE, K
MOOPZIRMEE TEoLm e LCHELR, BE%
WE L7 RITFESBSZI YY), AL TESEKRHD
KWL THhLEREZWE L2, 2 BETIZTY #E
LCHlE L7z,

RS

AR AL 27T IR L7, IEEE B AD S,
S E ) OR SIL, SROBTAFEEICEL, RO 1.1
BORETho7ze HAITIIIERE & AR D F
BHEBIZE, 5720 2O EAZINTERE [ O FH A THEID
2o TFERHICE L FEHAGEARDO TN & EBE LT
Wb EEZ LN, TEROESICEAEREEZTRO LN
B0 12, WARDITHBREVEER LI, —71, &
MOPESKIINT HEEGTAHAL L, BRI TIIEDL A
o 72DIR LT IR & FEE T A EEN RO b,
AR L D bR OBIEIRE L, FEBOE AR
INEWZ EDTRENTZ, FLTEHBOEILHAL) D
§9RDFDNE Do T20 LD o TSRO H AYNE &k
DEIZFENbOD, JREEHRT 5 FEROEEIK
EVZEDRENT, SO END, FEIEERIH T

£27. FIHRICHTIMERZBRLORS EFEEE (FHE + ELREE)
[ 5% HEE

T CF) 15 15
& (g) 1720 = 115 1658 * 176

IO RS
2 (cm) 50.6 = 3.3 55.0 = 3.5 ok
FRE (em) 315 * 27 345 * 25 *
IEES (em) 9.8 = 1.0 11.6 + 1.3 *k
FEH (em) 9.3 * 0.9 88 =15

JE LA OEE (iheR)
ZRE (%) 622 * 24 62.8 + 2.2
e (%) 193 + 1.4 211+ 18 **
TEH (%) 185 + 1.8 16.1 = 2.6 **
TEER (g 148 + 1.8 128 + 1.4 xx

wx A EOREE D % CREMICHEAED D



TEVE © FEBHEZEI IS § 2 08I K 2 YN RIE OB RS R 12 2 iff 78 71

B RN 2 TSRS, NETRION L TR e 52722
EAIRENTZ,

5.4 E&
SPARAEE & PR

TR R REINEE & BIAR A S ), — R IR F s
WIFEEIRIEE L DY OF DEIROEIKE
WA, BORHIREIC D 2B 5 LHEE S D,

il 2 DYNEIEE % V72 BIRFEBRIC B VT, IR
LU L ORI OV THE SN TWS DS, Van
Tijen'™" (ZINREHRE O & > TREINFR IR T D
HHTEERREL TS, THUSK L Mcphee 5 % 13,
BN L o T L7290 L E o &R # & RO R I
FEINEDOEIAS N Do 2 LG L Twb, Combs
S b, BIERRIE ORI 2 A TR B o
72 L #i4 LT\ b, Hartmann & V1%, #HHRBE
AR EE & IEPIEATE O & 1 E AR X o T—EDE
MR SIS, FAIEORA TS GRAm) ~
DFIRDTTH DT PIFEINRDPEZET, WL
THHERMEMIFEO SN Aoz b MELTWD, &
S O A S IRRETREE 1§ 2 #IKIC X B, FEIIERIC
ST BBEIIRERLDOTIERL, Lzt THRON B
DELHFEYNREL LNV LIRS,

INEERMITE LS, EBIHRINERE LR L 7
Buss 5%, JHRINEIICH BB Y TR L 72
JE IR R & IR O T, IR I R o7z k
HEL TS Y, F7-Combs 52 %, BEHEDK
/N2 SRAR R RN L 22 A A o 7o R LTV B

Lo LSO ARERTIX, FEHEIELATRICH T 5 K/ 2
FIANOFERIZ & o T L7224 T, BOPHERIC 1
B 30 DDA LI, RO HVPELRD), Inb
DL L F 072K B DHERPES N, TOHEKIZD
WL, SREOFRELS T H3ICEHT A2 L1k TE L
Do lzhs, 1 DB RILE DE NI L 5 8D E
ZOND, FleMiEn% H, EikitAr 5 R FTT
REERD X 9 7 10 R H 72 2 BRI FEE TR
CEBVDHFERL TV AUREEND L. ThbEARERICE
W, TS 2 RN EINERDED R SN2 DIEE 3
HALETH 0, B 2 CERE TIZEEINERI 2
AN W BELED D 5 o

RUAHTIE VA5, Berg” 3N AEL 2 %
ZEIRIEDRIEL 25 b3t Lze 2O &I, F2E,
HEIETHOMI L& )12, FEHHEET & IR IZ 1
BADOBEWHEDNRDO SN TWEZ ERS, HIIHEIE

R BIZONT, IIRIENE  FFBIFELEAVINE (o
TWEEZBZENTES, Choi ™ 1F, N H I
DREVIIOF IR E RN L b L WG Lz, E72
WONREIREA R 22 % 7 T v FifIllizonwT, #NnE T
DI AIEIE AL < 7 B @Y 2, JHHEAK X
7 BAEI Y AHE SN THB Y, RFEBH R L HUD
M Z IR L7ze L72aS> TROPFERE & He I 12 I XBILR
WdbLEZ LN,

SNRRE & F = ERiE A

Burmester 5 ¥ % Talbot & '™ 1%, T8 CTHIAS
WK IR L 72t O e[ & IR & & O BB A H
D, —EDOEIETIRLERSBINT 2 LG L TV b,
C O LA T i R R SR LA 2 & IR L8
B L EkodH s LERLTVD, REGFHRTH
RO NS 1R 42 53 FEIEE MR, FE
R A RE I & ONFEIR I & O PYHEASTRIZ S 7z,

CAUZHR LT, Buss 5IZEINHRR & #EIIRER DM T,
TR B R0 S B BT L2 2213 7% <, L7228 > TR
PN D FIIRIL B EE DI L B & LT p 919,
%72 Combs & * &, BEMIE DA/ 2 REHTTEE
WIS ol EME LTV D, INHDH
Hix, FEHEANOBITRMEZMBZEIC L > THELT
Wi, BEEKOT -5 255 LN TEHET
BEEPE V. L2 LEREEZ,P-725 00, Stout
& 00 - R R R R LR IR AT 27 S HESE &
NTWwh, F72 Combs & * bHEHEIX Ao 7208, W
ROTTHTE LA 0.4 B (24 4) B HEE S
NTWo, Thb 2 ODERITHERHAS I AL TO
HBRTHY, FEZEIR VD OOBINER D TT AN
HMAECHESIN TS, L7zdS o TINEGREE & T2 58
AR E DS W EMTET 5 2 LT TE RV EER
Y (-

—, TEmE O CONRRIRE O % S
LI EIETE L\ 8% 55 2 BIIR L7 EOHE
Bob505 L)1, KEBROMA TILEREROKZ
FTIRIFRESR D 2L L T v, Z0O—J TREIIER
BETLTWADT, FEIMBHETRMbOE  Z>Tw5
TR D B L7zh o> THEEGHEMIREL 2513
S, IRREEES I ChwawnwZ eiZhl), FEL
TLEH. KERTIZ, Buss b % 0Ig#HT 2903k
EREIZOWTIEARERTITAE L TWiRnizd, 2o
M S OIS 20ERH B b s,

WL LT HINEEGERE I BV TIE, T E IR



72 T PE TS T B R

M 720 A5 PRFE SR EE (2 BEE 3 4 DI CTldZe <, IR #
JER, TOMDH > L BEELAERPEBRLTWSL 2 E
MEZLND,

SERRORGRE =

REBFER? S, FEWIEETAK§ 5 K/ 2 F7T5E K
A5, PRI L CEBE G527 2 LAYRE NIz,

PIEERICA S N R, IO BV T
TERUCBRT 2 OAPNEFEE TH L Z L b, Tkl
BELOMEL D, I L OMETE 2 2D R W
L bis,

AL O & THRD B A KGR & Bt A3 2 72
75, 2O LIV O FHAE THEIN 2 & T E BRI E
LEEM DS, MBROBETPE NI L EEELTWL EEZS
Nbeo ThbbINETOME S 25, FoOINE
WEEEIIHE VL DSV EVDRTEY, FEHE
TOINE DR SN T AR R RT3 < 72 5 W g
MDD %,

RERTIE, MARDHHPIRIEREE TH 5 FEHHBO
EEHFKEL, TEHMERLE, -7, TR ELM
HAHRIBEL CWA I IR A, 2OZ LIZINRIE
BBERE & OBBRCINOKRE S L OBBRIEZ b b, K
FEBRTIZINIEARRE & OBIEIZ DO W TIIMRET L T
WS, JIORE SIZOWTIE, IIETHBADTHHE L
JRE A HINREL 2 LW IIAAE D RAD TR X
W o(E28), Lo TFEHORE S ZOFREN
WD D B o

SN FE TINRREE L INETRIRIZ OV T OB IFIZ L A
s, Cipera® ZIILEO/NE V= ) L Ik
EOREN=T M) OFD, INEICIIDERE L VT

#1095 (2010)

JEER (ZHE) FEVDS, JEIIH 55413138
AEEDNRL, FRTEMOBESHLIFZLEAEEN LDo
ToEELTnb, REBRTIE, IIESRTIIFERON
RPN, FEHOER (BE) (ZBADO LV E, -
720 THUTTRAR R UG RA R EK TR & o TR S
NIZRHTH L Z L, WEEDE:, FIPORE S
HRENEE L TnwL EEbND,

EIRFBOFIA

REBRTI, IFBIELER AT 5 A/ 2 Fla R
Lo TIEH & N 720055 2 RIS DOWT, JIEKICEBIT
BMEWHO NI 52 LT, JIRGRIE L N1 ER
RSB D H 5 2 L%, B & o TTHEBOINEIC
D LEENEDL I EERTIENTE,

O &9 IR —HE M2 S BRI K o TER S L7z R
BREEICED B DA AEME) 2 LT, IRIERICET 5
Tl DR T2 2 03 TEbEELZLN D,
INFETIZD Buss 5O 7V — 7%, JIFRINE LIRS
B BPCCUEI L 720 & MR Y 2o T, 1
HEBIZ BT B IPILAEREES AV 2 AR OWRSE 2 AT
VR R BT B IRISSSSI6ED g 2 Combs 5 0
Zv— 7L, BRI T B R PCCE L 725855 2 R
KA WT, JUBREE L IR OBIRR, AV A
1) Y ORBHIIOVTHE LT 5 BB

20 L) RBRYGRTIE, INRRIEEICE D B I
VUMD BIZW e 2R SDnwEEZENL I END,
DNA LNV TOEREMETHZ LT, =T MJICB
U B NI b B BT ORIICHA T 5 2 & 2°
T&5LEZHLN5,

L L%s, THETE OINREREIZN§ 5 #ik

28 MWMEICHT ZRKICH T IRMROME, WRE, WATEHEBOHS

B R i g5 R
JiE (g) JpE (g) IINHE (9 JiE (g) JuiEE (g) JINAEE (9
Go 58.61 5.11 53.50 58.61 5.11 53.50
G, 57.98 5.02 52.96 56.95 4.80 52.15
G, 57.26 5.02 52.24 55.47 4.71 50.76
G, 56.40 4.99 51.41 54.08 457 49,51
G, 58.26 5.42 52.82 56.45 4.78 51.67
Gs 57.11 5.27 51.84 55.00 4.46 50.54
Gs 55.52 5.25 50.27 53.67 4.35 49.32
G, 55.64 5.41 50.23 53.94 4.36 49.58
Gs 54.23 5.10 49.13 52.66 4.07 48.59
Gy 55.40 5.41 49.99 51.81 3.84 47.97
Gy 53.06 5.32 47.74 50.50 3.70 46.80




FEVE + FEBHRZEI IS § 2 08 IRIC K 2 YN RIE OB R SR 12 2 iff 78 73

EBDTAAONTEIZE 20 b 5, BIEINREREC
B 2 B0 BPGRA L, FEW 124 v, Somes O i 4
L7 [FEBBEEEHEOEES] ™ ok T, Jlkk
FEEDGRA L LT 217 R 1 Afc (5855 2 Rft) L
M\ REIREERIC & o TIEH S N72RES 2 R,
HBIZERO L THERETH Y, BUEILEMAKES O Bk
KEY =NV ZIZEBHESNTWDE P, LzdioTh
BB OIEHEE B 2 AR L, #fmT L
NVTOWFERT D LR, FREMHOEA TRV
FRIERICH D 2 BT 2O P L TV REDH D L
EZ bbb,

5.5 /N\E

BTN § 5 BIKIC & - T, JIRE & PRk INE
s, PR ICKRE (LB I LDHL IR 572D
T, BILFEOIVEBIC BT A A L 72,

FTE I MMAROBTHRE L 72 T EEANOBATRER I,
BADT DTN E o7z, F724 10 RO THE
5E L 72 FE R R, RO PRENI LIRS
7oo L7208 CIRMIRZE AR 3 2 R/IN 2 8RS,
GROPIEFEEIC BT LRI EE T 5 2 LAURE
N7z F2IRIERGTAL T 2 INE T EE T OIN D
R o7 L, INTRERINRE O L OMIZHEDH 5
T ERREL T,

WRIZINE TR DB D RE % 55 9 A DO D %
WA L7z, INERIZFEERO AR, BARITIEE
KIBEWFBS D o720 —T5, KA OINE ERITHT$
BHEETAL L, FRITHAL D SEROFEGRE
TEMOEEG TN E otz FRTEHOES SR L
D DESRDFAVNE o720 LIz o THAD T S INE
DESIZFED OO, JRE BT 5 FHEIOEEIK
EVWZEDPIRENTZ. 2O EHS, FEHIEEIR T
B RN 2 TS, JRETLIRICH L CpBe 52722
LIRS Nz,

I

PAE, VIR OREINRESIEE LKLY, 20—
Ji CINGRE ORI X B I ORI EIZ % o T &
720 WIS RAREFHIAR T 725 T 720, JURIRE
DY L DHIBDFER AL EIND L) 1%k o7z,
CHE TINRGREDOBIZME R 2O S LT, £ D#Ek
FEERPHA SNz TNH OFEPERRTIX, JILE, I
PRI, DNRIE, DNRONELE, WOESREE, JRBURATE, B

JREE e EOILE IR OTRE & L CTHW bz, &
DL, FHHE & IEREEATIZINZE S FIHEST 5 )
FC, MBI & 2REENIBIS 2 VB TENL TS, L
2 LIEBHIEE IS OV CIE, SO E O CREL S b
H—HOBREEBRII TON D o720 TOHBRIENEE
T ERE DY RN R SN2 En s, JIFGRE O BEIEN
WRIZBIT S, FFEREETICK T 2EKOFHEEZHS
PICT BLENTTET,

KW T, ZOIRMEAT I LT, 10 A2 H
7o) KN 2 O BERERRZ ATV, IR EE ORI
B B IEWEEROR A OWTHRE Lz, $ 729k
AT L AL IRRGET eI RR ) & DRI EIZ DT
ORI LTz DWTINSLDOHEEY b &1, FEEOE
WERDG BT 5, FFPIEZT 0T %852 X 590
TR O AR OWTTI L 720 IRICIIRESREE DL
BEOWRLRIC TS IOV THET L, IR 2 R L
T RBRORRLEOME % AA Tz, miAIL, ERHED
GRS BT 2 55 &, IR & I o BRI D
WTHRET L 726

1. FEIEERICH T 23BIRIC K 2 IREE DL R DT
REME
AT T 2K (55R) ROV GiR) i~
D 2 K ERER Z 10 AR b 72> TITV, JEREZ
TE OB UG & BIEREN ORI OV TNz,
BILE CTH 2 IEBETL, R, 558 & b ITEK
PRV EI UG AR H i, 8 10 AL T 425 51.9
*+ 6.2um/kg, §5%721100.6 = 13.4 ym/kg & % -7z (X
2)o L2 LBEIBUMIHADHA/NE ) bhEs 2 Afii
TR UG %7~ L 720 SRR IOV T, FEmE
ZBIAZKTT B BIKEDNE Do 2RICB VT, %
SEL 72BN A /R L, ZOfER% 10 A TIE5EA 25 3.75
+ 0.46kg, §55A72.17 * 0.34kg &% -7z (14 3),
COZELIPIELE A IREL L2EKICL o C,
INFEEEE O RS RETH B 2 E AR E N2 T 72 IEMK
AR OEBRBEEFI, R TIE016, 5955 Tlx 0.38
CHEE S, TRES 2 R CIE R AR R L7z (K6),

2. FFBHRET &M OIMHERE RV EIIRES & DREE
%

EIRIZB VT, IR & AR 2 H5E L 722 D0Rees
Hor—sb, AEIEDERT—52b L2, JFiE
LI MO E & OBENE, RORFEEE TS %
YN R REINAE ) & DB EIZ D W TGS L 720



74 T PE TS T B R

PUEIIEER, §5RE I L, §5ROTIHIE O
MHELPo (W7, IR, SR TIEEmy 56
AR SN2, §5R TR T 2@ ER L, #RIC
£ o THGRIZIIZRDIE , F5RIIINEAHE A 2 o7z (H
8)o UNFEEIX, MR TIHTIT—EDMECTHER L7225, 59
A TREMIED L7z (K9), JimiiEiid, %k
TN 2% R L7225, 555 Cldisd 3 4 Em %
R, IRIEE X ER L (1M10). )
HEHEE, SRR e AR L727S, §5RIER <
B AR L7 (X12), FMHIEINRIE, 552 Tld—
TEDIRKIETHER L7278, R T IZEMIIICEIIERIE
BF L7z (K13), EHIEIRSRIGE, EIEIR=R & & M
R ER L (M14). L7zh > CIRMEELETA O
WIZ & o T, JIRGEIEE K O E R i G0 RE ) |2 B KU
DD T EHIRENTz FRIZIFIEE O /INJT I~ 3
WCIE, IR ORIV E I L, INE R BRI
BTS2 EPHLRE R ST,

F WO I B BB O EE, E3I LT
HARTHE L2825, Bl mBIERIE, AR TIdm
RED I LT TEIIRD LN R0 o728, 557 TILE
IMATLI% ALY bE <, HBTHATIE3SN L
SHITE L otz FoWHAR L b HRIN O HBIERIL55R
DIE o120 L2 > TR TIEMINO R
K%Y, FRBMIPOEED L, IIRRE O T AR
SNTze —HERTIE, BIIO BB MR TE
RO, §EREDEIHESHITH Y, JEHIEERIC
3B BEIKDS, BRI EIN O BRI B A 5. 2 IRk
SREEICHET A EAVRENT: (£ 8),

3. FWIETH 2 WRBEDIREL L BEDORKS &

DIRE
ZICERERTEONT— 5% LICH#EIE/NT
A =% %R, PO BRI R O 720 Ok x
FRET L 720

IR 2 1L Lo & LSRR K OIS E O
BIZEIL 0.22 ~ 048 & MR OMEAEE S, JEpiiE
2T & EERR R IR I3 G R O S SR R o 72,
TR IIBE T, 0.19 ~ 041 & hAZE O isE
AHEE S, BRARDH AR EAHEE S iz, PIE L P
AR TR E D 0.5 ~ 0.6 DEWEDHEE Sz (3R
95

B OBEHBEIZOWTIE, FERIEET & INEETE
B omEHBIE, BmeBAOMBAHEE S, REIZIR®
PREE I & PRE & OB S <, IEHHEA T L BRI

#1095 (2010)

(ZIRINE LRI IE & DBIRASKE NI LAVREN
720 FEMGEEZETE & REUNER & OB, HRRATER &
DO EVIEOMEDHEE SNTze T MOINEHBYE &
PREE ORIZIE, BOBRMEHBSHEE SN, HWROTH
58 80 bmEd oo JEREIEATE K O IR EE & PR &
DB LRI TEEA AR S, IR & JIE &
DOHBEBERICBWTHAR LR TR DD S LHE S
72 (310, #11)o

INHOMZENT A= % b LI, JIEREINEHMK
T LWL ICERE L7856 OINRaaE K O H
DUYUREY, EEIEEEE AT L 720 IIRRE D
TR & U CIREIRATE, IR, INiE Lo 3 >0l
BIZOWTHE L& 2A, BEREAY SR T 2560
TR CTIEIIRINTE AR S DR <, IR CIEREA
T, IRREDNETH > 720 Lo LRI % EIEI0RE R
FEoEHE L THZHEORFEL LNb 2 L Tak
Mol (216).

4. BIRERRTE & RMEDRER

F o0, e L COINE R 2R EARTH
B—7, ZREINOWALIZ B TR A DT % T L
WEA R A E 2o TV D 2 LD, JIRERE LI
LOBIRIZOWT, JEBEEE T 0§ 2 S EBR D4R
% LIRS L7z,

xSRI IR DR IR, BRARD L 72
HL e BADITH L, FERIZT0%MNETHRE L, RHH
DENRLEVIZOAD 5720 L72h > TIEWIELE D
NN ORI, WALEE A LSS 8H D 2
EhRENT (M15). F 72RO FEF IR HBIER
75, WESRFIH & BRLTE AT O ORI T, BRIV
TL, FRCHLE AT R IR O SR < v e
(16)o F722~ 3 M OREMRFINOYE, R
BT LEIE SN, 0% EOENEEZ R LS
s, EWBATR /N A~O#EGIE, 2 BE I Lo
BRI OB 2 BT 2080552 2 LoRmsi
7= (F17).

Lo LAl % O ZAEINOIFIEATL O K & S LIRLERED
BIFRIZOWT, 55 8 AR DL I MET L 7225, SRl
ZEIERRD S N7eAS, FEHIEATE O R & & LI LRI,
—EDMIIIED SN -7z (K19),

BRI O WAL= IERIE R T BIR T 5 2 L A
5, ZRIWDXy F 2 712X B EMRAEORLRICKIT
FTEEBLERRIL A, 3~ 5 HEERFEICB) L%
DI LA SN, 6 AT H B2 Sz (K



AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72 75

21)o L7285 T8y & 0 712 & W ARE R OB E 0 %A
IR D LD, BALEOUGEICHEOH H Z LR E
N, ZOZEPHEARDOPLFEOM LO—RHEE 2 H5hlz,

COE)IZINRIIEDOREERE L TEELZDDOTDH
0, SNEREE DRV SRIEOIND S5, AR RRE LT D
FoERRE LTOENRTWA I LIRS N,
ZITIH) Lo EERBE LT, v X7 mliie
=T PR EHWTEE L LSS, 2 L 2ilA
7o BAD=T M) INEE VT3 ODOHET, HEE
fTolb s, 300K ELBILEES N, H b
F114 ~176% Th o7z (£20). ZHIZLoTTXT
WA= b)) Il x i C, RINTE o FE A o B Rt
DOBMLE THETE LI EAVREN, BB A0
DBV R R L 72

5. BEIFBOIFMICR S h 7458

IBARIETA R § % B FEERD ©, JHIE & I i
s, TR EEIC R E (D2 ZEDBHE NI L 572D
T, EFEOIVEHIZ BT 2 A L7,

96 I MAOBTHIE L 72 FHH~OBITRRNI,
RO SO T PR o7, 7258 10 A OH THE
5 L 72 FEIEE R, RO PRNI LIRS
72o L72h%o CHRREEEE & 75 R IRE [ O 1 12 BE o
HDHIEDPRBENT (3R26). KIZIVETZIRA~DEIR
DB B I MROE L HCTHRE L2, TORREINE
RIZEHRO I BEDP o720 FHMOINE&EITTT 5
HETIE, BRIIEREI DS FEHOESIZNS o
720 L7230 THEGROTIDIEDORE S IZE b 0D, Hi
BETENT 2 TEROEEGPREWT LR ENT (£
27) o TNHDFRNS, FEWIRET 5§ 5 #DS,
IR BT 5 FE iR &, I IS BT 5=
DEEIEEEG 25 ENHLNERY, FEHICE
VT %IRRT SR R & K& KBS 5 2 EAURE L
720

ABFFETIE, IR DU RN BT 2 IEHIRE T DA
M, R ORFEZE & OBEIEIZOWT, FEIRATIC
X9 % KN 2 TN OB FEER & T\ VIR L 7,

TORRE, FWIREROIRM (55%) LR (6
) BAEHT A2 BT L, BIEORRE DL 7o
Z U CHEERAEIZ BT 2 MRS A 5, JIREHRE O
SRR T L2 LT T 72IREIRATE O /N A~ D
B, NERENRZET S LI EPWLr LR -
720 2O &) REFVEOKTIE, EEOFHURE DY

TIEKERREE 2 5720, IEBIELET 2 IIRERE O
e LA OWBEIIRIZONT, Mr Ot rREL
TR L7z ZORERIFBEIEETL, BOEREZE LD 135
500, ZOMOIRBILE L MO EIFETH S
CERHOMII L. ORI LIC BV TEERE
FARLTBY, EBROBFRET ORI EE LR
BETHD, ZNIZOWTL, FERIEERO/NHAD
BRI LR UGE L, ISR OB b 2 U
THIEEHLNIZL 2,

DEoZ s, JIRGREOBEHEIZBNT,
WHEATRIIERABIETH D I ENHL L 272,

&!l

F33

R Le e VELDDIZH ) EROBMIGELEL LD
W R W72 & % Lo, WALRF R R TR 2%
(BLH ARBREE AR @R R KR BEIR) ICIREOBEL £
LEd. 72, ZLOMPFTE V225 F L, el
FHE (Basgads), EEMAEaE Basgsdas) 12
EHOBEERLET,

KD E N FLDIZHT2 ) L ROMIGELE W2 &
F L7, sdb KRR mEE BHdz) 125<
I ARV Al = S S

KIFEDOFIEIZH 72> TEH L DT W22 E, %
7o, BATLED F LD T TEHROMIGE & Hi % v
7o72& F L7z, HERENE ESA & MR B (s
Fet, ANEILSIRTE (R RMOKES S ERBSE, B
EAAREHEEER) TEEHVZLET,

KA ZITLED T EDLHI2HZD, L ROMIHTI
EHBIE R V2 & F L7 BMOKES S A  E A
WIETE EAEITTE e (LR &R SERT EAETZE R ),
7% b WNCEROMEET L T2 W2 72 & F L7z Aok
FEAR RS R IR R AT KA R & IR AR 2 TR (B
WRUEERFHIZ) ICECEH LT,

KEFZED &) F L OI2dH 720 S RO & UG %
W72 & F LR E RS AR R BIR IR CR
L ET,

AWFEO LN FLDITH7-Y, MRBEELEZ T
P& FRERELMIGEEBME RV ET L,
FEARIK E A L E A IR T SR AT o 110 B 423 R AT 72
F— o (BN MEENIZEE v & — IR HE)
PRI i A 9 i B B i N RAEIFZE S (ki 2
Mgttt v & — FAEMRE) ISEEH#H LT T,

AWFEDO LN F LDIZH7- ) MTFEEIG 2 W72 72 &



76 T PE TS T B R

T L7, RMOKEER RSB IRE 78T e e K S IH B )
WEEIFZE T — 2 K (BUaTRFEREEREIR), wfEFH
EhfstE (e TENER), 55 A sAwf
FE 8 (HRSEEYEIRM7ET EEMIER) ISHRBL £
AWFFE TN L7238 oS E I M) 72 720 72K
WIEH RMORE S S e R B o 2 HEER 213 U
0, RMOKES B ERRGEIY R 2 EHE (BlEEREN
WEZERTSER 2 2 L) DOEARIZIE W2 L 95

51 A3

1) BRI - #ENBEAE (1975). BIIREUERIC BT
B MM AR ORLFOFHIZOWT, HEAREY
258, 12, 247248,

2) Anderson, G.B. and Carter, T.C. (1976). The hen’ s
egg, Shell crackage at impact on a heavy, stiff body
and factors that affect it, British Poultry Science, 17,
613-626.

3) Anderson, G.B., Carter, T.C. and Jones, R M. (1970).
Some factors affecting the incidence of cracks in
hen’ s egg shells, British Poultry Science, 11, 103-
116.

4) Ayyagari. V., Mohapara, S.C., Renganathan, P, Johri,
D.C,, Thiagasundaram, D. and Panda, B.K. (1982).
Cross performance as influenced by selection in
pure lines, British Poultry Science, 23, 469-479.

5) Becker, W.A. (1964). The storage of White Leghorn
hatching eggs in plastic bags, Poultly Science, 43,
1109-1112.

6) Becker, W.A. (1984). Manual of quantitative genetics.
4th ed., Academic Enterprises, Pullman, USA

7) Becker, W.A. and Bearse, G.E. (1958). Pre-incubation
warming and hatchability of chicken eggs, Poultry
Science, 37, 944-948.

8) Becker, W.A., Spencer, J.V. and Swartwood, J.L.
(1967). Hatchability of eggs held in plastic bags two
temperatures, Poultry Science, 46, 311-314.

9) Belyavin, C.G., Boorman, K.N. and Volynchook,
J. (1987). Egg quality in individual birds, In Egg
Quality-Current Problems and Recent Advances,
Poultry Science Symposium Series 20, (Ed. R.G.
Wells and C.G. Belyavin), 105-121, Butterworths,
London, UK

10) Berg, LR. (1945). The relationship of clutch position

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

%105 (2010)

and time interval between eggs to eggshell quality,
Poultry Science, 24, 555-563.

Berry, J.G. (1976). Extending egg shell damage
survey results into the field, Poultry Science, 55,
758-761.

Bowman, J.C. (1966). Storage of hatching eggs :
An experiment on alternative methods of storing
chicken hatching eggs, British Poultry Science, 7,
219-225.

Bowman, J.C. and Challender, N.I. (1963). Egg shell
strength. A comparison of two laboratory tests and
field results, British Poultry Science, 4, 103-116.
Brooks, J. and Hale, H.P.(1955). Strength of the shell
of the hen’s egg, Nature, 175, 848-849.

Bulmer, M. G. (1971). The effect of selection on
genetic variability, American Naturalist, 105, 201-211.
Burmester, B.R., Scott, H.M. and Card, L.E. (1939).
Rate of eggshell formation in the hen, Proceedings
of the 7th World' s Poultry Congress, 99-101.

Buss, E.G. and Guyer, R.B. (1981). A comparison
of thick and thin egg shell lines of chickens for net
absorption of calcium, Proceeding 1st European
Symposium on the quality of eggs, 239-249,
Spelderholt Institute for Poultry Research

Buss, E.G., Leach Jr., RM. and Stout, J.T. (1977).
Eggshell quality for chickens in selected lines, F1' s
and F2’s, Poultry Science, 56, 1699-1700.

Buss, E.G., Merkur, P. and Guyer, R.B. (1980).
Urinary excretion of calcium in the presence or
absence of shell formation by chickens producing
thick or thin shells, Poultry Science, 59, 885-887.
Byng, A.L. and Nash, D. (1962) The effects of
storage on hatchability, British Poultry Science, 3,
81-87.

Carter, T.C. (1970). Why do egg shells crack?,
World' s Poultry Science Journal, 26, 549-561.

Choi, J.H., Miles, R.D., Arafa, A.S. and Harms, R.H.
(1981). The influence of oviposition time on egg
weight, shell quality, and blood phosphorus, Poultry
Science, 60, 824-828.

Cipera, J.D. (1980). Comparison of oviductal tissues
isolated at various stages of shell formation from
hens producing high or low quality egg shells,
Poultry Science, 59, 2787-2792.



24)

25)

26)

27)

28)

29)

30)

AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72 77

Coleman, J.R., Dewitt, S.M., Batt, P. and Terepka,
A.R. (1970). Electron probe analysis of calcium
distribution during active transport in chick
chorioallantoic membrane, Experimental Cell
Research, 63, 216-220.
Coleman, M.A. and McDaniel, G.R. (1975). The
effect of light and specific gravity on embryo weight
and embryonic mortality, Poultry Science, 54, 1415-
1421.
Combs Jr, G.E, Parsons, A.H. and Ross, M.B. (1979).
Calcium homeostasis in pullets of two lines selected
for differences in eggshell strength, Poultry Science,
58, 1250-1256.
Davis, G.T. and Beeckler, A.F. (1962). Plastic
packaging of eggs, 1. Methods of packaging, Poultry
Science, 41, 391-397.
Emsley, A., Dickerson, G.E. and Kashyap, T.S.
(1977). Genetic parameters in progeny-test selection
for field performance of strain-cross layers, Poultry
Science, 56, 121-146.
Fairfull, RW. (1990). Heterosis. In Poultry Breeding
and Genetics(Ed. R.D. Crawford), 913-933, Elsevier,
New York, USA
Falconer, D.S. (1981). Introduction to Quantitative
Genetics, 2nd ed., Longman, London & New York

31) Farnsworth, G.M. and Nordskog, A.-W. (1955).

32)

33)

34)

35)

36)

Breeding for egg quality. 3. Genetic differences in
shell characteristics and other egg quality factors,
Poultry Science, 34, 16-26.

w77 - ANHRHES (1988). IREFER LR 7 0 7
7 4 (PPPHD, %5 1 [l EMOKERBRITIEIC B
5V 7 by 7RIS - MRS, REEE, 122-
123.

Garwood, V.A., Lowe, PC. and Haugh, C.G. (1979).
Method for improving eggshell strength by
selection, British Poultry Science, 20, 289-295.
Gordon, C.D. and Siegel, H.S. (1966). Storage
of pedigreed hatching eggs in cryovac, Poultry
science, 45, 1369-1371.

Gowe, R.S. (1965). On the hatchability of chicken
eggs stored in plastic bags flushed with nitrogen
gas, Poultry science, 44, 492-495.

Gowe, R.S., Lentz, W.E. and Strain, J.H. (1973).

Long-term selection for egg production in several

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

strains of White Leghorns: Performance of selected
and control strains including genetic parameters
of two control strains, Proceedings 4th European
Poultry Congress, London, England, 225-245.
Grunder, A.A., Fairfull, R'W., Hamilton, R.M.G.
and Thompson, B.K. (1991). Correlations between
measures of eggshell quality or percentage of intact
eggs and various economic traits, Poultry Science,
70, 1855-1860.

Grunder, AA., Guyer, R.b., Buss, E.G. and Clagett,
C.0. (1980a), Calcium binding proteins in serum:
quantitative differences between thick and thin shell
lines of chickens, Poultry Science, 59, 880-834.
Grunder, A.A., Guyer, R.b., Buss, E.G. and Clagett
C.O. (1980b). Effects of estradiol on calcium and
calcium binding in serum of thick and thin shell
lines of chickens, Poultry Science, 59, 2776-2781.
Grunder, A.A., Hamilton, RM.G., Fairfull, RW. and
Thompson, B.K. (1989). Genetic parameters of egg
shell quality traits and percentage of eggs remaining
intact between oviposition and grading, Poultry
Science, 68, 46-54.

Hamilton, R.M.G., Hollands, K.G., Voisey, PW. and
Grunder, A.A. (1979a). Relationship between egg
shell quality and shell breakage and factors that
affect shell breakage in the field- a review, World' s
Poultry Science Journal, 35, 177-190.

Hamilton, R.M.G., Thompson, B.K. and Voisey,
PW. (1979b). The effects of age and strain on
the relationships between destructive and non-
destructive measurements of eggshell strength for
White Leghorn hens, Poultry Science, 58, 1125-1132.
Hartl, D.L. and Clark, A.G. (1988). Principles of
Population Genetics, 2nd ed., Sinauer Associates,
Massachusetts, USA.

Hartmann, W., Heil, G. and Rauch, H.-W. (1981).
Formation of lines differing in egg shell quality traits
to investigate their relevance for the frequency of
broken eggs, Proceeding 1st European Symposium
on the quality of eggs, 271-278, Spelderholt Institute
for Poultry Research

Harvey, W.R. (1977). User s Guide for LSML 76,
Ohio State University Press. Columbus.

Hazel, L.N. (1943). The genetic basis for



78

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

T PE TS T B R

constructing selection indexes, Genetics, 28, 476-
490.

Heywang, B.W. (1938). The time factor in egg
production, Poultry Science, 17, 240-247.

Holder, D.P. and Bradford, M.V. (1979). Relationship
of specific gravity of chicken eggs to number of
cracked eggs observed and percent shell, Poultry
Science, 58, 250-251.

Hunton, P. (1969). The measurement of egg shell
strength: a comparion of four methods, British
Poultry Science, 10, 281-289.

Hunton, P. (1982). Genetic factors affecting egg shell
quality, World" s Poultry Science Journal, 38, 75-84.
S (1980). EIIOAFY: AIIOFH & F
¢ (kR FWE), HWEAE, HE 121

i B (1982). MEMEMZOFA, REEMEY OK
8- HE - RHEEIE), SIaEE K
i, 139-146.

Jaffe, W.P. (1966). Egg production, body weight and
egg quality characters; their heritability and the

i

E

correlations between them, British Poultry Science,
7, 91-98.

Johnson, A.S. and Merritt, E.S. (1955). Heritability
of albumen height and specific gravity of eggs
from White Leghorns and Barred Rocks and the
correlations of these traits with egg production,
Poultry Science, 34, 578-587.

Johnston, PM. and Comar, C.C. (1955). Distribution
and contribution of calcium from the albumin, yolk
and shell to the developing chick embryo, American
Journal of Physiology, 183, 365-370.

Kinney, T.B.Jr. (1969). A summary of reported
estimated of heritabilities and of genetic and
phenotypic correlations for traits of chickens,
U.S.D.A. Agricultural Handbook. No. 363.

Kinutani, M. and Le Douarin, N.M. (1985). Avian
spinal cord chimeras 1. Hatching ability and
posthatching survival in homo- and heterospesific
chimeras, Developmental Biology, 111, 243-255
Koch, J., Buss, E.G. and Wideman, R.F. (1983).
Blood ionic calcium responses of hens from thick-
and thin-shell lines to ethyleneglycol-bis-(B-amino-
ethyleter)-N,N’ -tetraacetic acid injections, Poultry
Science, 62, 172-175.

%105 (2010)

59)

60)

61)

62)

63)

64)

65)

66)

67)

63)

69)

70)

Kosin, I.L. (1956). Studies on pre-incubation
warming of chicken and turkey eggs, Poultry
Science, 35, 1384-1392.

Lundy, H. (1969). A review of the effects of
temperature, humidity, turning and gaseous
environment in the incubator on the hatchability of
the hen' s egg, In The Fertility and Hatchability of
the Hen' s Egg. Poultry Science Symposium Series
5, (Ed. T.C. Carter and B.M. Freeman. Oliver and
Boyd), 143-176, Edinburgh, UK

McDaniel, G.R., Roland, D.A. and Coleman,
M.A. (1979). The effects of egg shell quality on
hatchability and embryonic mortality, Poultry
Science, 58, 10-13.

McPhee, C.P.,, Burton, H.W. and Fuelling, D.E.
(1982). Selection for high specific gravity of eggs in
a flock of Australorp hens, British Poultry Science,
23, 215-223.

Melek, O., Morris, T.R. and Jennings, R.C. (1973).
The time factor in egg formation for hens exposed to
ahemeral light-dark cycles, British Poultry Science,
14, 493-498.

Merritt, E.S. (1964). Pre-incubation storage effects
on subsequent performance of chicken, British
Poultry Science, 5, 67-73.

Morris, J.A. (1964). Estimates of genetic parameters
relevant in selection for certain aspects of egg
quality, Australian Journal of Agricultural Research,
15, 719-727

Munro, S.S. (1940). The relation between specific
gravity of the egg and its hatching power, Poultry
Science, 19, 357.

Mussehl, F.G. and Halbersleben, D. L. (1923).
Influence of the specific gravity of hen' s egg on
fertility, hatching power and growth of chicks,
Journal of Agricultural Research, 23, 717-720.

Nagai, J. and Gowe, R.S. (1969a). Genetic control
of egg quality. 1.Source of variation, British Poultry
Science, 10, 337-350.

Nagai, J. and Gowe, R.S. (1969b). Genetic control
of egg quality. 2.Selection for maximum rate of
improvement, British Poultry Science, 10, 351-358.
Naito, M., Nirasawa, K. and Oishi, T. (1990a).

Duration of egg formation in hens selected for



71)

72)

73)

74)

75)

76)

77)

78)

79)

80)

81)

82)

83)

AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72 79

increased rate of lay under 23 h and 24 h light-dark
cycles, British Poultry Science, 31, 351-358.

Naito, M., Nirasawa, K. and Oishi, T. (1990b).
Development in culture of the chick embryo from
fertilized ovum to hatching, Journal of Experimental
Zoology, 254, 322-326.

Naito, M., Nirasawa, K., Oishi, T. and Komiyama,
T. (1989). Selection experiment for increased egg
production under 23 h and 24 h light-dark cycles in
the domestic fowl, British Poultry Science, 30, 49-60.
Naito, M., Watanabe, M., Kinutani, M., Nirasawa,
K. and Oishi, T. (1991). Production of quail-chick
chimaeras by blastoderm cell transfer, British
Poultry Science, 32, 79-86.

WEETTY (1975). ¥Rz & By, H5M, E#E
&, HL, 410p.

MK G ERERY; (1990). BiWEZEROR
PERRA AT (1) — BMOKER Y — >Ny 7 L
& B BB EIR O ERA —, 174p.

Ogasawara, T., Koga, O. and Nishiyama, H. (1974).
Effect of a shell gland irritant on the secretion rate,
calcium and inorganic phosphorus levels of the shell
gland fluid in the laying hen, Japanese Journal of
Zootechnical Science, 45, 668-673.

Ogasawara, T., Koga, O. and Nishiyama, H. (1975).
Premature oviposition induced by intrauterine
injection of phosphate solution in the laying hen,
Japanese Journal of Zootechnical Science, 45, 668-
673.

Olsen, M.W. and Haynes, S.K. (1948). The effect of
different holding temperatures on the hatchability of
hens'eggs, Poultry Science, 27, 420-426.

Ono, T. and Wakasugi, N. (1983). Development of
cultured quail embryos, Poultry Science, 62, 532-
536.

Ono, T. and Wakasugi, N. (1984). Mineral content of
quail embryos cultured in mineral-rich and mineral-
free conditions, Poultry Science, 63, 159-166.

Payne, L.F. and McDaniel, G.R. (1958). Shell
thickness as related to "shuck-outs" in turkey eggs,
Poultry Science, 37, 825-828.

Perrry, M.M. (1988) A complete culture system for
the chick embryo, Nature, 331, 70-72.

Pevzner, 1.Y., Friars, G.W., Orr, H.L. and Reinhart,

84)

85)

86)

87)

83)

89)

90)

91)

92)

93)

94)

B.S. (1976). The use of selection and strain crossing
to reduce egg shell breakage, British Poultry
Science, 17, 185-194.

Phillips, R.E. and Williams, C.S. (1944). Relationship
of specific gravity and shell appearance to the
hatchability of fertile turkey eggs, Poultry Science,
23,110-113.

Poggenpoel,D.G. and Erasmus, J.E. (1978). Long-
term selection for increased egg production, British
Poultry Science, 19, 111-123.

Potts, P.L. and Washburn, K.W. (1974). Shell
evaluation of white and brown egg strains by
deformation, breaking strength, shell thickness
and specific gravity. 1. Relationship to egg
characteristics, Poultry Science, 53, 1123-1128.
Potts, PL, and Washburn, KW. (1985). Genetic
variation in shell strength and its relationship to egg
size, Poultry Science, 64, 1249-1256.

Proudfoot, F.G. (1964a). The effect of plastic
packaging and other treatments on hatching eggs,
Canadian Journal of Animal Science, 44, 87-95.
Proudfoot, E.G. (1964b). The effect of nitrogen and
other gases on the hatchability of eggs stored in
plastic bags, Canadian Journal of Animal Science,
44,120-121.

Proudfoot, EG. (1966). Hatchability of stored chicken
eggs as affected by daily turning during storage and
prewarming and vacuuming eggs enclosed in plastic
with nitrogen, Canadian Journal of Animal Science,
46, 47-50.

Proudfoot, F.G. (1967a). The effect on hatchability of
shipping eggs after storage for different periods of
time in a nitrogen gaseous environment, Canadian
Journal of Animal Science, 47, 137-138.

Proudfoot, F.G. (1967b). Advance note on the
hatchability of chicken eggs stored small-end-up,
Canadian Journal of Animal Science, 47, 142-143.
Proudfoot, EG. (1969). Effect of packing orientation,
daily positional change and vibration on the
hatchability of chicken eggs stored up to four weeks,
Canadian Journal of Animal Science, 49, 29-35.
Proudfoot, F.G. (1970). The influence of different
pre-incubation holding temperatures the hatchability
of chicken eggs, Poultry Science, 49, 812-813.



80 T PE TS T B R

95) Richards, J.F. and Staley, L.M. (1967). The
relationships between crushing strength,
deformation and other physical measurements of
the hen' s egg, Poultry Science, 46, 430-437.

96) Rodda, D.D. (1972). Breeding for late egg shell
quality in the domestic hen, British Poultry Science,
13, 45-60.

97) Roland Sr.,, D.A. (1977). The extent of uncollectable
eggs due to inadequate shell, Poultry Science, 56,
1517-1521.

98) Roland Sr., D.A. (1988). Research Note: Egg shell
problems: Estimates of incidence and economic
impact, Poultry Science, 67, 1801-1803.

99) Rowlett, K. and Simkiss, K. (1987). Explanted
embryo culture: in vitro and in ovo techniques for
domestic fowl, British Poultry Science, 28, 91-101.

100) Schoorl, P. and Boersma, H.Y. (1962). Research on
the quality of the egg shell, Proceedings of the 12th
World' s Poultry Congress, 432-435.

101) Shanawany, M.M.. (1987). Hatching weight in
relation to egg weight in domestic birds, World' s
Poultry Science Journal, 43, 107-115.

102) Shrimpton, D.H. and Hann, C.M. (1967). Shell
deformation in predicting breakage due to transport
and handling, British Poultry Science, 8, 317-320.

103) ZHWEE - #FH  # (1936). FHIVOBALIZET 5
Wge, FERBRyseii, 13, 1-27.

104) Simkiss, K. (1961). Calcium metabolism and avian
reproduction, Biological Research, 36, 321-367.

105) Somes Jr., R.G. (1988). International Registry
of Poultry Genetic Stocks, The University of
Connecticut, Bulletin 476, USA

106) Stout, J.T. and Buss, E.G. (1980). Influence of the
interval of shell deposition on eggshell quality,
Poultry Science 59, 168-171.

107) Strong Jr., C.E. (1989). Relationship between several
measures of shell quality and egg-breakage in a
commercial processing plant, Poultry Science 68,
1730-1733.

108) Talbot, C.J. and Tyler. C. (1974). A study of the
progressive deposition of shell in the shell gland of
the domestic hen, British Poultry Science, 15, 217-
224.

109) F+ BT - HEBOL (1990). =7 MY - 7 X T4

%105 (2010)

BERF AT —WE L IEOT M~ KGs - RIE -
SyE, 20 (1) B, EZEOPMHE, HET, 4049.

110) Taylor, L.W. and Lerner, LM. (1939). Inheritance of
eggshell thickness in White Leghorn pullets, Journal
of Agricultural Research, 58, 383- 396

111) Thompson, B.K. and Hamilton, R.M.G. (1986).
Relationships between laboratory measures of egg
shell strength and breakage of eggs collected at a
commercial grading station, Poultry Science, 65,
1877-1885.

112) Thompson, B.K., Hamilton, R.M.G. and Grunder,
A.A. (1985). The Relationship between laboratory
measures of egg shell strength and breakage in
commercial egg washing and candling equipment,
Poultry Science, 64, 901-909.

113) Tullett, S.G. and Deeming, D.C. (1987). Failure to
turn eggs during incubation : Effects on embryo
weight, development of the chorioallntois and
absorption of albumen, British Poultry Science, 28,
239-243.

114) Tung, M.A., Staley, L M. and Richards, J.F. (1968).
Studies on egg shell strength, shell stiffness, shell
quality, egg size and shape, British Poultry Science,
9, 221-229.

115) Tyler, C. (1961). Shell strength: its measurement
and its relationship to other factors, British Poultry
Science, 2, 3-19.

116) Tyler, C. and Geake, FH. (1960). Studies on egg
shells. XIII. Influence of individuality, breed, season
and age on certain characteristics of egg shells,
Journal of Science Food Agriculture, 11, 535-547.

117) Tyler, C. and Geake, FH. (1961a). Studies on egg
shells. XIV. Variation in egg weight, shell thickness
and membrane thickness between eggs within a
clutch, Journal of Science Food Agriculture, 12, 273-
280.

118) Tyler, C. and Geake, EH. (1961b). Studies on egg
shells. XV. Critical appraisal of various methods of
assessing shell thickness, Journal of Science Food
Agriculture, 12, 281-289.

119) Tyler, C. and Geake, FH. (1963). A study of various
impact and crushing methods used for measuring
shell strength, British Poultry Science, 4, 49-61.

120) Van Tijen, W.F. (1973). The consequences of



TEVE © FEBHEZEI IS § 2 08I K 2 YN RIE OB RS R 12 2 iff 78 81

selection for shell quality in poultry, Annales de
Genetique et de Selection animale, 5, 403-410.

121) Van Tijen, W.E. (1977a). Shell quality in poultry as
seen from the breeder s viewpoint. 1. Improvement
reached after four years of selection and the effect
on productivity, Poultry Science,56, 1107-1114.

122) Van Tijen, W.E. (1977b). Shell quality in poultry as
seen from the breeder s viewpoint. 2. Search for
heterosis effects, Poultry Science, 56, 1115-1120.

123) Van Tijen, W.E. (1977c). Shell quality in poultry as
seen from the breeder s viewpoint.3.Heritabilities:
Expected versus accomplished response, Poultry
Science, 56, 1121-1126.

124) Van Tijen, W.E. and Kuit, A.R. (1970). The heritability
of characteristics of egg quality, their mutual
correlation and the relationship with productivity,
Archiv fur Geflugelkunde, 34, 201-210

125) Van Toledo, B., Parsons, A.-H. and Combs Jr., G.F.
(1980). Mammillary structure as a determinant of
eggshell strength, Poultry Science, 59, 1667.

126) Van Toledo, B., Parsons, A.H. and Combs Jr.,
G.F. (1982). Role of ultrastructure in determining
eggshell strength, Poultry Science, 61, 569-572.

127) Voisey, PW. and Hamilton, RM.G. (1975). Behavior
of egg shell under compression in relation to
deformation measurements, British Poultry Science,
16, 461-470.

128) Voisey, PW. and Hamilton, RM.G. (1976). Factors
affecting the non-destructive and destructive
methods of measuring egg shell strength by the
quasi-static compression test, British Poultry
Science, 17, 103-124.

129) Voisey, PW. and Hamilton, RM.G. (1977a). Sources
of error in egg specific gravity measurements by the
flotation method, Poultry Science, 56, 1457-1462.

130) Voisey, PW. and Hamilton, R.M.G. (1977b). The
effect of deformation rate and other factors on the
force required to fracture egg shells in measuring
shell strength, Poultry Science, 56, 1994-2002.

131) Voisey, PW., Hamilton, R.M.G. and Thompson,
B.K. (1979). Laboratory measurements of
eggshell strength. 2. The quasi-static compression,
puncture,non-destructive deformation, and specific

gravity methods applied to the same egg, Poultry

Science, 58, 288-294.

132) Voisey, PW. and Hunt, J.R. (1973). Apparatus and
techniques for measuring eggshell strength and
other quality factors, Engineering Specifications,
6176, Engineering Research Service. Canada
Department of Agriculture, Ottawa

133) Voisey, PW. and Hunt, J.R. (1976). Comparison
of several eggshell characteristics with impact
resistance, Canadian Journal of Animal Science. 56,
299-304

134) Voisey, P.W. and MacDonald, D.C. (1978).
Laboratory measurements of eggshell strength.
2. An instrument for measuring shell strength by
quasi-static compression, puncture, non-destructive
deformation, Poultry Science, 57, 860-869.

135) Warren, D.C., Roff, H.A. and Long, D.E. (1965).
Hatchability of eggs stored in plastic-lined egg cases,
Poultry Science, 44, 1278-1280.

136) Warren, D.C. and Scott, H.M. (1935). The time
factors in egg formation, Poultry Science, 14, 195-
207.

137) Wells, R.G. (1967a). Egg shell strength. 1.The
relationship between egg breakage in the field and
certain laboratory assessments of shell strength,
British Poultry Science, 8, 131-139.

138) Wells, R.G. (1967b). Egg shell strength. 2.The
relationship between egg specific gravity and shell
deformation and their reliability as indicators of
shell strength, British Poultry Science, 8, 193-199.

139) Wideman, R.F. and Buss, E.G. (1985). Percent shell
and plasma mineral concentrations in three strains
of domestic fowl selected for thick or thin egg shell
production, Poultry Science, 64, 388-395.

140) IWHATHE (1978). BFHEOEME, FHEARFML (N
JUHERAE), EEE, WL, 181221

141) [HHATHE (1982). PASHEEEMELE, HrimsEsl o K
7w 7 (HERRERS M), 2B, HE, 108
120.

142) Yamada, Y., Yokouchi, K. and Nishida, A. (1975).
Selection index when genetic gains of individual
traits are of primary concern, Japanese Journal of
Genetics, 50, 33-41.

143) BB A - BIEE TS (1978a). BIKIEEEORE
FRA~oBM. 1. Py, &Ry EE, 17,



82 e EATEAT e RS 25 10 %5 (2010)

FHR~Y M) s ADEN, HARESS
151-155.
146) FH % (1975). HHEZ B0 & 5 FREFE L,

FEE, B, 374381

& 10,

=01

95-102.
144) BEAMBA: - BTERAE IS (1978b). EIKIEEEOKE
HREAOMM. . @R, &R S,

17, 103-108.
145) MEABE A - IHHATHE (1973). BIIRBAERIC B



AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72

Studies on Genetic Improvement of Eggshell Strength

by Selection for Nondestructive Deformation

Keijiro NIRASAWA

Animal Breeding and Reproduction Research Team

Summary

Broken and cracked eggshells cause major economic losses for egg producers. Genetic improvement of eggshell
strength for egg laying hens is thus needed. A nondestructive deformation is an indicator of egg shell quality, and can
be measured without breaking the eggs. This study aimed to clarify the usefulness of nondestructive deformation as a
selection criterion for the genetic improvement of eggshell strength.

1. AWhite Leghorn population was used for two-way selection to increase (weakline) or decrease (strongline) nondestructive
deformation over 10 generations. The differences in nondestructive deformation between both lines became larger due to
selection. Nondestructive deformation from the first to the 10th generation was changed from 64.7 +11.8 to 100.6 =13.4
um/Kkg in the weak line and from 59.9 + 10.4 to 51.9 £6.2 ym/kg in the strong line. The selection response in the strong
line was smaller than in the weak line. An asymmetrical response between the two lines was observed. Breaking strength
was thought to be the most reliable indicator of eggshell strength. Breaking strength was changed from 2.77 =0.45 to
2.17 £0.34kg in the weak line and from 2.95+ 0.45 to 3.75 = (0.46kg in the strong line. This indicated that the selection to
decrease nondestructive deformation improved eggshell strength. Realized heritabilities for nondestructive deformation
were asymmetrical with respect to the direction of selection, and were 0.16 in the strong line and 0.38 in the weak line.

2. Egg weight declined in both lines as the selection proceeded, and was smaller in the weak line than in the strong one.
Shell thickness in the strong line became thick but declined in the weak line due to selection. Shell weight in the strong
line generally continued to be flat, and to decrease linearly in the weak line as the selection proceeded. Percentage shell
increased in the strong line and decreased in the weak line due to selection, and indicated a similar tendency to shell
thickness. Age at first egg in the strong line tended to be later and in the weak line to be earlier as the selection proceeded.
The rate of lay over the short term in the weak line generally continued to be flat and to decline in a linear fashion in the
strong line as the selection proceeded. The rate of lay over the long term indicated a similar tendency to the rate of lay
over the short term. These results demonstrated that the selection to decrease nondestructive deformation increased egg
thickness and percentage shell but reduced egg weight and the rate of lay. In the weak line, the percentages of broken
eggs and soft shell eggs increased. This indicated that eggshell strength in the weak line declined.

3. Heritability estimates for eggshell traits were 0.22~0.48, and those for nondestructive deformation, breaking strength and
percentage shell were somewhat higher in the weak line than in the strong one. Heritability estimates for egg productivity
traits were 0.19~0.41, and were higher in the strong line than in the weak line. Heritability estimates for egg weight and
shape index were high (0.5~0.6) in both lines. Genetic correlations between nondestructive deformation and the other egg
shell traits were negative and large, and those of nondestructive deformation with percentage shell and shell thickness
were especially larger. This showed that nondestructive deformation had a genetic relationship with percentage shell and
shell thickness. The genetic correlation between nondestructive deformation and rate of lay was positive and higher in the
strong line than in the weak one. The genetic correlations between the other eggshell traits and rate of lay were negative
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and larger in the weak line than in the strong line. However, the genetic correlations of egg weight with nondestructive
deformation and breaking strength showed a different tendency between lines. When breaking strength was improved
without decline of egg weight and rate of lay by the selection index method using an eggshell trait, percentage shell was
estimated to be the most efficient eggshell trait, followed by nondestructive deformation and shell thickness. However,
those traits were inefficient compared to breaking strength.

4. Hatchability for fertile eggs in the strong line became increasingly higher as the selection for nondestructive deformation
proceeded, but remained at the 70% level in the weak line. The difference in hatchability between the strong and weak
lines became gradually larger as the selection proceeded. This suggested that the selection to decrease nondestructive
deformation had a good effect on hatchability. In the strong line, the percentages of early and late embryo mortality
decreased with selection. Selection to decrease nondestructive deformation was effective in improving the hatchability
of fertile eggs stored for more than two weeks. However, there was no definite relationship between the magnitude
of nondestructive deformation and hatchability. The effect of plastic packaging on the hatchability of fertile eggs was
investigated in order to clarify the relationship between nondestructive deformation and the hatchability of fertile eggs
stored for more than two weeks. The hatchabilities of fertile eggs stored for 3~5weeks were improved. There were chicks
hatched from fertile eggs stored for 6 weeks. The eggs in plastic bags did not lose weight. Therefore, it was suggested that
the reduction in egg weight loss improved hatchability and was thought to contribute to the increasing hatchability in the
strong line. Since strong eggshells are thought to be good culture vessels, an experiment was carried out to culture early
embryos of Japanese quail to hatch in eggshells of the strong line. The culture was conducted using three methods. All
methods had some hatching success. The rates of hatching of the cultured embryos were 11.4~17.6%. This showed that it
was possible to culture early embryos of Japanese quail to hatch using chicken eggshells as the culture vessels.

5. An experiment was carried out to investigate the effect of selection for nondestructive deformation on egg formation.
The interval from oviposition to entry of the next ovum into the uterus in the strong line was slightly shorter than in the
weak line. Time spent by the ovum in the uterus in the strong line was longer than in the weak line. This suggests an
association between eggshell strength and time spent by the ovum in the uterus. Oviduct length in the weak line was
longer than in the strong line. But the proportion of the uterus in which the eggshell was formed to oviduct length in
the strong line was larger than in the weak line. The results suggested that the selection for nondestructive deformation
affected the time spent by the ovum in the uterus and the proportion of uterus to oviduct length, and that there was a
strong relation between the eggshell formations in the uterus and eggshell strength.

The results are summarized as follows. Large (weak line) and small (strong line) nondestructive deformation lines
were founded to increase or decrease nondestructive deformation by the two-way selection, and it showed the efficacy
of selection. Breaking strength was increased by the selection to decrease nondestructive deformation. This showed
that selection to decrease nondestructive deformation exhibited the effect of genetic improvement on eggshell strength.
Selection to decrease nondestructive deformation reduced egg weight and the rate of lay. Nondestructive deformation was
as effective as the other eggshell traits for genetic improvement of eggshell strength, but that it was inefficient compared
to breaking strength. Selection to decrease nondestructive deformation was effective in improving the hatchability of
fertile eggs stored for more than two weeks. Selection for nondestructive deformation affected the time spent by the ovum
in the uterus and the proportion of uterus to oviduct length.

The above findings clarified that nondestructive deformation as a selection trait was useful for genetic improvement of
eggshell strength.

Key words : nondestructive deformation, eggshell strength, selection, hatchability, broken egg
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DEWV AL v (CH) RHERbEE (N,O) ofli&E%
AL S BN H 50 DLEOBEEA S, FHHoFF
DIRBEAL O FIHIS) R % #)2FHI 3 % 720121k, CH, %
N,O OHFHEICH FEZ L) LEDD Do

DB RICESE, RIFETIE, FHio EARK
Yy OBhRE & BILR O R REARERL, TSR, PR HCA
75 CHy & N,O OHF R RIZTHEEZW S22 T 52
ERHME LT £2T, 9, A AFHEER, < X
RIS, RIFE O CH, & N,O OHEHE 2 i L
BHEFEEREET S U a—NOEWHEE N L7+
BAOSEFHHEL TIEBAMOUGEIER Larss, &
R OB ZW S L e KRIZ, EHEIT- 725
EATD o 72O N,O R 2 B L, i
OREABRE T XA 2 &2 & 5 HEB LD
EHLRYS, FHOBELYPAL2I L, Hiv, HE
B & A2 REEL 2 A b TR L 7254 & b2z Bk
D ;% WM L 725 #0 CH, & N,O & %
EFR L L, HERHCE LR o R & CH,
ENO OHHEOBARICER LA s, HEEEA 0%
BEWSMI L2 ZLT, IREOHR & BRI
MAEL, HHoAERYERE) CH, & NO OFFHE 2K
ZTREE, RICHAAERYORICERZEVTEREL
720

$ 28 CH, BHHEOBIEHRE
CH, 3 R&H CREd, 22, mEMWREAHT HME
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HATNEN 2 M EREELICE S L Twd, REho
CH,JEE1Z, 1745 ppb C, 4E1] 7 ppb 2841 L T W 7278,
T CH, I OB XTI HIRETH 5 %, CH,
BB VY (0;) PRIV IVICEDEEES R
BOxRWHT 2, REP CH, OBz, ABIZ%
CH, AR o & CH, WIS o 34 O W 5 A3 5-3
b EEZLNTWD, THEERRITIEKSIZLY) CH,
DO & FEF O % ) 155 FAMEET
F I OBESAYEAL CAERL S L7z CH, & K& H CH, @
i 7Y CH, BRALEIC & 0 ik S p Y HIEWTHE T o
CH, BLIEEIZZ oG, EIEOR LB TRAL
7% Ve TIERE QWY & B E T CH, T
wEHET2EEZRNTThHbL,

BRI O it B T % B U 13 R AR C U CH,
WIS S D 2 &% v, 2o CH, WL CH, B2
b ol X 12 & 5™, CH, M1t & CH, % CO, |2
td 568 % %o, TP T CH Ak E CH, it
i A3 E ST L, CH, A &2 CH, OFRfbE X )
2T UL HE R C CH, U 38U S v, CH, BR{L =A%
CH, A& X 0 27 uZH =210 © CH, WA & 1L
%o FHiZe EERALAY 7 1 ClE CH, WA S B
ZENL v, CHWIUZLUT O & 9 1284 7 1IEBRIER
TRANBWEMOEE LTS, T2 512X 5 EIE
FIECH,WINEAET SEL2Z EHRMOENT VD, £
JE TEEOBAESET L, LR CH, R 0, DfLEH
BT 5720TH 5", K51 CH, WIUE %
LE)S L, TERGTOET Y & EHI2TEF O CH,
R0, DILEGREPME T 5720 TH B Y, £72, Mo
TR 8K 5 CTld CH, BRL I 2SR5 A b L A & %2
3 CH, WL A5 A9 5o Filid CH, I Z R & &
DALY 2o R HEBEWHOZ, 5
TIROFEM S 5 NH, 12 X % CH, BB{L DB, NO,
R R HIERR MEALIC & A CH, AL OIS TEIRT 722 &1
HEHTH B Y, B M E X ) CH, B L
LW E DML L H LAY, FEih 13T CH, BRLIZB 5
T2 HEMAEY OREIZLT LAH S TIE 2 Y,

TS AR A L2 EZICIEE 8O CH, PR
Bl s b, 2O CHHREORETIZ, SAIRDEH
BTSN TH IS CH, PVER EN DO TIRZR L, 5
ATRERIZE E Tz CH, 23 S 7208 5 & %2
STV O B 5 A DS O CH, HEH & I ik
DR 5HAD C/NOEEEZIT 5 LhRan™,
KA Z ) —§iAi 8% O CH, HEH E L3 b o R SS M BR B
iz (VFA) OifkE EHICRROONLEL ol b &

T2 9 o 5 AR SO CH, HEEEE, B
KELEROEE LS ENREND, 5 AN
M7 10 H PN OB &2 72 1 1UE CH, HE &
%A, oMM OBERESZITIUL, 5HANEIC
B AL ASHERE S U CH, BRI I 2 K e o 22 L 3
ENTWE T, FEMFOEMTIE, H5HA 1 Mg 4720
#42g, ATV —1MgH47-0# 13 g ® CH, 27HEH &
nize it CH, WILE% 1.3kghay' 95 &,
HE5A32Mghaty?, F721E, A5 —100Mghaly?
DT oBEaTETH UL, HERARAT Y =5 Ka A~
O CH, #EH & X 0 B30 CH, WILE D H AR & »
ERELONZY, BASDOAT) —ZHIEIZIRET
%729 CH, Hith s i3 TR OB L Z T 5 whs, ©
BIZE L e WIREOKRSTHIUL, AT —BEKD2S
CH, 7 S N 5 720 THEFHE D EE A LTI W E T
BTV 2 7 MO BB E BB 58
T, CH, OREHH O HEME 5 Sz ™,

L2 L, BAROEHIZIBIT 2 CH, HEH & OHIEF1Z
W TA% <, CH, ofkthE (B DL hE
WRPHIC A L, O X9 FEHEALRERE 21
PLWHLP TRV T/, BERERZET L~ AR
DHFNC X 2 HEAOERBHES TEY AT OZ(Ls L
D X912 CH, W 5B & RT3 4, HEPR A 12 &
D CH, HEHE AN 2 7, £ 09 70 B M < 28 F e
&) CHWNEAME T3 5 207 &loxt§ 21 b (12
EAEHTEL v,

FE3E N,OHHHEDREEMR

N,O Z R TREM, »o, MEMREZAET HM
WA AT NN IEKERLIZEHFS L Tnwd, Ko
N,O %P 1%, 314 ppb T, 4E[ 0.8 ppb F*2#fIL Tw»
258 N,O EREBE 0, DBEIC b H 5T 5 Y, B
W& BRARRIE NOOEELRPEHFEEZEZSNT
1/5% 64,82)O %?HE/H’ 4,66,83)y Z ,—7— 1} - 19,29)‘ i&HE 18, 121)‘
BEEpE S 0k, NLO BRI & %2 %,

AR 2 S e B T, R, BH~ 2
JE AR T NLO R AT 2. 2Dk, N,OHEH
AT UEIE AT OKEEIZ R 2 A%, BRI & 0 ek
SREEDLE, HUOPLEPREOONLLE6RH 5. I
N OHEL S D N,O IMAEWIC & 2 g & i bo
FCTHERT 2 W, iz N0y % NO, 2SR 70 ik
WX IR N, ISR SN A RUGTH 505, HH
FEWE LT NO DPERT 5o BEIXEERY % E TS
RIZH W, B 28R e r BBk E LTH
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WL —TEOIFRTH Y, BE (0) 2EVEE TRk
W NOy ORI 5 NO EHEOHHED TH
Lz, TEHGEREEED ) OFERVIEDEMED N,O
PR EICE % RT3, MHikid NH," 25 NH,” BALTE 12
£ ) NO, ICERIL S, #Ev> T NOy %% NO, FRALTH 12
L0 NO;y AL SN B RISTH % 7%, FiE O EY &

LTNO DPHERT 5o MHSSGMHT T, Bbsh/:
NHN, F721%, A L7z NOsN O 125 LT N,0 2%
B EN, FOERLIIH0L % THD, LirL, =
D N,O R IIE O, ASHIBR S 7z G Tla Rk & 8
T 5. NOHFH = % #l#§ 2 RFidfEte, +iEk
gy, MR, TIETOSSHEAREY, THEPH 2L TH
% 12, 22,69,81.126)O

TEPNC RS 2 AW A I NO St E 2 b s
5 EDHBENT WS, C/NHAVNE e 5k 13+
TR g {, FICHEIZLD NO OB RE
BREL LD I EPRENTz, EFREEZOARLRH
ERHEIC LY N,O OFILREITR O E % 236 L FR
BH 5TV S M0 NLO HEHEIIH O -0 BED R #H
HHAMYTH B LI Esns s T2, HEA DY
ZIZNO HEHE 2SN 3 5 2 &R &, R
DL FREA I AR B O BTG % SO 7o R L %
EhTws Y,

REPHEY SR 2 AREDHEA D N,O Hii& = %
L&D EDMENT VS, BAAZT L /25T
1, LR S L7235 A1 T < O N,O HEH
EPROLNTWDS M, 25 ) — 53 LT TR
RWEEZ 2T 5 WERIE, BRI A Y, Ko 8m
KT NO HEi g2 E e 25 ) — %28 L 72
Bl 5O N,O FEH BT S RIS L ) R 5
TEPHREENT VS Y, U E LTI L v E
D NOHEHEDNL L, SARD S ORI B
FEDRBARIE S N7 % HIHLC 31T B AL R 3k
D N,O HEHFR I 0.62 = 048 % TH - 725", AHEA
72 E RSB W FE BRI OB 6 121%, 0.05 %AREED /N
SRR TSR S v7e, IRHERR R EEHEAL O X 5 12
C/N /& e AW AL IR X D NL,O PEHAR DS
KEWH, FHEED X 512 C/N oK = 2 HED It
AR L D N,O OFFREAVN S W EAUREN Y,
A 51) —% 60 Mg ha™ 3 X 07150 Mg ha™ 38 L 72 £
BHIETIE, N,O OFFHAREIL 0.4 %28 E %o 7295,
300 Mg ha™ % H] L 7z fil R TP T 47 %IZEL
725, NLO HEHEZIHIS 2 720 1@ 2 B E DO
BERETTLIENEETHL LEHENATWE Y,

%105 (2010)

B2 S OZEFIBEDIIE D N,O O HESEFH O B4R
Bt 024 % & BAE D T,

LA»L, HEOEMIZBITS N,O HtEoHzZ 6k
D TA 7% <, NO HEmATE D & 9 7 m iy #iF 12 540
L, £OX9) LR ERER L) LA LT
vy, F70, BEEERETAT AV ARMEIZ L S i
NOBEFBEDN,O HEH RIS 252, B
PEYRRAIBRD T ZAMIZ L D NO HEHEAHINT 5
7, HEREAL S 7z KB R O R H ASE L A 5 O N,O
PRSI E L NTT 20 EOBRITIZLEAEHFELR
Vo

F28 HBRAE

F18E AV

KRR, HERIREM e (bf 36 BE 55 4,
139 £ 55 77) DEHTIT > 720 THH OEMIIES
320 m, R & MO TR AE L, A % B AR
HI0FMU FEH e U CER S N, R LIKH
¥THY, AKES ® 2LV, Entic Haplumbrept, loamy,
mixed, mesic, % 721%, Entic, Haplumbrepts, loamy over
fragmental, mixed, mesic & L T4 &7 %, #F K
HED%R L b MENLS 23m LI THY, 304EFHD
Wkt & SUIE 1561 mmy™, 120 CTH o727, Hidy
DOMEITIFITAFETH - 72

E28 REHE
1) #7572 ZOREFE (1)

BHE O (H 332 mm x #% 402 mm x # & 50
mm) % i L, TEEIIH 30 mm O S T A L 72,
PP, BRAOBEORTHIZHE L, Wz O R 5
b s £ Cilkfe L CIR—@PTI28iE L 7. Rl
Eo VB OF v 23— (#E 315 mm X fif 386 mm X &
& 220 mm) & HMOR LIS, ICHAE, Fr oo
EEMA BT LDy XV THEH L. Fr =0
PR 12 0.133 m*, BFEIL 267 L CTH o720 F v ¥ /N —
NOKRGEFHEHIY > SV TF 2 — 7 6B 7 — K
7 (MP-30CF, SHIBATA, Wi5|3#J¥ 100 mL m™ LA T,
PRIFEER 30 Fo1H) CERILL, 1L DT KT — 3y 728
FL7e REEBETF v o N—%2BEH L T25 0, 10,
20 RNV L 720 7 T v 7 ABINIIFRT 8 B 5 4
% 1IOMIITo 72 (£ 3F),

2) HRIT v 7 ZADBAESE (2)
M T v >N — (B 400 mm, & S 300 mm)
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HEMAS 30 mm OFS FTHHE L, F v v /3—
FHEORIH FTICHEL, #27 AHICEENEL R
BlLrze Fv o N—HNORGHE 20mL) 277 2AF v
72 Y TERILNA 7OVHK (10 mL) 1247 L 72
REARHEIT v o= BEH 0, 30 FHICHRILL 72,
77w 7 AOWMEL, HNZALOREZ#T 5720, T
i 8 B & /PR 11 B COMICAT -7z (84,5 %),
3 HRI7F vy REBREHEEDHESE

N,O & CH, ®7 7 v 7 ZIFLTFOR 2 Tk,

F:px%x%XQxlm (# 1-1)
FIZNOECH,® 7 5 v 7 A (pgm™h?), p &
213K, 1R BT 250 %E (ngm®), AlEF v
YN— DK (M), VIidF v vy N—0%FEE (m?),
Ac/At VEEIN S 3725 % > 78— A O 0> S35 B8 o
(m*m®*h™?), TiRF v N—W, T721E KhoP
BWai (K THhb, CH & N,OIZH T 5 p DI,
pCH,-C = 0.536 x 10°, pN,ON = 1.25x10° TH %,

N,O & CH, ORHEHEE R IZL T DX TRD 72,0
—t) x(f +f ) x10°

i+l

n1 (T
7254

noi=l

(X 1-2)

T, \Z N,O & 7-1d CH, of& 5k & (kg ha™ period™),
LIEIBMB D75y 7 AMEZATo 2K H, fidill
HOMERIZBITLINO0EF/ZIECH, D7 T v 7 A
(ngm*h?) TH5b,

4) HAR

CH, #2113, FID Mgz Lz Az u~ s 75
7 (BEBERT, GC8A, EL¥a25—3—75A7 T
L) THE L7ze 717 A LBRIEFROREX, Zheh
70, 200 T T& » 720 1.02, 2.98 uL CH, L™ O IZ e 7" 2
THIEMAHIE L 720 N,O ML, ECD Ml % 2 fif
Lichiazna< 777 (BEEER, GCIA, 72k
GC14B, KI/8v 27 QH T L) THMELL. BT L&
B B DM 1L, 2N 270,340 ~ 348 CTH - 72,191
pL N,O L™ OfE#e%" 2 % N, /7 2T 0 ~ 0.995 uL N,O L™
OPANZAFL, WEH % #IE L7,

5) tiEmIEMOBIE
1000mLDAF > LA ay (KEMILT%, DIK-
1801) C, #FEMmH 5 0 ~ 5cm DE S DO HIEZFRILL 72,
AREEILHE % 105 T T 24 K28 L Tk 7z, T3
K5 D ZFEiZ4LiZ TDR 710 — 7 (IMKO, TRIMEIT)
THIE L7z 70— 71%, #FEHED2S 10 cm OFEEIZ
K (5 3E), Fouk, wHERAL”S 0~ 10cm F
TOREICEETIA (54, 58) ISRELL, 13K

SIRERY FHOBRER ™ 2LV HERE L. MIERX
LT o) Th b,

0, = 0.954 x 6, +0.1168 (¢ 1-3)

0,1% TDR @ 77 (m° m™), 6, 1& K5 + 5Kk 5 5
(m’m™®) TH b, Wiz 7Y % ViRERr (Sato, PC-
2200) THME L7z THEAKGEHIRIZT T v 7 2AD@HH
EARICIE L7ze BRED T — & 13E HHHIBERT 7E 4L
DREBUNERE D H AF L7z,
6) TE{LFHEDRIE

0~5cmDESAHATZHIL 2 mm Offi %8 L
T IZiRE L7e £t (156g) % 100 mL @ 2 mol L
DIFALH ) T AKERTIRE H LTIl L, WA (7
KXY 7w 7, Nob) Tli#lL7z, WiRFOT v E=
TREEFE (NHN), HREEFE (NOSN) ORE%
Wt e Tl 58 L 72 (Aquatec, 5400, Z 7213, Foss,
FlAstar5000) . &+ (15g) % 25 mL OZEHKTIRE 9
L, pHH,0) %# pH #* —% (EHHEERT, F22) CTHlE
L7zo TEOERFRE, S@BFRRBELCNI—F (¥
Ja, MT-600, F7:i%, J-% A x> A, JMIOOOCN) T
e L7z

FI3IE EWOEEHEMKS CH, ENODHEHE
ICRIFTHE

B18 QUK

T CH, A= pire & WIRE 1S L b F H 2 A BRI &
DR LW, —igIC, MHIZ RS CH, ORI & %
25N TW5, Keller 57 1%, % ZHibd 52 &
THED CH, WINREAPMK T 95 2 & 278 L 72. Mosier
5% IFEKEHZ A ELT S & CH, WIAEDME T3 5
Tl EIRLI, BMEEFRE TS 2 LT CH, WIaEIE S
SIZIET 2%, Bk BT, CH, O%E LK
WOTEPBME TS Y, 2ok ) I12+#0 CH,
WA RE DA T X1 & 2 T HEAH <L & 28 A A3 5 [
EEZOND, LA L, BEREEZIT) < ARMEEIC
&% TEEAOEFERER TEY M OUGE ) E o CH,
WALAELS 23 2 & A STV v,

Corre 5 ' 13+ HFIHAN,O 75 v 7 2% HI#HT 5
L ERRIE Lz RS I & T A 5 0 NLO 4F I HE
R & 72 R O TN E W L 2R L
726 Keller 5 *® 12X, N,O 75 v 7 A3 % i
WAL U 72540 O BAE B9 % 25 10 ~ 20 4F LLA IS
Ny 77Ty FIELLFICHAT %, Mosier & * (138
WA /NEMICEZ D2 2L ) N,O HEB =2 IN§ 4
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TrERLI, LaL, REAZELIT) v ARHEIZL
B FIEAOBERFENEM D S O N,O FEHEIZLIFT
HEIW S 2 ENT W,

S SRR O 27 % % 0 B T B RE
FAD CH, & N,O DA AL ED L H IZHIH S T
DR ERET S LIZEETH D, FHAIEICIIH
) & — R B RSN b 20, BELR
TIEMAEWH A ET S, L L, B2 EMO CH, &
N,O DA AL KT T REIZH T 2RIV v, K
e HWE, S+ —F x— F 275 A (Dactylis glomerata
L) H3EEH, >z ua—oN (Tritolium repens L.) H3%
EH, F—F v — FrI2Lyara—n "oRFEE )
50 CH, & NO Ot E* ik 22 Thsb, v
70— N HIEOWIREE A REICSE LY, o
ORI (SRR ZE 3R L B R AR O T A T
MRS 5 Y, vay o — O R FEE I E A
ERANOEROERMHREZ NS, ARHO 5 —
A= N—FRAET LY, KBTI, YEra—N
ETEYEEOUE L TEAOSEEBEICL) L
W - b - AN E A LSSm0 CH, &
N,O OHt A 2 b S5 L L7z,

FE28 FHE

1) 8AYA b

BINE B IR ER e OB T o 72 (552 %
BLHEZH),
2) EAEEDRIESE

ZaBEIX (100 m, x 3) WHEWIZHEE L, 3HHO R
e HEREMR, Thbbt—F ¥ — K77 A (plotl),
uzu—N (plot2), #—Fy¥—Frs2xkLnu’s
O —/NDORiE (plot3) TH o7z, plotl, 2, 31k, ThZ
111999, 1999, 1996 4F 12 HHr S i/z. & TORERXIZIE,
200 kg N ha' y' OZRLEP L ST WB72Ds, 75 v
7 ADEE % iS5 18 7 Arir & Bk £ oM
M (1999 4F 10 A ~ 2001 4E 3 H) & RERBIAA 2> & 3R
WTFEFTOMM (200144 H~20024E3 ), E£HEE
BHIMERH S e o7z PUHEIZ 2000 4E5 H7H, 6
20H,8 H6 H,9H 26 H,11 H 21 HOFEF5 MfTh sz,
N & ARG R 7 2 E N ONERE = & 1ICiA L 72
3) 77y REA
ZNZENORERIXT 4 FHT O A ABRNUH &5 % 3 E L
2001 44 H~ 200243 HO 14, CH, E NJOD 7 T v
JARBINL7: GB28 B2 1) 22, 77 v
7 ZERNE 1 AR 1 AT - 720

#1095 (2010)

4) H AN

SUEHRINGA & 8 BRI LANIC CH, & N,O % 43047 L 72 (4
2% E2H 4) 2BW),
5) HIBWIBMOBIE

FSEEIX & I2TDR 70— 7% #iFE w2 5 10 cm DO
SRR 2 A% L, IS 2 ME L z. S
10ecm OMIRAHE L/ (2% 28 5 228,
6) TIFLFEMDBIE

T NHN iR, NOyN R, 18 pH(H,0) %
# 2 BHEHECHEL: GB2% B2 6) 2,
7) WEHEOETE

0~5cm O+HER O CH, 2L, NH, B L, Bz
WO % e (MPN %) CTEHIIL 72 MPN i,
Bl x AN L BORBRE S, KTERBMICHRL 7
THEBER L —EE T O L RS e MM ERE L 72
%, FHIROBOEEOFELHE L CRaMLEIc X
DREAFHINT 2 HETH Do HL SR L 2%
2 mm Offi % L 72T ICRE Lz Zheho T
AEHZ O W TR (10 BAR, 5 K %1T- 7
ARG Z 10 mL @ CH, MRLE ™ o A - 72 30
mL O8N 7OV (MEta) ISR LER, 7FIVITLRT
TE L7zo Ny FAR—=2ERED 50 % D225 % Bk,
o CH, % 7RI L 720 30 TStk T 4 B,
ANy FANR—Z2® CH, izl L, CH,BAILHAE
DEERHE L7z AR E 3 mL o NH, BRILEE;
# DA 57210 mL B 1B L2, 25CHEENT
4 BEMREAER, NO, 0K /RTHOOE T, NH/
MALHAETOEELHE LY, ABHREZ 7T 2
L 10 mL OBLEEE T O A - 72 25mL RERE 128
LEZ, 30 CHRESMC 1 AME#%, NOy oL ER
THROEOHE:L 75 LENORBOFET, REHET
DA R FE L 72
8) IRETAEMT

FEEHEAT X STATISTICA 2000 (StatSoft #1:) T1T- 720
Y EU -4 ADKMETCH, ENODT T v
ADBE AT OIEHE ZFERE L, p A 0.05 LU TIEH
AL R DL EHE LTz, ANV T T A Y OMETHR
BXDOCH, & NOD 7T v 7 ADWEIT\V, pIEA
0.05 LT CHERX M DA E 2% Bt L7z Y57 T
BZHBE D7 5y 7 ADFIEE A7z, & TOREKX
D CH, £ NOD7 Ty 7 Ak FIEERERT (K, #Hif,
NH,-N &, NONgE, +HEpHHE) S LTETY
Y OMBIRIE AT~ v OISR R BT L7,
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EIE R NHN & NO+N O IZEM %2 8 L Cliz—2 124
1) b4 Fasnhzsy 4~8HOM, yorzo—-— NEHBTH
F—F ¥ —FF T AEMTH 5 plotl ®+E D % plot2 Tlidplotl £ V) Wi x2R L7z (K la, b)o
15
Z 10+
E

NO3"content (mg N kg'1)

pH (H20) value
(=]
o

o
kS
X

X ) —<—Plot1 —e—Plot2 ---x--- Plot3

Soil moisture content (m3 m")
o
3,4

o
w

'
o

—o—Plot1

w
t=3
N

—e—Plot 2

n
=
N

=
o
N

Soil temperature (°C)

150

100 1

50 1

Precipitation (mm)

n | PRy M | .I

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

1. #—F v —FTZXEH (Plotl) A7 O—/NEH (Plot2), ‘BIEEM (Plot3) DLIFEFD (a) NH, BE, (b) NO, BE, (c) pH (H,0),
(d) k%, (e) #iR, (HFEMWE GB21H~5H6H, 98208, 1B1H~186H, 28198~ 2 A 24 HOHEOKRE KB
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plot2 1% 7 A 412 NOLN IS 2NN L7z, 4 —
Fr—F7I2L3u20—N\OREEERTH S plot3
Tlk, 4 ~8 ADM, NHNEEA plotl X V) Eh o7z
7%, plot2 X DK<, 8~9 HZEITIE, NOyN i#EFE I,
plotl £ (ZIZ[F U TH o720 C/N Hid4TORERX TIH
EOMEERLE (FE, Yaro— okifid, Mmi
REZE R W LIS - 720 plotl, plot2, plot3 O+
HpH X, #hFN55~59 58~66 59~64
DOFFIZ AT L7z (X 1e)o
2) iR

plot2 DERETE X plotl, plot3 X W/ hEpo/z (F 1),
plotl, plot2, plot3 ®t3EK5E, FH 21 0.46 ~ 0.62,
0.41 ~0.62, 0.34 ~0.54 m’ m™ OFPFAIZH5A L7z (14
1d)o HWHIZERBX TIZIZRLETH-72 (HMle), H
OB M & R, FN2EN20014E7 H24 1,
200241 H 4 HIcBEl s N7z, 7H I3 H (628 mmd™)
ET7THI16H (A04dmmd") ICZEWAREES N7 (X
1f) o

%105 (2010)

3) &g

WEEFETORBXTIHICRKERD (K2),
plotl, plot2, plot3 D4EMINEIE, #N £ 2.1 = 0.6, 34
+05 45 = 03MgDWha'y' THo7zo KFRHERXD
INEiE, ZNFNHEHWIZEZL > Tz, plotl, plot2,
plot3 DM & F¥ Lo~ AR X, 220, 9,
2% THoT0
4) TIEWEYE

6~10H, Yoz a— "k & T3 plot2,
plot3 Tlk i o CH, BRILH £t25 plotl £ 1) ZH o 72
(F3a), 9 Hi2iZ, plot2, plot3 @& NH, FRIL#
B L% o775 plotl TIAFEHIZALDH S AT
E o7z (K3b). TEEHOMERBITLEHRXTI
HicwgAkE o7 (M3c). 11 A2 plotl, plot3 THi
WA L72AS, plot2 TIEXEM L 1ZIZFH U2 R
L7z
5 CH, 75 v7 X

FHRBRX 5 KAH~DOCH, 7 7 v 7 ATBE O
F/20%, 3IFEuThHoz (X4, plotl #hr &, #%

xR 1. HBRXOIEE(EFME

BREE"
(Mg m™)

SrpFd Lot CIN It*

(gNkg™  (@Ckg™

A4 &4 (Plotl) 0.95 = 0.05
< AFFEHL (Plot2) 0.83 = 0.06
A& H (Plot3)  0.94 + 0.05

3301 140
3.6 £03 14 £0
29 £05 13£0

ZNENOELTIIMN + BHEFEERT.

Ea 006
zwm{  Plot1 e
=
3 0 Other

g, 1000 4
3 5004
i [ i

0 [

2000

o ooG
= 1500 Plot 2
= mWweC
3 1000 @ Other
3 50 i
g i O

0

2000

s 1500 Plot 3 006
= mwc
3 1000 @ Other
£ M u
<

0

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

K2 F—Fx¥—KJFXEH# (Plotl), O/ O—/\Eit
(Plot2), RIBEH (Plot3) DEHINE (0G, WC 4,
ZhZFhF—Fv—FJ5Z, >O70-1OREB%ER
ED)

"h=12. n=2.

10*
0
:§ g 10° a
35
£2 , | —o—Plott
3% 0] —e—Pot2
= ---x--- Plot3
10' T
10
®
@ 6
2% b
s .S' i
g% 11 —o—Pott & N
2F —e—Plot2 x
ES 10t X
< = --x:-- Plot3
10°
107
23 o] C
23
EE ;
t o s —o—Plot1 ¥
5 ]
=} E 10 —e—Plot2
= ---%-- Plot3
10*

Apr  May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

X3 #—F¥—KJI5XEH# (Plotl), OV O—/\NEih
(Plot2), SR#EE# (Plot3) D (a) CH, BB{EE %, (b)
NH, LR, (c) KEREH
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BRR D7 T v 7 ZNZIEH A L TR 5 LR & vz,
plotl, plot2, plot32*5® CH, 77 v 7 AL, ZIhEi
-45~-3 -65~-9 —-45~-3pgCm”h’'®
P L7z BlllSN/2CH, 77 v 7 AD# I,
RO OER TURNICB S N7 Ty 7 X, A
KIIZIE - 31 ~0pgCm™h" ™, —46~-5pgCm™
h' % L13IZFE L TdH o720 plot2 ® CH, 77 v 7 A4,
plotl, plot3 X W A EI2MKA - 72, plotl, plot2, plot3 i,
FNFEN18+05 24+12 18=+04kgCha'y' ®
CH, WIUFECTdH o 720 & FRBRIX O CH, 4F BIWR I & (2 AL
HZEIEEO SN h o7z, CHy 75 v 7 A3 LK
(p < 0.001), T3 NH-N & NO;N DO (p < 0.05)
CAHBABIfRE A L7 (F2),
6) NNOZ75v R

ZABEX 2 S5 KEHP~NDON,0 75 v 7 ZILIEDFH,
F720k, 2I3EETHo7z (K5). HEHBEX D7 T v

20

o

204 8%

-40 4

CHe flux (ug C m? hr')

60

-80
20

0 Plot 2

CHa flux (g C m?hr")
& 5

60

-80
20

N %WXHF%%X% ¥ ; % [ |

CHa flux (ug C m? hr")

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

4. F—F ¥ —FJZXEH (Plotl), YO 7 O—/\Eit
(Plot2), B#&&EH (Plot3) MCH, 7T vV X. IT5—
N—3ZEREETT (n=4).

£2. CH,75v7ARETEEERTFOHEBRE

Pearson's R Spearman's R
NO;” -0.24 * -0.30 **
NH, -0.23 * -0.24 *
pH (H,0) 0.08 0.07
et ¥/ 0.65 *** 0.68 ***
Hhifm -0.18 —0.22

* ok okkx 3 ZNZEN, 5 1, 0.1%KETHELRMET
HbHIEERT.

7 XM AT & 13587 5 L HIWF S 7z, plotl, plot2,
plot3 225D N,0 77 v 7 AL, <l ~10, 2
~ 122, 1 ~38 pg Cm™h™ O#PAIZ4A L 720 plotl &
plot3 5D N,0 75 v 7 A%, MR B o EH# T
PEic s nszrs v 2 A, BARMIZIZ1 ~ 15ug N
m?h? ™, 0~45ug Nm?h'* LIZIZF L Th -7
pot2 225D N,0 75 v 7 AlE, THEOTHEX h A
L% 572, N,OHEH =L, plot2 TR%, plotl THA,
plot3 TIXZFDHHTH o720 O 70— PRI
% & N,O U 2588 L 72 % 3BR X TR S 1172 NL,O
7T w7 A, TNEFNEWIZELR 5Tz, plotl,
plot2, plot3 &, F1Z110.39 + 0.19, 1.59 = 0.15, 0.67
+ (0.15kgN ha™ y' @ N,O HEHIE T - 720 K aXBRX 2>
50 N,O WP EIZEWICR R > TWzo NNO 7 5 v
7 Al%, T3EHRO NOLNRE (p <0.001), #ii (p <
0.001) ELIEDHBIBREH L7z (£3),

Plot 1

N20 flux (ug N m? hr")
3

140

Plot 2

N2 flux (ug N m? hr")
3

140

Plot 3

N20 flux (ug N m? hr")

04 X

0] *ExEu ‘x,ui% exEyX x=f X Tx

e sere- 236 % 3¢ 3eox P KE pepe - 2 %

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

F5 F—F+—KJFXEH# (Plotl), >O7O0—/NE#h
(Plot2), RiBEEH (Plot3) AN,O 75V I X. I5—
N—IEEREEEZRT (n=4).

£3. N0 77v7RETFRERFOEOHERERE

Pearson's R Spearman's R
NO;~ 0.66 *** 0.69 ***
NH," 0.24 * 0.18
pH (H,0) -0.12 -0.18
R &y 0.04 -0.01
HiiE 0.41 *** 0.47 ***

* ok kkx (3 2NN 5 1 0.1%KETHERMET
HHTLERT.
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F4E BE
1) BROE—2F—/N—

Yuru— Nk ERBHEIL, FHABRRITT S
ERMET S, HERWO Y — v F — =2 {EHEAL
2@, vuru—NE3~4 %BDEEEREHR,
D & IERIEE OB T TR S
29 WHAS P 2k, yura—npbt—F v —
K279 ANOERBEO T 2831 B & — o185
BILEME SN TV D, RIFFET, plot2 O LR DR
W INHN & NO-N ORI 5 A > 1 71— 37
SHHALT 2 BERIPHEOBERINE LV S h o722
ERTRIEL TV,

2070 —NOME plot] [ZUE S A 7% <, NH-N &
NOysN DUEEEAMERM %38 L TERWEZ R L7z (M 1a,b)o
plot3 Tl&, fE@EO Y a7 a—N\h S5t Sz
BWREEREZ L —F v — F7 I AR HEII L 72, 2h
LOFEFL, v ra sy a—Nplot2 & plot3 @ +iEH D
BROY— A =N HELHNSE-Z L2 RT,
2) CH, RIROHIHER

FETIEOY I CH, WIUE HI$ 2 EE 2 W1
Ths W, R TEOWHMEIIKEH O CH, & 0,0
TR AL T EEILB R o CH, & 0, D CH, FRILE
NOYLHL A WIS 5. ARBFFET, plot2 DFEHEE 1L plotl
Eplot3 X D /NE Do 72 (1) plot2 DBEREEIVNE o
ZERE, BES L REEEOS L HEICHEL, o
OZBALIFIHS 222 a7 a0 — N2 L) b7 b Stz b %
25N 5, Mytton 5 ¥ [2XhiE, Yoroa—Nigtis
FOMILBROEIEZEMSE, 42752 L) #EL HE
B2 s T 5. ABFSETI, plot2 @ CH, I &A%
MmolzZ k% plot2 ODBEREI/NE o7z & TEAH
ICHBIWECTH D, 72, KRBXOCH, 75 v 7 A
DFEFHEALTHEK G OZIC L Y FHHTE S (M4,
Id)oe bbb, ZHEEXD CH, 7T v 7 Al HEKG
oMmE LIzl Ers, (M6, #2), i
KSR O CHy & O, DILFRE 23 S, #hFk
[iC > CH, W& il L 72 L g sz,

IR 7 1K St T, B OBRSIRA T A
% &7z CH, & R&H CH, O i 7% CH, BBALH 2 X 1)
RIS N B 720, RN TR ENS CH, 77 v 7 AU,
INSEETEDEERDT T v 7 ATHDL VY, 1
FIRINEBICIE, BRRMERSED S ET 2567050 ), T
KL OMNET CHy A ASEE 2 2 W REME DS HRHE S T
51 KT, HIHEKS OB S THIERT
s CH, 284 L, #5321 THEUA S L5 CH, WL

%105 (2010)

Soil moisture content ( m* m")
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65

-10 4 NI A S PN
X

.20 4

=30 4

X
-40 4 Y

50 4 : ° > Plot 1

CHe flux (ug C m? hr)

-60

-70

Ee6 F—F+—KIJFZXEH (Plotl), POV O0—/\Eih
(Plot2), BEiBEEH (Plot3) (CH(FBLiEKSECH, 7
S 7 ZDOEF

AR BN LT R b E 2 b b,

Mosier & *¥ & Hiitsch & ™ 1%, t#EhORED Y —
¥ =N —HE AT A 2 & T CH, WINATHE S
b et L7 ARBf7E T, plot2 & plot3 MEEFD ¥ —
VF == L plotl £ ViAo 7A, D ORKER
X% plotl & [W&A, X Y k&7% CH WINREZ R~ L 720
Thbb, yOra—NIL b HEAOEERFEL ®
M+ CH, WINE AP S ol CHy 77 v
7 AL 13O NHN & NO;N O & ORIZFED &
N7ZEVEOHBIMER (F£2) bafEafosoro—
NS & N B RE S 3R CH, I A i S & 7%
Mo 722k ZREY B, Hitsch 5 7 1&, 240 kg N ha™!
Y& DML % BT o 72 1, IR 3 & [
S0 CH LR R F50 2 & 2R L 721 & O3Bkt 13,
R CEED Y — v & — /N —HED 2 ~ 35125
LTWaIZb20b 53, CH, WAl e fiAL 1358 |2 T
M AHZERRLAEDDT, RIZE L IZIZFEBEOMEN &
ES A (A

Hiitsch * 1&, ¥fE T+ pH % 0.2 ~ 0.3 &b &7z
7205C, CH, BALIEMEARECIKTF T A2 L &2RL, +
e pH O 287 244 CH, BRALIE 14 % i S 272 L ik
# L7 Amaral 5 ¥ 13 H3E® CH, BRLHE 3 A5E4TH
%75, LR pH 2@ LCB Y, 13 pH A% CH, B L
ORI E A 5.2 5 2 L& RIE L T0 5 AR T,
CH, 77 v 7 A& pHEOMIZHEERIZFRD S5
Motz (F£2). & TORBRKX T1IE pH OFHIZ LA
R THY, FHBRXOTIER O CH, BRALTE 135752 pH
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VEIS L TWizizd EE 2 BTz,

Willison & Y 1%, iHh & bk oD 135813 fL ik o 1358
B LT CH BALWEAZ WS L2 /i L7z 20
FERL, AEAEOREEIC XY 1IEO CH, B LRE B 742 5
C L RERT D720 DG & e Do CH B LH O,
CH, BRAL 2 B 5 2 DTS5 % @ CH, 23fETE L 72
2 B DL, IREIZIE U T CH, Ao A # L&t
B REGHERFICHH SN L2 BT 5 %, A
72C, CH,BILH D% i - 72 il Br X 13 e s U 0 %
ol E —H LT (M2), HEICIEE N
2 WHERRIE, RNSEAR, ARZ-H2s, CH, ERILE AR W]
BE7% CH,, F7c2id, ICALAWORELED, ZTOWH
IS E7200 8 itz v,

3) N,O HFDFIHER

Luo 5 &, NOyN & 555 1L A Bl o e e A3l 28
Wk T 2 2 & &2 RE L7z RRFZETIE, NO 7 T v
7 Xk RO NOSN B E 12 IE OB BRSO 5
(#3), 5~9 HIZ plot2 & plot3 THEAM & 172 N,O 7
v 7 AOEENNE, E\ NOSNBEZICERNT L2 L%
<9 (K5, 1b)o plot2 & plot3 Tlx, FHAIZ /- F B4R
D u 0= NIHRT L ERERLEAEIL, o
DEFWIE L) S ol GFBEO T T 7 T — 3
OIH &5 5 A Y b plot2 & plot3 THEZE
L5 NOHHHABE L2 WHEELRSH 5 LA LEDS,
b L B O H 2 N,O RO HF S Lzt %
ZoNbe MAREIC X S BiE I plot2 & plot3 12815
LIV ESDONOHEHETH2 Y, TH%FL8HD
F1HEIZ, plot2 25D N0 7T v 7 AW L7z
X, THPHOZWIZ LY NOLN 2 AN S 4, 3
FONONDEENSET LA LICL > THBHETES
(4 1f) o plotl TIEN,0 7 F v 7 A DOEEHNIEIH S e
otz (M5), LIPS OEZRERILEI VRN
72%, plotl 225D N,O HEHEHIBR S - &L SN
%o Glatzel 5% &, ATV — hv v FASELS
BEHT/HNSHENO 7Ty 7 A%2FHMLCTBY, MHEHERE
BHREOMBEDI DR V720 NO PR EAHIR S s &
R TWwb, 11 ~3 Hol, plotl, plot2, plot3 T
WEN/BDOT/RNSEVWN,O 75 v 27 Ad, KW NO-N
BEICERNT S (K5, 1b)s N,O 77 v 7 AL, plot2,
plot3 THiimo EH &L b icmL 7z (M7, EHos
WIHBIRAT TR A S O EAREE TR oBul A BN s ¢
(K 1a, b, e, BERWOEFZMEMEL (X 3c), N0
ORI RIS &7z LIER S N7z, FER %@ L ChiER
D HEFRAEEE TR O EE DMK CHEFRE S L7z plotl TiE, N0

140
] ° Plot1 .
* Plot 2
~"™1 xPlot3 i
“E 80 -
=
2 .
X 604
Q .
40 . oo
20 - ° % oo. XX o
> e 2 . % %%{(X ’%o X
o Lomme B s § WAy gooone o
0 5 10 15 20 25 30 35

Soil temperature (°C)

R7. F—F¥—KIJTZ7XEH#H (Plotl), >O70—/NEih
(Plot2), EiBEMH (Plot3) ICHITBMBEN0T Ty
7 ZDEE

77 v 7 ADWRERFHEIIFRO b b oz,

THOPpH I NOHiHmAHE T 259 0 EDDHE
HWTHh 2™, & pH IZEHEORELZL RELE Bz 12
BG4 2 HIEMAEM OB 2T S8 %, Yumuki 5 %
&, pH flEASKLEICHIZ T 39, 59, 7.6 1M s
HHAIENPSONO 7Ty 7 ZA%HFEL, NO T T v
7 ZEpHET EEBITEAT LI ERR L7, LaL,
AW TIE, FEPHIEINO 77 v 7 AITHEL Do
72 (383)s TOEKE LT, 13 pH OFFE LILILEL
IR 2T, RERIXHE O pHHDZEADVNE ol 2 &8
ZZ bz,

E5E BHEHER

yuarzu—nNiE, KEIEOBSMEEYUETLI LT
CH, W& % i & €720 CH, Wl OF 2 i 1%
KRG DAREREZEALITRE L7z, I~ ERBHEIL CH,
WIEF D S hhrol, £/, Yurza—nNig+
e o CH, BRALTH % BN S & 72 T ReMEAVRIE S 7z,
a7 O—=NEGHE SN WHERE 2 EITT 5 2 L1
L) 13RO NOLN BEZ RIS, NO P& % 1
MMEE7-, F72, P uza— N TER O E B
IS 72 gEEARIE Sz,

FA4E FEHEHERO N,O BHHE

F1E BUOHI
RIS A TN BFEWRE I EZEZ NO OFFH
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HTHHY LaLanrs, EHEHFISES NO HEH
BT BT E ALEEL 2\ EEEOE W
WA MR 21203, T L, HEEEL, MEEA
7 N &0 IR ORBEDSIL L 2 A, S
B B L i) PUETH D, KFEEMITTIY5 ~
104RIC 1 MEHFENLE Y, HHAFFENDL L, B
B EE ST E 2 Fh, HERAEMIC X 55
ZF, BORRRE 2 O ERREER S S, b e igE
AT MEMICHE R BT 2 Y. BHEBERDO 14
M HEA AL 2 28313 40 ~ 360 kg ha™ & RS S
TBY, AR OEHTEHH 5 OFEEL & FHIRT T
HIEPHSONTWA P, HHBICHM S bEHER
Pz B E N HEIC L YIS B A, — i3
BieBizglo k> Thbn s 2, 512, HHzHE
ERADOM oA, TiEKG, WiEEELSE, N0
PR IS ET BRIED D B0 ARFZEIL, LT HA
KILK B4 4358 & 0 NLO HEH &S R 123 40 no
AHOPIT AL EEWE L

E2E HiE
1) B ZIT->-E#

BRI IS ZE R Ze 4 5 o B (500 m®) TAT -
720 2005, 2006 4F- 2 M BT 2 AT o 7oL, e
11999, 2000 4\ BT RIOEH A AT o 720 EE 2 FfEIL
*—F ¥ — F 75 A (Dactylis glomerata 1..) T > 72,
NS OEMITHEHOBAEENIC 1 FH DL T AR
ENTzo 2005, 2006 4 &b, BT A EH (500 m’, H/i
EORMFH 25 FNZ5, 14ERE) 2 xfREH
LT L 720 EREMIIA—F ¥ — NI I ATHY 1
EMD LG CER SN GB2E B 1HZER),
2) EEHLE

2005, 2006 £ 8 A 22 HIZHHE, L, #FHE* &t
SEHTVESE & IR IR O R IBAT L W] U TIT o 720 H
FIHENDS S em OFE S TAYIY, FHEED 18
BIFTCUUE L 720 7T X D REA Y B E &%
JE LA 20cm OB S FTRIEEL, ¥ AKX (CaCO,
+MgCO,) 1500kgha” Z#0—% ) —# 2k HiEL
B L7, i, TERBELZo—5—C#EEL, 40
kg Nha™,87.2kg Pha™, 33.2 ke Kha ##& Uk (Urea-N:
NH, N = 10:7) &i#") Y BAIK CREHU L 725, +—
Fx— F7 5 AMT% 30 kg ha ##H L 720 *TIREEHIZ
HHE e [, Ho0 LoE2IU#EL, 40ke N
ha?, 175 kg P ha, 33.2 kg K ha™ ## &% (UreaN :
NHN =10:7) &) Y ERAIK CRmEA L7z,

#1095 (2010)

3) HEZE

2006 £ O FEHERIIZ, T FF— FW (25 ecm x 50
cm) OHCEHL FE (b EERE) & HERE A S A ) Blo
720 WIS, I RT—FHOFTIEZ 0~ 20 cm BH 5K
L, 2 mm O CHERTE (WTIKE) %Kk
S0 hEEE L 7o b BERRRE & R ERRE L 70 C
T3 H MR, ML eRE L EEROEEL CN
a—% (J- A4 A, JMIO00CN) Tl L7z,
4) 75y ZEHE

ZNENOEMIZ 6 HOHEI T v >N —ZfRE L,
NO7T v 7 A%MEL(E28E 28 2)%&H).
77y 7 ARG, EH, £7203, B0 1~ 3 Bl
1, 3~4, 7 10, 13 ~ 14, 22 ~ 24, 30, 36 ~ 37,
42, 51, 65 H#&IZAT- 72,
5) H R4

B2 OE2H 4) xS,
6) LTEMIEMAIE

WEHA S 0~ 10 cm OERE K G2 WE L7,
W25 5, 10cm OERSOMRETIEL: (F2F

28 5) 2.
7) HFEFMAE

+3Ed o NH-NEE, NOSN &R, 1% pHH,0) %
2 EHEHECHEL: 2% HB2H 6) S,
8) HEtAEMT

FERTEAT 1X Statistica 2003 (StatSoft #t) TIT- 72, ¥ ¥ -
FA Y F=—DUMKETNO 77 v 27 A, NORBEEHE
i, TSR OB, R HE L.

EIM BR

1) NO75v 97 2R

TR & IR TEIl S 2T T v 7 AL, 2005
413 10 ~ 3659, 11 ~ 1322 pg N,O-N m™ h™, 2006 4¢
1210 ~ 706, 20 ~ 175 ug N,O-N m™h™ O #2545 L
72 (0 8a, 9a). WD 2AMENINC, FHEHA S A IHE
kD)%< DNO HHEH S 7z, 200548 H23 H~9
R2THOM, 8 H29H, 9 8H, 13 H%ZKWT, &
FEMPSDON 75 v 7 AIEERL ) KE o
72 (p <0.05)0 200648 H25 H2 5 9 H 15 H o ],
FHEMPAHLONO 7T v 7 AIMBER L) K&
oz (p<0.05), HEHEH L FHEMA S D N0 7
Fv A, ENENER, F£720%, KEo 1 HE>S
BinLaao, VEBDNICRAEE 2Y, Zokasic
T L7z, 2 M&EE, NO 75 v 27 21 2005 E 0
&%, 557 pg N,O-N m™> h™' LLF, 2006 4 0 3 & 13,
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—o— Control (a)
o —— Renovated

N20 flux (|

—o— Control (b)
—e— Renovated

NOs (mg N kg™")
£ (2]
o o

N
o

o
[ K3

—o— Control (c)
—e— Renovated

NH4* (mg N kg™)

0.65

—o— Control

I
o
5}

% —e— Renovated
* *

Soil moisture (m®*m-3)
e o
o o
o o

<
™
@

N
S
o

w
S

@)

IN)
@

@5¢cm (°C)
8

—o— Control

Soil temperature

@

—e— Renovated

=)

i
3

—o— Control (f)
6.0 A —e— Renovated

55 * * |

pH (H20)

50 4

4.5

100
& | @

S
S

N
1S3

Precipitation (mm d-")

. |”uh| ol e

|
8/18 828 9/7 917 927 10/7 10/17 10/27

8. 2005 FEICHTB N,0 75 v 7 XELBRBERFOFRF
Z1k
(@) N,0OZ7Z v 7 X, (b) NO,, (c) NH,", (d) LK%, (e) HiR
(5cm) , (f) pH (H,0), (0) BEFE. I5—-N—RFEEREET
¥ [n=6(ade),n=3(b,c Nl . *I5%KETREEEL
P EERY. KEISEHOREL (20058£8822H) %RY.

X 9.

—o— Control (a)

A —=e— Renovated

1000 4
0 _M._._—._.—.

—o— Control (b )

60 1 —e— Renovated

20 A

—o— Control (C)

—e— Renovated

NH4* (mgN kg™)

—o— Control )
—e— Renovated

Soil moisture (m®m-?)
e o o o 9o
S (4. (4, (o2} (o2}
(&1 o a o a

I
s
S

w
S}

IN)
@

N
o

Soil temperature
@5¢cm (°C)

—o— Control
—e— Renovated

3

)

&0 Q———Q———Q'/_é—__M

5.0 —o— Control
—e— Renovated

)

®
=]

)
=]

Precipitation (mm d-')
N B
o o

.|| n MH || |

8/18 8/28 97 917 9/27 10/7 10/17 10/27

o

2006 FEIZH (TS N,0 7T v 7 R & TBIRERFDOREEF

Z1t

(@ N,OZ7Fv %X, (b) NO,, (c) NH,", (d) LKA, (e) #iR
(5cm) , (f) pH (H,0), (0) FEFRE. I7—/\—RBEREETR

¥ [n=6(a,d e),n=3(,c N . *E5%KETREEEDH

32 EERY. KEIIEFHOBFE (200658 A22H) %R
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P Fe R

#1095 (2010)

x4, HBRROLRE(EFE

AR BB fai et Gragdt CIN H.*
(Mg m™) (kg™ (gkg™)

2005 RFEEHL  0.98 = 0.04 58 + 1 39+ 0.1 15 £ 0
THEM 091 £ 0.05 53+ 1 40 = 0.1 130

2006 RIEEH 097 + 0.04 49 £ 0 35+ 0.0 14 +0
TR 0.89 + 0.04 58 + 1 40 =01 15 = 0

TEPICEE (n=10). FEHENCHGE (h=3). TR ENOMITTFHE + i

REXRT.

296 ug N,O-Nm?h™ \FTHER L 72,
2) N,O FEEHHEE
200548 H 19 H~ 10 A 26 H % T» 67 HE® N,0O
PR, HEHER, JREHBT, Fhenbs3 £
14, 28 £ 0.7kgNha” (K 8) THY, 20064 8 A 21
H~10 H 26 H T 65 HH D N,O fasHktimix, &
P, xHEEHT, 221 = 06, 0.96 * 0.42
kgNha' THh-o7z (K9a), WEL D, THEHD S0t
HREH L) % <o N,O 2R S 7z (p <0.01), M
Hi 2> 5 O N,O i &1 2005 4E 4% 2006 4 & ) %> 72 (p
< 0.01),
3) THWOEBEEREKERE,LSTERATNAER

==}

B, F oL, MRS 2 AR OB, W o 15
D NOSN B IR B H L D) &2 72 (X 8b, 9b,
p <0.05) 0 FDk, MEHDTIEFO NOLN HEEIZGH 4
[T LA & DRV ISE L 72, LA L, R
O NHAN BEEDOEITIHS 2 Tld -7 (K8, 9¢).
Tbb, 2005 1%, xFEE A EH L ) NH-N
IEFEDSE 20 o 7275, m%ﬁu,th%EK%ﬂﬁ%

RO LNT, EHE2ITo2FI2L > TNHNEED
MEFE A LE R o 720 B O L& T oEE
(B r LT, 2225+ 03,55 = 0.3Mgha) 1%
FNEN2, 15gNkg” OBEFrEA FNENE0 =
9, 84 + 4kg Nha' HYEOBEENER HIHICT XA T
N72o C/N i 3% A 21, H T HRIEA 26 TH -
726
4) HiE & TEKS

BT T K I R &) D o7z (1
8d, 9d), HEHEHD 5 cm DY S O IE T I H &
DEro7z (M8, 9%)o 7B, 10 cm DFEE T D Ml
DEFBEOONT (FT—FW), 2006409 H8H, W
HrEH D 5 em OFE S ORI IREH X D) 3.0 THE <
(K 8e), THFHTAEZ NO itz (557 ug N,O-N

m”h”, X 8a) HF® SNz, FEEIZ, 2006 4£D 9 H
15 H, HHFHD 5 cm O S ORI REH L 0 2.7
THE<d (M%), THEHTREZ N,O HEHE (296 ng
N,ONm™h™, [ 9a) #8057,
5) Z0fD1ES LVRERF

TR OEFME IR L ) NS ol (4,
n =10, p<001). FEHEHO 5 pH i 123 L 4K
ORI LY EH L7 (K8, 9o 2005 4F 1d 5 5 i Hh
O pH il 1Z 6 B R X 1) B2 o 7245, 2006 4F (L T
o> pH MEIZA R E L X D KA o 720 B8, F720%,
AEt% 2 AT ORI, 2005 4E1% 152.5 mm, 2006 41 86.5
mm O FERAE S 7z (K 8g, 9g)o

EAE EE

INOORERDS, BEHEO T Eh O ERE DS
MR L 722835 & WIS REIE S 722 80— EHTN,0
ELTHEbNEEZ SN (M8, 9a), A
SON0 7T v 7 AOHPIE, FEHFIZ 48 kg N ha
RWIET v E= T A CHEIE L 72 3 E o TR S e
7597 A (25~4050 pug N,ONm™“h™) Xh/h&po
72V, AN Y OEHFEHTIE, BHOTKRELRNO 7
5 v 7 A (95~ 11009 pg N,O-N m™ h™) » @ < h
729, Larl, oo Tid, LS oEHE G
Feii )Ly b LT 150kg Nha) 2 S, # A7
T 7 AEWINSED720, WWHATY) ¥ 7 F—THK
DT bize A3y bTy FOMRIEE#OHH T
WOT/NEZNO 75 v 7 A (RKIETH 85 pg N,O-N
m*h™) sz,
Whitehead & ™ (35 1% 3 4E 2%k L 72553 (300
kg Nha' y' #fiff]) oOREARICETNLERES,
ZNFN80,48 kg Nha™ & RAE S - 720 ARFZE D55 (b
TER TR - 84 kg N ha™', M EHRHCETRAE - 50 kg N
ha?) &, HOORELY LB —F L7z, MEHMDS
D NO HFEEDEDPHERED T ZIARDHIZHIET



5 BH A EOREIRA A - vy - ) — AREBRICE T A% 99

BEWETSHE, WERBICEINEHED 0.85 %A
2006 £ DO HF 65 HMIZ N,O & L THEH Sz & 5
HEND, ZOftiiE, Akiyama 5 Y 12X > TRED 5
NPkt Rn PR (032 = 049 %) &
FUOLETHo72e L, BT AT HE
BRI X BAE DI b 53 S e, BAE D& NL,O HEH
BICHGT DRSS D %

WEREICEEIN-E2FRIE, 0 C/N IR/
EWORSHIR L E N EEZ SN, &5,
BT O WY O 2 FINE I TR E O BEIZ & 5
SR L ) /S w7z, B TR O NOSN
BEIIHICE L oz b EE SN S (X 8b, 9b)s
KRB TIX, WRMAT —F v — N7 7 ZAORTHE
BT W2, EHEHTIE, A —Fv—F7 7 AT
AIEF S B HBICFHE L2135 ) THER IO X
) RIRRETH 572,

HEFRRESE R OMRERRH, S, FHHEIOKERES, S
MR L 72 NH-N 2B 512t & (K8, 9¢), +
RO NONBELZEDIEEZ LN (K8, 9b).
L7275 C, BEHEHCHHT% 2 B DPNCBH S hz
NOHEED ¥ — 7 1%, EAMIIT LR EE 2 S
N7z (K 8a, 9a)o 2005 4F, xtHAREHLD NOSN i FE IS,
Fa 2> & 2 R LA L 7225 (X 8b), 2006 412
&, xFERE O NOLN BEZIIN L 222> 72 (K 9b),
2006 4E O3 HRE H L, 2005 4E O REH L 0 b HiE O
HHD O ORGEERDEL, TEPpH bEho72Z 8 h
5, 2006 4 Dk} HEEHL D J5 A% 2005 4F Dk HEEHL K D) 4%
BB @RISR TH > - MTREMESE 2 b
720

Yamulki & 713, THEOBIEEAEHVIZEN,0 75 v
I AGINEL BT EEIRL, BES {1 pH 28
BHEOILRELACIZ G- A B iEE 2 B S8 72720
EERLZ, Lo L, ABIE Tl B 0 138 pH 12
b5 (K8, 9f), EHEHD 5% D N0 »7Hk
HENTBy, ELRIKOKAL N,O HEH w12 IEd
BT/ NS W EATRIBEE LTz,

TR O T3 TIIBORIRE O 53 F 12 & o THER
ERALASHER L 72T et B B B B MG 21213,
a8\ B 70 By o VA B & B S TSI L, O,
HUHE S TG A AL 38E L, I8 L 728
B SN B P KRR TIE, FE L CRENE
HEHA S D N,0 PEHE OIS L 72 W hEMEATE
Vi

MEH o KRS (K8, 9d) & H#iif (X 8, 9e)

PO EREORE LIRIIREMIZIERED LD

Hata s0r, Pk L, mEDHL 2D, I
FH L DL DONO ZARL-EEZ O (M8
9a), Linn & 7 1%, WAL XK GOBME &b
WZTERRAYISIEIN L C 60 % WFPS TR AMEISEL, 1
PLETIZBAT A e %R L7ze ZHUSK L, Bz
(%, 60 % WFPS DUF CIZEH T X %25, THIKF OB
e & BN LRSS CRRMEE 2 5. fEL
12 60 % WFPS LUF Tl EZ % N0 HiH i Td 2 78 2
N,O/NO; HIIBERIIZ 2 B2 2N THINS 5 ¥ 2
WZRF L, BiE213 60 % WEFPS Ll ECldE% 7% N,O OFEH
BThoa™, HAksomne &£ 512, NO/N, D7
59 7 ZADWIZHAT 5P, ZOfEE, NO DERIL
#1360 % WFPS it THeAflE & 72 % & & 7% Davidson *
DETNVICEIYDRENT, TBEONFHE % 265
Mgm™ EfREL, 5~ 10cm OFEFEEIZ0~5cm DF
FEEEFE L ERET UL, TEKGE, 2005 FE0Y4E,
xR ELHL T 90 ~ 100 % WFPS, S & #1T 75 ~ 90 %
WFPS O #iJH 12, 2006 4 0 ¥4, st B 4 ¢ 70 ~ 80
% WFPS, F 3 5i#iC 65 ~ 75 % WFPS o #pH |2 4754
L7zeEzZoN, DEoZ ehs, HElio K
PIERTEREHL L) N,O A L <, HEH L 2 v aiis
V53 L 72T REEASE

Tobert & " 1, BAgiGEIL B & - FLBE 721 T
RO E L KRE SIWRFETH 2 L aRIE L
7zo ARWFFET, AREIX, AFEEH L) EHEH /NS
Wiz (FR4), DAL oKE S, HEER L) E
EHO AR E IR BV 2021 N,O HEH
B LT REMEDS B S, LR FLIR AR A L 1
BEH 5 O N,O HEH = A AT T IO W UL EITHRGS
WLETH %,

2005, 2006 4o N,O HiEHEHE OZEE, B, F72
1, MEAEETO TR EEE LU, £700E, MEER O
WEICRRNT 2 &EE 2 N/ BH, F720%, Rl
T > 37K 5513 2005 4E A% 2006 4E & 0 B0 o 72 (X 8d,
od)o H¥r, F/zix, MAEALS 2B OMIRIIZ, 2005 4F
13 152.5 mm, 2006 4E1% 86.5 mm D 25720 & 7z (K
8g, 9g)o IMOLDMERLS, BMHEOREIZ L 2 N0
A 2006 4F & 1) 20054ED TS o Tz b E R BN,

IR T, B L MR O EFF A % T 57200
H Q@ATH~9HPE) CHEHIPTTbN S, 2 ORH
FHIEDE C ERENZ W2, N,O HEE % & 1
MELLERGFMTCTEIVITONDL L2 ERT %,
M L) A BN RO D e WEREFRICHEFT 21T 2
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(¥, NOHEHEZIHITE 2D D 5o

W IR IR S R Y LTI SN A R
i, OGP S ORBERSR VT EL N LA
BNTWA P, F72, WEML ) M, #AEMED
T EROEMPELT 5 EMEHH L2HOHL, L
B AR R L D L Ot &, EIR RO
IBBRFWMNEL S h oz shTws ™, L
o T, FIRIOTH 5 OFEERR EAE 2 & OS54
B U T, S M E A B R UE, NLO HEH
B2 PIHITE B ARESE HROEW T, EHis s
DFREBAELL & ARLRAIRROBIINEE OIEH % RS 5 45
Dd B,

BoH BNEHER

FHEHRC, 3 EATNIMRENRIL, 5F#EET
T3t D NOLN i FE 7 =60, T3 d OB YL & 4k
RS, L LTHEBIZLD NO PEHEZIINS 72,
T70, Wik bR, BEOKEAD, BEIZL D E
FWIE 0L, NOFFHEOR Mz EL L
Z B M7ze NyO HEHE OE R IL, B O 138K,
BERT i D220 ) BLEH R O N,O A i D & HESE
ENTzo BHIIHED NO FRHE 2§ 2 720, HH
R 2 BYNEIRL, EHHEZ D75 2 L EHE
THhrbo REICHEHZITAIE, NO PEHi= 2 i T &
LMD D %o

E58F HEB®HIEMD,SD N0 & CH, DB
HEICRIFTHE

E1H FLHIC

RHE S ARG EOWRE S0 RIEAEY, Msnsg
WERR, Koxk TEICMHET 52 LT, MLRIG &
BRUGAHRZ D S VFIERERT 2 Y, &512, RE
SARG EORRARICIE, BEYTEESEE D O, AH
B, BRSO R MR AT S B T,
SNHDORER R 5 ASRO T A 5 D N0
PR Z B s 5 8

CH, O¥;&121%, FHITHEL & BN O T E 2B &
Bl WEROCH, 77 v 7 A HE,S
KEHNOHE S IE L RSN TV 5, EFENIL T
O CH, W& % D S 720929 S AR+
o CH, WUE 2 2L & 2o 72 75 CH, WILE %
T A RFERF IR, T3k, #iE, T8 pH
HRETHAH BT 250) — At O FEHA S CH,

#1095 (2010)

PREFIH SN 7z205, EOREBFIEAT ) —HEKIC
Hsk L7 "7 MR L SRR S O 2 5 O
CH, HHEZHMT 2 I EELERTH - 247 %,
BEHIAND R F) —BAR 13 CH, EBHEH 2 11382 L %
Motz ®,

T DA EE & BAIEBR OB & MR A 121, HEAER
LR OB DA R TH Ao L L, HARTIIHEL
HAi R HEIE S E A S5 DO N0 R CH, D7 5 v 7 AWK
TR BT 2EMASITE A SHFEL 2\,
EHIZ, SARMELEE 5 AR R HERE o BAR T R0 4 M6
SMHIER I L D RECRL D, HATIE, HEL
WRETH R EDOSARIIN= 7 R2F T 7 RS
5N, AMOHEILAR— X ZHERT 5 720
FRIZHERE AU S b 2 &A% v, RIFZRIE, LAY —
2 HERR & BRI HRAT 3 5 2 & THEHBTED S O N,0 %
CH, DHFHEN ED L H BT 2 2l D 720,
JE & A2 AR & R L 72 BBR IX & AL IR 0 A % it
L72RBX 25D N0 & CH, D75 v 7 A% 24ER I
FEDWEE L7z, 510, HIEBREN T ORRZZ LY
N,O & CH, @7 7 v 7 ADOFHZELDFHH] & A 72,

gE2m H&E
1) BB =

BN H IR e s O L TAT 5 720 FEE R
flildd —F v — N5 A (Dactylis glomerata 1..) & 1 %
V7 5475 A (Lolium multiflorum Lam.) Td - 72,
WK ILH) 5 mm DIE S OHE) & —TEDIL TV,
Ap BlZ# 0~25cm, V— <y MIFI0O~5cm DFE
SICRHLNT: GE2EBE1IEHEZHR),
2) EhiETE

HEIEX (2.3 ha) &ALFEMEEHX (24 ha) 1ZFEEE L C
BLiE S A7 o ARESE O BlaG LAAT, W alER X 13 2 F (200
kg Nha'y") 2% AL 14E12 3 ~ 4 D T b
TWwie, HEXIE, FHEE2» o 0B RERLE LK
ELTOEERPEDOEFD 210 kg Nha' y' &7 5 &
) MR E AR STz (£ 5a, b)o AKX, 210
kg Nha' y' oZFEA Wi s LB E N7z (F5a,b)o
WEERX & 6 fEHTOF77ay b (5m x 5m) A%k
BENT Ty 7 ABNO -0 REEHE SNz, 2004 44
11 H 10 HICHERR X A~HERE (15 Mg ha™, #L4-/N— 7 3
JE, C/N 25 423#50gkg”, K569 %, %£6) »
fEH S 7z 20056 4E1F3 H15H, 5H26H, 7H19
H, 9 H 15 HIZHEMEIX & AL IR X A~ AL 2 IR A Eor
S, 5H16H, 7TH11H, 9H12H, 11 H21 HIZ
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IHEDST LTz 2005 4F 11 H 28 HIZHEAE X ~HEAE (30
Mg hat, #L4=/N— 7 HE C/NH 19, 4z F6.l
gkg! K568 %, F6) HEMAT S A7z, 2006 4E 1%, 3
J16H, 5H25H, 7H20H, 91 8 HIZHEMIX &AL
MR LR S &, 5 A21H, 7H 14 H,

9 1H, 11 H3HIZWUHES fThN/z. HEB2SDESR
ERLR IO Sk 72 Y ok omEs
FMARILER (1 - 5,) 13, 14EB EH4E) 12120132
(t=1), 2FHI2120202 (t=2) LRMEDL Nz,
ERIILT O TH Ao

x5a. 1%8 (200411 B 9 H~2005% 11 B 8 H) D{bLZIEF & HEH S DESHIE
SRR AL HERHE A 1 (kg ha™) 2004 4E 11 H 10 HIZEAi LtiféﬁE# Lo ARG ES
3H15H 5H26H 7H19H 9H15H R b= (kghaty ™)’ (kgha™y™
N 60 60 60 30 - 210
LFEEX P,0s 60 30 30 15 - 135
K,0 60 60 60 30 - 210
N 50 60 60 30 9.9 210
HEALIX P,0s 50 25 25 125 23.4 136
K,0 50 0 0 0 165 215
TN HORIZHED . PK  ALEEORAE S I2 3D <
x5b. 2%H (2005 11 B 9 H~ 2006 £ 11 A 8 H) DbZEIEF & HEH S5 DESEIRE
B LML AT 5 (kg ha™) 2004 411 1 10 H £ 2005 45 11 1§ 28 HIZ % FHPEERR
3H16H 54250 7H200 9H8n A LAHMESLSOELESAE kgha'yh)"  (kgha'y™?)
N 60 60 60 30 - 210
{LFHERHX  P,0, 30 30 30 15 - 105
K,0 60 60 60 30 - 210
N 30 60 60 30 29.4 209
HEMEIX P,0s 1235 24.7 24.7 12.35 65.7 140
K,0 0 0 0 0 269 269

"N AHORIHES

PK : dbiE D ARSI D <.

6. B L HEREOMIK EHE DL S DESEREE

it H 2004 411 H 10 H 2005 4: 11 A 28 H
Bofi s (Mg hay™) 15 30
K5 (%) 69 68
4823 (9N kg FW™) 5.0 6.1
4x1) VHE (g P,Os kg FW™) 7.8 9.0
45911 77 4 (g K,0 kg FW™) 15.7 11.7
CIN It 25 19
BiAi L7z o 422258 (kg N ha' y™) 75 183

148 H oz R bR (kgNha'y™) 9.9

2 E A OB FER LR (kgNhaty ™)’ 5.3 24.2
B L2 HEE P oo 42 ) > R (kg P,Os ha y™) 117 270

LEHO Y VR LR (kg P,0s ha™ y™) 23.4

24EE D)V ERIERELE (kg P05 haty ™) 11.7 54.0
WA L7223 o4 ) 7 45 (kg K,0 hay™) 236 351

LTEBEO A7) 7 AERE{LE (kg K,0 hay™) 165

24EE DN ) v A MRS (kg K0 haty™)T 24 246

TQMEHOEE ) VEE H )AL IE 2004 4E 11 H 10 H & 2005 4F 11 A 28 H 2 ¥

L 72 HENE 7> & D SRR L i D
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¥, =ax0.01' + ¢ x 0.63" + fx0.955' (X 5-1)
PAIHERETAT ¢ SE BRI IR AE T 2 EROE S
HIZEREH A OFES (BHEE &), a ¢ fIZ5H
HERIZTLEEYESOEE(@a+c+f=1)Thbo.a,
¢, FIRHEIEDgE, #2004, 0.15, 0.81 TH
R AR & BAE Q@ RMARLEIE, #2132, 7.0 %
EREEL SNz HEE S D) YERE S ) T A D HEREAL
B [RESARLE - FIFHOFF] & 2004 ¥ %
WHESEL, THEHICIZ) YERD 20 % &) 7 20 70 %
P, 2FHIZIE) YR 10 % E A )T LD 10 %H,
NG S NG L RS o720 ML E R
WIIRZEF eI s | C B 5 2 R OO 5 AT L7z, 8
#,OU VR, ) 7 AOfLFEIERNE, ENENRE, &
) VEEAIK, FRMTCHEA L7z,
3) 77y REH

2004 4F 11 A~ 2006 4F 11 A0, Thzhot 7
Tay MIHERMF v oN—%F%BE L, N, & CH,®
7y ARMELL B8 HE2H 2 2R,
77 7 ABHANE, HERRECE, F720%, RS, 1, 3,
7, 10, 14 HExEAR L L TERMICITY, ZRDEIE
1~ 2 BEIC 1 ETT - 720
4) HZAR R

b R AR SE s CHRIUE 1 EB DA AT b
72 (ME2% 2 4) 2B,

5) TEMEMDBIE

W 25 0 ~ 10 cm % S OB 15K 553 % 5%
L7z MR 2HHE S5, 10 cm MR EZME L7z (55
2% 28 5) AT,
6) TFLFEDBIE

I NHN R, NOSN R, 18 pH(IH,0) %
¥ 2 AR TIE L7zs 2004 4F 11 A ISHRIL 72 3
DERFELBROBELIEL/: GE2TE E2H)
6) M),
7) fREtEEAR

FERTHAAMT 12 Statistica2003 (StatSoft #1:) Tr- 72, v ¥+
FAY =D UMETNO ECH,DOT7T v 7 A, L
BEBRBE N T O WL [ 7 % P72 o BT T, LB, 4EK
AEFWM & N,O,CH, 75 v 7 ATREEAHEOBRE <72,
6F ¥ Y N—DFEHDONO 7T v 7 AL LK H#
i, i NHA-N R, NOgN &R, 3 pH fii ©
HTAET ~ v OIRMABIRE %2 KDz, 6 F ¥ ¥ /¥—
OO CH, 75 v 7 A& LR UBHHMTET VY
> OB E RD 7z EIEYFIHL 6 T ¥ /3 —DF
BWONO, T70E, CH, 77 v 7 AL LBEKG Hl

#1095 (2010)

+3Ed > NHAN iEE, NO;N iR, 135 pH fET17 - 72,
HIER 7 77 A iz IV CHBIE R 2 #IR L 720 3
UL FAEA 2 LLETHE &HIl L 72,

EIM BR

1) N,O 75 v 7 ZAOBREZT(LEFHEEE

HEARX AL AREX 22 5 D N,O 75 v 7 ZiE, Fh
ZFN 1~ 1464, 2~ 1226 ug N,O-N m™h™ OHiHIZ 554
L7: (F10a). 2004 4F 11 Bi2i, HEAEEGE 25 2 Hi
B SN2 (8mmd?, M 10h) OB N,0 7
S 7 AL 72 (715 ug NJO-N m™ h™) . 2005 40
11 A, HERREAE A5 5 ~ 6 H IR ICBI &S 7z BN
65mmd* & 15mmd") DEHZIINO 75 v 7 A7
HINL 7 (1464 ug N,ONm™h™) . Z O % &
11 ~3AFTOLYMDONO 75 v 7 AfaEfEIFHEIE
XAMLEIEX & 0 £ 2272 (K11, p < 0.01).
ZOMOKELEFTYM TIX, N,O 77 v 7 AdbE
SRR 2B L, S F A NI R I E L7,
LAL, —FEPSUFEEZOWTROEFHM L 75 v
7 AREEMEN AR 7RO SN h o fze A0 7
v 7 AREHEAEIL 2005 A5 2004 SE L Y o7z (p <
0.001)s —FHOEFTHM O 77 v 7 ARHEHIE 2005
EAT2006 4FE L W & o7z (p<0.001), —FFH, MU
HOEFHMO 7 7 v 7 AREEMHIE, 2006 4F2° 2005 4F
L0 %ho7 (p<000l, p<00D. L2L, =Fk
DEFBHIMO 7 T v 7 AREEAEIE, 2005 4F & 2006 4T
RO SN2 o 720

N,O 4F B HE ST HE R X AL R & ) £ A5 72
(£7 8 p<005, F72, 20054 11 H 9 H ~ 2006
411 A 8 0 F TORFARIX 2004 4 11 A 9 H~ 2005 4F
11H8HE TOMBEME N Lh-72(5K7 8 p<0.001),
2) CH, 75 v 7 ZADREBE(L L FHBFHE

HEMEIX, AbIERIX 2250 CH, 75 v 7 Ak, &1t
FN-32~29 -34~21pg CH-Cm™?h™ D&HHIZ
L7z (10b)e %8, BADT7 T v 7 A1k CH IR
BT 5, 2004 fE121k, CH, 7 T v 7 AT HERL EAl
Mo 2 HBICEE SN2 BERH (Smmd?, 10h) @
EHRZEMLZz, L2L, BlillEh72zCH, 79 v 7 A
/N E D572 (20 pg CHC m™ h™) o 2005 413,
HeEH AT D CH, 75 v 7 ADBIMIZ T E»TH -
720 ZOMOKELEFMMTIE, MB%K, —ERgIC, i
XD CHy 7 7 v 7 A0MEFIEEIX D CH, 7 7 v 7 A
Wkt LA I L 720 7~ 9 Ao =FHoAF M
D CH, 75 v 7 AOMEMER, HIRXMLFEIERX X
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2000

1500
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8 o

o~
S

.40 4

CHe flux (ug C m?h)
o

-80
0.70
0.65
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@ N,0 73 v 72X, (b)CH, 757X, (c) iK%, (d) #iR (10cm), (e) NH,” iR, (f) NO, iR, (9) pH(H.0), () BRI EDZERFZE(L.
I7—N—RBEEREETT. * I 5%KETRERIHEEZENFH5EERY. RENSHE (M) F3L2EH (F) OREARE
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5 *% * *%
- m Manure ! ' ! ' ! ' ! ! '
2 = 41 O Fertiier | 5 5 : i : i i i
8 5 U ! . . ! . ! . . .
§ = 3 : : : : : : : : :
S | | | | | | | | |
R Y A RN N
© o 1 [ [ 1 [ 1 [ [ [
E < 1| i i i ! i ' i ' ! L
> ] ] ] ] ] 1 ] ] ]
NI MGG BB S i N
0. : : : : : Lo | : :
Winter 1stcrop 2nd crop 3rd crop 4th crop Winter 1stcrop 2nd crop 3rd crop 4th crop
9, Nov. — 15, Mar. - 17, May - 12, Jul. - 13, Sep. - 22, Nov. — 16, Mar. — 22, May - 15, Jul. - 2, Sep. -
14, Mar. 16, May 11, Jul. 12, Sep. 21, Nov. 15, Mar. 21, May 14, Jul. 1, Sep. 8, Nov.
The 1st year The 2nd year
11. XPESLICHREEFTHEICH T2 NO OHEEHEE. I5—N—IEERFEELTRT.
* (I 5%F I 1% KETRERICERENG H D EE2TRT.
0.1 | | | | | | | | . |
AT T1IRE B3 BEL.EES 1REs:iiESeaiinBeiliRIE
£ 8 ! ! ! ! ! ! IR ! !
=g 01 E E E E E E E E E
S 0 : : : : : : : : :
e < 02 4 ' ' ' ' ' ' ' ' '
59 i i i i i i o i i
5 =034 | | | | | | | | ; @ Manre
: : : : : : : : » O Fertilizer
_04 ] ] ] ] ] ] ] ] ]
Winter 1stcrop 2nd crop 3rd crop 4th crop Winter 1stcrop 2nd crop 3rd crop 4th crop
9, Nov.— 15, Mar. - 17, May - 12, Jul. - 13, Sep. - 22, Nov. — 16, Mar. - 22, May - 15, Jul. - 2,8ep. -
14, Mar. 16, May 11, Jul. 12, Sep. 21, Nov. 15, Mar. 21, May 14, Jul. 1, Sep. 8, Nov.
The 1st year The 2nd year

12. XM IOHEETHBICE TS CH, OBEEHEE. IT5—-N\—3EEREERT.
*ow (F 5% E L 1% KETUREBERBICEERENG H DL ERT.

D%oiz (K12, p<0.01). Z Do A F i
Ti, CH, 7 7 v 7 AREEH IR 213580 5 e
Hote “EREOEFHHTIRCH, 75 v 7 AREM
1% 2006 475 2005 4 & Y £ o7 (p < 0.05)0

CH, “FEHHE & IHEAL X & AL IR X CALER [ 2= 2558
HHNLPoT (BT, 9. F7z, 20054E11 H 9 H~
2006 4 11 H 8 0 F TOMRHAEIE, 20044E 11 H 9 H~
2005411 H3 HETOMBML ) Eh otz (K7, 9,
p < 0.05)

3) LEKkSEHIR

THEUKG L, HEREXAMLFERAX &) S EIZ S 5
72 (0 10c) o TEERMEILMFAEIX & H1ZIIKFETH -
7oo BREEICUEBZEIRD SN o7 (£10), 11
~3 AWM, HWEm2 S 10 cm O ik (X HEALX AL
FHEX L) S EICH - 72 (10d). L2 L, 6

~9 Ao, HiRZLFIERHX AHERRX & 1 &
2 o720 HIROMEERE 2 IIRAT L3~ 15 TIEL
720 2005 4F, WAREREOMIEIE, FhEn] H 13 H,
8 H 5 HIZREk S N7zo 2006 4F, el & fm oMz 1
HI12H& 8 18 HIZRiER S 7z,
4) HIFEPOEMEBER LI pH

+3EF O NHN & NO-N OJEREE X, HRX 25 bE
XL BNEEICH - 72 (K 10e, 100). Z OfFAIL,
HEFE > & D EEFIFL & HERLI R A & & F N T I
WRESERIGER T2 &£ 2 5N/z. HAEK X b b ank
X OMmREREEE RIBE > 7201, 2006456 H 2 H
O NH,A-N i FE, 2005 4 10 A 21 H, 2006 4£ 6 A 2 H,
8H3HMDNONIEELZ T ThH o7z —HEDEFH
L, ALFIENC X 2 28 FhEA (2L AR ATHE AR
KX hEhol (£ba, b) I2b20b5F, NHN &
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£7. NO&CH ODERBHE

- 14 H 24EH
FERIX
(2004 4 11 H 9 H~ 2005 4% 11 H 8 H) (2005 4 11 H 9 H~ 2006 4F 11 A 8 H)
(kg N ha™y™) (kg N hay™)
N,O HEAE X 70 =28 11.0 = 36
AL 47 = 1.0 9.1 *22
(kg Cha™y™) (kg Cha™y™)
CH, HEME X -0.74 = 0.32 -0.16 + 0.48
AL AR -0.84 = 0.33 —-0.52 * 0.25

ZNENOMEIL I + FREEREE R

&8 N,OHHHEOFHAIR

HEE  wAEFHR PP s F i P i
BRI 1 5.10 5.07 5.70 0.019
IS/ 1 20.3 20.3 22.8 <0.001
H 4 132 33.1 37.2 <0.001
BRI X AR K 1 0.10 0.07 0.08 0.779
FRBRIX x ] ] 4 10.1 2.53 2.84 0.028
AR X 1 1H] 4 235 5.87 6.60 <0.001
FRBRIX X AR x ] 4 71 1.78 2.00 0.100

£9. CH,HEEDAHITER

HEE  mEVHR P F i P fii
BRI 1 0.06 0.06 2.37 0.127
IR/ 1 0.3 0.3 10.5 0.002
I 4 0 0 1.2 0.337
FUBRIX X AR K 1 0.02 0.02 0.64 0.427
FRBRIX x ] 4 0.1 0.02 0.62 0.646
AR < 1 1H 4 0.1 0.03 1.01 0.406
FRBRIX X AF Kk x H]H 4 0.05 0.01 0.49 0.74

£10. HEBRXOEE({bFM

) g SRt Lot .

alBRIX R B . CINIt?
(Mgm™) (9Ckg?) (9Nkg™)

HEMEIX 097 £007 41+03 034002 12*0

LZMEEX 102 £ 015 33+06 027 +004 121

"h=6. "n=3. FNENOMHITTIHME £ BHEFEELRT.
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NOyN DL, HRXAMEFEEK LD b @b o7z
T3 O NH-N & NOSN ORI 5 2 - LA
WL, ZORIEMRERX & b ZH IR L7z. 2006
FEOFE Z“FHEOEFHE T, HEAEX O NOSN
R, ZEAEHINL h o7, LEOSERIEE,
ERFREE, C/N I, HEBRXHOEIIED SNz o
7o (K 10).

2004 4E 11 H~ 2005 4E 11 H £ ¢, 438 pH i3 HEAE X
DAL IEEX X D AR EIIC & - 7225, 2005 4F 11 A ~
2006 4 11 H £ ¢, 13 pH IZHENE X 2L AERHX X 1
mEWEIIZH o7 (M10g). TabH, 2EBONICT
5 pH I3 HEAE X 23 PR X & ) AR 9IS & < 7% o 72
C DI RR LR (A S TR, A4 pH
AEWZ & MR ClR S s ) T A, L
DL, RTAT T LAORBEWE SNz, MO
EASHEE X DML IEHX X ) A7 < HERRIEEAE X 0D A
AT S NT2720TH o
5) EEWME

2004 FEOLMIM, 2005 EO—FH, “FE, ZFE
WEREOAFHEIZ, 2h2 186, 135, 303, 810,
170 mm DO FEFN 25728 & 4172 (K 10h) o 2005 4F DL,
2006 FO—FH, "R, ZFE, UFEEOAEFHMIZ,
FNZFN 149, 213, 428, 390, 477 mm DFEFIATFID &
N7z
6) IXE

2004 4 O EFIE X, HEEX L fLFER X T, 2
nZENn11.2 £ 09, 104 + 09MgDMha'y' Td V),
2005 4E O AERI AL, HEARX &AL X T, eh e

#1095 (2010)

196+ 1.2 90=16MgDMha'y" T -7z 2005,
2006 4F- & b HEMB X AL X 0 L&A W E [ 28
RO LIRS, AERINE TR & U 22 3RO b e
"oz,

7) BERS

N,O 77 v 7 Ald#hiE, T3 o NHAN R, T3
pH, 1o NOLN L MR E A L7 (F 1),
Lo L, EEURSHZT) & NH N B, g, i
KEDOBDPEZEHESN (12, &5, AW
7o S A FE R O R A S 10 H M OB &
(AT O N Hilig] / [FHEAEFHH O
e LCoOREREE] OloOMiZIEOMBEERE A
L7 (M13)s CH, 79 v 7 Z1Z T3 o> NH,N i B,
TG EMBEER L (R1D. ERJEGITEZATH &
NH, N R & KRG OmEPEE L E SN (K
13)o

FEamh EE

HEAR B (2 H 2 & O N,O ERIFE & 2 3N S 72,
C DFERAT A O HENEEAT #1258 B 7z NL,O FEH
MEREEz 5n7z (K 10a, 11)o HeEAEEAR E %121
N,O HEHIZIZ & A ERRO SN o 7278, HEEHA# O
B 7212 NLO Bl s 2SN L 720 H0A 16 7% 0 B 1 &
WRER R LRGP EEATEY, BEWRICL VHEER, $7-
i, FE T 12 NO OAERAMEE X /2720
EEZ BN HSARICE T NS SO HEERDE RS
AL 5 Y, F72, MAKICHEIREE 21T &, K
BIZEDEEWRNEN VR0, NOAERIZE HIZ

F11. IEEERFE N0, CH, 77 v 7 XOEERE

3K iR NH,” 2EE NO, — %  pH (H,0)
N,O —0.02 0.70 *** 0.67 *** 0.40 *** —0.46 ***  Spearman'sR '
CH, 0.20 * 0.02 0.21 * —0.06 0.09 Pearson's R *

*okkkkx 35 ] 0AUKETHELMETHDL Z L ERT.
"N,O 75 v 7 ADMEDSAE, IERA & 57 5 725, Spearman'sR THHB B4R % #H~ 7.
CH, 79 v 7 ADMED5 A1, AT 720, Pearson'sR THIB B4R % i~ 7.

#£12. N,O075v %72 (ug N,O-N m?h™") DERRFOHIER

BRI AP e [EIpEZEY
. P fil
B B ik {mEE
NH," 1 (mg N kg™) 0.52 6.70 0.95 <0.001
i (T ) 0.36 10.1 2.1 <0.001
33K (m* m™) 0.26 1077 299 <0.001

n=98, R?=0.47
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RSN TREEY D 50 HIEICE TN D ERE KR
WIERT 5720, SBHRWIED R L % 2 BUEAE D
R T & B 720 W I CHERR B A 247 ) N & T
HHY, ZOZEE, AT —RBELHAD L) ITEL
BERELLEUSAROEEI, HIZhTUTE s, K
WFE iy, B IR EREH TV EE VI -
7 HERBSEIAT S22 b b 59, HEREEU #2124 <
D N,O HEHAsERD Sz (K 11).
SFRFAFHIMICE, THOKS & HIRATE S
e e L2 (4 10e, 10d)o LA L, ZoiiMo
N,O R HE IR DS BD S o7z (K
11)o RifEHE O TR O MEREEFIRE L NO 7T v
o AHSFEEHZHAS 2 BT (12 10e, 10f), N,O 7 5 v
7 AN HEREEAT DR ELFRD DNk 0o T2o T DFFERIL,
B IE C/N AR <, @ o () s /e
2 & F 2 5N, Toma b Wik, [NO HEHI&E]  [1E
WERE L L TASN-EHE] OA - 043 ~0.86
%DOFEHIZHA L, ZORIEWEED C/NLEED
MR E AT S 2 L 2R Lize HHIZHAR S 7 e

S 12
% @ Manure
o
Q 104 O Fertilizer O
= [ ]
T
£ 84
s [ ]
B3 .
g 6 o
% L
=, O
= 4
kS ° ¢
2 5| g
1S o) L7
= D e
Q 0 . \O T T
=
0 50 100 150 200

Precipitaion in 10 days after fertilization
(mm10d7)

X 13. MEAE# 10 HEOEMEL [SHEEFTHEICH TS
N,O BHHE] / [HRRICLZERKIEE] DOBAR (%
HARE 3 BRSO

75O N0 BEE = IZH AR T 50 FRPRZD, fi
FHRIHZER 5 AR AR 22 ) HHET LIZ5SAROM
WA B 20T A Y, Akiyama & ? 1E, C/N Ha
HERR S WAREILE, BArIZiiEgssiA (C/N
243), 77 A%k EGtdsAME (C/N L 159) 7
50 N,ONHEHi = 13 2 FK = 0.08, 0.05 %128 X
Bholz bW Lize L LS, HEMLZ R EH
T, ZFEAFHE O NO PR EA BN 2 6
Hbd b, 512, KHHA S NHEEIZERE LK
SRR A 2L b e (K10e, 10d). 4
WEZE L, HEMERGE I A3 & fBRIX o T8k 43 R i L2 2 1T
THEIWAS LTI R Do HEBEENSHED X
I NO FEHEICEEE RIZT AW LI T 5720
S HIZBHA O DSVEE T 5 o
SHEELNFEOEFTIMICE, KL LToEE
BB 1 2005 4 & 2006 £ TR L TH o212 b 2hb b
T (¥£5a, b), TNETNOEFHHO N0 fEEHE &
1& 2006 4EA8 2005 4E £ D £ ar o7z (M 11)o 2005 4D
PR = F AT HIENICE D L Cwizas, 2006 40 f
MR (LM 208 U C X 0 PImIzaAm L, Ko Ix
AR, FEIRE IR S, FRIIHHE L CHIEK A
winL7 (M10c). #hZhoBEEFRIZB VT,
MAEZ 5 10 H o REfE & N0 Hii&E] / [fid &
L CoZEZME] D LOMIZIEOHBEEREEY A L7z (K
13)o BEMAIE HIZ N0 DR S, JERH kO N,0
PR E e S g7z LR Sz, BEKE B
SPEAGIES 2720, TR TAER S 72 N,O O3
T COIFIEFEREZ ISR SN, F72, NO K
~OEREDE L (0.64mLmL”, 20C, 145E), g
B LIES IR ENE Y, Lz > T, NO &K
ERENTHIEZ B IEFLE ORNIITRE I 22 3§ N2 U %o
KEFFETIE, NOD T I v 7 ZAd% L ofs, il
#110 H i £ COMIMIZ IR & 72 o 720 THIKS5Z 040
~0.65 m’ m™ O #PAIZ5A L (K 10c), 65~ 105 %
WEFPS IZH4 3 2 2 &2 5, EICHEIZL D N0 3 4E
HENEEZ NP,

#£13. CH,77v %X (ug CH-C m?h™) OEMRRIMMTER

Rt (AmPrEE

Ji bRA

e P fi5

B B k(R
NH4+ % (mg N kg™) 0.20 0.110 0.053 0.04
33K (m* m™) 0.20 34.8 17.1 0.04

n=98, R?=0.08
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R AT A e WA Cld, HEFRB AR S
72N,0 DIFE A EDEEF- A S 1 H P RA I8k
HENBEEZ LTS ™, KL TIE, HEE%
(2100 mm 10 d™' % 2 2 KEOENHAS Bl sh
ZEHn (K13), EBFRMBMHZICAER SN2 N0 O—
B R L R L E BT ARE L 72
THEMED D B HifB#2 100 mm d7 PA_E O RERT 2 %1512,
MM 2 HHEH SN 72 N,O 1, & & FmoiER
T2 N,O A3 — HLis R, IR O H K T
ROPRE SN b o L ET UL, TEERF O N0
BRIl ~3mLL LR EN L, L2 L, B
THEREIED NOOTHBHICHT 21EHILIZL A
EEELGWVEDY Cokd aBHSEORERS
LHFELWHREES L ETH b o RIFFETIE, KD
65~ 105 % WFPS [ZHH4 L7279, N,O O N SR &)
ELTwiedd, NO FhERE2BE)T 48T
BRE2I2 X 5 N,O 206 N, ~ORICHUS DR % i { %1
s MY,

ARSI OFERNE, EH O M A BB
L) TER O NHNBEZSS T, TEMAEMIZES
N,O EiaMete s -2 e =Rz 4 5 (812, 77,
PR D £ H 12 3EARGFIE N0 HEREZHIHT 25 9 O
EODEELRRTFTH b,

3T, RN HA S O NO HE R, 1 %
FHEE R, ~ A BHEORE D, RIFEH T, 22N 0.39,
159, 0.67 kg NJON ha vy 7 Th o 720 v ARME %
GELRVERPSONOPEHEIIE,rTHo 722 L %
LB DL, REOHIKX LRI T, ZhZnll
FEEN/2T70~ 110, 47~91kgNha'y" @ N,O HEH
B ORI LR T S N7z HEIE & AL AR sk §
LHEEZ BN

MBRX 2 HIEE BOWE D CH, 7 7 v 7 A ELH
En7 (M10b)o L7zA3->T, #Eilllsh7zCH, 75 v
2 A3 CH, Mfb & CH, D% R TH B L E 2 57z,
2004 SEDLIARNIE, HEALFEH 225 2 HIRORBMHE (8
mm d”, ¥ 10h), CH, 7 J v 7 ZIZIEDfl & 7 - 726
CTOZ &L, FEMSHEIRNE F 7213 ER 8 LI BA
T W INERRE 2 T L #7202 CH AR S 72 2 & R
W23 %, Chadwick 5 ' 13, BWHEOEVSARD SO
CH, #FE =L, SARPTIERISRE L BV 1D
WA SZTHEWZ ERIR L7, AIFgE T, HEEOEY)
R3] ~ 32 % Lo 727280, FERIC X0 HEREIZ )
Do EEN TS0 A O —H3 K e 112
BEh7zbEZ b7z, ZOME, AWML %

#1095 (2010)

A W P S HE R <2 22 A0 O, LG & J0MI L, HEAD
R R HIEH THAZICCH, 2R SN £ 25N
7zo LAL, B SN2 CH#HERIZTCENTH Y
CH, MR ICHE L o7 (M 12). ORI,
HEME R A 5 — % A L 72 5T, —Rey1C CH, #FH
ARED 5N BAY, CH, FMBEHEIIZHE L RITS 2w
L) T, Glatzel 5 % o & B —3 L7

SFFAFTRINCE, MR X CH, HFE R H
Emse (M12). $4bb, (LEEEIX T CH,
R OMAEMEIIAOETH > 72705, HERKX TIZIFIZE
OTholze TOMFHRIL, WS L) A ERE
TR D 0, iEFIKT &8, KEHIEO CH, B
PET L/dEEZ BNz, O, I3 MEWIZL A CH,
BACICLHTH 2720, O, i I1L b o CH, BR{LHE
BERHIEST 2 F72, MRS Tl S
S R B A & 7202 CH, 2SR S T Rg &
H5bo

F R OHT OFEF1E, +IEh O NHN »° CH, 1L %
FHELZZE2RRT 5 (£13). ZofRIE, FEils
M TEEICHE SN TV ARERE —F L2209, =%
HOEFH M A2 R o0 NHAN BRI A3 b
JEEX L ) mwEmcH - 72720 (K 10e), 57 fFEFE
OHENEA S 7z NHA-N 1 Z 13812 X 2 CH, Bl
ERRT S EE 2 5N,

85 3T TIL, HEMTIRNTZEHL 1T oD Bl 0 48 it JIE b 2
5o CH, #Ei & iE - 24 ~- 1.8kg CH-Cha'y' ™ »
HPHIZOAT L7zo AT, CH, 75 v 7 A%, WEE,
—REAIAR T 3 A EAASFED Hi/z (1 10b). L7z7A%->
T, Wik o NH-N (&8 d o CH, iBfb % HE L 72
EEZHNT 512, KEO TR (K10c) 1,
EIFELD LDV LEOEAICH 720 LA T, H3
=L o CH, AEMFEEE 0 IE, SFEBEE & HEma
DOWH IR T 2 T REEA% 2 SNz,

CRTAFTHE T2 CH, R R ORI ML 2006 4
A20054E LD Eh o7 (K12, p<0.05). ZDHEKR
BZEEEEOENICL L EEZ 5N (M 10h), —
A F B A 21 2006 4F12 2005 4F & ) % { ORERAS
BHSNT COBEREORECE, OO KS
WZH BRI R X A (M 10c), 3RS sl A
2S5 2 LT, CH, OILE AR Lz Ez bk
M, Fz, REURG OB > TR T#E O CH,
AR L, MW B S B CH, WIDE 25 Y 12
WA L7-REDEZ 5D,
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FE58E EHEKER

HEREHAR R OB IC L > CN,O HithE S F 0, 3
EIX 7> & @ N,O F R HE i & AL 2A JERHX A2 T HEm
EHDZEEE % o7z, NO HEHEREOFHZ L, +iE
o> NHN IEE, Hhifi, 13K 5 ORERZELITER L 72,
FRIZ, HEAERZ 10 H M OBMESZ W E, N, HHlE
W% ol HEREA D CH, HEIREIZ Z AT
»Y, CH, AFMHEM = I LHIEHA OLEEL T 2o
7oo CHy WU, T3irh o> NHAN R OB = B
2D B RO T IS L DD L7z B/t — >
12 N,O & CH, DFEEHF L = O R 2 % HiH 3 2 B
THRFTHo 7,

FOE WMeRmbIUER

B 13 LA O I TR I R R AT TR 5 2 97
AN, RKETBEICERY E M LT Cn b, B
PRIE LR S N2 EAE C R IR S R A U L
ZO—IE N0 & L TRAHICHIE SN D, HIFTT
1, Y ARMCE OB LA ARHBCEOTRE L D) b 5L
B, BEOY -V EF—N—%ED, HEilir 5O N0
PR EZHMINES AL 2W s IC LT, &G
O C/N i, N,O HEHREE BoMBEBERE AT 2 L
wESNTHY " GRS G EWREE 2T NLO HEH
BAMINSE2 2 L EMTHRERIN, EfiEOF
EY-BHETIVT 7 VT 7 B A L 22 BFZER T D
BED SO NO FHHEE DO H AL WEHIAAED HNTH
D EIEOMELIFIT T D, RIBEHTIE,
v ARMELIC X B @R EERE Y B LSRR % K
T EDHERIN TN D, BITICHEOEERIG %
TFolzAZ )Ty I4 75 A, 2L ACEEIEZ
Fibhdrotz7h 7 a—NEMBLOA )T I4 7
T A T 7 A= NORBFEHAHS D O NO PE =X
HEAEDEP > ERESNTWD Y s OfFR
X, RIFEH O~ AR REEE L, SRl LT
LAREHELEL SRV L5, NO B #IH o8
HPLLEETHLI L 2RIBL TV,

fidy, t3EhOEFED Y — v F —N—HESHEIT
3 CH, WU IME T35 EEbhTwns ™9, Ll
KWFFeCTEED Y — v — N— 1L~ A BHHIE R
IRIBEH DO TTHA AFHEIFEH X 0l o 72120 hrb
59, ¥ ARFHIER M & RAEE O CH, WILE 1 A A
R & A% LM R L7z 1 ZIZFEBOFEL
HWRZEH LG ThFoOON TS Y, yaro—

NIZE A TEMSAEOUEEIC L) v AR HIRE o CH,
W E D F o 72 LHER SN B A5, CH, B AT~ 2
BHCED ) & —@eic L DL, CH, WIEx ML
T-TRETE D RIE S 5o

O AE (SRR O T EEEREAL, b T 2 & EATICHE
) TEREL, BOEOEMAIUIE) HERA L LX)
TaHILT B 720, 5~ 10412 1 A O%EE CHHHE
BPLETH Do FHFHEIZIE, O & AR
AHEICT A FILFIER D S5, 54 E Tl
WO TR O 53 AR T R IR S B AR A R
D—EHHANO & LTRAFICHIH &SNS Z L hRan
72, HHOBERIZIE, BRI O 5 HBE ThUE &
TR G R & 5 R A s 42\ ol L 72 e
EEBEN L EZ SN, E612, BB BN
LB S NAER, B O TR, Al
LEBZEOMmE 25 N0 AER S NG, Raf Iz
H &G Wiis (60 % WFPS f13E) 120/ L7z &% 2
SNz T2, EHEH T, HTWVEELASRE S NS
OREOERWIEIE,TH ), EHFEHA S D N,0
B 2SBhR S N2 WRetE b £ 2 Hiz. IREMIE T,
B L MR OB A % B B - oMBICHE T b
o ZOREHNIHIRAE BN EAZL V720, NO HE
HEZ RIS 2[R LM THEAI TONL I L%
ERT L. HHICHED NOHREE AT 5121k, T
EDREFHEEZ DR LCTHELHIC, HIROFE VR
W LBKGOL WA BT CHEHETH) S LPEE
Thbo RIFEFH L A A BHHEIE R M O THH AT N0 HEH
ISR HE L W L - geCld, iR 7 EM
D RIBE A S BLEHE O N,O 2% R S 7z &3t
wmEaN P, Bk X1z, BERERA ALY D
Y ARDOFT PGB ENG N EDBNFRREEZ 5N/, 2
NOOMRIL, B3 4FOKELFAL, NOHHE
IS 2 B S, BRI & RO ERME AR
L Tw5b,

B o> RETE & BAEBR OB & B HERR T A 20,
HWROEMFIHAPEECTH D, 53T TIE, FEERNZRIL
RIS HEE L6, ML &2 imR 2 4
ARG bR LR O A O i I I N,O 4 [
PEHEZ BN S E2 2 LW E R L 2o HIEH
N &) N,O E B R A < 7 o 72 5L L 3 AR te
BICHE SN2 N,O TH Y, FEFTIE I HEAE o 4%
REZE SR & O IR B 7 © B 7212 NL,O A EERL & /e
EHR S NIz, 855 BT, KD 70 % DI N—
o WP % FRETHAR L7275, SR OILASIRAE L )Pk
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WWECThholze TDD, HEEOHOWE T N0
PR SN E 2 bz,

T AR O 72 &b NO e E 2 2 b &%
LHIENHONT L, FMEORLLAARTEMLZ
TR FEER T, BRREERR D OISR OMREN
EWVIRA T ) =560 N0 HEED S 0o 721, Bir
LEREG LB T ) -0k e N,O Hitt=E DM
T TR R ER TR AR T, & Vs BERO
REEVITE, SRR (VFA) Rt o—20
REMMRVITE, NO B EAS {, NH N OREM
BT, VFA RO — 2O S W T & N,O/N,
i hshroz W, BT EERD SA LR, B
AT VAT ) — &R 7 HEREERTIE, 5
ADBEDONOHEHEDIR, A5V —DFELYL74R L,
58 0 OxE3EAM (63 % WFPS, 200 kg N ha™ #i4#%&) T
SAL R AT =50 N0 HEHREUL, FhEh 1.0,
2.6, 4.8 % EHEE N, B E S ARLEEDE N
&, BEARREER, DoMUEARMOREICNL, SAR
SLERY) DY BRIPEIR £ K P SMHICH S, b0
HEOAAINAC N,O HEH B E RIT L7 LR S
N7z

Db o R E R EY A KR 12 VKRGS Trb
M, NHN ERER 5 5 Rtk 2 R EE DSV 1T & NLO HE
HEDE L o i —3%§ 25%, Bomitatky
BEEE & NLO R R L OBRIILT LS —FH L v, &
DK E L THIER S ARDKGEREOENDE Z 1L
7o MG EIREN L VIR R THIEITIZ VO —
& NOgN % il L 725528 EBR U, FEBRAT IS0 %
B a2 187 O NO/N, id 1.7, SEBRAT I8
SRR T o - a7 O N,O/N, 1LiZ 0.15 TH
D, NOHRHERFENBRE LD 77T %0727, =
NS OFERIL, THEOKTIEEHD NO/N, = N,O HE
HEICRIZTHENRE N E2RIET 5, H0MitsE
W E %< EL AT ) —H{Ai I NO HE R,
NV 2 PHUKSZIERE LY, oS 2 K
BIBED ST AL VT REM L iR S Tw b 17,

HERI LA S c oz L, HEEL fSME, AL
2 &) NHA-N B, BUAEM SR X0 550 1A Y
EEAME T T 5. L72ATo T, B L 72HEAE % B2
H$ UL, HERRIC & F 72 NHAN ofiffb & Bk S e
NOsN D& 2501 & 41 N,O HEH w2l s v &%
b5, HEEOEFE M & i %0 N0 HEt & o B
1% B SAE CRIZZIIZE T, BH L T WHERLIZ
L 72 HEML X ) NHA-N AR <, BRI b6 &

#1095 (2010)

0% < N0 ZHRI S, HEFEH NHN 24720 o N,O $F
HEHTTTHEIE TR - 2 e G Sz Y Lal,
O LX) REAITER LY T ZAALELAIRO S
n, MR RMEEC L7256, HEIE O 2D NL,O HE
AR TS HBIIHS 22 Tld e <, NO HEEE4A b
TN ® 0.00 ~ 023 %IZEBELDP>72"Y0 25 —DY;
Fi2dh, PR ToO N0 BEE AR %L 0.29 ~ 0.72 %,
FMEHEH TO N,O R R, 0.06 ~0.35 % T, K
BAICE D NOHREDS D 2 ozt HiiF S Tw
21 ARG O TIE, FREEA L 72 NH-N %47
DD N,ON HEHEIG1X, 25 1) —T0.10 %, HEHET 0.96
%, T-N47-0) TiE, 251 —T005 %, HATO0.04
% & sz, NHN 272 ) o N,O-N HEH EI4 4
WL b AT) —Thheho2FHEE, 7ryEZTH
B X EERENAT ) —CHBL Y LN L, 2
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Sink-source function of grassland soils for greenhouse gases

Akinori MORI

Ecosystem Functions Research Team

Summary

The carbon storage capacity of grassland soils is greater than that of cropland, but grassland management changes
the amounts of methane (CH,) and nitrous oxide (N,0) emitted from soils. To investigate the effects of forage species,
renovation, and farmyard manure (FYM) application on CH, and N,O emissions from grassland soils, substantiative
experiments were performed on grassland plots in Nasu, Japan. The experiments are described in this thesis as follows.
Chapter 3 describes the effects of forage species composition on CH, and N,O emissions. Orchardgrass (OG), white
clover (WC), and OG/WC grasslands emitted —1.8, —2.4, and —1.8 kg CH-C ha™ year' and 0.39, 1.59, and 0.67
kg N,O-N ha year”, respectively. WC increased the permeability of the soil to air but did not significantly increase
annual CH, consumption by grassland soil, although it did significantly increase annual N,O emissions from the soil.
Chapter 4 investigates the effect of grassland renovation on N,O emissions. Renovated plots emitted 2.1 to 5.3 kg N ha™
and unrenovated control plots emitted 0.96 to 2.8 kg N ha'. Grassland renovation significantly increased N,O emission
from the soil. In the renovated plots, N was mineralized from incorporated roots and stubble, and the soil moisture
was distributed within the range favorable for N,O production and emission. Greater N,O emission was observed with
increasing soil moisture just before renovation and with precipitation just after renovation. Chapter 5 describes the effects
of FYM application on CH, and N,O emissions from grassland soils. Grassland plots that received FYM plus chemical
fertilizer (manure plot) or chemical fertilizer only (fertilizer plot) were compared. In both plots, the sum of N applied as
fertilizer and N estimated to be mineralized from FYM was adjusted to 210 kg ha-! year™'. The manure plot emitted 7.0
to 11.0 kg N,O-N ha™! year and the fertilizer plot emitted 4.7 to 9.1 kg N,O-N ha year~. FYM application significantly
increased annual N,O emissions from the grassland soil. The manure plot emitted —0.74 to —0.16 kg CH,-C ha™ year™
and the fertilizer plot emitted —0.84 to —0.52 kg CH,-C ha! year. FYM application did not significantly increase annual
CH, emissions. These results show that, to mitigate N,O emissions from grassland soils, it is important to reduce the
amount of N fertilizer applied in accordance with the amount of N fixed by WC and N mineralized from FYM. It is also

important not to renovate grassland at a time of year when soil temperature and soil moisture are relatively high.

Key words : grassland, greenhouse gases, methane, nitrous oxide, soil
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