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Abstract: [Objective] Wuchang and Changshu are the representative production areas of high-
quality japonica single-cropping rice in Northeast and East of China, respectively. However, the
amount of nitrogen (N) fertilizer required to maintain a high yield in Wuchang is usually much lower
than that in Changshu, but the agronomic use efficiency of fertilizer N (AE) is higher than that in
Changshu. Different hydrothermal conditions, crop varieties, farmland managements and soil types
in these two places make it difficult to identify what causes such regional differences. To explore soil
factors' influence on NUE, black paddy soil (BS) and gleyed paddy soil (WS) were collected from
the two rice fields. [Method] There were three N treatments as follows: no N treatment (CK), low
N rate and high N rate (N 150 and 300 kg-hm? with >N urea). A rice pot experiment was carried out
in Changshu National Agro-Ecosystem Observation and Research Station to compare the rice yield,
NUE, and total N loss between the two soils. The characteristics of N mineralization in the two paddy
soils were also studied through a three-week indoor anaerobic incubation experiment. [Result] The
results suggested that the rice yield, agronomic fertilizer N use efficiency and above-ground N uptake
of BS were better than that of WS among these N treatments under the same climate, rice variety and
management levels. The NUE of BS was higher than that of WS by about 20.0%-28.7%. However,
the >N recovery efficiency of BS was only higher than that of WS by about 5.56%-8.01%. Although
the above-ground N uptake by rice increased after N addition in two soils, the N increment of BS
from the soil source was 95%-215% higher than that of WS. Also, the increment of N taken up from
the priming effect (difference of above-ground plant N uptake derived from the soil between CK and
the corresponding N application treatments) of BS was 173-354 mg-pot™' and 88-113 mg-pot’! for
WS. This observation was consistent with the results that the soil N mineralization amount of BS was
0.95-2.49 times higher than that of WS after N application in the anaerobic incubation experiment.
Thus, this result indicated that the N application had a greater priming effect on the increase of N
supply in BS soil. Also, the total loss of 1N fertilizer in WS soil was significantly higher than that of
BS with the increase of N application rate in the pot experiment. [ Conclusion] Overall, the high
yield and NUE of BS may be related to the fact that N fertilizer could provide a greater priming effect
and maintain a higher soil N retention level. However, the rice yield of WS depended more on the N
fertilizer input due to its lower priming effect of N fertilizer and had a weaker ability to retain fertilizer
N. Thus, the soil is an important factor influencing the difference in agronomic use efficiency of
fertilizer N and N use efficiency in paddy fields.

Key words: Agronomic use efficiency of fertilizer N; Fertilizer N use efficiency; '’N trace; Priming
effect; Mineralized N
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WAEE T, v 7 818 Fl1 7 785 kg-hm2, #41T 4= EFHMHE(7 289 kg-hm?2)M, {HHLA7TH]
FRREA N B B R FH 8R A AN R] o 30T 30 45k ZR 6P S R FH 8UIE~F 35 F o8 159 kg-hm?,
M = AP ENEIL 279 kg-hm?, 5 X B R A 77 70 R IERFE N R AR &7~ & Partial
factor productivity of fertilizer N, PFP)7 il 4 54 kg-kg™! N #1 35 kg-kg! N2, 25T IKFE-F-#47/=
EAHIT, PiH PFP 2 5 25 J0 R FH B il 50 T3 n ok F b= 8, B EURE 3 7 IR U
B4 22530 %;  Agronomic use efficiency of fertilizer N, AB)E & T K = . B~ R Bk T
FEDDXT B ISR (BD IR F %5 Fertilizer N use efficiency, NUE)FI/EY) 2 I = B
inmiEe - 2@ R4 R, Physiological efficiency of fertilizer N, PE)?l, Che 25 L%
THEEAE 21 ANMETTIAAS FZRXRE HE R A, 5 H R J0RE X <200 kg hm jiti 0 &=
T, H AE 4 18.8~23.0kg'kg'N, NUE N 36.8~40.9kgkg'N, PE 4 46.3~64.3kg-kg'N,
i T RIL A R ARG X >250 kg-hm? it 55058 T (AH R 2L 12.4~13.4 kg 'kg !N, 34.6~35.6 kg-kg!
N F1 16.7~30.0 kg-kg ' No &5iGix—255H, FEAHT DU AR ARG X BRI RCR & T = A1
JRRFS. SR, IR A AR SR R AR IR T AR X, KA TR A
FAR HAE T, TIEHANE,  FE 5 AR R R 5| IR R I X I 22 57 AT 2
HERFEEE N 35, R FIRE R ANk R/ N T 3 U AR AE R AR R A R R, [+
PR AN A SR T R, OS2 B XA R A DR A K IR P A A B R R . (R, TEAH
SRR K IEBEFR A B AR A, BRI & R X U 0 I 39 2 5 B AR AE 1Y) 57
A, A BT A2 AR AU R = M R X il U 7= BORAN R ) L3RR R, oK = A s T
B e R R R S %

B REMAERK TR EERE, BEEAEE, (EUREERETEE 12 7kE+
BB, IR RICTLLE AR R /KRt b EAE I E 7 e VETR bR, 48 HhKRE s xf 11
BAE ML ABEELE 52%~83% Y il o IX 3R B LI L SRR 70 ik, R YUE RV = Fese i) £ 2
DR 3 R o A PR e 1 B AR . ARJE A = AR = BKCP A Y, (HEE BN EAR 2
—fiF. AR, ARG AU AN R BT BE 50 A DX U P AR RN IR R P k% 222 S 11 R i [
Z—. TEHAEEREBA K SERE A A EUE A N ESL, 3805 & K
A K] -3 MU 7= A 1) 2 S R B R I SRR R AN R KRS LS as ™ R A & = A A,
EKFEFIAE B A KL R A5 1 2 S EGH M A B S L 20, MESETRAZ AT 20
mg kg BUEAREL, KL, ZKAE LA A J 72 B JFE 7= A A o3 28 AT i e FH AR 2R 0 (1 DG ).
AT N B Se/KAE L8N UAFE R R R TR T KEI T, 2 HCR A = WK A 8s 3% 7 ik
Mg & WU 73 (Two-pool ) F BB AL 02 BIEAT H0L & TR o R /K 35 72 25— @ FE B R ASEHUL T e S
BRI&GOL, AHVEN PR, AR Bmm, SRR E>, THRHEEAK SN, FHik
SR BV  BREMEFENY . Two-pool F8HUS AL [R I FH AN — 2% 808l 112 7 R R 43 il 2R AiE
GRS 00 LB WL B I A AR R 5, AT SRR e, B ST
FERIPE R0, 25 b, GBS R B R0, B 7T & DX AR KR b S A RO R
RHE B 3L 5 R GUIE S 7= 28 AN OIS FH 03 X 4l 22 S 2 IR PR B &R

WE, RO E R LR X Y RSO R R N R IR ARC. AR, i
AN LR ARt R AR D OAB], — TS, PN ARCEREIN S, dEbR i 11
BERNWFIHER B 20, X —1F F B RR O BUIE ) L 338 OR 2008 (AR L 338/ AE R EUAE LA
FDHOS), gt RS SBUEY R SN ARciEEIEA R AT Z A3 ENE R % 1617, 2
R, ZE LI AMR BT K. BAR B HEE NI — 2 HR IER S LI EE L
[F1) ) S5 B A L 450, (AR e 3 S USITE AR P SR 2T SN X RIE 4558, 150 kg hm
2 fL G AR KRR L () R W OR B) 5 TE R XA L KR, Bz & T 0~60
cm 25k B AR EURL o GX — 45 F0 I BUIR G A A A R ) IR R BOR AN . B T ARAERE A
PENEAR, BBERER SO R RS A i, 188 o - P (355 - R JERL e Y B E T R
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MR E, R BRERAE, BE S B0 AR I = ROR S ENER A 2 A4t
ST, AW AR AR = AREIX 1 R AT BT 70 0 A5 B s g AR R - BR T
ARG AN B 000, R R A AR df B B 2R R TR N ARiC PR 3 KRS F Rt
SRS i N e N 1) T R NG N N T = ) VAN R R e SN L e 2 L w2 R
Uik, PASRERI R I 5 a ik, RS WK IR RE, TR FRSNERRINE T
PR AE LB A RO, DA KRG b 00T e 08 7 ORI R 2 s, 48
D7 BB BN 5 RUIEA A R DOz e 1 SR A, s F RUIE IR AL S PR B R PR DR

1 MESETHA

11 it ti%
BR300 B SRS T BBV FUH (44°53' N, 127032 E) SYLIR 34 (31°55' N, 120°70' E)
e HEZ 400 ~ 20 em)o 3853 0 H e 5 B B BT XAL KB T R ) 28 L 7KORE +(BS) A
H UL BE S XA K B T UK S M (WS, itk g t). RS EARTE, BE4id 5 mm
fi g o A LA RS MR 1.
=1t B R
Table 1 Physico-chemical properties of the soils

AP sl BER SR E VA A 1L i

P 1 IR
pH  Organic carbon Total nitrogen ~ NH4"-N NO;-N C/N Clay Silt Sand
Tested soil Soil type
Ngkeg™) Ngkg)  Mmgkeg") /Amgkeg!) 1% % %
R
BS 5.6 19.01 1.69 15.74 2.59 11.2 7.68 6528  27.04
Black paddy soil
L+
WS 6.9 22.96 1.70 16.34 38.0 135 2.43 76.44  21.14
Gleyed paddy soil

1.2 KFEREFINE

RIS FE VL I3 AR A 38 R G0 1 5T AR R WA Tk A3 47, ¥ 0(CK)~ 150.
300 kg-hm2 3 3 ANt ZUKF, AR AN 0200 38 1 it 205 K 350 24 T AR A RE X K = Mg X
i3 30 R HEKT, SAFEEEPIR. FRIL 10 kg LIRS BRHE S, BRIES
TIERA G, HEARAE LS TRAURES, R LI B S VTS 24 h & . AEEKFE SN
FARE 46, TR B3 B AKABEARBCE T8 KOE R M, R BeKfE A T
HACIRES, FFORFF 3~4 em 243K )E, % F (8] 35894 T 2 5 DR e TR) BRRE IR 78 B B /K g
o FIERH BN FRicdRE, FERN 15%, LA e A0 4.3 .3 (LLGIkEH . BEIER
FABEIR — S E N IE IR 430N, i F & P20s 90 kg hm2. HAEA WG, Horf 50% LA
TR S E NS, 50% LSRR IR, JLiiH K0 150 kg-hm2. KRS 5K
St b5y, FHE A RIRE 2 2 B . BT AEARAE A T KRN 5 B K 2 s YE, T 105°C
AT 30 min J5, 75 CHETRMEEMRE, B 60 HIHARN. ka5 E HIR A1 5 EL 50 g
T3, AT EVIMERIBARSE, il 100 BHIEMFN. e s a0 HRE TR ST
(PRIMACS SNC90-IC-E)JE s A N = FE 48 FH R A7 28 B 2 A B FH AU(ZX_2009) I 5E «
Mgt Rt S 7

BN R FH 3 (APEY%) = FEiEL PN ARC IR SN EE-5N B 2R3 (0.336%)20;

KRR 2B R EKE BN FRic BT 4 Eo(Nitrogen derived from fertilizer, NDFF) [201,
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% B 1) APE(%) y
REREH ] APE(%)

KRGS A B A R R (mg-poth) = ST AEUS R X S AT TR R,

KFE A (mg-pot) = = % 2% B AU R i Y

IKFEIR S IE A B (mg-poth) = X %28 B AN 2 8 X 20 21 2% B 1) NDFF(%)121;
KRR R R (mg-pot?) = KL 4SRRI R

B R B (g poth) = HRET T X - HE A A B (%) X 11 1SN APE(%) X 100121,
SR i (mg-pot) = R 0t K RN L~ A8 2,

ISN IR B VEEUIEF FH % (15Nitrogen recovery efficiency, RE) 20

NDFF(%) = 100;

57 L= A =N . -1
RE(%) = 2[NDFF(%) X‘Zﬁaf%ﬁaé%i(mg pot )];

it = (mg - pot~
FIRZE M ENEF) F % (Nitrogen use efficiency, NUE) 211,
R KAEHL 4% & (mg - pot™1) — TLRAC B K FEHL |45 & (mg - pot™1)

Y=} 1)

Jiti % &= (mg - pot™

TR F RO & (mg-pot™) = Jiti 0 T /KRN I A - To A AL B /K R b4 S = e,

SN 384 5% B B (mg-pot?) = N 380k B B - L AU R R U 2 1),
1.3 #kiEFIRE

FREGE 2 mm fFRTE 10 g(THEE)T 100 mL #ETRIET, 4% 60% H I H5 /K B (WHC)I
K, BT 25 cCEFEMT IR M. ZfF, IMAMES TS T 0. 150, 300 kg-hm? )
PREVEW, 1% LoKE 1:22.5 IvKE, FRRZERMERLC, FFH 704 R D% 4, BT 25°C
B FRAET PR IR 3 . RIFERFERIE 04 1. 3. 5. 7. 10, 14, 21 REEHLECH 3 MNEE,
I 2 mol- L ) KCLIEWE 25 mL (w:v = 1:5)R%E4E 1 h 5 e thisgid g, A msh
X (Skalar Analytical, A5k, i =2)Ml5E 11 NHs N, NOs-N &, 21d LB s 2 E K
LA TR 5

NUE(%) =

Nie=[(NH4™-N) + (NO5-N)] — [(NH4"-N) + (NO3™-N)]io

X, N BRI E: [(NHe'-N)+(NO3-N)| M t I AR AS BRI AL A 2 & 82 Al [(NHy'-
N) + (NOs-N) oo NIV A B A SR & 2 12,

XU 5y — M Fa B 7 (Two-pool FEEUIRTY):

Ny = No(1 — e *at) + N.(1 — e Frt)

X, NN R R E (mgkg! ) Na ko 9 50 A 53 BB A0 30— 2 S 7 Tk 232 5 4
Ne Fl ke NGBR3 B AN — G S SR A 402 ¢ g 7RI TR)(d).
1.4 HiENIE

KH IBM SPSS 26.0 Giit AR ¢ kg ot st AT b, LR A BT P b e ) 22
R PE(P<0.05); K Sigma Plot 14.0 F X B 7R 50 85 Bk ATl &5 22 EIRH Origin
2019 5 Sigma Plot 14.0 4%«

2 45 H

2.1 KFEEERFRAE~ KR
1 ATUVEH, CK AR, BS L3 F/KFEMR =& EE ST WS 30.5%. 150 F1 300
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kg-hm? i Z AL EE BS #; WS =57 Al 3% = i 33.6% 1 25.6%, H AN R H R (AE)N
17.5~182 g-g' N, EZE&ET WS 1 12.0~14.5 g-g"! N(P<0.05).

120
BSUZAWS —a— 1573t 1 o,
100 | * 420 5
* ﬁ\ [~
(=2]
416 =
80 ¥ % g
1) * 4 N =
-t £ 121% b
P - E 3
= B 60 * T - I8 = =
Z3 I % 58
=3 | B £
L - / XS
& 40 / E
o
o
o
20 5
<
0 0
0 150 300

Nitrogen rates

T BS: MAEAUKREL: WS: Stk 0. 150, 300 4358 NO. 150 il 300 kg-hm (i AL . T~
[ o P T 080 0 4 TR AR P S R AR UEZE , *ROR TR Bt AR HE R PR R IR 45 R % R B35 (P < 0.05).
Note: BS represents black paddy soil; WS represents gleyed paddy soil; 0, 150, 300 represent N 0,150 and 300 kg-hm-
2 nitrogen rate treatments, respectively. The same below. Vertical and error bars in the figure are the mean+standard
deviation of four replicates (n = 4). * indicates significant differences (P < 0.05) between two soils under the same N
treatment.

K1 Bt RE N PIMOKRE 2 KRR B R BIEAR 2R I 2%
Fig. 1 Effects of the different N applications on rice grain yield and agronomic efficiency of N fertilizer in two

paddy soils

2.2 PN REREMERERYAILEF AR
150 1300 kg-hm? il %, P 138 RE(RD 15N /R ERIAEUIRFIH 2)TE 24.8%~36.1% 2 1],
NUE(HI 224 12: 38 W AUIE R I #)PE 34.4%~65.7%2 1], RE HRFHET NUE (£ 2) LA F,
BS (¥ RE %t WS &% with 5.56 4~ 48 s, 1 NUE W2 35t WS 32 20 M E b e MU
BS (] RE A1 NUE th% WS 73 J) & 2 =it 8.01 A1 28.7 A1 73 ki
R 2 KRR T PIFKAE L KRR SN RESEF 2 5 2 LR A 2, N BB 5 R WA
B A B AR
Table 2 Effects of the different N applications on *Nitrogen recovery efficiency & nitrogen use efficiency and

physiological efficiency of fertilizer by '°N labelled & apparent physiological efficiency of N fertilizer in two paddy

soils
MEEE  SNUREREFIE ZEERN SN EEABEME PEof  RMAUNL LA PE
+3  Nitrogen RE FIF 2 NUE BN Apparent physiological
Soil rate 15N recovery Nitrogen use Physiological efficiency of  efficiency of fertilizer
/(kg-hm?) efficiency/% efficiency/% fertilizer by >N labelled N
BS 150 36.09+0.02 65.64+0.06 50.55+3.33 26.93+5.92
WS 150 30.53+0.03* 45.68+0.09* 39.56+2.79* 29.61+£7.77
BS 300 32.78+0.02 63.13+0.09 50.50+3.46 26.43+8.64
WS 300 24.77+0.04* 34.41£0.07* 58.5343.53* 33.49+10.15
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W RPEEEN 4 REBESNTFHEbRAER, *RoRF— WAL N LIRS R ERBEP <
0.05). Note: RE represents ’Nitrogen recovery efficiency; NUE represents nitrogen use efficiency; PE of N

represents the physiological efficiency of fertilizer by ’N labelled; PE represents apparent physiological efficiency
of fertilizer N. The data in the table are the means + standard deviation of four replicates (n = 4). * indicates significant
differences (P < 0.05) between two soils under the same N treatment.
2.3 /KiEth ERREIRAAEN R E KR R ES Bk

0. 150 11 300 kg-hm?2 i 4bH F, BS (i Btk aRIEBHEE T T WS, 2905
th 30.2%- 33.3%A01 46.7%(FK 3). i PN dRidiE X 2538 150~300 kg-hm? Jti %0 T~ BS /KH#
b3 R YR B N 1345~1 526 mg-pot!, AR} RIE A AL E N 211~383 mg-pot™!, £ WS(#H
535N 988.6~1 012 mg-pot! A1 178~289 mg-pot!) it 36.1%~50.8%F1 18.2%~32.3%. 1RHE
CK FIAHR 150~300 kg-hm? it AL B K FE L B350 TR IF R ZE I H 18, %5 BS K
i 22 WIS - ek JR U8 173~354 mg-pot!, T WS N{H 88~113 mg-pot!, RijE% 35 BS
b B R U B WS 95.0%~215%.

B R, A SR AR Uk B R G, EURH [ R T P e R R
Tz, 150 F1 300 kg'hm? & F, BS Ml WS FIAH R L35 RN 28.1%~30.4%Fl
27.5%~38.6%-

MRAE N JERHRUK R _E AR RSO 35 B, RS S P AN R e T TR
BB PR E(FE 3). ATEH, BEMEEM 150 kg-hm2 BI04 300 kg-hm?2, L8 HF 35 FAE
BRI, (76 BS 38 EIUMIRN L1 6%, TidE WS EIUMIRRTIA 2.1 5.
it =T, WSIEEHERBURREE BS il 29.9%, H GBI & B =1 47.8%. X —4
EmT BS FIANLLEE K 2(30.9%~35.9%) .
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®IKBRARKIER, BHEREEARRBHLHN

Table 3 Source of total N uptake by rice aboveground biomass, the fate of fertilizer N and priming effects of N fertilizer (mg-pot™')

o o M A AV g WA e \
WAR KRR Rk _ G TE ‘ o BEAREE
- MBI R RALFI 2 & AR R BIEIRRE RN B
fnt: Nitrogen W = Proportion of N Net fertilizer N
Uptake of N 5N recovery Fertilizer N Total loss of Proportion of Increment of N
Soil rate Total N uptake Uptake of N recovery from remained in the
from fertilizer efficiency/% remained in the fertilizer N 5N loss/% taken up from
/(kg-hm2) overground from soil soil/% soil
soil priming effect
BS 0 1172+174 1 172+174 - - - - -
WS 0 900+152* 900+152* - - - - -
BS 150 1 556+95 1 345492 210.7+12.3 36.09 163.8483.4 28.05 209.3+75.6 35.85 172.5¢12.3 -8.743*
WS 150 1 167+170* 989+171* 178.2+15.0%* 30.53 225.3+102.2 38.61 180.2493.7 30.86 88.45+85.0* 136.9
BS 300 1910+101 1 526490 382.7425.7 32.78 355.2460.6 3043 429.6+81.7* 36.80 354.3425.7 0.874*
WS 300 1 302+80* 1012+83* 289.2+51.1%* 24.77 320.4+76.3 27.45 557.9£104.3 47.78 112.6+51.1* 207.8
¢ FFRORIF B RUAEHE R PR IR PTG AE R 2E R R (P < 0.05). I N ARICHIAERHX 7 IR IR S IERR IR S RUIE S R R S IR U ek 2 i R R S R

E‘JHE*ME&%#%FE{%: it 20 9 AR R A R i

FUAEER ) SRR SR R T RAC B (1 ORI R BT TS

?I?k%@%% A R B AR R R 2 i U IR

HRWER T4, Note: *indicates significant differences (P < 0.05) between two soils under the same N treatment. Distinguish the nitrogen from soil or fertilizer by **N; gross nitrogen loss

was obtained by total fertilizer N input minus the fertilizer N taken up by the plant and total residue fertilizer nitrogen; soil priming effect of N fertilizer was reckoned by N uptake from the soil

in nitrogen addition treatment minus those in CK; net fertilizer N retained in soil was obtained by total residue fertilizer N minus the increment of N taken up from priming effect.
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2.4 ERIEF RN LFFHE:

CK AbHE R, WFp 13 21 d R L& E WS 8 23.7mgkg!, B3 =T BS 1 16.0 mg-kg
V(K2 o AR, AMEEUR NG BS LI RN A RAERES Y, HEFEET WS, 150
kg-hm? K EU/KF . BS IR LA EAN 703 mgkg!, & WS(49.8 mg-kgHHI 1.41 %, 300
kg-hm? FEAEE T, X—ZEE4LLNK, BS MR LERIL 162.6 mgkg!, 1 WS {H
63.9 mgkg!, RIEEEHEFEL 1.54 5.

-~
'
230 | 0kghm? 80 1 150 kg-hm? 200 1 300 kg-hm2
] .
5 60 | 150
E 9 20 | (]
o=
K B
)
E'“; 8 Y 100 |
S
= §10,
= g 20t . 50
° (] ® BSLH
g WS Sl
= —— Two-pool
5 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Br IR [A]

Incubation time/d

. BRI R RS &R A A AR RIR 2R 0 RIO REUS BIHEITE, A RRi%k
FE )5 R L R, SRR {EH Two-pool Te OB () A (b BRI A KR, HIEA 3 K
BEE NP £ rEZE . Note: Cumulative mineralized nitrogen is reckoned by the total amount of mineralized N
at each time point minus the total amount of mineralized N before incubation, points represent the amount of soil
mineralized nitrogen, the solid line represents the relation of time and mineralized N by Two-pool exponential model.
The data in the figure are the mean &= standard deviation of three replicates (n = 3).

2 TIEH AL I Two-pool FE AR L

Fig. 2 The variation of soil organic N mineralization and fitting the soil organic N mineralization processed by Two-

pool exponential model

Two-pool FHEE AL I (NAN,) RN LIEATT W AR BN RES . & 4 ATLEH, CK
TR, BS MINANYET WS, MAMNERZBIG, BS FINANVESL KT WS, (REALEE
H1, BS bt WS £ 36.0%, fEREMLIEF BS 5 WS =i 154.9%. Two-pool FEEA H N,
A ke ARZE T3 53 R 73 O AL FS R — Bl S LT s N A &, ARG A EB 3 A A A0 — B Je
RO, BS HH, AMREE IR T No AN, PR/, RIS BS 1 No(1.66 ~ 81.0 mg-kg™)
¥)/hT NA(16.0 ~ 88.1 mg-kgh). X T WSTi &, KEKTFT, NIHET N, s aab e,
N ¥JKT Nyo

= 4 Two-pool HE BB MIS I S BRSNS RERH

Table 4 Simulation parameters and determination coefficients in the Two-pool exponential models

o it Two-pool Fi5#s
) Nitrogen rate Two-pool exponential model

ol /(kg-hm) Na+ Nr Na ka Nr ke R2
BS 0 17.7 1.66 0.15 16.0 0.15 0.98**
BS 150 75.9 275 0.73 48.4 0.13 0.99**
BS 300 169 81.0 0.85 88.1 0.13 0.99**
WS 0 25.2 131 0.90 121 0.12 0.99**
WS 150 55.8 23.0 0.49 32.8 0.08 0.99**
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WS 300 66.3 33.7 0.40 326 0.07 0.99**
VE: #*RIR P<0.001 KPR EEAIE. Note: ** indicates significant correlation at P<0.001 level.

3 W

ARV X BT FH 85030 22 S e S0 A B A B % TS 2 P R R 2 B R R 45 2
AW FEAE AR ACFAK = ARG X 1) 5 o AT 23 T B /KRG 7R (Rl — b s P R 2 kA%, HE
BT AR SRR R B SR BT, AR TR IR e B AR X 4 22 e
PITER . 150 A1 300 kg-hm? jifi &0 & N CRBUHE 2 T PR A& St Z0K 1), B0E FoE IR+
RUKFE+(BS) EAEAEAR =R R (B DI m T EE A DM (WS). 1X—25 Rl ik
PRl KRS £ B RUIER = BUR AR 2 RS2, BS T3 MR N ENER AR Y B 5T
WS(# 2), BAERMAEHF A RCRZ A KR 2). XU, BS HIEEUEE = RO T WS,
FE R %I E R BRI R a2 M EEHF] R A Bt - 33 (R UK
PRI, BPAHEEEE R, 5 WS AL, BS #4210 S E KRR . X —458
ATMAHFI R T BS AKRgH R B E R EE T WS 4 R EERIKIEE 3), 5BS +
3 /KRB N R EEEIER R IR m T WS 2 — 8N GER 2). MR N & Tkl i 5
IKFEAE K ZERERL BRI R B (GR 3). 75 WS 338 Hh U 453 2K I it S = 44t oo 388 I v s 5089 S5
=, UL WS X ARRF AR RR R Sz BS BAK. XFPZE R ATREE WS 38 pH X R (R
1), JERFEIRIE R RE RIS, £, Yang 2555 1 /K ARG A4k fg 1A BRI FH %
5 R R, 18 H PR KR TS TS PR, (248 NHa ) NOs#4k, BEAR/KFETR
SR A NHS R BRI s A6 R 2B ) NOs B, (R, L UIRFI F 26 R0 SR fh 451 2
R PE KRG A . PRl 1338 B AERLEUE SR EAR R PTRES pH ANUR S & Fith %S IR %=
S 5 B P o A A - S B AR R R R AN R A K

HHE, BN REEEER R T Z LR RUIER ] 32628, HE SRR & 5
HAS L DR 2205 | A2 PR VED) 22 MRS 33 R G, 1 i 8 R 8 I 20 X% HE SO 3 3 4 - 33 9
BITAENERN, 2R T IERRIE T i MHEREE T, PifKRE SN REER
NEM A ZH IR T ZEERN BRI EEE 2), SUALR . A, xT BS 13, 150
A1 300 kg-hm? i %0 N Z2EE R BAER] 28 SN IR ERVEBUIEFR 265 12 30 AN 75 5
£ WS B3 E, X—2ZEAMMNSCA 16 A1 9 NE A8, HEEREAER M. KIERE)
e, ERFFRIESAEY KL F, FH MBI BN ARid RS, dEbRe HIREEE
AR EDIRI I AERR 1C H IR B BTN, X R RRR 2 AR BOR RN  fHk 13% BS
BN IRESE A Z R EREF R BUE 2 5 KT WS 13, RENZ LI AU 5 AR
B K o AR T X AR 7 it 50 Ak T 7 A b 38 b 3l Y R 2 Ml T A5 31 3R
R RO EAE BS A 173~354 mg-pot!, 1] WS UK, VA 88~113 mg-pot!. ZHIIRLHFR
MUK B (1) 358 22 S A R it 800s 7K R AR AR FH AR R e 0 /N2 i, . 50
REXS H IR R IR D% SR, TEFFH P AT 3T R K B iR e, R
BIRARINT BS M1 WS ARSI L EALE 16.0~23.7 mg kg Yo, (HREINERAME, BS T
SR AR IE I, RS M A RS m I, wEEST WS, RIBEET 1L
ff) Two-pool TEEMAILE (K 4), BIRINNT BS HIE G0 1L M2 3 A LA 1L
AR EYE T WS, HEEmE s E, NIHEREr WANEE. S67%
R R TR Ie 25 R T1F, B S ORAR EE (R 7 BS LI LR B E, HIn T BS
PR AN AR R A KRR AR, R, EREEEOKE R, 5 WS REEML, W
I H B e ) R R 2
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RACH R BN AR B 44, BN IR LA S AR Y R AR T R
FIAE AT R SR B, DUERT I, A U 3 R IE R RN B, AUk RSB, K
TR SR TG R E, RIS AR . AT T DL K 5 P8 700 3
H R BV RO R R AR R LI, AR N ARidik, ik R
FRAA 28 P AR U A A ] R A 39 T A 1T L [ 8 M R R SR IR R . SN B
BOR (B 30 A E MBS R 5 A WL I FE B 1), E0th— e FE T I H I &k BS
IR BORAE R T WS — 0N, IS B CO/N IR+ 3k
RUNAE FH R/ G R R KB4, BS LIRS BA O/N ELBME T WS, al g M RS InE T
Xof R b U R RO B B ) A2 B R R R, E ARG, AR KRR S AR A e
A TR R BOR B RS AL S LI A R IR R (R 3), WA, BS JLTERAREG
BREH, MAE WS B E ik B W mr, lak e o 3k B S B 8%~11%. MIX—45 1A,
PR 338 AR SO RIS /ML AT AR P A 1 X KRG E A HLE AR R A R AN . I
ok, FRICREX LIEAYR &= N JEJIREKES30, IXIR AT §E-5 i A f5 AR b - U 3R
K, BEHEW1Z, MIEEH R, RIEEE . Bk, Sxhx—mgs—5
WA L E T

BRI TCEACFE N BS LK AgH E R E S WS 11584 30%, RKHTE %
FER IR R S T 5 (R 3). 2R, TCAMEER NI 0K 2 R 7R R0 45 R BoR, BS
5 WS b S EAZEAZ (] 2), XA BRI S B R R R R ZE . R
A REAET: 1) H 33 LAtk (it 2 AT S X /KRR A S0 L 358 R AR R 3R A 1« S 4R,
X T AR 3 )RR LR R R RN . R AR IS TE A R & A T, Fhr .
KD LS HEWE K SN — 8, E AR [ B F A N B S PR 38 L T e A7 22
Bl BEAN, WIET RE S REAAE —E X, TRESE T AT ERRKA B AR R &
KRG TR LB R IE AN LI A —3G 2)8 MK 75 2 1 LA R R
TE— EFEE I LI R LR RN, FIEARERE R I A A A P S A AL R R AL i ]
X — ik E R Two-pool F8 B AR 3 n L5 1 45 B /3 21030k . R LRGN I Ab
BS TR KA A Na+N) LA G0 A 04 WL 35 (Vo) R % (ko) Y T WS,
BHZEH B ANLEN L H N EZ ) H & T WS(E 4), 7R BS LI LA
BEA “WpR” R, HEASH L AHESET LB KIIEN R T HEEMEM, 12
BT R A RGEIR R R KRG AL B I TR s 3) Ak 3 PRI Hh A5 RE A 1) 86 4 [
SEVERXT R BT IR .t TH 7 A it 2 e N 338 bl P T s, Sk LA T
(1 EHERBL, Sxt DL R B AR A LI 0 B R A AR R 7R AR
PTG R e B BB 77 5 AR G IR T iEBS L S BS A1 WS - 358 [ B R TRE T
RILBS I AR WS K 18%, (HIHLFLREBUEH ) WS &l 12%. XK BS 13
[ 8 A A AT WS, 28 BRTiR, IR ENIN L 5 AR S IR, (H SUARRE
fal BRI 5T, A BT FR S i — B 56

N2, AR SOANH TR A AP Rl 2R KRS LN BT R AR R IR T, B T
BRI AR 2255 TIEN 1L S 51X — I RN ERRER N I E VIR . S8, & X
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