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Abstract: Accurate information about current soil nutrient concentrations in croplands is required for making recommendations on fertilizer application in
future. The amount of soil N surplus in the croplands of upper Hanjiang river, which is the main rice and rape production region in Shaanxi Province,
needs to be investigated since the N inputs and soil nutrients loading is important for environmental protection in this region. The objective of this study was
to quantify both the N application rates and the amount of soil N surplus in croplands in the upper Hanjiang river. Soil samples were collected from
croplands in different parts of farmlands and analyzed to determine soil nutrients concentration (organic matter, N, P and K). Additional information was
collected from farmer surveys and an agricultural statistics database. The data was analyzed using the N balance method. The results revealed that the
average N fertilizer application rates among the croplands surveyed was 173.9 kg+-hm™ in this study. Manure application accounted for only 7.2 kg-hm™2.
Nearly 84.0% of croplands were in a situation of N surplus, with an average of 77.4 kg-hm™2. Around 40.8% of croplands showed an N surplus of more
than 100 kg-hm™2. In contrast, N in nearly 16.0% of farmland was deficient. In different types of croplands, the rice fields had a higher N input rate
(202.2 kg-hm™) but a lower amount of surplus N (20.72 kg+hm™) compared with the rape fields, due to a higher amount of removal N ( 197.1
kg-hm™) at the time of harvest. In the investigated region, the available N and K were rich in 0~20 c¢m soil depth, and the organic matter and available

P were generally below the national average. High N inputs to croplands in the upper Hanjiang river led to high soil N loading, which would in the long
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term Increase environmental risks in the region.

Keywords: the upper Hanjing River; nitrogen input; nitrogen surplus; soil nutrient; loading analysis

1 5|E (Introduction)

Al TR 5 Y 2 8 AATTAE N TF A B T )
bR R R AR A 24 Rk K 4 R 5
AL AZ GRS CAnRT 3t A L K R VS A ) TS
(ARBRAE,2000) AV IR TG Y b R/ BE B SR OL R
B FEG Y 5 TR A IR S R A
1o e AR I 2 AR fof i YT e e A ) 3R B R L
AR AL G, FoAR e i B R AN R 2R
68% , 1M & = B By Bt 294 10.8% ~ 40.5% , -3 Ky
27.5% A I e ik B/ R ) — 2, AR AR Y
60% ~70% 3 ANIR¥E (2285 , 2007 ; 5k 4@ 8145, 2008) |
AMAERL T E R LFHIR i H AT 2 H 3R K
FI R K SRR ER & B v RV L AR 1997 AR5
K, KL E KSR L & & 215 0.49 ~ 0.95
pgeg ! TSR PN 0.1 pg- g™ (FRIEAT,
1997) . FKE 5 K#A .7 N RADKEZ 40T rih-&
BIRRA, BB AT WU, sl AR e A e i
i LT K B BOK AL DT, R K RS ERER Y
5 YL [al Al 4358 Y AR Hh X RS R k7 B iRk
FHAKFRUERT 5 ~ 10 15, FEA AR RR R, 50 HE M X
509% [ Hb T KA R AL 2 i J S (R R 82, 2005) Tk =
BLEF(2005) 5 2B, Al K it = i mUIE 2
T L KSR ER 15 Y i EE LR R 2 — i HL AR
JIr s B R R AR e 5 R K IR A UE 8 IR 2
BRI (TR AEBRAE  2004) . B BT A5 (1998) 45 MY, BTG
BALERE R X H TEREACE 0~4 m KK
HEHRBET KE NOT-N, IR /K Al /K 2
FIARIFRE 75 YL, [R] 28 22 45 (2004 ) 76 B PH R 2 1
Yy R A A b gs BB PR VR A e
PR RE AR it FH 2 20 4RI 5 3%, (HAR B 7= e 4542
BT 60%.

DT RR IR RS2 —, KRBV AL
TR B R0 g A AR A L, BRI AR L
TRTEER LR AR I IRIE B P S kAR
PO 2R, S & i b & Ui I FHE A KT
(A5 ,2012) LT it 3K 2 7830, 2000 45 [
G R /K A6 v 4 TRE AR Hb, 30 39 3 K]
K E 9542 m® IE IR E] 130 {2 m®, FHLL# T
5 HE FEH IR T R K R T B K DGR i
XA DR aK B U ke i 1 O (22 SV 56, 2005)

B, DU KB 2 4 P i i X BT T N B A i 2
4 PRI DUV S L UYL BEE DU
Ui, HAK BTG R S A A R S SR ] /N G A
S, H T B K AL TR A S, ol A5 LT B TV
T Y R R AU R TS Y MED O 4 4
ST T S R K SR TR
FE AR K AR, B, BAT, KA e e
FEMREEY , Hod KRS R I RS 180 J1 R LA
b, 7 B KR A AT TR R Y 93% LA L 5 I 3 A T
L 175 T E, S PEPE IR S ALY 64.2%. TR
TR BB R A AR AR X A B AR I A
TSR A AR 0 (E A S BUUT LG I rp B V1)
AR Rt FH BAR B - 18 35 43 BUR EAR (4 0F 5% 41
b TEIZHL X TT R R AE D) AE AR i e 135
FRAr A AT, RHCTT K B2 42 ) B JE B9 AR LY a1 I8
15 YL B iR S A R S R, AR ST AT B i
BT TR e BT AR P AR R A SR SR T4
P Ry ST | SR FH A T A 0 2 43 W b A A 7 A
A PR E AR RS L R R R B AR

2 ##l5 7% ( Materials and methods)

2.1 HRERXHBR

DL B o 0K i, T A0 e, AR
2:106°51" ~107°10" b4k 33°2' ~33°22' Z [a]. Jit 45
A a5 R ma I i, AP P e R L Hi A5 3 e
AL, A DT R Y — B ik 500 ~
600 m , HiFSF4H , H ALK, 2T ARG 34.62%
Fr B o LA HE R B T LAY B8 4 v e A V4R 600 ~
800 m, HiFGEIR IR, 25 =TT AR 28.1% ; 1L IX.
SEZEUA R B TE B L A L b X A R
IR, IR MR AE 700 ~ 2038 m ZJ6), 2 5 4T
SN 37.2% . 9% X g b 4 2 A58 1Y) 1R 12 2
TR X, R 12~ 16 °C, 4R H) [T 2
700~ 1800 mm, Hrr,5—10 F MR & 5 2 4E R &
1) 80%. 1 TALA Z IS Bt I, FEWA S iz A, S il
FRIE | 2 PP fe KA 7K A T = i 2k . A 4 X
WA BRI TR
22 WEEMEFFE

PRI B KL I X Il B
HR 4 DDUTRA B oA X 4 K5 4 DA R
S TATAR T Y e 38 A7 R T AL A 90 b i R O
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SRR B A3 A i VR SN, B S R T M e
ﬁ/iliu,/ﬁ\aﬁ?ﬁ%ﬁlﬂ;é &G ZHH R L
AR RN AR M AR VEM R R ER R, S
T R R A R 50 3 — PR A 8 D kit 2
B AT IR | [) Ao 25 B 54 ) 34 50 2 IR A 1 [ R
L HGE R R A A P bk R | HRERFERIE N 0~20
em BFZ + . 55002 VSRR SR 406 4.

23 RAEAE M &

P4/ AE 2012 4R A1 2013 4F 1—3 A 4T, %
S 2 ARSI AR 456 P AR P 406 LA A
FALEE AR AN AVEY R R i AEW 25t e
REAS it it A i AL B 309 i A ik i A T o
ST (R 0 S A B R A R INR AR R R4
0~20 cm #)Z 1. HEEA YL HE KRR 4 E L -4
S | mR E R 1 mol - L.”' NaOH Wfi# ¥ Hk
B5E ,0.5 mol - L' NaHCO, 72 42-5H46 T e (6
SEBALHE, 1 mol-L™" NH,OAc 12 42- KM kil 2
B
2.4 FoOFMASEEFERITE T &

BRIV 48 B AR A = 5 A IR W
Wi 2 B SRR A i AT (AR IR A+ LR R
S W R RL A ZE b i) 22 (7 B ARG,
2007).

i AT P P R0 e R 5 A P it B 25 48 1 A
PR & B A WU R SR R P52 19 52 B
{8, AR A HUIE R TR 73 ) (A Ol B AR HE
JUHRSS 1999 A A HLAERHGE IR ) (4 E AR
A ARE S IR 55 0, 1999) B S H0L M E (%
1) TR AR FEBILRE 45 (2010) ZERETE 5 A Wil 4558
i PESE 2 A B W I 45 AR 2 Bk KRR R UL
PIH (15.62 kg-hm™>a™") Gi—f .

x1 ZFMHAENREFS SENTRIENRFSRIEE
Table 1 Nitrogen nutrient content of different manures and nitrogen

nutrient uptake rates of different crops

A , a8 TP
e an | roR Ejﬁég/(i?\
R 0.55% KRG 19.8, 3.8
42 0.38% fiied 30.7, 5.2
LI 0.78%
pES 1.03%
ANFEIR 0.64%
30 A 0.18%
+2% 0.15%

i LB I AN [RIVE R 2R 7 o | TH R R
PR AT R AR YR RL 25 i ISR 5 ) =
M T AIE 5% 245 SR (5K 4 B 5, 2008 5 LR 55,
2013 ; 4B 45 4%, 2011 T 4 0 5, 2011) I & i1 5
(£1).

2.5 HBEAELS G HE

K HI Excel 2007 #EATEE AL 21, F DPS 4 t

T8 43T

3 Z£R (Results)

3.1 AFAHBNRI

3.1 AEHENEEEMLE  DUT L EERIEY
RIEE AL 1A b AR R B A K- 5
THAINEE A . £/ 4 (2013a,2013b) 1R 35
FRATEEN 3 G 1) T3 R U4 H T B T i S K
TG 14 365 i I 42 43 5 J2: 135 ~ 180 kg - hm > 1 150 ~
180 kg hm ™. 177 I A 25 3 7, fRAE A A% AKE 180
kg-hm ™ DL BIFEA Sy 48.8% ; Horpr | it 0 & 7 225
kg« hm > LU_EAYREAR b7 11.6% , I REAS o P-4 it 4
KE]T 351.9 kg - hm™, f% & il A A IS 630

70% 1~

DO e
60% AL
50% —
i
J% 40% [~
&
§ 30% [
20% [~
10% - |_| |_|
0
1~90  91~135 136~180 181~225 >225
500 SIS /(kg-hm2)
o O LA
~ b = AL
= 300
< 250
i 200 -
150
100
50+ | |
0
0 1~90  91~135 136~180 181~225 >225 H/iAFH

BN [(kg-hm™2)

B1 NIEHRFEERENERFAREANSGRTHEAEMHESE
Fig.1  Application rate and samples distribution frequency under
different input groupings of nitrogen in the upper Hanjiang

River
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kg -hm > Atk BIE 1) BLGAR SR AEAE , (B 5 L
BEE D> ALKy 4.67%. A1 HLIE & A & 5 > AU
34. 97% PR A Pt A HLAE , Bt Al i R B v e
0~90 kg-hm > it HLAL 4 P &3k 65.03%. F it
AR DU B F 2R A BN AR 5 5 A
JEFAF  AIE R B8 A i i T A AL SR A AL
3.1.2 FEAEHARENEE SREEDIER
ARSI AFAE S R 2 v S K AR A
4 528.7 kg - hm™, fe /N AS it AES, SF- 2 it A &2 Ok
221.1 kg-hm ™77 4 A $ AAE 005 TR AR B
FALZ AL, Fe @ AR R 480 kg« hm ™, 2y AL
4 153.2 kg-hm ™, HAEKA EZLALIE AN
F,BUEF A EN 6.7 kg-hm ™.

TR FEREARI A 2 B SR A T T 5, e KA
R 659.1 kg-hm™ PR AR 289.5 kg-hm ™,
YIS 1) S Xt A o 5 1 68.4 kg - hm ™ T B AR A
ABWIEF T 135 kg - hm 2. @i A P AR N
194. 6 kg-hm ™, [FJ B LIFL AR &0 £, A LA A3
BEARALHR 7.6 kg-hm > NIESE 2 4 1Y T 2 B AS
MR IR, DU A o6 JUIE B AEAE R K AN
A R, A PR A B KD S BABRA
B 4.3% (M3E) M 3.9% (KAE), b F /N34
(2013a;2013b) 7E 2% I 11 X 90 32 1K A H V8 A A& B0
HA PR B2 A FH BSR4 1Y 17.18% Fl 5.5% ik /0.
T A BUIR A PR T A PR — ) T T AR
WA DX R AT 2% AT AN S5 552 58 i AR P B s /b,

3.2 VOL EHARHEEFEREE AT®RT
3.2.1 BRI ZUASE(2009) WE5E R B, AN

b it FH A KR X R 2 A W BRI A AR
FHAR 2R B Y A H it A i 46 kg - hm ™34 %)
200 kg-hm 2}, A A9 2 BRI TR 1 45.0 kg kg™
TREE 22.7 kg ke MK AE LA N 350 kg hm™
A AP 2 AR 7 R R e i, A 5.56 kg kg™,
i &N 100 kg hm B 9 e KA, FHET
62.8%. K I , A 58 8 A 485 SRR AL 100 kg - hm ™ il
200 kg-hm ™ 730K S WA K PR EERLN. FH 2% 3 7]
AR AR 100 kg hm 2R 3 166 1,
SR AREAC R 1Y 40.8% ; 1M & A /T 200 kg hm™
MIFEA S 4.6% , T ¥R 45N 325.9 kg hm . 4
(406 NFEAS) I A B AR 77.4 kg-hm ™,
[, FR B AAS I A4 A R B R TR A R Bk 5
Bl HOREA Ll 35 5] 16.0% . + 3R F5 0 B A B
e L A TSR A R R, X > M P 5 B 1) R
MK =z, SR 2 B B, W) 25 52 /9 7=
i, KD 25 DR iR Ak, i 8 A 1 dl ok
B, DUL E U H AR R o 58 SO A7,
A7 LA it A %o 12 [X A 7 3 7 1 el 20 BR
BRI R X
£3 WIEHEERIEDESRH FERERR

Table 3 Total nitrogen nutrient surplus status in the upper Hanjiang

River

Vi % T A&/ 55 R
BUIE IR ol 5 55— O TR i TR A HLIE 2% T2 (kgehm™) TR (kgehm?)
FUACRARI 6, S8l B SR B, 200 T % 0 e 0% -39 74.2%
HHLIE &) . 0 ~100 175 43.1% 44.8 64.7%
100~200 147 36.2% 134.2 17.2%
£2 UL EBHEERIEWKTE MRMOEEHENE 2200 19 4 6% 1259 24.0%
Table 2 Nutrient inputs on rice and rapeseed in the upper Hanjiang River Bif 406 100% 774 112.1%
AEL S ) )
A . o S RRE, AHUERS - N
S S f?%“@mﬂuMW) 322 FRMEHBEBEAGETLELE AN
g SEIE o 5 = b 1
e W sy e— SRR RS AR KRR A HLIE
i o o o L AEAE 25 T 3 (¢ 4) 18 b oK A ™
B 2 B ! —H4—E".~ vl E Pe 2 >
FE 211 1532 67 i&f f?f%ﬁf&%m?ﬁﬂgfﬂi,ﬁk,{/ﬁ?ﬁi
FrifE 22 92.6 69.8 10.9 ;ﬁﬂ%m?ﬁﬂj %fﬁnji@‘ij'“ il ’Tjﬁqzﬁfﬁ?ﬁﬂj
IKAH 200 RKRME 659.1 630.0 48.3 i 1?27' ! kg/-jhm ’ ﬁ‘ﬁ{ﬂ;}:ﬂ&%ﬂﬁ?ﬁfﬂ %j\j#103.5
G 1 o0 . kg-hm MM B F5 o R R R KR FN R AEY)
- 289'5 ]94 o P FBU B ARG B AR R 20.72 F1 72.02
o ' ' ' kg-hm™. 5540, WESR - A 1e SOk & |, BVAFR 4%
brifi2E 79.1 88.4 10.7

BSR4 500 1.69
110 BN T 2.
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Table 4  Nitrogen nutrient surplus status of different crops

= -2 7 A kT 7 AT 2
AN/ (kg-hm™) SFEFF THE e, man
KRR I T e G
A AHUEE VR (kehm?)  (kgehm2) e (kethmD)
H 206 153.2 6.7 15.62 2440 5509 103.5 72.02 1.69
KRG 200 194.6 7.6 15.62 8424 7978 197.1 20.72 1.10

1 NBI K FR4 TR 48

33 NI ELHBEEREDELBRNES=EH

M SE 2 AR VR AR EHE AT, DU LK R 735
PR 8424.4 kg - hm ™ E B R EH A &l 202.2
kg hm ™ S@ T HE— 2 047 BB, KRS i 5 AU
FHEER—ER SRR (K 2a) , HETRME, Hoy
FEH .y =-0.0095x" +4.8336x+7881.1 (R*=0.0218) ,
FTE G E T ACT R N I 1 kg AUIE AT 38 ok
FEr=iE 2y 4.8 ke [RIAT, B & 2a 38 AT 0, Bifi %5 2AE
RGN 8 7 R BT R X 5 R O KRS 2
X AR 25 B A — 0 o S T 1 7 Ol 2440. 5
kg-hm_z,xpﬁjﬁﬂﬁﬁ/\yﬂ 159.9 kg'hm_z.ﬁﬁﬁ’ﬂ?
AT TR B AUIE e 5 K RS LA A A 34
(E2b) , HZ =G, KR .y = -0.0042x" +
2.6208x+1955.8 (R* =0.0717) , F WA 75 4 38 11 it JIEL
JEEN, B0 1 kg ZUIE AT S IIh = 2 2.6 kg; bifi
& RN LRI IS g T .

140001 a
- y=0.0095:%+4.8336:+7881.1
120001 200018
E 10000 ¢ . .o
2 ? KA .
= 3000f <43
i P
A 6000 ¢ *
g .
= 4000
2000 *
0 | | | | | | |
0 100 200 300 400 500 600 700
MG R /(kg-hm ™)
4000 ,
2500 . 3=-0.0042x2.6208x+1955.8

R*=0.0717

T3 B /(kg-hm™2)
S
S

0 100 200 300 400 500 600
TR /(kg-hm™)

2 RIEBABEFENXER

Fig.2 Relationship between yield and nitrogen fertilizer inputs

3.4 T B 3 R IRAF AT

341 RELEHEHANAEE B0 JH AR
KA - SERE AT T, DUV i R 2
HHUFEEIE N 20.43 g- kg™ R T2 E K 24.9
g-keg ' (I B Hb T o K 1 2 A W I 4 2, 2011
AR 5 KRR B 7 XOBR 2 A AL 2 (E 33.5
g kg TG, H EZAEPFE 10~20 g-kg™' FI20~
30 g-kg ' PIANIXI], 4300 i 43.8%F1 46.5% (% 5) ,
INF 10 gokg™ IR T 30 g-kg™ AL (5 3.8% Al
5. 9%. KR 5 42 [ S5 R A 3R 00 A bR
X AL AT 3 9 (20~30 g-kg ™)
M4 H(10~20 g-kg™") K, JB TR B Z RS A
PAA X A LT AR B RO 7E 1.4 ~37.1
g-kg ' Z AL X 5L PR EIA YL A F R K
342 RHEIEHERMALE HESOH, M
2y X R A ME N 118.3 mg-kg ™', H EZ4E
HI7E 50 ~ 100 mg-kg™" A1 100 ~ 150 mg-kg™' Fi4~ X
6], 4359 i 32.2%F1 47.1% , /N T 50 mg-kg ' FIR T
200 mg-kg B4 E 2.8% F1 3.8%. 5 )7 K FE
72X HEE A A M 113.5 mg kg™ FEAR AL
TRl — K- (ABEESE ,2011) AR HE 4 1 1 4958 — k%
IR IBRIE , JA A X - Rk 2 e R S b T
2 K- (100~ 150 mg-kg™") , @ FEEIRAE. HEZ
AR X A AR A B R, R R R O
33.84%.

343 RELEHEANHEE WEXTIER
R TR 16.87 mg-kg™' T4 E#EE + 35
B S H 2004—2011 4F—H 5 FTHEH 2011
FEEBE LA MHEEA T 27.2
mg-kg ™', BT KRG 37 XHEZ A O - YA
19.4 mg-kg ™" FELE 2 A I RAE X A H 8=
AR AR T 4 KO g Iy K A 3 XK P
(%£5), HEEEPALE 10 ~20 mg-kg™' Fl 20 ~ 40
mg-kg™ WA X ], 4390 7 50.3% 1 25.6%, /T
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5 mg-kg™ A1 KT 40 mg-kg™ #4355 6.9% F
1. 5%. 548355 (2011) FEA VLML a1 VL 75
510 M8 74 /> H RS A W B (16.0 mg-kg™")
AH L, b 7R [R]— 7K A IR A X A A Rl & i A
SR BUOR (52.1%) , DLW A 7Y 406 A RUOFEA
Hhfe PERIE A 2E SRR

344 KRHELEHMEHENHEE HYWEET
IE A 147 mg-kg™". 42 [ L EAF S50t M
2011 4F 4= [ BF =+ AHTF 2 {E O 130. 1
mg-kg ™', T T K FE 37 R A U
87 mg-ke ™ UYL iEA H A e 2 R0 A s
TR, W3 w1 R KR 377 XL HE AR A
DA FH - Sk 2 R R B i AN AR (R 5)
50~100,100~ 150,150 ~200 & 200 mg-kg™' LA I fr
7 34 7 209 2 A7 98 A X A e A 1 A S
FBEKR 0 48.9% AL T A R0 A8 7 A2 K Ui W]
JAE TSR BT (EUR AR R E ao AR
PRIE A28 S BOR KM DA AT o 5 |k - S e
PG, SRS 7 HIL

x5 WILEHEKALTEFRSSEAR
Table 5 Content of nutrient in the upper Hanjiang river

Al ARG PHIV b

A/ ﬁﬁ ‘/\‘
T kg BE (mgke ) (mgkg )
<10x10° 3.8% 6.3x103
10x10%~
. 438% 16.5%10°
20x10 Lax10?
x10° ~
AHBT 20x10%~ ' 29.58%
. T465% 236100 37.1x10° ’
30x10°
>30x10° 5.9% 33.4x103
it 100% 20.43
<50 2.8% 31.59
50~ 100 32.2% 84.2
100~ 150 47.1% 1225
BT 11.4~278.6 33.84%
R 150~200 14.1% 170.1 Y
>200 3.8%  226.2
st 100% 118.3
<5 6.9% 3.01
5~10 15.7% 7.9
- 10~20 50.3% 15.4
% 1~46.9  52.1%
AR 20-40  25.6% 274 0
>40 1.5% 4.6
it 100% 16.87
<50 5.2% 41
50~ 100 23.4% 77
100~ 150 28.5% 124
TG 25~462  48.9%
B om0 maw 1 Y
>200 19.6% 257
Mt 100% 147

4 118 ( Discussion)

DUT i EZRAEY AL R A BT & T
A HLUIL R B it F R AE 180 kg-hm > LA L AGKE
A 48.8% , i A ik 630 kg - hm ™ [A]H, AN
b2 BB B GAR SR A7 7 i o Z2 3 LA 7 2 ]
A KA = S R = R — R B IE M R R,
R Bt 2500 FH kA 80, AR 1) A il 280 A BB 2o 200
kg hm™ J5 , W= A B 80T B, SR S5 KR B A AH
RIASEF X 5 Jing %5 (2007 ) FIBFFE 45 B —%, 240
Rl 225 kg hm ™ 5, (Y 7= ¥ AN 28403t
it g S AR W, 3 B E R R AN
o, TR PR (RS, 1997) i Hik 254
s U AEY A 5 & A ARIK (Tivol et al., 1996) . ik
A, AN I it B AR e A A Il 2 5
RN A R R 20T R o it RS AU 1
77 RO RREAR T 2SI 2, i Al R o % R R 2%
WY, TisfE & L, i R R B AR
NS

A AR 7= A 3R AR A o 5 it L B = T AE A
B IEASEOE R, o b it P 0N 2 it ol - 498 % i
PR GRG0 AT A 186 . 3 A DX [ 1 ) IR AT A
225 m AR RIEAE, R R A ST
FE TR L i R SR A R R A A
XA A B A B B3 100 kg - hm 2 BYREAS (& 3 A RF
AR 40.8% (HFR BN R RIF RS
Bl HBEAS e B B35 T 16.0%. A [6) 7E 9 e %5 i
=L KFE A B AR (20.72 kg - hm ™) K Tl 5 H
(72.02 kg-hm™) . FRAEFL S (2004 ) 7EAL T AR JH A
T A H R KA R £6 75 Y R A T 55 B4R Y LI AR it
At 500 kg-hm™ VEYiA R SR AR Z LK
F 2.5 WHLIX Mo T K SRR & AR | A F AR
JRAE R A DA Tl A it U 3 500 kg -hm ™2,
(S AR B /INT 2.5, M T 25 X 4% it
R AR 1 b T Kl R £ V5 e, X 5 [R) 4 4 5%
(2004 ) FEDL 7K i FH ] 32056 110 25 S — B0 (H B 42 4%
(2005) BT, i it AU, i SR 2R E, B
FRUZ FEAEPLE 100 em LT AL A KR F 5T 95 R
(125 20045 Riley et al.,2001) 28, HHi, &
b A 7= i X 2 b T K B 2 K R Rk R A R
1o 5 e FH RN S A L 1 O R it
RIES S BUEY A KW XK R Bk
MRS, R 5 T 1 dE H BRI I aE ).



113 A« DU 37 2 AR A ) SRS 25 S 3R 3 BT M 2867

2R (2001 ) BFSE SR A e LA B Y - B 1T T
HLZ 53 S22 B S (A Bk k) 7. Raun 55 (2005 ) il 3 23
SRR A AR IR A I 2R A 1 P e R R 4 6 )
85.4 kg-hm AR, 0~240 em T 114 1 3 %) 5 vh el
R 5 JERE XS BE XA 50 AR ), A 4 X —
B e R A e T oML B 2tk SRR T A A
X A FH il 20 F e s 8 i 85 kg hm ™, IR, X% (X da
A IR E 5] T IRBE5 Ye [n) 81 ) X #b K5
Yl i BT LE BUM A TF TR TR A IR SR

G546 R A XA T - 5 43 B AT AT 32 DX e -
HEEA DT &N 20.43 g-kg™ K T4 E R )5 7K
R 3277 XK 3] g A2 T 3 A R A XA T A
HLIE ) 3 A 22 /0 i 8, AN il 7 HLIE (9 & 7 ks
65. 03%. 11 1 48 A7 HL 5T 2 1= 8 AT Iy iy = B I iy
JB, A AIUAE AN 5 A AR T 0 T ) R B T
RO EAFEEWANIE G, W A 2R 4
YR G NEREFA, REAR I 1498 P (AR 0 1 B, ok
A R, DT B i AR Ty (RS A
2013) AR 4= [ 4 55 U A 55 00 o bR %
X Im i A A AL T 2 JOKF, B TEERE, X5
A ) 15 AR AR A O TR AR P AR
3 1) I R B AR A A 2T A R A, A R
AT A K i 8 A X AL« PE b /N RS B9 I
i X T AL A R AR OGR4 A B
PEAN R A0 A & il 147 mg-kg™', A0 =
T4 EKFE 130.1 mg kg™ X IFAEDLIIZ X AT
FEAAE, S I IR AN, K 5] R
RIS B RT E aEY) e i

HWFFEHE T A4S B IR, B PG 45 B4R 7R
HAEAEY LT RE A AL I U 3k 12.2 5 o [A]4E
A 2004 ), AN AT RE B R IR 9% i R K
TR T 322 1l DX A 1 B A LR 2o it A R
Yy A S B, RO 2 B i &= AR HE i g R
B, gk 70% i %= SRR B TR (Metz et al.,
2007) . 0] WL, UL B lEA B A PR IR R AR ARG
Pt FH 38 B B Ay, AN S 45 4 B ok T SR 5%
RE AT, 0 EL 25 P85 i v 76 g, 0 DA AE 2
SEDUIT K BT R IR R ).

5 251 ( Conclusions)

DUT i FERAEYE A REA RN
173.9 kg-hm? , AHUE AL A ECHN 7.2 kg-hm™.
84.0% A A R FEAKE T 2 AR P B =

H77.4 kg-hm ™, Ho B 4B 100 kg hm ™ 1Y
FEAR b7 40.8% . F2 - B AR R RN R R4 77 B
FEAR 7 PR A FEAR Y 16.0% . H3EFR A RN A
PR AL AR R4

RIEEEENREF, 7 0L, I, ZEANFLESHES
Ik 478 R 58 . E-mail : zhouzuoping@ 126.com.
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