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W P TR LU AR RSN AR 3552 00 5 et RO T i SR G B G 2 DA RN R 1 3 DR T 0T 52, R
TIELAN AL T W) F AR FOCR FHAT T, SRR ANEIAE M -0 pH (5 10 3528 5 ) BEVRHR SR I I
i — AR A A AL A B AR (594m , HI1) 5 54K (884m , HIS ) BE ML) + 38 A HLER 8 A R ZUS K B & TR a3 4
TR FEHL (660m 705m 778m , HI2—HJ4) , Sl 5 o0 1 25 AL I AE 2 ; BR RS JC R A, 07 T 70 3 AEAN IR 4R AE UM 22 7] 2% Ak
FUEE R JCrP B 4 R SR T R R Dy e MR b 2R T e A B A R S A BT R = R R IAL — 2 Y
A, R HE RS, HIE T4 S48 50N HI5(2.16) >HJ3(0.43) >HJ4(0.19) >HJ1(-0.21) >HJ2( -2.60) , 7 W R AL bR
2 I SR TIRR 1R T 1R R AR R BL A S U . A S b R e A LIS A B e R T
B HEm LR AU R I AR, DL REEIR T St IR R LU X AEAUR SR A A B W] R 408 TARIR b S S |
SRR IR  AEABUN TR 3 i 5 R T R OC R

Evaluation of soil quality of Chinese prickly ash artificial orchard at different

altitudes in Guizhou karst mountainous area
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Abstract; We examined the soil nutrient content of a Chinese prickly ash artificial orchard in the Guizhou karst
mountainous area; its comprehensive quality index is of great significance. In this study, soils at different altitudes have
been collected from Guizhou karst mountainous area and samples were analyzed by using techniques of agricultural soil
chemistry and environmental mineralogy. The study results indicated that the pH values of soils at different altitudes had
significant differences, with a trend of increasing — decreasing with increased altitude; the soil organic carbon, total
nitrogen, and available nitrogen of soil in the sample plots at the lowest altitude (594 m, HJ1) and the highest altitude
(884 m, HJS5) were all significantly higher than those of the three sample plots at the middle altitudes (660 m, 705 m,
778 m, HJ2-HJ4), while the trend in the total phosphorus was exactly opposite to that of the available phosphorus.
However, there is no significant differences among concentrations of mineral elements in the Chinese prickly ash orchards at
different altitudes was not obvious; the contents of total sulfur, lead, cadmium, and selenium with the highest altitude have
been determined. There were significant correlations among nitrogen, phosphorus, and other mineral elements, suggesting a
close relationship. The soil quality comprehensive index was HJ5 (2.16) > HJ3 (0.43) > HJ4 (0.19) > HJ1 (-0.21) >
HJ2 (-2.60) , suggesting that the surface soil quality of Chinese prickly ash orchard at high altitudes is better than that at
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low altitudes, comprehensively speaking, revealing that soil nutrient content changed along with the change in altitude. As a
result, it is suggesting that organic fertilizer and mineral element fertilizer could be used simultaneously to improve the soil
nutrient supply capacity and utilization efficiency. This study could be helpful for the nutrient management and sustainable

management of Chinese prickly ash orchards in the Guizhou karst mountainous area.

Key Words: Karst; Chinese prickly ash artificial orchard; soil quality; principal component analysis ( PCA ) ;

mineral elements

T A SRR I G R S, 3R 48 IR AR SR N, S B AR PR AR
PR S AR YA R RE Ty, AR A A N ARG T AT RS R SR DA G RS UK
Hidg /R HIES A2 8 3B AL AR 52 B 7, B e - 3845 BEUKSE D B ( Zanthoxylum bungeamun) IH 44
Z, 2SR Rutaceae) TERUE ( Zanthoxylum ) WIAEYY , J5 = [E ARV =06 T 5 R A ke 35 LB
MR 2 E A A ST RE, IR E A T 2 SRR AR AR A v TS AR ( Zanthoxylum
planispinum var. dintanensis) NYTHA( Zanthoxylum planispinum ) B—178Fh | J& 5t M g TR 0 R 7Y, A2 25
ZUFUMEAR & (AR, 7RI X AR S S AP i P ORI T2 R REEAY . A 1992 4E 3N A T F E K
FUASAE ™ TR AL ORI A LA | 52 0VRR I S0 | IR IR 46 25 52 M BT 5L €8 AR AU bk, HZ,
P/ B AR , 5 I AL AR AT = 8 MLRR A7 < Y TR A st A DR G B 3 J R A 4 B 1k £
e sl FFRACHUN TAR RPN XS Ak 7= T 2 BAR SRS B i s LA B2 7 fehg
&5 IR AR A IR IR

FUAT 2 DR TC R AV YR £ 3 P IR AR IR R, TR SED UK T o R BRI IR R,
WY SRR SRR L N TR A ) T A0 ) 4 8 s SRR A2 45O SR R B T RPN A5 th S AR VE 1337
3 I 2 PR (0 1 o AT AT 5 S0 451 LA R T 38 SRy s o A b R 2 2 A S T e B R 0 A b
HERE ST RRAE s XU 352 SR I A W) 2 PR R PN AZ K ( Cunninghamia lanceolata) N T MK 438 T k878 | 3%
Y 240 TR EC BT P BB 5 S - TR AR AL A DG RN 5 B LB A6 N I B A AR TR R T LT
AL TC it %o R 25 At AR M AL X2t 36 ey 1 FR T g v 1 3 T DT 14 Je/ NS A 4, 26 P
Fe MR R SFHa bR Wl 2 50 13 i i, B b it B T R AP R AR R R | BRAE T 4 1M M 8 /s 1 BT i
RAAE . MEHRAE N B IR B 7 BEAE T H3AE I 7= A 22 05 T s el AR DL R A T
PRI P A PR PR A R B LA 6] ¥ 4K B AT ( phyllostachys pubescens ) BREE IR 1 T 5 1T REAR 5 BRI
FUOT AL, 1 pH (E TR K R IC R WIS PR IR R 5T W H R R 28 1L KRV AL (Abies Sibirica ) M+
S i AR AR B AN B 5 R 2 A RS T R VLR B B I A ( Olea europaea) I8 1 HENE
FIRIFEIE | SR BRI TS R, H AT DL R [RIBIF DX A ) A 4518 25 S 0K FE AN IRl AE AN T
AR L SEAE A7 B TR T A 0

L5 b A IR I XA R BRA S BT R TR X LT R AR B S s e ERE T S
B U $ m AR B AP v S A BT MW TR MY A KR E
PUPEIRAIZET . BRI R K A= B, 5l AR MR R S 5 SRR, ERE A IR
TIEFTEARDL . BT A SRS M 3R L DO [R) T AR AE AN AR BIFFE X 52, SR 1T A= 338 Ak 43 B F PR 455
W 48R IR S BRI 0 2 S U PR 3R B SR B AR IE . I 3 AR, (1) 13
FoT BEHRS BRI AT 28 (2) 0 Bioc 3R Z I AHDCRR BEnfar 7 (3) AN [R)TRE 4K AE BN Tk b+ 38
BT RRAE? DU A i L XA DX S ) AR AU R 28 Bt i S (AL R Al

1 R

1.1 RS IX AL
WFFE AL T o F B SV LA A HoA A, AR5 BT B Rp ke e, E2ERIAELUR 3 A7 : (1) TR
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fiE , AR R 1100mm , 2275 Ao R4 5], 236 5 AR 2 8 5 A 2R A8 2 0~ S 4G 8 i 2 KUk
PR IREE AR N 18.4°C AE M i i i N 32.4°C | AR R (R T 6.6°C |, AF BRI A 6542.9°C
RBFRE TR RN, (2)WAAMIE, XIBPRAREY], HhF K ERHEE, W4k 5 B 370—1473m, T B 5 22 24
1100m , HA WA I S SRAHE, (3) GBI E T . TN RE 358 A 2 30% , 54 B R0 T 50%—
80% , WkREL A JH A 7 78.45% , HARVLA K Ve A R BB A K 00 32, 1 2 R me g, 14
NS, K EAEENAYE AY0 A S RGNS AT A AR,

T DX AE BRI 15 5% 1T WA ER 107 =, B2 1100—1300 #/hm? . B T/ BEAL T LU X8V B AR
e HL B HAE S5 8l J1 A 55 T AR AERUMCb A 7 2R , it A AR 5 A 32, B e SRt FH R MU 5, AEABUR [
Hh (VAT AR . BRI A R, AR B T AE KL K BE D [ R S 45, I 4100, AEARUY 7=
HA R B R RS, AR T B X A7 1 KRR L XA 2 SO, S5 SRR AR 3R 2 s R A
An sk HIL—HI5 . FEHb FAAEAL LR 1,

1 HHERER

Table 1 General characteristics of the sampling pltos

. " " . SN . , - P2 At
e o o i HORE PHEGE MWENE e
Plot Longitude/(°)  Latitude/(°) Altitude/m Soil depths/cm Height/m Coverage/ % Density/m -

breast height/cm

HJ1 105°39'33.84”  25°40'0.84" 594 12 3 70 2.3x2.5 3.5
HJ2 105°39'4.32"  25°39'42.14" 660 10 2 40 4x4 1.8
HJ3 105°38'48.48"  25°39'35.64" 705 10 2.1 75 1.2x1.2 2.4
HJ4 105°38'35.52"  25°39'23.04" 778 16 2.6 70 2x1.8 25
HJ5 105°35'15.00"  25°39'16.92" 884 12 2.5 65 2.2x2 2.1

HJ1—HJ5 : AERURE L 1—5

1.2 Wk

R R AR S WU B 1 BRI 3 S 10mx 10m A REHD , BEHL 22 [ E B K F 10m, A —FF
SR S TE A HERE i R R AT T TEAEHLS A 20em 19+ HEH T (A /2 20em [ DASEBRIREE R ife) | B fE—A
L 5 AN S ARG SRS DU U 24 kg RESL . AR I SEI %5, SR A iR AR 3R R B0 ) 5 1A 45 2%
Y1, AR P 2 95%FE B 2 2mm A1 0.15mm §if , B T BRSP4

pH {ECR ] K B L 1:2.5 S0, B A2 F AR 200 5 5 AT BB (SOC) SR FH B A R S-S Ak, U (TN R
FHAE G TT TR AR (AN SR I , 42 (TP ) >R e SRR - R T 28 - B BR T LU (- 58 AP o e
2, B (AP ) SR FH Sk B -k R 12 B - AR BA B L -5 AP A O BE TR I 2 00 s B (B) A (As) LT ( Se ) F4¢
(XS R AL 22 B A BE ) ( DZ/T0167—2006 ) #E47I E , — A Ak Ak (Si0, ) A ALES (Ca0) A ALEE (MgO) (A
1M (Na,0) | =284 — 81 (ALO,) .= "B (Fe,0,) H(Cu) FE(Zn) BH(Pb) HE(Cr) HH(Cd) BR(TI) |
BE(Ni) E (Co) HR(Sr) JBH(Mo) (FA(CL) BV (TS) M8 2 H AR DX 2R Ak 27 A7 BLYE (1:250000) ) (DZ/
T0258—2014) HEATINE
1.3 kb

K FH Microsoft Excel 2010 #E471 18-, i F Origin 8.0 YEP, fdi i SPSS 21.0 #EATSEH 4347 3 K FH AR 25 22
53471 (One-way ANOVA) J5 i, BAF BE A 95% , K 35 + 358 - 50HE A [R) TR $h AL ABUPR kb 22 [) %) 25 57 0 35 1k 5 e
Pearson 1 5¢ R B0A G404 HHEFE PR 2 8] A A Gk 5 32 FH 38 504320 B i S BT DA s e 5ok 2 AN F8 AR I 27 5 1k
8RBT HIER R, BB MOKEERE A P=0.05,
1.4 HEEZEEREE

AHF5E LA 44 pH (B .SOC TN AN . Si0, .CaO ,Cu . Zn %5 27 T K F1E R LA D + 3E 32 0 F 0 A AR 1R
Pro BT XM AR bR A — B U D AA R R 22 5 FGE RO A A8 AR (AT AR e AL AL B 3 2 3
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ST I A BN 2R A R T 22 A3 R T D RR 5% 5 BRI i DA X 7 PR 8 1 R A L R A B AR
TEAT AR o e R A RRAE 1 k5 b o (L5 (9 e BV 30 45 R b 1) SR A5 48 . SR ADIABG T35+ 5
HERAAREL(IFT) , HRIA ™

IF1= 3 W,xF,

2, WA T TR F oA R Y 51358

2 HREHS

21 +HEpH{H

4 pH (EH>7.0( ] 1), S0k, A I . pH (VR (7.89) 1 IR 3 T (LA R AR
(7.99) H15 WEBEAL, 5 MR Z (BRI B E 225, nT UL ZE0 B85 1) 5% M W8 i e T B 24 s X ] —
MR T4 2SR 18 pH (R AY R 7 PR i DR AR A i AR AL
22 HHGTEREGETL
221 KEILE

SOC TN AN TP AP & & VLR 1, Hid SOC TN AN Dk HJ1 Fil HJ5 %5885, TP (AP W22 30 A Bz i M AEe
HJ2 HJ3 Fl HJ4 Z A KEITCR L N A B E 25 (P<0.05) HiX 3 NEEML S HIT HI5 U REITCE L N #
Z5t, SREWHEE WK ETE S FHIRERZ —,

8.4 a = 427 6.4 a
b N a = b B
82 2 35t a 2 56|
¢ = T
d Q ~
8.0 | 2 28t = 48 t
% e § g b b b g gn . c
7.8 + g 21t £ 40t
& v d
76 S 14} 2 321
3 : 24
7.4 7 .
HJl HIJ2 HI3 HI4 HI5 HJ1 HJ2 HI3 HJ4 HI5 HJ1 HJ2 HI3 HJ4 HI5
~ 0.14 24 ¢ B 0018
2 ED a )
& 012 | a = 2.1 f <0015 | a a a
= Y b g
nggno.lo.b gg 1.8 | ﬁ% 0.012 | p
X £ BE g 2
®'E 008 | g 15t £ 0009 |
= = ©
) C (=9 —_
g 0.06 | . d ﬂ s 12} c ¢ S 0.006 | c
> o S
< 0.04 I_IT m = 0.9 m r—| E 0.003 ’_’
HIl HIJ2 HIJ3 HI4 HI5 HI1 HIJ2 HIJ3 HI4 HI5 HIlI HIJ2 HIJ3 HI4 HI5

AEM Zanthoxylum planispinum var. dintanensis

E1 AEBEREHAETEpHEMKRETERE
Fig.1 Chinese prickly ash orchard forest lands pH and content of macroelement in soil at different attitudes

HJ1—HJS5  AERURE L 1—5

222 WHILE

IR BTER 53 AR B AR X IR BT A, AR AU - S BT 0 R B I AR AR Ak AR Ak (]
2.2) fHEEA B AL M HirP TS Ph (Cd \Se Z5T0 2 I SN, 5T 25 M 4K 1 X K8 T i i a3
2.3 W O R AT

TR Z AN AH DR S i 245 SR R W] . Fe, 0,55 AL O, As Ni, Co ¥k i 35 TEAH G, A OC R 431 R 0.944
0.899.0.894.0.963.,0.980; Ti 5 Mo As 5 Co,CaO 5 Sr 5 i F1EAH I, A R EKIK M 0.883.,0.993 ,0.901
Fe,0,5 Ni .Pb 55 Se . Pb 5 Na,0 . Cr 55 Na,0.TS 5 TN TS 5 AN 25 #% & 2 IE A ¢, 15 R 50N 0.980
0.999 .0.968 .0.977 .0.975 .0.977, Ti 5 MgO .Zn 5 Sr.Si0, 5 Cr. TN 5 AP Se 5 AP TS 5 AP 5 B 7 AH
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21 1 W PHAE A SN MR L DXAS [RDE SR AR AN AR - 8 B 5 1F A 5
5 KR E R -0.887,-0.939 ,-0.956 ,-0.950 ,—0.909 ,-0.950 ,
50 - 8 3.6 -
o o N
RS S 6l S 30t
) ) %
& 46t O =
# g4 ® 24T
= 7 ¥ ®
o
ol 2t 18}
40 1 1 1 1 1 0 1 1 1 1 1 12 1 1 1 1
HJ1 HJ2 HIJ3 HI4 HI5 HJ1 HIJ2 HI3 HJ4 HI5 HJ1 HJ2 HIJ3 HI4 HI5
0.16 24 o 10.8 -
S S
= A
o 014 = »l S 102t
S 2 )
< 012 = =96 |
z @ 20 | ®
& 0.10 i ]sl 9.0
2 = g5 b
& 008} J]lf% it 8.4
1
0.06 1 1 1 1 1 16 1 1 1 1 1 7.8 1 1 1 1
HJ1 HJ2 HIJ3 HIJ4 HIJ5 HJ1 HIJ2 HI3 HJ4 HI5 HJ1 HJ2 HIJ3 HIJ4 HI5
M Zanthoxylum planispinum var. dintanensis
B2 ARBHEEHMETELIUEYEE
Fig.2 Chinese prickly ash orchard forest lands content of inorganic compounds in soil at different attitudes
x2 AEBREMKGLTIETRTRESE
Table 2 Chinese prickly ash orchard forest lands content of mineral elements in soil at different attitudes
K+ Factor HJ1 HJ2 HJ3 HJ4 HIJ5 A+ Factor HJ1 HJ2 HJ3 HJ4 HJ5
Ti/ % 0.91 0.76 0.82 0.75 0.81 As/(mg/kg) 37.13 2436 38.88 4575 22.79
Cl/% 0.007  0.007  0.006  0.006 0.008 || Ni/(mg/kg) 76.54  57.64 87.60  83.17 79.35
TS/ % 0.079  0.031 0.058  0.056  0.116 || Se/(mg/kg) 1.26 0.38 0.99 0.64 168.11
Cu/(mg/kg) 40.87  26.16  40.14  25.09  45.96 B/ (mg/kg) 58.03  77.04 93.90  96.66 83.55
Pb/(mg/kg) 68.33  48.17  71.02  58.47 483.25 Co/(mg/kg) 28.99 2594 2956  32.06 27.80
Zn/ (mg/kg) 191.32  159.00 249.44 206.80 256.93 St/ (mg/kg) 81.69 101.59  58.99  61.68 50.01
Cr/(mg/kg) 195.66 151.89 180.84 183.84 163.36 Mo/ (mg/kg) 5.85 1.83 2.21 2.35 2.24
Cd/(mg/kg) 2.29 1.32 2.47 1.47 13.52
2.4 SUMIWEIRR L DX A1 4R AEABURR L 2555 o
2.4.1  FRREAITT 22 STk
P BERHIE(E> 1 H R B BTRREE>85% 1Y JF WL T 3 A~ Eaor (2 3) , HAFE(E 23]k 11.38 ,7.72 #16.17,

FRAEAE 2 Fi R 25.27 ; B TTER 2k

RT3 T4 e e Al SRR

£33 EHSSTHFEREETERE

Table 3 Eigen value and contribution rate in principal components analysis

k3] 93.56% , ULHH AT 3 4~ 355 1T DA it 4 358 4 R 8 R A5

I‘ln_;\ 5/193 56%

F s FRIEAR(E Tk % TR %
Principal Component Eigenvalue Variance Explained Cumulative variance explained
1 11.38 42.14 42.14
2 7.72 28.56 70.70
3 6.17 22.86 93.56

242 WWT#Em

RS> A0 B DR T A A A SR AR A A% M A DG R, LA X R R o G B
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RITED , M2 R (£ 4) 58 1 Tl 352 TS .Cd TN AN AP B0, [ AP AMNY RN IER Y
552 FRATE ALO, Fe,0, As Co AT EE K, XF - HEME IR B9 %2 i34 M 1IERLN 5 56 3 E 4> EEZ B Mo
BYSZ M ER, Hod B S IERLN Mo A SR, 26 B Mo 3882 5850 4 38 i i R

R4 EEAEEETFHRETER

Table 4 Component matrixes pre and post rotated

AT F H43 Principal Component KT FAL43 Principal Component
Factor 1 2 3 Factor 1 2 3
Si0, -0.013 -0.709 0.656 B -0.183 0.311 0.928
Ca0 -0.377 -0.371 -0.836 Co -0.084 0.917 0.209
MgO -0.517 -0.528 0.504 Cr 0.063 0.874 -0.471
Na, O 0.884 -0.311 0.289 Pb 0.897 -0.278 0.339
Al, 04 -0.016 0.980 0.186 Sr -0.629 -0.562 -0.534
Fe, 04 0.296 0.945 0.137 Mo 0.212 0.310 -0.913
Ti 0.446 0.247 -0.823 Cd 0.913 -0.261 0.315
Cl 0.722 -0.629 -0.142 pH -0.573 0.351 0.738
TS 0.990 0.103 0.006 TN 0.959 0.105 -0.204
Cu 0.860 0.119 -0.214 AN 0.971 -0.107 -0.142
Zn 0.682 0.425 0.468 TP -0.418 0.008 -0.508
Ni 0.363 0.882 0.256 AP -0.967 0.205 0.047
As -0.385 0.905 -0.305 S0C 0.844 0.245 -0.416
Se 0.881 -0.312 0.350

243 HHEFELEAEE

P A E b 1 32 B PR 4543 F0 22 STk R A4S 2 H 3 R 2R A 4R 5 (£ 5) , HEF M HI5(2.16) >HJ3
(0.43)>HJ4(0.19) >HJ1(-0.21) >HJ2(-2.60) , = MR AL UMK 3¢ 2 398 o i SRR IRk, 6 5%
Sy Rl A AL B S SR

£5 TREMHEFEIRETERESSIEH

Table 5 Factor scores and comprehensive evaluation of different microhabitats

FEHL Plot Pl P2 P3 P HEJF Sort
HI1 0.99 1.05 -4.06 -0.21 4
HJ2 -3.41 -4.06 -0.01 -2.60 5
HI3 -0.88 2.18 0.79 0.43 2
HJ4 -2.00 2.44 1.49 0.19 3
HIS 5.30 -1.61 1.69 2.16 1
3 g

3.1 BIEREREIE

2R 6 WAL, AEARUPR L - R a0 38 3 o S 1 T B0 A v D Lt DX [ i 3 B BB ) A O T A .
WA R AN TR R 2 i RN 4 [P 2 7K AR T B e DA b DXOAS (] = b 1) FH S 7R L, SR B AE AN T
MR AR TT R A T A S KT, X B T AT ORI A e 22 5, B2 BRI AN T
PETE, %X 8 T T A B X, Bt =F 28 SR e, DL ) Tl N8 SR AR A R T AR P 1
R A A REPERSRZ S JEMON TR S i Rt v, o 138 i e/ N 57 55 38 AFR-AS R 77, K58 K it
HE AR X 42, BHEARKE KR 1455 , P K B BE R AR 25, 3543 B W A FEASCR I, 31X mT
et 2 SR KT R B R A SRR AEHUE LT LU E AR Ry SRR 7 1 5 1R Ak X T
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RE AL AU BR XS F7 73 B BE ek ss , S B MRS I SR 07 L e b R4 . U il T R R AR TR
DR AT IE R | Hih = 42 588 BT PPN BRIE | BRITIAS SOAOW R ST R 5T 1 HeA
F6 EMMEIEXETESEAMKBAX L

Table 6 Comparison of soil macroelements and other regions of Chinese prickly ash orchard

N soc/ TN/ AN/ TP/ AP/ 3CHk

[X 45, Region
(mg/g) (mg/g) (mg/kg) (mg/g) (mg/kg) References

W3 T RO 23 X N
EAAE T RATA X 16.84—34.66 3.33—6.07 49.51—119.52 1.10—2.15 5.11—15.32 AL
Karst dry and hot vally area
W& S0 VA P T el X
Karst peak cluster 76.78—116.05 4.29—6.23 331.49—505.49 1.15—1.47 3.92—10.91 [11]
depression area
% el o T L X
A E R . 9.24—55.74 0.70—3.20 72.82—280.00 0.16—0.63 1.35—9.83 [23]
Karst plateau mountain area
W ST A i [X
TP A X 13.37—28.22 1.62—2.83 103.48—177.38 0.51—0.94 3.58—15.33 [24]
Karst valley area
4% China 11.2 1.1 — 0.7 — [25]

— R BAHSCHR

3.2 B R R Y AR SR

AHIGE A T 25 A PPN AT T S R LU XOR [R) TR AR AEARUN TR 3 i R O, i P A
PR T T aRRAE 255 R, AU ARUMR b = SR B VA B A8 T 2 B M — 8 1 43 SR, A Ay s Vi A X AR T
RIS . 52 AERUR D+ 8T 2 4 = B S R RT REA  —2 h T IXCRU TE ELAi W  , WE 4k 850m LU A R
WA TG A S5, 900m DALk Hpoll RS T) 28 A5 AEAR Z P A FE M 4K 850m LA (14 it X, {H 2 35 470k 32
ST 55 30 1 50 H FAEARUTT S AR AN 2 A PR 252 M, AR R AR RSUMR b 199 575 73 U3 T AT B AR, 2835 45 B A Ik
T, S BRI AR AL FEUMK I - 398 b R e 5 0% XN 128 3 DLV PR 680—800m X 3 K, 3t A 1 S5 AT
BRAFWES B AV  BHERA XL, A B SAE A, R s =2 A 22
SERF , TR X Y G2 HEKGE , RIRIRRE R SR B AR AR A R T 3R 0 O s s DU T IR 4K
IR S P 2T S I G 45 Ry, 7658 5 2 ) 2 AR P R K o0 5 i (9 [R5 TR T 97 43 36 i A 1
WA, (HR B 38525028 5 (0 P A 3 R PR i A R 745 R X 26 2
BT - 8T (R 25 B RE RSOV SR AR T B E ST I N4, BB 4SO 3R 4008 42 P B B 2R SRl 48 T 5
o0 R SR L DX b Y FEURI FH R AR S AT
3.3 RHEEEDRGGIZNT S I

B R R A S R G AR SRR T RE A AR AR Y IS W e R R Y H AR IR T 1 R A
FAE B, AR SCWFST S5 SR B SR AU M - 48 I e DR 0 B AR T 2 R SR VA A b DX A RO A RN ASE B
K, ICHIZ R 550—800m X [H] 4347 )1z , Rl i 7R A L 45 7K SF- FR AR A 2 e L, HI1 B
B AR ) 3R ZOR I (R AU K TR 220 B Zn 0 R WA G Z 36 51 Zn XA R4S |
A TRIERHR ) TR ACABAE A 06 7 B F5 A ¥ de AR VR T R P F A 78 oc R R T s o
DR AEMU re S B, HI2 PR T T B 0 2 A AR, R A R B DX I R
1= BIRGEMIEIR FEAUS B 22 ANt A 0, L 5 N 11 3R XS 30 20 78 A B AR, PR N 7 v
FHA UL, 555 - HE R A5 0, 5 1 et Wi 2h K I 5 e G 3R 09 =2 0, HI3 3R 4 i 45
HHRBUIANG 2(h 0.43) , KEITTR S EA T HEAKE B2 TIEEREZY 10 em, BN 2 A 384505 o &=
PN T [R5 2 R D0 FH 3 8 2 AR SRE , MO 3% 00 &5 AE e A - R M Rg , 3 5 iy A P AR 2R
ifig, HJ4 WAL R SO T3 & RO, (HUR K T 3 7 il , FEABURE PR 2R 30 1 B 78 1%t 2% 0
AR, F 2 A AT RS A P AR IE S S5O U S 55 43 e 0 32 380 R 81 1 o o) 8 32 DX Bl ey AT LR 26 R L ], HIS
PR EITCE M B Mo SFLTHEH FCE &R e, 2R R A XL, S BOE AR AR/
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PRI 7 244 31 e 0 A 285 R 7 B R A8C%R

EMARTTE 2 X AR RO 7 b 2 PR P & e 2 R A K AT R AS DI R 45 ) L DA b S 25
FIREIR b 370 S BB, S BB IE I RE ) T [ | A BH PRBLSS , 2R 0 31 28 1 10k i AP AR B A A
BAGH ORI, FEiZ M X S PR Nt HAEARCL P A DLIC R e R AL R, $2 i 3 = it 45 Ok
SERIER , HR KGNS SR AS U 2 R R AR A ) R K G T S BOE AR R AR A s
K FIFR ISR A KOS R TR O B A BRR R R B A S P A A R PR 3R K AR B A MRl A 7=
(A AZCo TR R4 g VR R T 1) B B AR, R AR R ARG K Ay IR 2 R — 2 s S R
K B ARG S AR K ZEIKBE ST W5 TR AEAR AR /K HE AR5 20007, 4t 3 B TS AERUAE A 9 7K 70 FAE
B LE , iR AR R AL 7 5 1 SRR 4 1]

4 it

(1)5 MAEAN TR Y 18 pH (B 52 0 35 25 5 ) B VR A1 I 38 900 T s — R A 0y 228 A i %5 I HIS
{1 SOC TN AN EMA R E 5 T HI2—HJ4, TP 5 AP AYZS AL AR S ; B KB oo A, B i e Z A AR [ HEK
AEREUMR 3, 2 [] 22 AL AR AN B 2

(2) W T E Z (B 3R — 1 2 AR O, R OC R BT,

(3) B LA R0 HI5(2.16) >HJ3(0.43) >HJ4(0.19) >HJ1(-0.21) >HJ2(-2.60) , f= R AL RN
TR E T SRR

(4) e bW E AR i A T, B2 5 R LS KO PR Rk
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