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Effect of Elevation and Slope Direction on Soil Physical and Chemical Properties of Grassland in Yili Valley
Nijiati - Naihemaiti, Aikebaier - Yilahong " ,ZHANG Wen-tai et al
cultural University, Xinjiang Key Laboratory of Soil and Plant Ecological Process Autonomous Region, Urumqi , Xinjiang 830052)
Abstract
ples were collected at altitudes of 1 400-2 800 m of Zhaosu and Chabuchar county, Ili, Xinjiang ,were analyzed the effect of different altitude and
slope to properties of gassland soil. [ Result ] The TN of south slope (0.33-3.24 g/kg) increased with the increasing of the altitude from 1 400 to
2 000 m,and then decreased with increasing of the altitude from 2 200 to 2 800 m. Nitrate nitrogen( 1. 43-76. 33 mg/kg) and ammonium nitrogen
(22.84-110. 17 mg/kg) decreased with the increasing of altitude from 1 400 m to 2 800 m,and negative correlated with elevation. The TN of north
slope (0.08~-1. 13 g/kg) decreased with the increasing of altitude from 1 400 m to 2 800 m. Ammonium nitrogen ( 27. 96—132. 73 mg/kg) in-
creased with increasing of altitude from 1 400 m to 1 800 m,and then decreased with increasing of altitude from 2 000 m to 2 800 m. Nitrate nitro-

( College of Pratacultural and Environmental Science, Xinjiang Agri-

[ Objective | To study effect of elevation and slope direction on soil properties of grassland in Ili Valley. [ Method ] Grassland soil sam-

gen of north slope (0.73-13.8 mg/kg) increased with increasing of altitude from 1400 m to 2800. Except from the ammonium nitrogen at same
altitude and soil depth of north slope higher than south slope,the TN, nitrate nitrogen and other physical and chemical properties of south slope
were higher than north slope. According to the correlation analysis, in south slope the elevation was positively correlated withWC and TN, in north
slope the elevation was positively correlated with WC, bulk density and nitrate nitrogen. [ Conclusion]The study has certain theoretical signifi-
cance and practical guiding value for ecological protection, soil nitrogen cycle and restoration and reconstruction of degraded ecosystem inYili
grassland.

Key words Inorganic nitrogen; Altitude ;Soil layers ;Slope ;Soil physical properties
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1 #R5H% N
L1 WSRO GRS B AT (A B A | A
SAAR BN ) (B 1) . BIREAN TR AL 5% 58 F IR FRRER YR EAER
PN PG R, ST — I R A P E (80°08" ~ 81°30" E,43°09" ~ : P
43°15' N) , WA AHAESIR 2.0~2.5 °C B F/K i 500
~650 mm, H:H 60% 4 T 6—8 H, 428 & 1 000 mm /£ i

i BE ord VATe 021’ _ Q1943 017! . BB e ®
i, FHERE 1.0, 254 A /R B (80°31' ~ 81°43" E,43°17 " e 3

43°57" N) J& T K Bli v bl IR A T B A%, 4E KR
7.9 C AEFIEIKE 206 mm, 75 BRIEAR AL /K HLOR SR b
A3 1K 527 991.70 266 824. 53 hm® | &4 SRR itk & b
PR SEH,, LI 2CR] FH R SR PR R b s i o
IR AV BRAE T AS 24 1 5 | S S ) 2 B R b iR Ak, F9E X
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1 RRRRERDH

YRR ER 1, Fig.1 The distribution map of sampling points
x1 HMERYMEAR
Table 1 Introduction of sample plots

REEI Bk EER et P
Sampllng Vegetation (;cogrgphlcal Altitude Soil tvpes
points types coordinates Grassland/m P
TR HL R Desert grassland /LR Allium pallasii Murray. 43°11'46"N 1 400~ 1 700 Lyl R

FREL Ceratocarpus arenarius Linn. 81°7'38"E

AL Seriphidium transiliense

E 1 Draba nemorosa
MR ELJE Typical grassland EIE Erodium wilfordii Maxim., 42°44'10"N 1 700~2 200 FRAE R

WKEREL Chenopodium glaucum L. 81°3'98"E

ZERT Plantago asiatica L.

B ERE Fragria vesca L.

WFHI3 N Daucus carota

AN BE Iris tenuifolin Pall.

FNACHE Alchemilla japonica N& H.

HATE Artemisia sacrorum.

i3k FEFAEE Thalictrum simplex L.

T-1=& Achillea millefolium.

ST Carpesium abrotanoides 1.

VHEEESE Stipa glareosa P. Smirn.
i FEEIR Alpine grassland 1P BLLR# Seriphidium terrae Poljak. 43°36/22"N 2 200~2 800 SV e 1L -

i Draba nemorosa 81°01'78"E

B EL Carex moorcroftii Falc.
21 =0 Trifolium pretense L.
V&Y Koeleria cristata( 1) Pers.

AL Taraxacum mongolicum Hand.

1.2 EFSNEEES ST 2016 4F 7—8 Hii g A e KB AL
SCHK DR MR A B LB AN A I GPS R v 5
FB e AL IR 5 (A M) AR A A R BL (b ) Ml A
1 400~2 800 m % 200 m 5 & RAEMH , - 1) TR E 8 RAE
Hb, Hed7 48 i+ I, BRSO T AE - 40~ 60,
20~40.,0~20 em 253 HFREIFAIBRAE IR & A
BRAMIGIRS] B 4 060 1 kg ZAIRG LR AT
A% HF LG E XS, i 1.00(18 H) 0. 25 mm(60 H ) i
HATHEARIESME

T34 AR HTEIL G E RUE (H 3hEll G E AL K9840) il
SE 5 T HERAS RJUR FH B R Lb (0 0 a2 s S AR
Bl b ket
1.3 #HiEE B HHE R Microsoft Excel 2017 #1474

AR 2555 SPSS 20. 0 BEi 43 AT 3 (A R 4T AN [B] R F 3 0]
KRR EWHRINZE 7 2757 (ONE-WAY ANOVA) ,LSD
ZEIVEI T 22 7 B E 8T, Pearson #1256 REGEMAH
KHFZEPRFR, b3 %l ArcGIS
10. 2 #4758 I RIVERAE S A

2 #ER55H

2.1 BEREMEEMARENTIEBYEREETENE
M R 2~4 AT, R R S KR K pH Rl R
BREEMAE k.0 ~ 20 em 2B, 43 514 10. 89% ~ 33. 03%
0.53~1.61 g/cm®.6. 14~8.42;20~40 cm + 20}, 23 5K
11.2%~33.55% 0. 75~1.35 g/cm’ 6. 25~8.5;40~60 cm 1
JZF 5053 9. 17% ~41. 62% 0. 81~1. 4 g/cm’ 6. 72~8. 26,
e B+ S K i 25 H pH BV AR EE 9224k .0~ 20 cm
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FJEIF, 20500 10. 54% ~22.09% 1. 12~1. 48 g/em’ 5. 46~
8.55;20 ~ 40 ecm 1 JE BT, 435K 9. 32% ~ 22. 39% ,0. 91 ~
1.31 g/em’ (5. 12~8. 5;40 ~ 60 cm + 21}, 5354 6. 96% ~
22.66% .0.61~1.27 g/cm® 6. 15~8.55,

0~20 em /20 BREISEIR 1 4001 8002 200 m AbHE
Hb A3 E K B 3E /N T AR AN (P<0. 05) , HAR IR R+
Bt KR 2t W R FIbdi(P<0.05), Bk
1 400.2 000.2 400.2 600.2 800 m 4w + 37 B E /N T
e b ik b+ 5 o I B R Y PR
ik 14002 2002 800 m Ak 41 pH /N T3S, H
ARG 1 pH R RS

20~40 em 120 BREGHEEIL 1 800,2 000 m 4b 7t +

e K WE /DN TACHAN, Rk Sk SR Tt
Wi, TEMFHR 1 400~ 1 800 m Ah R 3 5 b 1 B85 B K b3,
TEIGR 2 000~2 800 m Abwg 3 Hodth + 75 5 W 3 /N T3,
MRS IR 1 400.2 200.2 800 m Ab 2l 13 pH /N T-Jb ik
Gb AR 3 pH BRI B R T,

40~60 cm )2, 7EHEE 1 800~2 200 m AL R+
Btk /N T AU AR B 1 3 5K S R
FERTALYE, MR 1 400~2 000 m Ab g3 A5 i+ 75
FRTFALYE K 2 200~2 800 m FHE B+ A /N TAL
Y, BREFHEFIR 14001 800.2 000.2 800 m Ak HEHE 44 pH
B NTALS AL AR b+ pH R R KT
i (P<0.05),

F2 FILEER 0~20 cm LB BN EREE D R
Table 2 Spatial variability of soil physical properties of south and north slope at 0—20 cm

Witk £ 7K Water content//% 257 Bulk density//g/cm3 pH
s o T T 1L T o
South slope North slope South slope North slope South slope North slope

1 400 10. 89+0. 38 aB 15.45+0.02 cA 1.2320. 12 beA 1.3320. 04 beA 7.82+0.01 ¢B 8.55+0.01 eA
1 600 12.50+£0. 35 abA 10. 54+0.01 aB 1.61+0. 11 cA 1.12+0.01 aB 8.42+0.00 dA 8.39+0.02 eA
1 800 13.97+0.43 bA 14. 14+0. 09 bA 1.35+0. 17 cA 1.17£0.02 aA 7.92+0.00 cA 7.51£0.03 cB
2 000 20.58+0. 15 cA 18.16+0. 15 dB 0. 86+0. 04 abB 1.48+0. 05 cA 8.30+0. 00 dA 5.46+0.03 aB
2200 12.49+0. 40 abB 17.93+0. 02 bA 1.25+0. 01 bcA 1.24+0.01 abA 6.99+0. 00 bB 8.47+0.00 eA
2 400 23.52+0.36 dA 13.83+0.03 bB 0.53+0.01 aB 1.3620. 03 beA 7.10+0. 06 bA 6.43+0.05 bB
2 600 29.98+0. 39 eA 14.14+0. 14 bB 0. 84+0.03 abB 1.35+0. 02 bcA 8.38+0.00 dA 8.06+0.04 dB
2 800 33.03+0. 03 fA 22.09+0. 11 eB 0. 82+0. 02 abB 1.13+0.02 aA 6.14+0. 18 aB 8.16+0.01 dA

TE : [RFUAS R ING R R AN [R5 e B B 2 1] 22 5+ .25 ( P<0. 05)

Notes: The different small letters in the same column represent the significant difference between soil physical properties of different altitudes (P<0.05)

#3 EdbiEM 20~40 em + B R ERERE S HIFIE
Table 3 Spatial variability of soil physical properties of south and north slope at 20-40 cm

Witk 7K Water content//% 2 Bulk density// &/ em® pH
o bk JU i Je b Jo
South slope North slope South slope North slope South slope North slope

1 400 11.20+0. 08 aA 9.32+0.02 aB 1.35+0.08 dA 0.91+0.03 aB 7.76+0.05 bB 8.48+0.02 fA
1 600 15.46+0. 38 bA 10. 04+0. 02 bB 1. 0620. 10 bedA 1. 05£0. 03 abcA 8.50+0. 00 eA 8.50+0. 01 fA
1 800 12.20+0. 12 aB 13.58+0.08 dA 1.1620. 02 bedA 1. 11+0. 07 abcA 8.23+0.02 dA 7.38+0.01 bB
2 000 11.58+0.24 aB 21.05+0. 05 fA 1.21+0. 03 cdA 1.31+0. 02 abcA 8.19+0.01 dA 5.12+0.01 aB
2 200 12.93+0.40 aA 11.83+0.03 cA 1.02+0. 08 abcA 1. 03+0. 08 abB 7.96+0.05 cB 8.44+0.01 fA
2 400 33.55+0.27 dA 17.44+0.02 B 0.75+0. 04 aB 1. 1920. 05 beA 7.65+0. 10 bA 6.28+0.01 bB
2 600 32.60+0.78 cdA 13.58+0. 08 dB 0.95+0. 02 abcA 1. 02+0. 01 abA 8.23+0.01 dA 7.24+0.01 ¢B
2 800 30. 76£0. 63 cA 22.39:0. 15 gB 0. 86x0. 03 abB 1. 11x0. 06 abcA 6.2520. 00 aB 8.05+0.01 eA

TE : RIS ING B AN R RS B B 0] 22 57 2 (P<0. 05)

Notes: The different small letters in the same column represent the significant difference between soil physical properties of different altitudes ( P<0.05)

4 mdLiE 40~60 com T ETIEEVEREE S HIFE
Table 4 Spatial variability of soil physical properties of south and north slope at 40—60 cm

Wil 477K Water content//% 2 Bulk density/g/cm® pH
Altitude [T eyt (3 eyt (13 eyt
South slope North slope South slope North slope South slope North slope

1 400 12.62+0. 82 bA 6.96+0. 04 aB 1.40+0. 04 eA 1.12+0. 01 bedB 8.02+0.01 dB 8.36+0.01 fA
1 600 16.03+0. 21 cA 9.01+0.01 bB 1.12+0.01 cdA 1.07+0. 03 beA 8.24+0.03 B 8.51+0.03 gA
1 800 9.30+0. 13 aB 12.53£0. 10 cA 1.35+0.02 eA 0.94+0. 04 bB 8.20+0. 03 eA 7.46+0.01 ¢B
2 000 9.17+0. 13 aB 22.66+0.05 gA 1.38+0.01 eA 1.27+0.03 dA 7.85+0.01 ¢B 8.03+0.05 eA
2200 13.45+0.25 bB 19. 18+0. 11 eA 0.98+0. 02 beB 1.23+0. 02 cdA 8.24+0.05 eA 7.70+0.01 dB
2 400 41.62+0.75 fA 18.00+0. 06 dB 0.81+0.01 aB 1. 10+0. 04 bedA 8.26+0.01 eA 6.15+0.01 aB
2 600 23.67+0.40 eA 22.09+0. 11 {B 0.90+0. 01 abB 1. 00+0. 05 bA 7.13+0.04 bA 7.13+0.01 bA
2 800 20.76x0. 19 dA 19.55+0. 17 B 1.26+0. 05 deA 0.61+0.04 aB 6.72+0.02 aB 7.96+0.01 eA

TE : [RIBAIRING “FB: 3R A RIEA R B B2 ) 2% 57 3% (P<0. 05)

Notes: The different small letters in the same column represent the significant difference between soil physical properties of different altitudes (P<0.05)
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Fig.2 Grassland soil total nitrogen of sunny and shady slope among different altitudes
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RTEE N, b3 S A 1 400~ 1 800 m fiff
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Fig.3 Grassland soil ammonium nitrogen of sunny and shady slope among different altitudes
2.4 BHRMFEEMNEHTEESAEETUAZN  H

& 4 AT%1,0~20.20~40.40~ 60 cm 2T, 7 bk 5 b+ 2R
AEAE 1400 ~2 800 m ¥4k Tt 1 b 35 A%, HL7E V84K
1 400 m &bt B0 & KAE 43 900 0 5. 21,2 73, 1. 49 mg/kg, £
2 800 m Kb B Ee /M, 430k 76. 33 (45, 44 21. 42 mg/kg,

AU B b SR AR UE 1400~ 2 800 m BV T 5 i b4,
HAEWEHR 1 400 m Ak 5 98 e /NE, 43 514 2. 46, 1. 43,
0.94 mg/ke, 7EWFHK 2 800 m &b ik B & KAH, 43514 13. 8,
11.48 .6.07 mg/kg, 452 T IEMASATENEH 1 400~2 600 m
SRR TS,
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Fig.4 Soil nitrate nitrogen content comparison of the different soil layers at the different altitudes

2.5 EREMTEANSERSEAERMOMEEE HmES
~7 0[51,0~20 em HJEM IHASR EAR AE ALY
VAR SR A DG, B BETRRER A o TR, B A A S R B
AN B2 R (P<0.01,r=-0.929"" —-0.936" "), &7k
SRR EAE(P<0.01,r=0.896" ") , RN B4k T i
BEFF, AR MESASEKEEEEAMIX(r=
-0.920"" r=-0.756"),5 pH. AHE EIEM K, 20~40 cm
TR0 R S ES A SRR B AE(r=-0.914"" |
r=-0.766") , 5P . pH &R A E G, I _Eikds

PRBEER TR T R, FKE S A E 2 HAHXE(P<0.01,r=
-0.862"° "), 5 E IEAH X (P<0.05,r=0.818" ), 5 pH,
AR ESAR SRR, AV &KE pH 217
R, HAHE 28 SR MEREIEMX, 40~60 cm 1
JEI R A LT B A R A U UM 5%, BRI 4R T
BN R (r=—-0.854"" r=-0.717" r=-0.711") , G HL
B E KSR, 55 HE, pH 2R AR HSALE
G, FKESAE pH 2R ESA SRR AU,
BASWHMAREETEMI(P<0.01,r=0.874"")

x5 EH0~20 om TEXHESRSEBELMERAERME

Table S The correlation of soil inorganic nitrogen and physical and chemical properties of south slope at soil depth 0—-20 cm

Wi H TR AL KR Faxiy £ A B EAA
Ttems Altitude SoM wC BD pH TN AN NN
FHHLFE SOM -0.220

oK WC 0.896" " -0. 461

ZH BD -0.724" 0.171 -0.761"

pH pH -0. 562 0.198 -0.368 0. 380

S5 TN 0.13 0.877"" -0.178 -0.135 0.054

BAH AN -0.929* 0.114 -0.920* 0.701 0.397 0.135

fiA% NN -0.936"* -0.010 -0.756" 0.724" 0. 498 0.382 0.830"

s« 43915 0.05 F1 0. 01 K A

Note: * and ™" represent 0.05 and 0.0l significance levels, respectively

F6 M 20~40 cm TERASRSELERKE X

Table 6 The correlation of soil inorganic nitrogen and physical and chemical properties of south slope at soil depth 20-40 cm

TiH R B oK Faxin ol EA HASA B A
Items Altitude SOM wC TN AN NN
AHLET SOM -0.057

TR WC 0.818" -0.359

25 BD -0.810" 0.015 -0.862" "

pH pH -0.577 0.589 -0. 474 0.417

2% TN -0.076 0.940" -0.375 0.108 0. 495

HASA AN -0.914™ " -0.05 -0. 696 0.632 0. 443 0. 049

fHAZ NN -0.766 " -0. 464 -0.527 0.775" 0.132 0.328 0.703

T R ARFEAR 0.05 F1 0. 01 KA

Note: # and “* represent 0. 05 and 0. 01 significance levels, respectively

2.6 ItWEMTEENSESENMERMEXE HES
~10 AJH1,0~20 em HJ20F IR S &K E AE AL
IEHE, 5SEPUR pH 24 SR LTS, R 5%
SRR T e N (r=-0.911"" r=-0.707" ),

FRA LTS pH AR R AR, KA R 2 IEHE, &
K SHAREIEMR(P<0.05,r=0.814" ) SR 54
REIEA &, BV KA 4 R W5 w2 % L F+H(P<0.01,r=
0.895" "), 20~40 cm +JZ0F R SH YL pH &5 5%
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BREOME, 5&KE AE MSALEML, &AM
“@%&ﬂ%ﬁﬁﬁ%ﬂk(mo 01,r=-0.881""), BILEYS

oK A EEARRIFEMHX, SAE MAAZR MK,
AHEY pH ﬁ*ﬁaé(mo 01,r=-0.869""), 5&/KEIE

A (P<0.05,r=0.776" ) , A SGEHESALIEHL(P<
0.01,r=0.856"" ), S AEMA K, 40~60 cm T2
A VRS Sk E S AR IEMHSE, 5SHEILR A5 HE pH. £

B RE AL, RISk E &R MR e T
Kﬂ(r:o 8127 r=-0.997""), BRAEVFSHSHAEAM
KA, HSHAAIR R IEAC, /K S5AE pH 24 &S
REAME, SIHEREZ LA, R4 20K & K &= 3 0 .

FETFME(P<0.05,r=-0.812" ), 2R S5%ESREIEHE,
5WARAEAMHX, FESHEESAEREAM KL (P<

0.01,r=—0.844"")

F7 B 40~60 cm TERHSRSENERKE X

Table 7 The correlation of soil inorganic nitrogen and physical and chemical properties of south slope at soil depth 40-60 cm

TiH R HHL5 oK Faxin ol £ BASA B A
Items Altitude SOM wC BD TN AN NN
FHLE SOM -0.052
ki we 0.534 -0.675
5 BD -0.516 0.457 -0.773*
pH pH -0. 699 0.487 -0. 090 -0.052
2% TN -0. 443 0.835" " -0.635 0. 504 0.462
HASA AN -0.717" 0.133 -0.218 0.284 0.516 0.071
TS NN -0.711" 0.132 -0.314 0. 508 0.222 0. 068 0.874* "

T F 43R 0.05 F 0. 01 /KB EAHAE

Note; # and “* represent 0. 05 and 0. 01 significance levels, respectively

#8 bl 0~20 cm TELHSRSELERAEXME
Table 8 The correlation of soil inorganic nitrogen and physical and chemical properties of north slope at soil depth 0—20 cm

WiH R EERIN Kt BE g AR THAS
Items Altitude SoM wC BD pH TN AN NN
AL SOM -0.675
KE WC 0.524 -0.482
Z5H BD 0.018 -0.284 0. 055
pH pH -0. 120 -0. 100 -0. 090 -0.673
2% TN -0.911** 0.795" -0.459 0. 006 -0.039
A AN -0.707" 0.875%* -0.329 0.012 -0. 184 0.895*
T A5 NN 0. 646 -0.332 0.814" -0.178 -0. 108 -0.613 -0. 440

T R 4301378 0.05 F 0. 01 /KRB

Note: * and “ " represent 0. 05 and 0. 01 significance levels, respectively

F9 el 20~40 cm TEXHSRSELMERHAEXE
Table 9 The correlation of soil inorganic nitrogen and physical and chemical properties of north slope at soil depth 20—40 cm

WiH K BT Bk Faxiy ol A B TEAA
Ttems Altitude SoM wC BD TN AN NN
HHLF SOM -0. 648
ks We 0. 664 -0.438
% H BD 0.293 -0.013 0.776*
pH pH -0.223 0.211 -0.631 -0.869"*
2% TN -0.881"" 0.849 " -0. 489 0. 004 0. 061
BASA AN -0. 556 0.763" -0.191 0.355 -0.281 0.856"*
AR NN 0.705 -0. 408 0. 486 -0.105 0.316 -0.673 -0.624

SRR R 'E%/T 0.05 1 0.01 KA

Note: * and ** represent 0.05 and 0.01 significance levels, respectively
3 itig
3.1 TEENSESEAMRELIEEETH MRR
A, - SEFR AL B e o B AV A I A SRR X
IR R ,0~20 em 12 HEHLE A SR L F
FFJZ(20~40 cm) FIVEJZ (40~ 60 cm) , i Tﬁ BRE

YRR ik, ek S i E OB T = AR
Vit 2 B O A LT, FE R BIE S P RIZ RS
M HLUREAL TSR R, RS TR AL S, (302 1
FIRJZ IR it FLBRBE R . RS Rk AL, oK
Witk 9 5 TR TS A, T P A R R AL AL , 5% K i -
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AR Fo Yl ey ST AL T 5 M, 1 3E SR AU R 69 R R 135

IR 0. P (P<0. 05) o J5 IR AT B 2, {0 i 44 Ak b
KA, E AR AR ORI RZ . F bk
AR - 39675 T - B IR R 0, )2 S R)2
FFF W (P<0.05) , PR 5K LA FAMIL(P>0.05),
JE R AT RE R )2 R R R R, IR AL R AL
R pH £ 1 400~2 000 m Bl 396350 d I m A, B2 5%

J2 43 pH 2553 5.3 (P>0.05) | i {E 2 200~2 800 m pH Fifi+-
SR TR IR T S 2540 (P<0. 05) |, JEUPRI AT RE 2 | i MR AL IR
JEAR, Ko7 /b R W B 5 /DN, BIAR 3R KGR T K 4
HFER D EH2RE L BRAERE LR BBk, 1
AAS TR AR A S B R 0 4 S AFAE

F10 b3 40~60 cm T ELHSRSENLERHE X

Table 10 The correlation of soil inorganic nitrogen and physical and chemical properties of north slope at soil depth 40—60 cm

TiH 5273 LT oK Faxis ol EA SR EASA
Items Altitude SOM wWC BD TN AN NN
FHHLF SOM -0.726"

FoKE WC 0.812" -0.704

ZH BD -0. 493 0.364 -0.012

pH pH -0.536 0. 637 -0. 446 -0.004

2% TN -0.997"* 0.731° -0.812" 0.473 0.586

EAE AN -0. 483 -0.104 -0.051 0.500 0.123 0. 478

A% NN 0.678 -0.287 0.322 -0.844° " 0.112 -0. 650 -0.632

T F1 43378 0.05 F 0. 01 /KB EAH

Note; # and ** represent 0.05 and 0. 01 significance levels , respectively
At 1400~ 1 800 m 757K 5 i - 1965 Thi IR I . 35 P AIK
(P<0.05) ,2 000~2 800 m 257K 52 il -t 385 i IR iy k. 2 38
J(P<0.05) , Ji X AT RE 2 B 3 1 w9 o /0 551 5 AR Sk Ak
TR, LA ZE R, i = R AR B, 3K 378k
55, TIEAELEER 1 400~2 800 m Fif I35 N L
Th, R AT e R R R YR R L IR LR A 2
JE, EHERONEIS . b3k pH e iR kAL, RS
JKJZ pH 27 8.3 (P<0.05), 12 5K )2 pH ML (P>
0.05) , JR R AT B2, Jbspe s dR - 1 Eok bl + 2 R R
TR, Sk R A pH AR, MLl W, 7E R
FL I LS A S Y bR S 220 B AR B s IR
P b, EOCURAE FE SR 5 RhARAR 1 b A e A
FEPE RO L X 3 438 b T e 2% 1 P 3 A ) v

BRI -3 E AT IT A SR — 2
3.2 TERNSESYEERGEREETL KNS
ST T AR FLAIR B X 1Ly b - 3 i 3l B o M AL 2R
M DX A8 L R AR R 5 B S, BB T i S A TR B AR
FEAE AT D5 S5 B9 1 IR TT VA A2 B U bR 4 S L R 5
TR EE (R 22, U R e B BB B AR 2
H AT, 3T RS W3 25 (] 5 T P 58 KB 4
TR A R 3 AT RIS e DLARGE iR A
SRR P A i+ 38 [F]— + 2R R, BR 2 A IR
Thm 25T R S A E AN, SR A E B R T S T
W, SR SN W U G (P<0.01) AT AT BB 2 Pl
VR v P U B AR, 3K B B 1 i i - e <M A
25 IR AR 2R 0 K 3k o i i A B A A 3 S i
TGS [BE -3 T i WA IR 5 o Ak B
TALE B, At a3 W] — )2 BB, 2 A gk
R AL B3 00 L, 5 A R vk Ak B T
TR IR, H 5k A i 2 TR 5 (P<0. 05) , iX T RS2 bk
PRI AL KR 35 pH D, 3056 SRR Bk 2R

K, MR 2 5087 U AN REH i B o e Ak AL LS AL
TR AL IR BE AR, 25 S 20, - S35 s T AR s 2 45 JB K
TR R R

P IR T K S TR SR B ARG (P
<0.01) , RIVBEHR T e 1 b T, 3 1 B O B AR BE R T
B TS R, BB T R RS, 45K 5 28 R o
B, SRR B OC(P<0.05) A H 5 EKE
SR S A OE (P<0. 01) , 3 1T B2 BE VAR T i i R AR,
YIRS D FYIR RZARE R A HER)Z K38, + 45
FLEBRBERRAIC, sl A A0l - e F N I, B e R
W PR GE S, pH BRI T S i D , HAS R
SEUAHOC, X AT B IR O R Sy Bl T AR T e 4
RIABA AR AN ) - SRR R A i AR TR) ., b - e
e, S K SR S EARSE , Bl T i T, X AT
REARERAT AT /R EL R R A 0 reg 4 Ak PR3 AT 438K
Gy 7R R AR AL TS TR RE R AR Ky,
B T SR ORI DG, BB T PR T o A ARG, X AT RE
W6 B T v - e T R B 25 A, 3R 2 AR R AR
A R A R Z AW, - L B R AR SRR 5 R A
LT AR B B L BRI S A B AR K e
BT SRR AN, HoR A Fahn 8 5 — R 4 S RRAE, b3
PR BEASR O KR B SRR, R4 fatn s
MR RRIE, m b A TS A W M I
Wi A P e EL AR A ELAT 25 5 U LR A S R T AR ARARAE
FHIZ , 33 W] BEFA 3 EL AN SR A7 A R B[ i B i /T A
W SEERBAIEA G, X G REEE K E ILF
SRR, XBFR R X a1t ) 4 39 B L 25
XoF B Ly Ly A 39 A A A 4 R — 3
4 Zig

Werm) Mgk | R IR R AT M R T T A R A 5
WK, 0~20 .20~40 40~60 cm T 20, B SS A SEA
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RAEMFHR 1 400~2 800 BfFH& Ty i k3% F 4 (P<0.05) , 5
TP B AR (P<0.05) . FE3E 0~20.20~40 cm £2+
B Ktk B AR T 5 T N (r=0.896" " .r=0.818"),
REHEESAMBESRASTEKEER ERMHL(r=
-0.920"" r=-0.756" ) , KZE L EKEN TOHSREE 5
ARRAE R SEM R T JICJ2E . R Rl 3 o K
O AL T LA AR REAE 1 52 B

eIk A SASAAE 1400~ 1 800 m BEWEIR THE T ETF,
HJS7E 2 000~2 800 m Fifivig4& 1= 1Ml i 25 T B ( P<0. 05) , 3F
FE 0~20 em + )20, 4R A RS 14K 5 0 0 3 A oG
(r=-0.911"" r=-0.707") , AU S 2A ESAL BEIE
FAX(r=0.795" r=0.875""), JCHAHASALEMEIK 1400~
2 800 m FifEEHR T 55 I 8 I, 550 4K 2 TE AR G B B b 1
e ER M O TCHLAS R TR AR R R R B
B ik
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