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7520, W98 TR R O 200t H e mn b 2= PR i sg e, S5 R R, S 28 O] - b O =0 F R btk 2 =
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The effect of different land use patterns on soil properties in alpine areas of

eastern Qilian Mountains

ZHAO Jinmei' , ZHANG Degang’, LIU Changzhong” " ,XU Changlin’

1 College of Forestry, Gansu Agricultural University, Lanzhou 730070, China
2 College of Grassland Science, Gansu Agricultural University, Lanzhou 730070, China

Abstract: The patterns of using land are comprehensive reflection of human being activities on soil, and it is the main
reason that provoking the change of global environment and an essential part of the constantly changing global environment
as well. Land use patterns have the most profound and direct influence on natural and ecological processes, which including
the influence on soil nutrient, soil moisture, soil erosion and land productivity. The present work was performed in the
eastern Qilian Mountains, which is characterized by high altitude, important daily temperature variations with sparse air,
strong radiation and low temperature. And it belongs to the typical alpine areas characterized by weak and sensitive
environment. Therefore, the mainly objectives of this study reported herein was focused on the effect of different land use
patterns on soil properties in alpine areas of eastern Qilian Mountains, and so to improve the region’s rational land
utilization and ecological restoration. In this research, four land use patterns were selected in the experimental area, which
are nature grassland, naturally restored abandoned cropland, slope cropland and sown grassland. The results showed that
different patterns of using land in the alpine region leaded to significant difference on soil property. (D The following part is
the soil moisture content under different land use patterns, the orders are from more to less: nature grassland, sown

grassland, naturally restored abandoned cropland, and slope cropland; @ As to the soil bulk density, naturally restored
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abandoned cropland was the highest, followed by sown grassland, the third was slope cropland, and the lowest was nature
grassland ;@) The soil compaction was in the order of slope cropland > sown grassland > naturally restored abandoned
cropland > nature grassland; @ the total porosity of the four pattern used land that can be organized in the order from high
to low can be described as follows, nature grassland >sown grassland > naturally restored abandoned cropland > slope
cropland. The organic matter content of natural grassland was 116.438 g/kg, significantly higher than the other land use
patterns ( P<0.05) and that of naturally grass—restored cropland was 28. 541 g/kg, which was significantly lower than the
other patterns( P<0.05). The natural grassland had the highest total N content and available nutrients of N, P and K,
while slope cropland had the maximum contents of total P, K. under different land use patterns. The soil property changes
in the study area which indicates that natural grassland had a better function in helping maintain the good soil physical and
chemical properties, and also its soil characteristics were distinctly different from those of slope cropland and sown grassland
which present the worse soil physical properties and lower nutrients. Restored cropland that had been abandoned 4 years
only had soil compaction. Meanwhile, the N content had improved during those days. However, the other properties were
still poor. These phenomena show that the soil ecosystem which has been serious damaged is quite difficult to get recovery in

alpine areas, and it needs a much longer time to recover.

Key Words: soil properties;land use patterns;alpine areas;eastern Qilian Mountains

bR R NS P A b A5 G 2 1 25 A Rt R 5 A R A 45 AR Ak 1 B A S 4 R
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AT SE DA T 75 0 e S AR Gk B AR 1L AR B, Ja T B 1) v FE A A5 B, AR PR G 55 T AR . T 4F R
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P DAL TR LI AR B 9 AL 4 9 i T 4% (102°407—102°47'E,37°11'—37°14'N) , ¥4k 2900—4300 m,,
X APt M e S 2 XU, AR FER NG, ARSI -0. 1 C, P iR -18.3 C (1 H) @il 12.7 C
(7 H),>0 CHRUR 1380 °C ;4F H BRET4L 2600 h; FEW 2 AHIE W , 49 T 7.8 .9 H ;K E 416 mm, 43
ZER 1592 mm , N [EIK Y 3.8 A% KRR, SRS, T X ToRa i, A% FAH 2 5 DX + 2 B0, J5
29 40—80 cm, -3 M AT FE [ 2 g LU Ry S g LU ) I g LR AT ST v L S S e L R A
i+, m LA £
1.2 X

AR DX 1Y T2 At A A Ry RS Ak [) I A 78007 SEHF IR B3 B8 S AR — B s A0 T, e i IR B A
SRVK S M ( Naturally Restored Abandoned Cropland , fij#X NRAC) 3% #k#h ( Slope Cropland, fij#% SC) . A T 5}
(Sown Grassland , faj#% SG) FIKIRFLHY ( Nature Grassland, i FK NG ) %5 4 Fp 4 3 A FH 7 2CRE L HEF 7 0F 5T, RE b
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Table 1 General information of the sample plots

W R TE /%

A IS

Land used ik Helel B (%) Total vegetation EIRAIFIARBE
B Altitude/m Aspect Slope 8 Land use patterns
patterns coverage
NRAC 2911 P38t 20° 54 IR BEE S R B AR KSR 4 a
sC 2911 FH 3% 16° 92 P4 S A AR —ate e
. TE R RS AP AR50 RO BOR B
SG 2911 FH3 17 87 T T4 2
\f-:——:ﬂ%: YL T SR
NG 2024 Wi g0 97 S FE R I R R, 3 B CHE AR R

X UCRTE 4.8 h/hm? A
NRAC . iIB#} [ 2R &5 Naturally Restored Abandoned Cropland; SC: Ik Slope Cropland;SC;)\IﬁﬂE Sown Grassland; NG PN AN

Nature Grassland

1.3 FESBREE Kb

T°2009 410 H XA [EREH A Bl oR A R IEAE S BAESES) 0—10 em (10—20 em F120—30 em3 J2, &2
3 WHES X R —FE MR A [A] — )2 - FEAE L BRI AR R A S 78IRS BUR A A 1 B AT
AT [ S5 FE AT W BRI 2 MR A I oA, RIS ESR AR RN 100 em® AR )0 2 5 458 B 50 B
TISD-750 #3438 B8 S B A FEAE M N 3 S AU BRZ I | B — T R B D8 10 K, W VR EE 43901 0—10 em
10—20 cm F120—30 em, 33} 3 )2 R R S R HBILICE AL ; 205 ok 2 A AL mla - B b b o
B A R O C R A LT B o SR E S R 5 T8 P % e I SR P i R M 5 40 K 7 3t U
FE R A RE 1 5 R N 25 0 58 SR FH B 1k
1.4 Zitadr

FIHH Excel F1 SPSS13. 0 B X B AT G 04 . SR HHERIRI 2R U 22 43 AN ) B b A1) T =00t 4= 834k
PER B, 22 S F2 B ] Ducan 28 Fui, A HAEMRIR Z 0] 1 56 22 R H o0 A8 s AH A0 #r
2 BER55H
2.1 HHEY R AR AL
2.1.1 +HHOKMEREEL

R 2 RN, 52 AN () - R 7 SR s e, 388K & AR/ 17.72% (SC) 22 4B B B K 22.01% (NG)
BN 19.49% ; 5 FHMNF/N0.79 ¢/cm’ (NG) AL E| R K 1. 12 g/em’ (NRAC) #4117 29.46% , 7E20—30 cm
A+ 2 - A FH 7 20 S K B TE S R 7E 0—10 em A1 10—20 em +J2 NG 5 Hifth 4 F) 1 7 =8 4% 5

xR2 ARELHFIAEBLESKENMTERR

Table 2 Variation of soil water content and bulk density under different land use patterns

= T okl % FH/ (g/en)
Soil layer/cm Land use patterns Soil water content Bulk density

0—10 NRAC 20.521+0.692b 1.090+0. 006a
SC 19.821+0.349b 0.973+0.003¢
SG 20.805+0.061ab 1.018+0.001b
NG 23.572x1.812a 0.746+0.004d
10—20 NRAC 18.565+0.097¢ 1.091+0.001a
SC 19.480+0.276bc 0.977+0.002¢
SG 19.926+0.435bc 1.059+0.004b
NG 23.379+1.965a 0.797+0.012d
20—30 NRAC 16.599+0.211a 1.132+0.002a
SC 15.487+0.534a 1.082+0.005h

SG 19.189+0.192a 1.107+0.002ab
NG 20.305+1.623a 0.799+0.031¢

[REIF BT A [E NG FhERRTE 5% K- 255 B3 (P<0.05)
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KEZEFEE(P<0.05) ,/H SC Fl SG LB FEER(P<0.05) , TIEAFERLE 20—30 cm 12 NRAC 1 SG 2
B8] TG i 5 22 54N (P<0.05) , AR TR E R X B AR B A — 2 B E 225 (P<0.05)
2.1.2 HHEESEAML BNRAC  ESC £SG

S 2 S - IR M ﬁg%gé N .
SEOGPIEEZ . LT AT, SSRICE R I X E T gy %i;ﬁ; 3
VR RN TTERT R A AR R Rz B 252t Wiy N\
LHER TR SC>SCNRACSNG, R IR % 34 1 W7
77 2 RS TG % 25 5 (P<0.05) , B UL+ R WM T e |
UESSTIENESR T 28 s 2L ENE e Sottlayeriem
2.1.3  TEEfLBREAZE L E1 FE AR RE RN

STl b R 2 20+ 33 R AL PR B B IR AU Fig. 1 Variation of soil compaction under different land use
AW B A FLBR AR B AT FLBRRE R E patterns
AL TCH] B (K 3) o MALERE S NG>SC>SG>NRAC; 77 22 70 M 26 W A FLBR £ 0—10 em, 10—20
em + 2 R[R] - HUF] R R 22 5 B2 (P<0.05) , ANt HF] S B B A4S FLER A NG>SC>SG>NRAC; IEBEfL
B NG>SC>NRAC>SG s A[FF A2 BAEFLIAIE B E LA B E 2 % (P<0.05)

®3 FREILHF AR T IEFLRRIKR
Table 3 The soil bulk density and porosity under different land use patterns

+JZ A 2R BALBR % TEILE % BB %
Soil layer/cm Land use patterns Total porosity Capillary porosity Non-capillary porosity
0—10 NRAC 57.971+0.208a 51.418=+0.876a 6.55+0.711ab
SC 61.839+0.093b 56.353+1.103b 5.393+1.088a
SG 60.352+0.017¢ 54.45+0.863ab 5.900+0. 855a
NG 69.350+0.621d 60.291+0.909¢ 9.059+0. 668b
10—20 NRAC 57.937+0.030a 56.846+0. 588a 1.091+0.590a
SC 61.719+0.074b 57.96+1.481ab 3.756+1.521a
SG 59.005+1.264c 55.593+0.583a 3.41120.710a
NG 67.645+0.425d 60.06+0.962b 7.585+1.079b
20—30 NRAC 56.594+0.067a 52.992+1.29%4a 3.60x1.246ab
SC 58.261+0. 166a 52.546+0.801a 5.715+0.770b
SG 57.433+0.059a 55.939+0.404b 1.495+0.432a
NG 67.594+1.024b 66.31120.001c 2.22420.405a

) — RS2 bR AN R B FORAE 5% KF 225 .3 (P<0.05)

2.2 3 eEbE AR
2.2.1 HIEFHUEEEAL

BNG

NI 2 Bt AR L ATUUR G R LR 2 00
RERORINTT & R, Jhh sc BE R A LR AR S5 0]
TRETRE R (13.44% ) ,NRAC IR Z (12.65% ) ,SC H %g Zgg
LT & T REIRIE T4 8.32% /NF NRAC;NG L 2 50
JoT B i T R R e /N, A 1.29% 7R [A] = A 0 ' '
JrAE NG AL & i fesr , R T8 A DL & 12 Soil layer/cm
FUIIRE s NRAC A HILBT & 5 5%, A HILBT & &2 i & [ B2 AE iR R SRS

8T 75.49% ;SC Fil SG +HEA HLF & E AL F NG F1 Fig. 2 Variation of soil organic matter under different land
NRAC ZZ[d],1H SC 1 SG B T 15.35% , 4 25+ ] use patterns

Fr X GEA LR 225 5 .35 (P<0.05) , R -1

R 200 A LT & A i 5,

http ; //www. ecologica. cn



2
He

552 *+ Eild 32 %

2.2.2 13N P KZERHE

(1) 184/ N P K 750 5 m28fk

MORTE] LA H 7 T R RS E2 R E , 2 LA H 7 X maf s X L34 5 N P K 5
Sy 7E 1.901—5. 037 g/kg 0. 635—0.694 g/kg F119. 108—22. 684 g/kg Z [ L (F4), TIEEN FH
NG 5K, SC /N, G E HTHE N T 57.75% ;4 K i K& SC,NG /), 5 & HTHE FRET 15.77% 5
4 P Ea i K SCONRAC B/, JFH LRI H FRET 8.55% , Seit bl , £ R Iy U £ 4584 N A
4K RPN DE SR A B 2% 5 (P<0.01) ; 194 P & 8RR 2 18] 2% 58 13 (P<0.05) |
Vi W7 1 3 X - s R O 2% 384 N R4 KA BB X 354 P & 8N 2

®4 TRELTHMFIALETESLE NP KEL

Table 4 Variation of total soil nitrogen, total phosphorus and total kalium under different land use patterns

+2 R PR 2N/ (g/kg) 2P/ (g/kg) K/ (g/kg)
Soil layer/cem land use patterns Total nitrogen Total phosphorus Total kalium
0—10 NRAC 2.228+0.012Bbe 0.623+0.075Aa 24.508+0.722Aa
SC 2.170+0. 009Bc 0.718+0.004Aa 23.780+0.497Aab
SG 2.306+0.037Bb 0.694+0.001Aa 22.147+0.029ABbc
NG 5.494+0.038Aa 0.697+0.006Aa 21.085+0.056Bc
10—20 NRAC 2.056+0.025Cc 0.650+0.054Aa 22.547+1.514ABb
SC 2.038+0.029Cc 0.693+0.002Aa 21.913+0.087Bbc
SG 2.300+0.074Bb 0.683+0.010Aa 21.312+0.792Bbe
NG 5.243+0.015Aa 0.682+0.031Aa 19.638+0.425Bc
20—30 NRAC 2.101+0.203Bb 0.632+0.027Aa 18.281+0.634BCc
SC 1.494+0.079Cc 0.672+0.010Aa 22.359+0.386Aab
SG 2.289+0.002Bb 0.659+0.008Aa 21.718+0.409ABb
NG 4.374+0.026Aa 0.607+0.042Aa 16.600+1.557Cc

[f]— 1 )J2ARE AR K E FREF R 1% K F 2257832 ( P<0.01) , ARV/ING FRERIRIE 5% KF 255 8% ( P<0.05)

(2) BHEEM N P K Fo0 & a2k

7E MR 7 AR T, BA N P K F i 4 BITE 73. 099—217. 565 mg/kg.1.202—1. 955 mg/kg Al
343.761—532.527 mg/kg Z IR0 (FK 5) . NG HIEHE N P K & i 350 T H A - o A AL I N
IR SC; K P AN E SG;NRAC HHEREAL K & s i ik, XHAH ] £ )2 [RIAS [R] 4= A H Oy =X
() AL N P K & ST 22 50 B Al 1 AS ()R R 2 R 2 ) 3 A A 0 3 25 57 (P<0.01)

®5 AELMFIALE T EEYLNPKEL

Table 5 Variation of soil available nitrogen, available phosphorus and available kalium under different land use patterns

+ )2 + b 2 AL N/ (mg/kg) AL P/ (mg/kg) B K/ (mg/kg)
Soil layer/cem land use patterns Available Nitrogen Available Phosphorus Available kalium
0—10 NRAC 89.472+2.145Bb 1.792+0.305Aab 371.606+8. 448Dd
SC 87.863+0.581Bb 1.869+0. 104 Aab 442.790+0. 642Cc
SG 117.137+2.339ABb 1.652+0.049Ab 475.479+8.292Bb
NG 215.711+6.006Aa 2.212+0.010Aa 576.196+4.388Aa
10—20 NRAC 84.490+1.303Cc 1.526+0.041Bb 345.603+1.570Cd
SC 75.786+1.327Dd 1.159+0.062Cc 372.804+8. 742BCed
SG 99.740+2. 185Bb 1.069+0.059Cc 416.227+7.364Bb
NG 241.077+0.971Aa 2.651+0.095Aa 527.235+1.353Aa
20—30 NRAC 75.974+5.879Bc 0.946+0.009Aa 314.075+1.184Dd
SC 55.649+1.837Cd 0.579+0.009Cec 355.664+7.9192Cc
SG 93.963+2. 606Bb 0.787+0.028Bb 374.602+8.211BCe
NG 195.907+5.552Aa 1.002+0.029Aa 494.151+8.094Aa

[6]— 1 J2ARE R R E FREFARTE 1% KT 255 8.3 ( P<0.01) , AAl/INE FREFRTE 5% KT 2% B3 ( P<0.05)

2.3 IR A AR
XHIFTE X S BRI 2k B A AR M AT 4 SRR I (3R 6) | BR LS K 5 4 K AR e | R
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