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Soil quality evolvement of farming-withdrawn grassland in hilly and gully loess

regions
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of Sciences , 100049, China) . Acta Ecologica Sinica ,2006,26(3) :690 - 696.

Abstract: It is one of the most important roles of soil in hilly and gully loess regions to reduce or control soil and water loss. The
soil samples were taken from 0 ~ 50 c¢m soil at an interval of 10 cm in permanent grassland, 20-year, 8-year and 3-year farming-
withdrawn grasslands, 3-year artificial grassland and farmland ( Control) . Twelve representative soil parameters were chosen to
screen the main factors affecting soil quality by factor analysis, and therewith analyze the soil quality evolvement of grassland. The
results showed that, soil quality mainly depended on the factors concerned with soil humus, water and soil conservation and soil
mechanics. Permanent grassland showed the best humus conditions in 0 ~ 10 cm soil and its soil upper layers were better than its
lower layers in humus conditions. Compared with farmland, farming-withdrawn grasslands presented greatly increased soil humus,
especially in 0 ~ 10 c¢m soil. 3-year farming-withdrawn grassland had better humus conditions in the soil layer spanning from 20 to
50 cm than the other farming-withdrawn grasslands. Grasslands clearly got their soil- and water- conserving capability improved,
and the improvement in their water- and soil-conserving capability become weak with increased soil depth. The longer the
grasslands were withdrawn from farming, the better they conserved soil and water. Farmland showed the poorest mechanical soil

properties in 0 ~ 10cm soil and this was mainly because soil tillage damaged soil cohesion. Because of its loose soil conditions,
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permanent grassland presented poorer mechanical properties than farming-withdrawn grasslands did.

Permanent and 20-year farming-withdrawn grassland showed the ablest soil quality in 0 ~ 10 ¢m soil among the various lands,
and their soil quality declined with soil depth. Farmland showed the poorest soil quality in the soil layer spanning from 40 to 50 em
and O to 10 cm, but the reasons for the poorest soil quality differed between them, the former poor quality resulting from poor
humus conditions and the latter being caused b).' poor soil and water conservation and poor soil mechanical properties. 3-year
farmingwithdrawn land presented slightly different qualities among different soil layer. Both farming-withdrawn and artificial
grasslands got notably improved in soil quality, especially in 0 ~ 20 cm soil. Soil quality of farming-withdrawn grasslands got
improved in 0 ~ 10 cm soil layer as the farming-withdrawing period continued. Under the same farming-withdrawing period (3
years) , farming-withdrawn grasslands presented better soil quality than artificial grassland, but the latter capability of soil and
water conservation was notably superior to the former’s. This suggested that it should be an effective approach of controlling water
and soil losses in the regions to construct artificial grasslands.

Key words:soil quality;soil and water conservation; farming-withdrawn grassland;factor analysis; hilly and gully loess region
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1 MHEE5AZE
1.1 TFREHEA

R EETERFREEK T RFESH ATELERPR, RARNMNEFRERWEER, B
1068 ~ 1039m, [X 4 4E B 518 8 .8°C , 4E N M IR BT & 552.68k)/em’ , BELHMBT R S41mm, THNESH L B
RERVBRBHBEREER, RAFHEB D 2HBIR,

1.2 e

MERM A EE AR B A FEHEREHUARSRUITEA TS, USRI RCR
Do B HHBNREIFHE 10em BUE, LB S B BHATHERNE,

1.3 HEURNEIREFESNE

HMAREKLREFERESAUR DR EEDEE, R PR RER L H a0 — W MBI, B3R
BTREBTREMEENEE, WL RBEEAR A A URS LR R B R A XN RE
Coaglno-isl 4 1) AN EASSIAIAE PR (3 2), MBI 4 T M AT K A0 £ R R AT IR, 36k — 2 0 B R R
B+ R BN EENE,

(1) DESE IRFERARIENE., KBEABRELS > Som.S5 ~ 2m0m 2 ~ Imm,1 ~ 0.5mm 7 0.5



http://www.cqvip.com

hooo http:llwww.cqo

692 £ 5 2 B 26 %

~0.25mm % 5 NMER , RARHEK Yoder W E . FHABRHEREFMEKBUEARERULRET M
ARETRBHFHE.

B1 WAREHSE
Table 1 The characteristics of the studied sample lands
RURS  mg PR 58 Dominant o HE ) mE HE(%)
Code Land use srming ominart Spocies Slope gradient Aspect Coverage
drawn years
UGF T M KA Forever WA, giraldii AT A. gmelinii K= Stipa bungeana 35 N 90
VG20 Py 20 BT & -A.gme-linii\ &= E Stipa bungeana . ¥ B F 29 NE 6070
Lespedeza inschanica
ucs o4 1 g ﬁﬁvﬁ-/vi,vgnwlinii\ﬁ%ﬁ Artemisia capillaris . ¥ & B 29 NE 15
Setaria viridis
UG3 Tk B A 3 BBk # Artemisia capillaris JBH Setaria viridis 29 NE 20~ 25
c it - BT Mille 20 NE —
AG3 AT HH 3 WHTHE Astragalus adsurgens 33 NE 85

4% B H- Uncultivated grassland; F¢#i-Farmland; A T Hb.Artificial grassland

2) EYhEnt tRBEFRYRFECRE . BEE R AR E R, IR ARE SR
g E R . SRAEHBFRENE.
' (3) HirkpEgE iiﬁﬁﬁﬁWﬁ@]%%ﬁﬁﬁﬁi#ﬁﬂﬁ&ﬂﬁ?ﬂ]%“”

(4) BEMRE LHOABHBRAXEEEMERNE" , FRE RN KERER 10CE4TH
BERY K,

(5) FBYMERE THMMHYRE S, IAENMRABRSRETENE, LMHNERS C %'JFHBQ WIESE:3

EHEATHIG AT .
®2 RIEMHERXTNERLREER
Table 2 Determined soil indexes of soil quality in hilly and gully loess region

Y8R Physical index H M1k 2 4T Biotical and chemical index HE Other index
4 ® BD Bulk density (X,) Ji% 74 i HS Humic substence ( Xg) LM AC Anti-scourability ( X,)
>0.25mm 7KE8 P A 4 & WSA L . ) .
Wator stable aggregate of > 0.25mm ( X;) B8 BR HA Humic acid (X,) B &R Y K, Infiltration coefficient ( X;)
KAKEARGELHFEREER DCP o .
Average weight diameter of aggregate ( X, ) EHERE FA Fulvic acid ( X;p) HLBY IR PE S, Shearing strength ( X,)

A AL OM Organic matter ( X,,) %% 1 C, Cohesion ( X5)

2% TN Total N (X);)

2 GRESH

2.1 TRBEEFMIEFRITE

2.1.1 tMEBRVUERHOETHN BF ILGEVEMRESRKTHEIANET, LEHATRE 60%
EAE(F3).

23 IWMERBTFAFHTERR
Table 3 Total variance explained in factor analysis of soil quality

VIR A R AR AT BE B AT BT B F

AT Extraction sums of squared loadings Rotation sums of squared loadings
Component LSRN AEkE Rit AWk E FFIEE g 8 S it T FE
Total of variance (%) Cumulative (%) Total of variance (% ) Cumnulative (% )
1 7.307 60.889 60.889 5,395 44,961 44,961
2 1.727 14.395 . 75.284 2.766 23.048 68.010
3 0.995 8.292 83.576 1.525 12,712 80.722
4

0.869 7.244 90.82 1.212 10.098 90.820
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AT R 2 TBRRIE 90.82% , BLAARA 4 MU T E FAURBE L BEHFHR BT
F890%LE,

B X, X, M X, 84550, RERERMIERBEHESS% U L (F4), HBZ 4 M EFARNEEA 2o K B
MUERHSER, T ARRFHARELIBOERER,

EARKBERFEROER L, RAFTERKENBFEATEXRE TR MNTEEFHEFREAE
MR R E L,

%4 THERGFINIAATHELAXBARGEERNETFHR i
Table 4 Extraction and rotated component matrix in factor analysis of soil quality

fEinAE R H F 7 # Component loading WE¥ /5 H F AT Rotated component loading E- 450 5
Index 1 2 3 4 1 2 3 4 Communalities( % )

BD (X,) -0.141 0.512 0.795 0.051 -0.105 0.034 0.067 0.949 91.7
AC (X) 0.819 -0.054 -0.062 0.221 0.564 0.620 -0.009 -0.150 72.6

Ko (X3) 0.863 0.098 -0.079 0.360 0.556 0.739 0.158 -0.098 89.0

81 (Xq) -0.096 0.766 -0.490 0.350 -0.103 0.075 0.970 -0.048 95.9 j
Co(Xs) -0.149 0.899 0.020 -0.176 0.117 -0.319 0.713 0.489 86.2 £
WSA(X,) 0.830 -0.114 0.219 0.243 0.535 0.695 -0.190 0.059 80.9
DCP (X;) 0.752 -0.081 0.202 0.482 0.353 0.842 -0.092 0.055 84.5 . t
HS (Xg) 0.973 0.064 - 0.068 -0.195 0.930 0.349 -0.015 -0.085 99.3 :
HA (X,) 0.952 0.058 -0.063 -0.252 0.940 0.292 -0.035 ~0.080 . 97.6

FA (Xyp) 0.919 0.134 0.090 -0.259 0.920 0.284 -0.044 0.093 93.7

OM (Xy) 0.973 0.065 -0.067 -0.195 0.930 0.349 -0.015 - 0,085 9.4
TN (X)2) 0.972 0.093 -0.039 -0.190 0.929 0.354 -0.003 - 0.046 99.0

2.1.2 THEEBAXEFHIR BEFI1OTEARER 4.963% , ZLHEFHLTFHREENMA(EI).
BF1XESSTHER X, A8® X, ZHR X, BHE X, I8 X, X5 M ERNERER, BI1ER
F 1 EBEA KK 0.8649.0.8836,0.8464,0.8649 1 0.8630(F 4), BF 1 FER BT HRAEY P,
A REERY R T REENER,CARIBEF 1 REBEREF(F,).

BF2HHEREKEN 23.046% (R 3), EXESEFTHREPHRRERZ X, BERE X, X T
0.25mm ARET &8 X, PP X, NERFR(RS) . E4MEHRP,.HP X, &1 X, b LEARRR
i, BENYRRE LW MENERZ " TSR X, MW X, 25 R & 8] W4k i
+HERETRAR, BT AL IEEF 2 HRAK T REBETF(F).

BFIMEF4IHTERKRESTIN 12.712%F 10.098% (£ 3), “HMEZ8/), BSIHAE FAHLL,
HEWREHSB. BF3FBEGATHIRERE X, MERN X, BEWERGR . EMNEL LATRL A
0.9409 F10.5084(#% 4), MEF4 FTEGATHEE X, ERN X, WERFER. TR, BF3IM4EERA
RARBIT T A, FRMERFHRBEDEAREN. B TRERMAS, T HORLFAHHEL, L RAE
X, GERURET S EERE, MHTIRE X, MRS X, FTERBT HEOTFER. R, %8 X, X,
X MEERFHRIAMWERABNDERACEFHENFEZTRE, RALEAOEEF(F)UEEHE
WF 34X LBERBEN,

ERGHRY, L HBHAREF KL A REFRANZFEFANEBRTE A MEREREERH
90.82% ,MERBBFHREREIBNERER . EEMBRERAEWHH L BEZAB, ZXALER=10H
B F 37 IR 8 Bt - R B IE A AT AT
2.2 BHE®TRFEEERTIE
2.2.1 BHEMTIHFNTE ELRSOEFEIRPER, SNHTEAREM T RERF1.23 M40
B/ Y, Y,.Y, fl Y,, W0, Y = —-0.044X," - 0.040X," - 0.102X," - 0.115X," + -+ + 0.238X,," +
0.236X," ,HY¥ X," ML ENEREER.
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AR RERBEREF(F)MKERRER
F(F)LWERMA Y, My, #HTFH, HEH¥E
F(F)MEARB LB IDHNRM F, =Y, + f,
Y, ME=fY +f, L+, Ya+f YV,31E . HP,fH
REEMET T ERRE,

BE AR IBERFEF LWBGET
EMALE, #ETMH T RERERNTERREH .
2.2.2 BHEHTEOBAERFE B 1REKA
TR AR R A RE, A TES 30
~40em TERE, B AR EM R - 90 B HE K&
B8 T BT,

ECL . BT Component
Index 1 2 3 4
BD (X,) - 0.044 0.130 -0.121 0.835
AC (X,) - 0.040 0.263 0.058 -0.090
Kio(Xs) -0.102 0.385 0.179  -0.069
5(X4) -0.115 0.198 0.708  ~0.220
Co(Xs) 0.174  -0.230 0.381 0.291
" WSA( X,) ~0.075 0.332 -0.101 0.133
DCP (X;) -0.221 0.547 -0.01 0.115
HS (X3) 0.238  -0.127 0.003 ~0.038
HA (X,) 0.269  ~0.181 ~0.018  -0.032
FA (X)) 0.267 ~-0.171 -0.057 0.123
OM (X,;) 0.238  -0.127 0.003 -0.038
TN (X1) 0.236  -0.119 0.005 - 0.005

s THRRETFAFIREEHE TS REE
Table § Factor score coefficient matrix in factor analysis of soll quality

SR, R a MEERE T ELREHE

FRAGBENRE, XSMHEREKE VN ER SH TR 0~ 20cm 55 20 ~ 40cm E + HAVAM LR
BEREMMMEL—R . SR, BH 20a MAATREES L WEHARFMHHREFZTERREO -~
10cm + 2, BHF 3a TP EHA 20 ~ 50em + B HFEB A MK AR FRBFRE KO HEH, HIFE
BB EHUI M M T EYERERHEROY AWM, AW EMNFEHREL K T HR0, TRE K
YIRK AR BRA HENR ATMES LR TR R BERKERK, SR, A THE - REHFE R
HHABENE, BHERARNTEEEMBERRXGEERTALES,
2.2.3 BREHFFEML LMK TRREEE KAEHABH 202 THEH Y 10 ~ 20em +EK L RFHEERE
(B 2), XEEETHEFHEAREBAMITPER, BH 3a L EH K 40 ~ S0em AR MR BRI RFFK L8
hEE,BHEBRBEAR,MEEESHEENMABERAX MEEETHAME AL, EREERFKL
BN REEERT R, LHEEO0~20em 12,

» 0~10cm

n (l)alggm o 10~20cm
o cm s 20~30cm
08 L = 20~30cm 0.8 u 30~40cm

o 30~40cm
40~50¢cm

u 40~50cm

BEF&R4 Score
B85 Score

T O HEHAME LB

7 E 2 =l
UGEF UG uaGs

UG3 C

UGS

UGE UG20 AG3 uaGs
AR Land use HHEA Land use
BT IR A Y R T R B B2 ARk R AR
Fig.1 Soil humus conditions of the different sample lands Fig.2 Soil and water conservation conditions of the different sample lands

HEHRFK I HRELERENHEXERBEE (B 2), XUREESHB R SR+ E 5B 8 KT/
R, e SR 3 B R 5K - 44 B B B A PR B M K TR (B 2) . BB EIR (3a) ML TR MR K
TRFFEAEERTREE N, XTESATERN T EFRASEVBE TRESHAE X, REMEA
THMX+BRHRARARS RS EFRIEE L 2.3 ~ 16,545,

2.2.4 BHFEMIEAFRE B 3aTHIHEME 40 ~ 5S0em T EH TR AEREBRIEE ), RHER
(0~ 10cm) L MAZZNHRE XFERBTREBEMNEZ LROMSIWIF T RO EREE. RBER
(0 ~ 10em) Fy 1 3 EE T 77 (0.026 kg/em’ ) He BB 3a T B b 40 ~ 50cm 138 (0.455 kg/em® ) Wi/ 94.3%
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KATCH AN TN R ERREEMERE 2 XEE5HBEMN I MAGEX. SRMHML,

AREBRE LR EHREEWE, REE RN EEBERBERELBE R . B 40 ~ 50em +
Boh Bk R E TR B 5 A TE A B2 R8N (E 3),
2.2.5 BHEHTRERFN KAEMMBH 200 RFHE MW EZ L RARBEE ), XE5RBTFW
TREREAK LRI EAC(E 1 FE 2), R 40~50cm T MFEEHE, HIKARMBER L2, AR
EAR, A& EEHTRRREN T RBHETAMIEN, MEE ETEETHEEMNK LEER 24 8(E
2 Fl 3),

1.0 7 = 0~10cm 1.0
i1 o 10~20cm s 0~10cm
2 20~30cm o 10~20cm
0.8 a 30~40cm 0.8 n 20~30cm
a 40~50cm a 30~40c¢m
8 v 40~50cm
3 06 5 0.6
$ &R
N 0.4 & 04 | B L
H 4 =
02} 0.2 %ml =
UGF UG20 UGS uG3 C AG3 UGF UG20 UGS uaGg3s C AG3
FEHFER Land use R R Land use
B3 FRREELEROERE H4 TR LRARRR

Fig.3 Soil mechanics conditions of the different sample lands Fig.4 Soil quality conditions of the different sample lands

SR M L, A (R B 0 - S R B E B, U HAE 0~ 20em 12 (B 4) . Wu Fil Tiessen 3§ 47 [ H A F 1L
BAEMHRGREA, EHKBEARFRAUNET L REM, ERKT LREAH™,

AAB AR B 200 EHE WM L HF BT EHEBENYRT TR, XFERET LEBEEEETHK
TRFETFHRAFESIEN(B10E2), TREEELEHNELESRATEEAEE -3, —HHHXRY
SrA1 0.943 71 0.962, XA H, W TFRHFRBEK M EH, RASCOCER T KoK T REFEEE, &R
MET LHOBEBLE" . BH sa MK ER T HFRRERAFALELEREN, B RBHER KT —
B, R FHRA L RSREE S E MBI AN KNSR, BHERC)MAMNRHES - RREBEMRT
ATEM ZEIEEAT LBEEER TR, MARSKIHIRENERZREEE,

3 #ig ‘

AL L RFEREERX R RIS, S 12 R 1 98 1 0 2 R B R ) £ 3
B EESITAN . FRERW,EWEX R E TEE S KB/MOKY  REE R A T K LR i
EFMA¥ET, KAEMAERS 200 REEHWRBELRTERRME, AL BRENHRTIEML, R 40
~50cm 1 0~ 10cm + R WHE B BRERR, MEEH THLRNEHERAFETIREN, MG HEETH
BEMKLRIFMAZRE . REEH 0~ 10em LEN T RFEMEFEHFREIEATRE . BH 3a T
B AE+ 2R L RERAEERRGERR/D MEAR LR KERFESNEEREREK,

AKATKENRZ LB EFAFRE, MALEM 30~40 em TERE. SRMMI, BH 3a FHK
S+ EHREHRARGEENS MALEME L REEHERGEHRVIBEE. B 3a HPEHH 20
~50cm +EBEBRAFH R FRHFRERWHETHREM . BABEKK T RIGERES R B F
3&,ﬂﬁiﬁﬁﬁtB@ﬂ(iﬁﬁﬁﬁﬁ%ﬁ‘i&ﬂﬁﬁﬂ%iﬁkﬁﬁi@ﬁo' B AR 50K 1 BB 1 B 1 FR O BE B 1 KT RRAIE
REEEGHRANMMA R, FARAEMRE LB FHFERR M B F R, TP T W 15 68 PR B4
REABEAHAR, BRATRE L RN FRFAERREERE

BHERG) RN R ER MR R ERTFALE X EERM T LREAHER IR, Tk
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BEFRKTHIB EHEREFETEE. B ATBEREARNARABERER K LRRN—-HERRE,
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