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Abstract: Soil quality is a key environmental factor in developing sustainable agricultural. Soil quality research in
extremely arid regions, aiming at determining effects of different utilization, is much more limited. The Cele oasis located
the southern margin of Tarim Basin of Xinjiang, China was selected as a study area. Agriculture is the main land use type.
However, the management intensities differ in the oasis and in the process of oasis growth. In 2004, four experimental fields
were established, representing four typical land use types according to local farmers tillage practices, namely newly
cultivated land (NEF) , a field with normal manure (NMF) , a field with high manure (HMF) and a field in the oasis’
interior (OIF) , in order to analyze the effects of land use types on soil particle-size distributions ( PSDs) and soil nutrient
contents. Additionally, the soil from an uncultivated control plot ( CTP) was analyzed for comparison. The soil quality
index (SQI), calculated by applying principle component analysis (PCA) , were used to evaluate the effects of different
land use types. The sustainable yield index (SYI) was calculated to evaluate the sustainable productivity of these land use
types, based on the data from 4 years studies. Our results indicate (i) statistically significant differences in PSDs, SOM,
total nitrogen N (TN) , total phosphorus ( TP) and available phosphorus ( AP) between the different farmlands; (ii) NEF,
situated in the desert oasis ecotone, showed the lowest soil quality, even lower than CTP, and the lowest indicator values;

(iii) fertilization of NMF and HMF which are also situated in the desert oasis ecotone resulted in a positive effect on PSDs
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and soil nutrient contents. This result is different from those from other regions due to the fact that the original natural soil
(CTP) under the given extremely arid conditions has low background values. However, the sustainable productivity of these
farmlands is low, and much underground water is being consumed; (iv) the farmland ( OIF) situated in the oasis interior
showed the highest level among all assessments. Our study indicated that farmland in the desert oasis ecotone should be
reclaimed prudentially, that a sustainable development insight must be used, and that rational management practices and
advanced technologies are needed. These study results could be beneficial for refining agricultural management practices

and for improving sustainable land use in the oasis and in the process of oasis growth.
Key Words: soil quality; farmland; utilization intensity; oasis; Cele
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I, FE X AR R B, @ AR OCHE BT 51T, PR X B 8 A O& R | A3 AT RS2 A1 A S ZE 4 24 b,
WREFTHEAEER X,
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AR S TR AT T RIS S N  BF 5% DX, AS R F A58 BE R AR B R R &2, IFR A
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F1 REHMEEER
Table 1 Introduction of every experimental plot
AR A R/ (kg/hm?)
Annual fertilizer amount * KR
- HAER A
AU BB Giiaon  CLE Mainly source REAF
Experimental plot SLE MAESR Jeyr ey Position of irrigation Level
Farmyard . 3 years
Inorganic Inorganic water
manure fertilizer TN  fertilizer TP

X1 HRREHE . . . _ agosomw AR
CTP Oasis-desert ecotone Natural background
PR i i i s SURMSHE WA K
NEF Oasis-desert ecotone Groundwater Oasis growth
HHBALRH SIS WK ESSUIEEN
NMF 21500 208 57 14 Oasis-desert ecotone Groundwater Oasis growth
AL H LRI H T K G
HMF 30000 362 126 14 Oasis-desert ecotone Groundwater Oasis growth
SRR H 25PN P9 SR K KItaE
OIF 12776 I 120 >100 Qasis interior Cele River Relatively stable

CTP, control plot; NEF, new farmland; NMF, farmland with normal manure input; HMF, farmland with high manure input; OIF, oasis’ interior
farmland ; TN, Total Nitrogen; TP, Total Phosphorus
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2.1 HHERERHT

BAER 9—10 AR rEYIcEI E], XF 254 b ) 3R = 138 (0—20c0m) BUREIF 1T L IRFR - BAEI E . T
2005 SFIFHR IR, — 3t 4a i . BEIAEILE D BEHLLEIR 6 AL REATHURE , 70 M 4 R 6 SMEAE o i 3t 1 °F
PE. 4 F5TIREIE AL 4 NERFRITRERTTZ50H (ANOVA) , RJE K 4a 194 388 PEE FBCF
PUEREAT LR EISEOTE . ISR RS LA PUR (SOM) , A (TN) , &8k (TP) , S48 (TK) , A5k
A (AN) ,H%0B(AP) , H 2P (AK) o +HER M E WS SR o 2008 45 (1) 45+ ERE i [R] B 384T + 390k
BEMRE , 8 i OB AR 23 A o0 4E 4 AE S AT ORL BE AR AR Bl - 0K B I RE Al B R SC OB L BE Y
(MALVERN2000 ) 33},
2.2 bR R4

R4 045 (particle size distribution, &K PSD) [ e -3 7K J1 454 IE SR O0 & 3R 4E 2
FE IR — SRR NIE R RAE PSD M EE# R o HHERAR R E AR RUREE,
S TAERT T ARFAR ™

V(r <R, R, \'7"
: v : -(z2) Y
K, r BRAR , RFRIERAZR 5358 § okbiAR, V(r <R,) IRAR/NT R TITBORAATR, V2 IR A Bl
PR, R, A2 TIEBORL P B RORLAR , D Ry o3 TE4E 80, #R4E =X, W03 RO 4, 38 2o 0 i th Ze i L& AL 8] 3R
% D 1H,
2.3 IEFREREB(SON
T A LR, I T IHBREIR TR, FEEIE RBE IR AT LR E T . ASCERE M E
BAM T (PCA) 77 i BEAT 0 1627 . BRI, B 6 FH £ 00T, S BUREE A B KT 1 B FE R
AR R A T A R B TR R A K R B R B, IR L A B R L PR T AR A e A e (7
AT 10% )t B s 5 X Pk B A8 B AT Pearson MM, FEH B A X REA . 156 R Hm
R MEE, B B 47 AR R IEL T 1647 ; M6 RS/ Ml v B, B O H B A BRI PE, QnR
AR B B B A L, B T AT AR A B AR
FEBH AR B A N AR T LB R B LR S R 0T

SQI = 2 WS, (2)

P, SQI A 1R RLEEFEEL, W, WE TR, S 0 & B LR EH R T ME. NEIT
SEFRARYE F A s R, B SE A F E F E fE BR LA 3 B R IEAR 9 7 iR A B AR B B R R 5
FIFZ R B LAZ E B 7 Z R B B2 ST T TR, e W T E Bz ie v i 5t
R AR ISR N PR LA B AR 7 25 SR 345 B A8 B 7E A 32 A3 o AN 5 S AR YR T3 @ R R B
LT BB W RN AT HEY , SRz R R R R R R T B A (E A B B DA SR KA,
AR € S K A - (BT 17 5 A0 2 U i 322 8 P e /MELBR A% B 1L, AW E /DRl FEBUR T “17 0 7EA
R, H R R T LT, R AR R A R A IR
2.4 FEETHRFLLIER(SYT)

PR R RS EAE B (SYT) R A P2 3% — AR BRI S R R B REHFEE A4 7 M — D AT SE S 4, SYT R N &
Ger AT Rty .

SYI=(Y-0)/Y,,, (3)

KX, Y P&, o b2, Y, i &

2.5 Hitothr

BRI 25057 (ANOVA) RIS A AN R sthoxt 38000 BE (5570 920 , 4R AE P <0. 05 7KF- i 3L B & 1

=% A A5/ EEMH2Z R LSD(least significant difference ) #4725 B H 48 ; o 5 F 543 (PCA) K Pearson 1H
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3.1.1 RIFFFGEBE T AR B ke A 20T 4E R % 2251 §
AL £ 20f §
WO LA AT X 0. 2—2000 wm (4 -+ S0k BE ¥ 4§§ §
BT AT RAL R e E 5T " \ § §
FEELE 0. 35—1000pm 2Z [&], B it %o 1% 3 B P 24T 64 %E 210 § § §
GRS A B AR (D) TSRS § 0 § § §
HREH AL T 4 445 (B 1), NEF, CTP, NMF, 3 200 § § §
HMF , OIF #f#h i 50 4E{E D ¥3{E 454 2. 0351,2. 0986, E NEF  CTP  NMF HMF  OIF

REFEHE Experimental polts

2.1662,2.1744,2. 2299, D {H #8358 + RS RL A kL
SR Z . K, NEF 5 OIF +3eki1e 7 Bl FRRRES B TER
T 4 5y S T B A% B K. FIF T Z 44, Fig. 1 The farctal dimensions of soil-particle distributions of
L5 R WFR HMF 5 NMF 2 [6] D {510 B 3% 25 4, 4 experimental plots
Bty D 7 MRS (P <0.01) (F 1), RN FIRRED LR RRE

TIEFR RS I, AT 4a I ERE BT B A R A X SOM (sig =0.01) , B2 TN TP AP (sig =0.05)
SREEA BEER W, WXt TK AK & AN 84 BB EHRm (£ 2),

xR2 EHMIBENR.FIUERFESNT
Table 2 Mean and ANOVA results of SOM and soil nutrients measured in different farmland uses

T BT MR B Jsxad AR AR AR

i H Ttem SOM TN TP TK AN AP AK

/(g/kg) /(g/kg) /(g/ks) /(¢/ks) /(mg/kg) /(mg/kg) /(mg/kg)
X Bl CTP 2.22d 0.17¢ 0.54b 14.81a 25.94ab 2.75¢ 190. 80a
B B A H NEF 2.53cd 0.18bc 0.51b 14.16a 16.34b 2.25¢ 121.04b
HHLBEAAR H NMF 4.32bc 0.31ab 0.63a 17.38a 26.81ab 12.51b 137.48b
EHRALK H HMF 5.98ab 0.33a 0.64a 17.02a 34.31a 28.73a 142.81b
LU AR OIF 6.75a 0.41a 0.62a 17.54a 29.05ab 13.3b 133.37b
F 10.67** 5.74** 5.82* 1.41m™ 2.56™ 9.86** 2.96"™

HIVBIREARR/INE FREFRAE0.05 KPR EER; * 7£0.05 KEERBE, + + 7£0.01 KFEEFEBZE,; ns 7£0.05 KL LB 2
225 ;SOM, Soil Organic Matter; TN, Total Nitrogen; TP, Total Phosphorus; TK, Total Potassium; AN, Available Nitrogen; AP, Available Phosphorus ;
AK, Available Potassium

AEIFEH# SOM & HEF 4 : OIF > HMF > NMF > NEF > CTP, £ Hii 45 R SR 34k H (OIF) #
Hb SOM B i & FH B, (B[R R ALK H (HMF) JC 831 25 5 [R] B33 B4R I (NEF) 5% B A 4th ( CTP)
WRBEMEZER(F2) . K TN HF 5 SOM A, X 7] 62 i1 F SOM %f TN SEmse kT ™ , L&\ /M
E#k R, OIF 5 HMF 83 & T NEF K CTP,{H# M AR H (NMF) W5 & HEM TR E2ZR . TP HHES
7~ OIF \HMF J; NMF 3 & F NEF K CTP; AP 5345 R U5 TP, AN [F] 12 H fx = (Bt IU7E HMF #:4h,, 3F
H5HEHAEBEER(E2),

R F SOM, TN, TP, AP #8475, TK, AK & AN $8FR7E&FEM AT A I B E 2 Rk, RGN, TK,
AK J2 AN 3R ER Z BT OIF 5 HMF #E i, T 76 NEF # 3t o 0 2 R AR K o[RBT, Xof B A
(CTP) 34 B A FRAKME , H AK fEfrE E R TA P B E R TH e,
3.1.2 HHEFRERE(SO

S EAREBHDEHT HIEREREOTE, B AR R 555 (PCA) X 7 A~ 3855408 ik
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Fiftiiteo o, AP EROHEERT | B RBT 2 5TREIKE] 92% (£3) o 58— E 4 PCI
TP A im0 &, R i Sl B, [R]f SOM, TN, TK g e B, B g LA B F 8 {H 5 TP
HHZEAN L 10% , HIE etz 4 MR,

Pearson 1570 B AH 56 2R B2 AR 2k — 25 %
AR E (% 3,% 4) . TP BARFE T ®3 HHLBREOEADIFER
ﬁﬁf {E, lﬂ lﬂj _é_ %ﬁﬁ '/‘ZE_F ﬂE;TK )3 % ﬁ ;ﬁ %_\%_ E(J *ﬁ 3@ Table 3  Results of the principal component analysis of the

o ‘ B statistically significant soil quality indicators
REOH (¢ 4), 015 TP 7726 3 MR K b (r = Py —

0.97) ,HUL 5 BR; SOM BB FARMAHR R ZFIE 5 H ltem Principal Principal
Bt Tk, TN T 7] SOM ELAT 35 AR 26 b Component 1 Component 2
(r=0.97) HUCHHHIR. 5= EMsm T RAg Ak TE0 e e e 28
AR R EEE I, XA —3E4 SOM, TP,  variance contribution/% 74.252 17.830
AK 3 MEVRRR#EAT LR EIHE . 3 MERE ifiﬂ’%iﬁig% 74.252 92.082
HRIE E T AR (£ 3) 183,405 0.308,0.357 & aegrpim som 0.951* -0.172
0.07, BA TN 0.940* -0.202
RARIFIAR (1) BB G R SO IR S Come oo
F:0IF(0.70) > HMF (0. 68) > NMF (0. 60) > CTP AR AN 0.851 0.512
(0.47) >NEF(0.45) 0 [ 1 [OWe T #8640 SOI R #0080 o o
BARIRXS SQI KT w BT I R YRS TR T 10% RO T

3.1.3 =EAIRFEERRE(SY)
SYI JZ B T AN[alAe F A F= AT RS2 68 7 AR 4a A HRAE = B EARF A (3) #1715, ZRMER
HHERE 4 : OIF(0.97) > NMF(0.47) >HMF(0.40) > NEF(0.18) .

*4 ETSBEFHEETER Person 52X 4

Table 4 Pearson’s correlation coefficient and correlation sums for highly weighted variables with high factor loading under PC1

i H Item AP SOM AN B TP B TK
+EEAHLFE SOM 1.000 0.974** 0.851 0.880*
BA TN 0.974** 1.000 0.873 0.938 **
BB TP 0.851 0.873 1.000 0.971**
B TK 0. 880 = 0.938 ** 0.971** 1.000
AR AK -0.39%4 -0.395 -0.179 -0.243
HH R L2 Correlation sum 3.310 3.389 3.516 3.545

% FE0.05 KEZEFEZE P<0.05, = = 7£0.01 KFEEFEZE P<0.01

3.2 vhg
3.2.1 K[ FIE BEAR HX kiAo 4E SRR

B 2 WX PN 58 ol A [ PR S8 AT 0 R RTIT , 38 ) b SRR 0 4R (5 M 008 5 BEJRE B, S5 R
TRERBERUR o ACBIFST o AR B AR fRURL R , S B P AR A B 5 B 1o Tt A e L, BRI Rt i
HA e itk Ko gtk B 5SS & & DR EEFERE LR SWiL% HVF [
NMF 7p4E(E B0 8 & 25 52, (2 HMF p4E{ER T NMF H — & ¥R CTP K NEF FEbA B3 P22 5], i NEF
A% F U 825 Aub T B AR K - , 3 3% B BRUR: B B L O X s A o A 7 LR AR AR B2

1 LSRR, SOM TN | TP (AP 7E& e P B B PR 25, AN TK  AK 76 A8 3R 14
P BFEER . IR OIF 5 HMF A38FR34L THR KF, i NEF WAL FHARKF-, H5 CTP & 15451
TREWZER (K 2) . FFALTEMTEE IS 1 NMF K HMF, BAAKRA W B WG E X B &R,
HMF & 13RI EZE 25 T NMF, XS5 RER B IE R A B 2X) T3 SR B = A R e . (BALT
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SN ER R OIF A& H , H ALK A & />F HMF, {H& 5% 0.80
SPEAMEH X E T HMF, RS HEH W EREA RS 2070
FIEFR K IAE— BRI R, o B R &R [RIAE T
TSR R . L T AR YN P Rk B N
A, —J7 T H: J] B A o A e A BB i 3 T AR XL
TER M 5 — 5 T, HE MK IR EE kA T RIE ’
FEA WM RS, BEHK A DI R K& Y CTP N NME oY o
SR, X LR P E AR 4 R AR B B AE . REPHEH Experimental plots
M4kl % NEF R A R, RER — % U ——
R, (EX R ORI ) A IR e S SR PR AE T 2R g 2 Soil quality indexes of experimental plots and the
ST R . individual contribution of each of the key indicators

RAE LY P ERA AR A B i L3554y, H [F]
B HL s A L ARG, R SOM & B, X 5 E A HIR R AR C ARG XK. RIERE, Rk
YIRIER B W) (AARAT S8 ) 22800 2 A R ISR AR R4k % SR AR 38, AR DR B FRIE A A . R I 3
TAERHSESN A B A B Y [RIE , 3 Ve 5k B ik B R s x4 48 R M B BUR e 1R
3.2.2 R[EFIFEGERBER T4 H ) L8R ERBETM

T IR IR E R SO, AR S 3k - 4EE i 28 A ], B OIF > HMF > NMF
>CTP >NEF,, # B H (NEF) {38 R B AR, iR B A SR BEA A F L3R B 4 R g . IR
BRI B R, NAREE B RO 2 IR IR S

R, BB —ESNA YR BEEIR AR HMF & NMF [ SQI {EH B/Rm T HARRES TR (CTP) LK E,
Tt B X T ) S B X T I B B BB R . X — SRR T HE XM RS R, fERT |
T B T S X A5 R B B SRR Akt AR B B sib ) PSS AU AE 1) ok H 1 PG BY e de st AR b, +
SR R R B A B R AR B | Bk R RS i R B K B AR A R R A T
AKX AT BERAEX X, BAVRAS T LR MR A R WA IS ME, A& BAE 3 1) 3t ) F 28 A ke
BN AE K THRIEM . MEZ T ERS T 2T =T M5 138, /E e 1 B AR RIE T34 5 s A R
i fIRAE A7 K SOM & & (KFK B & 5 TR RumaR A" 5 KB MM YR EERHA T K& HI%)E
P R 33 o B A ARG

EFREEER, 40 DR —ThRe &7 IE TR, JE A Bk X H B et &7 A Bk i i =
RAE HMF &1 B MR LR & & (B AT ReS A = fe J1AIARMK, JL SY7(0.40) H E KT NMF(0.47) , 3%
B AR = R AR, 3807 RV E I AT BB S BU= BN E M — BB R K NMF fEY) 4 7= & 22 54
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