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The availability of trace elements in an oasis soil under different utilization

intensity in an arid area in China
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Abstract; Trace elements are important components of soil and their characterization is necessary for determining soil
quality. Farming practices can change soil properties, thereby altering the effectiveness of the soil trace elements present.
Soil trace element research in extremely arid regions, aiming at the determining effects of different land uses, has received
little attention until now. The Cele Oasis (80°03'24"—82°10'34"E, 35°17'55"—39°30'00"N) located on the southern
margin of the Tarim Basin, Xinjiang, China, was selected as a study area. Agriculture is the main land use here; however,
management intensities differ across the oasis and as the oasis area has grown. In 2005, four experimental fields were
selected , representing typical land use types according to local tillage practices. These were newly cultivated, fertilized land
(NEF), a field receiving a normal manure application rate ( NMF ), a field receiving a high manure application rate

(HMF) and a field in the Oasis interior (OIF). A single index (E,) and integral index (E ) were calculated to evaluate
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the effects of these land use types on soil trace element availability over 20cm depths. The relationship between soil organic
matter and available trace elements was determined by correlation analysis. Our results showed that: (1) There were
statistically significant differences in the amounts of available Fe, Cu, Mn, Zn present in the different land uses at a depth
of 0—20 c¢m. Cultivation management can improve the accumulation of soil organic matter and soil particle size distribution,
which in turn can increase the availability of soil trace elements to pasture and crops. The application of manure and
fertilizer being the main source of available trace elements in these soils was the probable reason for the differences. (2)
The farmland ( OIF) situated in the oasis interior showed the highest level of trace element availability of all the fields. The
main reason for this result would likely be that long-term irrigation has played an important role in altering the availability of
soil trace elements, while more than one hundred years’ of careful cultivation management had led to the soil becoming
more fertile. (3) A comparison of the unfertilized treatments (i. e. NEF, situated in the edge of the oasis and CTP)
showed that the lowest concentrations of available Fe, Cu, Zn, were found in the NEF treatment, which was probably due
to the removal of these micronutrients from the soil through crop uptake and harvest. (4) Fertilization of the NMF and the
HMF fields ( which are also situated in the desert-oasis ecotone ) resulted in a positive effect on soil trace element
concentrations ; the available indices of Fe, Cu, Mn and Zn in the HMF were higher than in the NMF, because of the
higher input of manure (see earlier). (5) The results of a correlation analysis indicated that soil organic matter was highly
positively correlated with the availability of the soil trace elements, the soil organic matter exerting a significant and direct
effect on the availability of Zn, Mn, Fe and Cu in the process of oasis growth. These results indicate that refining

agricultural management practices in the process of oasis growth could be beneficial.

Key Words:; arid area; farmland; soil trace elements; oasis
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(R S B WA E R M 5 A T s LA 3 b P % 1) SR SN AE 3k 2 50 ARt il BRI RE I B 42 . &
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[ 02 A L BRI 2 1P 7 A S i), A S Aot A P B R A AE AN R G R s e

A A SR BOR TR 2 N2 1 e K BRI R R | /K i 2 /D R A R B TREE 5T E  Hak 2
A7, ANZRYN NS SN 2% (VD BE-ZR NS T ) S AN TRl o7 B A FH 2 DR/ U5 A% AT B A i 22 AN [) 7 ) FH i
LA R AT B R A5 B it th, 2 X6 R SR B = A S T T A AR TR R FH SR BE T S A 3l e R A
TR X TR GRS R B A BN R S IO U R Z N OC R SOk R B A B
RIS L
1 HARMREWRRHE
1.1 BRI

RGN T b TV &b B B G I de &, #h ik 80°03724"—82°10734"E, 35°17'55"—
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39°30'00"N , ¥k M 1280—6780 m, 4FF-HI[FEKEAL 35. 1 mm, M 7% & f ik 2595. 3 mm , & MR G K ftip 1 5
S R 11.9 °C . RARZ KGR LATGIC KA 2 XU, Sk I i P ) 1 Bl 4= 498 U AR 5 = Fn R b +08 32
B 22 R I R SR B A UM R AR S T BRIEGOK S22 S AR
FEPA 7 18 H AR A A AT L L, R -5 3 oD B RS BEAHGE | JB T AR e - N R A S R e, 1 X B
AsFT R 80°43745.9"E,35°0120. 7"N,
1.2 5Tt

MRFE I 5980 A0 v 7 A 2 2R 0 I R R AR A BT 5 34t | 36 X 4 B PRI AE M, 0 31X 7 224 b g B
) R 2T 15T, IR T 2 1l 4 BB AN R4 R R B, AR R LTI AR ZY R 0. 15 hm® . AP F 4800
%% (VIS S AR ) 1Y HMEF (AR ) A1 NMF B (3 B4% AR D) T 1995 4EJF B HMF FE i ft 3%
TR TR AR 1) T RE S AR SR 70T B S K E T S i M i A, B2 & B A i A
FOEATBRVE S BH  NMEF A 1 D042 8 b e P A 2T 480 A7 1R 5 R e A ARER TR T B 5 — e i )
e B AR, IR R 2 HCY R T RA H S BERE A NEF A -l B B 6 A ) 2 F 2004 4FAR 45
RIGTEZH I R AR H 5 HMF AT NMF B HUAHSE , T B ST DLE KA BRI AR AR R AR T —
Rl B AR IR, DL b 3 Hefe PR IR LA N oK 3 7 TERM A n A A (OIF ) B4 R ik
100 a, FEBEACIR LA 38 5 AR P IERHG AR5 NMF TR & 25 0 T KIMES R HRIE, b Fb-at
N A7 T BE AR LB 9% 56 ] (Alhagi sparsifolia Shap. ) N+, 552K 38.9% , KL R B £E 6 %) He A [
ANTRI A 5 T 3 T R AR 0 25 S, 7007 Bk H (NEF) BT 2 37 — B gk Be i X BEAEHL (CTP) R 3%
KRIATHHER FH AR T IRIIRIRES . SR AR BRI 1,

®1 AR

Table 1 Introduction of every experimental plot

AENE R A B (kg/hm? )
Annual fertilizer amount RN
FEHE
LA T L Ly, AN \ KU \
. e - (%2005 4F) fr ) R
Experimental AGH e e . Mainly source
KFIE Utilization Position T Level
plot Inorganic Inorganic of irrigation
Farmyard manure . o years ]
fertilizer fertilizer water
TN TP
AR CTP - - - - 37°1'20"N;80°43'41"E - EESTe
R NEF - — — 1 37°1'20"N;80°4345"E, H K SR
WAL H NMF 21500 208 57 10 37°1'19"N;80°43'40"E R AK LN
H ALK H HMF 30000 362 126 10 37°1'16"N;80°43'45"E K E LB
LR Py FRAR H OIF 12776 171 120 >100 37°0'54"N;80°4429"E S K Ktas

CTP. Control plot; NEF; New farmland; NEF; Farmland with normal manure input; HMF. Farmland with high manure input; OIF. Oasis’

interior farmland

1.3 %k

F2005 4E 10 AP A (FEWICER) #1782 (0—20 em) HIERBOURE, 4 PR Ly 3 3 BORE, Hi4y
BEhs Ry 6 B HURE , A REHB LI XD 400 | B E P 0 22 AR DRI - R R I H AL R HLR AR
B(Fe) AR (Cu) HRGE(Mn) A EUEE(Zn) 545 BRSO AL 22 WD AR 4 SCik 2 b 7, RIS
FRER I E A ML (SOM) , & = LR ( DTPA ) 12 42-1CP ¥E I & A &8k A AUk A AU, DTPA 1= 48-)7
W AT T 5 A 34
1.4 TIEMEITTRARETES

SRR R (E, ) MEEAIRELE, ) M5 A Bk e B4 0 A 38 5, PR 3R 5 0T
LEAH RS, AT
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E =20 E = LY (1)
n -

o, € BRI E B | PP IR RO SR ARG T S, A A R TR A RS SR A I P
AR LATE A 23825 i T R A A RHACER 45 2R, BT SR A R Be - ENERMTE TS T S th 1 B iiefe [ - e 70 5 1 3
MFabR (% 2) X —FabrxH 8 S S H R U0 B R AL R A 2 S R, A 5 BOZ A 4 b
8 AR 23 SN W DU A RS I I L
R2 FEKBMEBTRNSRIER

Table 2 Classified index of trace element in Xinjiang farmland soil

)

|92)

15 F5 Index B Zn/ (mg/kg) H 35 Mn/ (mg/kg) FRER Cu/ (mg/kg) R Fe/ (mg/kg)
1% <1 <7 <1 <5
o 1—2 7—10 1—3 5—10
=1 >2 >10 >3 >10

1.5 Sitadr

FIFHER A 2R J5 22 7347 (one-way ANOVA ) XA [RIF FH 8 BE A M+ 38 G o0 A 80 kA7 22 7 0 S Hh A
55 s I A /N R 22 15 (LSR) #F 47 2 0 [ IR PL & 2 5 T IR Gl oo 1A 2505 = AR S A1
Pearson #H5¢ ZE0HN Two-tailed BUBHK K58 i ; ANOVA \LSR & Pearson #C/ M #4178 SPSS16. 0 #k{4:rh E4 T,
SERBECE IS B AR EXCEL 52 A%
2 HERE5SH
2.1 RREIFIHHEE T HEME R A RS &=

ANTFUF SR BERE L 0—20 em )2 TR0 JT R A RS & i VI oA I I faE oo R A RS = I
FEGF#R 3,

R3 TERETERAVSLETHESKRAE(FHESD)

Table 3 Average values and critical values of soil available trace elements

B Fe/ (mg/kg) FAA Cu/ (me/kg) 5 5%5% Mn/ (mg/kg) HREE Zn/ (mg/kg)
S NERL I OIF 5.91+0.72a 0.38+0.05a 22.11+3.06a 0.61+0.05a
AR H HMF 3.94+0. 60b 0.24+0.03b 17.58+1.13b 0.38+0.07b
B AL H NMF 2.61x0.71c¢ 0.23+0. 04b 15.77+2.46bc 0.22+0. 06¢
R A H NEF 1.88+0.06¢ 0.190.02b 13.96+0. 56¢ 0.11x0.02d
Xif HEFEHL CTP 1.8920.20c¢ 0.190.01b 13.42+1.16¢ 0.1520.02d
S, 5.00 1.00 7.00 1.00

ARG FREFRIRAE 0. 01 AKFAFAE R 3 225 AR P HEOR AR B 0 B EVE 22505 S, IR R i A RS i i i S

2 3 TR 5T IX 45 R 1 3 Fe \Cu Mn Zn A 303 S RAFTEW B & 25 (P<0.01) , LRI PB4
H (OIF) £33 Fe .Cu Mn Zn A 30 &t fie i, CTP (19 13 Fe  Cu Mn A 0G5 & 2 AHT A H (NEF) 13 Zn
AR REAL, AR AL Fe Cu Mn Zn % HHEFAH[FE Y OIF > HMF > NMF > NEF > CTP (&
3)e

2R YN AR AR BBV AT PRI K T4 i g fe H ZE R IR AE (52 T, 58 % Fe \Cu \Mn \Zn 7 it i
F o TN G 25 B Hh ; SN 1 2% HMF R i A A T = 48 A BB | I AT % Fe \Zn & i 10 2
T NMF #4h, [7] NEF f2 CTP AT %L Fe \Mn  Zn % fEAF7E 0 3 22500 ; NMF F1 NEF #1022 8] PR IE -5 75 79
2e5 T FECA R Zn FRATTE W 22005 LA, NEF FEMb AT CTP B M B AR W W A G T 8 S 1 v 22
S, {8 NEF FehbA-3EH 2 Fe .Cu Zn E 24K T CTP HEH,
2.2 AR H e e E A 5k

RS IR TR A IETEM TR AKX (1) 58] 4 MR A IEISE(E,) RS IR TR A
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BAEEREIREU(E,) AR R 4,

F4 TERETRERMIEY

Table 4 Available indices for soil trace elements

Ei
FRUEK Fe AR Cu A% Mn A In b
LU AR L OTF 1.18 0.38 3.16 0.41 1.71
AL B HMEF 0.79 0.24 2.51 0.25 1.33
WA AL H NMF 0.52 0.23 2.25 0.15 1.16
B A H NEF 0.38 0.19 1.99 0.07 1.02
Xif BEREH CTP 0.38 0.19 1.92 0.10 0.98

H 3 4 T LUIE I, 45 RE 1 8 Mn A3 80078 & 5 29 0 T I L08R 18 B0 X Hofh ot 24 s
(1.92—3.16) ;Fe AR LA SMEWRAL, 1L OTF BEd = T lh 5 E ; k6 + 3 Cu Zn A RS & B K
Tl FE A TR <1, DL R RRI S R L Z. Cu Zn; SR AR HELZ Fe Cu Zn, # AR A
A H BOH BAC = Fe Cu Zn, TIERUR TR A RMELE A3 B SR 4 B (OTF) R die i (1.71) , CTP
FEH AR (0. 98) , AR 2 A 76 80HEF 4 : OIF > HMF > NMF > NEF> CTP
2.3 HEERUETTEANMS RIEA VIR R

% 5 AT ,0—20 em £ )2, 7% Fe .Cu Mn Zn 7 i Fl - A AL 2 10 35 IEAHOCC R (P<0.01) .

W25 b IR T R AR LR AR B (E, ) R HLITT (SOM ) (UM G /AT, 45 SR 3R B 38 7 A 3 IE A
e A REN 0.949 (sig=0. 014, WKL) K 1 Bon T 46 E, [7] SOM ARG, 1 5 B AR LM 1) VD 15
S sty sk R v A B AR E RN B ORI T A LT i R AR - R e R A Ak
PEREE R

®5 TERETEERSENAHROELYE

Table 5 Correlation between available contents of soil trace elements and organic matter values

A MU Soil organic matter

[DevlES

Soil trace elements Pearson H1C R AL AR
Pearson correlation coefficient Two-tailed test
HELEE Fe 0.936 " 0. 000
AR Cu 0.818"" 0. 000
A% Mn 0.906 ** 0.000
HRUEE Zn 0.925** 0. 000

# x FIRTE 0. 01 KFAALE B F AT CHE (XU

3 g S iso-

SRR AR A A A SO BB BRI R i B S g 100 *
SAARATHIE, B BT, 5 Cu Fe Mn Zn 5 2 5 1201 /
AR A LR SRR O A B BR i  Z § oo
PRIRAEC MRS & RSB 14 2 25 0do
I FTRNE EAE G A AL T B SR B 0o 200 300 a0 300 eo0 70 oo

RS S R T UD LM A TS A T B T % 2 1k LA S orgnic mater
HLERBISE S5 R 0T AR LA M A P T, A T 1 A A
AR, TR TR & RS AT R gy 1 Corretation between availabilties of soil trace clements
KPR LA, 4% BE 30 - HEAT AL Fe Cu Mn Zn Bk and organic matter

SRR PR E R K T, KRR A A
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JEA I TP RO O R A RS SR IN A BRI I B AR FE L A R R T R S R A
ISP EE

ANTR] 58 JE Tt A e B AR T T 3 LT 1) BBV iR I Rk L T R A S T 22 R 1%
JRIH # AL A5 F T, OTF Al NMF FEHE 130 Fe  Cu Mn  Zn B4 RCAS B i R B K  HMF R 30 it A
515 T NMF BEHb, Fe .Cu Mn Zn A 308 & S5 NMF BEHE S . NEF FE bR 40 6450 40 0 IR kLA,
Fe Cu.Zn ARSI CTP TR, Mgk Py H LA FOME N0 2 AR X 2R 9 i1 2 HMF FEHb 2L/ (B 78 5K )
T[S T TR B HE VAV T B X - i e 3 A A EEE A , IR B E T 8 - ekt 2
F IS MR T R A RS i R S TN G

H P RF7E XA T 5 A /e PS5, I KD - okt & ARG Bk & AR 8, AT BT & A0, L
WIOCR AR, AHSCHFIT R, RO (4 BRI FH O 2 2 ket RAR o0 A 7 2 B U A S i | FERi AR K/
AR A 0E R KRR & i A9 R i e R A R A S A Y AR A REML, OIF 5 NEF A+
BERRL L A AR o 20 A3 AL R R SRS BRI, R N A 4% R ST R 4 B AL T A
R RURARK S, 204 NEF AR A AR RS — e VER A B (0] - HERAR 0 A0 & 1 e 3500 IR
PEJT I, BIRS A BUR AR R ) A, FE VDR N A2 By B AR T AT BRI L3 P A 350 K IR R
ST HAEYMOR SRR R P i o0 R BRI — R RS A B, AT 530 NEF A b - 3 oo R
AR HRALT CTP At

KLUk BrsmAs e = vh 2w 120 B A, 480t F sl AN e FH S oo R AR, Rl e 3 b 5
EARA R O R AR T, By B = 0 A AN R RE B (47 3 A T NI S SO1E A 1 7 R R
I, ARIEB SR A FH A T R A AR AR XA 5% DX A PEA 25 SR T 0, B Min DAAb, SR04 FE MY B = Fe,
Cu,Zn, HEMF 2005 4E HMF i NMF BEHUFT NEF AR R P2 520 5118 7206 5796 kg/hm® Fl 2324 kg/
hm? | TR UM [ (445 385 G5 ZefE Rl 2a 25,2007 4F HMF FEHE NMF #£0F1 NEF bR R ™ 55 51 F
R T 44.45% 43.55% F129.07% , XM Fe,Cu,Zn HEILRMA L, B FEA K BSAIEY = R0 T, Kit,
FEA 5 AT AN ) I 2 SR IO ] (14 45 B i, I 07 0 N 465 e 1 3 20 M 5 R SR AR b 7 2 S 2, WA
RIS, ERASHILEE Mo 8980, 11 H3EAG %% Fe, Cu, Zn & 2 WAELEA RIFE ) =5 B T3 1EEXT Fe, Cu,
Zn SEfc T R MR AR 78 3 X Se T AR AR 2
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