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Abstract ; Desert-oasis ecotones play a crucial role in the ecological security and stability of oases. The health and stability

of desert-oasis ecotones are continuously challenged by increasing land use intensity, particularly the conversion of desert to
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farmland. Typical desert-oasis ecotones of the southern Taklimakan Desert were selected to study changes in soil nutrients in
response to different types of land use: mulberry fields; Tamarix forests; melon fields; and cotton-corn fields. Plots were
established along transects set out from farmland across the ecotones into the desert, and five soil depths were analyzed. All
nutrient indexes were significantly affected by the type of land use, soil depth, and distance from farmland. Soil organic
carbon (C), available nitrogen (N) and phosphorus ( P) generally decreased with increasing soil depth. No trend was
observed for total N, and total P did not vary significantly with increasing soil depth. Most nutrient concentrations decreased
with increasing distance from farmlands. In exploring soil nutrients at three different depths in different land use types, we
found that soil organic C and total N were the highest in cotton-corn fields, followed by mulberry fields. Organic C and total
N decreased with increasing distance from farmland. With the exception of plots located within farmland (0 m), all plots
along the transects from all three depths showed a total P trend as follows: mulberry field > Tamarix forest > cotton-corn
field. In the farmland plots, soil available N from the uppermost depth was the highest in melon field plots, whereas topsoil
available N at all other points along the transect was the highest in cotton-corn fields (> =20 m). Soil available N from
lower soil depths did not differ significantly among land use types at any distance along the transect. Despite trends in total
P, there were no trends in soil available P from plots at different distances from farmland. However, available P did vary
with land use types, with the highest value recorded for farmland melon field plots. For cotton-corn field plots, soil total N/
P ratios were the highest in farmlands and in the adjacent to farmland (20 m distance) plots. The highest available N/P
ratios were found in farmland plots of Tamarix forest. Soil available N/P ratios changed significantly with increased distance
from farmland. These results indicate that land use activity, specifically farming, can result in positive effects on soil
nutrient levels. Further research should be conducted on the ecological effects of soil nutrient variations in desert-oasis

ecotones.

Key Words: land use; soil depth; distance to farmland; soil stoichiometry; desert-oasis ecotone
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Fig.1 Diagram showing sampling points in the ecotone between desert and oasis
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Table 1 Three-way analysis of variance (ANOVA) on effects of type of land use, soil depth and their interactions on soil nutrients ( F value)

. HHLC 4N &P HRN HEP HE N/P
FE Source K X i N/P X
Organic C Total N Total P Available N Available P Available N/P

2/ Type 23.77** 12.56 " 58.89 %" 13.62*" 15.41*" 17.53*" 19.01*"
+JZ Depth 7.95%" 4127 3.02° 6.80"" 18.91*" 265" 2.25
¥ S Distance 32.26"" 14.72** 24.06 " 16.06 ** 28.24 " 11.35*" 20.46 "
x4+ )2 TypexDepth 3.52%F 3.99 " 0.72 577" 2.00" 3.647" 3.03*"
1 )E xR .

= rlﬁj 2.637" 1.35 0.97 3.60"" 8.11"" 1.16 2.76 "
DepthxDistance
FAIFR B v . . .
,7‘< Eﬁ% 5.85"" 4327 6.29 " 4.50"" 16.42*" 3.95"" 8.28 "
T'ypexDistance
HKAx A JRxBE R .
* = & 1.36 1.50" 0.86 4.06"" 217" 1.34 2.88""

TypeXDepthXDistance
* % P<0.01, * P<0.05
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Fig.2 Characteristics of soil organic C sampled at different depths, and at different distances from different types of land use
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Table 2 Two-way analysis of variance ( ANOVA) on effects of type of land use, distance and their interaction on soil nutrients from three

+= K HHLC 4N &P HHN P P HR NP
Soil depths Source Organic C Total N Total P Available N Available P Available N/P
0—10 c¢m E3i] 13.99 " 10.10** 28.74"* 9.57** 2.70 11.63"* 11.63"*
i) 19.427" 6.95"" 17.25** 6.58"" 11.97** 478" 478"
I PE B 299 270" 5.82"" 5.68"" 295" 2.59" 2.59 =
40—50 e¢m 270 2.67 1.49 14.12** 5.73%" 12.26** 1.91 578"
P 2.55 2.16 3.41° 5.61* 3.77° 3" 4.44 %
FAIxEE 1.16 0.96 1.67 2.1 10.02 1.18 2.17
100—110 em E31) 6.48"" 4.52** 6.93"" 7.7 5.8"" 587" 747"
i) 6.65"" 3.49° 5.14"F 6.25"" 1.37 2.29 575"
FI P B 415" 2.58* 1.09 4.1 3.78 " 1.99 4427

AT A s ] S 2 fa) %t e & B, #6)2 (0—10 em) H3EH MRAE- TR HHEAHL C SEAES K 100 m
TR P 2 LA e B, BRAR PR (0 m) HIEAT AL C A1, AR AE- T K i 35 g 25 T oAt - R A (3% 3)
I 5 FH BT (9 57358 (> 500 m Ab) BAT R A AL C Ab, 45 R FHZS LR 2 H 3B C & i BEHE B8 34 2
TR, 40—50 em )2 AR NFRA L C 7E45 A5 30 22 5248 W3 A B AN LA S N fis (3%
4), 1€ 100—110 em 2 A& H AL TR M 2 & TR 28R (36 5) , Bl MR8, 25 + 1A
R EZEFAEE,>500 m 4b, FEHERE, =2 RPN NAEBEREGHLC 20, BN
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Fig.3 Characteristics of soil total N sampled at different depths, and at different distances from different types of land use
#3 AEAT#FAFTXAEERES 0—10 cm + Eit 2L FHHE
Table 3 Soil stoichiometry, 0 — 10 cm deep, under different types of land use, along lines from farmland to desert
ALk &N &P AN AR P N
= 1 N/P
;I:')l;d h EJ: ﬂi‘ﬂmtﬁﬁ Organic C/ Total N/ Total P/ Available N/ Available P/ N/P A ﬁ; il /N/P
011 de S and use es vailable
b " (¢/ke) (¢/ke) (¢/ke) (mg/kg) (mg/kg)
0m M 2.09+0.28aA 0.20+0.00aA 0.56+0.00aA  20.97+10.99abA  7.55+2.82abA 0.35+0.01aA 2.49+0.39abA
BN 1.42+0.11bA 0.12+0.01bA 0.49+0.03bA  14.90+4.41abA  3.06+0.50bA 0.25+0.01bA 5.42+1.99aA
JRHb 1.30+0.10bA 0.13£0.02bA 0.57+0.00aA  38.86+10.07aA  23.41£6.26aA 0.23+0.04bA 2.40+1.43abA
i AE-F K Hb 2.6120.17aA 0.22+0.01aAB  0.52+0.0labA  6.87+5.34bB 15.27£8.02abA 0.41+0.01aAB 0.33£0.12bB
20 m FH 1.12+0.09bB 0.10+0.01bBC ~ 0.58+0.03aA  24.80+12.32abA  3.89+0.48abA 0.17+0.00bB 5.92+2.26aA
BN 0.97+0.05bB 0.09+0.01bA 0.53£0.01abA  7.6923.95bA 1.96+0.09bA 0.17£0.02bA 3.78+1.84aA
JRHb 0.98+0.13bB 0.08+0.01bB 0.53+0.01abB ~ 40.74+6.51abA  3.25:0.57abB 0.16+0.01bA 12.83+1.70aA
ALK 2.4120.70aA 0.24+0.08aA 0.48+0.01bB  73.38+34.32aB 5.04£1.59aA 0.5120.16aA 14.03£6.06aB
100 m M 1.06+0.03bB 0.10£0.01bB 0.61+0.01aA  20.12+2.29hB 4.64+0.14aA 0.17£0.01bB 4.35+0.55bA
LE TN 0.90+0.09bB 0.11£0.01bA 0.55+0.02bA 5.12+3.70bA 2.50+0.20cA 0.20+0.01bA 1.93+1.35bA
JRHb 0.75+0.02bBC  0.08+0.01bB 0.51+0.00bB  37.10+8.75bA 2.13+0.04cB 0.17+0.02bA 17.32£3.75bA
ALK 1.57£0.17aAB  0.2120.05aAB  0.54£0.01bA  196.79£58.40aA  3.59£0.44bA 0.39+0.09aAB  52.35+10.01aA
>500 m M 0.93+0.06aB 0.09+0.00aC 0.58+0.01aA 9.22+1.04aA 3.23+0.26aA 0.15+0.01aC 2.84+0.12aA
LN 0.88+0.14abB 0.11+0.03aA 0.51+0.02bA 8.25+0.93aA 2.74+0.56abA 0.22+0.05aA 3.49+1.18aA
JRHh 0.64+0.00bC 0.07+0.00aB 0.42+0.01cC ~ 12.13£10.71aA 1.77+0.26bB 0.17£0.01aA 8.58+7.87aA
HaAE- oK 0.62+0.00bB 0.07+0.00aB 0.41£0.00cC  15.91+8.10aB 2.1120.08abA 0.17£0.01aB 7.89+4.17aB

ANR)ING PR3 [l — BB R ] 7 5 22 5 .3 s AN ) K 3 (e — R AR ] ] 22 5
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Fig.4 Characteristics of soil total P sampled at different depths, and at different distances from different types of land use

RSN, =2 - e EE A AN [RIBE AR S 4 P R 2 SR S BRI AR AR - R B3 (% 3—5) .
Bifi 5 5 25 A9 A2 4K ,0—10 em Fll 40—50 em )2, 5% HURTES IR Fh - b A1) FH 288 780 1a) 22 S5 A8 1 2 T JIK L AT
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PR (R 3) . BHPE RGN, S M BEMIAR BTl 38 A0 N it T 22 5, T AR A6 T K b DU S5 08 hn s A1
40—50 em 2, R [RNE B b 45 4= b A Oy RIS ASTE] 20 m A1 100 m A a5 Ak T b A 5 B ARG 40087 (35 4)
ARH NS0 m) AN S FA /N T HABIE 8RS . 100—110 em 12,20 m A1 100 m S ANA RN S8
JNHE B, HAAE SRR A 22 R B3 (3R 5) . REEIE & R38N, R HAMAE- KA N S RERA R
2 HABW A 7 = A S A 90 N R AIK, 455 B AR AN [R] = R FH 2R AL A 8L P AR
FLTCHA R (0 =2 5L AL, 0 m AT LURMA R P fieims (% 3—5) .

)R N/P TR 4 B LA AR AL B HARRL (3R 3—5) o MAE-TOKHh -84 N/P TEA H N
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Fig.5 Characteristics of soil available N sampled at different depths, and at different distances from different types of land use
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Table 4 Soil stoichiometry, 40 —50 cm deep, under different types of land use, along lines from farmland to desert
N P BN P N
(¢/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)
Om FH 1.14+0.24aA 0.14+0.04aA 5.89+1.71aB 0.54+0.03aA 1.51+0.09bB 0.25+0.06aA 3.89+1.14abA
LI 1.28+0.12aA 0.13£0.01aA 4.19+0.22aB 0.46+0.03aA 0.74+0.24bB 0.28+0.04aA 6.97+2.06aB
K 0.89+0.03aA 0.09+0.01aA 2.24+0.34aB 0.52+0.01aA 8.52+2.15aA 0.17+0.02aA 0.30+0.09bB
FiAE-F K 1.54+0.63aA 0.15£0.05aA 2.33+1.34aA 0.46+0.04aAB  1.80+0.16bA 0.31£0.08aA 1.24+0.66bA
20 m FH 1.14£0.01aA 0.10£0.00aA  30.53+3.97abAB  0.55+0.02aA 3.2320.60aA 0.19£0.01aA 9.97+1.87abAB
EZZIN 0.66+0.02bB 0.08+0.01aB 4.87+3.51bB 0.50+0.04abA  1.21£0.07bAB  0.16+0.02aA 3.85+2.72bB
K 0.86+0.04abA  0.11£0.03aA  77.30+33.74aA  0.52£0.00abA  2.16+0.18abB  0.22+0.05aA 36.56+16.42aA
iAE- K 0.96+0.26abA  0.11£0.03aA  19.66+18.66abA  0.42+0.04bAB  1.5420.32bA 0.260.04aA 9.38+8.56abA
100 m FH 1.18+0.06aA 0.12+0.01aA  26.76+8.21bAB  0.57+0.02aA 3.30£0.30aA 0.2020.02aA 7.93+2.30bAB
FEHIMR 0.76+0.08bB  0.08+0.00bB  9.98+3.39hcB  0.55+0.05aA  1.35:0.27bAB  0.15+0.01bA 7.2121.98heB
K 0.78+0.07bA 0.10+0.01abA ~ 47.88+5.29aAB  0.51£0.01aA 1.79+0.06hB 0.19+0.01abA  26.65+2.22aAB
A oK 0.89+0.03bA 0.10£0.01abA  2.911.10cA 0.49+0.00aA 1.58+0.22bA 0.20£0.01aA 1.71£0.47cA
>500 m FH 1.29+0.33aA 0.13+0.02aA  37.89+11.83aA  0.58+0.02aA 2.78+0.45aAB  0.22+0.04aA 12.98+2.08aB
EZ/ZIN 0.94£0.16abAB  0.10£0.00abAB  30.18+4.50aA 0.49£0.03abA  1.54+0.03bA 0.20+0.00aA 19.50+2.56aA
R 0.60+0.01bB 0.07+0.00bcA  28.59+11.64aAB  0.45+0.03bB 1.64£0.17hB 0.160.01aA 18.84+9.26aAB
- oK 0.58+0.01bA 0.06£0.00cA  18.76x1.17aA 0.35£0.03¢B 1.7720.11bA 0.19+0.02aA 10.63+0.02aA
http ; //www.ecologica.cn
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Fig.6 Characteristics of soil available P sampled at different depths, and at different distances from different types of land use
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Table 5 Soil stoichiometry, 100—110 cm deep, under different types of land use, along lines from farmland to desert

e LHAT H Mﬁ’)‘z &N £p ﬁzﬁ N ﬁ&ﬁz P P~
Soil depths Land use Organic C/ Total N/ Total P/ Available N/ Available P/ N/P Available N/P
types (g/kg) (¢/kg) (g/kg) (mg/kg) (mg/kg)
Om 1.284021bA  0.1620.04abA  6.42¢3.80aA  0.57:0.04aA  1.6420.34bB  0.2720.07abA 4.57+2.59aA
ELIAN 0.87+0.04bA  0.09+0.01bA 2.89£0.63aB  0.57#0.04aA  0.70£0.07bC  0.150.02bA 4.36+1.39aA
S 0.90£0.07bA  0.1120.01bA 0.95+0.02aC  0.55+0.0laA  5.24x1.99aA  0.19+0.02bA 0.23+0.06aC
R AE-TE K i 2.37£0.53aA  0.230.06aA 2.60£0.93aA  0.51%0.00aA  1.53%0.08bAB  0.44x0.11aA 1.64£0.52aA
20m M 1.13£0.11aA  0.10£0.01aA 8.47+2.38bA  0.53:0.0laA  2.574¢0.27aA  0.1920.01aA 3.25:0.84bA
AN 0.74£0.03aA  0.09£0.01aA 4.26+2.36bB  0.52+0.02aAB  1.3120.03bB  0.170.01aA 3.31£1.85bA
i 0.80£0.05aAB  0.10£0.02aA  62.38£14.00aA  0.53x0.00aA  1.89+0.16bAB  0.18+0.03aA 32.3245.37aA
R AE-TE K i 1.00£0.23aB  0.13+0.03aAB  17.56+13.08bA  0.44:0.04bA  1.41x0.18bB  0.30+0.08aAB 10.80+7.15bA
100m  FM 0.97+0.15aA  0.1120.02aA 561+1.22bA  0.57+0.00aA  1.9820.10aAB  0.190.04aA 2.86+0.69bA
EZTIN 0.95£0.23aA  0.12+0.04aA 7.1743.16hB 0.54+0.02abAB  1.05+0.17bBC  0.22+0.07aA 6.62+2.88bA
JiH 0.760.11aAB  0.08+0.00aA  33.06+5.53aAB  0.52+0.0labA  1.99+0.06aAB  0.150.01aA 16.63+2.78aB
HAE-F K M 0.68+0.05aB  0.07+0.00aB 0.94:0.01bA  0.44:0.07bA  1.14x0.14bB  0.1720.04aB 0.85+0.09bA
>500m  FH 1.3240.03aA  0.17#0.0laA  14.46+6.04aA  0.56:0.03aA  1.88+0.06aAB  0.30+0.01aA 7.49+3.01aA
PEMIk 0.79+0.12bA  0.07£0.01cA  15.2120.94aA  0.4420.05bB 1.95:0.26aA  0.16+0.00bA 8.26x1.64aA
i 0.61+0.02bB  0.08£0.00bcA  16.88+11.18aBC  0.430.02hB 1.64£0.04aB  0.19£0.01bA 10.10£6.57aBC
HAE- Tk 0.86+0.16bB  0.11x0.02bB  27.8713.26aA  0.44£0.03bA  2.06:0.22aA  0.2520.03aAB 12.44£5.20aA
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