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1.1 fARXHER

B[ RLJR B DX M Ak 3% BOR A b Ak 2, Rl B
FRE, ZR£:80°30" ~ 81°58", JL£540°22' ~ 40°57',
N 15 FLACTT L 30 BT 5 9 Y] 5 2 9 TT ) RS i
b, FERER AT 012 mo JE R G B TR R R
TERFEEAME, FEHRE10.6 C~11.5 C, BER
2K, =10 CHARIRS 201 C; FEAKR D,
ERREK 7.4 ~ 42.8 mm; 2R KEL, FEREK
#1125~1 600 mm; #5003, 1Y
JEARETR6 000 ~ 6 200 MJ m™, JEMEBALIX, B
e gt A 7 AR S AR — IR 104 K AL B A1 3
KOoprsmiy se R i Feme ik &, H 328 AL g i
N 3 w0 /12 e w5y 8
1.2 REHE

BE DX BB A B 7 R BIX A — Ui+ A, RAERT
[ 2H20134E7 H o SRR X P [a] — i 44 5 B2 (1 4 Fh
F A, BEES (AL S R AE80% ~ 90%,
FEM PRI AL Gossypium , 5341 T 4PN
W) L REEE R (MWEE R AE20% ~30%, EE
AR NN Tamarix ramosissima . & 5§l
Alhagi sparsifolia. 73 Phragmites communis? ,
AT T ERIN SRR ACAR ) L b (MEBE R
1E30% ~ 40% , FZAEPEEA R ERFE AR Halostachys
caspica . h)NJ\Kalidium foliatum, 4345 T4 M4k
Bl ) KRD 4 (M E N T5%, FEAEE
TN GE R Alhagi sparsifolia, 5341 T3 i3+
W2 ) PEATRFE . FEREAG ALY | R R
WU X B b = S R BRBS ASRE O, AR AR
Smx5me RFRET I IBSEIBEESREL, RESR
FESFZ LIRS (0~20 cm) |, ¥55FE SR HL
) AR LB A A AR &R, SRR S R ik
I kg BREALS, AP RISmE, KT EVHE
b, DAHESES A fili

AW 5 BE B 1) A0 25 T R AR 48 A o 4
C. N, PLCEFREUMC: N, N: P, C: PHIH,
HAbFEACH FHabr b E KR AE. pH. &

LR GoR L, BRI o s A HLRRCR FH
B AN 2RI E &L 2R
ek RHESKE R, AERH
W1 pHRABALTE; B HmAKE T
S AR, BARCOTMHCO R HIBHE /R
FIPR:, CLRHIAgNOL T E T, SOL R H] 4574
E¥E, Ca”MIMg R HEDTAZ G £, Na'fIK*
RHKIEC R s H Gk L R

1.3 HuEAE

S ARG 22 Excel 2 007 3, FFHSPSS
19. 04K EAT GE T2 o0 b, &5 & B R 207 22 0 it
HLSD ik FF AR g AIC . N, Pib2#it
HAFEM 2R B EELE K, 25 BEMHKE
a=0.05.

ARG L HEC, N, PALsA I AR o BF
FXE, ULHES/KE, A8, pH, 2 MHE S
ZAE R HEF . FIFHCANOCO 45514431 +
BeC. N, PALZEITRARIE SH BN FH LR
iz R A X N 4381 ( Detrended correspondence
analysis, DCA) fliitHEFiiBE K (Lengths of
gradient, LGA) ., it I, LGA <3i&E &5 M:HE
JPik, LGA >4 GAELMHT 2, N 35420
mf, “EEEA . i RHEC, N, PRI R
TESEATDCASIHT, 25 5 3 B e R I HE Ty Shdh K
INF3, B EEC, N PAR2E T B R AR X PR B A
JEE (i 1 2R 1, PRI SR P 4 i i SO AR AU R D ABF
FEEHEC, N, PAE2AI TR AE S HA R Ak 1 56
Fo BHEIE T2 ou M Y R 2 A8 i
BEEE AT, TR AR R R, I
¥ EHEC, N, PILSAIT B4R IE S BN T 1 S R IR
WA [] — A R b, N EDUE R £HEC . N, Pik
ST R X A ERAL PR 0 A SR B o X DA
SBR[ FAR B S TRD A S AT 0 e, 45 SR %
B, SR, 28N EREKHETKT20, BKE
THMEA RN 2 EILL M, MR DT E R
EBRm R, X HESOKE . AHE . pHMA 4
AR EFMRDAS T, 45 RS WIKHFE/NT
20, KL EHCHIESKE . AE . pHM A4 45
PRAE R IR BE R A8 R EAT 40 bT, JF B SRR
( Monte-Carlo ) ¥4 & & 3F 44 FH A 3 AL %
FHEC, N, PAEAATT IR AE A 20 ST i B
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2.1 TIEC. N. PLFITEHFEMFRMESITIFE

+8 C. N, PEEEHYWAERKREELTHNE
FOUR, TEAEYEBRPLREEREEN. HFRX 1
HEC. N, PUCEASBEWYMES N H2.97. 0.27. 0.64

mg ¢'; FHEC : N, N:PHIC: Pl 12.14,
0.40. 4.55; +HEC : N :PH11.00: 1.00 : 2.37,
S RE (CV) SRR AR 25 () AR SR B 1) 2%
febr, HHEC, PICEEENC, N, PLFITE AR
SRBIE0N ~ 10200, B THE/RELS; N
TLETRERRECKT, ZAREEWR (£1) .

&1 EHEC. N, PUFITTEREMERESITHHFE

Table 1 Descriptive statistical parameters of soil C, N and P stoichiometric characteristics

5 B8 UM A o i 22 fi i R
Indicator Min Max Mean SD Skewness Kurosis CV
C(mgg™) 0.45 8.21 2.97 2.62 1.04 -0.45 0.88
N (mgg™") 0.04 0.85 0.27 0.27 1.35 0.41 1.02
P(mggh) 0.20 1.65 0.64 0.37 0.95 1.31 0.57
C:N 8.44 13.77 12.14 1.72 -1.20 0.10 0.14
N:P 0.09 1.26 0.40 0.30 1.39 2.08 0.75
C:P 1.20 11.48 4.52 2.75 0.81 0.49 0.61

3FICE ML LA T KB, CHNAICSPIT
REIPAETEEN R EHLCLR (p<0.01) , NSPIT
RATEEREMILCKR (p<0.05) . Hi, CHIN
TCHEZ AR R MZHIIA KR, H RN 0.9206,
“HILFRAE AL NAP (RMEN 0.253 3) |
CHIP (RMHM 0.336 1) Z[a] Akt 30l A2 B AR
AR (KEL) .
2.2 ARETEXBC. N. PLFITEHTHESMY

C. N. PICE & i 76 A [] 4 498 2 780 ] 2 B H A
WA s, BIMVER + > 56+ > BRi + > Kb
+; HAEARTR LA i 22 5 R Ry R+
Skt MR e, NTRS EWAE
BEMEZES (p<0.05) , CIUEFT BB LML
T H5R LA R EM2ZE S (p<0.05) , N
TERGHERARE; PIUETEIEAR L HEHA
(1] 1) 22 S R Ry eV U R 4 5 XD - [ AE A
WBEEZES (p<0.05) , 7FH A+ 38270 8] 6 2
EMEER (p>0.05) (F£2) .

=2 HrC. No PAb2Eit it Lo AE DU 3
RIrp 22 v %0, C: N, N: P, C: PEARFET
BT [B] ) AR AR oy B A R 4 > KD+ > AR+
>R, B SHFEL >SS E, R
+ >k A >t > Kb+ EATEARR A
] B0 AN R R B Y 22 S b, C o NFE R[] 128

o 10 3=0.099 1x-0.027 4
g s R=0.920 6 " *
= <0.01
i €
®38 04
B
+ g} 0.2
E 00 :
= 0 2 4 6 8 10
e TR
= Soil carbon content (mg g™)
on
0 20
£ 3=0.683 3x+0.462 1
HE LS ¢ R=0.2533
& 2 <0.05
o
% g 1.0 - * * ry .
S 05
u = o 3
% 00 1 1 1 1 1
= 0.0 0.2 0.4 0.6 0.8 1.0
s TGRSR
i\o Soil nitrogen content (mg g™)
o0 -
S 3=0.081 3x+0.403
w5 15 ¢ R=0.336 1
@ g p<0.01
o L *
§ ; 1.0 A 3 R *
He 05
& se o
_g 0.0 1 1 L L 1
[=9
= 0 2 4 6 8 10
2 THHBREE

Soil carbon content (mg g™")

E1 +3Ec. N, PICEMBIAHEENE

Fig. 1 Relationships between soil C, N and P in the soils
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U 6] 1Y 22 S SR B R FETE I 4 5 R A e P AT ) 22 STtk R 7R E R - SRR L R R
5% (p<0.05) , N: P, C: PYEAR[H S5 A [H] WA EREEZS (p<0.05) (F£2) .

K2 TRETIEHEBC. N. PUFHESHTENZEREK

Table 2 Multiple comparisons between the different types of soils in stoichiometric characteristics of soil C, N and P

T e+ it £ et M £
Irrigated desert soil Brown desert soil Saline soil Aeolian sandy soil

C(mgg") 7.15+0.87a 1.81 £0.56b 2.24+£0.91b 0.68£0.17¢

N (mgg™t) 0.69£0.17a 0.15 £ 0.04b 0.17 £0.07b 0.05+0.01b

P(mgg") 0.92 +0.15a 0.53 £ 0.25ab 0.81 +0.50a 0.31+0.13b
C:N 10.81 £ 2.69b 12.24 + 1.62ab 13.02 £ 0.67a 12.50 £ 0.63ab
N:P 0.78 £0.31a 0.36 +0.22b 0.26 £ 0.14b 0.20 £ 0.10b
C:P 8.00+2.17a 4.21 +2.09b 3.37+1.82b 2.52+1.28b

2.3 THEC. N, PUEHEHFTESHMELRTF  4NHHE P EHC, N PIeETFERRAF 0 g B
BIFE X% (F£3) o HHEC, N, PI2EIFRFFEES T 5l
T A A AR, LR mE L B TR ST 7% M5%, Stk 1
C. N. PAbZitm R e . A58 E AR A B HC. N, PALZEIT IR BB NT7.2%, X3
FITUARHE AR £HEC, N PR RARE S HAL  ©. N PAEATTHRERAE AR i (K 1 56 R A0 BT ke
FALEFIA LR T RIA98.1%,  FH I T T PR A AR A AR I b i Bk
X HHEC, N PRI R R 2t AR 5 ik +HC, N, P S RRAE S B AL IR I 10 ¢
K-k Jo 4 BRAE I A TRDA,, HAERMBIX &R, HEZEHE [ e,

#3 TEC. N, PUEHERTEMNEURBEERLRSN

Table 3 RDA of stoichiometric characteristics of soil C, N and P

% 14 5 114 5 T 5V i
A Axis
HEFF A Axis Axis 1 Axis T Asis Il AxisIV

P A R A A

Explained variation of stoichiometric characteristics ( % )

71.7 5 1.4 0.1

fl AT AR 5 B AR D 7 AR e
Correlations between stoichiometric characteristics and physicochemical 0.939 0.563 0.75 0.596
factors (% )
A Z T b AR B A R

Cumulative explained variation of stoichiometric characteristics ( % )

71.7 76.7 78.1 78.2

AT R E— AL Y 7 0GR R R ik
Cumulative explained variation of relations between stoichiometric 91.7 98.1 99.9 100
characteristics and physicochemical factors ( % )
M R

Canonical eigenvalues

0.782

SRR

Sum of all eigenvalues
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N T 5 B HEE R OC R UL R4, 4
HALH 7, SRS A R R R,
150.87, HUCHAE, YIS 1 HSomk 1 LI
KA N AR 5 T 2 e T 4k

pHEUZ R, 27 Tl 32 2 S e 7 pHAY 20 5 45 IV b
Bk 7 LA R, e T Vil
ARG 1) S ke

PR B LHEC, N PRI E AR AR A

F4 BUETSHFMMBEXXR

Table 4 Correlation of physicochemical factors with the axes

AL T 551 il o 1 il o T il 55 IV il
Physicochemical factors Axis 1 Axis 11 Axis I Axis IV
T A K
0.87 0.07 0.23 0.10
Soil moisture
A
-0.81 0.12 0.01 0.27
Bulk density
pH -0.07 0.26 -0.66 0.02
o
-0.30 0.26 -0.33 -0.42
Total salt

AL 7 —4e e R (1812) o TEHEFR T, #isk
L5 HE Al A S A 7R S HE PR Bl AR OGP R
SN, MRTEBOR . HEC, N PAESET R
fEfE AR L s, BRI TR LR #isk
ELMKERR LEC, N PAbs b R e 5 A
WP RABRA, fi kBRI, &

2, BN AN Sk L e s e LUE AR
HEC. N, PALZATT R FRAEH8 bR FLRZ i A A O R
0.6 )
1
,
\ ‘ .
d
b
a
C
h e
N4
-1.0 1.0
a:C; b:N; ¢:P; d:C:N; e:N:P; f:C:P; g: 13
E K Soil moisture; h @ ZXH Bulk density; i : pH;
j @ 4R Total salt; T [AIThe same below
K2 +HC. N, PAeEiH AR IE S AL F X R IR

G AT e HE T R
Fig. 2 Bidimensional ordering chart of the RDA of relationships
of stoichiometric characteristics of soil C, N and P with

physicochemical factors

ANy YIS AIELE 0° ~ 90°HT, AR B2 A &L IE
s I MAMAELE0° ~ 180°H), 3 2 A 5 1
A Y A B o0, Fom —H A ML R
Fo MWERWE LA W, K5 F2 E 0 &k %
A, A BOKS I ERX HEC, N P
THE IR SR BRI R K S5C N
R L, S4H5EC, N, Pt HARRAE pIE
b, Hh5CouRE S EMLIERK; AH . pHM4E
HE5C: NEBIEL, 5+8C. N, P ita i
MRFE B o

Zity BRwESY, AT LLE AR IR B R X
BEC, N, PAL2Ei T SRR AE S W AFE 25 5% 0 X4
FEAL FF85 K1 317 Monte—Carlof 56, 15 3 354k 25
BeAR m I EEEHEY, 5 R RSN . BALH T
XfAHEC, N PR R AR 52 e A o S R H
MR R e E KR A, 2. pH, Hip+
HEKEX HHEC, N PAE2E T RRAE 52 e A
(p =0.002<0.01) , FEXLHEC, N, PlLeif
B B3 (p =0.014<0.05) , IS KE
25 T i R At o P AT PR R A R 1 1 LG 451 4 i)
F62%F54% , VW] 4 55 7K G A O 52 ) 4 4
C. N. PAbAi B E 0 E B AN T pHAA
EXTHHEC . N PRI S RRAE A9 52 e A 35 31 3
K-

XS KR AE . pHM 4 EhiX 45
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Table 5 Importance equencing and Duncan test of physicochemical factors
FEAE T wEMHEY SR iR i
Physicochemical factors Importance sequencing Ecplained variation of various physicochemical F p
factors (% )
SR 1 62 29.58 0.002
Soil moisture
K 2 54 4.35 0.014
Bulk density
4k 3 9 2.8 0.08
Total salt
pH 4 3 2.62 0.1

TiATeR S, BB debn 5 £EC. N Pib2EIf
HRMEM KRR, MWEBarf B H, HHEC, N, Po
RO Bk EaiE A LESKESLEN, KU+
HEC, N, PUESRE S HES/KE R B FEHEXX
Z, WIHEE HEEEKEMRINHC, N, PILES
BRI RE A, e, N PIE R I L R TR
AT HEEK RS BB P, SIS RIS K

1.0

a T34k &2 Soil moisture

A—ERENIE G, HMEERRE . FE
VER B —R 73 8EC . N PASE R ERAE B S
WME3bAR, Hptc, N, N: P, C: PEIR5E
SYEANRERLEN, RREE 2 E A 5EC
N. N:P, C:PIERKII M, LPEC, N, P
Al 2T R A X6 p HAI 4k 14 28 Al iR 1 A 3k B I
K-

1.0
h A
A g
j
d C
AN
/l 1 C“\
1 A
.
-0.8 . -
-0.8 0.6

b % Bulk density

A SR ONIEA DG, LB A ENote: Close circle: positive correlation; Dashed circle: negative correlation
F3 SRR IL X HEC . N, PAEE TR E A A IR 45

Fig. 3 T-test of stoichiometric characteristics of soil C, N and P with single crucial physicochemical factors

R I 2 7

3.1 TI#EC. N. PLFITE4HE
+HEC, N, PIE2it B R A RE WS i b £ 358
AEIBER A T, T HITR BRI E L s

BLBT R A . 098 5 e R 00 DA % 55 40k 25 i 0 ik —
AFEERIIERE YL PR R, HEC,
N, PICE Fm (i T2 R KE 22 4
SR G R B0 O3 B A B AE g R ah 78, H o
TEE AR AR s Wb B K IR, AR o
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FEAR, FEVURPD R AP o R, U A A
XA AR L AR A T #HZIE, C. N, P
MMM TS R LW, CHNICE B IE AR
WA KR, LR I0%FTET AL
Fip Y SH AR —E Y, X5
g1 R e Ay P A X - T 2 W G R AR
FEERM 3 PUEERMNAEMMETC, NTE
S, XrREem T A P UK EERAWEY
AIUAIE B Mk ), BRI A T > BoR A
WAL B K, X TFC, NJCERE, 441k
BPIUE M BENE  EAN LHERAEC : N
N:P, C:PRE, X5C, NTR & EX [ —HEE
P 2 AR B i B LT R 24 % . Zhang®: 0 %t =
VLT JL/IN I 25 R SR 5 1 A 25 78 3 b -
C. N. PAL2it BT B BF 5 45 58 A Buids 7 o
FEIMKFT +HEC = N = PALZA R IES N Py
C: PELEHIEC « NKAZERY Lk g5 M .
AN ) - e Y () A2 T RRAE A7 A A )R B 1Y) 22
SetE. €0 NJ& R B U FE bR, BARKIC - N
X A WE B RE A — e AR BEAE R, R+
Wi e A L 3G I, A AL RN ML A3 R Ak
SEE A 2 BEC : NE, Nt PR HIEFHSIR
Tl & R RIS b, B9 X PR B - APNDT R
Wz, Hp R+ 3E; € PR K
IR RIESE, BEEERATEREEST
(R e N = e w1 D2 I e S 8> i = IR P
(C:N:P=186:13:1) "L, ZXAR+
HERBIEC NP (11 :1:2.37) 8%, BIET
TSI R E . A2 ST ISR A ) R
B, BRTN: P, RZLHEC : NLREWIR I bR
A NGRS O i A RHEC, N PIFREECAY
oS R nl A, Ao IX £4EC: N/hF30. N PH
AINT14 5V BINJTE BE TR X B3P e, N
PAb2E TR AR AR A AR T 72
32 TIEC. N. PUFEIHEHFTESHMEELRATF

FIPSEN

- MR ) WA B SR A B AR A A,
R — RV N N EEG T, AL
25 o R Lk S 19 A X o R A R 7 A R R, F
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STOICHIOMETRIC CHARACTERISTICS OF SOIL IN AN OASIS ON NORTHERN
EDGE OF TARIM BASIN, CHINA

Li Honglin" > Gong Lu"*" Zhu Meiling"" *> Liu Zengyuan" > Xie Lina" > Hong Yi'" *
(1 College of Resources and Environment Sciences, Xinjiang University, Urumgqi 830046, China )

(2 Key Laboratory of Oasis Ecology, Ministry of Education, Urumgqi 830046, China)

Abstract Carbon (C) , nitrogen ( N) and phosphorus ( P) are the three most important basic
elements in soils of arid regions because biogeochemical circulations are closely related to ecological
structures, processes and functions of the soils. Ecological stoichiometry combining the first law of
thermodynamics, the theory of natural selection during biological evolutions, and the central dogma of
molecular biology, has organically integrated biological studies of different scales in the fields of molecules,
cells, species groups, communities and ecosystems. As soil is an important component of the terrestrial
ecosystem, its elements stoichiometry characteristics plays a substantial role in terrestrial cycling of carbon
and nutrients. Four types of soils, i.e. irrigated desert soil, brown desert soil, saline soil and aeolian sandy
soil, in the Alar Reclamation Zone at the north edge of the Tarim Basin were selected as objects of the study to
explore stoichiometry characteristics soil C, N and P, and to to analyze in-depth their relationships with other
physical and chemical factors using the redundancy analysis ( RDA ) technique of the sorting method. Results
show that the mean content of soil C, N and P was 2.97, 0.27 and 0.64 mg gfl , respectively; and soil C : N,
N : P and C : P ratio was 12.14, 0.40 and 4.55, respectively. Soil C and P varied moderately and soil N quite
sharply in stoichiometrical characteristics in all the four soils. Correlation analysis of the elements shows that
extremely significant correlations exist between C and N, and between C and P (p<0.01) , and between N
and P (p <0.05) . And C and N were almost synchronous in variation, while P always lagged behind the two.
Compared with the average of the global soil (C : N : P=186 : 13 : 1) , the soils in this area, regardless of
type of soil, were lowerin C : N : P ratio ( 11 : 1 : 2.37) , thus leading to lower soil nutrient availability. In
terms of C, N and P contents, the four soils followed an order of irrigated desert soil > Saline soil > brown
desert soil > aeolian sandy soil. Stoichiometrical ratios of the three elements varied somewhat with the type of
soil. C : N was more stable than N : P and C : P. In terms of C : N, the four soils followed an order of saline
soil > aeolian sandy soil > brown desert soil > irrigated desert soil, and in terms of. N : P and C : P, they
did an order of irrigated desert soil > brown desert soil > saline soil > aeolian sandy soil. RDA shows that
soil water content is the major factor affecting stoichiometrical properties of soil C, N and P in the study area

and soil bulk density followed. However, pH and total salt did not have much significant impact. Soil moisture
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content was significantly and positively related to C, N and P contents, and also positively to N : P and
C : P, but negatively to C : N. Soil bulk density was significantly and negatively related to C, N, N : P and
C : P, but positively to P content and C : N. Soil N : P and surface soil C : N are two factors that can be used
jointly as a good indicator of soil N supply. Overall consideration of soil C : N and N : P in the region reveals
that soil C : Nis <30 and N : P <14, which determines variation of stoichiometrical characteristics of C, N
and P in the soils of the study area.

Key words Oasis soil; Soil stoichiometry; Soil nutrients; Tarim basin
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