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Abstract: The characteristics of Ca, Mg, Fe, Mn,Zn and Cu concentrations in the rhizosphere and the rhizosphere-
surrounded bulk soil of the 7 desert shrubs (i.e. Zygophyllum xanthoxylum, Nitraria tangutorum, Reaumuria soongorica ,
Ammopiptanthus mongolicu, Atraphaxia bracteata, Haloxylon ammodendron, Ceratoides lateens) in Alxa were investigated.
The results revealed as follows. (1) Although pH value in the Haloxylon ammodendron rhizosphere was higher than that of
the bulk soil, the other six shrubs showed varying degrees of acidification in the rhizosphere soil. (2) Contents of the total
Ca and exchangeable Ca in the rhizosphere of all the seven shrubs were lower than those of the bulk soils. The total Mg
content was higher in the rhizosphere than in the bulk soil for all shrubs except Atraphaxia bracteata and Ceratoides lateens ,
and the highest enrichment rate occurred in Nitraria tangutorum (43.1% ). The exchangeable Mg content was significantly
accumulated in the rhizosphere except for Atraphaxia bracteata, with Haloxylon ammodendron having the highest enrichment
rate of 26.5% . (3) Overall, the contents of total Fe . Mn and Zn in the rhizosphere were lower than those of the bulk soil,
but there was a significant rhizosphere effect on the contents of available Fe,Mn and Zn whose enrichment rates in the
thizosphere of Atraphaxia bracteata were 29. 8% ,20. 9% and 86. 9% , respectively. (4) Contents of the total Cu and
available Cu in the Atraphaxia bracteata rhizosphere were slightly higher than in the bulk soil. The content of total Cu in the
Haloxylon ammodendron rhizosphere decreased, but the content of available Cu in its rhizosphere increased. Contents of the
total Cu and available Cu in the rhizosphere for the other shrubs were lower than those in the bulk soil. (5) There was a

complicated correlation between soil nutrients in the rhizosphere and the bulk soil.
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W5 XL T I3 Ze iR AR, AL S A% LD BEAR R i 5k o b B AR ARy Jb 26 39°08", R 248 105°36, 3K
1370m, J& THAM RN TR X, £2FETFHEHIL 120 ~180d, 145k 160d, “FH<IE 8.3C, =10C
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R R ERERE £, O RRE ARHIRL , RABL R ALK 43 S5 07 1 JR 3 ol IX 5 R4, T e
F R R . KSR/ AR R KK, BRI 1L SROEK i A b 2 . R RARES 11
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Table 1 Morphological traits and growing condition of shrubs

4 # E iR e AR
Species Family Height(cem) Crown diameter( cm) Number of shoots Growing condition
F#] N. tangutorum PEHP] Zygophyllaceae 57 ~60 738 ~745 380 ~392 3% Luxuriance
FiF Z. xanthoxylum  $EFER} Zygophyllaceae 94 ~99 119 ~120 5~8 %

ZLH) R. soongorica FEAJ IR} Tamaricaceae 38 ~41 139 ~157 61 ~65 %
WA A. mongolicus T F} Leguminosae 106 ~110 242 ~250 13 ~15 FE %
YA A. bracteata ZH] Polygonaceae 33 ~38 66 ~76 14 ~16 I %

HBRMR H. ammodendron  #EF} Chenopodiaceae 76 ~82 85 ~100 8~9 I %
Tegh#E C. latens #EB} Chenopodiaceae 50 ~53 57 ~63 24 ~29 I %

1.4 BESPIGEA pH B E

SR HIRE : Rl HNO,-HCI-HF J44b:3ET 1A% , AAS B0 %E (Thermo, M series) o 38#efk Ca Mg 3%
ZIR%k (JAY pH £ 8.0) IR %R 2™, AR Fe Mn,Cu.Zn R JH DTPA MR %R 32, AAS B E (Thermo, M
series) o pH {E R 8 Ak (LK b 1:5) W5E
1.5 BdESHr

R F SPSS16. 0 BEATHLH AT, A FIHE A MR BR -5 AR bR 39655 00 2 18] I E SRR AR T-H6 36 64T 25 St 20
BT s AR PR B AEAR i 3845 3R A0 MR Z 8] 23 BIVE AR G 7oA s L B AR R RN IRPrxT LR B R,
T S AR Bk 7 PR3 55 , ) E (Enrichment ratio) SRR -

E=[ (REFEE - EREFSE)/AERFSE] x100%

2 ER545H
2.1 RFEEARRSIARFR T3 Ca Mg Fe Mn,Cu.Zn 48 K& BT

2 AJH,T MEARR R 2455 BIETIERE, HE AWML BEKTE . WAREMIBRIER
RERESEREMTIERR, EAS MEARRSESBERANARABRENESE, AN EERERS, N
43.04% ,HWRNFHE 13.12% , HERF B . BRWARIS, HA 6 FEAR R 2H & EYMETIERR, HE M
AWEFEBE. T HEAMRLETERAE SLMMRMNZ LGS, A0 RRIRAHLEREE. HE
FE AR 245 & B E TIERR, 288 83, 1A 5 AR5 & BIRTIERIR, b RS Mk
RERBE . DEAEMDASRGEESERE TIER, 2R A8, A 5 MRS MR TIERE,
ARYZILTAZE B B S
2.2 RFEBEARR SRR L Ca Mg Fe Mn,Cu Zn A 30 B

7 Fh#EAMRPR Ca Mg Fe Mn Cu.Zn MBS BIMESSBAE AR (F£3) . 7 FEARPRHNES
M ESETIARE, T L0 DAEMRREGEE] T BEKF . BRUARZSN, EAMEAMR PR IEEE R
GRWAMESE, BEERRR N R > FE > a8 > WAF > Al > R, LFRR FIENADERE
E,EERDHN 26.52% 21.54% \15.82% . PAEHRBRRRE NS BA EENBE, HEERTE
=V HRERYIIRAMETIERR, KPS £ A0 DAFNREEEFBE, 7T MERRBRERRSEY
F AR 1458, EERMKIK N AR > HE > R8> Bl > 4080 > B3 > WAH , KPP U ARSEMGHF %
FRE, HERNFIN 29.76% 1 10.84% , T FEARIREMEMA RS EYEAL BN EEER, A
BRI B ERIKUN AR > B > WAH > WHEE > ARl > 48 > HE ,BRUPAFENH I, HRERE
RRE DAEEERREE, N 20.92% ;AR HNEERIKIC: DA > HE > WHE > VRE >an >
B > B, BRRAE RIS, EAMAZ R BE WA EERER, N 86.99%
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Table 2 The total content of soil nutrients and enrichment ratios in rhizosphere and bulk soil for different shrubs

HEARTIA WRAL 255 (g/'ke) 28 (gks) 24 (mg/kg) 28 (g/'kg) 25 (g/kg) 28 (g/ks)

Shrubs Position Total Ca Total Mg Total Cu Total Fe Total Mn Total Zn

FHHE R 5.996 +0.152 4.905 +1.056 6.190 +£0.515 18.342 +1.880  0.294 +0.044 0.047 +0.007

Z. Xanthoxylum B 7.635 £0.553 4.336 +1.128 7.431 +0.842 19.255 +1.505  0.282 +0.043 0.050 +0.008
E(%) -21.459* 13.115* -16.698 * -4.741 4.350 -4.342

] R 3.547 £0.305 3.583 +£0.601 5.153 £0.407 14.119 £1.092  0.207 £0.017 0.035 +0.002

N. tangutorum B 4.388 +0.263 2.505 +0.671 5.206 £0.514  15.237 +0.843  0.199 +0.019 0.037 +0.002
E(%) -19.174 43.042 -1.014 -7.339 4.227 -5.017

EAR R 5.122 £0.317 4.594 £0.475 6.461 +0.386 16.389 +0.759  0.283 +0.014 0.034 +0.002

R. soongo rica B 5.950 +0.427 4.519 +0.672 7.705 +0.741 17.594 +0.896  0.299 +0.017 0.037 +0.002
E(%) -13.926* 1.658 -16.145"* -6.852" -5.333 -8.245"

WAE R 3.385 +1.243 3.165 +£0.626 6.691 £0.737 15.606 +1.082  0.248 +0.025 0.034 +0.003

A. mongolicus B 4.801 £1.227 2.889 +0.339 7.915£0.540  17.684 £2.327  0.283 +0.051 0.034 +0.004
E(%) -29.492 9.532 -15.464 -11.750 -12.544 0.728

AR R 8.005 +0.120 2.107 +0.904 4.834+0.850 11.173+1.774  0.441 +0.063 0.028 +0.006

A. bracteata B 8.568 £0.271 2.455 £0.979 4.527 +0.478 10.893 £1.617  0.549 +0.065 0.027 +0.004
E(%) -6.578 -14.195 6.778 2.571 -19.644* 7.000

by R 8.112 +0.124 3.145 £0.229 3.815 £0.697 11.480 +£1.495  0.269 +0.062 0.020 +0.007

H. ammodendron B 8.714 £0.382 3.142 +0.093 4.327 +0.718 14.216 £0.919  0.335 +0.029 0.021 +0.004
E(%) -6.912 0.097 -11.831 -19.248* -19.595* -4.251

paE R 7.840 £1.072 5.526 +0.417 6.640 +0.197 17.528 £0.610  0.295 +0.024 0.044 +0.002

C. latens B 9.691 +0.762 6.284 +0.547 6.854 +0.349 18.662 +0.688  0.303 +0.018 0.050 +0.004
E(%) -19.101* -12.061* -3.116 -6.080 " -2.667 -10.505*

R: PR Rhizosphere, B:JEMRPR Bulk soil; * :R/RF—EARIR SIERE L EEF B2 (p <0.05)

thizosphere and bulk soil (p <0.05) ; F A the same below

®3 TRAEARERSERFRIHFARETRSERERE

Table 3 The available content of soil nutrients and enrichment ratios in rhizosphere and bulk soil for different shrubs

There is a significant difference between

HAFNR WAL R (gke) CHMEBR(g/kg) AR (mgkg) Ak (mgkg) ARG (mgkg) AR (mgke)

Shrubs Position Exchangeable Ca  Exchangeable Mg Available Cu Available Fe Available Mn Available Zn

T R 2.294 +0.656 0.211 £0.016 0.096 +0.015 1.976 £0.120 3.049 +0.117 0.224 +0.030

Z. Xanthoxylum B 3.046 +0.670 0.174 £0.032 0.136 +0.024 1.783 £0.138 2.981 £0.196 0.172 £0.013
E(%) -24.708* 21.536* -29.440* 10.841* 2.281 30.434*

1 31 R 1.616 +0.403 0.201 +0.036 0.087 +0.022 2.081 +0.209 3.065 +0.109 0.206 +0.027

N. tangutorum B 1.759 £0.337 0.181 £0.014 0.094 +0.025 1.990 +0.173 2.682 £0.107 0.202 £0.019
E(%) -8.093 11.302 -7.295 4.550 14.276 * 1.814

arb R 2.302 £0.162 0.320 £0.042 0.077 £0.017 1.820 +0.134 3.470 +0.734 0.339 +0.014

R. soongo rica B 2.461 £0.193 0.277 £0.038 0.090 +0.014 1.785 +0.134 3.134 +0.611 0.310 £0.019
E(%) -6.464* 15.819* -15.194* 1.954 10.712* 9.246

WARE R 1.647 £0.422 0.150 £0.016 0.058 +0.005 2.058 +0.108 2.499 £0.272 0.216 £0.007

A. mongolicus B 2.186 £1.070 0.130 £0.021 0.095 +0.009 2.062 +0.086 2.124 £0.351 0.192 +0.004
E(%) -24.642 15.500 -39.681"* -0.217 17.626 12.569 *

WA R 2.960 +0.337 0.172 £0.033 0.078 £0.018 0.850 £0.014 4.812 £0.129 0.157 £0.018

A. bracteata B 3.428 +0.471 0.206 £0.033 0.074 £0.020 0.655 £0.015 3.980 +0.193 0.084 +0.008
E(%) -13.643* -16.604 * 5.789 29.763* 20.921* 86.986 *

B R 2.752 £0.281 0.191 £0.012 0.113 +£0.021 1.287 £0.116 2.569 £0.167 0.109 £0.010

H. ammodendron B 3.058 +0.261 0.151 £0.018 0.095 +0.028 1.194 £0. 141 2.144 £0.117 0.101 £0.012
E(%) -9.999* 26.522* 18.156 7.777 19.819* 7.773

LA R 3.004 +0.447 0.259 +0.040 0.098 +0.017 1.765 +£0.109 3.003 +£0. 107 0.247 £0.006

C. latens B 3.280 +0.278 0.250 £0.031 0.132 £0.033 1.756 £0.070 2.605 £0.105 0.213 £0.003
E(%) -8.423 3.734 -25.525* 0.505 15.277* 16.015*
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2.3 REEAARER SIEARER 5 pH 21k

7 FEAR P ERRRAR PR pH E & TR PR Z5h, H HEBR Rhizosphere & JHtl Bulk soil
A 6 FMEARIR LA R I AR FREMRIER(E a0
1) ,MRPr pH KRR B KRBIMKIR N 28 > FE > I 9.00
GREE > VRS > WAE > AR, K SH#ERFTE = s g
EKF, WBRERER pH BB 0 9. 43, AR KRR 82

7.80

7

(TR *

ATLINN

% % %, % %

b [T

pH fHE AN 8.40, pH {H Y2 F M 0¥ R WAR BRIR 43 BE AR I AT BAE KR A
FAY I SO o WA Shrubs
2.4 ARPRIARMRBR T3 IR IR Z (B AR S 1 2 AT B R SR A ot

E*ﬁ%ﬁjkm% ’ %%Wﬂ:ﬁ? E‘Jéﬁ"—ﬁfﬁ}ﬁ%‘ﬁé\ Fig. 1 The pH in rhizosphere and bulk soil for different shrubs
BZRIYAR BE A, FTRRREES A « r ARG SRR EEERBE (p<0.05); *.
B2 A2 BERAELH HEEFERFEMHE BZIE  Thereis a sigificant difference between thizosphere and bulk soil (p <
MR, RMsHRbR SR SEREZ MEEMLHE, | %

BRI 2 B EAM R, SMITR N RTERPRE
RN, 2R 5EREZRBBE MM WA, EE N TTRBUZ MFEE MR 4,K5),

®4 REEFSEREHEXEST

Table 4 Correlation coefficients between rhizosphere soil nutrients

£ X B EX7S e 2R AXE AMEE AR AR ARE AR

Ilﬁtiei Total Total Total Total Total Total ~ Available Available Available Available Available  Available
Ca Mg Cu Fe Mn Zn Ca Mg Cu Fe Mn Zn

245 1.000

A 0.054 1.000

£l -0.243  0.700** 1.000

ik -0.194 0.851** 0.902** 1.000

X7 0.745** -0.101 -0.235 -0.246  1.000

X -0.134 0.672** 0.836"* 0.859** -0.127 1.000

AR 0.743** 0.143 -0.169 -0.099  0.552** -0.060  1.000
B 0.066  0.439** 0.282  0.278 -0.072  0.068  0.282  1.000
AR 0.546** -0.188  -0.439** -0.322  0.415* -0.159  0.448** -0.177  1.000
A¥E%  -0.343* 0.380* 0.160  0.337 -0.445** 0.264 -0.387* 0.153 -0.123  1.000
A4 -0.003  0.033  0.173  0.084  0.168  0.090 -0.003 -0.019  0.126 -0.539** 1.000
H¥EE -0.259  0.375*  0.322  0.353* -0.270  0.164 -0.114  0.560** -0.057  0.378* 0.156  1.000
* % ZF MR B3 Comelation is significant at the 0.01 level (2-tailed) ; * A& E.3F Correlation is significant at the 0. 05 level (2-

tailed) ; F [H] the same below

3 g

PHREREY, W T RRE X -CREARPER TRR SN, AR 6 R ARRES LIRS RI A FRE
HIBRALIEF o X5 %R\ Ma I Kopittke 25 R 2R B ST 45 REA 3722 2t TAR R IR IR RS
CO, LA K 72 85 T 9 E S S AAR SR A0 L I 3 AR A0 I B T A ALBR A K™ o o 5 M AR B o 2 0 B 1
AR SPTFRRT S, WA R i T B A B SR PR B B T B 4 52

PABEAE RPN R ETR AR DA R M ER 7 FEARMR PR 255 A S 5 & B3
FAEMR PR -3, 32 B F UL il A S5 1 & Bt LU, R LA BRI AE K TRE, I IR PRI & 4R
ML, 5B FR& B, ASES] F RIEM, MEAR R ESE R RCoR s T E1EM.
KRB G5 R R, BEAHL T3 8 F ORI R B R TEEE T, JEH, REER 8 A4, MR
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AR HURRE B, 3 3773 B SRRt EUBOR, I el Bl AV, iR i B E AR/ , I A 3R B AR P S 4 P45 Y
FREEMTIEMRER L 0T 0 2 A S KT, AR SR RS TG R PR LR P 45 S 045, I
PR & B WA/ T TR, R PR 245 5 S HAEFS 2 A 2 B 3E B . X5 UERSEBIFRERA
7] (B AR S AR SR AR A P+ R A BRI A ISR

x5 FEREEFH/MEREABEXESS
Table 5 Correlation coefficients between bulk soil nutrients

X XS B B EX 2 AME AMEE AW AR ARE AR

i H

Ttem Total Total Total Total Total Total ~ Available Available Available Available Available Available
Ca Mg Cu Fe Mn Zn Ca Mg Cu Fe Mn Zn

245 1.000

25 0.186 1.000

28 -0.316*  0.524** 1.000

ik -0.214 0.686** 0.820** 1.000

e 0.275 -0.134 -0.362* -0.587** 1.000

X -0.092 0.700** 0.748** 0.809 ** -0.296 1.000

HRES 0.663** 0.325* -0.134 -0.088  0.530** 0.108  1.000

ARk 0.037  0.405** 0.214  0.136  0.158  0.248  0.351* 1.000

H¥H  -0.056  0.454** 0.317* 0.511** -0.178  0.589** 0.329* 0.259  1.000

AR -0.523*  0.334*  0.678** 0.727** -0.661** 0.530** -0.569** -0.042  0.215  1.000

AR 0.336* -0.051  0.009 -0.182  0.213  0.091  0.390* 0.357* 0.189 -0.342* 1.000
A¥EE  -0.375*  0.301  0.549** 0.460** -0.358* 0.372* -0.305  0.454** 0.206  0.614** 0.220  1.000

RN HAME R EE AR BE ERAEARBRENERBL, RN RN E LRI T
43.04% o YWARZFSEHFAR PR 28 & B TR, X 5 ENA S WA R AERER IR X, DA
FISELREE T I B /D FHERHEA (3% 1), WIIR I KN xd 3740 OB B AR BE P22 L R o )
JBTERRR, R 28 & BRI 0.10% MEEBES, X WS E A & KA RRIAEFERICE X,
A E ) e i A BE SR T AR MBEAEE (R 1) o

BB 3 FMMEITR R 2R S B A B/ TR, (HRREA RS B R T AR 1%, R
B Y B AR, — S ARIAE T B, 4G pH EU R EA RIS EIERE X —A Y E S AR
WAHLRRFHIN_EARPRMSAEWE IR SR Y 2R T R KIS LI AR Pr L 45 6 25 BBk Vi B, BT £
UE A S RIMBSORI 7 o P TFHEAC R AR Bk i R IRSOR L R AR st A T AR B 4 B A B/ TR
P, X AEEE IR T B4 G HEA AR A 3773 B CIR B OHE — 22 R E

EHAABAE D ARZ RPRA B SR AR, AR AR PR 25 AA 2R B & 2 R B3/ THRRER,
AT A PR R R A - — AT Z IR PR AR 2SO 2 B CMAE KRR, TR X i 1%
HAL R R B8R LB R PR A R S B T . R THTR I B Y- AR FE, 2K
HERLE Y2l B R DTSR AR B L 4 B B U R 9 0, Bl /D X R T 3R i T
ORI, SR AR SRR BT AR P EOAE P P A B R B 230 0 Merckx (OIRIGZE LRI AR R 5
WISV SRR 7 Co MIEZS , T2 T8 R MR o [, AR PR A 200 1 & B AR T3 AR
Prtsf. 7EREARRKMIIGTIRE FRERT 5 T iR DT B AR AR LR, RN TR S EE
EETFIEMRPR. WS, Lexmond 1 Chaignon [IBFFT 4R %R W pH TR , AR & R BT ™ AP+
RARIRPR pH 5 TARMRPR , T4 AR EARRAR PR AR B & SR A 5

Cornu TS 45 SR - VG LLAIAR PR ) & B SAERR IR AR IO & B RS o IAh, RBITCR Rk
AW S MEITTR K& B4R, Kopittke HF5T K I HAMEY) A A RSN RN , &5 EAEYRPR
pH (75 4L , FE TR IR B R 0 A Y MR et R B, 24 45 £ AN MR A I A [ e B 1 LU , 2 AR B
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A4 Fe Mn . Cu Zn I A500 " o Li MBS R B R 5 A BRUR th 3 AR PR R TT 3R IR A
PRI o AT ST S SRR AR PR S AR PR A £ 303R 4 AR TR, DR R AR, 1) A0 AR B 04
SREr2 2R B TR, (R SRR MRS He S5 A AR B3 IEAR

A FRIEAS i BT BIARBRANL , SZAEYIAR 2 B0 A KARAE 8 9 R/ R P pH (B K/ R PR
0 Je RS A R R R P 2 2B ) B AL A AR PR AE 1 R 28 RBRA HLBR A9 & B S5 R R 952 5 W] B DA P —
PR N E, AT RER LA R R I FE A, RIS RUE S I 4R, IANE SHYIA 5 BT Ak B AR R A
B BRI RE A A S BT LA BT RN R S A . TR BT AR PR L B T
ARG T B TR AR B 7 A B B R A GE R R R i AN o P98 FP R 7B PR R B IR SR, S8 7
TERS AR AR A 38 TR AR S A R R B B 15 R, T 24 8 1 [ AR RIS O R AR TR R AR s
RN E T EE "

A T 5 A AR R TR BT T — LM R, B 1545 N = P 07 A T, 7EHE AR
HERET ARG B ARPRARCLE , 45 6 HAZ 5 P SHEAE ARFREIK I R0 HUBRFR S A P R
1A HEA b 03t 850Xk R B IR SR FAR B, 802t — 28 RO BT 5T, AT A Bl 20 AR W 2 i 05 3, DAL B &y
ARV B AR AR PR E ST BEHE AR Y - IR -1 R GE TR AR A
4 it
4.1 7 FEARPR B & BT IR BRPAZIS, 2B TR EREEARIRRIAL A
IR E A B SRR, LRI B B Y SR RE ), TR X S M B BRI B 4R BE T
4.2 7 MEARP 2K 2 2SR AME D TAERES, FRRA S AR AR S BRI TR
WRER L%, P UDAZE N EERER .

4.3 2HMAMFEDARE MR B EKBHE A BRERRRPA A T E 5, HREARRR 25 AL
M EX/ DT AR %
4.4 PR RARPR LRI, FHER W, BHRIA A
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