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Salt content in the rhizosphere of five psammophytes
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Abstract: A rhizobag experiment was conducted on five psammophytes to investigate the pH values, salt content of
rhizospheric soil and bulk soil, and to compare the differences between them. The results showed that for all five tested
plants, theirrhizospheric pH values were lower than those in bulk soil. Electrical conductivity in rhizospheric soil was
higher than that in bulk soil , and the differences for Electrical conductivity all reached a significant level (p < 0.05)
except Salsola Rathenica Iljin. Concentrations of major ions such as SO ,Ca’* and Mg’ " were enriched in rhizosphere soil.
The C1°/ SO?", Na*/ K", Na*/ Ca**, Na*/ Mg’" ratio indicated that the accumulation of SO? " inrhizosphere was more
siginificant than that of Cl . and Ca’*, K*and Mg’ * were enriched more significantly than Na*. This study showed that
CaSO,, MgSO,, K,SO, were enriched in rhizospheric soil of desert plants, but the NaCl enrichment was not observed.
Lower pH values in the rhizospheric soil improved the micro-environment of the root system for desert plant and thus
facilities efficient use of various nutrients and water by the desert. The salt accumulation in the rhizosphere may be one of

the mechanisms for the formation of salt island under a desert shrub canopy.

Key Words: rhizospheric soil; psammophytes; pH value; soil salt

ZARRE SR, ARFA X MR SRR R SRR BR K25, BRI R 3R 4

EETE : hERHEE V6" R BhmH
7% H H#5:2008-09-13; 1&1T H#:2008-11-04
* W ifAE#H Corresponding author. E-mail ; majian@ ms. xjb. ac. cn

http ://www. ecologica. cn



4650 E oA ¥ W 29 %

ARR S 5EWRIFRTP, R G R R A 5 E SRS R A% BoRmR s . BT
AR T8 A W Bl B 33K o3 25 SRR WA, AR BR AR B LR R A 2 R B B R TR Ak,
SRR A2 FIRR Bt R O B 32 2 B P AMA A R B E S RO Y o ZEEh Bk 8 h AR P A
Y 5o 30 T B ELAR SN ERET , HF SR PR 3 QR AT LA SE vty sth i B A ) 2R SR B3R o 32 E R B S L
REETPREL , RFPRE“ 3 5 " OB PGF SR A R UESE , T T A Y AR PR i 3 o i 22 A B 9 A A e 2
TR & R AL 77 T B B ST A DA 4

HRPEE DB (U4 44°157 ~46°507 , 7K 45 84°507 ~91°20") f&+f H 45 — AVP i, th 2 [ T AR K
R RE A [ Y, o SR KRl TR AR, MK R FERINT I, £ F 988 FF R 6. 6°C, AFFKE L
70 ~150mm , AT 1900mm H4FEAEZE K B, RIEERWALB ™ B R A2 F & £ 5 iy, K
RIR ERR RIVDE 5 5EE JESERI S EON L, AT WA TXE T 5 R B R VDB A R B B, Herp
HRPMAEREE R3S AR AR 7 US40 7 A LA SR PROSCAE 1) T8 B 0 A D8 AR SR R A T R — o A
SCH FIARERIEBTE T b /R BEE S R S A U A AR PR AR PR i) pH (i R R b S B AR 1L
RO, BFERIA R AR PrEb 0 2R AU R R IR P 5 22 54, LA R AR PR3k 0 A BE 48 7R U AR AL 3
T2 R RIS BRI . (RIS X T8 U XA A B SRR AE A A R A B
1 #REFE
1.1

AT BHA TR T 2006 45 9 H A ESRE TR EAL A B A 5 BB ST BT B R B A A g
6% 15km ity /R IR dy ARV BE RS G ARG P LR ST 28, il /R B R B L3R TR L 40, 1
FRIAD + 5 HK 43 R T 52 H 3K 4R 0, BRI, Y88 X 38R Ay - 42 0 g T R RD AT AL &, FL R A 3 AL BR T
2006 4F 10 A41(FK 1) FIE ML PATIE . BURT L3tk I 135 SRR, AT pH S % R
o HIRE , pH {6 R ALE I AE 5 B S 3R A O RE 5 A LB B AR BRI AP A s & RRJT IRk &
Bl HCLI-HF AL BA UL L 35 s 80 R T 0Ot e BE T

F1 SR TBERBAER
Table 1 Basic Physical and Chemic character of tested soil

AR A LB AR

T E=N / A
E: £ il B pH iR Electrical P B Organic E e ELr
Agrotype Material pH value conductivity Total salt carbon Total N Total P Total K
(ms/cm) (g/'kg) (e/ke) (g/'kg) (g/'kg) (g/kg)
Il
’%ﬁﬁ?‘i J)?Lfﬂ{p 9.5 0. 080 5.615 3.404 0. 065 0.288 17.956
Entisols Eolian-sand

PR X X W LR S PP AR - IR  EVRAR R VD3 (B B MG SE R , b T AT R IR IX W
) BAER R MU A, 5F BART T2 SRl v B JER 5 A IR R & N , AR LR 2.

F2 HHAEWFHE
Table 2 Character of the tested plants

FEYI R Species * JTJE#} Family H: 35 A Life Form 4= 3% Habitation

WM Haloxylon ammodendron Bge  #EF} Chenopodiaceae Z4EH/NIT K Perennial small trees YR - [B] s, Desert interdune
E #2482 Haloxylon persicum Bge #iFl Chenopodiaceae L4EH /NFF K Perennial small trees YYD T Desert dunes

W YD Salsola Rathenica Tljin #B} Chenopodiaceae 1 4E4: ¥R Annual herb YYD i Desert dunes

& Ip % Peganum harmala Linn PP Zygophyllaceae 1 4E4: ¥R Annual herb YN % Desert edge
&¢I Alhagi sparsifolia Shap T B} Leguminosae ZAEH: 2%E K Perennial semi-shrub YN % Desert edge

* | [fi] the same below

1.2 THYRIRASES 37 Kk R4
AAREPER#RHBAEDS SHETR T ERRIE A S E/NEHEE T HT GEBESLERN
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5% ) ,RETRET , FHYR ARG B 48 B T 3% , LAR 1R FE R R IG 45 R =k, SEIRFFLR T 2007 4F 4 A, RAR
SR E " T AT IR, K R E RV 45 0. Smm 57, ARAS T 300 H S8 T v WIS T AR, B4R 3em,
12em, BMRES R I U 1, RIEPEAE R YD 238 A 42 28em, 5 36em AL, R U L ARSS
AR AR BRIGINZEEK E LS /KE 140g-keg & . B MRS P IBAMTE FN 15 B, SRR E
10 Bk, A RKBINE 2 B 1 oK, BEEKREE 1L &K, YEK4 A (U TFEEDHRRTES
FERARLS , B AR AR T 10 AR R Y RYEE /N ) , BURAS S Lem DUF (ER R T AK EHR
RARBETE TR I HIRMENIRBR + , BUEAR4$S 2 ~3em [ HERERPR £
1.3 FEAAHT

W RERN EHEEBRRETRT)E, 12 0.2 mm 5, BUNT 3 oK 1:5 Hl &R0, FF pH H. S
RIS B , pH B B AL I B S R P45l RS0 5 s Na " 1 K F BB BE TG 5 Ca " i Mg®*
FI R FF EDTA 284358 1 5 C1 ™ B 2 I AgNO, i e 5 5 SO~ Ml I EDTA Ja) #2352 15 ; A_E & 16 hn il
S Y BLAR DT ¥ 022 30k 101
1.4 BHEotrab s

B4 4 A/ DPS i Origin7. 5 314, [RIBFIFESE TR , B K F 7 22 01 Tukey K36 17503140 #7 , 45
& Orgin7. 5 FATHIE
2 ZR5HW
2.1 ARV EMEYRPR 3 5ER PR 138 pH E/ LS

ANRIFAEY) , F B A R AR BRI, T pH B
TURBAAESRE T —MRATERER  ERE
T E TIPS MOTR WFEES BB ER
AR, mIE 1 ATLAE S A AR R 4 38 ) pH
EE/NTFAER PR L3, H 28 FAE YR A [F A R,
HAopRRARPR £ pH T RER K, 35 0.3 M54, H
7E0.05 KRB BEZER ., HRR FIVE JEIEEM
BRGERI AR PR pH 435 FF%0.12.0.16.0. 13.0. 12 M5
£, FBTRAR  HRR B A /NT AR BIAR bR+ 3B AR AR B
3K pH EH B BAR T HoA 3 FpXAEY)

o] WAV R A SO KRR 3R pH B 1 RFEF AR ARER 23R PR 1 5 pH E AR5
(8, R AR 2 1 PR CO, MR RN L P ! th value of thizospheric soil and bulk scil from differect
R BRI 38 3 7 A A LR A COZ%D] o BIR.H }r){: mﬁl:::f{hizospheﬁc soil; S ; JEMRPFE 1 Bulk soil, F[El; * %R
RPN A B PR L JERIEAR PSR 00 DREAR o e e ums 4 50 90002 7 (ke 3% ) 5 <0.05,
FHAh 3 F A H N HAR R EAMEY LI KR,  FF The * indicate significant differences between thizospheric soil
HREPEIR BN CO, . A A VLR AE ST AE X 45558 , i AR and bulk soil at p <0.05 level Tukey, the same below
Fr 4% pH [E TR Z
3.2 RFEFEMEYR PR 3B SRR bR 138 i S 0 LA

ME 2 AT LUE ), AP LA AR B+ R A L 3 T AER bR 138, A BRRAR Br L IE i B S R L dE
HRPr 18R 16.68% , R R IRFR 3B R AR bR L4 5 8. 6% , MV EARPr LB LAER IR LR
1.97% , 35 Se AR b - 48 LU AEAR PR+ 38 1 24. 23% |, % 56 AR Fr 1 338 L AR AR B i 1338 32. 94% , BRIV S 4E
#Z5FB#E (p<0.05,Tukey K% ) o

pH/E pH value
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3.3 ARFEAYARPR 55 R PR L eEh & B HL AR
3.3.1 WEtEEEEE

A FEFYS AR PR 13 SRR PR AT P v S 2R S B AR ARG LI 3,5 FiAE A TV 1R B SR 7EAR B
TP T RERR, X SHEF EMKXHKESRERPUE A2, W5 pH (EFER PR L FIER
P 13RO OU AR AR B 5 He P RAR B R & B AEAR P L3R 3R 4RO 119. 15% , HRR N 110. 16% , RV &
1 108. % , BxYEE N 127. 84% BEYER N 129. 51% , HLIEGERIR PR SRR PR Lo h B3k & B RS, X 5
R ACR O —BG Gt oA R B, A & B e AP S A AR B - SR ARAR P 1 3 2 18] 2
Z5 B3 (p<0.05, Tukey 50 ) , XU T AEMEYRIS LA BEWENIREAR . ERFNEYRE
X -39 b 3 B TE RS S P 2 A LA B AR 2R 0o g 4 WS W 1 6 R o B - 3K 202 S B AR P A
BT, AR AR B 30 (R 4 5 B B T EAR PR 3

EmR &=z S

- R s or
0.14 * * *
012} T
28 008 6 45 % % o %
i | el
L%’ 0.04 51 / / / /
0.02 é % % % é
0 2 % / 4 1 0 A % Z % j
ypd HRIR  RIvE  IRSEE Sew ®RIR FRfR ORIbE BRSEE RRgem
B2 REIR AR B S AR B e S R R AR AR B B3 ARFEFY AR R L 5 TR bR T SR A
Fig. 2 Electrical conductivity of rhizospheric soil and bulk soil from AR
different psammophytes Fig. 3  Total salt of rhizospheric soil bulk soil from different
psammophytes

3.3.2 FEWEEHRET

M 4 Hpl LU B AR BR 3 HEANA R B S0; (Ca®" I Mg™ HRI B T RAEMIR;CL W& &
TEMRPRFIAEAR PR B2 AL A K, BRIV AR PR M AR AR By (238 22 A oAt i W 9F 522 3 (p < 0. 05,
Tukey K255:) 5 i SOF~ ZEFTA B YA PR L3 b R AE 2 57 B3, HARMRA RN bR L3 A AR R 13
i SO% T SRR AL 3 A AR, Ca® FEMRBRP W I T 9 B A RAEIG IR T AR LASRHAR ORI
FEPIAR B 1 AR P 1 S A A 22 53 B3 s Mg " ZEAR PR 30 vh i 8 B R TR AR PR 3, BRR R A 5
EXAFIBEER K BRTERR T RIU LIS EAR 4 Rt Y R Pr L P RE HERIFAWE (p<
0. 05, Tukey A% ) ;1 Na ™ BRIEGEZEFNGESERISM AR PR 13 b & B4/ TARRPS 148 XU T W A IR
Pr b EhAy 4R HFR SO, (Ca” FI Mg™" T} Na* RAET 5k,

ME R R AE SRR R A H, ZESE BERIAR PR +3%h €17 (SO, (Ca®" 1 Mg™* (¥ZREELL K Na ™ /)
T ERARIA R B 22 5, X AP BLAR AR I SR B AR PR L A AR A b A B SR B R 0 SRR AR, 1 B kR L A
P A B SR T BB 7, 1X 05 T RT BB S 3R BE R B B 0 AR B EA R B A SC R, B UK EARHE Y -HRR
WAL R R B A BRI E R RE S , IR A B & KRBT R/KFE s B Ry, ERHEY AN AR BERL B 5E
2, TR LR EAAEREE, A& R BN CO, RN, R hnHe TR & 508 7 ik
e
3.3.3 Ho4R

AR R - R B F AR A AR R X B T e P M RS s SRR R B o WP R4 ot
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Fig. 4 Major salt ions of rhizospheric soil and bulk soil from different psammophytes

PR Bl RARER , LB T8 EARRAERE TARR B R R B 75 8-, 0 55 7 ARR TS
RPTRAR B RAYCE R N RN E T EE

MF3 €17/ S0;” \Na'/ K" ,Na*/ Ca’ FI Na'/ Mg** ({H T LA 1, JEAR B L 5 b i LU (BB AR K
TARPS L B AR, H S FhBUXEYRPS 138 5IER PR 13 2 [0 #8 22 57 B3 (p <0. 05, Tukey 4255 ) , B

Byt

,Mg® " RGBT FS% SEE SN EAR FR £

SR IE KT Na* SR EEAETACI A B T, Na® 5 Ca®* A Me?* A0 T390k BRI L 0oF
Ca®* 1 Mg™* Y RAE A BY FWUDRS Na* BRI ™ 5715 Ca* 0 Mg®* RO IRAE R, Na * U450 5 Bk
R AR/ANE S BEWIRBS T Ca™* 1 Me?* AEARBR -0 SRR DR BT

®3 FREMDEDEEWRELSIERELHSERMELRR
Table 3 Salt component of rhizospheric soil and bulk soil from different psammophytes

K i Bt HRE GillUge . LT —3?5?5*']. .
Region Haloxylon H.aloxylon SalsolaRf\themca Peganur.n harmala Alhagi Sparsifolia
ammodendron Bge. persicum, Bge 1ljin Linn. Shap.
Cl~/ 803~ R 2.3463a 1.8801a 2.1567a 3.289a 3.5433a
S 3.2283b 2.1753b 3.901b 9.5431b 5.1482b
Na*/ K* R 0.9022a 0.9103a 1.1624a 1.2511a 1.2201a
S 1.1074b 1.3067b 1.317b 1.1256b 0.9957b
Na*/ Ca?* R 0.9713a 0.9575a 1.877a 2.2564a 1.975a
S 1.4364b 1.3567b 2.8247b 2.3093a 2.4124b
Na*/Mg?* R 2.3068a 0.8185a 3.2714a 4.0615a 3.16a
S 2.8902b 2.4107b 5.1698b 3.7966b 2.8536b

R:Aifr 1 Rhizospheric soil; S :JEARER L Bulk soil; 3 [FZ f R [E] i /NE FEE KR & RR AR TEAR R 5 JEAR bR 22 7] 22 57t . 35 HE I AL I 45 2R
(Tukey 3% p <0.05 ) The lowercases in the table indicate significant differences between rhizospheric soil and bulk soil at p <0. 05 level (Tukey)
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SRR G R B v A ) BE 8 AR AR BRIF S 1 pH {H, N T ok 32 T AR B 3 i R , o e
BB ERIRTE 5 ALY R PR 3500 pH ERRBON B, U B8 A 3 MY E 5 T B R
B AR PR 13 pH {E) T FE— 7 TH RB IR M 2 FP 0 5540 A 3 R AP X Fe \Mn Zn B S¥ 5B ITTER W
WAL, 326 T AT LA BEARL) A KRR R A A LB O RE ™ 5 55— 7 T, MR PR 1 38 pHL T M4, REAR BE 2635
SV R A A , % 2k BV R B AR A R

DAERIBF SR, e e R B TR A W B R4, G Eh AR A M AR 2 AR A, Riley & RAAEEEAE
KGR AT OIS R, KGR 23k B RRYE TR L R AT e B dh A R
FRERAMIRGT IBTFSE B AR BR 3k 4 O SRR FR B SAE W IO T 2R 88 01 2 IEAH G , L2802 A0 TURZEAR R
T RPN R R RAEI S BT LR 8 TR PR R G h 40 B T4 A 4 HE IO TR IE BRI
R IR B PR E TAERIR L, K0 K 7EMRPR T B, Na* [Ca®" fl Mg™ " 7EMR PR E . AMRERER:
VA YRR A S B A B B R E IS ; H P IR TERIAR PR ER 2 O SR SR NG B H b A Ay o o
N 7ERTA A A B TR PR LI R R SO;T KT CL (M PH B FEMR PR LI RER E
B Ca’ I Mg, MiFFE Na* , XA F T AEEFE B Eh A A4 2 AR PR 40 CL™ A0 Na ™ 3R 46

B2 AR T8 FO SRR U IR B A — < 3 REAL] , I B R4 78 0 43 ) IR i 33 B
FEREIERFEREFYLI, X S5 B B4 B AR A T B AR BE DA R PR BE N A B o 36 A R

TEW B4 A BB IS SN e , 3 RS B B IR, (8 2 A AR B AR S b R A N R B, DA
SRTENE S T AL . TORPR Y S R S B b BR W , 0 HEBR B B R fUR, 36 5 X
b B IR R B . MBI IRPR- TR X — RGEKRTF , VLR Y BE g 5 MR RAR B pH {8, 38R P
FRIBRREREE , HE T AR HEAR AN 3543 R 7K 43 6 R 5 TR Bt 0> A A 0 R 5 b 4 i B4 g DA FO AR A0 AR B 1
57 BRI T X — S SR . YDA A AR PR R T (AR PR IR & A AR, X R Y A R E L TR, TR
R+ R BRI A BT RZ — o BRI BT TV A Y Tt 2h 5% i 5 TR 2O LR B4 E
B XA T SRR MR FIAR RN K 7 R S — 2P BT

References :

[1] Toal M E,Yeomans C V,Killham K S,et al. A review of rhizosphere carbon flow modeling. Plant Soil ,2000,222 ;263 —281.

[2] ZhangF S,Cao Y P. Rhizosphere dynamics and plant nutrition. Acta Pedologic Sinica, 1992, 29 (3) :239 —250.

[ 3] YeG F,HouJ, Zhang L H,et al. Rhizosphere Soil Nutrient and Enzyme Activity in Different Stand Age of Casurina equisetifolia Protection Forest,
2006,20(4) :86 —89.

[4] WangY, Meng Y L, CHen B L, et al. Studies on the soil microorganism quality and soil nutrient content at the rhizosphere and non-rhizosphere
region of cotton in wheat-cotton intercropping system. Acta Ecologica Sinica,2006,26(10) ;3486 —3490.

[ 5] Darrah PR. Th e rhizosphere and plant nutrition:a quantitative approach. Plant and Soil,1993,156 :1 —20.

[ 6] Ding Y X. Properties of rhizosphere of Poplar on marine soil. Journal of Nanjing Forest University? 1996,20(2) ;15 —19.

[ 7] Riley D,Barber S A. Salt accumulation at the soybean ( Glycine L. Merr) root-soil interface. Soil Science Society of America Journal ,1970,34:154 —
155.

[8] YangYS,HeZM, Zou S Q. et al. A Study on the soil micorobes and biochemietry of rhizospheric and total soil in natural forest and plantation of
Castanopsis Kauakamii. Acta Ecologica Sinica, 1998, 18(2) :198 —203.

[ 9] Zhang B Q. Soil Stalinization and its prevention in Xinjiang. Arid Zone Research, 1993,10(1) :66 —71.

[10] Bao S D. Soil Chemical Analysis of Agriculture (Fourth Edition). Beijing:China Agriculture Press, 2000.

[11] McGrath S P,Shen Z G,Zhao F J. Heavy metal uptake and chemical changes in the rhizosphere of Thlaspi caerulescens and Thlaspi ochroleucum
grown in contaminated soils. Plant and Soil, 1997,188:153 — 159.

[12] SuB L, Han Sh J, Wang J G. Advance in soil sampling methods in rhizosphere microzone study. Chinese Journal of Applied Ecology, 2000,11
(3) :477 —480.

http ://www. ecologica. cn



9 #j ZENIE % ARV A YRR H IR R R 4655

[13] Gregory P J, Hinsinger P. New approaches to studying chemical and physical changes in the rhizosphere: an overview. Plant Soil,1999,21:1 —9.

[14] Jiang D A,Chen J M. Change of Ph and avalable pool of B,Cu,Zn,Mn in surface rice soils in Yixing, Jiangsu Province over the last decade. Journal
of Nanjing Agricultural University, 1997,20(4) :111 —113.

[15] Liu G M,YangJ S,Li D S. Evaporation regularity and its relationship with soil salt. Acta Pedologica Sinica, 2002,19(3) :384 —389.

[16] Jiang C Z, Rodermet S R, Shibles R M, Rugulation of photosynthesis in developing leaves of soybean chlorophyll-deficient mutants. Photosynth
Research, 1997, 51.:185 —192.

[17] Wu L H,Zhang S J. Rhizosphere effect of nutrients in different maize soil with different fertility levels. Chinese Journal of Applied Ecology, 2000,
11 (4) :545 —548.

[18] Zhang F S. Soil and plant nutrition research progress. Beijing: Beijing Agricultural University Press,1992.40 —57.

[19] Zhang Y D,Bai S B,Wang Z Q,et al. Soil P availability in larch rhizosphere. Chinese Journal of Applied Ecology, 2001,12(1) :31 —34.

[20] LiJ H. Ion transport in soil-crop rhizosphere system under different conditions. Acta Pedologica Sinica, 1998, 35(2) :186 —194.

[21] YiLP,Ma]J, Li Y. Soil salt and nutrient concentration in the rhizosphere of desert halophytes. Acta Ecologica Sinica, 2007,27 (9) :3565
—3571.

B EHk:

(2] W, W—F WERSISI R SHYIE TR LM, 1992,29(3) :239 ~250.

(31 WINE, A, KL, & RFRSERAR AR AR PR 3570 & B ARG P37, /K L4240 2006,20(4) 86 ~89.

(4] FE3E TR, PRk ZIMEMEARIERERIER PR LR YA L5770 5544, 2006,26 (10) :3486 ~3490.

(6] TRIKE. Gl R JULARRR R 2RI BERtholk R 22240 ( B ARPBHERR) ,1996,20(2) :15 ~19.

[ 81 B, I, AR XU 4. M FRAs RARMK-5 N AR P e A Wy R OHAE AP IAE5E. A 252 4f% 1998,18(2) 198 ~203.

(9] TKINL. Bl TR AL LB IR T2 X5, 1993,10(1) :66 ~71.

[10]  #at B 34 Rolb T bAoA JEaT . H Al it ,2000.

[14] #HEZR, BARR. ETJUERENH KR L RZ L5 pH & B.Cu.Zn Mn HREE RINEL. MR KEER, 1997,20(4) 111
~113.

(151 XU B, Bslitl , 400, T KA R M RS R IR ISR R . 13382 41,2002,9(3) :384 ~389.

(17]  RJp#e, 5RAE. AR LB Sy F KM+ IFR I RERBOM S, B ZS44,2000,11 (4) 1545 ~548.

(18] kAL TS HYEFRBIFZA. At JatR KA H AR, 1992, 10 ~12.

(191 TKEZR, Bk, EBOL. FMHARER T B ARIERTTE. N HIA&241,2001,12(1) .31 ~34.

[20]  HE-VEVIIRER RGP B TINIER. L3, 1998,35(2) 186 ~ 194.

(21] REM, D, 2. FBEh Y RER b/ MR HRAE. A2 252540, 2007,27 (9) :3565 ~3571.

http ://www. ecologica. cn



	09a55.pdf
	09a56.pdf
	09a57.pdf
	09a58.pdf
	09a59.pdf
	09a60.pdf
	09a61.pdf

