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Dynamic change of salt contents in rhizosphere soil of salt-tolerant plants
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Abstract; Secondary salinization of soil is a major limiting factor for agricultural sustainability development in irrigated
agriculture in arid and semi-arid regions. At present, the problem of soil salinity is further deteriorating in inland arid
regions as the dry lands have become irrigated fields, which caused the substantial rise of groundwater table. The majority
of comparative studies suggested that phytoremediation ( plant-assisted approach) is more effective in the amelioration
process in recent years. Rhizosphere is an important interface in substance exchange and energy transformation between
plants and soil. Affected by physiological activities of plant roots, there is a marked difference in physichemistry properties
between the rhizosphere soil and bulk soil. Based on a calcareous salt-affected soil in the irrigated region of
Qingwangchuan, Gansu, a rhizobag experiment was conducted on four salt-tolerant plants to investigate dynamic changes of
pH, EC (Electrical Conductivity) and salt ions in the rhizosphere and bulk soil, and to compare the differences between
them at the different plant growth stages. The results showed that pH, EC and concentrations of six major salt ions in four
tested plants decreased with the extension of incubation days. There was significantly ( P<0.05) lower pH in rhizosphere
soil than in corresponding bulk soil after 90-day growth periods for all tested plants, such as alfalfa ( Medicago Sativa L. cv.
Xinjiangdaye ) , sunflower ( Helianthus annuus) and common beancaper ( Zygophyllum xanthoxylum) except for barley
( Hordeum vulgare var. vulgare). Soil EC was higher in rhizosphere soil than in bulk soil for common beancaper and
alfalfa , but not for sunflower and barley. K* concentrations reduced significantly in the rhizosphere of four tested plants, but

other major salt ions in the rhizosphere soil of alfalfa, common beancaper and sunflower exhibited enrichment. However,
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Ca™, Mg’ and SO; concentrations increased in the rhizosphere of barley, whereas the other ions behaved in an opposite
way. The Na'/K", Na'/Ca* and Na'/Mg" ratio showed a decrease trend with the extension of incubation days. The results
indicated that the deficit of Na* in the soil was more profound than those of K*, Ca® and Mg™*. In the present study, the
main reasons which were responsible for the relative change of ions between rhizosphere and bulk soil might be the
combination effects, namely effects of different ions were absorbed selectively by plant root and the amounts of soil mineral-
salt compound can be mobilized by different rhizosphere processes. Besides, the rate of different salt moving to the
rhizosphere also played a key role in this case. In addition, we should consider the distance between sampling site and plant

rthizosphere at different plant growth stages as pH and salt contents in the saline soil were measured.
Key Words: rhizosphere and bulk soil; salt-tolerant plant; salt ions; soil pH; salt-affected soil
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Table 1 Basic physical and chemical characteristics of tested soil

N ek e L 5 AN T
J B GE WS EC Hﬂlm%ﬂii ﬁfﬂﬁﬁ: £ A Exil
pH Field Organicmatter Total N Valuable P Total K
Agrotype CaCO;/% /(ds/m) )
capacity/ % /(g/ke) /(g/kg) /(mg/kg) /(g/kg)
JKES 1 Sierozem 16.27 8.31 6.87 21.43 10.75 0.03 64.66 2.05

1.2 YIREEH IR JRE Al R AR

IR AR AT A SR 7E SE e R A AT, P R R4 T B st
TRAWI IR DX RS AT 0.5 mm B FF I, 30 AT AR (R ZR R AR — S081) , B et 2
T:200 mgN/kg T +:,100 mgP,0,/kg T+, FFFE/HRA 2T, AR 320 H FLAR A Je T W20 4 i il 1 (FE 4%
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1.4 %dEabag

JH Excel fE[E],DPS v3. 01 #4741 H40#7 , SRR 7 2250 Fr R HI LSD %,
2 BER54H
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8 pH ALY F R R AT A LA LA (1) A% TEHLBA BHES 7 A S A i s EAR PR f sk sl ik ™ 5 (2)
FE IR 2 AR BRI D0 D K2 A= 3846 MILJSR 19 4 it R e — 48 A ik, 5 AR BRIR 1L 5 (3) AR AR 40 it 7 fif i A
FRE I 7 (H™ OH™ (HCO;Z) A HLER , 1M — 2 5 ) i P R A S e AR DG B IR 2 A i A K Ok 6 57
SRR (4) HEH X AR TE A RS i - A R AR TR T 25 03 A A B o AR B pHL & A= 28461
AW S 2 R AR PR R AL, TR 2 R AR PR , A F 5% 232 BH 1) H 28 N0 WA e 245 R0 2 i A U Al
PR pH FEAE

00d Wo60d N90d E 120d

xR CG s AL WECB ] H 3% SF & BL

E1 AEEWIRRMIERERLE pH EHZEE
Fig.1 Dynamic change of pH in rhizosphere and bulk soil for different plants
R:MFr+ Rhizosphere soil; S: JEMRFR + Bulk soil; CG: control group; AL: alfalfa; CB: common beancaper; SF: sunflower; BL:barley; /N5 F
BEFRIR R — AW TEA ) B SR U 1) S 2 e B

A 1AL FEA K 120 d BEErSE AR AR PR 3 pH R Bt K, SR RTAT LR T 0. 43 A8, IR H
BRI AR PRI b VR P i, AE 8555 120 d B AR BRESAEARPRIK 0. 13 ASFf 3 2B P R K 2 5
LY, SRMEYIFR T REE I LA AL AR bR pH A1, 38 G638 i 5 SRS 36 A A AR B fele A= 9 9 [ R4 P
SRR PR AL
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Al AR
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2 AEEYRERTEMIERFELEARAFERIE EC WELRR
Fig.2 EC of rhizosphere soil and bulk soil in different plants during different incubating days

K2 R 55X BATAR L 4 FhEFIUAE YT EC AR 2T b 5555 120 d 0 ) H 28R BR 1 EC F
RS B AR Y 23. 43% , A HH 1] H 2206 £ 38 T 5 Pk 43 6 i ol R AIOCR e, 10 4 AP AR DA 9 b 0 1
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A R AR SR A P T DX A R AR, AL X X R T A = 498 mT Y P i 4 A R SCSR ) B R T A 5 IR R A G 11
WARIEE  MWRALIRE MRPRVEH SR R AR A R ZE A 56,

2.3 BIEFRERSETREEL

M 3 F i, 4 FhEEIAE ) A HE 2 4 38 v i 6 il 32 2 0 ] R B i A A s T A 348 i 2 R R R A
Ki9% 120 d B 3 6 B R AR R B T A KU AR 4 R DUAE Y B AR PR S R B T e, 9
H K ZEARPR 3 i) 5 i 5 [R]85 35 0 (R AR AR B = 3 b i A1 H 2% 53 B35 (P<0.05) o AR B 3 H Al 5 Fp 3
BL TR SR B O i S AEAR PR A 22 P B R IR AR R TR A I 28 5%, B S TE B am Rt i H
ML 3 FREYIH, Ca® Na® Mg™ SO Fl ClIixX 5 Fr s pEEb B eI AR bR L3 P B0 A 5 K #R SR AH
BB T w4 HIX S Rl iR B AE AR B 3 () B i A TR — B R i (R AR AR B 4 rh g 22 7 1k
FT B EKF(P<0.05) , XFF#EE,Ca™ Mg™ Ml SO TEALYAR PR L3 B T & 48, 1 Na*™Fll C17EAEY)
MRPR 3 BT 58, S Rl it B R PR SRR bR 3 i 22 Y3k 8] T B K (P<0.05)
MAEXT AL 6 Fh B AR 8 7 A B EAR PR S AR bR L e h 22 R AR B3

FIE 3 WA UE Y, 55T LA EL 4 FRREYIZHXT 6 b 5 2 A T 3 1 85 1 ) A AR it 38 K, 0 P e
AT AR SR o AR . JF LS SE 120 d 54 K Ca® \Na® Mg™ SO il C1™ AR I 2 fi i 3 Ao b
YiFhh ) H SR sm A, Al R B TR E R R AT REA LA N 4 . (1) B E AR b T+
BOK 2% ARANE T L3R AR IR A AT IR 5 (2) A AR BRAsN A AR 1 - 4 b v A
BT st AR TR PR RIA RHEHZ AR AR S b H 28 R g R AR BRSO 51 pH
FARIR A K (1) 7B 55 3% 120 d JE X K Ca™ Na*  Mg™* R I B B b 5 A 9 Bl ok 1) H 5% FI0Er 88K
M (3) AR R e AR PR LI AR KPE AR T Pl e 2] R 2 158 ; (4) M IR BENE A7 3E A 24—
GyERAY AP A R A 2 T RE S R RS [ 25 57, X T E— 25 S50 900F

H & 3 BT LUE 6 BRAUAR bR SAEAR PR 6 Bl B ZEEh B 722 R B3 0 4 R AR B 5 AR AR B AH EL s
ZIb AR AR b, 25 53 B35 (P<0.05) , HARPR - s 7 & & 5 6 — 852 0 WEHEAR PR - 49 vh A H 22 S fe i
E AP FP R 5 R S50 R L, R A3 AERE AR PR 5 HE AR PR & A A AR A i) 32 22 J5 R R g A
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Fig.3 Major salt ions of rhizosphere soil and bulk soil in different plants during different incubating days

B 5 A (1) KSR R R B I AR, WA KR R, 9 P O R il PO B IR AR SR SR AR
KT, FEATHR R0 0 B 71 PR E 8 1Y) 1y T8 B AR A, 6 5 5l DX b 2 A T 5 22 0 e 1
AR PR RS | 2 i AR PR ER 5 B4R 5 (2) MR ZR B A L 005 B M 0 Sk MG SR 2 WE I A ) T 3R B
MVERIABARHZ LT, Al 3 AR PRER 7> 77 ik, A AR SZ6 X0 BRAH W] UL | 5 B /KR BT A 18 1 — 7 119 LU 232 [m) i
PEAT AR A, A 8 v R T R A AR S A R (3R 2) IR B T IRIAR A R AL 5 ik vk T
K5 (3) SAHY T ER AR J1A G, Tt R RE BB AR HARBRIGER 7 R R s R ABFSE P ARBRER
(R SRR A W Rl [ A R 25 57, 3 EARPRER 7 & SRR f R R AR Bioth 7 W AR R E /N5 (4) 2 [N Y
(REM 2 R R A AR 2800 138 PR R B - e B P M F 2 — LB T R S B s b s 1 AR Al
XA FEIF 5350 ARBRRON R SZ A A B AL i A R B B s 20 LAACSE R P SOT
B, BRATE 120 d BYREFRE AR AR BR SOT w4 iR i A 8 5% 60 d I ARER SOT 7k, 537 90 d J5iX 2
PR BR SOt BLE 4 i) H 288557 60 d BHARER SOT SAEMRPR LI AR 22 57 A 2, 15597 90 d J=
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B SOT R4 ; (5) LR AL W 10 BS R P A U R 7 28 LTIR #0035 T
HRPR S AR R A B AHXPIR DL T BEJE LT 3 7571 PRI R FH A2 20 (1) R X AN [) R 8 1 A9 e 1R I i
HR (2) IR TR RIS ; (3) R B ER M ERPREN T TS AR

®2 AREEYRERLEMERE LR ARNEETE

Table 2 Salt components of rhizosphere soil and bulk soil in different plants during different incubating days

T H Item X 45 Zone Az KA ] Time/d Na*/K* Na*/Ca?* Na*/Mg** Cl=/S03"
X HRZH R 0 37.26 ab 4.38 a 4.66 a 2.93 ab
CG 60 34.34 ¢ 3.61 ¢ 4.60 a 2.89 b
90 37.92 a 3.75 b 4.73 a 3.02 ab
120 34.60 be 3.52d 4.59 a 3.01 ab

S 0 37.59 a 4.38 a 4.66 a 2.86 b

60 34.71 be 3.61 ¢ 4.61 a 2.88 b

90 37.74 a 3.70 b 4.73 a 3.09 a

120 36.99 abe 3.58 cd 4.60 a 2.91b

B R 0 37.26b 4.38a 4.66 a 2.93b
AF 60 48.88a 3.21d 3.27 ¢ 2.41cd
90 33.54¢ 2.74e 3.57d 2.79bc
120 15.02f 1.85f 2.95f 2.45 cd

S 0 37.59b 4.38a 4.66 a 2.86bc

60 20.18e 2.81e 3.30e 2.16d

90 22.15d 3.96b 4.09 b 6.22 a

120 13.56¢ 3.83¢ 3.90¢ 2.16d

HL R 0 37.26 b 4.38 b 4.66 a 2.93 ¢
CB 60 60.98 a 4.64 a 3.91 ¢ 4.64 a
90 34.27 ¢ 3.00 e 3.90 ¢ 2.82 ¢

120 33.57 ¢ 2.89 f 3.72.d 3.25b

S 0 37.59 b 4.38 b 4.66 a 2.86 ¢

60 25.74 e 4.11¢ 4.13 b 1.95 e

90 27.99 d 3.39 d 3.87 cd 2.43 d

120 11.60 f 2.48 g 2.42 2.14 e

OREES R 0 37.26 a 4.38 a 4.66 a 2.93 ¢
SF 60 26.31 ¢ 3.88 b 3.37 ¢ 4.08 b
90 22.30 e 2.32 ¢ 3.01d 1.90 f

120 23.99 d 1.97 d 2.54 ¢ 1.45 g
S 0 37.59 a 4.38 a 4.66 a 2.86 cd

60 30.96 b 4.33 a 4.07b 4.67 a

90 7.76 g 1.1l e 1.00 g 2.32 e

120 17.73 f 1.12 e .72 f 2.614d

Wk R 0 37.26 ¢ 4.38 b 4.66 a 2.934d
BL 60 49.13 a 3.68 ¢ 3.35¢ 2.22 e
90 39.69 b 3.34 ¢ 4.35b 2.3l e

120 29.50 d 1.80 g 1.49 e 1.09 f

S 0 37.59 ¢ 4.38 b 4.66 a 2.86 d

60 25.27 e 3.60 d 3.45 ¢ 3.39 ¢

90 30.21d 4.82 a 4.36 b 4.27 a

120 23.79 e 2.44 f 2.33d 3.85b

R:HRPr+ Rhizosphere soil; S: JEMFR L Bulk soil; CG: control group; AL: alfalfa; CB: common beancaper; SF: sunflower; BL:barley; /N5 %
R IR — A ) AE S TR R% 75 s A ) 8 35 P4 A
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2.4 FHoHmRmEhEEL

M Na*/K* Na*/Ca® Na'/Mg™*ixX 3 AT LA (38 2) 4 FREl i 550 90 Bl 45 % B (] (9 S 4+ 338 o
X3 AN HAESZ IR/, BEEH Na™ AHX T K Ca® Mg 76 3 (0 & EREAIR T, 0 R A X Na® RS BR AR 2
FIY, WX Cl/S0T , HARL R, AR A B B, - ELREE 4 om0 15 5 isF 8] 0 35 i FLAR B 5 3R AR B vp 119
Cl/S0% 224k, AR B AP RO Rl A 22 5%
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