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Distribution of soil nutrient and microbial biomass in rhizosphere versus non-

rhizosphere area of different plant species in desertified steppe

YANG Yang, LIU Bingru”®
Key Lab of Restoration and Reconstruction of Degraded Ecosystem in Northwest China of Ministry of Education, Ningxia University , Yinchuan 750021, China

Abstract: Six plant species, Stipa bungeana, Agropyron mongolicum Keng, Glycyrrhiza uralensis Fisch., Cynanchum
komarovii Al., Artemisia ordosica, and Sophora alopecuroides dominate the desertified steppe ecosystems in Ningxia,
northern China. However, the distribution of soil nutrients and microbial biomass in the rhizosphere and non-rhizosphere
areas of these six plant species in this region has been largely unknown. This study investigated soil nutrients, microbial
biomass, and soil physicochemical properties in the rhizosphere and non-rhizosphere areas of these six desert plant species,
together with soil physicochemical properties. The results showed that rhizosphere enrichment followed the order shrub
(A. ordosica) > lLeguminosae ( S. alopecuroides, G. uralensis Fisch.) > Gramineae ( S. bungeana, A. mongolicum )
>Compositae ( C. komarovii Al.). In the rhizosphere area, a significant enrichment effect (P < 0.05) was found on the soil
nutrients and microbial biomass, but not on the total phosphorus (TP) (P > 0.05). The rhizosphere enrichment effect on
soil organic carbon ( SOC) was more pronounced than the other indices (i.e., soil nutrients and physicochemical
properties) , and soil nutrient availability was more sensitive to the changes in the rhizosphere among plant species. In the

rhizosphere and non-rhizosphere soil of different desert plant species, a significant linear correlation was observed (P <
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0.01) between SOC and total nitrogen (TN) and a significant linear correlation between TN and alkaline hydrolysis nitrogen
(P < 0.01), but no significant correlation was observed between TP and available phosphorus (AP) (P > 0.05). The
results suggested that the rhizosphere enrichment effect occurred for many desert plant species. Shrubs and leguminous
plants had a significantly higher rhizosphere effect than the other herbaceous species. Rhizosphere enrichment effect was
found to increase soil nutrients by reducing soil pH, and this was beneficial for the efficient utilization of soil nutrients in

the susceptible desertified steppe ecosystems.

Key Words: desertified steppe; plant rhizosphere; soil nutrients; soil microbial biomass; spatial distribution
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Table 1 The basic characteristics of different plants and environmental condition in desert steppe
FEHLHBFE A Longitude and Latitude of Samples BHE
iRy By [ s MR BB
" N N Famili
Plant Type i1 il 2 il 3 amilia and Height/cm Crown/cm Branch/ 4>
Samplel Sample2 Sample3 Genus
K 37°12'09" N 37°12'42" N 37°12'15" N
v& 62—148 15—20 8—15
Stipa bungeana 106°42'38" E 106°42'18" E  106°42'09" E AR
Equpi e 37°27'30" N 37°27'05" N 37°27'13" N R
2 38—47 24—38 4—8
Agropyron mongolicum Keng 106°57'26" E 106°57'29" E  106°57'27" E AARE
HE 37°36'18" N 37°36'15" N 37°36'06" N _
HE 28—52 18—35 5—
Glycyrrhiza uralensis Fisch. 106°47'42" £ 106°47'51" E  106°47'13" E # ?
LW I 37°46'06" N 37°46'13" N 37°45'52" N I
3 25—47 22—4 —1
Cynanchum komarovii Al. 107°10°'04" E  107°10'05" E ~ 107°10'16" E PR 3 3 913
RYE 38°02'29" N 38°02'15" N 38°02'03" N
| 7—72 2—7 2—
Artemisia ordosica 107°03'48" E 107°03'26" E 107°03'14" E At 5 5 o 5
WaT 37°48'56" N 37°48'42" N 37°48'17" N GH 3651 12—37 4—7q
Sophora alopecuroides 107°27'42" £ 107°27'12" E 107°27'05" E s

1.3 JxE Tk
1.3.1 3R R B

3 KRR ML T EEIE 48 pH R AL AL EE I E (1.2.5 ROK IR 23 L 33 EC R P4
ZIJHe € 1L ( Multiline P4 Universal Meter, WTM /3 ] , Germany ) M & ; +#E0FEE 2k 0.5 mm i FH F SOC . TN
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UDK140 23 B3 3 il 0% NaOH-H, BO, g 1151
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Y L1 43518 0. 38,0, 451
1.4 BdRab

K SPSS 18.00 #4177 224387 ; Excel 2003.00 #4742 & ; 2 8 FL SR F LSD 25 L R Jr 2K K AR br 5
JEMR PR R e 3 25 57 A BN 3 IRE R A P41, Pearson MG/ Wi i8 - BE AL K S50 E 4
RZAMHEER,

WIrE ER E( Enrichment ratio) 7 BRFE 4300 & SR FEEE | E (B 1 /N S ik 4 S8 IR A AE A2 0 AR B 19 o A
JE TRV S e T AR AR B 07 A R 5 A sl R e
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B e A AR B 5 AR AR B - e R e R B A P A A R A RO L K pH
S 25 R (P<0.05) 11 H 3 BRI S R A B A 22 5 (P>0.05) o AT TFAEAR bR+ 1, R PR
MBC F-#J5 H 30.3% ,MBN V-5t 72.8% ,SOC F-¥ 1 43.6% , TN 345 63.3% , TP F-¥m H 45.7% ,
TP VY 41.3% , 8 2T 28t 68.1% , L 3 -2 th 3.4% , B K P Y i 25.0% , B TAR R IR
i CO, Ay HLER R0 sh = A A LR AT CO, 5 E T F BURBRIR 1L, AR PR pH {E ¥ BRI AR % £ 55 22 b
W I 3553 W B8P RIIE 1 35 53 A 550k (A P AR AN Ak, AT CRAIE T X ol e R A WOR B B2 K 2560
B S BAE AR Bt 1 5635 4 2 B PR S B A AT

R2 RREREYRESERFELIERS FHENEEER

Table 2 Contents of nutrients and enrichment ratio in rhizosphere and non-rhizosphere soil of different desert plant

T Tiem Rhizo:shﬁze( R) Non-rhjifjiim S) 75 Enrichnir% ftio( %)
WE YRR MBC / ( mg/kg) 125.56+10.37 a 96.38+8.56 b 1.30 1 30.3
AE YA MBN / (mg/kg) 15.48+2.58 a 8.96+3.21 b 1.73 1 72.8
FHHLK SOC / (g/kg) 4.82+0.82 a 3.35+0.53 b 1.44 1 43.6
2% TN /(g/kg) 0.46+0.12 a 0.28+0.09 b 1.64 1 63.3
W TP /(g/kg) 0.32+0.11 a 0.22+0.08 a 1.45 1 45.7
HRWE AP /(mg/kg) 0.48+0.13 a 0.34+0.10 b 1.41 1 413
WA AN / (mg/kg) 15.79+4.85 a 9.39+3.96 b 1.68 1 68.1
pH 8.46+0.09 a 9.16£0.14 b 0.93 | -0.7
SR EC /(ps/cm) 75.33+9.89 a 72.83+7.63 a 1.03 1 3.4
FoKiE SWC /(%) 6.38+1.29 a 5.12+1.65 b 1.25 1 25.0

I MBC 1 MBN 43l 37 il A Wy s Rl A e A 1 i 205 IR AR PR 5 AR AR B+ e A BRI ROR 2 R A B, P < 0. 05

22 FEEE ALY BR AR PR R A R AR

Tl H R 6 PR PIAR R SOC &R AN Ny - BV E > H F > H P> 4 DA > KU RS S KR 327
GRHEEAE R, 3 TN AR K/NRIN . B 5> B E ST G >4 D AN P> Sl vk > K B 3 TP
EHRA/NRI R - H RS B UDE S S VKRS 4 O AMN > RIS RS G IR FORE (2 3) A (RYE) A
GRHEY (T D) A R IR R B AR B S T ORANEHE Y (KRR S UKD

A RS BRUE ST A O AN AR PR A R B AR R P BRI S bR AR R
A OB T R S R T AR O AN T AR B A R A i I T ARAR PR, A 5 FAE P AR B - 3 A Y
BB, FRVDES TR REAR B A A AU AR I TS B RS2 VKB 6 R A AR B 1 45
pH (EFE/NFAEM PR, AR B 7E 0.10—0.82 ASERA 22 (8], FEARIR B2 R /NIT K . BBV E > 5 F >0 F
>H RIS RS St kR L rh BV ERR PR pH (E5/NIE H R FRIE ok, 38 0.82 AN B, 33 d B B VDS L e
AAEYIELE G 5 AR PR 48 pH E AR K eo 8 S KR AR O FARBR i S R ) 4, iR
G T RBR T H ST B TR 12.79% 1 6.52% ; K BAE 6 MIFEE YT B EAE O H B
T LR R AR I 2 T A 3 AR

A L e, 6 AR BR MBC A1 MBN & &2 & FAER PR, Hoh BBV 35 5 F FH B AR R MBC ) &,
FHEE(P<0.01) , KEFMPR MBC B2 5 5 (P<0.05) , 5 i vk A4 DANFARBR MBC JH A 18] B H
(P>0.05) ; B TS FIARER MBN B 35 3] 3% & 4R (P>0.05) , HoAth 5 FPAE AR BR MBN 2135 34 2% &
(P<0.01) , ZREKAE , BUNE 150 TR FARBR % B & 465 38 = T A 3 FhiE ) .
2.3 TREE IR PR S AEARPR 35RO S b

FH% 4 Al , R PR MBC 5 MBN (SOC | TN FI#% /K it 5 f 38 sl I 35 IEAH 56 (P<0.01) , 5 HL S R 2 )
WEMAIC(P<0.01); MBN 5 SOC, TN 15 7K & 24k 3 1EAH E (P<0.01), 5 5 R 5 2 7 A X
(P<0.05) ;SOC 5 TN &K it B4 i E FAH X (P<0.01) , S5 SR EW B E R A E(P<0.01) ;TN 5 TP %
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Fig. 1 Contents of soil microbial biomass in rhizosphere and non-rhizosphere soil of different desert plant
£33 REEFREYREMERETEFRSSEST
Table 3 Contents of soil nutrients in rhizosphere and non-rhizosphere soil of different desert plant
i P ST VK H LRI\ B W
Wi H Ttem ;’art Stipa Agropyron Glycyrrhiza Cynanchum Artemisia Sophora
bungeana mongolicum Keng  uralensis Fisch. komarovit Al. ordosica alopecuroides
EERiIRIS HBR(R) 6.95+0.16 4.360.61 2.84+0.73 4.32+1.07 5.12+1.56 5.27+0.70
SOC /(g/kg) JERRER (S) 5.45+0.15 3.59+0.50 1.51+0.48 2.90+0.64 2.58+0.53 3.09+0.53
BER/ % 27.42 21.38 87.76 49.06 99.95 70.46
2R HRFR(R) 0.69+0.06 0.35+0.04 0.32+0.03 0.77+0.03 0.28+0.05 0.3420.17
TN /(g/kg) JEMRFR(S) 0.58+0.07 0.26+0.04 0.12+0.02 0.56+0.77 0.11+0.06 0.15+0.07
WER % 19.35 33.51 160.54 38.33 150.00 125.00
B HRBR(R) 0.59+0.11 0.22+0.03 0.2120.04 0.410.03 0.29+0.01 0.22+0.02
TP /(g/kg) JEMRBE (S) 0.43+0.12 0.15+0.03 0.13+0.07 0.28+0.07 0.19+0.03 0.1620.01
HER % 38.35 46.75 68.06 46.67 56.34 33.16
RER PR (R) 0.42£0.05 0.32+0.06 0.37£0.08 0.39£0.03 0.71+0.14 0.41£0.05
AP /(mg/kg) B (S) 0.47+0.08 0.37+0.07 0.24+0.05 0.29+0.06 0.32+0.07 0.26+0.03
WEE/ % -10.64 -13.51 55.85 33.61 118.98 57.40
R 2L HRFR(R) 29.98+3.14 14.70£1.60 8.40+1.05 24.15£2.13 14.47£3.71 3.03+1.23
AN /(mg/kg) JEMRPR(S) 21.23+2.13 8.28+3.18 2.57£0.73 29.82+2.85 3.62+2.11 0.82+0.20
HEE/ % 41.21 77.46 227.27 -19.01 300.00 271.43
pH HRBR(R) 9.560.61 9.12+0.41 8.96+0.15 8.83+0.56 8.14x0.21 8.74+0.45
EARBR (S) 9.79+0.52 9.22+0.95 9.48+0.65 9.52+0.85 8.96+0.35 9.52+0.62
HER/ % -0.23 -0.10 -0.52 -0.69 -0.82 -0.78
L HRBR(R) 83.67+9.85 74.00+5.00 69.00+12.12 77.33+£7.02 94.67+7.62 57.33+2.89
EC /(ps/cm)  AEHRBR(S) 64.67+4.89 73.33£6.81 65.67+7.23 88.67+9.87 79.33+8.39 61.33+5.69
WER/ % 29.38 0.91 5.07 -12.79 19.33 -6.52
Tk PR (R) 6.38+2.16 1.37+0.56 1.52+0.58 7..45+1.23 0.98+0.25 2.53+1.02
SWC /(%) AEMRPR(S) 5.89+1.74 1.09+0.66 0.79+0.43 6.56+2.30 0.45+0.19 1.65+0.89
BHEEK/ % 8.32 25.69 182.41 13.56 117.78 53.33

TE: " i FOR R BR S EARBRTE 0.05 F1 0.01 KF- |22 5 3%
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fift EAN K A 2 IE AR OC (P<0.01) , SR8 22 it 3 17 AH G (P<0.01) s TP 588 & . pH 2 e & 1E
K (P<0.01) , 57K E 2 B3 EA I (P<0.05) ; I ff A5 B 55 52 W F IEAHE(P<0.05) ;pH 5B SR E
LB TEAHIE (P<0.05) 5 DL 455 B8 THRBR SOC F1 TN FETEi AR 25 22 40 AR B3 FRI 24

H % 5 0], B3RP MBC 5 MBN SOC TP I /K & &2 1 35 ol il B 35 IEAH ¢, 5 i SR 2 3%
A (P<0.01) ;MBN 5 SOC TN 5 7K B LA 3k e 5 b 2 sl (38 A ARG | 5 e S o 3 67 R 6 (P<0.05 )
SOC 5 TN & 7K it S A i 2 IE ARG (P<0.01) , 5 HL 33 5 I 2 67 A ¢ (P<0.05) ;TN 5 TP Blfi 0 F % 7K i
S IEADE(P<0.01) TP 508 A . pH A5 7K 5 52 1E A OC ; il 5 i SR S /K i 22 0 3 IE A G (P<
0.01) ; VA F45 R BoR T IRPR 53R PR T3R5 A A8 A e B 5~ 2 TRT A A G

F4 TEEFEEYIRFELIEFES ZMEF Pearson XS 1T

Table 4 Pearson’s correlation coefficients among soil nutrient factors in rhizosphere soil of different desert plant

AW RS BMEYER ALk £y e BB WA HFR
T H Item MBC / MBN / soc / TN / TP / AP / AN / pH EC /
mg/kg mg/kg g/'kg g/'kg g’k mg/kg mg/kg ps/cm
f# A
;ﬁif?ij/kg) 0.786 **
AHL#K SOC / (&/kg) 0.712* 0.589 **
4% TN /(g/kg) 0.314" 0.732* 0.733
W TP /(g/kg) 0.215 0.305 0.271 0.631*
B AP / (mg/kg) 0.308 0.216 0292 -0.444™ 0.013
WA AN /(mg/kg) 0.204 0.108 0.338 0.605 ** 0.827*  0.199
pH 0.102 -0.102 0.055  -0.153 0.577"  0.331 0.315
B 5% EC /(ws/cm) -0.546 " -0.421* -0.508*  0.265 0.199  -0.370 0362 0.366"
FkE SWC /(%) 0.741 " 0.689 ** 0.825™  0.732™ 0.395*  0.267 0.289 0.132 0.062

*AHICHELE 0.01 ZKF L8 (URB) , * AHICHEALE 0.05 K- L 2 (XUZ)

£S5 EEREWIFRER LRSS ZIE T Pearson 18X

Table 5 Pearson’s correlation coefficients among soil nutrient factors in non—rhizosphere soil of different desert plant

WMeEwREm  BUEMEAR ALK 2R B ARWE AR HL 3
TiH Ttem MBC / MBN / soc / TN / TP / AP / AN / pH EC /
mg/kg mg/kg g/'kg g/'kg g/'kg mg/kg mg/kg ps/cm
ML -
ﬁgv%(fnjkg) 0.593°
HHLBK SOC / (g/kg) 0.552** 0.572*
2% TN /(g/kg) 0.215 0.697 ** 0.752*
4 TP /(g/kg) 0.378* 0.298 0.278 0.550 **
AR AP /(mg/kg) 0.108 0.365* 0.345  -0.239 -0.136
WA AN /(mg/kg) 0.032 0.194 0.142 0.685* 0.705* -0.123
pH -0.102 -0.213 0232 -0.137 0.631°  0.071  -0.022
5% EC /(ps/cm) -0.623 " -0.398 = -0.344 " 0.287 0.047 -0.083 0.558*  -0.200
FKEE SWC /(%) 0.654 0.588 ** 0.626™  0.558" 0.425*  0.621**  0.712*  0.205  -0.124

* FHSEPEFE 0.01 K W2 (RUR) | « MSEMEFE 0.05 KT 3 (WUR)

R ERE LA 15 2 A NE S R AT 2R A5 EHULE S E R HAE P<0.05 7K A6 36 AH 56 R 500
P A R R T R LR IR 56 R R B B KO, #5 BUESC R KL, AR AR, ke T
A SR FAE P AR BR ANAEAR BR SOC 5 TN 2 20 B & R 5 (P<0.01) TN S50 A e AR PR 5 AR AR B 2
LA OC (P<0.01) 110 TP 5638 AEAR PR AR AR PR A 35 AH XM (P<0.01) ; MBC 5 MBN 7EARBR Y
AR BR 2 AR AR DG (P<0.01) , TP FIAT 808 2 (8] I B AT I I AH XM (P<0.01) |, Ui A 7E TiE A 4 08 7% 1)
IR P AR LAERAAR TR oK, IR R P 2R A8 B b A AN
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Table 6 The relations of linear regression in rhizosphere and non-rhizosphere soil nutrients of different desert plants

A LT

H Ttem X v Straight-line fitting R? K P
HEBRFE 3 FHLKR SOC / (g/kg) 2% TN /(g/kg) y=-0.0767x+0.0380 0.5670  74.640  0.003 **
Rhizosphere 2 TP /(g/kg) AR AP /(mg/kg) y =34.600x+0.7234 0.6964  99.189  0.000 **
soil nutrients 2 TN /(g/kg) WA AN /(mg/kg) y=-0.0635x+0.5020 0.0047  74.640  0.002 **
WEYI R MBC /(mg/kg) AR A MBN /(mg/kg)  y=0.1399x+0.3386 0.7272  86.663  0.000 **
e MUK SOC / (g/kg) 2% TN /(g/kg) y=0.0763x+0.0575 0.5222  75.378 0.001*
Non-rhizosphere 2 TP /(g/kg) HRHE AP /(mg/kg) y=35.786x-0.3183 0.8593  68.562  0.000**
soil nutrients 2H TN /(g/kg) A & AN / (mg/kg) y=-0648x+0.3550 0.0161  85.332  0.006 *
EYI R MBC /(mg/kg) AP A MBN /(mg/kg)  y=0.1309x+0.8870 0.7736  74.446  0.005**
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