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Soil microbes and the chemical properties of the rhizosphere and non—rhizosphere
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Abstract: Two widely-distributed and efficient sand-fixing shrubs in the Hobq Sandy Land, Artemisia ordosica and
Caragana intermedia, have received considerable attention related to their role in the process of vegetation restoration. This
paper addresses the natural restoration of A. ordosica and the reintroduction of C. intermedia in the Hobq Sandy Land, begun

in 1995. Variations in the soil microorganisms and chemical properties of the rhizosphere and non-—rhizosphere soils were
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compared in areas restored with either A. ordosica or C. intermedia. This was carried out using field investigations, indoor
biochemical experiments, and statistical methods. The measured variables included the total abundance of microorganisms,
the abundance of soil bacteria, fungi, and actinomycetes, the amounts of C and N in the microbial biomass and measures of
soil organic matter, soil pH, total nitrogen, total phosphorus, available nitrogen, available phosphorus, and available
potassium. The relationship between soil microorganisms in the rhizosphere and soil chemical properties was also studied.
Meanwhile, a synthetic index method was used to evaluate the effects of these two plant species on the recovery of the soil
ecosystem, with the goal of providing scientific evidence to support vegetation restoration and redevelopment in the Hobq
Sandy Land. Untreated sandy land subject to natural moving sand conditions was used as a control. The main findings were
as follows: (1) compared to untreated sandy land, vegetation restoration resulted in varying increases in both the soil
microbe abundance and microbial biomass of both the rhizosphere and non-rhizosphere soil of the two types of vegetation
restoration analyzed here. Among these variables, the total numbers of microorganisms and bacteria, as well as the
quantities of C and N in the microbial biomass of the rhizosphere, were higher in sites restored with A. ordosica than in sites
with C. intermedia. In addition, the numbers of fungi and actinomycetes in the rhizosphere of sites restored withC.
intermedia were higher than that of sites with A. ordosica ; this shows that the rhizosphere environment in areas with naturally
restored A. ordosica is more conducive to increases in microbial activity than areas with reintroduced C. intermedia. (2) The
soil organic matter, soil total nitrogen, total phosphorus, available nitrogen, and available potassium content of both the
rhizosphere and non-rhizosphere soil under these two types of vegetation restoration were higher than in untreated sandy
land. Among the soil conditions, the soil organic matter, soil total nitrogen, and available nitrogen content of both the
rhizosphere and non-rhizosphere soil were higher in sites with A .ordosica than in those with C. intermedia, showing that the
soil nutrient enrichment was significantly higher at sites restored with A. ordosica. (3) The soil factors that affect the
quantity of soil microbes present, as well as amounts of C and N in the microbial biomass of areas restored with A. ordosica
and C. intermedia, include soil organic matter, pH, total nitrogen, available nitrogen, available potassium, and available
phosphorus. Among these, soil organic matter, total nitrogen, and available potassium had a positive effect on the quantities
of soil microbes as well as the amounts of C and N in the microbial biomass under the two types of vegetation restoration
analyzed here. (4) The synthetic index method was used to calculate a soil quality index that was based on 14 soil quality
indices ; the order of the values of the soil quality indices was as follows ; rthizosphere soil of A. ordosica > rhizosphere soil of
C. intermedia > non-rhizosphere soil of A. ordosica > non-rhizosphere soil of C. intermedia > soil of untreated sandy land.
The results confirm that the effects of the A. ordosica community on the soil during natural restoration were better for soil
improvement than those of the C. intermedia community, making the A. ordosica community more appropriate for use in the

ecological restoration of the Hobq Sandy Land.

Key Words: microorganism; rhizosphere; soil chemical properties; soil quality assessment
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Z) N T3 1043 N40°19'243" £109°59'684" ] 8339 JL ( Caragana intermedia) 50
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Fig.4 The distribution of actinomycetes number in rhizosphere and non-rhizosphere soil of two plants
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Fig.6 The distribution of soil microbial biomass N in rhizosphere and non-rhizosphere soil of two plants
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Table 2 The distribution of soil pH value and soil nutrition in rhizosphere and non-rhizosphere soil of two plants

2L =

&;ﬁfpmpeny - miy}f o YH-R YH-S 73R VARS LS

pH {1 0—10 c¢m 7.35+0.08b 7.72+0.04a 7.67+0.05a 7.77£0.07a 7.06+0.06¢

pH Value 10—20 ¢m 7.58+0.05h 7.74+0.04a 7.78+0.06a 7.78+0.04a 7.15+0.05¢
20—30 cm 7.65+0.13a 7.77+0.05a 7.82+0.03a 7.79£0.07a 7.11£0.02b
30—40 cm 7.66+0.18a 7.79+0.05a 7.85+0.04a 7.8+0.04a 7.10+0.03b

AHHLB 0—10 c¢m 0.53+0.07a 0.28+0.04b 0.36+0.08b 0.30£0.07b 0.16+0.04¢

Organic matter/ ( g/kg) 10—20 cm 0.29+0.06a 0.18+0.03b 0.12+0.05b 0.10+0.02b 0.05+0.02¢
20—30 cm 0.17+0.03a 0.11+0.03a 0.08+0.04b 0.06+0.03b 0.03+0.02b
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g?‘zgfpmpe”y - if; . YH-R YH-S ZJ-R 7)-S IS
30—40 cm 0.14+0.03a 0.11+0.04a 0.06+0.03b 0.06+0.03b 0.04+0.01b
A 0—10 cm 369.914.81a 226.27+1.73b 211.034.44b 167.80+1.19¢  110.25+1.30d
Total N /( g/kg) 10—20 cm 198.54+3.03a 177.72+1.31a 77.90+2.43h 52.51£0.52b  50.64+0.49b
20—30 cm 183.70+4.33a 129.26+1.22a 50.53+1.71b 55.41+0.77b  49.770.61b
30—40 cm 142.2422.32a 85.50+0.68b 60.93+1.11b 35.98+0.60c  28.82+0.19¢
& 0—10 cm 273.43+1.22a 237.31£2.32b 291.30+2.31a 295.85+2.59a  122.97+3.02¢
Total P /(g/kg) 10—20 cm 198.44+3.30b 214.612.17b 285.17+4.02a 253.40£1.20a  125.00+1.45¢
20—30 c¢m 191.02+1.04¢ 221.43+1.39b 262.21£1.57a 274.9742.39a  107.95+1.88d
30—40 cm 182.90+1.17¢ 218.25+1.77b 261.51+2.64a 261.66+1.36a  95.72+1.62d
PR 0—10 ¢cm 48.31£0.24a 31.10+0.28b 11.34£0.30¢ 11.18£0.09¢  10.84£0.20c
Available N /( mg/kg) 10—20 cm 34.34+0.43a 31.02+0.28a 2.27+0.09¢ 11.25+0.22b 2.2620.10c
20—30 c¢m 41.57£0.20a 31.14£0.33b 8.01£0.21¢ 11.55£0.15¢ 6.01£0.13¢
30—40 cm 27.65+0.17a 27.61£0.22a 6.5420.19¢ 15.70+0.10b 6.32+0.13c¢
PR W 0—10 cm 1.02£0.26a 1.03+0.26a A A 1.02+0.29a
Available P /(mg/kg) 10—20 ¢cm Fet iy 8.25+1.45a 0.47+0.14b 6.49+1.58a 0.05+0.06¢
20—30 c¢m FA 2.91+0.18b 1.63+0.36¢ 6.08+1.33a 0.07+0.12d
30—40 cm EN oA 6.48+0.73a 5.68+0.24b 5.51+0.46b 0.08+0.08c¢
A 0—10 ¢m 192.54%1.89 140.02+2.49¢ 163.87+1.84b 200.05+3.16a  69.00+0.47d
Available K /(mg/kg) 10—20 cm 85.51£0.54a 98.50+1.86a 90.06+1.07a 76.37£0.76b  64.55+0.47b
20—30 c¢m 67.52+0.21b 94.08+0.83a 67.51£0.61b 57.59+0.65¢  88.0420.71a
30—40 ¢m 62.53+0.08b 76.07£0.75a 75.05£0.42a 61.96+0.29b  76.52+0.34a

YH-R SRl AR bR 1, YH-S FR M BEVE AR PR 8, Z)-R 3278 RIS 00 LI A AR B L3, Z)-S 27 v (] B0 JLREVS AR AR B L e
LS FOR T S0 M s R TAS [l /NG B3R ) — 2 JR AN A] L 3 A ) A5 2 54 22 5+ (P<0.05)

2.3 PIRME BRI T L A W 45 A A AT S A

TIEGA Y AR B R SC R Y], SRR Y T DUt R A AR BRI Y B L
ARSI, R E R IR . ER 3 W LU A WL R R R R R RO S A
B RS ERNR, SMEY SRR BE RN, SRS MEY S AW TR R R W5 I
FHOG, pH (BRI A 75 15 Gl R B R R AR R A T ORGSR S A R RO
FIEARS, 2 Sk SRUEY ST RS B B A 3

®3 TEEAFHEXER

Table 3 Correlation matrix between soil quality factors

e DGR7PSE gl o Ex | (DGR AR
Total number of Bacterial R Actinomycetes Microbial Microbial
Factor i X Fungi number i X
microorganisms number number biomass C biomass N
FHUFE Organic matter 0.8803 "~ 0.8533 "~ 0.5628 " 0.7342"" 0.8387"" 0.6202 =
pH {H pH Value -0.7385"" -0.7296 ** -0.3774 -0.5475" -0.5444 " -0.2233
2% Total N 0.8827 " 0.8818 ** 0.4481 0.6048 0.7026 ** 0.4065
2T Total P 0.4101 0.4737 -0.055 -0.0403 0.029 -0.2784
HA Available N 0.4631 0.5156" -0.1043 0.052 0.0829 -0.2248
AL Available P -0.6483 " -0.619" -0.4885 -0.5878 " -0.5286 -0.4814
M Available K 0.7189"" 0.67"" 0.5092" 0.735" 0.8266 " 0.7549 "
7K & Water content -0.2246 -0.3121 0.3204 0.2865 0.2331 0.3513

Toos =0.4973 g 0 =0.6226, % 7 FR—BHIFE, « * * " FRBEIIHIR
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2.4 PR SR+ S R PR

TR AR EUE TN RS G, R PEO AT DU S i S - S AR R R G R DL N+
ek AR RRE Y ASHIRSE R A TR LS R bR ARAE A TRk AR, I3 P AR K B 2%
RURR B AEMR PR £ 3 fb 2 NI W2 A8 b, i AL S Han g, 25 G VA L - S R

Xof D ey T A A TR A T AR A AL 3 75 38 PR e PR O 2SR S T e R AR SR B R (R 4) AR 4 AT,
T VDX HERE B U A, LA bR SR JE B0 0, Tl AR s AN P R W R B A 1 i R R
S AR SR E AR YN 1, PR R LR PR R R ERCE R RN 1,

PRI B PR A2 28 80+ 98 S s PP HE bR o P 25 SR L3R 5, 38 5 W LA 58 1 B a0 i Jr 22 Uik
HIK 61.58% 55 1 FIE 2 FMAMAI )T 2 TTik Rk 84.20% , 45 1 55 2 FI5 3 F /iy Bt 7 22 5Tk 33k 98.
54% ., —MEH 2 Rt 22 5THR R T 85% BT VT AR I Bk R e iy A8 S5 B, BRI, FHAS 158 2 Fsl 3 &% &
B4 AT IR B A S VR E IR AR SRR, 5 1 A WA R AN T S W R S
R A AL R DL EK AR AR A 25 A A e, 16 B X S AR R A S T PR AR A
2 55 3 ESr B R A T B pH (E 2 DL NS SR AR R LA A SR SR AR AR S R T
Mo B —E R (B HSZ I

R4 TR TERERTREER

Table 4 Memberships values of soil quality factors under different plots

FE 4% Tndex #df Data YH-R YH-S ZI-R VARS LS
404 Bacterial number A 73.25 34.75 38.75 29.25 8
B 1.000 0.410 0.471 0.326 0.000
L Fungi number A 27.00 13.58 68.58 15.42 5.50
B 0.341 0.128 1.000 0.157 0.000
LR Actinomycetes number A 67.75 37.75 137.08 93.92 5.58
B 0.473 0.245 1.000 0.672 0.000
AR S A 80.05 38.54 52.53 38.66 8.56
Total number of microorganisms B 1.000 0.419 0.615 0.421 0.000
WL YL BR Microbial biomass C A 63.94 32.47 53.76 19.61 14.87
B 1.000 0.359 0.793 0.097 0.000
WE I Microbial biomass N A 7.77 4.66 5.24 2.72 0.26
B 1.000 0.586 0.663 0.328 0.000
A HLBE Organic matter A 0.28 0.17 0.16 0.13 0.07
B 1.000 0.476 0.429 0.286 0.000
pH {ii pH Value A 7.56 7.76 7.78 7.79 7.11
B 0.662 0.956 0.985 1.000 0.000
A% Total N A 22.36 15.47 10.01 7.79 5.98
B 1.000 0.579 0.246 0.111 0.000
4> Total P A 21.14 22.29 27.50 27.14 11.29
B 0.608 0.679 1.000 0.978 0.000
HELAL Available N A 3.79 3.02 0.7 1.24 0.63
B 1.000 0.756 0.022 0.193 0.000
P Available P A 0.26 4.67 1.95 4.52 0.31
B 0.000 1.000 0.383 0.966 0.011
L Available K A 10.2 10.21 9.91 9.89 7.45
B 0.996 1.000 0.891 0.884 0.000
K4k Water content A 4.06 4.39 3.06 3.35 0.86
B 0.907 1.000 0.623 0.705 0.000

A HHESR IR, B L EAR S B
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Table 5 Values of component capacity and weights of the soil quality factors under different plots

CAEN Y 2 Ty 53 By

The first principal component The second principal component The third principal component
EEL78 UikCE 47 Uikin=s
Index Values of AL Values of A E Values of A E

component Weights component Weights component Weights

capacity capacity capacity

YT Bacterial number 0.3165 0.0884 -0.1838 0.0544 -0.0580 0.0195
H 7 Fungi number 0.1682 0.0470 0.2321 0.0687 -0.5103 0.1716
R Actinomycetes number 0.1943 0.0543 0.3709 0.1098 -0.3285 0.1104
AW B Total number of microorganisms 0.3261 0.0911 -0.0945 0.0280 -0.1174 0.0395
AR Microbial biomass C 0.2927 0.0818 -0.1336 0.0396 -0.3045 0.1024
WA 1R A Microbial biomass N 0.3318 0.0927 -0.1061 0.0314 -0.0677 0.0228
HHLF Organic matter 0.3146 0.0879 -0.2110 0.0625 0.0004 0.0001
pH {fi pH Value 0.2401 0.0671 0.3773 0.1117 0.1590 0.0535
4%, Total N 0.2783 0.0777 -0.3066 0.0908 0.1192 0.0401
4= Total P 0.2282 0.0637 0.4114 0.1218 0.0007 0.0002
LA Available N 0.2364 0.0660 -0.3066 0.0908 0.3297 0.1108
AL Available P 0.0393 0.0110 0.3967 0.1175 0.4901 0.1648
TALH Available K 0.3128 0.0874 0.1723 0.0510 0.1761 0.0592
£ K4t Water content 0.3005 0.0839 0.0747 0.0221 0.3128 0.1052
AR Eigenvalue 8.6218 3.1664 2.0080
75 22 BTHKR Rate of variance/% 61.5846 22.6173 14.3430
Fit5 25Tk F Cumulative rate/ % 61.5846 84.2019 98.5449

PR ALARFAIE T A ) SRR RGOS — B RS = o i e .
F1=0.3165X1+0.1682X2+0.1943X3+0.3261X4+0.2927X5+0.3318X6+0.3146X7+0.2401X8+0.2783X9+
0.2282X10+0.2364X11+0.0393X12+0.3128X13+0.3005X 14
F2=-0.1838X1+0.2321X2+0.3709X3-0.0945X4-0.1336X5-0.1061X6-0.2110X7+0.3773X8-0.3066 X9+
0.4114X10-0.3066X11+0.3967X12+0.1723X13+0.0747X 14
F3=-0.0580X1-0.5103X2-0.3285X3-0.1174X4-0.3045X5-0.0677X6+0.0004X7+0.1590X8+0.1192X9+
0.0007X10+0.3297X11+0.4901X12+0.1761X13+0.3128X 14
A SR SRR A (R 4) BHAERAE(FRS)  MRAE(3) T3 R TA5 21 93 FfoA B 1k 52 28 1 4 398 it
EZEE MR 6) . 3R 6 15 HIRER IR BTy i EAR B> 1] 60 X JLAR B> 85 AR AR B> i ]
XS JLAERR PR > P VA 1, G5 SQI ELXT He ] LAFE H 55 Ui U0 T R L, 1Pl A 0K 52 218 2R M4y ) - M o A7 K
AR e, EL T AR AR B 9 SQI (A i T rP ) B X L, S fa ik 31— AR B e K-

R6 TREMTESAREEHAF

Table 6  Array of soil integrated evaluation under different plots

F4b Plot 84) Score #1K Ranking FEHb Plot 1343 Score £ K Ranking
YH-R 0.7853 1 7)-S 0.4942 4
YH-S 0.6025 3 LS 0.0006 5
ZJ-R 0.6415 2

3 WiREHSRR

31 PRI ST R M 2 S
AR L B D AR R 1 N IR T B T SR, B T ARBR  EER B ik T kMR YR
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Foidtk, WREME B WA WG AR A2 U S v s @ ST A I REVR T, LR R R R
TEAWTFE A, FE v A PP TR HR S LA AR B AEAR B S el A Wi ol W A e e M L 2 LR sl b
AT R B e, B PR R IR S 2 Y ] AN ) R B 4 i - S E i Rt . o FEAR B R i £
SR Y S AR R R AR R R R A S R T R IR RN L TR R L R 4 ]
KL T o e E IR e A R R A A WU AR, SF 4E R MR BR800 WA T R
TR, 7E IR PRERIZROE T ARG AR BB A2 B ], OB Wb TR 38, A o o 22 )™ A 1Y
T A RO e PR rp A AR AP Beatriz 251 AR - 8 B BRI B LU0 T iR e T
IBAERIAR . AT LS S Mt B ZRRAZ AT T8 AR MR P - SRR I5E O N T MhoAEL 8y b 18] i 3 LA 9 3 )
FRAEDIE S, FHEEFRROUEBAS N TRPAE Y b ] #5308 LS AR B IR Ty 2 N R, shHa i > Xt L
TR PR IR BN TARMRBR R T A B, RIRMAR P L 357 0 w0 4 AR BR e B M i B 1y
KTNTAHR, ERch 5 B8 A B, /N B AG JL R SR REVE LU i K T N TR, SRR 24518
—H
32 PRGOS Y + AL S 2 S LUK

MR AEAE et T SR MREN 8 T B2 L2 AR S &, AR5 I, i sh U s A A ps |, v
TS 78 AR, A TR/, FR 0 A MRS BB 2T FEAR B SE, PAPAR B VK  SE RUAR B AR AR B - 3 L
i AR AW AR SR B LR Sl VD A N R R M i 1R A SRR W VD MR K R T R
TIEAE ST, AEBREZ ISR R, 0 B SR Y R A AR BRI EME AR . FEARWETE il R PR AR PR £
SEA PR R R S R T P X L, Il RO A )z A DB A IR R AR AR )
Wit - EPRIE (4 A3 BB i , X SR 0 ) R AR R O W A T 1 i R JLAR P - S PR 8 SR ) A X
7

— M AR AR ) SR A 5 AR PR 5 0 B AN, (EAR I R FEABETE  , PR RE B
S RPUM PR L Al SR 75 o AR () X J LA s 3 R B i I T AR AR B 48, MR AN W) R B 1Y
TEILA . Zoysa SNSRI, th TR YRR FR AN M) BT A MSOR SR A 1 2 MR SE vk ) AR
SR AR AT, AR P - S P A i JC 0k TV o i R MR B, R T A A2 RS P58, i A AR Bt o e K B T
ARIEFEEE R 5 B, Dilgite ™ B o s th A A SR AR B 38 s U bk th 3 S AR AR PR & 5 il 4
AT RE SRR PR LR ARG PEAT O L RN 2 A R S B A R AR 2 (BB TS5 RS A AR, 7 A 22
S () P ] RS AR R o ) | 5 pH L B S 1 A W R L R R e A AR T RE T 45 TN R
(eSS
3.3 PARPRLGOR R A SRR E Y S IR A U R B AR S

SRR AR 7 R WA Y A A IR, N SR 0 Ky W BEMIR A N B s R R A AR
P2 S T T A A5 — 5 TR SO AR e SRR M AR T, EXS IR S A
PRI RSCRIFTE | 1 2T R WA HILITTR 52 0 L S A W B3 A AR o i 2 D A RO B
PR S IE AR OCI A R AR G R AR B R AR e 1 R OGO R AE R TR B R S TP A5 IR
[ 2350 RS XA W9 vk R S B AR [ 2 SRR ) S R AR LG 3R 7 A 22 S S, 7E
AT R MR 7 A ) X LA v SR W 5 A W B B R ) L S PR TR A LT pH (i R
BRI R , e o AR YK A2 26 R S i R A ) A T T A Y R BN R e
PLTT AR R A

3.4 PRI B B 2 S A

IR PO R AR L R A S KSR R A BT B R PP T R A S AR B A, B
BTN bR 0 T P4 L3 i BT o2 S KSR 42 1 i i A 38 0 2 2 4
17 TR LAY, AWPICER T 14 DT HIEME YA R A PR A HE AR, R e — e R L Rt
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RO R A G, AR SR AR B AT A kR s R R A Rl IR LR AR O L i R
FIBCERCR . TEARWEIE T, LR AR ECHE T < i 8 AR B > ) XS L AR B > vl s A AR B > o ) 6 09 LR AR
B> U b IR, 5 v BEORE EL dniss | P BB XS LRE Y 48 SQI fE 4372 %5 T 1307.83 51 822.67 5, MM
FEEERNTE , IR PR S R AN R R B e T 3R, b B SR S 1 i 5 R Dk S 3 SR 3 i,
B B 4 v i, AR SR AR SR VD AR S s AR T DL S SRR S AR —,
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