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Microbes, enzyme activities and nutrient characteristics of rhizosphere and non-

rhizosphere soils under four shrubs in Xining Nanshan, Prefecture, China
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Abstract . Afforestation is the most effective method of revegetation and choosing suitable afforestation tree species is
regarded as a key performance criterion. In this study, 4 shrub species ( Nitraria tangutorum, Caragana korshinskii,
Berberis vernae and Caragana brevifolia, planted in Xining Nanshan, Prefecture, China in 2009) were studied to measure
microbial abundance, enzyme activities and nutrient characteristics of rhizosphere and non-rhizosphere soils. The variables
measured included abundance of soil bacteria, fungi and actinomycetes, catalase activity, acid phosphatase activity, urease
activity, pH, organic matter (OM ), total nitrogen (N ), total phosphorus (P ), total potassium (K), hydrolysis N,

available P and available K. The effects of shrubs on soil properties were evaluated by making a comprehensive comparison
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of the soil fertility of rhizosphere and non-rhizosphere soils. The results showed; 1) Microbial abundance and enzyme
activities of rhizosphere soil were generally higher than non-rhizosphere soil except for the abundance of actinomycetes and
urease activity. Specifically, only the total microbial abundance of rhizosphere soil under N. tangutorum was less than that
of non-rhizosphere soil, and urease activity in rhizosphere soils under all 4 shrubs were lower than their non-rhizosphere
soils; 2) Soil pH, N, P and total K contents of rhizosphere and non-rhizosphere soils were not significantly different. OM,
P and available K of rhizosphere soils were significantly higher than non-rhizosphere soils, whereas available N was higher
in non-rhizosphere than rhizosphere soils. These results showed that the presence of the 4 shrubs could improve soil OM,
available P and available K contents through root aggregation; 3) There was no significant correlation between soil enzyme
activities and soil microbial abundance, OM was significantly correlated with soil bacterial and fungal abundance, and soil
available P content was significantly correlated with abundance of soil bacteria, fungi and actinomycetes. The soil available
P content was significantly correlated with soil catalase and acid phosphatase activities and the soil total N and available N
were significantly positively correlated with urease activity. From these results, the correlation between soil nutrients and
enzyme activities differed from the correlation between soil nutrients and microbial abundance, thus soil enzyme activities
and microbial abundance were proven to have a significant influence on soil nutrients; 4) The results of principal component
analysis showed that soil bacterial abundance, fungal abundance, catalase activity, acid phosphatase activity, pH, OM,
total N, total K and available P contents showed high factor loadings and these indexes could provide important information
on soil fertility. In addition, principal component factor scores and synthetic scores of soil fertility levels showed that soil
fertility of rhizosphere soils was significantly higher than non-rhizosphere soils. It showed that the soil fertility of rhizosphere
soils ranked as follows: B. vernae > C. korshinskii > C. brevifolia > N. tangutorum. These results indicated that the soil
improvement effect of B. vernae and C. korshinskii were better than the other 2 species, indicating that they may be suitable
for afforestation in Xining Nanshan. B. wvernae and C. korshinskii could be selected as afforestation tree species to help
improve soil fertility and make contributions to revegetation. N. tangutorum was not suitable for afforestation in Xining
Nanshan. Our research could provide important basic data and theoretical support for choosing suitable afforestation tree

species for revegetation by artificial afforestation in Xining Nanshan.

Key Words: Rhizosphere and non-rhizosphere ; soil microbes; soil enzyme activities; soil nutrients; Xining Nanshan
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BT RAME, ZX UL R TE 2460—2600 m,
JE I PHYE , EEARERAIE SR . H B R R
KO A&FER, BB, 24P HSRR 6.2 °C L 4FER
JKEN 400 mm , 4FZE % & 1363.6 mm , 4 H JEAT4KL
o 1939.7 h, AN, g H < 16—17 C L, EK
2180 d, X BFETRLZMK, FFHRER 1.8 m/s,
TR IS+ R URAEL R SRR A
¥, WA 35%,

2 MRMBEFE

2.1 HEFMEE

VRN AR 09 5 R LR Nitraria: tangutorum |
¥r 4% Caragana korshinskii \[Widt/NBE Berberis vernae Fll
EMHRRS )L Caragana brevifolia F 4 FhyEAR Fh -k Aff
IR, ML 4 FIEART 2009 4F 8 H #EATHE A, V5
AT K- FEK P18 B AR 3 m 424K 0.8
m 9 0.6 m & 0.5 m AYRIX, TEIE XN R 2Rt
()RR T ) — DX, 78 B R By A A 3
M dR i, R R B2 RE (Zygophyllaceae )
FIRIJE ( Nitraria ) FEA 52 3 ER A R 5345 T 74
ARACER CH T B N S PR T = A Bk
PYALER B0 2 b XA R D 2, BA BT R BUFE BT
PS> T R PR T 2R A A A I R, TR E
VHBE DRAP gl iR AR Fr A OB AERE
(Papilionoideae) #4% JLJ& ( Caragana) ¥&W KIEAK,
FENGE (D 5 e R PG S T R BBy
W) TR CHOR CRTPEE R ) | AR T L E T
Mo, Fr AR 5 R SE e, AR R AR R IR FARA
BT RS H 40—T0 em, B ATEA 2 m ZE AR
PRI R E VR ROK AR, PE /N EE
N/NBERL ( Berberidaceae ) /NBE & ( Berberis) 7= T H

ATV VUL A T v L A R
XYL AESEAERL (Papilionoideae ) #3%9 JLJE ( Caragana)
1 NI U DY A A (O B 7 I i O = o
AT 2000—3000 m TR LA | 1L 2 ARBRTE]
22 HHEREE

T HERER T 2012 45 8 A RAE MR PR R HER ST
1557 Riley 51 (BlE L RVEFEARLES A 5
XS MBI $E 6 #RAEY), £ 1 )2 0—20
em VR T BOHAR bR+ HEFZ BUEL A T80 R 1 H 1K,
SERRRENE RN SRR 1, SR )5 F R &
T P ) T3 4 BB B T Ok AR AR PR g 4Rt
Fhor AR A He ik I — o+ 38,3 kER .
HRBR T IEAE 4 FhBEAR & B 3 A X BL& % 3 > BUE
ST RRIENAE 2 0—20 em WE T B KA AR
FRIR A 38 4% DU 43 1 B — 3 4 BT IR A, 3 K
G-
2.3 Wk
231 HIERUEDIIE

A W B R AR AR Al
FAERE R A PRI SR 5 5 AR S %)
WEBRNR R TR (PDA) Bi g% . TR 5 [R— 5 1
FEHSEFE WA B AT BCR BOE I B, B ik
TSP ARG SR ML 28°C (s FRAE Hh s 3%
232 HHERGIE M

T S AR S I P SR e A TR B O R A, 4
BPLT g WA 38 E Ires 0.1 mol/L KMnO, AT
(Lo 1 o ko, ) FE7 3 R TR R il SR JH e PR — 44
ek MG E e 25 0L 24 h J5 1 g 7=
BT (mg) s , AR5 R AR AN 1 kg T 17 2E
Wy Y 5T f (mg ) 7S 5 IR IR FH A< 19 8 LG 8 25000
B 7 PRI RE 25 S DL 24 h J5 1 g AR AR NHG-N R
it (mg) Fon, AR BB 1 kg 1A B
NH;-N (it (mg) Fm
233 LHEfbeEME e

ek 3 AT SR FH AR AR - AR o 4 A O ik
MsE o pH R /K £ =2.5:1 BEESd M A HL
Jo ok Al T A A B TR k- B i, 2 JCR T
C-ZE TR E 1 iR A AL Rt - SR B bt L
55 PP R S A A AN AR Rl SO S WO oy S B
125 5 DR R U 7 I 5 A A%l R P 3 IR -3k
AR IC-ER BRI L (2 RALCEP R H £ TR B 4 B K M

http ; //www.ecologica.cn



7414 VST

S

34 4

SRR
2.4 BdEsSHr

K H Excel 2007 #47/E K], SPSS 19.0 X 5250 %k
PE AT ANOVA J7 24381 . 2 T 3 ( Duncans ) |
AR A3 A K B 43T

3 HBREHS

31 BEARMPRFEARAR PR L EERUCEY)

et e GR/ESONCEIIEING €5 4RI KN
SR, FE 2 AR FH A 2 sS4 o AR R 3
YIBIREIL . J7 220 W R 22 H LU AR A SR 3R W] 4 PR
PR PRAIAEAR Bt S TR | LT R A LA S
EEY SRR IR B PR 22 5 (P<0.01) , K 1
AT H 4 R AR it b P G /N BEAR B - AR TR
H AR 0w TARR P SRR E 3 RhiE

MR A3 R AR By IR W B TR
4 FREARRFIAR PR + 38 b fe /D FLAH T AN EC B S
JEARPR 3 T I W 25 S H ROk B A I 2 D TR
HRBR A 38, 5 SO R W B g R U (233.90 +
13.17) x10* 1~/ g, $ 2 FL AR MR P £ 484K 12.22% , 0
SRS LA PR - S840 T | LR 0 5 s TR AR PR 1
SR A L AR AR B - BRI (H S 3 s T aRAR
PRt AP AR PR AN B | BB R A S AR PR
THEL RS, B AR R ES TR L5,
St Y BB AR PR 3 p P AL/ NEE
X)L AP 438 B T ARR B £ 1, LR TR A it
3 PR A 2 T R B RN TR R
SRR P 3900 A 0 K L AR AR s 39 G, e W L
X T A A 3 I VR FHRICR R fi )

®1 ERRRSFREFTEMENEE

Table 1 Contents of soil microorganisms of the rhizosphere and non-rhizosphere soils of shrubs

ERLE | A/ (x10°4/g) B/ (x10°1/g)  HERE/ (x10*4/g) M/ (x10°4/g)
Soils type Bacteria Fungi Actinomyces Total
JEARPR non-rhizosphere 163.29+29.61¢ 0.2020.04¢ 103.44+10.06b 266.93+39.71d
FEATEEAH V. tangutorum 178.91+4.83¢ 0.3120.05¢ 54.68+8.29¢ 233.90+13.17¢
¥4 C. korshinskii 215.99+19.60c 0.68+0.04hc 91.44+6.79h 308.11+26.43¢
PYAt/NBE B. vernae 756.30+117.78a 4.34+0.72a 157.77£11.51a 918.41+130.01a
MRS L C. brevifolia 343.93+84.68h 1.01£0.17b 59.90+5.16¢ 404.84+90.01b
Sig <0.001 <0.001 <0.001 <0.001

AR FHEF R 7 —5 FhBUEAE 0.05 7quiﬁ?£ﬁ%‘#;i%‘( Duncan's 7%)

3.2 WEARMPRFIARAR PR L SRS P AR

SR T AR TR YR 2R AR W T
ESH LA AYME S R BRGSO 2
BRI 22 5 FEER A R AR, 4 BRFEAR RS FAR bR A A0
HRPR 1SR PEAFAE W 25 5+ (P<0.05) . £ 2
A RIE i S A SR 1 D T AT SR AR P L

fm THE 3 PR R - FnAEAR PR 4338, 79 51 kb
FE R R R L P b/ NBERR B - A EAR
P+ 335 34.81% .35.81% .38.94% F1 40.26% , Rtk
TR TS P 7 T, e 4 0 3 R T R XS L AT b
JNEE 2351 129.58% Fl 136.34% , i AEHR B -+ S5 il
FE R FURIAR B A A, DRI T, 4 o AR R

F 2 EARFR L EEFNAER PR L B M LB

Table 2 Soil enzyme activity of the rhizosphere and non-rhizosphere soils of shrubs

Rt &S] W ERE (mL/g)
Soils type Catalase

PR PR A/ (mg/kg)
Acid phosphatase

[/ (mg/kg)

Urease

3.261 +0.154b
3.393 £0.241b
4.574 +0.109a

AEMRPR non-rhizosphere

JE M RFER N, tangutorum
¥74& C. korshinskii
PGAt/NBE B. vernae 3.292 +0.230b
JHMHERXG L C. brevifolia 3.368 +0.356b
Sig 0.001

1935.640 +£331.926a
864.125 +240.556¢
1521.082 +£132.010b

42.467 + 4.819¢
45.819 +3.924¢
135.948 +£23.124a

59.216 +8.141b 948.039 +90.115¢
57.521 £10.29b 785.527 + 60.487c
<0.001 <0.001
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JE R XS L PG b /INBE TR AR R AR B - 8 el A
N 23590 5 AEAR B 13 77.76% . 74.64% 46.00% Fi
36.56% , GLPAFIELL 4 FREA S , 75 HHE N A3
WAL, Z5EkE, SAEMR PR L gEM L, Bl 4 Fh
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Table 3 The pH value and soil nutrition of the rhizosphere and non-rhizosphere soils of shrubs

sk AL o R0 Exii Tl 2 A A
Soil Ti pH Organic matter/  Total N/ Total P/ Total K/ Available N/ Available P/ Available K/
DO11s e
* (¢/ke) (g/ke) (¢/ke) (k) (mgk)  (mgkg) (mg/kg)
EMR
. 8.75£0.09a  10.88+1.32¢  1.97+0.16a  0.59+0.08a  19.54+0.6la 74.28+0.90a  1.66+0.23c 80.70+1.93¢
non-rhizosphere
B
8.60+0.27ab  12.16x1.4lc  0.61+0.06a  0.63+0.02a  18.82+0.84a 27.16+2.30c  1.80+0.12¢ 96.67+5.56b
N. tangutorum
. R 8.55+ 0.15ab  30.45+2.33a  1.67+0.21a  0.64x£0.05a  18.99:+0.6la 57.76+5.38b  3.54+0.34b 113.19+3.50a
C. korshinskii
(LR[S
B 8.42+ 0.14ab  25.43+2.07b  0.93+0.13a  0.63+0.03a  18.67+0.59a 34.17+4.09c  7.75+0.96a  106.24+11.51ab
. vernae
i I
s +%% LJJL 8.59+0.01b  23.36x1.26b  1.56+0.19a  0.66+0.02a  19.23+0.62a  55.44+5.39b  4.34x1.13b 113.78+9.68a
C. brevifolia
Sig 0.230 <0.001 0.589 0.452 0.552 <0.001 <0.001 0.001
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Table 4 Correlation coefficients between contents of soil microorganisms and enzyme activity in rhizosphere and non-rhizosphere soils

LIPS Y e ) i 1 ) " .
A A ERERE i s o
Correlation Acid . . R

.. Catalase Urease Bacteria Fungi Actinomyces
coefficients phosphatase
i E LA Catalase 1 0.860 ** 0.303 -0.174 -0.166 -0.029
R WAL EF Acid phosphatase 1 0.160 -0.079 -0.047 0.036
JIR# Urease 1 -0.383 -0.334 0.242
M4 Bacteria 1 0.986 ** 0.762 "%
FLA Fungi 1 0.814**

TR Actinomyces

1

* F/NTE 0.05 K L BEME; * * FIRLE 0.01 K L BEMKE, n=18

x5 WMEMIFREFELEFS EREVHE BEEEXRE
Table 5 Correlation coefficients between soil nutrition and contents of soil microorganisms and enzyme activity in rhizosphere and non-

rhizosphere soils

LB AL o X ot TR 2R AR B
Correlation pH Organic Total Total Total Available Available Available
coefficients matter N P K N P K

i3 E AL A Catalase -0.004 0.362 -0.045 0.328 0.008 0.200 0.016 0.555*
m fi@i%@ﬁ -0.242 0.428 -0.256 0.144 -0.073 0.179 0.106 0.529"
Acid phosphatase

JIk A Urease 0.467 -0.314 0.544*  -0.099 0.288 0.724**  -0.382 -0.441
4P Bacteria -0.482 0.602 " 0.377 0.205 -0.171 -0.388 0.968 ** 0.415
HFH Fungi -0.479 0.578* 0.382 0.121 -0.245 -0.413 0.946 " 0.354
JXZR T Actinomyces -0.277 0.359 0.735*" -0.058 -0.116 0.005 0.711*" 0.010

3.5 WEAMPRAARARPR AL TN
N T BG4 B ARAR PR A ARAR PR 4

AL AR DL , 6 4% L U M RO | S |

3 pH A1+ 337 40 4t 14 DA TR AR AT £ A4
Mr, Bz 6 nTLAE 5 — E a7 22 ik R ix
K, IEF) T47.678% , % AR AR 2 AR,

R6 EMSETFHEERREMSFHER

Table 6 Factor loading matrix of main composition andprincipal component eigenvalues

[A-F Factors F, F, F,

i AL A Catalase 0.070 -0.537 0.830
FRVEWETRARE Acid phosphatase 0.211 -0.444 0.870
JIKAE Urease -0.669 0.383 0.605
4 Bacteria 0.853 0.497 -0.068
H T Fungi 0.854 0.519 -0.009
JAEL T Actinomyces 0.484 0.796 0.328
pH -0.995 0.032 -0.089
F LI Organic matter 0.853 0.055 0.399
4% Total N -0.069 0.945 0.192
42 Total P 0.572 -0.656 -0.049
487 Total K -0.869 0.202 0.115
A2 Available N -0.691 0.259 0.513
%4 Available P 0.892 0.361 0.101
HALHT Available K 0.640 -0.635 0.075
FHEAR Eigenvalue 6.675 3.753 2.422
75 22 5Tk Rate of variance/% 47.678 26.806 17.928
Z3F Bk Cumulative rate/% 47.678 74.484 91.872
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B B BT ZE ST B T 74.484% , 5
AL E T FEMHIENEFER ., 3 D FEMS BTy
ZTHRRIEF] T 91.872% , fE S ML H 4 Fi i AR B
S ARMR PR AR BR R X B T R HE 2 ] % A
KFR, A 14 A EHEE S TR 45 Bl LT
AT (R 6) KU, HHEAE  EW pH {H AL
A K AR P XA — R i K, R
T HERUEY SR A AR B R F 2 N R
PIRF, B, 2 N &g s, £ N oo
RO, v N RET(F,) . 5 = F 5
o S | R R Il A R R TP R T
e E RS, V] a2 R T (F,) |
W5 DR 38 A O RS AB AR AIE 1) 2 O, AT LA
133 S e +IEAE S 3 A iRk
F, = 0.027x, +0.082x, — 0. 259, + 0.330x, + 0. 3318, +
0. 187x, — 0. 385x, + 0. 330x, — 0. 027x, + 0. 221x,, —
0. 336x,, 0. 267x,,+0. 345x ,+0. 248x ,
F,=—0.277x, - 0.229%, + 0. 198x, + 0.257x, +0. 268x +
0. 411x, + 0.017x, + 0.028x, + 0. 488x, — 0.339%x,, +
0. 104x,, +0. 134, +0. 1861, —0. 328x,

F; = 0.533x, +0.559%, +0.389%, — 0. 044x, — 0. 006x, +
0.211x, — 0. 057x, + 0. 256x, + 0. 123x, — 0. 031x,, +
0. 074x,, +0. 330x,,+0. 065x ;; +0. 048« ,
:T:tq:‘, Xy 93Xy s X3 3XysXg3Xg3X73Xg8,Xg3X195X115X125%13,
x, AR I S Tl RV B TR I L DR L AN TR L
B R pH (A AL R e B R
R AW ERE A 4 FREEARAR PR L IEANARAR PR
SR Sk Ria N RTINS T NN N &2
B pH (E A LB, 2 e 28l R A Ak
W AL 14 D ARAR 2 BIAUA R IR A
By BIFF3 , FELAAS 2R B T 22 TTHR AR, X
JIT R AR 70 HEAT ISR AN, 45 2 AN [5) HE AR FhAR
PR AN AR B 8 Sz e 1 3EAE K R 255 4503
(FR7), HRERY], LN T KPR BR L SRR
THEMRPR 138, ULBARIAR I 4 FhoE A RE — i R 2 Bk
AL TR, TE 4 FhHEA R VL /NBERR Br
Y Pt C e = e o A DD WEt U ey
R FRIAF B A S A F AR B S
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Table 7 Principal component factor scores and syntheticscores of soil fertility levels

i_i@é%lj F F, F, é%éﬁ%év\ é%%ﬁlf@
Soils type Comprehensive score Comprehensive rank
JEMRPR Non-rhizosphere -3.630 2.093 0.199 -1.135 5
FEHTREEH N, tangutorum -0.348 -1.617 -1.734 -0.910 4

¥4 C. korshinskii 0.248 -1.581 2.443 0.132 2
PYdt/NBE B. vernae 3.621 2.111 -0.102 2.275 1
SRS C. brevifolia 0.109 -1.006 -0.805 -0.362 3

4 g5t

4.1 FEARMPRAARAR PR A G AR R

IR FFIE U8

TR A PP f i BR A T, AR 26 M
A 2503 BB PEAEAR KRR b ] LSz e+ 3EAE 7 4
RO A A B b B AROR R R R
PCEY SRR Z AR TAE A RCR AR, P AR Pr £
SN TR EC T T AR AR PR 8 B AR T AR AR PR
I (VUAL/NBERRAD) | SRR AT BBk TR R R L
AR R AR I R ) — 28 B W, TR ARAR PR ER
BE AR MR A Oy T, A R R TR

WAL AR s - R A AR P S8l 135 1 22 TR 7 A 2 5
25 WS AE AR AR S TIESE, Ak
SRR A e T il A3 TR S AR P 1 M s T AR AR P
RS FiPNE RN 1PN E TS o (1), 1331 E )
THRBR AR TR PR L3 B4, 5 e 450
PRI 2 552 DN AR B b 398 O % M v 1 AR AR e
TIERIBTFE A A AR 25 57, 7T RE L BRI A W AR
F NS IR A T AR s = IS 5 —
Jiin WEFE R W 4 FhiE AR B - e HL 7 A
ARG (AR P A K) 38 TARMR PR L3 5
BT AARFR R IR AR, PR
IR N SRR T ARRER %, E 2R TARFR
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