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Soil microbial functional diversity between rhizosphere and non- rhizosphere of

typical plants in the hilly area of southern Nixia
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Abstract; Soil quality degradation arising from vegetation deterioration in loess-covered hilly regions threatens the ecological
environment and the development of sustainable agriculture. Consequently, improving soil quality and speeding up the
process of vegetation restoration is an important goal of ecological rehabilitation projects in these regions. Rhizosphere and
non-rhizosphere soil under nine typical plant species from a grassland area in the hilly region of southern Ningxia were used
to study their microbial functional diversity using the Biolog method. The objective was to provide scientific evidence for
preservation or improvement of soil quality, soil fertility and nutrient use efficiency, thus enhancing protection of the
ecological environment.

Soil chemical properties (organic C, total N, ammonium N, nitrate N, total P, available P, and available K) , soil
enzyme activity (invertase, urease, alkaline phosphatase, and dehydrogenase) , soil microbial biomass ( Cmic, Nmic, and
Pmic) and basal respiration differed between the rhizosphere and non-rhizosphere soils from the nine plant species. Enzyme

activities and Cmic, Nmic, and basal respiration in the rhizosphere soil of Artemisia frigida were higher than for the other
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plant species, whereas the main trend of chemical properties, soil enzyme activity, and soil microbial biomass in the
rhizosphere and non-rhizosphere soil of Lespedeza bicolor Turcz were lower. The rhizosphere and non- rhizosphere soils of the
nine plant species showed significant differences in soil microbial activity, soil microbial diversity index and uniformity
index. Except for Agropyron cristatum , soil microbial functional diversity in the rhizosphere soils was higher than in the non-
rhizosphere soils. The main carbon sources of microbes in the rhizosphere of the nine plant species were carboxylic acids
and amino acids, and in the non-rhizosphere soil were carboxylic acids, amines, and amino acids. Significant correlations
were found between organic C, total N, invertase, Cmic, and Nmic in the rhizosphere and non-rhizosphere soil from the
different plant species. Significant correlations were found between soil microbial activity, soil microbial diversity index and
uniformity index under the different plant species, but correlations of soil microbial activity, soil microbial diversity index
and uniformity index with other indicators were not significant. Principal components analysis showed that organic C, total
N, invertase, alkaline phosphatase, Cmic, Nmic, basal respiration, the soil microbial diversity index, and the uniformity

index can be used as indices to evaluate soil quality under the nine plant species in this typical grassland area.

Key Words: typical plants; rhizosphere soil ; microbial functional diversity ; hilly area of southern Ningxia
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MR, BB A5G IR Y 2R 5 . A RAE T AN R A 7R R AR IR W 22 R R A e
k20 Biolog VE AN U RE S A: Wy VE AE AL A BB HR b, 132 g T PRA 1 Sk M VR 1 D g
BEPES . HATFREH T AN 27 )28 HHERRIA A R R4S B e A4l 3T R
IR GAR RO ) e B AR 2R e . SRS TG EOE R H, X RP Oy I B8 HL o 2l T fig A=
BB Z AR, AR R A R R RE 0 R A i W AR KA O AR AR, AL Biolog™ -
MR AT LU Ak - i ORI AR 2 At s sE 2 BRI SE Y L ARBFSE LA TR L X 9 Rl A R 4
MR G AEAR PR AR TR S, N Biolog™ 7k WF5E T AN [RIAE AR Broxs + A= Wy D e Z AR PR 52, LA
B IR R AL A S RGBT MR R 5 - 498 o o Y AR A AH ELAE AL
1 HRERER

AR DX A T P LU DX MR R gy - 5[] b [ 2 B K - DR 9 50 0T (o] D 2 25l B il IX ik
P F AL 106°26'—106°30", 484 35°59'—36°03 ", 4K 1534.3—1822 m, AE¥ I 6.9 C , FEFF/K & 420 mm
S AN LI R o B s i T 0 et 1 B 7 N 7 L 3 i N T = R i T = W = 75 L | A
RFFRE ok IR+ E TR G P, A RIBERANLR)Z , bR X i E R R A 4, X AT
BT, T8 KE KR AR KD B AR A AR RESS | Al A = 4R 2%  PUK e 155
2 MHBIEFE
2.1 R

FEMAEY) N b I X 9 A L RUAE 4, (045 5 B 5 (Artemisia scoparia) (81460 ZMH) |, F BL 4 ( Thymus
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mongolicus) (BLX) , VK& ( Agropyron cristatum) ( BC) , AT (A. sacrorum) (TGH) , § 4 T ( Lespedeza bicolor
Turcz) (HZZ) , %% (A. frigida) (LH) ,¥7 5% ( Caragana microphylla. ) (NT) , ZE B2 3% ( Potentilla chinensis Ser. )
(TFRA WLC) , K15 HE ( Pseudoraphis bungeana Trin) (CMC)
2.2 HHEREE

HHERESL T 2009 4F 8 H RAE KA TN Riley Ml Barber FUEHE R 32 BUEA 58 B R 19 4K (15
BU/NRAR 22 A B G FINE ) |, e R PHE R SR R0 T R ASRHE N IR A B AR AR PR 124 4K
Je R AR 2 T B 1 S8 R T ok AR AR s 338, il 33y i SR ) 9 AR B 55 AR AR B - 4
FEFFE YIRS F AORE TS i " AU BR 2 e % 4—5 BRAEW) , 76 )2 0—20 em VR T BULAR PR SRR B +
5 oA FE DU o ARy R B A A 3 I,
2.3 EIL

F A RS PPN RE SRR Biolog™ Jy ikl ATl

PRAFL IR RIS T 10 g 6T 3 5k A 6 - 38 T K0 B A9 250 mL = AR, A 90 mL JE
NaCl iF# (0.85% ) , 3 O FEFERIR S 15 min, #1115 min, B IS W, 7E G TAE S P JCE NaCl 5
(0.85% ) i BeE 107, 1 8 3 B MEEARKEFi B 1000 A5 AU BN Biolog A=A FR M L, BLIIN 150 wL, Kf
F Y Biolog A= ASHRBAE 25 CHEFRA T HE SR 10 d, 1P 24 h FH Biolog ST S8 e HUE SR ARCAE 590 nm I8
KAOE(E
2.4 Hdmiab

AR B R FH LA R A AT 0 ab B

(1) 3R W BT M FH B LI G S 2 2R 46 K (average well color development, AWCD) K 4#iik | 15
A=W U

AWCD =3X( Ci - R)/31

2, Ci R4 M FLAE 590 nm FHIEEBE(E ; R i ECO UM HRFL A, (9564 B/, BIOLOG AE &R Y C I
¥HM31, Ci-R/NTERAL, HEIEHNE, B Ci-R=0,

(2) BEK T e AR EL(S)

FHEACHFLIVELE (Ci-R>0 , RFZALBRIEBE AT i ALRD Ry S AL ) s B I F 3 BEHE 4L

(3) WMAE SR EL(H)

H ==Y ( Pi xlogPi)
X, Pi=( Ci-R)/Y, (Ci—R),FRAMIEIFL SR ETL A, BRI (2 25 BAR 25 1 HUAHL
(4) A ) T8 5 (E)
E= H'/InS

JIt FHE ] Microsoft Excel 2000, DPS FiI SPSS # ' REGEAL B, 2R JHT7 2200 M A0 HT 5 T80 70 M 2 07
L A 3 IREE B,
2.5 Biolog Eco flfLAR b a1y 7 A5 A1 532

Biolog Eco fffLtR L BkIE A/ AR 1 % 2,

3 ERS5HH
3.1 ARFEFHYIARER S AEARBR 132tk 24 M R A A8 1k
M3 Rl LUE H BEHT O BN [ FR A 2 8] A ALK .22 AR B R, 20 SR Rk

B TR PR 30 R AR PR S A [ B Y 25 53 5 BR UK Gk 5 BUBARE T A0 KSR g AR B b
SR A B 0 3 FEARAR PR /N 1,127 .3..045 0. 576 2. 192 mg/kg LASH, Ho 48 JEA M AU AR Bk £ 39T L
Bk R SR SR A AR S R OR T AR R R o A AR O ARBR S AR PR e A
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%1 BIOLOG-ECO #{LiR £ 31 MRS
Table 1 The distribution of 31 carbon sources in Biolog Eco microplate
Al A2 A3 A4
K B-HI 3E-D- A F M D-2EFLERR v TR LK AR
B1 B2 B3 B4
7 R PR Y T D-AHE/ [N D-FFURERERR L-K T4 Bt
Cl c2 C3 C4
i 40 - EE I 2-FRFEIH R LK R
D1 D2 D3 D4
it 80 D-H & 4RI NR L-22 5 %
El E2 E3 E4
o-FRA N N-ZTt-D #j# 1 y-E TR L-J &R
F1 F2 F3 F4
JHFwE D-Fi IR AR HaEm-L-A 2R
Gl G2 G3 G4
D-£F 4 —H L-BERR A0 a- TR RO
H1 H2 H3 H4
o-D-FLik D, L-o-BERR H D3RR e e
&2 Biolog " RiRIE %
Table 2 Corresponding well numbers for six carbon substrate group of Biolog **°
e =S| BIOLOG" " # e = BIOLOGE <4
Type of culture medium Biolog " plate Type of culture medium Biolog ® plate
B A2,B2,C2,D2,E2,Gl,G2,Hl1 EA e A3,B3,C3,D3,E3,F2,F3,G3,H3
I A4,B4,C4,D4,F4 T4 JWe2& G4, 14
Rawk C1,D1,E1,F1 HABIRS W) Bl ,H2
R3 FEEWIRERSIERR T IELF R
Table 3 The chemical properties of rhizosphere and non- rhizosphere soil under different plant specie
\ AL L s e \ —_ _—
Ah WERZEL S Organic o éﬂfﬂ ﬁﬁ?&sz& X Eaﬂl@% Jﬁ'ﬁi#
Position Type pf Carbon Total N Ammonium Nitrate Total P Available P Available K
plant /) e/ke)  /(mgkg)  /(mgky)  /(wkg)  /(myke)  /(mgks)
b NT 12.85 1.53 1.32 26.21 1.04 17.12 329.31
BC 13.97 1.64 2.17 21.41 0.90 10.00 232.81
ZMH 13.05 0.89 4.92 12.22 0.93 15.14 335.26
LH 14.12 1.69 1.38 16.76 0.88 13.78 189.18
HZZ 8.15 0.95 0.75 26.36 0.90 12.74 218.27
CMC 13.13 1.54 4.89 19.35 0.92 16.04 291.64
WLC 14.02 1.66 2.22 20.55 0.91 13.95 219.59
BLX 13.57 1.46 1.99 19.48 0.95 16.82 235.45
TGH 15.25 1.60 7.95 19.44 0.93 15.25 203.72
JEARBR NT 11.33 1.43 0.99 18.57 1.04 16.66 279.08
BC 14.10 1.59 1.72 13.12 0.88 11.13 226.20
ZMH 12.15 0.82 3.49 7.65 0.90 13.34 224.21
LH 12.95 1.58 1.01 10.27 0.85 11.30 174. 64
HZ7 5.53 0.73 0.54 6.90 0.90 15.79 136.30
CMC 12.35 1.53 3.57 11.51 0.92 16.61 232.81
WLC 13.17 1.55 1.69 12.05 0.89 16. 14 198.44
BLX 12.35 1.33 1.82 14.43 0.91 13.80 140.93
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BB 5 B S EARRAR, AR BR SRR e A A W | HUOs A HU R O B AR 5 5 VKO AR PR
SRR B A 4 4 SO AR R 5 ARG ; 35 2 BURARE P AR PR S AEAR bR A LIk . R S A
TR R AR, TEAR PR 3 B S A R S R, 0 26. 36 me/kg, TEAERR PR HE AR S A S BRI, K 6. 90
mg/ kg, B Z [ 2K, XSG 0] RE IR R 5 R AR B (0 2 W2 P FIAR R 0 WA 56 &, HLELIR
AR — 5T
3.2 A[FEHEYRFR SHERPR - 585049 AWCD 224k

SEIE AR (AWCD ) J& S e+ St A= W 1, BRI S — U B T i — AR AR — e R
JEE I i T A 49 A W R B RS R REAE . AWCD (BB, T MR s S 2 T PRI

ML T W AR BT 9 PR ST AWCD (ECARBE R (B B4 i 3s i, e B0 TR R AR 3 S A i
PEAR B S 1] (4 SR 38 0, I HLAS RS AR PR - 38 5 AWCD {E7E 24 h WICH R 284k, 78 24 h 2 J5 208 1
T, T AEAR PR AR XS b TH2A4E | L d B A AR PR 1 G E P T PR AR B - 4841

I 2 Haf DL S R AR P AR B S R A ) AWCD He R WA T (HZZ) >8R FF i (TGH) > i
(LH) > E# (ZMH) >Z %58 (WLC) > H BLAF ( BLX) >K 5 F (CMC) >UKHL (BC) >FFAC(NT) , Hli i+
(HZZ) 1) AWCD F2 /R 0.550 , #745 (NT) [ AWCD /R 0. 151 ; A [FAEWAEAR bR A9 AWCD Feis
R AR (HZZ) >vKE (BC) >HEEE (ZMH) > K5 (CMC) >ERFFE (TGH) >4 55 (NT) >ZE B3¢ (WLC) >
B (LH)>H B & (BLX) , HiiP 8K 7 (HZZ) 1) AWCD % KR 0. 517, 1 B & (BLX) ) AWCD /), H
0. 035 ; Hoh 418 (LH) FOMR PR 53R T3EMAE M AWCD 22 S8 K, 0. 416, #7545 (NT) AR B S5 3E M PR +
A AWCD 2255/, 0.005, MK 2 rhakn] LI Y, 46 K ZH0E Y AR b 58509 AWCD #8 KT
JEMRPR A3, VKB (BC) AUARAR PR L339 AWCD K FARPR 38, #74 (NT) BR PR 5 AER PR 38 54
AWCD JEARMML, FrAJe—FEAR, EARR R LR, TR R I AR R =R 550 R I, 7E AR PR
SAEMRPR -3 RUE i L 22BN,

12

l4r o Hzz A B
—s—WLC
12 4 cmc 1.0}
a —%—BLX
O L
Q 10 —x—2ZWH 08l
< —o—NT
08+ —+—TGH
0.6 +
0.6
04t
04
02 L 0.2
o = 5 " N N N N N N N s 0 ——
0 24 48 72 96 120 144 168 192 216 240 0 24
Time/h

E1 FAEEWIRER(A) SIERER(B) TERMEY AWCD MEREFRE ERTL

Fig.1 Average well color development of rhizosphere( A) and non- rhizosphere( B) soil under different species of plant

3.3 AFEYHR RS AR R L A M) 2 AR B A

WAEY AR BN B O R — SIS O T B A S R G IR W M IR IR R 2 5
A HIIRE AR . RS REBUEY SRR U BOR , RINZ R SR LR E YR DI RE AR,
Z AR BUE Y 2] AR 0% 1 i U P AR PESR RO T R R IO BE A & P IR DR %L
Ho BRI @R P AMADM TR 21, PR H B RO [RIARE Bl e Z [ AR 2 BT A 35 23
B AR

TIERUEM Z R OGS R A R Z 18], iE AR PR e R AR R PR A — 22 (£ 4) .
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d 1
| .
| e B : 3
RRIRSENEEHE W SN

HZZ WLC CMC BLX ZMH NT TGH LH
Time/(96h)

BRUKEL (BC) Ab, Hog 45 Rl 0 O MR B - 3 i A= ) 22
PEFEECER R TARARPR 38, 7E AR FIAEY) AR PR -3
BRAFHE (TGH) AR B - S0 Ak Wy 2 A 48 B =i, b
1.299, 75 9 FAH Y f5c i VK ( BC) AR B 3586 =
W REPERE B A, S 0. 993, LR #7451, 040 7EA
A A AEAR PR H 3 H B (BLX) MR PR 36
W R B R, o 1. 169, AT (HZZ) IR, H
1.155, 9F AW # Z (8] 22 A B3 (P>0. 05) , 4R i
2 T AR Y BAT 5 (TGH) MR BR 5 AR AR Br 1 1
A Z TR A 2 S oK, 0 0. 344, A BLA (BLX)
RIMRPR SRR PR H R W ZHEVE IR BOE R RN, N of Dt

0.031; 5 T EERUEY ZHEEREEAARL, AR Z I H NS5 (b, e, d Fil o) Z R ARSI 0.05 K I

A Y AT EE AR BOC I R bR E A SR AR bR 1 s

PIfFEAR R 225 . XA FEAEIIN & RS 3

SIEEHRBONIA] T (TGH) 87 (LH) KFEH(CMC) BUAR B 38 (02 By 2 &) B A8 RORR AR B, =& 2 al iy
SR W T HADRY) VK5 (BC) BIAR B 380 A= W38 20 BE P 80 K T HAAE Y, M 0. 3415 R
[FFED AR PR 33 5  BE s Bt A 22 57 (A e Z RN 22 8RN . TR — R AR PR S5 AEAR PR - 58 2 [A) 1)
TAE Y ST EEFR BB 255, BRVKE ( BC) AN B 45 i 9 A AR B - S0 ) 2 RE MR B K TER B, JF
HERATFE (TGH) MM PR -5 AR AR PR - 80 E W38 51 BE 8 5022 S 4 K, M 0. 061, BT (HZZ) AR R 5 R HR PR
A Y 2RI RS RN, 0.008, F L AT UL, R [RIAE S HR X - S AR A W (R D RE 2 R RS A B
FERTE AR

AWCD

B2 AEEYTEREY AWCD(96h) b

Fig. 2 Average well color development under different species

x4 AEEYRESIEREFTEMEDSEEERSHIERER(6h)
Table 4 The functional diversity of rhizosphere and non- rhizosphere soil microbial community under different plant species

HPr1-4% Rhizosphere soil JEAR PR 13 Non- rhizosphere soil

Eﬁ SV H Yo AR E SV H WMEARE E
Diversity index Evenness index Diversity index Evenness index

HZZ 1.227+0.034bc 0.373+0.004hc 1.155+0.108a 0.366=0.023a
WLC 1.2200.015bc 0.384:£0.012ab 0.929+0. 054c 0.329+0.018ab
CMC 1.258+0.039abc 0.3910.003a 0.972+0. 050bc 0.338+0.010ab
BLX 1.20020. 053¢ 0.370+0.013cd 1.169+0.095a 0.369=0.025a
ZMH 1.2180.026bc 0.373£0.009bc 0.9500.092c 0.313+0.021h
NT 1.040=0.039d 0.352+0.012de 0.999=0. 089bc 0.3370.030ab
TGH 1.299:£0.041a 0.398+0.007a 0.9540.127c 0.337+0.033ab
LH 1.274+0.032ab 0.392+0.007a 1.071=0. 105abc 0.365=0.034a
BC 0.993:+0.049d 0.3410.010e 1.1220.020ab 0.358+0.009a

AFRVNE FEFRZEF R (P < 0.05) BAH AV E AR MEZE (mean +SD)

3.4 REMYRPRS AR PR 36 Y 2 R 2R G A ik

FIFREFE 96 h J5 I E [ AWCD {E%E , 32 ] SPSS F A Bia 47 32 B4 4 AT . 4008 A0 B 645 27 4748
i IX 9 R 27 A FEHL 31 SIRRAS LA 31 FOARTEE) C IR,

X9 Ao L AU RE AR R - S G PR JR 0 A 25 SR WL 5 R4 T 8 A F iy, RITTTER R IA 80.47%
HAEE 1 FRr( PCL) T 22 5THRE N 31.28% 55 2 A ( PC2) N 11.59% , 4 3—8 TN stk R #
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Fl, o LAG 2R N ERARR R LR TABERE iR 40 \D-H 88l 4R B8 R D-AiME e iR AR | H 2 t-

http ; //www. ecologica. cn



18 M AL A TR L0 XML EAE YR R S AR bR U E e 2 R 5231

LSRR D, L-o-WERR HAh . SRIREEL T 3 B, MRS 3 A, AR S W05 2 Bl S 1 ARG W2
1Rl B IRM R R R RS AN S SR
£5 9 AR EWRE TR EDBIRE A RS AT R RwE

Table 5 Eigenvalues and cumulative contribution rate of components

oy L fE TR/ % R TTHkAR %
Component Eigenvalues Contribution rate Cumulative contribution rate
1 9.70 31.28 31.28
2 3.59 11.59 42.86
3 2.67 8.60 51.46
4 2.54 8.18 59.64
5 2.00 6.45 66.09
6 1.94 6.26 72.35
7 1.48 4.77 77.13
8 1.04 3.34 80.47
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Table 6 Eigenvalues and cumulative contribution rate of components

S R ik /% B TR/ %
Component Eigenvalues Contribution rate Cumulative contribution rate
1 8.36 26.97 26.97
2 3.46 11.15 38.12
3 2.81 9.06 47.18
4 2.70 8.70 55.88
5 2.09 6.74 62.62
6 2.04 6.59 69.21
7 1.72 5.56 74.77
8 1.66 5.34 80. 11
9 1.19 3.84 83.95
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Table 7 The correlative coefficients among soil microbial functional diversity and soil nutrients in the rhizosphere and non-rhizosphere soil

under different plants

A BB 2R BER WMEA T HARE HUEE PHEE SRk il S

ﬁiiﬁ coefficiente | Oreamic Total ~ Ammonium  Nitrate Total ~ Availabel ~ Availabel — 78 EizE1 iR
C N N N p p K AWCD H E

A LB Organic C 1 0.72** 0.44 0.19 0.01 -0.14 0.3 -0.31 0.07 0.17
2% Total N 1 0.13 0.34 0.07 -0.13 0.02 -0.41 -0.02 0.2
AR NH-N 1 -0.1 -0.03 0.1 0.07 0.22 0.14 0.13
HAZ NO3-N 1 0.48 0.15 0.45 0.09 0.29 0.33
41 Total P 1 0.69** 0.60*  -0.15 -0.19 -0.15
L Availabel P 1 0.42 0.23 0.19 0.22
TALHD Availabel K 1 0.02 0.04 0
FHBEAE LR AWCD 1 0.65*" 0.52%
SRR R H 1 0.95**
YIS REHREE 1

# P<0.05, % * P<0.01
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