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Biolog-ECO analysis of rhizosphere soil microbial community
characteristics of five different plants in two different grasslands
LI Hui' LI Xue-Meng' YAO Qing-Zhi"' LI Qiang’

1 College of Life Sciences, Inner Mongolia Agriculture University, Hohhot, Inner Mongolia 010018, China
2 Inner Mongolia Siziwang Banner Shangtai Breeding Professional Cooperative, Wulanchabu, Inner
Mongolia 011800, China

Abstract: [Background] Soil microbe is an important part of grassland ecosystems, and it plays an
irreplaceable role in regulating plant growth, promoting the formation of soil structure, and maintaining
the function and stability of grassland ecosystems. [Objective] To explore the diversity of microbial
community metabolic function in rhizosphere soil of five different plants in two different grasslands in
Siziwang Banner of Inner Mongolia. [Methods] Biolog-ECO microplate method was used to analyze
microbial community diversity in rhizosphere soil of Stipa breviflora, Artemisia frigida, Convolvulus
ammannii, Heteropappus altaicus and Allium tenuissimum in the 2 plots of Adege and Gentala in Siziwang
Banner. [Results] There are significant differences in the number of culturable microorganisms in the
rhizosphere soil of 5 different plants in two different grasslands (P<0.05). The total number of culturable
microorganisms in S. brevifolia in Adege grassland is significantly higher than that of other plants. The
total number of cultivable microorganisms in the rhizosphere soil of H. altaicus in the Gentala grassland
was significantly higher than that of other plants. The average color change rate (AWCD) of rhizosphere
soil microbes of different plants in the two grassland showed that the AWCD of rhizosphere soil in
Gegentala grassland was higher than that in Adege grassland, and showed “S” type change. After 96 hours
of cultivation, the Shannon index and Simpson index of the five plants in the Gentara grassland were
higher than those in the Adege grassland, and the microbial diversity index of the rhizosphere soil of C.
ammannii was very different in the two grasslands. The utilization of carbon sources by soil
microorganisms is mainly amino acids and carbohydrate carbon sources, and it is significantly enriched for
functional microorganisms such as L-asparagine, r-hydroxybutyric acid, L-serine and D-galacturonic acid.
AWCD of rhizosphere soil microorganisms and diversity index of bacteria, actinomycetes and total
number of soil microorganisms have a very significant positive correlation (P<0.01). Evenness index and
total number of bacteria, actinomycetes and soil microorganisms have significantly negative correlation
(P<0.05). [Conclusion] Different plant rhizosphere soil microorganisms had different utilization and
preference of carbon source. The number of microorganisms in rhizosphere soil was higher, the microbial
carbon metabolism capacity and microbial community diversity was more abundant.

Keywords: Desert steppe, Biolog-ECO, Community functional diversity, Soil microbes

Microbiol. China

Fe [ w0 UG IR, TEAE A RUX 2 5F
RIEh s el Ak, BE AN
10 0 0 22 T ) PR e R A % A Bk AR A
SN R G HON S DT F R IR BT IR BT R
M, MO e B E AR, FE H R
JR Al B 5 Py 52t T A R P 52
WA X B AL AR B D, RUR T &
Bolk & R E 25, BRI E AL H B A AR
Jif RSB SR R BT S S 2 [R) (Y 22
At HASIENESS , MR AU R o, A

P, ToEEE S, X AARMASEE S T
P A UE SR I B AL T A o o () B A
] R+ R BT, MR- Y R
Gt BIME IR, v 5 A SRR AR ek
S DU T O TR S A S R ST AN R AR,
I ERI G, FE T IERUEY AR S RS
RO 1 A MU T 45 Je Z R A B
TP, FESCBRR A AR S b, B
Xt R F BN VORI TR, IR YA
A EEEAH 2N B R R+

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AR5 LT Biolog-ECO JiiARY PRI Al R J5irh 5 FiOAS [ A AU AR B S S A W AT R AIE

2949

NG . B BRI DA SRR BR, S
HRANTEETRE DR HBAMIER, 2
FE P W7 43 DA SHE VA S A 3818 0y S5 (g B 55
A H A AU e 3+
BER B AL o U, JRREE ARSI
AL i L Bl R oA BT R W B
ZREMEAE Ry A A W AR AR 2R R AR Y O B AR A
Z—, X TR L ERUE Y RIS AR R
VR LA T A 25 RGeS i At e BT
L SO ARk, O B 2 I
AR . BEIR A5 1 S Re ZREPE SRR NP
REFFARREWE BRI E LG R, B8
Ay FE] PR AR S5 ORI 9 i 2O R A 5 1
T3 1 BT A5 21 1) - il A P AR M 4 1 S i L S PR A
P Biolog-ECO PR i 1] | FH A% Rl 2B oy ik
X 31 A — B RS [R R AR T, e 3
Tl D REVE AT h RE S HEPER T Tk, A
WEFE LA PS5ty I 5 30 7 7 S AN R AR 0 AR B 7
T A AR S, R Biolog-ECO -
Pt L EERAE Y R BB AR R | VR 2 AR
fRE. BRI REZHEME SMRRE Y C R AT T
WEST, DA R SE B o SRR e Mk & 5 3 ol | R A
HSARHE
1 RS
1.1 R XH#ER

I XA T NS AR XS 225445 T P F 1
B BLEL(112°31'E, 42°02'N, K 1 340 m,
fAiFK ADG, TIEFIKETE 9.01%—10.4%) FIFE AR EE
PR (111°46'E, 41°43'N, {4k 1 440 m, FFR
GGTL, +iES/KIELE 10.99%—13.78%), J& H i
R EZE R X, EREW R ZE 300 mm A2
i, SIREHTE 1-6 °C, BRI H-39 °C,
e SIRAE 36 °C iAo DU Tl 32 2 B S
AR R SRR T R R RO R, £
BEREAES L, SUEKHGR. HERE,
FEBEHETS LRI, LA AT 5P (Stipa breviflora)
REERERD, R (Artemisia frigida) WALEF, £

LAY AT SR K TREAE (Convolvulus ammannii) . FJJR
M IE AL (Heteropappus altaicus) . 402 (Allium
tenuissimum)%o
1.2 HiigESHMERE

P TR it v e HARGR PR I R A 5158 = I
WFSENTS:, 7E 2018 4 8 J1 Hf) 43 L BR BT fAs A
o LA R AR AR BE R AR 5 FRE A (RLAERT S . %
AL BRI IEAE VR IKIELE) (R 1),
R E 3 AT (22 m), FEEAHZEAMK
T 100 m, EEAHFETTAFE—FAEYIHC 5 #RAEONE
5, RMPHEERHEAER S 13, 4 s [m] A
FYIFE SR SIVE N — R i, 2e313R45 10 4>
TR, TR RS AT B Lg%, Hh
BT 4 °C VKFE NI T AEEA T AR Y B A
PEAFBESE
1.3 TEMEVHENE

PRI 5~ F FE MR B A RIS 1 10 g T
90 mL JERE/KIRA), HIEh 107 HE, Kk 10 f5HL
MR 1072, 107, 107%, 107, 10 BB, RAIML
G B VR AT AR P s B AN . B R
k. Horh, SYESAIRECR R 107 107
Mo BB BEAE A PO B AR LRI RS IR 8 s FORR
BIRI107 107 R REBS HEYE 5 T - I £ (A
FEHE LA TRETR R R TR 107, 107 6
T 18 70 15 o — 5 AR JR 3 7

&1 EYEED

Table 1 Characteristics of plants'>!

sk /BN Frlgt AT AL RALR
Specific name  Scientific name Life style Root type
RIAEEES RAR} ZAEERA AR

S. breviflora Gramineae Perennial herb Intensive

B AR} ZARERA IR

A. frigida Compositae  Perennial herb Axial root type
A2 AR ZAREEAR R

A. tenuissimum Ulaceae Perennial herb Phosphate stem

type

FT/RZSLEAE 257 ZARL A AR

H. altaicus Compositae ~ Perennial herb Axial root type
BIKTELE BEAERT ZARL A AR

C. ammannii ~ ConvolvulaceaePerennial herb Axial root type
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Table 2 Number of soil microbes

FE 24 R gllls) ELRN &) (XIS
Specific name Bacteria (x10° CFU/g) Fungi (x10° CFU/g) Actinomycetes (x10° CFU/g) Total number of microbes (x10” CFU/g)
ADG GGTL ADG GGTL ADG GGTL ADG GGTL

S. breviflora  591a 16.1a 8.54a 12.4a 5.61a 9.05d 1.15a 2.52d

A. frigida 4.47c 13.6¢ 6.22b 9.95b 3.65b 10.4c 0.812¢ 2.40e

A. tenuissimum 5.14b 13.8¢c 5.51c 11.9a 3.58b 12.2b 0.873b 2.60c

H. altaicus 3.35d 15.7a 6.32b 8.95¢ 3.24c 14.7a 0.65% 3.04a

C. ammannii ~ 5.13b 14.8b 6.42b 9.77b 2.51d 12.3b 0.764d 2.71b

Total 24 74 33.01 52.97 18.59 58.65 4.258 13.27

TE: FIVNG FREFORAFRIYILE 0.05 K28 54k 2%

Note: Lowercase letters in the same column indicate that different plants are significantly different at 0.05 level.
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Figure 1 Soil microbes AWCD of desert steppe in different regions

e A: SAEEE; B: Wl C: AIMA; D: FURZEMEEE; E: HUKIEE.
Note: A: S. breviflora; B: A. frigida; C: A. tenuissimum; D: H. altaicus; E: C. ammannii.
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Figure 2 AWCD values and diversity index of soil microbes of different plants after 96 h cultivation

H: A: AWCDii; B: Shannon #5%(; C: Simpson £%{; D: Pielou 8%, ANE/NG FH:X R AR REHE] 8351 25 5 (P<0.05).
Note: A: AWCD value; B: Shannon index; C: Simpson index; D: Pielou index. Different lowercase letters indicate significant differences

between different soil plots (P<0.05).
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Figure 3 Characteristic maps of different rhizosphere soil microbes using different carbon sources

T IR AT AWCD [HE R IR, HEFR AWCD BEBRMRIE; MR AR E R, A PR R W ak
T, B ERIER) AWCD {H. A: S. breviflora (ADG); B: A. frigida (ADG); C: A. tenuissimum (ADG); D: H. altaicus (ADG);
E: C.ammannii (ADG); a: S. breviflora (GGTL); b: A. frigida (GGTL); c: A. tenuissimum (GGTL); d: H. altaicus (GGTL); e:
C. ammannii (GGTL).

Note: Red indicates the carbon source with a higher AWCD value in the corresponding sample, blue indicates the carbon source with a
lower AWCD value; The horizontal indicates the sample information, and the vertical on the right indicates the different carbon sources.
The legend is the AWCD value of the carbon source. A: S. breviflora (ADG); B: A. frigida (ADG); C: A. tenuissimum (ADG); D: H.
altaicus (ADG); E: C. ammannii (ADG); a: S. breviflora (GGTL); b: A. frigida (GGTL); c: A. tenuissimum (GGTL); d: H. altaicus
(GGTL); e: C. ammannii (GGTL).
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Figure 4 Principal component analysis of different soil
microbes community carbon sources utilization
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MEMBEMRXED T

Wik 3 MK RN, HHEMEY
AWCD FIZAEPERS B S AT o TR LA K 3580
A ) B 2 I AR e (P<0.01), P AR 4R 4K
HE) 5 A B B R 3 IE A 96 (P<0.05), 355
FEFRBCE AN . R A DA B SR ) BB
FAA KK R (P<0.05), FKIHE— BB T, 40
BRI R T A MR, IR M A RE 1 AN
A YIEVE ZRE R
3 Wi

T IERUE WV R LR ALy, A
MY RN —, IR
BEEhRE Z RV iR LI A S RS R E Tk
HEEEM. MYAERK . BHEIES . YRIEHR
Al A AL A0 5 B A A W B 3 R A AR R A 56
PECU S 3B A S R AR 7 B S Ay
YIHR B - SR A 0 B ot A TRl Y5 %) ) P e
RX A B A i AL RE 91, TR A G AS R
R S 1 B DA () R AR s A A W B Y S RE 2 4
PR, LTI R BBV SRR S AR, AT SR
A H A R MR I — /N Ay, R

®3 ITEREVSHEEYSIENEYREMNEX

5347

Table 3  Correlation analysis between soil microbe

diversity index and soil microbe quantity

i H AWCD {H Shannon  Simpson Pielou

Items AWCD =R R HAL
value Shannon  Simpson Pielou

index index index

/M Bacteria  0.844  0.807° 07410  —0.654"

L Fungi 0.661" 0.712" 0.669" -0.611

A 0.825"  0.806" 0.751° -0.661"

Actinonmycetes

o E g 0.850"  0.8217  0.759" -0.669°

Total number

of microbes

TE: % 18 0.05 KV EBFHG; **: 1E0.01 KT ERFRK.
Note: *: Significantly correlated at 0.05 level; **: Significantly
correlated at 0.01 level.
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58 1 3G 57 0 B B RARNE S e - S U E Yy i 24
P, Biolog-ECO H ik i rI PR | a] {3 2R A5 K Ht
PR AR K Y U WA T T e 2 A M TH A
§S AR |57 N -F 1 D7 b 47 QA - 32k AL DR 4|
fFE . TEFEMX, T RHEPEERE T LD g
RERKERFAERKBENMAEY . Fi, A5k
WAL GBI B Hi AR 5 Biolog-ECO Mtk 4k
A, DRI TRAR Y0 - ek Wi DL R REV
U BE ZFE MR 2

WAL G IR SRR B, A A
A RIFE AR PR 30T . I . R R
FTCA: W S B A i 25 M 22 57 (P<0.05) , 72 Bl 1
HFEHL S, breviflora HRPR HHEH AR . HA .
LR AU 0SB 2R T HAL 4 R,
MBI R R S, breviflora #RPr -3 iR B 1Y
oA, H. altaicus LB . AR EGE .
A B T AR Y . FERERAR RS, &
W AR | RLEE DA R A S )0 B A AR A
YRR EEE K, S, breviflora 1 S
PV EERERIAE S, T ke v T A LR AR .
FIH Biolog-ECO #2446 H 35 7 5 Jir F B fi A 2
Jiit 5 FIAELIAR B A TR P X D A8 AR S LA 7
SRR IR PSR S [R)AE P 0T - SRR W RV
TR WA T AR AL R A — 2, Bl 3% SR ) 4
KSR PGIE . 24 h [ LZR1E, 24-144 h
AWCD {HREIE K, 144 h 5T F%, ik
e AR R s - 9 A O U T e D A R FH A
2%, ASREHCHRHLIE B R BE R IR ARARIE B
TR 5 FAEPAR PR HHER) AWCD {EH¥ R
R, T EHAR RIS 5 e bl 2 15 5 0 (] A9
#t%, AWCD [t fF7EN B 25, DL 2 A
SR AR B T SR R Z AR R R 2 —,
TERT M —B SO T, ASRIAE YT 38 E
W REVE GEF L B 2 REE AT — R R AR Y
H i Shannon $8%((H")A1 Simpson (D)8 %2 N FH
TR RETE ZRE M, Ak M i A

Wy ZAREPE DS 3 e SR MR B T A DR ] A 2
5 PP e ) +3EGAE Y0 Shannon $5%0(H") . Simpson
FREUD) M Pielou f5E(E) /M, PIREHLA FIAE Y
Shannon #8440 (H")5 Simpson F88(D) X H T & &
) —Sebe, T ELAR AR B e ) - SR MRV
Z2 AR IR DL TR R 1 D0 30 52 340 v T BT A e It
5 FIAEYIARL B 3G P TE P TEAR B HE S
DEABKRESR, C. ammannii H{E-5 D {HF 2t
T HANAGY), BN L R A X - 36
WG YE . hREBERA —E . C. ammannii
FEAREE /N, XA PRI IE NV BB 14055, (AR R M
i R IERUEDIREE D . PIFEHBAS R Pielou
IR REER, RV R 85k
Yy — AR

AN R P AR 2R %67 1 558 e i 5L 1 A RUOR) A —
FEZES, 15 31 MR — BRI AR AR B 35
AR R 2R B2, A S R PRGUE
Pt L-RITA WA R R RS, Britz
Hb, XA IR ISR (L-AS 2R L-22 2402 )
WAKAL B Y ZSHR R (D- H 5 B A D-2F ZLBHIE )t A7
B AR, AEREMBKIAEYIEX
5 P IAR bR S S A SRR . TR
ARt ] oA A R s - S5 i 2 1y R e AR %) 1) P A% AN
A, C. ammannii H2FR - ZERLA PIAEAS [R) A H
XA [l B D) P 1) 2 S B Ry S 2, B A At v
P L-RIABiRE . D-H#EEE . D-FZLMEIR v INEH
N D-£F4E R RE T B s AR AR B HAE H X
L- K14 B . D-FRLMEIR . L-22%MR VL K -2
HETRABSMAARE, MEREAE, 5K
0 VA e H P BT 1) 25 57 3 AU W ) 45 RIS
Wy IR 3E N A T AR i e e A [ B JEAS [ g
YIAR PR - B 5 A 0 e 5 R AR 50 267 7 32 185341
Br, KBTI S FiiE YR bR+ e A Y v A2 Tk iy
F BRI SE KA B YR SRS . P A R
JEFIAEMREE R B 5 S. breviflora 1 A. tenuissimum
MR A 8 A Py % B U %) 1 A AR RL . A
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b S At A 4 = S W X R VAR ) ) AR 38 A A
KIS x-SR Y AWCD FIhREZ
PR SR B R DG BT 3R B, B 8K
ablE, T IERCE WU RE ) T A M Vs S Re
ZREEM T .
4 ik

VU F I N 52l A IR DX S0 A A B A
SRR, AR, ARKFEMSFEE B RAMM
UL 25 D F AT )l ok AR KRR M4 3, ol
AWHRAL, M A KRB R WGAL, #1F TR
Ry HIRIHTRE ST, R Tz AR R AL, S
0T i DX A W R R IR S A A AR, B
RARBEHZ 0 | T3 A IR 2 R DRtk XY
F L2 B 2R 5 FAE AR B R A )
FET& 09 22 S MOCHRHEA TA 9 R B . (1) PRt AT
B IR R U RO A AE BB 22 5 (P<0.05); &
EREYII AWCD HhZE L HEA — S 2 “S7 R, H.
KBRS FIAEPI AR PR + 3RS AWCD {H1Y
B TR AR FEHE . (2) 7E Biolog-ECO #d%3% 96 h
Je, KRILPTFERSFEHL P S AP 4GS Shannon $840(H")
5 Simpson 8 50(D) 2 7 8.3 ;5 5 MEHYIAR PR 4 1
T2 W v R e 5L 1) 2 ) 28 B R 2 TR
FKRmAKAEY, T HIBX RN L-RI14
T i LA A v R T 238, TR il P 2 S X
S. breviflora 1 A. tenuissimum §% 5 F F ) GE J1 5210
BN (3) P EEHL YR H. altaicus 1 S. breviflora
UK A. tenuissimum F C. ammannii 22 |8) AR J5EF)
FHEE JI AL AR EE i RE ML S, breviflora
C. ammannii UL} A. tenuissimum 1 A. frigida 2 |f]
0 B I8 A T BE T3 AR o (4) AR Bs 3 AR W Y
AWCD FIZAEMEIE S ANTE . i i gl LA & +
S ) SR N R IE AR S E(P<0.01), 2)JEE T
B AT S B DL SRR Y B
1A (P<0.05).
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