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Utilization of carbon sources by soil microbial communities of four plant

functional groups in Songnen Steppe

QU Tongbao, WANG Chengyu, PANG Sina, ZHANG Jianfeng "
Jilin Agricultural University, Changchun 130118, China

Abstract: The soil physical-chemical properties and the soil microbial functional diversity for carbon source utilization may
vary depending on plant functional groups and be susceptible to soil surface disturbance. The objective of this study was to
assess the effect of plant functional groups on the potential activities of soil microbial communities and to evaluate the
association with soil properties under different plant functional groups ( grass, Leymus chinensis, forb, and legume) in
Songnen steppe. Soil samples were collected in August 2011. Physiological profiles ( CLPP) ( Biolog Ecoplates™ ) at
community levels were measured for each plot to determine the capability of soil microorganisms in utilizing 31 types of
carbon source. Furthermore, soil physiochemical properties (pH, electrical conductivity [ EC], soil water [ SW ], soil
organic carbon [ SOC], total nitrogen [ TN ], and C:N ratio [ C/N]) were determined in rhizosphere soil under different
plant functional groups.

The results showed that carbon source utilization and microbial metabolic activity increased with time from 36 to 180
hours. There was a significant difference in the soil microbial community structure among plant functional groups. Significant
difference was observed in AWCD (the average well color development) (P < 0.001), Shannon-wiener index (P < 0.
001) , richness (P = 0.005) and Pielou evenness index ( P < 0.001), and they were significantly higher for grass than

other functional groups at the latest stage of incubation (P < 0.01). Carbon source utilization was highest for microbial
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community under grasses, and it was lowest under forbs. The difference in microbial community structure may result in the
difference in utilization of the six types of carbon sources. Grasses and Leymus chinensis had higher utilization ability for
sugar, amino acids, carboxylic acids, and polymers, and legumes had higher utilization ability for carbon sources except for
carboxylic acids. Forbs had highest utilization ability for phenolic compounds but had lower utilization ability for other
carbon sources. SOC and TN of the soil were closely associated with the value of AWCD, Shannon-wiener index, Richness
and Pielou evenness index, and EC of the soil was associated with AWCD and richness, while the effect of SW, pH, and
C/N were not significant. For further determination of microbial communities under different plant functional groups, Biolog
data after 180 h were subjected to redundancy analysis (RDA), and the results showed that TN, SOC, and EC were the
most important indices to represent soil quality under the four plants functional groups in this steppe. Carbon source
utilization of soil microbial function changed among the four plant functional groups as follows: grass > Leymus chinensis >
legume > forb. This result will improve the understanding of the underground carbon cycle and will benefit the grassland
management in Songnen steppe by providing a scientific guide for preservation and improvement of soil quality, soil fertility,

and nutrient use efficiency, and for enhancing protection of the ecological environment.
Key Words: soil microbial; plant functional groups; diversity; Songnen steppe; Biolog-Eco
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Table 1 Basic physicochemical characteristics of soil sampled (N=3, xs)

T AR T N FHE HFEH GRHR
Physico-chemical properties Grass L. chinensis Forb Legume

pH A pH value 9.9 +0.2778a 9.85 + 0.0265a 8.327 + 0.6403b 7.857 +0.1002h
1 5% Flectric conductivity (S + em™) 591.333 = 62.3084a 520 + 100.0450a  135.667 + 3.0551b 122 + 13.7477h
27K & Soil water/% 8.9087 + 0.8286b 11.113 £ 1.2236a 8.524 + 0.0748b 9.045 + 0.3503h
H HLE Soil organic carbon/ (g/kg) 2.652 +0.9411¢ 7.11 + 1.148h 13.672 + 0.9944a 12.043 £ 0.311a
4% Total nitrogen ( g/kg) 0.777 £ 0.1162¢ 0.943 +0.1173¢ 1.654 0.1101a 1.283+0.1115h
C/N C:N ratio 3.722  0.7602¢ 8.358 + 0.5335b 9.199 + 0.6485ab 10.492  1.0721a

% Ducan’s multiple range test ﬁ/jéﬁ‘*ﬁ, [A]— A7 AR s B E 1 22 5% (P<0.05, n=3)

VU SN RERE TIPSR AR B2 (P < 0.05) ,pH (P = 0) ,F (P = 0) , Z/k&g(P =
0.012) ,HHLEK (P = 0),2% (P =0),C/N (P =0), REFMPER RS pH B SRR M —2, 243
BRUG BHACR — 350 0T 8 TR 5 S KR e E R S A , LA A ) 5 A AL A 2 2 R R o B R v 3
PR, FROR . R /D R AR R, SRMBOR AR, TR RO R/ s B A A BRI > A4k
B> SRR > ORE (HZRR RS HRMROR AR 22 R i 3 RO 2 R ELAG AR R 4 0 o 2 i B A
FT AR 282 5 RO D e RF R I K 22 =
1.2 HEACREE

2011 44 8 J, FEAFE MR ) 5 B R 50 B o e ISP AR A TAFL DY ORI A 0 AR SR A . IREREHE R /N 100 mx
100 m, 3 MEME R, BAFEHIEBOR B SE 8 e RO SRR DA ) D RERE , B A D Re AR O
KK 1 mx1 m, R FAIRAE BORE (56 B2 2 om , BURETRE 20 em) , =R EHE . JeBllgwreE R
B A IFRAE S M) SR I5 S5 JEIRAIR (29 600 g) B AT A8 FHVK &I FE S B 9286 %, 0t 2 mm B, &
T 4°CUKFRTRAT .

1.3 U RR AR

K H Biolog ECO fFLAES 353 , 52 + HEAN & B EVE X 31 FieA—BRIEAY A FHAE 1 PRI S HHERES , FHK
PR AR AR K 10 A5FR BRI 107 1 H AR B, IR 28 TR 23 (5 min, 180 +/min) , i BRI (ORI, 2R
JH 1500 r/min #5.0> 3 min, K T IEFER S AFE A WL 150 oL #EMK 1A ECO SF-AR i B FfL, B
TRENMMILIE A AR PRI AR F5 46 , 76 25 C T 3557 240 h, % 12 h 7£ 590 nm H1 750 nm T biolog
G2

TR 4 230 €0 A8 1k R FH AL (V- 34 {BL ( average well color development, AWCD) K3, /N 0.06 HY{ETE
TR BN A AWCD = X (Co—Cog) /31, ZHT: Cogy A HAFL 590 nm W B U 25 X6 FEFL IO B 1
Coso H AL 750 nm W Y (B 2 6] BEFLIROG REAA

K537 180 h MR H T3 13 s D 2 Rk TS AR .
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Fig.1 Variation in AWCD of soil bacterial community over time
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Fig.2 Shannon-wiener index, richness and Pielou evenness index of soil microbial community in plots of different plant functional groups

F2 TEBAIERS AWCD, SRS BHEXRE

Table 2 Correlation coefficient predicting soil microbial characteristics as soil variables

i H Item ' IﬁWﬁEﬁ . ‘ +aa&$§ﬁ( . p
Physiochemical properties Correlation coefficientr
T HALBEAE LR AWCD LR 0.68 0.015
EERiIR -0.798 0.002
Ko -0.9 0
Shannon-wiener 5 %% A 0.544 0.067
Shannon-wiener index A Bl -0.759 0.004
2R -0.848 0
FEE Richness L 0.689 0.013
ALK -0.75 0.005
2R 0.899 0
Pielou #5454 HL 5 0.426 0.168
Pielou evenness index APk -0.684 0.014
K -0.734 0.007

2.4 AP RERE LIERUZE YD R 2R ETUR ST

Xof + T RERE L RENE (Biolog eco) B 14 JeHEAT DCA 4307, 8 E HEF 7 oA PER AL RDA . ARRIRET5 43
5 A BAL R AR OC R AN 4 FT7m  AE 5 0 ELBOU AR ST (IE KR ZR) b, W 45 78 S 757 Sk T 1) A 855 728 o {13 i
R R 2= B O A AR B ok AL AR i 40 A 7 AR, T DL R B s 22 5 RITPER
1,2,3 F1 4 Sty nie 13 725 F A A8 L 9120 91 55.0% ,16.2% ,9.8% F1 0.8% , Ferbafs 1 Sl e 1+ 386 A= Wy ol g
BERY IR A B (K 4) , 26 1 BB A FREE AR X W M . TN (r=0.52, P < 0.001) ,SOC (r=0.42, P<0.001),
EC (r=0.38, P<0.001) ,pH (r=0.29, P<0.001) ,SWC (r=0.24, P<0.001),C/N (r=0.21, P<0.001), i
+ HeAs B ] DU R S W Sh BE R AR AL B AR B 1Y) 82.9% (524 R B B LK 999, P = 0.001) ., M ErLS
B il BRAEE AN GRHICR A A — A RSB BAK AL  HAR 45 S A Y D e A AN IR T A R A, U X IS )
WU BRI D RE = A 1 25 57 R R DI RERE P |, T 4% B8 RDA 55— F 504 TN M e B |1 55% , &

http ; //www.ecologica.cn



6 S % 358

PURE e B TN AE K/ INHEF R R R RO 120 gxm

7 A (T N RS E SR (LSS 1LY § 10 | iiﬁ
< g | B ERHIE

3 it X

LR AN R Biolog Eco fiF-AR 4 Hr ¥R B2 1t
IRV R BB B 240 h BRI L
K, FRE AWCD i 2 P57 24T R 5 2L L ORN

1 2 3 4 5 6
i , 5 B 2518 AR 6 AT i 2 5 S PR A B A 0 o R 1 BUFEFIZ Kinds of carbon sources

I, AR AWCD MRS BT & X —HE, 4 Fh
FEYI T RERE 13 A W RETE AE S 57 36 h—180 h (] Py
BRI K 5 TR WA AR, 5 it

B3 TEMEYNTREKER
Fig.3 AWCD change with different carbon sources

FE GRS R AT AT, TR S OFS R R
PSR 56 B OREJERE AR MS A 5 7 1 3 o
R 2 D K 6
TR AR B JSERG £ ERERS IOk
SRR BRI SRS | SYe s
e AE IR A 50 ) £ b (X 2 SRREVEGER 5 | e ONsog e
BECHS ) R AT B TR R IRV R 0 o u
SJEH R R FTE J WH 25 BEA 05 - L
BTk | R SRR B B eV XTI b SR
WU TR OO RO TR S i) 10| o e
FIRESIRE . S ) 2 R R R S 1o i 20

iﬁ:ﬁ%ﬂ?@i,*E%Eﬁﬂjﬁ'ff%fﬂ*ﬁiﬁiﬁ%%ﬁi?(%ﬁ B4 LEER o S RDA S
X RIS , L IBEDMRIEIAE R BRI ETE 154 Bioplots diagram of the redundancy analysis (RDA) on
B XS ML TR T E S BB, I HAL  soit microbial community constrained by soil data
KA T AR PR BRI PRI, A ITTRTAR B s A= 4 1
Pl R 7= AR i R waid 26U RS R W = RS R 4 R T D RIR R A I ST
FUIRIBE R, FEGE YA ) 2 [ A DRI, fR ik - S E M 2R T ORI Y T RER R P AR A5
Ml FE400 P9 5 VE L RIE IR A F (A 2R 53 B 0 1) O B AL 2 P O[], 7 o il R v B e A R R i 22 5, 3l
T A AR W I A A R R R B i LR YR T RE 2 BEPE | Grayston 45 A RS AR 4 380
ARV X 25 B U EL AT AN TR) R R B 7, S PR A 3k Al 5 76 A [R) AR 3R 38 b (94 B A — | I 3 RE =2 Ml il
A RETE TR SRR IR A R E B AR

Hby b AE ) 2 AR AT DL R A b A= 1 5 %) 08 7 ) Jo s SIS B 1) A T B R S B M U ET DA [
e (REERUEY)) B EEME L R Y 0 2 B R AR S R DL R ] X R B R A 3 R
PEDBOT 4 FhIhEERE Y AWCD Shannon—wiener 150 MIFh 8 1 A EERRCS HIEA MR AT A
PR B EMIOE, I EAEPERE B R, R 5 3 h IR R IR Y B i N 5, BB AR A0 Sk PR AT R
JE R I T E R AR A, O B R RO RN, H2 , N A HLER A2 BN B ISR A2k
B> FRMCRE > R > RE EE U, AP E IR LA TR YRS AT RRIR D, A 5
IESFARR . SR AT R A AILBT A sk = (S f0AE P 0 A A i B 25 32 B — 2 s i), (EATS A AR 22 B 3 N
PSR SRS AETE A W) 2 REPE R R 7KOT  1GE  T 208 S5 1 L AR 2R 2 B0PT B2 v — X 3R
FpE o K 6 MR A R Lo HT , AR LR S RMRCRE FREREXT b 5 28 HEA AR AT R, R R W VR

http ; //www.ecologica.cn



17 3] MRS A5 MR Ml 4 iR 4y ) BE T S A MBI M) I A 22 57 7

AR I 04T HoAl 3 b T 22 B e HRBAR G A 1 R, X Al B YR A e ik, AR B R 2 4
SR it X 22 RO 3 i T AR IR, 6 R s M) 22 SR W B0 A 2 g A A QAT 3h AN SR i T b el A
Yo FERNCR AT AEA PRSI A5 5, — 28 T IRBUE Y SO L E b 11 ) — LERPRRE R & RE AL O, 11
TR e i B 3R 0 3R 4 SR 91 37 0 (R R RS2 R AL 7 R A e R AR B 1 S E M D RE A 22 S PR 5
W ) L0 T 0 5 % O B A3, 5 e R it 2 SOH 5% o L 40 22 IR 1) 5 4, DT S TR A A0 1) 2 R
Liu %500 R 3R W 2SR S R D RE R Z 1A 8 AH AR (ELR AR A 2R R AR A T - 373k
AL, I 2T S8 — X AT IRATRT

4 iR

(1) PR M 4 bR D) BEAE - SRR A W i U] T 840 22 S K X R T s 058 %) ) Tk e 58 T P e e
R EAF RIS WL 4 R S REREAR P 1 SR AE W AQI 0 AN [R]  oR  ) BE A - S A A W s U M) B
b, R O 2 H A BRI 1 2% 28 B AU W BRI

(2)4 AP DIRERFAR PR L U E Y BB RRIRAM R B rp R SRR RER (IR E RIRIE 2 RY
A BT AR, SRR BRERIRIS SR H A PR A S A A P, A28 e RS I i UEUR P 3 5 s, i
IR FHARBRAR

(3)4 FhTIRERE + M E WY AWCD ,Shannon-wiener #5458 WIFh £ & [ W5 RS A LRI 2R
PR R EAME  AWCD WA S SR BEC

22 3L HR ( References)

[ 1] Viketoft M, Bengtsson J, Sohlenius B, Berg M P, Petchey O, Palmborg C, Huss-Danell K. Long-term effects of plant diversity and composition on
soil nematode communities in model grasslands. Ecology, 2009, 90( 1) ; 90-99.

[ 2] Birkhofer K, Wise D H, Scheu S. Subsidy from the detrital food web, but not microhabitat complexity, affects the role of generalist predators in an
aboveground herbivore food web. Oikos, 2008, 117(4) ; 494-500.

[3] #M@IE, FE TIEGUEY LY =0 . L4244, 2008, 28(11) : 5571-5582.

[ 4] SLEEMR, BKE, BHUAN, HIRE, ZRF. Rl RSN ST SRt . 2344, 2004, 24(12) : 2894-2900.

[ 5] Nannipieri P, Ascher J, Ceccherini M T, Landi L, Pietramellara G, Renella G. Microbial diversity and soil functions. European Journal of Soil
Science, 2003, 54(4) ; 655-670.

[ 6] Papatheodorou E M, Efthimiadou E, Stamou G P. Functional diversity of soil bacteria as affected by management practices and phenological stage of
Phaseolus vulgaris. European Journal of Soil Biology, 2008, 44(4) : 429-436.

[ 7] Groffman P M, Eagan P, Sullivan W M, Lemunyon J L. Grass species and soil type effects on microbial biomass and activity. Plant and Soil,
1996, 183(1) : 61-67.

[ 8] Tilman D, Wedin D, Knops J. Productivity and sustainability influenced by biodiversity in grassland ecosystems. Nature, 1996, 379 (6567 ) .
718-720.

[9] Kowalchuk G A, Buma D S, de Boer W, Klinkhamer P G L, van Veen J A. Effects of above-ground plant species composition and diversity on the
diversity of soil-borne microorganisms. Antonie van Leeuwenhoek, 2002, 81(1/4) . 509-520.

[10] Hansen R A. Red oak litter promotes a microarthropod functional group that accelerates its decomposition. Plant and Soil, 1999, 209(1) . 37-45.

[11] HUHERS, TELUIE. Biolog IETEMIR MU WL RESAEMERI Y PN . PRRERLE SHIR ) 2011, 34(3) : 50-57.

[12] Garland J L, Mills A L. Classification and characterization of heterotrophic microbial communities on the basis of patterns of community-level sole-
carbon-source utilization. Applied and Environmental Microbiology, 1991, 57(8) . 2351-2359.

[13] Wang Q, Dai J L, Wu D Q, YuY, Shen T L, Wang R Q. Statistical analysis of data from BIOLOG method in the study of microbial ecology. Acta
Ecologica Sinica, 2010, 30(3) ; 817-823.

[14] LiSH, Liu K X, Liao Z W. Method for simplification of characteristic carbon sources for Biolog analysis of soil microbial community and its
application. Scientia Agricultura Sinica, 2010, 43(3) ; 523-528.

[15] #7Tom, mhisent, M7, FBUT. SERMIE s & R RS LR MR RRAE. AR5, 2012, 32(9) : 2827-2836.

[16] Bradley R L, Shipley B, Beaulieu C. Refining numerical approaches for analyzing soil microbial community catabolic profiles based on carbon

http ; //www.ecologica.cn



8 ZSO O ¢ 354

source utilization patterns. Soil Biology and Biochemistry, 2006, 38(3) : 629-632.

[17]  ZR4ki, BLAER. F i H R U s faE . A2k, 1997, 17(1) .« 78-82.

(18] BHHE, #XW], FFIE. MAEY 4SBT P Biolog Eco WM 55 37 I W) XF 73 B 45 R A2 w3 B AE 5 TRERL #2240, 2013, 21(1):
10-19.

[19] Eiefe, XIRA, FrheT, &80, EH, XK. Biolog 1 PCR-DGGE HA MM il AL X 5 1 1 20 B #EVE 45 F AT BE (4 R2 ). AR 2824,
2008, 28(1) : 220-226.

[20] L, =R, 245, R, Wb EORRBR TR ST R WRE R I RE ZREE RS . AR SRR R, 2010, 19(2) -
444-446.

[21] HRA, Pk, Bhmelk, sKEL BHRIDYD /N SR AG LA e SR E Y ShRE 2 Re . AR S 2A4E, 2011, 22(9) : 2309-2315.

[22] Z48, TlF. LEPUEM SR SHY ZHME. WEOE sl ARBIERR, 2006, 37(6) : 708-713.

[23] Sulkava P, Huhta V. Habitat patchiness affects decomposition and faunal diversity: a microcosm experiment on forest floor. Oecologia, 1998, 116
(3): 390-396.

[24] SKigFY, 2N, Rbede, XVZ0M, SREUE, AIBObR, @22, 2 722, IS DR B2 B EOR R A 7 X R e W shse 2 ek, B35
2pREE 2012, 31(5) ; 1143-1149.

[25] Zhang Q C, Shamsi [H, Xu DT, Wang G H, Lin X Y, Jilani G, Hussain N, Chaudhry A N. Chemical fertilizer and organic manure inputs in soil
exhibit a vice versa pattern of microbial community structure. Applied Soil Ecology, 2012, 57 1-8.

[26] Waid J S. Does soil biodiversity depend upon metabolic activity and influences? Applied Soil Ecology, 1999, 13 151-158.

[27] Jones D L, Nguyen C, Finlay R D. Carbon flow in the rhizosphere: carbon trading at the soil-root interface. Plant and Soil, 2009, 321(1/2):
5-33.

(28] ERYLYE, BRIV MEPINS LU ) SR R BT ST . vh A 2 A, 2009, 25(9) : 244-250.

[29] Grayston S J, Wang S Q, Campbell C D, Edwards A C. Selective influence of plant species on microbial diversity in the rhizosphere. Soil Biology
Biochemistry, 1998, 30(3) : 369-378.

[30] Zak D R, Holmes W E, White D C, Peacock A D, Tilman D. Plant diversity, soil microbial communities, and ecosystem function: are there any
links? Ecology, 2003, 84(8) . 2042-2050.

[31] Fierer N, Bradford M A, Jackson R B. Toward an ecological classification of soil bacteria. Ecology, 2007, 88(6) : 1354-1364.

[32] Read D J, Perez-Moreno J. Mycorrhizas and nutrient cycling in ecosystems-a journey towards relevance? New Phytologist, 2003, 157 (3):
475-492.

[33] LiuZF, FuBJ, Zheng X X, Liu G H. Plant biomass, soil water content and soil N: P ratio regulating soil microbial functional diversity in a

temperate steppe: A regional scale study. Soil Biology & Biochemistry, 2010, 42(3) . 445-450.

http ; //www.ecologica.cn



