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Metabolic characteristics of the microbial community on the basis of carbon

source in black soil profiles in northeastern China
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Abstract; Using long-term field experiment of different ecosystems established at the Hailun State Key Experimental Station
of Agroecology, Chinese Academy of Sciences, soil profiles down to the parent material layer (200 ¢cm) were collected to
investigate microbial metabolic characteristics of the carbon source by using the Biolog ECO micro-plate technique. The field
treatments included three different ecosystems; Crop Land (CL), Grass Land (GL), and Forest Land (FL). The results
showed that soil organic carbon (SOC) , total nitrogen (TN) , and effective nitrogen (EN) decreased with soil depth; soil
pH increased with soil depth, and it was lower in the surface layer (0—20 cm) than in the bottom layer ( 180—200 cm).
The number of cultivable microorganisms ( bacteria, fungi, and actinomycetes) gradually decreased with soil depth; the
cultivable microorganisms mainly lived in the top 0—60 cm soil layer. The numbers of the three types of cultivable
microorganisms decreased in the order of GL > CL > FL at 0—20 cm soil depth, and the numbers were almost the same in

the three ecosystems in the 60—200 cm soil layer. Activities of the soil microbial community were the highest at 0—40 cm
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soil depth and decreased with soil depth; the lowest value was observed in the 200 ¢m soil layer. Similar to SOC and TN,
the Shannon diversity index and carbon source utilization gradually decreased with soil depth and showed a positive
correlation with SOC and TN (P < 0.05). Compared to CL, carbon use efficiency of the soil microbial community improved
at subsurface soil depth (20—40 ¢cm) in GL and FL. This demonstrated that the roots of the vegetation could break the plow
pan in GL and FL soils without any tillage activities and promote the activities of the soil microbial community below the
surface soil layers. Principal component analysis of the utilization intensity of six types of carbon sources showed that the
different long-term ecosystems with different vegetation types had changed the carbon utilization intensity of the soil
microbial community in the soil profiles. The roots of the vegetation or crops had great influence on the soil microbial

community to 100 ¢cm depth, but not to 200 em depth.
Key Words: black soil; soil profile; microbial community; metabolic characteristics
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Table 1 Effect of different vegetation on Shannon diversity index and number of carbon source utilized in soil profile

) FHREREIIE BRI
R Shannon diversity index ( H) Number of carbon source utilized
Depth/cm
CL GL FL CL GL FL
0—10 2.83+0.11Ba 3.11+0.04Aa 2.88+0.04Ba 21.33+2.89Ba 26.33+1.53Aa 23.00+2ABa
10—20 2.85+0.08Ba 3.11+0.07Aa 2.78+0.18Ba 22.00+1Ba 27.00+1.73Aa 19.00+3.46Ba
20—40 2.29+0.14Bbc 2.81+0.02Ab 2.85+0.07Aa 20.67+1.15Ba 20.00+1Ab 21.33+£0.58Aa
40—60 2.35+0.07Bb 2.63+0.1Ab 2.37+0.06Bb 23.00+2.65Aa 15.33+2.08Bc 12.67+0.58Bb
80—100 2.03+0.15Bbe 2.36+0.08Ac 2.50+0.06Aab 16.33+3.06Ab 12.00+1Bd 15.00+1ABb
180—200 1.77+0.27Ac 1.89+0.28Ad 1.77+£0.48Ac 8.67+2.08Ac 7.67+£2.08Ae 6.33+3.51Ac

CL. & H Crop Land; GL: B Grass Land; FL; kM Forest Land; %i@{ﬁt*ﬁ?ﬁﬁ%,n:?); kS%M{h%@Klﬁ]ﬁ@m[ﬁ]EU’((ROOS) NG
FRHRER A RIALFR R JZ R (P<0.05)
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Fig.4 Utilization intensity of six kind carbon sources in all layers of three profiles
3 itig

3.1 ATREFRCAE YR A P A A 1 Ol

S0 SROV- MR R 1k 45 3R (A B A ) R R AN B Y
— /R AR AR SR AT L KRR B b SR PR
AR A 3, FERF ST T 55 R A M R B
TREE R s />, 5 ARG B9 ss MR Y R A B 5
FH, M B AR A& 6 SOC 19 5% i Al LA GE #] 100 em LA
T AR T B 3% R P AR 15 & FE 0—60
em FCE 2) . 7E 0—60 em R MIAE B W E R S T AT
BR SRR D B, PRI AT 85 SR G P R A ek
T X FEAMAREE TR X - S A M RIS AR AR IR B B 5
Wi 17T LR ST 2 B S [R) AR 7 X e W B
AL LA B A AR A AR R m >, NERZ
FITRZ I FA M B A (R 7240 5 B I D, 2
AN AR 2 AL B | s
T KT IR B RGN IR WA AR T LA AT 55 3R A W B A P D e T K

AAUATBE SR A ) B R B TR AR A AR Ak, 25 SRR ) LU B B R B AR A AR (R 2) o AT
RHAERIAE, BT LA 0—10 em F1 10—20 em " AYAHE L BN L B0 ML BIARIE . BT 20—40 em J2 ALK

Bs5 X3NMHERARRERTEMENEZRNIRS DN

Fig.5 Principal component analysis of soil microbial community

in all layers of three profiles
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Table 2 The ratio of number of bacterial, Actinomycetes and Fungi in different layers of three profiles

W AR Fh b S: W A H Hih At
Depth/cm Crop Land Grass Land Forest Land Depth/cm Crop Land Grass Land Forest Land
0—10 462:22:1 652:82:1 185:14:1 10—20 466 :22:1 321:44:1 191:11:1

20—40 315:22:1 1014 :81:1 180:8:1 40—60 429:57:1 905:29:1 —
60—80 571:14:1 653:19:1 — 80—100 — 4:2:1 —
100—120 — 3:2:1 — 120—140 — 4:3:1 —
14—160 — 2:2:1 — 160—180 — 0.8:2:1 —

180—200 — 2:2:1 —

3.2 il R R R RE DR F AR

GRIDEE D W s A e ok 1 TR e 974 55 S AN P [ el K DR £ A = BN e s R B2 7/ P 14
AR A, 6k U T 3 i IS TR SR T T () 4 B AN AR EASTR] Y Biolog MR ST L SEAMA: WAV X ok
VA IRE ) 2L AR (L TE TR X0 S A T 40 2 5> BT AAE A SO AT — i R B, 255 TR
1R Ge 718 AT RER AR Tl A= Wy R i A 0 o bR P AR DR RO R . A= W0V AWCD , 2R 148 BRI IR
Hrin HR A RSN L, Hoh Z R4S SOC I TN 240 8 2 IEARSCOC &R (38 3) , LB h 2B )
RIS ZAEPERETR O S s D A (EASTE RO, L S AR ) ZREPERS A0S pH S0 8 TR oG (RO
AR FH ) 2 REMERR BT 3 ARG, 3K — i 9 T3 BRS040 A 22 SRR ]2 B E R 1 A28 A 3 3
X R 1k 2e 7 A W R

®3 SHEEEHSEAERBEXXER

Table 3 Correlation coefficients between Shannon diversity index and soil properties

AbPE Treatments Bk SOC 2R TN WA EN PH
CL 0.910** 0.851** 0.873** -0.349 "
GL 0.779 ** 0.726 ** 0.771** -0.743 "
FL 0.922** 0.878 ** 0.892** -0.886 "
# % P<0.01

L Ao T 1T E AR A B AT HLIE 52 7= 2 T AURZ DY BHES TR R AR K, T L AR R s U5 R F
JEARTE 0—20 em #7620 em DU F B8 FRE, i DRSS o ligh A SRR K BURZ B WE K IR R
TG Bl - J2 I S 2R S W] 2 R E DR VE T 6 ZRBRIE AR & A28k (B 4) . 7E 0—10 em )2 Ak
iR B SS h R ) A P S A0 T B R T LR 5 T R G A T 9 o Bl R ) ) SR B AE 40 em AR
- JEAB T i b ] T S A R A IR SR e S YRR R B AR A 5 A RS, R IR R 2 R TR
RN B BRI M IR SR FEAE 40 em LITF £ 28855 , R A P02l A58 BEAE 60 em DLR 76 sl 55
MRS A LB R AR R T ] 100 em VAR A9 TR WIS | H 2T 1A 0 3] 180—200
em HEMHEWIRET
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