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Microbial metabolic characteristics of carbon in the black soil parent material

maturation process
ZHANG Zhiming, HAN Xiaozeng "

National Observation Station of Hailun Agroecology System, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin
150081, China

Abstract: The northeastern region of China represents the country’ s largest commodity grain base. The Mollisols present in
this northeastern region are very suitable for farming. However, the loss of top layer Mollisols and exposure of parent
material have severely threatened the ecological environment and national food security in northeastern China. The soil
microbial biochemistry process is the engine required for the reconstruction for soil fertilizers. Thus, it is important to
characterize the pattern of carbon utilization by soil microbial communities during the parent maturation process to
understand how microbial processes contribute to soil fertility. This study focuses on the carbon utilization pattern of soil
microbial communities under different long-term maturing treatments at the national observation station of the Hailun
Agroecology System. The results showed that Parent-Alfalfa ( PAlf) , Parent Corn-Soybean+Fertilizer+Biomass cycle ( PCS+
F+BM) , and Parent Corn-Soybean+Fertilizer+Oganic Matter ( PCS+F+0OM) treatments contained the highest number of
microorganisms. Parent-Natural (PNat), PAIf, PCS+F+BM, and PCS+F+OM treatments increased microbial activity to
the level recorded under conventional farmland treatment. Different maturing process treatments produced different carbon
utilization patterns in the microbial community. In all treatments, the highest utilization rate of the carbon source was

carbohydrate. Principal component analysis indicated that the microbial metabolic characteristics under PNat, Parent-No
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Fertilizer (PCS-F) , PCS+F+BM, and PCS+F+OM processes were similar to that those under Stander Soil Corn-Soybean+
Fertilizer (SCS+F) treatment. We conclude that the change in microbial community structure under different maturing
processes caused variations in the carbon utilization pattern, which ultimately influenced the metabolism characteristics of

the overall carbon sources.

Key Words: Black soil parent material ; maturing processes; microbial; metabolic characteristics

FE RIS R X, B AR /NS FIRA B B i =2 (B i A Br I A T R e b, s
Wbt RS, B T RMSEER IR A E A XA R EE . B L TR I s+ B R 2
WEIR , SBOCRAR HEEFRER > 707X X e M PR RBP4 B 30 | R 2R
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1.2 Rt

RIRLGT 2004 42 6 H, BARE TR U2 B R A5, B H B AE B8R 19 155 em DUR 350 T H
BEFHCA RZLIT 2.0—2.5 m WRAVAGERTERIERERT, B AMLRIE )G SF /LA 24 MUK, B IX P
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F1 AEAEYEEE(g/m?)
Table 1 Different crop fertilizer rate (g/m?*)

=7 N p K AR AHLE

Crop Nitrogen Phosphorus Potassium Biomass cycle Organic matter

K Soybean 5.4 6.0 5.0 AR B RE AT AR 225g BT +450g FOKAEFT

EK Maize 19.2 6.0 5.0 SRR ATk 225g #A T K +450g FOKFEFF
1.3 FERREE

FERL T 2012 R4 KARFIHER AR , RWORIG FKRFE T BRI R B 1 A XA IR M55 o 3 A X2 /N X -
SERE ST TCREER)Z , e HE R 0—10 em , HHEAFIARYE BIRHAR R R AL 0—17 em HAE B/ NMXEL
FEIT RN — )2 TR TR IR S, 2R DU AR R 2 1 AFES . P RAERTKS PNat A1 PALF PG~ 40 B Hb
FAUYIRARIR L o FERIGE 5 FH 3 DRSO VKRG e R 5200 3 7 4°C VKA T IRAE , LA 40T
1.4 5k

A ) = R A RO R AR R R e

Biolog EcoPlate #FHFIEEF5  FRIUHIY T 5 g LT L SR SF LN A SEA 45 mL KR A FER K (0.85 %)
B = BB 1 min, S8R5 EIRG 25 LI 40 min 1R5), HHEETRMRE R 107 WREERL I, I ECO At rh &L
A 150 wL THERRER , 28 CAMRDLHTFR . B3FF 24 h J Biolog FI I IAUN 590 nm (€4 R AL ) 1
750 nm (I ) P T HRLE
1.5 Bl

Fi 18 Classen' "' )5 it . (1) 4431 (7,738 16 % ( Average Well Color Development , AWCD) , AWCD =3,
(Csop150) /15 (2) Shannon $85 H(VEARYIFIFEFRE) ,H=—Y piln(pi) 5 (3) Simpson T8 (4G F- 865 WAP )£
PHE) D=1-X (pi)*; (4)Meclntosh F8 80 (PEALBEE P b4 2] FF) ,U=mo
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(PNat) BT BE YT PSR . AEA R R b | IEREXS B 5 rp ol A= i R R J2 S 2% 4, FRAIE (PCS
+F) AP E PSR AR B R A T A AL (PCS+F+BM; PCS+F+OM) & THH it sl A= 306 4k
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Table 2 Effect of different application on microorganism amounts

=S DGR Ve

i A (x107CFU - ) SLE(XI0'CFU - g71) B (x10°CFU - ¢) (X107CFU - 1)
Treatment Bacteria Fungi Actinomycetes Total number

PNat 5.94+0.25 d 4.13+0.19 h - 5.95+0.25 d
PAIf 10.10+0.15 a 7.77£0.34 e 0.44 c 10.11+0.14 a
PCS-F 1.04+0.072 f 8.72+0.22 e 0.4 c 1.05+£0.07 f
PCS+F 7.17+0.44 c 19.47+1.13 c 2.78+1.38 b 7.21+£0.42 c
PCS+F+BM 8.65+0.68 b 22.14+0.33 b 3.37+0.73 ab 8.71+£0.68 b
PCS+F+0OM 10.15+0.37 a 27.3x1.4 a 3.4+1.95 ab 10.21+0.37 a
SCS+F 4.79+0.53 e 13.14+0.27 d 4.96+0.78 a 4.85+0.52 e

I BRI NG AR Fe 4 3 0] 25 57 35 (P<0.05) , B A SR 2L i3 72 ( Parent-Natural, PNat) 5 £ 57 5 78 55340k 8 72 ( Parent-Alfalfa,
PAIf) ; & FH#HE TR A 2L i3 FE ( Parent Corn-Soybean-No Fertilizer, PCS-F) ; & FAHEILIES: A4k i3 F2 ( Parent Corn-Soybean-Fertilizer, PCS
+F) 5 R FAEHER AL IE AR 72 5 28 R34k 33 72 ( Parent Corn-Soybean +Fertilizer+Biomass cycle, PCS+F+BM) ; 48 HHEVE AL I A #LIE D 4 5 3
1k3d 2 (Parent Corn-Soybean+Fertilizer+Oganic Matter, PCS+F+OM) ; 5 ¥4 F13%)2 5 + ( Stander Soil Corn-Soybean+Fertilizer, SCS+F)

2.2.2 IR P X A5 2 BRUR G R FHARAE

ML 2 AT B A B BT R A AR R T
PR 4 ) AR DR 35 R Bl R B R S, Ok 2
RIRBFBEYIE, (HRMFR 3 hAHIEE, BT A SRk
IR B E AV AR AR A R TR
FIFH AR R 15 ARl U b 28 — 350, #0022 F
F, A N A b AR b SR TS R
T B S AR RS R R AN — B A R
BHEA AL FE (PCS-F) hF R w1y 5 SR
WA ARG (PCS+F) 5 ARG RIR AR &
Wi2s B3I T 2 ASBESE I ; it S FF (PCS+F+BM)
FFEFE+ A (PCS+F+OM) J5 F FH b5 m 19 5 Sk
A R E WIS IARIR A R IR ISR IR, 1M HLAE PCS+F
+OM HA 3 A IR ISR
223 ERIHT

AR T A TR X 31 sk U5 R H
B =R 53T (B 3) A SCIEAR IR 4 A4S F A4, /i 2 A4
F 0 22 BTRRR A3 2 29.56 % 1 20.80 % , %5 3 4
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Fig. 1 AWCD changes with incubation time of different treatments
B SRS 2 ( Parent-Natural, PNat) 5 £} 51 15 2kt
F2 (Parent-Alfalfa, PAIf); 4 H BEAE T B £ A Al it 7 ( Parent
Corn-Soybean-No Fertilizer, PCS-F) ; 4% [ #F/E L AC A 2fb it 72
(Parent Corn-Soybean-Fertilizer, PCS+F) ; 4% 1t A AL AR 4 7=
i EE AL i T2 (Parent Corn-Soybean +Fertilizer+ Biomass cycle,
PCS+F+BM) ; ¢ H#FE AL A7 HLAL BC & 284 24 1k 3 F2 ( Parent
Corn-Soybean+Fertilizer+Oganic Matter, PCS+F+0M) ; H M4 1 &
JZ22+ (Stander Soil Corn-Soybean+Fertilizer, SCS+F)

AP THRAE 18.85 % F1 11.83 %, FTAALHIAE PC1 L3l 3 28, BB E A W b 72 0 — 2 Ak Tk
RESAMAT AR — 8 s AR A O — 28 T ELIX — 28 5 8 LA T 2R (Rl A W v A R TR A A AL, X

PC1 7 A AR BRI B IR R R SR (K 4)
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Fig. 2 Relative use efficiency of six kinds of carbon sources in

Biolog EcoPlate by soil microbe community of different treatments
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F 441 PC1 (29.56%)
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Fig. 3 Principal components analysis of carbon source utilization

by soil microbial communities in soil maturation process

B 5 AR

Table 3 The highest utilization rate of 5 carbon sources in all treatments

S A
Treatments Carbon sources
PNat L-RITABEM (HIE/R)  N-ZBe-D W) D-HERECHE) D-FLIRMR v-NER (OBE) L2220 (= HER)
PAIf L-RITA B (HERR) L2220 (EHR) N-CB-D GO B-FEED-HAT O D--FUIRMR (F)
PCS-F L-RITARE (EHEMR)  D-SERM(RMR) kiR 40(REW) I SOCKEW) R RAR (FRTR )
PCS+F L-RITA BN (ZHR)  D-HERmE () D-FLARER (#%) FHEE TR RR (RIR ) kil 40 REW)
PCS+F+BM  L-K[ 1AM (2 H5EM)  D-LF4E 85 () HX T ZRORR) D-FLIRIR (#%) D-TH #2854
PCS+F+OM LR TA&BERG (2 5E0) D-HEREE(H) L-22 5012 (LR ) L-K5 242 (1R ) 4 EIAHR(FRIR)
SC+F L-RIABEIG (RHIR)  D-£F4E 4 (8H) N-ZJ56-D RO D-ZLIRIR (B) a-D-ZLBE(HE)
*4 HWHWES PC1PC2 MHEXRE
Table 4 Correlation coefficients between all substrates and PC1 and PC2
(33 IR 44
Type Carbon Source Pl pe2
#JS Carbohydrates B-H 3-D- A B-Methyl-D-Glucoside -0.529 0.375
D-FL IR B -y- N i D-Galactonic Acid-y-Lactone 0.316 -0.705
D- A B D-Xylose 0.479 -0.430
D-FLIR R D-Galactonic Acid 0.824 -0.003
i- 7R i-Erythritol 0.177 0.166
D-H &=l D-Mannitol 0.542 -0.389
N-Z, Pk 3 -D -5 % g N-Acetyl-D-Glucosamine 0.732 -0.157
D7 %) i D-Glucosaminic Acid 0.533 -0.612
D-£F 4% D-Cellobisoe 0.413 0.358
M- - R Eh Glucose-1-Phosphate 0.592 0.367
a-D-FLbk a-D-Lactose 0.365 -0.234
D, L-a-Him Bk Eh D, L-a-Glycerol Phosphate 0.022 -0.334
FRIR Carboxylic acids FH L TR T i Pyruvic Acid Methyl Ester -0.311 0.194
y-IREET R y-Hydroxybutyric Acid 0.449 -0.310
HXT —ig Ttaconic Acid 0.518 0.010
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a-ii 2% iR a-Ketobutyric Acid 0.320 -0.096
D-3 2R D-Malic Acid 0.056 0.349
BAY Polymers 3R 40 Tween 40 0.039 0.481
i 80 Tween 80 0.382 -0.113
a-I U A a-Cyclodextrin 0.261 -0.017
iz Glycogen 0.446 -0.412
IR Amino acids LK L-Arginine 0.493 0.252
L- RS TN = L-Phenylalanine -0.201 -0.394
L-RABEIERR L-Asparagine 0.378 -0.032
L-22 R L-Serine 0.517 0.182
L- &R L-Threonine 0.531 -0.182
B L - LA e R Glycyl-L-Glutamic Acid 0.511 0.353
Jie2% Amines AR Phenylethyl Acid 0.625 0.372
Ji Putrescine 0.413 0.424
B3RS Phenolic acids  2-FRIEZ B FIR 2-Hydroxy Benzoic Acid -0.061 0.352
4 RBELBTFR 4-Hydroxy Benzoic Acid 0.582 0.421

3 it

FATE R BT T 2—2.5 m ZRAHXT S5 PAT %) A5 7% 280 1l 38 RH X6 5 A9 PR 358 v, 6 A W) 9 2 fb ot A v
Al B S WO T A AR TR 2R Ak, R BB (PALE, PCS-F) FTAEKL( PCS-F, PCS+F+0M ) Xif £ i o] 15 35 1%
AP AR K, TSR O IR R E R SR 7E A MR R A B 2R i R i e TR A R IR F
ARG B0 5 BT ST AR HE 2 2 B AR A B A 28 )2 2 A A TR < IR T PR = 364.54:3.77 1 1K H
FEREA HUAE BC A 2k i PR A 2R T < TIOR8 L = 371,79 :1.25 : 1, AR AL B AR 7= A 4 1 PR 3 Ak 1 A 40 T < i
SRR 1 HLH =390.7 :1.52 11 ;4 HIAL B A AU T2 (%) 20 1 < il TR < L = 368.26 :1.43 11, A HI TEHE % A #ik
TS ARAG AN R = 119.27 1 BEFE 18 BVl 2 R A0 B - U = 1299.87 1 B H AR AL RE I 4 e - LB
=1438.26 11, BEJIT B 1 FE AL FR A AT 35 R ) B B0 AR BT FR 1Y 2 £ (HUR 45 R E U E ki Lu
ARARL, U B REE A L B SRR 52 X B i A W B0 1 R A AP A E I, #5103 A SR 2 L A vt ]
A HALAEA ML BC & 2V FE A HAR IR A 7= i g R b i R A AR AE 45 A il ot A i 2k B PR
R T A B s B A b AR AR T [ SR A A v A D R A AT B AR s A TS
NEA A bt B2 ST A W 3 e e qig

TEAMGE AT LU H S [R)RE a2 R Bk o e (A I PR A AR R ) FE VR T . AWCD s Tl 2k 37 e
i ARG SR A RN A SRR 2 | £ A TR AT TC R AE IR SR R IE 7 T AT B 5 11
PEER . B A T M A AR AR RAE . AR ICERYY A B0 R R W B E S SR X
B B FL IR 25 T RN AR A AR A i i RAE A, 6 20V AT DA 3 - 8 R 8 95 A LT i, X
RAFME RACR . ARSI, AR AAG VLY SRR AE YR A s A O A s . IR [ 2R 34
i AT AR A AR W e 205 JUARAR R B N, 280 8 AR M b bR 7= A 14 AR R ] B SR R B
AT/ N TR B AE RV R (B RET H ARV R AWCD 5 8: 5T Bkt 7 © & AE Rl — 7KK

NEELE A YRR TG PER OGS MR R, FEFES A KEiok b S LR B 8 o R e |
FUA B0 20 /b 7E e A BOR S E TR SRR AR Y LS JEHUIE A e i b i - 4 3 DR 1o R 4
R AR IE YR A I OR AR PHL I S v A VR K e AR I8 A BT 5T 2R I, A L IC LR B it
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Mo EAEESE AR A IE A FLIL RS & it R A AE A ™ i 2 PR S R 1) AWCD 355 TR A
DA, AL PR AA AL b AR B8R ] B 5T b it A AR R IR AT A0 SR S5 A ALY BT, 540 1 = )
P, T iR 1 A i v B ARG 1 o RRLAR 3R b 0y T S SR B e R0 8T AR IE A HLAE
e & A R A AR A ™ il IR IR B (EE AWCD A2 AE [R] 45 K SF- 5 A F AR AR B0 2 Ak it 72 11 ml
SR E R R TR IR 4 H AWCD 553 A T 2R AR EE AR 22, Ul WA R 30t AR AE
A T7 T LU b A AR R (RS Bl A A A ) 358 P ) B v A A PR, AR HE 5 AT L0 T it 24
AT7 SACRESR e v] 15 37 A= W ik i EL R L P B s 21 WA T SR A KF-

BERAEA R R R T 2 IR A IS D & 2 1728k, A b A P Ak W e v 32 20 B
RNFIEMRIHRIT, HUCORRIR MRS W IERRIR, 55 A T R - — 2, # MU IR R e ) 5 DR
JERFERRIE (1) MEIE (4 4 BRI A AR A MIRE I A S A AR A R 19 5 e IR R AL
MR, AR MICHEBA B B I B 19 5 DR IFUR B IRIE RIRE TR G W2 A AL A it
PR FEMRIE DS SRR S W2 A AL IEA ™ it AP L i R A A AR HE A HILAE E 5 2 Pl R A
P 5 IR IR FERFRIRE . AR ML R b B e B IR i) R R B AR A, fEL4k
HUZ 8] AT AP T 2E 5%, I IS [R5 8t I FH 22 S i — J5UR R0 T2 26 o > (A= )
M B I TAE5E , AR ZoR e A 3 rh 0 1 DL B B IR R IR BEIR AR R 2R, il HL
ARG T AR R SR M ATR . AR N AP 31 I
HIFHZR B A R AU , 5 WA [ A T X0 B OIS 9 1l 8 o v 88 122 A B2 M AN )

TR AT IELICT 4 A TR A SR RIS ERr AT 0T . S AT AR R I R 2L R R
1 L e E W RE VS X BRI A R O 22 5 B3 (11 3) o BRI A CIHRA AR A9 AS [ o [R] He fA B 1 A ) A i
X TAE IR S M RS20, R BE B 7 A R AR AR HE e AR R o, oAb Al i R ) B AR )
B UFACHRAAE 5 LR A TR B, AN TR] A s Al o R B I A A e R B R OB R i DR M T BE ) L
Wi 2 S ECAE MR BRI G A AR A ) 22PN BE B A e B il T A8 A T R R T 5 R
RIEIA R BUEY R R K R LIS A B AR 2k 8 A7 Wit FH JCHLIERL 2 % BE 5t pH B A2 20,
BARIEIN T Al FR U E W ECRE: (BWAR R TR FH Y SR G S LE R WIS Y & R, B DL A 2 b i 7
AR RS IE M TS ik 45 HoA e FE AR

AN [R) AR i R el B A M i DR FHBE ) B DR FH AR AR P T RE SR B L A TR 28 7 I BB B
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