2016,35(5): 931-939 xR A K B R FE F R 2016 45 H

Journal of Agro-Environment Science

O, S R XHER, A5 VRPN ISR FORRS R I A AL HERR AR [T]. AP FREERFE AR, 2016, 35(5):931-939.
LI Yan, DOU Sen, LIU Yan-li, et al. Effects of different microorganisms on humification of corn stover incorporated in dark brown soil[J]. Journal of Agro—

Environment Science, 2016, 35(5): 931-939.

A WX RS AR IE R I E R TEF E EAL H AE R 220
B OB, E ORUARTLE I, Fagk

(LML KA S IR 2A 0, KE 130118; 296 M TR MBFEE, Wb M 0610005 3. 35 A BH A B iR 27 B
HHk 132101)

XA e e S SN A LIS 4 B AR A R b R A T X — B m) R, R I E 40T TR AL 25 AT BT RN ZL
HIICTE IS G P 0T AR I TR KA AR Ak I 1) 5 ) 48 s AN TRV G2 A BT (19 22 5 25 SR 3R W, o= M A PR AR AR B 2
PEFEA HURH T FAL , 20T B XA AL AR P ) P A 30 0 7 A (S B ), T R R CZR T PR T b 35 FRS AR R 54y 73
Bt B PQ (8 (GRAEIE T AR B S5 R E— 2048, UE WAL BA R T HA GBI ) 196 1, JF B FACE BR ) A 17 HA FeAb il 6 ; 40
DAL ECPA A 56 B AR R 19 N H JT 38 5 0 5 M K, TR DR S AB BR 25 4 (1) 52 ) T BE R BIAE C=0 B b A 35 5 A TR A Hh X &F
HEZR W1 78 53 R FH NS A R A A i 52 ok 7 AR o i 50 Mo DT 45 R BB ELEDIE , 50 T AN AR By g
JEEFH AL HEAR A 5 R IAEA [R5 TR B BOW A [R) 9 SR e Be AT AT 1

KGR T IR AR s TR AN 2D

hESYES.S154  XERERER:A  EHRS:1672-2043(2016)05-0931-09  doi:10.11654/jaes.2016.05.017

Effects of different microorganisms on humification of corn stover incorporated in dark brown soil

LI Yan', DOU Sen", LIU Yan-li"?, WANG Shuai'?, LI Li-bo'

(1.College of Resources and Environmental Sciences, Jilin Agricultural University, Changchun 130118, China; 2.Academy of Agriculture and
Forestry Sciences of Cangzhou City, Cangzhou 061000, China; 3.Institute of Plant Science, Jilin Agriculture Science and Technology College,
Jilin 132101, China)

Abstract : Humification of organic materials in soil is greatly controlled by soil microbes. Different soil microbial communities may have dif—
ferent roles in this process. Here the effects of different microbial communities on the humification of corn stover incorporated in dark brown
soil were studied by quantitative analysis, element composition analysis, differential thermal analysis, and Fourier transform infrared spec—
troscopy. Results showed that microorganisms could obviously promote the humification of the amended organic material. Fungi and actino—
mycetes had remarkable effects on relative content of humic acids, and were main drivers of the humification process. However, bacteria
played small role in the humification process. The structure analysis of humic acids and the change of PQ values(an indicator of humifica—
tion degree ) further revealed the promotion of HA synthesis by microbial treatments and the possibility of FA conversion to HA. Actino—
mycetes affected the structure of humic acids mainly via C=0 bond, while bacteria and fungi respectively impacted the N and H contents of
humic acids. The influence of actinomycetes on humification process was more significant at the late stage of incubation than that of other
microbes for actinomycetes could make full use of fiber materials. In the actinomycete treatment, the aliphatic characteristic of FA was the
most obvious and the aromaticity of HA was the highest. Fungi played a pioneering role at the early stage, mainly in the degradation of
lignin. Our results affirm that the influences of different groups of microorganisms on the humification process reflect in the differences in
their uses of different materials and the functional groups at different incubation stages. These findings would advance the understanding of
the relationship between microorganisms and soil humus.
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K F B I 2 B i, A 0.1 mol - L™ NaOH+
NaP,0; 1R GRS 5 57, 1 mol - L™ H,SO, VK
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Table 1 Content of SOC in dark brown soil amended with corn stover under different microbial treatments(g-kg™)

b 30d 60 d 90 d 120 d 180 d
i 36.22+1.12ab 36.61+0.51a 35.78+0.53a 36.4622.33a 35.801.92a

Tk R 33.91+1.77be 33.20+0.46h 31.86+0.42h 30.87+1.08h 32.40+1.44b
EH 32.26+1.58¢ 30.56+0.54¢ 30.99+1.74h 31.38+1.57h 30.08+0.73h

RAHE 32.31+0.70c 30.03£1.01c 31.20+1.48h 31.60+0.85h 31.52+2.36h
CK 38.40+1.05a 37.53+0.81a 36.92+0.70a 37.84+1.58a 36.40+1.91a

PR s PV 7 B R 22 S S 407, TR,

Note : Means + SD. Values followed by different letters in a column are significantly different at 5% level. The same below.

20
. < a a ad
s _dI_aada a% aa dadia
s g aulge HiE
o : o
:‘D_‘<‘ 10_ o o
oo
=
<
=
5_
0 < 5 YN
30 60 90 180

t/d

25k a

15+

HA FEXS 4t/ %

A e é’_

SNNNN

S

—
v ([T I

30 60 90
t/d

18

S

O Oikd B 7E BIRGE B CK
Pl IR F AR /N 5 4 R AR 22 5 6.3 (P<0.05)
Different lowercase letters on bars within a time mean significant differences(P<0.05) between different treatments
B | SR AR TRARIER M ERFEFE FA HA B HEHHTE

Figure 1 Dynamic changes of relative amount of FA and HA extracted from dark brown soil amended with corn stover under

different microbial treatments
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Table 2 Ratios of PQ in dark brown soil amended with corn stover under different microbial treatments(% )

Ab3 30d 60 d 90 d 120 d 180 d
BN 55.02+1.59b 57.79+2.18b 57.91+1.39ab 58.59+1.72a 55.82+1.87b

TR TH 58.26+1.49a 61.91+0.92a 60.11+1.36a 59.84+1.18a 62.80+1.86a
B 60.14+1.88a 62.24+0.71a 59.39+0.29a 59.40+0.76a 61.15+2.18ab

RAH 59.48+0.76a 59.82+1.36ab 59.38+1.19a 59.21+0.73a 57.84+3.57ab
CK 53.48+0.74b 54.12+1.53¢ 56.43+0.42b 58.47+2.01a 58.12+1.65ab

R 3 AEARMEWAIE TEAZEZERMERFEF 180d /5 FA HA ITEAR

Table 3 Elemental composition of FA and HA extracted from dark brown soil amended with corn stover after 180 days of

different microbial treatments

e C/% H/% N/% (0+8)/% C/N C/H (0+S)/C
FA HA FA HA FA HA FA HA FA HA FA HA FA HA
A 39.45 49.16 6.06 5.95 5.41 4.55 49.07 40.34 8.51 12.59 0.542 0.689 0.933 0.615
B 43.02 61.03 6.83 5.27 4.95 4.49 45.20 29.21 10.14 15.87 0.525 0.965 0.788 0.359
C 39.27 55.92 5.39 5.09 3.77 4.35 51.57 34.64 12.14 14.99 0.607 0.916 0.985 0.465
D 37.80 60.00 6.53 5.08 5.43 4.20 50.23 30.72 8.12 16.67 0.482 0.984 0.997 0.384
E 50.03 51.50 6.47 5.26 5.54 3.92 37.96 39.32 10.54 15.32 0.644 0.816 0.569 0.573

T (1)B AURIRFIILR TR ; C AUREFNECE ; D FUREFME A 1A E AURIGHE I (2)A ZORIEEFMH A IR 120 d; (3) 1A,

Note: (1)B represents samples inoculated with actinomycetes for 180 days, C with fungi,and D with mixed microbes. E represents the control without mi—

croorganism addition.(2)A represents sample inoculated with bacteria for 120 days. (3 )The same below.
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Figure 2 DTA of FA(a) and HA(b) extracted from dark brown soil amended with corn stover after 180 days of

different microbial treatments

R4 ARBEWLE TREARERNERTEF 180 d /§ FA HA ZRASTFHIHAMKE(FE
Table 4 Heat release and weight loss of FA and HA extracted from dark brown soil amended with corn stover after 180 days of different

microbial treatments during DTA (Semi—quantitative )

g THBGAGEHA - FRBAGE HY HyH, PR Woimg-g" @K TG Wa/mg- g WyW,
FA HA FA HA FA HA FA HA FA HA FA HA
JE 5.43 3.97 2.08 34.64 0.207 8.70 412.60 278.20 143.80 583.20 0.348  2.096
A 9.55 0.04 2.52 24.79 0.264  688.60 230.65 50.57 145.16 409.70 0.629 8.101
B 7.04 0.83 1.11 41.43 0.158 49.98 246.00 144.90 102.40 614.60 0.416 4.243
C 5.29 0.4 2.80 33.83 0.529 85.11 243.68 108.00 112.30 532.10 0.461 4.928
D 10.55 0.73 1.20 39.24 0.114 53.68 192.21 134.50 70.07 602.20 0.365 4.477
E 5.43 — 9.99 26.23 1.840 — 347.32 — 291.51 428.20 0.839 —
J?ﬂﬁ R RICH DUR A S £L, e 2.4 BE3R5RHE FA HA MIZISM K& (IR)
/T 1.840 43 BIFEAK % 0.158 F10.114, [k ® LA T DAAE T A1 o 5 e 4 7 19 B

.EJ/EP 1 0.839 3B E 0.416 1 0.365, BT ELE
HISEI AR IS HY . XF HA S, ek B A 3 1 3%
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Figure 3 FTIR spectra of FA(a) and HA(b) extracted from dark brown soil amended with corn stover after
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Table 5 Relative intensity of major absorption peaks of FTIR spectra of FA extracted from dark brown soil amended with corn stover after 180

days of different microbial treatments(Semi—quantitative )

QbR 3400 2920 2850 1720 1600 1430 1040 (2920+2850)/1720
A 57.93 1.11 0.21 0.30 13.52 2.81 12.37 4.400
B 67.78 1.80 0.42 0.31 13.50 2.39 16.83 7.161
(o 73.81 1.75 0.34 0.63 11.32 2.31 15.86 3.317
D 48.57 0.87 0.14 0.27 9.62 1.47 7.59 3.741
E 56.40 3.99 0.94 1.83 9.02 1.50 9.30 2.694

1 : (292042850 )/1720 $85HH 7 W TR HE AR

Note: (2920+2850)/1720 represents ratio of areas of the corresponding peaks.

6 NEMEDLIE TEFERMEKRTEFIS0 | E HA Mg FZRBIENAIRE(EES

Table 6 Relative intensity of major absorption peaks of FTIR spectra of HA extracted from dark brown soil amended with corn stover after

180 days of different microbial treatments( Semi—quantitative )

pszil 3400 2920 1720 1600 1430 1240 1030 2920/1720
A 106.52 1.48 2.21 14.51 2.79 1.13 48.44 0.670
B 201.71 5.02 20.29 25.53 4.67 24.23 48.49 0.247
C 127.15 3.17 6.97 17.23 243 8.95 39.69 0.455
D 93.59 1.54 3.15 12.34 1.65 5.35 12.84 0.489
E 77.43 1.25 2.31 10.94 1.73 1.71 26.31 0.541

T :2920/1720 F5AH R WE T FR Y FUAR -
Note:2920/1720 represents ratio of areas of the corresponding peaks.
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Figure 4 Effects of different microorganisms on humification of new

organic materials incorporated in dark brown soil
4 iR

(DEYRES LI BN FRFEFT A R A7 1 R
(4 JB LA, o 200 T ) A P e /), T R R 2 1%
AR ) T RHES A o Tk T T AR SRR o
{37, FU F SR HOR IR S B

(2)Z MR T HEMBUEYA AT HA 50, B
FA A [n] HA $eALRYPTRE . ANTAE 2k A L1 X
TR B 52 0 73 1) HAA SR BULE N &R (C=0 f# \H JC
E

S

[1] Vanhees P A W, Johansson E, Jones D L. Dynamics of simple carbon
compounds in two forest soils as revealed by soil solution concentrations
and biodegradation kinetics[J]. Plant and Soil, 2008, 310(12):11-23.

2]k Ea 52 AR SRR P EORFE A S R . 8 LR Eh
AAEBIBIEFELT]. T ARAO R A2 2441, 2002, 24(3) : 60-64.

ZHANG Jin—jing, DOU Sen. Dynamic changes of humic acid and fulvie
acid in ignited soil during corn stalk decomposition[J]. Journal of Jilin
Agricultural University, 2002, 24(3):60-64.

BIHER. 2 L% H BIIEEIAKIE FKFEFE R
SIZEART). K AR 4F2AR, 2007, 21(3) :61-64.

XIAO Yan—chun, LI Kai, DOU Sen. Changes of black subsoil humin
fractions added large proportion corn stock|[J]. Journal of Soil and Water
Conservation, 2007, 21(3):61-64

[4] Ak, FEm0IE, £ Rk JURM A P xd LS 58 5% U A (],
Pkl K244, 1997, 25(6) : 79-82.

LAI Hang—xian, CHENG Li—juan, WANG Zhong-ke. Effect of several
microorganisms on the formation of soil humus[J]. Acta Universitatis A—
griculturalis Boreali—occidentalis, 1997, 25(6):79-82.

[5] Thevenot M, Dignac M F, Rumpel C. Fate of lignins in soils: A review[J].
Soil Biology and Biochemistry, 2010, 42(8):1200-1211.

[6] Bahri H, Rasse D P, Rumpel C, et al. Lignin degradation during a labo—
ratory incubation followed by "“C isotope analysis[J]. Soil Biology and
Biochemistry, 2008, 40(7):1916-1922.

[7] Kluczek —Turpeinen B, Steffen K T, Tuomela M, et al. Modification of
humic acids by the compost—dwelling deuteromycete Paecilomyces in—
fatus[J]. Applied Microbiology and Biotechnology, 2005, 66 (4 )443 -
449.

[8] Barrico L, Rodriguez—Echeverria S, Freitas H. Diversity of soil basid—
iomycete communities associated with Quercus suber L. in Portuguese
montados[J]. European Journal of Soil Biology, 2010, 46(5 ) :280-287.

[9] Tuomela M, Vikman M, Hatakka A, et al. Biodegradation of lignin in a
compost environment : A review[J]. Bioresource Technology, 2000,72(2):
169-183.

[10] gnajdr J, Steffen K T, Hofrichter M, et al. Transformation of “C -la—
belled lignin and humic substances in forest soil by the saprobic ba—
sidiomycetes Gymnopus erythropus and Hypholoma fasciculare|J]. Soil
Biology and Biochemistry, 2010, 42( 9).1541-1548.

(% 2 £ i AFEAEXDE AR E TR 53 79 22 S PEDEY
HERELI. 5 Ml R4 4R, 2011, 33(2) : 119-125.

DOU Sen, WANG Shuai. Review of different microorganisms effect on
humus formation[J]. Journal of Jilin Agricultural University, 2011, 33
(2):119-125

[12] Qi B C, Aldrich C, Lorenzen L, et al. Degradation of humic acids in a
microbial film consortium from landfill compost|J]. Industrial and En—
gineering Chemistry Research, 2004, 43(20):6309-6316.

[13] R 3CHH, BaLRE, XUGME, 55 —PREFUER R0 8 . M€ S
FORFEFF AR AR Wi 4le, 2013, 40(4):712-719.

WU Wen-tao, JU Mei-ting, LIU Jin—peng, et al. Isolation, identifica—
tion and corn stalk degradation characteristics of cellulose —degrading
bacterial strain NH11[J]. Microbiology, 2013, 40(4).712-719.

[14] BV B YI7E LI RE BOE S e AL vh B9/ RIS D). KA -
AR KA, 2005,

CUI Jun—tao. Studies on the role of microorganism in the formation and
transformation of humus|[D]. Changchun: Jilin Agricultural University,
2005

[15] Bibollet X, Bosc N, Matulova M, et al. “C and 'H NMR study of cellu—
lose metabolism by Fibrobacter succinogenes S85|J). Journal of Biotech—
nology, 2000, 77(1):37-47.

[16] Cervantes F J, Duong—Dac T, Akkermans A D L. Richment and immo—
bilization of quinone—respiring bacteria in anaerobic granular sludge[J].
Water Science and Technology, 2003, 48(6):9-16.

[17] Kupryszewski G D, Pempkowlak J, Kedzia A. The effect of humic sub—
stances isolated from a variety of marine and lacustrine environments
on different microorganisms[J]. Oceanologla, 2001, 43(2):257-261.

(18] %% A% LHEAHUBIM]. dbat. Bler e, 2010.

DOU Sen. Soil organic matter[M]. Beijing: Science Press, 2010.

[19] 39ra SCAR B U 3. FLA 6. IR =M. bt Lt el K i
fitt, 1994.

Stenvson F J, XIA Rong—ji, Trans. Humus chemistry ; genesis, composi—
tion, reactions|M]. Beijing: Beijing Agricultural University Publishing
House, 1994.



B B IR I KR P AR LR R 939

20185 #%, 9KE AL, Eric E, 55, [ 8°C JrikfIF g T KREFT 437 401 1) 1=
B HURECR s 2L 3L, 2003, 40(3) :329-334.
DOU Sen, ZHANG Jin-jing, Eric E, et al. Study on dynamic change of
soil organic matter during corn stalk decomposition by 8"°C method[J].
Acta Pedologica Sinica, 2003, 40(3):329-334

[21] 4= R 2, R AR, R 2. $h5 LAV R R A SR EE R B ],
- HE2A 4, 2001, 38(1) : 114-122.

NIU Ling—an, HAO Jin—min, LI Ji—jin. Characteristics of humus in ma—
turing salt—affected soil[]]. Acta Pedologica Sinica, 2001, 38(1):114—
122.

[22] HIARRS, 55 2R 0, 5 BEARRE A LT e 208 A A X o

P FEN]. A AR 2254, 2014, 33(4) : 744-750.
TIAN Xiang—ling, DOU Sen, LI Yan, et al. Characteristics of Strep —
tosporangium mycelia and their alkali extractable components during
cellulose decomposition[J]. Journal of Agro—Environment Science, 2014,
33(4).744-750.

[23] B2, XU, 58 . BT BORTE L R AL B Hh
JHIJ]. 133, 2001, 33(3) . 154-158.

LIANG Chong-shan, LIU Cong—qiang, DANG Zhi. Application of mod-
ern instruments on soil humus research[J]. Soils, 2001, 33(3).154-
158.

[24] Thierie J, Penninckx M J. Modeling of competitive mutualistic relation—

ships, application to cellulose degradation by Sireptomyces sp. Strains
[J]. Current Microbiology, 2007, 55(6):507-511.

[25] Hua B B, Lii Y C, Wang J G, et al. Dynamic changes in the composite
microbial system MC,; during and following its rapid degradation of lig—
nocellulose[J]. Applied Biochemistry and Biotechnology, 2014, 172
(2):951-962.

R6]F I 5 AR EBET, AR ORE RN KRR BUY
AL RISENANT]. A FREER 2541, 2012, 31(4):773-779.
WANG Shuai, DOU Sen, WANG Xiao—ping, et al. Effect of fungi and
mixed strains on the formation and transformation of humic-like sub—
stances of the corn stalks[]J]. Journal of Agro—Environment Science,
2012, 31(4).773-779.

[27]Yu HY, Zeng G M, Huang H L, et al. Microbial community succession
and lignocellulose degradation during agricultural waste composting[J].
Biodegradation, 2007, 18(6) : 793-802.

(281 F O, 5% 2R XUHLAR, 25, SRR B INAE RS J5 JE Ge s 45 H
FHIESE IR B 2L AN CIEOF T, e 50t 3 #r, 2012, 32(9):
2409-2413.

WANG Shuai, DOU Sen, LIU Yan-li, et al. Characterization of soil hu—
mus by FTIR spectroscopic analyses after being inoculated with differ—
ent microorganisms plus wheat straw|J]. Spectroscopy and Spectral Anal—

ysis, 2012, 32(9):2409-2413.



