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Effects of fertilization regimes on the metabolic diversity of microbial carbon sources in a maize field of fluvo-

aquic soil in North China

LIU Hong-mei, AN Ke-rui, WANG Hui, ZHANG Si-yu, ZHAO Jian—ning, YANG Dian-lin, ZHANG Gui-long

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To reveal the effects of long—term fertilization regimes on the metabolic diversity of the soil microbial community of a maize field
in North China in order to provide a theoretical basis and data support for sustainable fertilization management in North China. This study
was conducted in the Wuqing Experimental Station of the Agro—Environmental Protection Institute of the Ministry of Agriculture and Rural
Affairs. The field experiment included six treatments, no fertilizer (AQ), organic fertilizer (A1), reduced nitrogen fertilizer plus organic
fertilizer(A2), normal chemical fertilizer plus organic fertilizer (A3), increased nitrogen fertilizer plus organic fertilizer(A4), and chemical
fertilizer(AS5). Soil samples were separately collected from the 0~20 ¢m soil layer. A Biolog EcoPlate was applied to test the changes in the
soil microbial diversity under different fertilization treatments. The results showed that compared with the A0 treatment, the A1, A2, A3,
A4, and AS treatments significantly increased the contents of total nitrogen and nitrate nitrogen and significantly decreased the soil carbon/

nitrogen ratio and pH. The application of organic fertilizer treatments (A1, A2, A3, and A4) significantly increased the organic carbon and
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microbial biomass nitrogen content. The average well color development values of the soil microbial communities in culture for 96 h were as

follows: A2>A3>A4>A5>A1>A0. The Shannon index of the A2 treatment was significantly higher than that of the other fertilization
treatments. The results of the principal component analysis showed that there were significant differences in the microbial utilization of
carbon in the different fertilization treatments. The A2 and A3 treatments were concentrated in the positive direction of the first principal
component with score coefficients ranging from 1.125 to 1.473, and had similar carbon utilization. Conversely, the A0, A1, A4, and A5
treatments were concentrated in the negative direction of the first principal component, and the score coefficients ranged from —1.157 to
—0.167. The carbon sources mostly used by soil microbes were carbohydrates, carboxylic acids, amino acids, and polymers. The correlation
analysis showed that the soil carbon/nitrogen ratio, ammonium nitrogen, nitrate nitrogen, pH, and microbial biomass nitrogen were the main

factors affecting the metabolic diversity of the soil microbial carbon sources. The A2 treatment improved the activity and functional

diversity of the soil microbial community.

Keywords: fertilization regimes; soil microbial community; functional diversity; Biolog EcoPlate; maize field
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Table 1 Soil chemical properties, MBC,and MBN in different fertilization treatments

Ab 3 A Bk 2R TRA L SR HSA [DGRYEr7 (DGR
Treatments Total organic C/(g-kg™) Total N/(g-kg™) C/N  NHi-N/(mg-kg™") NO;-N/(mg-kg™") pH MBC/(mg-kg"') MBN/(mg-kg")

A0 8.97+0.11d 1.23+0.18¢  7.39+0.93a 1.17+0.08¢ 6.39+0.10e 8.71+£0.03a 365.97+32.76d  69.12+6.04b

Al 11.03+0.19b 2.08+0.04bc  5.32+0.03b 1.22+0.08¢ 8.34+0.28d 8.47+0.09bc 433.49+57.76cd  86.62+11.14a

A2 9.94+0.30¢ 1.96+0.01c  5.08+0.18b 1.70+0.22a 10.29+0.23¢ 8.52+0.04b 530.46+25.20ab  97.88+12.30a

A3 11.37+0.25h 2.21+0.07b  5.15+0.20b  1.62+0.22ab 11.00+£0.07be  8.29+0.10de 466.44+30.10bc  94.79+0.37a

A4 12.28+0.29a 2.43+0.09a  5.07+0.30b  1.37+0.13bc 12.77£0.32a 8.19+0.07¢ 557.25+53.33a  89.06+6.33a

AS 8.08+0.14e 1.64+0.21d  4.97+0.68b 1.70+0.13a 11.39+0.97b  8.39+0.03cd 389.52+10.71d  68.89+4.94b

T« A S A Al P RER R 28 53 .2 (P<0.05) . Il

Note : Different letters within the same column indicate significant differences among treatments (P<0.05). The same below.
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Figure 1 Average well color development of soil microbe

community in different fertilization treatments
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Pt s IR 7 o L EC T 5 A4S RSy, BT sk A 7
94.98%. Hrh5s 1 F A4 PC1 BTRREEIE 52.71%, 55 2
F 4 TR R R 20.08%, 45 3 TR 4> ok R K
11.48%, 55 4 F W43 DTARAE R 5.92% , 55 5 £ 18455 DTk
RN 4.79%. HEHRIT TTHERR K 72.79% (756 1 AL
ORI 2 E A HEAT b (B 2) o AE B b,
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Table 2 Diversity index of soil microbial communities and AWCD at 96 h in different fertilization treatments

T O T TR 5 96 h T B IR
Treatments Shannon index(H) Dominance index(D) Evenness index(E) AWCD
A0 4.653+0.109¢ 0.974+0.011a 1.222+0.031a 0.227+0.013f
Al 4.831+0.025b 0.968+0.021a 1.223+0.019a 0.260+0.014e
A2 5.151+0.036a 0.963+0.010a 1.189+0.031a 0.584+0.018a
A3 4.443+0.051d 0.984+0.012a 1.032+0.027b 0.562+0.009h
A4 4.234+0.042¢ 0.978+0.011a 1.066+0.033b 0.509+0.010¢
AS 3.589+0.021f 0.977+0.015a 0.937+0.032¢ 0.291+0.005d
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Figure 2 Principal components analysis for carbon utilization of

soil microbial communities

x3 TEABIRERER DTS EY

Table 3 PC scores in different fertilization treatments

Ab PR Treatments F 4 1 PCI F g2 PC2
AO -0.167+0.019¢ -1.246+0.078d
Al -0.51320.029d -1.312+0.101d
A2 1.473+0.147a 0.529+0.092b
A3 1.125+0.090b 0.08520.058¢
A4 -0.760+0.066e 1.281x0.073a
AS ~1.157+0.038f 0.663+0.076b
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Table 4 Loading factors of principle components of 31 sole-carbon sources

TRIEAL 2425 5] Chemical guild WRIEZE AL Carbon source T4 1 PCl FE 42 PC2
7K 2 Carbohydrate i~ FREEHHE i-Erythritol (C2) 0.965 -0.036
D-£F 4 — 4% D—Cellobiose(G1) 0.831 0.406
oa-D-FLH a—D-Lactose(H1) 0.773 0.432
a-D-Hi & -1~ a~D-Glucose—1-Phosphate(G2) 0.683 -0.040
D—EFLWERR y- N D-Galactonic acid y—Lactone(A3) 0.536 0.594
D, L-a-#R Hih D,L-a-Glycerol phosphate(H2) 0.815 0.487
D-H#E D-Mannitol(D2) 0.147 0.207
B—H JE-D— 4G TF B-Methyl-D~Glucoside(A2) -0.077 0.258
D-AH D-Xylose(B2) 0.005 0.192
N-Z.1¥-D %M E N-Acetyl-D-Glucosamine(E2) -0.034 0.979
H IR Amino acids HEM-L- 8% Glycyl-L-Glutamic acid (F4) 0.785 -0.537
L-77% 8 L-Threonine(E4) 0.877 0.381
L-224%i% T-Serine(D4) 0.548 0.404
L-# N2 L-Phenylalanine(C4) 0.014 0.222
L-Ki% R L-Arginine(A4) 0.136 0.772
L-KI 1AM L-Asparagine(B4) 0.195 0.968
FRBZZE Carboxylic acids o~ TR a-Ketobutyric acid(G3) 0.920 0.178
KHERR Ttaconic acid (F3) 0.942 0.135
NHEABR S Pyruvic acid methyl ester(B1) 0.911 0.086
D-HIHEIER D-Glucosaminic acid (F2) 0.625 0.633
DR FLHREFR D-Galacturonic acid(B3) 0.441 0.817
D-3EHER D-Malic acid(H3) 0.316 0.832
y=$2 TR y-Hydroxybutyric acid(E3) 0.316 0.581
ZJW)Z Polymer JF#E Glycogen(F1) 0.803 0.511
iR 40 Tween 40(C1) 0.889 0.438
a—FRE I a—Cyclodextrin(E1) 0.289 0.737
35 80 Tween 80(D1) -0.278 0.789
iR Phenolic acids 2-FRHIRH R 2-Hydroxy benzoic acid(C3) 0.731 0.607
A- 3 FHEH R 4-Hydroxy benzoic acid(D3) 0.129 0.844
2% Amine H M Phenylethyl-amine(G4) 0.926 -0.291
JE Iz Putrescine(H4) 0.591 0.725

R®5 BWPCl PQLEELERS
Table 5 Score coefficient of variables affecting PC1 and PC2

TSy ok AL R ZRYE BRRZE JHeZE
Principal components Carbohydrate Amino acids Carboxylic acids Polymer Phenolic acids Amine
PC1 4.866 2.555 4.471 2.259 0.860 1.517

pC2 3.631 3.284 3.262 2.475 1.451 1.016

SR P X BR IR A SO0 . MERERIEIAR = L WreRIRAI I RE ) A — 2L, AT BERATRLIE AR BR AR
BHAR ESAMMBC T RHOGR D, WML KA.

KESHAR B TR A IR Y , T3 i 1 A= i ZREPE T RO H 5 U WA v B TR M R
(ESEST SR R | N S St O N 011 2 w7 G L1 1 S S N oy o e o 31 Ga SR 7 R VL3 Y
AW D RENT TS A BB AL AR PR 7 LR R E SR bR, W] R SR RUE MR T REZ R
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Table 6 Correlation analysis between soil chemical properties , and soil microbial communities diversity indices
T H Shannon 5% PR BEFE R ¥ REFR AL 96 h V¥ 5 fh 4
Ttems Shannon index(H) Dominance index(D) Evenness index(E) AWCD
A LI Total organic C 0.285 0.077 0.115 0.531%*

4% Total N 0.050 0.056 -0.209 0.651%*

WA C/N 0.223 0.051 0.491* -0.496%
FEA A NHI-N -0.228 0.004 -0.556% 0.513%
AR NO-N -0.471% 0.138 -0.727%% 0.638%

pH 0.418 -0.214 0.619%* -0.524%
A W LR MBC 0.264 0.001 -0.006 0.768%
AP R MBN 0.484% 0.100 0.120 0.727%

1 FOR BB (P<0.05) , ## R B R 25 A1 56 (P<0.01) .

Note: * indicates significant correlation (P<0.05) ,** indicates highly significant correlation(P<0.01).

Shannon ZAEMEFE RN AR S R G L IERUE WV A
FABRIEIE I Z2 /b HAR By | 3R I - Sl A Wy v 2
AEZFE B " ASBIE S Bt AT AILIE A AU Il i T
Jiti A7 AL A 2R S 5 T b HE AR 9 Shannon 2K
PEFE B AR H AT Tt A7 HLIE A1 RUIE 1 B BeTt A HIL
JIE Ach B I8 2 RIS T 335U 0 1) Shannon Z2 4 4 1R
o AR EPWEIR A B, FIL W Bt A HLIE AL PR 4
i SR E YR R R, HL e TR A
b3 5 3ok R it Ak 2 RIS BEAIR - S Gl 2 W D e 24
PE, SRS R —2 AU A A PR 2 %
8T R4 Y Shannon ZREMEFGE. BT SIS
e, Bt A NE (e TSR /KRS b IR A W 24
PEREAR , SABETEAE AL . AHICHE I3 7 2R B , Shan-
non 840 H 5 45 & \MBN At 35 A 5P, ¥ 5] B 35
BE SiA N ASE A pH A B A,
AWCD SAHPEK R KA SR HER pH.
MBC .MBN ¥4 2 2 AH S , Ul WU AN [] i HE 15 it
516 PR PR A W 2 R R AR s R B
TSR A AR E R E RN X 5 E
A WFFEARE EIES Y 4 4 pH J& 5 e - S AR Wik
PR Z R 0 T 22 e R, KA RS 2T
135 pH T RERY, HETTSE 0 T IR W T RE AR

Biolog 3 7343 #r it 7 - HE Tl A= W) HE V& AE AN [
Jit A A B ot 058 P o, A o W - SR A A WA s 2
PR A8 80T B2, 31 B s A PR 1 38 e 40 BT
R BN BT DX SR YR T el 3 R ek
K RRE AREREMEZRYE, Garland FHAR
FEAR S T E A [) 5 A ) P i 5S40 1)
FTIMHRHK . B2 @7, AN [ 5 it %o 285 1 5 40
55 2 F U3 A DGR U5 R FH BB J1 A [R] , 4% Ak BEAE PC Al

BT B 4 5, U BH AT S AR A
XAt U B4 R P ARRAIE o Bt e A AR 2088 348 i e A 4L
HE &b FHAR TSR A7 T PC1 % 5007 ) A1 PC2 Bl 1F
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