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Effects of different tillage measures on metabolic functional diversity
of soil microbial community in surface soil of maize field

LU Sixu', HE Liyan', WANG Xudong'
(1.College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China;
2.Key Laboratory of Plant Nutrition and Agri-Environment in Northwestern China, Ministry of
Agriculture, Yangling , Shaanxi 712100, China)

Abstract: In order to study the effects of different tillage measures on soil microbial community functional di-
versities with straw-return in the field, this study investigated the functional diversity of the microbial community at
six different tillage measures in the maize field of Weibei dryland by using Biolog-ECO analysis. There were six till-
age patterns, including conventional tillage (C/C) , no-tillage (N/N), subsoiling tillage (S/S), no-tillage/sub-
soiling tillage (N/S), conventional tillage/no-tillage (C/N), and subsoiling tillage/conventional tillage (S/C).
The results showed that the carbon metabolic activity of different tillage measures increased gradually with culturing
time. Compared with C/C treatment, the AWCD values of no-tillage and mini-tillage increased by 12.70% ~
54.54%. The biodiversity indices of N/S and N/N treatments were significantly higher than those of the C/C treat-
ment. Principal component analysis showed that the determinant carbon sources for the differences were amino
acids, carbohydrates, and carboxylic acids for the first and second principal components, and these were main car-
bon sources for soil microbial utilization in the region. RDA analysis showed that SOC was the main factor that con-
trolled the metabolic activity of microbial carbon. From the perspective of carbon source utilization of soil microbial
community , the N/S treatment had greater microbial functional diversity, and was the most suitable measure for the

local soil conditions.
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Table 1 The sequence of soil tillage systems from 2007 to 2018
AT Treatment RIGAF B Experimental year
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
c/C C C C C C C C C C C C C
S/S S S S S S S S S S S S S
N/N N N N N N N N N N N N N
N/S N S N S N S N S N S N S
S/C S C S C S C S C S C S C
C/N C N C N C N C N C N C N

NS R/ C B,

Note: N: No-tillage; S: Subsoiling; C: Conventional tillage.
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Note; Different lowercase letters in the figure indicate
that there are significant differences ( P<0.05) between dif-
ferent tillage treatments at the same time point.

B1 FAEMELET HERBENEEN THAHETHE

Fig.1 AWCD of the microbial community in different treatments

R2 TRBHELEN T EREMINEE S HEIEH

Table 2  Functional diversity indexes of soil microbial community in different treatments

KIbFH Treatment S E D
N/S 26.00+1.73a 3.18+0.04a 0.98+0.01c 0.95+£0.001a
S/C 23.33+1.53ab 3.10+0.07ab 0.98+0.02bc 0.95+0.003ab
C/N 21.33+3.21be 3.10+0.05ab 1.01+0.01ab 0.95+0.004ab
N/N 25.00+1.73a 3.19+0.05a 0.99+0.01bc 0.95+0.004a
S/8 24.00+1.00ab 3.12+0.04ab 0.98+0.02be 0.95+0.003a
c/C 19.33+1.53¢ 3.06+0.06b 1.03+0.02a 0.94+0.005b

T R PRI AR NG FRER IR & AL BN 22 57 B35 (P<0.05) , T 1A,

Note ; Significant differences ( P<0.05) among treatments are indicated by different lowercase letters. The same below.
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Note: Different lowercase letters indicate significant differ-

drate acids

ences among tillage treatments in the same carbon sources ( P<
0.05).
B2 ATEHELET TR 7 LR F AR
Fig.2 The utilization of six kinds of carbon sources

in different treatments
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RO BTHR R BN 251K 3.65% ~10.57% , IR A
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PC1 %l |, S/S. N/S HI N/N 4k 43 45 78 1E J7 1]
C/C.C/N Ml S/C Ab ¥4y A7 7E 7 Jr Ia], 7€ PC2
L, N/N N/S.S/C Hl C/C Ab 3 = A A 1E 7 1]
C/N 1 S/S Wb ¥ 2 or A fE T 7 1), 3 — 2P kAT
T5 225781 (3% 3) AT R BEEAL B AE PCL A PC2
B REGL B 22 R, 7E PCL B B N/S,
N/N.S/S.S/C AFRE C/C AbFRIK /34 25 5 i 3, 32
WA 5 A ] 5 AN Tl AR PC2 Bl B, N/S | S/C
C/N . N/N b5 C/C Ab PRI/ 22 A 1 3%, 3%
AR el A 7 A
2.5 TEMEDHRENASHERFHTRSHN

VEH A S HLER (SOC) K2 I P40 4y 8 br
( G 8L A LK EOC KA HLEK WSOC il 2E Y
iR MBC JBURCA HLER POC) VE R BREE PR 775t &

¢N/S ©0S/C aAC/N +N/N xS/S eC/C
I — BRI 3 MR 3AES,
Note: Three points of the same tillage treatment
represent three duplicates.

B3 AREMHIELETHEMENBEEEIRS DN
Fig.3 Principal component analysis of soil microbial
community in different treatments
x3 FEAMHELREBHERSBHIRY

Table 3 The PC scores for different treatments

Ab B

Treatment Pl Pe2
N/S 4.48+1.45a —-0.06+1.20ab
S/C -1.34+0.06d 0.08+1.53a
C/N -3.05+0.79% -0.45+0.52ab
N/N 2.22+0.52b 1.66+1.78a
S/8 0.71+0.56¢ -2.65+2.25b
c/C -3.03+0.35e 0.70+2.13a

-4 A W e DR A R AE R AT J0 A 4 BT (RDA)
A SRR BESIE T 34 MURR B 3% 1 4 5 48
b, JEAR R BN G Bk TR DAL G 35 M 45 A e B A
T B9 MUBR B2 H 36 P 21 43 19 & 1 v T8 o Bl b
i, Hod N/S 4B R A9 EOC \MBC Al POC 5 C/C
b FRAR b X IR B b 25 S

TOARTEE S R Axisl Fl Axis2 114 2B B¢
RIKF] 65.69% ,FFIEAR S 514 0.611 F1 0.046, FH &
ZET AN 0.915 F1.0.815, WG HEF Ghxt 7 (1) PR 55 A5
OO 1 AR R TTER A B ST L R
FKFE, WK 4 BTk, Axisl 5 SOC,EOC, WSOC |
MBC 1 POC #]5 [EAH &, Axis2 5 WSOC , POC il
MBC 2IEAM K, 5 SOC #1 EOC 2 A, 5 -k
FEARINET Sk EL I, H SOC fil EOC 5 Axisl %
[ e F /N, 3 BH A AR W e VR A 15 5 3 T 1 e
FRPRAY AR SCPER A, Hovh SOC  EOC Xk U5 A I 28
RIEA WE520, MBC F1 POC 53R RIS eI 1 A
KRR ,SOC EOC 5 HE MM L Wik f
PR IR A DG K, (H WSOC 5 45 JE U 11 e
FAARXRTEE A, A O AR
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Table 4 Effects of different tillage measures on contents of soil organic carbon and fractions of soil active carbon

AL Bf Treatment SOC/(g - kg™") MBC/(mg - kg™") WSO0C/(mg - kg™") POC/(g - kg™") EOC/(g - kg™")

N/S 16.06+0.45a 235.55+7.08ab 40.21+0.57ab 3.54+0.27a 1.70+0.10a

S/C 10.23+0.32cd 224.38+11.64bc 38.84+1.46b 2.30+0.32b 1.08+0.06d

C/N 10.35+0.41cd 227.06+6.79bc 39.29+2.29ab 3.83+0.30a 1.22+0.09¢

N/N 12.41+0.43b 249.64+12.75a 41.94+1.94a 2.62+0.32b 1.51+0.05b

S/S 10.87+0.40¢ 234.61+5.34ab 39.31+2.41ab 2.46+0.14b 1.44+0.07b

c/c 9.84+0.55d 217.57+9.94¢ 38.11+0.89b 2.56+0.24b 0.98+0.07d
- p— - AT T A DU A0 16>, 5 50k
PSR L B R AIR T T e 23 5 1 R /K 43 A R4
- roc o WO T IR ) A 00 S B E  AE G2E A R

g 3 R 2 2 Carboxylic acids y P s it oy

z o T et PEREA. S BRI DA 5 A BB A 1 % - 3
7 £ R Polymers Yoz, 8 1 A A0 AL B, A AR AR A
i — ﬁg Z’fCafbohdrate )%:‘ EI/‘J j:i;g’@% 5 i j][] EE %}L F@: E/‘J [:[: /&U s ﬁi% ﬁg @Z
P PO | RO 25 10K S, IE T 4R B T 0 0 R
] o P N/S S R BB R o, X B
Th N RUPTEE T BNy ST AT

M1 Axis 1(61.13%)

T SRR LI YR 6 SRR IR, e AR I
P (A LRk S LA 4845 ) o SOC: HIA BLIK; EOC: 5
EUAT BB ; WSOC - 7K 5 VEAT HLI; MBC S A 90 1k 8  POC
RiAT ALK

Note; The solid line represents the utilization of 6 types of
carbon sources by soil microorganisms, and the dotted line represents
environmental factors ( soil organic carbon and its fractions). SOC:
Soil organic carbon; EOC; Easily oxidizing organic carbon; WSOC
Water soluble organic carbon; MBC: Microbial biomass carbon;
POC; Particulate organic carbon.

4 TEMEMIESHEEN TR
Fig.4 Redundancy analysis on the functional diversity

indexes of soil microbial community
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AEAF RO S5 T 5 e b S TR IR TS A
W PEFI AT A G 3R, C/C A B 103 25 4th 40
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