224 Chinese Journal of Ecology  2019,38( 12) ;3660—-3666 DOI; 10.13292/j.1000-4890.201912.029

RAEBFE A PR e H T EREY
AR ZHERNF N

B wxER SxXE E OB InE HRE

LR K R EFE, L K4 030801)

W E FRAPRFEEA LR E R B R SRIR RO E, N R B
E SR T NAER T REZHANEER B2 AN TATE, R E LK CKF M
A N1( A4 N 90 kg - hm™) & B E N2( 445 N 45 kg - hm™) & AR 4 B o A LR
N201(O01 4 % N &% 90 kg - hm™) 1 N202(02 4 & N Eh 45 kg - hm™) 8y 5 N4
K A Biolog-ECO %, R AR M EAL I 2 W LB A B xEHE X A EB K X £
BE REMEFEMERFENR A AL, ERXA . QRRFEHEAIELETT &
ZHAEMAEMBENER AEBRE BRL TR AW R R AR AR E R
fo AN ERBENARARRNEERB ;RPN E R, AEBR LML LRI L EMHEL
B A L RA AL E R E E IR AR B B A LB E R e,
EFHIEMANBEENFEEMAGERERE; RRRF E, BREAINEEY WE LN
E90 kg - hm B B Y ML BEMADBRESE LSRRG RELTE, ik, RARKE
—EEANERRGHREZH L EMAENBRES R L LG I ENARRE,

KGR EEAVIE;, S0, DEMENEHE; RRAA,; RS X7 E

Effects of half-reduced nitrogen fertilization combined with organic fertilizer on functional
diversity of soil microbial communities in oat field. LU Hua, ZHANG Mei-jun*, FENG Mei-
chen, WANG Chao, WANG Xiao-xue, YANG Wu-de ( College of Agronomy, Shanxi Agricultur-
al University, Taigu 030801, Shanxi, China).

Abstract: We evaluated the carbon metabolism characteristics of soil microbial communities
under half-reduced N fertilization combined with organic fertilizer in the oat field. The aim was to
investigate the possibility of the replacement of partial N by organic fertilizer from the perspective
of soil microbial functional diversity. There were five treatments in the experiment; no fertilizer
CK, conventional nitrogen N1 (pure N 90 kg + hm™) , nitrogen fertilizer halved N2 (pure N 45
kg - hm™) , and nitrogen fertilizer halved combined with organic fertilizer N201 and N202 (01
contains a total N of 90 kg - hm™ and 02 contains a total N of 45 kg + hm™). The Biolog-ECO
method was used to evaluate the metabolism characteristics of soil microbial communities on car-
bohydrates, amino acids, amines, carboxylic acids, polymers, and others. The results showed
that N fertilizer halved combined with organic fertilizer changed the metabolic preferences of soil
microbial communities on carbohydrates, amino acids, carboxylic acids and polymers in the oat
field. After N fertilizer halved, there was a significant increase of the utilization on the six types
of carbon sources for soil microbial communities with the increasing organic fertilizer application.
Principal component analysis showed that amino acids and amines were the main carbon sources
which induced the metabolism characteristic differences of soil microbial community among differ-
ent fertilization regimes. After N fertilizer halved, richness and evenness of soil microbial commu-
nities were increased with the increasing organic fertilizer application. After N fertilizer halved,
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when the amount of organic fertilizer equaling total N of 90 kg + hm™ , oat yield was increased by

the changes of soil microbial functional diversity. Therefore, N fertilizer reduction and organic fer-

tilizer substitution was an effective measure to improve soil microbial functional diversity in oat

fields.

Key words: organic fertilizer application; nitrogen fertilizer; soil microbial community; carbon

source utilization ; diversity index; oat yield.
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Table 1 Different fertilizer treatments

g OBLi N P,0; K,O0
CK 0 45 30
N1 90 45 30
N2 45 45 30
N201 135 45 30
N202 90 45 30
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Fig.1 Percentage of utilization of soil microbial communi-
ties on carbon sources under different fertilizations
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Fig.2 Utilization of soil microbial community on similar carbon sources under different fertilizations

P B - B e AR v 22 TR) — BRI [/ NG - RS 7R R [ A b BE E) 78 0.05 K28 5% 3%

Befti A AL N201 AbFXTHES BRIk
B W25 4 ) I3 ARG R TR, 4 ) i S R AR T
36.28% .39.82% .42.12% F1 17.82% , 3% B NI 2
FE 8 4 o S A W A v G I S e R ) A T
HAERM G |, BERCHEA LI & - 5850
YT X DU 2RI A A B SR m e, W
FRE L N1 A P22 2 I o S At 21 i 52 198 1) A Ao, d
FART AAE w2 N2 b B R 2 Gt AT AL AR
N202 N201 4B SRR 2 N2 Ab B 502 f5 i
JEA ML N202 Kb BT R 24 1 H 2 B 5 1) )
22 AR 2 (B L IS et A MLAE 9 N201 4k
PN 33 1 2 il R B R B 3 R AR T 30. 76% Al
16.79% ., VI Lo Ar 3R W, 5 8 Bt Z0AH L, 2008 ek
P HE D IR W T ) S SR IR B AT
FERNBCEASOU T, 3R PRV XS AR
K WeZe BRA YRR FHREA AL BC i & 53 b
BRI, X TR A ARl SIS sk U5 1 R A A LA B it
SEHEN 1B AE Sk 2 s X I 2 U A A H
2.2 U[n]jiti A Ak 3 e A7 FH - RGOS W AV ok T R
FHERGT 8

MR 3 ATLLAE S 1 FM4 (PCL) J7 2 Biik
ik 91.10% , i CK N1 N2 b F4 7576 PC1
(473, N201 F1 N202 Ab BRI 7578 PC1 %l A TF 37
AR PC1 AT LB S X 3 A [R] it A Acb 38 386 22 1+ 458
AR A 22 5 . =000 BT b i 42 S S R
AR ) LR A I Y < 1) £ (™I, 2010
2015) , el ] 22 A9 K B2 2 X6 - 8 f0 A W e s Al U
RUFGE I 22 R, HE 3 ml o0, BE2E 5L
B W2 REYAE SRR FH AL ISR IR 1 ] F 4
JEAY R 1,552 .1.584 1,578 . 1.544 1.539 F1 1.562,

e I FEFR IS P20 X 40 ML B il /5 e 2 HH +
BT WA T e DRI 22 7 1) R DA
2.3 OR[Alita A Ak B R 2 A R A W B VR D fig
FEPE R R fb

2% 2 W ASTA] it AR A B X e A A 3T A W)
Mz DIe AR BOE AN R, 25 A0 U E )
V% Simpson FRETC I E 22 5%, AV H K +
B Y RETS Shannon F84URT Mclntosh $54534) ik 2%
KT 5 it 2018 e B 201 gk > i A AL A
N202 Ab#f Shannon 8 £ Fl McIntosh 8 %% kb #Ljite
AN A5 T 0.90% ,33.43% 5 Lo A
N2 Ab X A Z2 B SR B S B E AR R T 0.60% |
16.7% , FEEHASINAT ALACE 8 S 25 46 =y 3R M
TR RSB A B iE A HLIE N201 Ab
F Shannon F8EUAT McIntosh F8 %54 2 32 = T N202 4b
B R BEA AU S, IR YR e
F 5] B RN B 28 W] LUE ), 5 X A

r PC1=91.1%,PC2=4%,Sum=95.1%
0.8 | Transform=0,Scaling=1,Centering=2,SVP=2
N1 N202
N N2 %k
0.4 1 B
N2 MR
0 NZOT —o Bk
1) 0.4 N2 SRS
et
K %
-0.8F CK
-1.2¢
_1'6 i 1 1 CKI 1 1 1 1 1 1
-0.8 -0.4 0 0.4 0.8 1.2 1.6 2.0
PC1

B3 AERELE T IEREMEERENBAERS S
Fig.3 Principal component analysis of utilization of soil
microbial communities on carbon source under different
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Table 2 Functional diversity indices of soil microbial com-
munities under different fertilizations

b3y Shannon 84X Simpson FH%X MclIntosh $8 %%
(H) (D) )

CK 3.34+0.001 ¢ 0.97£0.003 a 3.09+0.029 e
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N2 3.35+0.006 ¢ 0.97+0.003 a 4.14+0.026 ¢
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N202 3.37+0.001 b 0.97£0.001 a 4.83+£0.048 b
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Fig.4 Oat yield under different fertilizations
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Table 3  Correlation between oat yield and functional di-
versity indices of soil microbial communities

Wi Shannon #5%% Simpson FaE Meclntosh 5%
(H) (D) (0)
FrhE 0.61" 0.28 0.69*

* FrRTE 0.05 K25 83 (P<0.05)
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