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Abstract: The experiment was set up to investigate the effects of fertilization on soil microbial properties and its mechanism
in the Loess Hilly Region. Soil microbial community structure and respiration under long-term fertilizations including CK
( control) N ( nitrogen fertilizer) P ( phosphorus fertilizer) M ( manure) NP ( nitrogen fertilizer + phosphorus
fertilizer) MN ( manure + nitrogen fertilizer) MP ( manure + phosphorus fertilizer) and MNP ( manure + nitrogen
fertilizer + phosphorus fertilizer) were studied at Ansai Field Research Station. The results showed that microbial activities

and PLFA contents in surface soil ( 0—20cm) were higher than those in the sub soil ( 20—40cm) ; Basal respiration
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substrate-induced respiration and total PLFA contents in surface soil were 63.61%—116.78% 53.45%—53.45% and
16.16%—43.67% higher than those in sub soil. Compared to the CK treatment N fertilizer and P fertilizer increased
surface soil basal respiration by 34.11% and 48.89% respectively and substrate-induced respiration intensities increased
by 40.83% and 63.59%; In sub soil the basal respiration intensities increased by 40.83% and 63.59% and the substrate—
induced respiration intensities increased by 14.70% and 20.49% respectively. The effect of N fertilizer on G microbial
community was significant and increased PLFA contents in 0—20cm and 20—40cm soil profile significantly by 63.19% and
53.07%. And P fertilizer also altered the microbial community structure significantly however the effects of the mixed
fertilizer of NP on microbial community structure was not significant. The mixture of organic and inorganic fertilizers had a
significant influence on soil respiration and microbial community structure. Variance analysis of three factors indicated that
the effects of single N fertilizer factor on soil microbial properties were not significant; single N fertilizer had significant
effect on the microbial respiration and PLFA contents. In the 0—20cm soil layer the ratio of P fertilizer factor influencing
these microbial characteristics was 11.4%—54.0%. The RDA analysis indicated that available P played a major role in
driving the change in microbial characteristics. Long-term mixed manure N and P fertilizers could improve soil microbial

properties thus contribute to the stability and sustainability of farmland ecosystem.

Key Words: long-term fertilization; soil respiration; phospholipid fatty acid

2008 483
hm? - 2, N
34
45

4

6 67

89 . 10 1142 . Kama 13
o Zheng "
FAMEs
FAMEs o Yu °
16

17

http: //www.ecologica.cn



3594 38

1
1.1
2011 ( 109°1923"E 36°
51°30"N) 1068—1309m. 8.8°C (>10C) 3114cC
535mm 60% 79 1.48; 160d.
8.06km /km” .
1.2
1997 - - o
378m’ 14m°. 8 . CK( ) N( ) P( ) M( ) .NP
( ) “MN( ) \MP( ) MNP( N ) o
3 o
N: 97.5kg/hm*; P: 75.0kg/hm’; M: ( ) 7500kg/hm” .
20% 80% o
1.3
2012 10 19 S 0—20cm  20—40cm
o 2 0.25mm Ilmm
0.25mm N N Imm pH. o
2mm 4°C : -80°C
18
; pH pH (= =2.51),
( BR) ( SIR) Hueso " .
Blight-Dyer 3.0g - -
N N o C19:0
( GC7890A Agilent Technologies) MIDI Sherlock MIS4. 5
- PLFA PLFA C19: 0 nmol /g o
13: 0 is0+13: 0 anteiso. 14: 0 iso. 14: 0 anteiso~15: 1 iso w9c¢+15: 0 iso.15: 0 anteiso16: 0 iso+
17: 1 iso w9¢+17:0 iso~17: 0 anteiso~19: 0 anteiso.22: 0 iso 71201 wée 1501 w8¢ 1711 w8en
18:1 w9c.18: 1 w7¢+19: 0 cyclo w7¢+20: 1 w9¢.22: 1 w9c ; 160 0 10-methyl\ 17: 1 w7c
10-methyl.17: 0 10-methyl.18: 0 10-methyl ; 18:2 wée o
1.4
SPSS 20.0 N N .
( one-way ANOVA) ; N :
R Redundancy analysis( RDA) o
2
2.1
0—20cm  20—40cm . 0—20cm
20—40cm( 1) o 0—20cm CK M NP

http: //www.ecologica.cn



10 3595
31.18%—53.76%; 20—40cm CK MP MNP
( P<0.05) 1)
CK NP
(P<0.05)( 1) 40.12%—139.38%; 20—40cm CK MN.MP.MNP
( P<0.05) o
20 6
(1 0—20cmBE Rl FF0R ] 0—20cmif G
20—40cmAE R I C - P22 20—40cmifs SIER E
= Sh
i E - i 56 _%: 11
T E 4t D
%;‘f {‘ P AB ?}C ‘TF §§ BC CD BC CD {-
Sl L HA ]kl Bl
= o | Ll a | 1] F E 2 b be be
2 sk ;7 % 7 ? % %% . 77 % i ;b %}’ ab % % i
72 ? 7 2 1k 7z Z
nann n
0 Al Al & Z 0 Al U
CK N P M NP MN MP MNP CK N P M NP MN MP MNP
4bB Treatment
1
Fig.1 basal respiration and substrate—induced respiration under different treatments
( P<0.05)
2.2
( Do
0—20cm NP PLFA G-PLFA PLFA
PM.NPM NM ; G+PLFA. PLFA PLFA
PM.NPM / PM  NPM
o 20—40cm 0—20cm G-PLFA.G+PLFA.
PLFA PLFA PLFA / ; G+PLFA
PLFA PM  NPM ; G-PLFA
PLFA M NP PM.NPM NM N P o
23
( 2), 0—20cm PLFA ( P<0.05)
PLFA BR o PLFA
PLFA o SIR.G*"PLFA. PLFA.
PLFA PLFA o 20—
40cm 2 20—40cm PLFA
BR.SIR  G'PLFA PLFA( P<0.05) o
SIR.G"PLFA.G PLFA. PLFA 0—20cm
PLFA G+- N PLFA

http: //www.ecologica.cn



38

3596

VI1d

aaneSou zuees) Y 1d-9 VITd

VATd eantsoq wer) Y 1d+9

qe10°0¥90°0 ®10°0F50°0 q920°0+80°0 AB10°0FL0°0 qB10°0FL0°0 qeC0'0+L0°0 q¥c0°0¥90°0 qe10°0+L0°0 /
279°0FI1S761 ILITTFOTIIC YT 0F19°0C ®68'0F786°C1 Bov 1F66°¢E] GLOTFES'LT LT TFC0°LT B90FLS T (8/10wu )/ v 1d
24IT°0F90°1 20C°0F0¢’ 1 BEC0FY9°0 BY1°0+59°0 qBLO'0F8L0 qeS0°0+58°0 BOI'0%€9°0 BOC0FCLO (8710w )/ va1d
PErI0FrS 0 qEEl'0F1S°0 qr1°0¥29°0 BLOOFLEO qeC00FCr 0 qeS1°0F05°0 qe61°0F67°0 qB90°0+¢r'0 (8/10wu )/ vo1d
Poy1I0F6eE PCS0FS0 Y P6Y 0F18°¢ qBre'0+80°C qe8T0FSY'C Ay’ 0F65°C 2909°0F¥L'C B9T0OFO6L'T (8710mu )/ VA1d-9
PIS'0F06°S PLY'0F68°S qBET'0F66'¢C BOL0FEY'E BE80FCSE 29617°0F65 ¥ PorS 0+60°S IERIY0FCEY (8/10mu )/ VA Td+9 0y—0¢C
®I0°0F¥0°0 q®10°0F50°0 P2910°0FL0°0 P29®00°0+90°0 P10°0%80°0 P2910°0FL0°0 9B10°0F50°0 P210°0FL0°0 /
P269°0FS1°ST 20L°0F01°0¢ PSY0FL6°9¢ BE6'0F6S 91 qLU I+0l"61 989 1F66°€T AL 1FLL 61 B06°0FLI9I (8/10wu )/ va1d
qcro+v8’1 qcc0+¥0°C B8I'0F6L°0 BIY0FLOT BEO0OFICTT q81 0F¥9°L BOE'0F8L0 B61°0F68°0 (/10w )/ va1d
29®60°0F5S°0 P261°0F¥L°0 POT'0FLLO Br0°0FEV'0 P29RE0°0+¢9°0 PPq9r1°0+59°0 ®60°0F¥¥ 0 qBOI°0F8¥°0 (8710w )/ va1d
260°0¥86'% JE9OFIT9 260°0F¢e’S qe0°0+T8'C PSE0FLIE P2L9°0F65°¢ 290C°0FL6'C BLI'OFC8'] (8/10wu )/ VA1d-9
POV 1¥¥1°8 PLT0F6C°6 OLTOFST9 BIE0FSY'Y qBLS0FS9Y 29¢°0¥6C°9 ST IFS6'S IqBOY 0F8I°S (8/10mu )/ VA1d+9 0¢—0
NN 1oZI[19) Nd dN PZI[1Ie)
snioydsoyd REVAIIREY .EN_\M”W& snioydsoyd N d 1ez1[119§ N I9ZI[1119] D adfy wo /108
B o T s snogdsong wssonny foruon) ooy o doog

SJUAUIIEAT) JUAIIIP Jopun sanadoad [eiqosoru 0§ | dqe],

!

http: //www.ecologica.cn



3597

10

‘AN ¢ 1ozinay snioydsoyd + 1oziniey usaoniy N !

—edou zue[ed) [V 1d-9 VATd

10z1[110] snioydsoyd 4 19z1[1110] UsSontu + omnuely NN 1ozinaay snioydsoyd + onuepy (N J ¢

aInuely A : Iozinaay snioydsoyd 4 19Z1[TI9] UaZ0oNIN N ¢

Va'1d 2AnIsod wels) v 1d+9 ¢ 1usnionb orjoqerew :¢onb ! uoneridsar paonpuralensqns YS

[0 30 VATd

REVALRNE)) waoh:ﬁ + SInuey

VaAld °An

uonertdsar eseq g

99 00 9580 6°S 200°0 6°S 000  61¥ 0000 81 0000 9 200°0 T 820°0 vdld

$91 00 0660 SYl 6000 TO  09L0  TI EP0 1'0C €000  9LT 1000 [0l §T0°0

L'+9 00 9680 €0 6180 €8 L0 6El 1800  t6 910 00 0L8°0 (43 £8€°0

vzl S0 6£7°0 6°'LT 0000 L0 8v€°0  LIT 0000  0°ST 0000 80  T000 60 10€°0

€91 8°0 88¢°0 v'T 910 10 #SL'0 €8T 0000 LSy 0000 L€ SLOO L't 121°0 VA1d-9

891 S'e 680°0 L'0S 0000 Tl Y0E0 16 0100 9 9¢00  TEL €000 00 0160 VA1d+9

Spe 81 YLEO 90  ¥6S°0 S0 W90 L6l 80070 €¥e 1000 L8 €90°0 00 166°0 UIS

0 L0 0£9°0 8t 6020 00 6v60 L9 9¢1'0 YT 6000 €61  LIOO T0 T80 ud 0r—0¢

S €0 €€T°0 0T 800°0 9T €000 $SE 0000  PEr 0000 LTI 0000 00  $08°0 vdld

8¢l €€ 690°0 0r  9%0°0 00 1560 S0 6510 865 0000 O¥S 0000 001 #00°0

0°vE €1 YEP0 9v  961°0 € 9zc’0 81 0100 9'1¢ 1000 TO 9€L°0 €9 S01°0

L9 0 87570 L0l 0000 $0 €1€0 681 0000 TP 0000 681 0000 00 680

Sy 90 191°0 TO0 910 00 6180 08T 0000 9%9 0000  ¥IT 0000 L0 orro VA1d-9

6°Cl 00 8L6°0 0Lz 0000 11 T9T0 TSI 00000 TTC 0000  €IT 0000 €0 £95°0 VAT1d+9

Y1l 70 P60 € LY00 01 SYT0 YLl 0000 €vr 0000  €1T 0000 60 €82°0 HIS

6°CE 99 €210 L0 196°0 00  0¥6'0  9YE 1000 8'G 011’0 §°0C 9000 00 8860 Hd 0z—0
9% / [eNpIsoYy % d % d % d % d % d % d % d ad&) [erqorory dop [10g

WdN Wd N dN I d N oy

VAONY Aea-33ay) £q paipnys s1djowrered snoLIeA 0) suopderdjul Jy) pue (JA 4 N ) SI039e] judpudadapur Jo uopnqLiuod pue sdfea-d ¢ d[qel,

N N < 4

http: //www.ecologica.cn



3598 38
2.4
0—20cm PLFAs ( 2
1( PC1) PLFAs 24.3% 2( PC2) PLFAs 19.37%
43.67% 1 2
NP NM .
0—20cm (TOC) .
(TN) . (TP) . -pH- (aP) 6
o 58.46% 4.7% ( 2)
o 2 pH
20—40cm PLFAs ( 3)
1( PC1) PLFAs 19.63% 2( PC2) PLFAs
17.16% 36.79% 1 2 CK NP
20—40cm
(TOC) . (TN) . (TP) . ~pH. (aP) 6
o 61.6% 14.96% ( 3) .
Y o 3
0—20cm pH o
3
0—20cm PLFA 20—40cm ( 1
1) o 0—20cm
20—40cm 2
31 N
0—20cm 20—40cm N Nea
o C/N C/N
? N C/N
o N . Bardgett *
Yu 24
. 25 N . 26
N o
C/N
27
32 P
0—20cm P . G . PLFA ;. 20—40cm
P G PLFA o N
PLFA P. *

http: //www.ecologica.cn



10 : 3599

Lo L
X]?.I.\\-'(f'% i
25wk
05 | X2 w3ip
a Aty .
. 1e: .ﬂm‘?g
o2 X17.0.anteiso
&g -
&5 0 A oo KT8
ﬂ g .hﬂ:tm"%fﬁ.l \E?c_ :
e xPd §dy6e
£ 55 = X18.1.woeX 17:00
3 X15.00
X14.00
x16. 1420
L, X14.0.150
EC X15.1.w8c
-5 :
| [ |
-1 0 1 2
WB—F s PCI
Principal component 1
o L Fungi
pH
Pl 221
GN
gy BT e
<7
S <
i~ | TPLFA
il
=g
RE ITI ETIIRS TSRS RS . i e —— - |
& =
=
B3 SIR
LKk  P=0.099
L4 P=0.033*
A P=0.00]***
| B P=0.028**
0.5 HABE  P=0.001%*% 28
pH P=0.117 !
GP R
[ | i | [ Actmom}-‘cct]:s |
=-1.0 0.5 0 0.5 1.0 1.5 2.0
JUASHAF4LAH 1 RDAL
Redundancy analysis 1
2 0—20cm ( PLFAs)
Fig.2 Redundancy analysis of soil microbial PLFAs in 0—20cm and environmental variables
CK sitl \sit2.sit3; N : sitd | sit5.sit6; P L sit7.sit8.sit9; M s sitl0.sitl 1. sit12; NP s sitl3.sitl4 .
sitl5; NM s sitl6.sitl7.sit18; PM 1 sit19.sit20.sit21; NPM o sit22.sit23.sit24 . TPLFA: Total PLFA PLFA
GP: Gram Positive PLFA GN: Gram Negative PLFA Fungi: PLFA
Actinomycetes: PLFA BR: SIR: Pk ok ok ok ok P<0.001 0.001<P<0.003 0.003<P<
0.005

http: //www.ecologica.cn



3600

38
1.5 :
1.0 ~
. 05 |- )f}]:_[J.uT:lcisu L -
S8 “RIENBMA L, X17 L
=5 K70 e |
g ; X19.0.anteiso;
n‘g g 0 “Ll‘?‘{.‘?‘??;hﬂ §eon
‘1“"]‘ g X18.2.b8.3.w
'S X16. K &8¢ . wHd
— — 3 ishls
0.5 X140 X180 0%y
) IHQ w/c. :
Rk
4 X14.0.isq
-0.1 | :
1 1 i 1
=2 =1 0 2
H—Epsr PCI
Principal component 1
GP
1.0 —
Actinomycetes
05
pH
S pLEL L
A g BR
=
=
4
&8 oL
| o
%5
=
ﬁ%‘ MR P=0.021* s
B 2E P=0.09% AFLIA
Lot P=0.045 * 25
05 | WEE  P=0060*
' MBE  P=0.00]1* %% HHLE
pH P=0487 : S
Fungi B R 5 .
. GN
1 1 1 1 1 1 1
-1.0 -0.5 0 0.5 1.0 1.5 2.0
U Ardlsr1 RDAL
Redundancy analysis 1
3 20—40cm ( PLFAs)
Fig.3 Redundancy analysis of soil microbial PLFAs in 20—40cm and environmental variable
CK sitlsit2.sit3; N : sitd. sit5 . sit6; P *sit7 . sit8sit9; M s sitl0.sitl1.sit12; NP s sitl3.sitl4,
sit]5; NM :sitl6.sitl7.sitl8; PM :sit19.5it20.sit21; NPM o sit22.sit23.sit24. TPLFA: Total PLFA PLFA
GP: Gram Positive PLFA GN: Gram Negative PLFA Fungi: PLFA
Actinomycetes: PLFA BR: SIR: o K %k \ ok k% P=<0.001 0.001<P=<0.003 0.003<P<
0.005
6a ~
L 7 . PLFA PLFA .

http: //www.ecologica.cn



10 3601
30
o RDA 0—20cm
20—40cm o
30
Kamaa " o
33. M
0—20cm M : 20—40cm
o M 0—20cm G- PLFA ; 20—40cm M
PLFA o 0—20cm
PLFA 20—40cm PLFA o
10 PLFA
o Zhong o ?
o (1)
33 ( 2) “ ” “ ” 34
o Yuan * 25
36
2
4
P P
p o
NPM
( References) :
1 . . 2006 26(5): 101-105.
2 Chen YP Wang KB LinYS Shi WY SongY He X H. Balancing green and grain trade. Nature Geoscience 2015 8( 10): 739-741.
3 Marschner P Kandeler E Marschner B. Structure and function of the soil microbial community in a long-term fertilizer experiment. Soil Biology and
Biochemistry 2003 35(3): 453-461.
4 2006 37(1): 170-176.
5 So H B. 2008 32(4): 891-899.
6 .26 N 2015 35(5): 1445-1451.
7 . 2016 36( 18):
5847-5855.
8 2016 25(3):
402-408.
9 2010 16(3): 744-751.
10 2005 13(2): 99-101.

http: //www.ecologica.cn



3602 38

11

12

13

14

15

16
17

18
19

20

21

22

23

24

25

26

27

28

29

30
31

32

34
35

36

Bhattacharyya P Chakrabarti K Chakraborty A. Microbial biomass and enzyme activities in submerged rice soil amended with municipal solid
waste compost and decomposed cow manure. Chemosphere 2005 60( 3) : 310-318.

2012 49(3):
567-574.
Kammaa M Mburu H Blanchart E Chibole L Chotte J] L Kibunja C Lesueur D. Effects of organic and inorganic fertilization on soil bacterial
and fungal microbial diversity in the Kabete long-term trial Kenya. Biology and Fertility of Soil 2011 47(3): 315-321.
Zheng SX HuJL Jiang X F Ji F Q ZhangJ B Yu Z N Liu X G. Long-term fertilization regimes influence FAME profiles of microbial
communities in an arable sandy loam soil in Northern China. Pedobiologia 2013 56( 4/6) : 179-183.
YuWT BiML XuYG ZhouH MaQ Jiang C M. Microbial biomass and community composition in a Luvisol soil as influenced by long-term
land use and fertilization. CATENA 2013 107: 89-95.

2011 31(12): 3308-3314.

2015 21(3): 632-643.
2001.
Hueso S Hernandez T Garcia C. Resistance and resilience of the soil microbial biomass to severe drought in semiarid soils: The importance of
organic amendments. Applied Soil Ecology 2011 50: 27-36.
Frostegard A Baath E Tunlid A. Shifts in the structure of soil microbial communities in limed forests as revealed by phospholipid fatty acid
analysis. Soil Biology and Biochemistry 1993 25(6) : 723-730.
LiCH Yan K TangL S JiaZ]J LiY. Change in deep soil microbial communities due to long-term fertilization. Soil Biology and Biochemistry
2014 75: 264-272.
2015 43
(6): 83-88.
Bardgett R D Lovell R D Hobbs P J Jarvis S C. Seasonal changes in soil microbial communities along a fertility gradient of temperate grasslands.
Soil Biology and Biochemistry 1999 31(7) : 1021-1030.
YuC HuXM DengW LiY XiongC YeCH Han GM Li X. Changes in soil microbial community structure and functional diversity in the
rthizosphere surrounding mulberry subjected to long-term fertilization. Applied Soil Ecology 2015 86: 30-40.
2015 21(6):
1572-1580.
N PLFA . : 2008 34
(1): 73-80.
Patham J A Deng SP DaHN Sun HY Raun W R. Long-term cattle manure application in soil. II. Effect on soil microbial populations and
community structure. Biology and Fertility of Soils 2003 38(4): 209-215.
2014
34(17) : 4943-4949.
LiJ] LiZA WangFM ZouB ChenY ZhaoJ Mo QF LiYW Li XB Xia HP. Effects of nitrogen and phosphorus addition on soil
microbial community in a secondary tropical forest of China. Biology and Fertility of Soils 2015 51(2): 207-215.
. . 2008 25(4): 479-486.
Zhong WH GuT Wang W Zhang B Lin X G Huang Q R Shen W S. The effects of mineral fertilizer and organic manure on soil microbial
community and diversity. Plant and Soil 2010 326( 1/2): 511-522.
2010 16(1):
118-123.
Debosz K Rasmussen P H Pedersen A R. Temporal variations in microbial biomass C and cellulolytic enzyme activity in arable soils: effects of
organic matter input. Applied Soil Ecology 1999 13(3): 209-218.
PLFA . 2017 50( 1): 94-103.
Yuan HZ Ge TD Zhou P Liu SL Roberts P Zhu HH ZouZ Y Tong C L Wu J S. Soil microbial biomass and bacterial and fungal
community structures responses to long—term fertilization in paddy soils. Journal of Soil and Sediments 2013 13(5): 877-886.
Simek M Hopkins D W Kal¢ik J Picek T Santritkova H Staita J Travnik K. Biological and chemical properties of arable soils affected by
long-term organic and inorganic fertilizer applications. Biology and Fertility of Soil 1999 29( 3) : 300-308.

http: //www.ecologica.cn



