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Microbial Activity and Community Structure Analysis Under the Different Land

Use Patterns in Farmland Soils: Based on the Methods PLFA and MicroResp ™
CHEN Xiao-juan'?, WU Xiao-hong' , LIU Shou-long', YUAN Hong-zhao', LI Miao-miao', ZHU Han-hua', GE
Ti-da' ,TONG Cheng-li', WU Jin-shui'

(1. Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of
Sciences, Changsha 410125, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Soil microbe plays an essential role in terrestrial ecosystem through its role in cycling mineral compounds and decomposing
organic matter. The objective of this paper is to determine the influences of different land use patterns on soil microbial activity and
community structure, which were analyzed by phospholipids fatty acid ( PLFA) and MicroResp™ method, based on a long-term
fertilization experiment in Taoyuan County, Hunan Province. There were three land use patterns included, i. e. paddy fields (PS),
paddy-upland rotation (PU) and upland land (US) soils. The results showed that the amounts of bacteria PLFA, fungi PLFA and the
total PLFA were generally following the order PS > PU > US. The ratio of bacteria PLFA/fungi PLFA followed the order PU > US > PS,
however, the ratio of Gram-positive bacteria PLFA (G PLFA) to Gram-negative bacteria PLFA (G~ PLFA) in PU was the highest,
and there’s no significant difference in PU and US. In addition, principal components analysis (PCA) and the average concentration
(mol+mol ") of biomarker-PLFAs also revealed that the relative content of fungi and G~ in PS was much higher than those of in PU
and US (P <0.05). However, the relative content of G* in PU was higher than those of other two land use patters. Therefore,
Microbial community structure was influenced significantly by land use patterns in our study. Soil microbial biomass had significant
relationships (P <0.05) with SOC, TN and MBC, but had no significant correlation with CEC. Meanwhile, MicroResp™ analysis
indicated that most of the carbon substrate addition enhanced the microbial respiration rates, although different substrate had different
use efficiency. The average of carbon substrate use efficiency could be also ranked in the order: PS > PU > US. We conclude that
microbial activity and community structure were influenced significantly by land use patterns in farmlands.
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Table 1  Basic soil properties under three different land use patterns in farmland soils

j:i““ ] L pan 5 = AR A
e U o o am ™ AL T e Tt
/g'kg’l /gkg GN /mg-kg’1 /cmnl-kg’1
EH(US) LI K (10a) 5.21b 5.63¢ 0. 76¢ 7.41b 178. 1b 11. 54b
KEBEAREML(PU)  KFE-IEEEEAE (10a) 5.62a 6. 34b 1.02b 6.22¢ 182. 1b 8. 76¢
TEH (PS) WFERG (>10a) 5.14b 17.9a 1. 74a 10. 3a 878.9a 12.24a

DARF/NEFEE(a, b, ¢) FRZFBE(P<0.05)

1.3.2 PLFA %

K HMEIE ) Bligh-Dyer 75 3 BUIG 2T | 4T
TSR A W B AR . R e e,
—T70°C VKA B 28 9% VR T4 1 4 FRER 3. 00
g FHET Teflon R, ST -HF BE-FrP R IR 2% v
(PRFHEE S 1:2:0. 8) PR HE UG 28, il o hE e b 2
Wk o B AR BIWENR IR i 12 , 43 25 45 2 1 B Mg N 107 1
2 0d M W R A 5 H AOME 23 ( N6890,  Agilent,

PR o I i 24468 X8 X YwZ (e/t) , Hirr,
X RREL, SR R — N 5 ¥ RN ARG w R
ANIER S 5 7 PR P Hm AR R ¢ ORIt
FR B a B i o300 RS SCHE B B S R RS A
10Me 7R — AU BEATERL > F A 05 10 M1
by RABEBRITIR cy R

A RLIE IS PLEA 35 18] AN [RIA i i 1017 2 ) b 2k
R Ml E R AR Y. AR R

USA) Zr#fr g Mg iR & &, P RS R R A o5 AR A B AR R 1D PR B 1 WL 26 2.
(R BE IR I3 IR 7 1.3.3 MicroResp™
x2 FRIETEREWH PLFA
Table 2 PLFA characterizing microbes
ZFx 7 X SCHk
A 15.0, 17:0, i15:0, i16:0, i17:0, al5.0, al7:0, 16:1w7, 18:1w7, cyl7:0, cyl9:0, [19,20]
HH 18:2w6,18:1w9 [19,22]
FECHMEE G- 16:1w5¢c, 16:1w7¢c, 16:1w9¢, 17:1w8c, 18:1wS5¢c, 18:1w7c, 19:1wllec, ¢cyl7:0, cyl9:0 [19,21]
HCPHMER G i14.0, i15.0, i16:0, i17:0, al5:0, al7:.0, [19,21]

B R 40 (12,5 mg-L7') . A ALER (150
mmol - L") FIBRFR Z 4N (2. 5 mmol -L~") IR il 5L Y
F5757 100 mL % 7E 150 mL 1 Noble ZEfE (3% )
Hh SR 5N RS DU AR L T R 4 P RS AL
MRAETCAE 25 A DA IR ) T2 FLARE .

FEREIRE S 38 50 08 n 20 A A ERFLAR Y, IR AR
ANTRFLAR 53 TS A [R) B s, B Y52 G 400 o 28 e
FEUNRE 3 F7R e T sl e P ARG ) ol F LA {330 0 R AL
B b e ¥ [85E  FEREFR47 (25°C) T HEFR 6 h. i
T S WX AS TRV VR 14075 S R IR A AN TR) , B
B ) CO, e AN TR), 8 715 731 W5z 5 - 1 R ik 1)
CO, Ji7 pH B2 AR | M 5 | 2 48 7 7 W G 18 & A AR
b A W i % ( E10661 , USA) 570 nm K F
3 A F5FRET B FR 6 h Ja i FE R I B RO AE
T CO, AR (%).

CO, B FHE 7 7180 66 A2 AL bR o i 2 AR 8 T iR
AR

CO,(%) =A+B/(1 +D xAi,)
A A= -0.2265, B= -1.606, D= -6.771.
FH TR AR B
Aig = (Atg/Aty) x Mean(At,)
Ai, = (At,/At,) x Mean(At,)
A, Ay ARSI INERIEIF 5555 6 h Je A DU A i) TR
JEAH s Aty A BE i A S 0 TR 5 37 A A 00 AR ) i
JGAH.
CO, AR pg- (g-h) ~' JHRAE R
CO, P2 F = [CO, (%)/100] x L x (44/
22.4) x (12/44) x [273/(273 + T) 1/ (W x U) /t
i, TN FRIRE (25°C ), L ke Al FL AR
(945 pL) , W oA HHEEETE, U A H 3RS KR, 0 A EE
FEIFTE](6 h).
1.4 FdEAbr
IR B R FH Microsoft Excel 2003 F1 SPSS
16. 0% i1 4K 14 4b B2 A0 43 A7 5 2 3 LR H Duncan
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Table 3 Concentrations of different carbon sources added into the deep-well of MicroResp™

Tl w/mg-g~! Tt w/mg-g”! i ®/mg-g ! T w/mg-g”!
N 30 HR 30 FPERIR 30 Wi R 30

Sk 30 W R 30 T % — 2 30 Sk 30

) T 30 T Hemg 30 B 30 SERR 30

BB 30 UL 7.5 F e 7.5 K 0

FitEREmESBEE G RER). Al ER
12 M One-way ANOVA (HLRZE 225007 K5,
H Canoco 4. 5 5N g 5 2 £ 7370 7.

2 HRE5HM

2.1 TIERBRE PLEA Ji& R SR ik B84k

3 FORREIBF LA A 7 0N H 580 4 PLFA 2
AT B 2% 5, A M B PLRA & i 3 Tk 2
AEH AR (B 1), FEH B PLFA & iK% 81.57
nmol g =", 73 & K T8 4E Hh (36. 45 nmol-g™")
FHb(25.22 nmol-g ") 19 2.3 f5F1 3.2 £, UK
WIARTE B A 5 X F X e B A B
=AU

Y 5 B PLFA 5 5L PLFA 5728 fb 44 34
(E ) e E 3 e R o KRR AEIR
U A REHE AN S5 E B PLFA & & B85 Tk
S bR M T KSR 1R b R S M A S
P PLFA S 2580 R 3. Ui 3 RO [E# i)
F 5 =X A e fe - ek B e

100 L
D0 MPLFA _I_

- 80 | o #IEPLFA
%“ 8 Y ¥ PLFA
g 60
£ a
ﬁ 40 t b -
ey
]
-9

NN
%”

us PU PS
s

US fUR S, PU UK R4S, PS AR M
INEFREARFRIFRIR 2R L3 (P <0.05) , R
1 3 FMAREHHF AAXIT PLFA & 28500

Fig. 1 PLFA contents under three different farmland use patterns
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TRV R A A R . R
HE | G~ THALPR A IR 4. K484
Wb G T HABPIAA AR L. SR

B & G YA XT & 1 iy T oK 548 A i Fn 5
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N 5 BRI PLEA 348 R4 BUETLE 3 oA
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Table 4  Average concentration of biomarker-PLFAs under

three different farmland patterns in farmland soils/mol - mol =

R TR b (US) KB AEM(PU) FEH(PS)
Y PLFA 39. 06b 48.03a 46.2a

E# PLFA 6.41b 5.30¢ 8.48a
LG B TR 24.29¢ 28. 69b 39.21a
[ B 21.56b 25.88a 15.90¢
Y PLFA/E [ PLFA 6. 09b 9. 06a 5.45¢
G~ PLFA/G* PLFA 1. 13b 0.99b 2.92a

2.2.2 H PLFA {8050 0r
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IR P 2 5
2.3 AW PLFA 5 580 A G o B

A TEHE PLFA 5 1385200 B AR OCHE o3 Al 4 SR 3R
WI(3R5),3 FORFEFIHE 7 20 585 PLFA & | 48
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Table 5 Correlation between soil PLFAs and soil physiochemical properties

A LK ot A Lk TR P ik FH S F 3 ie
soC TN C:N MBC CEC

14 PLFA 0.962* * (0.000) 0.964 * * (0.000) 0.870* * (0.002) 0.956 * * (0.000) 0.474(0.197)
41 PLFA 0.947 * * (0.000) 0.964* * (0.000) 0.834** (0.005) 0.938* * (0.000) 0.474(0.197)
EL 4 PLFA 0.976 * * (0.000) 0.955** (0.000) 0.922* * (0.000) 0.975* * (0.000) 0.482(0.188)
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W PLFA/4IE PLFA  0.654(0.056) 0.492(0.179)

0.855" " (0.003) 0.686 " (0.041) -0.949 " * (0.000)
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