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Influence of long-term fertilizer management on topsoil microbial biomass and

genetic diversity of a paddy soil from the Tai Lake region, China

ZHANG Ping-Jiu, LI Lian-Qing, PAN Gen-Xing, ZHANG Jun-Wei  (nstitute of Resource Ecosystem and Environment
of Agriculture, Nanjing Agricultural University, Nangjing 210095, China). Acta Ecologica Sinica,2004,24(12) ;2818~2824.
Abstract : Study of influence of intensive agriculture on soil microbial community is one of the modern frontiers of soil quality
research. Soil microbial diversity has been shown as a definite indicator of appreciable soil quality and sustainable primary
production in organic farming (Mader,et al,2002). Paddy soils are generally considered as a unique anthropogenic type of soils
in China that have been subject to intensive farming with high input managements for the last decades. However, there has
been poor knowledge on soil microbial structure and activity changes of these soils under different managements. Here the
authors report a study on biomass carbon and nitrogen (SMBC and SMBN) and genetic diversities of soil microbes of Hangnitu,
a typical paddy soil, from a long-term field experiment site in the Tai Lake region, China by fumigation-digestion and PCR-
DGGE analysis respectively. Rice yield in this soil can be generally as high as 9 t/hm? under appropriate fertilizer application
and routine agronomy practices The studied soil is located in Wujiang county, Jiangsu Province, China and had been cultivated
under rice-rape rotation and treated with different fertilizer applications continuously since 1987. The treatments are as
follows: no fertilizer application (NF); chemical fertilizer only (CF); chemical fertilizer plus rice straw return (CSF) and
chemical fertilizer plus pig manure (CMF). The amount of chemical fertilizer per year is N as urea 28. 5 kg/hm?, P,Os as super
phosphate 3. 0kg/hm?, KCI 5.6 kg/hm? and that of rice straw return is 300 kg FW/hm? and of manure 1120 kgFW/hm?
respectively. The soil samples were collected from the top 0~5cm and stored in a frozen refrigerator prior to analysis. The

SMBC and SMBN were determined by CH;Cl fumigation-K,SO, extraction followed by wet digestion for measurement of C and
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Kjeldahl digestion method for measurement of N. The microbial genes were extracted with Fast DNA® Kit for Soil (Q.
BlOgene, USA) and PCR was done with primer pair F338-GC and R518, and DGGE analysis was conducted with Model 475
Gradient Delivery System (Bio-Rad,USA). The amounts of SMBC of the treated soils ranged from 268. 104+12. 79mgC/kg in
NF plot to 428. 08+ 4. 86mgC/kg in CSF plot, and those of SMBN ranged from 27. 94+ 3. 45 mgN/kg in NF plot to 45. 14+
1. 80 mgN/kg in CSF plot, showing significant role of organic input on soil microbial activity; Values of abundance index of soil
microbial genes were in order of 7.6721.53 (NF) <(9.33%1.15 (CF) <{13.33%1. 15(CMF) <15.3340.58 (CMF), while
those of Shannon index were in order of 0. 63+0.94 (NF)<C 0.724 0. 09(CF) <{0. 954 0. 05(CMF) <(1.0340. 02 (CSF).
Statistical analysis indicated a significant increase both in gene abundance and diversity of the paddy soil by fertilization
compared to that under no fertilizer treatment. However, much higher soil microbial activity and gene diversity was reached by
combined fertilization of inorganic and organic fertilizers than under inorganic fertilization only. Coupling with the data of
annual rice yield of the different plots, a very close correlation of soil microbial gene diversity and abundance index to the level
and stability of rice yields. Thus, the soil microbial gene abundance and diversity in paddy soil, as an important soil quality
indicator, cope well with the primary production and ecosystem stability of rice fields. The present study indicates that high
soil quality in paddy soils receiving combined fertilization of both inorganic and organic fertilizers sustains a high but stable rice
production while supports high microbial activity and diversity. It is suggested that chemical fertilizers should be applied in
combination with organic fertilizers for sustainable agriculture. And soil quality changes under shifting agricultural performance
in croplands could be traced by ecological footprints by using molecular techniques of PCR-DGGE.

Key words : DGGE; genetic microbial diversity; fertilization practices; paddy soils; microbial biomass, ecosystem stability
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MERERWHATLEEREMN—FEBEANEHNER. KPLOE ERX R+ E Y L R EREEHR
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K LIRS B A Y B R AR E R AR A T A4k . Ward, S8R R A 16S rRNA W F R IR R R FEH A
EHRERBIELHEFENTFEMEYSRE,Cheryl, 5 A E % A5 WY # 16S rRNA 75, %t Arizona f ¥ f - 8T 5318
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AR R T — AN K M K K RS £ IR R K 3 R e e A M B R AE SR N R R YL & R FIT A (N 31°05'900”; E:
120°46'924") , IR A F 1987 4E. ZHMAERTE LA 1100mm, I F KB L (ER L), # B (0~15cm), 7L pH R 5. 6,8
B (<2um) & &K 302.9 g/kg, FHE FXEHEE 20. 5emol (+) /kg, HHE 1. 2g/cm?, JR + WA HLBE 14. 33g/kg. RBRHE—FHH
-, RE 4 MR KM, 4B R AMER (NF) 85I X (CF) LR B i #S 4 X (CSF) ML B B i g 26 X
CMP), BMEREIAMER. LT 2003412 5 4 HFABKRBHERNBRMFERE, LHRE 0~5cm KELHK,
YRWEHRTHERRAKET. EMEEELER T EEAERINE IR,

1 #iXtMHBRAESERER

Table 1 Fertilizer treatments and basic properties of the studied soil

A LB £ £ b

Trfbatfent (ngWﬁ%Eifz Ca (;:2)) Organic C Total N Total P Available K
(g/kg) (g/kg) (g/kg) (mg/kg)
¥ Straw ¥ K Pig Manure N P.0s KCL
X HE NF 0 0 0 0 0 6.13 16. 54 1. 65 0.24 82
{LRE CF 0 0 28.5 3.0 5.6 5.93 16. 85 1.87 0.37 105
¥# CMF 0 1120 28.5 3.0 5.6 5.74 17.75 1.91 0.72 98
#4#F CSF 300 0 28.5 3.0 5.6 5.88 16. 79 1.87 0.37 88

1.2 BUEYBRBRENE

TR Y BB R A Jenkinson, %M Vance, % i) CHCl; B#-K,SO, 2125, BB P WHREYBBR A K,Cr,0, ik
H4L,FeSO, BEE  MAEYBARAFAREAEEY, 8MLHFEFE SKUE.

1.3 13 DNA R 5% 484 XN (PCR)

+ HEE Y 2 R 41 DNA 2 BUR FI I B Q. BlOgene 4 7 #) + 8 DNA #3 #2 BUA A & (Fast DNA®Kit for Soil) . Fi F9" 1%
514 2 Xt K £ %040 B A0 o 4 B A 16STRNA BB K945 R bk V3 K 485E FI #9351 P %¢ F338-GC M R518%, " = i Be K 44
200bp; 251 PCR K Ik & 41 B, 21 F : 25ng B9 DNA B4R . 2pmol/pl 5 4+ 3] 47, 200 pM dNTPs, 2. 5ul B 10 X PCRbuffer,
1. 5mML #j MgCl;.1. 5U # TagDNA B4 B;PCR R WM& TF:92 C 2min, 34 AFEFH YK 92 C 1min,55°C 30sec Fl 72°C
1min, B /5 £ 72°C T ZE M 5Smin; 385 # PCR =Y A 2 X ISR L ik U R & .

1.4 B ETHERK B K DGGE) 41T

16 B A0 M W B % %) 45 181 A Bio-Rad /A 7] 475 B4 B ¥ B & 48 (Model 475 Gradient Delivery System) ,ZEH#EMN LB T2
30% B 60% , B TR 6 Bh M 0 JRX ¥ BE 2 8 %% 5 7E 200V MU FE R ,60°CHu 3k 3h; AUk SE 5 , M B e 7E EB 4t 8 5~ 15min, BE it
10~ 20 min; ¥ 44 48, J5 9 8 2 B Bio-RAD # Gel Doc-2000 %% 848 40 7 & 4540 B ; #E Quantity One 43 ¥7 3K 4 (Bio-Rad) #5 B 4
ERRBKAWRNZOMERTHRTEEE.

2 Gitsw

FEE S R ARAH AT AR S F RSO 7 R AR A Eichner, %M1 Hedrick , % 8975 3777 Juii 4b 38

F Microsoft Excel 2000 $£4T, 481t 5 8 F MR 7 SPSS11. 0 #fF L kAT .

3 ARESW
31 TEMAEYERR
A RMEAEAL BT i MR A M B BRI S R TR *2 FAREEROMEDRER

2, ik R A Y BB AYZ 14 T 268. 10 ~428. 08mg /kg, Table 2  Microbial biomass C and N under different fertilizer
HEIRBETFUESHRB LS RAME RAFAMEERREF A  lreatments

28,29 N A SMB-C SMB-N SMB-C/ SMB-C/
BLBEYRBOWEERTS. AL ROBEY RIS Treatments (mg/kg) (mg/kg) SOM SMB-N
+ A H HH (SMB-C/SOC) 4t F 1. 62% ~2-39% Z M, ZmNp 268.1%£12.79 27.94%3.45 1.62  9.60
Ananyeva, % Sneh Goya, %l Belay, %4> JIRERILLE AN fLhECF 285.2745.66 35.27+4.63  1.69 8. 09
F 3% ~10%e0] X B, U E MG EEFERET L HMEY H#M CMF 310.54+9.94 40.16+2.32 1.72 7.73
BB, AL W B B TR AR AL B, F&#F CSF 428.08+4.86 45.14+1.80 2.39 9.48
B EYBRE LR ELERR 7.73~9. 60, EEF THESB SN RV AT RERC, FHEELHEN L DBRRAS
EEETREELAE, MAEREAVEHSRE T LEBEYRRA HEEIEBTFKRITHERENTIAX. X5FEE5%
SRS ENE MRS RE—BP®), Sneh Goya ZEF Simek Xt 10a U LW AE VL EHESHEET LEMED R
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BTSRRI X RS THEERE MR REDERRR WY R8T HEWER, AN HEAELEREE N T L8R
4y R A MAEYRBERORR, ELRABAEYREABRNER T REAEN L H P '

M RifF WM feE EEE

b
23130 MR

e

bp FIE
2000 .
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H1 HEERSA B2 +3%165r DNA & V3 K5 # /i
Fig.1 Genomic DNA of soil samples Fig. 2 PCR amplified 16SrTRNA(V3)gene of different soil samples

3.2 WAEMBEEZAEY

REUS i+ 3 E 4 K/ 23Kb, 0. 8% B AR MR B r 3k, B 1 4 B 1;PCR ¥ 34 /5 16SrRNA £ H V3 X K B K/h K
200bp, A 2% BRHEMEEEIE EIK . BRI E A 2. 4 MHEEAL K DGGE R nE 3, NE T LR E B E AR ST R MR
HEREXAMAERE, FRAGEEET BEHRANEH OEFETHRT MERR SHEFXMNE 2 FERRENOBERR
#, AMAUMSBALEE - MEVHFEEHFEAEARERERINRE IR REH, 0F 8 CRHERMEDR, A
EFRALEFERMES -, WE 4R HEEBEFLAET T REEYHNETER THEREEELET, W2 K
BABFHAFF SHELETHMEYEANERERERERERTARELET EREEELETREBES TR
MEAR AR T , KB R 5 Mader Xt 21a 78 RIREAR 77 3% T 0048 180k S0 0 1 400 A0 i A WL Ay - S B oy 0 8 T AL RS
HERYE. RELREBANDNSLETHAEDSRERBEYEER T XA HLET (P<0.05). GitaHRHE
BRI BB Y RS S A B T A 26 (y=0. 5362-+0. 2205, R?=0.998, P<<0.0D),BRTHMEE FBF
HWEWTHED SN, RO ETEQRERR T HEYE (y=2.0187x+14. 804, R*=0. 945, P<(0.05), Kennedy %A%
EaL RSN EEEEEAN . LR A R EREED . AR P HMERMR, LR ENS TR
B4 B 25 55 (UBR B T A (5] 9 1 AT 185 i 2 i H SRS ) A i I S s E R BB B s S e T AR IR I E R A TR T MY B
EMEMEHEE.

1 2 3 4 5 6 7 8 9 101112

18 - —— A3 B BE Species richness 1.2
T T YT R T I T T o —&— Shannon 8% Shannon's H
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B4 410 E
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ﬁ 10 - 408 §
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& 7]
6 L L L 0.6
JCHE NF 4LJE CF #3 CMF ##F CSF
A3 AFEMEAEHER DGGE K% B4 ARABEEBEHREYHHEEESERER
Fig. 3 DGGE profile of different soil samples Fig. 4 Microbial species richness and Shannon’s Hunder different
BRI ~3:; MK 4~6;4bBX.7~9; LK :10~12 fertilizer treatments
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M 3 abFBA A AR IR BORE AR 5% X ML HE X 5 5008 X 75 W4 18] 9 A8 0 P48, 4 9 A0 A X 5 6 BB IX (8] 9 46
{143 %€t , X 55 Donnell % Kimura SRIE AR, Gelsomino 3¢ BiFM ¥ 8 A1 15 Fh oMb + MBI R B T MR K
T MEAHFRRMNBHEDRE, O'Donnell NN EEE W T HAYNRELEN, TERFVEESET L8H pH H SR
T YIS 5 I8 4k, pH (A B9 A0 B EL A 4 10 B W R VS 45 4 0°) . Schutter % 48R FH HU 3RS B BR 1 IR (FAME ) 3k 3 it
F R M A S X B R B D B SN BEEAR, Z AR RMEY R ESWEE BT W RS M
FAEFXHRE AVRIBNSYEATRRNE. 2K BEHERE T RR L, 7 F 8K M AE 7 5 I 5k 5 0 1 3905 i 1 38
H, BEERFETHINKIBNLHEpH WL, EMAXEHAREHENRBWpHEG. 4 M. OMBEHAINRSTE
(1.80%F 1. 79%) MR MIER SRR FH K pH MR EME R TEGER D, BHit, AR E L HHEYHESHH
MU RERET M EERH TARME T LB RS EFEL IR EEW T LA RN EM B EYRE TR
L, L IERE A HUAB AT AR R R BK RS L e U B e, R H R (LB R A RS FR MR 7 X3 T L A YE MR ER
RAETHBEREL.

4.2 FEMEIELETHABFRBREESHEYEHME £3 AEMKELEEREDEEEMEER

ZRB/NIXHFEKEEEERITE . A\FERBEFR Table 3 Similarity coefficient of microbial populations under
BAKE B Sa BADRBLBEER K, 5 GRAFX Y dilferent treatments
WARBETRE, DRERAER 7a = RABH FHmay 4 _BHCF HROME ARCF R NF
B IX 4 P R R SRR K R IR Ta (07 Mok 1 g T CSE 1000

HHEX CMF  0.774 1. 000
ARLENRELEFSERBRABENER EREDE WK CF 0. 741 0. 750 1. 000
BEAEYERENEINRR. LBEDXEABFE]ES5HMEY FAEK NF  0.640 0. 727 0. 889 1. 000
REEBEMWMEERM (y=18.9839x—211.13, R*=0.924,
P<<0.05), XA L WHAEYFEMSESREET=NE —-EXR.

MERBRPABEEEABEREIING %2 §PMRAKBEFFEANERRESE N EBAEY SREEEMARES T KA
HFEBEMNAEXR R 6 iR, IMAYERERBABTBBEE  XBAKBE LI HMAEYZHEZWERBASR
GEFHHBESE, XEXHTEIEMEDEHHSESRTEREHNBEXRRI, Bilk,LIBRHEAVUERET L HEEY
ZRENRFIRE AMAAN FRBESFAERENBEMMRETT .

5 &g

ABEHARBEEEEA T LR MEYAEYETEN FRAYHBRETENSHEREAWBHPW. X FEHKKK
W R B+ R AEESAVENERF B ERE T LAY E FERFMES THEDHN EEEM L ENEY
BEAEM XRAXREANTR/EESRERWRAET SRR MEE , SOR /E M DL IE B HE L & & 00 RS FF 0B A 2540 b B f .
AEMERT LR BRELEHWNELTREEER S TARERS T T L HMOR A B &M, H450, 5 A PCR-DGGE H R R
T A Y REVE B REPETT LB R 10a RERFER S B T KR LRERAEL.,

w11
o0
1000 8 = 0.4024x0.353
_ —o— F57F CSF —&— 35 CMF g ool yRZ =0.9919
8 800 —&— {kLE CF —&— EJE NF a
2 5
o
IR VS A, Ik
i 5
‘ng 400 E
ﬁ 200 2 05 ; . . B
0 0.1 0.2 03 04
ol " N . _—
1 23 456 7 8901121314 FeRAERR BB Variability of rice grain yield
SKISEM Years since 1987 (a)
Ee6 KBEFEEFHRENIMESHEVEHENXR
B 5 AREKEXKBE-EERESE Fig. 6 Correlationship between variability of grain yield and
Fig. 5 Inter-year variation of rice grain yield Shannon’s H value of soil microbes
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