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Abstract: To better understand the role that fertilization systems play in soil fertility buildup and evolution,
we employed denaturing gradient gel electrophoresis (DGGE) and restriction fragment length polymorphism
(RFLP) to determine the influence of different fertilization treatments on archaeal community structure in
calcareous purplish paddy soil under rice/wheat rotations. The eight fertilization treatments were as follows:
manure only (M), nitrogen plus manure (NM), nitrogen and phosphorus plus manure (NPM), nitrogen,
phosphorus and potassium plus manure (NPKM), without fertilization (CK), mineral nitrogen (N), nitro-
gen-phosphorus (NP) and nitrogen, and phosphorus and potassium (NPK). Our results showed that long-term
fertilization significantly affected soil archaeal community structure; the richness and diversity of archaeal
community under NM, NP and NPKM were lower than those under the other fertilization treatments (M,
NPM, CK, N, and NPK). Based on the DGGE patterns, two soil DNA samples isolated from the
NPK-amended soil were used for RFLP analysis of archaea. Phylogenetic analyses showed that archaea in
the calcareous purplish paddy soil was highly diverse, and the sequences were closely related to those
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archaeal sequences isolated from various soils and water environment. Cluster analysis of the DGGE profiles
showed that archaeal communities under the eight fertilization treatments clustered into three groups. In soil
from paddies currently under rice cultivation, the archaeal communities in the soil amended with M and NPK
grouped into the first cluster, while NP was in the second group, and NPKM, NM, CK, N and NPM were in
the third. In the soil with wheat cultivation, NP-treated archaeal communities clustered into a cluster, NPKM
and M were in the second cluster, and N, NPK, NM, NPM and CK soil communities comprised the third
cluster. The cluster analysis showed that crop type impacts the community structure of soil archaea.

Key words: fertilization system, DGGE, RFLP, archaeal communities

W EA MRS, AR SR A
B, o H AP BRI TR RS o R
JZAFAE TN W FOR TR LL K g,
I H A i b R 5E TR 1) 22 £ (Delong & Pace,
2001). Karners4(200L )3 ik X AP g 7K H ol 1 757
S G, UE R A BRI A A )
M3, PSR R TN B R REE, W E AN
ST TR TR T BRIAE B 3 A A R AR Rk Ak
2AAG IR e 25 HE 2 ] (Garcia, 2000; van der Wie-
len, 2009), %42 il B0 2 AE WU ERAL A A (1 2 AL

al., 2008; Ye et al., 2009).

OB, ARV B 4 it e S 25 4 ) 3k
AW AR o IR RE S S e
T AR I R AR ) $E bR 2 —(Bastida et al., 2008).
KIALCK, Wl T3R8 077, AN H 3 A=) 2 6
PEREIE B 2 AR B A EE /D (Brock, 1987). B
Moy TV HOR T BO AN N T H AR A
EYEB RGN, KT VFZ AR A 1K
T, IX L0 AN A= W el F AT AN W] A0 1) 5% i
(Pace, 1997), Muyzer#1Smalla(1993) & 5t A% P f
J5 Bk i FEL YK (denaturing gradient gel electrophoresis,
DGGE) i A T FT T 40w ik 454, H izt
RO ZHF LIEHEY A2 AR . A
Sk, A2 E A 145 5 DGGERIRFLPASE 4 Fhric b
ARBFFT T K5 A7 it 6T 358 7 B e by 1 Rl U4
A RS 45 R 1) 52 (He et al., 2007; Peng et al.,
2008), {H 174 5% T 3T 2 A7 it JE o A7 A 5% €, K
R b TR IR R i (1) 4

FO R EE ) R, SR Z2.00
X107 ha, FEPU)IZEH A 3 A7 R B B AR -
HE(IHANL1.13X 107 ha, & R), Hrhmktk ek
W&o A b, A 414.00 X 10° ha (Zhu et al.,

2008). Ay 1 Wt I it AT Ay AR 55 KR o B 1 R
M) HEAEA% S L A B I B2, DY )1 Ak
MR B - SR 5T P T 20t 20 804 A 411 7)1
TR B DX KRR KRR ST T NPK K
e A MR . AL 45 A DGGEMIRFLPE R,
PRI T AN [t JEE S0 S 558 by TR AR A A PR s e, R A
PR TR AN () I 1 52 P o S AR AR, T B A A
IR ZE KRG - rp B O AR 2 e AR R AR A

1 MBERE

11 Wit

S R T DY A 2 T T A X 2 R
F.41(30°10'50"N, 105°03'26"E), kW HA7 R 2% X
. SEERTTART19824F, 4k JRUA S R (A T
J&, BT AR, PR R SEICR A sg Ak AL
MALw I T E, WESAMEEL: )ARFEEM: Tk
By R EIE, SAHUTRLS mg/kg); ()FIE+RFIE
(NM); (3)AMEAE+A ZKAE(NPM); (4) BB AE+4 X
HE(NPKM); (5) L HE(CK); (B) & NE(N); (7) %k Al
(NP); (8) U I (NPK) o 5 A H A b IR} F e FH
A, RFE: 3x10* kg/ha; HUE(N): 55.2 kg/ha; WEIE
(P,0s): 13.2 kg/ha; #AE(KCI): 31.5 kg/ha. F&FFf b Bl
BRI, 324X, ANXTHARL3.2 m®, SZE /N
X IH KR b T, R 2 A HKE. R
INFZRREEEAE o KI5 A7 i JIE S 56 TF 463 P = 338 11 it
¥IFE IR0 A pH 8.6, AHL15.9 glkg, 4%
0.109%, 4= 7% 0.135%, 4= £ 2.689%, Wi fif % 66.3
mg/kg, 13 %0#3.9 mg/kg, 5 %4#1130.6 mg/kg, 25k
#1699.4 mg/kg-.
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S . L EIHEAT 1 R DNAIFEEL, Pl 4x LA
1E-20°C VKA TLORAE LA S J5 8253 B o iR KR A
AN S AL R R 2 KT g K E
#1.

1.3 TIEHEAEEWHIPCR-DGGER 1T

131 FEUEFK

DGGE it /111X #% ) DcodeTM  Universal Muta-
tion Detection System(Bio-Rad Co.), 5144 115
16S rDNA V6-V85 742 X (Dvreas et al., 1997),
¥ PCRY™ 14 BT H 514 ) PRA4GF MIPREALL00R,
% JPARCH 340F-GCHIPARCH 519R, i i
LAY TREH AR RS IR A F 5 e
1.3.2 TIEMEYEDNARREL

¥ HiFast DNA SPIN Kit For Soil (Bio-Rad Co.)f
IRAVE Tk, FREN0.5 gF—20CARAF I L HERE S, 44
IRFER 25 52 5 BRI T T304 40 5. DNAFIHEEL
1.3.3 HE16S rDNAKJPCRY 1%

K HNested-PCRFE /7. 2f—IKPCRX NAK R A:
PCR Master Mix (RKHAEWRH AL AR A ) 25
ul, BEFF51470.5 pL (25 pmol/uL), 0.5 pL 10154 B
[ 1 1% B DNA, Jndd H,0 % & A4AFR50 ul. K/
Touch-down PCRFEF: 94°CTiAsPE 5 min, 94°C |
min, 65-55°C 50 s(EEAMEHIEF#{%0.5C), 72°C

*1 MERERZHELETRERNT LIRS KE (%)

1 min 30, 20/ME#, #RJ57E55°C AR K BT 4k
LY IIBAMIERR, 72°C7 min, f) T4 CHE IR RAE .

5 IXRPCRIR VAR & Rt 55— IKRPCR/™41:10
PR S VPR E4TPCR. 1A & Jy: 10X PCR buffer 5
uL, MgCl, (25 mmol/uL) 3 uL, dNTP (2.5 mmol/ uL)
1 L, &FHS#(25 pmol/uL) 0.5 L, Tag DNAKE A
fitg(5 u/uL) 0.5 uL, #iHDNA 1 pL, fidd H,0% 2%
PARAB0 plo SNVFE PS5 —FePCRIGIEAN |, &
K AR N T 20 MG 3A63-53°C, JH15ME3R53°C,
HAb PR 5 55— IXPCRAH A o

HUPCR )43 ul, 1.0%35 6B ot s v b k)
(DcodeTM, Bio-Rad), Bio-Rad /2 ¥t % k1% R 4;
(Gel Doc Documentation System)¥i %2,
1.3.4 PCRP4IHYEE 1445 5B Ik (DGGE) 43 #f

U5 —RPCR™ 415 uL#k{TDGGEZM#T, 28T
FUAF 52 55 [ 24 20-50%, 5K 1A s 1 fr 458 i o 55 49 8%
(100% 1A= MEF A K 27 mol/LAI140% (1) 2= B 1 H ik
Jii) o FEAXTAEZE P, 50 V 30 minit ik, F/E150
V 60°C I HLYKS ho LK G SR FH St o A G (.32
BB T 4 7 (Riesner et al., 1989). FHERLAHHL
I, F8 20 g 4 B T Bio-Rad 24 & 1 ¥ i i 1%
% 4 (Quantity One, Bio-Rad, USA)Z#7kE i Hi Uk

Table 1 Water content of air-dried top soil under different fertilization treatments after rice/wheat cultivation (%)

HifE 78 Fertilization treatments

M NM NPM NPKM CK N NP NPK
JKFEER G After rice cultivation 4.043 3.993 4.987 4,057 3.969 4.990 3.942 3.753
INFEWER G After wheat cultivation 4.855 4.887 4.232 4.209 4173 4.783 4.075 4,787

M, R NM, R EIEMENE; NPM, &KIEMEBEIL; NPKM, REFNEINEBEAIL, CK, TG, N, FUIE; NP, ZBHIL; NPK, Z#EAIL.
M, Farmyard manure; NM, Nitrogen plus farmyard manure; NPM, Nitrogen, phosphate plus farmyard manure; NPKM, Nitrogen, phosphate
potassium plus farmyard manure; N, Nitrogen; NP, Nitrogen and phosphate; NPK, Nitrogen, phosphate and potassium; CK, No fertilizer.

%2 DGGEXIE A HE16S rDNARFF R 1E5]41(5]1 BDvreds et al., 1997)
Table 2 Specific amplification primers for the archaeal 16S rDNA in DGGE experiment (adopted from @vreds et al., 1997)

and

519 16S rDNA H 75 X (= %4) Bkl

Primer 16S rDNA target (base number) Primer sequence
PRA46F Archaea (46-60) 5'- CITTAAGCCATGCG/AAGT-3'
PREA1100R Archaea (1100-1117) 5'- TICGGGTCTCGCTCGTTG/ACC-3’
PARCH340F-GC Archaea V3 region (340-358) 5'- CCTACGGGGC/TGCAG/CCAG-3'
PARCH519R Archaea V3 region (519-534) 5- TTACCGCGGCG/TGCTG-3'

TEPARCH 340F 5 [ 4115 5iias In“GC " JeAi: 5-CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGG-3'+ 4.

The sequence of GC-clamp: 5-CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGG-3' was added at the 5’ end of primer PAR-

CH340F.
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PG A BERLFE A, XF T 7 DGGE Hi vk L AR
AL AEAE A 2 B [ — L8NSRy EA T T 3 A
G A8 P TR A BB
1.4 HE16S rDNARITERE. RFLPEIE K

{EDGGE WAl I, MR 46 2L F 5, B
NPK JEREAb R (1 75 2% - 5 DN AR AL K R /N 32
(38 1 M RE, JEATRFLPSEHK:, T A K 158
KRB N H ARG KB A . PCRIR VAR 51.3.3
FIE AR . 52K H Nested-PCREE /7, 51.3.3717
R, HJEFES - HPCRAY, I KA vk
i, MARFE ST . 5 KPCRY| W) K ArdFFI
Ar958R; £ " IKXPCR# 4} ArORFIAI3F(#3).

55 T URPCR™ 1 28 1.0% 350 I H t J1e e, ik A4 il
J& fClean-Up™ PCR™#)4lifk ik £ (MO Bio La-
boratories, Inc., Solana Beach, CA, USA)#174li1k, .
a1k )5 IPCR ™) H % #: 2|pGEM-T easy (Pro-
mega)F A b o BEAS T AR S PR 1004 BH P S T,
I Aval FIMspl P it SR 248 3 DI R IEA T BG LT o %
Pt 1) V] 3 v B S AN [R] P P e P i R AR TR
R T CRIE) AT . BTG 78I EINCBI L3t

%3 RFLP3:IGFHE16S rDNABSE S 12514

EREATECRE, B Clustal X 1.83-5 B 5% i 16 7
LA KR oy A B P AR R R B, ITH
MEGA 4087 . JFHIE R &S h:
FJ4819334:FJ481944.,
15 HiiEaeE

75 2253 K R FHSPSS 12.05¢ 1. DGGEHr4 &l it
F ] Bio-Rad A 7 ffiQuantity One 4.1. 1% 3 47. 1)
ShannonZ FEPEFREL(H). & & (S) M4 FE(EH) K
VRO TR 1K 2 A6 . AR T 22Ut 5 (Saikaly et
al., 2005):

H =—Zs: Piln Pi=—i(Ni/N)|n(Ni/N)

EH = H/Hpa=H/In S
Forb, PS4 A9 L R VKO8 HH AT 451 2
S AR LU AL, SO RE—PKIE B K 25 i 4L

2 R

2.1 A[REHEARAIE 118 H E A DGGERE 2 4
AN [) it S 1) 88 6 A 2 455 e o T R 4
0 IDGGE Kk WL &1, Wi K1 LB H, AN

Table 3 Specific amplification primers for the archaeal 16S rDNA in RFLP experiment

EIE7] 16S rDNA F 47 X (i 41) 515 226 3Lk
Primers 16S rDNA target (base number) Primer sequence References
ArdF Archaea (8—25) 5-TCY GGT TGA TCC TGC CRG-3' Hershberger et a|_’ 1996
Ar958R Archaea (958-967) 5- YCC GGC GTT GAV TCC AAT T-3' Delong, 1992
Ar9R Archaea (906-927) 5-CCC GCC AAT TCC TTT AAG TTT C-3' Jurgens et al., 1997
Ar3F Archaea (7-26) 5- TTC CGG TTG ATC CTG CCG GA-3' Jurgens et al., 1997

Y=CRUR§Jik, V=AECEiG Base Y equals to base C or U, base V equals to base A or base C or base G

M NM NPM NPKMCK N NP NPK

M NM NPM NPKMCK N

NP NPK

E1 LIEHE16S rDNARIDGGES (a, #iE/KFER LIE; b, Ml NEE LIE)
Fig. 1 DGGE analysis (a, soil after rice; b, soil after wheat) of archaeal 16S rDNA gene retrieved from the soils
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it A S 2 ) - 3 TR DG GE 13 4 A8 4 T B
FIRSS FSAFHIA, B0 B IR SR R
S, S KU e A it B 2 S g R R A
oo ARSI SN T 8t B il BE X A AP € oy
PRETR 5 R ), &8 R R AN SR PR K R a2
/N, NM. NPFINPKM 37 it HE AL HE T (1) ol i B
S Z PR AR T S A LA F (M. NPM,
CK. NAHINPK)(#4), Hr DANPKALHE T 35k B
AR, B ENPAREE R 4.
DGGE4ZE Rt M, A1 KV A+ E R /KR A
PINFZ SR A g R R R 2 SRR . [
I, A [) it JE Ak BT oy B L AT — S 3 [ AR A gk
5, U B [ e L Ak BT Ay A 1 55 8 AR A R

FRER A P
22 TIEHEESRSMWBMLES

AN [ JE AR BE N 358 B DG GE ¥ % (1) 2 26 4y
T2, L3RR KRG )5 (M DGGE R S 45 L W oR,
AHALPE R $<0.551), 3 B R k32 NPK
JIERHMUJE Ak B () 1 458 oty B SR 0 — N, NP Rk
PR 3 R PR AR AN, NPKMLNMLL CK ..
NFINPM St It Ak 348 1 oy BT 2R BB — /N F . (0D
RN ZZ I L agerh, A UME R 2<0.6115, NPALFE T
(1) - 338 7 PR SR B — N, NPKMIEFRTMIIE &b 2 11
T RS AN, NPM. CK. NM. NFINPK
b PR PR B A AN o s AN TRt I T -
et TR S M AR UM B I 2

F4  KNEGEAEAIET & & HIShannon % #1435 E(H), EEFE(S)FAHSE (EH)
Table 4 Archaea diversity as indicated by the number of DNA bands, Shannon diversity index (H), richness (S), and evenness (EH)

M Ak 2 ShannonZ ¥ 7 41 FHE B
Fertilization Shannon's diversity index (H) Richness (S) Evenness (EH)
treatments JKF& Rice /NFE Wheat JKFE Rice /NFE Wheat /KT Rice /NFE Wheat
M 3.08+0.13° 3.13x0.14° 21+2.00° 20+2.00° 1.016+0.00° 1.014+0.00°
NM 2.94%0.09° 2.99+0.07%® 18+1.15° 19+1.53* 1.017+0.00% 1.018+0.01°
NPM 3.040.09° 3.09+0.09° 20+1.53° 21+1.53° 1.014+0.05% 1.015+0.00%
NPKM 2.99+0.09° 2.99+0.03%® 19+0.58° 19+1.53% 1.017+0.05% 1.017+0.01°
CK 3.09+0.07° 3.040.07%® 21+1.16° 20+1.15° 1.015+0.05°% 1.015+0.00%
N 2.99+0.09° 3.08+0.03* 19+0.06" 21+153° 1.014+0.00% 1.017+0.00°%
NP 2.89+0.09° 2.89+0.07° 17+1.15° 17+1.53" 1.019+0.00° 1.020+0.01°
NPK 3.13x0.16° 3.0420.11% 22+2.08° 20+3.00° 1.013+0.03° 1.014+0.00°

FEAEALBEAR S A1 1, [R]— H AN ) S BERTRLEB% I K- 25 5 2% . The eight fertilization treatments correspond to those in Table 1. Values in

the same column with different superscripts differ significantly at 5% level.
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Fig. 2 Cluster analysis of 16S rDNA DGGE profiles for archaeal communities in the soil after rice (a) and wheat (b)



374

£ ¥ % F Pk Biodiversity Science

19 %

163

130

996

AM778315 H/KFE1 Anoxic rice field soil
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El3 ARMERGKELHELS IiDNAREXERFIINAGLEBE, BHIERNFSISHALLHRE.

Fig. 3 Phylogenetic tree based on archaeal 16S rDNA library and some other known archaeal 16S rDNA sequences. The sequences

in squares were isolated in this study.
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2.3 HMBHERFMEFATME. RFLPFIFSIS T

ARG R EMKI) TR, AR HEFYS kA
AN [) 358 R K AR B8 B8 1 b TR B A B I8 A AR
FJ481936 5 /K A& H PR AR, 38 v 11 7 BEAM778315 5%
7E — g, FJ481939 5 /K FF #id b 1 58 vh (1) o 1A
FM165683 #H {1, FJ481938 5 /K f& + v 1) i
AJ5562564% 1, FJ481943F1FI481944 73 il 5 /K AARIR
155 1 TR EU481527 A1 VA ¥ - rh 1 BHEU753461 5K
TEPANSAS R RE L, FJA81934F1FJ481942 5 ik +-
HE T AY 2780985 11— Mg L, FJ481937 5 Bk Hh
M 4585 REU371876 %0 #41r, FJ481933. FJ481935,
FJ481940F1FJI481941 554N 1 B4 J7 41 B ph SR AT —
B, RAREER B RKIEE O N WSS
AR

3 it

Y TP T 2 RV TN AR A
Yyl bR AR S AR DL T U E R TR R B
HA7 % X (Timonen & Bomberg, 2009). /%
ATAIEFT T AS T3] it A Ak 38 %o - 48 oy o A ) 2 2 4 A
HTE I 20(Di et al., 2009; Chen et al., 2010), He
£5(2008) 1 7T e NP K AE 55 45 BT AR FC it X 1= 3 2 4
A v R R 2 AR A A R )5 T B W ik, GuiEE(2009) 78
R IR A, 27 BEASH C it A 2% S B S it A 2 HE K] B8 R 0
SRR KRG A E 2 A (ARSI
HERNPK 5 A5 HURE BC i AN F1 1 4 18 v 1 B VR
IRE, AN [t AT i B0 - 438 v (A TRl 3 A= 4
TEBGEREE MR, J5U R AT e AN A A P B
TR SR A B HEE

ARSI R, M. NPM. CK. NAINPKALFE T (K
e R E 2 BRI TNM L NPKMATNP LA it
NEALEE . NPKAER}AG LT 381 B 2 A M e, 1
NPALHE T [, X VF A BT PRAE A Bc & 4
RT3 R )k & (Conrad & Klose, 2005).
XT il R DGGE B 1% 1) SR 2 o3 i W, ANE A A K1
FO0 b BRI KAEIE /N, 8FP it IE AL BRI SR A3
ANBEHL . Watanabe% (2006)H)F 97 & B+ 3 vp (1) 7= HH
ot by T S T R A (), 1T 52 g it A
S Ve g 7 B D, BRI AT R
Bt ol B R AT T K R TR R ) IR A A A
A K (Lueders, 2004). ASZEGE IRAFFTLE RAHLL,

i 1K 30 5 7 i I AN e o5 A R M R e AR B
(e, BT LZE IRDGGE I (K1), "I LB WA
[t A Ak B[] AR PR A 4%

O A AR ST R I AR WG FA Y O B A M R R
Bvh 2 #74F (Sandaa & Enger, 1999). X #16S
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