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fFF 5 X g T S AR (%) Yl e PR, 24511
K%K & 164 mm, [ 78 & 7 71 =535 000 mm, +
HRUR IR+, RG24 PR R85 FLE & T 5
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FENEBCHEFRSFF (CE/OM) , ALK 3 A~ F A (3
9 AN, BRI /NX AN 33 m* . CF AY4LHE
B NAEME R Z N 300 kg hm ™, P, 0,150 kg hm*,
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FBURiAT A H bR el 2 . BAEM 3 IRERE . R
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TaqTMPeIfect Real Time i85 & T CFX96 Real-Time
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Table 1  The primers and PCR conditions used in this study
E2 ElL/p2l Bk E %4 PCR AR
Taxa Primer sequences(5°-3") Length of amplicons Thermal profile for PCR
94°C FiAEHE Smin, 94°C AL 30 5,56 CiB K 45 5,
HAZWEY EuklA: CTGGTTGATCCTGCCAG 560 bp 72°C 3EfH 40 5,35 PMIEHR
Eukarya Euk516R: ACCAGACTTGCCCTCC Smin at 94°C , followed 35 cycles of 30 s at 94°C ,
45 s at 56°C ,40 s at 72°C
95C AL 30 s, 95CAE S s, 55CIRK 30 s,
i) 515F:GTGCCAGCMGCCGCGG 382 bp 72°C 34 30 5,35 PMIEHR
Bacteria 907R; CCGTCAATTCMTTTRAGTTT 30 s at 95°C, followed 35 cycles of 5s at 95°C, 30 s
at 55°C, 30 s at 72°C
95°C T s 3min, 95°C 254 30 s, 55°CiE k 30 s,
o 771F: ACGGTG AGGGATGAAAGCT 163 bp T2°CHEAH 30 5,35 AMFER
Archaea 934R: GTGCTCCCCCGCCAATTCCT 3 min at 95°C, followed 35 cycles of
30 s at 95°C, 30 s at 55°C, 30 s at 72°C
95 CHiAEME 5 min, 95°CAEPE 30 s, STCIR Kk 45 s,
HAMANE  amoA-1F. GGGGTTTCTACTGGTGGT 91 by 72°C A 1 min,35 PMEFF
AOB amoA-2R; CCCCTCKGSAAAGCCTTCTTC 5 min at 95°C, followed 35 cycles of 30 s at 95°C ,
45 s at 57°C, 1 min at 72°C
95°C HiZEME 3 min, 95°CAEPE 30 s, 55°CIE 4k 30 s,
HEAH T Arch-amoAF: TAATGGTCTGGCTTAGACG 635 bp 72°C FEA 30 5,35 PMFH

AOA Arch-amoAR ; CGGCCATCCATCTGTATGT

3 min at 95°C , followed 35 cycles of 30 s at 95°C,
30 s at 55°C, 30 s at 72°C
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wl SYBR Premix Ex TaqTM Perfect Real Time, §ij .J5 5|
P4 0.2 wl (20 mol L™") 1 8. 6 pl (1 KWK .
1.4 TiEEEEMEST

e AR S 3 K 41 (DNS) 2%, LA g
d =R R mg BN KBTS AR G H
W, LA NH, -N mg g™ d ™' SRy i ; 2B 0 FH 2T = A L
@3, A 30C F HEMR mg g™ d ™' Rz it AL R
fitf A5 g £IHFEO. 1 mol L' B4R MR ml $3erm ; i
R RGP BERR A — A, LA 37°C R mgg ™ 'd ™'
A o
1.5 itoh

SRS R LT £ (105°C , 24h) Sk ik, A
i Spassl1. 5 %, %t CK .CF 5 CF/OM &b (4 3
AR ) AT T MRG0T
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KM AE T T 5 R R AR 7= BRI
Tt N T 4 S P 5 /N 22 7 i BAT 2 25 Y

2.1

M (F£2), 5 CK #iH, CF Fil CE/OM 4b# i 3%
FEAR T -3 pH, I H CF &b 2 319 pH [ &5 T
CF/OM i (p <0.05), Xt +1E3 4T =, CF 5
CF/OM Ab#fi i 48 T H A Pk . 2% 20k
fif 28 B A AR I B A, AR, BR B RS, CF
SEPETF AR B TN LT CF/OM b3, [H]
i, CF 8¢ CF/OM A AEY) ™= i 3 iR & ik 370%
FERAR It AE 25 3 T AR AR KB IR IR (1
e it s A AN /N2 7 W o T Bt Ak JIES Ak L o 2
] = G i 22 5 (p >0.05)
22 TEEEMEY AR SESEEURED
*E

BRE - v A R S s, LR UE S TR
wEHRM(E 1), 5 CK XA, CF 1 CF/OM Jif
JEAh A5 8 2R T S AR W AT B B
F%E:  (H CF/OM bW &R B & F CF b3,
HAESIT L& 25, CF/OM ZhH T B A% 1%
AW AR T R AR i R 2.2.1.9 401,
1M CF AbBE T s nfs 4505 1.4 1.6 2.8,

*2 FTEEARERSEHTE
Table 2  Soil properties and crop yield /
e XN EERIR S 2R e A A A Fea)
pH Total salt SOC Total N Total P Avail K Avail N Yield
Treatment ; ; » . 4 4 -
(gkg™) (gkg™) (gkg™) (gkg (mgkg™") (mgkg™) (thm™2a™')
CK 8.6+0.1c 1.8+0.8 a 4.4+£0.2a 0.46+0.04a 0.85+0.04 a 232 +10 a 1.0+0.1 a 5.4+0.8 a
CF 8.2+0.1a 1.3£0.3 a 6.3£0.4b 0.65+0.03b 1.14+0.05b 151+ 6b 30.2+4.3¢ 25.1x1.2b
CF/OM 8.4+0.1b 1.8+0.3 a 7.2+0.2 ¢ 0.78 £0.04c 1.27£0.04 ¢ 188 £ 8 ¢ 20.8+3.1b 25.6+0.9b

1) i 6 4F/NAF ORI EE Total grain weight of wheat in recent six years ( Year 2003 ~2009)

25 281 /
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Kb B Treatment Kb Treatment Kb Treatment

#: B AFRESFRREREE (p<0.05). F[E Note: Different letters represent significant difference (p<0.05). The same below

> L ORISR R ) AN

Fig. 1 Abundances of soil eukarya,bacteria and archaea under different fertilizer managements
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Fig. 2 Abundances of soil AOB and AOA

under different fertilizer managements
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b Ak U DR B R R R R
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JIES A BT - B8 2R W A S R S e 4
K, WR e e 3k 2.6 % (B AL ) , s Ikl 1.3 4%
(HEHW) .
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Fig. 3 Activities of soil invertase, urease, prolease, catalase, neutral and alkaline phosphatase under different fertilizer managements
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Table 3 Correlations between soil microbial abundances, enzyme activities and soil properties I

B T T AN AR H / S ALt
Eukarya Bacteria Archaea AOB AOA Invertase
pH -0.33 -0.69" -0.56 -0.77"" o -0.47
4R Total salt 0.19 -0.23 -0.07 -0.35 0.03
H ALK SOC 0.92"" 0.99"" 0.99"" 0.99" 0.97""
4%, Total N 0.96™" 0.99™" 0.99"" 0.97"" 0.99™"
it A A A A R CRERTHAE
Urease Prolease Catalase Neutral phosphatase Alkaline phosphatase
pH -0.62" -0.2 0.94™" -0.09 -0.36
b5 Total salt -0.14 0.31 0.98"" 0.42 0.15
A ML SOC 0.99"" 0.87"" -0.37 0.80"" 0.94""
4%, Total N 0.99" 0.917" -0.28 0.86"" 0.97""
*:p <0.05,**p <0.01,n=9. T[] The same below
x4 TEREVFESHEEENEXRY
Table 4 Correlations between soil microbial abundances and soil enzyme activities
1L W FOW RRURAR R BB
Invertase Urease Prolease Catalase Neutral phosphatase Alkaline phosphatase
HAWMAEY) Eukarya 0.99"" 0.95"" 0.99"" 0.01 0.97"" 0.99""
40T Bacteria 0.97"" 0.99" 0.85"" -0.40 0.78"" 0.93"
W Archaea 0.99"" 0.99"" 0.92"" -0.25 0.87"" 0.97"
A k40 AOB 0.93" 0.98" 0.78" -0.51 0.72" 0.87"
REAETE AOA 0.44 0.59 0.17 -0.95"" 0. 05 0.33
BRI AL N EDLEE F RGO A 2, AT
3 W ® H, AOA X 4 pH b &5 U H AU (MR R E0A

AW, R AL IR AOA [ it & T
BAEACH AOB, X S5EAKREHIR—8" . &
SR 145 AOB AR A d A3, SR, IR+ 20 4R K
W1t AE AL B 23 AOB ({3 i34 20 5, 11 AOA [y
B2 AN 3. 2 4%, Ui AOB A fEAE H 1] 18 J5i £
i v & 4 T S AR A, 3% AOB i
PR TR KN . AR FFE X it U0
KPR PR ZAE A3 P 5 K i GE i HoAh Oy
ERE DT, i — 2k T AOA JEHE AOB 4=
K %5, e sh R LT R

A FT IR FE A, Ab A e it A F it A A X 9
HE AOB (1341 2. 25 /5 T it AL R A 3 (H )5 5 35
AOA (138 s U] 558 25 = TR (& 2) o pH ER 4 e
BRME A S AT KRG AOA WIRETE
SERFIETE . AW, AOA 1 FR A&
FHE S R K Y E pH 0 AOA

-0.99 5 -0.88,5 3) , 1 5Lt £k AE Ak PR S 85 - 3
pH B EREAL (7 3 ML AR, £ 2) , X
AT RESEH AOA B 7E 3 A P i v i IR
HEMAEY S 3R RUE Y P ) 2 B,
AT H PRt Ak AR 5 Ak B B it 5 A A B Y I 3 1
T B W B {H G AS A AL B R A R T
BEZMAEYEEIEm(E L) . BEREEEMAEY
Y R E A B, X EAA s s, nT R A C/N
FCE R S R AR W AR K AT C/N L,
MRS Frae et i n A K, B MY
MR . ek, Huit A N8 5 10 I8 BE At s AT Ak B
SN T AR ECR 20 PR N PR B 1 AR A R URR
FEIE M pH L TR R HEER A R T HA RS
B R R R A R AR, K
it N 5 = 38 = B A A 2 W I ks pHL i 3
FEAG, Rl e A MLak 09 & & B 3 3, A ) F
R A, NI 5 T 4l R 80 . LA, 7E B
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A=W AT T R i AE R S T R Y
S il W B AL I AL A B GRS AR AL R £
S B BRI R 0 2.8 A4 1 R Y
16S rRNA H [ 8 5 2 ALl B Y amoA 4bF Al —
ARG, FW A T AT BE R K Al R
Wi v ) A A, A b SRR U PG 1P A% T
HEAEH] o — oA ol R A T W s PR, {HL G 4F
K, AR R B A I A AE T AR
W I HAA SRR ERE 5 e B
B A3k 12% 0 B A TR S AR 2

RAEWFFERY] AL BCHE A HUAL 2 32 71 - ey
BT o ) — R B IE 75 =X, A S ROR & T
B FHACAE B A AE BR300 e o B A9 AR AT
Tt A T S A ) AR iR, B =
FAEFOR R AT SRR AL e
Ak B ) - S A ) 2 A A 2 i T AL L IE
AR PR (EAS T A S, Bt A A e S T A% Bk
ARG, 5 A RIEA IR KR AR . BF
FEFBUYA R AT e 80 7 XA TE 45 R 1 22 5+, B
AT B DB L A I IE 5 R 22 2R A 8 1)~ A
BigRik, AR TSR A 29O SC it E i PCR 4%
AR BrA 2 B 45 SR B S S S WA R A A B 5 X
Xt FH TR T A S i I 2 B R )

A AR i sl R v o) L e AR
RSN s AR YIS T 0m , i TR A B A AT
i A R 2 S P A Bl T R AR e S

RAYIRNE 2 25 3 1 S B AL RUE Y AR
WA ALY (AOA 5 AOB) IR, 12
TR R R Z R o & i, Hovh, AR it
R REARE T A9 - S AR By T2 B (AU
Yy AR Kot ) S I RERE (AOB) B (14 1
K 2) R B A LIRS RS
W TN ACCAE B (83 53£2), BARM
HARY R IO 22 5 (H LA LS5 R BENE 5T 0 i
A1« A S IE AR AT ) e A ASE 7 A 4 7 e ) T
F 6 T3 A HLRR S 57 o o B i L
AW AR E U AR 5 e SR 1 A O TR R A ]
BACH, rTREXS AR E A A

4 45 it

TG AL (. 35 AR T OB A T A A
W =F B K A ST A, i n] RE RS R A 2
REE B LA AR S PR O 52 i B 20 4R D)
P AN 55 P IE P S T Ak By 2 0 T 21 R AL
PEY Rl e AOB 25, 3R AOB fEARIX 11
AL A v A 5 T o A T RV A A i A X
A R W 25 5 (B R RS AT A A £
SRR Y B S R R A R
Fom THEACAC AL PH, HOR 2250 e M
B TR o AR AN T R AT Ak PR A 4R R AR
Py R R A A T4 e e A W) 2R X

PR, A SRR A — o o 1 DU s T%ﬁi%ﬁ%iiﬁﬁiﬂﬁﬁﬁﬁﬁﬁ o

TG M SR MRS L R A R
FEXRBE A I AU A0 7 R AOB
PR R R el (R AL R | 2 A TR
Bl ) PR AR B IE A O (R 4) , Rl , LAk
AW AR | R PR 5 A LR S A R
FIERR (K 3) , Ul A ) B A (A%
A=Yy AR G ) S IR (AOB) K |+
SRR R M R TR 43 i 22 8] ] e A D) AY B
Fo RAYIA [a] i JE AR 308 S 38 3 1R 45
A=W B A L, {EL B A AE G - R 22 B T
55 %k BEA BE Gt 35 AR Ak, i HL 3 51k S 9
AR, 0 1 FL 38w 3R 0 1) B AR RE 0 B A 1 1
A IR AR 5 /PR A Tt 5 T U S 3 0 1 e AL g L
it E R PP e TR N O, HLOR 2
B TR 22 0 25 v T B A HE Ak B, T AL A6 AT PC T
AT Ak B A 8 56 S I TG 1R 5 v B A Y
/e

OB BRMTERFRET DEATTFRE R
EARRSRAFEAARNXSE M F LT aH 8
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EFFECT OF MODEL OF FERTILIZATION ON MICROBIAL ABUNDANCE
AND ENZYME ACTIVITY IN OASIS FARMLAND SOIL

_\Li Chenhua' Jia Zhongjun® Tang Lisong'"  Wu Yucheng’ Li Yan'
(1 _State Field Research Station of Desert Ecosystem in Fukang, Xinjiang Institute of Ecology and Geography

Chinese Academy of Sciences, Urumgi 830011, China)
(2 State Key| Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract A 20-year field experiment on fertilization models, e. g. applications of inorganic fertilizer alone ( CF)

and inorganic fertilizer combined with wheat straw (CF/OM) was carried out to study responses of the soil in microbial
abundance and enzyme activity in the State Field Research Station of Desert Ecosystem in Fukang, Xinjiang, China. Real-
time quantitative polymerase chain reaction ( Real-time PCR) analysis indicates that the abundances of soil ammonia-oxi-
dizing archaea ( AOA) and ammonia-oxidizing bacteria ( AOB) were significantly higher in Treatment CF and Treatment
CF/OM than in the control (no application of fertilizer, CK). The population of soil AOB was increased at least by 16
times while that of soil AOA at best by 3 folds, which suggests that AOB play a more important role in in-situ nitrification.
Although Treatment CF/OM did not differ much from Treatment CF in crop yield, but was the highest in population size of
main soil microbial groups, content of soil organic carbon and activity of most soil enzymes when still sustaining crop
yield, which indicates that combined application of chemical fertilizer and organic manure is conducive to maintenance of
soil micro-biodiversity and plays an important role in improving soil quality for sustainable agriculture.

Key words Long-term fertilization; Gray desert soil; Microbial abundance; Enzyme activity; Real-time PCR
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