ISSN 1000-0933
CN 11-2031/Q

A d




L J: 4 A %R

«®'B
&9 (SHENGTAI XUEBAO)
vesmerns b 31 & B 128 20116 A (FAT)
B X

T HA I A 40 0 85 WA BB E A AL HOR T —— DA A B R R A oo

....................................................................................... & %,%—i@jﬁ,%%m,% (3255)
Y ST AR AR I 48 T T A AP BE SN G TSP v e e 7 H(3265)
BT B0 R R —— A B IRE B IBIA ] e WCAEHT, PH 7, /N, % (3270)
FEPLEITE ST A5 R 4D W T i T A B TG mfg e e vverer e g@ﬁ%’@zgf\p ,ﬂi%,% (3277)
o E AR IR AR I A RARACTR BRI R oo WORE,FRE K 3, % (3285)
) 78 K Ly i AN TE AT AR T G 2 A5 0 T cevvvneermnnnneeenni e SERE, FE#E AER, % (329)
KA A DI L LY BE YT cvvemeeemeemeeee KW F 204, T 40 (3308)
Z UL T RS BRI 09 PR JLE S A e IR, AT, F iR, % (3315)
5 F KT AR KRR T R AR T A B AT BARE K AL &% (3322)
AT 8hm A8 Koli =AM ARMEFE RN BRI 5 09 453 ooeeeeeeees Kk, XA, HIRA], % (3330)
R IEE A B LI Ao R M F RO R Y v e FlmeS KLM L 1 6% (3340)
Ph 5 AL AR AN ELELERREARRARRBEMGHrm o g, 5 B, HARD (3350)
A AKE AT R AR R R AT Rl 3 AP AT AE CO AR Rl oo

....................................................................................... ITHEMHE,FTE, I #E,% (3358)
Z @A P AL RANTE TR E T L LA F RS AR oo FERLE, A TR (3368)
AR F 3R B AL R IRBALAE B LS M AE S S eeereeeerree e ot Btk 3k Gk, % (3376)
DT LR kM £ RS CCA M wrrerrrrrreee ﬂﬁiﬁ,}% ﬁg’iﬂaﬂ ,g-; (3384)
AR & T BT A B L MR e Ko R, E RS (3391)
FUAIT T O A 0 IS R A B B o B oo F OO BRLE & (3399)
ABETTHTARBT SR GG rm e EEE EEfk AWK, Z (3415)
T RS/GIS A3 9% 8K £ 7 % 20 A TACBIBF K —— VAT 35 IR ANTE A ] wovveermeermmeenmeenee e

....................................................................................... p}y%f%’g @’fﬁ%%,% (3424)
BRI EIR TG v A SR e WA X E | MAE % (3432)
AT R UAG Ry 69 55 N B G B R T R R A A U T oo B OE,ENEFINLF (3441)
FEREBR AN TS RRIBSMALAGF e ZEE,EUW, ¥, (3451)
A EAF LIEE DGR F CudeZn RARGGHrA o w OWLE 4 EIRE L (3460)
T GIS 897 HAE KR E 5 R EEHPFAEFRHT -+ oveeemermeemenneeens G A&, GAE IR, % (3468)
R A AT XA B K E RSB F A H e x| B R PR, % (3478)
R B e Re At XA 4= 1% 3R W AU RGAR K 09 RALAF I VA VT I KR AL T ] cvvvnnnnnnnnnnnnnnannanaeaaaaanns

....................................................................................... ;g%*,ﬂﬁﬂ‘ﬁg’g& %,% (3488)
A AR LT AR T N4 % A A I o L BB B e X E R E X% (3497)
SRR RB AT T A A S G AR ARR BAREA ARG Yl e FEk, K (3504)
TR 5L
KPR EAR LA A F PGB ART T e HER,F&&E,F F,% (3512)
TR EHR
ALy Al 4 A AR SRS IRAF AR oo kEE B REY L (3522)
R B WA) RO DEM S48 2T ARtk £ &5 R AR AT BLRG B ofyeeevmveeenemesnnneeneees JESLH, R, R AR (3531)
FE R BB GG ATAEE] crreernereainii jﬁﬂﬁi’ﬁﬂ}g;ﬁ’gﬁg‘(ﬁ (3537)
S RAT IR AN A T LIRS A B A R W e BRETR,AS 4 AN, % (3543)
SR MLk B HE AL B v v vrr e i%%ﬁ@?,iﬂﬁ,%ﬂiﬂ:,% (3551)

BFIEARSECN 11-2031/Q # 1981 # m * 16 # 304 * zh * P+ ¥70. 00 * 1510 * 35 * 2011-06

ECEEECEEECEECEEEEEEEE

HEBEE: HRA WL « I 748 S T ——FE AR 1 AR K35 R 1030 8]y A A e o, 2% B 2% AnEg Bl ok, T ok
S, AT AR 2 L0, HDH: AR R Ee g i e = 358 ) B 3 7R 3 AR BR IEAE T £, B R R
By A BRRR

HERME. Bkt TESK http : //www. birdnet. cn  E-mail : dwk9911@ 126. com




A A 5 HE 2011,31(12) :3340—3349
Acta Ecologica Sinica

mARMEEE R I EREENMEYESR
Xof 452 451 R T B B D)

1,2 , = 1, * 1,2 A 1
AwE? kAW B % kARG
(1. FEPLAEET 5 X A Y S A Y R T S0 =, o E A= B s 5 5 B ST T, i 8RS 830011 ;
2. HEBHEBEATG AR, dLRT 100049)

FE LU R PO R b WF ST IX, SR R 5E 0 (NO) 0.5 (NO.5) 1.0 (N1) 3.0 (N3) 6.0 (N6)f124.0 (N24) g N
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Responses of soil enzyme activities and microbial biomass N to simulated N

deposition in Gurbantunggut Desert
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1 Key Laboratory of Biogeography and Bioresource in Arid Land, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgqi
830011, China

2 Graduate University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract; Nitrogen (N) deposition influences microbial decomposition and nutrient transformation rates by affecting the
activities of microbial properties, such as soil enzymes, microbial biomass and structure of the microbial community. In
desert ecosystems, where water and N are two major limiting factors for biological activity, minimal nutrient dynamics are
linked to comparatively large changes. In this paper, an in situ experiment was conducted in Gurbantunggut desert to
explore the effects of N deposition on soil enzyme activities and microbial biomass N. Sixty 8 m x 8 m plots were established
in the inter-dune area, with each plot having similar vegetation and a biological soil crust cover. Six N fertilizer treatments
(NO, NO.5, N1, N3, N6 and N24 denoting 0, 0.5, 1.0, 3.0, 6.0 and24.0 g N m™ a™', respectively) were conducted
with ten replicates for each treatment. Nitrogen was applied at the ratio of 2:1 for NH;-N :NO;-N (informed in NH,NO,
and NH,Cl) , consisting with ratio of the main N components in deposition in Urumqi. Soil samples were collected in May

2009 from 24 of the 60 plots with 4 replicates for each treatment (6 N treatments X 4 replicates). Soil samples were taken
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from two layers (0 —5 ¢m and 5 — 10 em) and transported to laboratory quickly. The results showed that original vertical
distribution patterns of nutrient, soil enzyme and microbial biomass were not changed by N addition. Soil organic C, total
N, total P, available P and available N pools were greater in the 0 —5 cm soil layer than in the 5 —10 cm layer, regardless
of N addition rates. The polyphenol oxidase and peroxidase activities in 0 —5 cm soil layer were 14.3% — 27.3% and
1.4% — 14.2% lower than those in 5 — 10 cm soil layer, respectively. However, the activities of invertase, urease,
alkaline phosphatase ( AIP) and microbial biomass N in the 0 —5 cm soil layer were 18. 0% — 98. 1%, 45.3% —
119.0% , 76. 1% — 138.1% and 77.5% — 162.4% higher compared with the 5 —10 cm layer, respectively. The soil
enzyme activities and microbial biomass N were more sensitive to N addition in the 0 —5 c¢m layer than in the 5 — 10 c¢cm
layer. Although low and moderate N levels (NO.5, N1 and N3) have marginal effects on oxidative enzyme activities in the
0 —5 cm layer, high N levels (N6 and N24) reduced the activities of oxidative enzyme. With respect to control (NO) , the
activities of polyphenol oxidase and peroxidase were 22. 4% and 12. 1% lower under N24. In contrast, the oxidative
enzyme activities in the 5 — 10 c¢m layer were not sensitive to N addition. With the increase in N addition, both the
invertase and AIP activities in the two layers increased at low N addition levels, then they decreased at high N levels.
Compared with control, N1 and N3 increased invertase activities in the 0 —5 cm layer by 49. 6% and 72. 3%,
respectively; and by 8.6% and 11.4% in the 5 —10 cm layer, respectively. AIP activities in the 0 —5 cm layer tended to
increase at the low N levels (i.e., NO.5, NI and N3). Highest increasing rate of 48. 6% was found in N3 treatment in
comparison to control. Nitrogen additions resulted in increased microbial biomass N, but decreased urease activities. With
the changes in soil enzyme activities, cycling of C, N and P altered accordingly. The varying soil organic C under different
N treatments may be partially due to the change of oxidative activities. The addition of N lead to the increase of microbial
biomass N and available N. Available P increased significantly at low N addition rates while it decreased at high N addition
rates in both the soil layers. Our results suggest that N addition or deposition can affect the nutrient flow by changing the

soil enzyme activities and microbial biomass in Gurbantunggut desert ecosystem.

Key Words: N deposition; soil enzyme; microbial biomass N; Gurbantunggut desert
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A 45 2 5 O B 40 LR VR AR Bt A, A5 SO R B 0 8 R B9 X
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1 MRFEE
1.1 A58 DA A SR AL

A DX I, T S IR 435 b v 1) vy JR B i AR VD T 2 U U R TR T A R [ R [ v, AR AR
3000—3500 °C ,4EFE/K & 70—150 mm, 4E7€ & f 2000 mm P b, & 2545 29 20 em BT | Sy B4 P T 52
S, 4 AE) T A BIREKERE SR 2FREKI 47.6% . HEFEE FEK RS el 385 K& & Y
WA AR TG SHE R . NETRARIRAR (Haloxylon ammolondren) FIEAMRIR (H. persicum) VP FEERER, WF5E
X IR A ME K EE ( Ephedra distachya) VP (Artemisia arenaria) X5 3] ( Horanowia ulicina) 2R 4E4- L
B ( Erodium oxyrrhynchum) BESE H ( Carex physodes) Flffi S EL ( Ceratocarpus arenarius ) 25 HE AR FIE A ALY
AR 5T XSl |32 o3 A 3 A 2
1.2 REsot 5Bk

2008 4F 10 H ,7EVPIIE I (44.87° N, 87.82° E) , EHAH M A W25 e % & A — B IX SR, € 60 4
BT (8 m x 8 m) 70 6 A AW E it AL B .0 (NO) 0.5 (NO.5) 1.0 (N1), 3.0 (N3) 6.0 (N6) Fi
24.0 (N24) g Nm™a™'  BAA0EE 10 T, o xR 0.0, 5 P A R UTREKT-,3. 0 3L E B
VB A TTRE K ,6.0 F124.0 2 2 MG R . A Z Bl e FE  H IR P T, 25 7 22 55 R ik
F, OMEEEEAE 2 W, R AR 3 A A (BT R ) 10 AR A (BESRT) |, it AR NH, NO, Fi
NH, Cl#% NH; :NO; 4 2:1 Tk S5 By T4 b 32 1A, Xof RERE Hb M7 [R)RE (1) 7K 43, B0 P W 7K s SR A e 7K
R AT AR AT

2009 45 H AT R IEHURE B it A BEREALBE R 4 FE 7 b AT, T HEHURE B L2 A B KR, 4y
0—5 cm Fl 5—10 cm PIZHUE . /D S5 Bk, BN FE 0 X M Z )y B 3 MRE ARG . BB R SRR
YIIG B R A A DR B ORE R AT (0] S 30 % | — 0 6 AR R AT 1IR3, 50— o0 RT3k AT - 43¢
il P A A S PR S
1.3 FEPRE MO

XA L5 1 pH B S3 ALK 2 N 2 P 2 K AN AR P FMEM K, pH FH 525050 H
PHS-3C FREE A1 DDS-307A Hi, 431 ( Precision and Scientific Corp. ) M5 , - 3545 HLAR FH 25 4% R 10 45 1 1 -
Fom#AGE; 34 N IS A RR-GL IR TH L1 AR N g 2818k 4 P RS- r b ik H3 P H 0.
Smol/LNaHCO, i $2- 86T L ik s & K FHRRVE - IO R Ik  Hisk K T NH, OAc i 2- KA e REiE ™) |
1.4 T IERGTE M

T IEZ W E ARG S o ALY BERE PER AR OR = e, D 30 °C T 55 2 h, B v H AR AR/ AR Y 55
R FREFNERGM:, R 3,5- T EK IR L G0k, DL 37 CFRE SR 24 h & ow LR/ N A i)
A PEECR R FEREBEE M o DRI AR - SRR A L (1 2,37 °C TR 3557 24 h, B v TR R /N 2R L)
NH,-N F%0E R R IREEE P S PE B AR B B R 2R Ll vkl a2 |37 °C #5357 3 b, JH A 5 - R/
A JAG A R B B B R S
1.5 fUEY = NE

JHEEZE-280 nm 2240 LAk KB E (1) - 3ERE 5 5 /K TR Y 2 )5 7K B Y 30% —50% ,25 C 1 % B
B3R 7—10 d, DAOREE DI S R A 25 R 0 ml te e SR 05 2B 75K, SO, #R U R R 22 AR B TN AR
29 em AT RAR N R L, TR E 34T 30 mL JC L BESEMT Y 100 mL Bt , 3153 4MCE 1 3%
A 2RI/ INGERR i FEZE I TS KA, B3, BT ISR 5 HF2E 5 min 4R, R
AR TS P E TEIR(14—16°C) 58I AL 24 h J5EBUE 4 708 RAF R HL T i E 2—3 h, il
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B LR DR e . ATEZEN AR T — TR b IR A 0, 5 U TS — R A
PR AE R EZE X IR M ZE AR ALY AR A 100 mL =AM, 4% 1K 1:4 1105 mol/L #YK, SO,
VW, %35 30 min S UE , 57 BIFE 280 nm AN WK | BE A% R BEZEAEAR [RI AL, FH A4 4 v A
JEPEHE RN B8 /g ME T+ = (absyp/Gy) —(abs /G, ), Hirfr, abs {83 280 nm AME FHIOEREE , G A E
Srr - mAY AT+ 5, ] Nunan 07 ¥ FEMUE Y & N2
1.6 Fdigit

2R B ] - SEBRALRRAE | SR TG PR R E Y N R BN R 7 2273 BT (one way ANOVA) |, e/
FXEFP(LSD) WA RFAT 2 E LA, TR RS MY R N s, A gtk
SPSS 13.0 (SPSS Inc. , Ilinois, U.S. A. )5, FH Origin 8.0 ( OriginLab Corp. , USA)EA,
2 GBREHSW
2.1 BUTREI I 4 AR Y S

M1 TTIEH ,0—5 em + 2 HHEAMIER 2 N 2P AN FARLP & T 5—10 cm, )2 34 K Al
A K ZRAK, KT 0—5 em L2 HEE ARG, 38 pH B 03281k, (HE RS, 38 N et

F1 FARERLETIEBUEREERSE

Table 1 Changes in soil physicochemical and nutrient characteristics under different N addition rates, mean+SD with ANOVA results (n=4)

+2 Qb3 HS%/ (ps/em)  AHUEK /(g/ke) 4 N /(mg/kg) 4= P/(mg/kg)
Soil layer Treatments pH Conductance Organic C Total N Total P
0—5cm NO 7.7420.24a 96.40=1.56b 0.9920. 05he 106.00+7. 81a 377.00+34. 60a
NO. 5 7.67+0.05a 98.93+8.04b 1.08=0.01ab 106.33=10.97a 369.33£17. 10a
NI 7.52+0.03b 99.43+4.32b 1.09£0. 1ab 101.33x1. 15a 346.33219. 86a
N3 7.4220. 11b 110.630. 86b 1.1320. 04a 105.67+8.33a 357.33£30.24a
N6 7.480.02h 123.43+3.04b 0.98+0. 00he 111.007. 55a 354.67+5.86a
N24 7.4520.05h 197.33£53.59a 0.9620. 11c 115.3314.01a 371.67£3.79
5—10cm NO 7.6620. 14a 95.33x1.18b 0.70+0.01ab 82.67+1.15ab 337.33£16.07a
NO. 5 7.66=0. 06a 96.00+7.21b 0.6420.02hc 83.33x1.53a 334.33£22.03a
N1 7.5220. 12a 98.33+8.33b 0.7320.05a 79.00=9. 54ab 331.3349.61a
N3 7.56+0.05a 103.676.11b 0.62:0.05c¢ 82.33+0.58ab 331.00+3.61a
N6 7.6520. 04a 109.33£3.51b 0.6420.03hc 85.670.58a 345.33£26.69a
N24 7.55+0.06a 154.00£14.73a 0.610.03c 72.33+11.02b 343.67+1.53a
Tz Lisel £ K/ (mg/kg) AN/ (mg/kg) AP/ (mg/kg)  BRCK/(mg/kg) S IE N :P
Soil layer Treatments Total K Available N Available P Available K
0—5cm NO 20.48+0.05 b 6.5420. 86¢ 6.3120.27abc 147.33x 3.21 e 0.62+0.03a
NO. 5 20.700.04 ab 5.100.51c 6.110.25hc 163.67+ 5.51 ¢ 0.64+0.03a
N1 20.57+0.44 ab 6.4320. 74c 6.76=0. 24ab 176.33+ 5.77 a 0.65+0.03a
N3 20.590.29 ab 10.841. 74be 7.000.08a 168.00 0.01bc 0.66+0.11a
N6 21.20%0.57 a 18.59+2.61h 6.11=0. 54hc 174.67+0.58 ab 0.69+0.04a
N24 20.710.44 ab 75.04+10.97a 5.99+0.71c 154.67+3.79 d 0.69+0.08a
5—10cm NO 21.440.36 a 3.81x0.86b 3.17+0. 10¢ 150. 67 6.66 a 0.54+0.02a
NO. 5 21.43+0.58 ab 3.4120.44b 3.1410.24c 144.00+ 8.89 a 0.55+0.05a
N1 21.25+0.21 ab 4.83+0.83b 4.17£0.19a 154.33£ 9.07 a 0.53+0.07a
N3 20.79+0.02 ab 5.01+0.71h 3.84+0.15ab 153.67+2.31 a 0.55+0.01a
N6 20.89+0. 64 ab 10.02+3. 82b 3.82+0.23ab 145.33£9.02 a 0.55+0.04a
N24 20.73+0.20 b 38.53+4.01a 3.50+0.47he 156.33+ 4.93 a 0.47+0.07a

IR B [ — S AR A ) 22 5 0 %
TSR A RN AR AN, TR N24 AbFE BN R B (P<0.05) . HIEM4A N 4P AN P &AbF
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i) 22 S AN W 2 T R AN P B SSRGS v e A A KORNERAL K R A AR, X 5—10
em )2 A3 pH (EICH B Ak, 13 SR TG AL N 7 & il 0 i, 44 N oI B ARk
POLMI A P EEAN P EF AR, BHEARL P RS> R
2.2 FUTRERG X 1 SRS 1 52

9 RAEFAEAN[A] )2 %) I 2 Wy F ARG P AN [F] . B 1 AT, 0—5 em )2 132 W A AL il A ik
FALI GG TE/ MK T 5—10 em )2 14.3% —27.3% 1 1. 4% —14.2% {B.0—5 cm + 21 HIEZ B E AL
TEPETE 552 A5 ,5—10 cm J2ZMA RN /N, 75 0—5 em )25, Bl 2 6 AL 100, 22 1 48010 s MR AIG
R AL FE T LR PR AR 2 AE N6 A1 N24 AbFET | FLIE R4 i EL X BRERAR T 9. 7% F1 22.4% . Z B4k
FE G 5 1 5 3R A SRR I (r=-0.60) . XFF 5—10 em )2, B RN R 1 2552 i 4 3% 22 ) S (L
TR, AR S M U N B e N 5 22 B SR AL B TR AR B X 0—5 em £)2 N6 1 N24 Ab PR 43
i A BTG 3 ) U R AR T 6. 5% M1 12. 1% , i B IEINXT 5—10 em )2 53 S8 A P B PE R i oA I 2
(K1),

X TR W | UK T R BRTE B R B, 0T T7E 0—Sem 2 H OIS PE > B L 5—10 em 2 18, 0% —
98. 1% 45.3%—119.0% .76. 1% —138. 1% ., &R ALBEXT AR BEAIHON AT : (1) BEFEEEAE 0—S em +)Z3H
1 N1 FI N3 Ab BRECEREE 40590 He X B =5 49. 6% 11 72. 3% , SR 10T, Bifi 25 it 0 RO 4k 22488 i, N6 FIl N24 Ak 2 3)
AR T 3B RS M  7E 5—10 em )2, N1 1 N3 Ab B 4 398 50008 B35 4 4301 Lo X R /=7 8. 6% Ml 11. 4%
FHE IR AT 0—5em T2, [FFE, B AKLHE N6 F1 N24 W FRAI% T T e st 1% vk . (2) XT3k 34 A
SR PR IEPEREAS . 7E 0—5 om )2 3G AU XS - S IR 0 15 RS2 ) LA 2, 55 00 BEAH L N3 N6 T N24
Ao B MR T 3 AR T 23.6% , 37.1% H167.2% 5 M 4E 5—10 em 2, 1t 00T - 598 W il 375 e F14) 52 i 2
/N N3 N6 Fl1 N24 Ab B A O At 5% 2 L st PR S RRARE T 20. 2% ,25.0% F142.7%  (3) BPERERRBEAE 0—5 cm
- 2 3 1 B 2 it A B SR N S R N A A N3 A IR W IR TS M K, L R S 48. 6% ;T 5—10
em 2 i - SR B T T 2 R RE A SR N 5 B A R A NT A B R i 9 6 PR SR B e R, X IR 13.8%
Wi 25 il 2P, IR M RRAR (R 1)
2.3 RUTHERE I L IERE YR N R

0—5 em +J2 HIEMEY R N S 5—10 em T2 5 77. 5% —162. 3% , 3 Y B it 20 0 38 fin i 43
T, FEAE N24 b B R HIERUE YR N f ,0—5 em 12N 57 pg N/g, JE X BARBRAY 1. 75 £%5;5—10 em 12
22 g N/g, Xt BRALEE) 1. 72 f5 (1)
3 itig
3.1 AR ;2 EHEREER AR N 25

0—5 em F15—10 em P9)2 FIERY AL R A R, 0—5 em + )2+ HEK i BEG PEFCE B N g & T
5—10 cm, 1M+ EALHE R E PR T 5—10 em )2 AWFSENN, S IEEEE PR AR, Al 685 + 3 pH AH
S MAHEFEH ,0—5 em 5 5—10 em 13 pH 225 AN, RIL, - EBERE M A9 22 5352 13 pH U5 IR 4K
/N, Alon ZEXF LA 8] Negev VDL ROIFGE & B, Hi T )2 R HEK S 00 B A A7 7, B8 T RE A LR,
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