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Effects of Nitrogen and Water on Soil Enzyme Activity and Soil Microbial Biomass in Stipa baicalensis Steppe,

Inner Mongolia of North China

WANG Jie, LI Gang, XIU Wei—ming, SONG Xiao—long, ZHAO Jian—ning, YANG Dian-lin"

(Key Laboratory of Original Agro—environment Quality of Ministry of Agriculture, Agro—Environmental Protection Institute, Ministry of Agri—

culture, Tianjin 300191, China)

Abstract: In this paper, eight nitrogen treatments were applied at 0 g-m2(NO), 1.5 g-m2(N15), 3.0 g-m2(N30), 5.0 g-m2(N50), 10.0 -

m>(N100), 15.0 g-m>(N150), 20.0 g-m>(N200), 30.0 g-m2(N300)as NH,NO; and adding water to simulate summer rainfall of 100 mm,

the interactive experiment was set to explore the effects of nitrogen and water addition in Stipa baicalensis steppe on soil nutrients, enzyme

activities and soil microbial biomass. The results showed that the nitrogen and water addition changed soil physico—chemical factors obvious—
ly, the content of soil total organic carbon, total nitrogen, nitrate nitrogen and ammonium nitrogen increased along with the increasing of ap—
plication rate of nitrogen, on the contrary, the soil pH value had decreasing trend. Appropriate application of nitrogen could enhance the ac—
tivity of urease and catalase but decreased the activity of polyphenol oxidase. Nitrogen and water addition had significant effect on soil micro—
bial biomass C and N. Higher level of N fertilizer significantly reduced microbial biomass C, and the microbial biomass N was on the rise with

the application rate of nitrogen. The addition of water could slow the inhibition of nitrogen to microorganism and increase the microbial

biomass C and N. A closed relationship existed in soil nutrient, activities of soil enzyme and soil microbial biomass C and N. The significantly

positive correlation existed between total N, organic C, nitrate N and catalase, significantly negative correlation between nitrate N, ammonium

N, total N and polyphenol oxidase. Microbial biomass N was significantly positive correlated with total N, nitrate N, ammonium N, catalase,

phosphatase, and was negative correlated with polyphenol oxidase. Microbial biomass C was significantly positive correlated with polyphenol

oxidase, and was negative correlated with catalase.

Keywords: Siipa baicalensis steppe; nitrogen addition; water addition; soil physico—chemical properties; enzyme activities; microbial biomass

C; microbial biomass N
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RGN T RIS LIRTERE, 55 B IR X SR 5
H AR ARSI, PR AL 48°27'~48°35,
K% 119°35'~119°41" , ¥k &5 5 f 760~770 m, Hb 3
I JaE T B R X T R R R R
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mm, =0 CAHERE 2 567.5 C,AEH R 4 m-s™, ToFH

1 113 d 3Ty i S 1 A A Ry DU R

S ) B SRR DL IR &t 5 (Stipa baicalensis )

TERETE T TN, -5 (Leymus chinensis ) ALH:

. H B (Carexpedif ormis ) A% 8 (Artemisia commu—
tata) | i 15 5. (Pocockia ruthenica) . 5.3 ik A€ 3k (Ser—
ratula yamatsutanna ) . 2 25 %7 % (Viciamul ticaulis ) A

T (Rhaponticu uniflorum ) . ~F B E (Carex duriuscu—
la) M FEFAEE( Thaictrum petaloideum ) 55 Fy 5 WRNBY

AR, AT HEY) 66 Fh, JrJm 21 Bl 49 J& .

1.2 HiigEM T IEFERRE

1.2.1 FEHbis &

T 2010 4 6 J 75 RIS A1 N U B 5753 FK 73 i
Iy, iR R X T, 3 XK 3 im, will Xy
RRBIMALBACY- o KPS E 2 LB, 73500
AR S B ZEHE T 100 mm FEHE , AU FR
FEBERET ] H 2010 4F 6 F 15 HAR, 5 7 d SIS TN
10 mm J#EHE, 3 10 Y AR MAEHLE 8 PACEHIR
4:0(CK).15.30.50,100,150,200,300 kg N-hm?:a™,
Jr 2 YA LB 16 ] 15 HItR S0%A0 BUKF-5 5
271 15 Bt 50%4b K-, A # A NHNO;,
HRERE IS A REX ST AL , AR5 A AL FAKE R A
DX A X T it 5 it fn ) i 2 B (NHLNOs) AR 7E 8 1L K
H (A AEHE N B 7K B AR XS TR S K 1.0 mm) , K
JE BTSN XA o CK /)N DX [7] Hsf I5 576 4 [ 48 14 7K o
AL 16 ANEFH/NX, 6 RE S, /NMXTHAH 8 mx8 m,,

1.2.2 3Rt iR

2012 4F 8 J1, HHEA N 5 cm By L4l ¥ B Pl
B AR 2 SR AT R SR, FEAS A A FI/INX N
Fie B S RUBURE IR L 20 A mi, SR 3R A 4%, B 0~
15 em RS, BERR R LAY, R 1053
PV IEH 1 kg T3, R ATCRR B 4%, B AT E
P SRIRT R A A 0, S 3% 0 A o
1.3 3%

1.3.1 3P PR BT i I

TR BB pH (A 2R G SE SR
FUK 3 BRI E 7351 2 B B 7k
1.3.2 RGN 2

IRt R 5 5 1 L 6072 5 AR TR Pl R P P PR A5 M
Lb (a3 s Z By AL BEER ) Sk A2 B L a3 1 b R
it SR ) v Al PR P T S 111
1.3.3 3R R I E

PREX 10 g 42 2 mm §ifi ()87 1398, 33502 1 D 10



A EEFRIX DR G2 R 5 SRR PR ) Bk 2R S

2014 % 6 B

FFEK B 40% , AP EZE 48 h 5, >R 30 mL 0.5
mol - L K,SO, AR IE 42, F Multi N/C 3100 25 HLAR/
SVESI AL CRE FE HRA 0 B 2w ) I E™
L4 HiRsIT 590

K SAS 9.1 et A7 )5 223 Hr (ANOV A)
543 #71 (Pearson’s correlation analysis ) , & A Duncan
BT 2 IR B & AT

2 ER5HMH

2.1 |EFMKSFMNS T EEIBL R

MFE T ATLE M, KU, 13 pH HEZ T
Feash, HARBIMACTHm , pH (AT B i i
K, R AAL B (N300) #5 5 FRAL BE T B 4% , 22 5% i 3%
(P<0.05). AEAKZUS AL FR ) 138 pH b it (0= 1Y
Bt 2R REA R, (FR RO B AL BT R 4R
/N, ZESFEAR R E RN R R ALK T, K A ds ik 3
(e e €= o i |91 N e S = R & N
ST LA LR & iR 29.99~35.19 g-kg™, A A
RIS Ros N, 3 SAa MR & AL SRR
FHa#a#, H N50 .N100 . N150 N200 F1 N300 4k 3 1y
i B T HARANFE(P<0.05) , X RE Y 1.08~1.15
¥ ARKAERINSAE T A 27.53~32.46 g-kg™', L N100

H1N150 Ab PR iR Ry, H 5 HA AN PE 25 5 8 2% (P<0.05),
A3 AN RERY 115 A5F0 1.16 %5 AR ZSS K-/
T A SR AR SEORR], o KA I AR A
T, B RIS K3 0, -5 A/ A AR e B
2 EFFR G, H NSO N100 ,N150 ,\N200 FIN300 4k
PR B T A AR FE(P<0.05) , LAN300 4b
PRE s , BT IR(NO) Y 1.12~1.28 5. JEK U
IF B A IR, AR S & FIHET
A, ¥ILL N100 Fil N150 4bHfg Ry, H5 H Al 4b B 22 5
35 (P<0.05) , 43 & X} BE ) 1.09 £5F0 1.16 £ ; 145
e AR S 2R AE it P S ) B o B S 4 vy, oK
ATINEAE T N200 N300 4b 3 5 2 25 F %) BE (NO)
(P<0.05), 73l XT BRI 2.19 £5 0 4.01 15 AE7K AT
TSRS ERE LT TR, Hii
N50 N100 b3 e, 43 A B 1Y) 1.98 f5F0 2.56 1%
(P<0.05); AS[A] AL BEACE A A & i A8 A0 F 4
K, HHOKDBIMEAET , TEMESA T 22 -
Thry ke, Hirp N150 .N200 N300 4RSS R & &
2 T A AN, H 45 B 20 25 5 W3 (P<0.05),
JEXTRAMY 7.61~33.97 ff . AEKS M4 T N100,
N200 F1 N300 b PR RS A5 i 2 e T A 2
H. LA N100 Ab 35 f ey , 72X Y 13.57~24.84 1,

X1 AEALHELEBYEFUESER

Table 1 Soil physico—chemical factors under different treatments

Ab 3 pH TKHE Water  BEASZNHS-N/ A NO-N/ 2% Total N/ AP Organic C/
Treatment (1:5) content/% mg-kg™! mg- kg™ g-kg! g-kg!
KA BN NO 7.04£0.05a 8.19+0.26a 16.11=1.90c 2.61:0.16e 1.78+0.03d 30.41+0.92h
Adding water N15 7.03+0.13a 7.85+0.09ah 17.63+1.42¢ 2.94+0.26e 1.82+0.04d 30.19+0.73h
N30 6.94:0.1 1ab 7.98+0.14ah 17.79+3 43¢ 3.11:031e 1.8120.03d 29.99:+0.88h
N50 6.9420.12ab 7.66+0.31ab 17.15£1.59¢ 4.27:0.54de 2.0420.01c 33.02+0.62a
N100 6.91:0.04ab 7.57£0.16ab 19.80:1.89hc 9.52+2.12d 1.99:0.05¢ 33.69+0.51a
N150 6.9120.04ab 7.31£0.17b 25.02+4.90bc 19.88+2.43¢ 2.08+0.04bc 32.7420.78a
N200 6.83+0.03ab 7.59£0.11ah 35.2749.10b 38.99+4.40h 2.17+0.01ab 35.19+091a
N300 6.76+0.06h 7.67+0.29ab 64.61+9.50a 88.76+0.87a 2.27+0.02a 33.01:0.67a
oKk 4rusin NO 7.07+0.04ab 7.44+0.15a 22.65+2.78¢ 1.92+0.17¢ 1.85+0.08b 27.92+0.29h
Not adding water 5 7.15£0.18a 7.75+0.16a 23.6623.69¢ 1.9120.08¢ 1.80+0.03b 30.29+1.48ab
N30 7.09+0.03ab 7.49:021a 32.4743.59%c 2.63+0.25¢ 1.86+0.05h 27.96+0.68h
N50 7.04x0.01ab 7.25%0.17a 44.95+7 84ab 6.47£0.96¢ 1.810.02b 27.53x1.18b
N100 6.91+0.04ab 7.36%0.12a 57.95+13.08a 443543 54a 2.02+0.03a 32.34+0.46a
N150 6.97+0.03ab 7.26%0.12a 27.72+4.38hc 17.17+3.43be 2.14+0.01a 32.46+1.45a
N200 7.02+0.02ab 7470.12a 30.706.10bc 27.4023.67ab 1.85+0.03b 29.120.61b
N300 6.83+0.09b 7.50£0.20a 31.70+2.96he 34.97+4.11ab 1.85+0.03b 27.89x1.17b

T SN R 5 R 22 5 B3 (P<0.05) . FIlo

Note: Different letters within the same column indicated significant difference at 0.05 level. The same below.
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Figure 1 The activity of soil urease along with different N and

water addition treatments
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Figure 2 The activity of soil phosphatase along with different N

KIS

and water addition treatments
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Figure 3 The activity of soil catalase along with different N

and water addition treatments
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Figure 4 The activity of soil polyphenol oxidase along with

different N and water addition treatments
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TR FE(N1S (N30) BEH8 i 4= e 6l A= 9 b i 15 2t 1
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2.3.1 HESR A WG Mk A A DG
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Z W A ARG TS 2R S R B U (P<0.05),
SR ARG RN E MM (P<0.01), o
A EUE PR 5 4 R BILAR 5 S A 5 IR A
K(P<0.01), 5HEAA & i 52 3 IEAH ¢ (P<0.05),
Ui B DL 7R 4 2 1 R - SR 1 = K 32 3] - A
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Figure 5 Soil microbial biomass C and N under different treatments
*2 TEMEES TEFSWEXSH
Table 2 The correlation analysis between soil enzyme activity and soil nutrients
LIPS £ AR AR ALK
Pearson correlation coefficients total nitrogen ammonium nitrogen nitrate nitrogen organic carbon
Z W A AL -0.763 77* —0.835 49%* —0.855 15%* -0.602 47
polyphenol oxidase
1 A 0.930 48+ 0.693 06 0.718 28* 0.863 20%*
catalase
AR —-0.025 48 0.020 78 0.091 52 -0.129 17
phosphatase
TR 0.113 36 —-0.064 49 -0.074 46 0.221 06
urease

T " FOR BEMIE(P0.05), " Fon i B E AR (P<0.01).
Note: ‘*”indicated significant correlation (P<0.05), ‘**’indicated highly significant correlation(P<0.01).
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i IEASC(P<0.05), 5 Z2 B E Al A 0 5 2 T AH G
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Table 3 The correlation analysis between soil enzyme activity and

microbial biomass

AHIE R B WA YRk AR
Pearson correlation coefficients ~SMB-C/mg-kg™ SMB-N/mg- kg™
pUk ¥ et -0.771 78% 0.638 27+
catalase
Z WAL 0.841 66%* -0.714 37+
polyphenol oxidase
ATl -0.166 58 0.654 26*
phosphatase
JIx it 0.088 01 -0.301 60
urease
3 3tie

KRR L B 3G Fn KA Jey i 22 AR R 4
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