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Effects of increased precipitation and nitrogen deposition on soil enzyme activities
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Abstract: An in-situ field experiment was established to examine the effects of increased precipitation and nitrogen
deposition on the activities of soil enzymes in the semi-arid Leymus chinensis grassland of inner Mongolia during the 2014
growing season. Water was added at two levels (WO, no additional water; and W15, a 15% surplus on average rainfall )
and N was added at four levels (CK, 0 kg N ha™'a™; LN, 25 kg N ha”'a™'; MN, 50 kg N ha"'a™"; and HN, 100 kg N
ha'a™) to simulate increasing precipitation and N deposition in a future global change scenario. Effects of different water
and nitrogen additions on the monthly dynamics of N cycle—related protease, urease, nitrate reductase, and nitrite reductase
activities in grass topsoil were quantified. We also analyzed the correlations between all variables and soil physical and
chemical properties. Results showed that, under natural rainfall conditions, there were no significant differences in
protease, urease, and nitrate reductase activity between elevated nitrogen deposition levels, although nitrite reductase
activity decreased significantly compared to the control. Under increased precipitation conditions, different nitrogen levels

did not significantly affect protease or nitrate reductase activity, although high levels of nitrogen loading (HN) significantly
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reduced nitrite reductase activity. Additional precipitation increased protease activity in the low nitrogen (LN) treatment
and nitrate reductase activity in the medium and high nitrogen (MN, HN) treatments; it also reduced urease activity in the
high nitrogen treatment ( HN). Individually, precipitation had major effects on protease and nitrate reductase activity, while
nitrogen deposition had a major effect on nitrite reductase activity, however, precipitation and nitrogen treatments did not
show any significant interactive effects on all the enzyme activity. Finally, soil nitrate reductase activity was significantly,

positively correlated with soil C/N ratio and NH;-N content, and positively correlated with NO;-N content.

Key Words: precipitation; nitrogen deposition; grassland ecosystem; enzyme activity
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PN 5 TP 2 R IR T e T 5 [ B B 2R ) B R (IGBP ) i e 7 - [ AR L i b A S R AR A
(NECT) () 540 R 43, AR Hh i R it DR A 5 i g S AR P T LA 2 A RO A oy o Dt IX 0 A B I
AR AT AE NECT BT PY 5428 PN 552 vy B AT i 3o 0 A i) T AR K ) e S IS TR - 2 o o [ o
B AR R SR, B S R /N X (43°33751.3" N, 116°40'44.1" E, 352 1225 m) . rk#h
FEWEFI M ZE R BB ( Leymus chinensis) , LB A KEFF (Stipa grandis) FIVKHL (Agropyron cristatum ) 5555 M\
R A HONRE T+ |+ 28 0—150 em, HIEAHUZEIL 0—30 cm, FFEFEIKE 350—450 mm, 4F3S,
##-0.3—1°C , =10°C i 1800—2000°C.
1.2 5Tt

RIET 2014 45 HF 9 AT, R EMMLIX AT, F BRI 2 TUREE nwA~ & Hoh g
K HE 2 DK (WO, ASRREIK ; W15 G 15% 1 245 F- BBk i), RO E 4 SKF (X R, CKL,0 g kg
N ha'a™' ;fiK%(,LN,25 kg N ha™'a™ ; 1%, MN,50 kg N ha'a™" ; ;= &0, HN, 100 kg N ha 'a™") , 3t 8 b A4~
A H 3 AR AR 4 24 AN TR R 8 mx8 m Y ERE ST, BET Z IBIBEAT 1m T8 (2R vhib By R /K 3
TG BE T FHE T TPCC A7 DU YBT3 [ I8 5 B K 28 Ak i J3E F0 39000 235 28 ( 38800 12%—18% ) LA K W5 IX.
R B AFAS M0 E MR N 58 R A S R GEE LIS U 30 ARFRIK BERL, 2 AR R4 K A 344.5mm
FHEAG K AE 3G 15% Frsghn sk o0 51.68 mm , /1 T [k 3258 v e 5 Rk 25 1 e Ak KOHE B ) 6—
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BTG D)L 3 rp R A Z B R (ug ¢ b)) IREES PE LA 3 NH,-N fZ %8R /R (mg ¢ h™') , -
SIS TR A R T IV o R A DR LA 3 PR T NOS-N 12 s SRR (g ¢ b)), AN - S v iy
FFR R TR P2 L3 1.

R1 TEBFENERAER FEFZFGENUESY

Table 1 The substrates and incubated conditions and the products measured

HFR 9511 R/ °C HEFR (] W2 7 )

Name Matrix Incubation temperature Incubation time Determination products
I} Protease it R 37 24 AR

Ik Urease RE 37 24 NH;-N

T BRIE JE B Nitrate reductase ik 37 24 NO;-N

WV AE R I8 S Nitrite reductase T2 37 24 NO;-N

1.4 Adligeit

& H] Microsoft Excel 2010 #F A1 originPro2016 #4745 5 1L 5 /& 18], | FH SPSS 17.0 44X Bdla it 4148
T AT H b AN () Ak P £ 22 S S 2 PR B0 R T O 22 0 M JRAZAREAS ¢ 4256 | LSD Al Tamhane 20 8 FEACT , A
[7i) Pl P ) %) R S 0 AR pearson BUIIAS: 36

2 EREHH

2.1 RS RO AT LA ML RAIE A 22 57
M 2 AT LU BRI oS = 5 J5 30 2 LG SEAR BRAL PR 5™ A 1 — 2 S e AR B 7 22
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SIHTEE R ATAL, A SRR AT AN Rt Ak B - e me & LU A NHG-N & 774 1 3 M 25 5% (P<0.05) , A
Fe TR IR SR A L A WA T 7.71% .5.42% F1 10.09% , NH-N 5 H 43 B B T 43.10% .29.11% Fi
29.49% ,NO;-N 75 f5 A 32 A [F] it Z/K SF- 1 b 2552 Wl 5 384 R K 2 0, AR RUAL B8 3 e 0 1L 7 ik 18 7
1.58% , 1o BALFRIIFEAIR T 4.84% , AN [ it K P -3 b NH; -N Fl NOS-N & 5 43 AR T 37.33% ,40.28% |
41.37%7F1 59.46% ,70.85% .61.58%.NO;-N 75 5t 421k 73 B 7] e S R M 3G IR K 2540 T, NOS-N L %S 5
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Table 2 Physicochemical properties of soil under water, nitrogen addition

Wik Ak 3 TR AL B THEE KR % WA BAR/ (mg/kg) MBS/ (mg/ks)
Precipitation N application Soil moisture C:N Ammonium nitrogen Nitrate nitrogen
HARKE K X} CK 9.94x3.82Aa 10.51:£0.40Aa 5.29+3.47Aa 2.10£1.38Aa
Natural precipitation fIRA LN 10.46+5.67Aa 9.70+0.58Ab 3.01+0.72Ab 1.19+£0.67Aa
A MN 9.82+5.17Aa 9.94+0.56Ab 3.75+0.75Ab 1.96+0.57Aa
R % HN 10.28+5.33Aa 9.45+0.27Ac 3.73+0.66Ab 2.10+0.46Aa
Rk 38 m 15% XfHE CK 11.02+4.45Aa 10.12+0.72Ba 6.43+2.44Aa 5.18+1.99Ba
precipitation increased fRA LN 10.75+5.22Aa 10.28+0.53Bb 4.03+£0.53Ab 2.10+0.87Ab
by 15% A MN 10.55+5.23Aa 9.81+0.44Aa 3.84+0.29Ab 1.51+0.86Ab
Fi % HN 10.47+4.73Aa 9.63+0.22Ac¢ 3.77+1.26Ab 1.99+0.71Ab

RN 2014.5—2014.9 AU E 1L IR ; (R FUA RN TR R B K AR TR) A [R) 3% Ak B 1) 22 57 (835 ( P<0.05, LSD Fill Tamhane #) ;

RIBFIAN R RS T B R K A2 A A ) 3R AL 30 0 22 53 [ 35 (P<0.05, o7 FEAS 45236

2.2 /K-S B DTRESE IR b 35 il % A A i) 2

S A - RS PEAEAR A A KR F 5 YIE (B AP II(E AN 3R 3 /R AR FARBEK ST AN [ it Ak 2
SR AT R VR PR i % P I 5 22 5 | SR PR s T 035 A1 A L X 1 20 1) 2 3 A T 55.579% .57.76%
F165.45% ; TEHEIMIE K ZEAET AN R S0K VX6 25 1A 08 A TR e D 0 P A SR A 77 A S B PR W), o UK

VO A Pl T S P A Do Pl 782 1) S 25 A T 16.87% 11 67.23% .

H15% 3 AT LAt AN TRD i 280K~ 75 S M 88 7K Xl STV T 3 D i 1 4 T 52 W), 3 R g K A A 4 B ) 2
PR PR e AL PR P B S R 3 D % P 0 5 1 ol v Ak B A RS A A1

R3 K ARMEGHT LEEBELE

Table 3 Comparison of soil enzyme activities under water, nitrogen addition

e E T L
ﬁ;ﬁﬁﬁon Nﬁfpﬁiﬁfjin Pftiff/ UE}ETE/ Nitﬁr":t%;ijiffse/ Nitrfti %:’Ilii‘aﬁ;%/
(ug g™ h™") (mgg ' h™") (ugg™ h™") (ugg™ h™h)
EENE XF R CK 41.71+13.13Aa 71.26+16.38Aa 104.47+51.22Aa 15.08+8.76Aa
Natural precipitation R4 LN 28.86+9.00Aa 73.84+14.00Aa 96.70+18.68Aa 6.70+3.67Ab
& MN 44.39+12.46Aa 66.97+6.44Aa 93.57+21.54Aa 6.37+2.01Ab
% HN 42.43+23.98Aa 73.84+13.17Aa 84.06+13.87Aa 5.21+3.46Ab
Rk 34 15% X} & CK 48.82+12.38Aa 74.28+9.52Aa 116.45+23.00Aa 11.93+8.31Aa
precipitation K% LN 45.62+18.21Ba 74.71+9.61Aa 102.37+49.83Aa 6.86%3.63Aab
increased by 15% A MN 51.49+11.37Aa 70.65+7.15Aa 139.11£16.48Ba 9.17+6.75Aab

% HN 50.49+12.27Aa 61.75%6.45Bb 119.40+11.58Ba 3.91£2.92Ab
FHPRE Dy 2014.5—2014.9 25 Y 1P ; [RSNG8 3R MoK AR IR AN IR 2 AL BRI 2% 5% 1 (P<0.05, LSD A1 Tamhane ) ;
FIBIA [ R k27 B K AR A R T 03 A 1 2% 5 0 35 (P<0.05, ST FEAR e 4G 560) .

Xof B K AN DL AL BT 98 PR P ORI i PR A HEA T LR 3R 07 28 230 (3 4) /K7 52 i) 28 14 T R i
iR i s Pt 1 D7 T B AT 28O, SR ) S S L B A 2 SRR I i PR i e 1 77 T HAT 2%
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Table 4 Two-way ANOVA of soil properties and enzyme activity under water and nitrogen addition( F value)

5 SRR Rk b 3 it AL B R K A3+ it LA 3
Sources of variation Precipitation N application Precipitation * N application
FHEF K Soil moisture 0.264 0.025 0.038

WAL C:N 0.283 9.145*** 3.741

A A Ammonium nitrogen 1.77 7.847%* 0.494

A% Nitrate nitrogen 11.241 *** 15.859 *** 11.222 %+

& H i Protease 8.799 ** 1.954 0.488

[k Urease 0.193 1.398 1.975

HAR ISR Nitrate reductase 11.773°° 1.116 1.694
AR IR JFHE Nitrite reductase 0.075 9.374%** 0.935

wx [CREEART R 0.01, ==+ [LFREEKTFEH 0.001

B AR ) AR A 2 I P R S AR A AT 1 R B TR R RSN S8 A0 2 N 6 A EAFIE
AR R BT BT EL 5 Ay A B SRRE LGS PRI 5E (6L, 6 T IR IBORE R0 BRAMIN A2 1 [ 7K 8 D i - S il 1
P BHORTE A FREBERK FAL PREBEE MR B TR RIS 10 22 et (HAR AL AN 2.

ARG AR AR SRR XIS R AL BEAE 7.8 19 H SR N Fe b i a1 i, 1 v e Ak K F- )
TN AL A AR 3, B0 ST 8 8 i AT ; 3 o A ] 4 S B3 B O AR TR] B9 28 A 4 S5 R, 302 o
B SRR, 72 8 A IETE oK.

FR TG PEAE B SRR ST AR AR BR AN 7 A T AR 3R B b T 4 T 4% im 38 K (o8 O il A [] )
TR T AR W 8 A R

TR S RIS PEAE AR K AT AR o AL BRI — B A R A ML, 7 .8 19 AR AU ARG, e 1
IR SRR AR AR — 25, SERaAR R 3 0 5 AE A SR PE R, A [ it A B, 36F BRI Sk P A2 A R AR AR
— B, Je e SRR AR TR 22U e SEA D) 3 0 S B R e o el R R ) AR A 3

A R 1 S B VT 11 SRR SR PE T 7 A AN TR) Ak B 2 I 3 1 2 B A o B S AR > R R > i 8.9 A
Gy AN[RI AR B 2 ) JLP- 022 57 5 H AN /K A A [ i S Ak L 14 ST PR i e A 7 ) 03 2 B A AR K 5%
PE AR RN SE AR, 8.9 H ARt 2B 16 PEAE Z ] L-P- o 22 5 HAT LRI R BRI A 3.

2.3 RS R ] SO A P AR S S B

TIRRG Rt M2 5 Y AL RE RS rp , AU LR AR, TR IR 77 103 L SC & X 4
B R HEA T AR G 2T A 28 SRR W] 78 A AR A5 AF B BEAT IS B] (6 5) | 2 A R RIDR A A1 8. 2 TE A 5%, A1
KFRHCH 0.478 , T R ik it il o0 IV 7 3 D ot ) 110 S22 A A8 35 TERH O AH O R 0.431. 4 F1 8t A IR it [7)
JB T KR RIS | TR D ol TSI i PR it ) TR T S A D IS, 13 P 1) 26 o S g T 2 L R 384 414 o 1o A7 72
FEPESC AR B K AL B A (3 6) T RO RIE AL 3], 25 1 BRI A IR JL il | ST PR i ok 2 A 8 3 I AR G
I 5 SRR O AR R B30 0 0.629 F1-0.325 , Ul I I /K k2 1 AN [ b K il 1 22 18] ) AH SRR

R5 Bk TREEEERMAXESTER

Table 5 Results of correlation analysis between soil enzyme activities in the natural rainfall plots

13 H Jox it T BR AL )i it PR ERIA I I
Soil enzymes Protease Urease Nitrate reductase Nitrite reductase
FE F W Protease 1

[ Urease 0.478 " 1

HARIA IR Nitrate reductase -0.269 0.044 1

TV fil§ 2 340 J5L i Nitrite reductase -0.068 0.054 0.431°" 1

# 2} P<0.05 EFHIC, ** y P<0.01 # i EAHSC.
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Fig.1 Effects of Precipitation increase and nitrogen addition on seasonal dynamics of soil enzyme activities
F6 IBMPEKEE P T IEEE AR SIS R
Table 6 Results of correlation analysis between soil enzyme activities in the plots with precipitation increase
1 HE ot T R340 I ity VA R I I
Soil enzymes Protease Urease Nitrate reductase Nitrite reductase
Ml Protease 1
IX i Urease 0.030 1
FH PRI JE i Nitrate reductase 0.629"" -0.194 1
MEAKR 4 J5 Nitrite reductase -0.325* -0.238 -0.120 1

# 2} P<0.05 WA, ** g P<0.01 W EAHC.

ARG AP 45 R (2 7) Fe W, 35 0 Al R 0 JE G 1 5 SR AU LE AN NH-N & Boil i 3 IR A G G R
R 0.356 F10.634, 5 NO;-N & B 2 1IEAH G, MG R Eh 0.278 (8 HAy = Fhlg G 1 5 38K 4> R AL
NH;-N HI NO3-N 75 & AH SR 3AIK.
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Table 7 The correlation analysis between soil enzyme activities and soil properties

3K WAL AR TEESY
Soil moisture C:N Ammonium nitrogen Nitrate nitrogen
& 1 Protease -0.08 0.05 -0.09 0.12
I Urease 0.04 -0.12 0.06 0.10
il 4 i Nitrate reductase -0.02 0.12 0.21 0.16
W AH R A S Nitrite reductase -0.01 0.356 " 0.503 " 0.278*

* i P<0.05 W EAE, # % 2 P<0.01 B i B AHC

3 Wit

3.1 FEAKS R TR T 3 A A R AE 19 52 T

TS AN A B — R IR A S RAE 3 A 7 AN A I E T B R AR — A RIS M AR I
TIRE R e AR 1 SR A R R N N A I R R ) S B SO, (IR AN (17.5 kg N
ha™ ™) HIBLA Mk, BRI (280 kg N ha™'a™ ) IHIET LS ABHIE A SRR K0T, AS vl it a0k 2L 2%
FEAIC T 118 NH;-N &, nTRE R TR R N, R 3R R & A8 200 B 5 s e Bl w4k iy J IR
20% K A TR R, BRI AR S8 SRR E RS Al g S0 R, it U0 6 1 56 NH;-N i
NO;-N #3425, X SN AR A5 AR FE 48 A g 7K 2 ATk R VE T, R IZ M S AU R 2 1T
%, R EM SR T BRI WS A BRRA L.

3.2 FROKS R UTRESE T A 3w s P A8 A ) 5%

B P DR 8 1) 905 2 e AP L 56 R B RS TR A SRR I 2200 HE— e R LRV T
PERUK IR i A D 2 S i Pl i e v A — b o 2 A g, T e Tl TR 0 58 T I il R R 2 D i PR
W R AL 3 NO, #5460 NH,OH 5 N, 0%, 4 B M 52 A ) i BE A B 10 S0 2 1 (/UL R K )
PRSI | 44985 43R 0 R A I S5 R 3 2 5 () ), DR A ) i DX %) - S G P X 7K | R0 I P o 1 TT A7
2R,

AWFFTIE LR (R R 2 e o AR R LIS M R R0 ARG At % B A B K 437 R e 2K P S
PR T AT SRR, B K G 25 T R UK T A B R P TS . ACR B84 M - 5 P B S R AT AR
SCH AR KA 82 Ah B Tt R0 B P AT A B B S
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