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Abstract

Aims Our objective isto: 1) explore the dynamics of soil nitrogen (N) mineralization in a grassland ecosystem
in response to the changes in precipitation intensity and temporal distribution, and 2) identify the controlling
factors.

Methods The two study sites located in a typical steppe of the Nei Mongol grassland were fenced in 2013 and
1999, respectively. Our field experiment includes manipulations of three levels of precipitation intensity (incr-
eased 50%, decreased 50%, control) in three temporal patterns (increased or decreased precipitation for three
years, increased or decreased precipitation for two years and no manipulation for one year; increased or decreased
precipitation for one year and no manipulation for one year).

Important findings 1) The soil net N mineralization and net nitrification rates decreased with changes in the
temporal distributions of precipitation from one year to three years, with the maximum values of soil net N
mineralization and nitrification rates observed in the treatments of increased or decreased precipitation for one
year and nho manipulation for one year (+PY 1 or —PY1). This indicates that the high precipitation intensity and
longer precipitation may have negative effects on soil net N mineraization and nitrification rates, while the
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moderate soilmoisture and temperature may stimulate soil mineralization. 2) The soil net N mineralization and
nitrification rates, soil cumulative N mineralization, and nitrification in the fenced site in 1999 were higher than
those in the site fenced in 2013, implying that a long-term enclosure may have promoted nutrient storage and soil
quality restoration. 3) The long-term treatments of increased or decreased precipitation had significant effects on
soil water content and temperature, whereas the short-term, discontinuous precipitation produced minor effects on
soil moisture and temperature. Moreover, the controlling factors for soil N mineralization were different between
the two fields. Soil moisture had a major effect on soil inorganic N content and net N mineralization rate in the
site fenced in 2013, while soil temperature played a dominant role in the site fenced in 1999, with the net N
mineralization rate depressed by higher soil moisture. Our findings suggest that the precipitation intensity and
temporal distribution had important impacts on soil N mineralization in the Inner Mongolia grassland; these
effects was site-dependent and particularly related to soil texture, community composition, and disturbance, and
other factors.

Key words precipitation intensity; precipitation temporal distribution; soil N mineralization; soil water content;
soil temperature; Leymus chinensis steppe; fenced site
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3. hiEfE 75 (Cleistogenes squarrosa) . = & Al K &
(Agropyron cristarum)Zs . P ELEE AR EEZ)200 m,
HuTHI AR 4960 m x 100 m, HEANHE Y sl F R 56 /N

www.plant-ecology.com

XA A3.6mx 3.6 m, HRL/NXE AL m.
12 Rt

AARIE R FHBENL X ZH VT, LTS B R o 0 %
R B[R] A 24N A 3, AN AL 3 433 ¥ B 3AN KR,
oA R Y R B 3K HENI50% (+P). W
50% (—P). XfH(CK). BRI RIS 34N 7K1y
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Table1l F valuesof repeated measures analysis of variance for soil inorganic nitrogen (N) concentrations, net N mineralization rate (Ryin) and net nitrification
rate (Rit), soil temperature and water content, using precipitation treatment (PT), sampling time (ST), and their interactions (PT x ST) as fixed-effects

+ 3R Soil properties

20134 EH I FE M Fenced sitein 2013

19994F [H# # . Fenced sitein 1999

PT ST PT x ST PT ST PT x ST
A NOz-N (g-m™) 3.80" 38.71" 2.44™ 1.19™ 4591 1.09™
BEAE NHz-N (g-m™) 2.22™ 112.13" 1.92* 3547 63.46" 218"
FHLE Inorganic N (g-m™) 368" 113.56" 1.82 3.50* 95.29” 1.54"
HEFLEE Ry (mg-m2.d™) 0.53™ 0.25™ 1.16™ 0.82™ 28.48" 315"
HIER Ry (mg-m>-d™) 0.90™ 6.04" 1.33" 1.05™ 871" 2.62*
3R ¥ Soil temperature ('C) 1.85™ 1275.85" 311" 6.80" 187865 245"
+ 3k Soil water content (viv, %) 11.81"7 288.70" 270" 521" 195.01” 3107

*, p<0.05; **, p<0.01; ns, p>0.05.
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Fig. 1 Seasonal changes in soil NH;-N, NOz-N and inorganic nitrogen (N) concentrations at different precipitation intensity and
temporal distribution treatments (mean + SE, n = 5). Different lowercase letters indicate the significant differences among different
months for a given precipitation treatment. Precipitation treatments: —PY 3, decreased precipitation for three years, —PY 2, decreased
precipitation for two years and no treatment for one year; —PY 1, decreased precipitation for one year and no treatment for one year;
+PY 1, increased precipitation for one year and no treatment for one year; +PY 2, increased precipitation for two years and no treat-

ment for one year; +PY 3, increased precipitation for three years.
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Fig. 2 Seasonal changes in soil temperature and water content at different precipitation intensity and temporal distribution treat-
ments (mean + SE, n = 5). Different lowercase letters indicate the significant differences among different months for a given precipi-
tation treatment. Precipitation treatments: —PY 3, decreased precipitation for three years; —PY 2, decreased precipitation for two years
and no treatment for one year; —PY 1, decreased precipitation for one year and no treatment for one year; +PY 1, increased precipita-
tion for one year and no treatment for one year; +PY 2, increased precipitation for two years and no treatment for one year; +PY 3,

increased precipitation for three years.
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JEWRR L, PY L, IR LFE R LE,; +PY L, WM L5 K L6E; +PY 2, SELEI I 24 /5 I 14, +PY 3, L W 34E

Fig. 3 Effects of precipitation intensity and temporal distribution on soil water content (mean + SE, n = 5). Different lowercase let-
ters indicate significant differences among precipitation treatments for a given month; ns indicates no significant difference among
precipitation treatments for a given month. Precipitation treatments: —PY 3, decreased precipitation for three years, —PY 2, decreased
precipitation for two years and no treatment for one year; —PY 1, decreased precipitation for one year and no treatment for one year;
+PY 1, increased precipitation for one year and no treatment for one year; +PY 2, increased precipitation for two years and no treatment

for one year; +PY 3, increased precipitation for three years.
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Fig. 4 Effectsof precipitation intensity and temporal distribution on soil net N mineralization (Ry;») and net nitrification rates (R
(mean £ SE, n = 5). Different lowercase letters indicate significant differences among precipitation treatments for a given month; ns
indicates no significant difference among precipitation treatments for a given month. Precipitation treatments: —PY 3, decreased pre-
cipitation for three years; —PY 2, decreased precipitation for two years and no treatment for one year; —PY 1, decreased precipitation
for one year and no treatment for one year; +PY 1, increased precipitation for one year and no treatment for one year; +PY 2, increased
precipitation for two years and no treatment for one year; +PY 3, increased precipitation for three years.
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14F (+PY 2) FlIZE 2 14 [y 34F &b B (+PY 3) {1 44+ K 4k, 74 SMATT E, 1999MF Bl d5f 5 1 1) - 198 1 U0 b Tk
RN NEIEAE, BEE RN AR S R05 i A 0E 26 15 T 20134 [l 5 1 b (El4C. 4D).
FEAR, TR EW (il SRR i R RULHOZRST 7620134 Bl B e, 9 00 10 3 20 R0 4 i Ak R R
SRR, A G W R RN, R s E LIRS A 4y, LAUENT 14F 1k & 14 b B
B R A AL R RO B HT D A (PY L)W b R AN A A R A (EI4A
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FRART B (14D); 7H 13, B I8N I TR A K 1) [ 75 20134F [ 3 B 11 F1 19994F [l 5 ke 1y, + 3% 22
ik, LIESED LB R FR R R ER NP < BEV (L EMEAE6-87 2 M) 1E& AT
0.05), fij i & 384 MY B R (W38 n, T3 a1t SR A REZR(ES). WIS, 19994 [l Hh
BRI Z 2 T < 0.05), JFEMNL 15 2 ET & (15.69-29.73 g-m ) (EI5C)
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Fig. 5 Effects of precipitation intensity and temporal distribution on total cumulative net nitrogen (N) mineralization and nitrifica-
tion (mean = SE, n = 5). No significant difference among precipitation treatments. Precipitation treatments: —PY 3, decreased precipita-
tion for three years;, —PY 2, decreased precipitation for two years and no treatment for one year; —PY 1, decreased precipitation for one
year and no treatment for one year; +PY 1, increased precipitation for one year and no treatment for one year; +PY 2, increased pre-
cipitation for two years and no treatment for one year; +PY 3, increased precipitation for three years.
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F2 BETHA. BEDCEEMSHAER . BRED L EAE LS LR RK S AR R R
Table2 Pearson correlation coefficients of soil inorganic nitrogen (N), net N mineralization (Ryin) and nitrification (Ryi) rates, cumulative net N mineralization

(Crin) and nitrification (Cyit) with soil temperature and water content

+ 3455 Soil properties

20134F il FEH Fenced sitein 2013

19994E [l R4l Fenced sitein 1999

3R T K R0 K
Soil temperature ('C) Soil water content (%) Soil temperature ('C) Soil water content (%)

RZS%E NOaN (g-m) 0.446™" 0.130™ 0.125™ 0.089™
B A NHE-N (g-m?) 0.383" 0.344" 0.509™" 03797
FHLAE Inorganic N (g-m™) 0.030™ 0347 0.393™ -0.189™
RN HEE Ryn (Mg-m2-d™?) 0.005™ 0317 0.410™" —0.214

VLI ZE Ry, (mg-m2-d™) 0.257" 0.064™ 0.130™ 0.027
LERED AR Coin (@M 0.414™ 0.071™ 0.065™ 0.455'

LM Cyi (gm™) 0.401™ 0.018™ 0.137™ 0.539”

* p<0.05 **, p<0.01; *** p<0.001; ns, p>0.05.

L F S R E R R ENIEMK R RP <
0.05), T-#ENHZ-N. JTEHLE RS EN il R 5 15
Ko 2 BERIEM LR (P < 0.001); 7£19994F
Bl E AR, TIENHZ-N. EHLEMFEN LE RS
LIRS B B E N IEAHK S R (P < 0.001), 1t
BENH,-NFIS Z 32 5 850K o 2 B2 U
KKA(p < 0.05), RIEN =AM ES LHIK
7y B R ENIEA KK R (p < 0.05)(%2).

D, Bk E, 3R R K 4 6 4 4
NH2-NFI AR K 52 BE K . 76 20134F [
FEH, T3NS B R 3 B A2 3K 4y
FRIFZ IR, T 3 NO3-NAI 3 Al Ak o 32 A7 1 43 IR
FEMIFZM; 1 75 19004 Bl 3 ¥ Hb, 3T AL A A1
R % 3 B LR B R, 3K o X i
BN A IE A — E AR A, (RO 1438 SR AR
R A A (R E A

3 g
3.1 PSR NETES R T HIBEA LS
AW ST R I, 5K IR T 378 495 M 0 18 WY ek T

(n G P BN 35 ) AL B, PRI T R AL

1% 5 Zhou#% (2012) #1 G145 (2016) [ F 7t 45 S 3%
3, HJE DR AT B R 3 M ) 1 R R T M
AT IR EKE, BTN T SRR A W v PR A
TR RO PE, AT R T R R
543 W R AR B2 AR A (K napp et al., 2001;
ST P2, 2016) . 1H & ASHF 78 45 B 5 AuyeungZs
(2013) (1) ff 7t 45 A (L33 & /K B0 LI A = A
PER) M ., 1% 0T B8 A2 RO FRATT IR 6 45 SR
FAEAKZE, AR A I, R R REE 5

AIRKZESR R FRATHR AR, ERHIFE A, 115
NHz-NFINO3-N 7 & 7E AN [F ZE 15 CRAE H ) 122 1k
FUEE A ARR], 31X 5 A5 A 55(2007) 78 DU 7K &t
2 L Ji R 3 R B R A A 4 R (L SRR S E A
RN WHRIEAF] =TS B — €
MZEF)E — 2 ML b, IXEer e as REKH, 178
WERETRER, KE N TR T, PR
o558 FEE RIS TR AV 2 06 - 3 R e 7 A E R
AHIEFEIE W, A R Y R B0 R A P 2
soNe T B EK B R BE, 3 a3 b s e 1 438
B AR, H R DR AT e 2 R S B v AR PR e T
IERRKRE I AGAE A Y B, TN g R
b33 R = A B2 (Schimel et al., 1999; Luo et al.,
2012); TR X T 5 N TR) A3 (1) 38 Y B R A B,
e K BRI FE T A R A B A, AEON &
B B R R IR T AR BRI . AT R
IR, A [F] P B R 56 PS5 R R[] 43 20 %of 3845 28
R R AN AR ], 0K ik T 328 282 1 WY B R A
NI I T T e R I T A [P AR
() B E A, HAEPI USRI F],
JRIRIATREA DA R LA D) 7R (R 98N 254 T
LIRS i hn g, d T AR a2
BEEAIS 1 ot U A 28 T SR I 1) 1 ik 9 Ab
S VFERE I, HEEKE 5 E B IEH 6
AR RE Y T REFF A SO E M, SRR 2k 1
RN L 2R (Schwinning & Sala, 2004); 2)K: i ]
(38 AL EE, (45 LIS K2 B E W, ST+
I B A BT (A0 FLBR B R BR), PR 7 LR O,
& i, et 7 EAn B A R E A, f T
BRI IS T, AT BRI T g T f i
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(Lado Monserrat et al., 2014); 3) 519994 [l 3 e
FHEL, 20134 [l H A IR A0 H, IR K MR, K
NG FER, B 552 BERR A BRI ANRE . th
Ab, PEHREHL I FEVE AL R [R], 20134 Bl 45
FELNREA NAREON I, T 19994 [l 45 1 1
FE U B ZERERMAF, CHRAEEKT,
TEI R T R AN [ T et 2 0t L 38 200 Ak 7= A B L5
il (Jackson et al., 2008); 4) & Fif 4k FL7E A B[] F 7] 7
P, WIRE 2 5l K A BRI TR B IR

T IR AL P AR 52 (Borken & Matzner,

2009).

PATIE 2 AT 20134 [l 55 1 R 19994F [l 544
iy, A R 5 RN DA) AT 3 B AR Ak A
R P A B Rg e, R R AT AR A58
Aab FL S [ AF G 50 R0 (24F), 4 I 56 P AR B [ ATk FR AR
X A A TN A S A E R,
{BAS 2 LA B AN A K R 1 1398 AR L = A
i 4k, AT BRI, LIRS T
Pt Clarv s e ] (10 2 T Ak 380 LA 0 e ) L PR R 52
71, PA4EFrHAa e M (Moreiraet al., 2016). [Fit, 5%
T8 9 58 5 RT B TR AT O 3L R, e
R T B R S0 U
32 ARIBEHEREM HIRRT KR E SN
REEFEHE

BATI T AT, PR A7) Bl st A B b 1 1 438
BN AT % T AR A e B 2L A B B 2 e, HLR
BAFMZET B B, 7520134 Bl 1,
M6 B ZETH Gy, +IENHL-NFINOZ-N £ & 2 18 i
HaFA, TLE19994F [l e, 1B T Rk,
MBH M9 A 7, PIEEHINHL-NAINOz-N 2
MEEIES . LR R TR 1) 20135 [l
M, 67 4 Ak A LA E RE, (515 IENHL-NA
NOz-NZ 3341, 177 19994 Fil FHA£HE, 6 3 %A
[l 4, LS HIENH-NAINOS-NEG E R E T
. 768, OF 4y, PIRBE ISR & AR EFE I &, A
58, 9H i TIENH;-NFINOs-N & &4 40, 2) 2013
TR, TR, R R R, X
A AE YR I LA AR X >, AT A
£y HHENH,-NFINOZ-N& 255 =, 177 19994 (1) [l 5
FEME, TR F S RS, EAKTEYIR L
BHENH,-NFINOs-N# %, {437 H f T 13ENHZ-N Al
NOs-N& & R, SRIMAESH 4, THFEN fhikx
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m, R ERR AR E, BEm TR, g
NH2-NFINO3-N 1) W e #5 , LAER9 A £ 3 ol
RO R E. SRS, 520134 F &£ HhAH Lk
19994F [ 43 A5 i 1y - 458 4 S50 14 3ok 23 R 75 i £ 3ok
R, HIEEPET LR RE R, REKHA
SREE AR T IRl A7 AN 3 R
IRZHFFERIL, 3RS K EM 30 2
= B IO 2 AN U 2R [ 7 S 32 B 2K (Wang
et al.,, 2006; &= KR4, 2013), JLH RN FH LT
BB, LIRS AT e R IR b 0 B R
FIRT, T IRE R . WFE20134E Bl BT RE ML, 7
A RAE T BRI SR, HIEETRERTH 6
TR E KRR, R R, T IR
Wil R CRI, EHKD RRED
WEPEL PRI HLE S iR E B R 2 — (Cre
gger et al., 2014; Delgado Baquerizo et al., 2014), 1fi
TR R i v R v R 9 S A A FH 11 B
Z(Prieto et al., 2011; Wang, 2014). K, HA5 43
T AN 3 E/K AL T — AN B BOE B A& T,
A 2 e 3 L 3 A A 26 1) 19 0 (Chapin et al.,
2011), 4n 2R 433 oK B AR B TRV T — 1
TaFE, ¥4 3 sk % (Wang et al., 2006).
{H & 7E 19994 [l I FEHh, 7 H 4t 2 38K 5
A%, IR, WA KRR,
FORE AT e F AR B B, g i ik
BB AR . s Ah, BATF R R, 1F
20134E F119904F Bl S5 FEH, 35835 500 1 I R AN
T T3 236 o i o 4 0 0 R T T AT 100 386 1 v AR,
I 5 e (¥ H ITE 980 RN B W LAF A B 14 Ab 3
(*PY1), XLegs BRI, [ R g 2 AN R] A3 it
Kt IR A 2T A A T3 3 7 A 4 4
T3 B 338K 3 R B A B R T8 A
UM AT R I, AEXET 1 ENO3-NA i AL,
AR, AR AN K 23 X - BENHL-NFA U R
RGBT H.20134F il FF b 1 19904 [l 1
R b 11 9 TE ML URT ¥4 0 b3 6 177 = B PR IR
HAE . 7E20135E HEFEH, HIRHLEAGEN
PRI R 7 K A B, T R 3ENOS-NFH i
B T 28 7 - R FE 2 T 7E 19994 [l
P, EIRICHURRT R R 3 B2 TR
sz, T3S K E N E e R R R e A T
S N JLIR R AT R A LR M s B0k, BT
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20134 Bl FE LR &, MR R,
3 E 3T G 2 2 e IR R, L3R RN, {2k
T A (NHL & FHALCANOS B F), #m
T 3R 2 (D’ Odorico et al., 2003; KV 1%
& 2013; XTI, 2015), A4h, BT R EK
KFEAR KRR, BEIN2 5 Bk K 5 (Weber &
Gokhale, 2011), [Ty, 3850 1hiEFE 2K K
B A1) 1 Y BB K o ek, 19994 ] daf o 4th phy - B 3 ek 1)
B, M ERIRAE P e, TR T RS B
(Bai et al., 2004), PIBHIRMGIKIERERE, HHLEA
SEWMEZ (Shan et al., 2011), M1 i AL FE S 54k
TS K E S TR —BME, AR -85 =k
FOIVEF o KA 754% (2015)30 i A [7] 1 38 1 1 3k
ISHIF R RN, 8 N40%—80% K4 FY Ab#E, 11385 i 44
A AN FIFRE B35 n, LR DR T B 3G R Rk T
o e BE AT AH PR, BRI T AT
JiE, I T IR SRR (a4, 2005), %
T 7t ] AR B 3 S 3 ATt e 4%

4 NG

AHIEFE LA 52 oty BT B A () Rl AR BR AR b
WFFON G, i v B R SE A, WA T AN FI
o5 o 8 FEE AR EST B) A0 000] R S AR 25 R 4 IR R b )
Som, BRI 1) I B R o A () A
@i we: AN AT SR NG Y Sl A e s I
FH, T3 P 3 K A R RS A B A R T A
WAAE R o 2)4 A 458 W9 sk 1 Ak 3 4 6 25 s+
e K AR R, 3 S Hh s 3R R
TEH; AN T LIS B R 2, LK
R, B0 33 e S RN U R R R e B
3) B A 7] [ 5 4 BIR A 1 1) - 3 500 1 X B I AR AL
g o EL A A S 1) 22 S, R R R AN [
0 T L b (20134 [l ) T e R Ak 32 B A
K E R, T A Rl 3 (19994 [l ) 32 2
2 IR R, T R R ) - 49
BORAS AR L3 B A R R R
s, RN AR E A6 T 7507 A0 i
=2KE.

EEWMHE BREEALtX(2016YFC05008014=
2016Y FC0500804) = 5] 7 B #A A+ A4 (41671046).
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