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Effects of water and nitrogen additions on the intra- and inter-annual dynamics of

plant nitrogen concentration in Inner Mongolia temperate steppe
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Beijing 100101, China
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Abstract: As a key factor that affects various ecosystem processes, plant nitrogen (N) concentration is very important to
forecast the responses of ecosystem to global climate change, e.g., altered precipitation regime and enhanced N deposition.
Grassland, one of the most sensitive ecosystems to climate change, has been paid insufficient attentions in terms of the
intra- and inter-annual dynamics of plant N concentration. In this study, a five-year manipulative field experiment was
conducted by employing N addition (10 ¢ N m™ a™') and water addition (80 mm a™' in terms of five intensities, i.e.,
2 mm X 40 times, 5 mm X 16 times, 10 mm X 8 times, 20 mm X 4 times, and 40 mm X 2 times) in a typical steppe in
Inner Mongolia temperate grassland. We analyzed the effects of water and nitrogen additions on the intra- and inter-annual
dynamics of plant nitrogen concentration. We found that water addition of 10 mm X 8 times and 40 mm X 2 times decreased

ecosystem plant N concentration in the dry years, while that of 20 mmx4 times increased ecosystem plant N concentration ,
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but these increases or decreases were not significant statistically. Under water additions of other lower intensity (2 mm X 40
times and 5 mm X 16 times), neither increase nor decrease patterns were clearly observed across years. Plant N
concentration of two dominant species, Stipa krylovii and Artemisia frigida, was both lower in the early and late growing
season, while it was higher in the middle of the growing season. Water addition decreased plant N concentration of these two
dominant species throughout the growing season, but without significance. The N addition enhanced ecosystem N
concentration and plant N concentration of two dominant species across the growing season. However, this enhancement
could be down regulated by water addition, and this down regulation due to water addition increased with the duration of
experiments. The N and water additions both increased inter-annual variability of ecosystem N concentration, while the
effects they exerted on intra-annual variability of plant N concentration of two dominant species dependent on the annual
precipitation amount. Our work has important implications for model improvement and an advanced understanding of

grassland-response to N deposition and the altered precipitation regime.

Key Words: plant N concentration; N deposition; precipitation regime; Inner Mongolia temperate steppe
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Table 1 Scheme of water addition experiments with different intensifies and numbers

ek JK IR L Intensify of water addition/mm

Indicator 2 5 10 20 40
FKEEANEL Number of water addition 40 16 8 4 2
JRI SN Interval of water addition/d 2 3 7 15 30
BRI INFE K Amount of water each time/kg 24 60 120 240 480

MR FTKEIET 12 m> B mEHR

1.3 WA G

AHIFGE S B I RE I RE A WA SR IR, B 58, 2013—2017 AR50 W8], 45:4F 8 H rh Al 434 b s 2 &S ab 3t
NAEIRE i, 2013—2016 AFI0 5 FF i SRy B TRTAR PN AR 0 a9 5 /W0, 2017 AFI0 22 BT A7 R i 38 213000
FRUE R R Hk, TR B A & i 2 sh A M E M, 2015—2017 4356 1 8] 4 19 i) o) 45 1 50 B
P PG PE B A FET S8 i B, — N 5 A r R R AR 2 10 A 455, 2016 47 TAEY AR KB 1 )i
SR TR SR AR RE Sl IS M B R AL BEAEO |, Bk 5—6 H ARSI . SRAEMIRE S B T esCt T EH
J5i 484 F Il G AU AU B i
1.4 HdlEoatr

g T AR R IS IO A 2 R G A S TR S AR T AR S R GUK R R A S R TR
XN
HEBRGERTHE = a,x N+ a,x Ny+--+ a, X N+ a,x N, (1)

b a WY 0 B9 LE Y AL AU AR Y A L N o R A RE R T AR A I E R T N
JIAT IR B 2 e, B LA Jn — T @, A A S AL A i o LA T RS AR R B LU (< 15%) , N, R AR DI sE
P e R e, h R A A — AR 4 AT PR e P ) AR R (A

N T R S B ZE A AR BRI S RN ARSI T AR R G AT B TUAR N (2013—2017) (978

http ; //www.ecologica.cn



3388 JAE = 40 4

S Z BT LM B AEBRE S 09 RIS R T P AU S5 i 22 =4 (2015—2017 ) B4 22 WL 5] 39 9
PR S 7 S R, A 2 PR Bl Y RN, K S I sl RS i 5 S 1) 0 B A8 Ak (VA8 ) K TR
JnE R A AL B %k B 22 (A o AT HE— 2D IR A (] Ak B2 R AR B A S A T B ) 42
B REAR LA, B, (AR 8 S R A IR AUS R 5 R A x 100X B S 1728 5 280, LA K B
TR AE A 260 1 21 R PR Bl 255w () Al

ARG R R FE 2208 M 2 8 A ( Duncan’s multiple-range test ) 6 56 #5- A4 R 22 [0] #H #% & & &
By 225 i TR ST BB, DL P <0.05 150 B35 5 5 iR,

2 #R

2.1 KA AR RGA S PR AR

ARG W WA S R G A & B2 EZ RIS 5 RECN 0.06 (R & =IEH 1.41%—1.64%) ,
AN 3 BE IR BRGS0 5 12748 S 2R B0 o (A S B 1.37%—1.82% ) , 3 B {1l 25.4% (2 mm/POK G
JALER ) —73.7% (10 mm/POKERNNALEL) , FAT X IR, RIS INE A RE A & AR T8 E T 95.9%
(A FRE . 1.67%—2.28%) , K Z W B 7RI ( B & L 1.31%—2.1%) 28 5 R ER = oY 8.8%
(2 mm/ YOKABIMFNE IS INAL P ) —146.8% (20 mm/ YOK BN RGBS IALIE)

BirAE KRR P AR 2017 4F S mm/ YR 20 mm/ WOK IS INALBRAGAE S R G R & & B T IR Z 4b
(n=4, P <0.05) ,EERGA ST HEXN LR EEZR (K 1, n=4, P >0.05) , 54,20 mm/ R E KGNk 2
TER BTGy A R G AR SR HE , 1M 10 mm/ AT 40 mm/ IR FEK AL BE A A4 75 R GRS Ak, o2
Rk 85 T 541 2014 2015 4F

ARSI s R AR AR 725 2R G0 0 e 0 S B8 B4 17 TG i 3 AR Ak R 34 (EL AT DU e AR K R K B 2 1)
2016 4F 5 mm/ UK G INRT A RGEA & SN Z 0 2 mm/POK IR A S R G A & BRI R 2 17E
HAERE KR 2017 A BT KBS I3 T AR R GRS & BRIZAESM, 10 mm/ PO 40 mm/ RIK TR INEIAT FEAR
B RGA SRS, MTEMK &/ H 2015 4F AL 2 mm/ UK G INAL FEA {2 7E A= 25 22 40 A0 & 18 in ) s 34
(B1),

PRI EZ 1Y 2016 A-H1 2017 -2 40, BASINAE T A ARG BB e T A SRS R S =N (E 2,n=
4, P <0.05) , HAEK AR B et 47 b 2548 iF AR 28 R G0 A0 i 0938 I (B T 5219 2015 4F 20 mm/ YK F1 40
mm/ YK A R B ER RS ) o

RIS A R GRS B ] (56 B 2208) S AR SV FITEAS TR K 43 2608 T i 45 R 3R], 7K
RIRIBF BRI S —4F A A 8 R G A i AR AR AR T LA K o S5 PR e (K LRI BT i Ak 385 7K
IR A S RE RS EZ2) 8, HK L 10 mm/ WK 7 2GR AR 3E K 20 ARG R a8 5 | ke
PASRGERA ST IRE, WL 2 mm/ BT =T 08 B e/ (B 2) o DOKEE IR SE AR 4R, /A
TEAR O SRR 0 AE LT (RUK R ) Hoxt 4B S RS A & 2 00 S E KT R SRR B2 1 B
(2014 4F 10 mm/ IR BRI RN o RIS INTEIK 53 S5 AR B b B X AR AR R G0 R & 1 42 A R BE 220
AR B T T AR A, R0 56 5 AR B T ZAS A K B4 MR A S R B A S ISR,

2.2 TKEE IO A B i 2 B AR A

PN S T R R RS (A RSP ) AU TR NS AR R bR 2015 AR AR EE T
W SR NZ AL SRR R B R =T NS S R B 0.14—0.2 Z[8) . /K ESINTE S T 54019 2015 40K Y
BN TR ERSENZET NS H 10 mm/ R AK MBS BRI TR E AT RN R HNESR,
M AERSIRAE Y 2016—2017 4 WA FEAIGA 8 2S00 15 AR ST R k34 (RN BE /. SR AR, KR
TnAE sp SRR K 7 2017 AE AR R B = T AP R S B ZE 1 AR S FOADAE £y ) sl R AIG sl 38 i LA i 2
TNAR S (AR IR RN (R 2) . RIRINTE R 500 2015 AFRGM T4 E & &R 2T AR 0, K & TR

http ; //www.ecologica.cn



10 4] SRR < K SRR INOS PA 5 ot M TR e JURE W R 5 1 2 4 AR B sl 25 B 3389

T g 300
. K 5200
=
C—Iw 4
7770 Ws 3 100
R [ wy %
2 EEE W ¥
g 2 | [ W 2013 2014 2015 2016 2017
>~
& b
8z }I abZrab
W 2 =] 7
¥ 8§
o
# g
on
g 1 r
z
0
06
N3
=
S
%
5% 03
Pl
=2
£
*® 5
[=9
5 0 o7
L Sin= >
S -7
RN ,—\—’\—'v/
v-- ~a
703 | | | | |
2013 2014 2015 2016 2017

A4y Year

E1 AEEEFMSFRKRIMLEN AL REFERESREASENZMN
Fig.1 Comparisons of ecosystem N concentration among water addition treatments with different intensifies and frequencies in Inner
Mongolia temperate steppe
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Fig.2 Effects of N addition on ecosystem N concentration and the modulated effects by water addition in Inner Mongolia temperate steppe
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Table 2 The effects of water addition on intra-annual dynamics of plant N concentration of two dominant species in Inner Mongolia

temperate steppe

fﬁjﬂﬁipecm iﬁ CK W,/% W,/ % W/ % W/ % W0/ %
Y28 Artemisia frigida 2015 0.06 2.57 24.87 -27.89 109.35 49.56
2016 0.20 -5.58 -3.84 -3.69 -1.91 -6.17
2017 0.14 -20.70 ~1.54 -0.30 -17.61 -16.93
¥ Stipa krylovii 2015 0.20 ~12.23 27.22 10.79 -3.06 2.55
2016 0.20 -5.14 -13.01 2.20 -1.51 -11.28
2017 0.15 30.61 35.50 60.40 69.88 39.37

CK : 6t BAL T, W, 22 mm/ YK AR IAL 0 W 25 mmy/ YOK BRI W 10 mmy/ YK B AR FR 3 W :20 mmy/ YK B AIAREE ; W, :40 mm/ YK
Rk 3

x3 AEFNMHARHEFERANMBMESESTANERNIYN
Table 3 The effects of water and N additions on intra-annual dynamics of plant N concentration of two dominant species in Inner Mongolia

temperate steppe

?HBKT pecies iﬁ N/% NW,/% NW,/% NW 0/ % NW,0/% NW,,/%

Y8 Artemisia frigida 2015 6.68 68.80 88.10 57.15 48.95 27.49
2016 -17.38 8.05 -6.61 -16.26 2.55 -30.86
2017 -0.98 -1.52 3.80 3.75 18.23 -23.30

¥ Stipa krylovii 2015 -84.34 -35.43 ~44.20 -35.34 -36.78 -57.41
2016 ~7.05 0.67 7.24 ~11.23 7.74 -29.90
2017 13.10 60.71 70.23 108.21 55.90 50.72

N:RBINAL L NW, -2 mm/ KRR I B ANAL HE s NW s - 5 mmy/ UK R[] R A AL B NW o - 10 mmy/ 2 7K LG R] A8 0 40 8L 5 W - 20
mm/ YK FRF IR AL 2 NW 0 :40 mmy/ YK FIRUR] IR fin 4k 22

Bk 2015 4EA K Z A 2016 A K ZEME] 5 mm/ IR B97K R AL BRAESE T 48 A& BN AN 2017 4F4=
KR K AR IR HE 15T 58 B S BN Ah , K53 B K AR IR AR 1 IS OL S5 i AL & i (18] 4, ST IRA
T Z2ZE/NTE) XA AR 1 R AR K 2 R R I G BON T 209 2015 45, /K TR K
IR T PR S = (E 4)

FITA AR RS I 2E 1 AR R P OSSR (%) S0 o, R0 I v 8 280 & it AR iE VR I AE 2015 4F
12017 45 PR BH Sk (0 SE 388 5 R ARG AR 34, Tt 7 2 0 A9 2016 41 T 28 Ak R B Sk | Tt e 46 56 110 412 a0k A ) 7 3%
MAERZFEMZEAK, ATLLFE 2015 4EH1 2017 4F AR 2R b @ 7K 40 B 08 I ¥4 18 R 50 808 i A HE AR
HE—2mK,

3 e

N[5 58 B R UOK AR R A 25 R GRS B TC R (BN T AR S R GRS AR PR Z A28 S, HL
10 mm/ YT 40 mm/ Y AR AINAL PEAT PR A 25 B 8 0% B A FA T 20 mmy/ WA 7 E8 10 Ak P U A 38 o A= 25
FRGR A RS /NE B AN (2 mm/ W5 mm/ UK A INAL B ) W JCHT 2 M0, Bie bk, K oS i i
BN 3K G, — 05 AR B R W T B, SR U T i B A T AR AT R AT
Fe FEL) RSO U 3, 1T 3 — 7 T, K P i i 1 1 5 DR B SRR K o B 4 1 R A W i 7
TIEREARMEL T A S EATRE SRR, DIERATTE R B, 76N 500 I 5050 3 mm [EK BT 51
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Fig.3 Effects of water and N additions on the intra-annual dynamics of plant N concentration of two dominant species ( Artemisia

frigida and Stipa krylovii) in Inner Mongolia temperate steppe
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mm/ YK 7K S INAL BEAEAS BT S DX I 24 TPk ( H /KRR T 40 mmy/ YR A RAS 448 SR KA L
BMET 1%) , B F iz XA 32 30K 7B, FL 40 mm/ ¥R 197K I8 A B K WD | BT AAE T 524800 2 i
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Fig.4 Effects of N addition on the intra-annual dynamics of plant N concentration of two dominant species ( Artemisia frigida and Stipa

krylovii) and the modulation by water addition in Inner Mongolia temperate steppe
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