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Abstract

Aims Plant biomass accounts for the main part of grassland productivity. The productivity of grassland regarded
as one of important ecosystem function is always co-limited by nitrogen and water availability, therefore, how
grasslands respond to atmosphic nitrogen (N) addition and precipitation increasing need to be systematically and
quantitatively evaluated at different climate conditions and temporal scales.

Methods To investigate the impact of nitrogen addition and precipitation increasing on grassland biomass over
climate conditions and temproal scales, a meta-analysis was conducted based on 46 papers that were published
during 1990-2017 involving 1 350 observations.

Important findings Results showed that: (1) N addtion, precipitation increasing and the combinations of these
two treatments significantly increased the aboveground biomass (37%, 41%, 104%), total biomass (32%, 23%,
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60%) and the ratio of aboveground biomass to belowground biomass (29%, 25%, 46%) in grassland ecosystem.
Belowground biomass showed no response to single N addtion, but could be significantly enhanced together with
increaseing precipitation; (2) The response of grassland biomass under these N addtion and the increasing of
precipitation showed obvious spatial pattern under different climate conditions. The N addition tended to increase
more aboveground biomass, total biomass and the ratio of aboveground biomass to belowground biomass under
high sites with high mean annual air temperature (MAT) and mean annual precipitation (MAP) while precipitation
increasing tended to simulate more belowground biomass and total biomass under low MAT and MAP sites; (3) In
addition, the response of grassland biomass under these two global change index showed obvious temporal
pattern. With the increase of duration of N addition, the belowgound biomass tended to decrease, while the
aboveground biomass, total biomass and the ratio of aboveground biomass to belowground biomass tended to
increase under N addition. With the increase of duration of precipitation manipulation, the total biomass showed
no response to precipitation increasing, while aboveground biomass, belowground biomass and the ratio of
aboveground biomass to belowground biomass tended to be enhanced. The results indicated that aboveground
biomass was more likely to be enhanced than belowground biomass under N addition or precipitation increasing
in the long term.

Key words grassland biomass, nitrogen addition; precipitation increasing; response ratio; meta-regression;
climate condition; temporal scale
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gy, HAFE 120 b S I AE T J1 U3 (Hoekstra
et al., 2005), HAHERAELS RGNS IhhHE(Wrage
et al., 2011). EFIIK > R FIA A R G JIHN
A~ & B ) P B & (Hooper & Johnson, 1999;
Yahdjian et al., 2011). ZHANEERGGERHEE1E
PR A K B e A7 A 2 57, 3k T S BUE A A= 7
FIHIASTE i N (Ren et al., 2017). [AIfF, TS AR
(R AR 2 R G0 7= TRt B K AR S T 7 A 1 i S92 A1
TEAEZ 5 (Wu et al., 2011). B RMBES RS
AP IR B S, AEVE 2T T AR B A
[\ TSRS J1(Waring et al ., 1998; Del ucia
et al., 2007; Goulden et al., 2011). [Kitk, ZERTAARA
AR K =N, BT S RG AR
TN ] Rl VAT RS S e N ER S8
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Grechi et al., 2007); K& /MNEEMRN, A&
A FAEY R R ER N (Lee e al., 2010), HECH)
R AR EED, RHWEEE A )Pt (Ba e al.,
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Sy B AT R LG5 (Tilman & Wedin, 1991), 41
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TAYER AL et al., 2011). HAT, #HTFE
O M R B R T R R A R A5 e, SN
(Salaet al., 1988; Lauenroth & Sala, 1992; Wang et al.,
2012; Kang et al., 2013). J#/>(Knapp et al., 2001; Li et
al., 2011) AN ) a3 (Fay et al., 2000; Weltzin et al..,
2003; Zhou et al., 2009) .

— M S, ISR A2 AR A R R S R A
vt A E S EY)E(Gao et al., 2011), SRT
AT 8 T BB A R — 1, dET R R £
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WFFER I, A [RIAE Bl 2820 () A 6o T BUK A BLAE
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(4SS, 2015; Ren et al., 2017), {HHARGH]
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3 b DX P B U B /K S 4 8 o (Eesterling et al.,
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Fig. 1 The map of distribution of all the field experiments in this meta-analysis.

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



AhERAE: FEHUEZS RGN RAEA R S 22 I 18] RUBE L0 SR IR g AL PRS2 821

W BRIIE, BfR—SLI0 AL 2] 1 AN [F] S 46 4F
By R — SR ARSE H A o B PSR U 48 RS
rh R Bl B A s A B b ) R SR B, 1A
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al., 1999; Korichevaet al., 2013; Lu et al., 2013). N
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REGEREER.

P LRRZEAT A5 Ak DLUHE B 4 BRI BE 1 520, B
W AN S G A B K P LS P P (R AT AR HEAK,
DRI DS p: e /b =8 - AL ) vt R S | M €7
A A 8.4 g-m2at, Bl
X1 =X

Xyt = X7+ x (~8.4) (6)
Horp, Xr RARUEAL S B AR, BOSE X

X 73 9 S 46 52 06 A A IR AU, AR EELRR

ZRIN Nitrogen addition

SEEHE Study numbers Hh EAY)E AGB A=) BGB MR TB M 3T AR E L AGB/BGB
£ Annual mean 109 56 59 12

FEfr Inter-annual 169 79 74 37

i 4b 3 Precipitation increasing

SEGK R Study numbers A E AGB AR BGB HAEYRE TB AR AGB/BGB
£ Annua mean 77 82 71 51

4EBR Inter-annual 62 90 98 32
WAL HE Nitrogen addition and precipitation increasing

SEIGK R Study numbers Hh EAEYE AGB A E BGB SAEYE TB i AR AGB/BGB
1) Annual mean 19 21 17 14

4EFR Inter-annual 21 32 27 1

K F TR ASL I

Values are the number of independent measurements. AGB, aboveground biomass, BGB, be owground biomass, TB, tota biomass, AGB/BGB, theratio of AGB to BGB.
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(normalized LRR) =
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Fig. 2 Effectsof N addition (in circle), precipitation increasing (in square) and N addition plus precipitation increasing (in rhombus)
on aboveground biomass (AGB)(A), belowground biomass (BGB)(B), total biomass (TB)(C) and the ratio of aboveground biomass
to belowground biomass (AGB/BGB)(D) (mean + 95%Cl). Numbers in the parentheses represent study number.
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Fig. 3 Bubble plots of the meta-regression results between
the response of aboveground biomass (AGB)(A, E),
belowground biomass (BGB)(B, F), total biomass(TB)(C, G)
and the ratio of aboveground biomass to belowground bio-
mass (AGB/BGB)(D, H) to the treatment level of N addition
and precipitation increasing. A-D represent the N addition
treatment; E—H represent the precipitation increasing trea-
tment. The size of the bubble is the relative weight of the eff-
ect size (response ratio, RR) in the random-effects meta-
regression. Larger bubbles indicate study outcomes that
contribute a great overall weight in meta-regression. The
y-direction error bars of the black dots represent the standard
error of the means of response ratio; the x-direction error bars
represent the standard error of treatment level under N
addition and precipitation increasing.
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Fig. 4 Bubble plots of the meta-regression results between the
response of aboveground biomass (AGB)(A, E), belowground
biomass (BGB)(B, F), total hiomass (TB)(C, G) and theratio of
aboveground biomass to belowground biomass (AGB/BGB)(D,
H) to the mean annua temperature (MAT) in the study sites.
A-D represent the N addition treatment; E-H represent the
precipitation increasing treatment. The size of the bubble is the
relative weight of the effect size (response ratio, RR) in the
random-effects meta-regression. Larger bubbles indicate study
outcomes that contribute a great overall weight in meta
regression. The y-direction error bars of the black dots represent
the standard error of the means of response ratio; the x-direction
error bars represent the standard error of the means of mean
annual temperature (MAT).
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PR BARHLIX A 25 R 41 (p < 0. 0L; p < 0.05,
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— MM S, Aavmeigmth YR, FEERE
JCER RS, AN 555 1) 55 4 5 A N X IR 56 4+
TR 6] () 56 5 HE 7 RO, 28 5 3 A B R A3 1)
Z 4% (Tilman, 1985; Gough et al., 2000). FE# ) 248
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Fig. 5 Bubble plots of the meta-regression results between
the response of aboveground biomass (AGB)(A, E), below-
ground biomass (BGB)(B, F), total biomass(TB)(C, G) and
the ratio of aboveground biomass to belowground biomass
(AGB/BGB)(D, H) to the mean annual precipitation (MAP) in
the study sites. A—D represent the N addition treatment; E-H
represent the precipitation increasing treatment. The size of
the bubble is the relative weight of the effect size (response
ratio, RR) in the random-effects meta-regression. Larger bub-
bles indicate study outcomes that contribute a great overall
weight in meta-regression. The y-direction error bars of the
black dots represent the standard error of the means of re-
sponse ratio; the x-direction error bars represent the standard
error of the means of mean annual precipitation (MAP).
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Fig. 6 Bubble plots of the meta-regression results between
the response of aboveground biomass (AGB)(A, E),
belowground biomass (BGB)(B, F), total biomass(TB)(C,
G)and the ratio of aboveground biomass to belowground
biomass (AGB/BGB)(D, H) to the study year. A—D represent
the N addition treatment; E—H represent the precipitation
increase treatment. The size of the bubble is the relative
weight of the effect size (response ratio, RR) in the
random-effects meta- regression. Larger bubbles indicate
study outcomes that contribute a great overall weight in
meta-regression. The y-direction error bars of the black dots
represent the standard error of the means of response ratio; the
x-direction error bars represent the standard error of the means
of treatment time (a).
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T AR 77 70 1 QB S X 2 (Fang et al., 2001,
Swemmer & Knapp, 2008; Yang et al., 2008). & &
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X i A S R 48 (BI5A . 5C. 5D).
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PR A AT G MR CR FH (Yuan et al.,, 2006).
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