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Abstract

Aims Soil exchangeable base cations (BCs) play important roles in keeping soil nutrient and buffering soil
acidification, which may be disturbed by anthropogenic nitrogen (N) input. Considering relatively limited evi-
dence from alkaline soils, this study was designed to explore the effects of N addition on soil exchangeable BCs in
a typical alpine steppe on the Qinghai-Xizang Plateau.

Methods From May 2013, eight levels of N addition (0, 1, 2, 4, 8, 16, 24, 32 g-mfz-afl) in the form of NH4NO;
were added in the alpine steppe, where soil is alkaline. During the following three years (2014-2016), we col-
lected soil samples in mid-August in each year. By measuring the concentrations of exchangeable BCs, we exam-
ined their changes along the N addition gradient. We also explored the relationships between BCs and other plant
and soil properties.

Important findings Continuous N addition resulted in significant loss of exchangeable BCs, especially Mg®" in
all three years and Na' in two years. The concentrations of BCs were found to be negatively related to
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above-ground biomass and the concentration of soil inorganic N (p < 0.05). These results indicated that increase in
N availability stimulated plant growth, which in turn led to more uptake of BCs by plants. Moreover, enhanced
NOj3 leaching resulted in the loss of BCs due to the charge balance in soil solution. In addition, increased NH;
displaced BCs binding to soil surface and made them easy to be leached out of soils. Different from acid soils, soil
acidification caused by N deposition in alkaline soils is mainly buffered by calcium carbonate, having less effect
on BCs. Our results suggest that N addition results in the loss of exchangeable BCs in alkaline soils, leading to
poor buffering capacity and decreased plant productivity over long time period, which needs to be considered
during grassland management in the future.

Key words exchangeable base cations; nitrogen deposition; alkaline soil; plant uptake; buffering phase
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Table 1 Soil and plant properties under different nitrogen rates (mean + SE)
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AGB, above-ground biomass, TIN, soil total inorganic nitrogen. NO-N32, nitrogen addition 0, 1, 2, 4, 8, 16, 24, 32 g-m’z-a’l, respectively. Different letters

indicate significant differences among N treatments (p < 0.05).
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Fig. 1 Effects of nitrogen addition on soil exchangeable base
cations (mean + SE). NO-N32, nitrogen addition 0, 1, 2, 4, 8, 16,
24,32 g-m*-a”', respectively. Different letters indicate signifi-
cant differences among treatments (p < 0.05).
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Fig. 2 Effects of nitrogen addition on soil exchangeable Ca>*, Mg?", K*, Na' (mean + SE). A, Ca’*. B, Mg*". C, K". D, Na".
NO0-N32, nitrogen addition 0, 1, 2, 4, 8, 16, 24, 32 g~m’2~a’1, respectively. Different letters indicate significant differences among
treatments (p < 0.05).
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Fig. 3 Relationships of soil exchangeable base cations with above-ground biomass and soil total inorganic nitrogen in 2015. A,
above-ground biomass (AGB). B, soil total inorganic nitrogen (TIN). The black lines represent the fitted curves and shades for 95%
confidence intervals.
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Fig. 4 Relationships of soil exchangeable Mg®* with above-ground biomass and soil total inorganic nitrogen in different years. A,
AGB in 2014. B, TIN in 2014. C, AGB in 2015. D, TIN in 2015. E, AGB in 2016. F, TIN in 2016. AGB, above-ground biomass, TIN,
soil total inorganic nitrogen. The black lines represent the fitted curves and shades for 95% confidence intervals.
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Fig. 5 Relationships of soil exchangeable Na* with soil total inorganic nitrogen in different years. A, 2014. B, 2015. TIN, soil total
inorganic nitrogen. The black lines represent the fitted curves and shades for 95% confidence intervals.
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FH, AR EAELIE A (NHINOs) A i Hi AR AL,

KAEVFE. BEERAERM, TR THEEE
SERINGERD). BINHINHG 5 5 5 90
(Matschonat & Matzner, 1996), A] PLAZ 6 A 3580 it
e, AR P NIRRT, T
Xt Al BRI B T A B R MR RO Ca™ > Mg™ > K
> Na" (Chapin III ez al., 2011), #3Na & Z s
e, XA AT HE R E 24 HH W82 B Na 5 2 i it 2 =
188 o S5 AR A S R (E2D) . RIS, AR ROWITE 72 6
W24 E S RGP RN INEEIE2.5 gm*a I, NO;
WA 22 B N (Dise & Wright, 1995). N T R B R
IS 51 T IENO WA & 12k, ATT 20145
20154 52 T S50 Hh VR 2 1 3% P FINO5 & & (Peng
et al., 2017a), I H 20164 W gL E TR )Z
0-10 cmfINOHRIE (FHMFIID), & B 24 % In kit
16 g'm >-a "I, NOsbk A B35 0. Jy i H I3y
FLAF P17, NO3URIE K 5 i L4 ph Hh 3 B T 7E N
(45 3 a7 [P BH B F-(Gundersen et al., 2006), Mfji&
AR B PRI . 5 IR — 8, AR SLIG L
REPHBEFTTFEEELINATER RZFE X
(KI3B. 4B, 4D, 4F. K5), #t—PiEH oHL &Y
IEEE T SR T . %45 RS B DUER R
)32 FF, CusackZ5(2016) K I, AN 3 z2
e NH, (& 85 3 0 H NOs & = 34 0, E 52
NH, 22 e 5NO A B i k15 3 3 5 1 i k.
EEORFRATTAE BB L v WL 5% B f o - 49 58 4 P 2R
EETEERERNEE FE IR R SR —
2, B FEH A SR T 3 A A [ SR B [
FIA LA X FEERF MR T L IER
TR LI AEAE 25 57 (Bowman ef al., 2008). fEA
FAERRGH, RO @D DL S5 5]k T 5
b (DFEBENO; & A H TS ()P ONH, B
RN (3) NHyERSIL/E S R i Atk 7=k
H; (H)ER IR IS 87, BicEZH
(Guo et al., 2010; Chen et al., 2016). — %1 5, 1%
WItGEpHIE P T H T AL R B o 4] iEpHAE K
F7.50F, HHERRL B B ER R Z v pHIE N
4.5-7.50F, BRI B RS et S B T HH RS
e, ORI RN OH . BRI IR, EhEEE T
BT FE, - SFBH IR AL T 4 S 22 v A (pH
fE/NT4.5)(Bowman et al., 2008; Yang et al., 2012b).
B G, ERACE P 5 ) 4f pHAE 2918 219,
R BRI T, pHAEIR T8, —H A Tk ER
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S B, RN S 800 R R R RIS
PR TR R EIE A MAERRE b, EhAk
BP OS5 BRUIET A MHT, ZrfHIERL,
FEHAR M F B Flh0, ChenFF(2016)7E N 55
AR RGP TR AR ER, KBRS
R A - 3985 N 3 35 8 2 e B BB T s i 256
T1% . BowmanZ5(2008)7E Hiig kM FEAE S RS
HH ORI R 2R B, R S A 0 AE A - I AL )
Fe' B bt I A IR, 3 pRas i 1 £ 3 8 1 O 2K,
PR i B R, PRAITR A nT R 2, fEA
A R pHAR 261 #h 28 B 7 I AR AN ]

4 FRFIEX

AHEFAE R T iR A SR B X IE SR SN
(e B Je A &A% . a5 R BR, Bl - &
AN T R BRI S BRI, RIS BONHL A
1EH ENO#h A G o, B shE S rHk. 5
B PE AN, ZUTRETS 50T L IERR G B Eh AR
THRAERINE L VR AR A58 . X — R IIRHA
P FE LR AR AS RGO AR BRAR A (1 B S5 T LA
HE AN ZHRERTRTN, 76K k404 8, 11
RUTEAT R 4 FEE 52 = 7K F(Galloway et al., 2008),
TR R i e - 3 K R SR (b (Yang et al., 2012b;
Tian & Niu, 2015). TERRALITFEH, BER SR 22 PR
(R 2 D28 DX Sk T 17 (Yang et al., 2012a). [FJRT,
o T SR N3 R 3R 3 B B R A AN B R B b
78, Kk g5 g IR ok S RE 7, BR M RE Bk AR
(Hogberg et al., 2006), {EECK PR A Fikdg 52
M 3G RRE ). (Rl TEARSRE A R nT Ri:
R, B EEDTE S R I S R R TR .
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Appendix I Frequency distribution of pH values on the Qinghai-Xizang Plateau. Data from 173 sampling sites along a
grassland transect across Qinghai-Xizang alpine grasslands during 2013-2014, which were collected by members from Dr.

Yuanhe Yang’s group
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Appendix II Effects of nitrogen addition on Mg pool in aboveground plant (mean + SE). A, 2014. B, 2015. C, 2016. N0-N32,
nitrogen addition 0, 1, 2, 4, 8, 16, 24, 32 g-m‘z-a'l, respectively. Different letters indicate significant differences among treat-

ments (p < 0.05)
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Appendix III  Effects of nitrogen addition on NOj leaching in top 0-10 cm soil in 2016 (mean * SE). N0-N32, nitrogen addi-

tion 0, 1, 2, 4, 8, 16, 24, 32 g'm’z-a’], respectively. Different letters indicate significant differences among treatments (p < 0.05)
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