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Responses of soil inorganic nitrogen to increased temperature and plant removal during the
growing season in a Sibiraea angustata scrub ecosystem of eastern Qinghai-Xizang Plateau
MA Zhi-Liang'?, ZHAO Wen-Qiang', ZHAO Chun-Zhang', LIU Mei'? ZHU Pan', and LIU Qing""

'Key Laboratory of Mountain Ecological Restoration and Bioresource Utilization & Ecological Restoration Biodiversity Conservation Key Laboratory of
Sichuan Province, Chengdu Institute of Biology, Chinese Academy of Science, Chengdu 610041, China; and *University of Chinese Academy of Sciences, Bei-
Jing 100049, China

Abstract

Aims Little information has been available on the soil nitrogen transformation process of alpine scrubland under
global warming and changing climate. This study aimed at clarifying seasonal dynamics of the soil nitrate and
ammonium contents and their responses to increased temperature under different plant treatments.

Methods We conducted a field experiment including two plant treatments (removal- or unremoval-plant) sub-
jected to two temperature conditions (increased temperature or control) in Sibiraea angustata scrub ecosystem on
the eastern Qinghai-Xizang Plateau. The contents of soil nitrate and ammonium were measured at the early, mid-
dle and late growing seasons.

Important findings The results showed that soil nitrate and ammonium contents exhibited obvious seasonal dy-
namics. Throughout the entire growing season, the soil nitrate contents increased firstly and then decreased, while
the soil ammonium contents increased continually. Particularly, in the early and middle growing season, the soil
nitrate contents were significantly higher than those of ammonium, regardless of increased temperature and plant
treatments; however, in the late growing season, the soil nitrate contents were significantly lower than those of
ammonium. These results implied that soil nitrification was the major process of soil nitrogen transformation in
the early and middle growing season; soil ammonification contributed mostly to soil nitrogen transformation in
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the late growing season. Furthermore, different responses of soil nitrate and ammonium contents to increased
temperature and plant removal treatments were observed at the different stages in the growing season. The effects
of increased temperature on soil nitrate contents mainly occurred in the middle and late growing season, but the
effects varied with plant treatments. Increased temperature only significantly increased soil ammonium contents in
the unremoval-plant plots during the middle growing season. The effects of plant treatments on soil nitrate con-
tents only occurred in the control plots (controlled temperature). Plant removal only increased soil nitrate contents
in the early and middle growing season, but significantly decreased soil nitrate contents in the late growing sea-
son. Plant removal significantly decreased soil ammonium contents in the increased temperature plots during the
middle growing season. Probably, in the early and middle growing season, scrub vegetation mainly absorbed soil
nitrate and the absorption process was not affected by increased temperature. These results would increase our
understanding of the soil nitrogen cycling process in these alpine scrub ecosystems under global warming and
changing climate.

Key words alpine scrub; warming; plant removal; soil nitrogen transformation; nitrate; ammonium
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Fig. 1 Seasonal transitions of daily mean soil temperature at 5
cm below the soil surface, daily mean air temperature at 70 cm
high and soil volumetric moisture at 5 cm below the soil surface
under different treatments (mean + SD) during the experiment
period. POWO, POW1, P1WO0, P1W1 are refer to the different
treatments, indicated removal-plant + controlled temperature,
removal-plant + increased temperature, unremoval-plant + con-
trolled temperature, unremoval-plant + increased temperature,
respectively.
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Fig. 2 Seasonal dynamics of the soil nitrate contents under
different treatments (mean + SD). POW0, POW1, P1WO0, P1W1
are refer to the different treatments, indicated removal-plant +
controlled temperature, removal-plant + increased temperature,
unremoval-plant + controlled temperature, unremoval-plant +
increased temperature, respectively. Differences lowercase let-
ters indicated significant differences between different treat-
ments at the same sampling dates (p < 0.05).
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Table 1 Results of the repeated measures ANOVA showing the p values for the responses of the soil nitrate and ammonium contents and nitrate/ammonium to
increased temperature (W), plant treatments (P), and sampling dates (D)

AT Factor D DxP DxW DxPxW P w PxW
THA % Nitrate <0.001 <0.001 <0.001 0.002 0.002 0.001 0.086
A Ammonium <0.001 0.949 0.232 0.368 0.051 0.496 0.516
THAR/AEAE Nitrate/ammonium <0.001 <0.001 0.015 0.025 <0.001 0.001 0.046

R B TRRE S BEM <0.05,

p values less than 0.05 are in bold.

2 BHOKS . RES LIRS RS A S BRI

Table 2 Correlation between soil moisture and temperature, nitrate and ammonium

¥8br Index %% Temperature

7K43 Moisture

MR Nitrate A% Ammonium TS R/AZAS%E Nitrate/ammonium

L% Temperature 1

K43 Moisture -0.527" 1
YA A Nitrate 0.457" -0.159 1
#Z5% Ammonium 0.047 0.294" -0.404" 1
T 5 58/ 45 Z Nitrate/ammonium 0.232 -0.228 0.829" -0.813™ 1
* 1 <0.05; ** p<0.01.
www.plant-ecology.com
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Fig. 3 Seasonal dynamics of the soil ammonium contents
under different treatments (mean = SD). POW0, POW1, P1WO,
P1W1 are refer to the different treatments, indicated removal-
plant + controlled temperature, removal-plant + increased tem-
perature, unremoval-plant + controlled temperature, unremoval-
plant + increased temperature, respectively. Differences lower-
case letters indicated significant differences between different
treatments at the same sampling dates (p < 0.05).

3.0
a

24l CIPOWO

EIPOW1

ZaP1IW0

BP1W1

—
o
T

AR/ Nitrate/ammonium
< —_
=N o

H ¥y Month

B4 AFEACE T LEES RSB FEY R CHIELR
HEWMZ). POWO. POW1. PIWO. PIW1%HI4EASE 4L H J7
e EBREYHARGR . R ALY+ ALY
i AXREREYHE . ARG T EERIRFE — R A
[E] b3 2 ) 22 57 2 2 (p < 0.05).

Fig. 4 Seasonal dynamics of soil nitrate/ammonium under
different treatments (mean = SD). POWO0, POW1, PIW0, P1W1
are refer to the different treatments, indicated removal-plant +
controlled temperature, removal-plant + increased temperature,
unremoval-plant + controlled temperature, unremoval-plant +
increased temperature, respectively. Differences lowercase let-
ters indicated significant differences between different treat-
ments at the same sampling dates (p < 0.05).

LR B2 T T A o 3 -
SRR, BFEER T ARFARM LM SR/
AR EOTCHGRF 7, ZPRIaYALBEfd 1 I

SRS BAL KRR8I & AF R
AR AT R S B S BAFAE B E 5 (R,
BANERFYW MBS B/ S ERE R —
BRI S, A KR WIERIE(E4).

3 Uit

3.1 IEMSRNESENETIHE

AR SRR AL S R G HIEE T R%E
() f 2 B R 47, RIS AR 2 ikt AR S R g8 T A
706 P4 f EL AN B 35 BRI 38 73 (Belaytedla et al.,
2009). fEEFEAESRG T, HWEKKE R
AR F B AMESFAMESE, HIEHSA
AR 2 R 2 0 il o B I g ) ER R A,
HE RO AES REMEEE KK R EER
| Kl -F(Rennenberg et al., 2009). HFELEKRGH,
AN FIEPIAEAS [F) A KR B 0T LI S R B S
(I IO F % Je LA B f2 22 57 (Wang et al., 2012),
b SR A MDA T 2 S VA AE B ) R AR,
FECRER OE A A W T R, T
TIEME RS E S EEEMARAEK R ERE
B B A FE IS (BRALE, 2014). AWF7TH, 28
BN TS B SR S 2V AR 1)
FENAR(ER2; E3). SN RS A S BN
A B 0 22 5 W 3 (3R 1), HL7E AR K 25 vp 108 21 I
(K2). EKFYIIAS AT HIEMEE S EREH
JE R AT A2 S T 3 R Ol R I, R KR
AR HAVK T Rl A AT BE I AR OR B A A SR A O (AR
B, 2014). RN EE B A KR A B
8, SRR TS AKE R, T
B, IR B R (E A4, 2010);
Thb, LEEREY R R BAEIX I
Thi, A R 753X — B PR B P A 35 T mT e 38 o,
TE—EFERE bl g i 3 A & & i (Steven et al.,
2006). MAEAE KRS AL BN TS A& 24
R BACE, AKTEARIE AP IR 7510 °C
Z 3, LIRS K ERRFE25% 4 (),
TEEEAMA AR T, 5 REI S
P AT RE R A . BHHE, SO AGAE IR s i 4
TP KEMESE(L e al., 2015), JREE K,
ARG B R ERIC. M RGN LIRS
SR EENETIEA B, THESEEE
TEAE K ZEYIHAN  BEAR, 5 R AT e 2 152 g

DOI: 10.17521/cjpe.2017.0086

©U 00000 Chinese Journal of Plant Ecology



92 MM FHR Chinese Journal of Plant Ecology 2018, 42 (1): 86-94

T FEFIIK A3 (R s, I S A S RS .
AR s, IR KR E RS BRSNS
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2014; FROESE, 2014)0 AHR A4 SRR, T 158hH
BEERHESASEREMMEKER2). FN, -
B REMNESERUERHEER, BFEHTREHA
I IR S BV S E R A (B4 . fEAEKEARM,
IR AR G RA B EAE, ORI IR RTK Sy
FAE AT REA AT LI AE M R AN R A AT AR gk
1T(Liu et al., 2016; Palta et al., 2016), TIEMSE/
S EAER — I IR AUR(&4) . AWTFIERIN, 18
ARKEYIWIA G, SAEEEMEERSENEE
mTHSASE, MEEKERP L IEMSEA S =
PIBERTEHSE S -4 X% Xk A
W AGAE A AR AN S LR A AE O 3, T AR
KFER L EAAEH N
3.2 HIEMARNERSRIT IR AR

- A A RN B A B EEN O T CHEG Ul 14 e 1. [
27 VR A Ak 3 AN [ 7 A7 AE 3 2 e (K12, 3,
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I int(Bai et al., 2013). 5B HEMEETT AL,
OTCAH A Z: BRAEYIRE 77 (1) - e 388 5 i 25 58 K (),
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K AR AL IE AL T A K HE 2 1 DA B 6 U 75K,
ARFHEIELKE . EKEFHT KO
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1), 3852 30 7= FE K 4 BRI, TR 7 3R xT
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2017). BFHPHEEQ016) I L4 R AR, S8R Al
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() 338K 4 R B AR P B A R B 4 2 A
FEJFEH . LEREAE T R LB T H R VR A
B AR, AR R B R 3 e,

TIEH P HRIEA L3 B LS R R,

BE— 2B IR 7 GRS B A AR 12 RS (Bruijn &
Butterbach-Bahl, 2010; Yin et al., 2013). FAI[F B0
SR LRI T IR S R S B2 G R RR AN
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(AN [F) BT 30T L3 3R 0 R AF AR AR K 22 5+
(Moreau et al., 2015). ANEFRAEVIAIEEZE G0 T
SRR K TR HIEMSE T EER). 55k
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THEERAENICRIE(IEY . R R WH . R
B, XA R T AR AR B, s
IR AE R (Yin et al., 2013); M EAREA T4
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VI RE BRI T OTCHE MR A 7 70 A4 K 2 v 1 1 458
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