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phosphorus in alpine ecosystems. Global climatic warming can significantly alter the growth of plant communities, as well as
the structure and activity of soil microbial communities in the alpine ecosystems of the Qinghai-Xizang Plateau. This, in
turn, can have profound effects on soil nutrient mineralization and cycling processes, ultimately affecting the availability of
soil nitrogen and phosphorus nutrients. However, up to this date, we still know little about how climate warming affect soil
nitrogen and phosphorus nutrient availability in the alpine shrublands on the eastern Qinghai-Xizang Plateau. Therefore, to
reveal the effects of warming on soil nutrient availability in the alpine shrublands, the dynamics of soil dissolved organic
carbon (DOC) , inorganic nitrogen ( DIN) and available phosphorus ( AvP) contents and their stoichiometric ratios and
their responses to warming during the different growing seasons in a typical alpine shrubland dominated by Sibiraea
angustata on the eastern Qinghai-Xizang Plateau were examined. The main influencing factors regulating soil nutrient
availability under warming were also investigated. The results showed that the soil available nutrient contents showed obvious
seasonal dynamics. Soil DOC content showed a trend to decrease first and then increase, reaching the lowest values in the
middle of the growing season. While soil DIN, ammonium nitrogen and nitrate nitrogen contents, and soil AvP content
showed constant increasing trends, all reaching the highest values at the end of the growing season. Warming did not
significantly affect air temperature throughout the growing season. Warming significantly increased soil temperature by
1.3°C, but decreased soil moisture by 2.2% during the growing season. Warming significantly increased soil DOC and AvP
contents by 3.5%—9.9% and 4.8%—33.7% throughout the growing season, respectively, as well as significantly increased
soil DIN content by 17.5% in the middle growing season. However, warming significantly decreased the soil DIN content by
12.8% in the late growing season, which mainly resulted from the decrease in soil nitrate nitrogen content. Moreover,
warming did not significantly affect soil ammonium nitrogen content throughout the growing season. Simultaneously, warming
significantly increased the ratio of soil DOC:DIN by 37.3% in the late growing season, but significantly decreased the ratio
of soil DOC;AvP by 17.9% in the middle growing season, as well as significantly decreased the ratios of soil DIN; AvP by
12.2%—25.7% in the middle and late growing season. The results of Redundancy analysis and Pearson correlation analysis
suggested that soil temperature, soil moisture, soil microbial biomass carbon content, and urease activity were the main
factors affecting soil nutrient availability in the alpine shrubland, all of which could explain most variations in the soil
available nutrient contents. These results indicated that future global warming could promote soil nutrient mineralization
process by increasing soil temperature, then accelerating the transformation and cycling rates of soil available nutrients, and
thus significantly influencing soil available nutrient contents in these alpine shrublands of eastern Qinghai-Xizang Plateau.
These results can provide some basic data for a deep understanding of the soil nutrient transformation and cycling process in
these alpine shrublands under the climate warming scenario, and also provide scientific references for the sustainable

management of these alpine shrub ecosystems on the Qinghai-Xizang Plateau.
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Fig.1 The effects of warming on the dynamics of air temperature, soil temperature, and soil moisture in the alpine shrubland
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Table 1 ANOVA of the repeated measurements of soil available nutrient contents relative to warming treatment and sampling date in the

alpine shrubland

- R HURE IS 1] R > BB i ]
ea Warming Sampling date WarmingXsampling date
Variables

F P ¥ P F P
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Soil DIN: AvP 5.595 0.056 7.157 0.009 9.997 0.003
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Fig.2 The effects of warming on the soil available nutrient contents in the alpine shrubland
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Fig.3 Redundancy analysis for soil nutrient availability and soil environmental factors in the alpine shrubland
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Table 2 Correlations between soil available nutrients and soil environmental factors in the alpine shrubland

AFHE Variables Air T Soil T Soil M Soil pH MBC MBN MBP BG Ur AP
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38 DIN 2l AR 25 2R G0 800 P 0% 10 o 32 B AR I 4, T s e ol s A 25 2R 4+ 18 R0 34 e L R
FEC G BRAHS 43, o i 32 HHER AR 5 ma 7)  BOIR e A K F b )t 2 4R v 8 DIN & i e
KA 0 PR AK 4 DIN i 33X 3252 R R i e A 4 2 v 30t 3 i o SR s v, s R
AW BER AR SR LR 5 R AR DG RIS M R R R, R b i, AT 3 5 T e L
R WiE K AR R - A W AR B D X - 38 DIN SRR IORI A, HE AT =Z XA R
R 5 A PR I 0 SR Al R A AR S S R N, A e il 3 DIN 5 i B R ()
), FEAER AR, BAR R FETE AT R I DR AR IR0 T U /0 XoF 398 DIN (%9 W e A1) {2 - S8 308 3 T ke
RARR B A -5 - 3 R AR AR DG Y 3R e 3% sh AN BS 1: , H3ER fb g, R i+ 3% DIN & 8 K
BEAIK> 21 2) IR, oot Ml A - 9t At A A K st 98 R0 3R RSO P S A K ok 0] + 498 DIN
i B ERER — A FEEAE , FE KSR R AL, RIS OK AR 25% 4, S Bt
AR A Ze ], 1 T PR SR 114 S A A TR AR A 2 B RN, 1T BB AR RCRS AR AR Y TR R
iK1 DIN AR AR S &, R B R R A S A S R G A R SR, AT A6 I
T o FE T A K 2 R SRS A AR P 4 5 ), AS BE TR 384 YR 3 1208 A2 X - 18 DIN FAS 285 0 i R ARG 2L
PRTTHR , LAG BIBFFEROZ ST ML i e, AN FT A & B IR S 804 K ok M) 4 48 DIN 5 2 R = 2R
T HEREAS A AR, 31X PRI h T = FERE AT DAV X - S 28 I i e A R A T 48 1 e A ) A
Xof - R AR IR X — G T A S UL 1 G 4 R 2L, 3t — A U T R U A K S R g
AR 1o FEVE M A B P56 598 DIN WSR3 [l i, R A A B % e A 4 Z AR X 1 458 DIN (4 W SCF |
FH R FE WA, P T34 T AR K Z R IS i+ 4% DOC &5 i K - 4% DIN &4, S8+ 4% DOC . DIN [t i %
FEAR(IE 2) . S0 RRAL AR L, e A S TR T 38 g2 R & B B T AR K B A vh 4 ax o iff— 2
EPUE THRAE R B AT o R R E FR i 2 nl RE SR L A FE A >

544 DOC &SRR, W B E R & T RN K AP & Rl R K,
TR T3 35 AVP S IR R B e R (1 2) K S AT R i e 1 TR A BT 1 FEE B W R RN U R

http ; //www.ecologica.cn



50 xR 45 4

A 1 AVP OTEOR . XL T B S AR T S W L e SR M R R YA G TSI
FELER A B TR EH T A K T R A AR W R A R R M R R G T 0K R e L
B AL, TR 2 1308 AvP S fE bR JE A S RGP B et R 0, 32 L3R BE K 438 SR AR 3
M, 44 2 v SRR MR L AvP B ORI L ERRRER T IR, 13 DOC: AvP HETEAE K
) W ERRAR (8] 2) , LR IR RE S e F 1= FEHE N TR 208 % | I IR o 8 AvP A0 A R T4
Pk A K B M SR W I A KR B A
3.2 R IEHE N A ORI N T

JERTBIWT L SRR, i FE LR 28 R G0 L TR AT RO X U A 152 14 o 7+ - B0, A A e Y - 4
W BE T+ 5 K o3 S i BAR T B L A R o S T R B AL — e R SRR A
TP E AR A AT R SR A R, ATSE R, R R | Ky HE MBC R AR
SO R FERE N A IR A R B OGP IR 1 (1 3,38 2) o o, R AN K o0 X A RO o
AR S AR iy, 1 — 2 U A IR MR AR A R BRI A ROR i, X R RO R
JEEF7K S5 A8 A RE I I L 125 0 o FERE L) A A | AR A 1 A I Bl ] 2 52 W) T A LA o
PEMEZ 0 A R & i, ABETEaR A B, SR X + R 0 A R Y R R 5 T 0K 93 (37.7% vs
20.4%) (1 3) . BEBFFEASAT Lin 550 7575 80w I A 1 o 8 A 25 R e B S0 28 SR i, At ] 4 30 1 1
K%t AR AR R He R AR R A, X RS S R AR R GUE R BRI, Rk
iSRRI DI R A B A R DA O R FRATE A SRR B, AR e R R N 13
DOC &SI AL PR 48 e m (H A Z MR B E R AR (K 3,58 2) . REZERNAERKE
YR AR b S B B RARAIG  (H AR AR R FE R AT HLTO L AE (35 B2 55 133 DOC & 4, B L Ao It b 2T
T3 DOC AR E R FYIWIA R RARIR(E XL AR W m FERE A A RS A LR e AE T R A 57
SR ER A Y SRR AL

3 MBC 51 FIIREEHE M 1A HOER o & AR S BT — e R, UL S el A Wi s 36 P g
FR S FEREN TSR AR . AT TS SR A NG TR AT 0 R R E T SR R 2 AN A il
TR R AL HE R 3 W REVE I M B ) L ISORIVR 9 45 A W) S, T W R e LB
Mo fite , T B e SR A R . A, SRS R 5 - AvP i R S IR GG AR, AR R JETE A
T HEA WA B Z AR AR G OCR R HE AvP S iR P RR AR E A A R TR T R
HEA R RO Z IR M — ST 3R], 4 pH RSN 3R A RO (0 AR A, BT T
T O L pH T A AR A S Y AR, ZEFRATT AT, L4 pH AL SR A LA R
i (AN A AS AU ) Z (AR B W RO A OG A (3R 2) , Xt SR I A1 Sk i gt Bt A A 31 e 35
K 3) o X BEAEIRA ] 3 pH AN R R 12 DX i N - HESR 0 A S R 3R (Y SC S BRI TN 1~ AR
FORRI, BORGIR R4 2 T LR M R R IG M | 130 AvP Y T R PR R I 1 2 18] 0 0 A
RAPHSCHE (3R 2) , S UL AU AS 1 5t T e JEE DA 1 Sl 22 8 S e vl [ ) 52 30 Al B 058 DR 7 A i 42
HEARHLRNEA FF— L IRABITE . Yang 5515 (RS04 500 R B, 1300 0 AR W 35 42 5 130 AvP &4 (R
(I RAR2E 53 P Wi A7 A 22 5, I R Sl 3R A A8 P T 5 Rl v AR A W A O T 5 Sl T 5 1 R O
PEAGR

4 #ip

23 LRI ML Y R e v R R e R A AR R R DOC M AVP i, AV AR K
5 SR E YR PSR 2R S DIN 352 X 18 i A g 167 PR AR A 7 T A (], L I T 5 i) - S
SAGE, TR LUK e MBC 5 i R I A 2 52 W i 2 e DA b SRR AT S 4 O i BRI T
To IXLELGIRAN] SRR i b i R R £ kSR A W R T A I L A LB R B A e R T

http ; //www.ecologica.cn



14 XSG A5 TR R SRR TS e S HE DA SR A S AT 3 1 4 i 7 B HL R iy D 3R 51

SO T IRI AR . AR 5E T, 35780 SR V0 i S A A A R R 7 A S PR A
FAR R RERS AL i TEFE I T A A v AR R S AR O IR R X EEHFTEAER Al TR AN
PR HEHE D M A 2 X g A 0 A i L AL ] $12 S At AR [ o ] DA DX Il v FEHE A A 25 R e ]
EHRMR S

B - B ERR 7 B R A BT ST X DT AR S it R AR s I, Rl v B R 2 e UAR A W T 5 B
FEWEM I E T PRI 5 3067

n:[f

%

2 Xk ( References) ;

[1] BingHJ, WuY H, Zhou J, Sun HY, Luo J, Wang J P, Yu D. Stoichiometric variation of carbon, nitrogen, and phosphorus in soils and its
implication for nutrient limitation in alpine ecosystem of Eastern Tibetan Plateau. Journal of Soils and Sediments, 2016, 16(2) : 405-416.
[2] CuiYX, Bing HJ, Fang L. C, Jiang M, Shen G T, Yu J L, Wang X, Zhu H, Wu Y H, Zhang X C. Extracellular enzyme stoichiometry reveals

the carbon and phosphorus limitations of microbial metabolisms in the rhizosphere and bulk soils in alpine ecosystems. Plant and Soil, 2021, 458

(1/2) . 7-20.
[ 3] Liptzin D, Sanford R L Jr, Seastedt T R. Spatial patterns of total and available N and P at alpine treeline. Plant and Soil, 2013, 365(1/2) .
127-140.

[ 4] D'Ald F, Odriozola I, Baldrian P, Zucconi L, Ripa C, Cannone N, Malfasi I, Brancaleoni L., Onofri S. Microbial activity in alpine soils under
climate change. The Science of the Total Environment, 2021, 783. 147012.

[5] XuHW, WangM G, You C M, Tan B, Xu L, Li H, Zhang L., Wang L. X, Liu SN, Hou G R, Liu Y, Xu Z F, Sardans J, Pefiuelas J. Warming
effects on C:N:P stoichiometry and nutrient limitation in terrestrial ecosystems. Soil and Tillage Research, 2024, 235, 105896.

[6] RuiYC, Wang Y F, Chen C R, Zhou X Q, Wang S P, Xu Z H, Duan J C, Kang X M, Lu S B, Luo C Y. Warming and grazing increase
mineralization of organic P in an alpine meadow ecosystem of Qinghai-Tibet Plateau, China. Plant and Soil, 2012, 357(1) . 73-87.

[ 7] Kastovska E, Choma M, Capek P, Kaita J, Tahovska K, Kopacek J. Soil warming during winter period enhanced soil N and P availability and
leaching in alpine grasslands: a transplant study. PLoS One, 2022, 17(8) . €0272143.

[8] RuiYC, WangSP, XuZH, Wang Y F, Chen C R, Zhou X Q, Kang X M, Lu SB, Hu Y G, Lin Q Y, Luo C Y. Warming and grazing affect
soil labile carbon and nitrogen pools differently in an alpine meadow of the Qinghai-Tibet Plateau in China. Journal of Soils and Sediments, 2011,
11(6) : 903-914.

[ 9] Querejeta ] I, Ren W, Prieto I. Vertical decoupling of soil nutrients and water under climate warming reduces plant cumulative nutrient uptake,
water-use efficiency and productivity. The New Phytologist, 2021, 230(4) : 1378-1393.

[10] WangJ, Zhang C Y, Luo P, Yang H, Mou C X, Mo L. Does stress alleviation always intensify plant-plant competition? A case study from alpine
meadows with simulation of both climate warming and nitrogen deposition. Ecological Indicators, 2022, 144, 109510.

[11] Wang X X, Dong S K, Gao Q Z, Zhou H K, Liu S L, Su X K, Li Y Y. Effects of short-term and long-term warming on soil nutrients, microbial
biomass and enzyme activities in an alpine meadow on the Qinghai-Tibet Plateau of China. Soil Biology and Biochemistry, 2014, 76 140-142.

[12] Wang XY, Cao Z Y, Wang C Y, Xu L, Zong N, Zhang J J, He N. Influence of simulated warming on soil nitrogen fractions in a Tibetan alpine
meadow. Journal of Soils and Sediments, 2013, 23 646-656.

[13] Chen Y, Feng J G, Yuan X, Zhu B. Effects of warming on carbon and nitrogen cycling in alpine grassland ecosystems on the Tibetan Plateau; a
meta-analysis. Geoderma, 2020, 370 114363.

[14] YuC Q, Shen Z X, Zhang X Z, Sun W, Fu G. Response of soil C and N, dissolved organic C and N, and inorganic N to short-term experimental
warming in an Alpine meadow on the Tibetan Plateau. The Scientific World Journal, 2014, 2014, 152576.

[15] QianD W, DuY G, Li Q, Guo X W, Fan B, Cao G M. Impacts of alpine shrub-meadow degradation on its ecosystem services and spatial patterns
in Qinghai-Tibetan Plateau. Ecological Indicators, 2022, 135, 108541.

[16] Fan Z M, Bai X Y. Scenarios of potential vegetation distribution in the different gradient zones of Qinghai-Tibet Plateau under future climate change.
The Science of the Total Environment, 2021, 796 148918.

[17]  HESGREREH L. BRI F45-2023, 2023, JUat. B, 2023,

[18] ZhaoBY, JiaX Q, Yu N, Murray J D, Yi K K, Wang E T. Microbe-dependent and independent nitrogen and phosphate acquisition and regulation
in plants. The New Phytologist, 2024, 242(4) . 1507-1522.

[19] Tian L M, Zhao L, Wu X D, Fang H B, Zhao Y H, Yue G Y, Liu G M, Chen H. Vertical patterns and controls of soil nutrients in alpine
grassland; implications for nutrient uptake. The Science of the Total Environment, 2017, 607/608; 855-864.

[20] Zheng HF, Liu Y, Chen Y M, Zhang J, Li HJ, Wang L. F, Chen Q M. Short-term warming shifts microbial nutrient limitation without changing
the bacterial community structure in an alpine timberline of the eastern Tibetan Plateau. Geoderma, 2020, 360 113985.

[21] #2TE, HEA, WS, MURSE, Jaks, skir, B4k, SEMWE. N Landsat SO S BT IRVL | JEAR BB o BE 25 A8 Ak S 3008 43 5 4
fiE. FRAEMOE R 2E24], 2023, 51(1) : 54-60.

[22]  X03&, Ehk B ASHUII RN 5 L ros S AR 0 o JEME A T 3 U AR ). I A 25253, 2021, 32(6) : 2045-2052.

(23] Sl Rz abris. duat. B EROAHE IR, 2000.

[24] Zhu XM, LiuM, Kou Y P, LiuD Y, Liu Q, Zhang Z L., Jiang Z, Yin H J. Differential effects of N addition on the stoichiometry of microbes and
extracellular enzymes in the rhizosphere and bulk soils of an alpine shrubland. Plant and Soil, 2020, 449(1/2) . 285-301.

http ; //www.ecologica.cn



52 A FE M 45 4%
[25] Joergensen R G, Wu J S, Brookes P C. Measuring soil microbial biomass using an automated procedure. Soil Biology and Biochemistry, 2011, 43

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(5): 873-876.

Sinsabaugh R L, Lauber C L, Weintraub M N, Ahmed B, Allison S D, Crenshaw C, Contosta A R, Cusack D, Frey S, Gallo M E, Gartner T B,
Hobbie S E, Holland K, Keeler B L, Powers J S, Stursova M, Takacs-Vesbach C, Waldrop M P, Wallenstein M D, Zak D R, Zeglin L H.
Stoichiometry of soil enzyme activity at global scale. Ecology Letters, 2008, 11(11); 1252-1264.

LiXJ, Xie J S, Zhang Q F, Lyu M K, Xiong X L, Liu X F, Lin T, Yang Y S. Substrate availability and soil microbes drive temperature
sensitivity of soil organic carbon mineralization to warming along an elevation gradient in subtropical Asia. Geoderma, 2020, 364 114198.

QiuJ C, Song M H, Wang C M, Dou X M, Liu F F, Wang J X, Zhu C Y, Wang S Q. Five-years of warming did not change the soil organic
carbon stock but altered its chemical composition in an alpine peatland. Pedosphere, 2023, 33, 776-787.

Li X J, FengJ G, Zhang Q F, Zhu B. Warming inhibits the priming effect of soil organic carbon mineralization: a meta-analysis. The Science of the
Total Environment, 2023, 904. 166170.

Mau R L, Dijkstra P, Schwartz E, Koch B J, Hungate B A. Warming induced changes in soil carbon and nitrogen influence priming responses in
four ecosystems. Applied Soil Ecology, 2018, 124 110-116.

Zhao Z 7., Dong S K, Jiang X M, Zhao J B, Liu S L, Yang M Y, Han Y H, Sha W. Are land use and short time climate change effective on soil
carbon compositions and their relationships with soil properties in alpine grassland ecosystems on Qinghai-Tibetan Plateau? The Science of the Total
Environment, 2018, 625 539-546.

Liu M, Wen J H, Chen Y M, Xu W J, Wang Q, Ma Z L. Warming increases soil carbon input in a Sibiraea angustata-dominated alpine shrub
ecosystem. Journal of Plant Ecology, 2022, 15(2) . 335-346.

MaZ L, Chen Y M, Xu W J, Liu M. Increased plant growth may offset soil carbon loss caused by warming in an alpine Sibiraea angustata shrub
ecosystem on the eastern Qinghai-Tibet Plateau. Ecological Indicators, 2022, 141 109066.

BT RS DA AR v FEE MR R WA B U A KT IR A . A SRR, 2020, 29(4) ; 643-649.

MaZ L, Chen Y M, Xu W J, Liu M. Effects of warming on the stoichiometry of soil microbial biomass and extracellular enzymes in an alpine
shrubland. Geoderma, 2023, 430. 116329.

YuJ L, Bing HJ, Chang R Y, Cui Y X, Shen G T, Wang X X, Zhang S P, Fang L. C. Microbial metabolic limitation response to experimental
warming along an altitudinal gradient in alpine grasslands, eastern Tibetan Plateau. Catena, 2022, 214. 106243.

Li N, Chang R, Jiang H, Tariq A, Sardans J, Pefiuelas J, Sun F, Zhou X M. Combined livestock grazing-exclusion and global warming decreases
nitrogen mineralization by changing soil microbial community in a Tibetan alpine meadow. Catena, 2022, 219 106589.

Ma Z L, Zhao W Q, Zhao C Z, Wang D, Liu M, Li D D, Liu Q. Plants regulate the effects of experimental warming on the soil microbial
community in an alpine scrub ecosystem. PLoS One, 2018, 13(4) . e0195079.

R R, RSO, XU3E, SREE, XK. R ZEME AR A 25 SR AL Tt 5 MO 6 05 o 1630 R ) 25 R oo 7. o A 252 4, 2018, 29(7)
2211-2216.

X, Hhik R SR ALY F BT R JRUR B TEREA L HER DR SR, A SFREEAR, 2022, 31(3) : 470-477.

Deng BL, LiZZ, Zhang L, Ma Y C, Li Z, Zhang W Y, Guo X M, Niu D K, Siemann E. Increases in soil CO, and N, O emissions with warming
depend on plant species in restored alpine meadows of Wugong Mountain, China. Journal of Soils and Sediments, 2016, 16(3) . 777-784.
Zhang B, Yu L F, Wang J S, Tang H Q, Qu Z, Zhu T B. Effects of warming and nitrogen input on soil N, O emission from Qinghai-Tibetan
Plateau; a synthesis. Agricultural and Forest Meteorology, 2022, 326, 109167.

Zhou T C, Sun J, Liu M, Shi P L, Zhang X B, Sun W, Yang G, Tsunekawa A. Coupling between plant nitrogen and phosphorus along water and
heat gradients in alpine grassland. The Science of the Total Environment, 2020, 701 134660.

R, RSO, BOEREE, XU, REE, XK. 755w JRUAR S A i SR AR AR K RO RO SR A 25 B Ay i 1. AL A A2
%, 2018, 42(1): 86-94.

Zhou H C, Ma A Z, Zhou X R, Chen X K, Zhang J J, Gen P X, Liu G H, Wang S J, Zhuang G Q. Soil phosphorus accumulation in mountainous
alpine grassland contributes to positive climate change feedback via nitrifier and denitrifier community. The Science of the Total Environment, 2022,
804 150032.

Gong S W, Zhang T, Guo J X. Warming and nitrogen deposition accelerate soil phosphorus cycling in a temperate meadow ecosystem. Soil
Research, 2020, 58(1): 109.

R, FAeI, Wb, B SCHE, R, BB Ax. K I I Xl o T e A TR K R R SRR B . REHL AR AR, 2015, 23(4)
665-671.

Lin L, Zhu B, Chen C R, Zhang Z H, Wang Q B, He J S. Precipitation overrides warming in mediating soil nitrogen pools in an alpine grassland
ecosystem on the Tibetan Plateau. Scientific Reports, 2016, 6: 31438.

Farrell M, Hill P W, Farrar J, Bardgett R D, Jones D L. Seasonal variation in soluble soil carbon and nitrogen across a grassland productivity
gradient. Soil Biology and Biochemistry, 2011, 43(4) . 835-844.

Zhang N Y, Guo R, Song P, Guo J X, Gao Y Z. Effects of warming and nitrogen deposition on the coupling mechanism between soil nitrogen and
phosphorus in Songnen Meadow Steppe, northeastern China. Soil Biology and Biochemistry, 2013, 65 96-104.

Zhang G N, Chen Z H, Zhang A M, Chen L J, Wu Z J. Influence of climate warming and nitrogen deposition on soil phosphorus composition and
phosphorus availability in a temperate grassland, China. Journal of Arid Land, 2014, 6(2): 156-163.

Yang LM, YangZ J, Peng YZ, Lin Y Y, Xiong D C, Li Y Q, Yang Y S. Evaluating P availability influenced by warming and N deposition in a
subtropical forest soil ; a bioassay mesocosm experiment. Plant and Soil, 2019, 444(1) . 87-99.

http ; //www.ecologica.cn



