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Net primary productivity and

its partitioning in response to
precipitation gradient in an alpine
meadow

Fangyue Zhang'?, Quan Quan'Z, Bing Song?, Jian Sun!, Youjun Chen*, Qingping Zhou* &
Shuli Niu-2

© The dynamics of net primary productivity (NPP) and its partitioning to the aboveground versus

. belowground are of fundamental importance to understand carbon cycling and its feedback to climate
change. However, the responses of NPP and its partitioning to precipitation gradient are poorly
understood. We conducted a manipulative field experimentwith six precipitation treatments (1/12P,
1/4P, 1/2P, 3/4P, P, and 5/4P, P is annual precipitation) in an alpine meadow to examine aboveground

. andbelowground NPP (ANPP and BNPP)in response to precipitation gradientin 2015 and 2016. We

. found that changes in precipitation had no significant impact on ANPP or belowground biomassin 2015.
: Compared with control, only the extremely drought treatment (1/12 P) significantly reduced ANPP by
37.68% and increased BNPP at the depth of 20-40 cm by 80.59% in 2016. Across the gradient, ANPP
showed a nonlinear response to precipitation amountin 2016. Neither BNPP nor NPP had significant

. relationship with precipitation changes.The variance in ANPP were mostly due to forbs production,

. which was ultimately caused by altering soil water contentand soil inorganic nitrogen concentration.

© The nonlinear precipitation-ANPP relationship indicates that future precipitation chan ges especially

. extreme droughtwill dramatically decrease ANPP and push this ecosystem beyond threshold.

. The terrestrial ecosystem has experienced frequent and extreme precipitation events during the last five dec-
: ades'*, which is projected to become even more frequent and severe during the remainder of the 21% century®”.
Because precipitation is a primary determinant of plant growth, its variation has profound impacts on net pri-
:mary productivity (NPP) of the terrestrial ecosystems®®. Thus, a robust understanding of the relationship between
. precipitation and NPP is critical but a big challenge for better prediction of carbon cycle in response and feedback
© toclimate change'’.

: The precipitation-NPP relationship has been studied by spatial approach, temporal approach, and manipula-
\ tive experiments. Spatial approach basically uses precipitation transect to relate aboveground NPP (ANPP) with
. precipitation changes along a precipitation gradient. The spatial models mostly show that ANPP increases linearly
. with mean annual precipitation in meadow steppes'!, temperate grasslands'? and alpine grasslands'®. The tem-
. poral studies relate time series of ANPP and annual precipitation in a single site and also find linear relationship
: between them but with lower slopes and regression coefficients than spatial models'*'*. Because the constraint
. of plant communities and soil biogeochemistry, temporal models in a single site are more preferred over spa-
tial models to forecasts precipitation effects on ANPP!, Recently, Knapp, et al 1o proposed a double asymmetry
. hypothesis, which used a nonlinear model to fit precipitation-ANPP relationship. Specifically, when spanning
. large gradients in precipitation or in extreme precipitation years, the relationship of ANPP and precipitation will
: display a positive or negative asymmetry. However, few studies are conducted to test or support this nonlinear
. relationship'”'®, Although some manipulative experiments have been set up to examine the relationship between
. precipitation and ANPP, the relationship is restricted by the limited range of rainfall that mostly have two or three

1Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural
Resources Research, CAS, Beijing, 100101, China. University of Chinese Academy of Sciences, No.19 A Yuquan
Road, Beijing, 100049, China. *State Key Laboratory of Vegetation and Environmental Change, Institute of Botany,
CAS, Beijing, 100033, China. YInstitute of Qinghai-Tibetan Plateau, Southwest University for Nationalities, Chengdu,
610041, China. Correspondence and requests for materials should be addressed to5.N. (email: sniu@igsnrr.ac.cn)

‘ https://iutbox.iut.ac.ir/index.php/s/kkgs6TjA2R]DxbC
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