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Abstract
[bookmark: _Hlk124873206]In alpine and mountainous  grasslands, which are highly sensitive towards climate change (CC), an adaptation of grassland management is required to maintain soil functions. Whereas effects of management and CC on carbon (C) and nitrogen (N) turnover are well studied, consequences of these scenarios for phosphorous (P) turnover are still unknown. We investigated interacting effects of CC and land management intensity on the abundance and potential activity of microbiota which catalyze major steps of P transformation.
Soil samples were taken at a depth of 0-5 cm and 5-15 cm from intact grassland plant-soil mesocosms managed extensively or intensively, which had previously been translocated from higher altitudes to lower areas to simulate two CC scenarios (CC1: + 1K and CC2: + 3K), while control mesocosms (CC0) where only relocated at their site of origin . We quantified the copy number of specific marker genes for P-solubilization (gcd), P-mineralization (phoN, phoD, phnX and appA) and P-uptake (pitA and pstS) as well as the abundance of total bacteria and arbuscular mycorrhizal fungi (AMF) by quantitative real-time PCR. Spatial distributions of potential phosphatase activities were analyzed in situ by zymography analysis and total organic C, N and P contents were measured.
The microbial P transformation under CC0 was comparable for both management intensities. Except for microbiota harboring phytases (appA gene) which decreased due to intensive management in CC0. The abundance of microbiota which catalyze organic P (Po) mineralization (phoN and appA genes) as well as microbiota which harbor the quinoprotein glucose dehydrogenase involved in P solubilization (gcd gene) significantly dropped by interacting effects of CC2 and extensive management.  The same effect was found for microbes harboring specific P transporters (pitA and pstS genes). In contrast, under intensive management, microbiota catalyzing Po mineralization (phoN and appA genes), and potential alkaline phosphatase activities tended to increase in CC2. Noteworthy, the AMF abundance at 0-5 cm was negatively affected by CC1 and CC2 in combination with intensive management. 
Our results suggest that CC affects microbial P transformations differently depending on management intensity. Management intensification in a changing climate may increase P availability, which subsequently leads to shifts in nutrient stoichiometry. 

1. INTRODUCTION
Nutrient turnover in grasslands of the Northern Limestone Alps in Europe is particularly important for fodder production and biodiversity conservation as these grasslands are characterized by high soil organic carbon and total nitrogen (TN) stocks, which are highly vulnerable to climate change (CC; Wang et al., 2016; Garcia-Franco et al., 2020). The development of sustainable management practices of these grasslands is therefore of prime importance to avoid significant losses of nutrients, which negatively affect soil functions and ecosystem services including positive feedbacks for CC mitigation.
These mountainous  grasslands are used for fodder production where the dominant N input and output is by cattle slurry fertilization and grass mowing, respectively. However, the intensity of management may differ and often depends on farm size/type and elevation. An extensive management with one to two fertilization and two mowing events per year is typically used at high altitudes, while  an intensive slurry application, up to five times, and five mowing events are commonly used at lower altitudes (Zistl-Schlingmann et al., 2020). The differences in management intensities may induce altered stoichiometry of nutrients and hence influences microbial processes and activities in soil, which in the long run also affects soil organic matter (SOM) pools (Abbas et al., 2020; Apostolakis et al., 2022). Interestingly, whereas many studies have proven the importance of the carbon to nitrogen (C:N) ratio for soil functioning, the consequences of changes in the nutrient stoichiometry for phosphorous (P) turnover and the C:P ratio are less known, although P has long been considered the second most important nutrient for plant net primary production (Vitousek et al., 2010).  
Microorganisms play a key role for P release in soil by mineralization and solubilization from organic P (Po) and inorganic P (Pi) pools which increase concentration of dissolved orthophosphate readily available for plants. In this sense, AMF are important symbiotic partners for plants, which increase P uptake efficiency (Van Der Heijden et al., 2006; Kobae, 2019). Regarding the provision of phosphate, microbes can mineralize Po by releasing several hydrolytic enzymes like acid (e.g. phoN), and alkaline phosphatase (e.g. phoD), phytases (e.g. appA) or phosphonatases (phnX) (Rodríguez et al., 2006), or they solubilize adsorbed Pi by secreting organic or inorganic acids, protons and siderophores. A well described marker gene for P solubilization is the gcd gene which codes for a periplasmic quinoprotein glucose dehydrogenase that catalyzes the formation of gluconic acid by glucose oxidation leading to soil acidification and consequently solubilization of mineral bound P (Babu-Khan et al., 1995; Goldstein, 1995). Further, many bacteria harbor genes coding for different P transporters in their genome, which are differently regulated, which leads to an least temporally, immobilization of in the microbial biomass, and. For example, the low affinity Pi transporter (Pit) is a cation symporter, while the high-affinity P-specific transporter (Pst) is upregulated at low Pi availability in soil (Santos-Beneit et al., 2008). Several studies have suggested that the abundance and diversity of P solubilizing bacteria is enhanced by low P availability in grasslands (Mander et al., 2012; Widdig et al., 2019). Additionally, changes in the abundance of P mineralizing microbes, P solubilizing microbes, and AMF have been shown in a number of fertilization studies where N was added, indicating a link between P and N cycling (Unger et al., 2016; Aanderud et al., 2018; Jilling et al., 2018; Hestrin et al., 2019; Wagg et al., 2019). 
The application of cattle slurry that contains not only N but also C and P may alter the C:N:P stoichiometry in soil especially under an intensive management. It is assumed that the storage of C in soil can be altered by cattle slurry fertilization promoting SOM mineralization (Schlingmann et al., 2020) and may lead at the long-term to mineralization of Po via increased phosphatase activity (Vitousek et al., 2010; Peñuelas et al., 2012; Dong et al., 2019). However, for mountainous  and alpine grasslands these effects are not well described mainly considering also interacting effects of  management intensity and CC.
To simulate different scenarios of CC in mountainous  grasslands, we transplanted intact plant-soil mesocosms from a high altitude site (CC0) to lower altitudes simulating moderate (+1 K ; CC1) and strong (+3 K ; CC2) CC effects, and applied different grassland management intensities by mowing and cattle slurry fertilization (Zistl-Schlingmann et al., 2019). We used  quantitative real time PCR (qPCR) and in situ soil zymography of acid and alkaline phosphatases to follow changes in abundance, potential activity and distribution of bacteria involved in P transformation in two depth of the mesocosms (0-5 cm and 5 . 15 cm). We previously found that an exposure of mountainous  grassland soils to different CC scenarios (increased temperature and reduced precipitation) induced shifts in total dissolved N concentrations which reduced the C:N ratio already one year after the treatments were established (Andrade-Linares et al., 2021). These shifts of C:N ratio under CC decreased the microbial biomass mainly when intensive agricultural management was applied (Andrade-Linares et al., 2021). These effects may alter the N:P ratio at the long run, which may induce changes in the overall nutrient stoichiometry and affect microbial functions and thus SOM decomposition rates (Spohn, 2016; Heyburn et al., 2017). 
Thus, we hypothesize that (i) as a result of the increased availability of N, due to higher N mineralization rates under extensive management, the change to low C:N and high N:P ratios will promote bacteria and AMF to invest more into acquisition of P from organic and inorganic pools in soils. The AMF abundance will decrease due to the lower plant biomass under extensive management at CC2. (ii) Intensive management will induce phosphatase activity and the abundance of microbes harboring genes that catalyze P mineralization in soil which can decrease the N:P ratio and thus negatively affect the abundance of P solubilizing bacteria and AMF.

2. Materials and methods
2.1. Site description and sampling
We selected three grassland sites along an altitudinal gradient in the Northern Limestone Alps in Southern Germany:  Esterberg (47.52oN; 11.16oE; 1260 m a.s.l), Graswang (47.57oN; 11.03oE, 860 m a.s.l) and Fendt (47.83oN; 11.07oE, 600 m a.s.l). The soil at the high elevation site (Esterberg) has been classified as a Rendzic Phaeozem (IUSS Working Group WRB 2015) rich in soil organic carbon (129.8 - 188.9 mg g-1) and total N content (13.8 – 18.8 mg g-1), resulting in a C:N ratio of 9.4 – 10.0 (Garcia-Franco et al., 2020). The inorganic C content ranged between 2.8 and 5.9 mg g-1 and a pH of 6.1 has been measured (Garcia- Franco et al., 2020). 
The environmental conditions, soil and plant characteristics, as well as the applied forms of grassland management intensities have been described in detail in previous studies (Zistl-Schlingmann et al., 2019; Garcia-Franco et al., 2020; Andrade-Linares et al., 2021). In brief, intact soil mesocosms were transplanted from Esterberg (where were re-transplanted again as control; CC0; current climate conditions) to Graswang (CC1; moderate CC: +1 K) and to Fendt (CC2; strong CC: +3 K) to simulate CC effects. Overall, a total number of 54 intact plant-soil mesocosms were transplanted to these lower elevations in summer 2016 as described by Andrade-Linares et al. (2021). From spring 2017 on half of the mesocosms were subjected to an extensive (Ext) management that included two manure applications and two mowing events per year, and the other half to an intensive management (Int) which included four to five manure applications and three to four mowing events per year. This management is corresponding to local farmers’ practice. Cattle slurry was obtained from the local farmer at the CC2 site. Further information on management is provided in Schlingmann et al. (2020). Table S1 summarizes annual C, N, and phosphate-P addition with cattle slurry for the different treatments. At the sampling time in autumn 2018, all extensively managed mesocosms had received four cattle slurry applications and four mowing events in total, while the intensively managed mesocosms were treated with eight to nine cattle slurry applications and a similar number of mowing events in 2017 and 2018. After two years of exposure triplicate soil samples (six mesocosms per site, three per Int and three per Ext management) were collected in autumn (November 2018) from 0-5 cm and 5-15 cm depth and stored at 4 oC and –80 oC for chemical and molecular analyses, respectively. For soil zymography assays, intact soil blocks (15 cm x 15 cm x 4 cm wide) were extracted from the middle of the mesocosm by using metallic stainless-steel cubes with sharp edges to easily penetrate the soil.
2.2. Nucleic acid extraction from soil
DNA was extracted from 0.5 g of frozen soil (Lueders et al., 2004; Töwe et al., 2011) following the modifications previously described in Andrade-Linares et al. (2021). DNA was quantified by a fluorometer (Qubit 4, Invitrogen) using a Qubit dsDNA BR Assay kit (Invitrogen, USA). DNA quality was estimated photometrically by the ratios of absorbance at 260 nm to 280 nm, and 260 nm to 230 nm. Negative controls were included using the same reagents in empty tubes, to check for contamination during the extraction. DNA extracts were stored at – 80 °C for further use.
[bookmark: _Hlk126269635]2.3. Quantitative real-time PCR assay 
[bookmark: _Hlk59549229][bookmark: _Hlk59549323]Absolute abundance of microorganisms catalyzing selected processes of P transformation and uptake were assessed based on the quantification of respective marker genes using SYBR Green® based quantitative real-time PCR (qPCR) assays which were carried out in a 7300 real-time qPCR machine (Applied Biosystems). The extracted DNA was used to quantify bacteria that carry the genes phoN, phoD, pnhX, and appA that encode phosphatases, bacteria that have a quinoprotein glucose dehydrogenase (gdc) and bacteria harboring the low affinity Pi transporter (pitA) and the high-affinity P-specific transporter (pstS). Total bacterial abundance was quantified by qPCR using the 16S rRNA gene as a marker.  The conditions of qPCR reactions and primers are described in Table S2. Abundance of AMF was assessed by using the primers FLR 3 and FLR4 which amplified specifically the large subunit (LSU) rRNA genes (ca. 380 bp) of Glomeraceae, Gigasporaceae, Archaeosporaceae and Acaulosporaceae (Gollotte et al., 2004; Mummey and Rillig, 2007) was applied. The qPCR conditions for AMF were as follows: 95 ºC for 10 minutes, 40 cycles of 93 oC for 30 s – 60 ºC for 40 s – 72 ºC for 45 s, followed by one extension cycle of 95 oC for 15 s – 60 ºC for 30 s – 95 ºC for 15 s. All qPCR efficiencies were higher than 80 % with coefficient of determination (R2) of the standard curves above 0.99. The specificity of the amplified products was checked by melting curves of the amplicons and on 2 % agarose gels of randomly selected samples.
2.4. Soil zymography
Intact soil blocks from the translocated and re-located mesocosms were transported to Bayreuth and stored at 20 °C overnight. The next three days, the spatial distribution of acid and alkaline phosphatase activity was analyzed by soil zymography following Spohn and Kuzyakov (2013) (with modifications)using nylon membranes (Filter Bioscience Membrane Technology Co., Ltd., China) and 4-methylumbelliferyl phosphate (Sigma-Aldrich) as substrate (for details see Suppl. Material). These membranes were photographed and phosphatase activity was calculated based on a linear correlation between different 4-methylumbelliferone concentrations and the corresponding gray values of the images (Spohn and Kuzyakov, 2013). 
2.4. Analyses of C, N, P and concentrations of microelements in soil 
Total C (TC) and TN concentrations were determined by an Elemental Analyzer (Euro EA, Eurovector, Milano, Italy) using 2 – 5 mg of dried (55oC during 24 h) and milled soil material. Inorganic carbon (IC) was determined after heating the milled samples in a muffle (Heraeus – electronics, Germany) at 550oC during 4 h, while the organic carbon (OC) was calculated by subtracting the IC from the TC content. C and N concentrations were determined in triplicates in two independent measurements and their means were calculated. Total content of P, K Al, Ca, Fe, Mg, Mn and Zn in soil were measured in triplicate by ICP-OES (inductively coupled plasma optical emission spectrometry; Optima 8300, Perkin Elmer, USA) after digestion with HNO3 and H2O2 (Vitow et al., 2021).
2.6. Statistical analyses
All data were checked for normal distribution by applying the Shapiro-Wilk normality test and linear models “lm”. Homoscedasticity was tested by Levene´s test (Fox, 2016). If data were not normally distributed or with no homogeneous variance, the values were log- or Box-Cox-transformed (Yeo and Johnson, 2000). The effects of climate change, agricultural management and their interaction on gene abundances and total C, N, P, K and microelements concentrations were tested, using the R package “nlme” for mixed effect models (Pinheiro et al., 2019). For the mixed effect models, CC (CC0, CC1 and CC2) and management (Ext and Int) were selected as fixed factors, while mesocosms were considered as random factor. Differences were considered statistically significant at p < 0.05. If one of the fixed factors was significantly different, least-squares means for factor combinations were estimated using the R package “lsmeans” pairwise comparison with emmeans test (Lenth, 2016). In addition, a relative change (RC) for gene abundances and activities of acid and alkaline phosphatases in soil zymography compared to the respective control CC0 was calculated as:
  			          			(1)
In Eq. (1) Sample denotes a single translocated mesocosm and  the mean of all reinserted mesocosms in CC0 (Berauer et al., 2019; Andrade-Linares et al., 2021). After checking for normality and homoscedasticity, differences in RC between elevations and agricultural management were analyzed by mixed effect models as mentioned before. To test if the RC at a single elevation and management type was significantly different from zero, we used one sample t-test under the null hypothesis μ=0. The spatial distribution of the enzymatic activity on the zymography was also analyzed at a scale of 50 x 50 pixels by comparing each normalized image. For each zymography block, the distribution of the activities was checked in the space (x, y) and the mean matrix from similar distributions was computed and normalized by subtracting each grid from the mean and dividing by the standard deviation for each treatment. Normalized image matrices were compared to test for equal distributions between the management and CC gradients by Chi square test with a 5% of significance level. Correlations were tested by “cor.test” command. All statistical analyses were conducted using R software version 4.0.2 (R core Team 2020).

3. Results
3.1. Abundance of microbial key players driving P turnover in mountainous  grasslands  
The abundance of bacteria, measured as 16S rRNA gene copies, was not affected by CC and management intensities at 0-5 cm. Only in CC1, the  Int management application resulted in an increase in bacterial abundance, (Fig. 1). In contrast, a reduction of bacterial abundance was found in the deeper soil depth (5-15 cm) in all mesocosms subjected to CC2 independent of management (Fig. S1). The AMF abundance, based on the measurement of gene copy numbers of the LSU region, significantly decreased as a result of CC2 exposure in the upper soil depth of the mesocosms with no additional management effect (Fig. 1). In CC1 mesocosms, a reduction of AMF abundance was observed only in combination with Int management (Fig. 1). In samples obtained from the deeper soil sampling depth (5-15 cm), no effects of CC or management or the combination of these both factors were observed for AMF abundance (Fig. S1).
When comparing Ext vs. Int management under the current climate conditions (CC0), the Int management significantly reduced (p < 0.05) the abundance of bacteria harboring phytases (appA) at 0-5 cm, while the abundance of phoN- phoD- and phnX-harboring bacteria did not change significantly in the two investigated soil depths (Fig. S2). Surprisingly, CC2 reduced the abundance of Po mineralizing bacteria (phoN, appA) at 0-5 cm and at 5-15 cm (phoN, phoD) only in the Ext managed mesocosms where a reduced fertilization was applied (Fig. 2, Fig. S2 and Fig. S4). Bacteria which carry the gcd gene were negatively affected in their abundance in both CC2 soil depths under Ext management as compared to CC0 (Fig. S3). The RC analysis however only showed a significant impact for the deeper soil depth (Fig.S4). 
Similar patterns were observed for bacteria which carry the low affinity P-transporter (pitA) and the P-specific transporter (pstS). CC2 had a negative impact on the abundance of these microbial functional groups, mostly in those mesocosms where low fertilization regimes (Ext management) were performed. This impact was independent of the sampling depth (Fig.2, Fig. S3 and Fig. S4). 
3.2. Potential acid and alkaline phosphatase activity as well as their distribution at the microscale level 
Under CC0, the RC of potential acid and alkaline phosphatase activities was not significantly different from zero for both forms of management intensities, irrespective of soil depth, indicating that under the current climatic conditions, the application of different intensities of management did not influence potential phosphatase activity (Fig. S5). In addition, the potential activities of phosphatases were not significantly affected by Ext management in any soil depth (Table 1, Fig. 2 and Fig. S4). In contrast, increased fertilizer inputs, as a result of Int management, enhanced marginally (p = 0.09) the potential activity of alkaline phosphatases in soil mainly at 0-5 cm in CC1 as well as CC2 (Fig. 2 and Fig. S4). 
Overall, the potential acid phosphatase activity in soil was lower than potential alkaline phosphatase activity in both soil depths (Table 1), irrespective of treatment. Acid phosphatase activities ranged between 5% and 36% compared to alkaline phosphatases, which were at least three-fold higher (Table 1). 
In addition, we analyzed the enzyme distribution in soil samples by comparing each image split in two spatial matrices (x, y) separately for management and CC scenarios. The distribution of soil phosphatase activity in the mesocosms did not differ significantly (α > 0.05) between the Ext and Int management and across the CC scenarios (Figure 3 and Figure S6). The potential enzyme activities were not significantly correlated to the abundance of bacteria carrying phoN and phoD genes (data not shown).
3.3. Total C:N:P stoichiometry and microelement concentrations in soil
Overall, the soil OC:TN ratio ranged from 8.8 (CC1 at 5-15 cm) to 9.7 (CC1 at 0-5 cm) for Ext- and from 9.6 (CC1 at 0-5 cm) to 10 (CC0 at 5-15 cm) for Int management (Fig. 4 and Fig. S7). The application of Ext management resulted in a slightly reduced OC:N ratio in CC2 (9.3) as compared to CC0 at 0- 5 cm soil depth, while in CC1 this ratio was significantly higher (Fig. 4). Significantly lower ratios of OC to N were observed only in CC1 by the application of an Int management (9.6) as compared with CC0 and CC2 (Fig. 4). In contrast, in the deeper soil layer, differences in OC:N were not significant (Fig. S7).
Regardless of the management intensity, OC and N were not different between CC0 and CC1 in the two investigated soil depths (Table S3). However, a decrease of OC and N was observed at 0- 5 cm depth with increasing CC effects (CC2 scenario), and at 5-15 cm soil depth for only Ext management. Overall, soil OC showed a strong positive correlation with soil N (R2 = 0.98, p < 0.0001). 
Concerning the total P concentrations which were comparable between CC0 and CC1 for the two soil depths, a 1.5-fold decrease was observed at 0-5 cm in CC2 under Ext management (Table 2). The OC:P mean ranged from 31 (CC2 at 5-15 cm) to 62 (CC1 at 0-5 cm) in the two investigated soil depths when an Ext management was applied, whereas OC:P ratios ranged from 46 (CC2 at 5-15 cm) to 89 (CC2 at 0-5 cm) after the application of an Int management (Figures 4 and S7). The N:P mean ratios in Ext managed soils were between 3.4 (CC2 at 5-15 cm) and 6 (CC0 at 0-5 cm and CC1), while they ranged from 4.9 (CC2 at 5-15 cm) to 9 (CC2 at 0-5 cm) in Int managed mesocosms (Fig. 4 and Fig. S7). OC:P and N:P ratios increased under Int management (Fig. 4). However due to the high variance of these data in CC2, these ratios were not significant (p = 0.24 for OC:P and p = 0.23 for N:P).
Concerning element concentrations, while Al and Fe increased respectively 41.5%  and 20.4% in CC1, and 22.7% and 15.4% in CC2 at 0 – 5 cm depth under Int management, Zn decreased 30.4% in CC2 regardless to the agricultural management (Table 2). Al and Fe concentrations were significantly (p < 0.05) higher under Int management as compared with those in CC0 soil, whereas Zn concentration was significantly lower in CC2 soil under Ext management (Table 2). In addition, K concentration in soil increased significantly up to 26%  in Int managed CC1 mesocosms in comparison to that in CC0 (Table 2). 
Correlations between microelement concentrations and the abundance of bacteria harboring genes coding for P-transporters. Positive correlations were significant for pitA and Zn (R2 = 0.32; p = 0.01), and pstS and Fe (R2 = 0.32; p = 0.01) at 0-5 cm. Ca in soil correlated negatively with pstS at 0-5 cm (R2 = 0.23; p = 0.04) and 5-15 cm (R2 = 0.57; p < 0.001), while high Mg concentrations were related to low pstS abundances at 5-15 cm (R2 = 0.41; p < 0.01).

4. Discussion
Mountainous grasslands fulfil important ecosystem functions including C sequestration, nutrient retention; and biodiversity preservation (Leifeld et al., 2009; De Deyn et al., 2011; Wiesmeier et al., 2013; Egarter Vigl et al., 2016; Garcia-Pausas et al., 2017). However, warming can lead to mineralization of SOM and therefore organic C, P and N concentrations might decrease (Cannone et al., 2008; Budge et al., 2011; Wang et al., 2016; Watanabe et al., 2019).  Considering the strong interaction of N and P transformation processes, as explained previously, we hypothesized to find effects on P mobilizing microbes including mineralizing and solubilizing microbes, which might be negatively correlated with AMF abundance. We found significant changes not only in the abundance of bacteria which catalyze major steps of P transformation but also in the abundance of AMF, mainly in treatments where a strong CC scenario was applied (CC2). 
4.1. P solubilizing bacteria are suppressed by climate change mainly under extensive management
In contrast to our hypothesis, the abundance of bacteria able to produce gluconic acid decreased significantly under Ext management in CC2 as compared to CC0. A previous study showed that the gcd expression is repressed by high soluble phosphate concentrations readily available for plants and microbes (Zeng et al., 2016). Thus, P availability in soil may increase the abundance of gcd-harboring bacteria, and the abundance of P-solubilizing bacteria in general (Pastore et al., 2020; Spohn et al., 2020). Nevertheless, it is also possible that other P solubilizing strategies became abundant like siderophore production, which is especially relevant for iron-bound P or other organic acids in soil.
[bookmark: _Hlk104361750]In our study, the soil under CC2 and Ext management showed a decreased content of OC and N in both depths as compared with CC0, however a decrease in total P was only observed in the upper soil depth. This resulted in a molar OC:N:P stoichiometry of 53:6:1 and a lower OC:N ratio of 9.3 as compared to CC0 and CC1 in the upper soil layer. The OC:N ratios in CC0 and CC1 were close to that previously reported for this grassland soil by Franco-García et al. (2021). However, an OC:N:P stoichiometry of 27:3:1 was found in the deeper soil layer (5-15 cm), where the OC:N ratio was similarly low  (9.2)  as that in the upper soil depth, but the N:P ratio was much lower than the upper layer. Low OC:N and N:P may promote N mineralization and not P solubilization under this scenario (Andrade-Linares et al., 2021). The potentially high availability of P in this scenario is also corroborated by the low abundance of genes for Po mineralization by phytases (appA) and phosphatases (phoN and phoD), and the P-inducible transporter gene pstS (Hsieh and Wanner, 2010; Santos-Beneit, 2015). However, the significant decrease in bacterial abundance, mainly at 5-15 cm depth in CC2, may contribute to the low abundance of these genes as it is the case for the unspecific Pi transporter pitA. 
4.2. Increased abundance of P mineralizing bacteria as result of climate change and intensive management 
Concerning our second hypothesis, the increased management intensity in combination with CC2 effects increased the abundance of bacteria carrying acid phosphatase (phoN) and phytase (appA) genes at 0-5 cm in soils in which a trend towards higher N:P ratios was observed. However, acid phosphatase activities in soil were very low as indicated by the zymography analysis and significant differences of their spatial distribution were not detected in CC2. 
Zymography analysis showed increased potential alkaline phosphatase activity at CC2 where the abundance of bacteria carrying the phoD gene was higher than that of phoN and did not change across the different scenarios under Int management. PhoN is a periplasmic and nonspecific phosphatase produced by several microbial taxa that is able to hydrolyze both phosphomonoesters and phosphodiesters from SOM at an optimal pH of 6.5 (Rossolini et al., 1998) . PhoD, a monomeric alkaline phosphatase with similar activity as PhoN, is activated by Ca2+ (Ragot et al., 2015). The production of these enzymes that is metabolically expensive is tightly regulated by means of a two-component system of the Pho regulon which control a cross-talk between Pi and N regulatory pathways (Santos-Beneit, 2015). Thus, the N:P ratio in soil can be altered by Int management in grasslands which is crucial to consider for application strategies. This specifically applies, if we consider pH decrease at the short term (Andrade-Linares et al., 2021) combined with significant increases of Al3+ and Fe2+ in CC2 soil which might derive  from the slurry. These increased  may lead to P adsorption, and at the long term to low microbial P immobilization and limited plant P availability.  The increase in potential phosphatase activity may indicate that microbes are P limited by additional N inputs as increased N availability might increase P demand (Spohn, 2016; Margalef et al., 2017; Neal et al., 2017)
4.3. Decreased abundance of AMF by climate change and management
The abundance of AMF in Ext managed soil was not affected in CC0 and CC1 but tended to decrease in CC2 mainly in the upper soil depth, which may suggest that low organic fertilization reduced plant productivity and therefore low C exudation from the plant may affect AMF growth, as hypothesized. Species of Acaulospora, Glomus, Diversispora and a number of new AMF species have been described in alpine grasslands, which are able to colonize the typical plant species found in the grasslands studied here (Read and Haselwandter, 1981; Oehl et al., 2003; Vandenkoornhuyse et al., 2003; Oehl et al., 2011; Ceulemans et al., 2019). AMF can transfer not only Pi but also N to the plant (Govindarajulu et al., 2005) and in return take C from the plant host, however, this symbiosis may depend on the OC:N:P stoichiometry and P availability (Thirkell et al., 2016). Thus, under CC2, the low amount of OC and N as compared to CC0 may lead to a decrease in extraradical mycelia of AMF in soil. Nevertheless, the  abundance of AMF was negatively affected already at CC1 by the application of an Int management where the OC:N:P stoichiometry was 55:6:1 in comparison to that found in the Int managed soil of 62:6:1 at CC0. Therefore, it is important to consider the potential negative effect of N inputs on AMF, which can impact their diversity as it has been shown that already 7.7 kg N ha-1 yr-1 decreased  AMF richness (Ceulemans et al., 2019) A decrease in AMF biodiversity may impact plant richness and productivity which may lead to negative feedbacks effecting both above and below ground biodiversity (Van Der Heijden et al., 2006; Jiang et al., 2021; Zhang et al., 2022).

5. Conclusions
Management intensity of mountainous grasslands strongly impacts the stoichiometry of nutrient elements mainly under CC in our study. Our study suggests that grassland management under CC needs to take the impact of interacting effects of CC and management on the potential AMF and bacteria activities related to plant nutrition for diversity stabilization, plant productivity and ecosystem functioning into consideration .  However, effects found in this study just reflect short term adaptation processes and may differ in the long run. Here changes in OC stocks may induce also different pattern of P transformation processes.  In addition, this study mainly focused on the assessment of microbial potentials and activity pattern were not measured. Thus, future studies may take these issues  into account, which might be essential to predict impacts of CC and management on P transformation and P stocks in mountainous grasslands , which could be the basis for the development of  targeted mitigation strategies. 
 
Author contributions
[bookmark: _Hlk125907360]D.R. A-L took and prepared soil samples, conducted the molecular work, prepared and analyzed results, and wrote the original draft. U.S. conducted the zymography analysis and reviewed the draft. S.S. supervised the molecular results and reviewed the draft. M.D. conceptualized the experimental work, reviewed the draft. R.G. coordinated the mesocosm management and slurry analyses. M.S. supervised zymography results and reviewed the draft. C.B. conducted the microelement analysis and reviewed the draft. M.W. reviewed the draft. N.F-G. reviewed the draft. M.S conceptualized the experimental work, edited and reviewed the draft. 

Declaration of competing interest
The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

 Acknowledgements
We thank Antonios Michas and Marcus Schlingmann for helping with the soil sampling, the technician Gudrun Hufnagel for dry soil preparation and Franz Buegger for C and N measurements. This work is part of the SUSALPS project (https://www.susalps.de/en/) which has been funded by the Federal Ministry of Education and Research (BMBF) in frame of the BonaRes initiative (grant number 031B1067D). Further funding was obtained from the Helmholtz-BMBF TERENO initiative.

References
Aanderud, Z.T., Saurey, S., Ball, B.A., Wall, D.H., Barrett, J.E., Muscarella, M.E., Griffin, N.A., Virginia, R.A., Barberán, A., Adams, B.J., 2018. Stoichiometric Shifts in Soil C:N:P Promote Bacterial Taxa Dominance, Maintain Biodiversity, and Deconstruct Community Assemblages.  9.
Abbas, F., Hammad, H.M., Ishaq, W., Farooque, A.A., Bakhat, H.F., Zia, Z., Fahad, S., Farhad, W., Cerdà, A., 2020. A review of soil carbon dynamics resulting from agricultural practices. Journal of Environmental Management 268, 110319.
Andrade-Linares, D.R., Zistl-Schlingmann, M., Foesel, B., Dannenmann, M., Schulz, S., Schloter, M., 2021. Short term effects of climate change and intensification of management on the abundance of microbes driving nitrogen turnover in montane grassland soils. Science of The Total Environment 780, 146672.
Apostolakis, A., Schöning, I., Klaus, V.H., Michalzik, B., Bischoff, W.-A., Boeddinghaus, R.S., Bolliger, R., Fischer, M., Hölzel, N., Kandeler, E., Kleinebecker, T., Manning, P., Marhan, S., Neyret, M., Oelmann, Y., Prati, D., van Kleunen, M., Schwarz, A., Schurig, E., Schrumpf, M., 2022. Direct and plant community mediated effects of management intensity on annual nutrient leaching risk in temperate grasslands. Nutrient Cycling in Agroecosystems 123, 83-104.
Auer, I., Böhm, R., Jurkovic, A., Lipa, W., Orlik, A., Potzmann, R., Schöner, W., Ungersböck, M., Matulla, C., Briffa, K., Jones, P., Efthymiadis, D., Brunetti, M., Nanni, T., Maugeri, M., Mercalli, L., Mestre, O., Moisselin, J.-M., Begert, M., Müller-Westermeier, G., Kveton, V., Bochnicek, O., Stastny, P., Lapin, M., Szalai, S., Szentimrey, T., Cegnar, T., Dolinar, M., Gajic-Capka, M., Zaninovic, K., Majstorovic, Z., Nieplova, E., 2007. HISTALP—historical instrumental climatological surface time series of the Greater Alpine Region. Int. J. Climatol. 27, 17-46.
Babu-Khan, S., Yeo, T.C., Martin, W.L., Duron, M.R., Rogers, R.D., Goldstein, A.H., 1995. Cloning of a mineral phosphate-solubilizing gene from Pseudomonas cepacia. Applied and Environmental Microbiology 61, 972-978.
Berauer, B.J., Wilfahrt, P.A., Arfin-Khan, M.A.S., Eibes, P., Von Heßberg, A., Ingrisch, J., Schloter, M., Schuchardt, M.A., Jentsch, A., 2019. Low resistance of montane and alpine grasslands to abrupt changes in temperature and precipitation regimes. Arct. Antarct. Alp. 51, 215-231.
Budge, K., Leifeld, J., Hiltbrunner, E., Fuhrer, J., 2011. Alpine grassland soils contain large proportion of labile carbon but indicate long turnover times. Biogeosciences 8, 1911-1923.
Cannone, N., Diolaiuti, G., Guglielmin, M., Smiraglia, C., 2008. Accelerating climate change impacts on alpine glacier forefield ecosystems in the European Alps. Ecol. Appl. 18, 637-648.
Ceulemans, T., Van Geel, M., Jacquemyn, H., Boeraeve, M., Plue, J., Saar, L., Kasari, L., Peeters, G., van Acker, K., Crauwels, S., Lievens, B., Honnay, O., 2019. Arbuscular mycorrhizal fungi in European grasslands under nutrient pollution. Global Ecology and Biogeography 28, 1796-1805.
Cleveland, C.C., Liptzin, D., 2007. C:N:P stoichiometry in soil: is there a “Redfield ratio” for the microbial biomass? Biogeochemistry 85, 235-252.
De Deyn, G.B., Quirk, H., Bardgett, R.D., 2011. Plant species richness, identity and productivity differentially influence key groups of microbes in grassland soils of contrasting fertility. Biology Letters 7, 75-78.
Dong, C., Wang, W., Liu, H., Xu, X., Zeng, H., 2019. Temperate grassland shifted from nitrogen to phosphorus limitation induced by degradation and nitrogen deposition: Evidence from soil extracellular enzyme stoichiometry. Ecological Indicators 101, 453-464.
Egarter Vigl, L., Schirpke, U., Tasser, E., Tappeiner, U., 2016. Linking long-term landscape dynamics to the multiple interactions among ecosystem services in the European Alps. Landscape Ecology 31, 1903-1918.
Etter, S., Addor, N., Huss, M., Finger, D., 2017. Climate change impacts on future snow, ice and rain runoff in a Swiss mountain catchment using multi-dataset calibration. J. Hydrol. Reg. Stud. 13, 222-239.
Fox, J., 2016. Applied regression analysis and generalized linear models, Third Edition ed.
Garcia-Franco, N., Walter, R., Wiesmeier, M., Hurtarte, L.C.C., Berauer, B.J., Buness, V., Zistl-Schlingmann, M., Kiese, R., Dannenmann, M., Kögel-Knabner, I., 2020. Biotic and abiotic controls on carbon storage in aggregates in calcareous alpine and prealpine grassland soils. Biology and Fertility of Soils 57, 203-218.
Garcia-Pausas, J., Romanyà, J., Montané, F., Rios, A.I., Taull, M., Rovira, P., Casals, P., 2017. Are soil carbon stocks in mountain grasslands compromised by land-use changes?, In: Catalan, J., Ninot, J.M., Aniz, M.M. (Eds.), High Mountain Conservation in a Changing World. Springer International Publishing, Cham, pp. 207-230.
Gobiet, A., Kotlarski, S., Beniston, M., Heinrich, G., Rajczak, J., Stoffel, M., 2014. 21st century climate change in the European Alps—A review. Sci. Total Environ. 493, 1138-1151.
Goldstein, A.H., 1995. Recent Progress in Understanding the Molecular Genetics and Biochemistry of Calcium Phosphate Solubilization by Gram Negative Bacteria. Biological Agriculture & Horticulture 12, 185-193.
Gollotte, A., van Tuinen, D., Atkinson, D., 2004. Diversity of arbuscular mycorrhizal fungi colonising roots of the grass species Agrostis capillaris and Lolium perenne in a field experiment. Mycorrhiza 14, 111-117.
Govindarajulu, M., Pfeffer, P.E., Jin, H., Abubaker, J., Douds, D.D., Allen, J.W., Bücking, H., Lammers, P.J., Shachar-Hill, Y., 2005. Nitrogen transfer in the arbuscular mycorrhizal symbiosis. Nature 435, 819-823.
Hestrin, R., Hammer, E.C., Mueller, C.W., Lehmann, J., 2019. Synergies between mycorrhizal fungi and soil microbial communities increase plant nitrogen acquisition. Communications Biology 2, 233.
Heyburn, J., McKenzie, P., Crawley, M.J., Fornara, D.A., 2017. Effects of grassland management on plant C:N:P stoichiometry: implications for soil element cycling and storage.  8, e01963.
Hsieh, Y.-J., Wanner, B.L., 2010. Global regulation by the seven-component Pi signaling system. Current opinion in microbiology 13, 198-203.
IPCC, 2018. Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty, Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.) ed. The Intergovernmental Panel of Climate Change, p. 562.
IUSS Working Group WRB (2015) World Reference Base for Soil Resources 2014, update 2015 International soil classification system for naming soils and creating legends for soil maps. World Soil Resources Reports No. 106. FAO, Rome.
Jiang, F., Zhang, L., Zhou, J., George, T.S., Feng, G., 2021. Arbuscular mycorrhizal fungi enhance mineralisation of organic phosphorus by carrying bacteria along their extraradical hyphae. The New phytologist 230, 304-315.
Jilling, A., Keiluweit, M., Contosta, A.R., Frey, S., Schimel, J., Schnecker, J., Smith, R.G., Tiemann, L., Grandy, A.S., 2018. Minerals in the rhizosphere: overlooked mediators of soil nitrogen availability to plants and microbes. Biogeochemistry 139, 103-122.
Kobae, Y., 2019. Dynamic Phosphate Uptake in Arbuscular Mycorrhizal Roots Under Field Conditions.  6.
Leifeld, J., Zimmermann, M., Fuhrer, J., Conen, F., 2009. Storage and turnover of carbon in grassland soils along an elevation gradient in the Swiss Alps. Glob. Chang. Biol. 15, 668-679.
Lenth, R.V., 2016. Least-Squares Means: The R Package lsmeans. J. Stat. Softw. 69, 1-33 
Lueders, T., Manefield, M., Friedrich, M.W., 2004. Enhanced sensitivity of DNA- and rRNA-based stable isotope probing by fractionation and quantitative analysis of isopycnic centrifugation gradients. Environ. Microbiol. 6, 73-78.
Mander, C., Wakelin, S., Young, S., Condron, L., O’Callaghan, M., 2012. Incidence and diversity of phosphate-solubilising bacteria are linked to phosphorus status in grassland soils. Soil Biology and Biochemistry 44, 93-101.
Margalef, O., Sardans, J., Fernández-Martínez, M., Molowny-Horas, R., Janssens, I.A., Ciais, P., Goll, D., Richter, A., Obersteiner, M., Asensio, D., Peñuelas, J., 2017. Global patterns of phosphatase activity in natural soils. Scientific Reports 7, 1337.
Mummey, D.L., Rillig, M.C., 2007. Evaluation of LSU rRNA-gene PCR primers for analysis of arbuscular mycorrhizal fungal communities via terminal restriction fragment length polymorphism analysis. J Microbiol Methods 70, 200-204.
Neal, A.L., Rossmann, M., Brearley, C., Akkari, E., Guyomar, C., Clark, I.M., Allen, E., Hirsch, P.R., 2017. Land-use influences phosphatase gene microdiversity in soils. Environmental Microbiology 19, 2740-2753.
Oehl, F., Schneider, D., Sieverding, E., Burga, C.A., 2011. Succession of arbuscular mycorrhizal communities in the foreland of the retreating Morteratsch glacier in the Central Alps. Pedobiologia 54, 321-331.
Oehl, F., Wiemken, A., Sieverding, E.J.J.o.a.b., 2003. Glomus aureum, a new sporocarpic arbuscular mycorrhizal fungal species from European grasslands.  77, 111-115.
Pastore, G., Kernchen, S., Spohn, M., 2020. Microbial solubilization of silicon and phosphorus from bedrock in relation to abundance of phosphorus-solubilizing bacteria in temperate forest soils. Soil Biology and Biochemistry 151, 108050.
Peñuelas, J., Sardans, J., Rivas-ubach, A., Janssens, I.A., 2012. The human-induced imbalance between C, N and P in Earth's life system. Global Change Biology 18, 3-6.
Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D., 2019. nlme: Linear and nonlinear mixed effects models. R package version 3. R Core Team, pp. 1-140.
R Core Team, 2020. R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing, Vienna, Austria http://www.R-project.org/.
Ragot, S.A., Kertesz, M.A., Bünemann, E.K., 2015. phoD Alkaline Phosphatase Gene Diversity in Soil. Appl Environ Microbiol 81, 7281-7289.
Read, D.J., Haselwandter, K., 1981. OBSERVATIONS ON THE MYCORRHIZAL STATUS OF SOME ALPINE PLANT COMMUNITIES. New Phytologist 88, 341-352.
Rodríguez, H., Fraga, R., Gonzalez, T., Bashan, Y., 2006. Genetics of phosphate solubilization and its potential applications for improving plant growth-promoting bacteria. Plant and Soil 287, 15-21.
Rossolini, G.M., Schippa, S., Riccio, M.L., Berlutti, F., Macaskie, L.E., Thaller, M.C., 1998. Bacterial nonspecific acid phosphohydrolases: physiology, evolution and use as tools in microbial biotechnology. Cellular and Molecular Life Sciences CMLS 54, 833-850.
Santos-Beneit, F., 2015. The Pho regulon: a huge regulatory network in bacteria.  6.
Santos-Beneit, F., Rodríguez-García, A., Franco-Domínguez, E., Martín, J.F., 2008. Phosphate-dependent regulation of the low- and high-affinity transport systems in the model actinomycete Streptomyces coelicolor.  154, 2356-2370.
Schlingmann, M., Tobler, U., Berauer, B., Garcia-Franco, N., Wilfahrt, P., Wiesmeier, M., Jentsch, A., Wolf, B., Kiese, R., Dannenmann, M., 2020. Intensive slurry management and climate change promote nitrogen mining from organic matter-rich montane grassland soils. Plant Soil 456, 81-98.
Spohn, M., 2016. Element cycling as driven by stoichiometric homeostasis of soil microorganisms. Basic and Applied Ecology 17, 471-478.
Spohn, M., Kuzyakov, Y., 2013. Distribution of microbial- and root-derived phosphatase activities in the rhizosphere depending on P availability and C allocation – Coupling soil zymography with 14C imaging. Soil Biology and Biochemistry 67, 106-113.
Spohn, M., Zeißig, I., Brucker, E., Widdig, M., Lacher, U., Aburto, F., 2020. Phosphorus solubilization in the rhizosphere in two saprolites with contrasting phosphorus fractions. Geoderma 366, 114245.
Thirkell, T.J., Cameron, D.D., Hodge, A., 2016. Resolving the ‘nitrogen paradox’ of arbuscular mycorrhizas: fertilization with organic matter brings considerable benefits for plant nutrition and growth. Plant, Cell & Environment 39, 1683-1690.
Töwe, S., Wallisch, S., Bannert, A., Fischer, D., Hai, B., Haesler, F., Kleineidam, K., Schloter, M., 2011. Improved protocol for the simultaneous extraction and column-based separation of DNA and RNA from different soils. J. Microbiol. Methods 84, 406-412.
Unger, S., Friede, M., Hundacker, J., Volkmar, K., Beyschlag, W., 2016. Allocation trade-off between root and mycorrhizal surface defines nitrogen and phosphorus relations in 13 grassland species. Plant and Soil 407, 279-292.
Van Der Heijden, M.G.A., Streitwolf-Engel, R., Riedl, R., Siegrist, S., Neudecker, A., Ineichen, K., Boller, T., Wiemken, A., Sanders, I.R., 2006. The mycorrhizal contribution to plant productivity, plant nutrition and soil structure in experimental grassland.  172, 739-752.
Vandenkoornhuyse, P., Ridgway, K.P., Watson, I.J., Fitter, A.H., Young, J.P., 2003. Co-existing grass species have distinctive arbuscular mycorrhizal communities. Mol Ecol 12, 3085-3095.
Vitousek, P.M., Porder, S., Houlton, B.Z., Chadwick, O.A., 2010. Terrestrial phosphorus limitation: mechanisms, implications, and nitrogen–phosphorus interactions.  20, 5-15.
Vitow, N., Zicker, T., Chiba, A., Zacher, A., Eichler-Löbermann, B., Schulz, S., Schloter, M., Baum, C., Leinweber, P., 2021. Impact of the Legume Catch Crop Serradella on Subsequent Growth and P Mobilization under Barley in Different Fertilization Treatments.  11, 2437.
Wagg, C., Schlaeppi, K., Banerjee, S., Kuramae, E.E., van der Heijden, M.G.A., 2019. Fungal-bacterial diversity and microbiome complexity predict ecosystem functioning. Nat. Commun. 10, 4841.
Wang, C., Chen, Z., Unteregelsbacher, S., Lu, H., Gschwendtner, S., Gasche, R., Kolar, A., Schloter, M., Kiese, R., Butterbach-Bahl, K., Dannenmann, M., 2016. Climate change amplifies gross nitrogen turnover in montane grasslands of Central Europe in both summer and winter seasons. Glob. Chang. Biol. 22, 2963-2978.
Watanabe, T., Tateno, R., Imada, S., Fukuzawa, K., Isobe, K., Urakawa, R., Oda, T., Hosokawa, N., Sasai, T., Inagaki, Y., Hishi, T., Toda, H., Shibata, H., 2019. The effect of a freeze–thaw cycle on dissolved nitrogen dynamics and its relation to dissolved organic matter and soil microbial biomass in the soil of a northern hardwood forest. Biogeochemistry 142, 319-338.
Widdig, M., Schleuss, P.-M., Weig, A.R., Guhr, A., Biederman, L.A., Borer, E.T., Crawley, M.J., Kirkman, K.P., Seabloom, E.W., Wragg, P.D., Spohn, M., 2019. Nitrogen and Phosphorus Additions Alter the Abundance of Phosphorus-Solubilizing Bacteria and Phosphatase Activity in Grassland Soils. Frontiers in Environmental Science 7.
Wiesmeier, M., Hübner, R., Barthold, F., Spörlein, P., Geuß, U., Hangen, E., Reischl, A., Schilling, B., von Lützow, M., Kögel-Knabner, I., 2013. Amount, distribution and driving factors of soil organic carbon and nitrogen in cropland and grassland soils of southeast Germany (Bavaria). Agric. Ecosyst. Environ. 176, 39-52.
Yeo, I.K., Johnson, R.A., 2000. A new family of power transformations to improve normality or symmetry. Biometrika 87, 954-959.
Zeng, Q., Wu, X., Wen, X., 2016. Effects of Soluble Phosphate on Phosphate-Solubilizing Characteristics and Expression of gcd Gene in Pseudomonas frederiksbergensis JW-SD2. Curr Microbiol 72, 198-206.
Zhang, L., Zhou, J., George, T.S., Limpens, E., Feng, G., 2022. Arbuscular mycorrhizal fungi conducting the hyphosphere bacterial orchestra. Trends Plant Sci 27, 402-411.
Zistl-Schlingmann, M., Feng, J., Kiese, R., Stephan, R., Zuazo, P., Willibald, G., Wang , C., Butterbach-Bahl, K., Dannenmann, M., 2019. Dinitrogen emissions: an overlooked key component of the N balance of montane grasslands. Biogeochemistry 143, 15-30.
Zistl-Schlingmann, M., Kwatcho Kengdo, S., Kiese, R., Dannenmann, M., 2020. Management intensity controls nitrogen-use-efficiency and flows in grasslands—A 15N tracing experiment. Agronomy 10, 606.
Tables:
Table 1. Acid and alkaline phosphatase activities calculated from the zymography analysis in in soil mesocosms treated by an extensive and intensive agricultural management at CC0, CC1 and CC2. Values are means ± standard error (n=3). Significant differences (p < 0.05) are indicated by different letters.
	Depth
	0-5 cm
	5-15 cm

	Management
	Extensive 
	Intensive 
	Extensive 
	Intensive 

	Climate effect
	CC0
	CC1
	CC2
	CC0
	CC1
	CC2
	CC0
	CC1
	CC2
	CC0
	CC1
	CC2

	Acid phosphatase (pmol mm-2 h-1)
	1.9 ± 0.7    a
	0.6 ± 0.6   a
	1.6± 0.6    a
	1.9 ± 1.2   a
	1.9 ± 1.0   a
	2.5 ± 0.7    a
	2.4 ± 0.8   a
	0.5 ± 1.0   a
	1.6± 0.4    a
	2.4 ± 1.3   a
	2.3 ± 0.8   a
	2.8 ± 0.9   a

	Alkaline phosphatase  (pmol mm-2 h-1)
	10.1 ± 1.9 a
	12.0 ± 1.3 a
	11.0 ± 3.0 a
	7.0 ± 1.9   a
	12.4 ± 2.6 a
	14.7 ± 3.1 a
	10.0 ± 2.2 a
	10.7± 3.0   a
	11.5 ± 3.7 a
	6.6 ± 2.4   a
	11.3 ± 3.6 a
	13.8 ± 3.8 a













Table 2. Total P and element concentrations in soil mesocosms treated by an extensive and intensive agricultural management at the different CC scenarios CC0, CC1 and CC2.  Values are means ± standard error (n=3). Significant differences (p < 0.05) are indicated by different letters. 

	Depth
	0-5 cm
	5-15 cm
	 

	Management
	Extensive 
	Intensive 
	Extensive 
	Intensive 

	Climate effect
	CC0
	CC1
	CC2
	CC0
	CC1
	CC2
	CC0
	CC1
	CC2
	CC0
	CC1
	CC2

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Phosphorous             (mg g-1)
	3.4 ± 0.1 b
	3.1 ± 0.2 b
	2.2± 0.1    a
	3.4 ± 0.2 b
	3.5 ± 0.5 b
	2.2 ± 0.5   ab
	3.3 ± 0.3 a
	2.7 ± 0.5 a
	2.8 ± 0.9   a
	3.2 ± 0.3 a
	3.1 ± 0.0 a
	2.9 ± 0.5   a

	Potassium              (mg g-1)
	7.4 ± 0.8 abc
	6.9 ± 0.4 b
	6.7 ± 0.7 ab
	5.8 ± 0.1 a
	9.5 ± 1.0 c
	7.3 ± 1.1 abc
	6.0 ± 1.2 a
	7.4 ± 0.6 a
	7.3 ± 2.3   a
	7.8 ± 0.8 a
	8.3 ± 0.6 a
	8.0 ± 0.7   a

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Aluminium                   (mg g-1)
	36.4 ± 2.8 abc
	34.6 ± 0.2 b
	35.4 ± 1.7 ab
	31.3 ± 0.8 a
	44.3 ± 3.7 c
	38.4 ± 2.0 bc
	35.6 ± 4.5 a
	42.3 ± 6.0 a
	40.0 ± 9.1 a
	42.7 ± 2.6 a
	42.3 ± 5.2 a
	44.4 ± 1.1 a

	Calcium                  (mg g-1)
	26.5 ± 5.3 a
	25.0 ± 7.5 a
	21.6 ± 5.8 a
	23.5 ± 7.5 a
	18.0 ± 1.7 a
	14.7 ± 5.6 a
	20.5 ± 5.2 ab
	20.7 ± 12 ab
	28.9 ± 1.3 b
	18.5 ± 4.0 a
	19.7 ± 3.9 a
	18.3 ± 4.7 ab

	Iron                    (mg g-1)
	24.5 ± 0.9 ab
	23.7 ± 0.6 b
	25.1 ± 1.7 ab
	24.0 ± 0.9 b
	28.9 ± 3.1 ab
	27.7 ± 1.3  a
	28.6 ± 1.6 a
	32.0 ± 5.3 a
	29.1 ± 3.7 a
	30.1 ± 1.2 a
	29.3 ± 5.2 a
	32.3 ± 1.6 a

	Magnesium                 (mg g-1)
	13.8 ± 1.9 a
	12.4 ± 2.7 a
	11.1 ± 1.5 a
	11.8 ± 2.0 a
	10.7 ± 0.9 a
	9.9 ±   1.9   a
	11.2 ± 1.7 a
	13.0 ± 3.5 a
	12.9 ± 0.6 a
	11.3 ± 1.5 a
	11.4 ± 0.8 a
	11.8 ± 1.6 a

	Manganese            (mg g-1)
	0.99 ± 0.1 a
	0.91 ± 0.1 a
	0.90 ± 0.02 a
	0.98 ± 0.2 a
	1.3 ± 0.2 a
	0.98 ± 0.03 a
	1.1 ± 0.2 ab
	1.3 ± 0.2 ab
	1.2 ± 0.2 ab
	1.1 ± 0.2 ab
	0.99 ± 0.1 a
	1.3 ± 0.03 b

	Zinc                    (mg g-1)
	0.23 ± 0.02 b
	0.22 ± 0.02 b
	0.16 ± 0.009 a
	0.23 ± 0.02 b
	0.26 ± 0.04 b
	0.16 ± 0.03 ab
	0.23 ± 0.03 a
	0.20 ± 0.02 a
	0.21 ±  0.05 a
	0.24 ± 0.03 a
	0.20 ± 0.01 a
	0.22 ±  0.03 a

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



