https://doi.org/10.5194/egusphere-2024-2435
Preprint. Discussion started: 12 August 2024 EG U
sphere

(© Author(s) 2024. CC BY 4.0 License.

1 A conservative resource use strategy in agricultural grasslands counteracts lower productivity

2 and water use efficiency under drought conditions

3 Elena Tello-Garcia®", Erich Tasser'?, Ursula Peintner?, Ulrike Tappeiner?, Georg Leitinger!
4 1 Department of Ecology, Universitét Innsbruck, 6020 Innsbruck, Austria

5 2 Eurac research, Institute for Alpine Environment, 39100 Bozen, Italy

6 3 Department of Microbiology, Universitat Innsbruck, 6020 Innsbruck, Austria

7  *Correspondence to: Elena Tello-Garcia (elena.tello-garcia@uibk.ac.at)

8 Erich Tasser: Erich.Tasser@uibk.ac.at

9 Ursula Peintner: Ursula.Peintner@uibk.ac.at

10  Ulrike Tappeiner: Ulrike. Tappeiner@uibk.ac.at

11  Georg Leitinger: Georg.Leitinger@uibk.ac.at

12



https://doi.org/10.5194/egusphere-2024-2435
Preprint. Discussion started: 12 August 2024 EG U
sphere

(© Author(s) 2024. CC BY 4.0 License.

13  Abstract

14  Grassland response to changes in water availability is closely tied to the traits of the plant community
15  which determine plant water uptake and resource use. Plants can adopt either moderate and efficient
16  (conservative) or rapid and demanding (acquisitive) resource use strategies. These strategies combined
17  with the plant interactions with microbes, such as arbuscular mycorrhiza fungi (AMF), determine the
18  grassland productivity and efficiency. This study aims to compare the drought response of two
19  agricultural grasslands that differ in their resource use strategies. In an experimental garden 12 small-
20  scale lysimeters were installed with two different agricultural grassland types (conservative and
21  acquisitive) and two different irrigation levels (wet and drought). We measured water fluxes, above- and
22 belowground phytomass productivity and AMF spore productivity in these two grassland types
23  throughout a drought of 64 days. Despite differing resource use strategies, both grassland types exhibited
24 similar reductions in evapotranspiration and aboveground phytomass under drought. However, the
25 conservative grassland showed higher water use efficiency (WUE) when considering only aboveground
26  phytomass, and a less pronounced compositional shift towards greater grass phytomass. Furthermore,
27  in acquisitive grasslands the root:shoot ratio of grasses and AMF spores abundance in the soil were
28  greatly reduced than in conservative grasslands. We also identified differences in legume productivity,
29  rooting system, and AMF spores community composition as key factors influencing WUE. In a changing
30 climate with greater frequency and severity of droughts in the European Alps, opting for grassland
31  mixtures with more species with conservative characteristics should be considered, as they i) reach the
32 productivity of acquisitive grassland even under wetter conditions and ii) show higher efficiency and

33 longer vitality under drought conditions.

34 1. Introduction

35  The presence and abundance of functional groups in grasslands have a significant influence on the
36  quantity and quality of agricultural yield. Forb species increase the mineral content of forage and
37  improve the palatability and digestibility of fodder (Evers, 2011). Legumes are particularly important
38  as protein carriers and for nitrogen fixation from the air. Legumes improve the nitrogen supply of the
39 entire canopy through infection of roots by effective Rhizobium strains, which causes the formation of
40  functional root nodules (Reich et al., 2003). Farmers directly or indirectly determine the composition of
41 plant species through management measures to build up economically and agro-production optimized
42  grassland. Ideally, these should have a canopy with an optimal plant composition ratio of 60 to 70 %
43 grasses and 30 to 40 % legumes and other forbs (Potsch, 1999; Sanderson et al., 2013; Knot et al., 2015).
44 Such mixtures are also best suited to deliver high yields not only now, but also in a warmer climate of
45  the future (Elgersma and Sgegaard, 2016). Thus, the need for functionally optimized grasslands and to
46  improve our knowledge of the reaction of species and functional groups to stresses like drought.
47  Functional diversity may not only determine these responses, but also may itself be effected by drought

48  (Miller et al., 2019; Tello-Garcia et al., 2020) through changes in plant species composition (Griffin-
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49  Nolan et al., 2019), and simplification of communities, which may lead to species reduction (Peralta et
50 al., 2019).

51  According to the individual traits involved in resource use, plants can range from fast/acquisitive to
52  slow/conservative strategies (Diaz et al., 2004; Reich, 2014; Wright et al., 2004). Acquisitive species
53  construct energetically cheap but short-lived tissues optimized for fast resource acquisition, whereas
54 conservative species produce more resource-expensive but persistent tissues with a slower rate of return.
55  Species following an acquisitive strategy are usually characterised by high specific leaf area (SLA), low
56 leaf dry-matter content (Wright et al., 2004) and long, thin roots (Roumet et al., 2016; Reich, 2014).
57  Fine roots make rapid use of resources with minimal biomass investment, resulting in high metabolic
58  and growth rates under favourable conditions (Ostonen et al., 2007; Reich, 2014; Bergmann et al., 2020).
59  Overall, acquisitive species have a high photosynthetic rate, but also high water consumption (Manzoni
60 etal., 2013). Acquisitive traits may be detrimental under extreme drought conditions as such species are
61  insensitive to progressive soil drying until very low soil water content is reached (e.g. the permanent
62  wilting point) (Brilli etal., 2011). Conversely, conservative species typically have smaller, thicker leaves
63  and shorter, coarser roots (Roumet et al., 2016; Tardy et al., 2017). Conservative species reduce water
64  uptake earlier under drought, economise nutrients and use them slowly, which results in low growth
65  rates under favourable conditions. Conservative and acquisitive strategies mark the ends of the spectrum,
66  a wide range exists between them, defined by the specific traits of a species and its plasticity (Perez-
67  Ramosetal., 2019).

68  Belowground components (e.g. root biomass and characteristics) have a significant impact on plant
69  resources uptake, as they are in contact with the soil and are one of the main pathways for all resources
70  (Ma et al., 2018; Mccormack and Iversen, 2019). Plant roots and associated rhizosphere organisms
71  influence many important ecosystem processes, including nutrient and carbon storage in the soil, soil
72 structural stability (e.g. erosion resistance and porosity (Bardgett et al., 2014)), water uptake (Gross et
73  al., 2008), and interactions with other soil organisms. In this context, plants response to drought not only
74 on their functional traits and position on the conservative-acquisitive spectrum but also on their
75  associated rhizosphere. Belowground traits are intrinsically connected to the way plants benefit from
76  soil microbes. Therefore, a deeper knowledge of root-associated mutualists, such as arbuscular
77  mycorrhiza fungi (AMF), may partially account for variation along the spectrum (Bergmann et al.,
78  2020).

79  AMF are obligate symbionts with plant roots meaning they obtain most of their required organic carbon
80  from the host plant in return for inorganic N, P and water (Parniske, 2008). Moreover, AMF can alter
81  plant traits, such as stomatal conductance, triggering mechanisms to protect the plant from drought
82  (Augé, 2001). They improve plant growth even when root colonisation is reduced (Bahmani et al., 2018;
83  Hartman and Tringe, 2019; Tuo et al., 2017; Zhang et al., 2018b). Decrease on AMF productivity

84 includes reduced extraradical mycelial network and reproduction (i.e. sporulation) (Bahadur et al., 2019;
3
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85  Hashem et al., 2019; Kilpeldinen et al., 2017; Maitra et al., 2019). Interestingly, AMF spore abundance
86 is primarily influenced by seasonal climate and host-independent physico-chemical soil properties, and
87  lessso by the composition of host plants, as reported for Chilean Mediterranean-type ecosystems (Silva-
88  Floresetal., 2019). Although AMF spore abundances may not be an accurate indicator for mycorrhizal
89 activity, they can be useful as a proxy for stress. Under stress, the photobionts must reduce the amounts
90  of nutrients provided to their mycorrhizal partner, thus limiting the seasonally induced AMF spore
91  formation. Therefore, when comparing plant drought strategies in the same soil, we expect AMF spore

92  abundance to decrease proportionally to the stress a plant community is experiencing.

93  The community-weighted mean (CWM) of the individual plant traits and plant interactions (i.e. with
94  AMF) determine the strategy followed by the community under drought, and therefore the productivity
95  and water use efficiency (WUE). Acquisitive plant species that can use water and nutrients quickly but
96  wastefully during short wet periods are better prepared to cope with irregular rainfall (Querejeta et al.,
97  2018). These traits may be advantageous for successful colonization in dry regions with extreme
98  fluctuations in resource availability. However, in humid to semi-arid climates or in scenarios with brief
99  but intense dry periods this strategy breaks down. The economical use of water of conservative species
100  through dynamic control of water uptake via stomatal behaviour is more advantageous in the long term
101  (Zhaoetal., 2016; Lu et al., 2020; Brodribb et al., 2020). Therefore, the traits of the plant communities
102  used in farming must be in accordance with the climatic conditions, as they will determine the tolerance
103  of crops to drought and their productivity.

104  This study aimed to (i) compare the effects of drought on two grassland seed mixtures commonly sown
105 in wet and dry sites in mountain farming in the European Alps, and to (ii) identify the main parameters
106  affecting water use efficiency of these agricultural grasslands. The seed mixtures studied differed
107  primarily on the resource use strategies of the plant community (i.e. more conservative or acquisitive).
108  Inaddition, we wanted to understand any impacts on agricultural yields under dry conditions. To analyse
109  the mechanisms behind the expected differences, we focused on the water fluxes, functional
110  composition, phytomass productivity, and AMF spore productivity of these two grassland types in a
111 drought experiment. We hypothesized that the agricultural grassland with more traits related to
112 conservative strategies (hereafter referred to as conservative grassland) would show a faster response to
113  drought. Expected responses included closing of stomata and higher investment in root and AMF
114  sporulation. We expected that these responses would result in a higher WUE under drought conditions.
115  In contrast, we expected that the grassland with more traits related to acquisitive strategies (hereafter
116  referred to as acquisitive grassland) would be less responsive to drought. We expected plants to use the
117  available water under drought more quickly and then have less time to produce phytomass and AMF
118  biomass before wilting, resulting in a lower WUE.

119
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120 2. Material and Methods

121 The experimental garden was established in the long-term socio-ecological research (LTSER) site
122 “Stubai valley” (LTSER platform “Tyrolean Alps”), close to Neustift im Stubaital (Austria), located on
123  the valley floor in the montane belt at 972 m above the sea level (WGS84: 47.115833 N, 11.320556 E)
124  in a meadow used for hay production (Fig. 1). It has an annual mean temperature of 6.5 °C and annual
125  mean precipitation of 1097 mm (Frenck et al., 2018). There, 12 small-scale lysimeters were installed
126  with two different agricultural grassland types and two different irrigation levels. Investigations took
127  place in 2018 during part of the growing season (June - August).
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130 Figure 1. Schematic overview of the experimental design. Three replicates were used for each combination
131  of grassland type and irrigation level. © EuroGeographics for the administrative boundaries.

132

133 2.1 Investigated grassland types: community composition and plant traits
134  We linked this investigation to applied grassland farming using two seed mixtures commonly sown in
135  European Alpine grassland farming (Schwarzenberger Samen & Gartenbedarf, Austria). Both seed
136  mixtures were sown directly in 12 small-scale lysimeters (Fig. 1). The highly productive ‘seed mixture
137  for humid locations (SR037)’ is typically sown in more humid areas of the Central and Northern Alps
138 (> 800 mm annual precipitation), and the ‘seed mixture for dry locations (SR032)’ is sown in the drier
139  areas of the Southern Alps (< 800 mm annual precipitation). The two seed mixtures were characterized
140  as acquisitive and conservative, respectively, based on their traits” CWM being closer to one or another
141 end of the resource use spectrum. For all species present in the mixtures (Table 1), main traits for
142  resource use classification were searched in the literature (only data on traits from plants growing in
143  favourable conditions were selected, and a mean was calculated when more than one paper or value was
5
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144  found): root-shoot ratio, shoot C:N ratio, SLA, leaf N concentration (LNC) and rooting index (Wright
145  etal., 2004; Roumet et al., 2016; Diaz et al., 2016; Bu et al., 2018; Chacon-Madrigal et al., 2018; Reich,
146  2014). We then calculated a CWM proxy for each trait of the two seed mixtures (Table 1). Due to
147  difficulties in differentiating species in their vegetative state, we calculated the CWM proxy based on
148  the seed abundance in the mixture rather than on actual biomass or cover. The highly productive ‘seed
149  mixture for humid locations (SR037)’ displayed higher SLA and LNC and lower rooting, C:N in shoots
150  and root-shoot ratio; and therefore was defined as the acquisitive grassland. The ‘seed mixture for dry
151  locations (SR032)’ with opposite traits was defined as the conservative grassland (Wright et al., 2004;
152  Roumet et al., 2016). Plant biomass was cut and separated into functional groups prior to the start of the
153  drought experiment to confirm the relation between biomass and seed share. Furthermore, SLA was
154  calculated for the three main species of each grassland type to confirm that mean SLA in conservative
155  grassland was lower (28.9 m? kg?) than in acquisitive grassland (33.9 m? kg%).
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156  Table 1 Plant species and corresponding functional group present in the seed mixtures with their
157  respective plant traits, i.e. rooting index, specific leaf area (SLA), leaf nitrogen content (LNC), C:N ratio
158 in shoots and root-shoot ratio; the share (%) of each species in the seed mixtures. Rooting index was
159 calculated as the product of the root density (classes) x main rooting depth (m) x root lateral extension
160  (m) based on species-specific data according to Tasser and Tappeiner (2005). The grassland types were
161  characterised based on these two seed mixtures, utilising the community-weighted means, i.e. mean

162  values of the traits and seed percentages.

Species abundance in

Plant traits seed mixture (%)
. for dry for humid
. . Rooting SLA LNC C:N of Root-shoot . .
Species Functional . . locations locations
index (m2kg™) (mgg?) shoot ratio
group (SR032) (SR037)
Agrostis capillaris L. grass 1.422 29.31bcd 23.654 20.32m 0.41aa2b 0.0 4.1
Alopecurus pratensis L. grass 0.812 24.08b¢ 41,504 17.47mn0 0.392¢ 0.0 6.1
Arrhenatherum elatius
grass 4.622 29.68ef 29.624 26.00° 0.743 4.4 0.0
P. Beauv.
Dactylis glomerata L. grass 0.152 24,359%ghi 24.304 19.63° 0.792bad 6.7 7.0
Festuca arundinacea -
grass 3.882 17.404 18.00¢  36.334rs 0.91 50.6 0.0
Schreber
Festuca pratensis
grass 0.642 22.299f 24,954 20.00° 0.682¢ 2.7 18.1
Hudson
Festuca rubra L. grass 0.642 11.6249 34.004 29.57 0.43 5.0 12.0
Lolium perenne L. grass 0.662 22.60" 33.00¢ 34.21%  Q.70%aab.adag 6.9 135
Lotus corniculatus L. legume 0.252 18.8dek 28.98d 22.60v 0.62a" 0.0 25
Medicago sativa L. legume 0.762 28.50" 55.504 21.60v 0.242:3 3.9 0.0
Phleum pratense L. grass 0.402 28.41%! 25.424 18.30% 0.86%° 5.8 8.0
Poa pratensis L. grass 0.312 20.294! 34,509 29.37! 0.672d.ag 5.6 12.1
Trifolium hybridum L. legume 0.842 33.689! 43.204 14.29% 0.272 0.0 4.0
Trifolium pratense L. legume 0.212 25.0799: 34.86¢ 18.10v 0.302dah 2.8 25
Trifolium repens L. legume 0.842 40.84994 49.10¢ 14.10¥ 0.362a:ad 5.6 6.0
Trisetum flavescens
grass 0.622 29.009h 21.554 17.75 0.81@ 0.0 4.1
(L.) P. Beauv.
Grassland type Community-weighted means
Conservative
(seed mixture for dry 2.39 21.37 25.99 30.07 0.76
location)
Acquisitive
(seed mixture for humid 0.59 23.67 31.61 23.24 0.60
location)

163  Literature: a) Tasser and Tappeiner (2005), b) Kleyer et al. (2008), c) Kattge et al. (2020), d) Fontana et
164  al. (2017), e) Freschet et al. (2015), f) Arredondo and Schnyder (2003), g) Wohlfahrt et al. (1999), h)

165  Guyonnetetal. (2018), i) Prieto et al. (2017), j) Mason et al. (2016), k) Ordonez et al. (2010), I) Meziane
7
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166  and Shipley (2001), m) Baxendale et al. (2014), n) De Long et al. (2019), o) Arfin Khan et al. (2016),
167  p) Ryser and Eek (2000), g) Chen et al. (2017), r) Jacob et al. (2020), s) Bowden et al. (2007), t) Evers
168  etal. (2020), u) Shahzad et al. (2012), v) Talgre et al. (2017), w) Hempel et al. (2009), x) Davis (1991),
169 y) Kaleeem Abbasi et al. (2015), z) Gubsch et al. (2011), aa) Cook et al. (1996), ab) Crush et al. (2005),
170  ac) Gloser (1993), ad) Davidson (1969), ae) Malinowski (1995), af) Paterson et al. (2005), ag) Pande
171  and Singh (1981), ah) Foulds (1977), ai) Philippot et al. (1991), aj) Zhang et al. (2018a), ak) Murray

172 (2012), al) Baillard et al. (2020).
173

174  2.2.  Experimental Set-up

175  Twelve small-scale lysimeters (Smart-Field-Lysimeter, UMS/Meter Group Munich, Germany) with a
176  depth and diameter of 0.3 m were used for the experiment (Fig. 1). Each lysimeter was filled with a
177  standard horticultural soil. The soil had 6.03 % + 0.07 % of organic matter and a pH of 7.21 + 0.07.
178  More information on the soil characterization can be found in the appendice. All lysimeters were
179  equipped with an independent bi-directional pumping system between the lysimeters and drainage
180  containers, thus ensuring tension-controlled soil moisture conditions. An electronic weighing platform
181  (PL-50, UMS/Meter Group Munich, Germany) under each lysimeter recorded the weight every minute.
182  With the same frequency, the weight of each water drainage container was recorded (used electronic
183  platform: PL-10, UMS/Meter Group Munich, Germany). Both measurements were applied for the
184  calculation of evapotranspiration (ET). Soil water content (SWC) was recorded every 10 minutes by
185  EC-5 sensors (Decagon Devices, Inc.), at a soil depth of 5, 15 and 25 cm (Frenck et al., 2018) and the
186  daily mean of the three sensors was calculated per lysimeter. Sensors were calibrated for repeatability
187  and accuracy over a period of one month prior to the start of the experiment. This ensured they
188  consistently provided the same values under identical conditions, thus minimising random noise. To do
189 this, they were calibrated to the mean as a reference by creating a sensor-specific linear calibration curve
190  between the measured values and the mean values (see also Schwamback et al. (2023)). These sensor-

191  specific calibration functions were then applied throughout the experiment.

192  The seed mixtures were sown in the lysimeters in the previous year and kept in a greenhouse at 20°C.
193  After installation in the experimental garden, the lysimeters were managed according to the scheme of
194  the surrounding meadow to settle (i.e. cutting, and exposed to the natural precipitation regime of the
195  study site where mean annual precipitation is 1100 mm). The density of plant individuals at the time of
196  the experiment was 2512.4 + 349.4 ind. m? (legumes: 589.5 + 123.0 ind. m, grasses:1922.9 + 330.2
197  ind. m?). The experiment started directly after the first harvest of the season and all lysimeters were

198  covered with a UV-transmissive transparent polyethylene film (Lumisol Clear AF. 88-92 % light
8
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199  transmission) to exclude natural precipitation. The shelters were approximately 2.5 m tall and were
200 closed from 0.5 to 2.5 m, but open on the sides facing the main wind directions to account for typical
201  wind conditions at the site. Lysimeters were subjected to two irrigation levels (i.e. wet and drought
202  treatments, Fig. 1) from 8 June to 8 August (64 days). For the wet treatment, soil moisture was
203  maintained at field capacity by controlled watering to avoid waterlogging and ensure sufficient water
204  supply for maximum productivity. For the drought treatment, soil was maintained in a water deficit. For
205  the first 26 days, the lower boundary was maintained at a constant matric potential of —1 kPa. This was
206  achieved by a bi-directional pumping system that delivered water in and out of the lysimeter to mimic
207  groundwater inflow and capillary rise from deeper soil layers. From thereon until the end of the
208  experiment (3 July to 8 August), no watering was applied and extreme drought was simulated.

209

210 23. Measurements

211 Water fluxes

212  ET was calculated by the weight differences between the lysimeter and the drainage container, and
213  applying the AWAT (Adaptive Window Adaptive Threshold) filter to separate significant from
214  insignificant mass changes (Peters et al., 2014; Peters et al., 2016; Peters et al., 2017). The integrated
215  WUE of the grasslands was calculated by dividing dry phytomass by the accumulated ET for the
216  experimental period. Here, aboveground dry phytomass was used for calculating WUE,, and total dry

217  phytomass (i.e., aboveground and belowground) was used to calculate WUE;, (Kirkham, 2005).

218  Starting on 3 July, weekly stomatal conductance measurements were taken on the leaf underside of
219  grasses and legumes in the lysimeters using a DECAGON SC-1 Leaf Porometer (Decagon Devices;
220  2016) in four measurement cycles from 8:00 h to 18:00 h in sun-exposed individuals. The measurements
221  could not be carried out at the species level due to the young age of the canopy and the resulting non-
222  definitive species recognition. Three replicates per functional group in each lysimeter were used to
223  calculate a daily mean, resulting in 12 single measurements per day for each functional group and

224 lysimeter.

225  Phytomass

226 At the end of the experiment, individuals of grasses and legumes were counted. Between 5 and 20
227  individuals of legumes and grasses were randomly selected and excavated to determine the root-shoot
228  ratio, depending on how strongly a group was represented in the lysimeter. Root extraction was done
229  manually by washing the roots under running water. The low stand density and loose soil made
230 individual roots easily distinguishable during washing, as they were not tightly intertwined. Afterwards,
231  roots were dried at 80°C, and weighed to determine the average root weight per functional group in each
232 lysimeter. The remaining aboveground phytomass in the lysimeters was harvested, separated into

233  functional groups, dried at 80°C, and weighed. We included individuals used for root-shoot ratio

9
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234  assessment. Biomass and necromass proportions were visually estimated at five time points (19 June, 9
235  July, 18 July, 1 August, and 7 August) in each lysimeter during the experiment.

236  Spore productivity of arbuscular mycorrhizal fungi

237  The abundance of AMF spores in the initial soil mixture used represented the amount of available AMF
238  inoculum in the soil at the beginning of the season. End-of-season sporulation was considered an
239  approximation of AMF reproduction. The extraradical spores produced by AMF in the soil were
240  extracted by the differential water-sucrose centrifugation method (lanson and Allen, 1986). First, 30 ¢
241  of 2 mm-sieved dry soil was mixed with 60 ml of water to allow rehydration, the solution was
242  centrifuged at 2,000 rpm for 10 min, and the supernatant containing organic material was discarded. The
243  soil was re-suspended in 60 ml of a 2 M sucrose solution with a dispersant (2 % Calgon) and centrifuged
244 at 2,000 rpm at room temperature for 10 min. Next, to remove soil particles remaining in suspension, a
245 sucrose-Calgon solution was added to the supernatant containing the AMF spores to reach an
246  approximate volume of 20 ml. The mixture was sieved through a 500 um sieve and centrifuged again
247  for 10 min at 2,000 rpm. The material retained on the 500 pm sieve was examined under a stereo
248  microscope to check for the presence of large AMF spores. To separate the spores into three additional
249  size classes (i.e. 51 — 100 pm,100 — 200 um, and 200 — 500 um), the spore-containing supernatant was
250  consecutively sieved through a 200 um and then a 100 um sieve cascade. The spores retained on each
251  sieve were separately washed off with distilled water and poured into the filter funnel of a vacuum line
252  covered with a 51 um mesh tissue. Spores of each size class retained on the mesh were counted under
253  the stereo microscope at 63-fold magnification. Size classes and pigmentation of AMF spores were
254 recorded as they are common criteria for identification (Invam, 2023; SchiBler and Walker, 2010).
255  Although no molecular AMF species classification was carried out, the main AMF classes could be
256  discriminated by the combination of size and pigmentation. This allowed us to detect compositional
257  changes in AMF communities. We considered small (51 - 100 pum), medium (100 — 200 um), and large
258 (200 - 500 um) spore sizes and black, brown and yellow (pale) spore pigmentation. The density of AMF

259  spores was expressed on a soil dry weight basis.
260

261 2.4. Data processing and statistics

262  Most of the statistical analyses were performed using the R statistical programming language (R Core
263  Team, 2022). To compare SWC, ET, and necromass between irrigation levels and grassland types,
264  ANCOVAs were used. Date was included as a covariate, and grassland type as well as irrigation levels
265  were independent variables. In addition, interactions between variables were tested. For stomatal
266  conductance, functional group was added as independent value. Finally, legumes and grasses stomatal
267  conductance were tested also independently. ANOVAs with a significance level of 0.05 were performed
268  to compare aboveground, belowground phytomass, abundance of AMF spores, WUE,,, and WUE;,

269  between the different irrigation levels and grassland types. All ANOVAs included grassland type and
10
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270 irrigation levels as independent variables, and interactions between variables were tested. Above- and
271  belowground phytomass also included plant functional groups as independent variables, whilst AMF
272  spores included the different size and pigmentation classes of AMF spores. When interactions between
273  variables were significant, a post hoc Tukey test was performed to test the differences between groups.
274  The homogeneity of variances and distribution of residuals were analysed using residual plots.
275  Additionally, the Levene test with “car” package (Fox and Weisberg, 2019) was used to examine the
276  homogeneity of variances and Shapiro-Wilk’s with “stats” package (R Core Team, 2022) was used for
277  analysing distribution of residuals. Aboveground and belowground phytomass were log-transformed to

278  meet the assumptions of normality and homogeneity of variances.

279  Finally, we estimated the relationship between WUE and the above- and belowground plant
280  characteristics, parameters of the water balance and AMF. We ran a factor analysis using varimax
281  rotation and reduced our 32 variables to five factors (Table S3). This allowed us to assess
282  multicollinearities between the variables as well as in terms of trade-offs and redundancies. Linear
283  regression analysis was then used to test the effect of these factors on WUE,, and WUE,,. These analyses
284  were performed in SPSS Statistics (IBM SPSS Statistics 28).

285

286 3. Results

287 3.1 Drought intensity and water fluxes

288  The drought treatment effectively induced a severe drought, where soil water content (SWC) decreased
289  immediately after the start of the extreme drought (3 July) for both grassland types (Table S1, irrigation
290  level, p < 0.001). However, the decrease was more pronounced in acquisitive grassland (up to 3.27 £
291  0.62 %) than in conservative grassland (up to 6.76 + 0.54 %; irrigation level * grassland type, p < 0.001)
292  under drought. In contrast, lysimeters in wet treatment generally maintained high and similar SWC (Fig.
293  2a).

294
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Figure 2. a) Mean soil water content (SWC), b) evapotranspiration (ET) and, c) stomatal conductance (gs)

over the course of the experiment for conservative and acquisitive grasslands under wet and drought

treatment. The shaded area represents the standard error and the red box indicates the duration of the

extreme drought. Stomatal conductance values are presented as X + s.e.

Before the extreme drought event, evapotranspiration (ET) dynamics were similar between conservative

and acquisitive grasslands, irrespective of the irrigation level (Fig. 2b). With the onset of the extreme
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302  drought, ET changed over time (Table S1, date, p = 0.001), and differed between irrigation levels (p <
303  0.001). Wet lysimeters exhibited increased ET, while drought lysimeters showed a decreased. The
304  impact of the drought treatment on ET became evident on day 6 of the extreme drought (9 July) (Fig.
305 2bh).

306  Measuring stomatal conductance throughout the experiment (Fig. 2c) revealed that legumes had higher
307  conductance rates than grasses (Table S1, functional group, p < 0.001) and reacted differently to drought
308  (irrigation level * functional group, p < 0.001). Legumes in acquisitive grassland only reduced their
309 conductance after two weeks of extreme drought, whereas in conservative grassland substantial
310  reductions were observed one week earlier (Table S1, irrigation level * grassland type, p < 0.001). For
311  grasses, drought reduced stomatal conductance (Table S1, irrigation level, p < 0.001) after two weeks
312  of extreme drought in both grassland types. We also observed that grasses in the conservative grassland

313  tended to reduce stomatal conductance earlier, although this difference was smaller than that in legumes.

314  3.2.  Aboveground and belowground impacts

315  In wet treatment, both grassland types produced similar aboveground phytomass (1.01 + 0.15 kg m?
316 and 1.00 + 0.11 kg m2 for acquisitive and conservative grasslands, respectively). In the drought
317  treatment, aboveground phytomass production dropped (Table S2, irrigation level, p = 0.001) to 0.26 £
318  0.03 kg m?inacquisitive and 0.38 + 0.03 kg m™ in conservative grassland. Grasses and legumes differed
319  significantly in their total aboveground phytomass (Fig. 3a, functional group p < 0.001), and on the
320  grassland types (grassland type * functional group, p = 0.004), and they reacted differently to drought
321  (irrigation level * functional group, p < 0.001). In conservative grassland, the proportion of grasses
322 increased from 2.2 % in wet to 9.7 % in drought treatment, whilst in acquisitive grassland, it increased
323  from 3.9 to 19.9 %. The proportion of legumes decreased with drought, with a smaller reduction in
324 conservative grassland (7.5 % vs 16.0 % reduction from wet to drought treatment for conservative and

325  acquisitive grassland, respectively).

326  Belowground phytomass did not differ between grassland types (Table S2, grassland type, p = 0.46).
327  Acquisitive grassland reduced belowground phytomass from 1.45 + 0.26 kg m? in wet to 0.24 + 0.04
328 kg m?in drought treatment. Whilst conservative grassland reduced belowground phytomass from 1.39
329  +0.20 kg m?2to 0.37 +0.03 kg m2between wet and dry treatments. However, legumes and grasses were
330 affected differently by drought (functional group, p < 0.001). Legumes decreased their belowground
331  phytomass after drought, while grasses increased it (Fig. 3a). Accordingly, the root-shoot ratio (Fig. 3b)
332  increased for grasses and decreased for legumes (Table S2, irrigation level * functional group, p =
333  0.043). Additionally, grasses exhibited a higher root-shoot ratio in conservative than acquisitive
334  grasslands (grassland type, p = 0.052), independently of the irrigation level.

335 At the end of the extreme drought period, the proportion of necromass aboveground in both grassland

336  types affected by drought was more than 90 %. Almost all aboveground parts of the legumes and
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337  approximately 80 % of the grasses had died (Fig. 3c). Die-off commenced in the first third of the drought
338  period and increased with duration (Table S1, date * irrigation level, p < 0.001). After two weeks of
339  extreme drought (i.e. 18 July), the proportion of necromass in the conservative grassland was 13 %, and
340 in the acquisitive grassland was 30 %.
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343 Figure 3. a) Above- and belowground phytomass (x + s.e.), b) root-shoot ratio (x + s.e.), and c) proportion
344 of necromass on the aboveground phytomass (x + s.e.) of the conservative and acquisitive grasslands under
345 wet versus drought treatments. The red box represents the duration of the extreme drought. Letters indicate
346  the significant differences found by post-hoc analysis following three different ANOVAs (p < 0.05): i)

347 aboveground phytomass, ii) belowground phytomass, and iii) root:shoot ratio.

348  3.3. Arbuscular mycorrhizal fungi spore abundance

349 In all lysimeters, the total abundance of AMF spores increased over the course of the experiment
350  compared to the initial AMF inoculum present in the soil (Fig. 4a). The drought treatment showed lower
351  AMF spore abundance (Table S2, irrigation level, p < 0.001) and resulted in changes in the detected
352  AMF size and pigmentation classes (Fig. 4b, irrigation level * size and pigmentation classes, p = 0.008).
353  Results also indicated higher AMF spore productivity for the conservative grassland compared to
354  acquisitive grassland after the drought treatment, but differences were not statistically significant (Fig.
355  4a).
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356  Nine different combinations of size and pigmentation in AMF spores were identified and AMF
357  abundances significantly varied amongst classes (size and pigmentation classes, p < 0.001). Of these
358  nine combinations, small and yellow spores were the most abundant (Fig. 4b). In conservative grassland,
359  differences between irrigation levels were small. However, in acquisitive grassland, black and brown
360  spores, especially the small-brown class, increased their abundance in drought conditions. The evenness
361  of spore classes was high in the initial soil (0.81 + 0.02), i.e. all abundances are the same when evenness
362 is one. After the drought experiment, observed evenness generally decreased but this effect differed
363  between irrigation levels and grassland types. Conservative grassland maintained similar evenness
364  between irrigation levels (0.49 + 0.03 for wet and 0.55 + 0.06 for drought treatment). However, evenness
365  of the AMF spores classes increased under drought in acquisitive grasslands from 0.52 + 0.03 for wet
366  t00.66 £ 0.02 in drought (irrigation level, p = 0.006; grassland type, p = 0.045).
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369 Figure 4. a) Abundance of arbuscular mycorrhiza fungi (AMF) spores (X+ s.e.) in conservative and
370  acquisitive grasslands after drought or wet treatments. The initial soil corresponds to the AMF spores
371 present in the standardized soil mixture used for the lysimeter setup. Spore counts are provided as AMF
372 spores per 100 g of dry soil. Letters indicate the significant differences found by post-hoc analysis following
373  ANOVAs (p < 0.05) comparing AMF spores numbers at the end of the experiment. b) Relative abundance
374  of different AMF spore size and pigmentation classes in the soil of lysimeters with conservative or acquisitive
375 grassland types under drought or wet treatment, and in the initial soil before the experiment. Size and
376 pigmentation classes were combinations of small (51 - 100 pm), medium (100 — 200 pm), or large (200 - 500
377  um) with black, brown and yellow.

378 34. Water use efficiency (WUE) of two grassland types

379  The two calculated WUESs showed different trends (Fig. 5). Despite similarities in ET and aboveground
380  phytomass productivity between grassland types under drought, a difference in WUE,, was found at the
381  end of the experiment (Fig. 5a). Drought WUE,, decreased only in acquisitive grassland (Table S2,
382 irrigation level * grassland type, p = 0.038), whilst conservative grassland showed no difference between

383  wet and drought conditions. WUE;, decreased with drought treatment (Table S2, irrigation level, p =
15
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384  0.004), regardless of the grassland type (Fig. 5b). However, the decrease is much larger for acquisitive
385  (-54.6 %) than for conservative grassland (-22.2 %).
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388 Figure 5. Water use efficiency calculated at the end of the experiment as the amount of a) aboveground
389 phytomass (WUEap) and b) total phytomass. Total phytomass is the sum of aboveground and belowground
390 phytomass (WUEtp) produced (gDW) per quantity of used water (kg H20) from conservative or acquisitive
391 grasslands under drought and wet treatment (x £ s.e.). Letters indicate the significant differences found by
392  post-hoc analysis following ANOVAs (p < 0.05).

393  To estimate the relationship between WUE and the 32 potential driving variables (Table S3), firstly the
394  variables were condensed into 5 factors: factor 1 related to high plant productivity, factor 2 related to a
395  generally high abundance of AMF spores, factor 3 related to high productivity of grasses, factor 4 related
396  to high stomatal conductance and factor 5 related to high abundance of large AMF spores. This grouping
397  allowed us to see how AMF spores with specific size and pigmentation (e.g. small-black to medium-
398  black spores) are associated with legumes, and others with grasses (small-brown spores). Secondly, the
399 relationship of the factors with the two indices WUE, and WUE;, were estimated. The results (Table
400  S4, Fig. 6) show that WUE,, was strongly correlated with the created factors (R? = 0.68, p = 0.027).
401  Factor 1 (high total productivity) was positively correlated, and factor 5 (high abundance of large AMF
402  spores) was negatively correlated with WUE,, (p = 0.005 and p = 0.020, respectively). On the other
403  hand, WUE;, was also well explained by the considered factors (R? = 0.96, p < 0.001) and it was
404  positively correlated with overall high productivity (factor 1, p < 0.001) and a general high abundance
405  of AMF (factor 2, p = 0.001). However, WUE, was negatively correlated with the high abundance of
406  large spores of AMF (factor 5, p = 0.009).

16



https://doi.org/10.5194/egusphere-2024-2435
Preprint. Discussion started: 12 August 2024 EG U
sphere

(© Author(s) 2024. CC BY 4.0 License.

407
® ‘. o
.‘
[ ]
1DU_um
Factor 2: high abundance of
AMF spores
\
NV
\ | )
\Y
Factor 3: high relative productivity
of grasses
0 0 0
00
Factor 5: high relative abundance
of big AMF spores Factor 4: high stomatal
conductance
408

409 Figure 6. Significant relationships between water use efficiency (WUE) and the five factors into which the
410 indicators were condensed based on a factor analysis. Filled arrows represent the statistically significant
411  correlations between the factor and WUEtp and empty arrows between the factor and WUEap. Green
412 arrows indicate a positive relationship and red arrows show a negative relationship.

413
414 4. Discussion
415 Our results provide experimental evidence of the effects of drought on two grassland types used for

416 hay production in two climatically different areas of the European Alps. These two grasslands were
417 classified as conservative and acquisitive according to their plant resource use strategies. In this study,

418 the drought treatment provoked an extreme water deficit for the plants. The conditions simulated may
419 not be observed in nature in the near future, however, as Reichstein et al. (2013) recommend,
420 experiments towards climate extremes are necessary to better understand the ecosystem processes.

421 4.1.  Consequences of water stress on aboveground productivity

422  Although there were some differences in ET between grassland types in wet conditions, ET generally
423  increased over the season alongside the temperature and evaporative demand. In the drought treatment,
424 ET dropped following the decrease in SWC at the start of the extreme drought. Although we could not
425  find differences in how the two grassland types modulated ET to drought, differences were observed

426  when we looked more closely at the stomatal conductance of the main functional groups. Reduction in
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427  stomatal conductance in both legumes and grasses within the conservative grassland preceded those in
428  the acquisitive grassland. The first detected measure where individuals in the acquisitive grassland
429  started limiting stomatal conductance occurred when SWC was approximately 4 %. In conservative
430  grassland, the first observed reduction started at a SWC of approximately 9 %. In agreement with
431  Leitinger et al. (2015) and Frenck et al. (2018), the acquisitive grassland type, which represents the one
432  sown in humid areas of the European Alps, did not react to drought until water scarcity became severe.
433  In other words, legumes in the acquisitive grassland showed little reduced stomatal conductance until
434  the soil became very dry. However, the results did not show as great a difference as we would expect

435  from seed mixtures specifically designed for such different climates.

436  The conservative grassland had numerically higher phytomass productivity than the acquisitive
437  grassland in drought treatment. However, the differences were not statistically significant, possibly due
438  to low sampling size (n = 3 per grassland type x irrigation level). Nevertheless, we found that plants wilt
439  earlier in extreme drought conditions in acquisitive grassland. In this grassland type, stomatal
440  conductance was restricted later, therefore a higher water loss was experienced, and an earlier death was
441  expected (Martin-Stpaul et al., 2017). In this experiment, drought was long enough to provoke wilt in
442  most of the grassland community, but in a scenario with shorter drought periods, conservative grassland
443  would show higher living biomass.

444 The two grassland types studied in this paper differed from the seed mixture slightly on the percentage
445  of grasses (typically more conservative) and legumes (typically more acquisitive). However, it must be
446  noted that some grasses present in the acquisitive grassland showed traits that would be towards the
447  acquisitive end of the gradient, e.g. Agrostis capillaris and Alopecurus pratensis (Table 1). As in the
448  study by Tello-Garcia et al. (2020), which utilised a commercial seed mixture typically used for
449  intensively cultivated hay grasslands, drought favoured the grass species over legume species. This
450  effect resulted in a shift towards a predominance of grasses in community composition. After drought,
451  the conservative grassland had a higher proportion of legumes (98 %) than the acquisitive one (80 %).
452  Legumes tend to use resources acquisitively, which may make them stronger competitors in favourable
453  conditions but worse as the conditions get more severe (Thakur et al., 2022; Komainda et al., 2019;
454 Carlsson et al., 2017). Accordingly, acquisitive grassland suffered a stronger decrease on SWC, which
455 s expected to translate into greater physiological stress. Even if the proportion of legumes remains high,
456  the decrease is evident and has a big impact on the total phytomass productivity. Legumes are plants
457  known to enrich soil with nitrogen due to their mutualistic relationship with nitrogen-fixing bacteria,
458  and thus provide valuable ecosystem services. These ecosystem services can be interrupted by drought
459  (Dollete et al., 2023) and decreased by the reduction of legumes biomass. Hence, a greater loss of
460  legumes results in i) a reduction in soil fertility (Ledgard and Steele, 1992; Wei et al., 2019); ii) greater
461  loss of an important food source for grazing animals, affecting their diet (Cole et al., 2022); iii) stronger

462  changes in plant community composition, possibly further declining soil fertility through species loss
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463  (Spehn et al., 2002; Cong et al., 2014); and finally iv) greater loss of pollinators, as legumes are
464  important food sources for pollinators including bees and butterflies (Cole et al., 2022).

465 4.2, Higher investment belowground for the conservative grassland

466  Aboveground components of both grassland types did not always differ significantly under drought
467  conditions. This effect illustrates the importance of belowground components in shaping grasslands
468  drought strategies. Young individuals, such those sown here, adapt particularly well to changing
469  conditions so are especially well suited for such studies, as life-span plasticity decreases in the plant
470  ageing process (Henn and Damschen, 2021). In addition, the root turnover in young individuals is
471  generally short, meaning that rapid adaptations can also be recognised here (Sun et al., 2016; Wang et
472 al., 2020).

473  Besides a general reduction of phytomass productivity, drought usually changes biomass allocation, and
474 increases root-shoot ratio (Zhou et al., 2020). Investing in the root system under stress conditions
475  increases the ability to absorb water and nutrients, as the results of the grasses in this study support.
476  However, it is known that root responses to drought are very heterogeneous (Lozano et al., 2020).
477  Accordingly, the opposite root system effect was also observed in the legumes in this experiment, as
478  they drastically reduced root phytomass and thus the root-shoot ratio. Our findings confirm that legumes
479  usually follow acquisitive strategies, using the available resources to build fast-growing and short-lived
480  aboveground tissues, rather than larger root systems. A deeper analysis of the rooting system in the
481  direction of architectural and morphological traits could allow us to link the functional groups or
482  grassland rooting system to a higher or lower efficiency on carbon, nutrients input, plant uptake or

483  mineralisation of nutrients (Bardgett et al., 2014).

484  The abundance of AMF spores in the soil was measured at the end of the season as an indicator of stress.
485  Congruently, at the end of the drought experiment AMF spore abundance was significantly lower in
486  both grassland types compared to the wet treatment. The presence of AMF is known to improve drought
487  tolerance (Bahadur et al., 2019), and reduce plant stress and results in increased plant biomass (Sun et
488  al., 2017; Jacott et al., 2017), rooting system (Ji et al., 2019) and plant fitness either via direct effects on
489  stomatal conductance or enhanced nutrition and water-uptake (Hartman and Tringe, 2019). Although
490  we could not causally link increased plant fitness with the productivity of AMF spores, our results imply
491 that plants in the conservative grassland (with slightly higher biomass production) can allocate a greater
492  proportion of their resources into their associated AMF partners under drought. This allows them to
493  produce more spores (slightly higher spore abundance) than acquisitive grasslands. Other studies carried
494  out with similar main plant species than in our lysimeters reported an increased fitness of plants with
495  mycorrhiza symbionts under drought. This includes mycorrhized roots of Trifolium repens having
496  higher concentrations of proline, soluble proteins, flavonoids (Tuo et al., 2017), and mycorrhized
497  Festuca arundinacea leaves having a higher chlorophyll content and thus an enhanced nutrient uptake

498  under drought (Mahdavi et al., 2018).
19



https://doi.org/10.5194/egusphere-2024-2435
Preprint. Discussion started: 12 August 2024 EG U
sphere

(© Author(s) 2024. CC BY 4.0 License.

499  Besides a slightly higher number of AMF spores produced, the differences on AMF spore classes
500 (defined based on spore size and pigmentation) provide insights in potential changes in AMF community
501  composition due to stress or a different reaction of plants with different strategies. Although we did not
502  further identify these classes to species level, we used this as a proxy for species composition, as AMF
503  spores with different size and pigmentation typically represent different taxonomical units (Invam, 2023;
504  SchiuBler and Walker, 2010). Changes in the AMF community composition of acquisitive grassland
505  under drought could cause the proportion of some specific spore classes to change and evenness to
506 increase, indicating a homogenization of abundances. According to our results, these compositional
507  changes may be related to changes in the functional group composition of each grassland type, as
508  suggested by the factor analysis. AMF mutualism can be species-specific or genus-specific to associated
509  plant species (Zafari et al., 2017; Ben Laouane et al., 2019; Bhandari et al., 2020). Thus, mycorrhizal
510 fungal communities often follow plant compositional changes (Kruger et al., 2017). Another reason for
511 this shift in community composition could be adaptation to drought. The species Funneliformis mossae
512  and Glomus margarita (Ji et al., 2019) or taxa of the genus Rhizophagus (Emery et al., 2022) are
513  examples of AMF with increased abundance under drought. Molecular identification on species level
514  and further in-vitro experiments would help to better understand the changes on the AMF community

515  and the factors causing these changes.

516 4.3.  Conservative strategies lead to higher water use efficiency under drought

517  All plant traits and characteristics listed above (i.e. ET, stomatal conductance, plant productivity
518 (aboveground and belowground) and AMF sporulation) respond to drought with the main goal of greater
519  water use efficiency by balancing water consumption and phytomass productivity (e.g. stomatal closure
520  (Brodribb et al., 2020), investing in root phytomass (Li et al., 2022), or maintaining AMF symbiosis
521  (Zhaoetal., 2015)). Conservative and acquisitive grasslands did not show all the significant differences
522  we expected but followed different trends in some aspects. Conservative grassland under drought
523  reduced stomatal conductance of legumes earlier, had higher root-shoot ratio of grasses and higher AMF
524  activity. These trends were supported by the significant difference in WUE, between both grassland
525  types after drought. In conservative grassland, WUE,, was similar in wet and drought treatment.
526  Therefore the grassland appeared to react to changes in water availability through specific mechanisms
527  to maintain efficiency, as suggested by Lubbe et al. (2021). However, the acquisitive grassland did not
528  react to the decrease in water availability, resulting in a drop in WUE.,,, which we expected to be caused
529 by a high water loss by the later closing of the stomata (Brodribb et al., 2020). However, WUE,, was
530  positively related to the total productivity led by legumes and AMF spores related to legumes (small-
531  and medium-black, and large-brown), and negatively to some specific classes of large spores (black and
532  yellow) (Fig. 6). We detected changes on the proportion of these spores at the different irrigation levels
533  of the acquisitive grassland. Therefore, a deeper understand on the changes on the mycorrhizal

534  community could help to disentangle the decrease on WUEg, in acquisitive grassland under drought.
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535  However, when we expand the focus to the whole phytomass productivity and calculate WUEy, the
536  greater efficiency of conservative grassland under drought is no longer clear. At this scale, differences
537  in wet vs drought become higher, as expected for grasslands under severe drought (Gang et al., 2016;
538  Zhao et al., 2020). Therefore, when interpreting the commonly used WUE.,, we must consider that the
539 relevant belowground part and the changes on phytomass allocation are missing (Quan et al., 2020). In
540  addition, at least in this study, WUE,, for grasslands under drought was overestimated. This
541  overestimation is obvious in our results as root phytomass was more strongly affected than aboveground
542  phytomass and differences between wet and drought were greater. These responses on the belowground
543  phytomass were not strong enough to equal WUE;, of the wet treatment, but pinpoint a higher WUEy, in
544 conservative than in acquisitive grassland under drought treatment. Besides the factors related to WUE.,
545  WUEy is positively related to total AMF spores abundance and spores not linked to grasses nor legumes.
546  This reinforces the potential importance of AMF on WUE in agricultural grasslands.

547 4.4, Implications for grassland farming

548  In addition to disentangling plant mechanisms during drought, we focus this study on productivity and
549  efficiency which have the greatest impact on grassland management. We can confirm the decrease in
550  productivity due to drought, but cannot statistically separate grassland types. However, two other results
551  need to be considered: vitality and WUE. A more acquisitive strategy could result in less vigorous
552  grassland with lower efficiency which should lead to a decline in productivity in the future. We should
553  also point out that under wet treatment, conservative grassland reached similar productivity to
554 acquisitive grassland. This finding is contrary to the expectations that acquisitive grassland would grow
555  more and faster in favourable conditions (Reich, 2014).This may indicate a high plasticity of the
556  conservative grassland. However, further analysis of the nutritional value and palatability of the forage

557  would be interesting to ensure that quality is not reduced in more conservative grasslands.

558  Although it appears in this study that a conservative strategy would be better to tolerate drought, it is
559  known that diversity of strategies among coexisting species is more beneficial to the community (Pérez-
560 Ramos et al., 2013). For example, Griffin-Nolan et al. (2019) and Blessing et al. (2018) revealed in
561  different experiments that, on one hand, functional diversity decreased in dry years because conservative
562  grasses grew more and maintained higher soil moisture. On the other hand, acquisitive species grew less
563  or changed their phenology. However, in wet years or under short periods of drought, the acquisitive
564  species grew faster, increasing aboveground phytomass production and functional diversity. This
565  finding underlines that a mix of conservative and acquisitive species would be expected to perform
566  better than communities where only conservative species remain, which would have very low
567  productivity (Lavorel and Grigulis, 2012). We must consider that in this study the strategy attributed to
568  each grassland type was calculated as the CWM proxy of all the species coexisting, which could be
569  more acquisitive or conservative. Therefore, smaller differences would be expected than in other studies

21



https://doi.org/10.5194/egusphere-2024-2435
Preprint. Discussion started: 12 August 2024 EG U
sphere

(© Author(s) 2024. CC BY 4.0 License.

570  comparing communities of exclusively conservative/slow species versus acquisitive/fast species (Oram
571 etal., 2023).

572 5. Conclusions

573  This study compares responses of two different grassland types to drought. We focus on their resource
574  use strategies and the impact on water fluxes, productivity, and AMF spore productivity. Although some
575  of the results are in line with our expectations and previous findings, (i.e. decrease of ET, phytomass
576  productivity, vitality, and AMF spore abundance) our results showed that the selected grassland types
577  differ in their reactions to drought according to their more acquisitive or conservative strategies. Our
578  predominantly conservative grassland revealed earlier stomata closure in legumes, a higher percentage
579  of legumes, slightly higher root-shoot ratio for grasses, and a slightly higher AMF spore productivity.
580 In particular, differences in legume productivity and abundance of certain AMF spores resulted in
581  greater WUE and prolonged vitality under extreme drought in comparison to the acquisitive grassland.

582  The use of seed mixtures adapted to prevailing climatic conditions should ensure high productivity in
583  grassland management. Therefore, our results suggest that increasing the abundance of species with
584  more conservative traits in a future climate with more frequent droughts should be considered. This
585  recommendation is based on findings that i) under favourable conditions they achieve the productivity
586  of acquisitive grassland, and ii) under drought conditions they show a lower yield loss, longer vitality
587  and higher efficiency. Besides these findings, it also became evident that the apparent aboveground
588  phytomass is not a good indicator of overall productivity or WUE. Therefore, root traits and plant-soil

589 interactions must also be considered for an overall assessment of drought tolerance.
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