[image: ]
[image: ]
[image: ]
[image: ]


[bookmark: _GoBack][image: ]
image1.png
Effects of extreme drought on grasslands
Evaluation of the buffering effect of plant diversity
using an experimental approach
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Abstract The froquoncy and magnitudo of exteme rought events aro expecied (0 incroase wih limalo
chango. Gonsoduenty. s mportant o ssess tho abil o omporate grasslan (0 resit and rocover o
moro frequent and intense drought siress. To study this opi, wo estabished a mesocosm experiment in
autumn 2012: largo pos (100 L) contining combinaion of grassiand specos (1, 2 or 5 specios) woro
plced on weghing scole to conlinuously moasuro ho ackal evapolranspiaton of the plant cancpy
Spaciesseocted (fur grasses and one logume) were representalv of emporale pland gaselands on fo-
o sois. An oxromo summer drought was appled t half the pots and pant rocovery Tolowing roweting was
morilorod. Total blomass and avapetranspiraton woro analyzod o tes the ffocts of pocies dvorsty on the
osistance and focovery of orassands (o extrome crought As expocied, drovght amaticaly reduced by
79% biomass of al mistures. The 5 species mixtures showod ighor drought avoidanco by mainaining nlo-
gralod walo-uso oficency and took up walor at doapor sol layors than tho less dorso mixturos during
rought Thaso finding indicoted thl buffring ffec ofdversitycuring drougiht occurs o he 5-spocies mix-
{uros, possibly due o below-ground iche difrentation. Thi siudy emphasizes tho high capacy o grass
spocios mixurs o rocove alr an extrome drovght.
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Effet d'une sécheresse extréme sur Fécosystéme prairial : évaluation du role tampon de la diversité
Végétale par approche expérimentale

Reésumé. Avoc lo changoment cimaliquo la fréquonco of Iamplour dos phénombnes exibmes do typo
‘sécheresse devraient augmenter. Dans ces conditons, il @ important dévaluor la capacité des prairies de.
moyenne montagne a résistor ef & récupérer do stross plus fréquonts ot plus itenses. Une expérionce en
mésocosmes a donc 816 miso en place 4 Iautomno 2012 : do grands pofs (100 L) contenant dos culturos
despaces praiiaes (1, 2 0u 5 espécos) ont é16 placss sur des balances permettant de mesurer on continy
Iévapotranspiration ralle du couvert vgétal. Les espéces sélectionnées (quaire gramindos of une légumi-
nouse) sont roprssontatives dos praiies pormanontos fortlos do moyonno montagno. Une s6chorosso oxird-
me estivale a 6t6 simulée surla moité des pots, puis les cullres ont 86 réhycratées pour suvre leur capa-
Gité do récupération. La biomasso totle ot [ vapolranspiraion ont 616 analysses pour teste los ool do la
diversis o ospécos sur la résistance ol fa ricupdration dos praios 3 une séchorosso oxirbmo. Commo
attondu,la séchersse a considérablement affects ous les mélanges avec une réduction de biomasse de.
79% Pondant la pérodo de sichorosse los mélanges a 5 espéces montron un éviemont pus margué que
los mélangos moins diversifss nolamment avoc un mainten do leur effionce dutisation do Foau ofun pré-
lévement de Foau dans des couches plus profondes du sol. Ces résultats indiquent que feflet tampon de la
diversit ors do la séchorosso apparail pour s mélanges 5 ospéces, probablemant en raison do Ia diff-
ronciation do niches au niveau soutorain. Cotte Studo souligno fa grando capacits do récupération dos.
mélanges diespéces prairiales aprés un événement do sécheresse extréme.

Mots-ciés. Séchorosso — Resistanco — Résiionce - Divorsits — Complémentarts onclionnollo.
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1 - Introduction

‘The frequency and magnitude of extreme drought events are expecied to increase with climale.
‘change. Beyond a certain threshold, these extreme events can alle the resistance and resilience
of grassiands, modifying grassiand producivity and/or forage qualty. However, the abilty of grass-
land communities to resist and recover from more frequent and intense drough siress events.
remains unclear. According (o the insurance hypothesis (Yachi and Loreau, 1999), diversity pro-
motes resistance and resiience to stress, and this effect should be maintained under ciimate
change (Vogel ef al, 2012).In the present experiment, we assess the buffering effects of species.
diversity on the resistance and recovery of grassiands to exireme drought, and examine the
‘mechanisms involved (between-plant facilitation or complementarity).

Il - Materials and methods

‘The mesocosm experiment was established in autumn 2012. Large cylindrical pots (100 L, 93 cm
Geop and 37.5 om diameer) were fled with grassiand soi and equipped with soil water conlent
sensors (ECHO-5, Decagon, USA) a three depths (15, 30, 50 cm). Monocultures, binary and
five-spocios mixturos were established by planting mature plants in autumn. Spocies selocted
were representative of temperate fertle upland grasslands: Dactylis glomerats, Festuca arundi-
nacea, Poa pratensis, Trisetum flavescens and Trfolum repens. Five types of monocultures, ten
types of binary and one mixture of five spocies woro established, each pot niiall containing 30
individuals with an equal proportion between species in mixtures. In spring of the following year,
the pots wer placed on weighing scalos fo continuously measure the evapolranspiation of the
plant canopy.In ofal, 9 pots were sot up: two treatmonts (conirol and drought) and si repi-
cates by type of mixture. Folowing mesocosm establishment, al pots were mainained at 80%
of the ield capacity by watering or rainfall for eight montfs. In June 2013, an extreme summer
drought lasting two moniths was applied (o half of tho pots (3 pols by type of mixture). This
extreme event was simulated by a total rainfal interception from mid-June to mid-August (Fi. 1).
“The remaining pots (control reatment) were irigated to maintain soil water conten at 80% of
fild capacity for the duration of the experiment. Mosocosms were managed by culing to 5 cm
at five dates from Apri o October (Fig. 1). During the drought (July cutting dae), only the con-
1ol pots wore cut. All biomass samples were ove-diied (48 h, 60°C) and weighed.
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Fig. 1. Time course of the experiment. Red bar corresponds to period of drought.

Cutting dates were used to define three major periods of vegelation biomass production (g m?)
during the experiment: before the drought (between 04/22 and 05/21), during the drought (between
0521 and 08/12) and after the drought (between 08/12 and 10/06). Intograted water-use off-
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ciency (WUE, g kg was calculated as the rato of biomass to cumulative evapolranspiration for
ach period. Data on biomass production, evapolranspiration, WUE and soil moisture were used
10 assess the resistanco and recovery of i diferent mixtures (0 a severe drought, and (o study
the potential buffer ole of plant diversiy. Statisical analyses were performed using mixed effect
models wih the software R (R Development Core Team, 2009).

Results and discussion

Before drought, blomass and WUE were similar for 1, 2 and 5 species mixtures (Fig. 2a). As
expected, biomass produced during the drought was signiicanty lower n the drought treatment
compared wilh the conirol (average -79%). Diversty trealments had no significant effect on bio-
mass production during drough (Fig. 20).

Unlike biomass, WUE showed a significant drought x diversity interaction, with smaller drought-
induced decreases in WUE in the 5-species mixiure (Fig. 20. This result could indicate a grealer
resistance 1o drought for 5-species mixiures in terms of WUE, and is consistent with the idea of
a buffering effect at high species diversity.

In the control treatment, 5-species mixtures had lower soil moisture values at 15 cm (P1) soil
depth throughout the experiment compared with the 1 and 2 diversity levels (Fig. 3). But during
the drought, the largest decrease of soil moisture was observed at 30 cm (P2) and 50 cm (P3)
for the 5 species mixlure (Fig. 3.0). In case of less diverse mixtures, this decrease was more
important at P1 and P2 (Fig. 3.a, 3.b). These findings indicate that the more diverse mixture took
up water deeper, suggesiing the presence of deeper aciive roots in diverse mixtures. Higher
‘competition for water in the shallow ol in diverse mixtures could have promoted a differentiation
in root depth between species. Mechanisms of complementarity by niche diflerentiation could
involve better resource partitioning and increased water use efficiency, resulting in higher drought
resistance for high diversity mixtures (Cardinale et al, 2007; Verheyen et al, 2008).

During the recovery period afler drought, biomass and WUE of droughted-mixtures reached the.
‘same levels as the contro (Fig. 2c, 2g), which highlights a strong and fast capacity of recovery.
interms of biomass production and WUE. However, diversity treatments had no significant effect
on biomass production or WUE during the recovery period.

The belowground species complementarity seems to appear for high levels of diversity (5 spe-
cies) and could involve  better resistance (0 stress. However for the 5 species mixlures we obser-
ved a decrease of species richness 10 3 or 4 species during the recovery period due to species.
mortalty (low or absence of recovery for Festuca arundinacea and Trifolium repens). The obser-
vation of a positive diversity effect at the community level for the 5 species mixtures should be
mitigated by this morality observed at the species level

IV - Conclusions

Our experiment shows that a buffering effect of species diversity during drought ocours for WUE
of the 5-species mixtures, possibly due to below-ground niche diflerentition. However tis effect
was transilory as it disappeared during the recovery period. Finally our results highiighted the.
high capacity of grass mixtures to recover afler an exireme drought, although some species ke
Festuca arundinacea or Trifolium repens did not. Further analyses will expiore differential specif-
ic response of the mixtures to drought and after rehydration.
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