
Received: 31 October 2017 Revised: 16 January 2018 Accepted: 25 February 2018

DOI: 10.1002/eco.1958

! 
S P E C I A L I S S U E P A P E R
Drought and irrigation affect transpiration rate and morning
tree water status of a mature European beech
(Fagus sylvatica L.) forest in Central Europe
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Abstract

Severity and frequency of recurrent droughts is likely to be amplified by recent climate

changes and may adversely affect large areas of temperate forests. This study

addresses the ecophysiological responses of a mature beech forest in Central Europe

(Slovakia, 450 m a.s.l.) exposed to drought during the growing seasons of 2012–2014.

Sap flow and stem circumference changes of European beech (Fagus sylvatica L.)

were measured in two contrasting treatments (drought vs. irrigation). Limited water

availability reflected in the morning tree water status (morning stem contraction,

ΔW) significantly reduced transpiration. Trees stressed by drought in the years 2012

and 2013 showed remarkably lower values of morning ΔW than those in the irrigated

group. This suggests (a) lower water potential of the stem‐conducting tissues and (b)

increased use of internally stored water to maintain daily transpiration. Additionally,

morning ΔW showed a close relationship with soil water potential, particularly in the

nonirrigated trees. Potential evapotranspiration (PET) explained less variability in

the transpiration of the control stand than that of the irrigated stand. The use of a

simple analysis of covariance model comprising morning ΔW and PET interaction

significantly increased the explained variability in transpiration in the control stand.

Morning ΔW of mature beech trees seems to be a useful and easily obtainable

non‐invasive bioindicator of their ability to reduce and regulate transpiration in

relation to atmospheric evaporative demands in response to drought.
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1 | INTRODUCTION

The coupled effect of elevated heat waves and drought periods—

defined in Allen, Craig, Breshears, and McDowell (2015) as “hotter

drought”—generates a range of adverse impacts on forest ecosystems

at a global scale. Recent changes related to global warming endanger

tree vitality and forest productivity in many regions of the temperate

zone (Hlásny et al., 2014; Lindner et al., 2010) and can induce
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weakening of physiological processes followed by tree mortality

(Cailleret et al., 2017; Klein, 2015).

Evapotranspiration is the major component of water balance of

the environment. In most terrestrial ecosystems, evapotranspiration

is responsible for over 50% of the total water loss (Lu, Sun, McNulty,

& Amatya, 2003; Zheng et al., 2016). During drought years or in

regions where water is considerably limited, evapotranspiration is

the most important component of the local water cycle and can
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