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Abstract
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Transpiration of mature floodplain forest stands in the alluvium of the Dyje river in South Moravia has
been monitored for more than three decades. The monitoring was carried out both under original natural
conditions and after the water management measures. The transpiration (actually sap flow measured
by the trunk heat balance method) was monitored in pedunculate oak (Quercus robur L.), European
ash (Fraxinus excelsior L.) and small-leaved lime (7ilia cordata M i11.) during growing seasons of
ten years. Tree transpiration represented over 80% of potential evapotraspiration under conditions of
non-limited soil water. Actual transpiration decreased significantly under limiting soil water conditions
following the major groundwater level decline after the canalization of the Dyje river.

Key words: floodplain ecosystem, potential evapotranspiration, actual transpiration, water balance,
ground water

Introduction

Floodplain forests are relatively rare but very valuable forest ecosystems found in the Czech
Republic. The impact of anthropogenic interventions into the specific conditions on which
these forest ecosystems are dependent threatened their structure, stability and eventually
their existence. Conservation of these ecosystems requires the monitoring, understanding
and the effort to optimize primarily the floodplain forest trees water relations, which is vital
to the water balance of these ecosystems.

Methods

The transpiration of mature floodplain forest stands growing on alluvial soils (modal Fluvisol including a number
of subtypes) in the floodplain of the Dyje river in South Moravia has been studied for three decades under variable
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climatic conditions and under the impact of the groundwater level changes due to the water management meas-
ures implemented in the region (Penka et al., 1972, 1979, 1983; Cermak et al., 1982, 1987, 1991, 2001; Cermék,
1995a, b; Hadas, 2003). The study covers the situation during the last natural floods in the early 1970s, followed
by twenty-year long transient period without floods and the recent years when the groundwater level increased
again as a result of controlled flooding.

Transpiration was determined by continual measurements of sap flow rate during entire growing periods, using
the trunk heat balance method (Cermék et al., 1982, 2004), which was applied to series of sample trees of differing
social classes in several experimental stands. The studied species included dominant pedunculate oak (Quercus
robur L.), partially also European ash (Fraxinus excelsior L.) and small-leaved lime (7ilia cordata M i11.). Greater
part of the study was focused on a stationary experimental site and forest stands near the town of Lednice, other
parts of the study were focused on sites near the towns of Lanzhot and Pohansko.

Results and discussion

Floodplain forests growing under conditions of high evaporation demands and non-limiting
soil moisture transpired high amounts of water, reaching over 80% of potential evapotranspi-
ration (Fig. 1). Roughly up to 70% of this amount of water was supplied from underground
water sources, the remaining part was supplied by the local precipitation. Transpiration
was sometimes limited by both: periodical short-term droughts and in contrast the water-
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Fig. 1. Example of a seasonal course of transpiration of entire floodplain forest stand near Lednice (composed
mostly of pedunculate oak, also ash and lime) and potential evapotranspiration (PET).
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Quercus robur, floodplain forest Lednice
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Fig. 2. Example of daily transpiration of trees in different diameter classes over the whole range of tree size in
the floodplain forest “Horni Les”.

logging of soil. This took place in trees that were subject to long-term flooding and thus
the active water absorption was strongly limited due to lack of soil aeration and following
soil and root hypoxia. Water consumption in stands dropped significantly after the water
management measures applied in the region after which the consequent significant drop
of underground water level occurred. Therefore trees could absorb only a small amount of
water (or no water) from underground water level under such conditions and had to rely on
local precipitation only. Although there was still significant soil water storage in about 2 m
deep layer of heavy soil, transpiration decreased by about 50%. Small-to-medium size trees
with disbalanced root to leaf area ratio were declining during this period. Stand transpiration
increased again when started artificial controlled watering.

Large trees transpired much more than small trees, when considering 1/3 of tree number
per ha, they represent about 2/3 of entire stand transpiration (Fig. 2). Principal tree species
of the floodplain forest show a considerable disproportion between the massive biomass of
the above-ground part of a tree and the relatively small biomass of its root system, which
was developed for conditions of non-limiting soil water supply. Individual components
of water balance in the floodplain forest under conditions of different water supply from
soil from the underground water (Cermak, Prax, 2001) based on a good knowledge of tree
structure and root distribution in soil (Vyskot, 1976; Tatarinov et al., 2008) are shown on the
scheme (Fig. 3). The situation during mild and fine weather in the period of regular floods,
and that following the unfavourable water management measures was characterized this
way. The decline of the groundwater level and water supply into the uppermost soil layers
resulted in drought stress in the floodplain forest stands and consequently in a significant
decline in the actual water transpiration.
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Fig. 3. General scheme of the water balance components of a floodplain forest in South Moravia (near the town
of Lednice). Width of arrows represents magnitude of water flows during the growing period.

Symbols without index — values valid for the entire stand, symbols with index r — values valid for the soil
compartment with roots, index s — additional “supplementary” soil volume compartments (i.e. timber land with-
out the roots of the dominant stand component), P P_— precipitation over soil with roots and over the additional
soil volume, PP - stand precipitation, E . —stands for potential evapotranspiration, E  — stands for actual
evaporation. E — actual evapotramplratlon (1 e. evaporation without interception), E, - tramplratlon of the
principal species of the stand (determined by direct measurements of the transpiration stream) E,E _E andE
— interception of the closed stand of principal stand and the undergrowth, deda_r, de s~ water supply in soil up
to the soil-moisture constant of the limited water availability (pda), U, U» — water coming from the groundwater
level, H — horizontal water transport between the additional and soil volume with roots (—H» — run-off from the
additional volume, +H, — influx into the soil volume with roots), K~ maximum soil hydraulic conductivity
( limits water transport from the supplementary to the rooted soil volume).
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Floodplain forest, southern Marawia
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Fig. 4. Seasonal courses (cumulative monthly values) of main variables measured during 10 years over the period
of 27 years (24 years in the experimental plot of “Horni Les” near Lednice and last 2 years in the experimental
plot of “Dlouhy Hrud” near Pohansko) at the stand level. These are: potential evapotranspiration (E,), rainfall
deficit (precipitation minus potential evapotranspiration), floodplain forest stand transpiration derived from sap
flow data (EQ).

Over two decades the forest stands partly adapted to the changed conditions by develop-
ing additional roots and thus managed to absorb about 30% of the transpired water from the
underground supplies. At present (i.e. about 30 years after the original regular inundation
had stopped) the monitored floodplain forests are functionally and structurally adapted
(among other things, significant changes in both the undergrowth and dominant stand density
have taken place) and survived over the critical period in the 1980s (Cermak et al., 2001).
The stands have a better chance that they will survive now (Fig. 4). It can be expected that
controlled flooding will improve the water supply into soil. However, we must make allow-
ance for the readjusting of tree root systems to wetter soil conditions after passing a period
of drier conditions, which took place over the twenty years there.

A detailed study of the water balance of forest stands, whose soil profile was divided into
compartments with roots and without roots, showed that soil moisture in floodplain forests
remained relatively high over the entire monitored period. However, the trees suffered from
drought due to low hydraulic conductivity of the heavily textured alluvial soils. Horizontal
water transport plays an important role in this. A minor drop of moisture content in soil
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(tiny percentage by volume) resulted in a significant decline of hydraulic conductivity in
heavy soils. Consequently, in case of increased evaporation demand even water present in
the water profile in seemingly ample quantity cannot be transported to the trees quickly
enough through the thin layer of soil adhering to the roots. As a result, even in times of mild
short-term drought trees with unfavourable ratio between the root and foliage areas (ratio
between the entire root ball area of root systems and the area of sun-exposed foliage) suf-
fered from drought and consequently died. Hydraulic conductivity of heavy soils becomes
a limiting factor in water supply even before the reduced water potential of a soil becomes
apparent. This can have both local and widespread impact.

The floodplain forest ecosystem has been considerably disrupted by human activity.
Owing to its sensitivity to ill-considered intervention, it requires constant attention of both
forest managers and research workers.

Conclusion

Floodplain forests transpire one of the largest amounts of water (if compared to other for-
est ecosystems) under high evaporation demands when growing under non-limiting soil
water conditions, i.e., with permanently high underground water table. However, during
the 20-year-long period of limiting soil water supply (which was caused by inappropriate
water management measures in the region), their transpiration decreased by about one half.
This happened due to substantially lower hydraulic conductivity of heavy soil, after its
water content decreased partially. The situation changed again in early 90ties, when forests
started being watered artificially. Fortunately trees were able to readapt to such changes and
renewed their water consumption almost to the same level as under the period of regular
natural floods. However, some changes of floodplain forests already occurred. They can be
jeopardized by climatic changes, particularly in cases of prolonged periods of drought.
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