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ABSTRACT

This paper deals with interaction between amountwater lost by tree transpiration and
aboveground biomass increment in poplar based shtation coppice in conditions of Czech-
Moravian highlands. Stem sap-flow measured on 8apapees by Granier heat dissipation method
was put in relation with biomass increments meakbth with automated dendrometers so with
manual measurements with caliper gauge. Transmirédtals ranged between 28.3-175.6 liters per
tree in executed period 3.8.-31.8.2011. Above-giohiomass increments in this period varied
between 30.07-519.28 g per tree and mean valueatdrwse efficiency of all monitored trees
reached 2.76 g.ky Mean diurnal sap-flow total of all sampled treess 3.25 liters. Results show
that it is possible to establish relationship betveéranspiration totals and biomass increments
(coefficient of determinationR= 0.90) and also relationship between transpimatiitals and stem
diameter (R = 0.81). These results (especially after obtainixgerimental data from spring
growth conditions) can be further used for caldate of biomass increments and transpiration as
scaling factors from tree level to whole stand leve
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INTRODUCTION

Short rotation coppice (SRC) generally means amgh-gielding fast-growing woody species
managed under coppice system grown for biomassuptiod on arable land. Trees are usually
coppiced every three to six years depending ontgpa®f the clone used, weather conditions and
management practices, which influence survival eate final vigor of the stand. In last decades
SRC plantation based on poplar (Populus spp.) atidwv(Salix spp.) are increasingly being
grown in Europe as a sustainable source of biognérge largest areas of SRC are situated
in Scandinavia (Sweden 12 500 ha) (Dimitriou et28111), Germany, UK, Italy, Belgium and
France (Slater et al., 2001). Highest potenti@R{C consists in vigorous juvenile growth and rapid
biomass accumulation, reaching under conditionthefCzech-Moravian highland mean annual
increment close to 14 tons of dry matter per hecf@rnka et al., 2008). Beside its productive
function the SRC could potentially provide otheo®stem services as e.g. increasing biodiversity,
cooling landscape by transpiration, increasing @artkcontent in soil, utilizing municipal
wastewater for irrigation/fertilization etc. In thearly screening and breeding efforts on energy
crops the main focus was on aspects such as @dtenbtiductivity, disease and frost resistance,
coppicing and resprouting ability (Hall & Hanna, 989 Zsuffa, 1995). However, more recently
it has been acknowledged that water will very oftemder practical conditions be the most
important yield-limiting factor (e.g. Lindroth & B&, 1999). The urge to determine relationship
between water flux and biomass increment of pléedsto the expression water use efficiency
(WUE), which is a ratio betwedniomass growth (total dry matter produced) and thater lost

by transpiration (de Wit, 1958). WUE of majority of energy plantry between 0.3 — 14.2 gkg
(Jorgensen a Shelde, 2001). Biomass growth is lysestimated on the basis of dendrometric
measurements, which can be practically performéglamthe above-ground part. Therefore, WUE
is mostly estimated for above-ground biomass pribolu¢Ciencialla, 1995). Diurnal transpiration
of particular tree can be derived from the stemflap (Sellami, 2003). There are several methods
for measuring sap-flow generally based on the aislgf how much of the heat applied to the
conductive xylem is removed by the passing watew fin the stem. Granier (1985) developed
a dual-probe sap flow measuring system, which v cammonly known as the Granier or thermal

dissipation probe (TDP) method. This method is deedap-flow measurements in this study.

This paper provides first processed data regarsipgflow rates of poplar based SRC frequently
planted in Czech Republic. Interconnection of abgnaind biomass increments (ABi) measured
in parallel with water loss through transpiratidiows to prove their mutal relationship and brings

better understanding of soil-plant-atmosphere wiiges in SRC.
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MATERIALS AND METHODS

In April 2001, a high density experimental fieldaptation of poplar clone J-105 (Rigra x P.
maximowiczi) with the total area of 4 ha was established @alioty Domaninek, near Byste nad
Pernstjnem (Czech Republic, Czech-Moravian highland, 2398, 16°235'E, altitude 530 m, rain-
fed area with mean annual precipitation 587.8 mnreamannual temperature 6.6 °C). The
plantation was established on agricultural land/ipresly seeded predominantly with cereals and
potatoes. Hardwood cuttings were planted in a dotdok design with inter-row distances of 2.6 m
and spacing of 0.7 m within rows accommodating iteieé 10,000 trees/ha. Soil conditions at the
location are representative to the wider regiorhwdeep luvic cambisol influenced by gleyic
processes and with limited amount of stones irptoéile. The site itself is situated on a mild sop
of 3° with an eastern aspect and is generally stitjecool and relatively wet temperate climate
typical for this part of Central Europe with mimgdi of continental and maritime influences.
Although the area does not provide optimal cond&tifor SRC based on Populus sp. clones, the
site itself is highly suitable for planting duedeep soil profile (Trnka et al., 2008).

In 2011 the examined poplar plantation was in tAe/@ar of 2° rotation. In mid June 2011 four
automatic dendrometers (DRL 26) (EMS Brno, CzechuRéc) were placed on randomly chosen
poplar tress within 50 fresearch plot. In late July 8 pcs of sap-flow rneament sensors
(Granier) (UP GmbH, Cottbus, Germany) were puratha$he measurement method relies on the
fact, that the sap flow is deducted from the thémiifeerence between a probe continuously heated
at a constant power and a reference probe, usiegnairical relationship determined in laboratory
conditions. The measuring element consists of tyimdrical probes (2 cm long and 2 mm in
diameter). Each of them contains a copper-constariteermocouple. Those probes are radially
inserted in the sapwood of the trunk at o distaofcapproximately 15 cm from each other. The
upper probe is heated at a constant power (0.2nd/}fee lower probe is considered as temperature
reference. The two thermocouples are mounted ingifipn so the temperature difference between
the two probes can be measured. In early Augusttfeas with DRL 26's were supplemented with
4 Graniers. Remaining 4 Graniers were installedtber 4 trees within the same plot. The sap-flow
of 8 different poplar trees was continuously mortbin 10 min. measuring step for 1 month
period (VII). Sap flow was calculated according commended equation:
V = 0.199*[AT mad AT) — 1% [kg m? s'], where ATma> AT is the temperature difference for
zero sap flow and is approximated by the maximaifnat nighttime. In addition, the temporal
changes in DBH were measured either in 1 hour gepees monitored automatically by DRL
26's) or 2 week step (4 trees measured manuallyiditel caliper gauge). The initial DBH ranged
between 27.1 — 59.39 mm. The values of DBH [mm}dment were subsequently converted
through the allometric equatioy: = 0,204%7% (R? = 0.99) to increment of biomass [kg]. This
equation describing relationship between DBH andgmeoriginated from destructive sampling
carried out in early spring 2011. Initial ABi conte were subtracted from final biomass contents
and thus the ABI of particular tree and for whokripd was obtained. Furthermore, the ABi of
each tree was divided by sap flow totals and thifEWias obtained.
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RESULTS AND DISCUSSION

During monitored period 3. 8. — 31. 8. 2011 themsteap flow and above-ground biomass
increments of 8 poplar trees were measured. Tabrinarizes all data collected and calculated.

Tab. 1 Summary of data collected and cal culated.

Period 3.8.-31.8.2011
Final DBH | Sap-flow totals | Diurnal average sapflow Biomass 4
1 ) WUE [g kg™]
Tree no. [mm)] [kg] totals [kg day™] increment [kg]

#1 60.56 116.70 4.02 0.42 3.64
#2 55.95 118.15 4.07 0.33 2.77
#3 31.69 41.21 1.42 0.07 1.70
#4 28.91 28.34 0.98 0.07 2.56
#5 55.34 175.61 6.06 0.52 2.96
#6 50.95 133.01 4.59 0.42 3.18
#7 52.66 109.04 3.76 0.47 4.33
#8 27.31 31.96 1.10 0.03 0.94

The initial DBH of poplar trees ranged between 27.89.39 mm, the final DBH varied between
27.31 — 60.56 mm. After 29 day (3. 8. — 31. 8. 3Gh& mean DBH increment of all trees reached
0.95 mm, which represents mean above-ground biomassment 292.41 g per tree. Maximal
increment was observed by tree #5 — 519.28 g,dWvest increment had tree #8 — 30.07 g per
period 3. 8. — 31. 8. 2011. The amount of watst by transpiration depended on the particular
tree DBH, as expected. Transpiration totals rangeibd 28.34 — 175.61 liters per tree and period.
Average diurnal sap flow totals for particular seeeached from 0.98 liters (tree #4, DBH
28.34 mm) to 6.06 liters (tree #5, DBH 55.34 mmlJBranged from 4.33 to 0.94 and mean value
of WUE of all monitored trees reached 2.76 ¢ Kylll 2011), which is in good agreement with
values described in Fischer et al. 2010.
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Fig. 1 Comparison of daily course of sap flow between tree #5 (DBH = 55.34 mm) and tree #8
(DBH = 27.31 mm).
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In Fig. 1 is depicted daily course of sap flowwbtcontrasting trees. Tree #5 (final DBH = 55.34
mm) shows highest transpiration rate (21. 8. 2@hthed 10.16 liters in 24h), on the contrary the
tree #8 (final DBH = 27.31 mm) showed lowest trarajon rate (21. 8. 2011 reached 6.1 liters in

24h) compared with all sampled trees.
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Fig. 2 A illustrates the relationship between DBH of particular tree and its sap flow. B illustrates
the relationship between tree sap flow and above-ground biomass increment.

In figure 2 A is depicted relatively close relatitip between DBH and transpiration totals for
particular trees and period, with coefficient ofatenination B = 0.81. However the “skill” of the

linear function is significantly helped by the drisce of two distinct group of points with trees
having low DBH showing low Sap-flow values and darly for high DBH. The trees from classes
between 30 and 60 mm in diameter will be samplethduhe next season. Part of the unexplained
variability is due to the influence of soil moistwariability and mutual competition between trees
and simultaneously between particular shoots oh eagmp which were not (yet) considered in
this first study. Additional data regarding treédie, soil moisture variability or number of shoots

growing from particular stump would provide moreca@te results. Figure 2 B depicts similar

linkage between transpiration totals and biomassement. There is almost linear dependence

(R* = 0.90) between an amount of water lost by tramsipn and biomass increment, which
confirms our initial presumption. As in the caseD&H the robustness of the relationship between

Sap-flow and biomass increment have to be increlagediditional measurements but the study has

proved the concept and selected method.

CONCLUSIONS

Authors have found promising relationship betwestaltamount of water lost by transpiration and
above-ground biomass increment with coefficientetermination R= 0.90. It was also showed,
that the amount of water lost by transpirationireatly linked with DBH of particular tree. This
relationship shows coefficient of determinatioR R 0.81. The mean water use efficiency of

sampled trees in August 2011 reached 2.767 kegan diurnal water loss is 3.25 kg per tree and
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the mean above-ground biomass increment reached28%er tree. These results (after obtaining

additional experimental data) can be further usedsealing factors for calculations biomass
increments and transpiration from tree level to ivlstand level.
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