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Abstract

Tokar, F.: Aboveground biomass production in black walnut (Juglans nigra L.) monocultures in
dependence on leaf area index (LAI) and climatic conditions. Ekoldgia (Bratislava), Vol. 28, No.
3, p. 234-241, 2009.

The work evaluates the development of mass production of aboveground biomass in dependence
on leaf area index and climatic conditions in homogeneous monocultures of black walnut (Juglans
nigra L.) tended by thinning from above. The experiment was carried out in 1978-2003, in the
locality Sikenica (Forest Enterprise Levice, Forest District Levice) on three permanent research
plots (PRP) at age of 64 years (2003) with growing stock of 173.61-207.56 t.ha' and LAI 6.54-7.82
ha.ha!. Maximum mean periodical increments per LAI were reached in 1979-1983 (1.28-1.67
g.dm?.year') and in 1984-1988 (1.66-2.11 g.dm.year '), with mean annual temperature 9.5-10.0
°C, total annual precipitation 505 mm and mean annual photosynthetically active radiation 545-572
kWh.m. These conditions represented an optimum forest environment for reaching maximum
production of aboveground biomass in homogeneous stands of black walnut in floodplain forests
of the Hron river.
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Introduction

Black walnut (Juglans nigra L.) belongs to the introduced woody plants recommended
for cultivation in forests of central, south and southeast Europe. The hitherto experience
has revealed that its commercial importance is in precious wood production (Réh, 1996;
Sindelatov4, 1973), high-quality fruits (gika, 1957) and fast growth in favourable localities
(Bencat, 1982; Beran, §indeléf, 1996; Frydl, §indeléf, 2004; Holubc¢ik, 1968; gika, 1958;
Hrib et al., 2003; Prudié, 1991; Tokar, 1987, 1998).
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In Slovakia is black walnut cultivated on an area of approximately 500 ha, most frequently
in floodplain forests of the rivers Hron, Nitra and Zitava in the group of forest types Ulmeto-
Fraxinetum. We evaluated the structure, development, quality, volume and mass production
of homogeneous black walnut stands and stands of this species mixed with red oak (Quercus
rubra L.) and small-leaved linden (7ilia cordata M 111.) over the territory of its most intensive
cultivation (Forest Districts Nitra and Levice (Tokar, 1987, 1998; Tokar, Krekulova, 2005).

In this contribution we summarise the development of aboveground biomass in depend-
ence on leaf area index (LAI) and climatic conditions in homogeneous stands of black
walnut tended by thinning from above. The experiment was carried out in 1978-2003 in
the locality Sikenica.

Material and methods

The series of permanent research plots (PRP) Sikenica, consisting of three PRP (each 50x50 m in size), was estab-
lished in 1978 following the points of the thinning programme (Tokar, 1998) focussed on evaluation of changes in
structure, development of quality and aboveground biomass (mass and volume) under influence of thinning from
above: moderate (PRP III) and heavy (PRP IV) with positive selection, repeated at 5-year intervals (PRP V has
been left without intervention) in black walnut in small pole stage. The PRP series is situated in the warm climatic
region A, with the mean annual temperature of 9.6 °C and mean annual precipitation sum 580 mm (Petrovic, et
al., 1968). The altitude is 150 m a.s.1., the soil type is black soil (Sly et al., 2000). The PRP’s were established in
the stand 9b by seeding black walnut seed of domestic provenance (1000 kg.ha!) over the floodplain of the Hron
river. The PRP series Sikenica belongs to the group of forest types Ulmeto-Fraxinetum carpineum, forest type 954
Dry elm-ash forest with hornbeam (Hancinsky, 1972; Tokdr, Krekulova, 2005; Tokar, Kukla, 2009). The stands are
managed by the Forest Enterprise Levice, Forest District Levice. The stand age in 1978 was 39 years.

All the trees on the PRP series have been numbered. The PRP’s were evaluated in 1978, 1983, 1988, 1993,
1998 and 2003, using the methods of Tokar (1987, 1992, 1998). The aboveground biomass was estimated using
the destructive method. The number of analysed sample trees was determined by means of the method of strati-
fied selection according to the tree classes and their basal area values, with an accuracy of 10% (Smelko, Wolf,
1977). On the sample trees we measured the following parameters: weight of stem, weight of branches, weight of
annual shoots, weight of leaves. We used a KAMOR scale. From four sample trees representing the tree classes,
we sampled material from each stem third, annual shoots and leaves. The material was dried in the laboratory at
105 °C to a constant weight. The converted values of components of dry aboveground biomass (stem, branches,
annual shoots) and leaf area in fresh state were examined in correlation to the diameter d, ,. The most appropriate
fitting was found with a 2" degree parabola (Tokar, 1987, 1998). The smoothed biomass values were adjusted
according to the stand diameter structure and converted per one hectare.

The leaf area was determined on each plot with three representative samples (3x100 leaves), using a photo-
planimeter ETKELKAMP. We calculated the conversion coefficient (weight of leaves in fresh state in kg:leaf area
in m?), which was used for the conversion in all sample trees.

The thinning method applied on the PRP III is the moderate thinning from above (intensity up to 1 %), on PRP
1V, it is heavy thinning from above (intensity up to 20%) with positive selection repeated at 5-year intervals. The
purpose is to control the development of the black walnut monocultures, focussing on maximum production and
quality. The used thinning method is based on tending of promising trees (Tokar, 1987, 1992, 1996, 1998, 2000;
Tokér, Krekulovd, 2005; Tokar, Kukla, 2009) selected from trees with appropriate quantitative and qualitative
parameters (1% and 2" tree class, 1* and 2™ degree of stem and crown quality) as well as dimensional character-
istics (with the diameter bigger than the average stand diameter d , and higher than the mean stand height) and
appropriate spacing.

The climatic characteristics of the years 1979-2003 were compiled from the meteorological record of the Slovak
Hydrometeorological Institute Bratislava and meteorological yearbooks of the Slovak Agricultural University in
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Nitra (Spanik et al., 1995, 2002). During the stand development, the PRP’s were subjected to 6 thinnings. The
biometric measurements were carried out at 5-year intervals, and they were focussed on the estimation of leaf
area index, (ha.ha'), aboveground biomass stock (t.ha'), mean periodical increments in growth area (t.ha".and ')
and leaf area (g.dm>.year ™).

Results

Leaf area index (LAI)

The experiment was launched in 1978 when the stands on PRP were old 39 years and their leaf
area index reached the values from 4.90 ha.ha! (PRP V) to 5.80 ha.ha! (PRP III). In 2003, at
stand age 64 years, was the highest leaf area index found on PRP V (7.82 ha.ha') as a result
of higher number of trees (656 ts.ha'). From the two thinned plots, the higher leaf area index
(7.27 ha.ha'') was on PRP IV tended using heavy thinning from above (Table 1).

Table I Leaf area index (LAI) in black walnut (Juglans nigra L.) monocultures on permanent research plots
(PRP) Sikenica in years 1978-2003.

1978 1983 1988 1993 1998 2003
PRP| age LAI age LAI age LAI age LAI age LAI age LAI

years | haha' | years | haha'! | years |haha' | years |haha!| years | haha!| years |ha.ha!

111 39 5.80 44 5.90 49 6.00 54 6.15 59 6.30 64 6.54
v 39 5.65 44 5.90 49 6.19 54 6.50 59 6.71 64 7.27
\Y 39 4.90 44 5.60 49 6.19 54 6.80 59 7.41 64 7.82

Aboveground biomass stock

The development of the aboveground biomass stock is summarised in Table 2. The plot PRP
IV tended by heavy thinning from above has higher stock values than PRP III tended using
moderate thinning from above. At the stand age of 64 years, the aboveground biomass stock
on PRP T was 173.61 t.ha'!, on PRP IV it was 194.68 t.ha"'. However, thank to the higher tree
number, the highest stock value was reached on the control plot PRP V (207.56 t.ha!).

Mean periodical increment in aboveground biomass

During the stand development in 1978-2003 we carried out 6 thinning interventions on
plots PRP III and I'V. Mensurational evaluations performed at 5-year intervals enabled us
to estimate the values of mean periodical increments per growth area (t.ha'.year') and leaf
area (g.dm?.year™).

The highest mean periodical increments per growth area (Table 3) were on all the plots
reached in 1984—1989 (10.37-13.07 t.ha'.year ') and in 1979-1983 (7.24-7.54 t.ha'.year™).
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Table 2. Aboveground biomass stock in black walnut (Juglans nigra L.) monocultures on permanent research plots (PRPs)
Sikenica in years 1978—2003.

1978 1983 1988 1993 1998 2003
PRP | age |biomass| age |biomass | age | biomass | age |biomass | age | biomass | age | biomass
years | tha! |years| tha' |[years| tha' |years| tha! |[years| tha' |[years| tha'
I 39 6842 | 44 | 106.12 | 49 | 162.01 | 54 | 16520 | 59 | 169.19 | 64 | 173.61
v 39 7036 | 44 | 116.82 | 49 | 168.18 | 54 | 173.40 | 59 | 179.39 | 64 | 194.98
\ 39 64.40 | 44 | 100.61 | 49 | 16598 | 54 | 170.21 | 59 | 196.47 | 64 | 207.56

Table 3. Mean periodical increment in the aboveground biomass per unit growth area in black walnut (Juglans nigra L.)
monocultures n permanent research plots (PRPs) Sikenica.

Mean periodical increment (t.ha!.year!) over the years
PRP 1979-1983 19841988 1989-1993 1994-1998 1999-2003
I 7.54 11.18 0.64 0.80 0.88
v 9.29 10.27 1.04 1.20 3.12
v 7.24 13.07 0.85 5.25 2.22

Also in case of mean periodical increment per leaf area (Table 4) were the highest values
on all the PRPs reached in 19841988 (1.66-2.11 g.dm™.year™") and in 1979-1983 (1.28-1.67
g.dm?.year™"). The values in the other 5-year periods were considerably lower.

Following the t-test, the means significantly differed from the means of 1979-1983 period
at P =0.05 and from the means of 19841988 at P = 0.01.

Also mean values of growth increment on PRP with crown thinning of high intensity
differed significantly (at P = 0.01) from the respective values on the control PRP in the
period 1979-1983. In the other thinning periods and in other PRPs significant differences
between studied characteristics were not observed.

Climatic conditions and aboveground biomass production

As we have just reported, the highest periodical increments per leaf area unit were on all
the plots reached in the periods 1984—1988 and 1979-1983.

Table 4. Mean periodical increment in the aboveground biomass per unit leaf area in black walnut (Juglans nigra L.) mo-
nocultures on permanent research plots (PRPs) Sikenica .

PRP Mean periodical increment ver (g.gm™.year™") the years

1979-1983 1984-1988 1989-1993 1994-1998 1999-2003
11T 1.28 1.86 0.10 0.13 0.13
v 1.57 1.66 0.16 0.18 0.43
\ 1.29 2.11 0.12 0.71 0.28
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Table 5. Mean annual temperature, precipitation and photosynthetically active radiation (G, ).
Mean Average Goir
Year temperature precipitation kWh.m™
°C mm

1979 10.1 524 555
1980 8.7 643 516
1981 10.1 526 581
1982 10.3 399 592
1983 10.7 433 615
Total 499 2525 2859
Average 10.0 505.0 572
1984 9.8 559 571
1985 8,9 496 597
1986 9.5 415 539
1987 9.3 510 506
1988 10,0 541 512
Total 47.5 2521 2725
Average 9.5 504.2 545
1989 10.5 370 453
1990 10.5 440 503
1991 9.3 441 472
1992 10.9 389 500
1993 10.5 483 502
Total 51.7 2123 2430
Average 10.3 424.6 486
1994 11.8 551 488
1995 10.2 570 467
1996 9.1 576 474
1997 9.7 442 490
1998 10.4 643 418
Total 51.2 2782 2337
Average 10.2 556.4 467
1999 10.5 708 446
2000 11.5 406 491
2001 10.1 562 453
2002 10.9 664 448
2003 10.4 362 510
Total 534 2702 2348
Average 10.7 540.4 470
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The climate in these two 5-year periods was very favourable for the development of black
walnut monocultures (Table 5). The main climatic characteristics (mean annual temperature,
annual precipitation totals and photosynthetically active radiation) reached almost the same
values (period 1979-1983: 10.0 °C, 505.0 mm, 572 kWh.m™, period 1984-1988: 9.5 °C,
504.2 mm, 545 kWh.m?). These conditions provided optimum for reaching maximum mean
periodical increment in aboveground biomass per leaf area in black walnut monocultures
in floodplain forests in south part of the Hron river.

Discussion

The hitherto knowledge in the research on ecology and production on stands of introduced
woody plants (Tokar, 1984, 1987, 1998; Tokar, Krekulova, 2005) suggests that the above-
ground biomass production is, apart from tending interventions (thinning) also influenced
by a number of other ecological variables (soil fertility, stand composition, climatic condi-
tions), genetic and physiological properties of the taxons. The dry biomass production is
also dependent on the leaf area index (LAI) and net assimilation yield. LAI and assimilation
yield are influenced by the environment, and they also depend on the developmental phase
and density (spacing) of trees in the population (Tokar, 1998). For high production, it is
necessary to reach maximum leaf area in the optimum vegetation phase (Oszldnyi, 1992,
1995; Vyskot et al, 1971).

Up to these days, the research on aboveground biomass production in stands of intro-
duced woody plants has not explained yet the connection between the aboveground biomass
production per leaf area unit (g.dm?.year') and climatic conditions. The first results were
published by Tokdr (2004, 2005). The author found that the limiting factor for reaching
maximum aboveground biomass production in European chestnut stands over the study
period was mean annual precipitation (at least 500 mm per year).

Our long-term, 25-year observations on phytotechnics of homogeneous stands of black
walnut showed that the production of aboveground biomass in these stands is controlled
by intensity of thinning intervention (Tokdr, 1984, 1986, 1987, 1992, 1996, 1998, 2000).
Examining the dendrochronology, there was also found a significant correlation with
the climate history (Tokér, Krekulovd, 2005). Maximum mean periodical increments in
aboveground biomass (g.dm™2.year ') in black walnut monocultures corresponded to the
following conditions: mean annual temperature 9.5 °C, annual precipitation total 550 mm
and photosynthetically active radiation 570 kWh.m™. Such a natural environment, together
with favourable soils and phytotechnics (thinning), provide optimum conditions for cultiva-
tion of black walnut trees in forests of south-western Slovakia.

Good results for growth and production were also obtained for black walnut in forest
stands in South Moravia (Hrib et al., 2003; Prudic¢, 1991). Beran and Sindelaf (1996) as
well as Frydl and Sindelaf (2004) also support the introduction of this woody plant in
forest stands.
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Conclusion

This work evaluates the development of weight production of aboveground biomass in black
walnut (Juglans nigra L.) monocultures in dependence on leaf area index (LAI) and climatic
conditions. The research ran in 1978-2003 in the locality Sikenica, in homogeneous black
walnut stands subjected to thinning from above.

The highest mean annual periodical increments per unit leaf area were found for the
period 1984-1988 (1.66-2.11 g.dm™2.year ') and 1979-1983 (1.28-1.67 g.dm?2.year "), with
the following climatic characteristics: mean annual temperature 9.5-10.0 °C, mean annual
precipitation total 505 mm and mean annual photosynthetically active radiation 545-572
kWh.m™. These conditions provided an optimum forest environment of reaching of maxi-
mum aboveground biomass production in tended homogeneous stands of black walnut in
floodplain forests situated in the south stream of the Hron river.

Translated by D. Kiidelovd
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