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Abstract

An important issue related to the cultivation of plants for
energy purposes and poorly recognized so far is their impact on
the environment, including biodiversity. The aim of the work was
to assess weed flora diversity, canopy structure and yield of mis-
canthus cultivated on two types of soil: light and heavy.

The study was carried out in the Experimental Station
of the Institute of Soil Science and Plant Cultivation — State Re-
search Institute at Osiny, Poland (N:51°28, E:22°4), on two fields
of miscanthus (Miscanthus saccharflorus Robustus x M. sinensis
— M-115) established in 2004, on light loamy sand and heavy
loam. The analysis of weed flora was carried out in 2010 and
2011, in mid-June and mid-August, using two methods: the frame
method and phytosociological relevés. Moreover, an analysis of
green and dry matter yield of miscanthus, some biometric fea-
tures and leaf area index (LAI) was carried out.

The results showed that weed species diversity in a mis-
canthus crop was dependent on soil type. A larger number of
weed species was found in miscanthus cultivated on heavy soil —
37 — in comparison with miscanthus cultivated on light soil — 33.
Sorensen’s indicators showed low similarity between weed com-
munities in miscanthus on light and heavy soil. Weed abundance
and percentage of weed cover were lower in miscanthus culti-
vated on light soil. Weed density decreased during the vegetation
season as a result of increasing competitiveness of the miscanthus
canopy against weeds. Miscanthus yields were more dependent
on weather conditions than the type of soil. Plant height and shoot
diameter as well as leaf area index (LAI) were higher in mis-
canthus grown on heavy soil.

Key words: Miscanthus, biometric features, plants for energy
purposes, weeds, biodiversity

INTRODUCTION

The impact of perennial crops cultivated for
energy purposes on biodiversity is still poorly under-

stood, because it is a new direction in agricultural pro-
duction. Cultivation of these plants on a global scale
contributes to reduce CO, emissions and decrease
erosion and nutrient leaching as well as it is used for
phytoremediation of contaminated soils [1-3]. The
environmental effect of these plantations may de-
pend on the species and genotype of cultivated plants,
previous land use, agricultural practices, the size and
spatial distribution of crops as well as the degree of
integration into the regional landscape [4,5]. Most con-
cerns related to planting energy crops, in addition to
the depletion of water resources, arise from their po-
tential impact on biodiversity [2]. Some authors sug-
gest that the cultivation of perennial plants, compared
with the impact of intensive technology using annual
plants, has a positive effect on biodiversity due to
a lower input of agrochemicals [4-6]. Sage atal. [7]
pointed out that the physical structure of the canopy,
rapid growth rate, high density, chemical crop protec-
tion and mineral fertilization caused habitats of plants
cultivated for energy purposes not to be conducive to
flora and fauna diversity. However, the biodiversity
potential is dependent on the approach taken to control
pests and on the use of pesticides [8]. In addition, large
monocultures of perennial energy crops could provide
visual barriers to open agricultural landscape [9,10].
The studies on plant communities in crops cul-
tivated for energy purposes indicate a high diversity
of the flora accompanying short rotation coppice crops
(SRCQ), especially willow (Salix viminalis) and poplar
(Populus spp.), in comparison with arable lands, and
a positive impact on diversity of birds [6,10—17]. There
are very few papers related to the effect of cultivation
of miscanthus and other energy crops on biodiversity,
especially flora [10,18]. Preliminary studies showed
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that miscanthus may be a poorer habitat for flora and
fauna than the SRC [19]. According to Jodl et al.
[20], tall miscanthus stands contain more large animals
(mammals, birds) than other herbaceous crops (maize
or reeds), possibly due to the greater diversity of the
canopy structure leading to a higher number and great-
er range of ecological niches.

The aim of the work was to assess weed flora
diversity, canopy structure and yield of miscanthus
cultivated on two types of soil.

MATERIALS AND METHODS

The study was carried out in the years 2010—
2011 in the fields of miscanthus (Miscanthus sacchar-
florus Robustus x M. sinensis — M-115) located in the
Experimental Station of IUNG-PIB at Osiny, Lublin

region (N:51°28, E:22°4). The plantations of 200 m*
were established in 2004 on two types of soil: light
loamy sand and heavy loam.

The fields had been previously used as arable
land, maintained in good agricultural condition. Mis-
canthus seedlings, produced in vitro in Germany, were
used. They were planted out in mid-May 2004 in an
amount of 15,000 x ha'. Every year mineral fertilizers
were applied as follows: N-75, P,05—50, and K,0-75 kg
x ha'. Weed control treatments were not used during the
study period, only mechanical weeding was done in the
first year after the establishment of the experiment. Har-
vest of plants and sampling for biometric analysis were
carried out after the growing season, in winter.

Weather conditions during the study period,
compared to the long-term average, are presented on
Fig. 1.
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Fig. 1. Average monthly air temperature (°C) and total precipitation (mm) in 2010-2011 compared to the long-term average (1950-2008)

In 2010 bad weather conditions and frost in the
spring until mid-May caused a delay in the start of
plant growth, especially in miscanthus grown on heavy
soil (Fig. 1). The growing season was characterized
by an unequal, irregular distribution of temperature
and precipitation: heavy rainfall in May and August,
a high temperature and drought in June and July, which
could have affected weed infestation. In the winter of
2011, minimal snow cover and periodic thaw occurred,
which could have affected the growth of miscanthus.
Intensive rainfall in July exceeded twice the long-term
mean, but in August and September very low precipi-
tation was observed (Fig. 1).

The analysis of weed flora was carried out using
two methods: the frame method (all plants in an area
of 0.5 m* were counted) and phytosociological relevés
(the percentage cover of weeds in an area of 25 m* was
assessed), in four replications. The surveys were done
in mid-June and mid-August. The structure of weed
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communities was analysed using ecological indices:
Shannon’s diversity index, Simpson’s dominance in-
dex and Sorensen’s indices of similarity [21-23]. The
similarity is low if the percentage is up to 39.0%, mod-
erate — 40.0 to 49.0 %, high — 50.0 to 59.0%, and very
high if it is more than 60.0% [23]. Plant species were
identified according to Rutkowski [24].

The analysis of green and dry matter yield of
miscanthus, some morphological features: the num-
ber of shoots per plant, their length and diameter at
10 cm above the ground, was carried out on 10 plants
in 5 replications. Moreover, the leaf area index (LAI)
was assessed at the beginning of July using a LI-2000
canopy analyzer (LI-COR). The dry weight was deter-
mined by placing the green matter in a dryer at 80°C
for 14 days.

To determine the significance of differences, an
analysis of variance was done using Tukey’s test at a
significance level of p=0.05. As a number of weeds
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did not have a normal distribution, a logarithmic trans-
formation of data was performed prior to the analysis
of variance. Calculations were performed using Stat-
graphic Plus version 2.1.

RESULTS

The results showed that weed species diversity
in miscanthus was dependent on soil type. The aver-
age number of weed species was significantly higher

in miscanthus cultivated on heavy soil on all analysis
dates (Tables 1 and 2). A higher number of species was
recorded when the phytosociological method was used
in comparison with the frame method. It is due to the
larger area of analysis in the phytosociological method
than in the frame method with the same number of rep-
lications (four) (Tables 1-3). The number of weed spe-
cies and number of weeds decreased during the grow-
ing period due to the increasing competitive ability of
the miscanthus canopy (Tables 1-3).

Table 1
Number of weed species in miscanthus cultivated on light
and heavy soils recorded using the frame method

June August

Year Type of soil
mean range + SD* CV* mean range +SD CV
5010 light 63a 5-8 1.3 20.2 4.0a 2-6 1.6 40.8
heavy 7.8a 6-10 1.7 22.1 8.0b 6-9 1.4 17.6
5011 light 73a 4-9 24 32.5 4.8a 4-6 0.9 20.0
heavy 10.8b 9-13 2.1 19.1 70a 6-8 0.8 11.6
light 6.8a 4-9 1.8 27.1 44a 2-6 1.3 29.7

average

heavy 9.3b 6-13 24 25.6 75D 6-9 1.2 15.9

*Means were compared between types of soil for each date of analysis. Values followed by the same letters are not significantly
different according to Tukey’s test (p=0.05); SD — standard deviation; CV — coefficient of variation

Table 2
Number of weed species in miscanthus cultivated on light
and heavy soils recorded using the phytosociological method

June August

Year Type of soil
mean range + SD* CV* mean range +SD CV
5010 light 10.3 a* 9-14 2.5 24.4 4.8a 3-7 1.7 35.8
heavy 13.0a 11-16 22 16.6 10.8b 7-14 29 26.7
011 light 103 a 9-12 1.3 12.2 58a 5-7 0.9 16.5
heavy 133b 12-15 1.3 9.4 93b 8-12 1.9 20.4
light 103 a 9-14 1.8 17.9 53a 3-7 14 26.3

average

heavy 13.1b 11-16 1.6 12.5 10.0b 7-14 2.4 239

* Explanations under Table 1.

The total number of weed species was also
higher in miscanthus cultivated on heavy soil where
27 species were found using the frame method and 37
species using the phytosociological method (Table 3).

© The Author(s) 2014

In miscanthus cultivated on light soil, only 22 weed
species were observed when the analysis was per-
formed with the frame method, and 33 species when
the phytosociological method was used.
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Table 3
Weed species composition and number of weeds (plants x m?) in miscanthus cultivated on light and heavy soil (mean for 2010-2011)

Type of soil and date of analysis

No Weed species light heavy
June August June August
1. Viola arvensis Murray 24.0 0.0 0.0 0.0
2. Conyza canadensis (L.) Cronquist 10.5 5.8 1.4 7.8
3. Capsella bursa-pastoris (L.) Med. 9.8 0.0 21.9 0.8
4. Lectuca serriola L. 54 1.3 3.8 1.8
5. Taraxacum officinale Weber 53 1.8 1.5 4.5
6. Crepis tectorum L. 1.3 0.0 0.3 0.0
7. Arabidopsis thaliana (L.) Heynh. 1.1 0.0 0.0 0.0
8. Geranium dissectum L. 0.8 0.3 0.0 0.0
9. Spergula arvensis L. 0.6 0.0 0.0 0.0
10.  Chenopodium album L. 0.4 0.8 10.9 2.3
11. Solidago gigantea Aiton 0.3 1.5 0.5 0.8
12. Achillea millefolium L. 0.3 0.3 0.0 0.0
13. Cerastium arvense L. 0.3 0.3 0.0 0.0
14. Plantago major L. 0.0 0.0 6.3 3.8
15. Stellaria media (L.) Vill. 0.0 0.3 0.5 0.0
16. Lamium purpureum L. 0.0 0.0 0.4 0.0
17. Chenopodium polyspermum L. 0.0 0.0 3.6 33
18. Trifolium arvense L. 0.0 0.0 0.3 0.0
19. Tripleurospermum inodorum (L.) Schulz-Bip. 0.0 0.0 59 1.0
20. Papaver rhoeas L. 0.0 L5 0.0 0.0
21. Cirsium arvense (L.) Scop. 0.0 0.0 0.4 1.0
22. Urtica dioica L. 0.0 0.0 0.3 0.5
23. Galeopsis tetrahit L. 0.0 0.0 3.1 0.8
24. Veronica persica Poir 0.0 0.0 0.2 0.0
25. Erigeron annuus (L.) Pers 0.0 0.0 0.4 0.0
26. Galium aparine L. 0.0 0.0 0.5 0.0
27. Solanum nigrum L. 0.0 0.0 0.0 1.3
28. Matricaria discoidea DC. 0.0 0.0 0.3 0.0
29. Amaranthus retroflexus L. 0.0 0.0 0.0 0.5
30. Rumex acetosa L. 0.0 0.8 0.0 0.0
31. Vicia villosa Roth. 0.0 0.0 33 0.0
32. Galinsoga parviflora Cav. 0.0 0.0 7.3 0.3
Dicotyledonous total 59.8 14.2 724 30,0
33. Juncus bufonius L. 18.0 0.0 0.0 0.0
34. Echinochloa crus-galli (L.) P.B. 3.8 0.0 1.0 0.0
35. Poa annua L. 3.0 0.5 29.8 15.0
36. Elymus repens (L.) P.B. 2.8 4.0 0.0 0.5
37. Festuca ovina L. 0.8 0.0 0.0 0.0
Monocotyledonous total 28.3 4.5 30.8 15,5
38. Equisetum arvense L. 1.1 2.3 0.0 0.0
Horsetail total 1.1 2.3 0.0 0,0
Total number of weeds 89.1 21.0 103.2 45.5
. . 19 14 24 17
Total number of species recorded using the frame method 2 27
Total number of species recorded using the frame method 29 16 32 20
and phytosociological relevés 33 37
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The average number of weeds was higher in mis-
canthus cultivated on heavy soil than on light soil (re-
spectively, 103 and 89 plants x m™ in June and 47 and
20 plants x m™in August on average) (Fig. 2). Percent-
age weed cover was significantly higher in miscanthus
cultivated on heavy soil (70% in June and 37% in Au-
gust) in comparison with miscanthus grown on light soil
(23% in June and 8% in August). On light soil, there
was a bigger difference between the number of weeds

160

and their ground cover, especially in June. It suggests
that the weed community consisted of small weeds in
contrast to heavy soil where plants were bigger. Num-
ber of weeds and weed cover decreased during the veg-
etation period, which was more evident on light soil. It
could have been associated with the characteristics of
light soil (the lack of water and nutrients). The differ-
ences between years were associated with weather con-
ditions, mainly rainfall and soil water capacity.
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Fig. 2. Number of weeds (plants x m?) and weed cover (%) in miscanthus cultivated on light and heavy soil.

* Explanation: Means were compared between types of soil for each date of analysis. Values followed by the same letters are
not significantly different according to Tukey’s test (p=0.05)

Shannon’s diversity index showed a higher di-
versity of the weed flora community in miscanthus
cultivated on heavy soil (fig. 3). Simpson’s dominance
index was the highest for the weed flora in miscanthus

on light soil in August 2010, which was associated
with the dominance of Conyza canadensis L. (Cron-
quist) in the weed community.
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Fig. 3. Shannon’s diversity index and Simpson’s dominance index for weed communities in miscanthus cultivated on light and

heavy soil
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In miscanthus cultivated on heavy soil, species
typical for habitats rich in nutrients, especially nitro-
gen, dominated (Galinsoga parviflora Cav., Chenop-
odium album L., Galeopsis tetrahit L.), while on light
soil species characteristic for poorer habitats occurred
(Conyza canadensis (L.) Cronquist, Viola arvensis
Murray, Equisetum arvense L.) (Table 3). Only 11
species (29%) were common for weed communities
in miscanthus on both light and heavy soil. The fol-
lowing species occurred only on light soil: Geranium
dissectum L., Viola arvensis Murray, Achillea mille-
Sfolium L., Papaver rhoeas L., Cerastium arvense L.,
Arabidopsis thaliana (L.) Heynh., Spergula arvensis
L., Rumex acetosa L., Festuca ovina L., Juncus bufo-
nius L, Equisetum arvense L. 16 species were typical
only of heavy soil: Plantago major L., Lamium pur-
pureum L., Chenopodium polyspermum L., Trifolium

arvense L., Tripleurospermum inodorum (L.) Schulz-
Bip., Cirsium arvense (L.) Scop., Urtica dioica L.,
Galeopsis tetrahit L., Veronica persica Poir, Erigeron
annuus (L.) Pers, Gallium aparine L., Solanum ni-
grum L., Matricaria discoidea DC., Amaranthus ret-
roflexus L., Vicia villosa Roth., Galinsoga parviflora
Cav.).

The qualitative and quantitative indices of simi-
larity confirmed the low similarity of weed communi-
ties in miscanthus cultivated in two different types of
soil (Table 4). Generally, the values of the qualitative
index were higher in comparison to the quantitative
ones. It suggests a greater similarity between the weed
communities in the species composition than in their
numbers. Higher similarity in weed species and their
abundance between dates of analysis was observed in
miscanthus on heavy soil.

Table 4
Qualitative and quantitative indices of similarity (%) in miscanthus cultivated in different types of soil

Qualitative index of similarity

Light soil Heavy soil
2010 2010 2011 2011 Au- 2010 2010 2011 2011
June August June gust June August June August
2010 June X 50 52 54 39 31 32 38
2010 August 35 X 29 - 50 40 32 30
Light soil
2011 June 58 22 X 59 31 30 44 44
2011 August 15 31 18 X 39 38 39 46
2010 June 15 10 21 13 X 58
2010 August 26 32 26 14 47 X
Heavy soil
2011 June 12 7 26 8 48 42
2011 August 17 18 20 29 36 42

Quantitative index of similarity

[ Jo-39% [ ]40-49%

The analysis showed that in 2010 the green and
dry matter yield of miscanthus were not dependent on
soil quality (Table 5). In 2011 they were significantly
higher for miscanthus cultivated on light soil, which

[ 150-59% [ 60-100%

could have been associated with good moisture condi-
tions due to high rainfall in June (Fig. 1). The yields of
miscanthus on light soil differed significantly between
years due to weather conditions.

Table 5
Green and dry matter yield (t x ha) of miscanthus cultivated on light and heavy soil

Green matter yield (t x ha™)

Dry matter yield (t x ha™)

Type of soil
2010 2011 2010 2011
Light soil 269 a 41.7b 19.8 a 30.0b
Heavy soil 283 a 272 a 19.8 a 230a

*Explanation: Means followed by the same letters are not significantly different according to Tukey’s test (p=0.05)
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The biometric parameters, such as shoot length
and diameter as well as leaf area index, were higher in
miscanthus grown on heavy soil (Table 6). Number of

shoots per plant and leaf area index differed signifi-
cantly between years.

Table 6
Selected biometric characteristics of miscanthus cultivated on light and heavy soil

- £ soil Number of shoots per plant Plant height (m) Shoot diameter (mm) Leaf area index (LAI)
ype of soi
2010 2011 2010 2011 2010 2011 2010 2011
Light soil 76.0 a 157.0b 221a 2.13a 4.09 a 4.55a 370 a 535b
Heavy soil 103.0 a 78.0a 2.56 a 3.76 a 6.68 ab 8.44b 5.30b 7.25¢

Explanation: * Means followed by the same letters are not significantly different according to Tukey’s test (p=0.05)

Despite more suitable biometric parameters,
such as plant height, shoot diameter and LAI of mis-
canthus cultivated on heavy soil, the average number
of weeds and weed cover were higher than on light
soil. This was caused by better soil conditions, espe-
cially water and nutrient availability, which favored
the growth and development of weeds. Moreover, the
vegetation of miscanthus on heavy soil started later in
the spring and weeds had better conditions for growth.
Such a number of weeds and weed cover (70% in June
and 30% in August) may affect the yielding of mis-
canthus on heavy soil (Fig. 2, Table 5).

DISCUSSION

Miscanthus is a perennial grass that has been
identified as one of the best choices for low input
bioenergy production in Europe [18,25,26]. Because
perennial energy crops are new species on agricultural
lands, there is a need for intensive research on their
impact on the environment [2,10,27].

Some authors believe that the cultivation of
energy crops increases the biodiversity in agroecosys-
tems [2,10,12,16], but others underline the potential
risks associated with the introduction of new plants to
agricultural land and the need to observe the changes
[7,27]. Therefore, ecological monitoring programs
should be implemented for these crops, including:
flora, avifauna, small mammals, and invertebrates in
the soil and above the ground [4,6,10]. According to
Kovacs-Lang and Simpson [28], long-term
monitoring of energy crops should take into account
their position in wider agricultural landscape and com-
parison of their biodiversity with neighboring agricul-
tural crops and semi-natural habitats.

That comparison showed that the number of
species and Shannon’s diversity index values for the
weed community in miscanthus on light soil were sim-
ilar to those observed in cereals grown in neighboring
fields under an integrated farming system in the same
conditions and lower than those observed under an ce-

© The Author(s) 2014

reals in organic system [29]. In the weed communities
of miscanthus, species typical for arable lands as well
as ruderal ones occurred. In the research of Seku-
towski and Rola [30], 27 weed species belong-
ing to different classes were observed during a 3-year
study and differences in weed composition in particu-
lar years of the experiment were negligible. Semere
and Slater [19] showed that miscanthus fields were
richer in weed vegetation than reed canary grass or ar-
able fields. Accordingto Tuomisto etal. [31], mis-
canthus cultivated in a conventional farming system
had the highest biodiversity loss score, being a factor
of 2.4 times higher than the score for the organic sys-
tem and a factor of 4.9 times higher than for the natural
forest system. In the study of Felten and Emmerling
[32], the number of earthworm species in miscanthus
took a medium position and differed significantly nei-
ther from intensively managed cereals and maize nor
from grassland and fallow.

The study of Matyka and Kus [33] showed
that miscanthus, in order to obtain high yields, does not
need to be grown on the best soil, from the agricultural
point of view. This plant gives the best yields on soils
of average quality, not too heavy. This is particularly
important in terms of competition for land resources
between production for food and energy. The yields
obtained in the cultivation of this plant were depend-
ent on weather conditions, particularly the amount and
distribution of rainfall and temperature conditions in
the spring. The yields of miscanthus on heavy soil were
lower in years with adverse weather conditions, which
was caused by the location of the plantations in lower
fields. The plants were damaged by frost in late spring,
which significantly delayed the start of growth. How-
ever, in favorable weather conditions (lack of spring
frosts, the temperature in the summer months higher
than the average, rainfall exceeded the average of sev-
eral years), high potential productivity of the fertile soil
was revealed [34]. Yields of miscanthus reported for
trials all over Europe showed huge differences in bio-
mass yields from 2to 44 t x ha' [18]. In the opinion of
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Mathe-Gaspar etal. [35], the growth and yield-
ing of miscanthus and other crops in a given habitat
are controlled by the soil and weather conditions as the
main environmental factors.

Theresultsof Matyka and Kus [34] showed
that the dry matter yield of miscanhus was positively
correlated with the number of shoots and their length.
A comparison of different miscanthus genotypes
showed that miscanthus M-115 and Miscanthus gigan-
teus were characterized by the greatest yield [34].

CONCLUSIONS

1. The weed community was more diversified in mis-
canthus cultivated on heavy soil. Sorensen’s indica-
tors showed low similarity between weed commu-
nities in miscanthus grown on light and heavy soil.

2. The number of weeds and percentage weed cover
were higher in miscanthus cultivated on heavy soil
in comparison with miscanthus grown on light soil.

3. Weed density decreased during the vegetation sea-
son as a result of increasing competitiveness of the
miscanthus canopy against weeds.

4. The yields of miscanthus were more dependent
on weather conditions than the type of soil. Shoot
length and diameter as well as leaf area index (LAI)
were higher in miscanthus grown on heavy soil.
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Réznorodnosé flory segetalnej,
wybrane cechy biometryczne
i plonowanie miskanta (Miscanthus spp.)
uprawianego na glebie lekkiej i ciezkiej

Streszczenie

Wazng kwestig zwigzang z uprawg roslin na
cele energetyczne i dotychczas stabo poznang jest ich
oddziatywanie na srodowisko, w tym bioréznorod-
nos¢. Celem pracy byta ocena réznorodnosci gatunko-
wej chwastéw, wybranych cech struktury tanu i plono-
wania miskanta, uprawianego na dwoch typach gleb:
lekkiej i cigzkie;j.

Badania przeprowadzono w Stacji Doswiad-
czalnej Instytutu Uprawy Nawozenia i Gleboznawstwa
— Paristwowego Instytutu Badawczego, w Osinach
(N: 51°28 E: 22°4), na plantacjach miskanta (Miscan-
thus saccharflorus Robustus x M. sinensis — M-115)
zatozonych w 2004 roku, na dwdch typach gleb: piasku
gliniastym lekkim i glinie ci¢zkiej. Analizy flory prze-
prowadzono w 20101 2011 roku, w dwdch terminach:
czerwcu 1 sierpniu, przy uzyciu metody ramkowej
i zdjecia fitosocjologicznego. Ponadto przeprowa-
dzono analizy plonu zielonej i suchej masy miskanta,
wybranych cech biometrycznych oraz indeksu po-
wierzchni lisciowej (LAI).

Badania wykazaty, ze réznorodnos¢ gatunkowa
chwastéw w lanie miskanta byta uzalezniona od ro-
dzaju gleby. Wigkszg liczbe gatunkéw chwastow od-
notowano w miskancie uprawianym na glebie cigzkiej
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— 37, w poréwnaniu z obiektem na glebie lekkiej — 33.
Wskazniki Sorensena wykazaty mate podobieristwo
zbiorowisk w miskancie uprawianym na glebie lekkiej
i cigzkiej. Liczebnos¢ i procentowe pokrycie przez
chwasty bylo mniejsze w obiekcie na glebie lekkiej.
Poziom zachwaszczenia zmniejszal si¢ w ciggu sezonu

wegetacyjnego jako efekt zwigkszajacej si¢ konkuren-
cyjnosci tanu miskanta. Plonowanie miskanta zalezato
bardziej od warunkéw pogodowych niz od typu gle-
by. Wysokos¢ roslin, srednica pgdéw oraz indeks po-
wierzchni lisciowej (LAI) byly wigksze w miskancie
uprawianym na glebie cig¢zkie;j.
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