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SOIL PROPERTIES AND DENDROLOGICAL PARAMETERS OF TRE ES AFTER 20-YEAR
REFORESTATION IN THE POST FIRE AREA POTRZEBOWICE (M IDDLE POLAND)

Summary

The paper presents results of the research on $sessment of technical parameters of forest stands post-fire area
which has been reclaimed for 20 years, based owamethods of soil preparation. An attempt waslen@ determine
the potential influence of soil properties on thérhe following variants were tested: digging fureowith a forest plough,
shallow tillage with a disc plough, dimples dughnét shovel, natural succession, forest complexcirttg fire (zero area).
Planting was done with: Quercus rubra, Pinus syiiesBetula pendula, Quercus petraea, Larix deaidAlnus incana.

The examined area is dominated by Brunic arenaoants podzols. The following technical parametersendetermined:

height, diameter at breast height (DBH), relascopionber of trees and forest cover. Such propewige marked as: tex-
ture, solid phase density, soil density, porositpisture, pH, hydrolytic acidity, cation exchangeacity, the content of
exchangeable cations and available forms, orgaaiton and total nitrogen content. No relations weteserved between
the variations of soil properties and technical pareters of the investigated forest stands. It sstggbat soil preparation
methods were the most important factor which imfteel the examined parameters. According to theimédaresults,

planting into dimples is a good method for post-&oil preparation. It is difficult to determine ambiguously which rec-
lamation method is the best for a post-fire areaider to obtain better technical parameters, hogrethe observations
may be helpful in determining more effective wdysost-fire forest stands’ reconstruction.
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WLA SCIWO SCI GLEB ORAZ PARAMETRY DENDROLOGICZNE DRZEW
PO DWUDZIESTOLETNIEJ REFORESTACJI PO ZARZYSKA POTRZEBOWICE
(SRODKOWA POLSKA)

Streszczenie

Praca zawiera wyniki badadotyczce wtaciwaosci gleb na péarzysku restytuowanym od 20. lat, w oparciu medsposo-
by przygotowania gleby oraz odmienne nasadzeniaar@kteryzowano réwniepodstawowe parametry dendrologiczne
drzew, stanowicych odnowienia na poszczeg6lnych — snyésposdb przygotowanych — ptaszczyznach. Testomaste
pujgce warianty: wyoranie bruzd ptugiem dwuodkiadnicowyptytka orka ptugiem talerzowym, jamki wykopaowaty,
sukcesja naturalna, kompleksig nienaruszony przez fao (powierzchnia zerowa). Do nasadzeryto: Quercus rubra,
Pinus sylvestris, Betula pendula, Quercus petrdeaix decidua, Alnus incana. Olgleno nasgpujgce parametry tech-
niczne: wysok, piersnice, relaskopow liczbe drzew, zadrzewienie. Na badanym obszarze dogaiywmj typami gleb byty
gleby rdzawe oraz bielice. Oznaczono takiesenaosci gleby, jak: sktad granulometrycznysyos¢ fazy statejgestasé gle-
by, porowatdé, wilgotnas¢, odczyn, kwasowé hydrolityczry, kationow; pojemndé sorpcyjr, zawart@é wymiennych
oraz przyswajalnych form,agiel organiczny, azot ogélny. W odniesieniu do gldnlliska Iénego, nienaruszonego przez
pcazar, w glebach reforestowanego obszaru, wptb znaczne zmniejszenie gawart@ci wegla organicznego oraz wzrost
zawartgci azotu ogolnego. Zaxeniu ulegt stosunek C:N; nieznacznie podniostpsl. Wikszaé kationdw wymiennych
ulegta wymyciu. Wikiwasci fizyczne gleb poszczegdélnych plaszczyzn badelwdzmgly zrénicowane w bardzo malym
stopniu.Przeprowadzone badania wskaguje da¢ dobrym sposobem przygotowania gleby papmwej jest nasadzenie
w jamki. Na obecnym etapie baid&udno jest jednoznacznie okli¢ wybor najlepszej metody rekultywacjizpazyska
w celu osigania lepszych parametrow technicznych, jedaalokonane obserwacje mphy¢ pomocne w typowaniu efek-
tywniejszych metod odbudowy drzewostandw ddtlati kkskg pazaru.

Stowa kluczowereforestacja, pgarzysko, wtdciwaosci gleby, parametry dendrologiczne

1. Introduction goes drastic changes. It is both its physical B, 16, 25]
and chemical properties that change [2, 3, 15{hénpaper,

Research carried out in forest areas which wevasie basic properties of soils occurring on the plo&iteted in
tated by fire usually leads to effective recondinrcof for-  different ways have been characterized also théc bas
est stands. Better height gain is obtained, hapiegared dendrological parameters of trees, constituting the
the soil for tillage first than when the soil hast been pre- beginning of the developing tree stands. The assa#sof
pared [19]. What is also important, this is the et of chosen habitat components after 20-year post fiem a
soils’ recovery [9]. When treated with fire, sol@a under- reclamation was presented.
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2. Object

Porosity is one of the physical properties that beflects
changes in the ways of soil preparation. Porosibesll

The research was carried out in an experimentd ar reclamation plots were slightly (about 1-3%v) higltiean

established irPotrzebowiceForest Division in 114 d sec-

tion (currently 114 g sector) by the DepartmenSglvicul-
ture at the Agriculture University in Poznan, Palai®].
Before the fire, the area was covered with a 60-ydd
forest stand. Three reclaimed plots (A, B, C) wszkected
for the research, of 150x20 m, with six plots easlwell as
the plot of natural succession and plot zero. Rlatged in
terms of soil preparation methods:

» plot A: digging furrows with a forest plough, witd
countersink up to the depth of 35-40 cm with 1.§aps;

« plot B: shallow tillage with a disk plough up toeth
depth of 30 cm; as a result, all the remains ofdiganic

horizon were completely removed and the horizon wasSp|ot

evenly mixed with the mineral layer;

e plot C: furrows dug with a spade (excluded from me

chanic tillage);

» plot of natural succession (NS): logging waste gtop

branches), including trunks, left on the logginig svithout
grinding; on this site all the trees were from mnaksewing
[19];

» plot zero (F): forest complex intact by fire, cozemwith

Pinus sylvestriplanted with a tree planting bar; the age of

the forest stand — 20 years (fresh forest).
Planting was done withQuercus rubra Pinus sylves-
tris, Betula pendulaQuercus petraed.arix decidua Alnus

found at zero plot. The highest porosity (49.66%&$ found
in the variant with deep tillage; slightly lower iother
variants of reclamation. Deep tillage, i.e. fraictgdower ho-
rizons, had a better influence on roots penetrafidixing
the top horizon while disking did not result in ttpowth of
porosity when compared to the plot of natural sssiom. It
was more difficult to observe any influence of pEitypon the
investigated technical parameters (Table 1).

Table 1. Basic physical properties of investigateits
Tab. 1. Podstawowe wieiwasci badanych gleb

C(():r!?gnt Moaistgare ?jlzigiftl)f Bulk der;sity Porosity
I 15 0.0457 2.65 1.34 49.66
Il 2.0 0.0418 2.65 1.39 47.75
M1l 2.3 0.0412 2.65 1.37 48.25
NS 2.0 0.0436 2.65 1.38 47.74
F 1.8 0.0379 2.65 141 46.7(

Source: own studyZrédio: opracowanie wtasne

According to Imeson et al. [10], a direct effeétfioes
on physical properties may be the creation of ardet and
continuous water-repellent front parallel to theface that
decreases soil permeability. Such statement wariceal

incana The investigated area is predominantly covere@!S0 by Everett et al. [7]. Deep tillage had a pesieffect

with Brunic Arenosols (in Polish: gleby rdzawe) aRdd-
zols (in Polish: gleby bielicowe) [12].

3. Methods
The study plots (18) were located at the intefsrobf

two diagonals, within each location (3 plots x 6dtions).
In the plot of natural succession, five researdasrwere

on soil's moisture through easier infiltration a€pipitation
waters into deeper horizons. From the point of vigwes-
toration of soil's proper efficiency, it was a béoil op-
eration. Favourable moisture (4.36%vV) was obsealsa in
the plot of natural succession. It was a resulvodd parti-
cles and post-fire remains having been left ongitwind,
which protected soil from extensive drying. Neveléss,
from a practical point of view, changes in moistuie-

randomized. Technical parameters were determingtl wiSe€rved in various plots were very small (from 309

standard methods used in sylviculture, i.e. relagcaum-
ber of trees [4], height of trees of minimal andximaal di-
ameter at breast height (DBH), DBH for all the &r¢#1].
The obtained results allowed for the calculationfarest
cover.

Average soil samples were collected from each\aitin
the depth of 0-20 cm. The following soil parametgese de-
termined: texture — with Bouyoucos’ method in Pyaski's
modification [20], soil phase density — with a mametric
method [23], soil density — with Nitzsch’s vessedsl00 cni
capacity, porosity — calculated on the basis ofitga denota-
tions, moisture — by gravimetric method, pH — pttgromet-

4,57%). Such little changeability of this propecgnnot be
a factor which influences the differentiation o€ tmvesti-
gated technical characteristics of the forest stgfdble 1).

The lowest density was observed in the soil frdlot-a
ment |. Similarly to total porosity, which is colaged with
this property, soil's density did not influence hetcal pa-
rameters (Table 1).

Forest fire causes the loss of soil organic matsra
result of total fire a reduction or total removéltbe forest
floor occurs often [22]. The recovery of soil orgamatter
in the burnt areas starts with the natural oriaif reintro-
duction of vegetation [14]. The highest contentatél car-

_1. .
rically, hydrolytic acidity (H) and sorption catiocapacity 0N on the zero plot (12.3kg™) and natural succession
(CEC, TEB) — with Kappen's method, the content mf e POt (11.9 kg”) may be explained with a balanced pace of
changeable and available forms of macroelementsith w Numification and mineralization processes in theduons
Egner-Riehm’s and Schachtschabel’s methods [18} ¢ar- which are as close as possible to the natural dtatsoil

bon and nitrogen — with Vario Max analyser. Thaitesare ~ Preparation procedure which caused regular anchgtro
average values from five replications. mixing of organic matter and quartz maternity miatg(full

tillage with a disc plough), led to significant ban loss
(8.2 gkg?) which was additionally intensified by initial
strong aeration. However, from this point of vieavyery
low content of this element (7.5kg™) in the soil with
combination with burrow planting and quite a higheo-
with furrows ploughed — is difficult to explain (bk 2).

4. Results and discussion
4.1. Impact of reclamation on soil properties

The content of clay in all soils in the researcleeas
allowed for their classification to a texture sutngw of

loose sand. Therefore, texture could not be aréiffieation
factor (Table 1).
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The amount of nitrogen in the soil decreased alwitiy
the growth of soil's reclamation intensiveness. highest
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contents of nitrogen were observed on successioh plof magnesium when compared to other combinatioese w

(0.58 gkg™) and zero plot (0.57 kg?), where the whole
plant burnt mass was left (Table 2).

The relation of C:N, which reflects the scope afton
and nitrogen transformations in the soil and diyecharac-
terises microbiological activity, was high. At a devately
strong differentiation in the content of these alais
within a given combination, very similar texturedapracti-
cally identical climate and weather conditions, thkation
of C:N in the investigated soils was very aligndbrf
18.53 to 22.50). The obtained values are moredinihan
the ones obtained in typical coniferous forests424zero
plot), which is an evidence for a constant procafsthis
phytocenoses to balance (Table 2).

According to Certini [6], in post fire areas skl in-
creases, although ephemerally, because of theseetdfahe
alkaline cations bound to the organic matter. Wiithil the
investigated combinations, the observed differennethe
values of soils reaction were minimal. From a pcatt
point of view, the reaction was the same, charetierfor
the discussed habitat (Table 2).

According to Khanna and Raison [17], in such scéls
cium, magnesium and potassium increase often rexbbrk
but ephemerally. It was not confirmed in soils n¥asti-
gated area. In the investigated soils exchangereatap-

observed (Table 3).

According to Sharpley [21] the peak of P bioauaillty
occurs around pH 6.5 and any fire-induced changsoih
pH toward neutrality has a positive effect on itsessibil-
ity for forest plants. Data which were collectedd aana-
lysed by Certini [6] indicate that exchange capade-
creases proportionally to the loss of organic mattel base
saturation increases as a consequence of the lmgvas-
lease of bases from the combusting organic mdttevas
not confirmed during investigations.

4.2. Dendrometry measurements

The species of measured trees differed partly frioen
ones which had been planted. All the surfaces wevered
with P. sylvestrisand B. pendula Accompanying species
were: L. deciduaandA. incana A. incanaand Q. rubra -
appeared on some surfaces, they did not meet getaims
of a relascope. A total humber of trees which weeas-
ured and included to next measurements was 302 unit
(Fig. 1). An average number Bf sylvestrisn the research
areas was 9-12 per a relascopic area. It is aaiwdlue to
the one from the area which was not damaged by-fit@

peared in small amounts. The ones which were lehchaunits. In the area of natural succession, a nurabérunits

primarily were calcium and magnesium. Moreover, |tss
of potassium was also observed. In various comioinstit
was 2-3 times higher than in the control surfac@iial,
yet noticeable, decrease in the amount of sodium et
served. The highest and most balanced values t¢faexe
cations filled the sorption complex of soils whasaface
was the closest to natural conditions (Table 3).

Within the available mineral forms, a decreaseha
content of available forms of potassium (around Ba#d —
in a small extent — of phosphorus (around 2%) aadmne-
sium (around 1%) took place. The exceptions weeestir-
faces of natural succession and planting into displvhere
slightly higher content of potassium and balancedtent

Table 2. Basic chemical properties
Tab. 2. Podstawowe wieiwasci chemiczne

of this species was marked. The numbeBopendulatrees
was between 3 and 7 units. In the area of deegsdilla num-
ber of L. deciduawas high — 9 units, moreover, it also ap-
peared twice in 5 units. It was not included in description
of species in the areas of natural succession aral area.
A. incanain the number of 3 was only found in the area ex-
cluded from mechanical tillage (Fig. 2). Heightreles varied,
depending on the method of soil's preparation. fost sig-
nificant differences were observedBn pendulafrom 2.5 m

to 15.5 m (on average 8.0 m), small&. sylvestris from 4.0

m to 11.0 m (on average 7.0 ). sylvestrisandL. decidua
achieved better parameters in the arras which kad kess
transformed by a man (Fig. 3).

1 . 1] A pH H [ TEB[CEC
Plot | Total carbon [e&kg™] | Total nitrogen [ekg™] | C:N H,0 | KC [cmo kg BS [%]
[ 11.3 0.49 22.504.68|4.20| 3.06| 0.41| 3.47| 13.42
1] 8.2 0.51 20.034.63|4.12|3.04| 0.35| 3.39| 12.09
1] 7.5 0.52 18.534.57|4.07|2.89| 0.49| 3.38| 18.20
NS 11.9 0.58 20.634.61|4.10| 3.18| 0.50| 3.67| 17.77
F 12.3 0.57 21.404.68|4.09| 3.36| 0.49| 3.85| 15.68
Source: own studyZrodio: opracowanie wiasne
Table 3. Content of basic ions and available elésnen
Tab. 3. Zawarté’ kationéw wymiennych
Basic ions Available elements
Plot ca® | Mg K | N& K ] P | Mg
[cmol™-kg] [mgkg™]
| 0.14 0.05 0.05 0.18 6.80 9.06 0.63
Il 0.07 0.05 0.06 0.18 6.01 10.59 0.64
1l 0.17 0.05 0.07 0.23 6.55 9.17 0.64
NS 0.19 0.04 0.07 0.20 7.51 7.37 0.95
F 0.17 0.05 0.06 0.21 7.53 7.64 0.95

Krzysztof BOJARSKI, Zbigniew KACZMAREK

11

Source: own studyZr6dio: opracowanie wiasne

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(2)



100

¢
B

90

80

70 a5

60

i
Iy

49
50 -

40 +

30 +

20 4

The number of measured trees [pcs.]

10

AF B* C* SN** L

Source: own studyZrodio: opracowanie wiasne
Number of sample plots;Natural succession; Forest (nill sample)

Fig. 1. The total number of trees
Rys. 1. Catkowita liczba pomierzonych drzew

The number of trees [pcs.]

R Y

BB obagbebobolobogbeboboliod

-

YN ok

R
*

BW

HEPs @Bp BLd EA§HE

Source: own studyZrodio: opracowanie wiasne

"Number of sample plots’ Natural succession’ Forest;”" P.s. —Pinus sivestris;B.p. — Betula pendula;L.d. — Larix deciduas;
A.i. . —Alnus incana

Fig. 2. Average number of trees on relascopic sarpiaits for individual species on investigated plot
Rys. 2.Srednia ilos¢ drzew na relaskopowych powierzchniach prébnych pllazczegdinych gatunkéw na danych po-
wierzchniach badawczych
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Fig. 3. The average height of the trees on invatplots
Rys. 3.Srednia wysok&’ drzew na badanych ptaszczyznach
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Average DBHSs of all the trees oscillated betwe&n 3also covered with the trees of the most optimalraye
and 121 mm. In the areas of natural successiondae@ height — excepP. sylvestrisThe height ofP. sylvestrifell
tillage atP. sylvestrissimilar values were marked. In the along with the stage of the transformation of switural
former case, it may be a result of a deeper aniéregasne- cover as a result of various means of soil prefmarafver-
tration of soil by roots in order to reach nutnitielements, age values of DGH were strongly diverse. Their cosip
in the latter — of smaller thickness and betteeasibility of  tion within various trees species and means offsepara-
light. L. deciduareached its maximum in the first allotment; tion showed no regularitieB. sylvestriDBH lowered and
B. pendula— on the surface prepared with a disc ploughts height increased along with the growth of thuenber of
(Fig. 4). The highest coefficient of forest covarthe re- trees.
claimed areas was marked on the surface of ddepeil- A significant drop in the content of organic camband
0.8. Leaving soil in an intact state (planting irdows) al- an increase in the content of total nitrogen wédrgeoved in
lowed for the development of forest cover of 0.hick  the reclaimed soils. The relation of C:N dropped, grew
was satisfying. At a total exposure of soil cowvdis¢ till-  slightly. Most of the exchange cations was washéd o
age) and exposing it to the influence of some unfaable Physical properties of soils at various reseammtizbns
atmospheric conditions, forest cover was the leasttonly  differed to a very little extent. No link betwedretchange-
0.6. Natural recovery of at least 0.4 is a goodlt€Eig. 5).  ability of soil properties and technical parametgfrshe in-

vestigated forest stands was observed, which steytjest

5. Summary the most important factor which influenced the eesked
parameters was the means of soil preparation.
Numbers which define technical parameters of the i According to the research, planting in dimples iela-

vestigated forest stands vary on reclaimed surfatehf-  tively good way of post-fire soil preparation. Atpaesent
ferent ways which are, as it is visible in the dedl values, stage of the research, it is difficult to unambigsly
on different stages of regradation. The sum oftellmeas- choose the best method of reclamation of a postsfiea in
ured trees was the largest on a surface with pigmti dim-  order to achieve better technical parameters. Hewstie
ples. The number of species on each surface vafiede conducted observations may be helpful in the seleaif
constant, and close to the average, values optriameter the most effective methods of the transformatiohshe
were observed on the above mentioned surfaces.Wibey forest stands which were damaged in fire.
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