CIVIL AND ENVIRONMENTAL ENGINEERING REPORTS

No. 4 2010

ACTIVITY OF SOIL ENZYMES IN RHIZOSPHERE
OF SCOTS PINE AS A MARKER OF THE QUALITY
OF WOODED, FORMERLY ARABLE, SOILS

Elzbieta Jolanta BIELINSKA®, Tadeusz WEGOREK?

! Institute of Soil Science and Environment Management,
University of Life Sciences in Lublin
2 Department of Melioration and Agricultural Building,
University of Life Sciences in Lublin

Summary: The purpose of this paper is the assessment of the influence of rhizosphere on
the enzymatic activity of formerly arable soils afforested with Scots Pine (Pinus sylve-
stris L.). A comparison was made between the enzyme activity of formerly arable soils
under 15-year-old and 51-year-old stands, and the enzyme activity of forest soils under
4-year-old cultivation and 104-year-old stands. It has been shown that the rhizosphere in
formerly arable soils has considerable influence on the increase of enzyme activity cata-
lysing the most important processes of organic substance change.
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1. INTRODUCTION

Management of soil resources as part of balanced development, considering the
social, economic and ecologic purposes, requires an annual donation of certain
arable areas for forestation, particularly those less agriculturally useful [Project
2000, “II Environmental Policy”]. It will allow the reasonable formation of agri-
cultural and forest border as well as protection (under the ligneous plants com-
munities of natural character) of soils being in danger of degradation [Sklo-
dowski 2002; Olszewska, Smal 2008].

Afforestation of agricultural lands radically changes their physical, chemical and
biological characteristics [Kahle 1 in. 2005; Wall, Hytonen 2005; Olszewska,
Smal 2008]. Soil enzyme activity reflects the transformation of the soil envi-
ronment taking place due to a change in the way the land is exploited [Clarholm
1993; Gorzelak 1996; Bielinska, Mocek-Ptociniak 2009].

Biochemical processes in the rhizosphere soil play an important structural and
functional part in the dynamics of the nutritional cycle of plants and they can
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significantly influence their growth and development. Changes in soil enzyme
activity within the rhizosphere allow the determination of those environment
disturbances influencing both the soil and the plants [Baran, Bielinska 2008].
The purpose of this paper is the assessment of the influence of the rhizosphere
on the enzymatic activity of formerly arable soils afforested with Scots Pine
(Pinus sylvestris L.).

2. MATERIALS AND METHODS

The study was located in the eastern part of Lubelskie province, in the Sobibor
Forest Division, where, at 73%, Scots Pine constitutes the main forest generating
species [Okruch 2004].

In the paper, formerly arable soils under 15-year-old stands in the area of Du-
beczno in unit 314a and 51-year-old stands in the area of Sobibor in units 256a
and 235d were compared with forest soils under 4-year-old cultivation (the res-
toration of a clearing of a 104-year-old pine stand) — the area of Sobibor, unit
314i. All the stands come from the planting.

The description of the stands is shown in Table 1. The 51-year-old area (research
areas 2 and 3) was characterised with the loosening of occlusion due to numer-
ous tree drop-outs destroyed by parasitic fungi. The loosening of tree stands on
research area 2 was even, whereas research area 3 took the form of visible gaps.
Habitats of research areas 2-5 are in a fresh forest while the habitat of research
area 1 is potentially mixed fresh forest. There appear rusty soils (Dystric Areno-
sol) of grain composition from loose to weak clay sands.

Soil samples were collected for laboratory analysis in September 2009. The end
parts of roots together with the adhesive soil were cut off and pulled out of the
soil humus level (the depth of 2-7 cm) on each of the research areas from five
randomly chosen plants. A soil sample was collected from the roots through
shaking [Tarafdar, Jungk 1987]. The soil collected within the roots was consi-
dered as rhizosphere zone soil (R). Small roots were meticulously removed from
the samples. Simultaneously, soil not overgrown with roots was collected from
the same level — it was considered as non-rhizosphere zone soil (N). Individual
samples were averaged within respective research areas and enzymatic as well as
chemical analyses were performed in three repetitions.

Within the framework of enzymatic analyses the following activity was defined:
dehydrogenases [Thalmann 1968], acid and alkaline phosphatase [Tabatabai,
Bremner 1969], urease [Zantua, Bremner 1975], and protease [Ladd, Butler
1972]. Chemical analyses considered for marking of: pH in 1 mol KCI-dm™
[ISO 10390], organic karbon [ISO 14235] and total nitrogen [ISO 13878] con-
tent altogether.

The significance of differences between particular enzymatic marking values has
been assessed by means of a Tukey test as p < 0.05.
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Tab. 1. List of research stands [Bielinska, Wegorek 2010]

Object Locality Soil Tree age Stand density
[years]

1 area of Dubeczno, post- arable 15 full
unit 314a

2 area of Sobibor, post- arable 51 moderate
unit 256a

3 area of Sobibor, post- arable 51 under-stock
unit 235d

4 area of Sobibor, forest 4 -
unit 314d

5 area of Sobibor, forest 104 moderate
unit 314i

3. RESULTS AND DISCUSSION

The examined soils were characterized by a very acidic reaction (Table 2). The
lowest pH values in 1 mol KCIl-dm™: from 2.90 (R) to 3.37 (N) were stated in
forest soil (research area 5). A significant share in the acidification of forest soils
(created from formations poor in alkaline cations) is left to physical and chemi-
cal processes which participate in the weathering of minerals, as well as biologi-
cal processes connected with the circulation of C and N [Kurek 2002; Marcinek i
in. 2008]. Vegetation cover is a factor which has a significant influence on the
forest soils reaction [Kabala 1995]. During the intake of mineral components by
tree roots, protons of hydrogen are released which increase acidification. Kurek
[2002] observed that natural processes of soil acidification in natural forest eco-
systems are not so much intensive so as to produce an amount of H* protons
exceeding the buffer potential of soils. Higher values of pHyc in the case of the
formerly arable soils (research areas 1-3) and forest soil under the restoration
(research area 4) than in forest soil under the 104-year-old stand (research area
5) could be related to the diversity of the stands’ age. Anderson and Domsh
[1993] showed that age and stand type in forests, thus qualitative differences in
primary production, have a significant influence on the development of soil pH.
Values of pHkc, in the rhizosphere in the examined soils were lower than those
in the non-rhizosphere zone within the range of 0.22-0.90 pH unit in 1 mol
KCldm™® (Table 2). Many rhizosphere bacteria produce low-molecule organic
acids such as: citric, oxalic, malic, succinic, salicylic, gall, and asparagine
[Trudgill 1988; Kurek 2002]. Low-molecule organic acids, which are synthe-
sized by rhizosphere bacteria, are water soluble and they can contribute signifi-
cantly to soil acidification through the release of hydrogen protons to soil solu-
tion after dissociation [Kurek 2002].
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Formerly arable soils (research areas 1-3) were characterised by a significantly
lower organic carbon and nitrogen content altogether than the forest soils (re-
search areas 4 and 5) — Table 2. The lower content of Cyrq and Ny in the former-
ly arable soils could be connected with a huge loss of these components from the
soil during intensive tree growth in the first years after afforestation, as demon-
strated by the results obtained from many researchers [Jug i in. 1999; Vesterdal i
in. 2002; Smal, Olszewska 2008]. Moreover, the supply of after-harvest re-
mainders in he formerly arable soils is reduced while the amount of organic mat-
ter reaching the soil from the forest bed is too small to fill in the loss of soil
components [Smal, Olszewska 2008]. The highest content of Cyy and Nog Was
observed in the soil of the 104-year-old stand (research area 5), whereas the
lowest one in the soil of the 15-year-old stand (research area 1) — Table 2. Ac-
cording to Zwolinski [1998], a significant movement of organic compounds of
carbon into the soil mineral layer and the creation of the humus level in forest
soils only happen after 30 years.

Within the 51-year-old stands the content of Coq and N4 in the samples of the
soil from area 2 was higher than that in the soil of area 3 where the stands were
less dense (they were gapped); however, the differences were not statistically
relevant (Table 2).

Tab. 2. Selected chemical properties of soils [Bielinska, Wegorek 2010] (values in the
column followed by the same letter are not significantly at p < 0.05, ,,t”- test)

Object Soil zone pH C | N C:N
KClI [gkg™]

1 R 3.12 5.19b 0.37d 14.0b
N 4.02 4.06a 0.23a 17.6¢

2 R 3.41 6.89f 0.49f 14.0b
N 3.81 5.47c 0.31b 17.6¢

3 R 3.41 6.75f 0.47f 14.3b
N 3.65 5.26C 0.29b 18.1c

4 R 3.32 7.099 0.569 12.6a
N 3.54 5.93d 0.34c 17.4c

5 R 2.90 7.75h 0.62h 12.5a
N 3.37 6.14e 0.40e 15.3b

R — rhizosphere; N — non-rhizosphere

Rhizosphere zone soil in all research areas was characterised by a substantially
higher organic carbon and nitrogen content altogether than the non-rhizosphere
zone soil (Table 2). Many research papers [Lynch, Whips 1990; Priha et al.
1999; Baran, Bielinska 2008] indicate that rhizosphere zone soils contain higher
concentrations of soluble carbon than non-rhizosphere zone soils. Lynch and
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Whips [1990] proved that the amount of C, released by plants to the rhizos-
phere can amount to 40% of the total dry mass produced by the plant.

The value of the proportion of C:N in rhizosphere zone soils was in the range
12.5-14.3, whereas that in the non-rhizosphere zone soil it was from 15.3 (re-
search area 5) to 17.4-18.1 in the remaining areas (Table 2). Narrower values of
the proportion of C:N in the rhizosphere zone than in the non-rhizosphere zone
validate the positive influence on the pace of humus synthesis and its reserve
renewal.

The enzymatic activity of the examined soils was significantly varied depending
on the environment (Table 3). The direction and intensification of the examined
biochemical processes depended on the enzyme type, which was connected with
the enzyme immunity to environmental factors as well as the content of specific
substrates for the enzymatic reactions in soil [Kieliszewska-Rokicka 2001].

The formerly arable soils (research areas 1-3) were characterised by a signifi-
cantly lower activity of dehydrogenase, acid and alkaline phosphatase as well as
protease than the forest soils (research areas 4 and 5) — Table 3. The highest
activity of these enzymes was noted under the 104-year-old stand. Despite a very
acidic reaction, the observed stimulation of enzyme activity was accompanied by
a higher Cq and N4 content than in the soils from the remaining (1-4) research
areas (Table 2). Many studies [Pennanen et al. 1998; Januszek 1999; Kurek
2002; Domzat, Bielinska 2007] state that the main factor determining enzyme
activity in acidic soils is the content of C,y and Nog as microorganism (found, for
example, in the forest bed) adaptation to the lowered pH takes place with time.
According to Januszek [1999] the increase in enzymatic soil activity together
with the increase in hydrogen proton charge can result from the supply of en-
zymes from dead microorganisms in the soil, as well as desorption of enzymes
from soil colloids connected to sorption exchange and the change in the cationic
content in soil colloids due to the acidity of environment. The soil under the 15-
year-old tree stands (area 1), where the content of Coq and Ny Was the lowest
(Table 2), was characterised by the lowest activity of dehydrogenase, the re-
searched phosphatase and protheasis (Table 3). Kieliszewska-Rokicka [2001]
underlines the fact that the content of organic coal determines the development
and activity of the soil microflora which constitutes the main source of many soil
enzymes.

The activity of the analysed enzymes in the soil under the 51-year-old stands
was higher in research area 2 than in area 3 (of smaller occlusion); albeit statisti-
cally relevant differences were noted in the case of dehydrogenases in the rhi-
zosphere zone (Table 3).

In the case of urease, the formerly arable soils under the 15-year-old stands (re-
search area 1) were characterised with a higher activity of this enzyme while the
lowest activity was noted under the 104-year-old stands (Table 3), which could
be connected with the diverse urea (the substrate of urease) content. Urease is
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immune to external factors, and under stress conditions its activity increases.
The only factor that limits its activity is substrate accessibility — the urea, as it is
an extracellular enzyme that is synthesized only in its presence [Domzal, Bi-
elinska 2007].

Tab. 2. Enzymatic activity of soils [Bielinska, Wegorek 2010] (Dh — dehydrogenases in
cm® Hy-kg™-d™?, Pac — acid phosphatase and Pal — alkaline phosphatase in mmol PNP kg
Lh?, U — urease in mg N-NH,*kg™?h™, P — protease in mg tyrozyny-kg™-h™*; values in
the column followed by the same letter are not significantly at p < 0.05, ,,t”- test)

Object Soil zone Dh Pac Pal U P
1 R 1.17b 29.36e 8.94d 8.16¢ 5.21c
N 0.72a 14.82a 4.59 5.14b 3.24a
2 R 1.51d 32.51f | 11.43e 5.25b 5.85c
N 0.94a 17.03b | 6.28b 3.47a 3.72a
3 R 1.41c 30.72¢ 9.12d 4.92b 5.38c
N 0.89a 16.41b | 5.96b 3.19a 3.31a
4 R 1.69¢ 36.15g | 13.72f 4.85b 6.17d
N 1.04b 18.73c 7.53c 3.21a 3.89b
5 R 2.41f 44.89h | 16.05g | 4.49b 8.95e
N 1.38¢c 22.96d 8.47d 3.0la 5.48c

R — rhizosphere; N — non-rhizosphere

Another factor that modifies the activity of enzymes in the analysed soils could
be the diverse age of the pine stands [Kieliszewska-Rokicka 2001; Domzal, Bi-
elinska 2007]. Kieliszewska-Rokicka [2001] observed the increase of dehydro-
genase activity in soil with age and size of pine seedlings growing in tree nurse-
ries. By significantly influencing the concentration of soluble carbon in soil, the
age of a tree determines changes in soil enzymes activity [Domzal, Bielinska
2007]. How strongly related is the enzyme activity to the development of a plant
root system can be observed in many research papers [Januszek 1999; Priha i in.
1999; Domzat, Bielinska 2007].

In the soils of all research areas the activity of the examined enzymes in rhizos-
phere was several times higher than in the non-rhizosphere zone (Table 2 and 3).
It is related to the dynamic development of microorganisms in the root area due
to the abundance of easy-to-reach energy substances [Januszek 1999; Priha i in.
1999; Kieliszewska-Rokicka 2001; Baran, Bielinska 2008]. Dahm [1998] men-
tions the high biological activity in the rhizosphere soil in tree nurseries and
young stands, mainly pines.
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Tab. 3. The value of the ratio (R:P) of the activity of dehydrogenase (Dh), acid phospha-
tase (Pac), alkaline phosphatase (Pal), urease (U) and protease (P) in rhizosphere soil (R)
and non-rhizosphere soil (N)[Bielinska, Wegorek 2010]

Object Dh Pac Pal U P
1 1.6 1.9 1.9 1.6 1.6
2 1.6 1.9 1.8 15 1.6
3 1.6 1.8 15 15 1.6
4 15 1.9 1.8 15 1.5
5 1.7 1.9 1.9 15 1.6

The highest values in the ratio of activity of the analysed enzymes in the rhizos-
phere soil to their activity in the non-rhizosphere soil were noted mainly in the
case of acid phosphatase (1.9) and alkaline phosphatase (1.8-1.9) with the excep-
tion of research area 3 where the value of this ratio was 1.8 for acid phosphatase
and 1.5 for alkaline phosphatase (Table 4). This may indicate disturbances in the
soil environment and reflect the condition of the stands. Strong diminishing of
stands were observed in research area 3 caused by parasitic fungi. Generally,
high phosphatase activity in the rhizosphere zone soil demonstrates the concen-
tration of phospholitic microorganisms in this area. Phosphatase activity in the
rhizosphere soil increases with the rise of assimilable forms of inorganic phos-
phorus deficiency caused by intensive growth of the tree root mass [Januszek
1999].

4. CONCLUSIONS

- In the analysed soil the rhizosphere significantly influenced the increase of
the enzymes activity which catalyses the most important processes of organ-
ic substance change.

- The observed biological activation of soils in the rhizosphere zone indicates
the usefulness of the research on enzymatic activity in the rhizosphere zone
as a sensitive indicator of soil environment reaction to afforestation.

- The values in the ratio of activity of the analysed enzymes in the rhizosphere
soil to their activity in the non-rhizosphere soil reflected the environment
disturbances influencing both the soil and the plants.

- Narrower values of C:N in the rhizosphere than in the non-rhizosphere soil
confirms the positive influence of the rhizosphere on the pace of humus syn-
thesis and its resources renewal.

- The utilization of enzymatic tests for the analysis of the functioning of the
soil system allows the assessment of the effectiveness of the recommenda-
tions concerning the shaping of forest ecosystems for formerly arable soils.



10

Elzbieta Jolanta BIELINSKA, Tadeusz WEGOREK

5.

ACKNOWLEDGEMENTS

This work was supported by MNiSW as research project no. N305 125236.

10.

11.

12.

REFERENCES

ANDERSON T-H., DOMACH K.H.: The metabolic quotient for CO, (q
CO,) as a specific activity parameter to assess the effects of environmental
conditions, such as pH, on the microbial biomass of forest soils. Soil Biol.
Biochem. 25, 393-395, 1993.

BARAN S., BIELINSKA E.J.: Wphw ryzosfery mniszka lekarskiego (Te-
raxacum officinale Web.) na zawartos¢ metali cigzkich i aktywnos¢ enzyma-
tyczng gleby. Zesz. Probl. Post. Nauk Roln. 533, 21-29, 2008.

BIELINSKA E.J., MOCEK-PLOCINIAK A.: Fosfatazy w srodowisku gle-
bowym. Monografia. Wyd. UP w Poznaniu, 20009.

CLARHOLM M.: Microbial biomass P, labile P and acid phosphatase ac-
tivity in the humus layer of a spruce forest, after repeated additions of ferti-
lizers. Biol. Fertility Soils 16, 287-292, 1993.

DAHM H.: Fizjologiczne aspekty ektomikoryz. Ekologiczne aspekty mikro-
biologii gleby. Wyd. AR Poznan: 21-29, 1998.

DOMZAL H., BIELINSKA E.J. (Red.): Ocena przeobrazern srodowiska
glebowego i stabilnosci ekosystemow lesnych w obszarze oddziatywania Za-
ktadow Azotowych ,, Putawy” S.A. Acta Agrophysica 145, Rozprawy i Mo-
nografie 2007 (2), 79-90, 2007.

GORZELAK A.: Ekologiczne uwarunkowania ksztattowania lasow na grun-
tach porolnych. Sylwan 5, 29-41, 1996.

JANUSZEK K.: Aktywnos¢ enzymatyczna wybranych gleb lesnych Polski
poludniowej w swietle badan polowych i laboratoryjnych. Zesz. Nauk. AR
Krakow, Seria Rozprawy 250, 1999.

JUG A., MAKESCHIN F., REHFUESS K.E., HOFMANN-SCHIELLE C.:
Short-rotation plantations of balsam poplars, aspen and willows on former
arable land in the Federal Republic of Germany. Ill. Soil ecological effects.
Forest Ecol. Manag. 121, 85-99, 1999.

KABALA C.: Glin wymienny i odczyn gleb Gor Izerskich na obszarze kleski
ekologicznej. Zesz. Prob. Post. Nauk Roln. 418, 361- 367, 1995.

KAHLE P., BAUM C., BOELCKE B.: Effect of afforestation on soil prop-
erties and mycorrhizal formation. Pedosphere 15 (6), 754-760, 2005.
KIELISZEWSKA-ROKICKA B.: Enzymy glebowe i ich znaczenie w bada-
niach aktywnosci mikrobiologicznej gleby. Drobnoustroje $rodowiska gle-
bowego. Red. H. Dahm, A. Pokojska-Burdziej, UMK Torun: 37-47, 2001.



ACTIVITY OF SOIL ENZYMES IN RHIZOSPHERE ... 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

KUREK E.: Zwigzki przyczynowo-skutkowe aktywnosci mikrobiologicznej i
zakwaszenia gleb. Zesz. Prob. Post. Nauk Roln. 482, 307-316, 2002.

LADD N., BUTLER J.H.A.: Short-term assays of soil proteolytic enzyme
activities using proteins and dipeptide derivatives as substrates. Soil Biol.
Biochem. 4, 19-30, 1972.

LYNCH J.M., WHIPPS J.M.: Substrate flow in the rhizosphere. Plants a
Soil 129, 1-10, 1990.

MARCINEK J., BEDNAREK R., KOMISAREK J., MOCEK A., PIASCIK
H., SKIBA S.: Systematyka gleb Polski. Wersja pierwsza wydania 5. Wyd.
UP w Poznaniu, 2008.

OKRUCH J. (red.): Nadlesnictwo Sobibor. Wyd.: Regionalna Dyrekcja La-
sé6w w Lublinie, 125-130, 2004.

OLSZEWSKA M., SMAL H.: The effect of afforestation with Scots pine
(Pinus silvestris L.) of sandy post-arable soils on their selected properties. 1.
Physical and sorptive properties. Plant Soil 305, 157-169, 2008.
PENNANEN T., FRITZE H., VANHALA P., KIIKKILA O., NEUVONEN
S., BAATH E.: Structure of a microbial community in soil after prolonged
addition of low levels of simulated acid rain. Appl. Environm. Microbiol.
64, 2173-2180, 1998.

PRIHA O., HALLANTIE T., SMOLANDER A.: Comparing microbial
biomass, denitrification enzyme activity and numbers of nitrifiers in the rhi-
zosphere of Pinus syvestris, Picea abie and Betula pendula seedlings with
microscale methods. Fertility of Soils, Springer-Verlag, 162 ss, 1999.
Projekt 2000. II Polityka Ekologiczna Panstwa. \Warszawa, czerwiec 2000 r.
htt://www.mos.gov.pl.

SKEODOWSKI P.: Zagadnienia zréwnowazonego uzytkowania i ochrony
gleb w Polsce. Konf. Nauk.-Techn. ,,Zagospodarowanie gruntéw zde-
gradowanych”, Mragowo, 6-8 11. 2002 r., 43-52, 2002.

SMAL H., OLSZEWSKA M.: The effect of afforestation with Scots pine
(Pinus silvestris L.) of sandy post-arable soils on their selected properties.
1. Reaction, carbon, nitrogen and phosphorus. Plant Soil 305, 171-187,
2008.

TABATABAI M. A., BREMNER J.M.: Use of p-nitrophenol phosphate for
assay of soil phosphatase activity. Soil Biol. Biochem. 1, 301-307, 1969.
TARAFDAR J.C., JUNGK A.: Phosphatase activity in the rhizosphere and
its relation to the depletion of soil organic phosphorus. Biol. Fertil. Soils 3,
199-204, 1987.

THALMANN A.: Zur Methodik derestimmung der Dehydrogenase aktivit in
Boden mittels Triphenyltetrazoliumchlorid (TTC). Landwirtsch. Forsch. 21,
249-258, 1968.

TRUDGILL S.: Soil and vegetation systems. Oxford Univ. Press. New York,
NY, 360 ss, 1988.



12 Elzbieta Jolanta BIELINSKA, Tadeusz WEGOREK

28. VESTERDAL L., RITTER E., GUNDERSEN P.: Change in soil organic
carbon following afforestation of former arable land. Forest Ecol. Manag.
169, 137-147, 2002.

29. WALL A., HYTONEN 1J.: Soil fertility of afforested arable land compared
to continuously forested sites. Plant Soil 275, 247-260, 2005.

30. ZANTUA M.1., BREMNER J.M.: Comparison of methods of assaying
urease activity in soils. Soil Biol. Biochem. 7, 291-295, 1975.

31. ZWOLINSKI J.: Obieg wegla w borach sosnowych. Prace IBL (A) 862,
141-155, 1998.

AKTYWNOSC ENZYMOW GLEBOWYCH '
W RYZOSFERZE SOSNY ZWYCZAJNEJ JAKO WSKAZNIK JAKOSCI
ZALESIONYCH GLEB POROLNYCH

Streszczenie

Celem pracy jest ocena wplywu ryzosfery na aktywnos$¢ enzymatyczng gleb porolnych
zalesionych sosng zwyczajna (Pinus sylvestris L.). W pracy poréwnywano aktywno$é
enzymow gleb porolnych pod drzewostanami 15-letnimi oraz 51-letnimi z aktywnos$cia
enzymow gleb lesnych pod 4-letnig uprawa i pod drzewostanami 104-letnimi. Wykaza-
no, ze w glebach porolnych ryzosfera w istotny sposéb wplywa na wzrost aktywnos$ci
enzymow katalizujacych najwazniejsze procesy przemiany substancji organiczne;j.



