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ENVIRONMENTAL IMPACT OF EARTHWORM (LUMBRICIDAE) EXCRETORY
ACTIVITY ON PH-BUFFERING CAPACITY OF REMEDIATED SOIL
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The environmental impact of metabolic activity of saprophages specimen on
pH-buffering capacity of devastated lands was studied. Earthworms (Lumbricidae) for in-
vestigations were taken from artificial forest plantations grown on the lands reclaimed from
the mining industry. It is shown their positive influence on acid-alkaline buffering capacity
of devastated lands. The quantitative assessment of the earthworm impact on pH buffering
value of remediated soil is represented. It is experimentally proved that earthworm cast does
have higher acid-alkaline buffering capacity compare to buffering of loess loam. It was
found that the acid-alkaline buffering capacity of artificial soil as a result of their excretory
activity had increased on 17.7%. This is positive for its ecological properties and economic
value.

Keywords: devastated lands, forest remediation, ecological properties of soil, earth-
worm excretory activity, soil pH-buffering.

In the South-eastern part of Ukraine degraded areas as a result of mining activities have
formed. These lands are an integral part of modern powerful disruptive network in consequence
of anthropogenic factor. Agricultural and forest remediation of damaged soil is used to eliminate
the consequences of coal mining [13]. Thereby the chemical compounds of mining spoil, toxic
for human health and soil biota get into the rehabilitated soil. One of the most important factors of
soil remediation is considered to be the forming of special conditions for successful existence of
soil biota. Representatives of ground animals are numerous in soil and facilitate improving native
and artificial soil properties [14—16].

Ability of soil to keep natural or artificially formed potentials of fertility, and to inhib-
it (neutralize, counter) an external harmful influences and impacts is called buffering capacity.
Buffering capacity of soil is often considered as resistance to changes of actual reaction un-
der influence of different environmental impacts [10, 12]. It is called acid-alkaline buffering or
pH-buffering, which neutralizes acidification or alkalizing. Acid or alkali which appears in the
soil solution reacts with the soil-absorbing complex, and it reduces the change of pH-reaction.

Soil with high content of Ca>* and other alkaline cations in the soil-absorbing complex
demonstrates buffering against acidification. High H*-content in the soil-absorbing complex de-
termines buffering capacity against alkalizing. Besides acid-alkaline buffering of soil there exist
the other types of one. Functioning of soil buffering systems ensures stability of soil fertility as
main soil integral function.

It is known that “live” phase of soil can greatly effect not only its productive properties
(fertility), but also participate in quantitative and qualitative changes of other ones [3, 4, 17].
Fossorial, trophical and excretory activities of invertebrates make a significant contribution to
transformation of soil properties. It can influence on the mobilization (release) and immobiliza-
tion (deposit) of fertility elements in the soil [17, 18].

© Hinyp O., Jloza 1., Kyns0auxo IO. ta in., 2013



O. didyp, 1. Jloza, tO. Kynbbayko ma iH.
ISSN 0206-5657. BicHuk JlbBiBCbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2013. Bunyck 62 141

The identification of soil biota involvement (especially earthworms) into the process of
optimizing of ecological properties of damaged soil was studied particularly. Earthworms gen-
erally live in the upper soil layer. Their excretory activity has promoted to top layer formation
from earthworms cast of ground or soil. An earthworm cast is represented with the soil biogenic
element. Therefore evaluation of its impact on remediated soil buffering capacity has a scientific
and practical value.

Materials and methods

Investigations were conducted in Steppe zone of Ukraine (Western Donbas, Dniprope-
trovsk region) with continental type of climate. Moisture is the main limiting factor for existing
of soil biota here. Products of the coal mining (toxic water-soluble salts, compounds of heavy
metals) make the negative influence on the environment in the Western Donbas territory [1, 2].

The earthworm (Lumbricidae) cast was taken as this research subject. Researches were
conducted in 2012. Soil samples and earthworm cast were sampled in the forest remediation area
in maple planting on loess loam with porous structure (2nd variant of remediation). Soil samples
were selected according to the Soil Science Manual [9] from depth of 0-10 cm. Upper layer of
investigated variant was presented by pure loess loam. The representatives of A. caliginosa are of
endogeic earthworms, saprophages, second-decomposers, nitro liberates and humificators. Fresh
cast of Aporrectodea caliginosa (Savigny, 1826) are located onto soil cover [8, 11].

For calculation of buffering areas the numerical quadrature method was used. The goal
was achieved with the use of Simpson formula [6, 7]. Measurement of actual acidity (pH) of
control and experimental samples was conducted in three replications. Were estimated arithmetic
average, its standard error and significant difference of values averages [5].

For determination of acid-alkaline buffering capacity of earthworm cast and loess loam
the techniques of Arrhenius and methods of potentiometry were used [10, 12]. Soil buffering ca-
pacity determination is based on identifying of pH-value changes after adding acid or alkali. The
result is shown in the buffering curves.

Results and discussion
The obtained results of pH determination of soil samples in the acidic range approved the
loess loam has a native conditionally neutral reaction (6.60), and the earthworm cast did it close
to neutral (7.16). When even a small amount of acid (3 ml) was added, the loess loam reaction
was changed from 6.60 to 5.07 (acidic), while the earthworm cast with initial pH 7.16 had ac-
quired conditionally neutral reaction (6.55), keeping almost on the same neutral level the addition
of more volume of acid (Table 1).

Table 1
Results of measurement of buffering in loess loam, earthworm cast and sand (acid range)
No of Volume of adding reagent, ml Acidity (pH , )
sample 0,1 M HCI \ H,O dist. Sand | Loess loam | Earthworm cast
1 0 25.0 6.95+0.05 6.60+0.05 7.16+0.06
2 1.5 23.5 3.25+0.10 6.09+0.07 6.78+0.08
3 3.0 22.0 2.80+0.05 5.07+0.09 6.55+0.05
4 4.5 20.5 2.52+0.04 4.64+0.07 6.42+0.07
5 6.0 19.0 2.45+0.05 4.43+0.08 6.33+0.11
6 7.5 17.5 2.36+0.06 3.93+0.11 6.24+0.09
7 9.0 16.0 2.29+0.04 3.73+0.08 6.10+0.08

Note: in what follows average and standard error are given.

When a small amount of alkali solution (1.5 ml) was added, the loess loam reaction re-
mained conditionally neutral (6.70). In the case of earthworm cast it became slightly alkaline
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(7.43) from the initial reaction close to neutral (7.16). If more volume of alkali (6 ml) was added,
both loess loam and earthworm cast reactions became alkaline (8.25 and 8.87, accordingly).
Adding the maximum volume of alkaline (9 ml) made the alkaline reaction in both samples more
developed (Table 2).

Table 2
Results of measurement of buffering in loess loam, earthworm cast and sand (alkaline range)
Ne of Volume of adding reagent, ml Acidity (pH ,, )

sample 0,1 M NaOH ‘ H,0 dist. Sand ‘ Loess loam ° ‘ Earthworm cast

1 0 25.0 6.95+0.05 6.60+0.05 7.16+0.06

2 1.5 23.5 11.45+0.05 6.78+0.08 7.43+0.07

3 3.0 22.0 11.65+0.10 7.20+0.10 8.01+0.06

4 4.5 20.5 11.72+0.07 7.72+0.07 8.55+0.05

5 6.0 19.0 11.87+0.06 8.25+0.10 8.87+0.07

6 7.5 17.5 12.05+0.05 8.75+0.08 9.01+0.10

7 9. 16.0 12.05+0.10 9.35+0.07 9.20+0.07

The cast buffering area is located between the sand titration curve and the cast titration
curve. The loess loam buffering area is located between the sand and loess loam titration curves.
The titration curves arrangement indicates that the buffering area size for cast (32.5£0.52 cm?)
is more than buffering loess loam one (18.1+£0.51 cm?) on 79.6% in the acidic range (Fig. 1).
The statistical differences between the areas of loess loams and cast buffer capacity with a sig-
nificance level less than 0.01 (in the acid range) were established after a statistical estimate of a
distinction between mean values.
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Fig. 1. The buffering curves for earthworm cast and loess loam in the maple planting and sand (unbuffered

system) in acidic range.

The arrangement of titration curves in alkaline range indicates that the average cast buffer-
ing area size (28.7+0.06* cm?) is less than the loess loam one (33.8+0.43 cm?) on 17.8% (Fig. 2).
The significant differences between the areas of loess loams and cast buffer capacity with a sig-
nificance level less than 0.05 (in the alkaline range) were established after a statistical estimate of
a distinction between mean values. The total (acid-alkaline) buffering area size of earthworm cast
(61.1+0.53*** cm?) was more than the loess loam one (51.9+0.60 cm?) on 17.7%. The significant
differences between the areas of loess loams and cast buffer capacity with a significance level
less than 0.001 were established after a statistical estimate of a distinction between mean values.

Conclusion
The total buffering area size of earthworm cast was more than loess loam one. The acid-
alkaline buffering capacity of native cast was estimated as very high in the acid range and as low
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Fig. 2. The buffering curves for earthworm cast and loess loam in the maple planting and sand (unbuffered
system) in alkaline range.

in alkaline one. The difference might be explained by the cast chemical composition.

The soil acid-alkaline (total) buffering capacity is raised a bit due to enriching it with the
earthworm cast as a result of the excretory activity. As a result the soil became more resistant
to the harmful effects of mine spoil acidic solutions. Thus the activity of soil invertebrate sap-
rophages influences positively on the ecological properties of soil during remediation activities.

Results of our experiment suggest that the acid and alkaline earthworm cast buffering ca-
pacity is significant more on 17.7% than initial soil. It can promote positive changes of ecological
condition of remediated soils.
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CEPEJOBHMIIENEPETBOPIOBAJIbHUM BILJIMB EKCKPETOPHOI JIISIJIBHOCTI

JOHIOBUX YEPB’SKIB (LUMBRICIDAE) HA PH-BY®EPHI BJJACTUBOCTI
BIAHOBJIEHUX IPYHTIB

0. dinyp, L. Jlo3a, 0. Kyas6auko, O. I[laxomoB, A. KproukoBa

Jninponemposcokuil nayionanvruil ynieepcumem imeni Onecs Ionuapa
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BuBuaBcs exonoriyHui BIUTMB METa0OMIYHOT aKTHBHOCTI OKPEMHUX TPEICTABHUKIB
canpodaris Ha pH-OydepHy 31aTHICTh HACUITHUX IPYHTIB PEKYJIFTHBOBAHUX TEPUTOPIH. Sk
00’eKT mocmimkeHp Oyno oOpaHO MPeACTaBHUKIB JAOIMOBUX 4epB’skiB (Lumbricidae), mo
HACEJISIOTh MITYYHI JTICOBI HACAJDKEHHS PEKYJIBTHBOBAHUX JUISTHOK HA 3eMIISX, TOPYIICHUX
BiXOaMH TipHUYO-BHIOOYBHOI mpomucioBocTi. IlokazaHo IX MO3UTHBHY pOIb Yy
(opMyBaHHI KHCIOTHO-TY)KHOI BIAaCTHBOCTI HAaCUIHUX IPyHTiB. HaBemeHo KinbkicHy
OIIIHKY BIUIMBY JOLIOBUX 4YepB’skiB Ha pH-OypepHiCTh peKyIbTHBOBAHMX IPYHTIB.
EKCIIepUMEHTAIBHO JI0BEICHO, 1110 KOTIPOJIITH JIOIOBHX YepB’SIKiB MAIOTh BHILLY KHCIOTHO-
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OCHOBHY Oy(epHy eMHICTb TOPIBHIHO 3 Oy(epHiCTIO J1econoaiOHOro CyrIHHKY. 3 ICOBaHO,
110 B Pe3yJbTaTi iX eKCKPETOPHOI MisSUIbHOCTI MiJBHUIyBajacs KUCIOTHO-TyXHa OydepHa
3[[aTHICTb MITYYHOTO IPYHTY Ha 17,7%, 110 TO3UTUBHO MO3HAYATIOCS HA HOTO €KOTOTIUHUX
BJIACTUBOCTSAX 1 EKOHOMIUH{H I[IHHOCTI.

Kniouosi cnosa: mTydHUE TPYHT, JIiCOBA PEKYIBTHBAIS, CKOJIOTIYHI BIACTUBOCTI
IPYHTY, €KCKPETOpHA JisIbHICTh JIOIOBUX uepB’sikiB, pH-OydepHicTb IpyHTY.

CPEJIONIPEOBPA3YIOIIEE BO3JIENICTBUE DKCKPETOPHOM JESATETLHOCTH
JIO’KIEBBIX YEPBEI (LUMBRICIDAE) HA PH-BY®EPHBIE CBOIICTBA
BOCCTAHOBJIEHHBIX IOYB

O. Dunayp, U. Jloza, FO. Kyab6auko, A. ITaxomoB, A. KproukoBa
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W3y4anoch SKOJIOTHMYECKOE BIMSIHUE METaOOIMUeCKOH AKTHBHOCTH OTAEGNBHBIX
npexcrasuteliell canpodaros Ha pH-OydepHyIo cIIoCOOHOCTH HACBHIIHBIX [TOYBO-TPYHTOB
PEKYJIBTHBHPOBAHHBIX TeppHTOpHiA. OOBEKTOM HCCIECIOBAHHUN SIBISUINCH IPEACTaBUTEIN
NOXKIEBBIX 4yepBeil (Lumbricidae), oOUTArOINE B UCKYCCTBEHHBIX JICCHBIX HACAXKICHHSIX
PEKYJIBTHBHPOBAHHBIX YYAaCTKOB Ha 3eMIISIX, HapyIIEHHBIX OTXOAAMH TOPHOIOOBIBAIONICH
NIpOMBIIUICHHOCTH. [loKa3aHa WX IIO3UTHBHAs pPOIb B (DOPMUPOBAHUM KHCIOTHO-
OCHOBHBIX Oy(EepHBIX CBOMCTB HACBHINHBIX IOYBO-IPYHTOB. [IpHBe/ieHa KOIMYECTBEHHAs
OILICHKA BIIMSIHUS JIOXKJEBBIX udepBell Ha pH-OydepHOCTH peKyIbTHBHPOBAHHBIX 3EMEINb.
DKCIEePUMEHTAIBHO JIOKa3aHO, YTO KOIIPOJIMTHI I0XK/ECBBIX YepBeil HMEIOT Ooiee BEICOKYIO
KHCIJIOTHO-OCHOBHYIO Oy(hepHYI0 €MKOCTh IO CpaBHEHHIO C Oy(epHOCTBIO JIECCOBHIHOTO
CYDJIMHKA. YCTaHOBJIEHO, YTO B PE3yJIbTaTe MX IKCKPETOPHOH NeATeIbHOCTH KHUCIOTHO-
meno4Has Oy(epHasi cOCOOHOCTh MCKYCCTBEHHOW ITOYBEI Bo3pactana Ha 17,7%, drto
TIOJIOXKUTEIIBHO CKa3bIBAJIOCH Ha €€ YKOJIOTMUECKUX CBOMCTBAX M IKOHOMUYECKOH IIEHHOCTH.

Kniouesvie cnosa: NCKycCTBEHHAs 1T0UBA, J€CHas PEKYIBTHBAINS, SKOJIOTHISCKHE
CBOICTBA MOUBBI, PKCKPETOPHAsI IEITeIbHOCTD JOXK/IEBBIX uepBelt, pH-OyhepHOCTh OUBEL.



