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It is well known that earth worm play important role in soil processes
and productivity of the soils. Earth-worms actively participate in decom-
position of plant residues and production of humous substances [3, 4, 5, 7,
8, 9]. The humus produce by earth-worm influences productivity of the
soils what was said many years ago by Dar win [3]. Contents of humus
in excrements of earth-worm depend on habitat factors [4, 5, 8, 9]. In na-
tive literature we found only two positions [4, 5] related with composition
and properties of humus produced by earth-worms of different stands.

It induce us to studies of composition of humus in black earth and
earth worm castings from different stands located on morain hill under
pasture.

METHODS OF INVESTIGATIONS

The investigations were carried out on one of the morain slopes in
Biel, district Biskupiec Reszelski. On this slope there were dug three
opens for taking the samples. The opens were located on the hilltop,
slope, and at the foot. Besides that on the same places there were picked
up a earth-worm castings from ten chosen at random squares 25 by 25
centimeters (10 I 1964).

LABORATORY STUDIES

In soil samples and earth-worm castings there were made the fol-
lowing determinations: fractional analysis of humus, according to Bo -
ratynski’s and Wilk method [1, 2]. C in soils, earth-worm cast-
ings and detached fraction was determined by Tiurin method with use
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of N-phenylanthranilic acid as an indicator. Flocculation of humic acids
was performed by using H,SO, and heating on the bath for one hour.
Optical density of humic acids previously equalized to 100 mg of C per
11 was determined on “Specol” with difractional screen. In alloys of
soils and wormcasts there were determined sesquioxides, Fe,O;, CaO,
MgO, SiO, and losses from the ignition according to Giedroic’s
method [6]. Besides that in extract of 1 N CH;COONH,, pH 7, there
were determined CaO, MgO and capacity to NH, . Available K,0 and
P,0; by Egner’s methods.

RESULTS

Investigated soils belong to black earths type. Those soils developed
from clays and heavy morain loams. In neighbourhood of Ketrzyn and
Reszel those soils occur mainly on lower parts of the slopes and in
depressions. Very often they cover the whole, sometimes very steep hills.
One of the slopes has been selected to these studies. The first openning
was situated on the hilltop, the second on the slope effected by erosion
and the third at the foot. On the hilltop (stand I) there is black earth
developed from heavy loam underlayed by clay. It has a very good
developed humus horizon (about 50 cm deep), ph > 7. On the slope (stand
II) there is also black earth but its humus horizion is shallower and has
lower contents of humus. A shallow A; horizon is a result of erosion
processes. This soil is much heavier, than that on the hilltop. It shows
mechanical texture of very heavy loam (62 per cent particles < 0,02 mm),
pH > 7. At the foot (stand III) there accumulated thick layer of delluvial
sediments. It belongs to delluvial heavy black earth, rich in humus in
its whole profile (up to 150 cm), pH 6,8. It should be noted that during
heavier storms a part of very thin washing material is carried away
to steam, so that soils formed at the food are lighter than these on the
slope. The plant cover was the same in all studied places. As it was
said, the soil and earth-worm castings were analyzed on chemical com-
positions and fractionation of humus. We present only the data for upper
layers of the soils although it is clear that deeper layers influence the
composition of humus substances in excrements of earth-worm. From
the data of Tab. 1 it can be seen that wormecasts in comparison to soils
are a few times richer in organic matter (losses on ignition). The richest
in organic matter are those from the hilltop, while those of the slope and
foot are almost the same. The samples of the third stand show the
greatest losses amongst the soils. In general wormcasts have less SiO,
than soils, the smallest differences between soil and wormecasts were



Some chemical properties of soil samples and the excrements of the earth worms

Table 1

Available in Exchal.xgeablo Excha
Element Loss of mg/100 g cations Capacity
of Semples Depth | jonition | Si02 Rp03 Fex03 ca0 Mg0 of soil maef-/igolg to
slope of cm % % % % % ! NB%
++ ++ m.;,/ Ong
PO, | Ky ce Mg of " soi
Hilltop s0il 5-10 5.829 68.174 18.752 4.927 2.541 1.535 10.6 38.6 22.16 4,52 32.85
40-50 2.7133 59.700 21.733 6.182 | 10.526 2.968 0.4 10.2 25.00 7.68 30.46
excrements 16.830 59.590 16.028 4.410 3.363 1.372 50.0 124.2 29.80 4.9 44,84
Slope 80il 5-15 5.382 66.448 20.441 5.966 2.489 2.066 9.9 23.7 17.22 3.26 26,84
35-45 2.009 70.723 19.621 6.525 1.505 1.771 11.5 8.7 18.80 3.26 -
excrements 14.180 64.020 16.209 | 4.470 | 2.632 1.199 21.5 9.0 26.95 4,32 34,45
Foot soil 5-10 7.686 70.092 18.245 | 4.710 | 2.063 1.431 6.7 36.1 18.35 4,03 28.53
40-50 6.848 67.708 20.111 5.600 1.618 1.646 2.0 7.6 23.00 4,80 29.06
excrements 14.720 65.750 16.196 4,250 1.806 0.967 |>50.0 117.6 25.30 5.86 41.82
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noted on the slope. Wormcasts with regard to sesquioxides and Fe,O,
are poorer than soils. It should be stated that wormcasts from all three
stands have almost equal contents of K,O; and Fe,O; while significant
differences have been noted amongst the soils. Wormecasts from stands
I and II are richer in calcium in comparison with soils of the same
points. It seems that the deeper layers of the soil have great influence
on the contents of CaO in wormcasts, since it is accessible to earth-
-worms. It may be proved by differences in contens of CaO in samples
from 5—10, 40—50 cm deep and wormcasts (stand I). Contents of MgO
are somewhat lower in wormecasts than in soils. The casts of earth-worms
are very rich in available K,O and P,0; (sometimes 3—7 times richer
than the soil). Wormecasts, as have been stated by many authors [4,8],
enrich soils in available calcium. In our case wormcasts have 5—9
m.e./100 g more calcium in comparison with the soils. No differences
have been found in contents of magnesium. Increase of organic matter
in wormcasts influenced the absorbing capacity to NH . In wormcasts
from the hilltop it is 44,84 m.e./100 g, on the slope 34.45 and at the
foot 41.82. In comparison with the soil it is 39—49 per cent higher.

Taking into consideration that the basic food of earth-worms is the
organic matter of plants, our investigations were devoted mainly to the
humus in soil and worm casts. Analizing the data concerning the humus
composition (Tab. 2) it should be stated. Wormecasts from different
places have the same percentage of humus whereas marked differences
are observed in the soils. The soil from the hilltop has about 1 per cent
more of organic carbon as soils on the slope and at the foot. The
upper layers of humus horizons from the slope and foot are identical
with aspect to humus contents. The wormcasts in comparison with soils
of the same stands have 166 per cent of total carbon of the hilltop,
223.6 per cent of the slope and 221.3 per cent of the on foot. This
difference is so evident than there can be no possible doubt, moreover
it is in agreement with earlier publications of many authors, who em-
phasize that although the enrichment of wormecasts in organic C depends
on soils but mainly on the plant cover. The hilltop, slope a hillfoot were
under pasture so that the food used by earth-worms were roots, and
leaves of grass.

The same amounts of organic C in wormcasts of different places
evidently proved the predominant influence of plants on the composition
of humus in earth-worm castings. Table 2 presents a broader picture of
quality of humus extracted from wormcasts. From these data it is evident
that in the alimentary canal of earth-worms organic matter and soils
undergo fundamental changes. In the alimentary canal the ingested
material is enriched with substances soluble in an alkohol-benzene so-



Table 2
Character of organic matter of the soils and the earthworm’s excrements
C of humus substances in per cent Ratio column
o . Extract Ex(t)ricﬁ of Extract of Rxgr?ct of tract Non column
emen : 3 g rac
T th 1 1 Depth of Alco| Na,P0 NaOH (I) NeOH (II) extrec-| 5.12
°slop: Semples o in cm | Total fhol-ber ! 0°§ . table T.IOO L T P
zene | fulvic | humic | fulvic| humic | fulvic | humic H.“O subs- 6|8 lo | 6810
1:1 [acide |acids | acids | acids | acids | acids | “2°Y4 |tances
1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18
Hilltop | soil 2-15 | 3.8360 | 0.0704|0.3982 | 0.1381{0.5219 [0.4203 | 0.1619 | 0.2821{0.0335 | 1.7768 | 99.10 |0.35 [0.81|1.74| 0.78
15-30 | 1.6970 | 0.0725(0.1103 | 0.1177 [0.2522 [0.1826 | 0.0798 | 0.2965/0.0134 |0.6096 | 99.80 [1.07 [0.72]3.21] 1.26
excrements 6.3686 | 0.4039(0.2049 | 0.2596(1.1205 [0.7742 | 0.0744 | - 0.0467 [ 3.5486 | 101.00 [1.27 |0.69 | - 0.74
C excrements
— 166.0| 573.7| 51.5| 188 214.7 | 184.2 | 45.9 139.4 | 197.7
C soil
Slope soil 2-10 | 2.8380 | 0.1351]/0.1719 | 0.1472]0.8897 {0.1793 | 0.0156 | 0.0156|0.0379 | 1.245 | 99.97 [0.86 |0.20| l.00| 0.31
10-22 | 1.4130| 0.0784|0.0823 | 0.0271[0.1552 |0.0894 |0.0111 | - 0.0099 | 0.9642| 100.30 [0.33 |0.98] - 0.47
excrements 6.3467 | 0.41596|0.2566 | 0.154810.9315 [0.7185 | 0.0835 | - 0.0461 [3.6924 | 99.20 (0.60 [0.77] - 0.69
C excrements . ) )
Ten 225.6| 307.6( 149.3 | 105.2| 104.7 | 400.7 | 535.3 121.6 | 296.6
Poot soil 2-12 | 2.8140 | 0.1288(0.1667 | 0.3805|0.3175 |0.4870 | 0.0577 | 0.0798[0.0156 [1.0600 | 95.40 [2.28 |1.53|1.38| 1.75
12-25| 2.8278 | 0.0710(0.6736 | 0.3315]0.2265 0.3714 10.0557 | 0.0819[0.0111 [0.9367 | 97.62 [0.49 |1.64| 1.47| 0.82
excrements 6.2278 | 0.3132|0.1381 | 0.19891.2607 |0.6798 | 0.0536 | 0.0837[0.0460 | 3.3440| 98.30 |1.94 |0.54| 1.65| 0.67
C excrements
E———fz-————-.lo 221.3 243.2| 82.8 52.3| 597.1 | 141.6 | 93.0 111.5] 295.0 | 315.5
s0i
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lution, it is so-called bituminous substances. Both absolute contents of
bitominous substances and their participation (Fig. 1, 2, 3) in total organic
matter expressed as organic C is much higher in wormecasts than in
soils: on the hilltop six times more, on the slope 3 times and at the
fot 2.5 times. As it is known the treatment of samples with 0.1 N
Na,P,0; liberate the most mobile and the least polimerized substances
to the solution mainly fulvic acids and simple humic acids. The excre-
ments from the hilltop cointained more and from the hillfoot less of
those substances than soils. Humic acids of excrements extractable with
0.1 N Na,P,0; are found in greater quantities than fulvic acids on the
hilltop about 25 per cent at the foot 94 per cent more.

On the other hand on the slope the fulvic acids are dominant. Possible
it is caused by properties of the soils (very small contents of CaO and
substances soluble in Na,P,0; of the deeper layers of the soil).

Very important to the characteristic of humus are substances extrac-
table with 0.1 N NaOH. These substances are mainly bound with Ca2?+
an Mg?™ [2].

A high absolute increase both in humic acids and fulvic acids of
excrements in comparison to soils can be observed in all casses. A rela-
tive increase of humic acids of this group is the highest on the slope
(for times more in excrements than in soil), then on the hilltop (about
two times more) and the least at the hillfoot (see Tab. 2). Fulvic acids
present a different pictures. On the slope the soil and excrements con-
tain almost equal amounts, excrements on the hilltop two times more,
and at the foot four times more of fulvic acids, than the soil of the same
stands.

Substances bound firmly with mineral parts (soluble in 0,1 N NaOH II
after treating the soil with 0,5 N H,SO,) are represented in small amounts,
both in soils and excrements, except in upper layer of A; horizon on
the hilltop. It should be noticed that there were no humic acids in this
group in excrements from stands I and II. At the foot (stand III) there
are no differences with respect to contents of both humic and fulvic acids
in soils and excrements. Earth-worm castings from different stands
have almost the same amounts of non-extractable substances, but in
comparison with the soils of the same stands, there are differences and
so: excrements are richer almost two times on the hilltop, there times
on the slope and over three times at the foot. The participation of
nonextractable substances (humins and ulmins) in total organic C (Fig.
1, 2, 3) is much higher in excrements than in soils (from nine per cent
on the hilltop to sixteen per cent at the foot). The lowest percentage of
C of that compound group in relation to total C has been observed in
the soil of the hillfoot (Fig. 3).
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Fig. 1, 2 i 3. Composition of humus of extrements (upper diagrams) and soil (lower diagrams) of different stands
1 — bituminous substances (alcohol-benzen extract), 2 — humic acids cxtracted with 0.1 N Na,P;0;, 3 — humic acids extractel with

0.1 N NaOH, 4 — humic acids extracted with 0.1 N NaOH after treating the soil with 0.5 N H,SO,, 5 — fulvic acids extracted with
0.1 N Na,P,0; 6 — fulvic acids extracted with 0.1 N NaOH, 7 — fulvic acids extracted with 0.1 N NaOH after treating the soil with
0.5 N H,SO,, 8 — substances extractable with 0.5 N H,SO,, 9 — humins and ulmins (nonextractable substances)
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Fig. 4. Optical density of humic acids of
soils and earth-worm’s extrements from
different stands

Graphs 1,2 and 3 clearby show that the participation of C of indi-
vidual components of humous substances in total C is less differentiated in
excrements from various places than in the soil samples. It is also
evident that the composition of humus in soil samples influence the
participation of individual components in excrements, for example very
small part of humic acids in the soil of the slope caused a decrease in
these groups of excrements. The ratio of humic to fulvic acids (see
column 18 Table 2) in excrements is the highest on the hilltop and almost
the same as in soil, in excrements from stands II and III is equal. The
ratio of Ch:Cf is two times higher in excrements on the slope than in
the soil, and at the foct there times smaller. The greatest differences
in ratio of Ch:Cf was observed in extract of 0.1 N tetra sodium-py-
rophosphate, it is in the least polimerized group. Humic acids extractable
with 0.1 N NaOH I were tested on optical density. It can be seen from
the Diagram 4 that humic acids of excrements have lower values of E
than humic acids from the soils. It seems that they are less polimerized
and have less complicated structure than those from the soils of the
same stands. There should be also noticed a stright correlation between
optical density of humic acids from the soils and excrements.
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Z. MIROWSKI

COMPOSITION DE IL’HUMUS DU SOL ET DES COPROLITES DES VERS
DE TERRE DES TERRES NOIRES

Chaire de Pédologic de la Haute Ecole d’Agriculture a Oilsztyn

Résumé

Pour connaitre plus précisement le réle que les vers de terre remplissent dans
le sol et surtout dans la production de I’humus on décida d’examiner la teneur
et la composition de I’'humus du sol et des excréments provenant de trois emplace-
ment différents: du sommet, du versant et du pied de montagne. L’examen a eu
lieu dans un monticule de moraine prés de Reszel a Biel (voivodie d’Oisztyn). Les
terres noires rencontrées dans cette région furent formées des argiles et des limons
lourds. L’analyse de la composition chimique du sol et des coprolites fut executée
par des méthodes généralement employées, 1'analyse de I’humus par la méthode
de Boratynski et Wilk.

On constate aue les coprolites des vers de terre sont beaucoup plus riches en
substances organiques que les échantillons du sol pris des mémes lieux. Ils différent
aussi par leur composition. Ils contiennent en comparaison avec le sol plus de sub-
stances qui ne se laissent pas extraire et beaucoup plus de bitumines. Les acides
humiques des excréments démontrent une densité optique moins grande que ceux du
sol. On constata une corrélation entre la densité optique des acides humiques des
coprolites et ceux du sol. Les coprolites du troisieme emplacement (pied de montagne)
démontrérent la plus grande densité optique, ceux du deuxieme emplacement
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(versant) la moins grande densité. Les coprolites démontrétent en comparaison avec
le sol une teneur beaucoup plus forte en Ca?+ et une capacité de absorbtie plus
grande par rapport au jons NH}. La teneur en K,O et P,O; assimilables était
plusieurs fois plus grande dans les coprolites que dans le sol.

Z. MIROWSKI

DIE ZUSAMMENSETZUNG DES BODENHUMUS UND DER
REGENWURMERKOPROLITE IN DEN SCHWARZEN BODEN
(SCHWARZERDEAHNLICHEN BODEN)

Lehrstuhl fiir Bodenkunde, Landwirtschaftliche Hochschule in Olsztyn

Zusammenfassung

Zwecks besserer Erkennumg der Rolle von Regenwiirmern im Boden, insbe-
sondere bei der Humusbildung, entschloss man sich, den Gehalt und die Zusammen-
setzung des Bodenhumus und der Regenwiirmerexkremente auf drei verschiedenen
Standorten, und zwar auf der Anhohe, dem Hang und an der Sohle, zu untersuchen.
Die Untersuchungen wurden auf einem Moranehtigel bei Reszel, in der Ortschaft
Biel (Woiwodschaft Olsztyn) durchgefiihrt. In dieser Gegend treten die aus Tonen
und schweren Lehmen entstandenen Schwarzen Boden auf. Die Bestimmung der
chemischen Zusammensetzung des Bodens und der Regenwiirmerkoprolite wurden
nach {iblichen Methoden, die Analyse der Humuszusammensetzung — nach der
Methode von Boratynski und Wilk, durchgefiihrt.

Die Untersuchungsergebnisse zeigten, dass die Regenwiirmerkoprolite wesentlich
reicher an organischem Stoff sind als die aus denselben Punkten entnommenen
Bodenproben. Die Zusammensetzung der ersteren ist auch anders. Sie enthalten,
im Vergleich mit dem Boden, mehr nichtextrahierender Stoffe und sind wesentlich
reicher an Bitumina. Es wurde eine Korrelation zwischen der optischen Dichte der
Huminsduren der Koproliten und des Bodens festgestellt. Die Koprolite aus dem
III. Standort (an der Sohle) zeichneten sich mit der grossten, diese aus dem II.
Standort (Hang) mit der kleinsten optischen Dichte aus. Die Koprolite erwiesen
sich, im Vergleich mit dem Boden, als wesentlich reicher an Ca2?+ und zeichneten
sich mit grosserer Absorbtionkapazitit de Nhj;-Ionen gegeniiber aus. Der Gehalt
des aufnehmbaren K,O und P,O; war in den Koproliten einigemal hoher als
im Boden.

Z. MIROWSKI
SKEAD PROCHNICY GLEBOWEJ I KOPROLITGW DZDZOWNIC Z CZARNYCH
ZIEM
Katedra Gleboznawstwa WSR, Olsztyn
Streszczenie

W celu dokladniejszego poznania roli dzdzownic, jaka spelniajg one w glebie,
a szczegblnie ich roli w produkcji préchnicy, postanowiono zbadaé zawartosé¢ i skiad
préchnicy glebowej i ekstrementéw pochodzgcych z trzech roéznych stanowisk: wierz-
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chowiny, zbocza i podn6za. Badania przeprowadzono na pagérku morenowym kotlo
Reszla, w miejscowo$ci Biel, w woj. olsztynskim. W tych okolicach wystepuja
czarne ziemie wytworzone z iléw i glin ciezkich. Sktad chemiczny gleby i koproli-
tow wykonano ogélnie przyjetymi metodami, analize skladu préchnicy przeprowa-
dzono metodg Boratynskiego i Wilka.

Na podstawie przeprowadzonych badan stwierdzono, Ze koprolity dzdzownic sa
znacznie zasobniejsze w substancje organiczng niz gleba pobrana z tych samych
punktow. Réznig sie one rowniez skladem. Zawieraja, w poréwnaniu z glebg, wiccej
substancji nie dajacych sie wyekstrahowaé i znacznie wiecej bitumin. Kwasy humi-
nowe z ekstrementéw wykazujg mniejsza gestosé optycznag niz z gleby. Stwierdzono
korelacje miedzy gestoScia optyczng kwaséw huminowych z koprolitow i gleby.
Koprolity ze stanowiska III (podnéze) wykazywaly najwieksza gesto§é optyczng, ze
stanowiska II (zbocze) najmniejszg. Koprolity w poréwnaniu z glebg okazaly sie
zracznie zasobniejsze w Ca?+ oraz wykazywaty wiekszg pojemno$é sorpcyjng w sto-
sunku do jonéw NH;. Zawarto$é¢ przyswajalnych K,O i P,O; byla kilkakrotnie wyz-
sza w koprolitach niz w glebie.

3. MUPOBCKI

COCTAB IIOYBEHHOTO TYMYCA U KOIIPOJIUTOB HOOZKIEBBIX YEPBEW
U3 YEPHBIX (TEMHOLIBETHBIX) IIOYB

Kadenpa ITouBoBeneHUuA, Beicumiaa CelbCKOX03ANCTBeHHaA IlIKosa, OJbIUTBIH

PeszwomMme

IOns 6osee OOCTOATENBLHOrO M3YYEHMA POJM JOXKAEBBIX dYepBei, KOTOPYIO OHN
JICTIOJIHAIOT B II0YBE, a B YaCTHOCTM MX POJM B 00OPa30B3HMM IyMyca, MCCIeA0Baiu
TaK COCTAB IIOYBEHHOTO IyMyCa KaK M 3KCKPEMEHTOB B TPEX pPa3JMYHBIX IIyHKTaX
MMEpOpenbeda: BepIIMHBI, CKJIOHA M NOAHOXKbA (IOAOLUBLI). VicciefoBaHMA IIPOBO-
IUIM Ha MOPEHHCM XOJIMMKEe OKoJyio Pemna B MecTHOCTM Benb [ONBUITHIHCKOE BOe-
BOJICTBO). B 9TOJ1 OKPECTHOCTM 3aJIeraioT 4YepHble I104YBbI, O0pa30BaBIUMECH M3 iiJIOB
M TAXKEJBbIX IJIMH. XMMMYEeCKMII COCTaB ICYBBI M KOIPOJMUTOB OMNPEAENANN II0 00BIYHO
pMMeHAEMbIM METOJaM, aHaju3 CoCTaBa rymyca IIPOBOAMJIM II0 METORAY BopaTbiHb-
CKOro m Buabeka.

Ha ocHoBauuMM NPOBEAEHHBIX MCCJIEAOBAHUI YyCTAHOBMJIIM, UYTO KOMIPOJUTBHI JOXK-
IEeBOro 4YepBA OTAMYAIOTCA BbICLIE OOOralleHHOCTBIO OPraHyuYeCcKMM BeLIECTBOM,
yeM IoYBa B3ATAA M3 TeX XKe NyHKTOB. OHM Pas3nMwHbI M II0 COCTABy. 110 CpaBHEHMIO
C TIOUBOM KOIIPOJMUTBI COAEPKaT 0OJblUe BelLecTB, He MOOAAIOUIMXCHA SKCTParuposa-
HUIO, M 3HAYUTEJbHO OoJablie OMTYMOB. I'yMMHOBBIE KMUCJIOTBI M3 SKCKDEMEHTOB IO~
Ka3bIBAIOT MEHBLUYI OINTHYECKYIO IIJIOTHOCTb, YEM M3 IIOYBbL YCTAHOBJIEHA KOppe-
NAUMA MEXJY OITMYEeCKON IIJIOTHOCTBIO TYMMHOBBIX KMCJIOT KOIIPOJMUTOB M TIOYBBI.
Konpoaute! 13 IMOAHOXKbS XOJMa OTAMYANMUCHL CaMOJM BbICOKON OINTUMYECKON TIIJI0OT-
HOCTBIO, a CO CKJIOHAQ — CaMCil HM3KOM. II0 CPaBHEHMIO C IIOYBOM KOMPOJUTHLI OLIIN
nyuqmie obecriedenbl Calt y 0BGHapyXmBanM GOJBILIYIO TOTJOTUTENBHYIO CHOCOGHOCTH
B OTHOILIEHMM MOHOB NH_‘(_ . CopmepzxaHne ycBoaeMbix K,O u P,O; 6Gbli10 B HECKOJIBKO
pa3 BbIllIe B KOIPOJIMTAX, YeM B IIO4YBe.






