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It is well known that earth  worm play im portan t role in soil processes 
and productivity  of the soils. Earth-w orm s actively participate in decom­
position of p lan t residues and production of hum ous substances [3, 4, 5, 7, 
8 , 9]. The hum us produce by earth-w orm  influences productivity  of the 
soils w hat was said m any years ago by D a r w i n  [3]. Contents of hum us 
in excrem ents of earth-w orm  depend on hab ita t factors [4, 5, 8 , 9]. In na­
tive lite ra tu re  we found only two positions [4, 5] rela ted  w ith composition 
and properties of hum us produced by earth-w orm s of different stands.

It induce us to studies of composition of hum us in black earth  and 
earth  worm  castings from  differen t stands located on m orain hill under 
pasture.

METHODS OF INVESTIG ATIONS

The investigations w ere carried out on one of the m orain slopes in 
Biel, d istrict Biskupiec Reszelski. On this slope there  were dug th ree 
opens for taking the samples. The opens w ere located on the hilltop, 
slope, and at the foot. Besides th a t on the same places there were picked 
up a earth-w orm  castings from  ten  chosen at random  squares 25 by 25 
centim eters (10 1 1964).

LABORATORY STUDIES

In soil samples and earth-w orm  castings there were made the fol­
lowing determ inations: fractional analysis of hum us, according to B o ­
r a t y ń s k i e  and W i l k  m ethod [1, 2]. С in soils, earth-w orm  ca s t­
ings and detached fraction was determ ined by T iurin  m ethod w ith use
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of N -phenylanthranilic  acid as an indicator. Flocculation of hum ic acids 
was perform ed by using H 2S 0 4 and heating on the bath  for one hour. 
Optical density  of hum ic acids previously equalized to 100 mg of С per 
1 1 was determ ined on “Specol” w ith  d ifractional screen. In alloys of 
soils and worm casts there  w ere determ ined sesquioxides, Fe20 3, CaO, 
MgO, S i0 2 and losses from  the ignition according to G i e d r o i c’s 
m ethod [6]. Besides th a t in ex tract of 1 N CH3COONH4, pH 7, there  
were determ ined CaO, MgO and capacity to NH4\  Available K 20  and 
P 2O5 by Egner’s methods.

RESULTS

Investigated soils belong to black earths type. Those soils developed 
from  clays and heavy m orain loams. In neighbourhood of K ętrzyn and 
Reszel those soils occur m ainly on lower parts of the slopes and in 
depressions. Very often they  cover the whole, sometim es 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 th ird  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 hum us horizon (about 50 cm deep), ph >  7. On the slope (stand 
II) there is also black earth  but its hum us horizion is shallow er and has 
lower contents of hum us. A shallow A 1 horizon is a resu lt of erosion 
processes. This soil is m uch heavier, than  th a t on the hilltop. It shows 
m echanical tex tu re  of very  heavy loam (62 per cent particles <C 0,02 mm), 
pH >  7. At the foot (stand III) there  accum ulated thick layer of delluvial 
sedim ents. It belongs to delluvial heavy black earth , rich in hum us in 
its whole profile (up to 150 cm), pH 6 ,8. It should be noted tha t during 
heavier storm s a part of very th in  w ashing m aterial is carried  aw ay 
to steam , so tha t soils form ed at the food are lighter than  those on the 
slope. The plant cover was the same in all studied places. As it was 
said, the soil and earth-w orm  castings were analyzed on chemical com­
positions and fractionation of hum us. We present only the data for upper 
layers of the soils although it is clear th a t deeper layers influence the 
composition of hum us substances in excrem ents of earth-w orm . From  
the data of Tab. 1 it can be seen th a t worm casts in comparison to soils 
are a few tim es richer in organic m atter (losses on ignition). The richest 
in organic m atter are those from  the hilltop, while those of the slope and 
foot are alm ost the same. The samples of the th ird  stand show the 
greatest losses amongst the soils. In general w orm casts have less S i0 2 
than  soils, the sm allest differences betw een soil and worm casts were



T a b l e  1

Some chem ical p r o p e r tie s  of s o i l  samples and the excrem ents o f the earth worms
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noted on the slope. W orm casts w ith  regard  to sesquioxides and Fe20 3 
are poorer than  soils. It should be stated  th a t worm casts from  all th ree 
stands have alm ost equal contents of K 20 3 and Fe20 3 while significant 
differences have been noted am ongst the soils. W ormcasts from  stands 
I and II are richer in calcium  in comparison w ith soils of the same 
points, ft seems th a t the deeper layers of the soil have great influence 
on the contents of CaO in worm casts, since it is accessible to earth - 
-worms. It m ay be proved by differences in contens of CaO in samples 
from  5— 10, 40—50 cm deep and worm casts (stand I). Contents of MgO 
are som ewhat lower in worm casts than  in soils. The casts of earth-w orm s 
are very rich in available K 20  and P 20 5 (sometimes 3—7 tim es richer 
than  the soil). W ormcasts, as have been stated  by m any authors [4,8], 
enrich soils in available calcium. In our case worm casts have 5—9 
m.e./100 g more calcium in comparison w ith the soils. No differences 
have been found in contents of m agnesium. Increase of organic m atter 
in worm casts influenced the absorbing capacity to NH . In worm casts 
from  the hilltop it is 44,84 m.e./100 g, on the slope 34.45 and at the 
foot 41.82. In comparison w ith the soil it is 39—49 per cent higher.

Taking into consideration th a t the basic food of earth-w orm s is the 
organic m atter of plants, our investigations were devoted m ainly to the 
hum us in soil and worm casts. Analizing the data concerning the hum us 
composition (Tab. 2) it should be stated. W ormcasts from  different 
places have the same percentage of hum us w hereas m arked 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 hum us horizons from  the slope and foot are identical 
w ith  aspect to hum us contents. The worm casts in comparison w ith  soils 
of the same stands have 166 per cent of to tal 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, m oreover 
it is in agreem ent w ith earlier publications of m any authors, who em ­
phasize tha t although the enrichm ent of worm casts in organic С depends 
on soils but m ainly on the p lant cover. The hilltop, slope a hillfoot were 
under pasture so th a t the food used by earth-w orm s were roots, and 
leaves of grass.

The same am ounts of organic С in worm casts of d ifferen t places 
evidently  proved the predom inant influence of plants on the composition 
of hum us in earth-w orm  castings. Table 2 presents a broader p icture of 
quality  of hum us ex tracted  from  worm casts. From  these data  it is evident 
th a t in the a lim entary  canal of earth-w orm s organic m atte r and soils 
undergo fundam ental changes. In the a lim entary  canal the ingested 
m ateria l is enriched w ith  substances soluble in an alkohol-benzene so-



T a b l e  2

Character o f organic matter of the s o i l s  and the earthworm's excrements
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0.0099
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0.86

0.33

0.60

0.20

0 .58

0 .77
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lution, it is so-called bitum inous substances. Both absolute contents of 
bitom inous substances and their participation (Fig. 1, 2, 3) in to ta l organic 
m atter expressed as organic С is m uch higher in worm casts than  in 
soils: on the hilltop six tim es more, on the slope 3 tim es and at the 
fot 2.5 tim es. As it is known the trea tm en t of samples w ith  0.1 N 
N a4P 20 7 liberate the most mobile and the least polim erized substances 
to the solution m ainly  fulvic acids and sim ple hum ic acids. The excre­
m ents from  the hilltop cointained more and from  the hillfoot less of 
those substances than  soils. Humic acids of excrem ents extractable w ith
0.1 N N a4P 20 7 are found in g reater 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 dom inant. Possible 
it is caused by properties of the soils (very sm all contents of CaO and 
substances soluble in N a4P 20 7 of the deeper layers of the soil).

Very im portant to the characteristic of hum us are substances ex trac­
table w ith  0.1 N NaOH. These substances are m ainly bound w ith Ca2+ 
an Mg2+ [2].

A high absolute increase both in hum ic acids and fulvic acids of 
excrem ents in comparison to soils can be observed in all casses. A re la ­
tive increase of hum ic acids of this group is the highest on the slope 
(for tim es more in excrem ents than  in soil), then  on the hilltop (about 
two tim es more) and the least at the hillfoot (see Tab. 2). Fulvic acids 
present a d ifferen t pictures. On the slope the soil and excrem ents con­
tain  alm ost equal am ounts, excrem ents on the hilltop two tim es more, 
and at the foot four tim es more of fulvic acids, than  the soil of the same 
stands.

Substances bound firm ly w ith  m ineral parts (soluble in 0,1 N NaOH II 
after trea ting  the soil w ith  0,5 N H2S 0 4) are represented in sm all am ounts, 
both in soils and excrem ents, except in upper layer of A1 horizon on 
the hilltop. It should be noticed th a t there were no hum ic acids in this 
group in excrem ents from  stands I and II. At the foot (stand III) there 
are no differences w ith  respect to contents of both hum ic and fulvic acids 
in soils and excrem ents. Earth-w orm  castings from  different stands 
have alm ost the same am ounts of non-extractab le substances, bu t in 
comparison w ith the soils of the same stands, there  are differences and 
so: excrem ents are richer alm ost two tim es on the hilltop, there tim es 
on the slope and over th ree tim es a t the  foot. The participation of 
nonextractable substances (humins and ulmins) in to ta l organic С (Fig.
1, 2, 3) is m uch higher in excrem ents than  in soils (from nine per cent 
on the hilltop to six teen per cent at the foot). The lowest percentage of 
С of th a t compound group in relation to to ta l С has been observed in 
the  soil of the hillfoot (Fig. 3).



Stand I Stand II Stand III
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Fig. 1, 2 i 3. Composition of hum us of extrem ents (upper diagram s) and soil (lower diagram s) of d ifferent stands 
1 — b it u m in o u s  s u b s t a n c e s  ( a lc o h o l - b e n z c n  e x t r a c t ) ,  2 — h u m ic  a c id s  e x t r a c t e d  w it h  0.1 N  N a 4P 207, 3 — h u m ic  a c id s  e x t r a c t e l  w it h  
0.1 N  N aO H , 4 —  h u m ic  a c id s  e x t r a c t e d  w it h  0.1 N  N a O H  a f t e r  t r e a t in g  th e  s o i l  w it h  0.5 N  H 2S 0 4, 5 — f u lv i c  a c id s  e x t r a c t e d  with 
0.1 N  N a 4P 20 7, 6 — f u lv ic  a c id s  e x t r a c t e d  w it h  0.1 N  N a O H , 7 — f u lv i c  a c id s  e x t r a c t e d  w it h  0.1 N  N a O H  a f t e r  t r e a t in g  th e  s o i l  w it h  
0.5 N  H 2S 0 4, 8 — s u b s t a n c e s  e x t r a c t a b le  w it h  0.5 N  HoSO*, 9 — h u m in s  a n d  u lm in s  (n o n e x t r a c t a b le  s u b s ta n c e s )

C
om

position 
of 

hum
us



170 Z. M irow ski

G raphs 1,2 and 3 clearby show that the participation of С of indi­
vidual components of hum ous substances in to tal С is less d ifferen tiated  in 
excrem ents from  various places than  in the soil samples. It is also 
evident th a t the composition of hum us in soil samples influence the 
participation of individual components in excrem ents, for exam ple very 
sm all part of hum ic acids in the soil of the slope caused a decrease in 
these groups of excrem ents. The ratio  of hum ic to fulvic acids (see 
column 18 Table 2) in excrem ents is the highest on the hilltop and almost 
the same as in soil, in excrem ents from  stands II and III is equal. The 
ratio  of Ch : Cf is two tim es higher in excrem ents on the slope than  in 
the soil, and at the foot there tim es sm aller. The greatest differences 
in ratio  of Ch : Cf was observed in ex tract of 0.1 N te tra  sodium -py- 
rophosphate, it is in the least polim erized group. Humic acids ex tractab le 
w ith  0.1 N NaOH I w ere tested  on optical density. It can be seen from  
the D iagram  4 tha t hum ic acids of excrem ents have lower values of E 
than  hum ic acids from  the soils. It seems tha t they  are less polim erized 
and have less com plicated structu re  than  those from  the soils of the 
same stands. There should be also noticed a strigh t correlation betw een 
optical density  of hum ic acids from  the soils and excrem ents.

Fig. 4. Optical density of humic acids of 
soils and earth-w orm ’s extrem ents from  

different stands
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Z. M I R O W S K I

COMPOSITION DE L ’HUM US DU SOL ET DES COPROLITES DES VERS 
DE TERRE DES TERRES NOIRES

C h a i r e  d e  P é d o l o g i e  d e  la  H a u t e  É c o l e  d ’A g r i c r . l t u r e  à O l s z t y n  

R é s u m é

Pour connaitre plus précisém ent le rôle que les vers de terre rem plissent dans 
le sol et surtout dans la production de l ’hum us on décida d’exam iner la teneur  
et la com position de l ’hum us du sol et des excrém ents provenant de trois em place­
m ent différents: du som m et, du versant et du pied de m ontagne. L ’exam en a eu 
lieu  dans un m onticule de m oraine près de R eszel à B iel (voïvodie d’Olsztyn). Les 
terres noires rencontrées dans cette région furent form ées des argiles et des lim ons 
lourds. L ’analyse de la com position chim ique du sol et des coprolites fut executée  
par des m éthodes généralem ent em ployées, l ’analyse de l ’hum us par la m éthode  
de B oratyński et Wilk.

On constate que les coprolites des vers de terre sont beaucoup plus riches en 
substances organiques que les échantillons du sol pris des m êm es lieux. Ils d ifférent 
aussi par leur com position. Ils contiennent en com paraison avec le sol plus de su b­
stances qui ne se la issen t pas extraire et beaucoup plus de bitum ines. Les acides 
hum iques des excrém ents dém ontrent une densité optique m oins grande que ceux du 
sol. On constata une corrélation entre la densité optique des acides hum iques des 
coprolites et ceux du sol. Les coprolites du troisièm e em placem ent (pied de m ontagne) 
dém ontrèrent la plus grande densité optique, ceux du deuxièm e em placem ent
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(versant) la m oins grande densité. Les coprolites dém ontrètent en  com paraison avec 
le sol une teneur beaucoup plus forte en Ca2+ et une capacité de absorbtie plus 
grande par rapport au jons N H +. La teneur en K20  et P 20 5 assim ilables était 
plusieurs fois plus grande dans les coprolites que dans le  sol.

Z. M I R O W S K I

DIE ZUSAM M ENSETZUNG DES BODENHUM US UND DER 
REGENWÜRMERKOPROLITE IN DEN SCHWARZEN BÖDEN  

(SCHW ARZERDEÄHNLICHEN BÖDEN)

L e h r s t u h l  f ü r  B o d e n k u n d e ,  L a n d w i r t s c h a f t l i c h e  H o c h s c h u l e  in  O l s z t y n

Z u s a m m e n f a s s u n g

Zw ecks besserer Erkennum g der R olle von R egenw ürm ern im Boden, insb e­
sondere bei der H um usbildung, entschloss m an sich, den G ehalt und die Z usam m en­
setzung des Bodenhum us und der R egenw ürm erexkrem ente auf drei verschiedenen  
Standorten, und zwar auf der A nhöhe, dem H ang und an der Sohle, zu untersuchen. 
D ie U ntersuchungen w urden auf einem  M oränehügel bei R eszel, in der Ortschaft 
B iel (W oiwodschaft Olsztyn) durchgeführt. In dieser Gegend treten die aus Tonen  
und schw eren Lehm en entstandenen Schw arzen Böden auf. D ie B estim m ung der 
chem ischen Zusam m ensetzung des Bodens und der R egenw ürm erkoprolite w urden  
nach üblichen M ethoden, die A nalyse der H um uszusam m ensetzung — nach der 
M ethode von Boratyński und W ilk, durchgeführt.

D ie Untersuchungserg'ebnisse zeigten, dass die R egenw ürm erkoprolite w esen tlich  
reicher an organischem  Stoff sind als die aus denselben P unkten entnom m enen  
Bodenproben. D ie Zusam m ensetzung der ersteren ist auch anders. S ie enthalten, 
im V ergleich m it dem Boden, m ehr n ichtextrahierender S toffe und sind w esen tlich  
reicher an B itum ina. Es w urde eine K orrelation zw ischen der optischen D ichte der 
H um insäuren der K oproliten und des Bodens festgestellt. D ie K oprolite aus dem  
III. Standort (an der Sohle) zeichneten sich m it der grössten, diese aus dem II. 
Standort (Hang) m it der k leinsten  optischen D ichte aus. D ie K oprolite erw iesen  
sich, im V ergleich m it dem Boden, als w esen tlich  reicher an Ca2+ und zeichneten  
sich m it grösserer A bsorbtionkapazität de N h4; -Ionen gegenüber aus. Der Gehalt 
des aufnehm baren K20  und P 20 5 w ar in den K oproliten ein igem al höher als 
im Boden.

Z. M I R O W S K I

SKŁAD PRÓCHNICY GLEBOWEJ I KOPROLITÓW DŻDŻOWNIC Z CZARNYCH
ZIEM

K a t e d r a  G l e b o z n a w s t w a  W S R ,  O l s z t y n

S t r e s z c z e n i e

W celu dokładniejszego poznania roli dżdżownic, jaką spełn iają  one w  glebie, 
a szczególn ie ich roli w  produkcji próchnicy, postanow iono zbadać zaw artość i skład  
próchnicy glebow ej i ekstrem entów  pochodzących z trzech różnych stanow isk: w ierz­
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chow iny, zbocza i podnóża. Badania przeprowadzono na pagórku m orenow ym  koło 
R eszla, w  m iejscow ości Biel, w  w oj. olsztyńskim . W tych okolicach w ystępują  
czarne ziem ie w ytw orzone z iłów  i glin  ciężkich. Skład chem iczny gleby i koproli- 
tów  w ykonano ogólnie przyjętym i m etodam i, analizę składu próchnicy przeprow a­
dzono m etodą B oratyńskiego i W ilka.

Na podstaw ie przeprow adzonych badań stwierdzono, że koprolity dżdżow nic są 
znacznie zasobniejsze w  substancję organiczną niż gleba pobrana z tych sam ych  
punktów . Różnią się one rów nież składem . Zawierają, w  porów naniu z glebą, w ięcej 
substancji nie dających się w yekstrahow ać i znacznie w ięcej bitum in. K w asy hum i- 
now e z ekstrem entów  w ykazują m niejszą gęstość optyczną niż z gleby. Stw ierdzono  
korelację m iędzy gęstością optyczną kw asów  hum inow ych z koprolitów  i gleby. 
K oprolity ze stanow iska III (podnóże) w yk azyw ały  najw iększą gęstość optyczną, ze 
stanow iska II (zbocze) najm niejszą. K oprolity w  porów naniu z glebą okazały się  
znacznie zasobniejsze w  Ca2+ oraz w yk azyw ały  w iększą pojem ność sorpcyjną w  sto­
sunku do jonów  N H ; . Zawartość przysw ajalnych KX) i P 20 5 była kilkakrotnie w y ż­
sza w  koprolitach niż w  glebie.

3 .  М И Р О В С К И

СОСТАВ ПОЧВЕННОГО ГУМУСА И КОПРОЛИТОВ ДО Ж ДЕВЫ Х ЧЕРВЕЙ  
И З ЧЕРНЫ Х (ТЁМНОЦВЕТНЫХ) ПОЧВ

К а ф е д р а  П о ч в о в е д е н и я ,  В ы с ш а я  С е л ь с к о х о з я й с т в е н н а я  Ш к о л а ,  О л ь ш т ы н

Р е з ю м е

Для более обстоятельного изучения роли дож девы х червей, которую они 
исполняют в почве, а в частности их роли в образовании гумуса, исследовали  
так состав почвенного гумуса как и экскрементов в трех различных пунктах  
микрорельефа: вершины, склона и поднож ья (подошвы). Исследования прово­
дили на моренном холмике около Реш ля в местности Бель .(Ольштынское вое­
водство). В этой окрестности залегают черные почвы, образовавш иеся из илов 
и тяж ел ы х глин. Химический состав почвы и копролитов определяли по обычно 
применяемым методам, анализ состава гумуса проводили по методу Боратьш ь- 
ского и Вилька.

На основании проведенны х исследований установили, что копролиты д о ж ­
девого червя отличаются высшей обогащенностыо органическим веществом, 
чем почва взятая из тех  ж е пунктов. Они различны и по составу. По сравнению  
с почвой копролиты содерж ат больше веществ, не поддаю щ ихся экстрагирова­
нию, и значительно больше битумов. Гуминовые кислоты из экскрементов по­
казывают меньшую оптическую плотность, чем из почвы. Установлена корре­
ляция м еж ду оптической плотностью гуминовых кислот копролитов и почвы. 
Копролиты из поднож ья холма отличались самой высокой оптической плот­
ностью, а со склона — самсй низкой. По сравнению с почвой копролиты были 
лучш е обеспечены Са-+ и обнаруж ивали большую поглотительную способность 
в отношении ионов NH^_ . С одерж ание усвояемы х К 20  и Р 20 5 было в несколько 
раз выше в копролитах, чем в почве.




