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Summary-—The cffect of earthworms (Nicodrilus giardi giardi) and “C- and '*N-labelled plant (Triticum
aestitum ) litter on C and N transfer was studied during 31 days of incubation under controlled conditions.
Respiration. food consumption by earthworms, changes in their biomass and casting production were
measured. After 31 days earthworm biomass declined by 38.0% although the daily litter consumption had
increased by 32% between day 10 and 31. Ingestion of C and N originating from the soil native organic
matter was about 6 and 1! times larger than the ingested litter C and N respectively. Nearly all the soil
C and N was rejected in casts. Incorporation of "“C- and *N-labelled litter into earthworms reached 1.6
and 9.4% respectively after 31 days. This increase of the C and N {rom litter showed that the litter from
wheat straw became more palatable after contamination by soil microorganisms. A model of microorgan-
ism and earthworm effects on litter and native soil organic matier is presented, based on the CO, released
by different microcosms [soil (S). soil + litter (SL); soil + earthworms (SE) and soil + earthworms + litter

(SEL)}.

INTRODUCTION

The importance of earthworms for increasing plant
productivity is well known (Stockdill and Cossens,
1969; Edwards and Lofty, 1972, 1978). Likewise,
earthworms have been shown to enhance the nitrogen
and phosphorus cycles (Sharpley er al., 1979; Syers et
al.. 1979; Cortez and Bouche, 1987). Earthworms also
improve soil by increasing soil stability and soil
infiltration rawes (Slater and Hopp, 1947; Satchelt
1958; Ehlers, 1975). However, less attention has been
paid to the interaction and transfer of C and N
derived from organic matter (soil and litter) towards
other compartments as earthworms, surface and sub-
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surface casts and CO, (Fig. 1). Consumption of litter
and soil organic matter is related to litter palatability
(Satchell and Lowe, 1967; Cooke and Luxton, 1980;
Hartenstein, 1982; Cooke, 1983; Cortez and Hameed,
1988). Field studies with '"N-labelled earthworms
showed an important flow of N from earthworms to
plants (Bouch¢ and Ferriére. 1986). Laboratory stud-
ies with carthworms. fed with different kinds of litter.
would allow estimation of the amounts of C and N,
derived from litter and soil native organic matter,
which will be mineralized and thus available for
plants.

Our objectives were (1) to estimate the influence of
palatibility of litter on the metabolism of earth-
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Fig. 1. Role of earthworms in transferring carbon and Tiitrogen derived from “C- and "“N-labelled wheat
straw litter (*C, *N) and from soil native organic matier (‘C, °N).
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Table 1. Cumulatine values of 1otat C-CQ,. *C-CO, from "“C- and '“N-labelled wheat straw fitter und  C-CO, from soil native orginic matler
releused hy the different microcosms. “C-SA represents the specific activity of C-CO,. (1) duta expressed n mg C 100 g ' dry soil and (2)
data cxpressed in Bq mg ' C

Soil + carthworms + lijer

Soil Soil + EW Soil + hister (SL) (SEL)
(S) (SE)
Incubation Total Total Tolal HC-SA Total HC-sA

time €-CO, C€O0. CCO, *CCO. CCO. CO, *C,C C-CO, *C-CO. "C-CO, CO, *CC
tdays) ) (1) H (1) (L)) 2) (%) (1) N Q)] ) (%)
| 0.30 0.78 0.25 0.02 0.23 194 8.0 1.00 0.02 098 45 2.0

2 0.66 194 0.5¢ 0.06 045 289 1.8 2.02 Q.07 195 98 s

3 0.99 2.52 0.85 0.15 0.70 475 t7.6 .06 0.20 286 177 6.5

4 1.33 313 .25 0.24 1.0l 512 19.2 4.06 0.34 172 225 8.4

6 1.67 428 215 0.4% 1.67 595 N3 5.4% 0.74 4.67 64 137

9 2.09 5.69 3.07 1.06 a0 925 REXS] 7.85 14 5.54 787 294
i 234 6.79 3.7 1.50 227 1066 M8 1001 4.30 s 1150 431.0
14 275 8.24 4.76 Q.66 210 1494 559 13148 691 6.27 1404 52.4
s 2.86 8.69 5.14 282 232 1468 549 1416 7.80 6.36 1475 551
7 301 9.64 5.51 kR[] 2.4 1507 363 1589 998 591 1682 628
20 144 11.00 6.17 4.39 1.7% 1904 71.2 15.00 12.4 5.59 1846 68.9
2] 3.55 11.41 6.33 4.50 1.83 1904 7t £8.98 $3.24 5.77 1864 69.6
23 3.74 12.32 6.70 ss f.55 2056 769 2473 13.98 1.75 1722 643
a5 398 13.11 7.10 5.39 t.7 2034 759 2154 1534 8.20 1745 65.2
28 3.27 14.08 7.58 563 1.95 1989 743 23R 17.13 $.45 1800 67.2
kil 4.46 14.60 791 3.77 2.4 1954 729 27.53 18.56 8.97 1805 67.4

worms. (2) to investigate the relationships between
the consumption of litter and soil native organic
matter and (3) 1o follow the distribution of C and N
into the various compartments of a proposed model
(Fig. 1). The experiments used litter with a ligh C N
ratio (30.5)

MATERIALS AND METHODS
The following abbreviations are used: 'C-
SA — "C-specific activity; "N-E% — atom % cxcess
"N: Cand N =native C and N; *C and *N C
and N from labelled plant litter; C,and N, Total C
and N.

Soil samples

The soil was collected from a deep calcareous
alluvial grassland soil under humid mediterranean
climatic conditions (clay 21%: silt 55%: sand 24%._ C
1.3%: N 0.128%: C/N 10.2; pH H,0 8.4).

HC- and N -labelled plant litter

“C and “N wheat planis (Triticum aestivium) were
labelled as described by Cortez et al. (1985). The
analyucal characteristics of the wheat straw material,
used as tfood for earthworms. were: *C 44.2%: *N
1.45%: *C-*N 30.5: "C-SA 2.67 kBq g™' C: "N-E%
6.57%).

Earthuworms

Aduli carthworms (Nicodrilus giard: giardiy were
collected in 1he ficld by the formalin method (Raw.
1959). washed with H,O, placed into the soil at 14 C
and pF 3 and fed for 3 or 4 weeks. By then. the
earthworms were fully active.

Incubation procecure

The air-dry sail was sieved (2 mm). homogenized
and maistened to pF 3. Twenty-four unis ol the
moist soil (850 g air-dry weight equivalent) were put
into 24 hermetically sealed 1 1. vessels. Treatments
used were:

(1) 15 replicates with soil. #C- and “N-labelled
wheat straw litter and 2 earthworms (SEL)

(2) 3 replicates with soil and “C- and **N-labelled
wheat straw litter (SL)

(3) 3 replicates with soil and 2 earthworms (SE)

(4) 3 replicates with soil only (S).

Each vessel contained a flask with 20mi 0.5m
NaOH 1o absorb CO.. The flasks were changed every
2 or 3 days. The vessels were stored in darkness at
14°C for 31 days. During the incubation period soil
moisture was kept at pF 3.

Surface casts were collected on days 3, 6, 10, 22 and
31. They were oven-dried at 70°C, weighed and stored
for analysis.

Analvrical methods

Total N was determined by the Kjeldahl method.
Inorganic N (exchangeable NH}-N, NO, -N) was
extracted from soil by shaking with 0.5 M K.SO, (w/v
3 1) for 30 min. NH; and NO, were determined by
stcam distillation. After itration, all "“N-labelled
distillates (total N and inorganic N) were acidified 1o
pH 3.0 to prevent loss of NH; and evaporated to
dryness (70 C) on a hot plate. N, gas was prepared
from the resuling dry NH, salts by oxidation with
lithium hypobromite (Ritienberg er al., 1948). N,
enrichments were determined by optical spectrometry
(Guiraud and Fardeau. 1980). Isotopic composition
was determined by drv and wet combustion (Bottner
and Warembourg., 1976) and "C by scintillation
counting after collecting the CO, in ethanolanmine and
2-methoxyethanol (w.,v 1 3). Respired "“CO, at-
sorbed in the alkali was measured by adding 1 ml of
the 0.5 M NaOH to 10 ml of “299TH emulsion scintil-
lutor™ purchased from Packard. and estimated by "'C
saintillation counting.

RESULTS AND DISCUSSION

C-CO. release
The described procedures allowed the study of the
decomposition of soil native unlabelled C and N from
organic matter (*C, 'N) and of C and N from litter
(*C. *N). Soil microbial respiration was expressed by
CO, release from S. microbial mineralization of litter
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Fig. ? Cumulative values of total CO, released from soil
alone (S), soil + earthworms (SE), soil + plant litter (SL)
and soil + earthworms + plant litter (SEL).

by CO, release from SL, symbiotic relationships
between earthworms and microorganisms by CO,
release from SE and the simultancous effects of all the
compartments of the system by CO, rclease from
SEL. Total C-CO, release increased in the order S.
SL, SE and SEL in the ratios 1, 1.77, 3.27 and 6.17
(Table 1). The respiration curves were nearly linear.
This shows the uniformity of the respiration of the
different microcosims during the incubation (Fig. 2).
The addition of earthworms to S and SL to get SE
and SEL increased the total CO, of a ratio over 3
(3.27 and 3.48). S released 4.46 mg C 100 g~ ' dry soil
day~'. ie. 0.144mg C 100g™" dry soil day '. The
addition of litter to S and SE to obtain SL and SEL
respectively decreased the mineralization of soil na-
tive C (Fig. 3). After 12 days, an inhibitory litter effect
on soil native C was observed (0.069 mg C 100g""!
dry soil day~' for SL and 0.289 mg -C 100 g 'day

for SEL). Litter reduced on average CO, release by
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Fig. 3. Effects of plant litter addition on C-CO, released
from soil nanve C ( C-CO.).

Table 2. Change in carthworms biomass. *C- and *N-labelled wheat
straw litter consumption and surface casts rejected during the

incubution
Change in Plant liver Surface

Incubation carthworms consumplion casts
time biomass (mgg ' live (mgg ' live
tdays) (") worm day ") worm day ')

3 +9.0 7.1 0.1

6 -50 6.7 63.8

10 15.2 48 212

22 30.6 6.2 47.8

k1l 8.0 7.1 97.7

50%. We cannot explain this result. It is unlikely that
toxic compounds of the straw litter affected the soil
microorganisms (Benoit er al., 1968) or earthworms
(Brattsten, 1979; Hartenstein, 1982). The earthworms
added to SL to obtain SEL increased total CO,
releasc, thus stimulating the mineralization of soil
organic matter. “CO,-SA of SEL was gencrally
higher than ""CO.-SA of SL (Table 1). These specific
activities reached constant values after 20 days which
indicated a balance between the two C sources ( C
and *C). This balance reflects the litter qualiity.
Cortez and Hameed (1988) have shown schematically
the effect of earthworms and microorganisms on litter
and sotl. They found that the earthworms consumed
more soil when litter was less palatable.

Biomass changes

The average carthworm biomass in SEL micro-
cosms increased 9% of the initial live worm weight
after 3 days of incubation, and decreased then regu-
larly to a weight loss of 38% after 31 days (Table 2).
These results agree with those reported by Shipitalo
et al. (1988) who found that Lumbricus terrestris and
Lumbricus rubellus. fed with different diets. changed
in worm weight from a 100% gain to a 41% loss.

Litter consumption

The daily consumption of wheat straw litter varied
during the incubation. The wheat straw consumption
data were very cluse to those reported by Shipitalo
et al. (1988) (from 6 to 13 mgg~" live worm day 'at
15 C depending upon the food quality). These values
were ulso comparable, according to a Q= 2. 1o
those reported by Needham (1957) who indicated a
daily consumption of 27mgg~' live worm day ' at
21 C for Lumbricus terrestris. These results demon-
strate the effect of iemperature on litter consumption.
For Nicodrilus giurdi giardi liter consumption de-
creased unul dav 10 and then increased up to day 31
{Table 2). Hawever. the removal of litter from the soil
surface docs not unply rapid assimitation o worm
Lssues because some carthworm species consume
mucroorganism-contaminated and partially decom-
posed litter.

Cast production and compasition

From days 2 tv 31 the *C and *N in casts increased
(Table 3). When caleulating cast production in well-
defined limits (Table 4), *C and *N from htter
increased in casts too despite a decrease at the end ol
incubation. At that time. the *C/*N ratio was 13.6
while the one of the litter was 30.5. The same paticrn
Was reported by Bouché er «f. (1983) who obtained a
cast C'N ratio of 20 with carthworms fed with beech

i
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Table 3. Distribution of carbon and nitrogen derived from C- and '*N-labelled wheal straw litter (*C. *N) and from soil nalive organic
matler { C. N) in surface casls. Data (mean + SE) followed by the same letter in the same column do not differ significantly (3 replicates;

I <0.05)

Incubation C N *C *N Total cast
time [mgg dry [mgg 'dry [mgg 'dry [mgg  dry *C.C  *N N production

(days) wi (+ SE) wl { +SE)} wl ( + SEN wl ( + SE)) C N *C*N [} (el (my)

L} 1560 + 0.8* 231102 0.62 +0.08 0.021 + 0.005* 6.75 29.52 6.5 0.9 754

6 12.59 + 0.5° 165+ 0.1" 0.25 ¢+ 0.01" 0.019 + 0.008° 7.63 13.16 1.9 1.1 2247

10 13.23+0.3" 135+ 0.0 0.70 + 0.05° 0.049 + 0.008" 9.80 14.29 sa L) 2803

22 12.68 + 0.6* 127+ 0.1¢ 136+ 0.0° 0.095 + 0.01° 9.98 1431 9.7 7.0 6024

k]| 14.44 + 0.4* 099 +0.1¢ 1.67+0.1¢ 0.107 + 0.01° 14.59 15.61 10.4 98 10.819

litter (C/N 45). The C/N ratio of the organic matier
resulting from the decomposition of wheat straw was
always higher in soil than in surface casts. This is an
indicalion of the better mineralization in surface than
in subsurface casts (Table 4). *C and *N found in soil
were derived from litter ingested and buried in the soi!
by earthworms. Consequently we assumed that *C
and *N found in soil represented subsurface casts and
their associated microflora. Thus, the subsurface
casts *N/surface casts *N ratio could be an indicator
for the ratio of subsurface to the surface casting. In
our expernimental conditions this ratio was 13.6.

Food <change of earthworms involves a
modification of cast composition, So. the “C/°N ratio
increased during the incubation. This change, essen-
tially due to the N decreasc in casts (Table 3).
indicated that, during the first days of incubation, the
earthworms consumed food with high N content
because the wheat straw litter became more palatable.
The earthworms ingested and buried more litter but
they did not assimilate it.

Casting production depends on favourable climatic
conditions and on earthworm diet. So, if they do not
find the elements required for their mectabolism,
earthworms tend to explore more soil (Darwin, 1881,
Abbott and Parker, 1981, Lec. 1985) and therefore
produce more casts.

Distribution of *C. *N, C and N in the different
compariments

The distribution of *C. *N. C and °N in CO..
carthworms, surface and subsurface casts after 31
days of incubation and their flow through the
different compartments are shown in Fig. 4(a). (b).
The *C, *N. "C and "N coming from Lhe wheat straw
litter and from the soil native organic malter have
been measured in CO,. surface casts and earthworms
(the negative data in earthworms *C and “N indicated
a weight loss after 31 days. In the same way, this
weight loss corresponded to an output C and N
flow from the earthworms lower than the input).
Furthermore. we assumed that soil *C and *N corre-

sponded to *C and *N of subsurface casts and that
“C/*C and °N/*N ratios were similar in surface and
in subsurface casts. Finally, we have calculated (1) *C
and "N of subsurface casting and (2) “C and N of soil
organic matter ingested by carthworms [Fig. 4(a)).

Nicodrilus giardi giardi consumed about 5.8 times
more “C from soil organic matter than *C from litter.
Only 2.3% of ingested C and 29.3% of ingested *C
were released as CO,. Neariy all C from soii native
organic matter was excrcted in subsurface casts
(93%) while in surface casts the rejected C repre-
sented only 4.7% of ingested native C. 65.6% of *C
and 83.3% of *N from litter was excreted in subsur-
face casts and 3.3% of *C and 6.1% of *N in surfacc
casts. These data demonstrate the poor assimilation
of litter by earthworms and the low C assimilation
cfficiency. The ‘C/*Cand N *N ratios in casts would
be certainly lower if the soil uscd in this experiment
had received a higher organic matter content. *C/C,
and *N/N, ratios in surfacc casts increased respec-
tively from 1.9 1o 10.4% and from 0.9 10 9.8% (Table
3). These ratios showed that the earthworms incorpo-
rated more litter *C and *N at the end of the
mcubation. *C and *N incorporated in worms in-
creased by 6.5 and 28.2% duy ' from day 22 to 31
while this increase amounted only to [1.3% and
343% day™' during the first 22 days (Table 5).
Nevertheless, after 31 days. the *C in worms repre-
sented 1.6% of the total ingested *C and the *N 9.4%
of the total ingested *N [Fig. 4(b)]. All these data
indicate that the assimilation cficiency of *C and *N
was low but also that the assimilation rate increased
with duration of incubation. Alter 22 days the soil
microflora began to decomposc the buried litter
making it more palatable, thus increasing its proper-
ties for assimilation.

Moadel of microorganisms and carthworms effect on
livter and soil organic matter

Our experimental results. based on CO. released by
the different microcosms (S. SL. SE. SEL). allow
devclopment of a concepiual maode! of the action of

Tuble 4. Distribution of carbon and nitrogen denved from “C- and '*N-labelled wheal atraw
litter (*C. *N) and from soil native organic matter ( C. N) calculating cast production in
well-defined limits. Comparison of *C *N ratios w soil and casts. Data (mean + SE{ follawed
by 1he same lerter i the sume column do aor ditfer signiticantly (3 replicates: £ <0035)

Period of Surfuce casl *C *N

casl production weight [ dry lmgg 'dn Cast Sul
(days) (my) wi (- SEj) wi ( + SE)] *C *N "C °N

0-3 764 0.62 + 0.05 0.021 +0.005* 295 291

36 1483 IREEXRL 0.068 + 0.005" 6.8 249

6-10 . 556 234402 0.169 + 0.01¢ 13.8 270

10-22 - 3221 259 3 0.2 0.138 + 0.01¢ 188 2038

22-31 4795 1.64 +0.1¢ 0.121 £ 0.01¢ 13.6 237
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Fig. 4. (a) Quantitative estimation of carbon and nitrogen coming from "*C- and ' ‘N-labelled wheat straw

litter (*C. *N) and from soil native organic matter ("C, 'N) in the different compartments of the model

at day 31. *C¢. *N;. °C; and °N; represent the mean of the *C. *N, ‘C and -N flows (as mgday™")

through the different compartments. (b) Distribution of carbon and nitrogen coming from "“C- and

*N.labelled wheal straw litter (*C. *N) in the different compartments of the model at day 31 (expressed
in % ingested *C and *N).

microorganisms and earthworms on litter and soil
organic matter.

We assume that C-CQO, released by the SEL micro-
cosms reflected the respiration of the (1) soil
microfliora. (2) earthworms and (3) the litter decom-
position by soil microorganisms and carthworms.
The results are shown in Fig. S. If SEL was consid-
ered as the most complete system (100%). S repre-

sented the respiration of soil microorganisms.
(SL —S) the effect of soil microflora on litter,
X =(SEL —SE) (SL - S) the effect of earthworms
on litter and (SEL — X) the effect of earthworms on
soil organic matter. During the incubation, the effect
of the soil microflora on litter was almost constant
while the action of earthworms on litter increased.
These results suggested that the litter became more

Table 5. [ncorporation in earthworms of carbon and nitrogen derived from "“C- and '*N-lubelled
wheat straw litter (*C.*N) and from soil native organic matter ( C. N). Daia (mean + SE)
followed by the same letter in the same column do not differ significantly (3 replicates: P < 0.05)
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Total *C Total *N N
Incubaiion [me g fmgg {mge ' fmg e
lime hive wonn live worm live worm Ihe worm  *C,C *N N
(duys) (+ SE) (£ SEY) { +SE) t - SEY (%o} (%)
3 443 +15° 1.76 + 0.05* 81.7+4° 0.06 + 0.01* 040 007
6 431 + 17 277+ 000 85.2+6° 0.13£ 001> 064 0.5
10 421 + 14 279+£0.1° . 788+ % 0.19 £ 0.01° 0.66 025
22 S17+21° 427403 " 1009 +8° 0.41 +0.05° 083 04
31 492 + 19 8.60 + 0.5¢ 94.4 + 6 1.68 +0.1¢ .75 1.78
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Fig. 5. Effects of microorganisms and carthworms on "“C-

and ""N-labelled wheat straw litter and soil nauve organic

matlter. calc lated by comparison of CO, released from the

different mi rocosms. M—S represents the effect of micro-

organisms n soil. M-—L of microorganisms on plant

litter. E— L of earthworms on plant litter and E—S of
earthworms on soil.

palatable f r earthworms during incubation in the
soil. It follo s that the action of carthworms on soil
decreased  uring this time. This rcpresentation is
schematic bécause we did not consider that the litter
buried in the soil tended to increase the soil microbial
activity and so. we underestimated the CO, relcase
from SL. However, in a study on consumption of
various litter by Lumbricus terrestris (Cortez and
Hameed. 1988), it was shown that this model could
provide some insight into the behaviour of micro-
organisms and of the microorganism—earthworm
association on different kinds of litter and on soil
organic matter.

CONCLUSION

Litter quality played an important role in the
mineralization of C and N derived from litter and soil
organic matier and on the distribution of these
elements in the different compartments of the model.
These results agree with those of van Rhee (1963).
Satchell and Lowe (1967). Edwards and Heath
(1975). Brattsten (1979). Hartenstcin (1979) and
Cortez and Hameed (1988) who showed the relation-
ships between chemical composition of litter and food
preference of carthworms. In our experiment carth-
worms played a rather mechanical réle (increase of
cast production. high ingestion of soil native C and
N) with their own resources. In a soil of low organic
mittler content. non  microorganism-contaminated
wheat straw litter was not an adequate or palatable
food for Nicodrilus giardi giardi. This conclusion is
based on threc observations:

(1) The carthworms lost weight during the incuba-
tion, an indication of the limited assimilation of the
ingested livter {Iitter C and N incorporated in earth-
warms represenied 16 and 9.4% of ingested C and
N).

{2) The earthworms ingested an important part of
soil C and N, but did not assimilate them. Soil C was
mostly rejected in casts. -

(3) The earthwiorms buried litter in the soil and let

FCoribs ceal

it decompose before consumption. This obscrvation
was reported by Wright (1972), Cooke and Luxton
(1980) and Cooke (1983). Furthermorc, Abbott and
Parker (1981) indicated that litter consumption was
related 1o its nitrogen availability. Wheat straw hitter
had a C/N ratio of 30.5, certainly very httle available
nitrogen Tor carthworms.

In the ficld. earthworms consume different kinds of’
litter. In order 10 apply to ficld conditions the effect
of microorganism—earthworm asociation on thc min-
eralization of litter and the nitrogen availability for
plants, we arc now studying the distribution and
transfer of C and particularly of N by earthworms
from litter at different stages of decomposition.
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