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ABSTRACT

Seasonal litter fall was sampled throughout 2 years in an ecosystem ol evergreen sclerophyllous
shrubs of North-Eastern Greece. The annual total litter fall was 5,980 kg per hectare of which 709,
was leafl fall, Litter fall was highest in late spring-early summer, the fall of each component (leaf, twigs,
fruits, etc.) being markedly seasonal but not all in phase. Leaf litter fall maximum was in late spring-
early summer, while fruit litter fall was in winter. The annual energy offer o the soil subsystem
measures 1,824 x 10* keal if leal litler only is considered.

KEy worps: litter fall, nutrients, waler stress, meditertanean ecosystems.

RESUME

L'étude de la chule saisonniére de la litigre a &é effectuée pendant 2 années, dans un écosystéme
darbustes sciérophylies a fevillage persistant, du nord-est de la Gréce. La quantité de litidre Llombée au
cours d'une année était de 5980 kg par heclare, les feuilles représentaieat 70 % de celle masse. Le
maximumn de chute de la litiére est situé vers la fin du printemps et le début de I'été. La chute des
différentes pariies de Ia litiére (feuilles, fruits, branches, etc.) est elle aussi, saisonniére. Le maximum de
la chute des leuilles a lieu vers la {in du printemps et le commencement de I’é1é, alors que le maxiroum
de la chute des fruits  licu en hiver. En ne tenant compte que de la chute des feuilles, "appott annuel
d’énergie au sol atteint 1824 % 10* keal.

INTRODUCTION

The formation of plant litter is a process associated with input of energy and
nutrients to soil and it is the starting point of nutrient recyling (RoDIN & BazILEVICH,
1967, Gray & ScHLESINGER, 1981). In consequence, in order to study the nutrient
cycling in an ecosystem it is necessary to know the gnantitative aspects of litter
formation. The latter is a physiological process affecting not only the soil but also
the growth patterns and nutrition of the plants.
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In ecosystems where available nutrients are present in limited quantities only
and the rate of decomposition is low the litter layer becomes increasingly important
in the overall nutrient regime of the systems. Mediterranean type ecosystems
(M.T.E.) belong to these nutrient-timited ecosystems, therefore the amount of plant
material being returned to the soil is important. Moreover, current interest in the
productivity of M.T.L. and their management proolems rzquires knowledge o the
liter production Jdvnamics in terms of nutrient cyeling MarGaris et al.,, 19%3). In
the mediterranean type climate of Greece. maquis ecosystems (consisting of ever-
green sclerophyllous tall shrubs) are predominately found at a precipitation regime
of 600-1,000 mm per year approximately and they cover 25-30% of the forested
land of the country. This paper deals with litter production and dynamics in a
maquis ecosystem of North-Eastern Greece.

STUDY AREA

The study was carried out in a stand of sclerophyllous evergreen tall shrubs,
2 m in height approximately, near Stavros village in North-Eastern Greece, at an
elevation of 20 m above sea level on metamorphic rocks of biotitic gneiss and
amphibolites. The site has a north-east exposure and the slope is less than 5°

The dominant plant species based on biomass are Quercus coccifera L. (32%)
and Arbutus unedo L. (15%) (ARIaNouTsoU & MAaRDIRIS, 1987, ARrIaNoUTsSoU &
ParaskevorouLcs, 1989 submitted for publication). Other woody species which
occur in the area are Philiyrea media L., Erica arborea L., Quercus ilex L. and
Cistus sp. The site has not been burned for at least 20-25 years. The climate is
mediterranean with mild and wet winters and hot dry summers (fig. 1).

METHODS

Preliminary estimations showed that 15 litter traps were enough to give representative data on the
litter formation at the community level. Therefore, 15 traps, cach of 32 cm in diameter and 50 ¢m high,
were placed randomly over a sampling area of 0.1 ha, 0.5 m above the ground. The material failen
into the collectors was removed from the site at monthly intervals, transported to the laboratory and
separated into five components: “leaf litter™, *shoot litter”, “flower litter™, “fruit litter” and “miscel-
[aneous” a component which included all that material which was not identifiable, mostly because it
was damaged in some way (eaten by birds or insects). The material was dried at 60°C for 48 hours in
an air-oven and weighed. Data for each sample period represent the mean value obtained from the
15 traps.

RESULTS AND DISCUSSION

The total amount of litter fall produced in the 2-year study period was
575.07 g.m~ % and 302.28 g.m~? for the first and second year respectively (table I).

Leaf litter constituted 58.23%; and 84.50%; of the total litter in the first and
second year respectively, which gave a mean value of 70.51%/. Shed flowers mea-
sured 4.56% of the total (mean value), while the fruits were 28.49 and 5.44% in
the first and second year respectively, giving a mean value of 17.75%,. Twigs
constituted only 4.60%; (mean valued) of the total litter fall.
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FiG. 1. — Climatic data of Stavros, NE Greece, experimental site.
@ ————@ Air Temperature (°C), A---- - A Rainfall (mm).

TABLE L. — Litter produced in the 2-year study period at Stavres experimental site. Figures areing.m™ 2,
The percent coniribution of each comporent in the total litter is shown in parenthesis.

Component
Leaves (%) Twigs (%) Flowers (%) Fruits (%)  Miscellaneous  Total
Year 1981-1982
334.88 (58.23) 3415 (5.94) 26.79 (4.66) 163.87 (28.49) 15.38 575.07
Year 1982-1983
424,72  (84.50) 15.45 (3.07) 22.39 {4.46) 27.35 { 5.44) 12.37 502.28
Mean
379.80 (70.51) 24.80 (4.60) 24,59 (4.56) 95.61 (17.75) 13.87 538.67
i45.06 - +9.38 - +2.21 - +68.46 - +1.51 +36.50

There was a continuous litter fall throughout the year (fig. 2) aithough the
majority tock place in summer because of leaf abscission at that time. The peak
value in litter fall observed in winter 1982 was due to sheding fruits,

The relative contribution of the two dominant species in the litter fall is shown
in table IL

Leaves of both species fall in late spring-early summer, although a small
portion of leaves are continuously shed. In the period between March 1981-
April 1982, 68%; of the leaf litter fall of Quercus coccifera took place in a period
of only 3 months (April 4th-July 9th included), while the remaining 9 months
contributed only by 32% of the totai annual leaf litter fall. The same holds for
Arbutus unedo leaft litter fall, where 82% of the total occurred in 3 months time
(April 4th-July 9th inciuded) and 18% in the other 9 months, during the first year
of study.
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During the second year of study (Aprit 1982-April 1983) leaf litter fall of
Quercus coccifera took place—as was expected —between April 4th-August 23rd
1982 included (82% of the total annual leaf litter fall). The sitvation was guite
similar for Arbutus unedo leaf litter fall where, in the period between May 20th-
August 23rd 1982, 95%, of the annual leaf litter fall occured, followed by a 5% for
the intermediate months till the next summer, where leaf litter fall showed its
maximum again.

TaBLE II. — Component of litter of the two dominant species Arbutus unedo (A.u.)
ard Quercus coccifera (Q.c.) at Stavros experimental site.

Leaf litter - -~ = - Flower litter - . Fruit litter
Collegion _ (g.m™" +SE)
time Au Q.c. A, Q.c. A Q.c.

1981

March 3 0624 0.35 277+ 098  2.83+£0.88 - - -
April 4 1774 078 1243+ 537 2.8340.82 - - -

May 11 1587+ 592 61.47+16.83 419+ LM 35.62+£1.28 - -

June 6 3221+1052 20184 599  2.97+1.60 0.904£0.77 - -

July 9 80.46+21.56 2971+ 9.86 0.13+0.13 Q.74 +0.74 137+ 1.00 -
September 4 525+ 124 1088+ 270 - - - 3784+ L1
October 3 245+ 0.67 600+ LI2 - - 030+ 020 392+ 297
November 11 6.644+ 245 2634 0.76 - - 051+ 046 12,10+ 8.58
December 9 6.89+ 179 4894 1.82 2.12+1.13 - 14,984 6.62 19.07+12.78
1982

January 19 L19+ 071 4424 1.80 - - 79.80+27.34  14.034+0.61
March 3 1.35+ 061 384+ 1,42 1.0940.52 - 3,584 3.58 1119+ 8.26
April 4 1.88£ 097 426+ 1.30 0.55+0.27 - 020+ 015 -

May 20 953+ 3.36 341541504 0644025 3.39+1.12 - -

June 23 116.05+42.89 27.51+10.69 0.5040.37 5.76+1.57 - -

July 28 29.15+ 895 15114 4.60 0.0540.02 0.64+0.25 — 1.724+ 0.87
August 23 249+ Q.74 1037+ 3.23 - - - 1674+ 1.12
September 23 043+ 0.25 537+ 1.61 - - - 7144 512
October 10 0.88+ 0.50 3844 112 - - 034+ 025 4014 3.35
December 20 0.47+ 025 314+ LI12 0111007 - 8.65+ 4.10 -

1983

January 14 - 0324 012 042+0.25 - 035+ 025 1[.O8+ 0.9%
March 30 1,184 0,50 272+ 099 109074 - 027+ 027 Q.17+ Q.11
April 20 0.65+ 0.37 977+ 3198 0.04 +£0.04 - - 0.36+ 0.35
May 27 14.54+ 584 41.99+18.40 004 £0.30 3.59+1.61 - 1.25+ 0.12
June 23 51.98+20.88 27.264 9.45 0.05+005 1.144+0.62 - 034+ 034

Concerning the fruit litter, for the first year of study, 91 and 97% of the total
annual occurred in late autumn-carly winter months for both species (November,
December 1981 and January 1982 for Quercus coccifera and December 1981 and
January 1982 for Arbutus unedo). During the second year of study the pattern was
the same, that is 63 and 909 of the tota! annual fruit litter fall occurred in autumn
and winter months for the Quercus coccifera and December 1982 for Arbutus
unado),

Similar data are reported by other scientists working on mediterranean-type
ecosystems. Some of these data are compiled in table III.
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Rarr and Lossamnt (1981) reported that 60%, of the total litter fall was leafy
material while flowers and fruits were 30% and the wood material was only 10%.
They observed maximal of litter fall in late spring. The same pattern is reported
by the other workers as well. PoL1 er al (1974) estimated that 30% of the total
litterfall occurred in May-June and July and was mainly due to leaf litterfall. Litter
in eucalupt forests falls throughout the year, but it is strongly seasonal with peak
values in spring and early summer (McCoLL, 1966; Wess et al, 1969; Asuron,
1975; SeecHT & BROUWER, 1975; ROGERS & WESTMAN, 1977 among others),

Leaves are the predominate plant material in litterfall as most of the above
scientists report. This is of major importance, since ieaves contain 37%, N, 46% P,
33% K, 40% Ca, 34% Mg of the above ground nutrient pools {ARlaNouTsOU &
PARASKEVOPOULOS, 1989, submitted for publication). Although nutrient concentra-
tions in leaves are relatively high (1) (9.5 mg N.g™! ldw, 0.20 mg P.g™! Idw,
6.5mg K.g7'ldw, 7.89 mg Ca.g™! Idw, 1.33 mg Mg.g ' ldw) reabsorption
before abscission partially reduces these concentrations in litterfall (ARiANOUTSOU,
1989, submitted for publication). In any case litterfall remains one of the major
energy and nutrient inputs to the ecosystem unit through the soil system {ARIANOUT-
sou, 1989, submitted for publication).

The seasonal pattern of litterfall is also important. It is known that one of
the major environmental limitations to the mediterranean-type ecosystems is water
availability; two distinct types of adaptations can be distinguished: (a) evergreeness
which is usually combined with sclerophylly and (&) reduction of the total plant
leaf tissue, depending on the intensity of the drought (OrsHan, 1954). The actual
productivity of the ecosystem is dependent only in part on the amount of carbon
it fixes. Other important considerations are the efficiency by which carbon is fixed
into dry matter and how much of the dry matter goes to produce new productive
rather than supportive tissues. In this aspect conserving energy (fixed carbon) is
very important. Evergreen sclerophyllous plants show their maximum activity in
spring, coinciding with leaf emergence and expansion and shoot growth) (A RIANOUT-
sou & MaRDIrIs, 1987; PEREIRA et al., 1987, KummeROW et al, 1981), when the
climatic conditions are favourable (fig. 1). Getting rid of their overmature structures
at this time and before the onset of the dry season is therefore a very efficient
means of saving energy.

Considering that approximately 3,800 kg.ha™! (table T) of leaf litter is pro-
duced annually, we can estimate that 1,824 x10* kcal of energy (2) and
36.10 kg N.ha™!, 076 kg P.ha™!, 247 kg K.ha™*, 300 kg Ca.ha™",
50.0 kg Mg.ha™!, are offered to the soil subsystem (ARiaNcUTSOU, 1989, submitted
for publication) (3). An additional nutrient input to the soil is that of fruit shedding
during winter. Most of the fruits that fall, however are eaten by birds or small
mammals (mostly rodents) and sometimes even ants (pers. observ.). Therefore, part

(I) Mean value of nutrient concentration in Quercus coccifera and Arbutus unedo leaves.

{2} Conversion bassd on the equation | kg dry material =4,800 kcal=700 | CO,, after MACFADYEN,
1971,

(3) The amount of nuirients in leaf litterfall per hectare was estimated by multiplying the mean
concentration of each element in the leaves of Quercus coceifera and Arbutus unedo, main component
of the leaf litterfall (see footnote 1) by the amount of litter produced annually.
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TabLE [II. — Litter fall in several mediterranean-type ecosysters of the world,

Ecosystem, locale and reference Litter fall (kg.ha~'.year™)
Maquis, [aly, ) 31414

Poli et al., 1974

Phrygana, Greece, 2,100
Margaris, 1976

Coastal scrub, Australia, 4,900

Maggs & Pearson, 1977

Dry eucalypt forest, Australia, 2,333

Lee & Correll, 1978

Garrigue, France, 2,278-2,608
Rapp & Lossaint, 1981 [
Coastal sage, California, 1,940

Gray & Schlesinges, 1981

Ceanothus chaparral, California, 5,980
Schlesinger ¢f. Gray & Schlesinger, 1981

Maquis, Greece, 5,389

Present study

of their nutrients are input to the soil subsystem after passage through the animals
digestive system. .

The mean annual litterfall for mediterranean-type ecosystems (table [1D) is
lower than the range given by Bray and GoriaM (1964) and Ropiv and BazILEVICH
{1967) for temperate deciduous and coniferous forest, 4,000 to
7,000 kg.ha~*. year !, In typical mature deciduous forests 8 to 10% of above-
ground nutrient pools are returned to the soil by annual litterfall (Rooin &
BazievicH, 1967). In older forests and in coniferous forests, the percentages
decrease to 3-5% (Ropiv & BaziievicH, 1967). Although available data are limited,
the relatively high return of nutrients to the soil by litterfall in several mediterr-
anean-type ecosystems might characterize them as still voung, developing systems.
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