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Abstract

(1) As there was a paucity of information on the aquatic decomposition of leaves of willow (Salix alba),
poplar (Populus gr. nigrd) and alder (Alnus glutinosa), the net-bag technique was used to study chemical
changes in the leaves over a period of six months in the Garonne (France).

(2) The disappearance rates of foliar organic matter were about similar for the three species (k = 0.0065
day~! for alder, k = 0.0054 day~! for poplar and k = 0.0050 day~' for willow). Changes in carbon amount
were comparable to those of organic matter. Nitrogen and organic phosphorus accumulated during the first
months of decomposition. The C/N ratios of foliar matter changed in the same way in the three species,
falling steeply for the first month, then levelling off. Amounts of sugar disappeared very rapidly, particularly
for alder and willow. Cellulose concentrations were constant throughout the whole decomposition process
whilst an increase in the amounts of lignin was observed during the first months; however the latter could
be due to an interference by microbial compounds.

(3) The changes of some constituents, such as carbon, sugars and cellulose, were described with exponen-
tial or multiexponential models. Despite the very different initial ratios of C/N and lignin/N, these changes

associated with leaf decomposition were similar for the three species.

Introduction

During the last two decades, several authors have
demonstrated the importance of allochthonous or-
ganic matter in rivers and that the functioning of
ecosystems in forest streams is dependent on the
considerable contribution of dead leaves coming
from trees on the banks (Hynes, 1963; Minshall,
1967, 1968; Cummins, 1979; Vannote ef al, 1980).

The decomposition processes of leaf litter in wa-
ter have been studied by several authors who have
recorded the influence of a number of factors on
the kinetics of disappearance of organic matter, for
example: leaf species (Petersen & Cummins, 1974),
the action of aquatic invertebrates (Kaushik &
Hynes, 1971; Sedell e af, 1975; Richard & Moreau,
1982), bacterial and fungal colonization {Bérlocher
& Kendrick, 1974; Willoughby, 1974; Suberkropp &

Klug, 1976), the nutrient concentratioris in the wa-
ter (Kaushik & Hynes, 1971; Meyer & Johnson,
1983) or the nature of the substratum (Reice, 1977,
1980). The C/N, and especially the lignin/N ratios
of plant matter are considered as good indicators
of the decomposition kinetics (Triska ef al, 1975;
Godshalk & Wetzel, 1978; Melillo ef al, 1983).
Until recently, no data were available on the spe-
cies belonging to South European riparian forests.
This study addresses the aquatic degradation
processes for leaves of alder (Alnus glutinosa
Gaertn.), poplar (Populus gr. nigrd) and willow
(Salix alba 1..). These species are found commonly
on the borders of the Garonne and many Mediter-
ranean rivers. This is the first study on leaf decom-
position for S@iix alba and the second study on A/
nus glutinosa and Populus nigra (cf. Triska, 1970;
Trémoligres, 1979). This paper describes changes in



chemical composition of these deciduous leaves dur-
ing decomposition.

Study area

The decomposition experiments were carried out
in a part of the Garonne river (South-Western
France) which supplies a small hydro-electric
works, The conditions of temperature, sediment

Sedell ef al, 1975). As a sufficiently large mesh was

" used, invertebrates activity was minimally limited

because the organisms involved are small in a large
river. Mathews & Kowalczewski (1969) showed that,

_ in the river Thames, the kinetics of decomposition

was not related to the net’s mesh size. Also, Ben-
field et al. (1977), Meyer (198¢) and Reice (1980)
found the role of invertebrates to be unimportant in
some streams. Moreover, as the purpose of this
study was to consider particulate organic matter

quality, discharge variations and accessability to in-

larger than 1-2 mm, the net bag technique was

vertebrates are the same as in the main channel of
the Garonne. Here the Garonne is 80 to 300 m wide
(seventh order stream). The river is sinuous and
presents calm zones alternating with shallow
rapids. A few small wooded islands remain. The ex-
perimental station was 10 km downstream of the
confluent of the Ariege. The average annual flow is
192 m? s-! (1941—81 period); the winter or spring
floods frequently exceed 1000 m® s—! (daily aver-
age); in summer or early autumn, the rate of flow
is in the range 40 to 50 m3 51,

The Garonne's banks are wooded (Salix alba)
and sustain cultivated poplar stands (Popuius gr.
nigra) in numerons sites and alder woods (Alnus
glurin_osa); these three species are the most charac-
teristic of the Garonne's riparian forest.

The river bottom consists of silt, sand and gravel.
The experimental station is just upsiream of the
city of Toulouse and its factories. Thus, water quali-
ty is in no way affected by significant pollution
sources. The waters are slightly alkaline (pH = 8,
alkalinity = 120 mg 1-! HCOy), and have a mean
nitrate concentration of 0.7 mg I-! NO;-N and a
mean phosphate concentration of 0.07 mg -1
PO,-P. During the study, the water temperature
varied between 6 °C (December) and 15°C (June).
Temperature reaches 23 °C in summer and annual
degree-days based on monthly measurements is
4820 for the 1983 —1984 period (A.F.B.AG. data).2

Material and methods

The decomposition of leaf samples was meas-
ured in nylon net bags. This technique has been
criticized because the mesh size limits the size of in-
vertebrates involved (Petersen & Cummins, 1974;

aAgence Financitre de Bassin Adour-Garonne.

deemed more appropriate.

Samples of recently fallen whole leaves (5 g) were
air dried for a week and then placed in 20 cm long
net bags with a mesh size 2 mm (ref. UGB Nytrel
Ti 2000). These bags were attached to a string an-
chored to the bank, which kept them close to the
river bed. They were immersed in the Garonne on
2 December, 1983. For each species (common alder,

- black poplar, white willow) three net bags were re-

moved after 28, 59, 119 and 185 days of immersion.
The samples extracted from the bags were air dried
and placed in a drying oven at 50°C for three days.
After weighing, they were ground and passed
through a 1 mm sieve.

The sediments attached to the leaves were not re-
moved, since brushing would have carried away leaf
fragments. Analysis of the sediment fraction has
shown that its organic matter content was low
(about 5%). Consequently, organic nitrogen, or-
ganic carbon, sugars, celiulose and lignin contents
of this sediment fraction were also low (<5%).
Samples with great sediment fraction {organic con-
tent < 40%) have not been used for analysis. Most
of samples had a small sediment fraction (organic
content >60%) and since organic matter consti-
tutes 90 to 94% of the leaf weight in the three spe-
cies, we can ignore the sediment part and equate
the changes in the samples’ organic fractions to
those of the foliar matter for such samples. Sedi-
ment organic phosphorus contents (0.05-0.10%)
were in the same range as the leaves ones (A, Fabre,
pers. commui); then, organic phosphorus values
may be overestimated and should be interpreted
with caution (see Results and Discussion).

For each determination, a 250 mg-sample was
used. The organic matter content was measured by
loss on ignition (2 hours at 550°C}. Total carbon
was analysed by conductometirical determination
of CO, liberated after combustion (Carmhograph
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Fig. I. Changes in dry weight (DW) and amounts of organic matter (OM), carbon (C), nitrogen (N) and phosphorus (P} for leaves of
alder (A), poplar (PO) and willow (W) during decomposition, expressed as percent of original amount. The vertical lines represent the
95% confidence leve] around the mean of three samples, except for the U19th day for alder (1 sample) and poptar (2 samples). For OM
and C, the fitted curve y = e~ is drawn. Broken lines indicate no significant change from jnitial conditions.



Wiasthoff apparatus). Determination of total nitro-
gen was made with a Kjeldahl digestion followed by
distillation and titration of the liberated ammonia
{Biichi apparatus). Organic phosphorus was calcu-
lated by difference between total phosphorus and
inorganic phosphorus, according to the method of
Saunders & Williams (1955) associated with the
colorimetric method of Golterman ef al (1978).
Polysaccharides were extracted with water (hydro-
soluble) and 3N sulphuric acid (not hydrosoluble)

{k = 0.00650 day—!) than that of black poplar
(k = 0.00536 day~!) and that of white willow
{k = 0.00500 day ), but these differences were not
significant (P > 0.05).

At the time of their fall, the leaves of these spe-
cies had an organic carbon content of about 40%
(Table 1). During decomposition, amounts of car-
bon changed comparably to that of organic matter:
k =0.00568 for alder, 0.00441 for poplar and
0.00453 for willow (Fig. 1). The initial nitrogen

at 80°C according to Guckert’s (1973) technique

contents were low (0.9% for poplar and 1.6% for

and analyzed by the phenol method of Dubois ef
al. (1956); the concentrations are given as glucose-
equivalents. Cellulose and lignin were determined
according to the method used by Goering & Van
Soest (1972), avoiding nitrogen analysis on the
crude lignin residue; this technique does not distin-
guish between pure lignin and cutin (‘acid-detergent
lignin™).

Results

The changes for dry weight, organic matter and
total elements (in percentage of initial weight) are
given in Fig. 1 and those for organic fractions in
Fig. 2. If the values changed significantly, the data
points were fitted to a negative exponential curve in
order to obtain the reaction rate constant following
Olson’s (1963) formula: W, = Wy e~¥, where W,
represents the weight remaining at time t (days),
W, the initial weight and k the decomposition rate
constant, A multiexponential model of the type
y=ae~kt + (l-a) e~¥ is a better description of
changes in polysaccharides amounts in our samples
(Fig. 2).

Changes in dry weight fluctuated for the three
species but not significantly. The peaks in the first
month {alder, poplar) and in the fourth month cor-
responded to an increase of sediments, easily cap-
tured by leaves during winter or spring floods. This
phenomenon has been reported for the River
Thames by Mathews & Kowalczewski {1969). Con-
sequently, changes in this variable cannot be fitted
to a simple model,

For organic matter, the data fit a negative ex-
ponential equation with variation coefficients®
ranging from 9 to 15%, according to the species.
During the 6 months of the e¢xperiment, decompo-
sition of common alder was slightly more rapid

willow), except for common alder {2.2%) which
had values similar to those of other species of the
same genus. The organic nitrogen amount in-
creased {not significantly) during the first month
for the three species, decreased during the second
month, then stabilized or increased again {willow}
and finally decreased after six months to approxi-
mately 80% of the initial quantity. Initial values of
C/N ratios (Fig. 3) were very different for the three
deciduous species: alder, rich in nitrogen had a low
C/N ratio of 19.3 whilst the C/N ratios of willow
and poplar were 25.4 and 41.9 respectively. The rap-
id decrease in C/N noticed during the first month
was followed by a very slow decrease until the sixth
month. The amounts of organic phosphorus fol-
lowed the same pattern as that of nitrogen, so the
N/P ratios for the three species remained constant
during decomposition. Phosphorus enrichment
was much greater than nitrogen one during the first
month {more than 36% in poplar leaves) but sedi-
ment accumulation was also great in some samples

bLogarithmic equation log, (W,/W,) = —kt + ais based on two
coefficients k and a. Authors generally use linear regression of
logarithmic equation although Olson's model W,/ W, = ¢~k is
only based on one coefficient (k). Olson’s model is justified be-
cause decomposition curves always start from the point: t=0
and W,/W; = 1, In other respects, logarithmic transformation
of Olson’s equation distorts the coefficient calculation because
linear regression is based on X and Y arithmetic averages and
arithmetic average of log, (W,/Wg) equals logarithm of W, /W,
geometric average. Least squares nonlinear models are then
preferable. Since the model is non-linear, the standard deviation
is asymptotic. The variation coefficient is the ratio of asymptot-
ic standard deviation to k. This is the best estitnation of the level
of confidence around k.

In order to compare our results to others, decomposition rates
have been also computed by linear regression of logarithmic
equation. The coefficients are lower: k = 0.00272 day ' for al-
der, k =0.00375 day~! for poplar and k = 0.00235 day—! for
willow (but intercept differs from zero).
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Fig. 2. Changes in amounts of water-soluble sugars (S5}, 3N acid-soluble sugars (NS), cellulose (CE} and tignin (LI) for leaves of alder
(A), poplar (PO) and willow (W) during decomposition, expressed as percent of original amount. For CE, an exponential fit is drawn;
for 8S and NS, a bi-exponential fit y = a e %1t 4 (1-a) e k2t is drawn; for LI of S, a second degree polynomial fit y = 1 + at—be? is

drawn,

Table 1. Original composition of alder, poplar and willow
leaves (percent of dry weight with 95% confidence level).

Constituent  Alder Poplar Willow
Carbon 42,4 £02 390 02 417 03
Nitrogen 2,20 0,09 093 =005 1.64 +0.08
Organic

phosphorus  0.063+0.002 0.053+0.004 0.07320.002
Water-soluble

sugars 6.2 0.1 4.7 0.1 59 0.2
Acid-soluble

sugars 7.1 +0.2 8.1 +0.2 88 =07
Cellulose 15,0 £0.7 223 =05 18,5 +0.6
Lignin 12.4 103 232 +Ll.3 200 =12
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Fig, 3. Changes in C/N weight ratios for leaves of alder (A),
poplar (PO} and willow (W) during decomposition.



after 1 and 4 months of exposure and a part of
phosphorus amount could come from sediment.
During the sixth month, the amount of phosphorus
decreased below the initial level (62 to 91%). This
was due to the gradual disappearance of Jeaf mate-
rial since the organic phosphorus contents of the
three species during the six months of experimenta-
tion remained distinctly higher than the initial con-
tents.

. After a month, 2/3 of the willow’s water-soluble

sugars disappeared (Fig. 2} while alder lost 58%

and Tiwari & Mishra (1983), suggests that large
amounts of trapped sediments reduce the develop-
ment of microorganisms and slow down decompo-
sition.

The results show that these three species decom-
pose according to comparable first order kinetics,
with slightly different k coefficients. Values for the

- same genera (Table 2) are very variable according to
species but also because of the different experimen-

._tal conditions {¢.g. type of stream, temperature, wa-

ter quality). The exposure technique also plays an

and poplar only 26%; after six months, the residual
percentages were in the same range for the three
species (15 to 21% of the initial amounts). The de-
crease was less rapid for polysaccharides soluble in
3N acid, and after six months of experimentation,
these ranged from 29% (willow) to 39% (poplar) of
the initial amounts.

The quantity of cellulose decreased rapidly dur-
ing the six months and the kinetics were not signifi-
cantly different from those for organic matter
(k = 0.00603 day~! for alder, 0.00504 day~! for
poplar and 0.00492 day~! for willow, with varia-
tion coefficients from 8 to 11%). The cellulose con-
tents were thus relatively stable during decomposi-
tion. However, a slight difference was observed
between the cellulose amount and the organic mat-
ter one in alder leaves after one month (F < 0.01);
it corresponded to a relative accumulation of cellu-
lose, which disappeared after two months of
decomposition.

The amounts of lignin were higher than initial
amounts, except for the sixth month for alder and
poplar. Changes seem not to be significant for al-
der and poplar, but could be fitted to a second de-
gree polynomial: y =1 + at — bt? for willow, this
indicated a first phase of definite accumulation
and a second phase of lignin stock decreade (Fig.
2).

Discussion
Organic matter

The slowest decay of organic matter occurred in
the samples on which the greatest quantities of
sediments were deposited, although the organic
content of the sedimenf is negligible. This fact, al-
ready reported by Reice (1974, 1977), Meyer (1980)

important role (Benfield ef af, 1979). From pre-
vious studies (Table 2), the mirimum value for alder
was obtained in a river and for willow in a pond;
the maximum value for alder was found in a stream
where exceptionally effective feeding by inver-
tebrates occurred, When these extreme values are
ignored, the coefficients are reduced to a narrower
range and data from the present study, computed
by either non-linecar model or linear regression,
constitute the lower limit for alder and willow. The
rather low decomposition coefficients (linear
regression) encountered in the Garonne rank the
three species among ‘Group I1I” with a k value low-
er than 0.005 day~! (Petersen & Cummins, 1974).

Total elements: C, N, P

For six months, the percentages of carbon in al-
der, poplar and willow leaves remain close to 40%.
Anderson (1973) and Triska et al (1975) also
showed that carbon content was constant during
decomposition.

The net nitrogen increase during the first month
followed by a loss has also been observed in forests
(Melillo & Aber, 1984) and streams (Melillo ef al,
1983). The initial immobilization of nitrogen proba-
bly corresponds to an import of nitrogenous com-
pounds- by the micoorganisms which colonize
decomposing leaves. Aber & Melillo (1980} have
shown that decomposition dynamics of leaf and
fine wood litter on forest soils could be described
by inverse linear relationships between percentage
of original mass remaining and nitrogen concentra-
tion in the residual material. The same relations
have been observed for wood chips decomposition
in a stream (Melillo e al, 1983). Organic matter
and nitrogen dynamics during decomposition of
the three leaf litter types in the Garonne river also
conform to this model since correlation coeffi-



Table 2. Decompaosition rates for different species of the genera Alnus, Populus and Safix gathered from literature.
For comparison purpose, values between brackets have been computed by linear regression.

k half life 950 life duration exp. Species Author Remarks
{(day-1) {years} (years) (days)
0.0012 1.64 7.11 210 A. rugosa Kaushik & river
Hynes (1971)!
0.0065 0.29 1.26 185 A. glutinosa This study
(0.0027) 0.34) (2.66)
0.0075 0.25 1.09 365 A. gluiinosa Triska (19707 mesh size
. P e e i i e . 0'2 mm
0.0124 0.15 0.66 250 A. rubrg Sedelt et al. "Watershed 10
L3075y
LCEEEs ] -
0.0168 0.11 0.49 250 A. rubra Sedell e al. Mack Creek
(197%)
0.0513 0.04 0.16 98 A. tenuifolia Cowan et al. subarctic
(1983) stream
0.0046 0.41 1.78 - P. tremuloides Petersen & average of
o Cummins (1974) 2 site and
2 geasons
0.0054 0.35% 1.53 185 P. gr. nigra This study
(0.0028) {0.38) (2.07)
0.0027 0.71 3.05 521 S. sp. Heoedkinson pond
(1975)
0.0050 0,38 1.64 185 S. alba This study
(0.0024) (0.45) (3.14)
0.0059 0.32 1.39 273 S. sp. Mathews & Thames
Kowalczewski (mesh size
(1969)! 0.27 mm)
0.0062 0.31 1,32 365 " 8. nigra Triska (1970)2 mesh size
0.2 mm
0.0063 0.30 1.30 98 S. alexensis, Cowan et al, subarctic
8. arhucolides {1983) stream
0.0078 0.24 1.05 - S. lucida Petersen & average of
: Cummins (1974) 2 sites and
2 seasons
0.0168 0.11 0.45 273 8. sp Mathews & Thames
Kowalczewski {mesh size
{1969)! 3 mm)

i Prom Hodkinson (1973).
2 Prom Petersen & Cummins (1974).

cients are —0.98 for alder, —0.90 for poplar and
—0.97 for willow.

Phosphorus and nitrogen contents expressed as
percentage of organic matter generally increase
during the experiment; nevertheless, the linear
regressions for these changes are not significant.
Meyer (1980) reported an increase in the content of
phosphorus during decomposition; she observed
an increase in the amount of phosphorus in sites
with sedimentation (organic accumulation) and a
decrease in the rapids. The site in the Garonne is

comparable to her sedimentation zones: sediment
deposits on leaves could be two to three times the
weight of the leaves after four months of exposure,
So organic phosphorus enrichment could come
from sediment deposits.

The rapid drop of the C/N ratio may improve the
nutritive quality of the leaves, After six months, al-
der presents a stable C/N ratio of 11, very close to
the effective mineralization optimum of 10 (Alex-
ander, 1961; Mangenot & Toutain, 1980). At this
stage of decomposition, the decrease in poplar and



especially willow C/N ratios can also make the
leaves more palatable (Russel-Hunter, 1970). Nitro-
gen frequently acts as a limiting factor for decom-
position in small streams (Triska et af, 1975), but
in a large river like Garonne nitrogen concentra-
tions may be sufficient to sustain high decomposi-
tion rates.

Organic fractions

Sugars constitute an important fraction of leaf

{2 to 4 weeks) and shorter than that for white oak
(12 to 16 weeks). During the first weeks, certain
compounds (sugars, polyphenols) disappear,
whereas cellulose is not degraded (slight increase of
cellulose content).

The apparent increase in ‘lignin’ content agrees
with the observed accumulations of nitrogen and
phosphorus. However, there is probably a forma-
tion of products, reacting in the same manner as
lignin from the other organic initial constituents
{phenolic compounds) and fungal or bacterial

organic matter and are generally leached rapidly.
Nykvist (1962) and Suberkropp ef af, (1976) have
established that water-soluble polysaccharides and
polyphenols are the first products to be degraded,
passing into the aqueous solution after a few hours
of immersion. Our results show that poplar sugars
are less easily leached from poplar leaves than from
alder or willow leaves. However, disappearance of
the soluble sugars was less rapid than that observed
by Krumholz (1972) and by Suberkropp et ¢l. (1976)
for white oak and hickory leaves, in which 70 to
80% of the sugars are leached during the first two
weeks. On the other hand, Tiwari & Mishra (1983)
have noticed slower kinetics for soluble sugars in
teak leaves in India. Not only the quality of plant
material but also the environmental factors {e.g.
temperature, oxygenation) may be responsible for
the differences.

Cellulose, hemicellulose and lignin are the major
constituents of foliar tissue. The lignocelluloses
represent 30 to 50% of the foliar organic matter of
the three species studied. These percentages ob-
served before decomposition are slightly higher
than those given by Triska et al. (1975) and Suber-
kropp et al. (1976) for deciduous leaves. However,
King & Heath (1967) and Tiwari & Mishra (1983)
have found contents of the same magnitude or
higher for other deciduous species. Mangenot &
Toutain . (1980) éxplained this variability by the
different determination techniques used by the var-
ious authors (most of these techniques tend to over-
estimate lignin concentrations).

The stability of the contents of cellulose and the
slight difference observed between the changes in
cellulose and organic matter during the two first
months have already been pointed out by Suber-
kropp et ol (1976). In comparison with their
results, the first step of cellulose relative accumula-
tion for alder is longer than that for pignut hickory

products, as in soils (Mangenot & Toutain, 1980).
Suberkropp et g/, (1976) showed the existence of ni-
trogenous compounds in the dignin’ fraction dur-
ing decomposition, This net accumulation of ‘lig-
nin® has also been demonstrated for soils by King
& Heath (1967) and for waters by Tiwari & Mishra
{1983).

Lignin and nitrogen contents are determinant
factors for leaf decomposition kinetics in soils as
well as in waters, Melillo er af. (1982, 1983) have
shown the existence of a negative correlation be-
tween the ratio of initial lignin and nitrogen con-
tenits and decomposition rate of leaves or woody
materials, The three species in the present study
have variable lignin/N ratios; 28 for black poplar,
14 for white willow and only 6 for alder. This latter
value is probably close to the minimum for tree
leaves, by reason of the high nitrogen content (Tris-
ka et al, 1975; Melillo ef af, 1983). Nevertheless,
the three species decomposition rates are very com-
parable and not negatively correlated with the lig-
nin/N ratios since the coefficient of determination
for a linear relationship is 0.37. We suppose the in-
fluence of other factors, especially environmental
factors, to be more important in the Garonne river
than lignin/N ratios.

The changes of the following variables fit nega-
tive exponential equations y = e~¥: organic mat-
ter, carbon, hydrosoluble sugars, diluted acid-
soluble sugars and cellulose; the variation coeffi-
cients for these fits are within the range 8—18%.
The only significant differences between species are
for polysaccharides (soluble in water or diluted
acid) which disappear less rapidly in poplar than in
alder and willow. The bi-exponential model for
polysaccharides suggests that there are two types of
compounds among simple sugars or two processes
with different kinetics, such as leaching, abiotic
fragmentation or degradation by microorganisms.



During the six months of decomposition, changes
in other constituents (nitrogen, phosphorus, lignin)
were not significant, nor could they be fitted to a
simple model (except for willow lignin).

In conclusion, comman alder, black poplar and
white willow leaves are decomposed following a
comparable kinetic, despite their different initial ra-
tios of C/N and lignin/N. These species are not
different in the decomposition rates of their con-

. stituents, except for that of sugars which is less rap-
id for poplar leaves. In these three species, simple

Smith, 1956. Colorimetric method for determination of su-
gars and related substances. Analyt. Chem. 28: 350-356.
Godshalk, G. L. & R. G. Wetzel, 1978. Decomposition in the lit-
toral zone of lakes. Im: Freshwater wetlands, ccological
processes and management potentiat (Ed. by R. E. Good, D.
F. Whigham & R. L. Simpson), pp. 131-144. Academic Press
Ltd., New York.

Goering, H, K. & P. L. van Soest, 1982. Forage fiber analyses
(apparatus, reagents, procedures and applcations). US.
Department of Agriculture, Agriculture Handbook 379, 20

pPp.
Golterman, H. L., R. S. Clymo & M. A. M. Ohnstad, 1978.
Method for physical and chemical analysis of fresh waters.

sugars disappear very rapidly while cellulose con-

tents remain constant. The results of the first
months suggest that lignin, nitrogen and phospho-
rus present a net accumulation, probably related to
microbial colonization and the formation of com-
plex polyphenol-proteins of foliar or microbial ori-
gin.
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