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Species dependent root decomposition in rewetted fen soils
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Abstract

Experiments in a rewetted fen show large differences in root decomposition rates &m@ggnites australis,

Carex paniculataandCarex riparia With equal water table fluctuations no differences in decomposition were
observed in the two rewetting variants, with temporary standing and constantly flowing water. The marked differ-
ences among species are therefore attributed to differences in plant material quality, though C/N ratio is shown not
to be of main influence. Based on low decomposition rd@bsagmites australiproved the species most suitable

for (renewed) peat accumulation under sufficient wet conditions.

Introduction lulose or cotton strips are used as standard substrates
when comparing decomposition rates in various wet-
Peat accumulation results generally from slow decom- land types (Maltby et al., 1996). Natural below ground
position rather than by high net primary production plant materials are hardly used for this purpose. The
(Clymo, 1983). Decomposition rates in natural peat- cellulose material, however, only provides the de-
lands are low because of high water tables leading composers with C (Szumigalski and Bayley, 1996),
to a shortage of oxygen (Bartsch and Moore, 1985). whereas natural materials also provide additional nu-
In drained peatlands the low water table results in a trients. This paper reports on decomposition studies
higher microbial activity and consequently in large on root material of various fen typical plant spe-
peat decomposition losses. This is associated with cies to determine their suitability for renewed peat
large emissions of nutrients and greenhouse gasesaccumulation.
(COp, CHg, N2O).
The research project ‘Management of fen ecosys-
tems’ investigates the possibilities of minimizing peat paterial and methods
losses and initiating new peat accumulation by rewet-
ting of drained fens and planting fen typical species. The
A central question in peatland restoration is the quan-
tification of peat losses that occur before and during
rewetting. Methods employed to quantify decomposi-
tion losses include measuring soil respiration, changes
in C/N ratio of the peat, and changes in weight of an
introduced substrate. Measuring the weight losses of
natural or artificial substrates placed in the peat over a
period of time, is the most common method of deter-

mmmg dlegcg)smﬁ)/osglon rates Qﬁiatligg;(ngsch ar|1d paria CURTIS was studied in field experiments under
oore, » VErnoeven and Afts, ). Often cel- the two rewetting variants using the litter bag tech-

* Fax No: + 49 3834 864114, nique. Each bag contained 5 g of fresh root material.
E-mail: hartmann@rz.uni-greifswald.de The dry weight equivalent of the root material was

‘Friedlaender Grol3e Wiese’ is a 9300 ha large
drained fenland in northeastern Germany°@s3 N,
13°45 E). About 15 ha of this formerly intensively
used grassland were rewetted starting 1996, using
two alternative strategies: ‘border irrigation’ (flowing
water) and ‘temporary inundation’(temporary stand-
ing water) (Hartmann et al., 1999). The decomposition
of fresh root material oPhragmites australi§CAV.)
TRIN. ex STEUD, Carex paniculatd.. andCarex ri-
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Figure 1. Decomposition ofPhragmites australisoot material after 2, 4, 6 and 12 months in the rewetting variants: ‘border irrigation’ and
‘temporary inundation’. Mean values with standard deviatiors,10.
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Figure 2. Decomposition ofCarex paniculataroot material after 2, 4, 6 and 12 months in the rewetting variants: ‘border irrigation’ and
‘temporary inundation’. Mean values with standard deviatios,10.

determined in 10 parallels prior to burying. The litter Results
bags were buried 10 cm below surface and remained
there for 2, 4, 6 or 12 months. Losses in the dry weight The results show marked differences between the in-
of the roots were interpreted as decomposition. The vestigated plant species (Figure 1-3). The slowest
chemical composition of the roots was determined be- decomposition rate was observed in the rooR. afus-
fore and after exposition in the field. The material was tralis (Figure 1), followed byC. paniculataFigure 2),
oven dried (40°C) and ground through a 0,120 mm and C. riparia roots with the highest rate of decay
mesh in a rotor-mill. Total N and C was estimated (Figure 3). The fastest decomposition of roots took
using a CHN analyzer (HERAEUS, Vario el), and place in the first two months. The rewetting variants
a-cellulose was determined with the sodium chlorite ‘temporary inundation’ and ‘border irrigation’, did not
procedure (cf. Allen, 1989). show large differences, probably because of largely
similar water level fluctuations.
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Figure 3. Decomposition ofCarex ripariaroot material after 2, 4, 6 and 12 months in the rewetting variants: ‘border irrigation’ and ‘temporary
inundation’. Mean values with standard deviations, 10.

The cellulose content in roots Bf australisandC.
paniculatadecreases very slowly (Figure 4, 5). Roots
of C. riparia lost a large part of their cellulose in
the first two months after burying.. riparia had the ing cellulose reveals larger differences among the
highest initial root cellulose content of all investigated investigated plant species than between the rewetting
species, and also showed the highest decompositionvariants. Apparently the quality of the roots is very im-
rates. portant for the differences in decomposition between

No obvious trends could be observed with respect plant species. Especially the amount of cellulose as-
to C and N content of the roots (Table 1). In the first sociated with lignin may be important in this respect

both variants, that seem to over-rule the effects of
water flow.
Closer examination of the root substances includ-

two months the N content df. riparia (irrigation),
P. australis (inundation) andC. paniculata(inunda-

(Coulson and Butterfield, 1978; Benner et al., 1985),
as lignocellulosic plant matter is very resistant to de-

tion) decreased, but afterwards markedly increased.composition in anoxic environments (Benner et al.,

The N content ofC. riparia (inundation) and®. aus-

1984). Roots ofC. riparia, that had the highest cellu-

tralis (inundation) roots increased during the first 6 lose content of all investigated species, however, also
months (until December). In the second half of the showed highest cellulose losses and overall decompo-
experiment (December 1996 — June 1997) an increasesition rates. Probably its cellulose is not associated
in the N content ofC. riparia andC. paniculataroots with lignin. Overall the fastest decomposition of roots
was found, independent of the rewetting variant. There took place in the first two months, a result of leach-
was no apparent relationship between the initial N ing out of the soluble fraction, such as carbohydrates
content of the roots and the decomposition rate. Roots (Polunin, 1982; Hietz, 1992). Many authors have
with the lowest initial N content. riparia) showed stressed the importance of the C/N ratio in the mineral-
the highest decomposition rateR. australishad the ization of biological materials (Clymo, 1983; McKane
lowest losses in dry weight in spite of high N contents. etal., 1997; Cotrufo etal., 1994). According to Tupacz
and Day (1990) substrates with a C/N raio30 are
easily decomposed. In case of higher C/N ratios a
shortage of Nitrogen leads to retarded decomposition.
The investigated roots had C/N ratios between 45 and
48. Decay can be expected to lead to increasing C/N
The differences in root decomposition between the re- ratios because of a decrease of N content (Gisi, 1990).
wetting variants ‘temporary inundation’ and ‘border In decomposition experiments with above ground

irrigation’ are smaller than expected. This may be at- material trends in the N content through time of the
tributed to largely similar water level fluctuations in

Discussion
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Figure 4. Loss of cellulose irCarex paniculataCarex ripariaandPhragmites australisoots June 1996 — June 1997, investigation site ‘border
irrigation’.
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Figure 5. Loss of cellulose inCarex paniculata Carex riparia and Phragmites australisoots June 1996 — June 1997, investigation site
‘temporary inundation’.

material are apparent. After an initial strong decrease ported by Hackney and De La Cruz (1980) for roots
of the N content, attributed to leaching, there is an and rhizomes ofSpartina cynosuroideand Juncus
increase, which is explained by colonization of the roemerianusKlimaneck (1990) shows that the degree
litter by microorganisms (Mason and Bryant, 1975; and intensity of root decomposition primarily depend
Polunin, 1984; Verhoeven and Arts, 1992). Hietz on the ratio of stable and easily mineralizable compo-
(1992) does not describe the initial decrease, but also nents. Criteria such as N content and C/N ratio are of
finds an increase in N content before its decrease dueminor importance for the C-turnover (Klimaneck and
to decomposition. Such apparent trends were not ob- Schulz, 1997). Our experiments support this view.
served in the N content of the below ground root Phragmites australisoots showed the lowest over-
material studied here. Similar observations were re- all and cellulose decomposition of the investigated



97

Table 1. Changes in C and N content of roots, June 1996 — June

1997. Mean values with standard deviations in brackets5 Adam for technical assistance, Dr. Hans Joosten and

an anonymous referee for comments on the manu-

N% Cc& script.
P. australis Jun 96 0.94 (0,01) 44.7 (0.00)
border irrigation Aug 96 0.92(0.08) 48.3(0.65)

Oct96  0.90(0.00) 49.0 (0.04)
Dec96 1.01(0.05) 49.1(0.15)
Jun97  0.93(0.02) 465 (0.32)
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