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Abstract

Decomposition is one of the basic process in ecosystems which provide nutrient cycles by transforming organic matters to stabile
forms. Several factors are effective on decomposition such as litter quality, climate and soil features. This study aimed to
determine the decomposition rates according to salinity and water regime. Senescent leaves of Juglans regia L. were collected as
freshly fallen senescent leaves under the trees. Litter bag technique was used to examine the decomposition rate. In order to
determine the impacts of water regime and salinity two sets of experiments were established. In one set litter bags were irrigated
weekly by three different substances, water, 10 % salty water and 20 % salty water, and in the other set litter bags were irrigated
with three different frequencies, one in a week, in two weeks and in four weeks. Decomposed litter bags were collected about 3
month later and dry weights were calculated. Both water and salt addition are increased the litter decomposition rate up to certain
level. But high levels of water supply and salt content decreased the litter mass loss. It is thought that these were caused by direct
and indirect inhibition effects of these substances on microbial activity.
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Introduction

Organic matters which are the basic nutrient resource
in ecosystems come from the remains and waste
products of organisms. Abscission of leaves is
important organic matter resources especially in forest
ecosystems. Abscised leaves and other remains of
organisms form litter layer on the ground. Litter layer
has important roles in ecosystems such as
sustainability of elements in the soil protection of soil,
regulation of temperature, and evaporation from the
soil, inhibition of soil freeze, creating a food, and
home or habitat for organisms. Decomposition is a
process consists of physical, chemical and biological
mechanisms that provide disintegration and
transformation of organic matters to stabile forms
(Berg and McClaugherty, 2008). Because of its
importance for sustainability of ecosystems, plant

ecologist focused on understanding decomposition
process and factors which have impacts on this
process (Berendse, 1994; Cárdenas and Campo, 2007;
Huang et al., 2007; Zhang et al., 2008). Previous
studies reported that, rate of decomposition is strongly
affected by litter quality and environmental conditions
such as climatic factors, soil structure, microbial
composition, and community structure (Moretto ve
Distel, 2003; Zhang et al., 2008; Karavin, 2010). Litter
quality and environmental conditions such as climate
modulate the microbial and other decomposers
activity. Climatic factors that control litter
decomposition rates such as mean annual precipitation
and annual actual evapotranspiration were poorly
examined by scientist (Moore, 1986; Dyer et al., 1990;
Berg et al., 1993; O’Neill et al., 2003; Zhang et al.,
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2008). Climatic factors such as moisture regulate
microbial activity by affecting enzyme kinetics and
nutrient diffusion (Gaxiola and Armesto, 2015).
Decomposition process comprises of several chemical
mechanisms which need water. For lots of chemical
reaction water is an essential substance. So,
determining the impacts of water supply on litter
decomposition is important.

This study aimed to determine the rates of
decomposition in senescent leaves of Juglans regia L.
according to salinity and water regime. It is
hypothesized that decomposition rate may decreases
with increasing water and decrease with increasing
salinity. It is known from the previous studies that soil
factors such as water, oxygen, temperature and salinity
are effective on microbial flora and fauna. These
factors may be altered the rates of microbial activity.
Impact of water and salinity supplies on litter
decomposition rate are little known in terrestrial
ecosystems. Changing environmental factors caused
by climate change and global warming threat soil
features and hence plant communities. The need to
identify the effects of water and salinity on
decomposition becomes important in the context of the
ecosystem maintenance.

In light of this information, the goal of the study is to
examine the effect of water regime and salinity on
litter decomposition rate. The study carried out by
using senescent Juglans regia leaves which is an
economically important crop in the World. In addition,
Juglans regia is intercropped tree on various crops.
So, litter decomposition of these types of trees has
additional importance for both other plant species and
ecosystems. It is thought that the results of the study
provide useful information to plant ecology and
agriculture.

Materials and Methods

The study  are is in Amasya in the Middle Black Sea
Region of Turkey between 34° 57'06"- 36° 31'53" east
longitudes and 41° 04'54"- 40° 16'16" North latitudes.
It is about 411.69 m a.s.l. The mean annual
temperature is 13.6 °C and total annual precipitation is
461.3 mm. Senescent Juglans regia leaves were
collected as freshly fallen senescent leaves under the
trees. Undamaged leaf samples were selected and
healthy leaf samples were put into drying oven at 75
°C and dried until constant weight was reached. Litter
bag technique was applied in order to examine leaf
litter decomposition rate. Litter bags were made from
fibreglass net with 2 mm mesh size. Size of the litter

bags is 20×20 cm. Oven-dried leaf samples were
weighted as 5 g and putted into litter bags. Two sets of
experiments were established for examining the
effects of salinity and the water regime on litter
decomposition. Three repetitions were done for each
testing set. Litter bags were carefully carried to study
area in plastic bags and fastened with iron nails to the
soil surface. In order to determine the impact of
salinity litter bags were irrigated weekly by three
different substances, water, 10 % salty water and 20 %
salty water. Additionally, in order to examine the
effect of water regime on litter decomposition, litter
bags were irrigated with three different frequencies,
one in a week, one in two weeks and one in four
weeks. Then, decomposed litter bags were collected
from the study area about 3 month later. The litter
bags air-dried at laboratory and then cleaned and
washed with distilled water. Decomposed leaf samples
were dried at 75 °C into drying oven until constant
weight was reached and weighed.

SPSS (20) was used for all statistical analyses. Mean
dry masses were analysed by one-way ANOVA.
Tukey post-hoc test performed to determine the
differences between means.

Results and Discussion

The mean dry weights of leaf litters according to
salinity and water regimes were given in Figure 1. The
results showed that irrigation of litter bags
significantly altered the litter decomposition (Table 1).
The maximum decomposition rate was obtained in
litter bags which were irrigated one time in four
weeks. More frequent irrigation caused to a bit
decrease in decomposition rate but this decrease is not
important. The minimum decomposition rate was
obtained in control litter bags released to nature. In the
light of these results, water addition is effective to a
certain extent. Water addition expedites the litter
decay and chemical processes. However, high levels
of water supply fill gaps which is important for gas
exchange and aerobic activities. Because of aneorobic
conditions litter decomposition rate may decelerate. In
the anaerobic conditions water addition doesn’t affect
metabolic activity (Coûteaux et al., 1995). Excessive
water supply may carry away the necessary elements
from the decomposing material such as N and C which
are used by decomposers. N, P and C are limiting
elements for decomposition process because of their
impacts on microbial activity. Various inferences were
obtained in the previous studies. In the results of
Conner and Day (1991), initial mass loss didn’t varied
among three sites with different water levels within 26
weeks. After that, decomposition rate significantly
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increased according to water status. Ellis et al. (1999)
reported that decomposition rate increased with
flooding. In contrast, O’Neill et al. (2003) reported
initially reduction in litter mass loss by precipitation,
except spring treatment. However, Zhang et al. (2008)
demonstrated that decomposition rate tended to
increase with precipitation. Coûteaux et al. (1995)
explained that the rising soil moisture cause increase
in metabolic activity until an optimum plateau is

reached and low soil moisture limits metabolic
activity. Results of the current study correspond to
most of these studies. As a summary, the presence of
certain amount of water leads to increase in
decomposition rate. But, high levels of water cause
reduction in decomposition rate due to by both filling
the gaps and carrying away the elements such as N
which is necessary as a food resource for
decomposers.

Figure 1: Means and differences in litter dry weight according to salinity and water regime

Table 1: ANOVA table indicates effect of salinity and water regime on litter decomposition.

Sum of Squares df Mean Square F Sig.

Salinity 0.652 3 0.217 17.054 0.001

Water Regime 0.477 3 0.159 4.954 0.031
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Addition of salty water to the litter bags increased the
litter decomposition rate. The maximum
decomposition rate was obtained in the litter bags
irrigated with 10 % salty water. When the amount of
salt was increased, decomposition rate a bit decreased.
Connolly et al. (2013) didn’t found a clear relationship
between salinity and percent mass loss. However,
Hemminga et al. (1991) determined that higher
salinity of the soil water suggests decrease in
decomposition rate. A laboratory experiment of
Roache et al. (2006) were showed that leaf mass loss
due to decomposition decreased with increasing
salinity (Connolly et al., 2013) and Reice and Herbst
(1982) determined that litter decomposition was
negatively affected by salinity (Mendelsshon et al.,
1999). It was reported that the growth of bacteria and
fungi on litter may be inhibited by high salinity.
Previous studies reported negative correlation between
water or soil salinity and microbial activity (Connolly
et al., 2013). Van Bruggen and Semenov (2000), Rietz
and Haynes (2003) and Sardinha et al. (2003) suggest
decrease in microbial activity due to increasing
salinity in terrestrial ecosystems. In contrast in the
current study decomposition rate increased with
addition of 10 %. But, the increase in salt content
decreased the decomposition rate. It was thought that
high concentrations of salt inhibit microbial activity
but, up to a certain level of salt content may be
expedite the litter decay by affecting the chemical
processes. In salty and drought conditions
microorganisms were exposed to osmotic stress, which
cause drying and lysis of cells (Wichern et al., 2006).
In addition, according to Wichern et al. (2006) long-
term salt stress cause decrease in fungal diversity in
the study of Van Bruggen and Semenov (2000)
because of its sensitivity of salt.

As a consequence, both water and salt addition are
increased the litter decomposition rate up to certain
level. But high levels of water supply and salt content
decreased the litter mass loss. It is thought that these
were caused by direct and indirect inhibition effects of
these substances on microbial activity. Because water
and salinity conditions of fields are important for
sustainability of plants and ecosystems, these factors
should be examined detailed by field and laboratory
experiments in order to determine limit values.

References

Aerts, R. 1997. Nitrogen partitioning between
resorption and decomposition pathways: a trade-off
between nitrogen use efficiency and litter
decomposibility? Oikos 603-606.

Berendse, F. 1994. Litter decomposability- a neglected
component of plant fitness. Journal of Ecology
82:187-190.

Berg, B., Berg, M., Bottner, P., Box, E., Breymeyer,
A., Calvo de Anta, R., ... & Madeira, M. 1993.
Litter mass loss rates in pine forests of Europe and
Eastern United States: some relationships with
climate and litter quality.
Biogeochemistry 20(3):127-159.

Berg, B., McClaugherty, C. 2008. Plant Litter.
Springer-Verlag, Berlin Heidelberg, pp. 338.

Cárdenas, I. and Campo, J. 2007. Foliar nitrogen and
phosphorus resorption and decomposition in the
nitrogen-fixing tree Lysiloma microphyllum in
primary and secondary seasonally tropical dry
forests in Mexico. Journal of Tropical Ecology
23:107-113.

Conner, W. H. and Day, J.W. 1991. Leaf litter
decomposition in three Louisiana freshwater
forested wetland areas with different flooding
regimes. Wetlands 11(2):303-312.

Connolly, C.T., Sobczak, W.V.  and Findlay, S.E.G.
2013. Field and laboratory investigations on the
effects of salinity on decomposition dynamics
among the Hudson River’s freshwater tidal
wetlands.  Section I: 1-23 pp.  In S.H. Fernald, D.J.
Yozzo and H. Andreyko (eds.), Final Reports of
the Tibor T. Polgar Fellowship Program, 2012.
Hudson River Foundation.

Coûteaux, M.M., Bottner, P. and Berg, B. 1995. Litter
decomposition, climate and liter quality. Trends in
Ecology & Evolution 10(2):63-66.

Dyer, M.L., Meentemeyer, V. and Berg, B. 1990.
Apparent controls of mass loss rate of leaf litter on
a regional scale: litter quality vs. climate.
Scandinavian Journal of Forest Research, 5(1-4):
311-323.

Ellis, L.M., Molles, M.C. and Crawford, C.S. 1999.
Influence of experimental flooding on litter
dynamics in a Rio Grande riparian forest, New
Mexico. Restoration Ecology, 7(2): 193-204.

Gaxiola, A. and Armesto, J.J. 2015. Understanding
litter decomposition in semiarid ecosystems:
linking leaf traits, UV exposure and rainfall
variability. Frontiers in Plant Science 6:140.

Hemminga, M.A., De Leeuw, J., de Munek, W. and
Koutstaal, B.P. 1991. Decomposition in estuarine
salt marshes: the effect of soil salinity and soil
water content. Vegetatio 94(1):25-33.

Huang, J., Wang, X. and Yan, E. 2007. Leaf nutrient
concentration, nutrient resorption and litter
decomposition in an evergreen broad-leaved forest
in eastern China. Forest Ecology and Management
239:150-158.



Int. J. Adv. Res. Biol. Sci. (2016). 3(2): 158-162

162

Karavin N. 2010. Leaf n and p resorptıon,
decomposıtıon and nutrıent dynamıcs of a
decıduous specıes (Quercus cerris var. L. cerris)
and an evergreen specıes (Phillyrea latifolia L.) In
a Quercus cerris var. L. cerris forest. Ondokuz
Mayıs University, Doctora Thesis.

Mendelssohn, I.A., Sorrell, B.K., Brix, H., Schierup,
H. H., Lorenzen, B. and Maltby, E. 1999. Controls
on soil cellulose decomposition along a salinity
gradient in a Phragmites australis wetland in
Denmark. Aquatic Botany 64(3):381-398.

Moore, A.M. 1986. Temperature and moisture
dependence of decomposition rates of hardwood
and coniferous leaf litter. Soil Biology and
Biochemistry 18(4):427-435.

Moretto, A.S. and Distel, R.A. 2003. Decomposition
of and nutrient dynamics in leaf litter and roots of
Poa ligularis and Stipa gyneriodes. Journal of Arid
Environments 55:503-514.

O'neill, E.G., Johnson, D.W., Ledford, J. and Todd,
D.E. 2003. Acute seasonal drought does not
permanently alter mass loss and nitrogen dynamics
during decomposition of red maple (Acer rubrum
L.) litter. Global Change Biology, 9(1): 117-123.

Reice, S.R. and Herbst, G. 1982. The role of salinity in
decomposition of leaves of Phragmites australis in
desert streams. J. Arid Environ. 5:361–368

Rietz, D.N. and Haynes, R.J. 2003. Effects of
irrigation-induced salinity and sodicity on soil
microbial activity. Soil Biol. Biochem. 35:845–
854.

Roache, M.C., Bailey, P.C.  and Boon, P.I. 2006.
Effects of salinity on the decay of the freshwater
macrophyte, Triglochin procerum. Aquatic Botany
84:45-52.

Sardinha, M., Müller, T., Schmeisky, H. and
Joergensen, R.G., 2003. Microbial performance in
soils along a salinity gradient under acidic
conditions. Appl. Soil Ecol. 23:237–244.

Van Bruggen, A.H.C. and Semenov, A.M. 2000. In
search of biological indicators for soil health and
disease suppression. Appl. Soil Ecol. 15:13–24.

Wichern, J., Wichern, F. and Joergensen, R.G. 2006.
Impact of salinity on soil microbial communities
and the decomposition of maize in acidic soils.
Geoderma 137(1):100-108.

Zhang, D., Hui, D., Luo, Y. and Zhou, G. 2008. Rates
of litter decomposition in terrestrial ecosystems:
global patterns and controlling factors. Journal of
Plant Ecology 1(2):85-93.

Access this Article in Online
Website:
www.ijarbs.com

Subject:
Litter
DecompositionQuick Response

Code

How to cite this article:
Neslihan Karavin, Ertugrul Yalman, Zeliha Kizir, Abdülkadir Kocamaz, Bilge Kartal. (2016). Variation in
leaf litter decomposition rate according to salinity and water regime in Juglans regia L. Int. J. Adv. Res.
Biol. Sci. 3(2): 158-162.


