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Leaf litter decomposition and
nutrient dynamics in tree
plantations at Kurukshetra,

Haryana, India

Pooja Arora’

ABSTRACT

Leaf litter production and simultaneous decomposition can account for a significant
quantity of the total annual requirement of essential elements for forest plants. This
study was carried out to assess the leaf litter decomposition and associated soil
nutrient dynamics in the Tectona grandis and Eucalyptus tereticornis plantation done
under the Social Forestry Scheme at Kurukshetra by the Forest Department of
Haryana. Nutrient status of fresh, freshly fallen, decomposing, and decomposed leaf
samples and the soil samples in terms of C, N, P, K, Ca, and Mg content of both
plantations were estimated. A continuous decrease in the nutrient concentration was
found in the leaf samples during the decomposition process in both plantations.
However, the release of nutrients from Tectona leaves was generally found to be more
than that of Eucalyptus leaf samples for all the nutrients. The decrease was gradual in
the case of Carbon, Nitrogen, Phosphorus, and Calcium in both plantations whereas a
rapid decline was observed in the case of Potassium and Magnesium. In general, the
release of nutrients followed the order K>Mg>C>P>Ca>N in both plantations. The
amount of nutrients in soil samples increased from initial to final sampling indicating
the continuous accumulation of nutrients that are released from the leaf litter
decomposition. However, the increase was gradual, not rapid in both plantations. In
general, the soil samples of the T. grandis plantation were richer in nutrient

concentration than those of the E. tereticornis plantation.

Keywords: Litter, decomposition, nutrients, soil carbon, nitrogen

1. INTRODUCTION

Energy flow and nutrient cycling are the two cardinal processes essential for the
functioning of an ecosystem. Litterfall is a significant source of essential nutrient
flow, organic matter, and energy to the forest soil. Prevailing environmental factors,
biomass of standing vegetation, and composition of plant community greatly
influence the litterfall production in any ecosystem. Litterfall also provides an

essential connection between producers and decomposers. This connection is
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supported by the process of litter decomposition which returns energy and nutrients accumulated or fixed by plants to their ultimate
sources whether that is soil or atmosphere. The soil microbial communities or their metabolites are responsible to drive and carry out
these processes. However, the structure and activity of soil inhabitant microbial communities, and physico-chemical and biological
properties of soil are primarily influenced by the chemical properties and composition of the litter fall which in turn is affected by the
type of plant community.

Understanding litter production and its decomposition is vital in estimating the fluxes and pools and C and N in different
ecosystems. The initial yet fast phase of the decomposition process results in the leaching of dissolved organic matter, which releases C
and N in the soil (Klotzbticher et al., 2013). These releases can either be sorbed directly to mineral soil particles or can be used by soil
microbes efficiently. The microbes play a crucial role in depositing the products of the biochemical transformation of litter to soil and
get them apart or association of silt and clay-size minerals (Grandy and Neff 2008; Cotrufo et al., 2013). Other factors such as
weathering, pedoturbation, physical and biochemical breakdown by soil fauna, etc. also help in the addition and accumulation of litter
into the soil include (Hattenschwiler et al., 2005). The microbial decomposition of litter released CO2 adding more than 20% to soil
respiration. The other nutrients such as nitrogen, phosphorus, and calcium released through decomposition become available for plant
and microbial uptake (Krishna and Mohan, 2017).

Differences between tree species litter decomposition can be attributed to specific substrate quality constituting C:N ratio, lignin
content, calcium and magnesium content, etc. which, serve as significant rate-controlling factors (Cornelissen et al., 2006; Hobbie et al.,
2006; Cornwell et al., 2008; Gu“sewell and Gessner, 2009; Berg et al., 2010; Paul et al., 2022). The variations in decomposition rates can
also be brought by the effect of different tree species on environmental conditions, as tree species have the potential to induce changes
in the fertility of soil, soil microclimate, and composition of microbial communities on the soil surface in the forest floor (Aponte et al.,
2010; Aponte et al., 2011). All these factors are responsible for influencing the process of decomposition. With these considerations, the
study was executed to (i) assess the present nutrient quality status of fresh leaves, freshly fallen leaves, and soil of the study site and (ii)

assess the seasonal nutrient status of decomposing leaves and soil after prescribed incubation periods in the field.

2. MATERIALS AND METHODS

The study sites comprising plantations of native species Tectona grandis and Eucalyptus tereticornis were done under the social forestry
scheme by the forest department of Haryana state in the campus of Kurukshetra University, Kurukshetra was selected for sampling
(Figure 1). Kurukshetra district of Kurukshetra has an area of 1682.53 sq. Kms and lies between latitude 29°-52' to 30°-12" and longitude
76°-26' to 77°-04' in the North Eastern part of Haryana State. The climate of the study area is scorching in summer (up to 45°C) and
severely cold in winter (about 3°C). The yearly rainfall of the district generally varies from 500 to 800mm and is quite unevenly

distributed over the area. 81% of annual rainfall is contributed by the southwest monsoon from June to September (CGWB, 2007).

Soil and Plant Sampling

Surface soil samples (0-15cm depth) were selected and collected by composite sampling in each site in marked polythene bags and
tightly closed to prevent any air exchange. Some samples were immediately analyzed for moisture content measurement. The other
samples were aired for further research. From each plantation, green leaves, freshly fallen leaves, decomposing leaves, and

decomposed leaves were also collected for nutrient analysis. The leaves were cleaned, oven dried and ground for further research.

Soil and Plant Analysis

Soil moisture was analyzed using a Moisture meter (IR 60, Denver Instruments). Soil pH and EC were measured in a 1:2 ratio with
distilled water. Organic carbon (%) in soil samples and leaf samples was analyzed by dichromate oxidation) method. Total nitrogen in
the soil and plant samples was estimated by the Kjeldahl method. Phosphorus content in soil and plant samples was analyzed by the

Olsen Method, Calcium and Magnesium Content by EDTA titration, and Potassium by flame photometry.
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Figure 1 Map view and Google Earth view of the study area

3. RESULTS AND DISCUSSION

Tectona grandis

Leaf Sample Analysis
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Leaf samples of T. grandis showed a remarkable decrease with increasing stages of the decomposition process. The carbon content of
the fresh leaves was observed to be 32+0.73% while it decreased to 8.4+0.34% in the decomposed leaves. The total decrease was thus of
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about 23.6%. Similarly, the total nitrogen content of the incubated leaves showed a decrease of 4%. The phosphorus content of the fresh
leaves was 50.4+1.32ppm while it was observed to be 35.2+1.24ppm in decomposed and 29.2+1.25ppm in decomposed leaves. A
decrease of 167.3 ppm was observed in the potassium content of the leaf samples from 189.4+2.45ppm in fresh leaves to 22.1+2.13ppm
in decomposed leaves. The decline in calcium content was 18.51ppm and that of magnesium content was 31.85ppm (Figure 2A-F).
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Figure 2 A-F Changes in nutrient status (C, N, P, K, Ca, Mg) of leaf samples of T. grandis

Soil Analysis

The moisture content of the soil samples of T. grandis plantation ranged from 14.3+0.03% to 16.79+0.02%, being lowest at the time of
third sampling and highest at the time of second sampling of soil samples. The pH of the soil samples was near neutral, ranging from
7.14+0.03 to 7.17+0.01. The electrical conductivity ranged from 97.6 +0.02uS to 99.3+0.03uS (Table 1).
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Table 1 Physico-chemical parameters of soil samples at different sampling times in T. grandis

Physico-chemical Parameters | 1st Sampling | 2nd Sampling | 3rd Sampling
Moisture Content (%) 16.79+0.02 17.6+0.03 14.3+0.03
pH 7.17+0.01 7.15+0.01 7.140.01
EC (uS) 99.3+0.14 98.5+0.21 97.6+0.12

An increasing trend was observed in the nutrient concentration in soil samples from the first sampling to the last sampling
coinciding with leaf litter decomposition. The percent organic carbon content of the soil samples of T. grandis plantation ranged from
0.81+0.01% to 0.88+0.01%. The increase in total nitrogen concentration of the soil sample was from 0.11+0.02% in the first sampling to
0.29+0.01% in the third sampling. The phosphorus concentration ranged from 5.34+0.23ppm to 6.32+0.28ppm and that of potassium
concentration ranged from 74.1+0.64ppm to 75+0.72ppm. The calcium content of the soil samples increased from 9.25+0.18ppm to

14.84+0.27ppm. The magnesium content was 1.41+0.07ppm in the first sampling and 3.42+0.09ppm in the third sampling following the

release of nutrients from leaf litter via decomposition (Figure 3 A-F).

Figure 3 A-F Changes in nutrient status (C, N, P, K, Ca, Mg) of soil samples of T. grandis
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Eucalyptus tereticornis

Leaf Sample Analysis

A continuous decrease in the nutrient status of leas samples with progressing decomposition was also observed in the case of E.
tereticornis. The carbon content of the leaves decreased from 31+0.61% in fresh leaves to 16.7+0.26% in decomposed leaves. The total
nitrogen content ranged from 4+0.11% in fresh leaves to 0.9+0.012% in decomposed samples. A decrease of 13.9ppm and 63.1ppm was
observed in phosphorus and potassium contents respectively during leaf litter decomposition. The calcium content of the leaf samples
decreased from 29.7+0.58ppm to 21.3+0.55ppm while magnesium content showed a decrease of 15.9ppm (Figure 4 A-F).
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Figure 4 A-F Changes in nutrient status (C, N, P, K, Ca, Mg) of leaf samples of E. tereticornis

Soil Analysis

The moisture content of the soil samples of E. tereticornis plantation ranged from 8.9+0.03% to 14.44+0.03% being lowest at the time of
third sampling and highest at the time of second sampling of soil samples. The pH of the soil samples was above neutral level ranging
from 7.4+0.01 to 7.7+0.01. The electrical conductivity ranged from 105.3+0.21uS to 109+0.14uS (Table 2).
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Table 2 Physico-chemical parameters of soil samples at different sampling times in E. tereticornis

Physico-chemical Parameters | 1st Sampling | 2nd Sampling | 3rd Sampling
Moisture Content (%) 12.32+0.02 14.44+0.03 8.9+0.03

pH 7.7+0.01 7.6+0.01 7.4+0.01

EC (uS) 109+0.14 105.3+0.21 106.5+0.12

An increasing trend was observed in the nutrient concentration in soil samples from the first sampling to the last sampling
coinciding with leaf litter decomposition. The percent organic carbon content of the soil samples of E. tereticornis plantation ranged
from 0.64+0.02% to 0.71+0.02%. The increase in total nitrogen concentration of the soil sample was from 0.09+0.01% in the first sampling
to 0.21+0.02% in the third sampling. The phosphorus concentration ranged from 5.13+0.23ppm to 6.33+0.17ppm and that of potassium
ranged from 55.9+0.76ppm to 59.5+0.42ppm. The calcium content of the soil samples increased from 6.75+0.13ppm to 8.87+0.18ppm. The
magnesium content was 0.98+0.03ppm in the first sampling and 1.88+0.09ppm in the third sampling following the release of nutrients

from leaf litter through the process of decomposition (Figure 5 A-F).
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Figure 5 A-F Changes in nutrient status (C, N, P, K, Ca, Mg) of soil samples of E. tereticornis
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Comparison of leaf litter decomposition among T. grandis and E. tereticornis plantations

A continuous decrease in the nutrient status of leaf litter was observed in both plantations. However, the release of nutrients from
Tectona leaves was generally found to be more than that of Eucalyptus leaf samples for all the nutrients. The decrease was gradual in the
case of Carbon, Nitrogen, Phosphorus, and Calcium in both plantations whereas a rapid decrease was observed in the case of
Potassium and Magnesium (Figure 6 A-F).

In general, the release of nutrients followed the order K>Mg>C>P>Ca>N in both plantations. It is understood that the deposition and
decomposition of leaf litter are essential channels for the transit of organic matter and nutrients in tropical forests. The decomposition
of litterfall contributes to the addition of soil organic matter and the replenishment of nutrients in the soil (Fioretto et al., 2003; Xuluc-
Tolosa et al., 2003). Ecosystems are characterized by the interaction between nutrient flux and nutrient storage. The accumulation of

organic matter within an ecosystem is regulated by a balance between litter deposition and decomposition (Singh et al., 2004).
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Figure 6 A-F Comparison of leaf litter decomposition regarding nutrient status (C, N, P, K, Ca, Mg) in T.grandis and E. tereticornis

plantations.

4. CONCLUSION

For forest soils to remain fertile, nutrients from decomposing plant litter must be released. Nutrient release patterns vary among species

and are dependent on the quality of the litter and seasonal environmental conditions (Kavvadias et al., 2001). In the present study also,
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it was observed that nutrient concentration in leaf samples of both plantations decreases gradually during the decomposition process
releasing nutrients to the soil surface. However, the release of all the nutrients under study was higher in Tectona leaves than that of
Eucalyptus leaf samples for all the nutrients. Carbon, Nitrogen, Phosphorus, and Calcium concentration decreased gradually however
the decrease was rapid in the case of Potassium and Magnesium in both plantations. The nutrient concentration in soil samples
increased gradually from initial to final sampling representing the continuous accumulation of nutrients released from the leaf litter
decomposition as there was no other mode of nutrient addition to the soil as opposed to fertilizer addition in agricultural soils.

In general, the soil samples of the T. grandis plantation were richer in nutrient concentration than those of the E. tereticornis
plantation. When long-term warming happens without moisture restrictions, global climate change is predicted to result in higher
decomposition rates. Still, few research studies have also looked at how environmental factors affect the rate of decay in actual field
circumstances for a variety of species (Gholz et al., 2000; Santiago et al., 2005; Cornelissen et al., 2007; Zhou et al., 2008; Cusack et al.,
2009; Powers et al., 2009; Wieder et al., 2009). Understanding and quantifying the fundamental limits on organic matter decomposition
is essential if we are to understand how tropical rainforests will respond to future climate change in terms of changes to biodiversity
and nutrient cycling (Salinas et al., 2010).

Along with enhancing the nutrient quality of soil, litter also serves as a coolant to the soil surface as it reflects the sun’s energy and
provides shade. It helps in reducing the rate and amount of evaporation maintaining the soil moisture which further supports the soil
against periods of low rainfall. Litter cover on the soil surface minimizes the impact of raindrops on soil structure and permits for a
slower "percolation” of water into the soil; reduces water erosion and wind erosion; reduces the establishment of weeds by covering the
bare ground. Moreover, a thick layer of leaf litter that leaves little to no bare ground will help prevent drought and will hasten pasture

recovery when it does rain.
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