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ABSTRACT

ARTICLE HISTORY

Leaf litter decomposition is a critical step in nutrient cycling and providing nutrients to plants. Decomposition of dry matter, lignin, ligno-cellulose, cellulose and polyphenols was investigated in relation to nitrogen
(N), phosphorus (P) and potassium (K) dynamics in leaf litter of mango,
guava and litchi orchards under hot and dry sub-humid climate. Leaf
litter of mango and guava decomposed more rapidly than that of litchi
with decay constants of 3.22, 1.33 and 0.62 yr-1, respectively. The leaf
litter organic substances like polyphenol lost more rapidly followed by
cellulose, lignin and ligno-cellulose throughout the period of decomposition. The N was released faster both in mango and guava with decay
constant of 4.06 and 2.11 yr-1, respectively. The release of K was faster in
mango followed by guava and litchi with decay constant of 4.66, 3.18
and 1.63 yr-1, respectively. The leaf litter decomposition was signiﬁcantly
positively correlated with soil fungal and bacterial biomass, rainfall and
air temperature, while the leaf chemistry showed signiﬁcant negative
correlations in all the orchards. The results demonstrated that mango
leaf litter was found to be the best followed by guava, and litchi in terms
of N, P, and K return in less period of time.
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Introduction
Leaf litter from plants, particularly trees, is a major source of organic matter and energy to soil and is
important for nutrient cycling in an ecosystem. Substantial amounts of nutrients and organic matter
produced by plants are returned to the soil through litterfall. Litterfall exerts an immense inﬂuence on
physical, chemical and biological characteristics of soil as well as growth of trees (Pande et al. 2002).
Litter also reduces bulk density, increase water holding and cation-exchange capacity of the soil and
serves as reserve store of plant nutrient. Leaf litter decomposition is a critical step in nutrient cycling
and providing nutrients to plants. Each tree species aﬀects leaf litter decomposition diﬀerently by
providing leaf litters of diﬀerent quality, which are closely related to the terrestrial microbial community
and soil nutrient cycling (Rouifed et al. 2010). One noteworthy feature of litter decomposition is the
variability of litter decomposition rate (k) among ecosystems and under diﬀerent climatic conditions.
Leaf litter contains considerable amounts of nutrients, the release of which is inﬂuenced by its
decomposition by a variety of microorganisms active under various conditions (Ragu 2000). Litter
decomposition rates and nutrient release patterns are controlled by both biotic and abiotic factors, the
most important of which is residue quality (Teklay et al. 2007). The initial concentrations of nitrogen (N),
phosphorus (P), polyphenol and lignin, and the ratios of C/N, lignin/N and polyphenol/N are generally
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recognized as the main litter quality variables controlling rates of decomposition (Liu et al. 2007). Erratic
rainfall, lack of irrigation facilities, poor water retentive capacity and permeability of the soils are the
major problems limiting successful double-cropping. In Jharkhand, more than 60% of land is rainfed
uplands which are generally utilized for growing fruit crops like Mango, Guava and Litchi. The
production of fruits in the state is around 3.2 lakh tones with a productivity of 9.8 tonnes per ha
(Naik et al. 2015). Mango is grown by the farmers throughout the state and the tree is hardy in nature
and requires comparatively low maintenance cost. Next to mango, guava is grown by the farmers and it
plays a major role in increasing the land use eﬃciency of Jharkhand by virtue of the ease in establishing
guava orchard, earliness in providing economic yield (starts bearing after second year) and accommodation of more number of plants per unit area due to dwarf stature of guava plants. Litchi is grown
throughout the state and is mainly consumed as a table fruit but dried and canned litchis are also
popular. The undulating topography coupled with light texture soil of the uplands are low in soil
fertility. For eﬃcient and economical use of fertilisers in fruit orchard, it is essential to understand
nutrient cycling. This is because litter on the orchard ﬂoor acts as input–output system of nutrient while
litter on the soil surface intercepts and stores a certain amount of precipitation, thus reduces run-oﬀ
and soil erosion (Bahar et al. 2001). Thus the pattern of decomposition of leaf litter of diﬀerent orchard
production system of mango, guava and litchi plants in the topsoil could provide guidelines for
mitigating the adverse impact of desertiﬁcation such as soil erosion, nutrients depletion and improving
or sustaining soil fertility in the dry eco-system, in addition to the supply of other nutrients. Therefore,
the present investigation was undertaken to ﬁnd out the litter decomposition rate, biochemical
changes and nutrient mineralization pattern of mango, guava and litchi leaf litter for sustainable
nutrient management in orchard production system under hot and dry sub-humid climatic conditions.

Materials and methods
Site description
This study was carried out at Ranchi Research Station of ICAR Research Complex for Eastern Region,
Jharkhand, India during 2014 and 2015. The research station was located in eastern plateau and hill
region of eastern India (23° 16ʹ 48” N latitude and 85° 24ʹ 41” E longitude, 650 m above mean sea level).
The area has hot and dry sub-humid climate with an annual mean air temperature of 23.7 °C, a
maximum of 37.2 °C (May) and minimum of 10 °C (January) (Figure 1). The total annual precipitation
is 1440 mm, about 80% of which is in June–September. Rainfall during the experimental period was
measured using an automatic weather station (WS-STD1, England). Relative humidity ranged between
55% (winter) and 88% (rainy season). The soil of the area belongs to the order Alﬁsols, and was highly
acidic (pH < 5.0) in reaction with low levels of organic matter. The physico-chemical properties of the
experimental soil at the start of the experiment during 2014 were presented in Table 1.

Litter decomposition
The fallen leaves from diﬀerent orchards of 7 year old mango, litchi and guava were collected during
December. The leaf litter decomposition pattern of diﬀerent orchard was studied through litter bag
techniques using the nylon netting bags measuring 30 × 30 cm (Gilbert and Bocock 1960). The mesh
size was 2 mm and suﬃcient enough to prevent major losses of leaves, while large enough to allow
aerobic microbial activity and free entry of micro and macro organisms. However, it excludes larger
arthropods and earthworms, which are important primary accessors of litter and, presumably, it
becomes a litter system dominated by termites, bacteria, fungi and actinomycetes. Consequently,
there could be an underestimation of litter decomposition rates. For the experiment, 20 g of the airdried material was kept in each bag which was then stitched with nylon threads. For each species, 72
bags were prepared and randomly dispersed on the orchard ﬂoor under the corresponding tree
canopy of mango, litchi and guava in the month of January 2014. Three litter bags from each orchard
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Figure 1. Average monthly precipitation and air temperature during the last 30 years (1984–2013) and in 2014 and 2015 at
Plandu, India (MP: monthly precipitation, MT: monthly mean air temperature).

Table 1. Initial properties of the soils of the selected fruit orchards.
Soil properties
pH
Bulk density (Mg M−3)
Organic carbon (g kg−1)
Nitrogen (kg ha−1)
Phosphorus (kg ha−1)
Potassium (kg ha−1)

Litchi (Litchi chinensis)
4.67
1.54
6.15
247.0
24.5
350

Guava (Psidium guajava)
4.71
1.56
6.00
220.0
21.3
355

Mango (Mangifera indica)
4.68
1.54
6.12
254.0
31.7
341

were collected at an interval of 30 days and brought to the laboratory carefully avoiding loss of
material from the litter bags. The litter was washed in a bucket full of tap water by swirling brieﬂy
and carefully decanting through 2-mm mesh sieve to remove extraneous matter. According to
Anderson and Ingram (1993), such brief washing permits little leaching. The litter was then dried
at 70°C for 48 h and weighed for determining mass loss. Litter decomposition expressed as loss of dry
matter (DM) at the end of each month (mean initial percentage dry weight loss per month, % m−1).
The nutrient mineralization rate was expressed as percentage nutrient release per month (% m−1).

Chemical analysis
Oven-dried materials of diﬀerent leaf litter were powdered using Wiley mill with stainless steel screen
to pass through a 20-mesh sieve and analyzed for their chemical composition. The total nitrogen (N) in
plant samples was determined by Kjeldahl digestion and distillation (Jackson 1973). Total phosphorus
(P) and potassium (K) were analyzed by vanado-molybdate and ﬂamephotometer methods, respectively (Jackson 1973). Total iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu) were estimated by
atomic absorption spectrophotometer method (Lindsay and Norvell 1978). Lignin and cellulose were
analysed by sequential digestion of ﬁbres (Van Soest 1963). Samples were ﬁrst extracted with neutral
detergent. Lignocellulose (acid detergent ﬁbre; ADF) was obtained after extraction with acid detergent.
Lignin (acid detergent lignin; ADL) was obtained after hydrolysis with 72% H2SO4. Cellulose corresponded to the diﬀerence ADF–ADL. Polyphenol content was estimated with the Folin-Ciocalteau
method (Singleton et al. 1999). The enumeration of the total bacteria and fungi in soil samples was
accomplished by following serial dilution plate technique using nutrient agar medium for bacteria and
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Data analysis
Regression analysis was used to determine leaf decay constants (Olson 1963). The decay
constant (k) estimated the disappearance of leaf litter on a annual basis. The various decay
constants of organic matter, lignin, cellulose, lingo-cellulose, phenol and mineralization constants of N, P, K for leaf litter were computed using negative exponential decay model of
y = Ae−kt, where y is the % original dry mass remaining at time t, k the decay rate coeﬃcient
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potato dextrose agar (PDA) medium for fungi. Colony-forming units (cfu) of fungi and bacteria were
counted by spread plate count method. The plate count methods was performed by the diluting the
original sample in serial dilution tubes followed by plating of aliquots of the prepared dilutions (10–3
dilution for fungi and 10–6 for bacteria) into appropriate plate count agar plates by the pour plate or
spread plate techniques. The number of cfu per gram in the original sample after 24 hrs of plating at
27 ± 2°C is determined by dividing the number of colonies on a dilution plate by the corresponding
dilution factor (Harley and Presscot 2002). The bacterial and fungal population during leaf litter
decomposition in various orchards under study was presented in Figure 2.

Figure 2. Fungal and bacterial population in soils of diﬀerent orchards during leaf litter decomposition. Lines are ±SE of the mean.
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expressed on annual basis (per year, yr) and t the time (year) and A is constant. The nutrient
mineralization constants were calculated by substituting dry weight with nutrient contents in
the foregoing formula (Singh and Shekhar 1989) and expressed on annual basis (per year, yr).
The k value was used to calculate the time required for 50% (t50), and 99% (t99) decomposition
of leaf litter on the ground were calculated as t50 = 0.693/k, and t99 = 5/k (Arunachalam et al.
1998). The nutrients remaining (NR) were calculated by the change of nutrient content during
litter decomposition (Bockheim et al. 1991):
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NR ð%Þ ¼

NtMt
 100
N0M0

where NR is the percentage of remaining nutrients (%), M0 is the initial oven-dry mass (g), N0 is the
initial nutrient concentration (%), Mt is the oven-dry mass (g) at time t, and Nt is the nutrient
concentration at time t.
The eﬀect of climatic variables, microbial populations and initial litter chemistry on the
decomposition rate of leaf litter was assessed using simple linear regression function, Y = a+bX,
where Y is the percent weight loss per month, a the Y intercept and b the slope of the
regression equations. Litter decay constant was calculated using MS-Excel 2007. The ANOVA
was used to test the signiﬁcance of diﬀerences in the decomposition rate and correlation
coeﬃcient. All statistical analyses were performed using the statistical software package SPSS
16.0 for Windows.

Results
Initial litter quality
The mean N content in diﬀerent leaf litter of mango, litchi and guava varied from minimum of
1.25% in mango to a maximum of 1.35% in litchi (Table 2). The mean P content was relatively
low and varied from 0.09–0.12% among the tree species. The potassium content was maximum
of 1.02% in guava while minimum of 0.85% in mango. Similarly, the iron and zinc content was
maximum (591.6 and 39.8 mg kg−1) in mango and minimum in guava (345.3 and 35.3 mg kg−1).
The Mn and Cu content varied from minimum of 334.2 and 10.6 mg kg−1 in guava to a
maximum of 542.6 and 17.5 mg kg−1 in litchi, respectively. The lignin content was highest of
33% in litchi and lowest of 17.2% in mango. The cellulose content varied from 36–45% among
the tree species. The lingo-cellulose was maximum of 85% in litchi and minimum of 69% in
both mango and guava. The polyphenol content varied from minimum of 16.2 mg g−1 in guava
to a maximum of 27.2 mg g−1 in litchi.
Table 2. Characteristics (mean ± standard error) of leaf litter of diﬀerent orchards (n = 7).
Characteristics
C (%)
N (%)
P (%)
K (%)
Fe (mg kg−1)
Mn (mg kg−1)
Zn (mg kg−1)
Cu (mg kg−1)
Lignin (%)
Cellulose (%)
Ligno-cellulose (%)
Polyphenol (mg g−1)
C/N
Lignin/N

Mango
43.3 ± 0.71
1.3 ± 0.03
0.1 ± 0.01
0.9 ± 0.04
591.6 ± 14.6
542.6 ± 8.0
39.8 ± 1.26
17.2 ± 0.49
17.2 ± 0.61
45.0 ± 0.73
69.0 ± 2.13
18.2 ± 1.00
34.8 ± 0.87
13.9 ± 0.88

Guava
43.7 ± 0.74
1.3 ± 0.04
0.1 ± 0.01
1.0 ± 0.07
345.3 ± 12.6
375.9 ± 14.0
35.3 ± 1.33
10.6 ± 0.50
21.2 ± 0.96
40.0 ± 1.17
69.0 ± 1.94
16.2 ± 0.70
34.0 ± 1.00
16.6 ± 1.11

Litchi
47.5 ± 0.84
1.4 ± 0.03
0.1 ± 0.01
0.9 ± 0.05
386.3 ± 10.5
334.2 ± 9.5
39.3 ± 1.3
17.5 ± 0.89
33.0 ± 1.15
36.0 ± 1.00
85.0 ± 2.05
27.2 ± 1.14
35.2 ± 1.00
22.8 ± 0.62
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Litter decomposition expressed as loss of dry matter (DM) at the end of each month showed that
40% of the total DM was lost during the ﬁrst 5 months (January-May 2014) in mango leaf litter,
while 15% in guava and 5% in litchi (Figure 3). The mass loss followed alternate slow and rapid
loss during the decomposition process for all the leaf litter. The average mass loss in mango,
guava and litchi leaf litter was 20, 10.5 and 5.4% m−1 during the entire period of 9th, 10th and
18th months of decomposition, respectively. The annual decomposition rate constant (k) for dry
matter was high in mango (3.22), followed by guava (1.33) and litchi (0.62) (Table 3). Among the
leaf litter, litchi has the slow decomposition rate and resulted in highest value of T50, T99 period
as 1.12, 8.07 year, respectively. The decomposition rate of mango leaf litter was highest and the
value of T99 period was lowest of 1.55 year.
The lignin content in mango, guava and litchi leaf litter at the time of decomposition was 17.2,
21.2 and 33%, respectively. The lignin decomposition of mango leaf litter followed alternate slow
and rapid loss throughout the period of investigation (Figure 3). The loss of lignin in mango leaf
litter for the ﬁrst four month was slow. Further, the decomposition rate gradually increased and
attained higher loss at the later period of decomposition. The lignin decomposition in guava leaf
litter was initially slow for ﬁrst ﬁve months. Further, the decomposition rate gradually increased and
attained higher loss at the later period of decomposition. The lignin decomposition in litchi leaf
litter showed alternate slow and fast loss. Initially the lignin decomposition was slow for ﬁrst ten
months. The average loss of lignin in mango, guava and litchi leaf litter was 25.3, 14.6 and 7.2%
m−1 during the entire period of 9th, 10th and 18th months of decomposition, respectively. The
annual decomposition rate constant of lignin was highest in mango leaf litter (3.68) followed by
guava (1.79) and litchi (0.81). The rate of lignin decomposition was highest in mango leaf litter and
has lowest T99 period of 1.36 year, while the litchi leaf litter has the highest T99 period of 6.16 year.
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Mass loss and biochemical changes
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Figure 3. Decay pattern of mass loss and biochemical content in leaf litter of diﬀerent orchards of Mango, Guava and Litchi.
Lines are ±SE of the mean.
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Table 3. Annual decomposition constant (k), decay for 50 and 99% of mass and nutrients for leaf litter of mango, guava and
litchi orchard.
Tree species
Mango

Downloaded by [ICAR Research Complex for Eastern Region ] at 21:11 06 September 2017

Guava

Litchi

Parameter
Dry matter
Lignin
Cellulose
Ligno-cellulose
Polyphenol
N
P
K
Dry matter
Lignin
Cellulose
Ligno-cellulose
Polyphenol
N
P
K
Dry matter
Lignin
Cellulose
Ligno-cellulose
Polyphenol
N
P
K

Exponential regression equation
y = 149.7e−3.22x
y = 150.1e−3.68x
y = 149.3e−4.13x
y = 149.2e−3.43x
y = 109.0e−7.06x
y = 108.8e−4.06x
y = 149.5e−4.11x
y = 154.5e−4.66x
y = 117.5e−1.33x
y = 121.9e−1.79x
y = 122.8e−1.93x
y = 120.6e−1.53x
y = 80.9e−4.71x
y = 72.3e−2.11x
y = 121.5e−2.13x
y = 148.1e−3.18x
y = 115.3e−0.62x
y = 116.3e−0.81x
y = 117.7e−1.09x
y = 120.3e−0.92x
y = 65.6e−2.40x
y = 90.4e−1.21x
y = 102.2e−1.09x
y = 106.4e−1.63x

k
−3.22
−3.68
−4.13
−3.43
−7.06
−4.06
−4.11
−4.66
−1.33
−1.79
−1.93
−1.53
−4.71
−2.11
−2.13
−3.18
−0.62
−0.81
−1.09
−0.92
−2.40
−1.21
−1.09
−1.63

T50
0.26
0.19
0.17
0.20
0.10
0.17
0.17
0.15
0.52
0.39
0.36
0.45
0.15
0.33
0.33
0.22
1.12
0.85
0.63
0.75
0.29
0.57
0.63
0.42

T99
1.55
1.36
1.21
1.46
0.71
1.23
1.22
1.07
3.75
2.79
2.60
3.27
1.06
2.37
2.35
1.57
8.07
6.16
4.58
5.45
2.08
4.13
4.56
3.06

R2
0.85
0.88
0.88
0.86
0.98
0.84
0.88
0.87
0.83
0.88
0.89
0.80
0.96
0.84
0.87
0.91
0.86
0.91
0.92
0.90
0.957
0.88
0.94
0.96

The cellulose content in mango, guava and litchi leaf litter at the time of decomposition was 45,
40 and 36%, respectively. The cellulose content in leaf litter of mango, guava and litchi gradually
decreased with the progress of decomposition (Figure 4). The cellulose decomposition followed an
alternate rapid and slow loss during the entire period of investigation in all the leaf litters. The
average loss of cellulose in mango, guava and litchi leaf litter was 28.1, 15.0 and 9.2% m−1 during
the entire period of 9th, 10th and 18th months of decomposition, respectively. The rate of cellulose
decomposition was faster in mango having highest annual decomposition rate constant of 4.13
and has the lowest T99 period of 1.21 years, while on the other hand litchi leaf litter has lowest
annual decomposition rate constant of 1.09 with highest T99 period of 4.58 years.
The ligno-cellulose content in leaf litter of mango, guava and litchi was 69, 69 and 85%, respectively
at the time of decomposition. The ligno-cellulose content gradually decreased with the progress of
decomposition and followed alternate rapid and slow loss in all the leaf litter (Figure 3). The average
loss of ligno-cellulose was 23.5, 13 and 8% m−1 during the entire period of 9th, 10th and 18th months of
decomposition in mango, guava and litchi leaf litter, respectively. The highest annual decomposition
rate constant was 3.43 in mango leaf litter and least in litchi leaf litter (0.92). The T99 period of diﬀerent
leaf litters followed the order as, litchi (5.45 yr) > guava (3.27 yr) > mango (1.46 yr).
The polyphenol content among the leaf litter of diﬀerent orchard was 18.2, 16.2 and 27.2 mg g−1 in
mango, guava and litchi, respectively at the time of decomposition. The polyphenol content decreased
sharply up to 3rd months of decomposition and thereafter decreased at gradual rate in all the leaf litter
(Figure 3). The average polyphenol loss was 42.3, 30.2 and 19.1% m−1 during the entire period of 9th,
10th and 18th months of decomposition in mango, guava and litchi leaf litter, respectively. The highest
decomposition rate constant was 7.06 in mango with least T99 period of 0.71 year, while litchi leaf litter
has lowest decomposition rate constant of 2.4 with T99 period of 2.08 year.

Nutrient release patterns
The N-content in the leaf litter of mango, guava and litchi gradually decreased with the progress of
decomposition (Figure 4). The N-content in mango, guava and litchi leaf litter was 48.7, 41 and 56.6%
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Figure 4. Decay pattern of N, P and K content in leaf litter of diﬀerent orchards of Mango, Guava and Litchi. Lines are ±SE of the mean.

of initial after 1st month of decomposition, respectively and thereafter there was a gradual decrease.
The highest N-decomposition rate constant was 4.06 in mango leaf litter with lowest T99 period of
1.23 years, while litchi leaf litter has lowest decomposition rate constant of 1.21 with highest T99
period of 4.13 years. The N-mineralization rate was higher after 1st, 7th and 9th months of decomposition in mango leaf litter. After 5 months of decomposition of mango leaf litter, there was
immobilization of N at 16.3%. The highest N-mineralization rate in guava leaf litter was 59% after
1st months of decomposition and the N-content showed an immobilization after 3rd, 4th and 6th of
decomposition at the rate of 5.9, 3.6 and 4.0%, respectively. The highest N-mineralization rate in litchi
leaf litter was 43.4% after 1st month of decomposition and the immobilization of N was observed
after 4th and 6th month of decomposition at the rate of 17.7 and 22.5%, respectively. The P-content
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in mango, guava and litchi leaf litter decreased to 76.8, 72.3 and 77.5% of initial after 1st month of
decomposition, respectively and showed a decreasing trend with the progress of decomposition
(Figure 4). The P-decomposition rate constant was highest in mango (4.11) followed by guava (2.13)
and litchi (1.09). Among the diﬀerent leaf litter, mango has the lowest T99 period of 1.22 years and
litchi has the highest T99 period of 4.56 years. The P-mineralization rate in mango leaf litter was
highest of 68% after 9th months of decomposition and the P-immobilization was observed after 2nd
months of decomposition at the rate of 20.6%. The highest P-mineralization rate in guava leaf litter
was 44.1% after 10 months of decomposition, while, the P-immobilization rate was observed after
2nd month of decomposition at the rate of 50.1%. The average P-mineralization rate in guava leaf
litter during the period of investigation was 14.1% release m−1. The highest P-mineralization rate of
27.0 and 32.2% was observed after 11th and 18th months of decomposition in litchi leaf litter,
respectively and the P-immobilization occurred at 2nd and 6th months of decomposition at the rate
of 3.8 and 0.6%, respectively. The average P-mineralization rate in mango, guava and litchi leaf litter
during the period of investigation was 24.0, 14.1 and 9.2% m−1, respectively. The K-content in mango,
guava and litchi leaf litter decreased to 62.1, 82.0 and 73.8% after 1st month of decomposition,
respectively and showed gradual decrease with the progress of decomposition (Figure 4). The mango
leaf litter has the highest K-decomposition rate constant of 4.66 with least T99 period of 1.07 years.
Among the leaf litter, litchi has the lowest K-decomposition rate constant of 1.63 with highest T99
period of 3.06 years. The highest K-mineralization rate of 50.3 and 69.1% was observed after 7th and
9th months and immobilization of K at 11.6 and 20% after 2nd and 3rd months of decomposition,
respectively in mango leaf litter. The highest K-mineralization rate in guava leaf litter was 48.9% after
10th months of decomposition and the immobilization of K occurred after 2nd and 3rd months of
decomposition at the rate of 13.2 and 4.1%, respectively. The K-mineralization rate from litchi leaf
litter was not uniform throughout the period of decomposition and the highest K-mineralization rate
was 37.9% after 11 months of decomposition. The immobilization of K occurred during the decomposition process after 3rd, 6th and 16th months of decomposition at the rate of 11.2, 1.73 and 8.5%,
respectively. The average K-mineralization rate in mango, guava and litchi leaf litter was 26.8, 19.6
and 11.3% m−1, respectively during the period of investigation.
The simple linear-regression analysis between mean monthly rate of weight loss and eleven
independent variables of air temperature, rainfall, fungal count, bacterial count, lignin, cellulose,
lingo-cellulose, polyphenol, N, P and K content yielded signiﬁcant correlations with eleven of
them in mango leaf litter, nine in guava leaf litter and ten in litchi leaf litter (Table 4). In mango
leaf litter, the initial leaf chemistry (lignin, cellulose, lingo-cellulose, polyphenol, N, P and K
content) showed signiﬁcant negative correlations, while, air temperature, rainfall, fungal and
bacterial count showed signiﬁcant positive correlations with monthly rate of weight loss. The
independent variables like fungal and bacterial count showed signiﬁcant positive correlations,
while, the initial leaf chemistry showed signiﬁcant negative correlations with monthly rate of
weight loss in guava leaf litter. In litchi leaf litter, the variables like rainfall, fungal and bacterial
count showed signiﬁcant positive correlations, while, the initial leaf chemistry showed signiﬁcant
negative correlations with monthly rate of weight loss. The initial leaf chemistry (lignin, cellulose,
lingo-cellulose, polyphenol, N, P and K content) had a very strong negative correlations with
weight loss in all the leaf litter indicated slow decomposition, while, positive correlation indicated
fast decomposition. The fungal and bacterial count showed highest signiﬁcant positive correlation coeﬃcient of 0.65 (p < 0.001) and 0.64 (p < 0.001) in mango, 0.62 (p < 0.001) and 0.60
(p < 0.001) in guava, 0.54 (p < 0.01) and 0.30 (p < 0.05) in litchi leaf litter, respectively. It was
observed that, the rate of decomposition was highly inﬂuenced by soil microbial population and
abiotic factors and followed the order as, fungal count > bacterial count > rainfall > air
temperature in all the leaf litter. Among the leaf chemistry, the lignin and cellulose content
greatly reduced the decomposition rate having highest signiﬁcant negative correlation coeﬃcient of −0.85 (p < 0.001) and −0.83 (p < 0.001) in mango, −0.86 (p < 0.001) and −0.84 (p < 0.001)
in guava, −0.86 (p < 0.001) and −0.84 (p < 0.001) in litchi, respectively.
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Table 4. Leaf litter decomposition rate (% wt-loss month−1) as inﬂuenced by climatic variables, microbial populations and initial
leaf chemistry.
Variable
Mango
Air temperature (°C)
Rainfall (mm)
Fungal count (cfu x 103 g−1 soil)
Bacterial count (cfu X 106 g−1 soil)
Lignin (%)
Cellulose (%)
Ligno-cellulose (%)
Polyphenol (mg g−1)
N (%)
P (%)
K (%)

Regression equation

Degrees of freedom

Correlation coeﬃcient (r)

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

=
=
=
=
=
=
=
=
=
=
=

3.186x – 37.61
0.188x + 24.79
0.704x – 63.77
0.567x – 80.44
−14.35x + 252.0
−3.480x + 155.7
−4.627x + 323
−4.743x + 66.33
−88.18x + 103.1
−889.5x + 113.2
−95.78x + 94.73

28
28
28
28
28
28
28
28
28
28
28

0.50
0.58
0.65
0.64
−0.85
−0.83
−0.68
−0.60
−0.61
−0.69
−0.68

(p
(p
(p
(p
(p
(p
(p
(p
(p
(p
(p

<
<
<
<
<
<
<
<
<
<
<

0.01)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)

Guava
Air temperature (°C)
Rainfall (mm)
Fungal count (cfu x 103 g−1 soil)
Bacterial count (cfu X 106 g−1 soil)
Lignin (%)
Cellulose (%)
Ligno-cellulose (%)
Polyphenol (mg g−1)
N (%)
P (%)
K (%)

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

=
=
=
=
=
=
=
=
=
=
=

0.184x + 23.61
0.063x + 22.89
0.572x – 50.74
0.296x – 39.68
−7.876x + 174.6
−3.17x + 132.7
−3.292x + 243.1
−3.229x + 42.66
−56.73x + 62.57
−900.9x + 90.11
−62.55x + 69.33

31
31
31
31
31
31
31
31
31
31
31

0.038
0.276
0.62 (p
0.60 (p
−0.86 (p
−0.83 (p
−0.77 (p
−0.61 (p
−0.58 (p
−0.73 (p
−0.77 (p

<
<
<
<
<
<
<
<
<

0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)

Litchi
Air temperature (°C)
Rainfall (mm)
Fungal count (cfu x 103 g−1 soil)
Bacterial count (cfu X 106 g−1 soil)
Lignin (%)
Cellulose (%)
Ligno-cellulose (%)
Polyphenol (mg g−1)
N (%)
P (%)
K (%)

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

=
=
=
=
=
=
=
=
=
=
=

0.393x + 14.91
0.049x + 20.17
0.481x – 20.67
0.171x – 7.629
−5.937x + 196.2
−2.998x + 103.6
−1.747x + 149.5
−1.792x + 35.7
−61.29x + 71.22
−830.8x + 87.91
−79.06x + 59.21

55
55
55
55
55
55
55
55
55
55
55

0.096
0.26 (p
0.54 (p
0.30 (p
−0.86 (p
−0.84 (p
−0.86 (p
−0.62 (p
−0.77 (p
−0.78 (p
−0.78 (p

<
<
<
<
<
<
<
<
<
<

0.05)
0.01)
0.05)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)
0.001)

Discussion
The decomposition took place under similar climatic conditions, diﬀerences among the three leaf
litters investigated were mainly related to diﬀerence in their chemical composition. Initial N and
lignin concentrations of leaf litter of the three tree species are well within the range (0.36–3.9% and
4.5–46.4%, respectively) reported for various tropical tree species (Sankaran 1993). In the initial
stage, relatively slow decrease in mass was observed due to leaching of readily soluble substances
and nonligniﬁed carbohydrates as was evidenced from the study of leaf litter degradation in
Bruguieria parviﬂora by Mahmood et al. (2007). While in the advanced stage, the further decrease
in mass loss in all the leaf litter may be attributed to the release of higher percentage of recalcitrant
fractions like cellulose, lignin, and tannin of leaf litter and was in agreement with the ﬁndings of
Bloomﬁeld et al. (1993) in tropical tree species. The leaf litter mass loss was comparatively higher in
mango (40% in 5 months) followed by guava and litchi and this could be attributed to rising
temperature and increase in rainfall with lower lignin content in mango leaf litter, which favours
higher activities of decomposers. The positive and signiﬁcant relation of rainfall and air temperature with weight loss of mango leaf litter in the present study further conﬁrms the above ﬁndings.
Similar results has also been reported by Singh and Singh (1999), who observed 50% decomposition in leaf litter of Dendrocalamus strictus plantation in 7 months under hot and dry sub-humid
climate. The rate of decomposition and mineralization of leaf litter of diﬀerent orchards is
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determined by soil organisms, physical environment and chemical composition of the material
(Swift et al. 1979). Cellulose and lignin, the most abundant components of litter, are slowly
decomposed in all the leaf litter. Isolated polymeric carbohydrates are generally decomposed
more rapidly, compared to lignin and lignin physically protects most of the cellulose and hemicellulose from enzymatic hydrolysis (Cooke and Whipps 1993). High contents of lignin in litchi leaf
litter have slow decomposition rate of leaf litter both in the early and later stages, in particular,
when associated with high N content and was in agreement with the ﬁndings of Couteaux et al.
(1995) who observed that the litter decomposition is controlled by climate, lignin content and
decomposing organisms. Berg and Staaf (1980) observed that the lignin was a decay-resistant
biopolymer usually regarded as a rate-regulating factor in leaf litter decomposition of Scots pine
needle litter. The rate of lignin decomposition was faster in mango leaf litter compared to guava
and litchi was attributed to the less lignin content and high Mn content, being essential for some
lignin-degrading enzymes such as Mn peroxidases, enhanced decomposition (Berg et al. 1995).
Further, the lignin:N ratio of mango leaf litter was lowest (13.9) resulting in fast decomposition and
was supported by the ﬁndings of Cornelissen (1996), who observed that lignin: N ratio and lignin
content were both negatively correlated with leaf litter weight loss in a wide range of temperate
plant species. Some authors have noted that high concentration of lignin and polyphenols are
usually accompanied with slow rate of decomposition and low level of mineralization of plant
nitrogen (Kayuki and Wartman 2001). In contrast, leaf litter with a high cellulose content as in
mango (45%) are preferred by soil invertebrates and disappear more rapidly compared to litchi leaf
litter (36% cellulose). Cellulose has an intermediate quality with major component of foliage and
can be used as an energy source by several decomposers. The total polyphenol in leaf litter
decreased sharply to 46, 54 and 50% of initial in mango, guava and litchi, respectively in 3rd
months. The reduction of polyphenols is largely due to their water solubility and strong oxidizing
capacity. Fan et al. (2017) observed that the total polyphenols decreased dramatically in the ﬁrst
two months, and less than 10% remained in the decomposed of tea leaf litter. Moreover, because
of the diﬀerent decomposition rates of its various compounds, leaf litter quality changes over time
and continuously aﬀecting the decomposition process.
Nutrient release or accumulation during the decomposition process is a net result of mineralization, leaching, consumption or transformation by soil biota (Issac and Nair 2005). In our
investigation, N release from all the leaf litter was fast during the ﬁrst month of decomposition,
while it was immobilized during 6th, 4th and 5th months of decomposition in mango, guava
and litchi, respectively. The weight loss in leaf litter and increased N concentration in the
residual material reﬂect carbon mineralization and N immobilization by the microorganisms.
Immediate N release or immobilization may be directly linked to the chemical structure of these
litter types as also observed by Semwal et al. (2003) in multipurpose tree species of central
Himalaya, India. The diﬀerence in C/N ratio among the leaf litter was narrow and higher than 25
and was in agreement with the ﬁndings of Myers et al. (1994), who reported that substrates
with C/N < 25 is of high quality and release mineral N at a faster rate as compared to low
quality residues (C/N > 25). Berg and McClaugherty (1987) found that N release can start at C/N
ratios between 29 and 80, and concluded that the C/N ratio is not a good predictor for the
onset of net N release from decomposing leaf litter. In our study, N release from all the leaf
litter started earlier with initial leaf litter C/N ratios of about 34–35. The decrease in N
concentration in the later period of decomposition may be attributed to higher demand for
nitrogen during the intense microbial activity. The lower the lignin concentration in the foliage,
the faster would be the decomposition. Both lignin and N concentrations showed a signiﬁcant
negative correlation with the decay rate in this study (Table 4). A similar observation was made
earlier by Arunachalam et al. (1998) in the hardwood leaf litter. In spite of greater N content in
litchi leaf litter, the decay was slower due mainly to the high lignin level (33%), which was
comparable to the fast decomposing mango leaf litter with low lignin content of 17.2%. This
indicates that the decomposition of leaf litter of orchards grown under hot and dry sub-humid
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climate may be governed mostly by the initial lignin rather than N content. Taylor et al. (1989)
have suggested that the inﬂuence of N decreases while that of lignin increases as the decomposition proceeds.
The loss of phosphorus occurred rapidly in successive phases and with same trend in all the
leaf litters and also with immobilization in 3rd months of decomposition. Phosphorus loss in the
early stages of decomposition might be attributed to leaching of soluble P containing compounds (Issac and Nair 2005). Besides, the P content in the experimental soil was very low and
thus it appeared to be the most limiting nutrient element so that if any additions of P are made,
it is consumed readily by the starving soil organisms and caused immobilization after 2nd
months of decomposition. Potassium release was fast and immobilization after 2nd months of
decomposition in all the leaf litter. Issac and Nair (2005) observed that potassium is a nonstructural element, it is present as a cation moving freely in the cell ﬂuid and when the cell wall
disintegration occurs during litter breakdown, it is easily washed out from the organic material.
The initial rapid decrease of nutrients concentration observed may be due to the loss of the
soluble forms of nutrients at the initial stages of decomposition (Mahmood et al. 2007) and a
slower release of nutrients at the later stages of leaf litter decomposition governed by microbial
oxidation of refractory components and physical and biological fragmentation (Ortega and
Marcos 2000). On the contrary, increased concentration of nutrients (N, P, and K) in the
decomposed leaf litter at diﬀerent stages of decomposition was attributed to microbial or
non-microbial immobilization in the residual leaf litter. Lin et al. (2007) suggested that leaf
litter acts as a surface for fungi or heterotrophic organisms.

Conclusions
The ﬁndings showed that leaf litter decomposition of diﬀerent orchards is mainly regulated by soil
fungal and bacterial population, initial concentrations of lignin, ligno-cellulose and N. Furthermore,
the pattern of N, P and K release regulated by microbial processes such as immobilization and
mineralization varied among the diﬀerent leaf litter of mango, guava and litchi during decomposition, ensuring fast nutrient availability for plant growth in mango followed by guava and slow in
litchi. The high content of lignin in litchi leaf litter had a higher signiﬁcant negative correlation with
decomposition rate followed by lignocelluloses and cellulose and resulted in slow decomposition
rate compared to guava and mango leaf litter. A considerable amount of organic matter and
nutrients added to the soil through the process of leaf litter decomposition from mango in less
time compared to guava and litchi. This study suggests that, mango and guava leaf litter constitute
comparatively readily available sources of nutrients and they could be suitable for short-term
nutrient correction and sustainability of soil fertility. However, leaf litter from litchi caused noticeable slow decay rate and is worthy to be used for organic matter build up in hot and dry subhumid climate.
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