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ABSTRACT

We investigated assessment of essential and non-essential nutrients in soil along with litter chemistry in the tropical deciduous forest at
Katerniaghat Wildlife Sanctuary, India. Three forest communities in teak plantation (TP), sal mixed (SM) and dry mixed (DM). The factors examined
were nutrients contents chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel(Ni), copper (Cu), zinc (Zn), arsenic (As), selenium (Se),
molybdenum (Mo), cadmium (Cd), lead (Pb) and carbon in soil and litter. Majorly of essential nutrients levels were higher in the DM followed
by SM and TP in soils. Zn was increased in TP, while Cu in SM soils at the depth of 0-15cm. Overall litter nutrients, concentration was maximum
in DM. But some litter nutrients as like Ni and Zn maximum in the SM and TP. TOC was maximum in SM (19.23 g kg™") followed by DM (17.74 g

kg™) and TP (13.62). Litter C was also increased in DM followed by SM and TP.
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INTRODUCTION

In forested ecosystems, litterfall represents the main pathway of
nutrient transfer from the plants to the soil through the process of
primary productivity (Vitousek, 1982; Vitousek and Sanford, 1986;
Clark etal.,, 2001). Forest litter plays an important role in determining
nutrient cycling, balance and maintaining ecosystem function.
Plant uptake the nutrients found as soluble components in the soil
solution or easily solubilized by root exudates (Blaylock and Huang,
2000). The influences of nutrient supply on litter substrate quality
is unpredictable because the internal concentration nutrient in
live leaves and aging leaves absorb different nutrients, litter leaf
nutrient leaching, and species with maximum nutrient content
accompanied soil nutrient cycling (Aerts et al,, 1997). The nutrients
Cr, Cd, Ni, Cu, Zn takes partin the biological turnover and their excess
or lack presence cause disturbances in the vegetation growth and
productivity (Jaakkola et al., 1994; Adomaitis et al., 2003). Essential
nutrients such as Co, Cu, Fe, Mg, Ni, and Zn play a significant role
in plant development. Ledn and Osorio (2014) provide the litter
nutrient content and decomposition in process different land uses
in Colombia. They observed that the return of organic matter and
nutrient from litter fall depend on the environmental factor that
influences the decomposition process. The litter nutrient, changes
with plant community impact the structure and activity of microbial
community inhabiting in the soil (Kutsch and Dilly, 1999). Soil
aeration, microbial activity, and mineral composition also affect the
availability of nutrients in soils (Magnuson et al., 2001). Nutrients also
modify soil properties, especially soil biological properties (Friedlova,
2010). Hernandez et al. (2003) observed the higher concentration of
nutrients Cd, Cr, Cu, Zn and Ni in the soil of natural forests. Nutrients
have been found to aggregate in surface organic layers and as a result,
affect the biological activity in forest soils because of their strong
congeniality with organic matter. The standard ratio of nutrients in
soil has been provided in the report of (NJDEP, 1996). Cd in quantity 1
mg kg™ soil, Pb 150 mg, Zn 100 mg and Cu 20 mg kg™ (Wilson, 1979;
Berg et al., 1989; Atanassov et al,, 1999), do not have so far adverse
effect soil organisms. A soil nutrient is a significant factor controlling
litter decomposition because of the essential nutrients in the soil or
litter material impact community and activity of decomposers (soil
organisms). Such complexity and interrelationship justify the need
for further studies in tropical soils because of contrasting chemical,
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physical and mineralogical characteristics (Soares et al., 2005; Fontes
and Alleoni, 2006). The scientific literature poorly addressed the
subject of soil nutrients levels in tropical countries (Davies, 1997, Naidu
etal.,, 1998; Kookana and Naidu, 1998; Campos et al., 2003; Udom et
al.,, 2004). In this study, assess attended to of essential nutrients of soil
with litter chemistry in three forest communities tropical deciduous
forest, which will in helping us to understand forest soil nutrient
dynamics and soil carbon sequestration.

MATERIALS AND METHODS

Study Area

The study was conducted in the Katerniaghat Wildlife Sanctuary
(KWLS) in tropical deciduous forest, North India (Fig. 1). According
to Rodgers and Panwar (1988) the area falls under the Terai Bhabar
biogeography sub-division of the upper Gangetic plain. The
geographically located between 27°41" and 27°56' N latitude and
81°48’ and 81°56' E longitude and the area is 409 km? (Jha, 2000).
This area experiences a tropical monsoon climate. An annual
temperature at the KWLS a range between 40.5°C to 3.5°C, with an
average annual rainfall of 1495 mm (Behera et al., 2012).
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Fig. 1: The study area of Katerniaghat Wildlife Sanctuary in tropical
deciduous forest from North India

Soil and Litter Collection

The sampling (i.e., soil and litter) was done based on soil
homogeneity and ground vegetation. The sample was collected
during June 2016 in three forest communities, i.e., Teak plantation
(TP), Sal mixed (SM) and dry mixed (DM). From each forest site
randomly soil samples were collected from two soil depth (i.e.,
0-15 and 15-30 cm) because the most changes are expected in
these regions. The sample of 200 g from the pooled samples was
taken, air dried and sieved to pass through 2 mm mesh sieves
before analysis. The quantification of litter production was
estimated by randomly placing the 10 litter traps (each 1 m? area)
by Hughes et al. (1987) with a perforated plastic sheet wrapping
the base bottom under the canopy of each tree species in all the
three permanent plots. The litter samples were air dried in the
laboratory and samples were kept at 80°C for 48 h to prepare the
dry mass (Swamy and Proctor, 1994).

Analysis of Soil and Litter Nutrients

The soil sample was air dried, sieved through 2 mm governorates
sieves for analysis. Litter parts segregated into different parts as
like leaves, branch, seed and miscellaneous. The sample of soil and
litter parts was chemically analyzed for detection of nutrients (Cr,
Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Pb). Accurately 0.5 gm of dry
powder of sample was weighted and digested with concentrated
HNO;, H,SO, and H,0, (1:3:3) (Mishra et al., 2014). The blanks were
run with the set, and the sample was analyzed in inductive coupled
plasma mass spectrometer (ICP-MS). Total organic carbon (TOC)
of soil was measured by TOC analyzer malty N/C 300 analytic Jena
AG, Germany. Carbon content was measured by isotope ratio mass
spectrometer (IRMS).

Statistical Analysis

Analysis of variances (ANOVA) was used to do statistical assess in the
different forest communities on nutrients of soil and litter. Statistical
analysis was conducted using Sigma Plot 11.0 version (Systat Software,
Inc. USA) and Microsoft Excel 10.0 version. Pearson correlation was
also used to check for correlation between different nutrients. PCA
(principal component analysis) was used against different nutrients
and forest communities (PAST 2.00; Hammer et al., 2001).

RESULTS AND DISCUSSIONS

Nutrients concentration in soil

Nutrients occur in the environment in two forms as essential
and non-essential, and they come in soil biota from different
origins like a natural process and anthropogenic activities.
Essential nutrients concentrations in soils have been used as
an indicator for soil carbon sequestration. Soil nutrients like Cr,
Mn, Fe, Zn, Co, Cu, and TOC were higher in the DM followed by
SM and TP at the depth of 0-15 cm (Table 1). Hou et al. (2014)
observed maximum essential nutrient comparison in the
natural forest plantation in Remnant forest China. Nutrients
like Cr, Ni, Fe, Zn, Co, Cu, Cd, and Pb with maximum TOC were
observed in the temperate forest (Hernandez et al., 2003).

Table 1: Soil nutrients (mean value) at the depth of 0-15 cm and 15-30 cm in tropical deciduous forest from north India, total organic carbon
(TOC), carbon (C), chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel(Ni), copper (Cu), zinc (Zn), arsenic (As), selenium (Se), molybdenum

(Mo), cadmium (Cd), lead (Pb)

TOC

Forest type Site Cr Mn Fe Co Ni Cu Zn As Se Mo Cd Pb kg ’ References
Southern Dashanchong 33 243.5 1.2 Liao etal.
China forest  (Changsha) (2007)

Shizhuyuan 212 2894 1.9

(Chenzhou)
Tropicaldry ~ Puthupet 67 5 13 8 24 5 14 16 Sudhakaran
evergreen and Rama-
forest, moorthy
Coromandel (2014)
Coast,India  Qorani 26 4 9 5 25 5 12 112

Vadaagram 38 5 13 9 21 6 11 11.55

Palvathunan 37 5 14 13 36 4 9 20.25

Sendrakillai 35 5 12 6 30 3 11 18.2
Moist Siruvani hills 41875 9747 15 35.46 4429 15.1 Mohanraj
deciduous etal. (2000)
forest, Tamil
Nadu, India
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(Cont...)
TOCg
Forest type Site Cr Mn Fe Co Ni Cu Zn As Se Mo Cd Pb kg’ References
Nigeria EGASPIN, 20 140 0.3 200 100 35 DPR-
Department EGASPIN
of Petroleum (2002)
Resources,
Lagos, Nigeria.
Proposed 100 1500 100 600 NJDEP
Cleanup (1996)
Standards for
Contaminated
Sites
Remnant Natural 1.5 4.1 2.5 17 1.1 25.1 Hou etal.
natural and (2014)
plantation  plantation 0.4 7.7 18 233 18 126
forests, China
French Forest Haute Vienne 14.35 136 412 305 67.04 0.17 23383 Hernandeza
(10-30) etal. (2003)
Seine Maritime ~ 25.8 087 224 394 1219 0.14 1141
(6-15)
Vosges (12-17)  14.82 113 449 25 2467 0.11 12.04
HautesAlpes 102.77 1592 5275 2945 116.6 0.26 27.67
(0-15)
Loir et Cher 37.77 6.27 805 1041 61.87 0.17 17.96
(15-30)
Tropical Teak plantation 13.9 171.7  487.0 0.8 29 1.6 89.1 80 0.1 01 1.0 172 13.6 Present
deciduous (0-15) study
fo“’:‘St' North Sal forest (0-15) 22.9 218.9 7439 34 7.5 126 408 04 0.1 1.8 1.0 251 194
India Dry mix forest 354 2963 11580 48 81 89 487 06 01 09 26 255 184
(0-15)
Teak plantation 8.5 1249 2879 00 05 15 837 20 00 07 04 120 13.0
(15-30)
Sal forest 254 1997 7675 39 237 107 661 32 00 19 02 213 1744
(15-30)
Dry mixforest 339 3239 10817 57 53 164 525 25 00 03 08 298 17.74
(15-30)

Sudhakaran and Ramamurty (2014) observed the Cr, Co, Ni, Cu,
Zn, Pb with TOC in tropical dry evergreen forest, India (Table 1).
Mohanraj et al. (2000) reported a concentration of Mn, Fe, Cu,
Zn, and Cd with maximum TOC. Maximum Ni was found in SM at
the depth of 15-30 cm. Table 2 showed the Pearson correlation
was established between nutrients and TOC. TOC positively
correlated with Cr, Mn, Fe, and Co. Some nutrients have stabled
correlated with Cr/Mn/Fe/Co. Akoto (2016) also established a
strong correlation between Pb/Cu, Cu/Zn, Fe/Pb, and Cr/Co.
Eigen values in three axis were observed 3.51,0.09 and 0.029. PCA
analysis showed that TOC is closely associated with Cr, Zn Mn and
Fe (Fig.2A). DM is mainly affected by Crand TOC. Figure 4A cluster
analysis showed the TOC close with Crand Pb and also positively
correlated with Pb, Fe, Cu, Ni, Mn and Co (Table 2). Foster and
Bhatti (2006) discussed the wind deposited soils, which support
mixed and hardwood forest, are likely to be fine textured with
high nutrient supplying capacity.

The nutrients in different litter parts collected from different
forest communities are given in (Fig. 3). The nutrients are essential
for plants, playing significant roles in plant metabolism and
biosynthesis, both as cofactors for enzymes and as metabolic

consequences (Rattan et al.,, 2005). For example, Zn, Fe, Cu, Cr,
and Co are essential nutrients. Maximum nutrients concentration
was observed in seed, leaves and miscellaneous parts. Cr, Mn, Fe,
Cu, and Co observed maximum in seed at DM and Ni maximum
in TP. In leaves Cr, Mn, Fe, Co, and Cu was increased at DM, Ni in
SM and Zn and Fe in TP (Fig. 3). Bai (2013) discussed the role of
Ni in the metabolic processes of plants has not been identified
as greatly as other elements such as Mn or Cu; it is a key factor
in the activation of the enzyme urease, which is essential for
N metabolism. Moreover, it plays a part in seed germination
and iron uptake (Poonkothai, 2012). Overall maximum essential
nutrients of litter were observed in DM followed by SM and TP.
Table 3 showed the maximum carbon content was found in a DM
followed by SM and TP. Carbon content was maximum observed
in the miscellaneous part from DM (45.54) followed by SM (40.53)
and TP (33.52). In seed, carbon content was higher in DM (42.33)
and TP (40.56). In branch, carbon content was higher in DM (43.54)
and SM (41.57). Carbon content was reported in tropical forest
discussed by a different author (Singh and Mudgal, 2000; Kraenzel
et al., 2003; Petsri et al., 2007; Guendehou et al., 2014; Paudel
et al.,, 2015). Eigen values in three axes were observed 3.66, 0.65
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Table 2: Pearson correlation ratio between TOC, litter C and nutrients in the tropical deciduous forest from north India.

TOC

(gkg™) L)C% Cr Mn Fe Co Ni Cu Zn As Se Mo Cd Pb
(LC%  0.88* 1 - - - - - - - - - - - -
Cr 0.87* 0.99** 1 - - - - - - - - - - -
Mn 0.76 0.97**  0.98* 1 - - - - - - - - - -
Fe 0.84* 0.99**  0.99* 0.99* 1 - - - - - - - - -
Co 0.93* 0.99* 0.99* 0.94* 0.98* 1 - - - - - - - -
Ni 0.81* 0.44 0.41 0.22 0.36 0.53 1 - - - - - - -
Cu 0.99*% 0.94* 0.93 0.84* 091*  097* 072 1 - - - - - -
Zn 0.34 0.74 0.76 0.87 0.80*  0.67 -0.28 046 1 - - - - -
As -0.94* -0.67 -0.65 -0.48 -060 -0.74 -0.96* -0.88* 0.01 1 - - - -
Se 0.74 0.97* 0.97* 0.99* 0.99*  0.94*  0.20 0.82* 0.89* -0.46 1 - - -
Mo 0.64 0.22 0.18 -0.02 0.12 0.31 0.97* 0.53 -0.50 -0.87* -0.04 1 - -
cd 0.36 0.75 0.77 0.88**  0.81*  0.68 -0.26 0.48 0.99* -0.01 0.90* -049 1 -
Pb 0.92* 0.99* 0.99* 0.95* 0.98*  0.99* 0.2 0.97* 0.68 -0.73 0.94*  0.30 069 1

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)

Component 2

Consponeat 1

Component 2

Component 1

Figs 2A and B: Diagram of the principal component analysis (PCA) of soil nutrients against TOC (A) and litter nutrients against litter C; (B)
in tropical deciduous forest from North India [dry mixed (DM), teak plantation (TP), sal mixed (SM); total organic carbon (TOC), carbon (C),
chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel(Ni), copper (Cu), zinc (Zn), arsenic (As), selenium (Se), molybdenum (Mo),
cadmium (Cd), lead (Pb)].
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Fig. 3: Nutrients concentration of litter collection in different part leaf (L); seed (S); branch (B); miscellaneous (M)
in the tropical deciduous forest from north India

Table 3: Litter carbon (%) in tropical deciduous forest form north India, *C (t ha™).

Forest Site Samples Carbon % References
Teak plantation Panama (Tranquella) Litter 43.90 Kraenzel et al. (2003)
Hauy Kha Kaeng Wildlife Sanctuary Teak plantation Litter 1.56* Petsri et al. (2007)
Mixed deciduous forest 0.68 *
Nokrek Biosphere Reserve, Meghalaya Litter 34.20 Singh and Mudgal (2000)
West African tropical forest Forest Litter 49.5 Guendehou et al. (2014)
Tropical forest Dry season Litter 41.85-45.86 Paudel et al. (2015)
Wet season 41.61-46.94
Tropical deciduous forest Teak plantation Leaf 4143 Present study
Seed 40.56
Branch 31.56
Miscellaneous 33.52
Sal mixed Leaf 45.43
Seed 39.52
Branch 41.57
Miscellaneous 40.53
Dry mixed forest Leaf 40.45
Seed 4233
Branch 43.54
Miscellaneous 45.54
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Fig. 4: Diagram of the cluster analysis of soil nutrients (A) and litter nutrients (B) in the tropical deciduous forest from North India [total organic
carbon (TOC), carbon (C), chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As), selenium (Se),

molybdenum (Mo), cadmium (Cd), lead (Pb)

and 0.007. PCA analysis showed that C is closely associated with
Cr, Zn, and Mn. DM and TP are mainly affected by Cr, Cu, and Fe
(Fig. 2B). Figure 4B cluster analysis showed the Fe, Mn, and Zn is
close with carbon and these nutrients essential for plant growth.
This nutrient maximum observed in litter different parts. So we
can say that these nutrients help of carbon sequestration and
increases plant growth.

CoNcCLUSION

The results conclude here clearly soil nutrients with litter’s chemistry
differ in forest communities on different soil depth. DM maximum

International Journal of Plant and Environment, Volume 5 Issue 1 (January 2019)

fertile soils support productive forests and quantities of nutrient.
Zn, Mn, Cu, Ni, and Fe are higher in among all forest communities.
Finally, the tropical deciduous forest is in generally low observed
non-essential. These nutrients affect the soil fertility, community
ecology, soil carbon sequestration and plant richness of tropical
forests.
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