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Abstract

Forest patches of Bankura, Paschim Bardhaman and Birbhum districts of the south-west part of West Bengal are
dominated by four timber tree species like Shorea robusta, Holarrhena antidysenterica, Buchanania lanzan and Acacia
catechu where Shorea robusta is recorded the highest among them. Substrate soils of these forest floors are covered with
Alfisol comprising aluminum and iron as main ingredients. Collected soil samples from the selected pedons in the study
area revealed higher content of potassium ranging from 55.20 to 671.89kg/ha in comparison to nitrogen and phosphorus,
the other two chief soil nutrients of the plants. Even a forest soil sample of the study area shows an exceedingly high value
of 671.89kg/ha obtained in the result of the soil chemical parameters analysis using the standard method for potassium
extract. Further, the dominant four timber tree species of the vegetation type of the forest floors in the study area revealed
different values for the potassium content and those values of potassium splendidly not only classify the habitat for each
individual species but restrict the range of potassium content for the individual plant species. Forest soils covered with
Holarrhena antidysenterica (Kurchi) trees show higher values of potassium content ranging from 93.38 to 671.89kg/ha, in
contrast, the substrate soils of the Sal forest show relatively lower values for potassium ranging from 55.2 to 397.04kg/ha
though the Sal trees (Shorea robusta) are abundantly occurred in these forest patches dominating over the other
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vegetation.
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Introduction

Forest patches are scattered all along the districts of Bankura,
Paschim Bardhaman and Birbhum in the south-west part of
West Bengal'. Among them, remarkably important forests like
Joypur and Beliatore forests of Bankura district, 11-miles forest
of Birbhum district and Garh Jangal and Aduria forests of
Paschim Bardhaman districts are considered as model forest
stands for pilot survey to get a picture of overall scenario of the
forest patches of three districts of West Bengal®. Forest cover of
these three districts including the study areas of Aduria, Garh
Jangal, 11-Miles, Joypur and Beliatore forests offer a
picturesque landscape with vast stretches of Sal, Piyal, Kurchi,
Khoir trees, flowering trees like Palas, Mahua and Kusum, and
lofty plants like Sonajhuri or Akashmoni and Eucalyptus
encompassing the forest stands surrounding the border. These
forest patches are covered with the typical Alfisol soil layers.
Alfisol with slight admixture of red soil is characteristically
poor substrate soils for the forest vegetation. Generally, forest
vegetation is often grown up frequently on poorly fertile soils
along with incredibly low available pools of nutrient cations for
the plants. The loss of potassium in the forest floors will occur
when the amount of rainfall exceeds the plant evaporation
transpiration rates®*. Over the long haul this will deplete the
soils in potassium which is often found in older soils. Annual
average rainfall around 1500 mm in these districts favours the

International Science Community Association

high content of potassium. A closed climax forest minimizes the
potassium losses under the natural biological web interactions,
but the forest patches covered with mixed vegetation enhances
the potassium concentration. Other factors like the presence of a
near neutral pH and ample calcium are particularly important>®.
Potassium is a spectacular source of the soil nutrients for the
plants and can stimulate a significant increase in the soil organic
matter and soil nutrients. And the potassium has an amazing
ability to accumulate the element and maximize the soil organic
matter which is critical to optimize water and aeration in the soil
condition’. In a forest area potassium would foster an improved
productivity and greater long term sustainability and utility
where the limitation of nitrogen can be provided by legumes the
need for phosphorus by rock phosphate and ensuring
mycorrhizal activity®.

In the forest patches, potassium leaching process has been
accelerated with the decrease soil pH. Soil samples revealed pH
ranges from 4.65 to 5.76 might enhance potassium content of
the sampled soils in the present study area in the three districts
of south-west West Bengal. Variations of available potassium
are observed more than nitrogen and phosphorus in the ecotypes
of the terrestrial forest floors. Availability of potassium is
strongly correlated with the water availability as observed in the
recent stoichiometric studies that plays an important role in
elemental composition of the individual timber tree species.
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Thus, the content of potassium is more important in the
fundamental elemental composition of the individual tree
species than the nitrogen and phosphorus revealed in the
stoichiometric study. In plant cells, potassium is considered as
the most abundant cation and in leaves, it is second most
abundant after nitrogen®*!. About 2.6% potassium weighs the
crust of the earth but still it is a neglected soil nutrient in the
field of research for global change?. Impact of such potassium
on the individual plant species in the forest patches of the study
area is the objective of the present study.

Results and discussion

Forest soil samples are collected from the selected pedons from
Joypur forest (J1-J3, J11-J15), Beliatore forest (B1, B11-B15),
11-Miles forest (E1-E2), Aduria forest (Al, All) and Garh
Jangal forest (G1) for the soil chemical analysis of different
physico-chemical parameters following the standard methods.
The obtained result shows the content of available potassium for
a natural terrestrial forest soil sample an exceedingly high value
of 671.89kg/ha using the standard method for the soil chemical
analysis, and therefore, a question might be arisen whether it is
natural for the soils sampled at a terrestrial forest patch. The
result obtained for potassium is above the threshold, but it is
possible to get such high results given the other factors like
weathering of minerals, fertilizers, and other pollutants as well
as run off wastewater from communities which may trigger that
values™®*®. But there is no chance of mixing of fertilizers with
the soil samples in these forest patches from the agricultural run
off as the vegetation is surrounded by badlands and no river or
even a streamlet is flowing within the periphery of the forest
stand. And the chance of mixing other pollutants like municipal
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wastes with the soils is also impossible as the nearest town is far
away from about 50km.

It is certainly a remarkably interesting fact about NH,OAc-K,
the higher value of potassium in the forest soils is quite
dynamic. Ammonium-acetate (NH,OAc) is the most widely
used soil test for potassium (K) based on air-dried or oven-dried
samples applying soil potassium (K) extraction with neutral 1 M
Ammonium-acetate. A huge variation in K (potassium) value is
found for the soil samples collected during summer stress period
versus rainy season samples'®*®. So, it is equally important to
compare the soil test value taken at similar timings of sampling,
which is comparable with the type of extractant, mineralogy,
texture, pH etc. to give more facts about such values?®?. For the
collected soil samples in the forest patches of the south-west
part of West Bengal, the texture of the soil samples in an
average, coarse sand ranged from 2-20%, fine sand 14-22%,
very fine sand 11-24%, silt 21-39%, and clay 14-34% that
constitute the forest soils. pH ranges from 5.1 to 5.76, electrical
conductivity (EC) varies from 0.02-0.07dSm™, available
nitrogen (N) ranges from 140-595kg/ha, available phosphorus
(P) ranges from 4.87-133.06kg/ha, available potassium (K) from
67.35-671.89 and organic carbon (OC) from 0.25 to 0.78% and
the samples were collected during the commencement of the
spring in between summer and rainy season, still the soil
samples show such high value for potassium (Figure-1). The
percentage of relative humidity varies between 49% and 85%,
minimum in the month of April and maximum during the month
of August. For the soil moisture variability at those sampling
sites such values for the content of potassium are common,
though the past-history of K-fertilization for the selected forest
patches is not known.
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Figure-1: Soil chemical parameters of the forest soil samples of West Bengal.
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There is no surprise with this level of NH;OAc-K for so much
variation in soil test values as the soils analyzed were under
mixed vegetation??*®, The samples were collected from the
selected pedons covered with the mixed vegetation dominated
by the four species like Sal (Shorea robusta), Kurchi
(Holarrhena antidysenterica), Piyal (Buchanania lanzan) and
Khoir (Acacia catechu) where Sal trees (Shorea robusta) are
occurred as the highest timber tree species in the selected forest
patches of the present pilot survey. The dominant four timber
tree species of the vegetation type of the forest floors show
different values for the potassium and those values of potassium
splendidly not only classify each individual species but restrict
the content of potassium for the individual species. Forest soils
covered with Holarrhena antidysenterica (Kurchi) trees show
higher values of potassium content ranging from 93.38 to
671.89kg/ha, in contrast, the forest soils show relatively lower
values for potassium ranging from 55.2 to 397.04kg/ha though
the Sal trees (Shorea robusta) are abundantly occurred in these
forest patches dominating over other vegetation. Other dominant
species Buchanania lanzan (Piyal) revealed values for the
potassium content in between Holarrhena antidysenterica and
Shorea robusta of the forest patch. Potassium content ranges
from 205.58 to 441.17kg/ha for Buchanania lanzan (Piyal) and
the Acacia catechu (Khoir) tree species revealed the potassium
values ranging from 67.35 to 166.5kg/ha (Figure-2).

Conclusion

The chemically analyzed value 671.89kg/ha obtained for
potassium of a terrestrial forest soil sample is quite natural for
the forest soil of the forest floor in the south-west Bengal
including the ranges of potassium content for the individual

800
700
600
500
400

300

20
; | ‘ |
¥

Al

B11 B12 E1 Ji1
Sal

o

Soil chemical parameters (kg/ha)

o

J12 All B14 E2

Kurchi

Res. J. Agriculture and Forestry Sci.

timber tree species. Content of such potassium in the forest
floors of south-west part of West Bengal can provide a clue that
happens to soil test values when a soil type with uniform
mineralogy and texture, is acted upon with different forest
species®*®. An interesting feedback, we can get it with an
additional data on different soil microbial communities plus
microbial biomass carbon (Cmic), microbial biomass nitrogen
(Nmic) and microbial biomass phosphorus (Pmic) including
microbial biomass potassium (Kmic) with the variations in other
nutrients as well in the subsequent studies?’. In such case,
rhizopshere effect will be particularly important consideration
while dealing with such a huge variation in soil test values,
since soils are collected at almost same point of time?. Textural
variation is also one factor, and step down regression analysis
would reveal the factors contributing towards such variation.
The practical utility of such variations and these changes in soil
test values offer possible changes on carbon footprint of these
four dominated forest timber tree species, a big question to be
answered which is to be considered in the future studies on
these forest floors?. Further, if a distinct variation in soil test
values as per stand of different forest species is found, the root
density vis-a- vis root education dictating such variation in soil
test values will be observed including potassium for the
individual timber tree species of the selected forest patches in
the districts of Bankura, Birbhum, and Paschim Bardhaman of
the south-west part of West Bengal. The present pilot survey is
preliminary that restricts the limitations of such different factors
in the present study. Subsequent sampling and analysis of soil,
and monitoring of environmental factors will provide adequate
data and will be useful for managing the forest patches in West
Bengal.
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Figure-2: Soil substrate characteristics of different vegetation types in the forest floors of West Bengal.

International Science Community Association



Research Journal of Agriculture and Forestry Sciences

ISSN 2320- 6063

Vol. 9(4), 21-25, October (2021)

References

1.

10.

11.

12.

Das, G. K. (2021). Soil characteristics in the forest patches
of Jungle Mahal in WB, India. International Research
Journal of Environmental Sciences, 10(1), 81-85.

Das, G. K. (2020). Required Optimum Sample Size
Determination of Forest Stands in West Bengal. eJournal of
Applied Forest Ecology, 8(2), 1-6.

Roberts, T.L. (2008). Global potassium reserves and
potassium fertilizer use. Presentation to Global Nutrient
Cycling Symposium, International Plant Nutrition Institute
2008 Joint Annual Meeting, Georgia. USA. URL:
http://www.ipni.net/ipniweb/portal.nsf/0/Accessed date: 5
December 2014

Robison, A.L., Scanlon, T.M., Cosby, B.J., Webb, J.R. and
Galloway, J.N. (2013). Roles of sulfate adsorption and base
cation supply in controlling the chemical response of
streams of western Virginia to reduced acid deposition.
Biogeochemistry, 116(1), 119-130.

Schimel, D.S., House, J.I., Hibbard, K.A. et al. (2001).
Recent patterns and mechanisms of carbon exchange by
terrestrial ecosystems. Nature, 414(6860), 169-172.

Schreeg, L.A., Mack, M.C. and Turner, B.L. (2013).
Nutrientspecific patterns of leaf litter across 41 lowland
tropical woody species. Ecology, 94, 94-105.

Quennehen, B., Schwarzenbeck, A., Matsuki, A., Burkhart,
J.F., Stohl, A., Ancellet, G. and Law, K.S. (2012).
Anthropogenic and forest fire pollution aerosol transported
to the Arctic: observations from the POLARCAT-France
spring campaign. Atmospheric Chemistry and Physics,
12(14), 6437-6454.

Rao, S.R., Qayyum, A., Razzaq, A., Ahmad, M,
Mahmood, I. and Sher, A. (2012). Role of foliar application
of salicylic acid and I-tryptophan in drought tolerance of
maize. Journal of Animal and Plant Sciences, 22(3), 768—
772.

Sardans, J., Pefiuelas, J., Prieto, P. and Estiarte, M. (2008).
Drought and warming induced changes in P and K
concentration and accumulation in plant biomass and soil in
a Mediterranean shrubland. Plant and Soil, 306(1), 261—
271.

Sardans, J., Rivas-Ubach, A. and Pefiuelas, J. (2011).
Factors affecting nutrient concentration and stoichiometry
of forest trees in Catalonia (NE Spain). Forest Ecology and
Management, 262(11), 2024-2034.

Sardans, J., Pefiuelas, J., Coll, M., Vayreda, J. and Rivas-
Ubach, A. (2012). Stoichiometry of potassium is largely
determined by water availability and growth in Catalonian
forests. Functional Ecology, 26(5), 1077-1089.

Sardans, J. and Pefiuelas, J. (2015). Potassium: a neglected
nutrient in global change. Global Ecology and

International Science Community Association

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Res. J. Agriculture and Forestry Sci.

Biogeography, 24(3), 261-275.

Bel, J., Legout, A., Saint-André, L., Hall, S. J., Lofgren, S.,
Laclau, J. P., & van der Heijden, G. (2020). Conventional
analysis methods underestimate the plant-available pools of
calcium, magnesium and potassium in forest soils.
Scientific Reports, 10(1), 1-13.

Tripler, C. E., Kaushal, S. S., Gene E. Likens, G. E. and
Walter, M. T. (2006). Patterns in potassium dynamics in
forest ecosystems. Ecology Letters, 9(4), 451-466,

Yates, E. J., Ashwath, N. & Midmore, D. J. (2002).
Responses to nitrogen, phosphorus, potassium, and sodium
chloride by three mangrove species in pot culture. Trees,
16(2-3), 120-125.

Talkner, U. et al. (2019). Nutritional status of major forest
tree species in Germany. In Status and Dynamics of Forests
in Germany: Results of the National Forest Monitoring (eds
Wellbrock, N. & Bolte, A. 261-293, Springer, New York.

Van Sundert, K., Radujkovi¢, D., Cools, N., De Vos, B.,
Etzold, S., Ferndndez-Martinez, M., ... & Vicca, S. (2020).
Towards comparable assessment of the soil nutrient status
across scales-Review and development of nutrient metrics.
Global change biology, 26(2), 392-409.

Hansson, K., Laclau, J. P., Saint-André, L., Mareschal, L.,
van der Heijden, G., Nys, C., ... & Legout, A. (2020).
Chemical fertility of forest ecosystems. Part 1: Common
soil chemical analyses were poor predictors of stand
productivity across a wide range of acidic forest soils.
Forest Ecology and Management, 461, 117843.

Legout, A., Hansson, K., van der Heijden, G., Laclau, J. P.,
Mareschal, L., Nys, C., ... & Ranger, J. (2020). Chemical
fertility of forest ecosystems. Part 2: Towards redefining
the concept by untangling the role of the different
components of biogeochemical cycling. Forest Ecology and
Management, 461, 117844.

Lucash, M. S., Yanai, R. D., Blum, J. D. & Park, B. B.
(2012). Foliar nutrient concentrations related to soil sources
across a range of sites in the northeastern United States
citation details. Soil Sci. Soc. Am. J., 76, 674—683.

Rosenstock, N. P. et al. (2019). Base cations in the soil
bank: Non-exchangeable pools may sustain centuries of net
loss to forestry and leaching. Soil, 5(2), 351-366.

Van der Heijden, G., Legout, A., Mareschal, L., Ranger, J.,
& Dambrine, E. (2017). Filling the gap in Ca input-output
budgets in base-poor forest ecosystems: The contribution of
non-crystalline phases evidenced by stable isotopic dilution.
Geochimica et Cosmochimica Acta, 209, 135-148.

Van der Heijden, G., Bel, J., Craig, C. A., Midwood, A. J.,
Mareschal, L., Ranger, J., .. & Legout, A. (2018).
Measuring plant-available Mg, Ca, and K pools in the
soil—An isotopic dilution assay. ACS Earth and Space
Chemistry, 2(4), 292-313.



Research Journal of Agriculture and Forestry Sciences

ISSN 2320- 6063

Vol. 9(4), 21-25, October (2021)

24,

25.

26.

217.

Sparks, D. L. (2003). Inorganic soil components. In
Environmental Soil Chemistry (ed. Sparks, D. L.). 43-73,
Academic Press, Cambridge.

Kosmulski, M. (2009). Compilation of PZC and IEP of
sparingly soluble metal oxides and hydroxides from
literature. Adv. Colloid Interface Sci., 152(1-2), 14-25.

Schwertmann, U. and Fechter, H. (1982). The point of zero
charge of natural and synthetic ferrihydrites and its relation
to adsorbed silicate. Clay Miner, 17(4), 471-476.

York, L. M., Carminati, A., Mooney, S. J., Ritz, K. and
Bennett, M. M. (2016). The holistic rhizosphere:
Integrating zones, processes, and semantics in the soil

International Science Community Association

28.

29.

Res. J. Agriculture and Forestry Sci.

influenced by roots. J. Exp. Bot., 67(12), 3629-3643.

Pradier, C., Hinsinger, P., Laclau, J. P., Bouillet, J. P.,
Guerrini, 1. A., Gongalves, J. L. M., ... & Jourdan, C.
(2017).  Rainfall ~ reduction  impacts  rhizosphere
biogeochemistry in eucalypts grown in a deep Ferralsol in
Brazil. Plant and Soil, 339-354.

Nezat, C. A, Blum, J. D., Yanai, R. D. and Hamburg, S. P.
(2007). A sequential extraction to determine the distribution
of apatite in granitoid soil mineral pools with application to
weathering at the Hubbard Brook Experimental Forest, NH,
USA. Appl. Geochem., 22(11), 2406-2421.



