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Abstract: In order to assess the effect of landforms on availability of soil nutrients
and to study the relationship between different soil chemical characteristics viz. pH,
organic carbon (OC), available nitrogen (AN), phosphorus (AP) and potassium
(AK), and DTPA-extractable micronutrients (Zn, Cu, Mn and Fe), soil samples were
collected from four major landforms (hill side slopes, foot hills, flood plains and char
lands). The results indicate that OC and AN had higher values (15.9 g kg,
218.5 gkg', respectively) in hill side slopes and lower values (15.9 gkg' and 147.4 g
kg', respectively) in char lands. There were significant differences in pH, OC, AK and
AP with landforms, but the differences in values of pH, OC and AN between hill side
slopes and foot hills were non-significant. There were inconsistent variations of
DTPA-extractable Zn, Cu, Mn and Fe with respect to landform. Only Zn showed a
significant difference between hill side slopes, flood plains and char lands. The
application of principal component (PC) analysis on the investigated soil nutrients
revealed three components with eigen values greater than 1, which explained 69.2 per
cent variability. PC1, which had high positive loadings of pH, Zn, Mn and AP and
moderate negative loadings of AK, accounts for 31.09 per cent of variance, and is the
most important component. PC1 could be better explained by correlation study as
there are significant negative relationships of soil pH with AP (r=0.236) and Zn (r=
0.293), which indicates that these nutrients were the most limiting factors under
sustainable management of soils of north eastern India.
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Introduction

There have been several attempts to relate soil
properties to landscape positions (Ofori et al. 2013;
Yumnam et al. 2013; Onweremadu et al. 2007; Reza et
al. 2011). This may be partly due to the realization of the
role of topographic position in influencing run-off, soil
erosion and hence soil formation (Babalola et al. 2007).
In addition to the organic carbon (OC) which varies with
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landscape (Hobbie 1996), landform and physiography
influence soil texture and acidic cations (Stutter et al.
2004) and nutrient budget (Mallarino 1996). Hence, the
landscape is important in fertilizer management (Paz-
gonzalez et al. 2000); high yields and good product can
be achieved only when the right type of soil is used for a
certain crop. However, for areas in which suitable soil is
not available, soil amendment may be done to facilitate
the crop growth and optimum yield.
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The ability to produce food is the fundamental
process in societal development therefore, it is necessary
to study the availability and distribution of nutrients in
soil for a better production (Saidou et al. 2004). A proper
evaluation of the fertility of a soil before planting a crop
helps in adopting appropriate measures to make up for
the shortcomings and ensuring a good crop production.
However, soil fertility decline is less visible and less
spectacular and more difficult to assess (Belachew and
Abera2010).

The use of multivariate analytical methods in
the soil science field is growing recently for example,
finding a relationship between the soil classes and the
nutritional state of some crops (Wadt 2005); deducing
the categorical or continuous properties using the cluster
technique (Simbahan and Dobermann 2006);
determining the minimum number of soil properties that
represent a class or category (Bockheim 2008); grouping
the soil properties affecting crop productivity in lower
Brahmaputra valley zone (Reza ef al. 2015). The present
study was undertaken to evaluate the effect of
landforms/landscape on soil properties in landscape of
Bongaigaon district, Assam, northeastern India. The
findings of the study will help in taking up or
formulating measures for enhancing and restoring soil
fertility, which will lead to increase in crop productivity.

Materials and Methods

Study area and site selection

The area under study belongs to the Bongaigaon
district of Assam (26°09'0"26°31'30"N,
90°22'30"90°52'15"E) covering an area of 1725 km’.
The climate is humid sub-tropical. The maximum
temperature is 33°C during July and August and
minimum temperature falls up to 13°C in the month of
January. Annual rainfall is 2500-3500 mm. According to
soil survey report, there are three broad soil sub-groups
in the district namely Typic Dystrudepts, Typic
Udipsamments and Typic Udifluvents (Sen et al. 1999).
Soil sampling sites were selected within four major
landforms (hill side slopes, foot hills, flood plains and
Char lands) and soil sampling was carried under the
project of “Soil Nutrient Mapping of Assam”.
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Soil sampling and analysis

A total of 64 soil samples were collected from
sixteen randomly located plots in each landform (16
locations x 4 landforms) from the entire district. The
samples were air-dried, grounded to pass through a 2 mm
sieve. Available potassium (AK) was extracted with 1NV
NH,OAc and then measured by atomic absorption
spectrophotometer. Available nitrogen (AN) was
determined by the method of Subbiah and Asija (1956),
OC by Walkley and Black (1934) and pH with glass
electrode in a 1:2.5 soil/water suspension. Bray-1P (AP)
was determined by colorimetric spectrophotometer
(Bray and Kurtz 1945) and DTPA extractable
micronutrients were determined by Lindsay and Norvell
(1978).

Statistical analyses

All the statistical analyses were performed using
SPSS 15.0 (SPSS Inc. 2006). One-way analysis of
variance was performed to test the effect of landscape on
soil nutrients. Fisher's least significant difference (LSD)
t-test was performed to examine the significant
differences between means. Principal component
analysis (PCA) was performed on the values of soil
nutrients after values have been subjected to linear
correlation analyses to produce a correlation matrix.
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Results and Discussion

Landforms and soil nutrients

Soil pH showed significant difference with
respect to landform and increased down the slope from
4.8 to 7.0 from hill side slopes to flood plains,
respectively (Table 1). The lower values of soil pH at the
hill side slopes indicate that the acidity decreases down
the slope. It may be due to prevalence of acidity at the
upper slopes is an indication of strong chemical
weathering and leaching of plants nutrients as reported
by Babalola et al. (2007). According to Tsegaye et al.
(2006), when rainfall percolate through the soil, it
leaches basic cations such as Ca and Mg and replaces
them first with acid forming cations such as H', A’ and
Fe”, making them acidic. The mean values of soil
nutrients in relation to landscape under the four major
land forms are shown in table 1. There were significant
differences in pH, OC, AK and AP with landforms, but
the pH, OC and AN between hill side slopes and foot hill
were non-significant (Table 1). Generally, OC and AN
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(15.9 g kg', 218.5 g kg') had higher values in hill side
slopes due to dense vegetation (Panwar et al. 2011) and
lower in char land (5.5 g kg' and 147.4 g kg,
respectively) due to fluvial activity and lighter texture.
The higher concentrations of these nutrients at foot hill
suggest that overland and surface run-off might have
transported these soil nutrients to the foot slope. Similar
findings have been reported by other researchers
(Babalola ez al. 2007; Onweremadu 2007 and Reza et al.
2011). The soil in the flood plain had higher AP (7.8 mg
kg') followed by foot hill (6.0 mg kg'), char land (4.5 mg
kg') and lower in the soils of hill slope (4.0 mg kg'), and
these values differed significantly (Table 1) with respect
to landform. The content of Zn (0.84 mg kg') and Mn
(28.8 mg kg') were higher in hill slope and lower (0.41
mgkg'and 11.0 mgkg', respectively) in flood plain. The
higher content of Zn in the hill slope may be due to higher
organic matter content and low pH (Reza et al. 2016).
There were inconsistent variations of DTPA-extractable
Zn, Cu, Mn and Fe with respect to landform. Only Zn
showed a significant difference between hill slope, flood

plain and char land.
Table 1. Soil nutrients in relation to landscape position
Landforms pH ocC AN AK AP Cu Zn Mn Fe
gkg mg kg™’
hill side slopes 48 138 2027 33.3° 4.0" 2.8 0.84* 28.8" 63.0°
Foot hills 49" 159° 218.5° 74.7° 6.0° 3.7 0.56™ 16.0° 63.3"
Flood plains 70" 5.6° 176.5® 575 7.8° 3.6" 0.40° 11.0° 32.8°
Char lands 69" 5.5 147.4° 39.0° 4.5° 3.3 0.41° 213 564

Note: Mean values in each column with the same letter are not significantly different (P < 0.05, LSD)

Relationship between soil nutrients

The data in table 2 indicated that principal
component analysis (PCA) reduced 9 variables to 3
orthogonal components with eigen values greater than
unity. These three components altogether explained 69.2
per cent of the total variance within the variables. For the
purposes of determining interrelationships, factor
loadings between 0.50 and 0.75 were defined as
"moderate", loadings >0.75 were defined as "high", and

loading <0.5 were defined as "low" (Stamatis et al.
2011).

In details, principal component 1 (PC1), which
had high positive loadings of pH, Zn and AP and
moderate negative loadings of AK, and accounts for
31.09 per cent of variance (Table 2), and is the most
important component. PC1 could be better explained by
correlation study (Table 3) as there are significant
negative relationships of soil pH with AP (r=0.236) and
Zn (1= 0.293). A similar correlation was also reported by
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Deka et al. (2012) for the northern Brahmaputra valley
soils of Assam. PC2 had moderate positive loadings of
OC, AN and AK, accounts for 23.34 per cent of variance.
Correlation study also showed that OC was significantly
positively correlated with AN (r= 0.338) and AK (=
0.315). There have also been reports on a positive
relationship between OC and the capacity of the soil to
supply essential plant nutrients including AN and AK
(Rezaei and Gilkes 2005). PC3 had moderate positive

Table 2. Principal component analysis of soil nutrients
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loadings of AP and low negative loading of Fe and
accounts for 14.79 per cent of variance. In this study pH,
Zn and AP had an over-riding influence on other 9
variables investigated. Earlier studies (Sen et al. 1997,
Reza et al. 2012a; Reza et al. 2012b) also showed that,
these nutrients were most limiting factors under
sustainable management of soils of Assam and which
can be explained by high positive loadings of these
variables in PC 1 in this study.

Soil properties PCl PC2 PC3 Communities
pH 0.855 0.301 -0.151 0.792
oC 0.176 0.686 0.464 0.782
AN —-0.037 0.640 -0.079 0.517
AK —0.591 0.520 0.167 0.540
AP 0.751 -0.115 0.516 0.800
Cu —0.489 0.527 0.030 0.469
Zn 0.844 -0.001 0.067 0.552
Mn 0.301 0.816 -0.226 0.677
Fe 0.187 -0.645 —0.407 0.634
Percentage of variance 31.09 23.34 14.79
Cumulative percent 31.09 54.43 69.22
Table 3. Correlation between soil nutrients
pH oC AN AK AP Cu Zn Mn Fe

pH 1.000

OC  —0.726%* 1.000

AN -0.299% 0.338%* 1.000

AK  0.359** 0.315% 0.117 1.000

AP -0.236* —-0.336%* -0.039 —0.508** 1.000

Cu 0.117 0.016 -0.026 —0.235 0.006 1.000

Zn -0.293* 0.329* 0.055 0.385%* —-0.229 0.087 1.000

Mn -0.163 0.152 -0.010 0.319* -0.415%*  0.041  0.581** 1.00

Fe —0.359%%* 0.201 -0.118 —0.043 -0.368%*  0.105  0.298* 0.345*%*  1.000

**Significant at the 0.01 level; *Significant at the 0.05 level
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Conclusion

Soil nutrients varied among the landforms. Soils
were, generally, acidic in nature, low in AP, and DTPA-
extractable Zn. Soil pH showed significant difference
with respect to landform and increased down the slope.
The soil in the flood plain had higher AP followed by
foot hill, char land and lower in the soils of hill slope.
The content of Zn and Mn were higher in hill slope and
lower in flood plain. Principal component and
correlation matrix used in this study provide important
tools for better understanding the soil fertility potential.

Acknowledgments

This research was funded by the Directorate of
Agriculture, Government of Assam, under the project
“Assessment and mapping of some important soil
parameters for the thirteen priority districts of Assam
state towards optimum land use planning”.

References

Babalola, T.S., Fasina, A.S. and Tunku, P. (2007).
Relationship between soil properties and slope
position in a humid forest of South Western
Nigeria. Medwell Online Agricultural Journal
2,370-374.

Belachew, T. and Abera, Y. (2010). Assessment of soil
fertility status with depth in wheat growing
highlands of Southeast Ethiopia. World Journal
of Agricultural Sciences 6,525-531.

Bockheim, J.G. (2008). Functional diversity of soils
along environmental gradients in the Ross Sea
region, Antarctica. Geoderma 144,32-42.

Bray, H.R. and Kurtz, L.T. (1945). Determination of
total organic and available forms of phosphorus
insoil. Soil Science 59,39-45.

Deka, B., Baruah, T.C., Dutta, M. and Patgiri, D.K.
(2012). Fertility potential classification of soils
in different landscape units of the northern
Brahmaputra valley zone of Assam. Journal of
the Indian Society of Soil Science 60, 92-100.

Hobbie, S.E. (1996). Temperature and plant species
control over litter decomposition in Alaskan
tundra. Ecological Monographs 66,503522.

35

Lindsay, W.L. and Norvell W.A. (1978). Development of
a DTPA soil test for zinc, iron, manganese and
copper. Soil Science Society of America Journal
42,421-428.

Mallarino, A.P. (1996). Spatial patterns of phosphorus
and potassium in non-tilled soils for two
sampling scales. Soil Science Society of America
Journal 60,1473-1481.

Ofori, E., Atakora, E.T., Kyei-Baffour, N. and Antwi,
B.O. (2013). Relationship between landscape
positions and selected soil properties at a Sawah
site in Ghana. African Journal of Agricultural
Research 8,3646-3652.

Onweremadu, E.U., Osuji, G.E., Eshett, E.T., Opara,
C.C. I.I. (2007).
Characterization of soil properties of owner

and Ibeawuchi,

managed farms of Abia and Imo States, for
sustainable crop production in Southeastern
Nigeria. Journal of American Science 3,28-37.

Panwar, P., Pal, S., Reza, S.K. and Sharma, B. (2011).
Soil fertility index, soil evaluation factor, and
microbial indices under different land uses in
acidic soil of humid subtropical India.
Communications in Soil Science and Plant
Analysis 42,2724-2737.

Paz-Gonzalez, A., Vierira S.R. and Taboada-Castro, M. T.
(2000). The effect of cultivation on the spatial
variability of selected properties of an Umbric
horizon. Geoderma 97,273-292.

Reza, S.K., Baruah, U. and Sarkar, D. (2012a). Spatial
variability of soil properties in Brahmaputra
plains of north-eastern India: A geostatistical
approach. Journal of the Indian Society of Soil
Science 60,108-115.

Reza, S.K., Baruah, U. and Sarkar, D. (2012b). Mapping
risk of soil phosphorus deficiency using
geostatistical approach: A case study of
Brahmaputra plains, Assam, India. Indian
Journal of Soil Conservation 40, 65-69.

Reza, S.K., Baruah, U. and Singh, S.K. (2015).
Multivariate approaches for soil fertility
characterization of lower Brahmaputra valley,
Assam, India. Journal of the Indian Society of
Soil Science 63,379-383.



36

Reza, S.K., Baruah, U., Sarkar, D. and Dutta, D.P.
(2011). Influence of slope positions on soil
fertility index, soil evaluation factor and
microbial indices in acid soil of humid
subtropical India. Indian Journal of Soil
Conservation 39,44-49.

Reza, S.K., Baruah, U., Singh, S.K. and Srinivasan, R.
(2016). Spatial heterogeneity of soil metal
cations in the plains of humid subtropical
northeastern India. Agricultural Research S,
346-352.

Rezaei, S.A. and Gilkes, R.J. (2005). The effects of
landscape attributes and plant community on
soil chemical properties in rangelands.
Geoderma 125,167-176.

Saidou, A., Kuyper, T.W., Kossou, D., Tossou, R. and
Richards, P. (2004). Sustainable soil fertility
management in Benin: Learning from farmers.
NJAS—Wageningen. Journal of Life Sciences
52,349-369.

Sen, T.K., Chamuah, G.S., Sehgal, J. and Velayuthum,
M. (1999). Soils of Assam for optimizing land
use. NBSS Publ. No. 66.

Sen, T.K., Nayak, D.C., Dubey, P.N., Chamuah, G.S. and
Sehgal, J. (1997). Chemical and electro-
chemical characterization of some acid soils of
Assam. Journal of the Indian Society of Soil
Science 45,245-249.

Simbahan, C.G. and Dobermann, A. (2006). An
algorithm for spatially constrained
classification of categorical and continuous soil
properties. Geoderma 136, 504-523.

S.K. Rezaet al.

SPSS Inc. (2006). SPSS for Windows, Version 15.0.
Chicago, SPSS Inc., Released 2006.

Stamatis, G., Alexakis, D., Gamvroula, D. and Migiros,
G. (2011). Groundwater quality assessment in
Oropos—Kalamos basin, Attica, Greece.
Environmental Earth Sciences 64,973-988.

Stutter, M.1., Deeks, L.K. and Billett, M.F. (2004). Spatial
variability in soil ion exchange chemistry in a

granitic upland catchment. Soil Science Society
of America Journal 68,1304-1314.

Subbiah, B.W. and Asija, G.L. (1956). A rapid procedure
for estimation of available nitrogen in soils.
Current Science 25,259-260.

Tsegaye, T.D., Baretto, R., Islam, K.R., Mbuya, O.S. and
Mezemir, W.F. (2006). Comparison of selected
soils properties at landscape positions under
tropical forest ecosystems of Puerto Rio. The
Journal of Alabama Academy of Science 77, 193-
209.

Wadt, S.P.G. (2005). Relationships between soil class and
nutritional status of coffee plantations. Revista
Brasileira de Ciéncia do Solo 29,227-234.

Walkley, A. and Black, I.A. (1934). An examination of
the digtjareff method for determining soil organic
matter and a proposed modification of the chromic
acid titration method. Soil Science 37, 29-38.

Yumnam, J.Y., Tripathi, O.P. and Khan, M.L. (2013). Soil
dynamic of agricultural landscape in East Siang
district of Arunachal Pradesh, Eastern Himalaya.
African Journal of Plant Science7,43-52.

Received: December, 2020 Accepted: May, 2021





