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Abstract

Conversion of productive land to other uses requires the utilization of marginal land for agricultural purposes,
such as coastal areas. The coastal environment has disadvantages of high salinity, high acidity, and low
nutrient availability for plant growth. The study aimed to characterize the current status of soil from a coastal
rural area of Bengkulu for agricultural land. The study was in Pondok Kelapa SubDistrict, The District of
Central Bengkulu, Indonesia. Two soils were purposely selected for description based on the area's highest
acreages, namely Entisols and Inceptisols. The soil profile was constructed and described in early July 2022.
Soil samples were collected from each soil depth and analyzed for physical and chemical characteristics. The
result showed that Entisols were more significantly affected by seawater intrusion than Inceptisols, as indicated
by higher exchangeable Ca and Mg at the bottom of the soil profile. The Electrical Conductivity and
Exchangeable Sodium Percentage for both soils were constantly low throughout the depths of the profile and
less than 4 dS m-2 and 15%, respectively. This current status of both soils has potential for agricultural land
expansion.
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Introduction

Agricultural land conversion to other use obliges the agricultural land expansion to marginal land such as less
fertile soils in the coastal area. According to Ray et al. (2014), a coastal area is an interface between land and
sea that is reciprocally influenced by both. It consists of a coastal line ecosystem and upland watershed draining
to the shoreline. Bengkulu Province has approximately 525 km of coastal line, dominated by hilly topography
instead of plain shore. This kind of agroecosystem will highly affect agricultural activities in the area. In
general, the coastal area has disadvantages for agricultural use, such as soil salinity, soil acidity, high soil
conductivity, sand content, and waterlogging (Wang et al., 2014; Masum et al., 2017; Zhang et al., 2018; Thiam
et al. 2021).

The soil characteristics of the shoreline are different depending on the soil formation. Coastal soils are
diverse depending on the parent materials, climate, physiography, geomorphic process, hydro-chemical
characteristics, and tidal marine water (Ray et al. 2014). Arulmathi and Porkodi (2020) study indicates that
electrical conductivity (EC) ranges from 0.5-25 dS m™ with various soil textures, ranging from sandy loam to
clay and soil pH 3.0-8.8. Sajitha et al. (2017) collected 10 seashore soils samples from the west coast of
Kanyakumari District, Tamilnadu, and found the soil pH ranging from 7.2-8.2, EC 0.7-2.0 dS m™ with different
content of macro and micro plant nutrients. The studies show that soils from other coastal plains have different
characteristics.

Characteristics of soil will affect the interaction among nutrients in the soil and their availability for plant
growth. Most saline soils exhibit high soluble Na*, to which most plant is hypersensitive (Qadir et al., 2007),
causing accumulation of Na* and CI in plant tissue and lower other mineral uptakes such as Ca, K, N, and P
(Kaya et al. 2001). Higher organic matter in saline soils improves soil structure, increases CEC, and lowers EC
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and salt content (Wang et al., 2014). The study intended to characterize the current status of soil in the coastal
rural area of Bengkulu for agricultural land.

Material and Methods
Study Site and Soil profile description

The study located in Pondok Kelapa Subdistrict, The District of Central Bengkulu, Bengkulu Province,
Indonesia. It is positioned at 102°12°207-102°19°50” East dan 3°37°13” - 3°45°8” South (Figure 1), covering
100.867 km? The study was started by preparing the soil type by ArGis 4.0 using an RBI map of Central
Bengkulu, satellite image sheet 0912, map of the village boundary. Inceptisols and Entisols dominated the soil
order according to USDA Classification and were purposely selected for soil profile identification, as shown in
Figure 1. Both soils were selected based on the closeness to the shoreline. The soil profiles were located in the
latitude of 3%43°35”" S and longitude of 102°14°14°* E for Enstisols profile and latitude of 3°42°35” S and
longitude of 102°15°32” E for Inceptisols.
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Figure 1. Study area and location of the soil profile
The description of the soils was conducted on 7 July 2022 by constructing the profile for each soil. It started by
examining the boundary of each horizon and identifying the soil color using Munsell Color Chart. The different
horizon was determined according to the soil color and/or the level of the massiveness of the soil layer. Soil
sample of each horizon was collected for measurement of their physical and chemical characteristics. The
sample collection was initiated from the bottom horizon and subsequently to the top horizon to avoid the
contamination of soil samples from the upper horizon. An undisturbed soil sample was also collected from the
top horizon to measure soil field capacity and bulk density. The soil profile of Entisols is limited to the depth of
105 cm due to the groundwater table, consisting of three horizons with a depth of 0-17 cm, 17-43 c¢cm, and 43-

T
3°450"s
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105 cm. On the other hand, the profile of Inceptisols was as deep as 150 cm, containing five horizons with a
depth of 0-20 cm, 20-44cm, 44-62 cm, 62-94 cm, and 94-150 cm.

Soil Analysis

Soil sample from each horizon was air-dried for 2 days, gently ground using a grinder, sieved with a 0.5 mm
screen, and analyzed for physical and chemical properties of the soils. Undisturbed soil samples directly
measure their field capacity moisture content using a pressure plate at 1/3 atmosphere or pF of 2.54 while bulk
density using the method developed by Grossman and Reinsch (2002). Total soil organic carbon (TSOC) was
measured using Walky and Black Method, total soil nitrogen (TSN) by Kejldahl Method, available phosphorous
(P) by Bray | Method, Exchangeable potassium (K), calcium (Ca), magnesium (Mg), and sodium (Na) by buffer
1 N NH4OAcetate extraction and detection using Atomic Absorption Spectroscopy (AAS), available Fe, Mn,
Cu, and Zn by extraction with DTPA and detection using AAS, exchangeable aluminum (Al) by extraction
using 1N KCI and titration, Cation Exchange Capacity (CEC) using extraction by 1IN Ammonium acetate, pH at
1:1 ratio of soil and distilled water using pH meter, and electrical conductivity (EC) at 1:5 ratio of soil and
distilled water using conductometer (Eviati and Sulaiman, 2009). Base saturation was computed by the
exchangeable bases and CEC ratio, while exchangeable sodium percentage was calculated by dividing the
exchangeable Na by CEC. Data of both soils were described and compared among soils and depths.

Results and Discussion

Characteristics of Coastal Entisols

The soil was located approximately 20 m to the shoreline with a slope of 5%. At soil sampling, the land was
barrow and broadleaf weeds and nutsedge (Cyperus rotundus) were the predominant plants. A soil profile was
constructed at the center of the land and described its properties. Field description supported by laboratory
analysis confirmed that the soil was classified as Entisols. Table 1 indicates that the soil has a high content of
sand, decreasing with depth but clay increases at the lower horizon. The content of sand decreased by 37.5%,
while clay increased by 33.9% when compared between the first and third horizons. Higher content of sand at
the upper horizon might be associated with the wind sedimentation of sand from the seashore. The color of the
soil is brighter with depths, indicated by higher chrome. This result suggests that the lower horizon has less
TSOC, as presented in Figure 2a. A previous study confirmed that soil color is closely related to organic carbon
content (Vodyanitskii and Savichev, 2017). They also suggested that soil color was represented by some of the
colors of mineral matrix and organic matter.

Table 1. Physical characteristics of Entisols from the coastal area

BD
Depth (cm) Color Sand (%)  Silt (%) Clay (%) Texture (g/cm3) FC (%)
Sandy
0-17 25 YR 3/2 41.47 20.12 38.41 clay loam 1.14 24.66
Sandy
17-43 2.5 YR 4/6 4149 14.00 44.51 clay
43-105 2.5 YR 4/6 30.16 18.26 51.58 Clay

In general, TSOC, TSN, available P, and exchangeable K decreased with depth while exchangeable Ca is
comparable and exchangeable Mg increased with depth (Figure 2). Total soil organic carbon and TSN were
reduced by 309% and 107%, respectively, at a depth of 43-105 cm compared to the upper layer (Figure 2a, b).
Higher TSOC, TSN, and available P might have been related to the accumulation of organic matter from crop
leftover and weed biomass. The concentration of organic carbon in forest soils is higher in the upper layer than
in the lower layer, suggesting the accumulation of organic matter in the upper part of the soil profile (Fang et
al., 2015). Upon decomposition, organic matter will eventually contribute to the increased content of TSN and
available P (Muktamar et al., 2020; Muktamar et al., 2022).
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On the other hand, at the same depths, exchangeable Mg increases by 79% (Figure 2f). At the upper layer,
exchangeable Ca was higher than exchangeable K and Mg, while exchangeable Mg was the highest at the
lowest layer. This result might be due to seawater's salt intrusion, as indicated by the increase of exchangeable
Na at the same depth (Figure 3a). This trend is different from forest soil, where exchangeable Mg decreases
with depth, as reported by Blonska and Lasota (2017).
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Figure 2. The contents of TSOC, TSN, P-Bray I, exchangeable K, Ca, and Mg at each depth of Entisols.

Exchangeable Na and Al of Entisols increased as soil depths deeper, while available Fe, Zn, Mn, and Cu tended
to decrease with depths (Figure 3). The increase in exchangeable Na at lower depths indicates a salt intrusion of
salt water from the sea shore and a slight rise of ESP (Figure 4a). As the main compound in seawater, sodium
chloride might be responsible for the higher exchangeable sodium at a lower depth. A previous study in
Damghan Basin, Iran, carried out by Ebrahimi et al. (2016), suggested that saltwater intrusion was the
significant factor contributing to high salinity and degradation of the groundwater quality. The Na concentration
in the groundwater reached up to 19.1 me I, This result differs from that found by He et al. (2004), where
exchangeable Na is higher at the upper layer than in the lower one.

Figure 3c also shows that exchangeable Al is higher at a lower depth. The trend is typical in the soil
profile around the area, even though the land position is farther away from the seashore. Higher content of
TSOC at the upper layer of the soil leads to the bounding of Al with the humic/fulvic resulting from the
decomposition of organic matter to form the organo-Al complex (Yvanes-Giuliani et al., 2014). Available Fe,
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Zn, Mn, and Cu are essentially low and decrease with depth (Figure 4b, d, e, f); therefore, they do not suppress

the concentration of their toxicities in plants.
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Figure 3. Exchangeable Na, Al, available Fe, Zn, Mn, and Cu as a function of soil depth of Entisols

The study resulted in the CEC of the soil being acquired higher with depth. Electrical conductivity, ESP,
and BS tended to lower while pH was comparable with depths (Figure 4). The increase in CEC with depth is
associated with the clay content of the soil (Table 1), where its content of the most bottom depth was the
greatest as compared to the previous depths. This result indicates that the clay content significantly contributes
negative charges to the soil. The soil pH is essentially low, ranging from 4.66-4.82, comparable among the
depths. This trend is quite different from that of exchangeable Al, where its concentration at the bottom is
almost 27% higher than the top layer.

The EC and ESP of the soil were uncharacteristic of the soil in the coastal area, where EC of the soil was
less than 4 dS m™ and ESP was much lower than 15%; consequently, the soil was not considered saline soil.
This result might have been related to the altitude of the land (10 m above sea level); therefore, the soil is
independent on the tiding of sea waves. The increase in exchangeable sodium with depths (Figure 3a) does not
significantly contribute to the ESP and EC, as indicated in Figure 4d, e. Soil from the coastal area in different
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areas in India has much greater EC (Arulmathi and Parkodi, 2020), and soil from coastal Shanghai, China,
exhibits much greater ESP (He et al., 2004).
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Figure 4. Cation exchange capacity, pH, BS, ESP, and BS of Entisols at different depths

Characteristics of Inceptisols

During the study, the soil site was barrow after being continuously cultivated by horticultural crops. The
land was dominated by broadleaf weed and a few nutsedges. Field investigation using soil profile indicated that
the soil was classified as Inceptisols. The physical characteristics of Inceptisols are presented in Table 2. As in
the case of Entisols, the color of the soil is brighter as the soil layer becomes deeper, as indicated by the chrome.
Meanwhile, clay content in each depth is more than 60%, classified as clay texture. The content of clay is higher

than Entisols.

The BD of the soil is lower than Entisols which might be attributed to higher TSOC at the upper layer of
Inceptisols (Figure 5a). Higher organic matter consequently will improve particle aggregation so that the BD
decreases. Study on Coimbatore soil, Athira et al. (2019) suggested that soil organic matter had a good
relationship with bulk density where increasing organic matter lowered bulk density.
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Field capacity moisture content in the upper soil profile of Inceptisols is 50.5% higher than Entisols
(Tables 1 and 2). The higher FC of this soil is related to the higher clay content and TSOC. According to Gong
et al. (2003), soil water content is positively correlated with clay content. Another study confirmed that higher
clay and soil organic carbon content increases soil water content (Olness and Archer, 2005).

In general, the contents of TSOC, TSN, available P, and exchangeable K. Ca and Mg sharply decreased at
the first second to fourth depths from the soil surface of Inceptisols and continuously lowered at the following
depth. Higher contents of these nutrients at the upper layer might have been associated with the continuous
addition of organic matter from crop leftovers, weed biomass, or fertilization. Decomposition of organic matter
will eventually release humus, available N, P, and K. Previous research resulted that organic matter
decomposition brought about higher microbial activity, organic-C, the concentration of total and available N as
well as total and available P (Duong et al., 2013; Muktamar et al., 2020; Muktamar et al., 2022). A study by
Syrlybekkyzy et al. (2014) confirmed that, in general, humus, nitrogen, organic-C, Ca, and Mg decreased at the
lower layer of the soil profile. The different trend of exchangeable Ca and Mg in Inceptisols from those in
Entisols indicates that both cations in Enstisols are affected by the intrusion of salt from seawater due to its
closeness to the seashore. The distance of the Entisols is approximately 10 m from the seashore while the

Inceptisols is about 1 km; therefore, the effect is negligible.
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Figure 5. The content of TSOC, TSN, available P, exchangeable K, Ca, and Mg through the depths of

Inceptisols.
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Similar to those in Entisols, exchangeable Na and Al were lower at the upper layer of the profile, while
available Fe, Mn, Zn, and Cu were higher at the upper one. (Figure 6). A similar trend in the soils indicates that
both soils are derived from the parent materials. However, the effect of the seawater is more significant to
Entisols than Inceptisols, as noted in the exchangeable Na, Ca, and Mg. The saltwater intrusion will eventually
increase the concentration of those cations, especially at the bottom layers of Entisols' profile. The trend of
available Fe, Mn, Cu, and Zn in Inceptisols is similar to those in Entisols.
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Figure 6. Exchangeable Na, Al, available Fe, Zn, Mn, and Cu as a function of soil depth of Inceptisols

Figure 7a shows that soil pH increases slightly with depths, mainly from the profile's first to the second
layer. Lower pH at the upper layer might be attributed to the continuous fertilization of the land, such as
synthetic nitrogen fertilizer. Work by Wulandari et al. (2018) concluded that the application of urea on Ultisols
lowered the soil pH. Meanwhile, the CEC at the bottom layer increases significantly compared to the previous
layers (Figure 7b). This result is associated with the clay content at the bottom layer, which is almost 29%
higher (Table 2).

The exchangeable sodium percentage increased with depth, being the greatest at the deepest layer (Figure
7d). The ESP at 94-150 cm depth was approximately double higher than that of the first depth. This trend is
related to exchangeable Na, where at the same depth, this cation increased more than two times (Figure 6a). The
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increase in exchangeable Na, Ca, and Mg did not significantly influence the EC of the soil, as shown in Figure
Te.
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Figure 7. Cation exchange capacity, pH, BS, ESP, and EC at each layer of Inceptisols

Conclusions

The soil in the coastal area of rural Bengkulu was slightly affected by the coastal environment. The influence of
the seawater was primarily due to the intrusion of seawater at the bottom layer of Enstisols rather than tiding, as
indicated by the greater exchangeable Na, Ca, and Mg, as well as ESP. However, the EC of the soil was
constantly low throughout the depth of the soil profile and did not closely relate to exchangeable Na, Ca, and
Mg. The effect of seawater was more significant on Entisols than Inceptisols since the former soil was closer to
the seashore. The EC and ESP of both soils were less than 4 dS m?and 15%, respectively; consequently, both
soils are potential for agricultural land expansion.

Acknowledgments
The author sincerely thanks the Directorate General of Higher Education, Research and Technology, The
Ministry of Education, Culture, Research and Technology, The Republic of Indonesia, for providing financial

Page 9




International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Sep & Oct 2022

October 31, 2022

support through contract No.1950/UN30.15/PP/2022, dated 16 June 2022. The help of Arya and Fauziah for
soil sampling from the field. is appreciated

References
Aralmathi, C. and Porkodi, G. (2020). Characteristics of Coastal Saline Soil and their Management: A Review.
Int.J.Curr.Microbiol. App.Sci 9(10): 1726-1734. https://www.ijcmas.com/9-10-

2020/C.%20Arulmathi%20and%20G.%20Porkodi.pdf

Athira, M., Jagadeeswaran, R. and Kumaraperumal, R. (2019). Influence of soil organic matter on bulk density
in Coimbatore soils. International Journal of Chemical Studies. 7(3): 3520-3523.

Blonska, E. and Lasota, J. (2017). Soil Organic Matter Accumulation and Carbon Fractions along a Moisture
Gradient of Forest Soils. Forests 8, 448 p. 1-13. doi:10.3390/f8110448

Duong, T. T. T., Verma, S. L., Penfold, C., and Marschner, P. (2013). Nutrient release from composts into the
surrounding soil. Geoderma 195-196 : 42-47. https://doi.org/10.1016/j.geoderma.2012.11.010

Ebrahimi, M., Kazemi, H., Ehtashemi, M., and Rockaway, T. D. (2016). Assessment of groundwater quantity
and quality and saltwater intrusion in the Damghan basin, Iran. Geochemistry 76(2):227-241.
https://doi.org/10.1016/j.chemer.2016.04.003

Eviati and Sulaiman. (2009). Petunjuk Tehnis Analisis KimiaTanah, Tanaman, Air, dan Pupuk. 2%. Balai
Penelitian Tanah Bogor, 246 p.

Fang, X. M., Chen, F. S., Wan, S. Z,, Yang, Q. P., and Shi, G. M. (2015). Topsoil and Deep Soil Organic
Carbon Concentration and Stability Vary with Aggregate Size and Vegetation Type in Subtropical China.
Plos one, 0139380 p. 1-17
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0139380&type=printable

Grossman, R. B. and Reinsch, T. G. (2002). The Solid Phase pp. 201-414. in Dane, J. H. and Topp, G. C.
Methods of Soil Analysis Part 4. Physical Methods. Soil Sci. Soc. Am. Inc. Madison. 1662p/

Gong, Y., Cao, Q., and Sun, Z. (2003). The effects of soil bulk density, clay content and temperature on soil
water content measurement using time-domain reflectometry. Hydrol. Process. 17, 3601-3614.
https://doi.org/10.1002/hyp.1358

He, M., Chen, Z., lwasaki, K., Sakurai, K., Hu, P., Wang, Z., Dai, L., and Wang, H. (2004). Physical-chemical
characteristics of soils from the coastal plain in Shanghai, China. Soil Science and Plant Nutrition, 50:8,
1237-1244, https://doi.org/10.1080/00380768.2004.10408599

Kaya C, Kirnak H, Higgs D (2001) Enhancement of growth and normal growth parameters by foliar application
of potassium and phosphorus in tomato cultivars grown at high (NaCl) salinity. Journal of Plant Nutrition 24:
357-367. https://www.tandfonline.com/doi/abs/10.1081/PLN-100001394

Masum, R. Md., Naher, N., Paul, A. K., and Alam, A. K. M. M. (2017). Effects of salinity on soil properties of
coastal areas of (Babuganj, Bakerganj, Gournadi and Kalapara) in Bangladesh. International Journal of Bio-
resource and Stress Management 2017, 8(5):684-691.
https://www.pphouse.org/upload_article/15 1JBSM_October 2017 _Masum_et al.pdf

Muktamar, Z., Larasati, T, Widiyono, H., and Setyowati, N. (2022). Soil nitrate availability pattern as
influenced by the application of vermicompost supplemented with a liquid organic fertilizer. International
Journal of Agricultural Technology 18(1):281-292. http://www.ijat-
aatsea.com/pdf/v18 nl 2022 January/20 IJAT_18(1) 2022 Muktamar,%20Z.(12).pdf

Muktamar, Z., Lifia, and Adiprasetyo, T. (2020). Phosphorus availability as affected by the application of
organic amendments in Ultisols. Sains Tanah-Journal of Soil Science and Agroclimatolody 17(1):16-22. doi:
10.20961/stjssa.v17i1.41282)

Olness, A. and D. Archer. (2005). Effect organic carbon on available water in soil. Soil Science 170(2): 90-101.

Qadir M, Oster JD, Schubert S, Noble AD, Sahrawat KL (2007) Phytoremediation of sodic and saline-sodic
soils. Advances in Agronomy 96: 197-247. http://oar.icrisat.org/4006/1/AdvAgron96 197-247 2007.pdf

Page 10



https://www.ijcmas.com/9-10-2020/C.%20Arulmathi%20and%20G.%20Porkodi.pdf
https://www.ijcmas.com/9-10-2020/C.%20Arulmathi%20and%20G.%20Porkodi.pdf
https://doi.org/10.1016/j.geoderma.2012.11.010
https://doi.org/10.1016/j.chemer.2016.04.003
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0139380&type=printable
https://doi.org/10.1002/hyp.1358
https://doi.org/10.1080/00380768.2004.10408599
https://www.tandfonline.com/doi/abs/10.1081/PLN-100001394
https://www.pphouse.org/upload_article/15_IJBSM_October_2017_Masum_et_al.pdf
http://www.ijat-aatsea.com/pdf/v18_n1_2022_January/20_IJAT_18(1)_2022_Muktamar,%20Z.(12).pdf
http://www.ijat-aatsea.com/pdf/v18_n1_2022_January/20_IJAT_18(1)_2022_Muktamar,%20Z.(12).pdf
http://oar.icrisat.org/4006/1/AdvAgron96_197-247_2007.pdf

International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Sep & Oct 2022

October 31, 2022

Ray, P., Meena, B. L., and Nath, C. P. (2014). Management of Coastal Soils for Improving Soil Quality and
Productivity. Popular Kheti. 2(1): 95-99. http://popularkheti.com/documents/2014-1/PK-2-1-17-95-99.pdf
Sajitha, S. S., Metilda, P., and Jenin, G. A. (2017). Physico-chemical analysis of coastal soil samples in the west
coast of Kanyakumari District, Tamilnadu. Int. J. Adv. Res. 5(12), 1639-1645. DOI: 10.21474/1JAR01/6128.

https://www.journalijar.com/article/20419/physico-chemical-analysis-of-coastal-soil-samples-in-the-west-
coast-of-kanyakumari-district,-tamilnadu/

Syrlybekkyzy, N., Zhardemovich, G. K., Suleimenova, N. S., Nermyakov, V. N., and Nurbayeva, F. K. (2014).
Investigation into the physico-chemical properties of soils of Caspian Sea Coastal Area in Mangystau
Province. Orient. J. Chem., 30(4):1631-1638. http://dx.doi.org/10.13005/0jc/300422

Thiam, S., Villamor, G.B., Faye, L.C., Sene, J. H.B., Diwediga, B. and Kyei-Baffour, N. (2021). Monitoring
land use and soil salinity changes in coastal landscape: a case study from Senegal. Environ Monit Assess
193: 259: 1-18. https://doi.org/10.1007/s10661-021-08958-7

Vodyanitskii, Y. N. and Savichev, A. T. 2017. The influence of organic matter on soil color using the regression
equations of optical parameters in the system CIE-L*a*b*. Annals of Agrarian Science 15: 380-385.
http://dx.doi.org/10.1016/j.aasci.2017.05.023

Wang, L., Sun, X,, Li, S., Zhang, T., Zhang, W., and Zhai, P. (2014). Application of organic amendments to a
coastal saline soil in North China: Effects on soil Physical and chemical properties and tree growth. Plos one
9(2):1-9. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0089185.

Wulandari, J.;, Muktamar, Z., and Widodo. (2018). The change in selected soil chemical properties of Ultisol
and the growth of sweet corn (Zea mays Saccharata, L.) after application of organic and nitrogen fertilizer.
Proc. National Seminar BKS/PTN Barat. P. 400-407.

Yvanes-Giuliani, Y. A. M., Waite, T. D., and Collin, R. N. (2014). Exchangeable and secondary mineral
reactive pools of aluminium in coastal lowland acid sulfate soils. Science of the Total Environment 485-486
232-240. http://dx.doi.org/10.1016/j.scitotenv.2014.03.064

Zhang, M., Pu, L., Wang, X., Wang, Q., and Yu, X. (2018). The effects of micro-relief on soil properties in a
reclaimed eastern coastal region of China. SDRP Journal of Earth Sciences & Environmental Studies
3(1):350-360. DOI: 10.25177/JESES.3.1.5

Page 11



http://popularkheti.com/documents/2014-1/PK-2-1-17-95-99.pdf
https://www.journalijar.com/article/20419/physico-chemical-analysis-of-coastal-soil-samples-in-the-west-coast-of-kanyakumari-district,-tamilnadu/
https://www.journalijar.com/article/20419/physico-chemical-analysis-of-coastal-soil-samples-in-the-west-coast-of-kanyakumari-district,-tamilnadu/
http://dx.doi.org/10.13005/ojc/300422
https://doi.org/10.1007/s10661-021-08958-7
http://dx.doi.org/10.1016/j.aasci.2017.05.023
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0089185
http://dx.doi.org/10.1016/j.scitotenv.2014.03.064

