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Abstract 

We evaluated the impact of cultural practices on arable cropped farmlands of more than 5 years of slash, burn, 
continuous mixed cropping of crops on physicochemical properties of soils in University of Port Harcourt, Nigeria. 22 
cultivated arable farmlands and 3 fallow control sampled in June 2020 as wet and January 2021 as dry season 0-15cm 
depth from 7 auger borings taken randomly from each of the 22 cultivated and 3 fallows farmlands. Samples air dried 
in laboratory, prepared for analyses, sent to Fatlab in Ibadan Nigeria. Parameters evaluated for physical properties: 
sand, clay and silt and for chemical properties; pH, Ca, Mg, K, Na and the trace metals; Mn, Fe, Cu, Zn; available P, OC, 
ECEC, Acidity and Al. The results revealed sandy loam, differences between the mean values for wet season were slightly 
higher from the dry season, for example pH, Ca, Mg, K, Na, ECEC, Cu, Silt and Clay. The mean value of P in wet season 
was 5 times higher than dry season. N in wet and dry season mean value were 0.16% respectively; OC was higher in dry 
season indicating soil healing process before next season cropping. Slight trace of Al in dry season. However, it was 
significant (p<0.05) between dry and control season, comparison between wet and dry season revealed P, OC, Mg, K, 
Na, N, Sand and Clay significant (p<0.05). It was observed slash, burn, continuous tillage, mixed cropping of crops and 
times of the year influence soil physicochemical properties in arable farmland in humid high rain forest.  
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1. Introduction

Slash and burn is a practice that most farmers in the rural and even urban places have adopted as a means of clearing 
arable farmland ready for cropping activities in the humid high rain forest unlike what is obtainable in the Savanna 
regions of Nigeria. The available arable farmlands are continuously cleared every year to plant various crops types for 
the farmer and family, for sale within and around his homestead, to feed his animals and preserve for the future use. 
This continuous cropping is as a result of the pressure on the available arable farmland, increasing number in human 
population and also the need to meet other infrastructural demand that require land.  

The soil after the burnt plant parts provide ashes which are incorporated into the soil during tillage and after which 
seeds of crops are planted in different mixtures based on the farmer’s choice. 

These methods provide the initial sources of nutrients to the germinating seedlings of crops and weeds which are made 
available during the wet or “rainy” season. Some of these nutrients provided by the soil through the slash and burn also 
initiate seeds sprout/ germination according to [1].  
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Despite the introduction and experimentation of other mediums of growing crops, which might have looked successful 
and promising for example hydroponic or soilless practices [2], the soil will continue to play its natural role for the 
support and the production of crops [3]. In the last 40 years or so, there has been more demand for arable farmlands’ 
for agricultural activities across the globe especially in developing countries [4] and [5].  

A “good soil” must have the ability to support the growth and development of crops with the necessary nutrients 
required. Soil is the reservoir of nutrients, and these nutrients come in various forms and quantities. There are the 
macro and micro nutrients and the presence of these is a function of the parent soil materials and the plants/organisms 
that found to live and grow there. 

Most of the arable farmlands are continuously used for crop production year in year out because of the increase in 
demand for arable land. These arable farmlands are over used and depleted of nutrients which lead to poor yield. 
Continuous use of arable farmland leads to poor yield, soil degradation, soil erosion, leaching of nutrients which 
influence the physicochemical properties of the soil [6] and [7]. 

A number of constraints have made this impossible and to mitigate some of these factors that impact on the soil quality 
and therefore increase food production in developing countries come to terms with food security, for example, high 
population, increase in demand of arable farmland, poor soils, high rain fall, weather and climate factors like drought, 
flooding; uncontrolled fire outbreak into arable farmlands, soil pollution, low quality of farm input and inefficient 
farming systems [8]; [9] and [10].  

Soil like any other gift of nature is expendable and could easily lose its quality and quantity of nutrients within a short 
period of time [11]. And continuous use of soil without any plan to ameliorate it for example use of compost, artificial 
fertilization, use of cover crops, will deplete the nutrient status of the soil further more [11] and in effect low crop yield. 

The soil, apart from supporting the production of crop plays vital roles in agroecosystems for organic matter 
decomposition, recycling of essential nutrients, and detoxification of organic contaminants, carbon sequestration, 
regulation of water quality and supply and serve as house for numerous animals and microorganisms, clay, sand, silt 
and gravels [12]. 

To sustain the soil for continuous and provide its primary function of supporting crop production, most farmers in 
developing countries have adopted farming systems practices to ameliorate the expended soil nutrients for example, 
the practice of mixed farming of keeping animals and planting of crops[13], continuous cropping on the same piece of 
land [14] slash and burn or shifting cultivation, where arable farmlands are left to rest for a while[15]; mixed cropping 
of different crops types and crop rotation[16], intercropping of crops with either early and late maturing crops[17]. 
These measures when carefully planned and carried out with the utmost desire and interest helps to restore the soil 
and maintain its nutrients building and holding capacity for sustained crop production.  

It is on this note that this study was carried out to access the current status of arable farmlands in University of Port 
Harcourt, Nigeria, located in the humid high rain forest, which has been cropped continuously with different crops types 
for over 5 years and with no fallow break in the nearest future due to human pressure on available arable farmlands. 
The following soil parameters were evaluated: P, OC, N, Ca, Mg, K, Na, Acidity, Al, ECEC, Mn, Fe, Cu, Zn, Sand, Silt and Clay 
in soil, during wet and dry season respectively.  

2. Material and methodology 

The study area is University of Port Harcourt, which lies on Latitude and Longitude coordinates of 4.824167 and 
7.033611 and with a GPS readings of 4º 46´38.71” N and 7º.00´48.24” E. The study area experiences rain and dry seasons 
respectively. The rainy season starts from April to October with one or more intermittent rains during the dry season 
which begins from November to March. However, the magnitude of rainfall varies within the rainy season, and its 
distribution is nearly all the year round in high humid rain forest of Nigeria. The monthly mean maximum and minimum 
temperature ranges from 28ºC to 33ºC and 17ºC to 24ºC [18] respectively.  

The most noted and adopted farming systems practices were the “cultural” slash and burn in continuous and mixed 
cropping systems. Different crops types both annual crops and perennial fruit crops like plantain, pineapple were 
planted (Table 1).  

Most planted crops were corn (Zea mays L.), pumpkin (Telfairia occidentalis Hook. f.) and other vegetables bitter leaf 
(Vernonia amygdalina Delile), water leaf (Talinum triangulare (Jacq.)Willd., cucumber (Cucumis sativus L.), cassava 
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(Manihot esculenta Crantz), okra (Abelmoschus esculentus (L)Moench etc. The least number of crops planted were 3 and 
the highest were 12 per arable farmland. At soil samplings for the wet season June 2020, the crops were already well 
established, dry season January 2021 soils were collected when farming activities have gradually reduced and all crops 
harvested with the exception of pineapple, plantain (fruit crops), bitter leaf, cassava etc. and from fallow control (Table 
1).  

Soils were collected randomly within the 22 arable farmlands and 3 fallow controls i.e. 7 auger borings per farm dug to 
a depth of 0-15cm and mixed properly and composites soil samples taken dried for seven days and passed through 
2.0mm for analyses. 

The soils for pH were prepared 1:1 soil-water ratio method and were measured with EQUIP-TRONICS digital pH meter 
model EQ-610. The N was estimated by titration of distillation after Kjeldahl readiness tests and examination [19]. The 
total P in the soil was measured with the perchloric corrosive albimilation strategy technique [20]. Available P was 
analyzed by using molybdenum blue colorimetry [21]. Soil organic matter was measured with the potassium 
dichromate oxidation external heating method. For soil particle size was carried out using  hydrometer method as 
described by [22] and measured with a standard hydrometer, ASTM No.1. 152H-type with Bouyoucos scale in g L-1. The 
basic procedure were followed to determine sand, silt and clay (dry basis and is generally reproducible to within ± 8% 
[22]. The exchangeable cations were extracted from the soil using an extracting solution (1 N NH4OAc) at pH 7.0. The 
extracted solution is then analyzed by AA (atomic absorption) for the soil cations [23]; [24]. The contents in 1/20 
dilution (sample/distilled water) soil digests were measured by reading their absorbance on a UNICAM 969 Atomic 
Absorption Spectrophotometer at 766.5, 422.7 and 285.2 nm respectively. The sodium content in 1/20 diluted sample 
were determined by reading the absorbance at 248.3 nm [25]. The exchangeable acidity (H++ Al3+) in the soil was 
extracted with 1M KCl [23]. Solution of the extract was titrated with 0.05M NaOH to a permanent pink end point using 
phenolphthalein as indicator. The amount of base (NaOH) used is equivalent to the total amount of exchangeable acidity 
(H++Al3+) in the aliquot taken [26]. The total sum of exchangeable bases (Ca2+ + Mg2++ K+ +Na+) and total exchangeable 
acidity (H+ + Al3+) gave the effective cation exchangeable capacity (ECEC) [27] 

Available Cu content was extracted and determined through this method Na-EDTA [28]; extract filtered in a Waltman 
No.1 filter paper and amount of Cu clear aliquot part analyzed by means of a Perkin Elmer 3100 atomic absorption 
spectrometer. Metal determinations in filtrate of digested soil samples were performed using Buck Model 205 flame 
Atomic absorption Spectrophotometer. 

The statistical analyses of data obtained for soil samples parameters was two-way analysis of variance(ANOVA) to 
compare differences between wet and dry , wet, dry and controls using Paleontological statistics Package (Past) Version 
3.16[29]; XLSTAT version 2014[30] and Statistical Package for Social Sciences (SPSS) version 22[31]. Means were 
compared using a threshold of (p<0.05) to determine statistical significance.  

3. Results  

The results are presented in Tables 1-4. In (Table 1) revealed crops planted; (Tables 2-4) physicochemical properties 
for wet and dry season, wet and dry and their controls compared. Further in (Table 1), names of crops and varieties: 
tuberous crops for example cassava and yams; fruits vegetables for example okra, cucumber; grain cereal corn; leafy 
vegetables are pumpkins and bitter leaf; spicy crops are scent leaf (basil) and pepper, perennial fruits are pineapple and 
plantain. Tables 2 to 4, also reveals mean values of soils physicochemical parameters analyzed from the study area. 

The mean values concentrations of soil physicochemical parameters recorded in the study area for wet season 
compared with the control across all the parameters indicated only Na (Sodium) (0.23±0.02), (0.26±0.05) been 
significant at (p<0.05). A similar comparison between dry season and control across tested parameters, the following 
parameters were significant at (p<0.05), soil pH (5.85±0.67), (4.98±0.25); N (Nitrogen) (0.16±0.03 %), (0.12±0.01 %); 
Mg (Magnesium) (0.68±0.20 cmol kg-1), (0.42±0.11 cmol kg-1).  

Wet and dry season compared revealed the following parameters were significant at (p<0.05); P (Phosphorus) ( 69.08 
± 40.45 mgkg-1),(14.30±5.11 mgkg-1); OC(Organic carbon) (0.83±0.25 %),(1.96±0.52 %);Mg(Magnesium)(0.85±0.21 
cmol kg-1),(0.68±0.20 cmol kg-1 );K(Potassium) (0.11±0.04 cmol kg-1),(0.08±0.04 cmol kg-1); Na(Sodium) (0.23±0.02 
cmol kg-1),(0.20±0.01 cmol kg-1 );Mn(Manganese) (54.11 ±20.15 cmol kg-1),(40.79±16.79 cmol kg-1 ); Sand (73.47±3.04 
%),(86.91±3.33 %), Clay (14.13±2.66 %) ,(2.64 ±0. 86 %).  

The mean values of pH (1:1) for wet and dry (5.88± 0.59), (5.85±0.67). The exchangeable bases mean values for Ca2+, 
Mg2+, K+ and Na+ for wet and dry season respectively are Ca2+ (7.94±5.55), (5.96±5.79); Mg2+ (0.85±0.21), (0.68±0.20); 
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K+ (0.11±0.04), (0.08±0.04); Na+ (0.23±0.02),(0.20±0.01). The mean values for both wet and dry season for Nitrogen, 
N(0.16±0.04), 0.16±0.03); Acidity (0.27 ±0.24), (0.62±0.88); Aluminum, Al(0.00±0.01), (0.11±0.35); ECEC 
(9.39±5.61),(7.55±5.63); mean values for the trace metals Mn, Fe, Cu, Zn are Mn (54.11±20.15),(40.79±16.79); Fe 
(55.15±42.93), (56.07±40.70); Cu (3.63±3.14), (2.44±3.39); Zn (16.30±31.92),(19.75±26.93) respectively.  

Sand, Silt and Clay mean values are sand (73.47±3.04%), (86.91±3.33%); silt (12.13±2.10%), (10.56 ±3.20%); clay 
(14.13±2.66%), (2.64±0.86%). Both wet and dry season revealed high amount of sand in the soil indicating sandy loam. 

Table 1 List of crops planted in sampled arable farmlands and plants species in fallow control 

Sample ID  Crops types 

Farm-1  okra, cassava, cocoyam, pepper, pepper, yam, corn, cucumber 

Farm-2  okra, cocoyam, pepper, pepper, yam, cucumber, yam, water leaf, scent leaf 

Farm-3 okra, pepper, corn, pumpkin, water leaf, pumpkin 

Farm-4 okra, cassava, cocoyam, cucumber, pumpkin, yam, water leaf, yam, water leaf, sweet potato, plantain, 
beans 

 Farm-5 okra, cassava, cocoyam, corn, pumpkin, yam, sweet potato, plantain, groundnut 

Fram-6 okra, cassava, cocoyam, pepper, corn, pumpkin, scent leaf, plantain, bitter leaf 

 Farm-7 okra, cassava, cocoyam, yam, corn, pumpkin, plantain 

 Farm-8 okra, cassava, cocoyam, yam, pumpkin, yam, scent leaf, bitter leaf 

Farm-9 okra, cassava, cocoyam, yam, yam, corn, pumpkin, scent leaf, sweet potato, melon, bitter leaf 

 Fram-10 okra, cassava, corn, yam, pumpkin, yam, scent leaf 

 Farm-11 cassava, corn, pumpkin 

Farm-12 okra, cassava, cocoyam, corn, yam, cucumber, plantain 

 Fram-13 cassava, corn, pumpkin, yam, water leaf, plantain 

 Farm-14 okra, cassava, cocoyam, corn, pumpkin, yam, plantain 

Farrm-15 okra, cassava, corn, yam, pumpkin, yam, plantain, beans, melon, pineapple 

Farm-16 okra, cassava, cocoyam, pepper, corn, yam, pumpkin, yam, water leaf, pineapple, tomato, soup 
thickener, garden egg 

Farm-17 cassava, cocoyam, corn, yam, cucumber, pumpkin, yam, plantain 

Farm-18 okra, cassava, cocoyam, corn, plantain, melon 

Fram-19 okra, cassava, cocoyam, pepper, corn, yam, pumpkin, yam, water leaf, plantain, melon, green 
amaranth 

Fram-20 okra, cassava, cocoyam, corn, yam, pumpkin, yam, plantain, bitter leaf 

Fram-21 okra, cassava, cocoyam, corn, pumpkin, water leaf, groundnut 

Fram-22 okra, cassava, corn, yam, cucumber, pumpkin, yam, pumpkin, soup thickener 

Fram-23-
25 

Bush fallow covered with annual/perennial broad leaves, grasses, sedges and shrubby trees like 
Alchornea cordifolia (Schumach. & Thonn.)Müll.Arg, Allophylus africanus P.Beauv. Millettia sp 

Twenty-seven (27) crops types recorded across all the study arable farmlands. See table 1 

Legend: Okra: Abelmoschus esculentus (L.) Moench; Cassava: Manihot esculenta Crantz; Cocoyam: Colocasia esculenta 
(L.)Schott; Pepper: Capsicum annuum L.; Corn: Zea mays L.; Pumpkin: Cucurbita moschata Duchesne; Curry leaf: Ocimum 
americanum L.; Plantain: Musa paradisiac L.; Bitter leaf: Vernonia amygdalina Del.; Yam: Dioscorea alata L.; Yam: 
Dioscorea dumetorum (Kunth).Pax; Yam: Dioscorea rotundata Poir; Sweet potato: Ipomoea batatas (L.) Lam.; Melon: 
Citrullus colocynthis (L.) Schrad; Cucumber: Cucumis sativus L.; Water leaf: Talinum triangulare (Jacq.)Willd.; Beans: 
Vigna unguiculata L.; Pineapple: Ananas comosus (L.) Merrill; Tomato: Solanum lycopersicon L.; Soup thickener:  Mucuna 
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sloanii Rendle & Fawc.; Garden egg: Solanum sp.; Green amaranth: Amaranthus hybridus L.; Pumpkin: Telfairia 
occidentalis Hook. f.; Groundnut: Arachis hypogaea L.; Cocoyam: Xanthosoma mafaffa Schott; Scent leaf (basil): Ocimum 
gratissimum L.; Pepper: Capsicum frutescens  

 

Figure 1 Comparison between wet season and control for various parameters 

Table 2 Summary of T-test Statistics for differences between wet period and wet control 

Parameters  Means Standard Deviation T-Statistics p-Value Decision 

Wet Wet control Wet Wet control 

H2O(1:1) 5.88 5.19 0.59 0.12 1.95 0.06 

Significant 

P  69.08 41.83 40.45 14.35 1.14 0.27 

OC 0.83 1.00 0.25 0.17 1.14 0.27 

N 0.16 0.14 0.04 0.01 0.87 0.39 

Ca 7.94 3.52 5.55 0.77 1.35 0.19 

Mg 0.85 0.84 0.21 0.2 0.05 0.96 

K 0.11 0.10 0.04 0.07 0.4 0.69 

Na 0.23 0.26 0.02 0.05 2.1 0.05 

Acidity 0.27 0.4 0.24 0.08 0.89 0.38 

Al 0.00 0.00 0.01 0.00 0.36 0.72 

ECEC 9.39 5.13 5.61 1.03 1.29 0.21 

Mn 54.11 44.84 20.15 9.22 0.78 0.45 

Fe 55.15 30.82 42.93 13.68 0.96 0.35 

Cu 3.63 2.36 3.14 0.36 0.69 0.5 

Zn 16.3 3.78 31.92 0.59 0.67 0.51 

Sand 73.47 71.87 3.04 2.31 0.87 0.39 

Silt 12.13 13.07 2.1 2.08 0.73 0.47 

Clay 14.13 15.07 2.66 0.58 0.6 0.56 
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Table 3 Summary of T-test Statistics for differences between dry season and dry control 

Parameters  Means  Standard Deviation T-Statistics p-value Decision 

 Dry  Dry control  Dry  Dry control   

H2O(1:1) 5.85 4.98 0.67 0.25 2.20 0.04 Significant 

P  14.3 9.22 5.11 1.96 1.68 0.11  

OC 1.96 1.70 0.52 0.17 0.85 0.40  

N 0.16 0.12 0.03 0.01 2.08 0.05 Significant 

Ca 5.96 2.76 5.79 2.78 0.93 0.36  

Mg 0.68 0.42 0.20 0.11 2.18 0.04 Significant 

K 0.08 0.05 0.04 0.00 1.60 0.12  

Na 0.20 0.19 0.01 0.03 1.68 0.11  

Acidity 0.62 1.41 0.88 0.92 1.46 0.16  

Al 0.11 0.45 0.35 0.79 1.40 0.18  

ECEC 7.55 4.83 5.63 3.62 0.80 0.43  

Mn 40.79 38.39 16.79 15.34 0.23 0.82  

Fe 56.07 41.70 40.70 20.41 0.60 0.56  

Cu 2.44 1.23 3.39 0.50 0.61 0.55  

Zn 19.75 2.75 26.93 1.69 1.07 0.29  

Sand 86.91 87.93 3.33 1.15 0.52 0.61  

Silt 10.56 10.07 3.20 1.15 0.26 0.80  

Clay 2.64 2.00 0.86 0.00 1.26 0.22  

 

 

Figure 2 Comparison between dry season and control for various parameters 
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Table 4 Summary of T-test Statistics for differences between wet and dry season 

Parameters  Means Standard Deviation T-Statistics p-value Decision 

 Wet Dry Wet Dry    

H2O(1:1) 5.88 5.85 0.59 0.67 0.16 0.88  

P  69.08 14.30 40.45 5.11 6.3 0.00 Significant 

OC 0.83 1.96 0.25 0.52 9.15 0.00 Significant 

N 0.16 0.16 0.04 0.03 0.12 0.90  

Ca 7.94 5.96 5.55 5.79 1.16 0.26  

Mg 0.85 0.68 0.21 0.20 2.69 0.01 Significant 

K 0.11 0.08 0.04 0.04 2.4 0.02 Significant 

Na 0.23 0.20 0.02 0.01 6.53 0.00 Significant 

Acidity 0.27 0.62 0.24 0.88 1.77 0.08  

Al 0.00 0.11 0.01 0.35 1.4 0.17  

ECEC 9.39 7.55 5.61 5.63 1.09 0.28  

Mn 54.11 40.79 20.15 16.79 2.38 0.02 Significant 

Fe 55.15 56.07 42.93 40.70 0.07 0.94  

Cu 3.63 2.44 3.14 3.39 1.21 0.23  

Zn 16.3 19.75 31.92 26.93 0.39 0.70  

Sand 73.47 86.91 3.04 3.33 13.97 0.00 Significant 

Silt 12.13 10.56 2.10 3.20 1.92 0.06  

Clay 14.13 2.64 2.66 0.86 19.3 0.00 Significant 

 

 

Figure 3 Comparison between wet and dry season for various parameters 
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4. Discussion 

Undoubtedly, soil is the only medium that can accommodate farming systems practices in crop production for example 
slash and burn or shifting cultivation, crop rotation, mixed cropping, continuous cropping, no-tillage etc., and in the 
quest to produce more food for the teaming population, these practices has in most cases impacted on the soil either 
directly or indirectly on the soil parameters [32]; [33]. Soil is a combination of many materials which includes 
microorganisms, dead plants and animals, organic matters, clay, sand, silt, macro and micro elements which constitute 
the soil. It is meant to anchor and supply all the necessary nutrients mostly needed for plant growth and development.  

Anthropogenic activities have always put pressure on the ability of the soil to carry out some of its functions which 
nature has placed on it. Many authors have reported the influence of slash and burn, continuous cropping, mixed 
cropping and many others practices on the soil physicochemical properties either adding or removing from the soil 
through some of these practices which affects the soils microorganisms, vaporization of some nutrients, burn off the 
accumulated delicate debris/plant materials that cover the top soil which helps in the formation of humus and which 
microorganisms feed on and cause decomposition , soil erosion, leaching of minerals, soil degradation[34];[35]. 

Continuous use of an arable farmland exposes the soil to degradation, soil erosion, soil compaction, while mixed 
cropping of various crops types is in line with the view to maximize the soil for its continuous use and at the same time 
harvest varieties of crops produced with its challenges both on the soil, crop and equally on the farmer. In mixed 
cropping, combination of cover crops, will improves the physical, biological and chemical properties of the soil, control 
soil erosion, degradation and suppression of weed competing with crops[36];[37]. 

The crops types listed in Table 1 complement one another in terms of nutrients demand and use up of space. Deep 
rooted crop can go right deep to satisfy its nutrients requirement, while the shallow rooted crops obtain theirs close to 
the soil surface and therefore create a balance in the nutrient distribution of the soil.  

There is also the root binding effect which helps to hold the soil together and prevent soil erosion, fine soil particles 
wash-off for example silt and clay are prevented. The effect of all these crops sourcing for nutrients to grow and develop 
could influence the variations on the soil parameters tested.  

[38] observed that variation exits in soil properties due to differences in crop soil requirement type. Our observation is 
in line with [38] because due to so many crop species planted with the least been 3 and the highest 12 on the same piece 
of arable farmland; such could cause variation on the soil parameters. Some of the cropping management systems 
employed on these arable farmlands in the course of the growing season could have had a great deal on the 
physicochemical properties shown in Tables 2-4, which fluctuates between the wet and dry season. This corroborate 
the finding of[39] , observed that for example, external factors like land use, soil and crop management practices 
interaction with the environment could influence the soil quality and cause variations.  

The dead leaves which drops to the ground add up to the leaf litter, which break down to form organic matter, and are 
released back to the soil as nutrients. The diverse crops stands are expected to improve resilience and increase overall 
yield compared to the corresponding monoculture [40]; [41].  

The physical properties of the soil reveal that the soil composed of high percentage of sand in wet and dry season and 
therefore sandy loam. Wet season has a lower percentage of sand than the dry season as presented in the Tables 2-4; 
the reverse is the case with silt and clay, dropped in mean value (12.13±2.10) to (10.56±3.20), clay mean value dropped 
(14.13±2.66) to (2.64±0.86).  

Sand increase in dry season could be attributed to some natural courses like soil erosion in wet season which could have 
carried so much sand from slopes top to the bottom of the slopes, tillage activities could have also increased the move 
of soil from one place to the other when weeding off weeds in the cropping season, and the wash away of some organic 
matter from soil therefore reducing the amount of silt and organic matter as indicated from the result (Tables 2-4).  

The pH mean values between wet and dry season, wet, dry and controls are presented in Tables 2-4. Result revealed a 
slight reduction in the pH of wet compared with dry season. Soil pH however has a great relationship between the 
nutrients uptake by crops. The decrease in mean value of the soil pH could be attributed to the crops use up of the 
nutrients through break down of organic matter, soil leaching, water erosion and nutrient demand varies from one crop 
types to another and temperature of the time. This observation corroborate the findings of [42] reported relationship 
between climate and topography influenced soil pH; and also temperature and precipitation [43]; [44]. Some 
anthropogenic activities during the cropping season impact on the nutrient recycling ability and overall well-being of 
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the soil for example, weeds during weeding are not returned back to the soil, rather heaped on the boundary or edges 
of the arable farmlands and which decays there.  

Crop residues after harvests are hardly returned back to the soil and left with no leafy materials for soil fauna to act and 
break down to ameliorate the soil pH. Soil pH values for the two season of wet and dry and their control also reveal 
reduction in the percentages mean value for wet (5.88±0.59), control (5.19±0.12); dry season and control (5.85±0.67), 
(4.98±0.25) which is in agreement with earlier works by [45] and [46] reported a pH of (5.94 and 4.58 ± 0.10) from the 
same area of study.  

Available phosphorus (P) mean value compared wet season (69.08±40.45) and dry season (14.30±5.11) was significant. 
The result revealed high amount of phosphorus in the soil during wet season and declined in dry season. It is attributed 
to the initial ash from the yearly slash and burn at the beginning of the cropping season with rapid supply of phosphorus 
which stimulates seed germination, growth and demand for phosphorus by plant species. The mean value for P when 
compared with earlier works from the same area by [45] and [46] contradict each other as result of the higher values 
due to length of time and from slash and burn.  

Other authors confirmed contribution of slash and burn to influence increment on available P compared with the 
unburned soil [47].The importance of phosphorus in the soil and among the three most important nutrients required 
by crops would have necessitated the reduction of the available phosphorus in wet (69.08±40.45) to (14.3±5.11) in the 
dry season.  

The decline could also be attributed to anthropogenic activities for example weeding further exposes the soil to rainfall, 
leaching of nutrients which alter and cause a decline in soil pH. This finding corroborate the finding of [48] ; [49], which 
revealed that available phosphorus decreased sharply during the peak of rains and further stated it could be attributed 
to growing plant competing for nutrients accumulation of biomass during growing season.  

The organic carbon content of the soil (0.83±0.25) and (1.96±0.52) when compared with wet and dry season was 
significant at (p<0.05) and not significant when wet and dry season were compared with their control respectively.  

The amount of organic carbon in the soil during the dry season increased twice from what it was in the wet season. This 
increase is attributed to majority of the farmers weed their farms as one of the last farm operations when the rainy 
frequency and duration begin to decline signifying end of rains leading into dry season. This last weeding operation 
carried out to keep the arable farmland clean and free from weeds, in which case the weeds are scattered well over the 
soil surfaces to decay with less rain, to conserve moisture as well and further keep away weed seeds from germinating 
and compete for the available moisture in the soil.  

The decay which begins before dry season set in, could have increased organic carbon value as noted by [48] and same 
observation was also noted by [50] practices which promote accumulation and supply of organic matters for example 
cover crops and refraining from burning and those activities that reduces decomposition processes.  

Aluminum revealed in wet and its control (0.00±0.01), (0.00±0.00); dry and its control (0.11±0.35), 0.45±0.79); wet and 
dry compared (0.00±0.01), (0.11±0.35). Wet and dry season and controls, wet and dry compared were not significant 
at (p<0.05). This slight trace of aluminum in the soil should be cautiously interpreted. In wet season, the trace of 
aluminum was noted in one farm and the same farm also revealed its presence in dry season and in addition to two 
other farms indicated such. This could be attributed to parent soil material, concentration of Al in the soil and chemical 
environment of the solution with pH value beyond 5.5 and above pH 8.5 will encourage the solubility and availability of 
Al in the soil [51]. 

The mean value of Nitrogen in wet and control (0.16±0.04%), (0.14±0.01%); (0.16±0.04%) (0.14±0.01%) season, was 
not significant while for dry season and control (0.16±0.03%), (0.12±0.01%) was significant (p<0.05). The mean of wet 
and dry season compared did not show any significance (0.16±0.04%), (0.16±0.03%), (see Tables 2-4).  

Nitrogen is easily lost during the peak of rains and also used up during critical time when crops need nitrogen for growth 
and proper development afterward not needed for maturity and at crop harvest. The demand for nitrogen reduces, 
frequency of weeding also influence its redistribution across soil surface, with reduction of rain and eventually the stop 
of rain would further helped to conserve nitrogen in the soil and reduction of some of the farming activities that 
encourages loss of nitrogen in rainy season [52] and [53]. This explains why the means values of wet and dry season 
were the same as a result of reduction in soil moisture level, microbial activities reduction and plant growth demanding 
much nutrients also reduced while weeds and some plant debris could have also contributed to the nitrogen stock piling, 
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an indication of healing processes before the next cropping season for the yearly cropped farmlands. This is in line with 
the assertion of [54] that climate, vegetation and the topography of the burnt area control the resilience of the soil 
system and also if plants succeed from the shock of burn and recolonized can equally recover all the affected properties 
and even enhanced it further.  

The mean values distribution of exchangeable bases for wet and dry seasons and its controls (Tables 2-4) reveals Ca, 
Mg and K, were higher than control in wet season; Ca, Mg, K and Na were also higher than control in dry season. Only 
Na was significant at (p<0.05) for wet season and control, while Mg was significant at (p<0.05) for dry season and 
control. The mean values from the comparison between wet and dry season shows that Ca, Mg, K, and Na at wet were 
higher than those of dry season. Mg, K and Na were significant at (p<0.05). The mean values reduction in the wet and  
dry season could be attributed to rain, leaching of minerals by moving water when the soil becomes saturated and 
cannot retain it or used up by crops, some of the these nutrients are highly needed by fruit or tuber formation for 
example yam, cassava, leaf production in the vegetable. These findings are slightly lower compared with the work of 
[45]. These minerals are not needed during the dry season as they would be immobile and less active due to reduced 
soil moisture to effect it’s unlocking and made available in the mobile form for crops. 

The trace extractable ions in the study are presented Tables 2-4. Mn, Fe, Cu, and Zn for wet season and control are higher 
and the same trend was observed for dry season and control. Wet and dry season compared, Mn and Cu are higher than 
dry season, while the reverse was the case with dry season mean values higher in Fe and Zn.  

Many authors have reported increase of micronutrients after burn [47]; [55] and [56]. The differences are probably due 
to variations in precipitation regime, vegetation type and soil type. The increase of extractable Fe might be associated 
with Fe losses from the eroding sediments. Extractable Fe and Zn have the overall tendency to decrease with time. 
Extractable Cu has a higher level of variability; this variation may be possibly influenced by the soil pH [57]. Trace 
elements are micro-nutrients needed in micro quantity, very essential for the proper growth and development of crop. 
The sources of trace metals are through nature or naturally occurring, and anthropogenic activities which includes 
agricultural, industrial, domestic and atmospheric [58] and geological bedrock and rock substration [59]. 

The effective cation exchange capacity (ECEC) is defined as the total amount of exchangeable cations, which are mostly 
sodium, potassium, calcium and magnesium (hereafter collectively termed as bases) in non-acidic soils. ECEC has 
relationship with soil pH, clay and soil organic matter content. The mean values of ECEC for the season of wet, dry and 
controls, and also compared with wet and dry season in Tables 2-4. In wet season mean values (9.39±5.61), (5.13±1.03), 
dry (7.55±5.63), (4.83±3.62); wet and dry season (9.39±5.61), (7.55±5.63). There was reduction in the control mean 
value to that of wet season and same applied to control mean value to that of dry season. However, comparing the mean 
values between wet and dry season shows a reduction in dry season and when evaluated with the rating of [60], the 
mean values are considered low.  

The reduction in values of ECEC might be attributed to the degree of weathering, leaching processes, low fertility status 
and low resistant to changes in soil chemistry which are also caused by land management practices [61]. In another 
study by [62] asserted that low values could be attributed to the nature of most of the soil. This was in line with the 
mean values of sand which was eight times higher than silt and clay. A closer observation on the values of these 
parameters of pH, OC, N, silt, clay also influenced the low values of ECEC due to some of the anthropogenic activities of 
tillage, continuous use of the arable farmlands and other natural act like soil erosion, parent rock. This observation 
corroborate the assertion, by [63] stated that “generally” tropical soils have low CEC, especially for high sandy and low 
pH soils. 

5. Conclusion 

The soil is the reservoir of many minerals, provided by nature in different proportions and state in the soil. These 
nutrients are made available to crops in different forms suitable for crop use. In effort to maximize these different 
minerals for crop production, different farming systems practices are applied for example slash and burn, continuous 
cropping, tillage, mixed cropping etc. which have influenced the avai1abi1ity of these macro and micro nutrients to 
crops as at when needed most1y during the rainy season. Some soi1 parameters like pH, organic matter, N, percentage 
of sand, c1ay and silt p1ay some important ro1es in the avai1bi1ity of these macro and micro e1ements in soi1. The 
avai1bi1ity of nutrients are more in rainy and 1ess in dry season. Therefore, more can still be done to explore ways of 
tapping into the resources of the dry season by the introduction of irrigation faci1ities during dry season for more crop 
production in areas where such facilities does not exist for improved crop production all the year round.  



GSC Advanced Research and Reviews, 2022, 11(02), 089–101 

99 

Compliance with ethical standards 

Acknowledgments 

All individual who has contributed to this work has been listed as authors. 

Disclosure of conflict of interest 

No potential conflict of interest by the authors.  

References 

[1] Miller PM, Kauffman JB. Seedling and sprout response to slash and burn agriculture in a tropical deciduous forest. 
Biotropica 1998 Dec, 30[4]: 538-46.  

[2] Sharma N, Acharya S, Kumar K, Singh N, Chaurasia OP. Hydroponics as an advanced technique for vegetable 
production: An overview. J Soil and Water Conser 2019 Jan; 17[4]: 364-71. 

[3] Nortcliff S, Hulpke H, Bannick CG, Terytze K, Knoop G, Bredemeier M, Schulte-Bisping H. Definition, Function, and 
Utilization of soil. In Ullmann’s Encyclopedia of Industrial Chemistry. Chapter: Land Utilization and Soil 
Destruction Statistics. Wiley-Vch Verlay Gmbb & C0. Kgaa, Weinheim, Germany, 2012 33: 399-420. 

[4] Ramankutty N, Graumlich L, Achard F, Alves D, Chhabra A, DeFries R, Foley JA et al. Global Land Cover Change: 
Recent Progress, Remaining Challenges. In: Lambin EF and Geist H, (Eds). Land Use and Land Cover Change: Local 
Processes, Global Impacts, Springer Verlag, New York, 2006, pp. 9-39. 

[5] Tilman D, Balzer C, Hill J, Befort BL. Global food demand and sustainable intensification of agriculture. PNAS 2011 
Dec 13; 108 [50] 20260-4. 

[6] Zhong S, Mo Y, Guo G, Zeng H, Jin Z. Effect of continuous cropping on soil chemical properties and crop yield in 
Banana plantation. J Agric Sci and Tech. 2014 Jan; 16[1]:239-50. 

[7] Zhao Q, Tang J, Li Z, Yang B, Duan Y. The influence of soil physico-chemical properties and enzyme activities on 
soil quality of saline-alkali agroecosystems in Western Jilin Province, China. Sustain 2018 May 11; 10, 1529. 

[8] Calzadilla A, Zhu T, Rehdanz K, Tol RS, Ringler C. Climate change and agriculture: Impacts and adaptation options 
in South Africa. Water Res. Econ. 2014 May 1; [5]: 24-48.  

[9] Moeletsi ME, Walker S. Agroclimatological Suitability mapping for dry land maize production in Lesotho.Theor. 
Appl. Climatol. 2013 Jan 22; 114: 227-36.  

[10] Moswetsi G, Fanadzo M, Ncube B. Cropping systems and agronomic management practices in smallholder farms 
in South Africa: Constraints, Challenges and Opportunities. J of Agron 2017 Mar 15; 16[2]:51-64.  

[11] Kiflu A, Beyene S. Effect of different land use system on selected soil properties in south Ethiopia. Academic 
Journals, J Soil Sci Environ Manag.2013 Aug 21; Vol.4 [5] pp.100-107. 

[12] Yang T, Siddique KHM, Liu K. 2020. Cropping systems in agriculture and their impact on soil health- a review. 
Global ecology and conservation 2020 May 14; 23: e01118. 

[13] Oomen GJM, Lantinga EA, Goewie EA, Van der Hoek KW. Mixed farming systems as a way towards a more efficient 
use of nitrogen in European Union Agriculture. Environment Pollution 1998 Sept 12; Vol. 102, 1 [1]: 697-704. 

[14] Asadu CLA, Ekeleman LD. The effects of continuous cropping and following on the chemical properties of an 
Ultisol in Nsukka, Nigeria. Journal of Tropical Agricultural, Food, Environment and Extension.2013 May 13; Vol. 
12 [2]: 28-34. 

[15] Britannica, the Editors of Encyclopedia. “Crop rotation”. Encyclopedia Britannica, 25 Nov. 2018. [Accessed 2022 
May 2]. 

[16] Barbieri P, Pellerin S, Srufert V, Nesme T. Changes in crop rotations would impact food production in an 
organically farmed world. Nat. Sustain.2019 Apr 1; 2 [5] 378-85. 

[17] Hinsinger P, Betencourt E, Bernard A, Plassard C, Shen J, Tang X, Zhang F. P for two, Sharing a Scarce Resource: 
Soil phosphorus acquisition in the rhizosphere of intercropped species. Plant Physiol. 2011 Apr 20; 156 [3]: 
1078-86. 



GSC Advanced Research and Reviews, 2022, 11(02), 089–101 

100 

[18] Ogbonna DN, Amangabara GT, Ekere TO. Urban solid waste generation in Port Harcourt metropolis and its 
implications for waste management. Manag of Environ Qual 2007 Jan 9; 18[1]: 71-88. 

[19] Bremner J, Mulvaney C. Total nitrogen. In: Page AL, Miller RH and Keeny DR (Eds,), In: Methods of soil Analysis 
2nd ed. Wiley Online Library: Hoboken, NJ, USA.1983: 1049-1178. 

[20] Sommers LE, Nelson DW. Determination of total phosphorus in soils: A rapid perchloric acid digestion procedure. 
Soil Sci. Soc. Am. J. 1972 Nov 1; 36[6]:902-4.  

[21] Bray RH, Kurtz LT. Determination of total, organic, and available form of phosphorus in soil. Soil Sci.1945 Jan; 59: 
39-46. 

[22] Gavlack R, Horneck D, Miller R. Plant, soil and water reference methods for the Western Region. Western Regional 
Extension Publication (WREP) 125, WERA-103 Technical Committee 2005; p. 207. 

[23] Thomas GW. Exchangeable Cations. In: A. L. Miller, R.H., and Keeney, D R., (Eds.), Methods of Soil analysis. Part 2, 
2nd edition. Am Soc Agr and Soi Sci of Am. Madison. Wisconsin, USA. 1982 p. 159-65. 

[24] Warncke D, Brown JR. Potassium and Other Basic Cations. In: Brown, J.R., (Eds.), Recommended Chemical Soil 
Test Procedures for the North Central Region, NCR Publication No. 221, Missouri Agricultural Experiment Station 
SB 1001, University of Missouri, Columbia, 1998: p.31-33.  

[25] Okalebo JR, Gathna KW, Woomer PL. Laboratory Methods for Soil and Plant Analysis: A Working Manual. 2nd Ed., 
Tropical Soil Biology and Fertility Programme, TSBF-CIAT and SACRED Africa, Nairobi, 2002: 128 p.  

[26] Odu CT, Babalola IO, Udo EJ, Ogunkunle AO, Bakare TO, Adeoye GO. Laboratory manual for agronomic studies in 
soil plant and microbiology. Department of Agronomy, University of Ibadan, Nigeria.1986; P. 83. 

[27] Juo ASR. Selected Methods of Soil and Plant Analysis. IITA Manual Series No. 1, 1978; p.57. 

[28] Lindsay WL, Cox FR. Micronutrient soil testing for the tropics. In: Vlek PLG. (Ed.), Micronutrient in Tropical Food 
Crop Production. Springer, Dordrecht. The Netherlands.1985; pp. 169-200.  

[29] Hammer Ø, Harper DAT, Ryan PD. Paleontological Statistics Software Package for Education and Data Analysis. 
Palaeontologia Electronica, 2001; 4, p. 9.  

[30] XLSTAT Analysis of variance, ANOVA. 2014. [Accessed 18th April 2022]. 

[31] SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp. [Released 2013]. 

[32] Selassie Y, Ayanna G. Effect of different land use systems on selected physicochemical properties of soils in 
Northwestern Ethiopia. J Agric Sci 2013 March; Vol. 5[4]:111-20. 

[33] Tesfahunegn GB, Gebru TA. Variation in soil properties under different cropping and other land-use systems in 
Dura catchment, Northern Ethiopia. PLOS ONE 2020 Feb 5; 15[2]: e0222476. 

[34] Thomaz EL, Antoneli V, Doerr SH. Effect of fire on the physicochemical properties of soil in a slash-and burn 
agriculture. Catena 2014 Nov 14; 122: 209-215. 

[35] Pollini J. Slash and burn agriculture: In book: Thompson PB and Kaplan DM (Eds.), Encyclopedia of Food and 
Agricultural Ethics. Springer. 2014 Jan; pp.12.  

[36] Weltzien E, Christinck Anja. Participatory breeding: Developing improved and relevant crop varieties with 
farmer, 2nd Edition. In: Snapp S and Pound B (Eds.), Agricultural Systems: Agroecology and rural innovations for 
Development, 2017: p. 259-301. 

[37] Lizarazo CI, Tuulos A, Jokela V, Makela PSA. Sustainable mixed cropping systems for the Boreal-Nemoral Region. 
Front. Sustain. Food Syst., 2020 July 22; 4[103].  

[38] Osobamiro MT, Adewuyi GO. Levels of heavy metals in the soil: Effects of season, agronomic practice and soil 
geology. J of Agri Chem and Environ 2015 Nov 26; 4: p. 109-117.  

[39] Liebig MA, Tanaka DL, Wienhold BJ. Tillage and cropping effects on soil quality indicators in the northern Great 
Plains. Soil Till Res 2004 78: p. 131-141. 

[40] Deb D. Productive efficiency of traditional multiple cropping systems compared to monocultures of seven crop 
species: a benchmark study.2021 May 4; Experimental Results Vol. 2, E18.  

[41] Brooker RW, Bennett AE, Cong WF, Daniell TJ, George TS, Hallett PD, et al. Improving intercropping: a synthesis 
of research in agronomy, plant physiology and ecology. New Phytol. 2015 Apr; 206[1]:107–117.  

http://www.xlstat.com/en/products-solution/features/anoa-analysis-of-variance.html.%5bAccessed


GSC Advanced Research and Reviews, 2022, 11(02), 089–101 

101 

[42] Zhang YY, Wu W, Liu H. Factors affecting variations of soil pH in different horizons in hilly regions. PLoS ONE 
2019 June; 14[6]: e0218563. 

[43] Ji CJ, Yang YH, Han WX, He YF, Smith J, Smith P. Climatic and edaphic controls on soil pH in alpine grasslands on 
the Tibetan Plateau, China: a quantitative analysis [J]. Pedosphere, 2014 Feb 14; 24[1]: 39-44. 

[44] Hong S, Liu Y, Piao S. Spatial patterns of soil pH and the factors that influence them in plantation forests of 
northern China[C]//EGU General Assembly Conference Abstracts. 2017, 19: 4328. 

[45] Okonwu K, Mensah SI. Effects of NPK. (15:15:15) fertilizer on some growth indices of Pumpkin. Asian J  Agric Res 
2012 March; 6 [3]: 137-43.  

[46] Ekeke C, Okonwu K. Comparative study on fertility status of soils of University of Port Harcourt, Nigeria. Res J  
Bot 2013 May 24; 8 [1]: 24-30. 

[47] Gómez-Rey MX, Couto-Vázquez A, García-Marco S, González-Prieto SJ. Impact of fire and post-fire management 
techniques on soil chemical properties. Geoderma 2013 195-196: 155-164. 

[48] Fatubarin A, Olojugba MR. Effect of rainfall season on the chemical properties of the soil of a Southern Guinea 
Savanna ecosystem in Nigeria. J Ecol Nat Environ 2014 Apr; Vol. 6[4], pp.182-9.  

[49] Styles D, Coxon C. Meteorological and management influences on seasonal variation in phosphorus fractions 
extracted from soils in western Ireland. Geoderma 2007 Nov15; 142: 152-164. 

[50] Sampson RN, Scholes RJ. Additional human-induced activities. In Watson RT et al. (ed.), Land use, land-use 
change, and forestry: A special report of the Intergovernmental Panel on Climate Change. Cambridge University 
Press, New York. 2000; Article 3[4]: P.181-281. 

[51] Kisnierené V, Lapeikaité I. When chemistry meets biology: the case of aluminum- a review. Chemija 2015 Jan; 26 
[3]: 148-158. 

[52] Bergeron Y, Leduc A, Harvey B, Gauthier S. Natural fire regime: a guide for sustainable management of Canadian 
boreal forest. Silva Fennica 2002 Jan.; 36 [1]: 81-95. 

[53] Goh KM. Carbon sequestration and stabilization in soils: Implications for soil productivity and climate change. 
Soil Sci and Plant Nutrit. 2004 May 11; 50 [4]: 467-76. 

[54] Certini G. Effects of fire on properties of forest soils: a review. Oecologia 2005 Feb 02; 143[1]:1-10.  

[55] Close DC, Davidson NJ, Swanborough PW, Corkrey R. Does low-intensity surface fire increase water and nutrient 
availability to over storey Eucalyptus gomphocephala? Plant Soil.2011 Jun 23; 349 [1-2]:203-214.  

[56] Garcia-Marco S, Gonzalez-Prieto S. Short and medium-term effects of fire and fire-fighting chemicals on soil 
micronutrient availability. Sci. Total Environ. 2008 Dec 15; 407[1]: 297-303.  

[57] Mineral Nutrition and Plant Disease. In: Datnoff LE, Elmer WH, Huber DM. (Eds.), APS Press. The American 
Phytopath Soc., St. Paul, Minnesota, U.S.A. 2007: pp. 278.  

[58] Bing H, Wu Y, Sun Z, Yao S. Historical trends of heavy metal contamination and their sources in lacustrine 
sediment from Xijiu Lake, Taihu lake catchment, China J. Environ. Sci.2011 Oct 1; 23[10]: 1671-8.  

[59] Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ. Heavy metal toxicity and the environment. Experientia 
Supplementum, 2012; 101: 133–164.     

[60] Hazelton P, Murphy B.  Interpreting soil test results. What do all the numbers mean?  3rd edition. By CSIRO 
Publishing, 2016, 200pp.  

[61] Brown K, Lemon J. Assessing soil quality and interpreting soil test result. Grape and Wine Research and 
Development Cooperation (GWRDC). Sustainable Agriculture facts Sheets. 2014 No. 3, pp. 8. 

[62] Sandip SB, Kumar V, Singh N, Sambyal V, Singh J, Katnoria JK, Nagpal A. Physico-chemical properties and heavy 
metal contents of soils and Kharif crops of Punjah, india. Procedia Environ Sci 2016 35:801-8.  

[63] Aprile F, and Lorandi R. Evaluation of cation exchange capacity (CEC) in tropical soil using four different 
analytical methods. J. Agric. Sci. 2012 May 16; 4 [6]: 278-89. 


