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Abstract 
The study was conducted in three villages of North Bank Region of the Gambia in 2013 and 2014. 
We examined wet and dry season effects on select soil nutrient contents of upland farms in North 
Bank Region of the Gambia. The objective was to evaluate changes in soil nutrient contents in both 
wet and dry seasons. Soil samples were collected from three RCBD upland fields with three repli-
cations at a depth of 0 - 15 cm and analyzed for pH, Soil Organic Carbon (SOC), and soil moisture 
content. The gravimetric method of moisture estimation was used. The results showed that soil 
moisture content, soil TN, and soil pH are significantly different (P < 0.05) during the two seasons. 
There was no significant difference in SOC between the two seasons in the study area. The study 
concluded that soil nutrients were more readily available during the wet season than during the 
dry season probably because there is more soil moisture available in the wet season that facili-
tates soil nutrient release. The study concludes that soil moisture has to be available in order for 
some select soil nutrients to be released for plant uptake. 
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1. Introduction 
Agricultural production systems in The Gambia in general and in the North Bank Region of The Gambia in par-
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ticular are mainly rainfall-dependent. Most farmers in North Bank Region of The Gambia depend on rainfall for 
agriculture production. Therefore, when there is drought, North Bank Region becomes highly susceptible to crop 
failure and other livelihood activities that have a direct bearing on agriculture production. Soils in the study area 
are generally low in soil moisture as a result of erratic rainfall and also low in fertility due to continuous crop-
ping, without much replenishment of soil nutrients by the farmers. Annual depletion rate of primary nutrients 
from the soils were estimated at as high as 22 kg of nitrogen (N), 2.5 kg of phosphorus (P) and 15 kg of potas-
sium (K) per hectare over the previous three decades of productive uplands in 37 African nations which include 
The Gambia (Sanchez et al. 1997) [1]. North Bank Region of The Gambia is the most prone region of the coun-
try to drought because of its low vegetative cover. Although there was research conducted in North Bank Region 
on the impact of drought on crop production that research did not specifically look at the effect of drought on the 
content of soil nutrients for plant uptake. That research gap is the need for this study to address so that recom-
mendations could be made on adaptation strategies that could be implemented in order to increase crop produc-
tion. Because of drought challenges in North Bank Region, Yaffa (2013) [2] suggested that more strategies on 
soil fertility and water conservation methods should be adopted, horticulture in small irrigated gardens be im-
proved, and drought-tolerant rice cultivars be planted as adaptation activities during drought periods. 

Soil moisture deficiency has some implications for sustainable agricultural development. Downing and Bak-
ker (2000) [3] confirmed that adverse weather differs from real weather by its (adverse weather) potential to 
minimize soil moisture availability for plant uptake for growth and development. Keenan and Krannich (1997) 
[4] reported that drought impact is felt more on societies with erratic rains than other climatic events that may 
cause soil nutrient deficiency. 

Nitrogen, as a major plant nutrient, for example, is an essential component of proteins, coenzymes, and many 
other metabolic products and is estimated to represent 2% of total plant dry mass (Miller and Cramer, 2004) [5]. 
Nitrate and ammonium are the primary sources of inorganic N taken up by plant roots but nitrate is often more 
available to plants for uptake (Hopkins, 1995) [6]. Hopkins (1995) [6] further reported that nitrogen is often de-
livered to plant roots by mass flow and diffusion, and thus its availability to plants is highly dependent on soil 
moisture content. Indeed, drought is often associated with nitrogen limitation (Wang et al. 1998) [7], while ex-
cessive water flux can result in nitrogen leaching (Parnes, 1990) [8].  

The availability of nutrients in the soil interface is dependent on the management strategies applied at the field 
level over decades. On agriculture soils, nutrient depletion is sparse within the land surface because of intensive 
utilization of fertilizers for export crops. Nutrient-depleted farms in The Gambia as a result of monocropping are 
still more common than those without nutrient-depleted soils. Nutrient deficiency rates show large differences 
with soil properties. For example, Pieri (1989) [9], and Swift et al. (1994) [10] reported that a high rate of 
leaching occurs in sandy soils than in clay soils because of large pore spaces within soil aggregates in sandy 
soils. 

2. Objectives 
1) To evaluate changes in soil nutrient contents in both wet and dry seasons. 
2) Make recommendations on ways to enhance soil moisture availability to release soil nutrients for plant up-

take. 

3. Materials and Methods 
3.1. Study Area 
The research was conducted in North Bank Region of The Gambia which has a population of about 172,835 
people (GBOS, 2003) [11]. It lies between Latitude 13˚29'10"N and Longitude 15˚5'48"W. The field work took 
place in only three districts (Central Baddibou District, Jokadu District, and Upper Niumi District). The Region 
is characterized by erratic rainfall, poor soil structure, and low soil fertility. The climate is of two different sea-
sons: a wet season (that starts in June and ends in October) and a long dry season (that starts in November and 
ends in May). The average daily temperature is 30˚C in the dry season and 27˚C in the wet season. Rainfall 
trends are unpredictable and the annual total is usually less than 800 mm (FAO 2002) [12]. The natural vegeta-
tion is mainly savannah woodland and some mangrove trees lining along the banks of River Gambia dissected 
by an intricate system of water channels. Other areas within the landscape are flood plains and woodlands that 
are located behind the mangroves. 
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3.2. Soil Sampling 
The locations used for data collection were upland fields in the three Districts. The plots on the fields were used 
in the study by using a Randomized Complete Block Design (RCBD) with three replications. Soil samples were 
collected from the replicated plots using a soil probe and screw-type auger. Sukristiyonubowo (2007) [13] 
method of soil sampling was used to collect soil samples at a depth of 0 - 15 cm and the samples were analysed 
for pH, Soil Organic Carbon (SOC), Soil Total Nitrogen (TN) and soil moisture content. Soil sampling was done 
on the 10th and 12th October, 2013 in the wet season and 25th, 26th and 27th January, 2014 in the dry season.  

3.3. Soil Analyses 
Soil total nitrogen was determined using the micro kjeldahl distillation and titration method described by 
Bremner, J. M., and C. S. Mulvaney, (1982) [14]. Soil organic carbon (SOC) was determined by a modified 
Walkley-Black procedure as described by Nelson and Sommers (1982) [15]. The gravimetric method of mois-
ture estimation was used where the soil sample was placed in an oven at 105˚C and dried to a constant weight; 
this took 24-36 hours. Soil pH was determined using the glass electrode method with a soil-to-water ratio of 1:2 

3.4. Data Analyses 
SPSS software was used in the data analyses. Significant differences between the select soil contents in the two 
seasons were determined. The significance level was held at P < 0.05 

4. Results and Discussion 
4.1. Soil Moisture 
During the wet season, soil moisture content within the treatment plots fluctuated, which could be attributed to 
the amount of rainfall and probably the amount of crop biomass at each selected location to conserve moisture in 
the soil (Figure 1). During the wet season, there was no significant difference (P < 0.05) in soil moisture content 
between the three locations (i.e. 43% at Njaba Kunda, 41% at Jokadu, and 38% at Niumi Lamin, respectively). 
In the dry season, on the other hand, although soil moisture content was lower than in the wet season in all three 
locations (Figure 1), still there was no significant difference in between the soil moisture contents. The decrease 
in soil moisture content could probably be due to high soil moisture evaporation which generally occurs during a 
drought period. Under an evapo-transpiration rate, utilization of water by crops declines when 50% of the re-
quired soil moisture is lost. For example, the water requirement for groundnut production ranges from 500 mm 
to 700 mm for the production cycle (FAO, 2013) [16]. This shows that the cropping cycle in the North Bank 
Region could be highly vulnerable to soil moisture loss as a result of drought, which consequently impacts on  
 

 
Figure 1. Soil moisture content during wet and dry seasons in three locations in North Bank Re-
gion of The Gambia.                                                                                 
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crop production and productivity. Water is the primary factor determining soil nutrient mineralization and up-
take by crops. Penning de Vries and Djiteye, (1982) [17] reported that Sahel region of Africa highlighted this 
deficiency in the soil during production seasons. Therefore, crops grown in the North Bank Region could be 
vulnerable to about 50% water deficiency in the dry season if crop cultivation is also carried out during the dry 
season. 

4.2. Soil pH  
The study found no significant difference in soil pH, irrespective of the cropping season, between the three study 
locations (Figure 2). This is an indication that all the three study locations could probably be of the same soil 
types that are characterized by low pH. Soil pH has a considerable influence on the availability of nutrients to 
crops. Low soil pH (i.e. pH between 1 and 4) which is a highly acidic condition tightly holds soil nutrients 
which are unavailable for plant uptake. Ronen, (2007) [18] reported that most soil nutrients are available for 
plant uptake in the pH range of 5.5 - 6.5. These low pH values could be the reason for low availability of nutri-
ents for plant uptake. 
 

 
Figure 2. Soil pH content during wet and dry seasons in three locations in North Bank Region of 
The Gambia.                                                                                       

4.3. Soil Total Nitrogen  
Soil total nitrogen recorded for Njaba Kunda, Jokadu, and Niumi Lamin for both wet and dry seasons are shown 
in Figure 3. In either of the growing seasons, soil total nitrogen was less than 1%. This may be attributed to the 
low crop residue amount that is left on the farms after crop harvest and or low soil moisture which influences ni-
trogen mineralization for crop uptake as also reported by Wang et al. (1998) [7]. 
 

 
Figure 3. Soil total nitrogen content during wet and dry seasons in three locations in North Bank 
Region of The Gambia.                                                                                       
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Although the soil total nitrogen in either cropping season at either of the three study locations was less than 
1%, we found a significant difference in total soil nitrogen between Njaba Kunda and Jokadu Darsilami and 
Njaba Kunda and Niumi Lamin in either of the seasons (Figure 3). This could be probably due to having more 
crop residues in Jokadu Darsilami and Niumi Lamin, respectively, than in Njaba Kunda that mineralized and re-
leased more soil total nitrogen. In Njaba Kunda, the study found no significant difference in soil total nitrogen 
between the two seasons (Figure 3). It was difficult to explain this phenomenon because the study was expected 
to have more soil total nitrogen in the wet season than in the dry season because of more mineralization as a re-
sult of more soil moisture availability. In Jokadu Darsilami, the study found a significant difference in soil total 
nitrogen between the wet and dry seasons. There was about twice more soil total nitrogen in the wet season than 
in the dry season at Jokadu Darsilami. This was probably that in the wet season, there was more mineralization 
of nitrogen than in the dry season. In Niumi Lamin, there was about one and a half times more soil total nitrogen 
found in the wet season than in the dry season (Figure 3). Again, just like in Jokadu Darsilami, probably there 
was more nitrogen mineralization during the wet season than in the dry season in Niumi Lamin (Figure 3). 
There was no significant difference in soil total nitrogen, irrespective of the season, between Jokadu Darsilami 
and Niumi Lamin (Figure 3). This could be that in both Jokadu Darsilami and Niumi Lamin there could have 
been similar amounts of nitrogen mineralization. 

4.4. Soil Organic Carbon 
Soil organic carbon content among the three study locations is shown in Figure 4. Irrespective of the study loca-
tion, there was no significant difference between the two seasons in terms of soil organic carbon content (Figure 
4). However, there was a significant difference in soil organic carbon content between Njaba Kunda and Jokadu 
Darsilami and Najaba Kunda and Niumi Lamin (Figure 4), respectively. This could be probably due to more 
crop residue found in both Jokadu Darsilami and Niumi Lamin than in Njaba Kunda. Irrespective of the season, 
there was no significant difference in soil organic carbon content between Jokadu Darsilami and Niumi Lamin 
(Figure 4). Low soil organic carbon content in the three study locations is supported by findings byWilliams 
and Balling (1994) [19] which states that African soils, and mostly those of West Africa, have low inherent fer-
tility as a result of low crop residue cover of the soils. The same authors went on further to state that soil fertility 
depletion (mainly N, P, and C) is the primary factor hindering food security in West Africa. 
 

 
Figure 4. Soil organic carbon content during wet and dry seasons in three locations of 
North Bank Region of The Gambia.                                                                         

5. Conclusion 
Soil moisture content, which ranges between 37.51% and 43.31%, is below optimum soil moisture requirements 
of 50% for good crop growth and development. The study concludes that the soil pH of both wet and dry sea-
sons are acidic and below the required pH range for crop productivity i.e. 5.5 to 6.5. Meanwhile, soil total nitro-
gen in the study area was less than 1% in either of the seasons whereas soil organic carbon content ranged be-
tween 2.8967% and 6.0299% in both seasons. These were still found to be less than 7% which is ideal for opti-
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mum crop production. Therefore, seasonal variation on soil nutrient level has called for sustainable soil fertility 
management practices that would enhance food security in the North Bank Region of The Gambia, in particular 
and in The Gambia as a country. 

6. Recommendations 
1) Do not remove much of the crop residue from the soil surface after crop harvest so that more soil moisture 

can be retained for plant uptake and nutrient mineralization. 
2) Incorporation of crop residues in the soil should be encouraged so that soil carbon and soil nitrogen could be 

increased. 
3) Supplemental crop irrigation should be encouraged in order to avert drought impacts on crop production in 

the Region. 

Acknowledgements 
This paper is one of the outcomes of masters dissertation submitted to the Federal University of Technology, 
Minna, Nigeria under the sponsorship of West Africa Science Service Centre on Climate Change and Adapted 
Land Use (WASCAL), MRP program. The authors are indebted to the following: the Department of Water Re-
sources of The Gambia government for providing rainfall information for the study area, the National Agricul-
tural Research Institute (NARI) of The Gambia government for the technical support rendered during field work, 
and the farmers of North Bank Region of The Gambia who granted us permission to carryout the study in their 
fields. 

References 
[1] Sanchez, P.A., Shepherd, K.D., Soule, M.J., Place, F.M., Buresh, R.J., Izac, A.-M.N, et al. (1997) Soil Fertility Re-

plenishment in Africa: An Investment in Natural Resource Capital. In: Buresh, R.J., et al., Eds., Replenishing Soil fer-
tility in Africa, Soil Science Society of America Spec. Publ. 51. SSSA, Madison, 1-46. 

[2] Yaffa, S. (2013) Coping Measures Not Enough to Avoid Loss and Damage from Drought in the North Bank Region of 
The Gambia. International Journal of Global Warming, 5, 467-482. http://dx.doi.org/10.1504/IJGW.2013.057286 

[3] Downing, T.E. and Bakker, K. (2000) Drought Discourse and Vulnerability. Chapter 45. In: Wilhite, D.A., Ed., 
Drought: A Global Assessment, Natural Hazards and Disasters Series, Routledge Publishers, Abingdon. 

[4] Keenan, S.P. and Krannich, R.S. (1997) The Social Context of Perceived Drought Vulnerability. Rural Sociology, 62, 
69-88. http://dx.doi.org/10.1111/j.1549-0831.1997.tb00645.x 

[5] Miller, A.J. and Cramer, M.D. (2004) Root Nitrogen Acquisition and Assimilation. Plant and Soil, 274, 1-36. 
[6] Hopkins, W.G. (1995) Introduction to Plant Physiology. J. Wiley, New York.  
[7] Wang, J.R., Hawkins, C.D.B. and Letchford, T. (1998) Photosynthesis, Water, and Nitrogen Use Efficiencies of Four 

Paper Birch (Betula papyrifera) Populations Grown under Different Soil Moisture and Nutrient Regimes. Forest Ecol-
ogy and Management, 112, 233-244. http://dx.doi.org/10.1016/S0378-1127(98)00407-1 

[8] Parnes, R. (1990) Fertile Soil: A Grower’s Guide to Organic and Inorganic Fertilisers. agAccess, Davis, 190 p. 
[9] Pieri, C.J.M.G. (1989) Fertility of Soils. A Future for Farming in the West African Savannah. Springer Verlag, Berlin. 
[10] Swift, M.J., Seward, P.D., Frost, P.G.H., Qureshi, J.N. and Muchena, F.N. (1994) Long Term Experiments in Africa: 

Developing a Database for Sustainable Land Use under Global Change. In: Leigh, R.A. and Johnson, A.E., Eds., 
Long-Term Experiments in Agricultural and Ecological Sciences, Centre for Agriculture and Bioscience International, 
Wallingford, England, 229-251. 

[11] GBOS (2003) http://www.accessgambia.com/extra/gambia-bureau-of-statistics-gbos.html 
[12] FAO (2002) Water Control Component of the Special Program for Food Security. TCP/GAM/2801 (D) Project Docu-

ment. 
[13] Sukristiyonubowo (2007) Nutrient Balances in Terraced Paddy Fields under Traditional Irrigation in Indonesia. Ph.D. 

Thesis. Ghent University, Ghent. 
[14] Bremner, J.M. and Mulvaney, C.S. (1982) Nitrogen-Total. In: Page, A.L., et al., Eds., Methods of Soil Analysis, 2nd 

Edition, Agronomy Monograph 9. ASA and SSSA, Madisons, 595-624. 
[15] Nelson, D.W. and Sommer, L.E. (1982) Total Carbon, Organic Carbon and Organic Matter. Methods of Soil Analysis, 

Part 2. Chemical and Microbiological Properties, 2nd Edition. ASA-SSSA, Madison, 595-579. 

http://dx.doi.org/10.1504/IJGW.2013.057286
http://dx.doi.org/10.1111/j.1549-0831.1997.tb00645.x
http://dx.doi.org/10.1016/S0378-1127(98)00407-1
http://www.accessgambia.com/extra/gambia-bureau-of-statistics-gbos.html


E. Sonko et al. 
 

 
51 

[16] FAO (2013) Global pressure on Natural Resources Management and Environment Department of FAO in Rome.  
www.fao.org/nr/water/docs/enduring_farms.pdf 

[17] Penning de Vries, F.W. and Djiteye, M.A. (1982) La productivité des pasturages Saheliens: Uneétudedes sols, des 
végétations et de l’exploitation de cette resource naturelle. Agricultural Research Report 918. 

[18] Ronen, E. (2007) Micro Elements in Agriculture. Practical Hydroponic and Greenhouses, 39-48. 
[19] Williams, M.A.J. and Balling, R.C. (1994) Interactions of Desertification and Climate. WMO/ UNEP, Geneva, 230 p. 

http://www.fao.org/nr/water/docs/enduring_farms.pdf

	Wet and Dry Season Effects on Select Soil Nutrient Contents of Upland Farms in North Bank Region of the Gambia
	Abstract
	Keywords
	1. Introduction
	2. Objectives
	3. Materials and Methods
	3.1. Study Area
	3.2. Soil Sampling
	3.3. Soil Analyses
	3.4. Data Analyses

	4. Results and Discussion
	4.1. Soil Moisture
	4.2. Soil pH 
	4.3. Soil Total Nitrogen 
	4.4. Soil Organic Carbon

	5. Conclusion
	6. Recommendations
	Acknowledgements
	References

