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ABSTRACT 

 

The response of soil properties to changing weather variables revealed soil-

environment functionality that is used to know whether soil quality is improving, 

remain constant or declining. This paper investigates the effects of weather vari-

ables (temperature, relative humidity, and rainfall) on soil quality and sustainabil-

ity and its agro-meteorological implications. Soil samples were collected from 

soils within Calabar Metropolis, Nigeria. Physicochemical properties of the col-

lected soil samples were determined using standard methods, and meteorological 

data were collected from Nigeria Meteorological Agency at the Airport and Uni-

versity of Calabar Meteorological stations, both at Calabar, Nigeria. Soil sustain-

ability index (SSI), correlation, t-test, coefficient of variation (CV), and trend 

analysis were computed. From the results, rainfall was found to have a strong 

negative significant relationship with exchangeable Ca and Na. The results fur-

ther indicated that temperature and rainfall had negative impact on soil sustain-

ability. Within the period of twelve years under investigation, the sustainability 

of the soil decreased as the year progressed from 2000 to 2011 by 0.26 % each 

year.  It was concluded that impacts of weather variables such as rainfall and 

temperature considered in this study, when correlated with exchangeable cations 

(Ca, K and Na) could be used to assess the effect of climate change on soil health 

and assist in devising adaptive climate strategies. 
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1.  Introduction 

Despite the recent advancements in weather and clima-

tological forecasting and data mining (Akinsanola et al., 

2015; Akinsanola & Ogunjobi, 2014), the general weather 

data observation from meteorological (Met) stations can-

not be ruled out. Even with the availability of software’s 

and e-platforms for forecasting and computation which 

can generate data up to 9 km resolution, the raw data from 

the observatories are always the reference points to be 

utilized as take-off base for forecasting and computations.  

From common knowledge, when the forecasts and pre-

dicted data are at variance with the actual observations, 

the observed data are always relied upon for correction 

and determination of the way forward. However, we can-

not misinform the populace when climate change realities 

are on the ground yet what is obtained from forecasts for 

upwards of 50 – 100 years at 10 – 50 km resolutions are at 

deviance with the realities. Statistically, it will be possible 

to get the standard deviations and errors as the margin as 

argued by climatologists (Akinsanola and Ogunjobi, 2014) 

for making room for the deviations which at times could 

be totally at par. When the observed and the predicted data 

do not pass the goodness of fit (X2) test, then we must 

rethink and need to go back to the drawing board.  

As agricultural meteorologists, our duty includes commu-

nity service of advising farmers in southern Nigeria who 

practice mostly rain-fed farming, on which the effects of 

changing climate and weather vagaries on crop production 
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(i.e., from the point of sowing till harvesting time) and ani-

mal husbandry is inevitable. Rain-fed agriculture depends on 

weather conditions such as soil temperature, air temperature, 

relative humidity, and most importantly, rainfall distribu-

tion, intensity, and amount. If the rainfall is too much, it 

might have drastic effects on crop production as this can 

cause flooding, surface run-off, leaching of essential plant 

nutrient beyond the root zone of crops and might result to 

erosion. On the other hand, if it is too little at the critical 

stages of crops growth such as germination and early 

growth, the performance of the crop may be thwarted and 

might lead to permanent wilting. Animals are equally nega-

tively affected when the humidity is too much leading to the 

prevalence of various diseases. As such, important action in 

the form of information dissemination needs to be taken. 

One of the ways in mitigating the challenges of changing 

weather pattern on the soil is to examine the relationship 

between soil physiochemical properties and the weather 

variables. 

Soil is a critical resource for meeting the diverse 

needs of mankind, including serving as a medium for plant 

growth and reservoir of essential plant nutrients.  However, 

changes in weather variables over a long time could hamper 

these functions, thus making the soil to function below its 

optimum level. When this happens, sustainable productivity 

and net farmer profits and ecosystem services are jeopard-

ized. According to Singh et al. (2011), there is a potential 

linkage between soil quality indicators, land management, 

and climate variables. Thus, an understanding of how cli-

mate variables (rainfall, temperature, and relative humidity) 

and soil quality interact as reported by Amalu and Isong 

(2017), and how changes in climate variables will lead to 

corresponding changes in soil quality and their resultant 

effect on crop yield and productivity is essential. Andrew et 

al. (2004) pointed out that indicators of soil quality are those 

measurable soil properties and processes that have the great-

est sensitivity to changes in soil function and its ecosystem 

services. Soil quality can be used to monitor trends in soil 

properties over time, to determine if soil quality under dif-

ferent land use and management is aggrading, sustaining, or 

degrading (Karlen et al., 2003).  

Having observed the weather data for 12 years on 

daily basis, from two weather stations in Calabar, Cross 

River State, Nigeria, and after reviewing what is being fore-

casted and published in the literature about the study area, 

this study intends to investigates the effects of weather vari-

ables (temperature, relative humidity and rainfall) on soil 

quality, soil sustainability index and their agro-

meteorological implications.  

 

2.0 Materials and Methods: 

 

The study area 

The study was conducted in Calabar Municipality (Fig. 1). 

The area is located between Latitudes 04o 50´ and 50o 10´ 

North of the Equator and Longitudes 08o 18´ and 08o 37´ 

East of the Greenwich Meridian and on an altitude of 27 m 

to 36 m above sea level. The area is characterized by two 

distinct tropical moist climates – the rainy and dry seasons. 

The dry season occurs from November to February, while 

rainy season occurs between March and October. The agro-

climate of the area is typical of the humid tropical region 

marked by excess rainfall over evapotranspiration for about 

eight months in a year. The annual rainfall, temperature, and 

relative humidity data for the area are presented in Table 1.  

Geologically, the area has parent material consisting of 

Coastal Plain Sands (Bulk-trade, 1989). The area is well 

drained, very porous with soil depth extending up to two 

meters deep and gentle sloping with a predominance of 

sheet and rill erosion. The soils of the area had been classi-

fied as Typic Paleudults in the Ultisols order using USDA 

soil taxonomy (Esu, 2005). The flora features consist of 

shrubs, creepers, evergreen trees, and herbs. The area is 

used predominantly for horticultural and arable crop cultiva-

tion where crops like maize, watermelon, fluted pumpkin, 

cassava, and yam are grown. The soil of the study area has 

been used for teaching and research as well as a commercial 

venture of the faculty of Agriculture and forestry. The farm 

had been put under similar management practices over the 

years. 

 

Fig. 1:  Map showing the location of the study area (Calabar 

Metropolis) 

 

Secondary soil properties data 

Annual soil data from 2000 to 2010 for the area were ob-

tained from literature on studies within the study location 

while data of the reference year (2011) data were obtained 

from the field study and all data were analyzed following 

standard/routine procedures.  

 

Soil sampling 

A total of twenty (20) composite soil samples were col-

lected for the reference year (2011). The samples were col-

lected with the aid of a soil auger at the depths of 0-20 cm. 

Soil samples collected were labeled in an airtight and clean 

polythene bags and taken to the laboratory where they were 

air-dried, then gently grounded, sieved in a < 2 mm sieve 

and the fine earth fractions were subjected to routine labora-

tory analysis.  

 

Laboratory Analyses 

Particle size distribution was determined by Bouyoucos 

hydrometer method (Gee and Or, 2002). Bulk density was 
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determined using the core method (Grossman and Reinsch, 

2002). Particle density was determined using the pycnome-

ter method as outlined by Blake (1965). Total porosity was 

calculated from the result of bulk density and particle den-

sity. Soil pH (H2O) was measured electrometrically using 

glass electrode pH meter in a solid-liquid ratio of 1:2.5 fol-

lowing the procedure outlined by Udo et al. (2009).  Total 

organic carbon was analyzed by wet digestion method 

(Nelson and Sommers, 1996). Total nitrogen content of the 

soil was determined by wet-digestion, distillation, and titra-

tion procedures of the Kjeldahl method as described by 

Bremner (1996). Phosphorous was determined by Bray l 

method according to the procedure of Udo et al. (2009). The 

exchangeable bases were determined through extraction 

method with 1M ammonium acetate at pH 7 (Thomas, 

1982). Amounts of Ca and Mg ions in the leachate were 

analyzed by atomic absorption spectrophotometer, while K 

and Na ions were analyzed by flame photometer. Exchange-

able acidity (hydrogen and aluminum) were determined by 

the titrimetric method using 1N KCl extract. The percent 

base saturation of the soil was calculated as the percentage 

of the sum of the basic exchangeable cations (Ca, Mg, K 

and Na) to the ECEC of the soil. 

Data analysis techniques, models, and procedure 

Several techniques have been developed for the analysis of 

soil and climate data (rainfall and temperature and relative 

humidity). Soil sustainability index (SSI) was computed 

following the procedure outline by Lal (1994) for soil data 

to assess its sustainability, and correlation and t-test were 

also computed to examine the relationship and differences 

among studied soil properties. Climate data were subjected 

to variability and trend analysis. Variability analysis in-

volved the use of standard deviation and coefficient of 

Variation (CV), while trend analysis involves the use of 

Mann-Kendall test and Theil Sen’s Slope Estimator. 

Mann-Kendall test 

 

As reported in Amalu and Isong (2017), Mann Kendall test 

is a statistical test widely used for the analysis of the trend in 

climatologic and in hydrologic time series (Mann, 1945; 

Kendall, 1955). Assuming the time series data is independ-

ent, then the Mann-Kendall statistic S for a given sample 

size can be calculated as: 

…(1) 

Where, Tj and Ti are the annual values in years j and i, j > i,  

…(2) 

The trend is upwards for positive values of, and downwards 

for negative values of S. To test the trend significance, Z is 

computed, and the probability for a standard normal distri-

bution at /Z/ is found.  

 

The test statistic τ (Kendall’s tau b) can be computed as: 
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The test statistic τ (Kendall’s tau b) has a range of -1 to +1 

and is analogous to the correlation coefficient in regression 

analysis.  

Nevertheless, if n < 10, the absolute value of S is compared 

directly to the theoretical distribution of S derived by Mann 

and Kendall, and a two-tailed test is used. Conversely, if n ≥ 

10, the statistical value S of the Mann-Kendall test is ap-

proximately normally distributed, with zero mean and vari-

ance ( )   in the absence of ties can be calculated as 

follows: 

 

 ...(4) 

 

 

For the situation where ties occur,  is extended to the 

form 

   
…(5) 

 

  

Where, q is the number of tied groups (a tied group is a set 

of sample data having the same value), and tp is the number 

of data points in the pth group. 

 

The value of S and �2 are then used to compute the Z statis-

tic, which follows a normal standardized distribution thus: 

 

...(6) 

 

Distribution pattern and trend of annual climate variables 

 

As shown in Table 1 and Fig. 2, the annual rainfall, tem-

perature, and relative humidity varied both within and be-

tween the two Met stations during the years under study. 

This variation is worthy of close examination. 

The results of annual rainfall analysis for NIMET station 

(red bar) showed that between the years 2000-2011 the 

minimum rainfall of 2046.2 mm was recorded in 2004 and 

the maximum amount of 3428.2 mm was recorded in 2007 

(Figure 2), and this was the highest peak observed for the 

study period. This shows that this year was the wettest year 
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Theil Sen’s Slope Estimator:  Sen’s nonparametric 

method (Sen, 1968) was used to estimate the magnitude of 

trends in the time series data as presented in the equation 

below. 

 

 
………………………………………………………(7) 

Where y(t) is the climate variable, Q is the slope, and C is 

a constant. 

 

The slope estimates Qi of N pairs of data is calculated as: 

 …(8) 

 

In this equation, �� and �� represent data values at time � 

and �, (j>k) respectively. The median of these N values of 

Qi is Sen’s estimator of the slope which is given as; 

  

…..(9) 
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confidence interval to obtain the true slope for the non-

parametric test in the series (Mondal et al., 2012). A posi-

tive �� value represents an increasing trend; a negative �� 

value represents a decreasing trend over time. 

 

Software used for the Analysis 

Data analyses were undertaken using Systat 13 software and 

Microsoft Excel. 

 

3.0. Results and Discussions: 

Preliminary Analysis 

Twelve (12) years weather data obtained from the Univer-

sity of Calabar (UNICAL) and Nigerian Meteorological 

Agency (NIMET) was utilized for the study, and the sum-

mary statistic is presented in Table 1.  The mean tempera-

ture of the study area was 26.9 o C in UNICAL station and 

27.4 °C in NIMET station, while the mean annual rainfall 

was 2380.7 mm and 2952.4 mm respectively from the UNI-

CAL and NIMET stations in Calabar. The relative humidity 

stood at 83.3 % and 86.0 % respectively for UNICAL and 

NIMET (Table 1). According to Afangideh et al. (2010), 

two synoptic meteorological (Met) stations can be sited at a 

lag of about 100 km apart, which is the distance expected to 

have reasonable effects in weather variations. In this study, 

the distance between the two meteorological stations where 

data were obtained was approximately 5 km apart. Hence 

the climatic data were adjudged to be valid for the study 

areas.   

 

Table 1:  Comparison of climate data of two meteorological stations in the study area 

Response of soil sustainability indicators to the changing weather patterns 
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within the period under consideration (2000-2011).  In gen-

eral, the pattern of rainfall distribution fluctuates signifi-

cantly. The total annual rainfall of the area increased in the 

period 2000 to 2001 and later decreases from 2002 to 2004, 

which further increases in 2005 and later drop in 2006 and 

increase again in 2007. There was a sharp decrease after 

2007, which continued till 2009. However, an overwhelming 

sharp rise was observed in 2001, and this level was also 

maintained in the subsequent year.  The result obtained in 

this study was similar to what was obtained by Amalu and 

Isong (2017), and it also supports the findings of Egbinola 

and Amobichukwu (2013) that equal amount of rainfall is 

not expected from one year to another. This result implies 

that the wide variation in rainfall amount over time is sig-

nificant enough to cause changes in soil properties.  

 

Fig 2: Rainfall, temperature and relative humidity distribution in Unical and NIMET stations 

The analysis of mean annual temperature data indicates a 

clear presence of variation in temperature pattern in the 

study area. There were increases and decreases in mean an-

nual temperature from 2000 to 2011. Firstly, the area experi-

enced an increase in temperature from 2000 to 2005, after 

which the mean annual temperature dropped and rose again 

after 2006 and continue to increase till 2011. However, be-

tween the years 2000-2011, the lowest temperature of 27.2 
0C was recorded in 2001, and the highest temperature of 

28.1 0C was observed in 2005 (Figure 2).  The results of 

annual relative humidity values were found to be reasonably 

stable across the study area over the study period (Fig. 2). 

Also, a similar distribution pattern was observed in UNI-

CAL station (blue bar), but the figures obtained from NI-

MET station were consistently higher than data obtained 

from UNICAL Met station. The disparity in data sets was 

investigated in this study by subjecting the data to T-test 

analysis to validate if there is any significant difference be-

tween the two data sets.  This will counter or confirm reli-

ability in using any of the two data sets independently. The 

results of the validation via T-test showed that the two data 

sets from the two Met stations were significantly different 

from each other (Table 2). Therefore, it would not be advis-

able to use any of the observed data. The reliability of the 

data is at stake.   However, having studied the result care-

fully, in addition to the effect of climate in the tropics which 

is expected to push climate variables upward, it will be wise 

to use more reliable and specifically data that were obtained 

from NIMET bearing in mind the state-of-the-art equipment 

at NIMET.  Hence, NIMET data was used to access the im-

pact of weather variables on soil quality and sustainability in 

the study area. 

The results of Mann–Kendall trend statistics highlighted 

negative (decreasing) trends in annual climate variables ex-

cept for NIMET temperature (Table 3). Total rainfall for 

both UNICAL and NIMET stations exhibited a non-

significant decreasing trend at the rate of -56.47 and -3.55 

mm year–1 for UNICAL and NIMET stations respectively. 

Similarly, relative humidity exhibited a non-significant de-

creasing trend at the rate of -0.183 and -0.158 percent year–1 

for UNICAL and NIMET stations. However, UNICAL ex-

hibited a non-significant decreasing trend (Z = -0.35) for 

annual temperature with a magnitude of -0.013 °C year-1 

while NIMET exhibited a non-significant increasing trend 

(Z = 1.24) for annual temperature with a magnitude of 0.045 
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Table 2: Degree of homogeneity of different climate variables between UNICAL and NIMET Stations 

Table 3: Annual trend of climate variables in Calabar 

Relationship between Soil Properties 

The soil properties obtained in the study area for twelve 

years is presented in Table 4 and 5. Correlation analysis was 

performed to show the inter-dependence between and 

among the various soil properties which are hardly observed 

when interpretations are made directly from raw laboratory 

analytical data. Thus, in the results of the correlation shown 

(Table 6), properties that indicated strong positive or nega-

tive correlation was selected. Within the period of twelve 

 
**=significant at 5%; SD = Standard Deviation; df = degree of freedom 

Climate  

variables 

  Mean±SD.         

UNICAL station NIMET station Mean difference     t- test df  Sig.(2-tail) 

Temperature 26.86±0.51 27.38±0.34 -0.51 -5.13 
11 0.000*** 

Rainfall 2380.68±544.77 2952.41±383.78 -571.73 -4.05 
11 0.002*** 

Relative humidity 83.83±1.46 86.03±1.21 -2.20 -6.32 
11 0.000*** 

Climate vari-

ables 

S Tau b Z Q Trend S Tau b Z Q Trend 

  UNICAL   NIMET     

Total rainfall -16 -0.242 -1.029 -56.465 decreasing -2 -0.030 -0.069 -3.547 decreasing 

Temperature -6 -0.091 -0.35 -0.013 decreasing 19 0.288 1.24 0.045 increasing 

RH -19 -0.288 -1.265 -0.183 decreasing -17 -0.258 -1.10 -0.158 decreasing 

years there was a strong negative significant correlation 

between clay and sand (r = -0.828, p < 0.05), C/N ratio 

and total nitrogen (TN) (r = -0.877, p < 0.01) and year 

and total nitrogen (TN) (r = -0.716, p < 0.05). The nega-

tive relationship between clay and sand was by the the-

ory that puts sand to be negatively related to clay. This 

result is in line with the findings of Seyoum (2016) and 

Tsozue (2016). Also, the negative correlations of TN 

with the C/N ratio demonstrated that as the C/N ratio 

Table 4: Selected physical properties under the influence of climate variability in the cultivated tropical rainforest study 

  Climate variability Soil physical properties   

Year Temp. 

(oC) 

Rainfall 

(mm) 

RH 

(%) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural 

class 

Bulk 

density 

(g/

cm3) 

Particle 

Density 

(g/cm3) 

Total 

Porosity 

(%) 

Source 

2001 27.2 3292.6 86.2 81.0 5.0 14.0 Sandy loam 1.47 2.40 39.26 Okoh (2001) 

2002 27.3 3209.3 86.3 66.9 5.0 16.6 Sandy loam 1.52 2.40 43.33 Etukakpan (2002) 

2004 27.7 2046.2 86.8 84.0 8.0 08.0 Sandy loam 1.35 2.45 44.90 Chijoke (2004) 

2005 28.1 3101.5 84.6 84.0 3.3 09.4 Sandy loam 1.40 2.43 42.39 Edemumoh (2005) 

2007 27.0 3428.2 84.3 67.0 2.0 30.0 Sandy CL 1.42 2.45 42.04 Peters (2007) 

2008 27.1 3125.2 84.5 84.6 8.9 10.7 Sandy loam 1.48 2.44 43.44 Iyabo (2008) 

2010 27.5 3071.7 85.8 76.7 6.0 17.3 Sandy loam 1.43 2.39 40.17 Udo (2010) 

2011 27.8 3121.8 86.9 82.3 4.0 13.7 Sandy loam 1.48 2.44 39.34 Field work (2011) 

Note: RH = relative humidity, CL = clay loam.  Sources: (last column) 
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increases, TN decreases. The higher C/N ratio in the studied 

soil will enhance nitrogen loss because soil organic carbon 

could act as an electron donor in the denitrification of NO3
−-

N3. Wang et al. (2016) also reported a negative correlation 

between the C/N ratio and TN (− 0.624, p< 0.01). Similarly, 

there was a strong positive significant correlation between 

exchangeable potassium (K) and exchangeable calcium (Ca) 

(r = 0.763, p < 0.05), exchangeable sodium (Na) and ex-

changeable calcium (Ca) (r = 0.732, p < 0.05), exchangeable 

acidity (EA) and organic carbon (OC) (r = 0.739, p < 0.05), 

exchangeable acidity (EA) and available phosphorus (AP) (r 

= 0.714, p < 0.05), exchangeable acidity (EA) and effective 

cation exchange capacity (ECEC) (r = 0.859, p < 0.01). The 

result implies that as exchangeable Ca increases, exchange-

able K and Na increases correspondingly, and as exchange-

able acidity increases, organic carbon, available phosphorus, 

and effective cation exchange capacity increases.  

Effects of weather variables on soil properties and sustain-

ability  

The results of inter-relationship between tempera-

ture, rainfall and relative humidity (Table 6) showed that 

there was a negative relationship between temperature and 

rainfall (r = -0.419, p > 0.05) and positive relationship be-

tween temperature and relative humidity (r = 0.290, p > 

0.05). Although the relationships obtained in the present 

study is not significant but shows how the various weather 

variables are related in the study area. However, the assess-

ment of the impact of this weather variable on the various 

soil properties investigated only showed a strong negative 

significant relationship between rainfall and exchangeable 

Ca (r = -0.721, p < 0.05) and rainfall and exchangeable Na 

(r = -0.957, p < 0.01). This means that as rainfall increases, 

the soil exchangeable cations notably Ca, and Na will de-

crease correspondingly over the years under study. This 

coupled with low inherent fertility, and high levels of acid-

ity that characterized acid sand soil in the study area could 

be responsible for low fertility status of the soil. During the 

mid-rainy season, there is always a problem of heavy leach-

ing, erosion and generally poor performance in terms of 

arable crops’ growth in the study area as earlier observed by 

Okon et al. (2010). Amalu and Isong (2015) had reported 

that excessive rainfall amounts that characterize the area 

could leach out virtually all nutrient elements from the 

rhizosphere zones. Conversely, the results also showed a 

strong positive significant relationship between rainfall and 

exchangeable Ca (r = 0.778, p < 0.05) and rainfall and ex-

changeable K (r = 0.794, p < 0.05). Nevertheless, in order to 

assess the over-arching influence of weather variables on 

soil properties, soil sustainability index (SSI) as proposed by 

Lal (1994) was estimated (Table 7) and correlation com-

puted to determine its impact. The results as presented in 

Table 8 showed a negative relationship between temperature 

and SSI (r = -0.040, p > 0.05) and rainfall and SSI (r = -

0.344, p > 0.05) whereas a positive relationship between 

relative humidity and SSI (r = 0.164, p > 0.05) was ob-

tained. Furthermore, within twelve years under investiga-

tion, there was a negative relationship between SSI and year 

(r = -0.197, p < 0.05). This implies that the sustainability of 

the soil decreases as the year progressed from 2001 to 2011. 

That is, soil quality declined by 0.26 % each year over the 

period under study (Fig. 2). This was glaring as the soil 

quality sustainability did not reduce significantly as the year 

progressed from 2001 to 2011, since the relationship ob-

tained was very weak (R2 = 0.0258) and not statistically sig-

nificant. As such, it could be vehemently said that within ten 

years, there was no direct impact of rainfall, temperature, 

and relative humidity on the soil quality sustainability of the 

acid sand soil of Calabar. Hence, soil quality sustainability 

varied independently of the climatic variability. 
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Table 7: Soil sustainability index of rainforest over ten 

years under study 

 

 

Year 

Climatic parameters / variables Soil 

sustain-

ability 

Index 

(SSI) 

Relative 

Humid-

ity 

(%) 

Annual 

Rainfall 

(mm) 

Temp 

(°C ) 

       

2001 27.2 3292.6 86.2 32 

2002 27.3 3209.3 86.3 32 

2004 27.7 2046.2 86.8 34 

2005 28.1 3101.5 84.6 30 

2007 27.0 3428.2 84.3 26 

2008 27.1 3125.2 84.5 38 

2010 27.5 3071.7 85.8 26 

2011 27.8 3121.8 86.9 32 

  
Temp RF RH SSI Year 

Temp 1         

RF -.419 1       

RH .290 -.470 1     

SSI -.040 -.344 .164 1   

Year .155 .101 -.126 -.197 1 

RH = relative humidity; Temp = air temperature 

Table 8: Impact of weather variables on SSI 

Fig. 3:   Influence of time on soil sustainability index in Calabar  
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Agro-meteorological Implications 

The present study has indicated that changing weather 

pattern decreased soil quality by 0.26 % each year over 

the period under study, and this means that the functions 

that soil performs are likely to be affected in unexpected 

directions, and this on long term would have a negative 

impact on the future use of soils. Agronomically, these 

changes are likely to affect crop production as changes in 

air temperature, and rainfall will affect the ability of 

crops to germinate, grow, and reach their potential har-

vest. This corroborates the findings of Amalu and Isong 

(2017) that extreme temperature and rainfall may perturb 

seed germination and the emergence and alter soil bio-

logical activities and soil quality. The life cycles of many 

soil-borne pests and diseases are controlled by soil mois-

ture regimes (SMR) and soil temperature regimes (STR). 

Hence, increasing or decreasing rainfall amount and tem-

perature will affect the amount of soil-borne pests and 

diseases. Also, Eswaran et al. (1997) noted that soil tem-

peratures above or below critical limits severely inhibits 

seed germination even if there is adequate soil moisture. 

Brevik (2013) has also reported elsewhere that changing 

weather pattern and climate change has caused tremen-

dous changes in the physicochemical properties of agri-

cultural soils resulting in low productivity. This, in addi-

tion to another factor, could be responsible for low crop 

productivity and food insecurity in the study area.   

Conclusion 

We investigated the temporal changes in soil quality as 

influenced by weather variables on the coastal plain sand 

within Calabar agro-ecological zone from years 2000 to 

2011. The results clearly illustrated that temperature and 

rainfall had a negative impacts on soil sustainability. 

Within the period of twelve years under investigation, the 

sustainability of the soil decreased as the year progressed 

from 2001 to 2011 by 0.26 % each year. Rainfall was 

found to have a strong negative significant relationship 

with exchangeable Ca and Na. The findings of this study 

will provide decision and management tools for farm 

consultants and supervisors, soil conservationists and 

researchers to guide against declining sustainability of 

soils and provide basic data regarding changes in soil 

properties as a result of climate change. Further studies 

involving the dynamic monitoring of soil physical and 

chemicals properties controlling crop growth and devel-

opment are still needed to determine their long-term 

changing patterns of weather on soil quality on soils of 

different parent materials.  

References 

Afangideh, A. I., Francis, E. O. & Eja, E. I. (2010). A 

preliminary investigation into the annual rainfall 

trend and patterns for selected towns in parts of 

South-Eastern Nigeria. Journal of Sustainable Devel-

opment, 3(3): 275-282. 

 

 Akinsanola, A. A. & Ogunjobi, K. O. (2014). Analysis 

of Rainfall and Temperature Variability Over Nige-

ria. Global Journal of Human-Social Science, 14

(3):1-18. 

 

Akinsanola, A. A., Ogunjobi, K. O, Gbode, I. E. & 

Ajayi, V. O. (2015). Assessing the capabilities 

of three regional climate models over CORDEX 

Africa in simulating west African summer mon-

soon precipitation. Adv Meteorol., 1-13. 

 

Amalu, U. C. & Isong, I. A. (2017).The long-term 

impact of climate variables on agricultural lands 

in Calabar, Nigeria II. Degradation of physical 

properties of soils. Nigerian Journal of Crop 

Science, 4(2):95-102. 

 

Andrews, S. S., Karlen, D. L. & Cambardella, C.A. 

(2004). The Soil Management Assessment 

Framework: A Quantitative Soil Quality Evalua-

tion Method. Soil Sci. Soc. Am. J., 68: 1945–

1962. 

 

Blake, G, (1965). Particle density. In C. A. Black 

(Ed.), Methods of Soil Analysis, Part I: Agron-

omy (pp. 371-373). Madison, Wisconsin: 

American Society of Agronomy. 

 

Bremmer, J. M., (1996). Nitrogen – total. In: Sparks, 

D. L. (ed) Methods of soil analysis, Part 3, 

chemical method. Soil Science Society of Amer-

ica book series, no. 5, 2nd edn. Soil Science 

Society of America, Madison, pp 1085–1121. 

 

Brevik, E. C., (2013). The potential impact of cli-

mate change on soil properties and processes 

and corresponding influence on food security. 

Agriculture, 3, 398-417. 

 

Bulk-trade and Investment Company Limited 

(1989). Soils and land use survey of Cross River 

 State.  Calabar: Ministry of Agriculture 

and Natural Resources. 

Chijoke, I. A. (2004). The effects of different rates 

of NPK fertilizers on the soil properties and 

growth of bitter aquatic leaf grown in Calabar, 

South-eastern Nigeria. Unpublished B. Agric 

thesis, Department of Soil Science, University 

of Calabar, Calabar. Pp. 46. 

 Edemumoh, I. E. (2005). Review of organic matter 

and total nitrogen in soils of Cross River State. 

Unpublished B. Agric thesis, Department of Soil 

Science, University of Calabar, Calabar. Pp. 22. 

Egbinola, C. N. & Amobichukwu, A.C (2013). Cli-

mate variation assessment based on rainfall and 

temperature in Ibadan, South-Western, Nigeria. 

Journal of Environment and Earth Science, 3

(11), 32-45. 

 

Esu, I. E. (2005). Characterization, classification, 

and management problems of the major soil 

orders in Nigeria. 26th Inaugural Lecture of the 

University of Calabar delivered on April 26, 

2005. Calabar, Nigeria: University of Calabar.  

Okon et al. NJSS 29 (1) 2019: 52–61 



61 

 Response of soil sustainability indicators to the changing weather patterns 

Eswaran, H., R. Almaraz, E. ven den Berg, and P. Reich 

(1997). An Assessment of soil resources of Africa in 

relation to soil productivity. Geoderma, 77 (1): 1 – 18. 

Etukakpan, G. A., (2002). Influence of termites on soil 

properties. Unpublished B. Agric thesis, Department of 

Soil Science, University of Calabar, Calabar. pp. 43 

Gee, G.W. & Or, D. (2002). Particle size analysis. In: Dane 

J, Topp GC (eds) Methods of soil analysis, Part 4: 

physical methods. Soil Science Society of America, 

Madison, pp 255–294. 

 

Grossman, R. B. &  Reinsch, T. G. (2002). Bulk density and 

linear extensibility. In: Dane, J. and Topp, G. C. (eds). 

Methods of soil analysis Part 4. Physical methods. Soil 

Science Society of America book series no 5. ASA and 

Soil Science Society of America, Madison, pp 201–228. 

 

Iyabo, O. A., (2008). Effect of cultivation on chemical and 

biological properties of acid sand soil under continuous 

gardening in Calabar. Unpublished B. Agric Research 

Project, Department of Soil Science, University of 

Calabar, Calabar. Pp. 66. 

Karlen, D.L., Andrews, S.S., Wienhold, B. J. & Doran, J.W. 

(2003). Soil quality: Humankind’s foundation for sur-

vival. J. Soil Water Conserv. 58:171-179. 

 

Kendall, M. G. (1955). Rank Correlation Methods. Griffin, 

London. 

 

Lal, R. (1994). Methods and guidelines for assessing sus-

tainable use of soil and water resources in the tropics. 

Soil Management Support System, USDA-NRCS, 

Washington, DC. Pp:1-88. 

Mann, H. B. (1945). Nonparametric tests against trend. 

Econometrica, 13, 245-259. 

 

Mondal, A., Kundu,  S. & Mukhopadhyay, A. (2012). Rain-

fall trend analysis by Mann-Kendall Test: A Case Study 

of North-Eastern Part of Cuttack District, Orissa. Inter-

national Journal of Geology, Earth and Environmental 

Sciences, 2(1): 70-78.  

 

Nelson, D. W. & Sommers, L.E. (1982). Total carbon, or-

ganic carbon, and organic matter. In: Page, A. L., 

Miller, R. H., and Keeney, D. R. (eds). Methods of soil 

analysis, Part 2. American Society of Agronomy, Madi-

son, pp 539–579. 

 

Okoh, A. C. (2001). Evaluation of coastal plain sand soils 

supporting pineapple in Cross River State. Unpublished 

B. Agric Research Project. Department of Soil Science, 

University of Calabar, Calabar.Pp. 40. 

Okon, P.  B., A. P. Okon, O. B. Iren, and I. E. Essien. 2010. 

Bucket-drip Fertigation Effects on Cucumber Grown on 

Tropical Acid Sands. Research Journal of Soil and Wa-

ter Management 1(2):  61 – 67. 

Peters, K. C., (2007). Effects of different soil cover plants 

on sediment yield loss in Calabar South Eastern Nige-

ria. Unpublished B. Agric Research Project, Depart-

ment of Soil Science, University of Calabar, Calabar. 

Pp. 66. 

Sen, P.K. (1968). Estimates of the regression coefficient 

based on Kendall’s tau. Journal of American Statistical 

Association 39, 1379–1389. 

 

Seyoum, B., (2016). Assessment of soil fertility status of 

Vertisols under selected three land uses in Girar Jarso 

District of North Shoa Zone, Oromia National Regional 

State, Ethiopia. Seyoum Environ Syst Res, 5:18: 1-16. 

 

Singh, B. P., Allen, D. E. & Dalal, R. C. (2011) (eds.), Soil 

Health and Climate Change, Soil Biology 29, Springer-

Verlag Berlin Heidelberg. 

  

Thomas, G. W., (1982). Exchangeable cation, In-Page 

A.L.et al. (eds) Method of Soil Analysis. Part 2, Agron 

Monograph, a second edition, ASA and SSA, Madison, 

Wisconsin. PP 159-165. 

Tsozue, D., Tematio, P. & Azinwi, Tamfuh, P. (2016). Re-

lationship between soil characteristics and fertility im-

plications in two typical Dystrandept Soils of the Cam-

eroon Western Highland. International Journal of Soil 

Science, 11: 36-48. 

Udo, E. J., Ibia, T.O., Ogunwale, J.A., Ano, A. O. &  Esu, I. 

E. (2009). Manual of soil, plant, and water analysis. 

Sibon Books Ltd., Lagos. 183pp. 

 

Udo, I. E. (2010). Amelioration of acid sand of Southern 

Nigeria using liquid pig manure (LPM) and Lime (Ca

(OH)2). Unpublished B. Agric thesis, Department of 

Soil Science, University of Calabar, Calabar. Pp. 71. 

Wang, J.,  Bai, J.,  Zhao, Q.,   Lu, Q. & Xia, Z. (2016). Five

-year changes in soil organic carbon and total nitrogen 

in coastal wetlands affected by flow-sediment regula-

tion in a Chinese delta. Sci. Rep. 6, 1-8. 




