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Abstract 
 
This study aims at determining the impact  of  soil  and nutrient  loss from the soil exported by the Mewou river on the 

southern Mifi (Western Cameroon),  their implication for long term  agricultural productivity and to identify measures to 

limit these losses  and maintain soil fertility. The average exported soil varies in t/km2
 
from 195.34 in 2011 to 256.015 in 2012. 

Results for exported physico-chemical parameters indicate that the following parameters : OM, OC, TP, PO4
3-, TN, NH4

+, Ca2+, 

Mg2+, K+, Fe3+, Al3+ and SO4
2- obtained from wastewaters of  the Mewou  had a general decreasing tendency from 2011 to 2012 

indicating soil depreciation. The variation of water flow and chemical parameters were each characterized by a general 

equation with a curve of the order: 

                                                  

We recommend the use of the Vetiver (Chrysopogon zizanioides) hedges to reduce soil erosion, leaching of cations from 

the soil exchange complex  and to enhance the recharge of the water table; planting density will be a function of the slope of 

the land concerned. In addition,  farmers would grow the hedges along the contours. This will delay runoff and enhance 

recharging of groundwaters through increased infiltration and reduce soil loss and thus increase agricultural productivity and 

flow rate.  
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Introduction   

Cameroon, like most developing countries is facing 

the problem of nutrient losses associated with 

leaching and soil erosion. According to Yerima and  

Van Ranst  (2005), the restoration of eroded soils is 

difficult because the process of soil formation is so 

slow, that we can even say that the soil is not a 

renewable resource. In the same way Barrow (1991), 

defines erosion as the removal of soil materials by 

water or by wind at rates higher than those of soil 

formation. This erosion considerably affects soil 

productivity. The eroded soils end up being 

transported, as sediment, into water bodies and cause 

p r o b l e m s  o f  sedimentation (Ponsaud, 2007), 

which have an impact on the use of t h i s  

r e s o u r c e  by humans and other ecological 

functions. According to Dajoz (1996), and Hamburg 

and Cogbill, (1988), acids cause leaching of soil 

nutrients such as  Ca2+, K +  and   Mg2 +
  

and 

liberates A l 3 +
  

and various heavy metals that are 

toxic to vegetation, resulting in  the death of trees and 

the exposure of soils to different rates of degradation. 

Erosion increases where  vegetation cover is absent, 

where rainwater that was not stopped for infiltrated, 

runoffs carrying away the surface soil ( Garouani  et  

al., 2004) . The world average of sediment yield 

through  discharge per unit area of drainage  basin is 

estimated at 150 tones / yr, with great variation from 

place to place (Milliman, 1990). According to FAO 

(2010), improving food security in the world 

depends on land and water resources and the way 

they are used. Deforestation and poor agricultural 

practices greatly increase erosion (Allan, 1996). 

Following the FAO (1981), between 1980 and 2000, 

the surface of available arable soils per inhabitant in 

developing  countries  passed  from  0.37  to  0.25 ha  

with  a  19 %  loss  of  soil  productivity. Yerima and  

Van Ranst  (2005), also observed that the sorting 

action of water or erosion removes a greater part of 

the clay and humus and leaves behind sand, gravel 

and stones which are less productive. The greater 

part of soil fertility is associated with clay and humus 

content. These elements are equally important in the 

bacterial activity on the soil structure, and the 

permeability and water retention capacities. Thus, an 

eroded soil is degraded chemically, physically and 

biologically. With increasing demographic pressure, 

climate change and the h i g h  competiting demand 

for land resources (soil and water)  is leading to  

aggravated  food  insecurity. Berner and Berner 

(1987), observe that soils  exported  by  rivers 

contain: suspended inorganic matter (Al, Fe, Si, Ca, 

K, Mg, Na and P), dissolved major ions (Ca2+, Na+, 

Mg2+, K+, HCO3
-, SO2+, Cl+); dissolved nutrients (N 

and P), suspended and dissolved organic matter, 

gases (N2, CO2, O2),and trace metals. According to 

Berner and Berner (1987),  and  Stumm. and Morgan 

(1981),  Na, K, Ca, Mg, and Cl are derived primarily 

from particles in the air, whereas SO4
2-, NH4

+ and 

NO3
- 

 are derived mainly from atmospheric gases. 

Calcium is the most  abundant cation in the world‘s 

rivers; it originates almost entirely from the 

weathering of sedimentary carbonate rocks although 

pollution and atmospheric inputs constitute other 

sources (Allan, 1996). Magnesium likewise originates 

almost entirely from the weathering of rocks, 

particularly Mg  silicate minerals and dolomite. 

Atmospheric inputs are minimal and pollution 

contributes only slightly (Allan, 1996). Sodium is 

generally found in association with chloride, 

indicating their common origin (Allan, 1996). 

Weathering of NaCl containing rocks accounts for 

most of the Na+ and Cl-. However, inputs from sea 

salts can contribute significantly, especially near the 

coasts. Pollution, due to domestic sewage , fertilizers 

and road salt, is an important factor (Allan, 1996). 

Berner and Berner (1987)  estimate that, world-wide, 

about 28% of the sodium in rivers is anthropogenic. 

Potassium in river water, originates from the 

weathering of silicate materials especially potassium 

feldspar and mica. Silica also derives from the 

weathering of silicate rocks. Bicarbonate (HCO3
-) 

derives almost entirely from the weathering of 

carbonate minerals. However, the immediate source 

of most of  the bicarbonate is CO2 dissolved in soil 

and ground water, which is produced by bacterial 

decomposition of organic matter, and from the 

photosynthetic fixation of atmospheric CO2. Sulphate 

has many sources, especially from the weathering of 

sedimentary rocks and pollution (from fertilizers, 
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wastes, mining activities); biogenically derived 

sulphate in rain, and volcanic activity are additional 

inputs. In areas of  acid rain, sulphate concentrations 

are high relative to overall ionic concentrations 

(Likens et al., 1977). Sulphate and bicarbonate 

concentrations tend to be inversely correlated in 

stream water, especially in low alkalinity areas.   

 

Siltation is a natural phenomenon that causes the 

water to disappear naturally by filling up streams of 

water reservors  where there is  lack of water for 

drinking and irrigated farming. The problems 

created by this sedimentation, comes from the 

increase in the rate of siltation by sediments. 

According to FAO (2010), in several big rivers, the 

flow  rates represent only 5% of the volume of the 

original rivers, with some rivers like the Huan He, 

not r e a c h i n g  the sea throughout the year. Large 

lakes, such as Lake Chad, are consistently reducing 

( Kolawole et al., 2012). Equally, sediments 

produced by soil erosion silt up reservoirs, 

compromising the production of hydropower and 

water supply for irrigated agriculture. FAO (2010), 

observes that we are current ly  witnessing a high 

depreciation of soil and ecosystems qualities over  

vast  surfaces  across  the  whole  continent,  as  well  

as  the  depreciation  of  the biodiversity and an 

alteration in the cultural heritage’s and esthetic  

beauty. 

 

To solve the problem of erosion several authors 

have proposed different solutions, cleaning  

(Schneider, 2001), being one of the options. However, 

cleaning can cause major disruption  of  watercourses  

by  destruction  of  the  waterbed,  the  substratum  

and  the  existing vegetation, through the 

modification of flow and removal of the sediment 

surface. This surface sediment-water interface is the 

seat of chemical and biological reactions participating 

in the auto-purification of the environment and the 

protection of groundwater. This explain why cleaning 

must be done only in cases of excessively clogged 

waterways. Huet et al. (2005), observe that we need 

to limit the introduction of phosphorus in streams, in 

order to limit eutrophication of soft waters in natural 

environments, as well as detergents or washing 

powders containing phosphates from entering water 

bodies. keeping sediments out of water bodies 

increase the longevity of reservoirs (Yerima and  Van 

Ranst, 2005). Protective practices can be vegetative, 

mechanical or a combination of the two. 

 

In the Bafoussam area like in most of  the tropical 

environments, south of the sahara few studies have 

been carried out on the exportation of soil by river 

systems and their impacts on the degradation of soil 

fertility. In the area under study if nothing is done, 

this city risks facing water scarcity or shortage, 

resulting the decrease in agricultural productivity, 

which will lead to a hunger crises. Our study focuses 

on the evaluation of the quantity of soil exported by 

river Mewou, through the analysis of some physico-

chemical parameters of water samples taken from the 

river Mewou, with the aim of evaluating  their effects 

on soil fertility. It also  aims at identifying measures 

that would reduce soil exportation, enhance 

recharge of groundwater and maintain soil fertility. 

 

Materials and methods 

The study area 

Bafoussam, the capital of the West region of 

Cameroon and a  region of high agricultural activity is 

located at an altitude of 1450 m in the Mifi catchment 

in the Western Highlands of Cameroon between 

longitude 9° 30' and 10° 35' east and latitude 5° and 

6° north. The latest statistics released by the 

Directorate of Statistics and National Accounts 

(D.S.N.A.)   and the General Population Census 

Service (G.P.C.S.)  (2000) shows that this region had 

a population of 1,339,791 inhabitants in the year 

2000, with an annual growth  rate of 2.37 %; the 

population was estimated at  1,816,695 inhabitants in 

the year 2013.  

 

Hydrography of the Site 

The Watershed has an area of 1640 km2.This region is 

drained by four major rivers: the Mape, northern 

tributary of  the Mbam;  the Nkam to the south-

west, which flows into the sea in Douala under the 

name  of the Wouri, and drains the southwest edge 
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of Bamileke and the region of Dschang; the Nde 

southeastern tributary of the Noun and the Noun, 

which drains most of the mountainous region of 

Western Cameroon after taking its rise at Mt Oku 

(3070 m). The Mewou river is transformed into an 

open sewer as it runs through the city and 

surrounding villages and seeps into the ground over a 

distance of about 35 km before joining the River 

Noun. Along its path, resident farmers use it for 

irrigation of cereals and forage crops. 

 

Fig. 1. Partial hydrographic network of southern Mifi 

showing the Mewou stream on the Mifi   South 

watershed.     

 

Geology of the site 

According to Olivry (1976-2000), the region is 

essentially composed of a basement and volcanic 

complex made up of mostly gneisses and embrechites. 

The average white series, corresponds to an acidic 

phase composed of trachytes  Pliocene age in the 

upper Bamboutos Mountains, while the black bottom 

series is composed of basalts  of Eocene age which 

covers most of the basin of the South Mifi. The black 

upper series corresponds to a complex quaternary 

basic phase composed of volcanic (ash) and volatiles  

in  the Bamoun area and on the northern edge of the 

Bamileke plateau. The South Mifi  area is made of  

77% by a "basalt plateau" and 20% by base most 

complex composed of acidic rocks (trachytes). The 

soils of this region are mainly feralsols derived  from 

the weathering of these rocks in the basalt plateaus, 

or humic ferralsols on trachyte and basalt in 

mountains. Hydromorphic soils and soil of 

pyroclastic origin occur in this region and are more 

fertile than the latter soils. 

  

The station retained for this study is located on the 

bridge over the Mewou river at the point of 

intersection (5° 30’ 8” N , 10° 22’ 7” E ,  Alt. 1279 m) 

along  the national road number 04 (fig. 1). 

 

Sampling and analysis 

All samples were collected in plastic containers of 

500 ml according to Rodier et al. (2009),  with  the 

sampling equipment submerged into the water in the 

area of turbulent flow to enable collection of 

representative samples for the chemical and physical 

composition of the water. The samples were   sent   to   

the   laboratory   six   hours   before   the   

determination   of   the   following Physico-chemical 

parameters: OM, OC, TP, PO4
3-, Ntot, NH4

+, Ca2+, 

Mg2+, K+, Na+, Fe3+ , Al3+, and SO4
2-. OC was 

determined according to Pauwels et al. (1992),  based 

on its oxidation by potassium dichromate (K2Cr2O7) 

in a strong acid medium (H2SO4), OM contains 

averagely 58% OC or %OC*1.724= %OM. Total 

phosphorus (TP) and Orthophosphate (PO4
3-) were 

determined spectrophotometrically according to  NF 

EN ISO 6878  (2005), using ammonium molybdate. 

Total Nitrogen (TN) present in water was oxidized to 

nitrates in an autoclave, with an alkaline persulfate 

solution. The nitrates were subsequently reduced 

to nitrites and assayed by the method of 

continuous flow effect, nitrites were determined by 

spectrometry after diazotization with sulfanilamide  

and  coupling  with  the  N-1  

naphthylethylenediamine  (Rodier et al., 2009). 

Ammonia ions (NH4
+) were determined according to  

Pauwels et al. (1992),   using a specific electrode 

detector of ammonia gas (NH3) the solution being 

sufficiently basic to transform the ammonium 

ions (NH4
+) to ammonia gas (NH3). Ca2+, Mg2+, K +

 

and N a +
 

were extracted from water with an 

ammonium acetate (CH3COONH4) solution. The 

NH4
+

 
ions, added in excess displace quantitatively 

the cations adsorbed by the exchange complex 
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(humus, clay and oxides). The exchangeable cations 

in the extract  was determined by flame 

spectrometry for  (K+, Na+), and by complexiometry 

for (Ca2+, Mg2+)  (Pauwels et al.,1992). Fe 3 +
 
and Al3 +

 

were determinated  through atomic absorption 

spectrophotometry   (Benedetto, 1997). Colloidal 

sulphur ( S O 4
2 - ) was  extracted from water with 

trichloroethylene, after  evaporation of the solvent; 

and sulphur precipitated in pure acetone and  

determined spectrometrically following closing the 

procedure of  Rodier et al. (2009).  

 

The flow rate Qv in m3/s was determined using a 

gauging float (Rodier et al. 2009; Bernard 1994) 

f o l l o w i n g  t h e  formula: 

Qv=0.8*Lu*Pm*V                                                 ( Eq.1 )                                                                        

 

Where Lu = useful width (flowable) in m, Pm   the 

average  water depth in m and V the maximum 

velocity ( flow rate)  of the water surface in m/s. 

 

The amount of exported soil was determined by oven 

drying of the  water samples collected from the 

Mewou River at 105 °C. The amount of dry soil (Mts) 

exported by water in g/s or in kg/s was determined 

from  the water flow  r a t e  ( Qv) f o l l o w i n g  t h e   

expression:  

Mt=Qv*mt                                                                (Eq.2 )                                                                                                                                                                                                                          

 

Where mt is the weight of soil per liter of water 

exported (in g/m3
 
or in  Kg/m3) For a period  of time 

T, we have a soil loss (MtsT) from the expression:  

MtsT=Mts*T                                                           (Eq. 3)                                                                                                                     

91, 119-126. 

 

The study of soil depreciation through amount of 

nutrients elements and amount of soil exported was 

based on the analysis of physico-chemical parameters, 

carried out in specialized laboratories in the country 

using standard procedures. 

 

Statistical analysis of data 

The Pearson correlation coefficient R was 

determined using Microsoft Office Excel Microsoft 

(2010). The results obtained were transformed into 

averages, and in some cases in the form of tables or 

curves. The "MATLAB R2009a" software Jerome 

(2009),  was used for data simulation over several 

years. 

  

Results and discussions 

Variation of soil exported, flow rate, rainfall and 

physico-chemical parameters 

The evaluation of  the  amount of soil exported  by  

the river Mewou and its impact on soil fertility was 

made by measuring the amount of soil exported 

and the physico- chemical composition of the soil. 

Table 1 below shows the flow rate of the river Mewou 

in l / s, rainfall in mm / month and soil exported in kg 

/ month during the period from July 2011 to January 

2013. 

 

The rainfall varies from 0.0 to 308 mm / month 

(Table 1). The maximum rain fall is obtained in 

August 2012  and the minimum value in December 

2011. Figure 2 shows the curve (Ct1) of the trend of  

the rainfall variation. The regression line (Dr1) shows 

a general decreasing trend of rainfall during the study 

period, with a Pearson correlation coefficient of  R = 

0.908. This curve is simulated by the polynomial 

equation function where Y is the rainfall and X the 

time (Eq. 4): 

                          

                       

                                

                        (Eq. 4)                                                                                                                                                                                             

        

 

The flow rate of the water varies from 2,151 to 32, 711 

l / s (Table 1). The minimum flow rate  occurred in 

March 2012 and the maximum flow rate was 

observed  in August 2011. The curve (Ct2) of figure 2 

shows the trend of variation of  water flow during 

the study period. The regression line ( Dr2) indicates  

a  general  decreasing   trend  of  water  flow rate with 

a  Pearson  correlation coefficient of  R = 0.941. This 

curve (Ct2) is simulated by the polynomial equation 
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function where Y  is the  water flow rate at time X 

(Eq.5): 

                             

                        

                                

                                      

(Eq.5) 

             

The Pearson correlation coefficient between  rainfall 

and flow rate is R = 0.453. 

 

The amount of soil exported varies from 556.357 to 

20,078.669 t / month (Table 1). The lowest amount of  

soil exported was in March 2012 and the peak in 

April 2012. Figure 3 shows the curve (Ct2) of the 

trend of  s o i l  exportation. The regression line 

(Dr2) shows a general increasing trend in the amount 

soil exported, with a Pearson correlation coefficient R 

= 0.622. This curve (Ct2) is a simulated by the 

polynomial equation where Y is the amount of soil 

exported and X the time (Eq.  6):

 

Table 1. Flow r a t e  ( l / s),  r a in  fa l l  ( mm /m ont h )  and the amount     of  soil exported ( kg / month)  

o f   the river Mewou during the period from July 2011 to January 2013.      

Y

e

ar 

  Month   

(M) 

Duration    in days   of   

the month (Dmj) 

Average water 

flow rate 

(l/s) (Qvm) 

Rainfall  

(mm/ month) 

Soil  

exported  

( g/l )  (mt ) 

Soil 

exported  

(g/s) (Mts ) 

Soil   exported/ month 

kg  

(MtsT ) 

 

 

 

2

0

11 

July 31 8 900 253.8 0.29 2 581 6 912 950 

Aug. 31 32 711 251.2 0.255 2 079 5 568 394 

Sept. 30 8 350 195.4 0.092 752 1 949 184 

Oct. 31 11 474 197.6 0.16 1 858 4 976 467 

Nov. 30 10 311 6.7 0.22 2 331 6 041 952 

Dec. 31 6 363 0.0 0 .2634 1 657 4 438 109 

 

 

 

 

 

 

 

 

 

2

0

1

2 

Jan. 31 3 727 13.7 0.102 374.3 1 002 445 

Feb. 29 2 373 54.1 0.153 376.8 944 110 

Mar. 31 2 151 23.6 0.1 208 556 357 

Apr. 30 5 372 233.0 0.98 7 746 20 078 669 

May 31 5 513 252.4 0.23 1317 3 527 855 

June 30 9 037 215.3 0.26 2 796 7 247 232 

July 31 11 630 196.4 0.26 3 018 8 083 947 

Aug. 31 12 786 308.0 0.3 2 928 7 842 623 

Sept. 30 13 831 247.8 0.228 3 158 8 184 266 

Oct. 31 16 326 207.1 0.3317 5 407.6 14 483 716 

Nov. 30 12 598 39.6 0.14 1 764 4 571 562 

Dec. 31 7 543 0.3 0.09 678.9 1 818 285 

2

0

1

3 

Jan. 31 5 953 27.9 0.3 1 786 4 783 622 

 

 

                            

                           

                                  

                                      (Eq. 6)                                                                                                                                                                                                 

   

The Pearson correlation coefficient between rainfall  

and soil exported is R = 0.515. 

 

Figure 4 presents t h e  curve (Ct1) a n d  ( C t 2 )  

t h a t  i n d i c a t e  t h e  trend o f  variation of 

f l o w  r a t e  a n d  soil exported by the river Mewou. 

The Pearson correlation coefficient (R) between flow  

rate and soil exported is 0.237. 

 

Table 2 shows the mean values of physico-chemical 

parameters of soil transported by the river Mewou at 

the bridge of the National Highway No. 4 and the 

threshold values. TN, Ca2+, M g 2 + , K + , Na+, OC, 

S O 4
2 - ,  F e 3 +

  
and P O 4

3 -
 
have values below the 

threshold concentrations (Table 2). Organic matter 

(OM) has a concentration of  2.3274 mg/l which is 

greater than the threshold concentration of 2 mg/l 

(Table 2). Aluminum (Al3+) has an average 

concentration of 0.593 mg/l; it is greater than the 

threshold value of 0.1 mg/l (Table 2). Ammonium 
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(NH4
+

) has an average concentration of  2.8 mg/l, it 

is greater than the threshold value of 1.5 mg/l (Table 

2). Total phosphorus (TP) has an average 

concentration of 0.84 mg/l which is greater than the 

threshold value of 0.2 mg/l (Table 2).

 

Table 2. Physico-chemical parameters of the river Mewou at the bridge  of the National Road No. 4 and the 

standard and threshold values 

Parameters Standard values Sampling   

 Threshold 

values 

Author 2/3/ 

2012 

6/9/ 

2012 

2/08/ 

2013 

Average Standard 

Deviation NT (mg/l) 10 ISO and MINEP 

(2005) 

  2.243 2.243 0 

Ca2+ (mg/l) 200 Rodier (1996) 1.04 1.08  1.06 0.028 

Mg2+(mg/l) 30 Rodier (1996) 0.4 0.58  0.49 0.127 

K+ (mg/l) 15  Rodier et al. 

(2009) 

0.051 0.291  0.171 0.170 

Na+ (mg/l) 200 OMS (2004) 0.065 0.065  0.065 0 

OM (mg/l) 2 Rodier (1996)   2.33 2.33 0 

OC (mg/l) 2  Rodier et al. 

(2009) 

  1.35 1.35 0 

Fe3+ (mg/l) 0.3 Ghaouti et  

 al. (2005) 

0.258 0.25  0.254 0.006 

0.05 Rodier (1996) 

Al3+ (mg/l) 5 Hicham et al. 

(2008) 

0.587 0.598  0.593 0.008 

0.1 Rodier (1996) 

NH4
+(mg/l) 1.5 OMS (2004) 5.6 0.00  2.8 3.96 

TP (mg/l) 0.2 Dajoz (1996)   0.84 0.84 0 

PO4
3- (mg/l) 0.5  Rodier et al. 

(2009) 

0.42 0.125  0.271 0.209 

SO4
2- (mg/l) 20 Rodier et al. (2009) 0.21 0.11  0.16 0.071 

 

Total Nitrogen (TN) 

The amount of total nitrogen exported by the river 

Mewou varies from 12.921 to 196.553 t / month 

(Table 3.1 to table 3.2). The lowest value was 

obtained in March 2012 and the highest value in 

August 2011. Figure 5 shows the curve (Ct2) of the 

trend of variation of the amount of total nitrogen 

exported. The regression line (Dr2) indicates a general 

decreasing trend of total nitrogen, with a  Pearson 

correlation coefficient of R = 0.940. This curve is 

simulated by the polynomial equation (Eq. 7) where Y 

is the amount of total nitrogen exported and X the 

time: 

                            

                            

                                

                                                  (Eq. 7)                                                                                                                         

 

Figure 5 shows the curve (Ct1) a n d  ( C t 2 )  of the 

trend of variation of f l o w  r a t e  a n d  total  

Nitrogen  exported by the river Mewou. Pearson 

correlation coefficient (R) between flow rate and total 

nitrogen exported is  0.868. 

 

Calcium (Ca2+) 

The amount of calcium exported by the river Mewou 

ranges from 6.105 t  / month to a high of 92.887 t 

/ month (Table 3.1 to table 3.2). The lowest value 

was o b s e r v e d  in March 2012 and the highest 
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value in August 2011. Figure 6 shows the simulation 

curve (Ct2) of the trend of variation of the amount of 

calcium exported. The regression line (Dr2) figure 6 

indicates a general downward trend, with a Pearson 

correlation coefficient (R) of 0.939. This curve is 

simulated by the polynomial equation (Eq. 8) where 

Y is the amount of calcium exported and X the time: 

                        

                          

                            

                                                                                                                                                                                                       

(Eq. 8). 

 

Figure 6 shows the s i m u l a t e d  curves (Ct1) 

a n d  ( C t 2 )  of the trend of variation  o f  f l o w  

r a t e  a n d  a m o u n t  o f   Calcium exported by the 

river Mewou with a Pearson correlation coefficient 

(R) between flow rate and Calcium exported of 

0.9997.

 

Table 3.1. Amounts of physico-chemical parameters exported per month  by  river  Mewou   t  / month during 

the period from July 2011 to December 2011. 

Years 2011 

Month 

  

July  

2011 

Aug. 

2011 

Sept. 

 2011 

Oct.  2011 Nov. 

2011 

Dec. 

 2011 
Dmj   31 31 30 31 30 31 

Qm m3 /s 8.900 32.717 8.350 11.474 10.311 6.363 

Ntol t/month 53.468 196.553  48.548 68.936 9.947 38.229 

Ca2+ 

 

t/month 
25.268 92.887 22.940 32.576 28.330 18.065 

Mg2+ 

 

t/month 
11.680 42.938 10.605 15.059 13.096 8.351 

K+ 

 

t/month 
4.076 14.985 3.701 5.255 4.570 2.914 

Na+ t/month 1.550 5.696 1.407 1.998 1.737 1.108 

OM t/month  55.480 203.948  50.372 71.527 62.204  39.665 

OC t/month  32.181 118.300 29.218  41.489 36.081  23.008  

Fe3+ t/month 6.055 22.258 5.497 7.806 6.789 4.329 

Al3+ t/month 14.136 51.964 12.834 18.224 15.849 10.106 

NH4
+ t/month 66.746 245.362 60.601 86.051 74.835 47.719 

TP t/month 20.024 73.608 18.180 25.815  22.451 14.316 

PO4
3- t/month 6.496 23.879 5.898 8.375 7.283 4.644 

SO4
2- 

t/month 
3.814 14.021 3.463 4.917 4.276 2.727 

Dmj =  Duration in days of the month ; Qm = Average water flow in m3 / s. 

Magnesium (Mg2+)  

The amount of magnesium exported by the river 

Mewou varies from 2.822 to 42.938 t / month (Table 

3.1 to table 3.2). The lowest value was registered in 

March 2012 and the highest value in August 2011. 

The simulated curve (Ct2) of the trend of variation of 

the amount of magnesium exported was similar to 

that of total nitrogen and calcium presented in figures 

5 or 6. Similarly the regression line (Dr2) indicates a 

general downward trend of the amount of magnesium 

exported as that of total nitrogen and calcium 

reported in figures 5 or 6, with a Pearson correlation 

coefficient (R) of 0.939. This curve is  simulated  by 

the polynomial  equation (Eq. 9) where Y is  the  

amount  of magnesium exported and X  the time:

  



Casimir and Kfuban Page 159 
 

                             

                           

                                   

                                                                    (Eq. 9)                                                                                                                                                        

 

The Pearson correlation coefficient (R) between flow 

rate and Magnesium exported by the Mewou stream 

is 0.9997.  

          

Potassium (K+) 

The amount of potassium exported by the river 

Mewou ranges from 0.985 to 14.985 t / month 

(Table 3.1 to table 3.2). The lowest value was 

obtained in March 2012 and the highest value in 

August 2011. The simulated curve (Ct2) of the trend of 

variation of the amount of potassium exported has 

the same shape as that of total nitrogen and calcium 

presented in figures 5 or 6. The regression line (Dr2) 

indicated a general downward trend of the amount of 

potassium exported as that of total nitrogen and 

calcium presented in figures 5 or 6,  with a Pearson 

correlation coefficient of R = 0.939. This curve is 

simulated by the polynomial equation (Eq.10) 

where Y is the amount of potassium exported and X  

the time: 

                               

                            

                            

                                                                          (Eq. 10) 

                                                                                                                                                   

The Pearson correlation coefficient (R) between flow 

rate and the amount of  Potassium exported by the 

Mewou stream is 0.9998.    

   

 

Table 3.2. Amounts of physico-chemical parameters exported per month  by  river Mewou   t  / month during 

the period from January 2012  to Junuary 2013.                                                            

Years 2012 2013 

Month 

  

Jan. 

2012 

Feb. 

 2012 

Mar. 

2012 

April 

2012 

May  

2012 

June 

2012 

July 

2012 

Aug.  

2012 

Sept.2

012 

Oct. 

2012 

Nov. 

2012 

Dec. 

2012 

Jan. 

2013 

Dmj   31 29 31  30 31 30 31 31 30 31 30 31 31 

Qm m3 /s 37.273 2.373 2.151 5.372 5.513 9.037 11.63 12.79 13.81 16.33 12.60 7.543 5.953 

Ntol 
Years 

2012 

Month 

  

January 

2012 

February  2012 March 

2012 

April 

2012 

May 2012 June 

2012 

Dmj   31 29 31  30 31 30 

Qm m3 /s 37.273 2.373 2.151 5.372 5.513 9.037 

Ntol 

t /month 

22.392  13.333 12.921 31.234 33.124 52.545 

Ca2+ 

 

t /month 

10.582 6.301 6.105 14.759 15.652 24.830 

Mg2+ 

 

t /month 

4.892 2.913 2.822 6.823 7.235 11.478 

K+ 

 

t/month 

1.707 1.017 0.985 2.381 2.525 4.006 

Na+ 

t/month 

0.649 0.387 0.375 0.905 0.960 1.523 

OM 

t/month 

 23.235 13.836  13.406  32.407  34.366  54.519 

OC 

t/month 

13.477  8.026  7.776   18.798  19.934  31.624 

t /month 22.392  13.333 12.92 31.234 33.124 52.545 69.88 76.82 80.41 98.08 73.24 45.32 35.77 

Ca2+ 

 

t /month 10.582 6.301 6.105 14.759 15.652 24.830 33.02 36.30 38.00 46.35 34.61 21.42 16.90 

Mg2+ 

 

t /month 4.892 2.913 2.822 6.823 7.235 11.478 15.26 16.78 18.15 21.43 16.00 9.900 7.814 

K+ 

 

t/month 1.707 1.017 0.985 2.381 2.525 4.006 5.327 5.856 6.335 7.477 5.584 3.455 2.727 

Na+ t/month 0.649 0.387 0.375 0.905 0.960 1.523 2.025 2.226 2.408 2.842 2.123 1.313 1.036 

OM t/month  23.235 13.836  13.4  32.407  34.366  54.519  72.5 79.71 83.44 101.8 76.00  47.02 37.11 

OC t/month 13.477  8.026  7.776   18.798  19.934  31.624  42.1  46.2  48.4 59.03  44.1 27.27 21.53 

Fe3+ t/month 2.536 1.510 1.463 3.751 3.850 5.950 7.657 8.699 9.106 11.11 8.294 5.132 4.050 

Al3+ 

 

t/month 5.920 3.525 3.195 8.257 8.756 13.891 18.47 20.31 21.26 25.93 19.36 11.98 9.456 

NH4
+ t/month 27.953 16.645 16.13 38.987 41.345 65.589 87.22 95.89 100.4 122.4 91.43 56.57 44.65 

TP t/month  8.387  4.994 4.839  11.697 12.404  19.677 26.17 28.77  30.1 36.73 27.43 16.97 13.40 

PO4
3- t/month 2.721 1.620 1.570 3.794 4.024 6.383 8.489 9.332 9.769 11.92 8.898 5.505 4.345 

SO4
2- t/month 1.597 0.951 0.922 2.228 2.363 3.748 4.984 5.480 5.736 6.996 5.225 3.233 2.551 

Dmj =  Duration in days of the month ; Qm = Average water flow in m3 / s. 

Sodium (Na+)  

The amount of sodium exported by the river 

Mewou varies from 0 . 375 to 5.696 t / month (Table 

3.1 to table 3.2). The lowest value was observed in 

March 2012 and the highest value in August 2011. 

The simulated curve (Ct2) of the trend of variation of 

the amount of sodium exported has a similar shape as 

that of total nitrogen and calcium presented in figures 
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5 or 6. The regression line (Dr2) indicates a general 

downward trend of amount of sodium exported 

similar to that of total nitrogen and calcium reported 

in figures 5 or 6, with a Pearson correlation 

coefficient (R) of 0.939. This curve is simulated by 

the polynomial equation (Eq.11) where Y is the 

amount of sodium exported and X the time: 

                          

                           

                               

                                          (Eq. 11)                                                                                                                                                                                                                                                             

 

The Pearson correlation coefficient (R) between flow 

rate and the amount of Sodium exported by the 

Mewou stream is 0.9998.    

        

Organic Matter (OM) 

The amount of organic matter exported by the river 

Mewou ranges from 13.406   to 203.948 t / month 

(Table 3.1 to table 3.2). The lowest value was 

observed in March 2012 and the highest value in 

August 2011. The simulated curve (Ct2) of the trend of 

variation of the amount of organic matter exported 

has a similar shape as that of total nitrogen and 

calcium reported in figures 5 or 6. The regression line 

(Dr2) indicates a general downward trend of amount 

of organic matter exported similar to that of total 

nitrogen and calcium reported in figures 5 or 6, with a 

Pearson correlation coefficient, R = 0.939. This 

curve is simulated by the polynomial equation 

(Eq.12) where Y is the amount of organic matter 

exported and X the time: 

                            

                           

                                

                                           (Eq. 12)                                                                                                                                                                                                                                                                                                  

 

The Pearson correlation coefficient (R) between flow 

rate and the amount of Organic matter exported by 

the Mewou stream is 0.888.     

 

Table 4.  Rainfall  (mm/month) in Bafoussam-Bamougoum from January 2002  to   December 2013.   

Month Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 

years 

 

           

2002 4.0 16.4 123.1 147.5 128.5 280.6 315.1 253.7 254.6 247.9 47.0 18.1 

2003 1.1 7.0 39.2 128.6 123.2 232.3 222.6 276.9 234.6 267.9 47.5 0.0 

2004 1.2 0.0 40.3 266.5 92.7 256.6 287.8 244.5 195.9 323.7 141.0 17.0 

2005 52.9 83.6 76.7 86.4 238.6 177.2 175.2 309.8 299.5 230.0 30.1 0.0 

2006 8.1 75.2 149.5 79.3 298.1 209.9 246.3 310.6 254.3 153.3 49.7 2.6 

2007 0.0 0.0 29.6 262.2 176.0 221.1 273.7 236.6 194.3 280.7 143.3 0.0 

2008 5.6 0.0 106.5 207.7 171.7 201.0 179.1 239.4 290.4 152.2 0.3 8.0 

2009 2.7 14.8 42.2 41.3 201.9 170.3 268.7 383.7 223.2 260.4 56.2 0.0 

2010 0.0 48.2 87.2 86.9 215.8 249.6 161.3 93.3 302.9 228.2 82.0 0.0 

2011 9.8 32.6 80.9 105.4 197.7 79.0 253.8 251.2 195.4 197.6 6.7 0.0 

2012 13.7 54.1 23.6 233.0 252.4 215.3 196.4 308.0 247.8 207.1 39.6 0.3 

2013 27.9 15.3 119.7 181.8 187.9 176.3 477.9 210.6 279.6 236.6 96.8 15.8 

Bafoussam-Bamougoum Airport Meteorological station (5°32’13”N,10° 21’ 16” E, Alt.1325 m). 

Iron (Fe3+)  

The amount of iron exported by the river Mewou 

varies from 1.463 to 22.268 t / month (Table 3.1 to 

table 3.2). The lowest value was observed in March 

2012 and the highest value in August 2011. The 

simulated curve (Ct2) of the trend of variation of the 

amount of iron exported has a similar shape to that of 

total nitrogen and calcium reported in figures 5 or 6. 



Casimir and Kfuban Page 161 
 

The regression line (Dr2) indicates a general 

downward trend of amount of iron exported similar 

to that of total nitrogen and calcium reported in 

figures 5 or 6, with a Pearson correlation coefficient 

(R) of 0.939. This curve is simulated by the 

polynomial equation (Eq. 13) where Y is the amount 

of exported iron and X the time: 

                                 

                                         

                                  (Eq. 13).                                                                                                                                                                                                                                                                         

Fig. 2. Rainfall (mm / month) and flow rate (1001/s) 

variation of the Mewou stream (Sourthern Mifi) from 

July 2011 to January 2013. 

 

The Pearson correlation coefficient (R) between flow 

rate and the amount of iron exported by the Mewou 

stream is 0.9996.           

Aluminum (Al3+) 

 

 The amount of aluminum exported by the river  

Mewou varies from 3.195 to 51. 964 t / month (Table 

3.1 to table 3.2). The lowest value was observed in 

March 2012  and the highest value in August 2011. 

The simulated curve (Ct2) of the trend of variation of 

the amount of aluminum exported has a similar shape 

to that of total nitrogen and calcium reported in 

figures 5 or 6. The regression line (Dr2) indicates a 

general downward trend of amount of aluminum 

exported similar to that of total nitrogen and calcium 

reported in figures 5 or 6, with a Pearson correlation 

coefficient (R) of  0.939. This curve is simulated by 

the polynomial equation (Eq. 14) where Y is the 

amount of exported aluminum and X  the time: 

                                        

                          

                                              

                                                                       (Eq. 14)                                                                                                                                                                                                                                                                                              

 

The Pearson correlation coefficient (R) between flow 

rate and the amount of aluminum exported by the 

Mewou stream is 0.9997.           

Fig. 3. Variation of rainfall (mm/ month) and soil 

exported (100 tonnes / month) by the Mewou stream 

(Sourthern Mifi) from July 2011 to January 2013. 

 

Ammonium (NH4
+)  

The Amount of ammonium exported by the river 

Mewou varies from 16.128  to  245.362  t/month 

(Table 3.1 to table 3.2).  The lowest value was 

observed in March 2012 and the highest value in 

August 2011. The simulated curve (Ct2) of the trend of 

variation of the amount of ammonium exported has a 

similar shape as that of total nitrogen and calcium 

presented in figures 5 or 6. The regression line (Dr2) 

indicates a general downward trend of amount of 

ammonium exported similar to that of total nitrogen 

and calcium presented in figures 5 or 6, with a 

Pearson correlation coefficient ( R) of 0.939. This 

curve is simulated by the polynomial equation (Eq. 

15) where Y is the amount of ammonium exported 

and X the time: 

                                    

                                         

                                                          

(Eq. 15)                                                                                                                                                                                                                     

 

The Pearson correlation coefficient (R) between data 

of flow rate and the amount of ammonium exported 

by the Mewou stream is 0.9997.        

 

Total phosphorus (TP) 
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 The amount of total phosphorus exported from the 

river Mewou varies from 4.839 to 73.608 t / month 

(Table 3.1 to table 3.2). The lowest value was 

observed in March 2012 and the highest value in 

August 2011. The simulated curve (Ct2) of the trend of 

variation of the amount of phosphorus exported has a 

similar shape to that of total nitrogen and calcium 

presented in figures 5 or 6. The regression line (Dr2) 

indicates a general downward trend of amount of 

phosphorus exported similar to that of total nitrogen 

and calcium presented in figures 5 or 6, with a 

Pearson correlation coefficient (R) of 0.939. This 

curve is simulated by the polynomial equation (Eq. 

16) where Y is the amount of total phosphorus 

exported and X the time: 

                                 

                                          

                                    (Eq. 16)                                                                                                                                                                                                                                                                                       

Fig. 4. Variation of flow rate (1001 / s) and soil 

exporated (100 t / month) (Sourthern Mifi) by the 

river Mewou from July 2011 to January 2013. 

 

The Pearson correlation coefficient (R) between flow 

rate and the amount of  phosphorus exported by the 

Mewou stream is 0.9997.         

 

Available phosphorus (PO4
3-)  

The amount of available phosphorus exported by 

the river Mewou varies from 1.570 to 23.879 t / 

month (Table 3.1 to table 3.2). The lowest value was 

observed in March 2012  and the highest value in 

August 2011. The simulated curve (Ct2) of the trend of 

variation of the amount of assimilable phosphorus 

exported has a similar shape to that of total nitrogen 

and calcium presented in figures 5 or 6. The 

regression line (Dr2) indicates a general downward 

trend of amount of assimilable phosphorus exported 

similar to that of total nitrogen and calcium presented 

in figures 5 or 6, with a Pearson correlation 

coefficient (R) of 0.939. This curve is simulated by 

the polynomial equation (Eq. 17)  where Y is the 

amount of available phosphorus exported and X the 

time: 

                                 

                                        

                                    (Eq. 17)                                                                                                                                                                                                                                                                                                 

Fig. 5. Variation of the flow rate (100 1/ s) and of 

total NitRogen (TN) exported (t / month) by river 

Mewou from July 2011 to January 2013. 

 

The Pearson correlation coefficient (R) between flow 

rate and the amount of available phosphorus exported 

by the Mewou stream is 0.9997.   

 

Fig. 6. Variation of the flow rate (1001/ s) and 

amount of calcium (Ca2+) exported (t / month) by the 

river Mewou from July 2011 to January. 

 

Sulfate (SO4
2-) 

The amount of sulfate ions exported by the river 

Mewou varies from 0.922 to 14.021 t / month (Table 

3.1 to table 3.2). The lowest value was observed in 

March and the highest value in August 2011. The 

simulated curve (Ct2) of the trend of variation of the 

amount of sulfate exported has a similar shape to that 

of total nitrogen and calcium presented in figures 5 or 
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6. The regression line (Dr2) indicates a general 

downward trend of amount of sulfate exported 

similar to that of total nitrogen and calcium presented 

in figures 5 or 6, with a Pearson correlation 

coefficient (R) of 0.938. This curve is simulated by 

the polynomial equation (Eq. 18) where Y is the 

amount of exported sulfate and X the time: 

                                  

                                         

                                                 

(Eq. 18)                                                                                                                                                                                                                                                                                                

 

The Pearson correlation coefficient (R) between flow 

rate and the amount of sulfate ions exported by the 

Mewou stream is 0.9997. 

 

Discussions 

Changes in water flow 

A general decrease in water flow rate (Figure 2) was 

observed over time. The Regression line (Dr2) figure 

2, indicates a decrease in the amount of flow. Figure 7 

shows a prediction of flow rate using Matlab 

numerical calculation (Jerome, 2009). The negative 

flow rates (Figure 7) indicate the depletion of  the 

water within the aquifer. From this prediction line, a 

water shortage could increase after 75 months; 

following September 2017 if no remedial actions are 

taken to correct this trend. This indicates that from 

September 2017, one may not have water in this river 

during some periods (February and March) in the dry 

season. In this region the drying up of rivers during 

the year is regular. However, in the rainy season, one 

could have a regular flow as the network of neurons 

phenomenon figure 8, indicates consistency in the 

flow variation of rainfall over a period of 12 years 

(2002-2013), with an increasing trend during the 

twelfth year, 2013.The Pearson correlation coefficient 

of water flow data is 0.941 which is different from the 

Pearson correlation coefficient of rainfall data 0.908. 

Pearson correlation coefficient between rainfall and 

water flow rate during the study period is 0.454;  the  

coefficient of 0.454 indicates that there is no 

correlation between the flow rates and rainfall. We 

cannot predict flow rate from rainfall because the 

correlation coefficients are different from each other. 

This can be explained by the fact that the refill of 

groundwater is not regular as there is loss of rainfall 

through runoff and evapo-transpiration. The 

decrease of water flow rate is due to the 

destruction of vegetation by human activities such 

as: bush fires, the use of chemical fertilizers, poor 

farming methods and deforestation. Indeed, 

vegetation slows down runoff thereby promoting 

water infiltration for the refill of the groundwater and 

consequently the rivers.  

Fig. 7. Prediction of the variation of flow rate (1 / s) 

of the river Mewou from July 2011 to June 2021 using 

the software MATLAB. 

 

Exportation of soil by the river Mewou and silting 

The watershed that feeds river Mewou has an area of 

306 km2 (Olivry, 1976-2000). The amount of soil 

exported by this river was  0.19534 t/km2 in 2011 and 

0.256015 t/km2 in 2012. Figure 3 indicates that the 

amount of soil  exported  is increasing. The Pearson 

correlation coefficient (R) between flow rate and soil 

exported is 0.237, indicating that there is no 

correlation between the flow rate and  the amount of 

soil exported. We cannot predict the amount of soil 

exported from the flow rate because the correlation 

coefficient is very low. Soil loss is due to excessive 

runoff  and surface erosion, resulting from low  water 

infiltration and enhanced by deforestation  and 

farming methods unsuited to the relief of the region.  

Erosion removes a greater part of  the clay and soil 

humus and leaves behind rough sands, gravels and 

stones. The greater part of soil fertility is associated 

with the clay and humus  fractions. These elements 

are equally important in the bacterial activity of the 

soil structure, soil permeability and its water 

retention capacity. The exported soils cause siltation 

of river beds and dams  that retain water for 
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production of electrical energy in the dry season and 

agricultural irrigation. It is necessary for efforts to be 

made to reduce the amount of soil loss from the 

upland areas. 

 

Exported  soil and  its effect on soil fertility 

The physico-chemical analysis of the soils exported 

revealed loss of high concentrations of Al3+ which 

causes soil acidity and  TN, OM, OC, Ca2+, Mg2+, K+, 

NH4
+, TP, PO3

-, Fe3+,  and  SO4
2 + which are plant soil 

nutrients.  

Fig. 8. Variation of rainfall in Bafoussam-

Bamougoum from January 2002 to December 2013. 

 

Total Nitrogen (TN) 

Nitrogen is the basic element of living matter. In case 

of deficiency the leaves become  small and yellowish-

green in color, resulting in a disease called chlorosis 

(Soltner, 2013). Plants take up only the mineralized 

form of N  that is to say ion, though the soil has a 

large reserve of nitrogen, the mineralized form is 

small. Water contains more mineralized nitrogen 

than soils. The nitrogen found in water results from 

soil fertility depletion. The waters of the river Mewou 

exported  on the average 3.044 t/km2 in 2011 and 

1.991 t/km2 in 2012 (Table 3.1 to table 3.2).  From the 

regression line Dr2 in figure 5, there is a decrease  of 

the amount of Nitrogen exported by the Mewou 

stream. Hence, we can conclude that soil total 

nitrogen available to plants is being depleted. Figure 

9 shows  a prediction of the depletion of available 

nitrogen using  the Matlab numerical calculation. The 

Pearson correlation coefficient (R) between the flow 

rate and total nitrogen exported is 0.868. The 

coefficient of 0.868 indicates that we can predict the 

amount of  total nitrogen exported from the flow rate 

because the  flow rate can explain about 86.8% of the 

variance but can not explain 13.2%. 

Fig. 9. Prediction of the variation in the exportation 

of Total Nitrogen (TN) by the Mewou river from July 

2011 to October 2032 (kg / month) using the software 

MATLAB. 

 

Organic Matter (OM) 

The presence of organic matter (OM) in the water 

(Table 3.1 to table 3.2) indicates the progressive loss 

of soil humus. Humus is most dominant in the upper 

part of the Earth's crust which contains soil nutrients. 

The exported soil contained 3.148 t/km2
  

OM in 

2011 and 2.066 t/km2
  

in 2012. The regression line 

in figure 5  or  6 show a general decreasing trend 

in the amount of organic matter exported. This 

indicates a gradual depletion of the soil fertility. The  

Pearson correlation coefficient (R) between the flow 

rate and the organic matter exported by the Mewou 

stream is 0.8883. We can predict the amount organic 

matter exported  from the flow rate because flow rate 

can explain about 88.83% of the variance but can not 

explain 11.17%.                                             

 

Calcium, Magnesium, Potassium and Sodium (Ca2+, 

Mg2+, K+, Na+) 

The cations (Ca2+, Mg2+, K+ ) maintain  on the soil 

exchange complex, a balance with the anions (PO4
3-, 

SO4
2-, NO3

-
 

, Cl-
 
…), if one nutrient is deficient in 

the soil, it becomes a limiting factor. For example on 

the exchange complex, the cation Ca2+ by taking the 

place of two H +
 
ions helps to reduce soil acidity. 

Leaching of cations contributes to lower the cation 

exchange capacity (CEC) of the soil. Th e   a mount  

of  Ca2+
  

exported was 1.438 t/km2
 
in 2011 and 0.941 

t/km2
 

in 2012. The amount of  Mg2+
 
exported was 

0.665 t/km2
 
in 2011 and 0.437 t/km2

 
in 2012. The 

K+ exported by this river was 0 .232 t/km2
 

in 2011 
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and 0 . 1525 t/km2
 
in 2012. The regression line (Dr2) 

is similar to that in figures 5 or 6 indicates a general 

decreasing trend in  the amount of cations exported; 

this show a depreciation  in the amount of soil 

cations. This depreciation of the soil nutrients pushes 

farmers to abandon  the area and search for more 

fertile soils in remote areas. The predicted curve  for 

the cations is similar to that of  total nitrogen (TN) 

presented in figure 9. 

 

Ammonium (NH4
+)  

The plant uses the mineralized form of  nitr ogen 

to feed its tissues. NH4
+
 
nitrogen is mineralized or 

fixed on the soil exchange complex. The ammonium 

loss through  export by streams contributes to 

deprive the soil of this important element in the 

nutrition of the plant tissues. In 2011 the river 

Mewou exported 3.799 t/km2
 
of  NH4 +  and 2.486 

t/km2
 
in 2012. The regression line (Dr2) is similar to 

that of total nitrogen presented in  figure  5  or 6  

indicates a general decreasing trend of  exported 

NH4
+
 
by water, indicating a impoverishment of soil 

nutrients. The predicted curve  for NH4
+ is similar to 

that of total nitrogen reported in figure 9. 

 

Aluminum, Total Phophurus and  Phosphate (Al3+, 

TP, PO4
3-)  

Total phosphorus (TP) is half of the soil reserves 

(Soltner, 2013). The amount of phosphate ions 

(PO4
3-) in the soil solution is low. Its mobilization 

is difficult both in acidic,  neutral or basic media. 

PO4
3- leaching poses a real threat to the stability of 

the soil. I n  acid soils, it binds with Aluminium 

(Al3+) and iron to form poorly soluble compounds; 

in soils rich in active limestone, it forms tricalcium 

phosphate that insoluble (Soltner, 2013). In 2011 the 

TP exported by t h e  river Mewou was 1.140 t/km2
  

and 0 . 746 t/km2
  

in 2012. The PO4
3-exported by 

this river in 2011 was 0.370 t/km2
  

and 0.242 

t/km2
  

in 2012. The regression line (Dr2) is  s imilar 

to that of  total  nitrogen  presented in  figures 5 

or 6 and indicates a decreasing trend in the amount 

of  PT and PO4
3- exported. This indicates the 

progressive impoverishment of the soil in  PO4
3- and 

TP. The prediction curves  for Al3+, TP, PO4
3- are 

similar to that of total nitrogen presented in figure 9. 

 

Fer (Fe3+) 

In acidic soils, Fe3+ fixes PO4
3- to form poorly soluble 

compounds (Soltner,  1992), and contributes to 

reduce soil acidity. Leaching contributes to the 

enhancement of soil acidity. The amount  of  Fe 3 +  

exported was 0.3447 t/km2
  

in 2011 and 0.2126 

t/km2
  

in 2012. The regression line (Dr2) is similar 

to that of total nitrogen presented in figure 5 or 6  

and indicates a general decreasing trend in the 

amount of Fe3+ exported, or depletion of soil iron. 

The predicted curve for Fe3+ is similar to that of total 

nitrogen figure 9. 

 

Sulfate (SO4
2-) 

After mineralization, sulfur is released as sulfate 

(SO4
2-) and is absorbed by plants in significant 

quantities (Soltner, 2013). Leaching deprives plants 

in this region of their nutrients. In 2011 the amount of 

SO4 
2-

 exported was 0.217 t/km2
  

and 0.142 t/km2
  

in 

2012. The regression line (Dr2) is similar to that of  

total nitrogen (figures 5 or 6) and indicates a general 

decreasing trend, or depletion of soil sulfate. The 

predicted curve for SO4
2-  is similar to that of total 

nitrogen in  figure 9. 

 

Conclusion 

The water flow of the Mewou presents a general 

decreasing trend over time, indicating a lowering of 

the recharge of groundwater. The rainfall  presents a 

general decreasing trend over time during the study 

period indicating decreases in precipitation. However, 

the problem is the low groundwater recharge because 

variation in rainfall is not significant (figure 8). In 

2013 rainfall increased (figure 8). The amount of 

s o i l  exported presents a general increasing trend. 

This indicates an increasing wear of the more erodible  

topsoil due to erosion. Analysis of physico-chemical 

soil parameters revealed the presence in the soil 

exported  o f  t h e  cations Ca2+, Mg2+, K+, Na+
 

, 

NH 4
+

  
and anions PO4

3-, SO4
2- which constitute a 

part of the soil exchange complex. With the 

progressive depreciation of the soil, to combat soil 

erosion through runoff and leaching of chemical 
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elements which constitute part of the  soil exchange 

complex and enhance the recharge  of the water table, 

the flow rate and water quality of the Mewou, we 

recommend: 

 

The use of  Vetiver (Chrysopogon zizanioides) 

hedges; therefore the spacings will depend on the 

slope of the land in questions. If the slope of the 

land is α and the effective height of Vetiver H (H = 

the height  which can hold water), t h e  spacing 

between two rows of  Vetivers (Es) will be: 

    
 

   α    
                                                         (Eq. 19) 

                                                                                      

Vetiver with their abundant thick and deep roots 

(up to 4 meters) (Tony, 2008), will slow down the 

leaching of the soil exchangeable cations. Their thick, 

compact and very long leaves will reduce runoff and 

soil erosion and facilitate water infiltration, thus 

stabilizing the flow o f  the Mewou and 

maintenance of the soil fertility. 

 

Farmers should grow the Vetiver along the contours. 

This will reduce runoff and enhance the recharge of  

the groundwater through increased infiltration and 

reduce soil loss and  hence increase  the agricultural 

productivity.  

 

This study indicates that in the variation of the water 

flow (Qv) of the watercourse of Mewou river, exported 

chemical parameters such as Ca2+, Mg2+, K+, Na+, 

OM, Fe3+, Al3+, NH4
+, TP, Ntol , SO4

2- and  PO4
3-  were 

each characterized by an equation of the form : 

 

Where Y represents the amount of  the element in 

question, X time with the coefficients a, b, c, d, e, f, g, 

h, i  and  j vary according to the values of  Y. 

 

References 

Allan JD. 1996. Stream Ecology Structure and   

function of running waters. Alden Press, Britain,  

Oxford. 

Barrow CJ. 1991. Land degradation, development 

and breakdown of terrestrial environments. 

Cambridge University Press,New York. 

 

Benedetto MD. 1997. Spectrometric methods of 

analysis and caracterisation (heavy metals). pp: 8-9. 

 

Bernard. 1994.  General chemistry course, 2e 

édition. Dunod ; Paris. 

 

Berner EK,  Berner RA. 1987.The global water 

cycle, prentice-Hall, Englewood Cliffs, New Jersey. 

 

Dajoz R. 1996. Precis of Ecology 2nd and 3
rd 

University Cycles. Dunod, Paris, France , 551 P. 

 

DSNA GSPC. 2000. Cameroon statiscal yearbook 

(1976-1987) P. 26. (Not Published). 

 

FAO. 1981. Agriculture: Toward 2000, Rome. 

 

FAO. 2010.  The State of Land and Water for Food 

and Agriculture Worldwide: Managing systems at 

risk. 

 

Garouani A, Merzouk A, Jabrane R, Boussema 

MR. 2004.  Spatial analysis sheet erosion and soil in 

infiltrability Moroccan pre-rif.  Journal of Remote 

Sensing, 2004. 

 

Ghaouti  S, Djamel E, Kerdal. 2005. Evaluation 

of the effect environmental of the Sekkak stopping on 

the full one with Ain Youcef. 2 P. 

 

Hamburg SP,  Cogbill CV. 1988. Historical decline  

of red spruce populations and climatic warning. 

Nature 331, 428-430. 

 

Hicham EK, Ouafae HE, Hamiani E, Gabriel B, 

Ouazzani , Boularbah A. 2008. Heavy metal 

contamination from mining sites in South Morocco: 

Content monitoring metal and toxicity of soil runoff 

and groundwater. Environ. Monit. Assess., 136, 147-

160. 



Casimir and Kfuban Page 167 
 

Huet G, Potel  M, Denis B. 2005. Phosphorus, a 

pollutant for the future? Water & Rivers Été 2005 n° 

132. 

 

ISO, MINEP. 2005. Environmental Standards and 

Procedures of Inspection of the Undue Money 

Installations Trielles and Commercial in Cameroun. 

CH-1211, Geneva, 20 P. 

 

Jerome B. 2009. MATLAB R2009b « Matrix 

Laboratory ». Society Mathworks. 

 

Kolawole MS, Omali AO,  Daniel A. 2012. The 

Review of the Rate and the Hydrological Significance 

of the Fast Drying Up of Lake Chad.  Research 

Journal of Environmental and Earth Sciences 4(12,  

1002-1010. 

 

Likens GE, Bormann FH, Pierce RS, Eaton JS,  

Johnson NM. 1977. Biogeochemistry of a Forested 

Ecosystem, Springer-Verlag, New York. 

 

Microsoft O. 2010. Microsoft Office 2010 Home and 

Business. PC License English. 

 

Milliman JD. 1990. Fluvial sediment in coastal seas: 

flux and fate. Nature Resour. 26, 12-22. 

 

NF EN ISO 6878. 2005.  Water quality –  

Determination of phosphorus content : 

spectrophotometric ammonium molybdate method ( 

classmark T90-023). 

 

Olivry JC. 1976-2000. Hydrological regimes in 

countries Bamileke, Cameroon.   37 à 71 P.  

 

OMS. 2004. Guidelines for drinking water quality, 

World Health Organization, (3rd edition), vol.. 1, 

Recommendations, Geneva 2004. 

 

Pauwels JM, Van RE, Verloo M,  Mvondo Z. 

1992.  Methods of analyses of grounds and plants, 

equipment, stock management of glassmaking and 

chemicals . Publication Agricultural, 28 P. 

 

Ponsaud C. 2007.  Modeling of winter runoff from 

agricultural soils drained. Application Model Stream  

on the watershed Goins (77). Cemagref d’Antony (92), 

France. (Not Published). 

 

Rodier J, Legube B, Merlet N,  Coll. 2009. 

Analysis of the water . 9
e 

édition, Dunod, Paris, 

France. P .1579. 

 

Rodier J. 1996. Analysis of Water: Natural Water, 

Waste Water, Sea Waters. 8th Edn., Dunod, Paris. 

 

 

Schneider G. 2001.   The dredging of sediments 

from rivers / in Courrier de l'environnement de 

l'INRA, n° 43 (29/08/2001). 

 

Soltner D. 2013.  Soil chemistry .  chapter V. 5th 

Version. Sciences collection and Agricole Technique. 

 

Soltner D. 1992.  The basics of plant production: 

Volume 1 soil. Sciences collection Sciences et and 

Agricole Technique. 

 

Stumm W, Morgan JJ. 1981. Aquatic Chemistry , 

2nd edn , John , New York. 

 

Tony C. 2008.  The use of vetiver in agriculture and 

arboriculture. Vetiver Network International, 

Sebikotane, Sénégal. (Not Published). 

 

Yerima BPK, Van RE. 2005. Introduction to Soil 

Science: Soils of the Tropics. Trafford Publishing 

Canada, USA, Ireland and UK. 

 

 


