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The study was conducted in two sub watersheds in the Upper Blue Nile Basin in Ethiopia to determine
the quantity, quality of sediment lost and its onsite costs in terms of crop yield. Two monitoring stations
at the outlets were selected. Discharges were estimated and depth integrated daily runoff samples were
collected during the rainy season in 2011. The sediment concentration and nitrogen (N) and phosphorus
(P) content was analyzed and related to crop yield using a nutrient response equation for maize (Zea
mays). The result shows statistically significant differences in sediment concentration of the two
watersheds. Suspended sediment concentration was strongly correlated with the discharge from
Chekorsa River (R*= 0.7) but it was very weak for Dapo. There was higher concentration of nutrients in
the sediment than the surface soil in both watersheds. Particularly, sediment enrichment ratio of
available P was 2.7 and 9 for Dapo and Chekorsa Rivers, respectively. The estimated yield reduction of
maize due to N and P loss was about 950 and 1420, and 1015 and 665 kgha™ from Dapo and Chekorsa
catchments, respectively. Such results are equivalent to an onsite cost to farmers of about 190 and 285
USD ha™ for Dapo, and 203 and 133 USDha for Chekorsa catchments in that order. This monetary value
can alert farmers and decision makers to take soil and water conservation measures.

Key words: Sail loss, enrichment ratio, nutrient depletion, Blue Nile Basin, sediment.

INTRODUCTION

Soil erosion is a worldwide problem and has become a
major global concern since its severe impacts on
agriculture and environment (Le Bas and Kozak, 2007,
Tenaw and Bekele, 2009). Pimentel et al. (1995)
indicated that about 80% of the world's agricultural land
suffers moderate to severe erosion. Soil erosion is
among the major causes of nutrient depletion and,
shortage of basic plant nutrients (Wortmann, 2006;
Pimentel et al., 1995) with a devastating impact on
overall soil organic matter levels (Van-Camp et al., 2004).
According to FAO (1999), Ethiopia is among the countries
with high rate of erosion and nutrient depletion rate.

Studies showed soil erosion in Ethiopia is more severe in
the highlands. Henao and Baanante (1999) reported NPK
loss of more than 60 kgha™ based on their study between
1993 and 1995 in Ethiopia and losing fertile topsoil that
exacerbated impacts of dry spells and drought in the
Upper Blue Nile Basin (Getnet et al., 2009).

Water is the main cause of soil erosion in the highlands
of Ethiopia (Dubale, 2001) removing about 1493 Mtyr™
(Hurni, 1993) whereas in the Abay Basin (the Ethiopian
part of the Blue Nile Basin) loss of soil was about 303
Mtyr(Hagos et al., 2009). Nearly 50 and 34% of the total
soil loss was estimated to come from cultivated fields in



the central highlands of Ethiopia and Abay Basin,
respectively (Hagos et al., 2009; Hurni, 1993).

According to Gruhn et al. (2000), and Desta et al.,
(2000) soil fertility loss by erosion are the main ways for
nutrient outflow from a watershed. Eroded soil was often
significantly enriched by plant nutrients than the soil left
behind with enrichment ratios ranging from 1.2 to 2.3
(Fenli et al., 2005). It is the characteristics of watershed
that influence river nutrient enrichment ratio. Eroded soill
by runoff constitutes a large proportion (>60%) of the P
transported in surface runoff from surface soil, with
enrichment ration greater than 1 (Scalenghe et al., 2002).
The enrichment ratio greater than 1 is related to the high
P content in the top 5 cm of the surface soil and the fact
that runoff preferentially erodes finer particles including
clays with which P is associated (Sharpley et al., 2000).

The losses of the nutrients can limit crop growth and
productivity. Soils in all major maize growing regions of
Ethiopia are depleted of NPK nutrients, thus demanding
high soil amendments (Kebede et al., 1993). Decline in
soil fertility due to depletion of NPK nutrients in the
country is therefore eradicating production including
maize production. Nitrogen is the most limiting nutrient for
maize productivity (Kogbe and Adediran, 2003; Alley et
al., 2009). As a result of water erosion, organic matter
content is highly reduced since its largest part is found in
the fertile topsoil and cause decline of production
because of low physical structure (Helmecke, 2009).

All physical and economic evidence shows that
agricultural land productivity decline is a severe problem
in Ethiopia (Berry et al., 2003) and in Africa in general, for
example, about 86% of the countries in Africa lose more
than 30 kg™'ha™yr of NPK (Henao and Baanante, 1999).
This severe erosion is reducing agricultural land
productivity (Berry et al., 2003) particularly, in the Blue
Nile basin (Tenaw and Bekele, 2009; Dubale et al., 2009)
in which soil erosion is among the major threat (Desta et
al., 2000; Bekele and Holden, 1998; Ashagrie, 2009).

Most soil erosion research in Ethiopia focused on its
physical, chemical and biological effects (Gorlach et al.,
2004) and limited to farm plots (Berry et al., 2003). In
Ethiopia, farmers and other decision makers at grass-
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roots level cannot easily understand estimated soil and
nutrient losses by runoff in terms of scientific units.
However, converting the lost soil nutrients by runoff from
watersheds into monetary value can easily make them
aware of the severity of soil erosion. In other words, the
monetary value of lost nutrients can induce and initiate
farmers and policy makers to implement land and water
management practices. The cost of soil erosion to
farmers can be related to loss of productivity due to the
lost of nutrients or the cost of fertilizer to compensate for
the lost nutrients (Gruhn et al., 2000).

Yield reduction cannot be because of soil nutrient
depletion alone but also affected by other physical and
biological factors and conditions such as land
management, nutrient status, soil microbs, soil depth,
etc. To estimate financial cost of lost soil nutrients, it is
necessary to consider those factors and conditions
prevailing in the specific area (Pimentel et al., 1995). As a
result, productivity lost method was preferred to
replacement cost for this study.

Depending on the characteristics of watershed,
suspended sediment concentration related to discharge
can produce different shapes of hysteresis loops (Baca,
2002; Sander et al., 2011). These relationships are
normally not homogenous in time, neither within nor
between events (Baca, 2002). The most common shapes
of the hysteresis effects are clockwise and counter
clockwise loop (Sander et al.,, 2011; Ahanger et al.,
2013). The characteristics of watershed that produce
hysteresis effects are source of sediment which could be
from distant hill slope, or channel or nearby sources,
higher rainfall intensities at the beginning of storms,
sediment availability, increasing of base flow supply to
the river, the duration and interval of storm events (Eder
et al., 2010; Baca, 2002; Slattery et al., 2002; Lefrancois
et al., 2007)

In this context, the objectives of the research were to
estimate the sediment concentration at the outlets of
Dapo and Chekorsa watersheds and patter of sediment
hysteresis loop, to analyze soil nutrients lost by runoff
and consequently river nutrient enrichment ratio, and to
estimate the financial cost due to soil erosion at the study
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Figure 1. Study location map.
region. sparse natural vegetation, maize and grazing areas(Figure 2)

MATERIALS AND METHODS
Description of the study area

The study was conducted in two sub watershed located in Diga
district in East Wollega Zone of Oromia Regional State, Ethiopia
(Figure 1) from March 2011 to October 2012. The area is
characterized by an average annual mono-modal rainfall of 1707
mm which begins late April, and ends in early September, with
annual minimum and maximum temperature of 14 and 30°C,
respectively (Joshua et al., 2010). Information from Diga District
Water Resource Office in 2010 shows that the major livelihood is
mixed crop-livestock rain fed agriculture. In middle altitude of the
study area, the dominant soil color is red whereas black in the low
land (Birhanu Z, 2012) and according to soil map developed by
Seleshi et al. (2009) which are classified as Acrisols and Alisols.

Two sub watersheds (Dapo and Chekorsa) were selected by the
Nile Basin Development Challenge Program (NBDC) for rainwater
management research in the Blue Nile Basin. Zemadim et al.
(2010) indicated that the two catchments have an area of 18 and
5.60 km?, respectively with their altitude ranging between 1,347 -
2,011 m (Dapo) and 1,266 - 1,430 m (Chekorsa).

Both Dapo River (DR) and Chekorsa River (CR) are tributaries of
Didesa River, the largest tributary to the Blue Nile River, in terms of
water volume (MWRE, 2010). Both Rivers are supplied by
numerous first and second order streams. Similar to Chekorsa
River Catchment (CRC), the physiographic, land use and land
cover condition in the downstream of Dapo River Catchment (DRC),
around the water level gauging site, consists of mango trees and

(Zemadim et al., 2012). Coupled with the intensive rainfall, Dapo
River has cultivation in steep slopes that aggravates soil erosion
and plant nutrient depletion (Zemadim et al., 2010). Depleted soil
fertility caused by soil erosion and crop uptake is a major limiting
factor for crop production and productivity in both catchments
(Negassa et al., 2005). In response to the productivity decline,
farmers open a new agricultural land which increases deforestation.
Maize, sesame and finger millet are the dominant crops in DRC
while about one third of the watershed area is covered by forest,
mainly located at the most upper land (Figure 3), but no significant
forest is left in Chekorsa catchment.

Methods
Selection of runoff sampling site

Hydrologists of the International Water Management Institute
(IWMI) selected the bridge on the main highway that goes from
Diga to Ghimbi for DRC and the bridge from Arjo Gudatu to Lalisa
Dimtu for CRC, where flow monitoring stations where established.
The bridges are 4.5 and 3.5 m wide through which Dapo and
Chekorsa river flows respectively, and all flows were contained
inside the culvert of the bridges.

Discharge measurement

Discharge measurement and sampling was started from the
beginning of major runoff in July, 2011 and ended in early
September, 2011 when the rainfall ended. Based on Gierke (2002),
the flow rate of the river at the outlet was determined using current
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Figure 2. Dapo watershed outlet (a) and land use and land cover condition around the outlet (b), at the Diga

district, Ethiopia. Photo credit (Brihanu Zemedin, 2011).
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Figure 3. Land use and land cover of Dapo watershed. Source: IWMI (2012).

meter (Model 0012B Surface Display Unit and Model 002 Flow
Meter (Figure 4A and B)); the depth of the rivers at the cross-
section was measured using 1.5 m wading rod (Figure 4E), and the
flow rates and depths (h) were measured across the rivers
simultaneously at 9 points spaced at 0.5 m intervals for DR and at 5
points at 0.75 m interval for CR. The cross sectional area of the flow
was calculated using the depth records and the average flow rates
at each point (Equation 1). Discharge (Q) passing the outlet of the
watersheds was calculated using Equation 2.

gi = vi*ai (@) Q = Xf- qi (b) (1)
Where:

gi = discharge at each cross sectional area (m®sec™); vi = flow
velocity at each cross sectional area (msec™); ai = cross sectional
area at each point (m?); Q = total discharge (m®sec™).

Q=c(h+a) 2

Where: Q = discharge (m®sec™); h = measured water level (m); a =
water level (m) corresponding to Q = 0; ¢ = coefficients derived for
the relationship corresponding to the station characteristics; b =
coefficient derived for the power in relation to the station
characteristics.

Discharge rating curves were developed by fitting the measured
gauge to discharge into power curve (Equation 4) for the two rivers.
And having water levels measured throughout the study period by
the staff gauge (Figure 4E), the discharge for each was calculated
from the equations of the curves.

Runoff sampling and storage

Depth integrated runoff was collected manually from catchments
using one liter plastic bottle three times a day. The daily samples
were mixed and two litters were sub sampled and bulked in a 20 L
plastic jar for 10 consecutive days. The bulked samples were kept
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Figure 4. Current Meter model used for measuring river flow and staff gauge (E) at DR monitoring station.
Photo Credit: Brihanu Zemedin (2011).

Table 1. Methods and procedure used for the chemical analysis sediment and water.

Sample Parameter Method budget Reference
oM Wet oxidation/Walkley-Black Jackson (1967)
TKN Modified Kjeldahl digestion Dalal et al (1984)

. Magnesium oxide-Devrda’s alloy Maiti (2004)

Soil NOs-N NH.-N Magnesium oxide-Devrda’s alloy Maiti (2004)
P,0s Alkaline Extraction of Olsen Method Olsen and Sommers 1982
Texture Hydrometer Bouyoucos (1962)
Dissolved Phenate method using Spectrophotometer; Modele

Water ammonia Eleco SL-160 double beam UV Patnaik (2010)
Dissolved nitrate Spectrophotometer; Modele Eleco SL-160 Double
and phosphorus beam UV Patnaik (2010)

in the refrigerator at 4°C in a soil laboratory to minimize further
chemical and physical changes.

Estimation of sediment load and chemical analysis

Sediment in water sample collected for each consecutive 10 days
was allowed to settle down before the clear water at the top was
decanted into laboratory beakers. The turbid water remaining at the
bottom containing most of the sediment was filtered using filter
papers and air dried. Soil loss was calculated based on the
sediment concentration and discharge per 10 consecutive days at
the gauged sites. The water collected after filtration and that which
was stored after decantation were mixed proportionally for chemical
analysis (Table 1).

Estimates of nitrogen and phosphorus loss
The quantity of N and P delivered to the outlet of the watersheds

with water and suspended sediment was estimated using Equations
3 and 4, respectively. The total N and P lost was estimated by

summation of the amount lost with water in dissolved form and by
the quantity lost with suspended sediments (Equation 5). The maize
yield loss due to the two essential plant nutrients was estimated
according to FAO (1999) method.

Nwi = Ncwi * qi(a) and TNw = ¥{_, NLi (b) 3)
Nsi = Ncsi * SSL and TNs = ¥{_, Nsi () 4
(TNw + TNs)/AGTN = (TNw + TNs)/A ®)

Where, Nw: nutrient loss with water per ten consecutive days
(gm/d) (nitrogen or phosphorus); Ns: nutrient loss with suspended
sediment per ten consecutive days (gm/d) (nitrogen or
phosphorus); Ncw: nutrient concentration in water (gm/L) ((nitrogen
or phosphorus); Ncs: nutrient concentration in suspended sediment
(gm/kg) (nitrogen or phosphorus); SSL: suspended sediment loss
(Kg); q: discharge of the rivers per ten consecutive days (L/d); A:
area of the catchments (ha); i: ten consecutive days; TN: total
nutrient loss (Kg) (nitrogen or phosphorus); grand total nutrient loss
(Kg/ha) (nitrogen or phosphorus).
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Figure 5. Discharge rating curve for DR (a) and CR (b).

Table 2 Discharge, total suspended sediment and sediment concentration from Dapo River and Chekorsa

River.
Parameter Dapo River _ Chekorsa River _ tvalue p-value
Mean SD CV R° Mean SD CV R
Discharge (Mm%d) 0.64 0.17 267 1 0.24 0.043 18.09 1 6.83 0
TSS (tons/d)* 747.86 379 50.7 0.7 434 217 49.82 0.85 2.16 0.05
SSC (gmiL) 112 036 32 03 174 0597 3429 073 2.66 0.02
Soil loss (t/ha/d) 042 021 50.7 0.7 075 0.335 4482 0.79 2.52 0.023

*TSS: Total suspended sediment loss in tons per 10 consecutive days.

Crop yield reduction due to the

phosphorus

loss of nitrogen and

Since maize is a major crop in both watersheds, reported research
data of maize grain yield response to N and P under similar agro-
ecological conditions were obtained from Bako Agricultural
Research Center. The yield response curve for N and P was
developed by fitting the data into quadratic relation (Rosas, 2011;
Naher et al., 2011). The yield reduction due to loss of available N
and P were estimated using their respective response curves
(Equation 6).

Y=ax?+bx+C (6)

Y: Maize vyield per hectare; X: nutrient (N and P) per hectare; a, b
and c: constant of quadratic equation.

The local market price of maize which was 3.5 BirrHa™ (1birr =
17.50USD)) was used to convert the reduction in grain yield to
financial loss incurred by the farmers.

Data analysis

The data was analyzed using SPSS and presented using Sigma-
plot software (version 10). Linear regression analysis was carried
out for suspended sediment load (SSL) and suspended sediment
concentration (SSC) with hydrological parameters. T-test at 95%
confidence limit was used to analyze the differences in sediment

load between the two monitoring stations. Pearson correlation
analysis between soil texture percentage and nutrients were also
determined.

RESULTS AND DISCUSSIONS
Discharge

Water levels or depth across the width of the rivers and
corresponding flows of water resulted in power curves
(Figure 5). According to Braca (2008), continuous
measurement of flow past a river section is usually time
consuming, impractical during flood event and
prohibitively expensive. The average discharge estimated
using the stage-discharge relationship curve was 0.64
DR and 0.24 Mm®d for DR and CR, respectively (Table
2).

Suspended sediment and its interaction with

discharge
runoff from watersheds

Eroded soil by is mostly
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Figure 6. Average discharge and SSC, SSL of Dapo (a) and Chekorsa Rivers (b).

transported by river flow in suspension (Sileshi et al.,
2008). The sediment concentration increased with
increasing discharge throughout the measurement period
for CR (Figure 6b). For DR, the maximum concentration
occurred during day 7 after the maximum discharge
occurred (Figure 6a).The regression analysis showed SC
is strongly related to discharge at CR (R2=0.73) but it
was weak at DR weak (R2=0.29) (Table 2). SSC of DR
did not remain high with all the discharges throughout the
study period. This may be because of the quantity of
sediment on a river bed, limited and less sediment
availability from the watershed (Ongley, 1996).

Consequently, although the total discharge from DR
was about three times greater than that from CR, the
amount of sediment lost from the two catchments was
similar.

Some possible causes of these variations are soil
erodibility, proximity to the waterways, and the difference
in riparian zones vegetation (Figure 8), catchments
dimensions, land use and cover (GLCUS, 2008),
sediment availability (Baca, 2002) and population
density, turbulent fluctuations of stream velocity. As
shown in Figure 6a, sediment becomes readily available
for transportation following the peak discharge that
occurred during day 6.

Temporal variability of suspended sediment with
discharge

There is significant difference in discharge and sediment
transport between ten consecutive days. The discharge
to SC (Q-SC) hysteretic loops identified for the two
catchments were different (Figure 7a and b) such as it
was characterized by anti-clockwise for DR but clockwise

for CR. However, since short-term storm events are
important determinants of sediment concentration (Eder
et al., 2010), and single events hysteresis analysis must
be conducted to confirm this interpretation.

The counter clockwise hysteresis in SC for Dapo
watershed may be related to the reduced rainfall and the
attendant decrease in discharge up to the fifth ten
consecutive days, the delay in sowing time of the major
crops in the upstream part as compared to those in the
downstream part of the watershed. The eroded sediment
from cultivated field had been trapped to its maximum at
the riparian zone and then detached and transported
after the peak discharge event when the supply of
sediment was limited (Figure 8) corroborating the findings
of Baca (2012) who conducted a similar study in
Slovakia.

The clockwise hysteresis is attributed to the rapid
displacement of sediment from source close to the
stream. The size of CRC is less than a third of Dapo
watershed. Similar result where found by Vanmaercke et
al. (2006) in Geba River Catchment of Northern Ethiopia.
Clockwise loops most commonly occur when the
sediment peak occurs before the water discharge peak
and when there is a source of easily erodible sediment
which can be rapidly depleted (Hudson, 2002; Picouet et
al., 2001; Baca, 2010).

Plant nutrient loss and enrichment ratio

In Chekorsa River, N loss increased towards the end of
the rainy season up to three times as compared to at the
beginning of the study, whereas P loss increased up to 2
times (Figure 9) although increase in discharge was not
significant (Figure 9). On the other hand, it is vice versa
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Figure 8. Accumulated sediment at the edge teff field (a) and vegetation along DR (b).
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Table 3. Mean nutrient content of the surface soil of the catchments, and sediment

(kg/ton) and enrichment ratio.

Surface soil Enrichment ratio (: s)

Sub areas
TotalN OC P TotalN OC P

Dapo downstream 4.19 57.06 0.013 0.89 1.18 2.69
Dapo upper stream 2.74 26.49 0.022 1.36 2.54 1.62
Chekorsa catchment 2.58 20.47 0.002 0.95 1.5 8.99
DR (Suspended sediment) 3.73 67.2 0.04
CR (Suspended sediment) 2.44 30.78 0.02

Table 4. R?regration analysis of nutrient with particle size distribution percentage in the sediment for CR and DR.

TKN oC P Sand (%) Silt (%) Clay (%)

CR DR CR DR CR DR CR DR CR DR
TKN 0.485 0.43 0.621 0.278 0.074 0.39 0.997 0.14 0.672 0.936
ocC 0.981 0.989 0.251 0.1 0.428 0.34 0.964 0.539
P 0.142 0.11 0.565 0.35 0.997 0.523
Sand (%) 0.107 0.91 0.107 0.17
Silt (%) 0.617 0.016
Clay (%)

TKN, Total Kjeldal nitrogen; OC, organic carbon; CR, Chekorsa River; DR, Dapo River; P, phosphate.

for Dapo River, which is quite similar result found by Liu
et al. (2012). The loss of P and particularly N from CR is
as higher as that of DR (Figure 9) though the average
discharge of CR is as about three times less than DR
(Figure 9). It was probably because of an effect remarked
by Arheimer and Lide (2000), that is, contribution from
rural point sources such as the traditional manuring, the
availability of nutrients in the lower parts of a catchment
(Chekorsa River catchment is more arable land and
dense population), and water has easy access to the
rivers and dilution effects by water from upper part of the
catchment.

Similarly, the ground water which came as base flow
from the upper region of DRC (covered by natural dense
forest increase infiltration of rain water into ground water)
probably diluted the river. Clay particles have been
washed away from both catchments in greatest
percentage. For example, if washing of clay particles
continues in such a way (Table 4), it would exacerbate
pressure on production, since soils with higher clay
content have more favorable chemical properties (Hutton
et al., 2008) than coarser textured soils.

The concentration of OM, TKN and available P in the
eroded sediment were greater than the surface soil. The
concentration of available P reaches up to greater than
2.7 and 9 time its initial concentration in some areas of
the watershed in the DRC and CRC (Table 3),
respectively. This indicates that surface runoff is washing
P in large amount to the water body. This may be
because of the largest concentration of P in the soll
surface layers, and concentrated hydrologic energy on
the soil surface (Zaimes and Schultz, 2002). This high P

ER coincides with high clay transport by the rivers, (for
example: r* of 0.997) (Table 4). Scalenghe et al. (2002)
indicated the highest accumulation of clay has strong
relation with P ER because of the preferential loss of P
with finer clay sized patrticle.

Soil erosion selectively washes fine particles such as
clay and organic matter leaving coarse sand behind.
Sand and silt are comparatively inert and act only as
diluents to the more active clay (Page, 1950). Therefore,
the higher the clay fraction the greater is the surface area
of the soil available for sorption (Hutton et al., 2008).

Surface soil of DRC has greater soil fertility and hence
loses much more nutrient than CRC (Table 3). This result
also supports why soils with higher fertility status lose
much more nutrients relative to those with a lower fertility
status. Evans (2006) showed that the amount of nutrient
lost was found to be strongly dependent on the nutrient
status of the sail.

The severity of nutrient loss

The classifications were based on FAO (1999)
calcification for available nutrient loss. The result of
classification signifies how much soil erosion alone is
contributing for the very high nutrient loss (FAO, 1999;
Henao and Baanante, 1999). However, the classification
in the report had been based on the nutrient removal
including other major means of nutrient removal such as
crop residue removal, leaching evapo-transpiration,
grazing, etc.

Regarding nitrogen, Table 5 indicates only 35 and 30%



Table 5. Severity classes of the loss available nutrients.
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Dapo catchment Chekorsa catchment

Loss left behind to be classified as high nutrient loss

Available class (%)

Total loss Severity class Total loss Severity class DRC CRC
N 13.58 Moderate 14.3 Moderate 35.4 30.6
P 9.31 High 4.20 Moderate ---* 47.5

Table 6. Estimated monitory value of available nutrient

loss by the two Rivers.

Step Estimated

Dapo catchment Chekorsa Catchment

N P N P
1 Total Lost/ha 13.6 9.3 14.3 4.1
2 Potential grain yield response (Kg/Ha) 3338.1 3905.1 3402.4 3147.6
3 Mean grain yield with no P and N fertilizer* 2389.3 2483.7 2389.3 2483.7
4 Net yield (Kg/ Ha) 948.8 1421.4 1013.1 663.9
5 Total price (Birr/ha)** 3320.8 4974.9 3545.9 2323.7

*Using Figure 12 and 13 equations accordingly. **Since market price of maize at Nekemte is 3.5 birr Ha™ (1

birr = 17.50 USD).
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Figure 10. Response of maize grain yield to nitrogen application rate.

of high nutrient loss rate class stated by FAO (1999) was
left behind in DRC and CRC, respectively, to fall in the
high nutrient loss rate class. The soil nutrient loss due to
soil erosion alone contributed about 65 and 69% high
nutrient loss rate class by FAO (1999). According to FAO
(1999), if P,Os losses from cultivated land are between 4
and 7 kg'ha'yr, such value are considered as high
losses. Only by soil erosion, P,Os has already attained
the high soil nutrient depletion rate class for Dapo (Table
5). On the other hand, in the CRC, 52.53% has already
attained the minimum amount of P,Os loss to be
classified as high losses.

Costs of nutrient loss

The estimated macro nutrients (Table 6) and the yield
response curve (Figures 10 and 11) were used as a tool
to the estimated monetary value of onsite economic cost
of the lost nutrients in Table 6. However, estimating total
monetary cost of erosion presents many difficulties
(GLCUS, 2008) since it involves many different factors
(Derek, 1996).

R® of Figure 10 shows a wide variation of yield
response to the almost equivalent amount of fertilizer
rate; that is, 2.3 to 6.5 tha™. Similarly, Negassa et al.
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Figure 11. Grain yield response curve of maize to phosphorus rate.

(2005) indicated high variation of maize yields on
farmers’ fields in the study areas ranging from <1.0 to
almost 6.0 t ha™.

Equations of Figures 10 and 11 represents the yield
response curves showing the trend of yield increment for
different rates of additional N and P application. Mean
grain yield with no N and P fertilizers were 2,389 and
2,484 Kgha', respectively (Table 6). Therefore, lost net
maize grain yield due to the loss of available N and P,Os
by runoff were about 949 and 1,421 kgha™ from DRC
whereas 1,013 and 664 kgha® from CRC (Table 6).
Farmers in the study area lost about 190 and 284
USD/ha from Dapo catchment and 203 and 133 USD/ha
from Chekorsa catchment due to the loss of N and P,
respectively.

Yield decline due to erosion follows a curvilinear,
negative exponential (FAO, 1999). Therefore, eventually
the current decline of yield can gradually reach a worst
period in the future where there is no observation in yield
decline. Negassa et al. (2005) also found that the
relatively common practice of sole application of low rate
of N and P fertilizers has not sustained maize production
and productivity in the region because of severe nutrient
loss. Therefore, combined application of these nutrients
with manure/compost gives a better yield.

Conclusion and recommendations

The results revealed that suspended sediment
concentration is strongly related to discharge or flood
events for both catchments. The quality of the sediment
lost from both sites is similar, though the catchment size
and total discharge from Dapo River is about three times
greater than Chekorsa, once sediment concentration of
the Chekorsa River (varies from 942 to 3,002 mg/L) is
higher than one at the Dapo River (ranging from 731 to
1,865 mg/L).

Suspended sediment concentration increases directly
coincide with the surge in discharge for Chekorsa River
but not for Dapo River. Discharge-suspended sediment
concentration produced two types of hysteretic loops, an
overlapped anticlockwise hysteresis for Dapo River
Catchment and clockwise hysteresis relationships for
Chekorsa River. The study reveals the loss of productivity
as a result of both dissolved and sediment-sorbed N and
P nutrient transported in overland flow delivered to the
monitoring station.

In addition, from the result of the study, it is possible to
conclude that:

1. Nitrogen and phosphorus losses due to soil erosion
are elevated;

2. Clay has eroded more than silt and sand;

3. There is a strong correlation between percentage of
clay with phosphate and TKN;

4. The rate of phosphorus loss was nine times in the
sediment than that of the surface soil;

5. The monetary value of the lost nutrient may persuade
farmers to implement sustainable nutrient practices and
soil conservation activities;

6. As recommendation, similar studies must continue in
the catchment including event based sediment hysteresis
assessment in order to compare it with the weekly based
sediment hysteresis.

Conflict of Interests

The author(s) have not declared any conflict of interests.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the International
Water Management Institute (IWMI) for funding this study.



Their great appreciation goes to the International Water
Management Institute staff members especially to Dr
Charlotte McAlister previous Nile 4 Project leader and Dr
Brihanu Zemedin (Ph.D.) who supported the work
technically, and all the laboratory technicians of Nekemte
Soil Research Institute.

REFERENCES

Ahanger M, Asawa G, Lone M (2013). Hysteresis effect on sediment
rating curves. J. Acad. Ind. Res. 1(8)

Alley M, Marvin E, Martz J, Paul H, Davis J, Hammons L (2009).
Nitrogen and phosphorus fertilization of corn. Communications and
Marketing, College of Agriculture and Life Sciences, Virginia
Polytechnic Institute and State University. Virginia State, Petersburg
Management Institute. 87p. (IWMI Working Paper 131)

Arheimer B, Liden R (2000). Nitrogen and phosphorus concentrations
from agricultural catchments —influence of spatial and temporal
variables. Swedish Meteorological and Hydrological Institute. J.
Hydrol. 227 (2000) 140-159SE-601 76

Ashagrie T (2009). Modeling rainfall, runoff and soil loss relationships
in the northeastern highlands of Ethiopia, AnditTid watershed. A
Thesis Presented to the Faculty of the Graduate School of Cornell
University.

Baca P (2002). Temporal variability of suspended sediment availability
during rainfall-runoff events in a small agricultural basin.ERB and
Northern European FRIEND Project 5 Conference,
Deménovskadolina, Slovakia.

Baca P (2012). Hydrological Sciences Journal: Hysteresis effect in
suspended sedimentconcentration in the Rybarik basin, Slovakia.
Taylor & Francis. London W1T 3JH, UK.

Bekele S, Holden ST (1998). Resource degradation and adoption of
land conservation technologies in the Ethiopian Highlands: A case
study in Andit Tid, North Shewa. Agricultural Economics 18:233-47

Berry L, Olson J, Campbell D (2003). Assessing the extent, cost and
impact of land degradation at the national level: findings and lessons
learned from seven pilots. World Bank

Bouyoucos G (1962). Hydrometer method improved for making particle
size analysis of soils. Agron. J. 54:464-465.

Braca G (2008). Stage-discharge relationships in open channels:
Practices  and problems. FORALPS  Technical Report,
11.UniversitadegliStudi di Trento, Dipartimento di IngegneriaCivile e
Ambientale, Trento, Italy. 24 pp.

Dalal R, Sahrat K, Myers R (1984). Inclusion of nitrate in the Kjeldahl
nitrogen determination of soil and plant materials using sodium
thiosulphate. Commun. Soil Sci. Plant Anal. 15:14531461.

Derek E (1996). The Economics of Soil Erosion: a Model of Farm
Decision-Making. Environmental Economics Programme, 2502 LS
Thee Hague The Netherlands

Desta L, Menale K, Benin S, Pende J (2000). Amhara National Regional
State Bureau of Agriculture. IRLI. Addis Ababa, Ethiopia.

Dubale G, Yasir A, Mohamed, Ann van Griensven |. Popescu, Arthur M
(2009). Modeling of soil erosion and sediment transport in the Blue
Nile Basin using the Open Model Interface Approach in; Improved
Water and Land Management in the Ethiopian Highlands: Its Impact
on Downstream Stakeholders Dependent on the Blue Nile IWMI
Subregional Office for East Africa and Nile Basin, Addis Ababa,
Ethiopia.

Dubale P (2001). Soil and Water Resources and Degradation Factors
Affecting Productivity in Ethiopian Highland Agro-
Ecosystems.Michigan State University Press. Northeast African
Studies, Volume 8, Number 1, 2001 (New Series). pp. 27-51.

Eder A, Strauss P, Krueger T, Quinton J (2010). Comparative
calculation of suspended sediment loads with respect to hysteresis
effects (in the Petzenkirchen catchment, Austria). J. Hydrol. 389:168-
176.

Evans R (2006). Sustainable practices to limit soil erosion: a review and
discussion. CABI Publishing. Department of Geography, Anglia
Ruskin University, East Road, Cambridge CB1 1PT, UK.

Wudneh et al. 509

FAO (1999). Integrated soil management for sustainable agriculture and
food security in southern and east Africa.Proceedings of the expert
consultation.8-12 December, 1997 Harare, Zimbabwe. FAO, Rome

Fenli Z, Xiubin H, Xuetian G, Chang Z, Keli T (2005). Effects of erosion
patterns on nutrient loss following deforestation on the Loess Plateau
of China. Agric. Ecosyst. Environ. 108:85-97.

Getnet D, Yasir A, Ann van Griensven |, Arthur M (2009). Modeling of
soil erosion and sediment transport in the Blue Nile Basin using the
Open Model Interface Approach in; Awulachew, S. B.; Erkossa, T.;
Smakhtin, V.; Fernando, A. (Comp.). 2009. Improved water and land
management in the Ethiopian highlands: Its impact on downstream
stakeholders dependent on the Blue Nile. Intermediate Results
Dissemination Workshop held at the International Livestock Research
Institute (ILRI), Addis Ababa, Ethiopia, 5-6 February 2009. Summary
report, abstracts of papers with proceedings on CD-ROM. Colombo,
Sri Lanka: International ~ Water Management Institute.
doi:10.3910/2009.201

Gierke J (2002). Measuring River Discharge: ENG5300 Engineering
Applications in the Earth Sciences. Department of Geological and
Mining Engineering and Sciences Michigan Technological
University1400 Townsend Drive Houghton, Ml 49931-1295.

GLCUS (Great Lakes Commission for the U.S. Army Crops of
Engineers Great Lakes and Ohio River Division) (2008).The
Economics of Soil Erosion and sedimentation in the Great Lake
Basin. USA.

Gorlach B, Trinkunaite R, Interwies E, Bouzit M, Darmendrail D,
Rinaudo D (2004). Assessing the Economic Impacts of Soil
Degradation. Volume |V: Executive Summary. Study commissioned
by the European Commission, DG Environment, Berlin.

Gruhn P, Francesco G, Yudelman M (2000). Integrated Nutrient
Management, Soil Fertility, and Sustainable Agriculture: Current
Issues and Future Challenges. International Food Policy Research
Institute 2033 K Street, N.W. Washington, D.C. 20006 U.S.A.

Hagos F, Amare H, Seleshi B (2009). Assessment of Local Land and
Water Institutions in the Blue Nile and their Impact on Environmental
Management in; Improved Water and Land Management in the
Ethiopian Highlands: Its Impact on Downstream Stakeholders
Dependent on the Blue Nile IWMI Sub regional Office for East Africa
and Nile Basin, Addis Ababa, Ethiopia.

Helmecke M (2009). Assessment of soil erosion in selected micro-
watersheds in koraput District, Orissa. Foundation for Ecological
Security Anand - 388 001 (India).

Henao J, Baanante C (1999). Estimating Rate nutrient depletion in Soils
of Agricultural Lands in Africa, IFDC, Muscle Shoals, Alabama.

Hurni H (1993). Land degradation, famine, and land resource scenarios
in Ethiopia. In: Pimentel, D. (Ed.), World soil erosion and
conservation. Cambridge University Press, Cambridge. pp. 27-62.

Hutton S, Harrison S, Halloran J (2008). An evaluation of the role of
forests and forest practices in the eutrophication and sedimentation
of receiving waters. Department of Zoology, Ecology and Plant
Science Environmental Research Institute University College Cork.

Jackson M (1967). Soil chemical analysis. Presntice Hall of India, Pvt
Ltd. New Delhi, India.

Joshua O, Bharat R, Matthew P, Biranu Z (2010).Biophysical Aspects of
landscape soil quality improvement for sustainable Agricultural
productivity in Ethiopian highlands (draft).

Kebede M, Gezahegne B, Benti T, Mosisa W, Yigzaw D, Assefa A
(1993). Maize producti on trends and research in Ethiopia. In Benti
Tolessa and J.K. Ransom (ed.), Proceedings of the First Nati onal
Maize Workshop of Ethiopia. May 5-7, 1992. IAR/CIMMYT, Addis
Ababa, Ethiopia. pp. 4-12.

Kogbe J, Adediran J (2003). Influence of nitrogen, phosphorus and
potassium application on the yield of maize in the savanna zone of
Nigeria. Institute of Agricultural Research and Training, Obafemi
Awolowo University, PMB 5029, Ibadan, Nigeria.

Le Bas, Kozak J (2007). Soil Erosion. European commition Joint
Research.http://eusoils.jrc.ec.europa.eu/esbn/Plenary_esbn_2007/W
orkshop/ESBN_SoilErosion

Lefrancois J, Grimaldi C, Gascuel C, Gilliet N (2007). Suspended
sediment and discharge relationships to identify bank degradation as
a main source on small agricultural catchments. Hydrol. Process.
21:2923-2933.



510 Afr. J. Environ. Sci. Technol.

Maiti S (2004). Handbook of Methods in Environmental Studies Vol. 1:
Water and Wastewater Analysis. ABD Publishers. Jaipur, India.

MWRE (2010). Environmental and Social Impact Assessment of the
Ribb Irrigation and Drainage Project Volume 2/2 Ministry of Water
and Energy, Ethiopia.

Naher U, Mohammed A, Qurban A, Othman R, Shamsuddin J (2011).
Techniques of efficient fertilizer management for wetland rice- a
review. Aust. J. Crop Sci. 5(12):1661-1669.

Negassa W, Heluf G, Friesen DK (2005). Integrated Use of Farmyard
Manure and NP fertilizers for Maize on Farmers’ Fields. J. Agric.
Rural Dev. Trop. Subtropics 106(2):131-141.

Olsen S, Sommers L (1982). Phosphorus; In Page, Miller, Keeny,
Leeds.Method of soil analysis Il. Chemical and micro biological
properties, agronomic, monograph, vol.9, Second ed. SSSA,
Madisen, Wisconsin.

Ongley E (1996). Water Quality Monitoring - A Practical Guide to the
Design and Implementation of Freshwater Quality Studies and
Monitoring Programmes. United Nations Environment Programme
and the World Health Organization.

Page J (1950). Role of physical properties of clays in soil
science.Agricultural and Mechanical College of Texas, College
Station, Texas.

Patnaik P (2010). Hand book of Environmental analysis chemical
pollutants in air, water, soil and solid wastes, CRC press Boca Raton
London, New York.

Picouet C, Hingray B, Olivry JC (2001). Empirical and conceptual
modelling of the suspended sediment dynamics in a large tropical
African river: the Upper Niger River basin. J. Hydrol. 250:19-39.

Pimentel D, Haway C, Resosudarmo K, Kurz D, McNair M, Crist S,
Shpritz L, Fitton L, Saffourl R, Blair R (1995). Environmental and
Economic Costs of sail Erosion and Conservation Benefits. Science
267(5201):1117-1123.

Rosas R (2011). World Fertilizer Model; The World NPK Model.
Working Paper 11-WP 520.Center for Agricultural and Rural
Development lowa State University, Ames, lowa 50011-1070.

Sander G, Zhenga T, Heng P, Zhong Y, Barry D (2011). Sustainable
soil and water resources: Modelling soil erosion and its impact on the
environment. 19th International Congress on Modelling and
Simulation, Perth, Australia.

Scalenghe R, Barberis E, Edwards A (2002). The Phosphorus
Enrichment rationOverfertilized Soils. 17th WCSS August 2002,
Thailand.

Seleshi BA, Fitsum H, Godswill M,Regassa EN (2009).Importance of
Irrigated Agriculture to the Ethiopian Economy: Capturing the Direct

Net Benefits of Irrigation.IWMI Research Reports.

Sharpley N, Foy H, Withers P (2000). Practical and Innovative
measures for the control of agricultural phosphorus losses to water:
An overview. J. Environ. Qual. 29:1-9.

Sileshi A, McCartney S, Abdalla A (2008). A review of hydrology,
sediment and water resource use in the Blue Nile Basin. Colombo,
Sri Lanka.

Slattery MC, Gares PA, Philips JD (2002). Slope-channel linkage and
sediment delivery on North Carolina Coastal Plain cropland. Earth
Surf. Process. Landforms 27:1377-1387.

Tenaw M, Seleshi BA (2009). Soil and Water Assessment Tool
(SWAT)-Based Runoff and Sediment Yield Modeling: A Case of the
Gumera Watershed in Lake TanaSubbasinSeleshi B. Awulachew,
Teklu Erkossa, Vladimir Smakhtin and Ashra Fernando Improved
Water and Land Management in the Ethiopian Highlands: Its Impact
on Downstream Stakeholders Dependent on the Blue Nile IWMI
Subregional Office for East Africa and Nile Basin, Addis Ababa,
Ethiopia.

Van-Camp L, Bujarrabal B, Gentile A, Jones R, Olazabal C, Selvaradjou
S (2004). Reports of the Technical Working Groups Established
under the Thematic Strategy for Soil Protection.EUR 21319 EN/3,
872 pp. Office for Official Publications of the European Communities,
Luxembourg.

Vanmaercke M, Zenebe A, Poesen J, Nyssen J, Verstraeten G,
Deckers G (2006). Magnitude and Dynamics of Runoff and Sediment
Transport in the Geba River Catchment, Northern Ethiopia. Physical
and Regional Geography Research Group, Catholic University of
Leuven, Celestijnenlaan 200E Tower 3 Floor 3, 3001 Heverlee.

Wortmann C (2006). Agricultural Nitrogen Management for Water
Quality Protection in the Midwest EPA Region VI..The Board of
Regents of the University of Nebraska, USA.

Zaimes G, Schultz R (2002). Phosphorus in Agricultural Watersheds
Department of Forestry, lowa State University, Ames, lowa.

Zemadim B, Matthew M, Bharat S (2012). Establishing Hydrological and
Meteorological Monitoring Networks in Jeldu, Diga and Fogera
Districts of the Blue Nile Basin, Ethiopia. IWMI, Addis Ababa,
Ethiopia

Zemadim B, Matthew M, Bharat S, Joshua O, Gerba L, Seleshi B
(2010). Integrated rain water management strategies in the Blue Nile
Basin of the Ethiopian highlands. IWMI, Addis Ababa, Ethiopia.



