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ESSS PRESIDENT’S REPORT

Paulos Dubale1

Your Excellency 
V/Minister of Agriculture, MoA 
Distinguished Guests, 
Conference Participants,
Ladies and Gentlemen,

Introduction

It is a great pleasure to meet together once again and discuss on scientific issues related to 
soils. Our theme for this conference is: Understanding Soils, Key Resources to Rural 
Development While Protecting the Environment

It had been said so many times that food shortage is a serious problem of Ethiopia. To 
alleviate the problem the Federal Government of Ethiopia and some NGOs have launched a 
new extension package approach that will utilize available research outputs and increase 
productivity. Unlike some of the earlier packages like ARDU and WADU that had focused 
on the development of specific regions, the present package seems expanding very fast and 
popularly adopted by the farmers. Undoubtedly, the major input from fellow and affiliated 
soil scientists to this new extension package program is the fertilizer recommendation they 
have contributed to specific crops and for specific sites. It seems that the scope of the 
package is expanding to include soil and water conservation as this is probably the number 
one factor to halt further degradation of the natural resources of this country. Hence, how 
should the soil scientists address the current soil fertility management problems?

High yielding varieties require the high level of combinations of nitrogen and phosphorus 
and produced continuously on the same piece of land may drain out the soil of other 
essential nutrients leading to reduced yield. The solution to this will be to follow an 
integrated nutrient management approach where both organic and inorganic fertilizers 
should be practiced. Several papers will be addressing this issue in the two days of 
deliberation but much more emphasis should be given by fellow soil scientists and other 
affiliated scientists to come up with practical solutions.

1 Ethiopian Agricultural Research Organization 
P.O.Box 2003, Addis Ababa



As the theme of this conference states, understanding soils is not only a concern of the soil 
scientist but that of every citizen of this country. Many forceful decrees were passed in the 
past and many people were obedient to the decrees while those resisted were persecuted or 
forced to flee out of the country. Among those who have left the country the lucky ones do 
come to their country, but our soils which are keeping on moving downtrend peacefully and 
out of the country will never come back. Soil formation is a long process requiring probably 
generations. Hence, the short term solution is to save what is remaining by formulating a 
national strategy. This is not only the duty of the soil scientists but that of the Ethiopian 
Society and the professionals should give direction to the policy makers.

During the last conference soil scientists were very much concerned that soils in general and 
soil science and water management research in particular was being neglected and formed a 
task' force that will study the status and come up with a proposal to this conference on the 
formation of a national soils institute. The task force met once and discussed on certain 
issues as to how to address the issue. One of the agenda discussed was on the development 
of a plan for fond raising to strengthen ESSS in order to make it an independent and 
impartial source of factual soils and environmental information to farmers, policy makers, 
and academicians. Some means of fund raising possibilities were potential governmental 
and non-governmental institutions. Hence members of the task force and the EC have 
approached some governmental and NGOs to donate fond for this noble mission. Mean 
while, in a new development, the soil and water management research program was 
proposed to be instituted in the new Ethiopian Agricultural Research Organization at an 
equal footing with other major programs and this has probably diluted the further 
continuation of the duties of the task force.

Reference to the past two Presidential Reports indicates weak participation by the members. 
No difference has been observed during the present term. The EC members tried to analyze 
why most of the members of the society have been less responsive to the affairs of the 
Society. One can list down his own reasons but we thought that lack of awareness, 
communication barriers, financial limitation, and low input by members of the Executive 
Committee on the affairs of the Society would probably have contributed to the low 
participation by the members.

Concerning the EC members, except one, all of us are out of Addis Ababa until recently. 
Hence, the bulk of the activities was shouldered on the Secretary who is Addis Ababa who 
could carry on almost eveiy EC member’s responsibility. May I take this opportunity to 
thank Dr. Eyasu Mekonnen, the Secretary for his commendable job during this term.

Nonetheless ten new members have joined the Society during this term. We welcome you, 
the new members, and look forward of your active participation in the ESSS. At present we 
have a total of 70 active members and 16 associate members.

Another activity that was performed by the EC is the participation in the formation of the 
Ethiopian Agricultural Congress as a founding member.



The Soil Science Society of Ethiopia is a member of the International Soil Science Society. 
ESSS made correspondence with ISSS, American SSS, German SSS especially with regard 
to information exchange. During this term efforts were also made to strengthen our Society 
in facilities by bilateral aids from sister societies but this was not successful. 
Communications were also made with national institutions to strengthen our Society. In this 
regard contacts were made with the National Fertilizer Industry Agency, ESTC, AUA, LAR, 
GTZ-LUPO, Mekelle University College, MoA-UNDP and others to solicit our society in 
capacity building. May I take this opportunity to thank the following institutions for their 
contribution to hold this conference. A couple of these have promised much greater 
assistance in capacity building and their donations shall be communicated some time later 
when it is materialized.

1. The Ethiopian Science and Technology Commission (ESTC) covered the cost of 
printing the proceeding of the 3rd Conference and donated another Birr 2000 to sponsor 
this conference.

2. The Institute of Agricultural Research donated Birr 2000 and allowed its conference hall 
free of charge to hold this conference as well as provision of some other services.

3. The National Fertilizer Industry Agency donated Birr 3000 for holding this conference.

4. GTZ-LUPO donate Birr 2000 for running this conference and committed itself for 
further assistance.

5. The Alemaya University of Agriculture donated Birr 1000 for holding this conference.

Before concluding my report, I also would like to take this opportunity to extend my heart 
felt thanks to His Excellency the Vice Minister of Agriculture, for accepting our invitation 
to officially open this 4th Conference of our Society. I also extend my sincere thanks to Ato 
Birhanu Debele, Life time member of our Society, for accepting our invitation to give a 
closing remark at the end of the conference. Thank you for your attention.

Thank you ladies and gentlemen for your attention and may I call your Excellency to 
officially open this conference.
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Evaluation Of Awash River Water For Irrigation Under Middle 
Awash Condition

Girina Taddese1, Endale Bekele1, Gerroew Eticha2 and Fentaw Abegaz3

ABSTRACT

The Awash River acts as a major natural drain for several rivers and hot springs and is the main 
source of irrigation water. Hence, evaluation of irrigation water quality through time and space 
is important for salinity control. Water quality evaluation at four selected sites was carried for 
seven years. The pH value did not change over time. High ECw was recorded in June and 
ECw value for upstream and downstream sites ranged from 0.25-0.52 dS/m. All samples 
showed ECw values below the FAO water quality limit for restriction. Thus, no salinity or 
cropping related problem should be expected as a result of using the Awash River water for 
irrigation. Water quality was found to be inversely related to flow volume. The combined 
effect of salinity and sodicity on infiltration rate was in the recommendable range. However, 
care must be taken for sensitive crops during the dry months of June in down stream sites. No 
Specific-ion toxicity hazard is to be expected from using the Awash River water for irrigation. 
Sodium significantly correlates with ECw and Adj. RNa.

INTRODUCTION

The Awash River which originals in the central highlands of Ethiopia is a major source of 
irrigation and acts as a natural drain for several tributaries and hot springs (EMA. 1988). 
Water quality may vary with space and time and, therefore, the quality should be evaluated.

Irrigation water contains dissolved salts, whose concentration and composition varies 
depending on water source and growing seasoa It is, therefore, important to know the 
concentration and composition of irrigation water at time interval so that sound management 
decisions can be made of (Tanji. 1990). The major solute comprising dissolved salts are the 
cations and anions.

1 Melka Werer Agricultural Research Center Institute of Agricultural Research (IAR) P.O.Box 2003, 
Addis Ababa, Ethiopia.

2 Oromia Agricultural Research, P.O.Box 10830, Addis Ababa, Ethiopia
* Associate Researcher, Institute of Agricultural Research (IAR). Werer Research Center. P.O.Box 2003, 

Addis Ababa Ethiopia
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Water quality related problems in irrigated agriculture are salinity, sodicity and specific-ion 
toxicity (Ayers and Westcot. 1976, Frenkel. 1984). As salinity of the soil water system 
increases, water and nutrients in the root zone area become less available to the plant (Mass. 
1990). The two most common factors that influence normal infiltration rate are salinity and the 
relative sodium concentration of the irrigation water. Their relationship can be expressed in 
Adj. RNa.

Toxicity to plant development may arise from excess chloride, boron and sodium ions in 
irrigation water (Mass and Hoffinan. 1977). Damage results when potential toxic element is 
absorbed in significant amounts with water taken up by the plant roots. Hence, the primary 
objective of this study was to evaluate changes in the quality of Awash River water for 
irrigation.

MATERIALS AND METHODS

Five sampling sites (Fig. 1) comprising two diversion weirs (Metehara and Melka Sadi), two 
pumping sites (Melka Werer and Ambash) and one drainage point water selected. Elevation of 
sampling sites varied from 500 m to 1250 m above mean sea level. One liter water sample was 
collected each month using plastic bottles during the period January 1989 to December 1995. 
Analysis was limited to pH, electrical conductivity (EC), soluble cations and anions, except 
sulphate. Sediment load was also measured.

Fig 1. Water Sampling Sites Along Awash River 3



The total salt concentration is measured by electrical conductivity Meter JENWAY model 
4010 and expressed as decisiemns per meter at 25 °C (dS/m). Sodium and potassium were 
determined by a model PFP.7 flame photometer. Magnesium and calcium were determined 
volumetrically by titrating with ethylenediaminetetraacetic acid (EDTA). Carbonate, 
bicarbonate and chloride anions were analyzed by titration using standard solutions of sulfuric 
acid and silver nitrate. Analysis followed standard procedures as outlined by USSL-Staff 
(1954). Adjusted sodium adsorption ratio (Adj.RNa) was computed by the equation of 
Suarez (1981).

Na
Adj.RNa

' (Ca« + Mg)

Where, Na = Sodium in the irrigation water reported in me/1
Ca* = a modified calcium value in me/1. Ca* represents Ca in the applied 

irrigation water but modified due to salinity of the applied water 
(ECw), its HCOyCa ratio (HC03 and Ca in me/1 and the estimated 
partial pressure of CO2 = 0.0007 atmosphere).

Mg = Magnesium in the irrigation water reported in me/1

RESULTS AND DISCUSSION

Total salt concentration of irrigation water is the single most important criterion of salinity 
evaluatioa Because it is highly related to the salt concentration of the soil which is used as a 
measure of influence on plants (Shainberg and Oster. 1978., Frenkel. 1984., Tanji. 1990). The 
ECw values at any time during the study ranged from 0.25 to 0.52 dS/m (Fig. 2). In addition, 
the Awash River water did not show much variation in the electrical conductivity values over 
the years and sites (Fig. 3 and 4). The highest ECw was recorded in June correlating with a 
low flow of the Awash River (Fig. 5). Thus, water quality of the Awash River was found to 
be inversely related to flow. Due to dilution effect during the rainy seasons total salt 
concentration was low. In contrast to the Awash River, the salt content of the Wabi Shebelle 
River water increases with flow (Ochtman and Debele. 1975). During the rainy season, run 
off water dissolves easily soluble salts from the surrounding Ogaden plateau dominated by 
Marine Origin. ECw of the Awash River, on the other hand, was at its lowest during the 
months of August and September (Fig. 6) when flow was at its maximum.

At Melka Werer and Ambash sampling sites ECw was relatively high compared to upstream 
sites. The ECw at this site was always higher than the other sampling sites (Gebre Sellasse. 
1986). Over all, the water samples collected from all sampling sites were found to have Ecw 
values below that set in the FAO water quality guidelines (Ayers and WestCot. 1985) for no 
problem. Hence, no salinity related cropping problem could be expected in using the Awash 
River water for irrigation. Prolonged use of irrigation water from Awash River in June in drier 
years may cause salinity related problems only to sensitive crops.

4
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Several authors (Oster and Shroer. 1979., Hanson. 1979., Suarez. 1981) indicated that normal 
infiltration rate can be affected by salinity and sodicity of the irrigation water. Irrigation water 
with very high sodium content and low salinity disperses soil aggregate plugging soil pore 
spaces, which leads to reduced soil infiltration rate. Low salinity irrigation water (< 0.2 dS/m) 
is corrosive and tends to leach soluble calcium and other minerals from surface soil. The 
combined effect of salinity and sodicity (Adj. RNa) values on soil permeability were on the 
recommendable range (Table, 1,2,3 and 4).

Table 1. Mean value of soluble cations, anions and Adj. RNa of different months*.

Month
Soluble Cations and anions 

(me/1) Adj.RNa
HCO,- a Na+ K* C a" M g"

Jan. 3.25 1.27 2.47 0.18 1.36 0.65 3.06
Feb. 3.20 1.00 3.06 0.18 1.53 0.58 2.83
Mar. 3.23 1.69 2.83 0.22 1.66 0.65 3.04
April 3.22 1.30 2.42 0.19 1.43 0.64 2.41
May 3.38 1.02 2.89 0.26 1.34 0.55 3.25
June 4.01 1.34 3.15 0.28 1.3S 0.59 3.61
Jul. 4.69 1.12 2.12 0.24 1.16 0.49 2.58
Aug. 2.97 * 0.49 1.21 0.15 1.07 0.45 1.45
Sept. 2.35 0.81 1,55 - 0.16 1.35 0.47 1.78
Oct 2.76 •0.16 1.97 0.21 1.29 0.45 2.19
Nov. 2.94 1.34 ■ 1.71 0.16 1.31 0.61 2.01
Dec. 2.92 1.30 2.18 0.17 1.35 0.56 2.54

* = Mean of seven years

Table 2. Mean value of soluble cations anions and Adj. RNa of different years*.

Soluble Cations and anions 
Year _________________ ________________(me/1)________________  Adj.RNa

HCO,- a* Na+ K+ C a" M g"

1989 2.71 1.07 1.51 1.17 1.14 0.58 1.67
1990 2.99 0.90 2.13 1.16 1.52 0.60 2.08
1991 2.97 0.50 2.90 1.17 1.54 0.46 3.11
1992 3.06 1.61 2.10 1.19 1.42 0.53 2.76
1993 3.30 0.76 2.25 0.27 1.32 0.59 2.43
1994 3.26 0.94 2.51 0.20 1.19 0.58 293
1995 4.01 1.27 2.70 0.24 1.34 0.57 2.98
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Table 3. Mean value of soluble cations, anions and adj. RNa at different sites of Awash 
River

Year
Soluble Cations and anions 

('me/1') Adj.RNa
h c o 3 - c r Na+ K+ Ca~ M g~

Metahara 2.63 0.68 1.66 0.17 1.9 0.51 2.05
Melka Sadi 2.79 0.80 1.74 0.20 1.31 0.51 2.93
Werer 2.44 1.09 2.56 0.20 1.34 0.57 2.67
Ambash 3.53 1.10 2.58 0.19 1.33 0.54 2.93

Drainage
Sink(Ambash) 3.55 2.82 2.95 0.26 1.53 0.61 3.24

Table 4. Regression relationship between major irrigation water quality components in 
different locations.

Site______________Regression______________________ r

Metahara Na = 9.1ECw-0.82 0.87*
Na = 1.3 Adj.RNa - 0.31 0.99*

Melka Sadi Na = 7.7ECw - 0.48 0.82*
Na = 1.2 Adj.RNa+ 0.2 0.98*

Melka Werer Na = 9.9ECw - 1.2 0.90
Na = 1.17Adj.RNa-0.23 0.96*
Ca =0.84ECw -1.01 0.98*

Ambash Na = 9.3ECw - 0.71 0.83*
________ _________ Na = 1.2Adj.RNa - 0.2 ______  0.69

* = Statistically significant

Concentration of soluble cations and anions was low from July to September as compared to 
the rest of the months. Potassium concentration was very low and did not show any significant 
difference over the years and sampling sites (Table, 2 and 3). Mass (1990) showed that the 
most common toxic ions to plants in irrigation water are B, Na and Cl.

Toxicity problem differs from salinity in that it can easily be taken up by plant from soil-water 
or leached down from soil. Thus, specific-ion toxicity hazards are non-existent in using 
irrigation water from the Awash River at Middle Awash Valley. However, the suspended 
sediment load of the Awash River water in July and August was high compared to the rest of 
sampling months (Fig. 7). As a result, siltation and sedimentation is becoming a great concern 
for maintenance of canals and drain ditches.

11
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CONCLUSION

Salinity and sodicity increases from upstream to down stream. Values of salinity and combined 
effect of salinity and sodicity levels were below the FAO guidelines for water quality restriction 
limit. Thus, no salinity problem could be expected in using Awash River water for irrigation in 
Middle Awash area. However, in June care must be taken for sensitive crops. Specific-ion 
toxicity hazardous was non-existent in utilizing Awash River water for irrigation. Finally, 
siltation and sedimentation from July-September was high, which causes silt up of canals and 
drains.
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Biological Nitrogen Fixation In Faba Cultivars

Balesh Tulema4, M.P. Salema5 & Getinet Desalegn6

ABSTRACT

Pot experiments were conducted in glass house to study the nitrogen fixation capacity of ten 
varieties of Faba bean with three levels of phosphorus fertilizer. The varieties were selected to 
represent high and intermediate dry matter yielding varieties in the high and mid altitudes of 
Ethiopia.

There was significant difference in total nitrogen yield, nitrogen uptake from fertilizer, nitrogen 
derived from soil and biological nitrogen fixation among the varieties. The high dry matter 
yielding varieties in the high altitude area gave higher N yield, lower % nitrogen derived from 
fertilizer and higher % nitrogen fixed from the atmosphere as compared to the intermediate 
yielding varieties. Application of 8 mg P /kg soil increased the N yield and % nitrogen fixed 
from air for the intermediate yielding varieties. Further increasing the P rate to 16 mg /kg soil 
depressed the % nitrogen derived from the air for seven of the ten varieties .

INTRODUCTION

Nitrogen remains the key nutrient limiting the yield of grain crops . The increasing price of 
nitrogen fertilizer is one factor affecting its use by farmers. Even when costs are reasonable, 
fertilizers are often unavailable or available too late to be of greatest benefit to the crop. 
(Bohlool, et. al 1992, Isfan, et. al 1995).

Bacterial conversion of atmospheric N gas (the most abundant gas constituting about 78% of 
the gases present in the atmosphere) into ammonia by the use of enzyme nitrogenous is a very 
important source of nitrogen in many soil-plant ecosystems. (Bohlool. 1992, Danso. 1995, 
Fried. 1995).

4 IAR, Holetta, P.O. Box 2003, Addis Ababa, Ethiopia
5 Joint FAO/IAEA, Division of Nuclear Techniques in Agriculture 

Wagramerstrasse 5 , A 1400, P.O.Box 100 Vienna. Austria.
6 IAR. Holetta, P.O. Box 2003, Addis Ababa, Ethiopia



Although free living micro-organisms do contribute to the pool of fixed nitrogen in agricultural 
system, the legumt-Rhizobium symbiosis is the highest contributor of biologically fixed 
nitrogen to agricultural system and the one with the highest potential for obtaining significant 
increase (Bohlool. 1992).

The amount of nitrogen fixed by legiime-rhizobium symbiosis depends on many factors, such 
as the effectiveness of the rhizobium strain, the genetics of the host plant, physical factors of 
the environment and agronomic practices. Differences in biological nitrogen fixation have been 
observed in many species including non modulated plants such as rice, maize etc (Nyuyen, et. 
al. 1995).

Reports indicate that the amount of nitrogen fixed in Faba bean vary widely (45-552 kg N/ha). 
Brunner and Zapata (1978) compared 19 mutant lines of Faba bean with the parent cultivars 
for grain yield, dry matter and nitrogen yield and dinitrogen fixation. One line was clearly 
superior in all characters.

El-sherbeeny et al. (1977), Sadiki and Bames (1994), Beck and Herridge (1994) reported large 
genetic variation within V. Faba varieties in fixing nitrogen. El-sherbeeny and Lawes also 
studied host strain interactions between six cultivars of V. Faba and six isolate of rhizobium 
and reported that plant dry-matter yield and the amount of nitrogen fixed were strongly 
dependent on the particular combination of host strain.

Environmental constraints, temperature, water availability, soil pH, the level and availability of 
mineral nutrients in soil and disease of legumes may also affect nitrogen fixation, obscuring the 
beneficial effects which are being sought (Peoples, et. al. 1989, Luyindula and Haque. 1990, 
Tekalign and Asgelil. 1994, Herridge. 1994, Moharram, et. al. 1994, Adebayo. 1994, Peoples, 
et. al. 1995, Rosales and Rosario. 1995, Abdel-Ghaffar. 1988).

On highly weathered tropical soils, Moharram, et. al. (1994) found phosphorus to be the major 
limiting factor that affect growth and biological nitrogen fixation efficiency of legumes. Results 
of assessment of nitrogen fixation by Faba bean and field pea under field condition at Holetta 
showed that native rhizobia in the nitosol have high nitrogen fixation efficiency (Hamissa. 
1990). In this study application of phosphorus fertilizer significantly increased the yield of Faba 
bean but did not significantly affect the biological nitrogen fixation of Faba bean. In the same 
study it was reported that Faba bean fixed 80 - 85 % N from the atmosphere using wheat, 
barley and oats as reference crops. This experiment was conducted in the greenhouse at 
Holetta with the objectives of determining the efficiency of ten Faba bean cultivars in BNF and 
the effect of Phosphorus application on BNF capacity of the cultivars.
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MATERIALS AND METHODS

The experiment was carried out at Holetta in 1993/94 crop season under glass house condition 
in plastic pots of three kg soil capacity. The experimental soil was Eutric Nitosol collected from 
0-15 cm depth from a crop field at Holetta Research Center. The soil sample was sun dried and 
made free of big plant roots and then crushed and filled into pots. Each pot was watered to 
field capacity on the day of planting and watered twice a day thereafter. Each pot was sown 
with five seeds of the respecting Faba bean cultivars included in the treatment to represent high 
and intermediate yielding varieties. Immediately after germination the seedlings were thinned to 
three plants pot'1. The treatments were three rates of P fertilizer (0, 8 & 16 mg P kg'1 soil) and 
10 varieties of Faba bean and the experimental design was 3 x 10 factorial in randomized 
complete block with three replications. The non-fixing reference crop was wheat (ET-13). The 
fixing and the non-fixing crops were supplied with 8 and 24 mg N kg 'l soil respectively. The 
soil in a 3 kg pot was labelled with an aqueous solution of bN-ammonium sulphate (10.03 % 
atom excess).

At pod formation stage, all the above ground part was harvested together, chopped and oven 
dried at 70°C for 48 hours. Dried samples area finely ground to pass 1mm sieve by Bosch 
Grinder and sub sampled by quartering (IAEA. 1990). The analysis for % 15 N and % N 
content was carried out at IAEA Agriculture & Biotechnology Laboratories Seibersdorf, 
Austria. The 15N Isotope Dilution method (IAEA 1990) was used to measure the biologically 
fixed nitrogen.

The Faba bean Varieties included in the study were selected based on previous observations. 
The first four in the list below, represent the high yielding variety, while the rest 6 varieties 
represent intermediate yielding ones in the high and mid altitudes of Ethiopia. 1. KS-20/78 2. 
NC-58 3. KASSA 4. CS-20 DK 5. INGDA 6. KUSE 2-27-33 7. MKT-IUubabor 8. F305 
Morocco 9. PGRC/E27209 10. Coll 111/77.

RESULTS AND DISCUSSION

Results of the experiment indicating responses in dry matter yield, nitrogen yield, % N derived 
from fertilizer and from the atmosphere are summarised in Table 1. The data indicates that, 
phosphorus fertilizer treatments affected plant dry matter yield, nitrogen yield, % nitrogen 
derived from fertilizer and % nitrogen derived from the air. (Table 1). The dry matter yield 
ranged from 7.5 - 14.0 g/pot. With out phosphorus the highest shoot yield (12.4 g/pot) was 
obtained from varieties NC-58 and CS-20 DK. The highest shoot dry matter yield response 
for most of the varieties was from the lowest rate of P (8mg/kg soil), where the highest 
increase was for the variety MKT-Illubabor (49.2 %). Doubling the rate of P to 16 mg P /kg 
soil slightly increased the shoot dry matter yield for varieties Ingda and KS-20/78, but it 
decreased yield in the other varieties. Moharran (1994) also observed a decrease in Faba bean 
dry matter yield with a high rate of phosphorus fertilizer application.
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Table 1. Plant dry mater yield (DM), % N content, N yield, fixed N yield and N 
derived from fertilizer (% Ndfl) of Faba bean cultivars as affected by p- 
application, Holetta 1994/95.

Variety DM
g/pot

N% N yield 
mg/pot

Fixed N Yield 
mg/pot

PI P2 P3 PI P2 P3 PI P2 P3 PI P2 P3

KS-20/78 10.20 11.2 11.7 1.9 2.0 2.0 190 230 240 147 168 175

Ingida 10.0 11.6 13.6 1.9 1.9 2.1 180 220 280 131 162 186

NC-58 12.4 13.4 10.0 2.1 2.7 1.9 250 230 180 193 175 128

PGRC/E
027209

10.0 13.6 10.7 1.9 1.9 1.9 190 260 200 134 197 119

MKT Ilia 9.3 13.9 10.9 1.8 1.8 1.9 160 240 210 104 173 150

T305
Morocco

7.5 9.7 8.9 2.1 1.9 2.1 150 180 180 98 135 117

Kassa 9.5 7.9 9.2 2.0 2.2 2.0 190 170 180 139 117 128

Coll 111/77 8.7 11.1 10.9 1.7 2.1 1.9 150 230 190 95 168 134

CS-20DK 12.4 11.0 11.3 2.1 1,9 2.4 260 200 260 207 146 198

Kusse
2-27-33

10.9 10.3 10.0 2.1 1.8 2.1 230 180 200 175 132 145.

P-rates Variety P-rates Variety P-rates Variety P-rates Variety

LSD 5% 2.80 1.17 NS NS 7.3 9.5 84 72

1% 3.73 2.10 NS NS 97 NS NS NS

CV (%) 16.29 12.84 20.26 37.3
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NITROGEN YIELD

The nitrogen yield of the different varieties ranged between 150 and 280 mg/pot. With out 
phosphorus application the highest and lowest nitrogen yields were obtained from varieties 
CS-20DK and T305 Morocco, respectively. Application of 8mg P/kg soil significantly 
increased the nitrogen yield for two varieties: Mkt-Illubabor and Coll 111/77. No significant 
response in N yield was observed with the application of 16 mg P/kg soil.

NITROGEN DERIVED FROM FERTILIZER (% NDFF)

The % Ndff varied from 6.30 - 11.31. With no phosphorus application the highest and lowest 
% Ndff were for varieties Coll 111/77 and CS-20DK, respectively. Application of 8 mg 
phosphorus /kg soil significantly decreased the % Ndff for Mkt - Illubabor, T305 Morocco, 
and Coll 111/77. Phosphorus application at the rate of 16 mg/kg soil didn't significantly affect 
the % Ndff in all varieties.

NITROGEN DERIVED FROM AIR (% NDFA)

The % Ndfa by the different varieties varied from 59.5 to 79.7 and the difference was 
significant at 5% level. (P<0.05) (Table 2). The varieties CS-20DK, KS-20/78, NC-58 and 
Kassa fixed higher % Ndfa (79.7,77.3,77.2 and 76.3, respectively) than the rest of the varieties. 
The lowest biological nitrogen fixer was Coll 111/77. Application of the first P rate did not 
significantly increased the biological nitrogen fixation capacity of all variety. The effect of the 
second P rate on the % Ndfa for PGRC/E1027209 is significant. The % Ndfa at the highest 
level of P for this variety decreased by 16.7 and 11.3 % as compared to the first P rate and the 
control, respectively. A similar depressive trend of high phosphorus rate on modulation, 
nitrogen fixation and plant growth was also reported by Abdel-Salam et. al. (1986), Moharran, 
et. al. (1994) on Faba bean and Idris, et. al. (1989) on chick pea.

In general the % nitrogen derived from the atmosphere (%Ndfa) recorded in this study for 
Faba bean is not high (< 79.7%). In a previous similar field experiment with out P application 
the % Ndfa recorded for Faba bean were 84.2, 85.2 and 84.7% using wheat, barley and oats as 
reference crops respectively (Hamissa 1990). In the same experiment a decrease in % Ndfa 
which varied from 0.5-4.2% was observed with the application of 8.8 kg P ha'1 on Holetta 
nitosol.
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Table 2. N derived from soil (Ndfs) and N derived from atmospheric (% Ndfa) by 
Faba bean cultivars as affected by P-application.

Variety % Ndff %Ndfs % Ndfs
PI P2 P3 PI P2 P3 PI P2 P3

KS-20/78 7.1 7.9 7.2 15.7 19.3 19.9 77.3 72.9 72.9
Ingida 8.5 8.0 8.9 18.9 18.5 24.7 72.6 73.5 66.4
NC-58 7.1 7.2 7.7 15.7 16.7 21.2 77.2 76.2 71.2
PGRC/E1
027209

9.1 7.3 7.7 20.1 17.0 32.8 70.8 75.7 59.5

MKT Illu. 10.8 8.3 7.6 24.0 19.4 21.1 65.3 72.3 71.3
T305
Morocco

10.6 7.5 9.3 23.6 17.5 25.7 65.7 75.1 65.0

Kassa 8.3 9.3 7.6 18.5 21.8 21.1 73.1 68.9 71.3
coll 111/77 11.3 8.1 7.8 25.3 18.8 21.7 63.6 73.1 70.5
CS-20DK 6.3 7.3 6.2 14.0 19.7 17.4 79.7 73.0 76.3
Kussa 2- 
27-33

7.4 7.9 7.3 16.3 18.4 20.3 76.3 73.7 72.3

CV (%) 11.31 35.73 9.30
P-rates Variety Interaction P-rates Variety

LSD 5% 2.3 2.3 9.2 11.0 8.4
1% 3.1 3.3 12.3 14.7 10.1
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areas associated with the production of pluses. Two of the areas selected for this study are well 
known for their production potential of pulses while the other two have ceased production for 
quite sometime.

The main objectives of the proposed study are:

• To observe the Rhizobial status of fields with known history of continued and disrupted 
production of pulses,

• To assess need for Rhizobial inoculation
• To assess potential of natural fertilizer for future faba bean production

MATERIALS AND METHODS

This experiment was conducted using pouches in a green house. Pouches stands were prepared 
from local materials mainly wire and wood (Leonard. 1944); Sterilizable polycarbonyl plastic 
pouches were also prepared.

Jensen's Nitrogen free medium was prepared using the following components as recommended 
by Jensen (1942). The medium was used for growing plants in pouches.

Ca HP04..............................................  l.Og
k 2h p o 4 ................................;............... o.2g
MgS04,7H20 .......................................  0.2g
NaCl.....................................................  0.2g
Fe Cl3........................;........................... O.lg
' Distilled water......................................  100.0 ml
pH........................................................  7.0

Sterilizing was performed by autoclaving at 121°C for 20 min.
1

Composite soil samples from the 0 - 30 depth of representative sites of Mehal-Meda, Molale, 
Keyt and Ankober were collected for biological, chemical and physical analysis.

SERIAL DILUTIONS

Ten fold serial dilutions, upto 10'8, of each soil sample were made using a series of 9 ml sterile 
distilled water. The first dilution (10'1) was prepared by diluting lOgm of soil with 90ml of 
sterile water. Mixture was shake using plat from shaker for 'A hr followed by the transfer of 1 ml 
aliquot to the next 9ml sterile distilled water and this was continued until 10'* dilution was 
achieved. From each of the dilutions, 1 ml aliquot were used as inocula for the pouches 
seedlings.

Batches of faba bean seeds, variety Bulga 70, were surface-sterilized with 95% ethyl alcohol 
and 0.2% acidified mercuric chloride solutions for 3 minutes each. Treated seeds were washed
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several times with sterilized distilled water. The seeds were {hep allowed to gerraiijate until 
both the shoots and Bert root were properly observed.

i
Polycarbonyl plastic pouches were prepared by introducing fwo folds pf plotting papers 
between the walls of the plastic bags with the closed end pf the papef towards the fnouth pf the 
bags. These were filled with Jensen’s nitrogen free medjum through gfraws and autocJaved at 
121°c for 20 mia These pouches were used for maintaining the plants, ffealthy seedlings were 
transfeired into pouches. Three seedlings were made to rest on the top surface of the blotting 
paper while the roots were immersed between the folds of the blotting paper through holes in 
order to protect from light.

I
Using sterile pipette one ml of the aliquates of each dilution pf the Respective soil samples were 
taken and inoculated on the upper surface the pouches >vhere tjie seedlings are placed. These 
seedlings were allowed to grow to plant in greenhouse and a ’A strength Jensen’s futrogep free 
nutrient supplied when required. - -

RHIZOBIUM POPULATION COUNT

The Rhizobium population per gram of soils of the four sites were counted pn the f)ase$ pf 
plant infection count and numbers are calculated according to Table VTIIj pf Fisher and Yates 
(1963). The estimate of the count, per gram of soil was computed ffs fpllows:

Where m = likely number at dilution 1 in serjes used for the entry
d -  dilution represented by tube }.
v -  volume of aliuto taken ~ "
g = weigh* of soil samp|e.

RESULT AND DISCUSSION

Representative & composite soil samples from the 0 - 30 pm depth were nuxed and analyzed 
for various chemical and physical constituents. The same mixed soil sample were also used for 
Rhizobial density analyses, comparison of shoot and root length, and determination of nodule 
number and weight. Analytical results of soil samples from the four sampling sites are shown in 
Table 1. Number of nodules and other properties related to Rhizobial density are presented in 
Tables 2 and 3. The pH of soils from all four sampling sites were foupd to range from 5.9-6.4 
which is suitable for Rhizobia multiplication (Gibson. 1963). Orgapic JnatyPr OTtent and 
available P level from areas that are still producing pulses (Ahkpber & JCeyt) and areas fhat 
have gone out of production (Molale and Mehal-Meda) w e  fouijc) to f>e significantly 
different.

x = nvd
v-g
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Effects Of Liming On Maize Yield And Soil Reaction

Alemayehu Tafesse11

ABSTRACT

This trial was conducted on the red soil (Nitisol) of Uke State Farm in Anger-Didessa valley. 
The purpose was to study the effect of lime on maize grain yield, soil reaction and the 
availability of plant nutrients. Based on three consecutive years experiment on the acid soil of 
Uke, it could be concluded that application of lime has no significant effect on the yield of 
maize. However, an increasing effect on soil reaction(pH), availability of phosphorous and 
exchangeable cations, was observed.

INTRODUCTION

The effect of soil acidity on crop production has not been adequately investigated. In the 
western region of Ethiopia NITISOLS, ACRISOLS and ALISOLS are the dominant soil types 
with acidic properties. Soil survey and Fertility study was conducted in the Anger- Didessa 
Valley State Farms located in the Wellega region of western Ethiopia. The results showed 
that, out of 111 soil samples collected and analyzed in the laboratory, 81% were strongly acidic 
in reaction, 91% were found to be low and very low in available phosphorous and 74% were 
low in exchangeable potassium (6). Under such conditions, the availability of plant nutrients, 
specially phosphorus is expected to be low. As a result, the productivity of maize in these 
farms has remained low.

In order to improve productivity, it is important to correct the soil acidity and there by 
maintain soil fertility and increase the availability of plant nutrients. Therefore, liming is an 
important activity to be considered and studied, in relation to the indicated production.

The main purpose of this trial therefore, was to study the effect of lime on maize yield, soil 
reaction and availability of plant nutrients, especially phosphorus. In the process, the study will 
help determine the optimum amount of lime required to raise soil pH to a favorable level.

11 Senior Soil Expert and Soil Survey Team Leader.
Ministry of Water Resources, P.O.Box 30116, Addis Ababa.
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MATERIALS AND METHODS

This trial was conducted under rainfed conditions at Uke state Farm located about 365 Km 
West of Addis Ababa. The soil type is Haplic Nitisols and the main physical and chemical 
properties are presented in Table 1.

Table 1. Main Physical and Chemical Properties of the soil Profile at Uke Farm 
Experimental Field, 1988

sample No Depth
(an)

Texture (%) pH O.M
(%)

Total
N(%)

AvaiLP
Mg kg 

i

Exchangeable Cations Cmol kg'1 BSP% CaCOj%

Clay Silt Sand H20 KC1 Na K Ca Mg CEC

1 0-20 55.9 16.7 27.4 5.5 4.2 5.7 0.35 7.0 0.46 0.33 9 1.0 20.2 53.4 0.72
2 20-50 67.4 13.3 19.3 5.1 4.4 3.1 0.24 0.1 0.33 0.17 T 8.5 17.0 52.7

3 50-150 69.5 15.0 15,5 6.1 5.2 1.4 0.27 1.9 0.30 0.13 T 8.5 16.2 55.1

A Randomized Complete Block Design (RCBD) with four replications was used and the plot 
size was 8m x 15m. Five levels of lime (0, 3, 6, 9 and 12 tons of lime/ha ground lime from 
Senkele lime Factory) were tested. Lime was applied and incorporated into the soil two 
months prior to planting. The farm recommended rate of fertilizer, 69, 69 and 100 kg/ha N, 
P^O  ̂and K^O respectively, was applied annually. The maize cultivar H-511 was planted.

Composite soil samples were collected from the 0-20 cm depth of each permanent plot before 
liming and after harvest. The soil samples were analyzed for pH, OM, TN available P, CEC 
and exchangeable cations. For analyses and interpretation, mean values of the same treatment 
plots were used.

The farm receives an annual rainfall of 1350 mm. Mean maximum and minimum temperatures 
are 30.50 C and 13.90 C respectively. The altitude ranges between 1280-1400 m.a.s.l.

RESULTS AND DISCUSSION

The three years results indicated that, there was no significant effect of lime application to 
maize yield. (Table 2). Application of lime did not increase yield of maize as is clearly seen 
from these table. Maize production was, in most cases, better when no liming material was 
incorporated.
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Table 2. Effect of Liming on maize yield (q/ha) at Uke Farm Experimental Field

MEAN MAIZE YIELD
Lime

tons/ha 1988/89 1989/90 1990/91 Mean

0 63.60 62.42 55.95 60.65

3 59.29 67.06 56.13 60.82

6 60.85 63.54 45.53 56.64

9 61.63 65.48 51.05 59.38

12 55.77 62.02 48.23 55.34

LSD(5%) 10.13 q/haNS 17.73 q/ha NS 12.51 q/haNS

LSD(1%) 14.20 " " 24.89 " NS 17.54 " "

SE + 4.65 8.13 5.74

CV% 10.92 17.95 15.81

This might be due to high acidity, low fertility status of the soil and/or an unbalanced soil 
plant nutrient. In addition, the N, P and K fertilizer amounts applied along with the lime 
might not have been sufficient enough to meet nutritional requirement of maize. An N, P 
and K fertilizer trial conducted parallel to this experiment indicated that there was 
significant yield response to the application of N, P and K fertilizers combined with 6 
tons/ha of lime. The best combination was found to be 138/138/150 kg/ha of N/P2O5/K2O 
respectively. Hence, it seems that, liming need to be supplemented by balanced and 
appropriate fertilizer rate in order to optimize productivity.

Similar trials conducted in Holetta and Nedjo using the test crops wheat and pulses indicated 
that there was no response to liming respectively (1).

On the other hand, liming effectively raised soil pH (Fig. 1). The maximum increase in pH was 
achieved with the highest lime dose (12 tons/ha).
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Fig 1. Effect of Liming on Soil reaction at Uke Experimaental Field for Three Crop Seasons
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In a study conducted in Mexico (2), application of lime at rates ranging from 0 - 1 6  tons/ha, 
was found to raise soil pH by 0.4 to 1.3 units. As could be derived from the graph, during the 
second year all lime treated plots (except treatment No. 4) had produced the highest soil pH 
compared with the remaining two seasons. Hence, at the end of the study period, the values 
showed a decreasing tendency. This could be due to the fact that the amount of lime applied 
might have been sufficient enough to bring changes in soil pH for a period of two years only. 
As a result, soil pH which is favorable for maize production might not have been achieved.

Liming increased available phosphorus by 7.33 mg kg-1. That is from the unlimed initial yearly 
mean value of 2.30 mg kg-1 against the highest limed P mean which was 9.63 mg kg-1. The 
maximum phosphorous release was obtained during the last experimental year. The results are 
shown in Fig. 2. As could be seen in the figure, the content of available P varied within 
treatments and between seasons. Slightly higher values were obtained during all the three 
experimental seasons which comparing with the initial P levels.

The mobilization of available phosphates is mainly a matter of solubilization. This is influenced 
by several factors such as pH and total acidity of the solvent soil / solution ratio, complexing 
power of the solutes, contact time and temperature (4). The observed variability of P in this 
experiment might also be attributed by some of the aforementioned factors. Solubility of P is a 
more serious problem for P nutrition than any other macronutrients. Therefore, on this line 
further more detail investigation will be required.

Similarly, there was an increase in soil exchangeable cations (Na, K, Ca and Mg) and CEC due 
to liming (Table 3). Similar studies conducted in Brazil (7) and the U.S.A. (5) reported sharp 
increase in exchangeable Ca and Mg and Cation exchange capacity with increasing lime rates.

Table 3. Mean Soil pH and Fertility Status of Uke Farm Experimental Field Before 
and After Lime Application

Crop
Season

Sampling 
Depth (on)

pH O.Matter
(%)

Total
N(%)

Avail.PMg
kg'

Exchangeable Cations Cmol kg'!

H20 KC1 Na K Ca Mg CEC ssr %
1988
(initial)

0-20 5.9! 4.83 4.8 0.15 2.30 0.44 0.38 7.18 2.10 19.90 50.75

88/89 0-20 5.88 5.34 - - 9.60 0.66 0.66 14.6 4.45 20.90 97.46

89/90 0-20 6.65 5.43 - - 5.89 0.79 0.78 17.3 1.33 20.55 98.29

90/91 0-20 6.09 5.22 - 0.26 9.63 0.77 0.76 11.06 5.69 21.34 84.80
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Fig 2. Effects of Liming on Phosphorous Availability
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CONCLUSIONS

The three years liming study on the acidic soil of Uke Farm clearly showed that application of 
lime did not significantly increase yield of maize. Therefore, there is no need for the 
application of lime only for maize production. However liming in combination with balanced 
appropriate fertilizers should be further investigated. Liming raised the initial soil pH by 1.13 
units from 4.75 to 5.88. The maximum increase was obtained with the highest lime dose (12 
ton/ha). But, the pH increase was not sufficient enough to reach the optimum pH level for 
maize production. Lime application, however, increased available P and exchangeable cations.
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The Effect Of Gypsum, Ammonium Sulfate And Single 
Superphosphate (SSP) On Soil Properties And Bio-Mass Yield 

Of Maize

Yihenew G. Selassie12 And M.N. Kyleshov13

ABSTRACT

A study was conducted to improve the availability of soil nutrients from low soluble fertilizers 
and other sources using an amendment. Gypsum was used as stimulant of this process. 
Application of ammonium sulfate and single superphosphate (SSP) in combination with 
gypsum increased total nitrogen (N), available Phosphorus (p) and bio-mass of maize 
compared to the condition where ammonium sulfate and SSP were applied as sole treatments. 
Application of gypsum alone increased availability of the indicated nutrients and gave a 
significant bio-mass yield difference compared with the check Gypsum also increased the 
exchangeable acidity of the soil. The combined effect of the physiologically acidic fertilizer, 
ammonium sulfate and gypsum in increasing exchangeable acidity was clearly seen. Despite 
this, gypsum did not show an effect in increasing the availability of potassium (K).

INTRODUCTION

Gypsum had been widely used as an ameliorant of alkali soils in many areas for quite a long 
time. The amendment helps bring the PH of the soil to an optimum level in terms of better 
crop growth and development (5). Little was known regarding the importance of gypsum as 
a stimulant in improving availability of nutrients from low soluble fertilizers and the soil (6). 
Until Justuce Liebig (1803-1873) described the ability of gypsum in fixing ammonia gas 
produced from the mineralization of soil organic substances as ammonium sulfate that would 
have otherwise been lost to the atmosphere (7). The importance of Gypsum in improving 
availability of nutrients from low soluble fertilizers and other sources has been proved by many 
researchers.

• In decreasing pH of the soil solution, availability of most plant nutrients increases (4),
• Ca has got the capacity of exchanging cations (NH4+, K+,...) which are found fixed in the 

soil colloid and bringing them to the soil solution; (7),

12 Asst. Researcher, Adet Agri. Research Center, P.O.Box OB, Bahir Dar
13 Professor o f Agricultural Chemistry, Kharkov State Agricultural University named after V. V. 

Dokycliaev, Ukraine
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• Gypsum has got the capacity of fixing ammonia gas that is created by the decomposition of 
organic materials in the soil and then releases them little by little to the soil solution (3).

Gypsum is also known to be a source of sulfur. It has been found that sulfur as an integral part 
of fertilizer granules is oxidized more rapidly than when it is added separately. It had been 
reported that sulfur in granulated DAP oxidized faster than pure sulfur in acid and calcareous 
soils (7). Gypsum, however, can have a negative effect if applied on acidic soils. Therefore, it 
needs to be applied on alkali or neutral soils (5).

The paper shows the importance of gypsum application, sole treatment or combination, in 
increasing yield and availability of some important nutrients. Moreover, attempt is made to 
show the effect of gypsum and ammonium sulfate on exchangeable acidity. A partial budget 
analysis will be used to show whether the application of gypsum is economically justifiable.

MATERIALS AND METHODS

The study was conducted at Kharkov State Agricultural University on a chernozem soil with 
neutral pH. The growing season is from April to September. Total rainfall during the growing 
period was 223 mm and mean temperature ranged from 10.6 in April to 20.1 in June. The 
treatments used in the study are:

1. Control
2. Single superphosphate(SSP), 80 P205
3. Single superphosphate (SSP), 80 P20 5 + gypsum 160kg
4. Gypsum 160 kg
5. Ammonium sulfate, N100
6. Ammonium sulfate, Nioo + gypsum 160 kg

The experimental design was a randomized complete block with four replications and plot size 
was 90m2. Soil samples were taken during 5-6 leaf stage tasseling and milk stages for total N. 
and available P and K determination. For exchangeable acidity determinations samples were 
collected at planting and after harvest. Soil analyses were made following standard procedures 
at the University’s soils Laboratory. Total nitrogen content was determined by Kjeldahi 
method. Available P was measured using Olsen’s method and a spectrophotometer. Available 
K was determined by ammonium acetate extraction procedure using a flame photometer. 
Exchangeable acidity analysis was by KCI extraction method and subsequent titration with 
NaOH. Maize was harvested at milk stage for silage and total bio-mass production was 
measured after oven - drying to a constant weight. Gypsum and fertilizer were applied during 
the final land preparation and incorporated in to the soil, just before planting.

46



RESULTS AND DISCUSSION

High total N was found on plots where ammonium sulfate was applied with gypsum followed 
by sole ammonium sulfate application (Table 1). Application of gypsum favored release of soil 
N better than Single Superphospate (SSP). Of all the treatments, total N content decreased 
with time ‘5-6 leaf stage’ to ‘milk stage’ and with soil depth.

Table 1. The effect of applied gypsum in combination with ammonium sulfate and 
single superphosphate (SSP) on total N content (%).

No Treatment Depth, cm Stages of Development

5-6 leaf 
stage

Tasseling Milk Stage

1 Control 0-20
20-40

1.208
1.274

1.200
1.246

0.980
1.190

2 SSP, 80 P20 5 0-20
20-40

1.540
1.372

1.400
1.330

1.036
1.200

3 SSP, 80 P20 5 + 0-20 1.568 1.540 1.080
Gypsum, 160kg 20-40 1.498 1.428 0.924

4 Gypsum, 160kg 0.20
20-40

1.596
1.428

1.540
1.400

1.316
1.1202

5 Ammonium 0-20 1.652 1.638 1.442
sulfate, Nioo 20-40 1.596 1.568 1.372

6 Ammonium 
sulfate,NI00 
Gypsum, 160Kg

0-20 1.764 1.708 1.568

20-40 1.540 1.372 1.334

Available phosphorus was higher on SSP + gypsum treated plot followed by the sole SSP and 
sole gypsum treatments. Once again gypsum was found to have stimulating effect and there by 
increase availability of phosphorus (Table 2). Ammonium sulfate applied alone and mixed with 
gypsum did not stimulate release of p any better than the control plot. This may be because the 
high amount of bio-mass produced in these plots might have folly utilized available phosphorus. 
Concerning the dynamics of available P a total reduction of available P was observed with time 
and soil depth.
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Table 2. The effect of applied gypsum in combination with ammonium sulfate and
single superphosphate (SSP) on available P content (PPM)

No. Treatment Depth (cm) Stage of Development
5-6 leaf stage tasseling Milk stage

1. Control 0-20 12.10 8.20 8.40
20-40 9.31 9.50 8.20

2. SSP, 80 P20 5 0-20 15.95 11.90 10.90
20-40 10.30 10.60 10.20

3. SSP, 80 P2O5 + 0-20 16.10 12.20 11.20
Gypsum, 160kg 20-40 12.00 10.80 9.50

4. Gypsum, 160 kg 0-20 12.70 10.00 8.20
20-40 10.40 10.30 7.80

5. Ammonium 0-20 11.25 8.20 8.00
sulfate, Nioo 20-40 10.60 8.10 7.80

6. Ammonium sulfate 0-20 11.55 8.10 8.00
N 100+ Gypsum, 160 kg 20^0 12.10 8.20 8.30

The experiment showed that gypsum does not exert a significant influence on the availability of 
potassium (K). (Table 3). This might be due to the fact that the parent material from which 
chernozem develops is poor in K. Results would have probably been different if the study was 
conducted on tropical soils which are in most cases rich in Potassium. Similar trend was 
observed for potassium concerning the dynamics of available K in relation to the developmental 
stages of maize and sampling depths.

Table 3. The effect of applied gypsum in combination with ammonium sulfate and 
single superphosphate (SSP) on available K (PPM).

No Treatment Depth (an) Stage of development

5-6 leaf stage tasseling milk stage

1 Control 0-20 18.50 15.60 15.60
20-40 15.40 14.60 14.60

2 SSP, 80 P2Oj 0-20 18.50 13.40 13.20
20-40 18.50 12.00 10.40

3 SSP, 80 P2O5 + Gypsum, 160kg 0-20 16.70 18.90 17.40
20-40 15.00 18.20 16.40

4 Gypsum, 160 Kg 0-20 18.20 15.20 14.80
20-40 19.80 14.00 12.60

5 Ammonium sulfate, N100 0-20 18.50 19.00 18.80
20-40 15.40 16.50 14.70

6 Ammonium sulfate, N100 + 0-20 18.10 14.00 18.60
Gypsum, 160kg 20-40 21.20 14.00 12.30

The exchangeable acidity of soil samples taken at planting was higher for the SSP + gypsum 
treated plots followed by sole gypsum and the check. The difference in the other treatments 
was negligible. Exchangeable acidity level increased with time until harvesting maximum acidity 
was recorded for ammonium sulfate followed by ammonium sulfate + gypsum and sole gypsum 
treated plots (Table 4).
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Table 4. The effect of applied gypsum in combination with ammonium sulfate and
single superphosphate (SSP) on exchangeable acidity (meq FT/ lOOg soil).

No. Treatment Depth
(cm)

Exchangeable acidity 

(meq. H+/100g soil)

At planting After harvest

1 Control
0-20
20-40

2.5
2.4

2.8
2.4

2 SSP. 80 P.Os
0-20
20-40

1.8
2.9

2.3
1.0

3
SSP, 80 P:Os + Gypsum, 160 0-20 2.8 2.8

Kg 20-40 1.7 2.5

4 Gypsum 160 Kg
0-20
20-4

2.6
2.9

3.2
2.4

5 Ammonium sulfate. N t0o
0-20 
20 -40

2.0
2.6

4.0
2.7

6 Ammonium sulfate. N 100+
0-20
20-40

2.1
2.2

3.9
2.9Gypsum. 160 kg

Higher bio-mass yield was produced from the plot treated with ammonium sulfate and gypsum 
followed by sole ammonium sulfate only (Table 5). All the plots supplemented with gypsum 
produced large bio-mass than their sole applications. In general, gypsum application increased 
yield compared to check plots.

A partial budget analysis indicates that, although high yield was obtained from application of a 
mixture of ammonium sulfate and gypsum followed by pure ammonium sulfate, these 
treatments gave a negative marginal rate of return (Table 6). Gypsum application, however, 
gave a 100% return. This shows that the negative MRR registered was caused not by gypsum, 
but by ammonium sulfate. The rest of the treatments offered above 30% return.

Table 5. The effect of applied gypsum in combination with ammonium sulfate and 
single superphosphate (SSP) on bio-mass production of maize (Q/ha).

No Treatment Replication Mean

1 2 3 4

1 Control 210.0 180.0 200.0 190.0 195.0

2 SSP, 80 P20 5 240.0 240.0 220.0 230,0 232.5

3 SSP, 80 P20 5 + Gypsum , 160 Kg 280.0 280.0 260.0 250.0 267.5

4 Gypsum, 160 Kg 240.0 250.0 260.0 240.0 247.5

5 Ammonium sulfate,N100 280.0 300.0 320.0 290.0 297.5

6
Ammonium sulfate, N 100+ 
Gypsum. 160 kg

310.0 330.0 300.0 340.0 320.0
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Table 6. Partial budget analysis

No Treatment Bio-mass
yield,
(q/ha)

Yield 
increment 
due to 
treatment 
(q/ha)

Total cost 
due to 
treatment, 
US $/ha

Gross Income 
from
treatment, US 
$/ha

net
income, 
US S/ha

Marginal 
rate of 
return %

1 Control 195.0 - - - - -

2 SSP, 80 P20 5 232,5 37.5 10.4 14.2 3.8 36.5

3 SSP, 80 P2O5 +  

Gypsum, 160 Kg
267,5 72.5 17.6 27.4 9.8 55.7

4 Gypsum,160 Kg 247.5 52.5 9.9 19.8 9.9 100.0

5 Ammonium 
sulfate, N ioo

297.5 102.5 42.5 38.7 -3.8 -8.9

6 Ammonium
sulfate, N loo+ 
Gypsum, 160kg

320.0 125.0 48.8 47.3 -1.5 -3.1

CONCLUSIONS

From the experiment, the following conclusions could be drawn.
• Gypsum as a sole treatment and in combination with SSP and ammonium sulfate increased 

the availability of nitrogen and phosphorus.

• Gypsum did not have a significant effect in increasing availability of potassium in 
chernozems, the parent material of which is poor in this element.

• Gypsum application as a sole treatment and in combination with SSP and ammonium 
sulfate increased exchangeable acidity of the soil.

• Application of gypsum was economically justifiable.
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Effect Of Tillage Practice And Cropping Systems On Runoff 
And Soil Loss At Ginchi.

Worku Atlabatchew14 and Hailu Regassa15

ABSTRACT

A study was carried out £t Ginchi, Institute of Agricultural Research sub center on runoff plots 
22m * 4m in a split plot design with two replications. The plots were laid on fields having 
slopes ranging between 0.1% and 2.3%. The data collected was analyzed using multiple 
regression models. The result obtained showed no significant differences on the amount of soil 
loss between the undertaken different tillage practices, cropping systems, fertilizer usage and 
slope ranges. On the other hand, broad bed and furrow (BBF), the improved tillage practice 
recommended for draining excess surface water during the main rainy season resulted 8.9% 
more runoff than the traditional flat tillage practice. A maximum of 5.8 tons ha-1 soil loss was 
recorded on the treatment BBF planted chickpea with fertilizer while the maximum runoff, 
186.7 mm was recorded on the treatment BBF planted wheat with fertilizer. Both the minimum 
soil loss and runoff, 2.8 tons ha-1 and 75.3 mm respectively were recorded on the treatment 
BBF planted tef with fertilizer. The over all result obtained explains that the improved tillage 
practice, BBF drains the excess surface water safely, i.e. with out causing significant difference 
in the amount of soil loss among the undertaken tillage practices and slope ranges.

INTRODUCTION

In Ethiopia, Vertisols cover 10% (12.7 million hectares) of the total land mass and is the fourth 
important soil order (Jutzi and Abebe. 1986). This soil order accounts nearly 23% of the total 
arable land used for crop production (Berhanu Debele. 1985). More than half of the Vertisols 
(7.6 million hectares) are found in the central highlands with altitude of more than 1500 meters 
asl. In the central highlands, only 30% of the Vertisols support annual crop production while, 
the remaining 70% is under natural pasture (Srivastava, et. al. 1993).

14 - Associate Researcher I, IAR, Holetta, P.O.Box 2003
15 - Researcher I, IAR, Holetta, P.O.Box 2003

53



Generally, Vertisols have high montmorilliantic clay known for their shrink swell properties. 
Vertisols produce large cracks that only close after prolonged re-wetting. These soils becomes 
hard when dry and very sticky when wet (Kampes, et. al. 1981). They are also characterized by 
the presence of gilgay micro-relief or a subsoil showing slacken-sides or sphenoid structures 
due to the contraction and expansion processes during drying and wetting (Probert, et. al. 
1987). They generally have weak horizon differentiation, low hydraulic conductivity, low 
infiltration rate and high moisture content at field capacity (Virgo and Munro. 1978, and 
Kamara and Haque. 1988c).

The Vertisols of Ginchi central highlands of Ethiopia, are found in a land terrain having slopes 
upto 8%. The unique physical and chemical properties of these soils together with the high 
rainfall during the main cropping season (June to September) creates severe limitation to crop 
production activities. According to a survey of the farming system in Vertisol areas of the 
Ethiopian highland (Getachew Asamenew, et. al. 1989), the major constraints to crop 
production were identified as water logging and soil degradation due to erosion.

At Ginchi, farmers practice late planting towards the end of the season after the fields are 
drained (Getachew, et. al. 1989). Production of crops depends on residual soil moisture only. 
Farmers practice late planting in order to avoid drainage related problems and fields are 
cultivated before the main rainy season. Except for field covered with Tef and Noug, mildly 
tolerant to water logging (Getachew, et. al. 1989) all cultivated fields remain bare during most 
of the season. This practice leaves the loose and uncovered land exposed to the high intensity 
precipitation of the main rainy season (Srivastava, et. al. 1993, and Kampes, et. al. 1981). 
Considering the different problems associated with Vertisols, there is no information regarding 
the effect of the different tillage practices (traditional and improved) and cropping systems of 
the Western highland on run off and soil loss. A substantial yield increment and extended 
growing period was realized with improved tillage and remove of excess water (Mesfin 
Abebe. 1982, Jutzi, et. al. 1987c, Tekalign Mamo, et. al. 1992). It has been well established 
that the traditional fallow practice contributes to serious soil, water and nutrient loss (Haque, 
et. al. 1993, Srivastava, et. al. 1993, and, Kampes, et. al. 1981). Improved tillage practices have 
increased crop yield, extended the growing period and early coverage of soil surface. On the 
other hand, runoff, soil and nutrient loss related problems were observed because of orientation 
on different slops. A study conducted on the Vertisols of Hidi and Debre Zeit showed 7.0 
tons/ha soil loss on BBF treated plot and this is 3.28 tons/ha more than losses from flat tilled 
and 2.5 tons/ha more than cropped area (Srivastava, et. al. 1993). In Ethiopia the estimated 
average soil formation rate is 2„0 tons/ha/year (Humi. 1993). A study conducted in India 
indicates that soil loss and runoff from BBF treated plots is lower than flat areas. BBF 
(Kampes, et. al. 1981). In Ginchi where flat planting is practiced and there are efforts to 
introduce BBF, there is no information on the extent of runoff and soil loss under improved 
and traditional tillage practices and different tillage and cropping systems. Hence, a study 
designed to evaluate and understand runoff and soil loss under conditions different tillage and 
cropping was initiated. This will help collect basic information that alleviate drainage and 
workability related problems and there by contribute to the normal utilization of Vertisols in 
Ethiopia.
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The mam objective of the study is to asses and quantify the amount of runoff and soil loss 
under traditional (Flat) and improved (BBF) tillage practices under Ginchi conditions.

MATERIALS AND METHODS

The experiment was conducted at the Ginchi sub-center of the Institute of Agricultural 
Research (IAR). The area is at on altitude of 2200m asl and receives an annual average rainfall 
of 1100mm. Climatic and soil physical and chemical properties of the area are presented in 
Tables 1, 2 and 3. The study was conducted on runoff plots, 22 meters long and 4 meters 
wide, using a split plot design with two replications. Treatments consist of two main and six 
sub-plots. The main plots are land preparation practices (flat and broad bed furrow BBF). The 
sub-plots, consist six treatments comprising tef, wheat and chickpea plots with and without 
fertilizer. The plots are oriented along the general slope of the field and have a range between 
0.07% and 2.25% (Table 4).Each plot is fenced with asbestos sheets driven 20 cm deep into 
the soil and protruding 40 cm above the surface. This prevents the entrance of surface runoff 
from the surrounding areas into the plots. At the lower end of each plot, runoff collecting 
devices were installed according to the design and methods of Pathak et al, (1992). Each plot 
was ploughed/cultivated twice during the short rainy season (February to March), using oxen 
driven local plough. The plots were finally cultivated prior to planting, a normal practice for 
breaking bigger clods and leveling. Tef and chickpea were planted following on July 18/1996 
and September 13/1996 respectively. Wheat was planted on June 22/1996, first week of the 
main rainy season. UREA and DAP were applied at the recommended rates of 60/60, 40/60 
and 30/46 N/P20 5 kg/ha for wheat, tef and chickpea respectively. Runoff resulting during a 24 
hours period was measured at the same time as rainfall, by recording the level (height) of the 
runoff' in each of the boxes and in barrel whenever available. From the 32 rainy days, 768 
observations were taken, of which 52 were missing. Soil loss data was recorded from each 
day’s runoff. Samples for soil loss were collected from the runoff sample volumes taken from 
each box (500 ml) and the barrel (1000 ml) after a thorough mixing by stirring. Sediment 
concentration was determined by oven drying for 24 hours at 105 °c. Total soil loss was 
determined by multiplying the dry soil weight with the runoff volume ratio of the collecting 
devices. The sediment concentration in the first and second box were determined by 
subtracting the weight of the sample runoff volume from the weight of pure water with same 
volume, calibrated as 497 gm for 500 ml of pure water.
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Table 1. Monthly mean and annual rainfall (mm) at Ginchi Research Station for the period 1989 to 1995

Y ear Jan Feb M ar Apr M ay Jun Jui A ug Sep Oct Nov Dec Total

1989 3.6 55.8 16 7 .2 132 .4 15 .7 16 2 .4 403.3 237 .9 1 19 .7 43.5 7.6 68.3 14 17 .4

1990 1 .7 194.9 79 .1 70.2 48.7 154 .3 194.6 249.9 12 2 .3 29.4 6.3 6.8 115 8 .2

1991 1.2 46.6 4 7 .1 15 .6 48.4 99.6 199.4 268.2 146.5 0.2 0.0 3.1 875.9

1992 30.6 58.6 60.4 77.6 87.8 138 .9 222.4 2 13 .3 90.6 78.5 8.5 1.8 1067.0

1993 5.8 5 1 .7 3 1 .3 153 .9 169.1 16 1 .2 2 2 1.0 306.4 192 .7 54.4 0.0 0.0 134 7 .5

1994 ().() 0.0 79.0 63.2 10 1.4 150 .1 262.0 295.3 208.0 0.5 6 .1 0.0 116 5 .6

1995 0.5 42.2 80.6 158 .7 70.0 13 5 .8 166.8 18 3 .2 159  4 2.7 0.0 6.7 1006.6

Total 43.4 449.8 544.7 6 7 1.6 5 4 1 .1 100 2.3 1669.5 1754 .2 1039 .2 209.2 26.5 86.7 8038.2

Mean 6.2 64.3 77.8 95.9 77.3 14 3 .2 238 .5 250 .6 148.5 29.9 3.8 12 .4 114 8 .3

STD . 10.1 56.4 40.4 49.5 4 5 .7 20 .1 72.6 40.6 38.7 28.4 3.3 23 .0 174 .6

Table 2. Mean monthly maximum and minimum temperature (°c) of Ginchi Research Station for the period 1989 to 1995.

Jan. Feb. Mar Apr. May June Julv . Al,y .. Sept. Ocib. Novb. Dec.

Maximum 25.0 25.2 25.9 25.2 25.9 23.9 20.9 21.1 21.7 23.3 24.2 24.6

Minimum 7.9 10.0 10.2 11.0 10.4 10.1 10.9 10.8 10.0 7.2 5.8 6.8

Mean 16.4 17.6 18.0 18.1 17.8 17.0 15.9 15.9 15.8 15.2 15.0 15.3

STD 0.7 0.6 0.4 0.5 1.2 0.5 0.6 0.8 0.5 0.7 0.7 0.6



Table 3. Physical and Chemical properties of the Vertisol of ginchi Research Station.

1 Physical properties Average values of the top 100 cm

Percent sand 23.7

Percent silt 17.6

Percent clay 58.7

Bulk density (gm/cm3) 1.10

Saturated hydraulic conductivity(mm/day)

0-15 cm depth 3.9

15-30 cm depth 2.2

Moisture content (%)

at 1/3 bar 62.42

at 15 bar 44.12

Infiltration rate (cm/hr) 3.0

2 Chemical properties

pH (H20  1:1) 6.98

Organic matter (%) 0.94

Available P (Bray II ppm) 5.11

Total N (%) 0.046

Exchangeable cations (meq/gm of soil)

Na 1.15

Ca 60.17

K 1.41

Mg 10.84

Source: Kamara, et. al. (1988) and Worku (1992, unpublished data).
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Table 4. The experimental treatments along with the corresponding slope

Plot Block Main plot Sub-plot Slope (%)

1 1 Flat Tef with fertiliser 1.43

2 1 II Chickpea without fertiliser 1.50

3 I II Wheat without fertiliser 1.54

4 1 ii Wheat with fertiliser 0.80

5 1 ll Tef without fertiliser 0.45

6 1 II Cliickpea with fertiliser 0.07

7 1 BBF Chickpea with fertiliser 1.91

8 1 II Tef without fertiliser 1.57

9 1 II Wheat without fertiliser 1.52

10 1 II Wheat with fertiliser 1.82

11 1 II Cliickpea without fertiliser 2.30

12 1 II Tef with fertiliser 2.25

13 2 Flat Wheat with fertiliser 0.18

14 2 II Tef with fertiliser 0.75

15 2 ll Tef without fertiliser 0.78

16 2 ll Wheat without fertiliser 0.89

17 2 H Chickpea with fertiliser 0.84

18 2 « Chickpea without fertiliser 1.02

19 2 BBF Wheat without fertiliser 1.73

20 2 II Wheat with fertiliser 0.75

21 2 ll Tef with fertiliser 0.61

22 2 II Tef without fertiliser 1.68

23 2 ll Chickpea without fertiliser 1.95

24 2 ll Chickpea with fertiliser 2.09

RESULTS AND DISCUSSION

Runoff and soil loss data were analyzed by a multiple regression model, using stepwise method to add 
those variables showing a significant effect ( p = 0.05), on the dependent variable of the model equation 
(runoff or soil loss). Runoff and soil loss equations obtained by using parameters significant at p = 0.05 
level only are stated as follows:
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Runoff Q = (5.05V, + 0.049D - 4.402) + (0.6035 + 0.038L - 0.008D) R

Soil Loss
1. S =  -26.1 + 10 .702R +  183.33 V 2 - 1.02D (M od el 1)
2. S = 78.4 + 19.U5Q + 135.23V, - 19.97B - 41.71 V, ( Model 2)

Where. Q = Runoff amount in mm

R = Daily rainfall resulted runoff in mm  
S =  Soil loss in kg ha'1
L -- Land management and have values 1 for flat and 2 for BBF 
D = Date o f  observ ation and have values 1 to 32 
B = Block and have values 1 for block one and 2 for block two  
V ,=  0 for runoff amounts less than or equal to 5 mm 

=  1 for runoff amounts more than 5 mm  
V 2 =  0 if  soil loss is less than or equal to 200 kg/ha .and

= 1 if  soil loss is greater than 200 kg/ha.

Table 5. Observed mean and total runoff in mm for the different treatments

No. T reaUnent June July Aug. Sept Total Mean % of rain

1 L1F1C1** 0.47 4.26 5.95 2.41 239.22 4.06bc* 33.9

2 L1F1C3 0.77 6.67 4.92 2.33 282.19 4.70abc 38.7

3 L1F1C2 0.47 5.03 3.98 1.46 227.62 3.56c 29.2

4 LIF2C2 2.66 7.32 5.61 1.69 309.00 4.98abc 40.9

5 LIF1CI s 1.42 7.00 4.91 2.86 263.81 4.79bc 42.6

6 L1F2C3 0.31 4.05 5.22 2.17 236.02 3.75bc 30.8

7 L2F2C3 0.78 7.55 5.64 3.24 340.59 5.49ab 45.3

8 L2F1C1 0.80 5.58 4.47 2.22 243.52 4 .13bc 35.5

9 L2FIC2 1.11 5.48 5.82 2.48 294.44 4.60abc 37.7

10 L2F2C2 1.57 8.78 6.63 3.67 373.45 6.44a 53.8

11 L2F1C3 2.16 7.26 3.64 2.75 293.63 4.74abc 39.2

12 L2F2C1 1.22 5.53 3.19 0.97 150.62 3.14c 27.7

* Treatment means followed by the same letters are not significantly different (LSD  =  0.05)

** Ll = land management 1 or flat tillage practice 

L2= land management 2 or broad bed and furrow 

Fl = without fertilizer; F2= with fertilizer

C 1 = crop 1 or tef; C2= crop 2 or wheat; C3= crop 3 or chickpea
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Table 6. Result of stepwise regression analysis for runoff.

Variable B SEB Beta T SigT

RAINFALL.R 0.6035 0.0414 0.5928 14.562 0.0000

R * D -0.0080 0.0021 -0.1913 -3.781 0.0002

R * L 0.0380 0.0128 0.0717 2.979 0.0030

DATE 0.0492 0.0245 0.0839 2.003 0.0456

v , 5.0476 0.2508 0.4450 20.122 0.0000

(Constant) -4.4017 0.4208 -10.459 0.0000

Variables not significant at P = 0.05 level

LANDMGT. -0.0234 -0.623 0.5332

BLOCK 0.0197 1.285 0.1994

CROP -0.0055 -0.357 0.7212

FERT. 0.0174 1.136 0.2563

PLOT 0.0088 0.534 0.5938

R * C -0.0218 -0.958 0.3386

R * F 0.0369 1.519 0.1292

R * P 0.0333 1.620 0.1057

R-square =0.8333

Standard error = 2.2326

RUNOFF

The regression equation estimates the runoff reasonably well (Figures 1 and 2), with a coefficient of 
determination of 83% (R2=83) and significant (p = 0.01 level). The regression analysis result shows 
that rainfall and rainfall together with land management and the days of observation are significant (p = 
0.01 level) and, hence, affect the variation of the daily runoff. The parameters crop type, fertilizer 
usage and slope of the plots have insignificant (p = 0.05 level) effect on the variation of the daily runoff, 
contradicting the hypotheses of this study that assumed runoff to be a function of crop type, fertilizer 
usage and slope. On the other hand, the result agrees with part of the hypotheses, which assumed 
runoff to be as a function of the daily rainfall amount and land management practices (traditional flat 
and improved, BBF tillage practices).



Table 7. Observed values of soil loss for the treatments in kg/ha.

Treatment Treatment type Sum Mean Std. D No. observation

1 Flat, tef F2 9431 159.85bcd 162.59 59

2 Flat, chickpea F1 10355 172.58bc 199.12 60

3 Flat, wheat F1 8323 130.05cd 132.29 64

4 Flat, wheat F2 8100 130.64cd 140.73 62

5 Flat, tef F1 8991 163.47bcd 159.87 55

6 Flat, cliickpea F2 7188 115.94d 129.90 62

7 BBF, chickpea F2 11618 187.39ab 175.20 62

8 BBF, tef FI 8876 153.04bcd 204.37 58

9 BBF, wheat FI 9440 149.84bcd 134.68 63

10 BBF, wheat F2 9704 167.3 lbcd 158.61 58

II BBF, cliickpea F1 10227 164.95bed 147.62 62

12 BBF, tef F2 5593 116.52cd 134.43 48

OBSERVED

PREDQ

DATE

Figure 1. Observed and estimated runoff for the mean of all plots at each day.



RAINFALL, mm

Figure 2. Relationship between rainfall and runoff for the observed and estimated 
runoff values

Rainfall following long intervals of non rainy days resulted in relatively lower runoff than rainfall 
following a rainy day. Rainfall amounts less than 10 mm produced less than 5 mm of runoff with 
minimum variation and then after, a unit increase of rainfall causes a large increase in runoff (figure 2).

The regression equation explains that improved land management practice, used for draining surface 
excess water, causes more runoff than the traditional tillage practice, and this agrees with the findings 
of studies conducted on Vertisols of Eastern and Western regions of the central highlands. (Jutzi, et. 
al 1992, Srivastava, et. al. 1993).

On the other hand, the result is different from the works done in deep Vertisol in India (ICRISAT) in 
which BBF produced less runoff than flat tillage, provided the BBF has a gradient of 0.4 to 0.6 % 
(Karnpes, et. al. 1981). Slope and type of vegetation cover did not show significant effect (p = 0.05 ) 
for the range of slopes (0.07 % to 2.3 %) and crop type (tef, wheat and chickpea) even though they 
have major role in the amount of runoff (Wischmeier and Smith. 1978). This is might be due to the 
fact that most of the rainfall events were associated with early stages of crop growth, during which 
surface coverage was limited.

62



SOIL LOSS

Soil loss was analyzed by two regression models, using rainfall and runoff as the main continuos 
independent variables for models 1 and 2 respectively. Regression analysis of model 1 shows that 
variation of soil loss is significantly (p = 0.01 level) dependent on the amount of daily rainfall and the 
day of observation (Table 8). Model 1 disproves the hypotheses which stated that soil loss is a function 
of land management, fertilizer usage, crop type and slope of plots. The result, contrary to studies 
conducted in Vertisol of Eastern and Western regions of the central highland (Jutzi, et. al. 1992, 
Siviastava, et. al. 1993), showed no significant (at p = 0.05 level) difference between the two tillage 
practices in the range of the slopes under taken (0.07 to 2.3 %). However, the studies showed 
significant soil loss from the improved tillage practice laid down on a 2.7 % slope. The result is also 
not compatible with the findings of study conducted in India (ICRISAT), in which flat and post rainy 
following tillage produced more soil loss than BBF, provided the BBF is laid on a gradient of 0.4 to 
0.6 % slope (Kampes, et. al. 1981). Based on daily rainfall as the major effective continuos parameter 
Model 1 estimated soil loss with the multiple linear regression equation well, (figure 3).

Table 8. Result of regression analysis of soil loss for model 1

Variables B SEB Beta T SigT

Rainfall 10.7019 0.7858 0.3597 13.600 0.0000

Date -1.0182 0.3469 -0.0598 -2.935 0.0034

v 2 183.3271 8.8323 0.5566 20.700 0.0000

Constant -26.0986 9.9859 -2.614 0.0092

Variables not significant at P = 0.05 level

Block -0.0377 -1.885 0.0598

Landmgt. 0.0296 1.485 0.1381

Fertiliser -0.0168 -0.842 0.4003

Crop -0.0239 -1.194 0.2329

Plot -0.0332 -1.661 0.0971

R-Square = 0.7175

Standard error = 84.5011
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Figure 3. Plot of estimated (model 1) and observed soil loss for the means of all treatments

The regression equation based on the continuos parameter runoff, (model 2) showed reasonably good 
relationship with the amount of soil loss and with a relatively better coefficient of determination, 
(R2=0.80) than that for Model 1 (Table 9). The model estimated soil loss better by using runoff as the 
continuos independent variable which probably explains the importance of the erosivity of the rainfall, 
which must be expressed by the intensity rather than the amount of rainfall (Wischmeier and Smith. 
1978, and Mbagwu, et. al. 1984).

Table 9. Result of regression analysis of soil loss for model 2

Variables B SEB Beta T SigT
Runoff 19.0539 0.9456 0.6497 20.151 0.0000
Block -19.9687 5.4364 -0.0630 -3.673 0.0003
Fertiliser -11.7063 5.4134 -0.0369 -2.162 0.0309
V, -41.7097 10.5248 -0.1261 -3.963 0.0001
v 2 135.2276 8.8155 0.4106 15.340 0.0000
Constant 78.3983 12.1482 6.454 0.0000

Variables not significant at P = 0.05 level
Landmgt. 0.0030 0.176 0.8600
Date -0.0256 -1.481 0.1391
Crop -0.0188 -1.102 0.2710
Plot -0.0331 -0.978 0.3286
R-Square , = 0.7951
Standard error = 72.0700
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Figure 4. Plot of estimated (model 2) and observed soil loss for the means of all 
treatments

Since sediment concentration was measured from runoff, which depends on amount and intensity of 
rainfall, soil loss was better estimated by the regression equation expressed by model 2. Model 2 also 
showed the non significant effect of the land management practices on the amount of soil loss, which 
disproved the major hypothesis of the study, concerned on the introduced tillage practice which 
assumed that BBF will cause more soil loss through furrows made for the removal of excess surface 
water than the traditional practice. The model produced insignificant effect of the slope ranges 
considered (0.07 to 2.3 %) on the amount of the soil loss, but resulted a significant effect of block 
variations (p = 0.01) and fertilizer usage ( p = 0.05) on the amount of the soil loss variation.
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Erodibility of Halhale and Embaticalla Soils in Eritrea

Abebe Shiferaw16, Yared Desalegne, Berhane Girmay

ABSTRACT

Erodibility is a potential parameter that can describe the soils vulnerability to erosion and its 
determination is an essential step to the control of erosion. Thus as a step to combat erosion, 
erodibility of Halhale and Embaticalla soils in Eritrea were studied.

To compare erodibility of the soils, the effect of particular characteristics of rainfall, on a unit 
space of soil sample from Embaticala and Halhale was studied using non-portable rainfall 
simulator employing its principle under laboratory conditions.

The non- portable rainfall simulator produced rain storm of known characteristics that were 
repeated on demand. More soil losses were observed for soils of Embaticalla as compared to 
soils of Halhale due to simulated rain from splash cups.

Wischmeier and Smith soil erodibility Nomograph, Silt to Clay ratio & Bouyoucous index were 
used as indices of soil erodibility. The Nomograph erodibility values were 0.17 and 0.21 for 
Halhale and Embaticalla soils respectively. Silt to Clay ratio were 0.50 and 0.79 for Halhale and 
Embaticalla soils respectively. Bouyoucous index were 1.5 for Halhale and 2.1 for Embaticall. 
Three of the indices used showed that soils of Embaticalla were more erodible as compared to 
soils of Halhale.

INTRODUCTION

The physical features of land surfaces in Eritrea are not the result of single sculpturing but the 
outcomes of surface changes over centuries. Erosion is one of the surface processes that 
brought such changes. In Eritrea, soil erosion operating at high rate. Soil erosion has become a 
threat to the development and well being of the people. It substantially reduces agricultural 
productivity. For increasing agricultural productivity and sustainable soil resources use there is 
a need to combat this destructive process. But this requires a thorough understanding of the 
nature of erosion. To understand the nature of erosion, all factors that are involved in the 
process have to be examined in detail. Erosion is a process involving soil erodibility and 
erosivity. Mutchler et .al. (1994) recommends the evaluation of erodibility of soils and

16 Mekelle University College, P.O.Box 231, Mekelle, Etliiopia.
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erosivity of agents for it is essential in understanding the cause, effect and control of erosion. 
Erodibility is the vulnerability or the susceptibility of soil to erosion, or it is the reciprocal of 
soils resistance to both detachment and transport (Morgan. 1986). Soil erodibility is the soils 
loss rate per erosion index unit for a specified soil as measured on a unit plot (Mutchler, et. al. 
1994, ISSS. 1997).

Many attempts have been made to devise a simple index of erodibility based either on soil 
properties as determined in the laboratory or in the field or on the response of the soil to 
erosive agent (Morgan. 1986). Although soils resistance to erosion depends in part on the 
amount of disturbance created by man and other land features such as stoniness, topographic 
position, slope steepness and profile characteristics, soil properties are the most important 
determinants. Broadly speaking the indices can be grouped as dynamic laboratory and static 
laboratory and field test (Morgan. 1986).

In this study three indices of erodibility, soil loss caused by simulated rain due to soil splashed 
from splash cup, soil erodibility Nomograph method and silt- clay ratio and Bouycoucos index 
(mechanical ratio) were used.

Rainfall simulators are research tools designed to apply water in a form similar to natural 
rainstorms. Study with rain fall simulator is rapid, efficient, more controlled and more 
adaptable than natural rain (Meyer. 1994) There are many types of rain fall simulators varying 
in design, construction and operation. They are usefull for many types of soil erosion study. 
According to FAO (1993), they are best for comparison purpose. A simple and precise 
assessment of splash erosion can be obtained using standard techniques and methods with 
rainfall simulator by setting up for laboratory use (Armfield. 1988). This has become the best 
way of determining soil erodiblity through quantitative measurement of splash effect under 
fixed condition of rainfall variable characteristics for different soil samples. In this study 
rotating disc rain fall simulator was used to evaluate soils erodibility. The soil loss difference 
under the same storm characteristics from the soils is the measure of difference in erodibility.

The determination of erodibilty was also be carried out using soil erodibility Nomograph 
method. According to Wischmeier, soil erodibility Nomograph is used mainly when there is a 
lack of experimental data and the method is based on five fundamental characteristics of soil. 
(The content of soil particles - % sand (1), % silt + very fine sand (2), % organic matter (3), 
soil structure (4), and permeability (5)). Bouyoucos index (clay ratio) and silt to clay ratio 
were used to compare erodibility value of the two soils.

MATERIALS AND METHODS

Two sites (Halhale and Embaticalla) were located in Eritrea at research sites of Asmara 
University; Halhale is 35 km away from Asmara on the road to Mendefera and Embaticalla is 
46 km away from Asmara on the road to Massawa. Representative soils were sampled from 
two sites at Halhale and at Embaticalla. The soils were sampled from the top horizon (0-30
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cm) dried sieved and then physical properties determined. Soil texture was determined using 
pipette method as descried in Landon (1984). Organic matter content of the soils was 
determined by loss on ignition method (Berhane. 1986). Soil structure was determined in the 
field and permeability was determined using procedures described by Berhane (1986).

Dynamic soil laboratory test was earned to study erodibility with the help of rainfall simulator, 
splash cups, and test table and accessory materials. The rainfall simulator was set up for use 
with a test table in position with horizontal slope. Splash cups, containers of round and 
convenient size brass cylinders of 75 mm in diameter, with a gauze solder at the bottom to 
allow water draining. The splash cups were exposed to rain for a known duration with selected 
values of rainfall variables, the soil loss was calculated as the difference in mass of initial and 
second dry mass of the cups following the procedures in Armfieid (1988)

Static lab tests were used taking silt clay ratio and Bouyoucous index for comparing soils 
erodibility value. The soil erodibility values were determined using the erodibility Nomorgraph 
method. Nomograph erodibility assessment was employed as forwarded by Wischmeier as 
quoted by Landon (1984).

RESULT AND DISCUSSION

For the examination of data, the independent variables (pressure, aperture and disc speed which 
influence rainfall characteristics) were related to the dependent variables (soil loss) in graphs. 
Each graph illustrated the association between the soil loss and rain fall characteristics. Soil 
loss indicated the relative value of erodibility, i.e. soils of high erodibility had high soil loss. 
Soils of low erodibility were resistant to erosive agent and had low soil loss. Embaticalla soils 
tend to have more soil loss value at any points of the graph for the same condition of aperture. 
The progressive increase in the curve of the graph shows that soil loss increases as aperture 
sizes increases (Figure 2).

An increase in intensity resulted in more soil loss for the two soil samples. But the loss was 
more pronounced for soils of Embaticalla. There exists a linear association between rainfall 
intensity and soil loss. (Figure 4)

As long as the essence of the factorial design is concerned with the treatments which are made 
up of all possible combination of levels in the different factors, 3 factors were combined in this 
experiment to bring about treatment combination of different level.

From the soil loss experimental results and graphs as it has been discussed soils of Embaticalla 
have got more soil loss value compared to soils of Halhale. Embaticalla soils tend to be less 
resistant to erosive agents than Halhale soils. The soils of Embaticalla were more susceptible 
and have high erodibility value as compared to soils of Halhale.

Factorial analysis of variation between soil sample was earned for difference in erodibility.
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From ANOVA significant test was obtained for aperture, at both 5% and 1% level of 
significance, hence, the largest and the main effect on soil loss was because of aperture and this 
was followed by the joint effect of location, pressure and aperture.

The justification for this experimental result can be obtained if the soil physical properties are 
considered. As the field observation and tabulated textural class of soils is stated (Table 1), 
Embaticalla soils have relatively more sandy material than Halhale soils and with less clay 
content. Lai (1990) states that soils containing low amounts of clay are easily dispersed, thus 
one can say that Embaticalla soils are more detachable compared to Halhale soils. Investigation 
on the effect of soil texture on erosion process have shown that sandy soils are susceptible to 
erosion for rain drop detachment as they are with low consistency, and larger particles which 
can no longer resist the kinetic energy of rain splash (Morgan. 1979). Lai (1990) concludes that 
clay and silt sized particles adhere to form large, heavy aggregates. Such aggregates need 
greater force of entertainment making the soils less erodible. Halhale soils have a clay-loam 
textural nature, and in principle clay soils have low permeability with high content of colloidal 
particles which makes them hard enough to be detached by rain splash. For this reason soils of 
Embaticalla were easily vulnerable to detaching action of rain drops from the cups which gave 
rise to more soil loss showing more erodibility. The effect of particles of various sizes in the 
soil, on its resistance to water erosion is considered as being so important that they describe it 
as index of erodibility (Morgan. 1986). Thus Van Wanbeke as quoted by Morgan (1979) 
expressed silt to clay ratio as an index of erodibility. According to Van Wanbeke the ratio gives 
the degree of weathering and rate of erosion of the soil. A low ratio denotes a well-weathered 
soil. The development of such soil requires relatively low stable conditions with minimum 
erosion. And as the rate of erosion is small the soils erodibility would be less. High silt to clay 
ratio are associated with high erodible area. Under such circumstances the continual removal of 
the soil allows insufficient time for high degree of weathering to occur (Morgan. 1979).

Table 1. Physical Characteristics For Soils Of The Study Area

Location Permeabi
lity

Organic
matter

T exture

Structure CaC03 Color

% sand

% Silt %Clavvery
fine

fine course

Halhale 19.8 cnvhr 6% 30 8 2 20 40 Fine
granular

non
calcareous

Dark
brown red 
10/YR/2/2

Embalicala 15.2 cnvhr 2.1% 30 9 4 25 32 Course
granular

Non
calcareous

Dark
Yellowish
10YR/3/4

The soil structure, which determines the arrangement of soil particles into aggregates plays a 
major role in resistance of soils to erosion (Russell. 1988, Lai. 1990). As it has been tabulated 
both soils had difference in soil structure. The role of organic matter content can best be 
described as a basic criteria for explained difference in erodibility of the soils. The organic
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matter of soil tend to cement the colloidal particles and the soil aggregate in good biological 
features (Lai. 1979). Hence as the soils organic matter content increase the soil becomes more 
permeable and resistant to impact of erosion. According to Lai. (1979), all others factors 
remaining the same, soils with high organic matter are less susceptible than those with low 
organic matter. Halhale soils were more darker in color with 6% more organic matter content, 
while Embaticalla soils were lighter than Halhale with 2.1 % (Table 1). The permeability of the 
soils has shown difference where one may expect more runoff on Embaticalla soils as 
compared to Halhale soils.

The soil erodibility - Nomograph method best explains for erodibility difference between the 
two sites. From the Nomograph the erodibility of Embaticalla soil is 0.21 and that of Halhale is
0.17 (see Annex). Silt - clay ratio indicate that Halhale soils were likely to be lower in 
erodibility as long as they have low silt-clay ratio (See Table 15). Tabulated values of clay ratio 
(Bouyoucos Index) of the two soils indicate that Halhale soils have lower ratio as compared to 
Embaticalla reflecting the resistance of soils of Halhale for erosive agents (See Table 16). 
Results from this experiment agrees with finding of Evan (1980) and Richter and Negendank 
(1977) as cited in Morgan (1979). The studies indicate that least resistant particles are silts and 
fine sands. Thus soils with high silt content are erodible. The use of clay content as an indicator 
of erodibility is theoretically more satisfying because clay particles combine with organic matter 
to form soil aggregates which increases their resistance to erosion..

Annex

Soil loss data from rainfall simulator study. The result obtained for Embaticalla soils

Table 2. Soil Loss of EmbaticaUa-with slope 0°, Disc speed 70 RPM, Aperture 5°

Pressure
(Bar)

Dry weight 
(l)Initial
(gm)

Dry weight 
(2) final 
(gm)

Soil loss 
(gm)

Volume (ml) Intensity(
mm/hr)

0.3 402.3 391.5 5.8 92 124.9

03 406.6 401.6 5.0 90 122.2

0.4 408.5 402.5 6.0 96 130.3

0.4 407.8 399.8 8.0 100 135.8

0.6 407.1 398.1 9.0 115 156.12

0.6 406.3 395.7 10.6 101 137.1
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Table 3. Soil Loss of Embaticalla-with slope 0° Disc speed 70 RPM. Aperture 10°

Pressure
(Bar)

Dry weight 
(l)Initial in 

(gm)

Dry weight (2) 
final in 

(gm)

Soil loss (gin) Volume (ml) lntensity(nwi/lir)

0.3 408.9 399.9 9 120 162.9

0.3 420.1 401 9 123 167.0

0.4 411.2 400.2 11 124 168.3

0.4 407.3 397.3 10 124 168.3

0.6 409.6 396.6 13 138 187.3

0.6 409.6 396.5 13.1 136 184.6

Table 4. Soil Loss of Embaticalla-with slope 0 ° , Disc speed 70 RPM, Aperture 15"

Pressure
(Bar)

Dry weight (1) Initial 
in (gm)

Dry weight (2) final 
in (gm)

Soil loss 
(gm)

Volume (ml) Intensity

(mm/lir)

0.3 389.3 375.1 13.9 140 190.1

0.3 392.3 377.2 15.1 139 188.7

0.4 382.4 367.5 14.9 150 203.6

0.4 386.9 371.9 15 151 204.9

0.6 389.3 371.5 17.8 157 213.1

0.6 393.1 393.1 20 155 210.4

Table 5. Soil Loss of Embaticalla-with slope 0° Disc Speed 70 RPM, Aperture 20(l

Pressure
(Bar)

Dry weight (I) 
Initial in (gm)

Dry weight (2) final 
in (gm)

Soil loss 
(gni)

Volume (mi) Intensity

(mm/hr)

0.3 396.6 376.5 20.1 172 233.5

0.3 398.3 368.2 30.1 178 241.6

0.4 401.1 373.1 28.3 185 251.2

0.4 401.9 372.7 29.2 179 243.0

0.6 400.2 361.5 38.7 185
251.2

0.6 403.1 372.8 30.3 189 256.6
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Table 6. Soil Loss of Embaticalla-with slope 0° Disc speed 70 RPM, Aperture 25°

Pressure
(Bar)

Dry weight 
(l)Initial in

(gm)

Diy weight (2) 
final in 
(gm)

Soil loss 
(gm)

Volume (ml) Intensity
(mm/hr)

0.3 431.3 404.6 26.7 185 251.2

0.3 433.4 393.6 39.8 187 253.4

0.4 431.9 391.5 40.4 196 266.1

0.4 431.4 404.1 27.3 190 257.9

0.6 430.2 389.3 40.9 195 264.7

' 0.6 432.6 392 40.6 197 267.4

Table 7. Soil Loss of Embaticalla-with slope 0° Disc Speed 70 RPM, Aperture 30°

Pressure
(Bar)

Diy weight 
(l)Initialin 

(gm)

Diy weight (2) 
final in 
(gm)

Soil loss 
(gm)

Volume (ml) Intensity
(mm/hr)

0.3 428.8 388.1 40.7 192 260.7

0.3 428.1 389.2 38.9 195 264.7

0.4 420.6 376.7 43.9 __ 203 __ 275.6

0.4 426.0 386.4 39.6 211 286.4

0.6 426.9 382.4 44.5 231 313.6

0.6 427.1 378.3 48.7 229 310.9

The result obtained for Hahale soils
Table 8. Soil Loss of Halhale-with Slope 0° Disc Speed 70 RPM, Aperture 5°

Pressure
(Bar)

Diy weight (1) 
Initial in 

(gm)

Diy weight (2) 
final in 
(gm)

Soil loss 
(gm)

Volume (ml) Intensity
(mm/hr)

0.3 426.1 421.1 5.0 95 129.0

0.3 428 423.0 4.6 98 130.0

0.4 429.1 423.2 5.9 99 134.4

0.4 428.3 422.1 6.2 103 139.8

0.6 427.6 418.1 9.0 107 145.3

0.6 426.8 416.9 9.9 110 149.3 ,
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Table 9. Soil Loss of Halhale-with Slope 0° Disc Speed 70 RPM, Aperture 10°

Pressure
(Bar)

Diy weight (1) 
Initial in 

(gm)

Dry weight (2) 
final in 
(gm)

Soil loss 
(gm)

Volume (ml) Intensity
(mm/hr)

0.3 420.9 412.7 8.2 120 162.9

0.3 421.2 412.9 8.3 126 171.1

0.4 423.6 413.9 9.4 121 164.3

0.4 423.3 413.4 8.9 125 169.7

0.6 426.0 414.9 11.1 134 181.9

0.6 422.3 410.8 11.5 129 175.1

Table 10. Soil Loss of Halhale-with Slope 0° Disc Speed 70 RPM, Aperture 15°

Pressure
(Bar)

Dry weight (1) 
Initial in 

(gm)

Dry weight (2) 
final in 

(gm)

Soil loss 
(gm)

Volume (ml) Intensity
(mm/hr)

0.3 421.3 411,2 11.3 135 183.3

0.3 422.5 408,4 12.9 138 187.3

0.4 418.9 404.4 14.5 156 211.8

0.4 416.3 402.1 14.2 145 196.8

0.6 422.6 404.4 18.2 160 217.2

0.6 423.4 406.1 17.3 165 223.9

Table 11. Soil Loss of Halhale-with slope 0°, Disc Speed 70 RPM, Aperture 20°

Pressure
(Bar)

Diy weight (1) 
Initial in 
(gm)

Diy weight (2) 
final in
(gm)

Soil loss 
(gm)

Volume (ml) Intensitv(m
m/hr)

0.3 410,2 392 18.2 180 244.4

0.3 412,3 294.4 17.9 175 237.6

0.4 408,8 384.5 24.3 185 251.2

0.4 406.0 375.6 30.4 185 251.2

0.6 409.4 380.8 28.6 188 255.2

■ 0.6 410.2 378.0 32.2 190 257.9
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Table 12. Soil Loss of Ha hale-with Slope 0° Disc Speed 70 RPM, Aperture 25°

Pressure
(Bar)

Dry weight (1) 
Initial in (gm)

Dry weight (2) 
final in (gm)

Soil loss (gm) Volume (ml) Intensity(
mm/hr)

0.3 411.2 390.9 20.3 187 253.9

0.3 413.3 391.2 22.1 190 257.9

0.4 412.0 385.9 26.1 195 264.7

0.4 413.8 385.2 28.6 196 266.1

0.6 413.1 376.2 36.9 199 270.2

0.6 410.3 375.2 35.1 198 268.8

Table 13. Soil Loss of Ha hale-with Slope 0° Disc Speed 70 RPM, Aperture 30°

Pressure
(Bar)

Dry weight (1) 
Initial in (gm)

Diy weight (2) 
final in (gm)

Soil loss 
(gm)

Volume (ml) Intensity

(mm/hr)

0.3 402.5 364.3 38.2 198 268.8

0.3 401.2 361.6 39.6 200 271.5

0.4 401.1 359.0 42.1 210 285.1

0.4 396.6 356.6 40.0 215 291.9

0.6 399.2 356.1 43.1 235 319.0

0.6 399.0 355.7 43.3 230 312.2

N.B. The soil loss is in unit of (gm / 44 cm2/ 10 min)

Table 14, Soil Erodibility Vomograph Values

Soil Cliaracteristics Halhale soil Embaticalla Soil

Structure (2) fine granular (3) course granular

organic matter (2) 6% (3) 2.1%

Permeability (1) 19.8 cm/hr (1) 15.2 cm/hr

% (Silt +V. Fine sand) 50 55

% Sand (0.1-2.0 mm) 10 33

Erodibility first approximation 0.22 0.23

Erodibility value 0.17 0.21

N.B. Number in brace are Nomograph plotting values



f T'?
c* *.'■*

KSV embiticilU

Figure L Soil erodibility nomograph of Halhale and Embaticalla soils.

Table 15. Silt- Clay Ratio for Halhal and Embaticalla

Site Clay % Silt % Silt/Clay K* value

Halhale 40 20 0.500 0.17

Embaticalla 32 25 0.7SI25 0.21

Table 16. Clay ratio for Halhal and Embaticalla soils

Site Caly % Silt % % Sand (% Sand + % 
SiIt)/(% Clay)

Halhale ’ 40 20 40 1.5
Embaticalla 32 25 43 2.1

N.B. K* is value of Nomograph
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The effect of pressure on soil loss seems to be linearly related (Figure 3).
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CONCLUSION AND RECOMMENDATION

Soil loss by simulated splash confirmed that Embaticala soil seems to be more detachable than 
Halhale soils (i.e. Embaticalla soils are highly vulnerable to the impact of rain splash as 
compared to soils of Halhale). In soil loss study with rainfall simulator as aperture size and 
pressure increases soil loss also increases. Basically increase in soil loss with intensity increases 
was most influenced by aperature. Erodibility of soils to rain splash varied as a function of their 
physical property of the soils.

Soils of Embaticalla have an estimated erodibility value of 0.21 and soils of Halhale have an 
estimated erodibility value of 0.17 as determined by Nomograph method. Nomograph showed 
that the erodibility value of Embaticalla soils was greater by 0.04 to Halhale soils. Silt- clay 
ratio and Bouyoucos index (mechanical ratio) reflected that Halhale soils were lower in 
erodibility as compared to Embaticalla soils. Soils of sandy clay loam nature, as in the case of 
Embaticalla soils, with lesser organic matter content and less permeability are more erodible as 
compared to Halhale soils of clay-loam texture.

Available information indicated that the urgency of soil conservation techniques to be devised 
for Embaticalla soils than for Halhale soils. For more actual field value approximation it was 
recommend that further investigation be carried out for confirmation of the results and to 
assess the erodibility with the help of other indices.
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For provision of more information for successful achievement of soil and water conservation in 
the sites, it was suggested that soil erosion survey and erosivity study be conducted in the sites. 
It is recommended that more information be gatherer on soils erodibility to construct erodibility 
map of the area. As soils erodibility of the two soils vaiy in time and space it was 
recommended that further study be conducted at various times and in the area.
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Assessment Of Soil Erosion And Evaluation Of Different 
Agronomic Conservation Measures17

Fentaw Abegaz18

ABSTRACT

Soil erosion is a very disastrous phenomenon in which topsoil and plant nutrients are being 
removed from the surface of the land. The occurrence of intensive rainfall in unprotected soil at 
Bako and its vicinity causes severe soil erosion. To overcome this problem, studies to quantify 
run-off and soil loss were carried out on the clay textured Nitosols of Bako research center, 
8% and 9% slope, under small plot condition. The aim of this study was to quantify run-off and 
soil loss and evaluate different agronomic practices for soil and water conservation purposes. 
High volume run-off and low sediment load were recorded from the smaller slope lengths. On 
the other hand, low volume run-off and high sediment load was recorded from the longer slope 
lengths. Run-off and soil loss v/as recorded from different tillage practices. Higher mean soil 
loss (77.826 T/ha) was recorded from bare fallow field and the smaller value (0.322 T/ha) was 
from maize field with zero tillage. Based on the run-off and soil loss data and using the 
Universal Soil Loss Equation, erodibilty factor (k) for Bako red Nitosols was determined as
0.23, Different patterns of inter-cropping were tested in relation to control measures of soil 
erosion. The highest (39.44 T/ha) and the lowest (1.72 T/ha) mean soil loss was recorded 
from bare-fallow and broadcasted inter cropping (maize and soybean) pattern respectively. 
Broadcasted inter cropping was found to be more efficient (68.50%) than conventional maize 
planting pattern. The result of soil erosion under different strip cropping system indicated that 
the highest soil (42.43 T/ha) was removed from bare fallow and the lowest (0.94 T/ha) from 
sole grass plots. The soil loss recorded from sole maize planted along the slope was 8.00 T/ha. 
The mean soil losses from buffer strip cropping (3.09 T/ha) and contour strip cropping (3.68 
T/ha) was relatively smaller than the other treatments.

INTRODUCTION

Most of the agricultural lands of Ethiopia are known to be located in the humid tropical zone. 
The country has a wide range of geographical features. Nearly 40% of the country was 
reported to have been covered with natural forests. Now, because of population growth and 
the increased demand for fire wood, extensive land was devoid of natural vegetation. 
Depending on climate, soil type, topography of the land and vegetation cover, most of the 
highlands of the country have experienced a very serious soil erosion problem. Due to the soil

1 Paper presented on 4th conference of Ethiopian soil science society, Feb.26 - 27 /1998  
li! Associate researcher. Institute of Agricultural research (IAR). W erer research center. P.o.box

2003, Addis Ababa, Ethiopia-
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loss and sediment deposition, productivity of agricultural lands and the capacity of farm 
reservoirs were reduced.

To overcome the existing soil erosion problems, implementation of sound soil and water 
conservation practices is of paramount importance. In order to establish a base line data for 
design purposes, a preliminary study to quantify run-off and soil loss was carried out at Bako 
research center.

The site was located at 9°08’N, 37°05’E and 1650 m above sea level. Mean annual rainfall 
ranges between 1200 and 1300 mm. The type of soil used for this study is a Nitosol (FAO. 
1973). The soil is clay in texture, very deep (2m depth) and with a medium infiltration rate.

MATERIALS AND METHODS

The trial was conducted on 8% and 9% slope land using small plots. Run-off plots are 4-m 
wide and oriented parallel to the natural slope of the land. Adjacent plots are separated by a 
one-meter wide border strip. The borders of each plot were enclosed with corrugated asbestos 
except at the lower ends where collecting troughs and measuring equipment are placed. 
Concrete flume for the inlet of soil water solution was constructed above the collecting trough 
for each container. Grassed waterways along the natural slope of the land and small ditches 
along the contour were constructed to protect the experimental field from in coming flood.

Measurement of run-off and associated sediment load were made after every rain from the soil 
water container. The water level was measured as the run-off height (h i) and multiplied'by the 
area of each container for run-off volume determination. The second reading followed 
siphoning of the water out from the collecting trough, which is depth h2 of the sediment load. 
Soil water samples were collected from each container and taken to the laboratory to determine 
the soil water portion of the solution. The sediment content or the amount of soil eroded from 
each plot was calculated from oven dried sample. The corresponding rainfall data was collected 
from a single none recording raingauge located adjacent to the experimental site.

The following experiments were conducted for a two year period.

1. Run-off and soil loss was determined under different treatments on 8% slope land. 
Treatments were maize + zero-tillage, maize + conventional tillage and bare fallow. Each plot 
was fertilized with 75/75.kg/ha N/P20 5. Paraquat was applied as a pre-emergent herbicide for 
zero-tillage treatment at the rate of 4 liter/ha.

2. Erodibility factor (K) of the soil was determined from the Universal Soil Loss Equation. 
Three bare plots were established on a 9% slope land with dimensions of 4m by 22m. The 
Universal Soil Loss Equation is defined as:

E = RxKxLxS xCxP
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Where,
E = Mean annual soil loss (T/ha)
R = Rainfall erosivity 
K = Soil erodibility 
L = Slope length (m)
S = Slope percentage (%)
C = Crop management factor 
P = Conservation practices

Rainfall erosivity was calculated using the following equation with mean annual soil loss and 30 
minutes rainfall intensity.

R = El3o 
100

Where, R = rainfall erosivity
E = mean annual soil loss (T/ha)
I = rainfall intensity (mm/hr)

Since the test plot used is bare fallow and without conservation practices, the value of crop 
management factor (c) and conservation practices (p) were taken as one. Finally soil erodibility 
(k) was calculated using the following equation.

E
RLSCP

3. Effect of different slope lengths on run-off and soil loss was studied on 9% slope land. The 
plots have the same width (4m) and different slope lengths (10m,15m,20m,25m and 30m).

4. Quantification of run-off and soil loss was carried out under different agronomic 
conservation practices. Non-replicated experimental plots were under treatment on 9% slope 
land. Erosion-resisting crops (soybean and grass) and erosion-permitting crop (maize) were 
planted to quantify soil erosion under strip-cropping system. In addition maize and haricot bean 
were planted in different inter-cropping patterns provided that plant population of both crops 
was maintained. All the recommended packages like fertilizer, spacing, weeding etc. were 
equally treated for each of the experimental plots.
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RESULTS AND DISCUSSION

Different cultural practices were under treatment by which the maximum run-off (1281.82 
m3/ha) and soil loss (151.84 T/ha) were recorded from bare fallow land, which is highly 
exposed, to the direct impact of rain during the second cropping season. The seasonal run-off 
and soil loss from conventionally ploughed maize field was 1132.19 m3 /ha and 38.94 T/ha 
respectively. On the other hand, the run-off and soil loss from no-tilled maize plot was 335.21 
m3 /ha and 0.063 T/ha respectively. The main cause for the overland flow was the rainfall 
(866.3 mm) that occurred during the cropping season. The mean minimum run-off of 
264.08m3 /ha, 3.27% of the total rainfall, and a soil loss 0.322 T/ha were recorded from a no
tillage practice which is a good soil and water conservation practice. Higher soil loss was 
recorded from the zero-tillage during the first year compared to the second year and this was 
because zero-tillage was not maintained at that time. In general high run-off and soil loss was 
recorded during the second cropping season and this was due to the occurrence of high rainfall 
intensity during the indicated season. The soil loss from bare fallow is 3.3 times higher than 
conventional tillage and 242 times higher than no-tillage Soil loss from conventional tillage was 
73 times greater than the zero-tillage treatment. So, no-tillage was found to be effective for soil 
and water conservation practices compare to bare fallow and conventional tillage practices 
(Table 1).

Table 1* Effect of cultural practices on run-off and soilloss

Treatment
Cultural
practice

run-off 
(m3 /ha)

soil loss 
(T/ha)

Yield
(q/ha)

1987 1988 mean 1987 1988 mean 1987

Maize + zero- 
tillage

192.94 335.21 264.08 0.58 0.063 0.322 20.83

Bare fallow 232.49 1281.82 757.16 3.81 151.841 77.826 -

Maize + 
conventional

416.31 1132.19 774.25 7.95 38.943 23.450 52.02

The mean seasonal run-off and soil loss values selected for the determination of erodibility 
factor (k) were 1409.5 m3 /ha and 168.8 T/ha respectively. Based on these data, the erodibility 
factor (k) for this soil was determined as 0.23.

Soil erosion is normally expected to increase with steepness and slope length mainly because of 
increased velocity and volume of surface run-off (Morgan. 1980). The experiment also showed 
increased mean soil erosion increased with slope length. Similar experiments conducted at 
Holeta Research Center (Asrat. 1990) indicated similar trend. The highest soil loss 31.85 T/ha, 
was recorded from the higher slope lengths compared to 18.26 T/ha of the smaller slope
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lengths. However, run-off has showed a slight tendency of decreasing with increased slope 
length. This is due to the high proportion of infiltration that takes place across the longer slopes 
and this is because of the high concentration time before the collecting trough.

The carrying capacity of run-off, expressed as a ratio of soil erosion to run-off, increased 
linearly with increased slope length. Therefore, the soil loss associated with each unit volume of 
run-off (sediment load) was much higher for longer slopes. Run-ofF from shorter slope 
(1178.86 m3 /ha) exceeded run-off from longer slopes (788.85 m3 /ha) during the second 
cropping season. This shows that 13.6 % and 9.1 % of the total rainfall was recorded as a 
maximum and minimum run-off from IO-m and 30-m slope lengths respectively. This might be 
due to the longer distance the run-off travels to reach the outlets and, hence, to the higher 
infiltration rate in such longer slopes. Besides this run-off can be intercepted by the maize crop 
planted along the contour. Small variation of run-off value was observed during the two years 
and this was caused by rainfall variation, 748.4 mm and 866.3 mm during the first and second 
years respectively. Moreover, the highest maize grain yield was obtained from the shorter slope 
lengths where the soil loss was minimal (Table 2).

Table 2. Effect of different slope lengths on run-ofT and soil loss

Treatment 
Slope L.

run-off 
(m3 /ha)

soil loss 
(T/ha)

Yield
(q/ha)

-
1987 1988 mean 1987 1988 mean 1987 1988 mean

10 m 613.54 1178.86 996.20 19.96 16.55 18.26 41.96 50.00 45.98
15 m 845.38 1149.95 997.67 32.21 25.88 29.05 46.26 40.83 43.55
20 m 837.09 1063.91 950.50 39.32 21.15 30.24 43.55 38.75 41.15
25 m 799.38 937.67 868.53 38.21 23.01 30.61 44.70 36.50 40.60
30 m 740.96 788.85 764.91 40.95 2274 31.85 - 42.78 32.92 37,85

NB. Rainfall in 1987 and 1988 were 748.4 mm and 866.3mm respectively.

Strip-cropping patterns were tested for soil and water conservation purposes. The highest and 
lowest mean soil losses from bare fallow and sole grass treatments were 42.43 and 0.94 T/ha 
respectively. The highest mean run-off 713.63 m3/ha and a soil loss of 8 T/ha were recorded 
from sole maize planted along the slope. This is because of lack of embankment around the 
roots of the maize to reduce the velocity of flood. In contrast, conventional practice reduced 
the run-off and soil loss. The other strip-cropping practices also helped control soil erosion 
(Table 3). Taking conventional tillage and bare fallow as control, soil loss controlling efficiency 
of each treatments was measured. In this respect, sole grass is more efficient (82.78%) in 
controlling soil erosion than the other practices. Taking bare fallow as a control plot, al! the 
treatments are efficient in controlling soil erosion. Comparing conventional maize planting with 
maize planted along the slope, the latter is liable to soil erosion problem (Table 4). Therefore, 
buffer and contour strip cropping systems are the best agronomic conservation practices.
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Table 3. Effect of different strip - cropping system on run-off and soil loss.

Treatment Run-off m3 /ha Soil loss T/ha
1989 1990 mean 1989 1990 mean

Sole grass 142.952 330.334 236.64 0.404 1.480 0.S4
Sole maize along the slope 520.703 906.555 713.63 6.208 9.790 8.00
Contour strip - cropping 496.712 210.028 353.37 6.092 1.267 3.68
Buffer strip - cropping 314.820 175.447 245.13 4.879 1.2 99 3.09
Sole soybean 261.665 129.418 195.54 5.614 3.383 4.50
Sole maize along the contour 
(conventional)

392.457 239.363 315.91 5.830 5.088 5.46

Bare fallow (control) 301.102 349.173 325.14 38.288 46.581 42.43

Table 4. Efficiency for controlling soil loss based on treatments 6 and 7 as control plots 
in percent

Treatment Efficiency based on 
treatment 6 as control

Efficiency based on 
treatment 7 as control

1989 1990 mean 1989 1990 mean
Sole grass 93.07 70.91 82.78 98.94 96.82 97.78
Sole maize along the slope -6.48 -92.41 -46.50 83.79 78.98 81.15
Contour strip - cropping -4.49 75.10 32.60 84.09 97.28 91.33
Buffer strip cropping 16.31 74.47 43.41 87.34 97.21 92.72
Sole soybean 3.71 33.51 17.58 85.34 92.74 89.39
Sole maize along the contour 
(conventional)

0.00 00.00 00.00 84.77 89.08 87.13

Bare fellow (control) -556.74 -815.51 -677.11 00.00 00.00 00.00

Different inter-cropping patterns were also tested to see the effectiveness of controlling soil 
erosion. Broadcasting both maize and haricot bean is more effective in controlling soil erosion 
followed by inter-cropping of maize with bean within and between rows. Farmers practice, row 
planted maize and broadcasted bean, around Bako area was found effective in reducing soil 
erosion compared to sole haricot bean and conventional maize planting system (Table 5 and 6). 
In the Bako area broadcasted inter-cropping and inter-cropping maize between and within the 
rows was found to be well suited for soil and water conservation purposes around Bako area.
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Table 5. Effect of different inter - cropping patterns on run-off and soil loss.

Treatment Run - off m3 /ha Soil loss 
T/ha

1989 1990 mean 1989 1990 mean

Inter- cropping maize with bean within 
the raw

140.811 92.875 116.84 4.445 0.561 2.50

Inter- cropping maize with bean b/n the 
raw

230.582 150.978 190.80 4.221 0.923 2.57

Broadcasted inter - cropping (both 
crops)

155.142 129.529 142.34 2.542 '0.889 1.72

Maize in raw and bean Broadcasted 
(fanner’s pr.)

309.508 138.465 224.49 3.969 1.790 2.88

Sole haricot bean 195.435 169.726 182.81 6.262 3.318 4.79
Sole maize along the contour 
(conventional)

392.457 239.363 315.91 5.830 5.088 5.46

Bare fellow (control) 301.102 349.173 325.14 38.288 40.581 39.44

Table 6. Efficiency for controlling soil loss based on treatments 6 and 7 as control plots 
in percent

Treatment Efficiency based on 
treatment 6 as control

Efficiency based on 
treatment 7 as control

1989 1990 mean 1989 1990 mean

Inter-cropping maize with bean within 
the raw

23.76 88.97 54.21 88.39 98.62 93.66

Inter-cropping maize with bean b/n the 
raw

27.60 81.86 52.93 88.98 97.73 93.48

Broadcasted inter-cropping (both crops) 56.40 82.53 68.50 93.36 97.81 95.64
Maize in raw and bean Broadcasted 
(farmer’s pr.)

31.92 64.82 47.25 89.63 95.59 92.70

Sole haricot bean -7.41 34.79 12.27 83.64 91.82 87.85
Sole maize: along the contour 
(conventional)

00.00 00.00 00.00 84.77 87.46 86.16

Bare fallow (control) - 556.74 -697.58 -622.14 00.00 00.00 00.00
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CONCLUSION AND RECOMMENDATION

1. The results obtained from different cultural practices indicate that no-tillage practice 
with full management activities could be used as a good conservation tillage practice.

2. The soil loss under different slope lengths could be compared to the tolerable soil loss 
of the specific area to set up a design criteria for mechanical soil conservation 
practices.

3. From the strip cropping experiments, both contour and buffer strip cropping practices 
were found effective in conserving soil erosion and, hence, can be taken as good soil 
conservation practice.

4. Results from intercropping indicated that broadcasting of both maize and haricot bean, 
and the intercropping of maize with bean between and within row were found efficient 
and effective in conserving soil and water compared to the conventional practice.

Since the findings are from small plots study, it is therefore, recommended that these 
results be rectified under large-scale watershed management level before attempt is 
made to transfer to users.
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Land Degradation In Central Ethiopian Rift Valley - Its Extent, 
Implications And Ameliorative Measures.

Fisseha Itanna19

ABSTRACT

Ethiopia is one of the world's poorest countries, which is beset with serious land degradation 
problems in some parts of the country. The Rift Valley, although a potentially resourceful 
region, is one of those places which at the moment is facing such a crisis. Overpopulation, 
deforestation and overgrazing are the eminent causes to land degradation in this region. This 
has resulted in poor crop and livestock productivity, loss of the rich surface material, size 
reduction of farm lands and total abandonment of some agricultural lands. The M inistry of 
Agriculture and some NGO's have attempted to ameliorate this situation by introducing 
conservation practices like re-vegetation, area closures, check dam construction, and the like. 
There is still much to be done to rectify the problem in the area. Traditional soil and water 
conservation practices are also exercised in the region, but not to a substantial degree. The 
future calls for a concerted effort by every body.

INTRODUCTION

Land degradation results from the combined effects of processes such as loss of biological 
diversity and vegetative cover, soil loss, nutrient imbalance, decline in soil organic matter, and 
decrease of infiltration and water retention capacity (SIDA. 1993).

The Rift Valley in Ethiopia is a geographic setting endowed with a mosaic of different soil 
types and unique climate and vegetation. As a result of these complex features, massive 
settlements are witnessed in recent years in the Rift System from people migrating from the 
highlands due to population pressure there.

As is the case in other places, overpopulation of the region by new settlers and the pursuit for 
more farmlands resulted in destruction of the former forestlands. Because of unpredictable 
rainfall in the area, many of the farmers are involved in livestock herding.

Overpopulation, deforestation, and large density of animals which trample the soil, are 
contributing to faster degradation of the soil resources in this region. In addition to what is

Department of Biology, Faculty o f  Science,

Addis Ababa University, P.O.B. 1176, Addis Ababa, Ethiopia.
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said above, the inherent nature of the soils like the low bulk density of the Andosols (volcanic 
soils) there, makes the soils highly vulnerable both to water and wind erosion. Huge masses of 
soil particles blown up into the air during the dry period especially around Zway and the 
incidence of gullies, which are reducing the size of the farm lands around Shashamane area, are 
living witnesses of the grave situation in the Rift area.

The consequences due to erosion should never be underestimated, because they are sources of 
poverty and misery to the millions suffering under such a system.

In addition to what is said above, the Rift Valley region is threatened with the expansion of 
saline and alkali soils, which can also seriously limit crop production in the region. Salt 
incrustations to be seen in Zway and deflocculation of soil particles and crust formation around 
Lake Abiyata are specific conditions to cite with respect to salt and Na-build up respectively in 
the Rift Region.

Drainage of industrial wastes on farmlands like in newly emerging cities like Awassa, is also 
another form of land degradation in the region. Faulty industrial waste disposals can result in 
environmental pollution such as heavy metal build-up, which in turn results in causing cancer, 
miscarriages, mutations, etc. on people fed from such crop lands.

From what is briefly described above, it is obvious to note that the complexity of the land 
degradation problems in the region lends itself for a concerted effort of various soil scientists 
and professionals of other disciplines in reclamation of the region for improving the present 
state of affairs.

The objectives of this study are then:

a. to assess the extent of physical, and chemical degradation of the soil resources, 
especially between Meki and Awassa in the Rift Valley.

b. to appreciate the impact of land degradation on agriculture.

c. to increase public awareness so that the outcome will be useful for research and
teaching purposes,

d. to assess alternative ameliorative measures for increasing productivity and raising the
standard of living of the people in the region,’ and

£ to suggest appropriate land use and management practices.
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MATERIALS AND METHODS

The study area covers that part o f the Rift system between Akaki and Awassa towns in 
southward direction, and between Shashamene and Chefa (near Alaba town) in southwestern 
direction. The information provided is from a reconnaissance study of the area and as such 
doesn't include quantitative figures in land degradatioa

Some of the salient features of land degradation in the Rift System that attract attention have 
been photographed.

RESULTS AND DISCUSSION 

Major soil types in the Region

A reconnaissance survey was made of the major soil types in the above specified Region, and 
as a result about nine different soil types have been identified. A detailed survey of the Region, 
will most likely result in few others more.

The soil types are classified broadly using a first order classification with the FAO\UNESCO 
Classification System (FAO. 1988). Accordingly, Fluvisols, Vertisols, Leptosols, Planosols, 
Cambisols, Calcisols, Solonchaks, Solonetz, Andosols are the orders identified.

The Fluvisols are found along river or stream banks, predominantly between Akaki and Debre 
Zeit and in the Meki-Zway Region as well. Part of the soils of Awassa also have fluvial 
material. These soils because of their textural composition of light soils are prone to wind 
erosion especially during the dry period. The Vertisols are particularly preponderant between 
Debre Zeit and Modjo. These soils have a high water holding capacity and hence during the 
wet season may be water saturated depending on the incidence of rainfall and can be subjected 
to surface run-off which can result in serious loss of soil. During the dry season, wide cracks 
will be formed which allow sloughing-off surface materials into subsurface layers which may 
not be reached by short rooted arable crops.

Leptosols are generally seen between Debre Zeit and Modjo and a few kilometers south of 
Modjo. Hence, they concentrate around Modjo town. Because of the limited soil depth of 
these soils, only shallow rooted crops can be grown on such soils. Unless properly managed, 
even the shallow soil can be removed by erosion, and the land may turn into unproductive 
bareland.

As one continues further southwards, especially near the Koka bridge Planosols become 
eminent. Problems of water-logging are seen during the rainy period which will affect nutrient 
transport and aeration to the growing crops. Further southwards, Cambisols become 
dominant up to the Meki area. These soils also have weak structures which are prone to wind 
and water erosion. Around the river bank in the Zway Horticultural State Farm, one is able to
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Some of the current traditional and conventional soil conservation practices in the Rift 
Valley

Generally farmers pay little or no attention to soil conservation practices which can improve 
their natural resources. Consequently, interventions by either the Government or NGO's has 
been the case in many parts of the country. Similarly, likely because of the severity of the land 
degradation processes around Alaba area some of such interventions are to be seen. Such 
measures are effective in reducing processes of land degradation. Some of the traditional and 
conventional soil conservation practices in the Rift System include:

a. Agroforestry

The art of agroforestry, with a mix of different trees in farm lands is a common traditional 
practice, which is a common feature in the Rift Valley. Naturally, acacia trees dominate the 
low lands and other deciduous trees like Podocarpus falcatus, Juniperus procera, Cordia 
abyssinica dominate the medium to high altitudes, in the tree-crop mixtures.

The farmers grow the trees as farm boundaries, as wind break, around homesteads or on crop 
fields. Although the primary target of the trees is not for soil conservation practices, they assist 
in fixing nitrogen, providing year out vegetative cover, increasing the organic matter status of 
the soil through the yearly increment of litter, etc.

b. Earthen terraces

Earthen terraces on sloping lands are also constructed near River Wara, very close to Alaba 
town. These are means of rescuing the soil from complete removal downhill.

c. Rock terraces

Rock terraces of the same style as those in North Shoa are also used as a traditional 
conservation measure near .the Alaba area.

d. Check dams

Sisal plantations are used as physical barrier inside gullies and on degrading slopes at Chefa, 
near Alaba. Sometimes stone heaps are also used to reinforce the sisal plantation.

e. Re-vegetation

Re-vegetation with grasses, Eucalyptus trees, and sisal plantations are the major biological 
means of soil conservation practiced around the Chefa area. Some of the plantations have died 
at young stages due to poor management by the farmers and attack by livestock.
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f  Trash heap composting

Piling up of trash from farmlands and accumulation in fields is a common practice by the 
farmers living between Shashamane and Alaba. The heaps serve as soil erosion barriers and as 
well when they decompose, they tend to enrich the soil fertility there.

Although these measures are exercised in the region, the land degradation situation is still 
appalling, because it looks that the remedies were thought of after already critical stages have 
been reached.

FUTURE STUDIES AND RECOMMENDATIONS

Quantification of both the physical and chemical degradation effects in the Rift Region is a 
primary task in the future, which can be a good indicator for the conceivable solutions that may 
be implemented there. Moreover, conservation is not the task of neither the farmer nor the 
scientist alone but of every citizen at any level.

The conservation practices to be seen along the road-sides around the Alaba area should also 
extend to the farming community throughout. Similar practices can also be to some extent 
extrapolated to the region between Modjo and Awassa as well.

Industrial disposal sites must be carefully planned before embarking on industrial plants in 
newly emerging towns. Wastelands are in principle recommended for this.

Traditional soil conservation practices have been found to be very effective in controlling soil 
loss in various parts of the country; such as around Sheno, in Central Shoa, in the Konso area, 
and in the Hararghe region. Therefore, it is good to use this skill and knowledge, where ever 
applicable. Where such practices have shortcomings, they can be amended by employing the 
conventional soil conservation practices.
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Prospect For Enhancing Farm Productivity Through Improved 
Traditional Agroforestry Practices Using Native Tree Species In

Tigray, Northern Ethiopia.

Kindeya Gebrehiwot20

ABSTRACT

The study area, Tigray, is the northernmost region. Long history of human settlement 
associated with heavy exploitation of natural resources for various purposes has had great 
repercussions on the contemporary socio-economic set-up and ecology of the region. Declining 
crop productivity, severe erosion symptoms, and rock outcrops indicate the magnitude of 
environmental degradation that has taken place.

The present study hypothesises that trees integrated as agroforestry component would have a 
potential in arresting degradation, improving the productivity of the land and further providing 
tree products for firewood, fodder and poles. The study deals with native tree species which 
are ecologically adaptable and socially acceptable. The species studied are Acacia abyssinica, 
A. bussei, A. etbaica, A. seyal, A. tortilis, A. sieberiam, Balanites aegyptiaca, Zizyphus spina- 
christi and Faidherbia albida

A diagnostic socio-economic survey using semi-structured questionnaires and analysis of soil 
surface samples were carried out in Tigray. The results of the study revealed that the native 
trees do have tremendous potentials to be used in various agroforestry practices throughout the 
region in order to arrest further land degradation and improve the land productivity of the 
region. Based on this, ways of incorporating these native tree species as agroforestry 
components in different improved practices in Tigray is proposed. The proposal is aimed at 
enabling farmers to realize the potential benefits the trees can render to the fanning systems 
productivity. Further studies are also recommended with respect to optimum spacing, 
management regimes and propagation techniques of the species to enhance their optimum use 
for agroforestry purposes in the context of Tigray.

20 Lecturer in Forestry, Mekelle University College, P.O.Box 231 Mekelle, Ethiopia
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INTRODUCTION

Environmental degradation, drought and socio-economic instability are common scenes in the 
study area, Tigray. Tekie and Smith (1989) described the main factors for the aggravated land 
degradation as escalated human population, highly variable rainfall patterns, topography and 
land use systems. Most of the land is at marginal productivity (Peberdy. 1985). Alternative 
approaches to development include use of more external inputs or simply employ farming 
systems that make better use of available natural and human resources. The later is desirable in 
the context of Tigray (Anon. 1992). One of the interventions is in the form of agroforestry 
which the present study is aimed at addressing.

“Agroforestry refers to set of land use practices which involves the deliberate combination of 
woody perennials and herbaceous crops and/or animals on the same land management unit, in 
some form of spatial arrangement or temporal sequences, such that there are significant 
ecological and economic interactions between woody and non-woody components” 
(Lundgren. 1987).

2. OBJECTIVES OF THE STUDY

The study, using a number of plant species aims to achieve the following specific objectives: 
1) assess the socio-economic significance of these species; 2) assess the soil amelioration 
potential of the tree; and 3) investigate whether these tree species can be promoted as 
agroforestry components.

The species to be included are Acacia abyssmica. A. bussei, A. etbaica, A. seyal, A. tortilis, 
A. sieberiana, Balanites aegyptiaca, Zizyphus spina-christi andFaidherbia albida.

3. METHODOLOGY OF THE STUDY 

3.1 Study sites

Thirteen Wordas with a representation of the three agroclimates (Hawsi - Dogu’a, Dogu’a and 
Kolia) have been surveyed.

3.2. Diagnostic questionnaire survey

Five semi-structured questionnaires designed to obtain farm level information on livestock, 
crop production, soil erosion, socio-economic and forestry aspects of land use in selected 
Tabias from group interviews were used. Accordingly, a total of 65 group interviews were 
conducted. Altogether, 340 farmers were involved in the study.
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3.3. Soil analysis.

A total of 23 pair of surface soil samples were collected from the 0 -20 cm depth (one under 
the tree crown within 4 m and the second outside the influence of the crown, i.e. >30m); five 
for Faidherbia albida, three for Balanites aegyptiaca, three for Acacia bussei and the rest of the 
species each having two pairs of samples only, analysis was carried out for the determination of 
pH, available phosphorus, organic carbon, total nitrogen, exchangeable cations, CEC and 
Electrical conductivity (EC) using standard procedures.

4. RESULTS AND DISCUSSION

4.1. Diagnostic questionnaire survey - Response of farmers to the surrey questionnaire are
presented in Table 1 .

Table 1. Availability of tree products and use of other complementing sources in rural 
farming systems of Tigray.

Agro
climate

Availability of tree 
products

Fuelwood scarcity Use of crop residue Use of animal 
dung

Kolia -Adequate (25%) 
-Scarce (75%)

-No (25%)
-Minimal shortage (25%) 
-Very severe (50%)

-Animal feed (70%) 
-Fuel (25%) 
-Manure (5%)

-Manure (25%) 
-Fuel (75%)

Hawsi-
Dogu’a

-Minimal shortage 
(20%)
-Scarce (80%)

-No (6%)
-Minimal shortage (40%) 
-Severe shortage (47%) 
-Very severe (7%)

-Manure (37%) 
-Feed (63%)

-Fuel (20%) 
-Manure (80%)

Dogu’a Scarce Very severe -Animal feed (90%) 
-Fuel (10%)

-Fuel (90%) 
-Manure (10%)

N.B. The percentages refer to the proportion of the group interviewee responses to the 
respective attributes in the indicated agroclimate.

4 .2» The native tree species

The results of the soil analyses are indicated in Kindeya (1995). All the species showed 
tremendous potential in increasing the nutrient status of the farmers. The result was in 
accordance with the findings of other studies conducted elsewhere (Radwanski and Wickens. 
1967, Jung. 1967, Dancette and Poulain. 1969, Felker. 1978, Saka, et. al. 1994). Nitrogen 
fixation potential of the tree species (Felker. 1978, 1981, Sprent, et. al. 1989, Depuy and 
Dreyfus. 1992) and farmers perception obtained through the diagnostic survey in this study 
were found to be similar. The return of leaf litter and root decay may have contributed to the 
increased nutrient status under the species. This study and other similar studies elsewhere (Hall 
and Walker. 1991, Von Naydell. 1990, Sharma and Gupta. 1987m, Poschen. 1986, Felker. 
1978, 1980, Dancette and Poulain. 1969, Saka, et. al. 1994, Sinclair, et. al. 1992, Verunmbe. 
1997) assert the farmers’ many years of observation of the positive influence of the species on 
crop productivity in Tigray.
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Table 2. The native tree species in the traditional agroforestry practices of Tigray, Kolia 
agroclimate.

Species Agroforestry practices in which 
the native trees are components

Natural
abundance

Main
regeneration

Phenology Remarks
Flower Fruit/seed

F. albida -Croplands (50%)
-Homestead (10%)
-Border planting (10%) 
-Degraded lands (20%) 
-Conservation structures (10%)

Very
common

Naturally by 
seed,
In nursery, 
seedlings

Autumn Winter 5-1 Om 
spacing in 
farms

A. seyal -Croplands (50%)
-Degraded lands (30%) 
•Conservation structures (10%) 
Grazing lands (10%)

Very
common

Naturally by 
seed
coppicing

Autumn winter spacing of 
7-15m in 
farms and 
3-7m in 
conservatio 
n structures

A. tortilis -Croplands (30%) 
-Homestead (10%) 
-Live fence (10%) 
-Degraded lands (30%) 
-Grazing lands (20%)

Very
common

Naturally 
by seed

Spring Autumn 8-10m 
spacing on 
farms

A.
sieberiana

-Croplands (50%) 
-Conservation structures (13%) 
-Grazing lands (12%) 
-Degraded lands (25%)

Common -seed
-Coppice

Autumn winter 5-10m 
spacing on 
farms

A.
abvssinica

-Croplands Rare Seed naturally spring Autumn

A. bussei -Croplands (33%) 
-Degraded land (67%)

common as above spring/
summer

early
winter

A. etbaica -Croplands (30%)
-Border planting (10%) 
-Home stead (10%)
-Degraded (20%) 
-Conservation structure (10%) 
-Grazing lands (20%)

Veiy
common

Seed naturally 
easily

-Coppice

Autumn Winter 5-10m 
spacing on 
farms

B.
aegyptiaca

-Cropland (58%) 
-Home stead (8%) 
-Degraded lands (25%) 
-Livefence (9%)

Veiy
common

Naturally by
seed
(easily)

late
spring
(early
summer)

Late
summer
(early
Autumn)

10-20m 
spacing in 
farms

2. spina-  

christi
-Cropland (50%)
-Livefence (14%)
-Degraded land (25%) 
-Homestead (7%) 
-Conservation structures (8%)

Very
common

Naturally seed 
(easily)

Autumn Winter 5-6m
spacing on 
farms

Similar situations were also documented in Dogu’a and Havvsi Dogu’a (Kindeya, 1995).
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PROPOSAL TO PROMOTE THE NATIVE TREE SPECIES FOR 

IMPROVED AGROFORESTRY PRACTICES

Following is the proposal for improved agroforestry systems in Tigray. Suggested management 
improvements for the species under Tigray conditions is already indicated in Kindeya (1995).

5.1 Scattered trees on croplands

This practice is characterized by matured trees widely dispersed in cropped fields 
(Vandenbeldt, 1990). The species appropriate for this purpose include:

Kolia: Faidherbia albida, Acacia seyal, A. tortilis, A. sieberiana, A. etbaica, A.
bussei, Balanites aegyptiaca and Zizyphus spina-christi.

Hawsi-Dogu’a: F. albida, A. seyal, A. bussei, A. etbaica, A. tortilis, a. sieberiana,
A. abyssinica, B. aegyptiaca, and z. spina-christi.

Dogu’a: A. abyssinica.

5.2. Trees on soil conservation structures

The potential of the tree species could be maximized by growing them on microcatchments, 
bench terraces, terrace raisers, etc. with or without grass strips for the purpose of reclaiming 
degraded soils of croplands. They can also be used for sand dune stabilization. The native tree 
species to be promoted for this purpose include:

Kolia: F. albida, A. seyal, A. tortilis, A. sieberiana, A. etbaica and 2. spina-christi.

Hawsi-Dogu’a: F. albida, A. seyal, A. tortilis, A. sieberiana, A. etbaica, A.
abyssinica and Z. spina-christi.

Dogu’a: A. abyssinica.

5.3. Live fence

This practice is done to keep out domestic or wild animals, demarcate area, and form livestock 
driveways and enclosures or separate fields (Budowski, 1987). The native tree species to be 
promoted for this purpose are:

Kolia: Z. spina-christi, F. albida, A. seyal, A. tortilis, A. sieberiana, A. bussei, A. 
etbaica and B. aegyptiaca.

Hawsi-Dogu’a: A. seyal, A. tortilis, A. sieberiana, A. etbaica, Z. spina-christi, A. 
abyssinica and F. albida.
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Dogu’a: A. abyssinica, A. etbaica andZ. spina-christi.

5.4 Shelterbelts and windbreaks

Shelterbelts and windbreaks help protect croplands against wind and sand blasting from 
surrounding bare lands in other agroclimates. The native tree species recommended for this 
purpose include:

Kolia: A. tortilis, A. etbaica, F. albida, B. aegyptiaca and Z. spina - christi 

Hawsi-Dogu’a. A.etbaica, A. tortilis. Z.spina-christi andF. albida 

Dogu’a: A, abyssinica.

5.5. Trees on rangelands

This mainly involves the incorporation of tree species with high fodder values in rangelands 
(Nair, 1990). They can either be scattered irregularly or arranged according to some systematic 
pattern. The species recommended include:

Kolia: F. albida, A. seyal, A. tortilis, A. sieberiana, A. etbaica, B. aegyptiaca, A. 
bussei and Z. spina-christi.

Hawsi-Dogu’a: F. albida, A. seyal, A. tortilis, A. sieberiana, A. abyssinica, A. 
etbaica, A. bussei, B. aegyptiaca and Z. spina-christi.

Dogu’a: A. abyssinica

5.6. Multipurpose woodlots

This practice comprises establishment of the trees in the form of woodlots with muti-purpose 
objectives (firewood, poles, posts, fodder, soil protection, soil reclamation, etc.). 
Recommended species include:

Kolia: F. albida, A. seyal, A. tortilis, A. bussei, A. sieberiana, A. etbaica, A. bussei, 
B. aegyptiaca and Z. spina-christi.

Hawsi-Dogu’a: F. albida, A. seyal, A. tortilis, A. bussei, A. sieberiana, A. etbaica,
B. aegyptiaca, A. abyssinica and Z. spina- christi.

Dogu’a: A.abyssinica, A. etbaica and Z. spina-christi.
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CONCLUSION AND RECOMMENDATIONS

The success of any land use intervention is determined by its capability to deliver the intended 
benefits. Hence, if agroforestry is to remain a sound practice in Tigray region, it has to meet 
farmers’ short term needs (fuel, feed, poles) and provide the desired service functions of 
maintaining soil fertility and erosion control in the long-term. This largely depends on the ability 
of the incorporated multipurpose tree species.

In this regard, the study has been able to assess the potentials of the native species based on 
socio-economic and ecological grounds. The species are already used by farmers as sources of 
fuel, fodder (during dry season), poles, farming implements, shade, live fence and other local 
uses like traditional medicine, human food and bee-keeping. The significant increases in soil 
nutrients under the crown of these species as revealed by the soil study also highlight the 
species role in increasing crop productivity.

Direct relationships were found between the type of agroclimatic zone and the type of species 
grown, tree-related land use problems, traditional experience with tree management and 
regeneration methods. Therefor, the agroclimates have been used as recommendation domain 
for agroforestry interventions proposed in the present study.

By incorporating the native trees in various agroforestry options, the trees can help increase the 
productivity of the farming systems in Tigray better than at present time. Although the native 
species can be utilized in the proposed practices, a knowledge gap exists regarding the details 
of each of the species. The following are, therefore, recommended in order to realize the 
maximum potential of these species.

Research is urgently needed to find out the best planting arrangement of the species, best 
combination of the different components, specific management regimes and the envisaged 
economic benefits. Process oriented tree/crop interface research has to be carried out to 
establish input requirements and management needs in order to make robust tangible 
recommendations in the future.

Spacing trials should be incorporated with management regimes to determine optimum 
silvicultural operations. This gives an idea of the extent of realizing the myriad intended benefits 
in the different agroforestry practices in the context of Tigray.

Since most of the species are palatable protection against livestock grazing is needed in the 
early stages of development. Group fencing might be economical in some areas. Stall-feeding 
needs to be exercised on a wider scale in order to prevent roaming livestock from causing 
damage. Moreover, research is also needed to identify cost effective ways of protecting 
seedlings from recurrent termite and rodent attacks which are prevalent in all pait of Tigray.

Needless to mention, there has to be an effective extension system to ensure linkage between 
farmers and the research outputs. Of course, any form of intervention will necessarily have to
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be fully participatory. The importance of involving farmers (intended beneficiaries) in defining 
problems and suggesting solutions has to be widely acknowledged in all phases of intervention. 
Hence, this requires re-orientation of the extension services, timely training of extension 
officers, field visits and proper co-ordination among the different organizations. This has to be 
seriously considered if the demands of an expanded agroforestry programme, are to be fully 
realized.
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Response Of Grain Yields Of Maize Variety, BH -140, To 
Different Levels Of Nitrogen Fertilizer And Plant Population.

T enaw Workayehu21

ABSTRACT

Low and declining soil fertility coupled with low-yielding local varieties has affected maize 
production in Sidama district where it is produced by more than 90% of the farmers. 
Evaluation of the effect of four different levels of nitrogen fertilizer (0,46,92,138 kg/ha) and 
four rates of plant population (44000, 53000, 67000 and 89000 plants/ha) on grain yield of 
BH140 was conducted for four consecutive seasons, 1991 - 1994. Factorial experiment in 
RCBD replicated three times was used.

Variation in moisture across seasons has affected grain yield. Under unfertilized condition, 
because of better precipitation, a yield increment of 2660 kg/ha (67,2% more than the yield 
from low moisture) was obtained. Overall, 2183-kg/ha yield advantage was achieved due to 
adequate moisture. Nitrogen fertilizer significantly increased yield both under low and high 
moisture conditions. Where there is low moisture, more response to N application (50%) was 
observed than non-N fertilized plots. Application of nitrogen, regardless of moisture level, has 
increased maize yield by 31.3% (1656 kg/ha). Grain yield per unit application of nitrogen was 
more for the 46-kg/ha N level. The overall contribution of nitrogen fertilizer was 82.6% 
whereas under low moisture condition its contribution ranged from 32% to 71%. Interaction of 
population with season means when there is better precipitation higher population can produce 
more yield; however, its contribution to yield was minimal, 5.6%. Analysis of MRR, Sensitivity 
and Risk shows that economically optimum for the risk averse farmers is 46kg N/ha combined 
with 53000 plants/ha. However, those producers who can’t afford to buy chemical fertilizer 
and their land is fertile, use of 53000 plants/ha is of benefit: but if a fanner can buy fertilizer 
and his land is less fertile he can use the above combination.

INTRODUCTION

Maize, which is one of the major cereal crops in the southern region of Ethiopia, covers 
15.95% of the total cereal area under cultivation (1). It is produced by more than 90% of the 
farmers in Sidama district where there exists more than 2  million people (15).

21 IAR, P.O.Box 6 , Awassa, Ethiopia.
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Average yield of local maize varieties in the region ranges from 1100 to 1600 kg/ha which is 
below the national mean yield (1800 kg/ha). This low yield is attributed to factors such as low 
soil fertility (2, 3, 5, 6, 10), plant population, variety, erratic rainfall and weeds as well as pests 
(5,6,13).

About 57 and 67% of Sidama farmers in woina dega and Kola, respectively, claim low soil 
fertility as one of their major production problems (13). Nitrogen is not sufficiently available in 
the soil (3,4, 11). DAP, which is the major source of fertilizer, is either applied at very low rate 
or not applied due mainly to the high cost of chemical fertilizer. Thus only 14% o f the total 
maize area is fertilized (1).

Use of improved maize varieties is minimal in the region (15.88% of the total maize area). 
More over, the local variety which is widely used is late maturing and very susceptible to pests 
and moisture stress.

Various studies indicate that optimum fertilizer and plant populations provide better crop 
growth and yield. Response to fertilizer is variable depending on soil fertility, variety, moisture 
condition, etc. Hybrid maize can respond more to high dose of fertilizer (9). This study 
indicates that plots with no nitrogen fertilizer gave the lowest yield while higher rate of nitrogen 
(196.2 kg/ha) increased the grain yield of hybrid maize.

Response to plant population is dependent on location, variety and season. The open pollinated 
variety, A511, gave highest yield with a population of 53 x 103 and 74 x 103 plants/ha at 
Awassa and Upper bir respectively (8,11). According to Emerson (1994), maize hybrids tested 
responded more to higher plant population than the optimum and showed- that population in 
dry years had little response while in better weather conditions there was more.

Currently, the Burean of Agriculture (BOA) in the region is introducing hybrid maize varieties 
to farmers to boost production. However, optimum fertilizer requirement and plant population 
is not yet known for these hybrids.

Hence the objective of this study was to look into the effect of different levels of nitrogen 
fertilizer and plant population on grain yield of maize hybrid BH - 140 and find the optimum 
and economical rates of nitrogen and population.

MATERIALS AND METHODS

The experiment was conducted on the loam soil of Awassa Research Center with the following 
chemical properties: pH = 6.63, total N = 2.18, P2Os = 35.84 ppm, CEC = 25.33 meq/100 
and OM = 4%.
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The study was conducted for four seasons (1991 - 1994) using a recently released maize 
hybrid, BH 140, and a factorial experiment in RCBD replicated three times. The treatments 
were:

1. Four levels of nitrogen (Urea): 0,46,92 and 138 kg/ha N; and
2. Four rates of plant population (x 103 plants/ha): 44, 53, 67 and 89.

The whole dose of Urea was applied at one time as a side dressing during the 8-10-leaf stage. 
Two hybrid maize seeds were drilled and later thinned to one plant per hill inorder to establish 
the required population. Grain yield was determined from the center two rows of each plot and 
corrected to 12.5% moisture. Data were analyzed using ANOVA with treatments (population 
and nitrogen combination) as fixed and seasons as random variables. Harvest index, biological 
yield and productivity indexes were considered. Combined analysis over years (seasons), 
correlation and multiple regression analysis were carried. Economic analysis was made and 
LSD test performed. A regression model of the form Y ~ a + biXi + b2X2 was fitted, where 

Xi = nitrogen level, x2 = population rate 
bi = regression for nitrogen, b2 = regression for plant population, 
a = constant

RESULT

There was favorable weather condition during the1992 and 1994 cropping seasons while in 
1991 and 1993 moisture stress after tasseling was observed. In 1992 and 1994 rainfall 
distribution was good and favoured crop growth, development and production, on the other 
hand poor rainfall distribution (moisture stress) during certain, critical crop growth stages was 
encountered in 1991 and 1993 and this stress has seriously affected production. (Table 1).

Table 1. Growing season (1991-94) and 25 years’ (1972-96) average monthly rainfall 
totals at Awassa.

Months Rainfall, mm
1991 1992 1993 1994 Long term

April 64.3 140.0 115.0 110.9 113.3

May 158.0 64.2 150.7 101.2 135.4
June 92.2 74.7 63.0 169.4 104.7

July 121.9 115.3 71.8 193.0 137.9
Aug. 110.9 135.9 158.0 136.1 140.9
Sept 118.8 89.0 47.9 63.2 133.1
Total 666.1 619.1 606.4 773.8 765.3
% of long term 87.0 80.9 79.2 101.1 100.0

GRAIN YIELD

Significant yield variation was observed between seasons (p=0.05), nitrogen (p=0.01) and the 
interactions of season with nitrogen (p=0.01) and plant population (p=0.05).
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Season: Differences in yield were due to variation in season, and this was mainly because of 
variation in the amount and distribution of moisture. Mean grain yield in seasons of high (1992 
and 1994) and low rainfall (1991 and 1993) ranged from 6328 to 9195 and 3665 to 6768 
kg/ha, respectively. Under unfertilized conditions, because of better precipitation, an additional 
yield o f 2660 kg/ha (67.2% more) was achieved over the yield from low moisture. The over all 
effect of moisture is reflected in the yield difference obtained, 2183 kg/h (Table 2).

Table 2. Effect of Nitrogen fertilizer and plant population on grain yield of maize 
variety, BH140, Awassa, 1991-94.

N  level Plant Grain yields, kg/lia.
kg/ha. population (x l0 3)h a ’ 1991 1992 1993 1994 Mean
0 44 4069 6867 3721 6362 5255

53 5316 7103 3686 5552 5414
67 3931 8157 3399 5429 5229
89 4069 6780 3460 6684 5248
M ean 4346 7227 3567 6007 5287

46 44 5752 6894 5428 7643 6430
53 5674 7007 5726 7931 6585
67 5848 7181 4445 7608 6271
89 4994 7573 5316 7992 6469
Mean 5567 7164 5229 7794 6439

92 44 5865 7268 7495 7521 7037
53 4933 7356 6013 9038 6835
67 5752 7966 5865 8393 6994
89 5778 8480 6162 9909 7582
Mean 5582 7768 6384 8715 7112

138 44 6153 6597 7382 7521 6913
53 5604 7791 6301 8192 6972
67 6013 8227 6972 9761 7743
89 6737 7599 6144 9473 7488
Mean 6127 7554 6699 8737 7279

overall mean 5406 7428 5470 7815

Nitrogen: The significant interaction effect of nitrogen with season means response to
nitrogen is variable depending on the availability of moisture within the growing season. (Fig. 
1). Under better rainfall condition, yield increased with the level of N up to 92kg N/ha. 
However, under situations of low rainfall (moisture), a yield increment of 50% over the non 
fertilized plots was achieved indicating more response to N during moisture stress (Table 2). In 
1991 and 1993 crop seasons when moisture was low the response to N application was 32.5 
and 71.1%, respectively (Table 3). In general, application of nitrogen fertilizer increased yield 
by 31.3%. Grain yield per unit application of nitrogen fertilizer was more for 46 kg N/ha 
indicating better fertilizer use efficiency (Tables 4 and 5). Regression analysis shows that 
variation in grain yield was mainly attributed to nitrogen and its contribution was 82.6% 
(Table 7).

113



Table 9. Sensitivity analysis for nitrogen by plant population study, 1991-94.

Treatment combination. Total cost 
that veiy bir//ha

Net benefits 
bir/ha

MRR
%N level 

kg/ha
plant density/ha 

xlO3
0 44 120.6 3008.4
0 53 144.2 3082.8 315.3

46 44 333.35 3445.7 151.7
46 53 356.95 3513.1 285.6
92 44 546.1 3539.9 11.2
92 89 668.2 3397.8 -

Note:
• ‘ Maize price: 0.70 bir/kg -
• Fertilizer price: 2.40 bir/kg

Table 10. Result of the various decision criteria in risk analysis, nitrogen by plant 
population experiment '

Criteria ' 1 Treatments
ON/53000 46N/53000 Decision

Lowest net benefit (bir/ha 760 990 46N/5300
Highest net benefit 3123 3223 46N/5300
Expected net benefit (mean 407.23 306.54 ON/53000
Range 2363 2233 46N/53000
Standard deviation 637.73 612.41 46N/53000
CV% 30 25.7 46N/53000
Probability that NB exceeds bir 
2000/ha

0.50 0.67 46N/53000

First degree stochastic dominance 46N/53000

Note:
• Maize price: 0.5 bir/kg.
• Fertilizer price: 2.40 bir/kg.

DISCUSSION

Moisture is one of the major factors limiting growth and development of a crop. Plant nutrient 
utilization is improved with the availability of moisture around the root zone. If moisture stress 
exists, growth and development will be retarded as a result of reduced flow of nutrients to the 
plant, In this study, there were two contrasting weather conditions, low and high rainfall. In the 
low rain fall (moisture stress) condition, under 0 -N fertilizer, the growth and development were 
stunted (plant height, biological yield, number of cobs, seeds/cob) where as the same characters 
showed more response to better moisture.
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The result of this study showed that the large effect of nitrogen on grain yield (82.6% of the 
total variation in yield) under rain fed condition was not in accord with that of Oberle and 
keeney (1990) where they reported relatively little variation in grain yield of maize due to 
nitrogen. Nitrogen was found to increase grain yield and the result obtained is in line with the 
findings of other researchers (9, 12).

W here one expects moisture stress at later crop growth stage early application of nitrogen 
fertilizer can be of benefit to growth and development of a crop. This investigation indicates 
that though the crop later faced moisture stress at critical growth stages (reproductive) 
application of nitrogen fertilizer gave the crop the chance to develop roots and above ground 
biomas This helped to have better growth for better light interception for photosynthetic 
activity. The report of Gomez and Gomez (1976) showed that under different moisture stress 
situation increased application of nitrogen increased the yield of rice. Our finding when under 
moisture stress increased application of N increased maize yield is in accord with the above 
result. Over all application of nitrogen can increase grain yield of a crop, which is substantiated 
by the finding of this study. Various researchers (9, 12, 14) have reported similar results. 
Probably, because of increased application of nitrogen, which helped the growth, and 
development of maize, efficiency in the use of solar radiation might have increased which 
indirectly increased the yield (14).

Under moisture stress competition will be more if there is more population per unit area. In our 
study it is obsewed that when there is enough moisture higher population produces more yield 
as the result of low inter plant competition. Emerson (1994) also found that under favorable 
weather condition response to higher population was high. This will have an access to solar 
radiation and light interception that finally results in higher crop yield. If insufficient moisture 
prevails low population could be used that will have low inter plant competition for the 
available moisture.

CONCLUSION

Combined analysis shows that grain yield has been significantly affected by variation in seasons. 
Interaction of season with nitrogen and population meant that the effect of either nitrogen or 
plant population is affected by the availability of moisture. The yield difference in seasons is due 
to differences in moisture. Under unfertilized condition, grain yield under better rainfall 
situation was more by 2660 kg/ha (67.2%) indicating more effect of moisture which facilitates 
plant growth and development. Effect o f Population varies depending on moisture regime. 
That is where there is low rainfall low population tended to produce more yields and vice 
versa. The overall difference in yield (2183 kg/ha) is associated with the variation in moisture.

Increased application of nitrogen fertilizer increased yield. The interaction of nitrogen with 
season means that when there is better moisture on expects more yields. This is due to the fact 
that nutrient flow will be more and better plant growth will have an access to light interception 
and solar radiation, which indirectly increase yield. Even under moisture stress application of
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nitrogen significantly increased plant growth which finally results in better crop production. 
Our result shows that at higher N rate grain yield was more. About 50 and 20 % more grain 
yields than the checks were obtained from the low and high moisture conditions, respectively, 
the overall yield increment due to N over the non-N applied plots was 31.3%.

A decrease or an increase in population from the optimum did not significantly affect yield. 
However, its interaction with season showed that under better moisture condition a population 
up to 89000 plants/ha produced more yield while under stress condition lower population gave 
higher yield. This is due to the fact that under moisture stress the low population will have less 
inter plant competition.

In seems economically optimum to use 46 kg N/ha combined with the population of 53 x 103 

plants/ha for the risk averse fanners. However, for a farmer who can’t afford to buy chemical 
fertilizer and whose land is fertile can use only the optimum population (53 x 103 plants/ha)
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Effect Of DAP And Urea Fertilizers On Grain Yield Of Three 
Tef Varieties In Awasa And Areka

Kelsa Kena22

ABSTRACT

Three tef varieties, Dhabi, Dz-01-196 and Dz-01-354 of early, intermediate and late maturity 
groups, respectively, were used to see their NP requirement on different soil types. Urea and 
DAP were used as sources of N and NP, respectively, in factorial randomized complete block 
design in 1995, 1996 and 1997 main crop season. No significant difference in teff yield was 
observed due to fertilizer application on volcano lacustrine deposit soil (fluvisol) at Awasa. 
On red to reddish brown acid soils (Nitosol) of Areka, where P is the most limiting nutrient for 
crop production, significant yield response was obtained from ail the three varieties tested, even 
with the application of 50 kg/ha DAP (N9P11). Accordingly, the highest productivity index (PI) 
and value cost ratio (VCR) were also recorded for the three varieties at 50 kg/ha DAP. These 
values also increased with decreasing rate for an additional 50 kg/ha of DAP, but no additional 
response was observed for rates exceeding 100 kg/ha DAP. Result indicated that on Nitosols 
the rate of DAP for tef production should not exceed 100 kg/ha. The response to urea alone 
was non significant. The interaction effect of DAP and Urea was not higher than DAP alone. 
Hence, it could be concluded that there is no need of applying urea on Nitosols and no fertilizer 
should be applied for tef production on Fluvisols.

1. INTRODUCTION

Tef (Eragrostis tef (Zucc.) Trotter is endemic to Ethiopia and its major diversity is found only 
in this country (6 ). Tef being one of the most important food crops in Ethiopia, it occupies 
2,167,770 ha of land, which is 26.85% of the total cultivated area in 1996/97, with an increase 
in area of production by 3.36% against 1995/96 crop season (1). Systematic studies on 
fertilizer requirements of tef under varying conditions and in various regions need further 
investigation (6 ).

In Ethiopia Fluvisols cover 8.3% the total area of the country on recent alluvial deposits and on 
flat lands seattered throughout the country (3). Fluvisols are relatively highly productive and 
are located mainly in the lowlands, where irrigated agriculture is practiced. On these soils no

71 Researcher, Awasa Research Center P.O.Box 6, Awasa, Ethiopia
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response to P was obtained, while high response in yield was obtained for nitrogen (N) 
fertilizer at Awasa (4).

Nitosols, which cover 12.2% of the territory of the country have clayey texture with reddish 
brown to red color are deep, very porous and have high moisture storage capacity. They are 
highly weathered with deep rooting volume. They are distributed in the central highlands and 
western lowlands; in the northwest, west, south and southwest and in Chercher highlands in the 
eastern part of the country (3). Nitosols are agriculturally the most important soils in the 
country, where the major cash crop, coffee, and other food crops like maize, tef, sorghum, 
enset and other root crops are dominantly produced carrying high population pressure in the 
mid and high altitude areas. These soils owing to high iron, aluminum and manganese content 
are acidic in nature and have high P fixing capacity as a result of which P is the most limiting 
nutrient for crop production in these soils.

Tef being one of the major crops produced on these soils receives fertilizer. In conjunction with 
the advancement of the new extension package program (NEPP), fertilizer importation and use 
is continuously growing. Estimates of fertilizer consumption in 1996/97 meher season indicates 
that tef accounts for 41.33% of the total fertilized land area of 2,844,880 ha (2). According to 
NEPP the national recommendation for tef production was 100 kg/ha each of DAP and Urea 
irrespective of the soil type. There was, however, a continuous resistance from the farmers 
side against the application of urea for tef on Nitosols. To partly solve this and similar 
problems related to use of fertilizers for tef production on Fluvisols and Nitosols, this 
experiment was conducted at both Awasa and Areka. The experiment was accompanied by 
several on-station and on-farm verification trials in 1997.

2. MATERIALS AND METHODS

Dhabi, Dz-01-196 and Dz-01-3 54 early, intermediate and late maturing, varieties, respectively, 
were used to assess their nutrient requirement and to establish NP rates on Fluvisols and 
Nitosols at Awassa and Areka. Urea and DAP were used as sources of N and NP, respectively. 
The design of the experiment was a completely randomized block factorial design in 3 
replications. The plot size was 4m x 4m and 25 kg/ha seed rate was used for all the three tef 
varieties. Urea rate was 0, 50 or 100 kg/ha, while that of the DAP was 0, 50, 100, 150 or 200 
kg/ha.

3. RESULTS AND DISCUSSION

3.1 Response of tefT to Urea and DAP at Awassa

At Awasa, where the soil is developed on volcano lacustrine deposit (Fluvisol) no significant 
yield difference was obtained between tef varieties of different maturity groups. Similarly, 
there were no significant difference in tef grain yield due to urea, DAP or Urea and DAP 
treatments or their interaction (Table 1). At Awasa, however, there was 66% loss in teff yield
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in 1997, due to excessive rainfall which continued until harvesting. (Table 5). The soils of 
Awasa which developed on volcano lacustrine deposit are relatively fertile which do not 
respond to the application of fertilizer on teff and sunflower (5). Maize, however, highly 
responds to N alone (4,5).

3 .2 Response of Teff at Areka

Nitosols of Areka and its vicinity are very deficient in available phosphorus, which is less than
2.5 ppm. Results at Areka should that there was no significant difference in grain yield 
between tef varieties; but highly significant yield response to DAP application (Table 3). The 
highest PI and VCR were obtained for the first 50 kg/ha of DAP application for all three tef 
varieties of different maturity groups (Table 2). As can be observed from the same Table, Dz- 
01-354 has the highest PI and VCR. The two values (PI and VCR) are almost the same due to 
the fact that the average DAP and tef prices were the same (birr 240./q) in 1997.

The same Table also shows that the response of teff to DAP fertilizer varied with the maturity 
group of the crop, i.e. the late maturing variety DZ-01-354 has the highest PI and VCR (12) 
followed by the intermediate maturing variety Dz-01-196, (6.7) and the least being Dhabi, 
which is the early maturing one, for the first 50 kg/ha of DAP alone. The early maturing 
variety Dbabi is produced in most tef growing areas of the country in the belg season with little 
or no application of fertilizer. The result of the experiment indicates that response to DAP 
fertilizer increases with delay in maturity of tef varieties.

The result of combined analysis indicates that there is no response in teff yield to urea 
application on Nitosols of Areka, but highly significant response to DAP only upto 100 kg/ha, 
(Table 2, 3).

When seasonal variation is considered for Areka, there was no significant difference in 1995 & 
1996 results (Table 4), but only yield loss of 70% in 1997 as a result of rainfall extended up to 
maturity stage.

Table 1. Response in grain yield of teff (kg/ha) to DAP and Urea fertilizers 
(kg/ha) of tef at Awasa.

Urea DAP, kg /  ha
Kg/ha 0 50 100 150 200 Urea x
0 1005 1003 918 994 1007 985

50 962 935 994 1033 1007 986
100 952 1010 1022 988 952 985
D A PX 973 983 978 1005 989

Significance;
DAP - NS 
Urea - NS 
Inter. - NS

CV -  15.73%
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Table 2. Response in grain yield (kg/ha) of three varieties of teff to DAP fertilizer at Areka
Variety kg/ha

DAP Yield P I VCR
Dz-01-354 0 495 G - -

50 1090 DE 12.0 12

100 1267 ABC 3.5 3.5

150 1312 A 0.9 0.9

200 1280 AB (0.6) (0.6)

Mean 1089

Dz-01-196 0 857 f
50 1193 abed 6.7 6.7
100 1189 ABCD (0.08)
150 1252 ABC 1.3
200 1248 ABC (0.08)

Mean 1148

Dhabi 0 767 F - -
50 1015 E 5 5

100 1145 BCD 2.6 2.6

150 1133 CDE (0.24) (0.24)
200 1207 ABCD 1.5 1.5

Mean 1054

Means in a column with different letters are significantly different (P<0.05)

CV= 16.47%

Table 3. Response in grain yield of 3 varieties of tef to DAP & Urea fertilizers at Areka.
DAP Urea,jkg/ha PI VCR

Kg/ha 0 50 100 D A P X

0 708 659 753 706 C - -

50 1081 1059 1159 1100 B 7.9 7.9

100 1178 1230 1194 1201 A 2 2.0

150 1238 1228 1231 1232 A 0.6 0.6

200 1222 1288 1224 1245 A 0.3 0.3

UreaX 1085 1093 1112

PI - 0.16 0.38

VCR - 0.21 0.38

Means in a column with different leters are significantly different (P<0.05).

Significance: Price, Birr/q
Urea - NS Urea - 180.00
DAP _ ** DAP - 240.00
Inter. _  ** Tef - 240.00

CV= 16.47%
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Productivity Index (PI) in this case is the number of kg of tef grain yield produced per kg of 
fertilizer applied.

Value cost Ratio (VCR) is amount in birr obatined from sales of tef for every one birr spent on 
fertilier purchase.

Table 4. Effect of season on grain yield of tef varieties (kg/ha) at Areka.

Variety Season Mean Variety
1995 1996

Dz-01-354 1104 1074 1089
Dz-01-196 1143 1153 1148
Dhabi 983 1125 1054
Season Mean 1076 1117

Table 5. Effect of season on grain yield of tef varieties (kg/ha) at Awasa.

Variety Season VX
1996 1997

Dz-01-354 1545 428 987
Dz-01-196 1439 549 994
Dhabi 1432 520 976
Season X 1472 499
Yield loss in 1997 - 66.1%

CONCLUSION AND RECOMMENDATIONS

On Fluvisols of Awasa no fertilizer should be applied for tef production On Nitosols of Areka 
urea fertilizer should be applied for tef production, but application of 50 kg/ha of DAP would 
enable farmers to get highest PI and VCR. This suggests that 50 kg/ha DAP could be 
sufficient, both for early and intermediate maturity groups of tef varieties. For the late maturing 
varieties the rate could be increased upto 100 kg/ha DAP but not beyond it. For further 
confirmation some verification trials have to be conducted for specific locations and agro- 
eco systems.
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Indigenous Soil Classification System For Sustained Resource
Utilization23

Mitiku Haile, Tedros Adhanom, Karen Witten, Mekonnen Yohannes, Ambatchew
Medhin, Peter Byass24

ABSTRACT

Effort is being made in Tigray to introduce small-scale irrigation through water harvesting 
using micro-dams. This development endeavor will contribute towards alleviating food 
insecurity at household level. Although this shift from rain fed to irrigated agriculture is viewed 
as a positive development towards food self-sufficiency, sedimentation, salinization and vector- 
bome diseases may negatively influence the intended benefits. Studies are underway to 
document changes in the physico-chemical properties of soils, indigenous knowledge system 
on land capability and soil classification.

Attempt was made to correlate local knowledge with data from field surveys and laboratory 
analysis. Fanners are aware of the level of general land degradation, invest to reverse the 
process and increase land productivity. The knowledge base of farmers can be systematically 
used for local land use planning and subsequent incorporation in the transfer of land and soil 
based technologies.

INTRODUCTION

In an effort to mitigate drought and recunent famine that for so many decades characterized 
the agriculture of Tigray, programs aimed at rehabilitating the environment and increasing food 
production are being implemented by the government (SAERT. 1994).

The program envisages the introduction of micro-dam based small-scale irrigation schemes, 
soil and water conservation activities and afforestation. Water for irrigation is harvested in 
micro-dams from a watershed and conveyed by gravity to small farms owned by individual 
farmers. Physical soil and water conservation structures designed to minimize soil erosion

23 Paper presented at the 4th Ethiopian Soil Science Society Conference 26 -27 Feb., 1998 
Addis Ababa.

24 Mitiku Haile (PhD.) and Mekonnen Yohannes (Msc.) - Mekelle University College
Tedros Adhanom (Msc.), Karen Witten (PhD.) and Ambachew Medhin (Bsc.) - Tigray Bureau of 
Health, Peter Byass (PhD.) - Nottingham University, UK.
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thereby enhancing infiltration of water will be constructed. Different tree species raised in 
private, community and public nurseries will be planted in catchment areas to rehabilitate the 
degraded lands.

Changes in land use from rainfed to irrigated agriculture help increase land productivity since, 
-water the major constraint to production, is supplied on a sustainable bases. However, the 
introduction of irrigation to dry areas will definitely have positive and negative consequences to 
the environment. Availability of water for a prolonged period of time undoubtedly results in 
micro-climatic change positively affecting the flora and fauna of the surrounding areas. Trees 
and vegetation established around the micro-dams and the cathment area will increase the 
hydric regime,

Introducing irrigation to relatively warm areas with out due consideration for the removal of 
excess soluble salts will eventually result in increased soluble salts in the irrigated lands. 
Accumulation of soluble salts in irrigated lands above certain limits degrades the physical, 
chejnical and biological properties of the soil. Changes of this nature affect soil-plant-water 
relations there by resulting in a substantial reduction in the yield potential of crops grown on 
the salt affected soils. Continued yield reductions undermine the sustainability of the system 
forcing fanners to abandon their irrigated land.

The prolonged availability of surface water in newly developed irrigation areas has a great 
influence on water and vector bome diseases. Areas that were previously affected by malaria 
and schistosomiasis periodically are exposed to continued attack. Peak transmission period that 
normally coincides with the onset of the big and small rains will further be prolonged to other 
months that are considered to be relatively free of malaria. Mosquitoes and snails will have 
ideal environmental condition for breeding and, hence, subsequently prolonging the 
transmission period.

A multidisciplinary and integrated agriculture and health project was developed to study the 
“Impact of land use change on soil characteristics, socio-economic status and incidence of 
malaria and schistosomiasis in the dry lands of Ethiopia” with the following objectives:

• Monitor changes in soil properties before and after the introduction of 
irrigation.

• Assess changes in the quality of irrigation water.

• Document the socio-economic base of households around the micro dams 
and the changes realized after the introduction of irrigation schemes.

• Monitor changes in the incidence and prevalence of malaria and 
schistosomiasis in the surrounding villages.

Although the introduction, and methods and materials sections discuss the overall agricultural 
program, this paper will deal with indigenous soil classification system.
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METHODS AND MATERIALS

1. SOCIO-ECONOMIC STUDIES

The survey was conducted using structured questionnaires that have been pre-tested and, 
group focused discussions. The study included 14 micro-dams (Mapl). AH households with 
irrigated land and ten percent of households without irrigated land (783 households) were 
included. In the socio-economic study, farmers were asked regarding to indigenous soil 
classification and land productivity system used in the community as a part of a PRA exercise 
for local level land use planning (LLLUP).

[Sudan]

Tigray Region, Ethiopia 

Location of study Dam Sites

1. Mai Temen
2. Mai Chew
3. MayAyni
4. Mai Abakat
5. Mai Shut
6. Mai Gassanu
7. H/Wodichober
8. Gum-Selassa
9. Chichiat
10. Feleze
11. Hareswai

12. Yaele
13. Sineafft
14. Meskebet

Map 1. Location of the Microdam Sites. 
Under Study
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2. SOIL STUDIES

Soil samples were collected from irrigated and non-imgated lands, according to the FAO 
(1988) guideline for soil collection. Soil samples from irrigated fields were collected along a 
transact including fields nearer and far away form the reservoir. In all cases fields at the head 
and tail (fields irrigated first and last) end of the scheme were included in the sampling frame. 
Samples were air dried and sieved, and Electrical Conductivity and pH measurements were 
made on 1:2.5 (soil: water) extracts.

3. WATER STUDIES

Water samples were collected for chemical analysis from reservoirs,, seepage areas, main, 
secondary and tertiary canals, and drainage ditches, where available. Samples were collected in 
one liter plastic bottles labeled and transported to the laboratory. Using mobile conductivity 
and pH meters, on the spot tests were made for comparison with laboratory results.

RESULTS AND DISCUSSION 

SOCIO-ECONOMIC STUDIES

Out of the 783 households interviewed regarding the seriousness of land degradation problems 
in their area, only 20 percent indicated that the problem is very low (Figure 1). However, 
households with irrigated land consider land degradation to be less serious problem owing to 
the fact that their lands are located in relatively flat areas. On the other hand, land degradation 
was considered severe on farms located on sloppy and non-imgated areas. The cause for land 
degradation was ascribed to soil erosion, over cultivation and deforestation. Soil type and 
degree of slope were considered important land related factors that contribute to increased 
land degradation (Figure 2). Responding to whether investing in soil and water conservation 
activities would secure land ownership, 82 percent felt secured when they invest in soil and 
water conservation activities. According to farmers, participation in terrace building, 
maintenance of broken bunds, removal of stones and planting of trees and grass on bunds is 
considered an investment.

In addition to the above, all households are involved in land improvement activities such as 
leveling, drainage, derocking and combination of these (Table 1). However, households with 
irrigated plots remove stones in order to obtain more volume of soil with out much concern for 
leveling and derocking. Households with no irrigated fields, depending on the nature of the 
terrain, are forced to engage in derocking, leveling, and drainage of low lying fields with 
impeded drainage.
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Table 1. Response of households to seriousness of land degradation on their land.

Seriousness of land % Respondents
degradation Irrigated Non-irrigated

-Very severe 12.82 23.15
Severe 24.08 35.91
Not severe 56.02 34.12
Not at all 7.07 6.82

Nearly 72 percent of the households interviewed feel that they are expected by their community 
to participate in undertaking soil and water conservation activities. Farmers (91 percent) feel 
encouraged to make decisions to invest in soil and water conservation activities irrespective of 
whether their neighbors are engaged in similar activities. Fifty nine percent of the households 
indicate that extension agents have contacted them with regard to soil and water conservation. 
Inspite of this only 52 percent received government support to invest on soil and water 
conservation activities. Even if support was not provided by the government, 62 percent 
indicated that they would still continue to invest on conserving soil and water. However lack of 
working capital and shortage of land were considered as major limiting factors for investing in 
the activities (Table 2). Households with no irrigated land indicated shortage of draught 
animals constraining agricultural productivity. Asked on how they would invest additional 
income, 71 percent preferred to invest in agricultural activities (Table 3). Government support 
for soil and water conservation is viewed by the householders with irrigated land to be 
primarily in providing credit and farm inputs, whereas farmers with out irrigated fields preferred 
the intervention to focus mainly for extension activities (Table 4). Both categories consider 
using credit as working capital for agriculture (35 percent), investment in agriculture including 
soil and water conservation (29 percent), working capital for non-farm activities (7 percent), 
investment for non agricultural activities (5 percent) and for a combination of the above 
activities (24 percent). Invariably none of the households use credit for household 
consumption.

Table 2. Land improvement methods used by the surveyed households.

Land improvement % Respondents
Category Irrigated Non-irrigated
Derocking 2.60 11.18
Destoning 25.78 14.08
Leveling 4.69 10.27
Draining 2.86 15.14
Combination of the above 64.07 49.33
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Table 3. Response of households to constraints for agricultural production.

Constraint
% of household response

Non-irrigated Irrigated
Shortage of capital 39 38
Shortage of land 26 25
Inadequate rainfall 11 19
Quality of land 9 8
Shortage of draught power 12 6
Shortage of labour 3 4
Tenure insecurity 0 0

Table 4. Response of households on priority areas for government support 
and intervention.

Type of support
% Respondents

Non-irrigated Irrigated
Credit 25.94 39.65
Extension 48.13 25.95
Farm inputs 22.48 28.86
Other 3.45 5.54

Access to credit facilities is available to 55 percent of the respondents. Credit is obtained from 
banks, service cooperatives (fanner associations), traders, relatives and friends, and others 
which credit is obtained from different sources (Figure 3). The major source of credit is 
borrowing from friends and relatives followed by credit from Farmers Associations. A few 
number of households (12) obtained credit services from banks and from traders (5). In terms 
of diversity of credit services 165 households indicate that they borrowed from a combination 
of different sources(induding the local monks) as available in good time. Repayment is either in 
cash or in kind. Banks, NGOs, and government organizations require payments in cash 
including an annual interest of 5-15 percent. Friends and relatives are repaid in combination of 
both but with higher interest rate. Most prefer to get credit from NGOs because of ease of 
access and timeliness.

The introduction of irrigation schemes assumes intensive use of labor for farm activities. 
However, households with irrigated fields use only 28 percent external labor which is not 
higher than diyland fanners (27 percent). Both systems rely on available family labor. Family 
labor is considered contribution of labor to farm activities from members of the immediate 
family (husband, wife and children).
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Forty two percent of households sell livestock to purchase items for household consumption 
whereas the remaining 58 percent sell livestock to pay taxes, repayment of debt, medical 
expenses and school fees. Farmers tend to sell poultry and products, small ruminants (sheep 
and goats), cattle and honey to generate cash for the different forms of payments indicated 
above. To replace livestock 62 percent of the farmers buy their livestock from extension 
services. Very few purchase from other farmers and other middlemen.

SOIL PROPERTIES

The local knowledge with regard to the classification of soils in a PRA exercise show that all 
783 surveyed households identify soil types by color, texture and depth.

Surface texture and stoniness
During the survey, the texture of the surface soils was determined by the farmers and classified 
as Walka, Lehum Hutsa. Stoniness was defined as the area of field occupied with stones. An 
area is considered stony if it is greater than 50% stone, and non-stony if less. Accordingly, 30% 
of the fields surveyed were stony. The size of the stones varied from gravel (>2 mm) to 
boulders. Soils with Walka texture had relatively fewer small stones compared to sandy soils. 
Lehum is described as soil that easily blows from the land. Hutsa texture is a fulflowing soil 
dominated by grains of sand.

Soil depth
Depth classes comprise Reguid Meriet Rekik Meriet and Maekelai Meriet. This system of 
classification was adopted during the successive land distribution schemes undertaken in 
Tigray. Reguid Meriet is designated for lands which are deep, with better water holding 
capacity and are relatively fertile. Rekik Meriet is for all lands which are shallow, stony and 
sloppy lands with low fertility and less water holding capacity. Maekelay Meriet is in between 
the two categories.

Accordingly out of the 4698 plots of land owned by 783 households (with an average of six 
plots, ranging from 2-14 and plot sizes of 0.2 * 3.0 ha) 9.8%, 12.2% and 78.00% were 
classified (Table 6) as deep (> 100cm), medium (50 - 100cm) and shallow (< 50 cm). This 
corresponds with the traditional classification system and is effectively used in the extension 
system. Development agents and farmers comprehend well in terms of the packages of advice 
needed to make these soils productive.

Physico-chemical characteristics of the soil
The physico-chemical characteristics of the major soil types identified in the study area are 
presented in Table 5. The soil type names are adopted from the ones identified by the farming 
community. Soil described as Baekel is light in color, dominantly sandy and variable in depth 
(Table 5). Out of the fields identified as Baekel, 13, 6 and 81% were deep, medium and 
shallow, respectively. Two groups of Baekel are considered.
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Table 5. Physico-chemical characteristics of the major soil types occurring in the study area.

Soil type
S SI C TC PH

h 2o

1.2.5 EC
mmhos/cm

Exchangeable cations BS OC TN P

......... % ............. .............Meg/lOOg so il................ ...........  % ........... PPM

CEC Na K Ca Mg
Baekel I 50 28 22 L 6.9 0.033 34.8 0.39 0.21 22.6 4.9 80.7 1.36 0.13 Trace
Baekel 2 58 28 14 SL 7.0 0.033 6.6 0.31 0.23 2.89 0.92 65.9 0.319 0.028 Trace
Walka 1 14 30 56 C 5.9 0.055 51.8 0.47 1.18 29.49 10.75 80.9 1.476 0.13 17.94
Walka 2 16 24 60 c 6.6 0.044 47.8 0.47 1.23 27.30 8.50 78.4 1.857 0.16 2.21
Walka 3 16 38 46 c 7.1 0.044 44.0 0.39 0.62 35.68 5.41 95.6 1.478 0.098 Trace

Mekih 14 30 56 c 6.8 0.055 21.0 0.39 0.59 16.67 4.17 100 1.117 0.133 Trace

S = sand; Si = silt; C = clay; TC = textural class; L = loam; SI = sandy loam; P = available phosphorus.

Table 6. Distribution of soil type by depth.

Soiltype Deep Medium Shallow
Baekel 229 147 1923
Mekih 115 367 447
Walka 115 220 447
Hutsa - - 850
Total 459 573 3667



Baekel 1 are soils with relatively higher clay content (8% more than Baekel 2), high CEC, high 
percentage base saturation and relatively better organic-matter content than Baekel 2. This 
represents light soils developed on basaltic parent materials, occurring on high altitude and with 
better rainfall distribution.

Baekel 2 represents light soils developed on schist, white sandstone and limestone. These soils 
are extremely shallow, sandy loam in texture, low in organic-matter content, deficient in 
exchangeable cations and poor in cation exchange capacity (CEC). The percent base saturation 
is the lowest of all the soils considered.

Walka soils are black in color, and developed from different parent materials which are rich in 
calcium and magnesium. They occur in flat areas characterized by seasonal waterlogging. 
Three types of Walka soils are identified. Walka 1 represents soils developed in the highlands 
from parent materials saturated with Ca and Mg. These soils are clay in texture, moderately 
acidic in reaction, with high CEC, and the exchange complex is dominated by Ca. Organic 
carbon content is relatively lower when compared with other black soils. Available phosphorus 
content is the highest of all the soils considered in the study.

Walka 2 and 3 are similar in physico-chemical characteristics. However, the depth is shallower, 
has high silt content and occurs on gentle slopes.

Mekih (Keyih) are red soils, well-drained and are found in drier environments. The soil is 
clayey in texture, low in CEC but base-saturated.

Fertility status of the soil
With regard to ranking of the soils for nitrogen, phosphorus and CEC, all Walka soils are 
relatively fertile. The Baekels are extremely low in organic matter, phosphorus and CEC.

Farmers confirm that provided moisture is not a limiting factor for crop production, all soils 
except Walka 1 respond to the application of commercial fertilizer and farmyard manure. 
Walka 1 is fertile but needs removal of the excess water.

Classification of the soils
Considering clay content, shrink-swell characteristics and cracks that extend beyond the 50 cm 
depth, Walka soils could be classified as Vertisols.

The Baekel soils which are stony, sandy and with variable content weatherable minerals could 
be classified as Cambisols.

The Mekih soils liave a well-developed argillic horizon with low CEC but high base saturation 
and are classified as Luvisols.
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CONCLUSION

Surveyed households comprehend the extent of land degradation and the consequences of the 
process in terms of reduced land productivity. Moreover the need for rehabilitating the 
degraded lands through investing on soil and water conservation activities is realized. Investing 
is viewed by the farmers in the form of maintaining traces, bunds and through the maintenance 
of biomass for increasing fertility of the land through increased organic matter level.

Indigenous knowledge with regard to soil and land classification is used as a basis for extension 
activities. This is commensurate with the studies made on the physico-chemical analysis of the 
surveyed plots. Basically the local knowledge with regard to the classification of the soils and 
the land can be considered as a basis for soil survey and local land use planning. However, 
further study and research is needed to correlate the local knowledge with more data generated 
from laboratory and field investigations by considering more sample sizes and diverse agro
ecologies.
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Indigenous Soil Classification: A Key To Participatory On- 
Farm Trials Design Process As Experienced In Southern 

Ethiopia

Kelsa Kena25

ABSTRACT

In order to create better understanding between farmers, development workers and 
researchers, traditional soil classification and naming systems of sedentary fanners in Kindo 
Koysha district of North Omo zone, southern Ethiopia has been assessed together with its 
management practices. Soil color, geneses and workability are found to be the important 
criteria used by farmers of the district whereas management practice like fertilizer rate and type 
preferences are soil, crop and environment specific. About five to six soil types have been 
identified by farmers in each peasant association (PA), where they have made selection of crops 
and fertilizes for the dominant soil types. Samples were collected from representative soil 
profiles and analyzed for various characteristics. Attempt has also been made to match some of 
them to FAO classification.

INTRODUCTION

Several research results have been recommend and disseminated for use by fanners. Each of 
these technologies are developed under specific conditions and are designed to be used under 
similar conditions. Several factors like soil type, fertilizer rate, rainfall amount and distribution, 
agroecology, plant population and spacing, weeding frequency, irrigation amount & frequency 
and others receive are given less attention when taken to the end user, the farmer. This 
contributes to failurity of some of the technologies which results in the dissatisfaction of both 
farmers and researchers. This is particularly true with regard to recommendations made in 
relation to specific soil types. As an example, fertilizer recommendations developed for dark 
brown clay soil for one crop and variety do not work on other soil types even of the same 
variety is used. Such disparations have resulted in the rejection of some technologies by 
farmers as a consequence of which this participatory soil mapping and indigenous soil 
classification research activity was conducted in Kindo Koysha district of Southern Ethiopia. 
This led to the implementation of a participatory design of on-farm trials.

25 Researcher, Awasa Research Center, 
P.O. Box 06, Awasa, Ethiopia.
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Soil samples were collected from different soil types identified by farmers and characterized 
physically and chemically. This was undertaken in an attempt to match the local/indigenous 
soil classification with that of the FAO soil classification of 1975. The updated FAO soil 
classification method is commonly used by soil scientists and has been implemented by LURDP 
in the study of the soils of Ethiopia (2).

METHODOLOGY

The approach was participatory which involved farmers of different category irrespective of 
age, sex and social status. The study area, Kindo Koysha, of Southern Ethiopia has lowlands 
(1000 masl) in the Omo valley and high altitude areas (2150 masl) around Gununo. Mixed 
farming is widely practiced in the area. In the higher elevation, farmers are more sedentary than 
the lowlands, who moved from the high lands in the last 25-30 years. The level of 
understanding of the soil and the identification methods are similar and is based on genesis 
where reference is made to parent materials, color, texture and workability. The survey area is 
divided in to three distinict parts; a) Doge Shakiso peasant association, which is mainly in the 
highlands with an elevation of about 2000 masl; b) Sorto PA located in the 1400-2000 masl 
elevation with rolling to steep slopes; and c) Pagena matta PA, located in the low lands 
(1000-1300 masl), where most of the agricultural land is in flat-gentle sloping topography. The 
three PAs have an estimated area of 730, 750 and 1782 ha respectively and have a population 
of 12885,17065 and 9622 with a density of 355, 281 and 89 persons /km2 (1).

In each PA, farmers have demarcated the boundary and subsequently allocated areas for 
natural resources like forests, roads, settlement areas and churches farmers have further 
delineated the soils of each PA and for representation have used different colored beans and 
maize i.e. black colored beans for black soils and red colored ones for red soils, etc. While the 
map is still with the groups was subjected for further discussion and comments. After that a 
transect walking is made for verification and profiles were dug from the representative soils 
identified by farmers with the aid of development agents (DAs). Soil samples were collected 
and on the spot profile description was done by the researcher where farmers and DAs were 
also invited for observation and comments regarding the nature of the differences between 
profiles of different soil types and reasons for variations. Hence, farmers were involved in 
identifying local soil types, where they are further matched with international classifications, 
and the information generated used to design & run on-farm trials on promising technologies
(3).
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MAJOR SOILS OF EACH PA AND THEIR CHARACTERISTICS AS 
DESCRIBED BY FARMERS.

I. DOGESHAKISO PA.

In this PA, six soil types were identified by farmers and these are Talla bita, Ancho bita, 
Bokinta bita, Gobo bita, Bossols bita and Kareta bita where “bita” in the Wolayta language 
means soils, land or earth.

Farmers definition and perception of each soil type.

• Talla bita -  clay texture, heavy to work, cracks when dry and difficult to walk on the foot
paths bare footed. Sticky and slippery when wet. Workable and productive 
when moist. Requires draining excess water during heavy rainy seasons. 
Fertilizer application improves yield of crops like tef, maize and haricot beans. 
Crop rotation and intercropping of maize and haricot beans is commonly 
practiced. Land is mostly used for grazing.

• Ancho bita -  a shallow poor agricultural soil and only poor fanners work on it. Commonly
left fallow and used for grazing.

• Bokinta bita -  Bokinta means limestone in Wolaita and is a connotative of soil formed from
the underlying limestone. It is characterized as agriculturally poor soil which 
requires fertilizer application for crop production. Otherwise, Pennisetum 
schimperi is grown and left for grazing.

• Gobo bita - Red to reddish brown soil, widely distributed in the area, workable, has variable
depth of top soil. Gives good yield particularly with the application of DAP 
fertilizer, which contains both nitrogen and phosphorus.

• Bossols bita- The term bossolo in Wolayta is an expression for extremely low fertility
soil, susceptible to erosion and mainly used as a grazing area. Otherwise, it 
should be heavily manured.

•  Kareta bita - Kareta means block in Wolayta. The soil is expressed to be deep and
fertile. Under this condition not all crops have to be fertilized (te£ haricot 
bean, sorghum and coffee,) but one can boost maize yield with the 
application of DAP & Urea. This soil is not sacrificed for allocation as a 
grazing field. It is expressed as a” rich man soil.”
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II. SORTO PEASANT ASSOCIATION

Here the topography is rugged and variation in soil type is observed with in short distances. In 
this PA, Salisate, Talla, Gorbo & Barta are identified. Definition for additionally recorded soils 
is given below.

• Salisate - Shallow, poor, nonproductive soil.

• Gorbo - This is a deep soil which often occurs in association with Talla & known as
Gorbo-Talla. It is a good agricultural soil which needs knowledgeable 
management and is good grassland.

• Barta bita -This soil is unique to this PA and is believed to be fertile, workable and
without a problem in both wet and dry seasons. This soil is found in one 
pocket area and is one of those less important soils.

III. PAJENA MATA PA

In this PA farmers have identified Gorbo, Shafe Ancho, Chare, Gobo & Gorbo - Talla.

Chare- meaning “marshy soil” in Wolyta, is a wet land for most part of the year. Mainly 
left for grazing and to some extent taro, sorghum and tef are grown.

SCIENTIFIC EXPLANATION AND ANALYTICAL DATA OF THE 
SOILS OF THE THREE SURVEYED AREAS. 

PROCEDURES

Soil analysis results are presented in tables 1-3, where local soil names and their chemico- 
physical properties are described. Soil color and name were described by the dry munsell 
Notation. Particle size distribution was conducted using hydrometer method, while organic 
carbon content was analyzed using Black and Walkley method. Total nitrogen is determined by 
Kjeldahl method while available P is determined using Bray 2 and Kurtz method. Attempt was 
also made to describe soil profiles to support the laboratory analysis and farmers classifications 
and description.
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Table 1. Soil properties of Doge shakisho peasant association in Kindo Koysha District of North Omo zone, Southern Ethiopia

N Umber Sample Soil name Soil Depth PH Text. o c TOT AV.P CEC
Soil local color (cm) H20 Class (%) (%) (ppm Meq/lOOg
Profile C:N

1 Talla D..Red.brown 0-5 6.0 L 3.20 0.182 17.6 212.5 24.2
t 2 Ancho Red 0-5 5.6 CL 2.05 0.154 13.3 43.5
1 3 Talla Dusty red 0.35 6.5 C 3.05 0.182 16.8 7.5 22.6

4 L i Red >35 7.6 c 1.9 0.084 22.6 17.0
5 Bokinta Red 0-15 5.9 c 2.9 0.168 17.3 4 21.8
6 u Red 0-14 6.3 c 2.0 0.154 13.0 12.5

2 7 I t Red 14-30 5.1 c 2.95 0.182 16.0 1.25 21
8 u Red >30 5.2 / c 2.34 0.168 13.9 26.25
9 Gobo Red 0-35 6 .? CL 3.25 0.07 46. 7.5 47.6

3 10 u DarkR. Brown 35-48 6.4 C 2.3 0.182 12.6 41.25
11 a Red >48 5.6 C 2.15 0.014 154 30
12 a Work Red 0.15 5.4 SCL 3.55 0.098 36.2 20
13 Bossolo Red >1-2 5.5 c 2.02 0.014 20.6 12.75
14 Koveta D.Red.Brown 0-50 7.4 L 1.77 0.098 12.6 57.5 30

4 15 £C Darke brown 50-64 6.1 C 2.15 0.14 17 21.5
16 U Red 64-87 7.0 C 2.0 0.126 35.7 15
17 Ct red >87 7.5 1.45 0.056

0.112
12.9 21.25



Table 2. Soil properties Sosto peasant Association in Kindo Koysha District of North Omo zone, Southern Ethiopia

Number
Soil
Profile

Sample Soil name, 
Local

Soil
Color

Depth
(cm)

HP
H20

Text.
Class

OC
(%)

TOT.N
(%)

C:N AV.P
(ppm)

CEC
Me/lOOg

18 Salisate V.pale. Br. <2 4.8 LS 0.99 0.112 8.8 165
5 19 Gobo Red 0-20 5.1 C 2.04 0.112 18.2 12.5 26.8

20 cc Red 20-76 6.0 C 1.31 0.168 7.8 20
21 Talla Y.brown 0-30 5.9 C 2.21 0.112 19.7 52.5

6 22 cc L.Y.Br 30-50 5.9 C 1.16 0.042 27.6 17 29.6
23 u Pale Br. >50 5.8 CL 1.35 0.056 24.1 12.5
24 Gobo Brown 0-47 6.2 SL 2.42 0.154 15.7 26.25 24

7 25 cc cc 47-800 5.5 C 1.54 0.014 110 12.5
26 cc Pinkish gr. >80 6.7 c 1.47 0.098 15 55 51.4

8 27 Barta Paleyell. 0-40 5.1 c 3.30 0.126 26.3 52.5 48
28 cc Red >40 5.0 SCL 1.42 0.028 56.4 7.5
43 Kareta Gobo 0-20 5.2 C 2.55 0.084 30.4 22.6 49



Table 3. Soil properties of Pajenna Mata Association in Kindo Koysha District of North Omo Zone, Southern Ethiopia

Number Sample Soil name Soil color Depth PH Text. oc TOT.N C:N AV.P CEC
Soil Local (cm) H20 Class (%) (%) (ppm) Me/lOOg
Profile

29 Gorbo L. brown 0-30 5.5 SCL 2.8 0.098 28.6 20 18
30 M Brown 30-50 5.7 SCL 1.87 0.07 26.7 12.5

9 31 CC Pink 50-70 5.8 SL 1.73 0.042 41.2 41.25
32 a ll 70-100 6.9 C 0.296 0.084 3.5 12.5 9.4
33 <t R.yellow bel.100 5.3 CL 0.93 0.056 16.6 81.25 17.2

10 34 ShafeAncho Brown 0.12 5.0 SL 1.9 0.112 17 17 16
35 cc L.RBr. bel.12 5.6 SL 1.37 0.084 16.3 22
36 Chare Pale brown 0.25 7.2 SL 2.57 0.014 184 17 13

11 37 u Pink 25-70 6.4 SL 1.60 0.084 19 12.5
38 u R. yellow bel.70 7.3 C 0.84 0.042 20 2.65
39 Gobo R.brown 0.30 6.5 SCL 2.32 0.112 20.7 15 17

12 40 cc R_R.Br. 30-100 5.5 LS 1.3 0.042 31.0 12.5
41 CC R.yellow bel.100 6.9 SCL 1.24 0.014 8.9 12.75
42 Gorbo chare 

Gorbo/Talla
Ryellows 0-18 6.0 c 1.77 0.126 14 20

/

SCL = Sandy clay loam, SL = Sandy loam, LS ~ Loamy sand, C = Clay.



1

CONCLUSION AND RECOMMENDATIONS

Among soil types identified by farmers and mapped in each PA, a thorough discussion with 
farmers pooled out from the three surveyed areas, revealed that Gobo bita, Talla bita, Kareta 
bita and Chare bita are the agriculturally important soil that are widely distributed and 
frequently found. The equivalent classification according to the FAO 1975 system is as follows:

Local name FAO Classification

Gobo bita Nitosol
Talla bita Vertisol
Kareta bita Molisol
Chare Gleysol

Finally, the team discussed and decided to conduct on-farm trials on Gobo bita (Nitosol), Talla 
bita (Vertisol) and Kareta bita (Molisol) which are intensively cultivated and continuously 
cropped. They have also selected crops to be tested taking into consideration the requirement 
of farmers in the different agro-ecologies. As a result, wheat is selected for the high altitude 
areas while 3-4 varieties of the crops maize, haricot beans & tef were selected across all agro
ecologies of the surveyed area.

In the participatory discussion and decision making process, farmers have agreed to use 
different rates of only DAP for tef & haricot beans and DAP and Urea for maize and wheat 
which is in agreement with the findings of the research centers.

In the 1997 cropping season, on-farm trials were thus conducted in the soils selected using the 
treatments which were decided in the participatory approach together with the farmers and 
development agents. The trials were visited by the farmers and they have made selections of 
varieties and fertilizer levels for each crop and specific soil type, which will be implemented by 
them during the 1998 cropping season.

This type of approach is, thus, believed to create better understanding between farmers, 
extensionists and researchers in terms of classifying the soils for various management practices 
by matching to the international and commonly used soil classifications of each country.

At the same time, it will not only augment but enhance efforts at developing fertilizer rate 
recommendations for different crop species and varieties in relation to each soil type with some 
degree of confidence among all the parties (farmer-extensionist-researcher).
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