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አህፅሮት 
 

ኢትዮጵያ ምንም እንኳን የተሇያዩ የአረቢካ ቡና የብዙ አንቴዎችና (Biotypes) ዝርያ መገኛ ብትሆንም አገራዊ 
ምርታማነቱ ከሌሎች የተክለ አብቃይ አገሮች አንፃር ሲታይ በጣም ዝቅተኛ ነው፡፡ ሇአነስተኛ ምርታማነት ከሚጠቀሱ 
ምክንያቶች መካከል የአረም ችግር ዋነኛው ነው፡፡ የቡና አረምን ሇመከላከል የተሇያዩ የአረም ቁጥጥር ዘዴዎች የሚዯረግ 
ቢሆንም በተፈጥሯዊ ቡና እርሻዎች ላይ ሰው ሰራሽ የአረም ቁጥጥር ኬሚካሎች መጠቀም ከሚያዯርሱት ቀጥተኛና 
ተዛማች ችግር አንፃር የተከሇከሇ በመሆኑ የተሇያዩ ባህላዊ አማራጮችን መጠቀም ግድ ይላል፡፡ ሆኖም ባህላዊ የአረም 
ቁጥጥር ዘዴ ከሚወስዯው ጊዜና የሰው ኃይል ጉልበት አንፃር ሲቃኝ አዋጪ ስሇማይሆን በዓላም አቀፍ ዯረጃ የተሇያዩ 
ተፈጥሯዊ የአረም ቁጥጥር ቴክኖሎጂዎችን መጠቀምና ምርምሩም በመዯረግ ላይ ይገኛል፡፡ ስሇሆነም ይህ ምርምር ከአገር 
በቀል ስምንት የእፅዋት ዓይነቶች የተመረቱ መዓዛማ ዘይቶች ወይንም ቦታኒካል ኸርቢሳይድ እና ሶስት ማዕድናትን 
በመጠቀም የታወቁ የቡና አረሞች በዋናነት ባይዯንስ ፕሎሳን (Bidens pilosa) የተሰኛውን አስቸጋሪ የቡና አረም በላት 
ሀውስ (lathhouse) ውስጥ እና በማሳ ላይ በ5 በመቶ (v/v) መጠን በሶስት የተሇያዩ ርጭት ድግግሞሽ (application 
frequency) እና በረነዯማይዝድ ኮምፕልት ብሎክ ዲዛይን (RCBD) እንድሁም ሇንፅፅር ኬሚካል ያሇውና የሌሇውን 
በጥናቱ ውስጥ በማካተት አረሙን የመቆጣጠር ብቃት ተፈትሿል፡፡ በተሇያየ ርጭት ድግግሞሽ የተሞኮሩ ቦታኒካል 
ኸርቢሳይድ የተላያዩ የአረም ዓይነቶች በመግዯል የኢፊካሲ አቅማቸዉ በጣም የሚሇያዩ ሲሆኑ የርጭት መጠን ሲጨምር 
(በሶስት ጊዜ ድግግሞሽ) አረምን የመቆጣጠር አቅማቸው በትንሽ  መጠን (አንድ ጊዜ) ከተሞከሩት በእጅጉ በልጦ 
ታይቷል፡፡ ሆኖም አረምን የመቆጣጠር አቅማቸዉ ከ50 በመቶ እስከ 90 በመቶ የሆኑት ኦርጋኒክ ኸርቢሳይድ እንዯ ጠጀ-
ሳር እና የባሕር ዛፍ መዓዛማ ዘይቶች ሲሆኑ የነዚህ ዕፅዋቶች ንጥረ-ነገር በማሳ ላይም በሶስት የርጭት ድግግሞሽ የተሇያዩ 
የቡና አረም ዓይነቶችን የመግዯል አቅም እንዳሇቸው ሇማረጋገጥ ተችሏል፡፡ ስሇዚህ ኸርቢሳይድ እንዯ ጠጀ-ሳር እና የባሕር 
ዛፍ መዓዛማ ዘይቶች ዓይነት በባሇሶስት የርጭት ድግግሞሽ በመጠቀም የታወቁ የቡና አረምን በተፈጥሯዊ መንገድ 
ሇመቆጣጠር ተስፋ ሰጪ ሆነዉ በመገኘታቸው በምርምሩ ሇተቀናጀ የአረም ቁጥጥር ዘዴ (IPM) ሇማጎልበት ትኩረት 
ሰጥቶ መስራት ይገባል፡፡ 

 

Abstract 
 

Despite the wealth of genetic diversity of Arabica coffee, the national average yield of 
Ethiopian coffee is very low compared with many other producer countries. Weeds are one 
of the most limiting constraints particularly in organic farming systems, as no synthetic 
herbicides are allowed due to their direct and indirect negative impacts on the production 
system and the health care as well. There are tremendous strives to use cultural practices or 
to search for alternative weed control methods globally. The current study was conducted to 
test the inhibitory potential of essential oils extracted from eight locally available plants and 
three inert minerals against common weed species of coffee with emphasis on Bidens pilosa 
both under lath house and field conditions with application frequency of once, twice and 
three times at the rate of 5% (v/v) in RCBD with three replications. For the purpose of 
comparison, negative and positive controls were included in both experiments. The result 
showed that few plant extracts reduced the growth and total biomass of B. pilosa seedlings 
over the control in pot culture under lathhouse condition. The inhibitory effects of botanical 
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herbicides were varied among plant extracts as well as with application frequency. Essential 
oils extracted from E. citrodora and C. winterianus caused significantly the highest 
percentage growth retardation of weeds as compared to untreated control. Inhibitory effects 
of tested materials were application frequency dependant, at lower application frequency 
(1x), comparatively less reduction in all growth parameters were recorded than application 
at higher frequency (3x). Therefore, it can be concluded that essential oils from E. citrodora 
and C. winterianus using three times application frequency have the potential to retard 
growth weed species in coffee farm. The future research should give emphasis to develop 
IPM of coffee weeds with integrating biocontrol approaches such as bioherbicides as the 
proven finding of this investigation.  

 

Introduction 

 
Weed control is one of the most difficult problems in organic farming where 
synthetic herbicides are prohibited. It is one of issue for the major reasons for 
large-scale conventional coffee growers not to covert to organic production 
(Beveridge and Naylor, 1999). A range of weeds are associated with organic 
coffee production, ranging from annual grasses and broad leaved weeds, which 
are relatively easy to control, to persistent perennials that are more difficult to 
manage (Kimani et al., 2002). As a result of weed competition, coffee yield and 
quality are reduced as coffee feeder roots tend to lie close to the surface whereas 
competitive weeds send their roots deep to tap the underlying moisture. For 
instance, yield loss assessment studies conducted in Jimma showed a yield loss 
of 60-80% for coffee (Eshetu et al., 2007). 
 
Conventional farming has been largely dependent on intensive inputs of 
synthetic pesticides and the systems are often associated with problems such as 
disturbances of the environment, groundwater pollution and lethal effect to non-
target organisms in the agro-ecosystems in addition to direct toxicity to users 
(Poudel et al., 2002; Prakash et al., 2008). Beside, recently, there has been 
considerable critical attention to the potential development of “super weeds” 
that would be resistant to all herbicides (Liebman et al., 2001; Gianessi and 
Sankula, 2003). Due to these and other sustainability reasons, many countries are 
attempting to reduce the reliance on synthetic herbicides for weed management. 
This has led to the development and promotion of organic farming system that 
account of the environment and public health as main concerns (Araújo et al., 
2008).  
 
A number of weed control strategies are available to smallholders in coffee 
production system. Though the control of weeds can be achieved by several 
methods, yet the use of synthetic herbicides is quite common and effective. 
Unfortunately, the indiscriminate use of synthetic herbicides during the last 
three decades has resulted in various toxicological effects on the environment 
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and living organisms including humans (Setia et al., 2007). Slashing and digging 
are the major cultural methods of weed control employed by majority of both 
organic and conventional coffee growers. However, digging can harm the 
shallow root system of the coffee plant and need labor and time, while; slashing 
can transmit coffee wilt disease caused by Gibberella xylarioides, one of the most 
important fungal diseases of coffee (Girma et al., 2005).  
 
Natural products as bio-pesticides are an excellent alternative to synthetic 
pesticides as a means to reduce negative impacts to human health and the 
environment. Due to their non-persistent nature, essential oils are considered to 
be safe to natural enemies and pose little threat to the environment or human 
health (Isman, 2008). Essential oils are such natural products that have received 
the interest of researchers. In spite of huge potential for the use of essential oils 
as safe and effective alternative means of weed control, their application in 
organic coffee production in the world and in Ethiopia in particular received 
very little attention to date. This definitely calls for concerted effort in 
determining the efficacy of different essential oils and optimizing their extraction 
and application. Therefore, the objective of the present study was to evaluate 
candidate products and optimize efficacy of application frequency of different 
botanical herbicides against common weed species of coffee with emphasis on B. 
pilosa plant under lathhouse and field conditions.  
 
 

Materials and Methods 
 
Plant material extraction and formulation: The samples of test plants were collected 

mainly from Addis Ababa and Wendogenet Research Center and extracted by 
hydro-distillation using Clevenger Apparatus in the Crop Quality Laboratory of  
EIAR, Addis Ababa. The seeds of castor plant was collected around Melkassa 
Agricultural Research Center and extracted with hexane using Soxhelet 
apparatus. Inert minerals (known as Bole and Diatomate earth) were gathered 
from Adami Tulu Pesticide Formulation Company Ltd and the powder with a 
mass of 30g for each was diluted with 70ml of 70% ethanol separately and 
filtered with filter paper (Whatman No. 1) then the concentrate was diluted for 
application. Analytical grade of H2O2 was bought from chemical vendors and 
30ml was diluted with 70ml of ethanol before used. Each of the essential oils was 
diluted using ethanol (70%) at a concentration of 5% (v/v). 
 
Lathhouse experiments: The investigation was conducted in the lathhouse of the 

Jimma University College of Agriculture and Veterinary Medicine (JUCAVM), 
Jimma, Ethiopia, during the summer season of 2011/12. Sieved agriculture soil 
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was obtained from JUCAVM and used for the pot experiment and the pots, 
which had a 20 cm diameter and 20 cm height, contained equal amounts of 
sieved soil. Twenty seeds of B. pilosa per pot were sown 2 cm deep into the soil 
and grown under the average maximum and minimum temperature of 24.5 and 
11.50C. The relative humidity ranged from 26.6 to 78.5% during the experiment 
period. Routine watering was done and the seedlings were thinning out, so that 
only 20 homogeneously grown seedlings were left per pot. Tested botanical 
herbicides and inert minerals were applied each at the rate of 5% (v/v) and 
application frequency of 1x, 2x and 3x as foliar spray at 50, 54 and 58 days after 
sowing while the standard herbicide (Mamba 360 SL) was sprayed as per 
recommended rates once at 50 days after sowing. The volume of each treatment 
was diluted using distilled water. Tested weed plants/pot received the volume 
of 20 ml per pot by spraying using hand sprayers and equal volume of distilled 
water was sprayed as untreated control weed plants. The treatments were 
replicated 3 times in randomized complete block design experimental lay out.  
 
Field trials using bioherbicides: The field trial was conducted at the experimental 

site of the Jimma Agriculture Research Center (JARC), Jimma, Ethiopia, during 
the rainy season of 2012 from June to September. The tested botanical herbicides 
include essential oil extracted from T. ammi, C. winterianus and E. citrodora. The 
experiment was laid out in a 3 x 3 factorial arrangement and standard check 
applied once as recommended, in randomized complete block design and 
replicated three times. The plot size of the experiment was 6 m2 (2 m x 3 m) 
where as the distance between plots was 2 m wider. All the three plant extracts 
were applied each at the concentration of 5% (v/v) and application frequency of 
1x, 2x and 3x as foliar spray using hand sprayers at 30, 34 and 38 days after 
uniformly slashing the weeds while the standard herbicide treatment check was 
sprayed as per recommended rates once at 30 days after slashing. The volume of 
each treatment was adjusted using distilled water and each plot received the 
spray of solution of 200 ml per plot.  
 

Data collection and Statistical Analysis 
 
Shoot length and root length: In lathhouse experiments, 14 days after treatment 
application, five randomly selected normal seedlings were taken and separated 
into shoot and root parts. The roots were washed with tap water to remove the 
soil load and measurements of shoot and root lengths were recorded using a 
ruler (direct measurement). Average of five shoot and root lengths were 
calculated and expressed in centimeter.  
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Above and underground weed biomass: In lathhouse experiments, root and shoot 

weights of the randomly selected five normal B. pilosa seedlings were used for 
measuring root and shoot lengths. For field trial, weeds in a quadrant were 
separately uprooted by digging the area of quadrant to the depth of 15cm. The 
harvested roots were washed with tap water to remove the soil load and 
measurements of fresh weight of all weeds within a quadrant were separately 
performed. Dry weights (g) were determined after drying in an oven (DP203A, 
China) maintained at 700C until two consecutive measurements had no 
difference. Both the fresh as well as dry weights (g) were measured using 
sensitive balance (CTG-6H+, USA). 
 
Weed species determination: Within treatment/plots, weed density was taken by 
using a quadrant having a size of 50 cm x 50 cm from two focal points (both 
under and out shade), since type as well as population of weeds at these two 
places were not the same. All weeds within a quadrant were identified (as broad 
leaf or grassy) and counted before applying the respective treatments, then 14 
days after treatment application, weeds in each quadrant were again identified 
and counted to know type of weeds inhibited and/or survived and the result 
was expressed by percentage of weed abundance. 
 
The validity of model assumptions was verified by examining the residuals for 
each of the response variables. Accordingly, square root transformed (X+0.5)1/2, 
where X is the original data of shoot and root length of B. pilosa were performed 
by using SAS version 9.2. (SAS, 2008). Two phases of statistical analysis were 
employed. The first one involved determining whether the main and/or 
interaction effects of the fixed factors of interest were significant. The second one 
involved further analysis to compare the least significance means of the 
treatment combinations of significant interactions.  
 

Results and Discussion  
 

Efficacy of tested bioherbicides against B. pilosa under lathhouse condition 

 
Shoot length 

Results in respect of shoot length of normal seedlings after  14 days of treatment 
application with essential oils and with their application frequency appeared to 
be with highly significant (P<0.001) variation (Table. 1). Essential oils extracted 
from E. citrodora, C. winterianus, E. globulus, and R. officinalis reduced shoot length 
of B. pilosa seedlings (59.70%, 81.75%, 15.73%, and 23.02%) as compared to 
control on average bases, respectively. Signs of leaf and growth tip injury on B. 
pilosa seedlings were observed within 20-30 minutes after treatment (Figure 1) 
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and maximum injury occurred within 24 hour of application of the essential oil 
extracted from C. winterianus and E. citrodora and no B. pilosa seedlings were 
observed from pots of the standard herbicide treatment check and C. winterianus 
treatments with 2x and 3x applications two weeks after treatment application. 
Plants sprayed with extraction from R. officinalis and E. globules treatments 
showed sign of injury at the tip of shoots and leaves, but recovered quickly, on 
the other hand, sign of inhibition was not observed on other tested materials. 
There was clear tendency of an increase in inhibitory effects of tested production 
with an increase in the frequency of application for few botanical extracts. 
Evidently, shoot length showed the tendency to decrease as application 
frequency was increased for treatments of E. citrodora, C. winterianus, E. globulus 
and R. officinalis, and at high application frequency (2x and 3x). Effect of extracts 
from C. citratus was in different as weed growth observed with standard 
untreated check.  
 

Control                                  C. winterianus                                 E. citrodora 

 
Figure 1: B. pilosa seedlings 20-30 minutes after treating as showed signs of leaf and growth tip injury by essential oil 

extracted from C. winterianus and E. citrodora 

 
Shoot length taken after two weeks of treating revealed that the tallest seedlings 
(18.16 cm) was obtained as a result of treatment with R. communis followed by 
H2O2 (17.89 cm) on average base, whereas no seedlings were observed from the 
standard check and C. winterianus at 2x and 3x application frequency with 
maximum (100%) inhibition when compared to untreated control.   
 
Weed density 

From the present study, the rate of weed killing was revealed very highly 
significant (P<0.001) variation (Tab. 3). Death percentage of tested weed was 
high for essential oils extracted from C. winterianus, E. citrodora, E. globules, P. 
nigrum, and R. officinalis as compared to the untreated control. Among botanical 
extracts; essential oil of C. winterianus was induced the highest percent death on 
B. pilosa seedlings followed by E. citrodora on average bases.  
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Table 1: Effect of botanical herbicides and inert minerals on shoot length of B. pilosa under lathhouse condition  

 
 
Botanicals  

Shoot length (cm) 

                                Frequency  Efficacy (%) 

1x 2x 3x Mean 

E. citrodora   11.91(3.52h1) 7.39(2.81j) 1.77(1.5k) 7.02 59.70  

C. winterianus  9.53(3.17i) 0.00(0.71l) 0.00(0.71l) 3.18 81.75 

E. globules     16.97(4.18abc) 15.36(3.98de)     11.71(3.49h) 14.68 15.73 

T. ammi     17.63(4.25abc) 17.2(4.21abc)  17.11(4.2abc) 17.31 0.63 

A. annua      17.45(4.23abc)  17.17(4.2abc)   17.23(4.21abc) 17.28 0.80 

P. nigrum    17.15(4.2abc)  16.34(4.1bcd)  16.01(4.06cd) 16.50  5.28 

R. officinalis      14.27 (3.83 ef)  13.53(3.75fg)     12.5(3.6gh) 13.41 23.02 

R. communis   18.09(4.31a) 18.09(4.31a) 18.29(4.33a) 18.16       4.25(+) 

Bole    17.73(4.27ab)   17.91(4.29ab)     17.51(4.24abc) 17.72       0.30(+) 

Diatomate      17.26(4.21abc)   17.5(4.24abc)     17.28(4.21abc) 17.35    0.40 

H2O2     17.86(4.29ab)    17.91(4.29ab)    17.91(4.29ab) 17.89        2.70(+) 

Mean  15.98     14.40 13.39 14.59 16.25 

Control 17.42(4.23abc)  - 

Sc                                  0.00(0.71l)  100.00 

LSD                                  0.195   

CV (%)                                  3.183   
1Means followed by different alphabet(s) differ significantly at (P < 5%) 
NB:- 1x, 2x and 3x = Sprayed once, twice and trice, respectively, Sc = Mamba 360SL,  
(+) = Stimulated growth 
 

Root length 

Observation recorded on root length (cm) is presented in (Tab. 2). Root length as 
influenced by types of essential oils and with their application frequency was 
analyzed and the result revealed very highly significant (P<0.001) variations. As 
compared to the respective control, essential oils from E. citrodora and C. 
winterianus highly inhibited root length, while; there was no difference for the 
rest botanicals and inert minerals. Higher inhibition in root length (100%) was 
obtained because of treating with standard check followed by C. winterianus and 
E. citrodora (85.84% and 54.11%) respectively compared to control on average 
bases.  
 
The tallest seedling (43.07 cm) was observed because of treatment with a mineral 
Bole followed by A. annua (42.65 cm) on average base, even though it was 
statistically indifferent. Treatments with standard check and C. winterianus at 
high application frequency (2x and 3x) could resulted in maximum (100%) 
inhibition as compared to growth of untreated control seedlings. Contrarily, the 
growth of root length tends to decrease as application frequency increased for 
treatments of E. citrodora and C. winterianus, which was noticeably at high 
application rates similar to standard herbicide check.  
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Table 2: Effect of botanicals and inert minerals on root length of B. pilosa under lathhouse condition  

 
 
Botanicals  

Root length (cm) 

                                 Frequency Efficacy (%) 

1x 2x 3x Mean 

E. citrodora 34.31(5.87a1) 11.53(2.96c) 11.33(3.01c) 19.06 54.11 

C. winterianus 17.65(4.26b) 0.00(0.71d) 0.00(0.71d) 5.88 85.84 

E. globules 44.07(6.68a) 42.71(6.57a) 40.34(6.37a) 42.38 2.05(+) 

T. ammi 41.5(6.47a) 42.39(6.54a) 38.2(6.22a) 40.70 2.00 

A. annua 43.09(6.6a) 42.63(6.57a) 42.21(6.53a) 42.64 2.67(+) 

P. nigrum 43.25(6.61a) 41.35(6.46a) 40.18(6.38a) 41.59 0.14(+) 

R. officinalis 41.54(6.47a) 41.22(6.46a) 35.43(5.99a) 39.40 5.13 

R. communis 42.04(6.52a) 40.5(6.4a) 40.57(6.41a) 41.04 1.18 

Bole 43.16(6.6a) 43.75(6.65a) 42.31(6.54a) 43.07 3.71(+) 

Diatomate 42.31(6.54a) 41.59(6.49a) 41.27(6.46a) 41.72 0.46(+) 

H2O2 41.6(6.48a) 40.56(6.4a) 41.11(6.45a) 41.09 1.06 

Mean  39.50 35.30 33.91 36.23 12.76 

Control                               41.53(6.48a)  - 

Sc                                 0.00(0.71d)  100.00 

LSD                                 0.972   

CV (%)                               10.22   
1Means followed by different alphabet(s) differ significantly at (P < 5%) 
NB:- 1x, 2x and 3x = Sprayed once, twice and trice, respectively, Sc = Mamba 360SL,  
(+) = Stimulated growth      

                
Table 3: Effect of botanicals and inert minerals on percentage death of B. pilosa under lathhouse condition 

 
Botanicals  

Scale (ranging from 1 to 9) 

                         Frequency Efficacy (%) 

1x 2x 3x Mean 

E. citrodora  3.00g1  1.83h 1.3hi 2.04 77.33  

C. winterianus 2.67g 1.00i 1.00i 1.56 82.67 

E. globulus 7.33c 5.67f 5.83f 6.28 30.22 

T. ammi 9.00a 9.00a   8.67ab 8.89 1.22 

A. annua 9.00a 9.00a 9.00a 9.00 0.00 

P. nigrum 8.33b  7.17cd 7.50c 7.67 14.78 

R. officinalis  6.67de 6.17ef 6.00f 6.28 30.22 

R. communis 9.00a  8.83ab   8.67ab 8.83 1.89 

Bole 9.00a 9.00a 9.00a 9.00 0.00 

Diatomate 9.00a 9.00a 9.00a 9.00 0.00 

H2O2 9.00a 9.00a 9.00a 9.00 0.00 

Mean  7.45 6.88 6.82 7.05 21.67 

Control 9.00a  - 

Mamba 360SL 1.00i  100.00 

LSD                                  0.624   

CV (%) 5.593   
1Means followed by different alphabet(s) differ significantly at (P < 5%) 
NB:- 1x, 2x and 3x = Sprayed once, twice and trice, respectively, 1 = 100% weed control, 9 = no visible   herbicidal effect      

 
Shoot dry weight  

Investigation on effects of botanicals application against dry weight (g) of B. 
pilosa records are presented in (Table. 4). There was significant interaction effects 
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of the tested plant extracts (P<0.001) and their application frequency (P<0.01) 
variations. The highest shoot dry weight (4.51 g) was obtained because of 
treatment with the mineral Bole, which followed by untreated control (4.5 g), 
whereas; the tested weed seedlings was much deterred as a result of treatments 
with the standard herbicide check followed by essential oils of C. winterianus 
(0.37 g). As the application frequency of essential oil of botanicals increased, dry 
weight of the test weed decreased and which exhibited significant phytotoxic 
activity against the growth of B. pilosa. 
 

Table 4: Effect of botanicals and inert minerals on shoot dry weight of B. pilosa under 
lathhouse condition  

 
 
Botanicals  

Shoot dry weight (g) 

                           Frequency  Efficacy (%) 

1x 2x 3x Mean 

E. citrodora 1.93h1 1.13i 0.27j 1.11 75.33 

C. winterianus 1.1i 0.00j 0.00j 0.37 91.78 

E. globulus 4.3a-d 4.03a-f 3.8b-f 4.04 10.22 

T. ammi 4.57a 4.47ab 4.43ab 4.49 0.22 

A. annua 4.27a-e 4.13a-e 4.37abc 4.26 5.33 

P. nigrum 3.6efg 3.8b-f 3.7c-g 3.70 17.78 

R. officinalis 3.63d-g 3.4fg 3.07g 3.37 25.11 

R. communis 4.2a-e 4.07a-f 4.17a-e 4.15 7.78 

Bole 4.5a 4.67a 4.37abc 4.51 0.22(+) 

Diatomate 4.13a-e 4.1a-e 4.07a-f 4.10 8.89 

H2O2 4.27a-e 4.07a-f 4.1a-e 4.15 7.78 

Mean  3.68 3.44 3.30 3.48 22.67 

Control 4.5a  - 

Mamba 360SL 0.00j  100.00 

LSD 0.688   

CV (%) 12.142   
1Means followed by different alphabet(s) differ significantly at (P < 5%) 
NB:- 1x, 2x and 3x = Sprayed once, twice and trice, respectively, (+) = Stimulated growth      

 
Root dry weight 

The data on dry weight (g) of B. pilosa growth for different treatments is 
presented in (Tab. 5). There was highly significant interaction effects of plant 
extracts (P<0.001) and their application frequency (P<0.01) variations. Among 
the botanicals extracts tested that of E. citrodora and C. winterianus caused 
significantly lower root dry weight (0.22 and 0.05 g) respectively as compared to 
the untreated control. The highest root dry weight (1.30 g) was obtained because 
of treatment with the mineral Bole followed by T. ammi (1.28 g), but seedlings 
were totally affected because of treatment with the standard herbicide check.  
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Table 5: Effect of botanicals and inert minerals on root dry weight of B. pilosa under lathhouse condition 

 
 
Botanicals  

Root dry weight (g) 

Frequency Efficacy (%) 

1x 2x 3x Mean 

E. citrodora 0.46f1 0.17g 0.02g 0.22 82.54 

C. winterianus 0.14g 0.00g 0.00g 0.05 96.03 

E. globulus 1.20a-d 1.04cde 1.02de 1.09 13.49 

T. ammi 1.32a 1.25ab 1.28ab 1.28 1.59(+) 

A. annua 1.19a-e 1.22abc 1.21a-d 1.21 3.97 

P. nigrum 1.13a-e 1.10b-e 1.00e 1.08 14.29 

R. officinalis 1.22abc 1.10b-e 1.00e 1.11 11.90 

R. communis 1.19a-e 1.22abc 1.24ab 1.22 3.17 

Bole 1.31a 1.28ab 1.30a 1.30 3.17(+) 

Diatomate 1.21a-d 1.19a-e 1.2a-d 1.20 4.76 

H2O2 1.23abc 1.20a-d 1.17a-e 1.20 4.76 

Mean  1.05 0.98 0.95 0.99 21.43 

Control 1.26ab  - 

Mamba 360SL 0.00g  100.00 

LSD 0.197   

CV (%) 12.174   
1Means followed by different alphabet(s) differ significantly at (P < 5%) 
NB:- 1x, 2x and 3x = Sprayed once, twice and trice, respectively, (+) = Stimulated growth      

 
In the present study, only few plant extracts reduced the growth and total 
biomass of B. pilosa seedlings over control under lathhouse condition with clear 
inhibitory effects. However, variations were noticed among treatments of plant 
extracts as well as with respective to their application frequency. The results of 
this investigation was well and in agreement with the work of Buss and Park-
Brown (2002) who reported that more frequent applications of plant extracts is 
necessary. It was noted due to essential oils from botanicals degrade rapidly in 
sunlight, air, moisture, and by detoxification of enzyme activations. El-Rokiek 
and El-Nagdi (2011) also disclosed that reduction in biomass of purslane weed 
was reported by foliar treatment of aqueous extracts of E. citrodora 81 days after 
sowing in comparison to untreated control. Similarly, effects of extracts from E. 
globules had allelopathic effect on different crop seeds germination and growth 
parameters (Khan et al., 2008; Khan et al., 2009) that can also adversely affected 
plant population of cotton (Reddy et al., 2006). Paudel and Gupta (2008) reported 
essential oils from C. citratusand E. citrodora at their different concentrations have 
adverse effects on seedling length of Parthenium weed at varying degree. A. 
annum has been also shown to be an effective non-selective herbicide and had 
inhibitory effects, significantly reduced weed emergence, and weed dry weight 
(Duke et al., 1987). 
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Herbicidal effects of tested plant extracts on common weeds of coffee under field 

condition 

 
Weed density 

Similar to the results under lathhouse conditions, essential oils extracted from E. 
citrodora, C. winterianus inhibited the growth, and growth parameters of 
common weed species in coffee farm under field condition both at under shade 
and out shade (Tab. 6). As application frequency increased, the abundance of 
weed density was dramatically decreased. Standard herbicide check application 
was most toxic to weeds which reduced their density by 100% due to its broad-
spectrum nature that was followed by effects of application of extracts from C. 
winterianus at its high application frequency (3x) both under and out shade 
conditions against all weed species. Whereas, T. ammi has no substantial effects 
on weed density as compared to untreated control, even at its high application 
frequency. 
 
Unlike to the result obtained under lathhouse conditions, weed species in some 
plots were not affected totally due to botanical herbicide treatments, but some 
parts of weeds were damaged especially at the tip of shoots and young leaves 
which was assessed by determined by death percentage. The result revealed that 
very highly interaction effects of types of botanical extracts and their application 
frequency (P<0.001) (Figure 2). Maximum death of weeds (100%) was recorded 
from plots treated with standard herbicide check followed by that of C. 
winterianus and E. citrodora at three times application frequency.  

 
Figure 2: Weed species as influenced by botanical herbicides with different application frequency at Jimma Agriculture 

Research Center 
1Means followed by different alphabet(s) differ significantly at (P < 5%) 
NB:-Con = Control,EC = E. citrodora, CW = C. winterianus, TA = T. ammi, Sc = Mamba 360 SL, 1x, 2x and 3x = Sprayed 

once, twice and trice, respectively, 1 = 100% weed control, 9 = no visible herbicidal effect 
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Table 6: Effect of botanical herbicides on density of weed species under and out shade at Jimma Agriculture Research Center  

 
 
 
 
Treatments  

Weed density at various conditions 

                                                                                   Kind of weed  

Annuals  Perenials 

   Under shade     Out shade    Under shade    Out shade 

 
Pre-
treat 

Post-
treat 

Variation 
relative to 

pre-treat (%) 

 
Pre-
treat 

 
Post-
treat 

Variation 
relative to 

pre-treat (%) 

 
Pre-
treat 

 
Post-
treat 

Variation 
relative to 

pre-treat (%) 

 
Pre-
treat 

 
Post-
treat 

Variation 
relative to 

pre-treat (%) 

EC 1x 28.33 29.00 2.35(+) 44.67 46.67 4.48(+) 15.67 20.00 27.66(+) 38.33 40.33 5.22(+) 

EC 2x 40.67 32.33 20.49(-) 50.33 35.67 29.13(-) 8.00 7.67 7.99(-) 91.00 88.33 2.93(-) 

EC 3x 45.00 29.00 35.56(-) 52.67 37.33 34.82(-) 15.33 10.33 32.61(-) 31.00 22.67 26.87(-) 

CW 1x 24.67 25.00 1.35(+) 74.33 77.67 4.49(+) 8.67 11.00 26.92(+) 37.67 41.33 9.72(+) 

CW 2x 29.00 16.67 42.53(-) 78.67 64.00 18.65(-) 9.33 5.00 46.43(-) 60.33 56.67 6.07(-) 

CW 3x 23.67 8.67 63.38(-) 63.00 40.67 35.44(-) 11.00 5.33 63.11(-) 45.33 36.67 19.10(-) 

TA 1x 33.33 38.33 15.00(+) 79.67 85.00 6.69(+) 8.33 11.00 32.01(+) 48.33 55.00 13.80(+) 

TA 2x 32.00 37.33 16.67(+) 53.67 60.67 13.04(+) 10.67 14.33 34.37(+) 21.00 25.67 22.24(+) 

TA 3x 31.67 37.67 18. 95(+) 58.00 68.33 17.81(+) 13.33 17.33 30.00(+) 29.33 33.33 13.64(+) 

Sc 42.33 0.00 100.00(-) 86.67 0.00 100.00(-) 11.33 0.00 100.00(-) 40.67 0.00 100.00(-) 

Con  35.00 41.00 17.14(+) 53.33 60.67 13.76(+) 13 16.67 28.21(+) 30.00 35.67 18.90(+) 

NB:-Con = Control, EC = Eucalyptus citrodora, CW = Cymbopogon winterianus, TA = Trachyspermum ammi, Sc = Mamba 360 SL, 1x, 2x and 3x = Sprayed once,   twice and 
trice, respectively, stimulated (+) and inhibited (-) density of weed species  

 
  

 



Abera et al., 

 

[13] 

Total biomass 

Two weeks after botanical herbicide applications, all weeds within a quadrant 
both under and out of shade were separately uprooted and data were recorded 
and analyzed.  Results showed that fresh weight of weeds varied with a highly 
interaction effects (Tab. 7). However, there was no significance difference 
(P<0.05) for dry weight of weeds under and out shade, respectively.  
 
The total biomass measured from each quadrant of treatments were observed to 
be influenced by essential oils extracted from E. citrodora and C. winterianus with 
their application frequency clear sign of weed toxicity was observed on all 
studied weed species in plots as soon as these botanical herbicides were sprayed. 
On the other hand, there was no symptom of toxicity in plots received essential 
oils from T. ammi even at high application frequency. Two weeks after treatment 
applications, all the studied weed species within plots treated by standard 
herbicide check were totally damaged that followed by application of extracts 
from C. winterianus at high application frequency (Figure 3).  
 
          
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
Control/untreated Standard herbicide check    C. winterianus             E. citrodora 
Figure 3: Weed species as influenced by botanical extracts with different application frequencies at Jimma Agriculture 

Research Center 
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Table 7: Effect of botanicals on total biomass of common weeds of coffee at Jimma Agriculture Research Center   

 
 
 

Treatments 
 

 

Fresh weight (g) Dry weight (g) 

 
Under  
shade 

 
Open 
shade 

Variation relative to 
control (%) 

 
Under  
shade 

 
Out 

shade 

Variation relative to 
control (%) 

Under 
shade 

Out 
shade 

Under 
shade 

Out 
shade 

EC 1x 
EC 2x 
EC 3x 
CW 1x 
CW 2x 
CW 3x 
TA 1x 
TA 2x 
TA 3x 

265.90b1 322.27ab 18.58 6.23 24.30bc 37.47ab 26.95 10.08 

114.67d 215.53c 64.89 37.28 13.57de 31.17b 59.22 25.20 

63.03ef 204.7c 80.70 40.44 9.27e 18.27c 72.14 56.16 

195.70c 283.00b 40.07 17.65 20.37cd 37.50ab 38.78 10.00 

92.37de 188.4c 71.72 45.18 11.57de 20.73c 65.23 50.24 

58.13f 96.57d 82.20 71.90 10.87e 12.53c 67.33 69.92 

304.63a 334.77ab 6.72 2.59 31.37ab 40.47ab 5.71 2.88 

327.27a 336.17ab 0.21(+) 2.18 35.63a 44.53a 7.11(+) 6.88(+) 

322.93a 337.10ab 1.11 1.91 33.73a 42.00 a 1.40(+) 0.80(+) 

Control 326.57a 343.67a - - 33.267a 41.67a - - 

Sc 0.00g 0.00e 100.00 100.00 0.00f 0.00 d 100.00 100.00 

LSD 33.389 59.645 - - 8.913 9.798 - - 

CV (%) 8.835 15.049 - - 27.476 20.085 - - 
1Means followed by different alphabet(s) within column differ significantly at (P < 5%) 
NB:- EC = E. citrodora, CW = C. winterianus, TA = T. ammi, Sc = Mamba 360 SL, 1x, 2x and 3x = Sprayed once, twice 

and trice, respectively, (+) = Stimulated growth                      

 
Field trial was carried out on existed weed species in coffee farm and the result 
revealed that highly significant at high application frequencies by essential oils 
from C. winterianus and E. citrodora whereas there was no difference for oils from 
T. ammi related to untreated control. In contrast to the results obtained under 
lathhouse, the present study clearly showed that less inhibitory effects by plant 
extracts were observed on common weed species of coffee growth under field 
conditions. The possible reason for low inhibition of growth could be due to high 
volatile nature of essential oils which is also confirmed with other works that oil 
of botanicals degrade rapidly in sunlight (Morgan and Overholt, 2005). This 
could be also explained by the complex reactions taking place in the soil. 
Allelochemicals are subjected to various biotic and abiotic processes that reduce 
their persistence, concentrations, availability, and biological activities after they 
are added into the soil (Blum et al., 1999; Okumura et al., 1999).  
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ዕፅዋቶች በቀሊለ አያገኙትም፡፡ ስሇዚህ ይህ የምርምር ጥናት በመተሏራ ስኳር ፋብሪካ በ 2008 ዓ.ም ምርት 

መን የብረዲራይዞቢዬም ባክቴሪያ ክትባት አስተዋፅዖ  አኩሪ አተርን ከሸንኮራ አገዳ ጋር በማሰባጠር 
በፎስፈረስ አወሳሰድና የፎስፈረስ አወሳሰድ ብቃትን ሇመገምገም ዓሊማ አንግቦ በመስኖ ተተግብሯሌ፡፡ 
ሙከራው ሦስት መጠን የባክቴሪያ ክትባት ማሇትም ላጊዩምፊክስ፣ SB6B1እና ያሌተከተበ እንዲሁም 

አራት ፎስፈረስ መጠን ማሇትም 0፣ 10፣ 20 እና 30 ኪ.ግ/ሄክታር ፎስፈረስ ወስዯዋሌ፡፡ ሙከራው 

የተጋጀው በራንዯማይዝድ ኮምፕሉት ብልክ ዲዛይን በፋክቶሪያሌ የተዯራጀ ሲሆን ሦስት ቅጂ ግሌባጭ 
አሇው፡፡ የጭብጥ (መረጃ) ትንትና እንዳሚያሰየው ብረዲራይዞቢዬም ክትባት ትርጉም ባሇው ሁኔታ 

የዕፅዋት ናይትሮጅንና ፎስፈራስ ይት ሊይ ካሌተከተበ አንፃር አመርቂ ውጤት አሳይቷሌ፡፡ የተሇያዬ 
የፎስፈረስ መጠን እንዲሁም የፎስፈረስና ክትባት ጥምረት በናይትሮጅንና ፎስፈረስ ይት ሊይ ትርጉም 
ያሇው ሌዩነት አሊሳዩም፤ ነገር ግን 30 ኪ.ግ/ሄክታር ፎስፈረስ በጠቅሊሊ ፎስፈረስ ይት ሊይ ከፍተኛ ሌዩነት 

አምጥቷሌ፡፡ በብረዲራይዞቢዬም ክትባት ምክንያት ፎስፈረስን የመውሰድ ብቃት ተሻሽሎሌ፡፡ በዚህ 
መሠረት ከፍተኛ አግሮኖሚክ ኢፊሼንሲ፣ ሪከቨሪ ኢፊሼንሲና ዩትሊይዜሽን ኢፊሼንሲ በSB6B1 ክትባት፤ 

ፊዚዮልጂካሌ ኢፊሼንሲና አግሮፊዚዮልጂካሌ ኢፊሼንሲ በላጉምፊክስ ክትባት አማካይነት በ10 

ኪ.ግ/ሄክታር ፎስፈረስ ሲገኝ አግሮፊዚዮልጂካሌ ኢፊሼንሲ በ30 ኪ.ግ/ሄክታር ፎስፈረስ ተመዝግቧሌ፡፡ 
በአጠቃሊይ በ10 ኪ.ግ/ሄክታር ፎስፈረስ መጠን SB6B1 ባክቴሪያ ክትባት አመርቂ ውጤት ያስገኘ ሲሆን 

ላጊዩምፊክስ ዯግሞ ይከተሊሌ፡፡ የፎስፈረስ መውሰድ ብቃትን እንዲጨምር የተሻለ አያያዝ  ዴዎችን 
ማሇትም ፎስፌት የሚያሟሙ ረቂቅ ነፍሳት ወይም ማይኮሪ ብረዲራይዞቢዬም ጋር በማጣመር መጠቀም 
አስፈሊጊ ነው፡፡ 

 
Abstract 

At a soil pH value of above 7.0, inorganic phosphorus (P) is highly susceptible to precipitation as insoluble 
form that is unavailable to plants. Hence, a field experiment was conducted at Metehara Sugar Estate under 
irrigation during the 2014/15 cropping season to evaluate the effect of inoculating Bradyrhizobium on P 
uptake and P use efficiency of soybean intercropped with sugarcane. The treatments consisted of three levels 
of inoculation (Legume fix, SB6B1 and uninoculated) and four rates of P (0, 10, 20 and 30 kg Pha-1). The 
experiment was laid out in a randomized complete block design (RCBD) in a factorial arrangement and 
replicated three times. Analysis of the data indicated that Bradyrhizobium inoculation significantly 
increased plant N concentration and P uptake compared to the uninoculated treatment. The effect of P rates 
and its interaction with inoculation was not significant on N concentration and P uptake, but significantly 
increased total P uptake at the application of 30 kg Pha-1. Phosphorus use efficiency indices were improved in 
response to inoculating the crop with Bradyrhizobium. The highest AE (13.6 kg kg-1), PRE (31.8%) and 
PUE (10.6 kg kg-1) were obtained by SB6B1 inoculation and the highest PE (117.2 kg kg-1) and APE (161.7 
kg kg-1) were obtained by Legumefix inoculation all at 10 kg P ha-1except PE which recorded the highest at 
30 kg P ha-1.Thus, it can be concluded that SB6B1 isolate can be used as the best inoculant followed by 
Legumefix isolate with 10 kg P ha-1of P fertilizer. However, strategies for increasing P use efficiency by 
adopting best management practices like co-inoculation of phosphate solubilizing microorganism or 
mycorrhiza with these Bradyrhizobium inoculants should be adopted to enhance P use efficiencies.  
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Introduction 
 
Phosphorus (P) is the most essential element for plant growth and development 
next to nitrogen (N) (Vance et al., 2000). It is one of the most important nutrients 
for crop productions on more than 30% of the world's arable land. Some 
estimates, world resources of inexpensive P may be depleted by 2050 (Yan et al., 
2009). Phosphorus has significantly positive effect on nodulation nitrogenase 
activity and the yield of pulse crops (Sepetoglu, 1992). However, more than 80% 
of the added P is fixed or precipitated, and only a part of it goes to soil solution 
which may be taken up by crops (Leytem and Mikkelsen, 2005) because it rapidly 
forms insoluble complexes with cations and is incorporated into organic matter 
by microbes (von Uexkuill and Mutert, 1995; Vance, 2001). Sustainable 
management of P in agriculture that enhances P acquisition and exploits these 
adaptations to make plants more efficient at acquiring the nutrient is very 
important. Therefore, in areas with low soil fertility, with a poor supply and/or 
high cost of fertilizers, cultivating legumes with high efficiencies of P uptake and 
P use would be very useful. A two site experiment conducted at Metahara Sugar 
Estate showed that P application (0 to 60 kg P ha-1) had no significant effect on 
sugarcane yield (Agricultural Services, 1974). This might be ascribed to the high P 
precipitation caused by presence of high calcium carbonate (BAI, 2009). 
 
Several key processes which affect the availability of P to plantsin the P cycle are 
mediated by different types of microbial processes (Richardson and Simpson, 
2011). Most researches in microbial inoculants to enhance P availability and root 
uptake have centered on soil microorganisms capable of solubilizing sparingly-
available P (Leggett et al., 2007).  Qin et al. (2011) demonstrated that soil 
beneficial microorganisms including rhizobia can solubilize the insoluble form 
of organic and inorganic P. Increase in productivity of wheat by 30-40% was due 
to inorganic P application with inoculation, as compared to P alone (Afzal and 
Asghari, 2008). In addition, enhancement of P utilization from insoluble P 
through inoculation of rhizobia has been demonstrated in lettuce (Chabot et al., 
1996). The objective of this study was thus to evaluate the effect of inoculating 
selected Bradyrhizobium isolates on N and P uptake and P use efficiency of 
soybean intercropped with sugarcane at Metahara Sugar Estate in the Central 
Rift Valley of Ethiopia. 
 

Materials and Methods 
 

Description of Experimental Site 

A field experiment was conducted at Metahara Sugar Estate under irrigation 
during 2014/15. The  estate is located at 8o 53‟ N latitude and 39o 52' E longitude 
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at an altitude of 950 meters above sea level in the Eastern Shewa 
Administrative Zone, Oromia Regional State, 200 km south-east of the capital 
city, Addis Ababa, Ethiopia. 
 
The long term mean (LTM) annual rainfall is 551 mm with the LTM annual 
maximum and minimum air temperatures of 33.0 and 17.5 ºC, respectively. 
According to meteorological information recorded in the last five decades, the 
rainfall period ranged from April to October albeit the maximum rainfall was 
recorded in the months of July (127.4 mm) and August (140 mm) in Metahara 
Sugar Estate.  
 
Most soils of the experimental site are developed under tropical hot condition 
from alluvium-colluvium parent materials which include basic volcanic rocks 
such as basalt, limestone, acidic volcanic rocks such as granite, sandstone as well 
as recent and ancient alluvial soils (Ambachew and Abiy, 2009; BAI, 2009). Soils 
of Metahara Sugar Estate are classified as Calcaric Cambisols (BAI, 2009). 
 
Experimental Procedures 

Carrier based Bradyrhizobium inoculants, namely, indigenous isolate (SB6B1) and 
exotic UK-isolate (Legumefix) were obtained from the Soil Microbiology 
Laboratory of Holetta Agricultural Research Center and used for seed inoculation 
at planting. Soybean variety „Williams‟ was obtained from Hawassa Agricultural 
Research Center and intercropped with high yielding and widely cultivated 
sugar cane variety „B52-298‟.  
 
The experiment consisted of four rates of phosphorus (0, 10, 20 and 30 kg Pha-1) 
in the form of triple super phosphate (TSP) (0:19:0%; N: P:K) and three types of 
inoculant inoculation, i.e. SB6B1 (local isolate), Legumefix (UK isolate) and 
uninoculated control. The experiment was laid out in a randomized complete 
block design (RBCD)in a factorial arrangement and replicated three times per 
treatment.  
 
Carrier-based inoculants of each isolate were applied at the rate of 10 g 
inoculant/kg seed (Rice et al., 2001). To ensure that the applied inoculants stick to 
the seed, the required quantity of inoculants was suspended in 1:1 ratio in 10% 
sugar solution for 10 minutes.  
 
Land preparation was done by a tractor (ripping, uprooting of old cane stools, 
disking, leveling and furrowing) and a selected portion of land was then divided 
into blocks and plots for this experiment. Sugarcane was planted on 21st 
November 2015 in the furrow trench with end-to-end sett position and 145 cm 
inter-row spacing. Soybean seed was also sown in the following day at one side 
of the ridge with the spacing of 10 cm between plants and similar row spacing as 
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sugarcane on 8.7 m x 5.0 m (43.5 m2) gross plot size, which holds 6 rows of 
both soybean and sugarcane but data were collected from four central rows. 
There was a 1 m space between each plot and two furrow (2.90 m) path between 
blocks, in which no cane was planted.  
 
The experiment was carried out using an irrigated field with furrow irrigation 
method with an irrigation interval of seven days which was recommended for 
soybean cultivation. Nitrogen fertilizer at the rate of 20 kg N ha-1 was applied as 
urea (46% N). 
 
 Plant Tissue Sampling and Analysis 

At physiological maturity, five randomly selected soybean plants were harvested 
from the four central rows and partitioned into grain and straw. The grain and 
straw samples were separately oven-dried at 70 ºC to a constant weight, ground 
to pass through 1 mm sieve and saved for tissue analysis of grain and straw N 
and P. Total N in grain and straw subsamples were quantitatively determined by 
a kjeldahl procedure (Bremner and Mulvarey, 1982). Nitrogen content of the 
grain and straw was determined by multiplying the N concentrations in the dry 
matter of the tissues by the respective grain and straw dry yields. Phosphorus in 
grain and straw subsamples were determined by using Meta vanadate method 
(NSL, 1994). Phosphorus uptake in the grain and straw of soybean was 
determined from the phosphorus content of the respective parts after multiplying 
with the grain and straw yields, respectively.  
 
 Phosphorus Use Efficiency 

Based on the results of plant tissue analysis, phosphorus use efficiency indices 
were computed (Albrizio et al., 2010). 
 
Agronomic efficiency(AE): is defined as the quantity of grain yield per unit of 
nutrient applied. 
AE (kg kg–1) =Gf – Gu   (1) 

  N 
Where:Gf is the grain yield of the fertilized plot (kg), GU is the grain yield of the 
unfertilized plot (kg), and Na is the quantity of P applied (kg). 
 
Physiological efficiency (PE): is defined as the aboveground biomass yield 
obtained per unit of nutrientuptake.  
PE (kg kg-1) =BYf – BYu   (2) 

Nf - Nu 
Where: BYf is the aboveground biomass yield (grain plus straw) of the fertilized 
plot (kg), BYu is the aboveground biomass yield (grain plus straw) of the 
unfertilized plot (kg), Nf is the nutrient uptake (grain plus straw) of the fertilized 
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plot (kg) and Nu is the nutrient uptake (grain plus straw) of the unfertilized 
plot (kg). 
 
Agro-physiological efficiency (APE): is defined as the grain yield obtained per 
unit of nutrient uptake. 
APE (kg kg-1) =Gf – Gu    (3) 

  Nf - Nu 
 
Where: Gfand Gu are grain yieldsfrom fertilized and unfertilized plots (kg), 
respectively; Nf and Nu are P uptakes (grain plus shoot) from fertilized and 
unfertilized plots (kg), respectively. 
Phosphorus recovery efficiency (PRE): is defined as the quantity of nutrient 
uptake per unit of nutrient applied. 
PRE (%) =Nf – Nu × 100   (4) 

Na 
Where: Nfand Nu are nutrient uptakes (grain plus straw) from fertilized 
unfertilized plots (kg), respectively, and Na is the quantity of nutrient applied 
(kg). 
 
Phosphorus Utilization efficiency (PUE): is defined as the product of 
physiological efficiency and recovery efficiency. 

PUE (kg kg-1) = PE x PRE  

Data analysis 

Data were subjected to analysis of variance using SAS version 9.1.3 GLM 
procedure (SAS Institute Inc., 2004). Comparison among treatment means with 
significant difference for measured and scored characters were made using Least 
Significant Difference (LSD) at 5% level of significance. 
 

Results and Discussion 
 
Selected soil physical and chemical properties  

Analysis of the soil of the experimental field indicated a clayey texture with a clay 
content of 70%. The soil pH could be rated as moderately alkaline according to 
the rating of Tekalign (1991) (Table 1). The organic matter content of the soil is 
low according to the rating of Tekalign (1991). The low organic matter content of 
the soil might be attributed to the intensive cultivation underway for a long time 
and continuous removal of crop residues through sugarcane burning. In line with 
this result, BAI (2009) reported soil organic matter content of Metahara Sugar 
Estate ranges from low to very low. 
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Table 1. Physical and chemical properties of soils of the experimental site before planting 
 

Soil property Value Soil property Value 

Depth (cm) 20 OM (%) 1.70 

Particle size (%)  EC (dSm-1) 0.37 

    Sand 12 Exchangeable Na (cmol(+)kg-1) 1.89 

    Silt 18 Exchangeable K (cmol(+)kg-1) 3.33 

    Clay 70 Exchangeable Ca (cmol(+)kg-1) 49.0 

Textural class clay Exchangeable Mg (cmol(+)kg-1) 11.0 

pH (1:2.5 H2O) 7.70 CEC (cmol(+)kg-1) 67.0 

TN (%) 0.12 PBS (%) 97.3 

Avail. P (ppm) 5.60 CaCO3 (% ) 7.00 

Note: P: Available phoshorus, CEC: Cation exchange capacity, EC: Electrical 
conductivity, OM: Organic matter, PBS: Percent base saturation, TN: Total 
nitrogen 

 
The analysis further indicated that the soil has low contents of total nitrogen 
(Tekalign, 1991) and available phosphorus (Marx et al., 1996) (Table 1). The low 
nitrogen content could be attributed to the low soil organic matter content. The 
low available P could be ascribed to the precipitation of phosphorus into 
unavailable forms of calcium and magnesium carbonates. Consistent with this 
result, BAI (2009) reported low available phosphorus in the Estate because of 
high P precipitation. Beside, the cation exchange capacity (CEC) of the soil was 
rated in the range of very high as reported by Landon (1991) with the dominant 
cation being calcium in the exchange site. The high CEC of this soil might be 
attributed to the high clay content in the soil. Percent calcium carbonate (CaCO3) 
content (7.0%) was moderate according to the rating of Nachtergaele et al. (2009) 
 
Nitrogen content and P uptake of soybean 
 
Nitrogen contents of grain, straw and total biomass 

Inoculation with Bradyrhizobium significantly (P <0.01) influenced the N contents 
of the grain and straw as well as the total biomass of soybean (Table 2). 
Bradyrhizobium inoculation alone improved the whole N content of soybean 
regardless of P application (Table 2). Both SB6B1 and Legumefix inoculations 
significantly increased grain, straw and total N contents over the uninoculated 
control. The highest mean N contents of grain, straw and total biomass yield were 
obtained from inoculation with SB6B1 isolate albeitno significant variation was 
observed between the two Bradyrhizobium inoculants. SB6B1 increased grain, 
straw and total biomass contents of N by 6, 14 and 8%, respectively compared to 
Legumefix while the respective increase over uninoculated control was higher by 
147, 97 and 130%. An increase in N contents due to Bradyrhizobium inoculation 
could be related to the significant increase in nodulation resulting in higher 
accumulation of N through biological N2 fixation (Siczek and Lipiec, 2011). 
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This current result is in agreement with the findings of Tahir et al. (2009) who 
reported that soybean N accumulation in grain, straw and total biomass was 
increased by 9, 122 and 76% over the control due to inoculation with 
Bradyrhizobium. This result is also in accord with the finding of Tajini et al. (2011) 
who reported that inoculation with rhizobia improved symbiotic N2 fixation even 
under phosphorus deficiency. In line with this result, Tufenkci et al. (2006) 
reported that Rhizobium inoculation improved NPK uptake. 

 

Table 2. Effect of Bradyrhizobium inoculation and P application on N content and P uptake in grain and 
straw  (kg ha-1) of soybean intercropped with sugarcane at Metahara Sugar Estate. 

 

Treatment Nitrogen Phosphorous 

Grain N Straw 
N 

Total N 
(grain + straw) 

P uptake by 
grain 

P uptake by 
straw 

Total P 
uptake 

P rate (kg ha-1)     

0 71 35.2 102.2 11.5 5.3 16.8b 

10 82.9 36.6 119.5 13.8 5.9 19.7ab 

20 85.2 31.1 116.3 11.5 6 17.4b 

30 84.1 37.3 121.4 15.8 6.9 22.7a 

Significance NS NS NS NS NS * 

LSD (0.05) NS NS NS NS NS 3.93 

Inoculation       

Uninoculated 41.8b 22.4b 64.2b 10.0b 5.1b 15.0b 

SB6B1 103.2a 44.1a 147.4a 16.1a 6.7a 22.8a 

Legumefix 97.4a 38.7a 136.1a 13.34a 6.3a 19.6a 

Significance ** ** ** ** * ** 

LSD (0.05) 11.7 6.7 11.52 3.31 1.12 3.4 

CV (%) 17 22.5 11.7 29.8 22 21 
Where: NS, * and **: Non significant, significant at 5 and 1%, respectively; CV: Coefficient of variation, LSD: Least 
significant difference. Means within the same factor and column followed by the same letter are not significantly 
different at 5% level of significance. 

 
Phosphorus fertilizer rate and its interaction with inoculants did not significantly 
affect the N contents of the grain and straw as well as the total biomass at 
physiological maturity although soil available P was low (Table 2). This might be 
due to the high alkalinity of the soil which predisposes the available P in the soil 
to precipitation into unavailable forms (BAI, 2009). However, a slight increase in 
total plant N content was obtained due to small P application (10 kg Pha-1) with 
SB6B1 and Legumefix inoculation as compared to uninoculated treatment (Figure 
1a).This shows that application of 10 kg P ha-1 is optimum for sufficient uptake of 
nitrogen by the crop. Consistent with this result, Tekle and Walelign (2014) 
reported that P significantly increased the soybean grain N and straw N contents 
at lower P rate (25 kg P ha-1) than at higher level (50 kg P ha-1).  
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Figure 1. The regression analysis of the response of (a) P uptake (kg ha-1) and (b) Plant N content (kg ha-1) to P 

application rates (kg P2O5 ha-1)  

 
Uptake of P in Grain, Stover and Total Biomass of Soybean 

Inoculation with Bradyrhizobium had significant (P<0.01) effect on the uptake of P 
by grain, straw, and total soybean biomass compared to the uninoculated 
treatment. Phosphorus uptake by grain, straw, and total biomass in response to 
inoculation with SB6B1 as well as in response to relative to inoculation with 
Legumefix was significantly higher than the uptake observed in response to no 
inoculation. Thus, the total P uptake that resulted from inoculation with SB6B1 
and Legumefix exceeded the P total uptake obtained in response to no 
inoculation by about 52 and 31%, respectively (Table 2). The higher P uptake due 
to inoculation with SB6B1and Legumefix could be attributed to the fact that some 
rhizobia have the ability to solubilize precipitated P components, thereby 
increasing the uptake in plants (Qin et al., 2011). Consistent with the results of this 
study, the finding of Taye (2006) showed that except P uptake in the straw, 
inoculation of pea by Rhizobium significantly increased both grain and total P 
uptake. Similarly, Tahir et al. (2009) reported that Rhizobium inoculation increased 
total P uptake by 79%. Havlin et al. (1999) also indicated that large quantities of P 
are found in seed and P is considered to be essential for seed formation.  
 
Improved N status in soybean plants due to better root growth might be the 
mechanism by which soybean P uptake was increased in plants inoculated with 
the effective Rhizobium strains on low-P acid soils (Neila et al., 2014). Cheng et al. 
(2008) found that inoculating soybean with effective rhizobial inoculants 
significantly improved root growth as well as N and P contents in low-Pacidic 
soils. In addition, Tang et al. (2007) found that total P uptake from sparingly  
 
soluble P correlated highly with plant biomass production, N2 fixation and 
nodulation, and seed P concentrations. Singh et al. (2005) found that inoculation 
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of P solubilizing bacteria increased P content in grain and straw by 10.72 and 
31.94%, respectively, over the uninoculated treatment.  
 
In contrast to the main effect of inoculation, P rates and its interaction with 
inoculation had no significant effect on grain and straw P uptake at physiological 
maturity (Table 2). However, total P uptake was significantly (P <0.05) increased 
in response to the increase in the rate of phosphorus application. The maximum 
total P uptake was recorded due to the applications of 10 and 30 kg P ha-1). 
Similarly, Egamberdiyeva et al. (2004) confirmed that P uptake by soybean 
increased with the increase in the rate of phosphorus application in N-deficient 
calcareous soils. Apparently, a similar trend was also reported by BAI (2009) who 
found that soils of Metahara Sugar Estate were alkaline and strongly calcareous 
and that the organic matter and total N contents were low. Among the tested 
isolates, SB6B1 inoculation showed significantly higher total P uptake at 30 kg P 
ha-1 than the other rates of P application though no interaction effect was 
observed (Figure 1b). 

 

Phosphorus use efficiency 
 
Agronomic efficiency 

The higher the rates of P application, the lower were the agronomic efficiency in 
all observed treatments. Across P rates, a 2.8, 8.4 and 7.7kg soybean grain yield 
was produced per unit of P applied by un-inoculated, SB6B1 and Legumefix 
inoculation, respectively. The highest agronomic efficiency (AE) of 3.9,13.6 and 
11.5 kg kg-1was obtained at 10 kg Pha-1 application coupled with un-inoculated, 
SB6B1 and Legumefix inoculation (Table 3, 4 and 5). However, the least AE value 
was noted at 30 kg Pha-1 in all treatments. Application of P fertilizer above 10 kg 
P ha-1 had no appreciable effect on soybean grain yield. Nonetheless, the AE was 
more influenced by soybean inoculation than un-inoculated treatments. This 
might be due to the fact that rhizobial symbiosis requires large amounts of P to 
meet the high energy costs for adenosine triphosphate (ATP) synthesis (Tang et 
al., 2001)in order to produce higher grain yield. This agrees with Gifole et al. 
(2011) who found a declining trend of AE from 69.8 to 9.3 kg kg-1 at the P rates 
ranging from 10 to 60 kg P ha-1 on haricot bean. This might be due to small 
amounts of applied fertilizer optimized nutrient use efficiency (Bationo and 
Buerkert, 2001).Similar to this result, the combined application of phosphorus 
and inoculation enhanced agronomic efficiency of soybean and common bean 
over the un-inoculated control (Devi et al., 2012; Anteneh, 2014). 
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Table 3. Phosphorus use efficiencies of soybean intercropped with sugarcane as affected by P 
application 

 

 Uninoculated 

P 
(kg ha-1) 

AE 
(kg kg-1) 

PE 
(kg kg-1) 

APE 
(kg kg-1) 

PRE 
(%) 

PUE 
(kg kg-1) 

0 - - - - - 

10 3.9 21.2 21.2 3.1 0.7 

20 2.6 25.7 25.7 3.2 0.8 

30 2.0 28.8 28.9 2.6 0.8 

Mean 2.8 25.2 25.3 3.0 0.8 
Note: AE: Agronomic efficiency, PE: Physiological efficiency, APE: Agro-physiological 
efficiency, PRE: Phosphorus recovery efficiency and PUE: Phosphorus utilization efficiency 

 
 

Table 4. Phosphorus use efficiencies of soybean intercropped with sugarcane as 
affected by SB6B1 inoculation 

 

P2O5 
(kg ha-1) 

SB6B1 

AE 
(kg kg-1) 

PE 
(kg kg-1) 

APE 
(kg kg-1) 

PRE 
(%) 

PUE 
(kg kg-1) 

0 - - - - - 

10 13.6 33.2 42.8 31.83 10.58 

20 6.7 35.5 37.99 17.74 6.30 

30 4.8 40.9 27.83 17.36 7.10 

Mean 8.4 36.6 36.2 22.3 8.0 

 
Table 5. Phosphorus use efficiencies of soybean intercropped with sugarcane 

as affected by Legumefix inoculation. 
 

P2O5  
(kg ha-1) 

Legumefix 

AE  
(kg kg-1) 

PE 
 (kg kg-1) 

APE 
 (kg kg-1) 

PRE  
(%) 

PUE 
 (kg kg-1) 

0 - - - - - 

10 11.5 98.2 161.7 7.1 7.0 

20 7.1 114.5 140.2 5.1 5.8 

30 4.5 117.2 75.0 6.1 7.1 

Mean 7.7 110.0 125.6 6.1 6.6 

 

Physiological Efficiency 

The physiological efficiency (PE) indicates the biological yield obtained per unit 
of nutrient uptake. Along P rates slight increase in biomass accumulation was 
observed and maximum biomass yield was obtained at application rate of 30 kg P 
ha-1 in all treatments (Tables 3, 4 and 5).Across P rates on average 25.2, 36.6 and 
110.0 kg biomass yields were noted per 1 kg of applied P with respect to un-
inoculated, SB6B1 and Legumefix. Legumefix inoculation led to higher biomass 
yield and P uptake than SB6B1 throughout P application rates, whereas the 
lowest PE was recorded by un-inoculated control. The higher PE fraction 
obtained due to Legumefix inoculation might indicate its tendency to accumulate 
relatively higher biomass yield as P fertilizer rates increase with small amounts of 



Tesfaye  et al. 

 

[27] 

increase in total P uptake. This could also be due to better symbiotic N2 
fixation with Legumefix inoculation thereby increasing the response of soybean 
to P application (Singleton et al., 1984). Moreover, it might have produced 
hormones and solubilizing insoluble P from the soil (Sobral et al., 2004; Singh et 
al., 2005).The slight increase in dry biomass yield at higher P fertilizer application 
rate indicated that the plants grown at the lowest P level were the most efficient 
in using P for the production of dry matter (Win et al., 2010).  
 
 Agro-physiological Efficiency 

Agro-physiological efficiency (APE) is the economic production (grain yield) 
obtained per unit of nutrient uptake. Along P application rates, APE drastically 
decreased in the inoculated treatments but showed slight increment in the un-
inoculated control albeit it scored the lowest APE compared to the inoculated 
ones. Across P application rates on average 25.3, 36.2 and 125.6 kg grain yield 
was obtained per unit of nutrient absorbed in un-inoculated, SB6B1 and 
Legumefix, respectively. The highest agro-physiological efficiency of 42.8 and 
161.7 kg kg-1 was noted at the lowest P rate of 10 kg P ha-1with SB6B1 and 
Legumefix, respectively (Table 3, 4 and 5).The higher APE by Legumefix 
inoculation might be due to the presence of plant growth promoting 
characteristics in addition to N2 fixation which enabled to produce relatively 
higher nutrient uptake at lower P rate fertilizer. Similar results were reported by 
Singh et al. (2005) in lentil. Contrary to this result, Abbasi et al. (2010) found the 
highest (51 kg ha-1) APE for soybean at lower P fertilizer application rate (50 kg 
P2O5 ha-1) than at higher rate of 100 kg P2O5 ha-1which produced APE of 42 kg kg-

1. In alkaline soil pH, the availability of some essential nutrients for plant is 
reduced (Maschner, 2011). 
 
Phosphorus Recovery Efficiency 

Phosphorus recovery efficiency (PRE) provides the quantity of nutrient uptake 
per unit of nutrient applied. The mean recovery efficiency of P by soybean treated 
with un-inoculated, SB6B1 and Legumefix were3.0, 22.3 and 6.1%, respectively. 
The highest recovery efficiency of 31.8 and 7.1% were noted due to SB6B1and 
Legumefix inoculation at the lowest P rate of 10 kg ha-1. However, the lowest 
recovery efficiency was noted at 30 kg P ha-1 with SB6B1 and un-inoculated, and 
at 20 kg P ha-1 with Legumefix inoculation (Tables 3, 4 and 5). The higher 
recovery efficiency by SB6B1 inoculation might be due to the fact that large 
number of strains of Rhizobium and Bradyrhizobium could solubilize inorganic 
phosphate through the enzymatic action of acid and alkaline phosphatase 
(Halder and Chakrabartty, 1993) and assimilate the soluble P in plants and 
prevent it from adsorption or fixation (Khan and Joergensen, 2009).  

 
The lower recovery efficiency was also reported by Abbasi et al. (2010) who found 
PRE of 12.1% in soybean at lower P rate(10kg Pha-1) and 10.2% when dose 
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increased to20kg Pha-1. Syers et al. (2008) also reported that in the year of 
fertilizer application P fertilizer used by plants ranged from 10–30%. The low P 
recovery efficiency in the present study might be associated with high P fixation 
property of the soil due to the presence of Ca compounds and clay minerals. 
Besides, P sorption increases at higher fertilizer rates than at lower application 
(Chaudhary et al., 2003). Kumar and Kairon (1980) also determined an apparent P 
recovery of 4.7% by field grown cotton in alkaline soils. Beside this, Fixen (2004) 
concluded that first year recovery of P is low, not only because the P is 
immediately “fixed” into plant unavailable forms but also because it moves so 
little in soils that crop roots are too far from much of the fertilizer-soil reaction 
zones to be accessed. 

 
Phosphorus utilization efficiency (PUE) 

As shown in Table 3, 4 and 5 the efficiency of soybean in P utilization 
inconsistently decreased as the P fertilizer rate increased. On the average, every 
kilogram of P applied to the un-inoculated, SB6B1 and Legumefix treated 
soybean produced 0.8, 8.0 and 6.6 kg of grain yield respectively. The highest P 
utilization efficiency was observed at 10 kg P ha-1due to SB6B1 and at 30 kgP ha-

1with Legumefix inoculation. However, the lowest PUE was noted at 20 kg P ha-

1with SB6B1 and Legumefix, and at 10 kg P ha-1with un-inoculated treatments. It 
is evident from the result that inoculation enhanced PUE of soybean where better 
numerical values were attained from SB6B1, followed by Legumefix. This could 
be due to the fact that symbiotic N2 fixation is an energy consuming process with 
a high (16) ATP demand for the reduction of one molecule of N2 into 2NH3 
(Schulze et al., 2006).Phosphorus application also enhanced growth of rhizobial 
strains and host plants (Munns et al., 1981; Leung and Bottomley, 1987). Win et al. 
(2010) reported the declining trend in PUE as P rate increased from 0.5 to 2 mMP, 
which is in in agreement with the results of this study. by . Singh et al. (2005) also 
reported that the highest PUE was obtained from the lowest P rate with 
inoculation of P solubilizing bacteria. y. However, P application did not improve 
PUE significantly in uninoculated treatment.  
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አህፅሮት 
 

የዚህ ጥናት ዋና ዓሊማ በያቤልና መሌካሶዳ ወረዳዎች በሚገኙ ግመልች ውጪያዊ ባህሪያቸውን በመጠንና በብዛት 
መሇየት መሠረት ያደረገ ነበር፡፡ በዚህም መሠረት ከሁሇቱ ወረዳዎች ከሚኖሩት አርብቶ አደሮች ሇውጫዊ ባህርይ 
ትንተና ጥናት 192 አባወራዎችና 3ዏዏ ግመልች በነሲብ ተመርጠዋሌ፡፡ በመሌካሶዳ የሚገኙ ግመልች ከፍተኛና ጉሌህ 
የሆነ ሌዩነት ከያቤል ግመልች ማሇትም ደረት ዙር፣ በደረት ስፋት፣ በሰውነት ክብደት፣ በሸንጥ/ዳላ ስፋት፣ በደረት 
ጥሌቀት፣ በጉብሌ ዙሮሽ እንደሚበሌጡ ጥናቱ አመሌክቷሌ፡፡ የግመልች ፆታ ሌዩነት (ወንድና ሴት ግመሌ) 
በተመሇከተ የፊት እግር ርዝመት፣ የኃሊ እግር ርዝመት፣ የጫንቃ ከፍታ፣ የደረት ዙር፣ የሆድ ስፋት ዙር፣ የሰውነት 
ክብደት፣ የደረት ስፋት፣ ሻኛ/ጉበሌ ዙሮሽ፣ ሻኛ/ጉበሌ ርዝመት፣ የፊት ሾከና ዙር/ስፋት፣ የኋሊ ሾከና ዙር/ስፋት ሌዩነት 
እንዳሊቸው ከጥናቱ ሇመረዳት ተችሎሌ፡፡ በጥናቱ የግመልች ዕድሜ መጠን ከሁለም የሰውነት ክብደት ሌኬቶች ጋር 
ጉሌህ የሆነ ሌዩነት እዳሇው ሇመገንዘብ ተችሎሌ፡፡ በተጨማሪ የደረት ስፋትና የደረት ጥሌቀት ተሇዋዋጭ ሌኬት 
ሇሰውነት ክብደት ውጫዊ ገጽታ መሇኪያነት ሉያገሇግለ ይችሊለ፡፡ የወንድ ግመልች እክብ ናሙና በቀጥታ ሇሰውነት 
መሇኪያዎች ማሇትም የደረት ዙርና ሆድ ዙር/ስፋት ጠንካራ አዎንታዊ ዝምድና (r=0.03) ከሰውነት ክብደት ጋር 
አሊቸው፡፡ የሴት ግመልች ክብደት ጠንካራ አዎንታዊና (P<0.05) ጉሌህ ዝምድና ከደረት ዙር (r=0.95) ጋር አሇው፡፡ 
የዚህ የግመልች ውጪአዊ እይታ መረጃ በዋነኛነት ሇግመልች ዝርያ ጥበቃ ሇድቀሊና ሇመረጣ በሥነ-ባህርይ ትንተና 
በተደገፇ እስትራተጂ ሉያገሇግሌ ይችሊሌ፡፡ በተጨማሪ በቦረናና አካባቢ እንዲሁም በላልች የሀገሪቱ ክፍልች 
የሚኙትን ማህበረሰብ የግመልችን የምርት ውጤት ፍሊጐት ሇሟሟሊት ከፍተኛ ትኩረት በመስጠት በግመልች ሊይ 
ብዙ መሠረት እንዳሇበት ይጠቁማሌ፡፡ ይህ ጥናት በያቤልና በመሌካ ሶዳ አካባቢ የሚገኙትን የግመሌ ሀብት 
ሇወደፊት ዝርያቸውን ሇማሻሻሌና ሇመጠበቅ በሚደረገው እንቅስቃሴ በዋነኛነት እንደ መረጃ ሉያገሇግሌ ይችሊሌ፡፡ 

 

Abstract 
The objectives of the study were to characterize the production system of camel in Yabello 
and Melka Soda districts and to characterize phenotypically camel based on quantitative and 
qualitative traits. A total of 192 households were selected for characterization of the 
production system and 300 camels were sampled randomly for characterization of phenotypic 
traits. Camels of Melka Soda had significantly higher in heart girth, barrel girth, body 
weight, hip width, chest depth and hump circumference (P<0.05) than Yabello camels. Sex of 
the camels had significant (P<0.05) effect on forelimb length, hind limb length, wither 
height, heart girth, barrel girth, body weight, chest width, hump circumference, hump length, 
fore hoof circumference and hind hoof circumference. Body weight and all the body 
measurements were significantly (P<0.05) affected by age. Heart girth and barrel girth were 
found to be the most important variables for estimation of body weight in camels. In male 
sample populations of linear body measurements, heart girth and barrel girth had strong 
positive correlation (r=0.93) with body weight. In female sample camels body weight had 
strong positive and significant (P<0.05) correlation with heart girth (r=0.95). This 
phenotypic information can serve as a basis for designing appropriate conservation, breeding 
and selection strategies for camels in the study area and could be complemented with genetic 
analyses. Thus attention should be given to exploit the performance of camels based on their 
specialization to fulfill the current demand of camel and camel by-products in the Borena and 
also in different parts of the country. The present study can be used to understand the camel 
resources of the study sites for future genetic improvement and conservation actions. 
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Introduction 
 

The extent of phenotypic variation is valuable to select and utilize different camel 
populations based on their specific characteristics and body conformation in 
breeding program. The presence of different camel populations in morphology, 
productive and adaptive characters may provide a basis for selection and 
improvement (Yosef et al., 2014). 
 
Despite the camel's considerable contribution to food security in semi arid and 
arid areas as compared to other domestic animals, study on camel production 
system, phenotypic and genetic characterization is scanty (Yohannes et al., 2007) 
and there is serious lack of information on camel production potential and 
production systems in southern Ethiopia. These hindered the design of 
appropriate strategy for utilization of existing potential of camel genetic 
resources and establishment of breeding programs. Given the current importance 
of camels in contributing to the livelihoods of large human population in 
marginal areas, and the role it plays towards resilience to present climate change, 
it is imperative to identify and differentiate the phenotypic characteristics of 
camel populations in Borena zone of Southern Ethiopia based on FAO guidelines.  
 
Therefore, the study was undertaken to address the information gap in 
production environment by conducting production system and phenotypic 
characterization of camel in Yabello and Melka Soda districts in Borena zone with 
the objectives;-to characterize the production system of camel in Yabello and 
Melka Soda districts and to phenotypically characterize camels based on 
quantitative and qualitative trait. 
 

Materials and Methods 
 
Description of study area 

The study was conducted in two districts namely, Yabello and Melka Soda in 
Borena zone, Oromia regional state. Yabello district is one of the districts of 
Borena zone. The district is situated in Latitude/Longitude: N 4° 52' 59.99" E 38° 
4' 59.99".  Melka Soda district is located in the northeastern part of Borena zone. 
Astronomical  location of Melka Soda Woreda is between 350 East& 300 West.  

Sampling technique and data collection 

Discussions were held with the experts in the zonal and district Pastoral 
Development Offices and representative pastoral community on the present 
production system and present condition and concentration of the Boren camels. 
Data were collected through the designed semi-structured questionnaires from 
192 randomly selected households those have camels. Qualitative and 
quantitative traits were recorded from 51 mature males and 249 mature females. 
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A total of 17 linear measurments were measured by tape meter and recorded by 
centimeter: heart girth, body length, wither height, ear length, fore limb length, 
hind limb length, barrel girth, face length, hip width, chest width, chest depth, 
tail length, neck length, hump length, hump circumference, fore hoof 
circumference and hind hoof circumference, and body weight by Kg was 
calculated by formula of Yagil, 1994 and a total of 7 qualitative traits were 
examined and recorded: Coat color pattern, coat color type, hair type, face profile, 
ear orientation, nose shape and lip shape. The camels in both districts were 
categorized under two age groups (less than 5 and greater than 5 years), this is 
done by depending on the average age of maturity after taking the information of 
the age of camels when they are reaching sexual maturity from the experienced 
camel herders. According to the feedback from pastoralists during discussion, 
age less than five is the age before maturity but camels greater than five years are 
after maturity. 
 
Body weight estimation was using Barymetric weight estimation formula of Yagil 
(1994): 
Y = SH × CG × BG × 50 
Where, Y = the weight in kg. 

SH = the height at shoulder in meters. 
CG = the chest girth behind the chest pad in meters. 
BG = the barrel girth over the highest part of the hump in meters. 

 

Results and Discussion 
 

Characterization of production system 
 

General household characteristics 

In this household survey work, 192 households (96 from each district) were 
participated. Detail of general household characteristics is presented in Table 1. 
The large proportions of households in both districts have illiterate educational 
background. Of the sampled households 77.60% were illiterate. This proportion is 
lower than the report of Solomon (2010) who reported that 95% of the households 
in Borena were illiterate.  
 
The chi-square test for assumption of equal proportion of categorical variables in 
both sexes (male and female respondents), among educational background 
(illiterate, read and write, and primary) and among the four age were found to 
significantly (P<0.05) differ within the district.  
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Table 1. Socio-economic characteristics of the households. 
 

Descriptor 
 

Yabello (n=96) Melka Soda(n=96) Overall (n=192) 

Mean ± SD Mean ± SD Mean ± SD 

Family size 5.83±2.45a 5.63±2.3a 5.73±2.37 

 N % N % N % 

Sex  *  *  *  
         Male 89b 92.71 86b 89.58 175b 91.15 
         Female 7a 7.29 10a 10.42 17a 8.85 
           X2 70.04  60.17   130.03 

Educational status *  *  *  
     illiterate 71c 73.96 78c 81.25 149c 77.60 
      Read and write 18b 18.75 14b 14.58 32b 16.67 
      Primary 7a 7.29 4a 4.17 11a 7.82 
            X2 47.75  36.75   76.75 

Age (year) *  *  *  
<30 4a 4.16 3a 3.12 7a 3.64 
31-45 48d 50.00 33c 34.38 81d 42.19 
46-60 31c 32.30 42d 43.74 73c 38.02 
>60 13b 13.54 18b 18.76 31b 16.15 
      X2 73.19  159.92   288.21 

* Significant at 0.05 level (p<0.05) in the same column with different superscripts are significantly different for each other, 
N=Number of households 

 
Trends of livestock population in the study area 

The trend of livestock population in the study area is summarized in Table 2. 
Majority of the respondents (96.88% in Yabello and 97.92% in Melka Soda) 
responded that, the camel population showed an increasing trend from time to 
time.  
 
In both districts, main income is generated from camel rather than other livestock 
may indicate the importance of camel in more arid areas than other livestock 
species under the current scenario of climate change. This is in agreement with 
earlier study (Bekele et al., 2008) who noted increased aridity in Borena Zone 
shifted the principal stock gradually from cattle combined with small stock to 
camels combined with small stock. In determination of wealth among the Borena 
pastoral community the presence and absence of camel together with cattle are 
considered. In this regard, CARE (2009) reported that Borena pastoralists 
recognized camels as providing long-term security to beneficiaries in terms of 
milk production and improved social status. 
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Table 2. Population trend of major livestock species in the study area 

 
Species                                      Districts 

Yabello Melka Soda Overall 

N % N % N % 

Camel        
    Increasing  93 96.88 94 97.92 187 97.40 
    Decreasing  - - - - - - 
    Stable  3 3.12 2 2.08 5 2.60 

Cattle        
    Increasing  13 13.54 9 9.38 22 11.46 
    Decreasing  75 78.13 85 88.54 160 83.33 
    Stable  8 8.33 2 2.08 10 5.21 

Goat        
    Increasing  74 77.08 74 77.08 148 77.08 
    Decreasing  20 20.83 22 22.92 42 21.88 
    Stable  2 2.08 - - 2 1.04 

Sheep        
    Increasing  80 83.33 79 82.29 159 82.81 
    Decreasing  16 16.67 17 17.71 33 17.19 
    Stable  - - - - - - 

                       N= Number of households 

 
Purpose of keeping camels 

The rank for purpose of camel keeping in the study area is presented in Table 3. 
The reasons for keeping camels are rational and related to the pastoralists’ need 
in the long or short term. Camel milk sale was the main source of income. Few of 
the respondents have no opportunity of selling camel milk for the reason that 
either they did not have a lactating camel or the produced milk was not surplus 
enough to sale. The results of this survey showed that most of the pastoralists in 
both sample districts primarily reared camels for milk. This agrees the work of 
Farah et al., (2004), who noted that the husbandry and management practices of 
the Somali camel herders are geared towards the improvement of milk 
production and the continuous supply of milk for the family’s needs throughout 
the seasons. Rearing camels for meat stood second in both districts.  
 
Pastoralists in the study area were not interested to sell their replacement stock 
unless they are highly in need of money for very important matters. The work of 
Getnet (2004) stated that, even if pastoralists expect the upcoming month would 
be much worse than the recent month, they still want to keep their animals, 
especially the camel cow for their optimistic expectation of the coming good 
months.  
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Table 3. Purpose of keeping camels in the study area 

 
Purpose of keeping camels                                                  Districts   

                 Yabello          Melka Soda 

Rank 1 Rank 2 Rank 3 Index Rank 1 Rank 2 Rank 3 Index 

Milk production 14 8 5 0.330 16 5 7 0.339 
Meat production 9 12 6 0.297 8 15 8 0.323 
Work/draught 1 3 4 0.071 0 4 4 0.063 
Stud Breeding 0 0 2 0.010 1 0 1 0.021 
Conflict resolution 0 1 0 0.010 0 0 1 0.005 
Selling for money (income) 7 5 13 0.229 6 6 10 0.208 
Social security 0 2 0 0.021 0 1 0 0.010 
Dowry 0 0 2 0.011 0 1 0 0.010 
Ceremonies 0 0 0 0.000 0 0 0 0.000 
Cultural/Social status 1 1 0 0.021 1 0 1 0.021 

Index= sum of (3 X purpose of keeping camel ranked first + 2 X purpose of keeping camel ranked second + 1 X purpose 
of keeping camel ranked third) given for each districts divided by sum of (3 X purpose of keeping camel first + 2 X 
purpose of keeping camel ranked second + 1 X purpose of keeping camel ranked third) for both district. 
 

 Milking product and milking frequency 

The frequency of milking of camels in the study areas is shown in Table 4. As 
shown in the table below, most of the pastoralists in the study area, milking their 
camels two times per a day in both districts (85.42%).  Milk is a usual and favorite 
food for Borena camel owners. Daily milk yield of Yabello camels range from 
1.50-9.20 liters per day and of Melka Soda camels range from 1.05-6.0 liters per 
day depend on feed availability, season and water access.  
 
Table 4. Milking frequency of camel in Yabello and Melka Soda districts. 
 

 
 
Milking frequency 

Districts Overall 

Yabello Melka Soda 

N % N % N % 

Once in a morning  3 3.13 5 5.21 8 4.17 
Once in evening  7 7.29 11 11.46 18 9.38 
Twice per a day (morning and evening) 84 87.5 80 83.33 164 85.42 
Three times per a day (morning, mid-day 
and evening ) 

2 2.08 - - 2 1.04 

N=Number of households 

 
Selection criteria 

According to this study the traits used to select breeding camels of both sexes are 
shown in table 5. Body size/appearance, growth rate, color and libido were the 
most important traits to select breeding male camels. Male camels that have large 
body size and grow at faster rate are the most preferred by most of the 
pastoralists in both sites. Unlike for male camels, age at first calving was the most 
highly rated traits in selecting breeding female camels (37% in Yabello and 38% in 
Melka Soda). Growth rate was also considered in selecting breeding females in 
both Yabello and Melka Soda districts. Breeding programs should be geared 
towards top ranked functional traits and management practices such as better 
feeding and health should go in line with genetic improvement programs.  
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Table 5. Selection criteria to select breeding male camels and female camels as ranked by respondents 
 

Criteria for selecting male 
breeding camels 

                                                 Districts   

                 Yabello          Melka Soda 

Rank 1 Rank 2 Rank 3 Index Rank 1 Rank 2 Rank 3 Index 

Size /appearance 16 9 10 0.396 14 10 8 0.365 
Color 5 11 7 0.229 6 9 14 0.260 
Growth 11 11 14 0.359 12 12 8 0.354 
Libido 0 1 1 0.016 0 1 2 0.021 

Criteria for selecting  
female breeding camels 

Size /appearance 6 15 5 0.276 6 12 7 0.255 
Color 1 3 10 0.099 0 4 7 0.078 
Growth 7 8 12 0.255 9 9 10 0.287 
Age at first calving  18 6 5 0.370 17 7 8 0.380 

Index= sum of (3 X selection criteria ranked first + 2 X selection criteria ranked second + 1 X selection criteria ranked 
third) given for each districts divided by sum of (3 X selection criteria ranked  first + 2 X selection criteria ranked second + 
1 X selection criteria ranked third) for both district. 

 
Breeding management 

Table 6 shows the breeding management of camels in the study area. It was 
found that most of the pastoralists (64.06%) practiced uncontrolled mating 
system. The primary reasons for uncontrolled mating were mixed herding and 
tradition of sharing serving camel. They didn’t know about the negative effect of 
inbreeding and they allow a sire to mate his own mother, daughter and sister.  
 
In domestic breeding herds, usually one male is kept for many females. There is a 
strict hierarchical dominance relationship between males, established by 
competition during the mating season. The dominant male usually performs 
most of the mating (El-Amin, 1984). There was no special management for 
breeding male camels in both districts. Almost all pastoralists used one breeding 
male camels for the entire herd. The reasons put forward by respondents include 
adequacy of one breeding male camels for the entire herd, to avoid fighting, for 
improved conception, and in order to get similar types of offspring, though it is 
leading to inbreeding. Among all the respondents in both districts only 24.48% 
select the male breeding camels and also only 21.87% were select female breeding 
camels.  
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Table 6. Breeding practices of pastoralists in the study area. 

 
Breeding Management District 

Yabello M/Soda Overall 

 N % N % N % 

Selection  male breeding camels 
Yes  
No  

 
20 
76 

 
20.83 
79.17 

 
27  
69   

 
28.13 
71.88 

 
47  
145  

 
24.48 
75.52 

Selection  female breeding camels       
Yes  19 19.79 22 23.96 42 21.87 

No  77 80.21 73 76.04 150 78.13 

Mating Systems 
Controlled  

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

Partially controlled 37 38.54 32 33.33 69 35.94 
Uncontrolled 59 61.46 64 66.67 123 64.06 

If uncontrolled could be able to identify 
the sire of a Kid? 

      

Yes 14 14.58 7 7.29 21 10.94 
No 82 85.42 89 92.71 171 89.06 

Allowance of female camels to be 
served by any male camels? 

      

Yes 73 76.04 67 69.79 140 72.92 
No 23 23.96 29 30.21 52 27.08 

Allowance male camels to serve 
female camels other than own? 

      

Yes  85 88.54 87 90.63 172 89.58 
No  11 11.46  9 9.37 20 10.42 

Source of breeding male camels       
Born in the herd 55 57.29 49 51.04 104 54.17 
Purchased  6 9.38  7 7.29 13 6.77 
From neighbor 35 36.46 40 41.67 75 39.06 

N=Number of household 

 

Camel production constraints 

Major problem of camel production in the study area is indicated in table 7. 
Identifying the constraints of camel production is a base to solve the problems 
and to improve camel productivity.  
 
This study showed that feed shortage ranked first in both study districts. On the 
other hand water shortage ranked second in Melka Soda whereas it is the third 
most important constraint in Yabello district. This indicate that the intensity of 
constraints to camel production vary from districts to districts. This finding is in 
agreement with Alemayehu (2001) who stated that the major problems of camel 
production in Afar and Kereyu areas were disease, feed and water shortage. 

 



Phenotypic characterization of Camels and their production system in Oromiya Regions      

 

[41] 

Table 7.  Major constraints of camel production in the study area. 

 

 
Constraints 

District  

Yabello              Melka Soda 

Rank1  Rank2 Rank3 Index Rank1 Rank 2 Rank 3 Index 

Feed shortage 20 3 1 0.349 15 5 7 0.323 
Water shortage 3 13 15 0.260 11 8 10 0.307 
Disease 8 16 2 0.302 6 14 4 0.260 
Thief 0 0 1 0.005 0 0 1 0.005 
Conflict 1 0 11 0.073 0 4 9 0.089 
Infrastructure 0 0 2 0.011 0 1 1 0.016 

Index = sum of [ 3 for rank 1 + 2 for rank 2 + 1 for rank 3] for particular constraints divided by sum of [ 3 for rank 1 + 2 for 
rank 2 + 1 for rank 3] for all constraints 

 
Characterization of reproductive performance of camels in both districts 

As shown in the table 8 below, there was no significant difference (P>0.05) 
between the camels in both districts regarding to age at first mating for female 
camels, age at first calving and average calving interval.   
 
Age at first calving was 62.03 ± 5.80 months (5.17 years) and 63.10±5.76 months  
for Yabello and Melka Soda camels, respectively. This study shows the longer age 
at first calving than Tefera and Gebreah (2001) who reported 5 years. The mean 
calving interval was 23.03±2.59 months for Yabello camels and 23.78±3.23 months 
for Melka Soda camels. The present study for age at first calving is shorter than 
the study undertaken by Simenew et al., (2013) who reported those 63.15±6.78 
months for Afar camels. 
 
Table 8. Reproductive performance of camels in both districts. 

 
Reproductive traits Yabello Melka Soda Overall Test 

Mean ± SD Mean ± SD Mean ± SD  

Age at first mating for male 
(month) 

65.60 ± 6.18a 
 

66.84±6.52b 
 

66.22±6.46 *** 

Age at first mating for female 
(month) 

49.49±5.65 50.13±5.63 49.81±5.83 ns 

Age at first calving (month) 62.03 ± 5.80 63.10 ± 5.76 62.57±5.95 ns 
Reproductive life span of male 
camels (month) 

282.40 ± 28.88b 279.42±29.96a 280.91±30.69 *** 

Reproductive life span of  female 
camels (month) 

270.95 ± 27.63b 263.95±31.75a 267.45±30.79 *** 

Avg calves per camel (number) 10.39 ± 2.09b 9.71±2.29a 10.05±2.29 *** 

Avg calving interval 23.03±2.59 23.78±3.23 23.41±2.95 ns 

Ns = Non-significant (P > 0.05);*P < 0.05; SD = standard deviation; Avg=Average 
 

Phenotypic characterization of Camels in both districts 
 
Morphological traits 

The major qualitative traits of the Yabello and Melka Soda camels are presented 
in Table 9. The most observed coat color patterns in both study sites particularly 
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for females were plain coat color (93.50% in Yabello and 96.83% in Melka Soda). 
Dark brown coat color is dominant in Yabello for both sexes (30.37% for male and 
52.03% for female.  
 
The chi-squasre test  for assumption of equal proportion of categorical variables n 
both Yabello and Melka Soda sample camels indicated that among the variables 
considered in this study; coat color pattern, coat color type, hair type, ear 
orientation, face profile and lip shape were found to significantly (P<0.05) differ 
for their attributes. However, nose shape was not significantly (P>0.05) different 
for both attributes (almost similar proportion of camels with flat and concave 
shaped nose) across both districts. More of the camels in the study area had plain 
coat pattern (95.0%), dark brown coat color (50.33%, rough hair type (67.0%), 
erect ear orientation (82.0%), straight face (68.00%), and pendulous lip (81.33%). 
 
Live body weight and linear body measurements 

Information on live body weight and linear body measurements of the existing 
breed types has mandatory role in the selection programs. The body weight and 
linear body measurements for Yabello and Melka Soda camels at different ages 
are presented in Table 10.  
 
District effect 

District had significant effect (P<0.05) on quantitative variables; face length, heart 
girth, barrel girth, body weight, hip width and hump circumference. For heart 
girth, barrel girth, body weight, hip width and hump circumference, camels in 
Yabello district had significantly lower value (P<0.05) than camels in Melka Soda 
district. Heart girth, barrel girth and body weight were 202.22±0.83cm, 
224.78±0.83cm and 423.10±4.23kg for Yabello and 210.81±0.86cm, 233.55±0.79cm 
and 459.94±4.48kg for Melka Soda district respectively. The measurements of 
Yabello camels not congruent with the result of Yosef et al., (2014) who reported 
that 207.12±0.94cm for heart girth of Hoor camels and 440.44±7.27kg for weight of 
Jigjiga camels but heart girth of Melka Soda camels was similar result reported in 
Yosef et al., (2014) 211.20±1.36cm for Gelleb camels.    
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Table 9. Summary of the qualitative traits of camels in both districts. 
 

Character  Attribute     Yabello    Melka Soda   

                  Sex       Sex   

Male Female Male Female Overall 

N (%) N (%) N (%) N (%) N (%) 

Coat color 
pattern  

   Plain 26(96.30) 115(93.50) 22(91.67) 122(96.83) 285 (95.00)b 
   Patchy 1 (3.70) 8 (6.50) 2 (8.33) 4 (3.17) 15 (5.00)a 

X2      243.00* 

Coat color 
type 

Dark brown 19(30.37) 64 (52.03) 8 (33.33) 60 (47.62) 151 (50.33)c 
Golden  1 (3.70) 15 (12.20) 3 (12.50) 17 (13.49) 36 (12.00)a 
Whitish  7 (25.93) 44 (35.77) 13(54.17) 49 (38.89) 113 (37.67)b 

X2      68.66* 

Hair type   smooth  6 (22.22) 41 (33.33) 10(41.67) 42 (33.33) 99 (33.00)a 
   rough  21(77.78) 82 (66.67) 14(58.33) 84 (66.67) 201 (67.00)b 

X2      34.68* 

Face profile Straight   12(44.44) 80 (65.04) 17(70.83) 95 (75.40) 204 (68.00)b 
Convex 17(55.56) 43 (34.96) 7 (29.17) 31 (24.60) 96 (32.00)a 

X2      38.88* 

Nose shape Flat 13 (48.15) 51 (41.46) 13 (54.17) 72 (57.14) 149 (49.67) 

 Concave 14 (51.85) 72 (58.54) 11 (45.83) 54 (42.86) 151 (50.33) 

X2      0.01NS 

Ear 
orientation 

erect 22 (81.48) 100(81.30) 19 (79.17) 105(83.33) 246(82.00)c 

 S/P 2 (7.41) 7 (5.69) 1 (4.17) 5 (3.97) 15 (5.00)a 

 Horizontal 3 (11.11) 16 (13.01) 4 (16.67) 16 (12.70) 39 (13.00)b 

X2      322.62* 

Lip shape Pendulous 23 (85.19) 102(82.93) 18 (75.00) 101 (80.16) 244 (81.33)b 
tight 4 (14.81) 21 (17.07) 6 (25.00) 25 (19.84) 56 (18.67)a 

X2      117.81* 

N=number of households; Ns=non-significant;*P<0.05, S/P = semi-pendulous 

 
The wide hip and heavy weight exhibited by Melka Soda camel populations 
show their potential for meat production. This result is in agreement with Abebe 
(1991) who reported that Gelleb and Liben camels have a greater potential in 
terms of meat production with wide chest and hip and heavy weight.  
 
Sex effect  

The least square means for the effect of sex had significant effect (P<0.05) on body 
length, forelimb length, hind limb length, wither height, heart girth, barrel girth, 
body weight, chest width, tail length, hump circumference, hump length, fore 
hoof circumference and hind hoof circumference whereas the remaining were not 
significantly (P>0.05) affected by sex. Male camels were consistently higher than 
female camels in all significantly affected variables except hump circumference 
and hump length (Table10). 
 
The presence of significant differences in 13 of 18 measured linear body 
measurements between male and female camels suggests the existence of sexual 
dimorphism in camels. Likewise, Yohannes et al., (2007) repotted the existence of 
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sexual dimorphism in Jigjiga camels. This result is also in agreement with 
findings of Mehari et al., (2007) who stated that there is quite distinctive sexual 
dimorphism in camels, i.e. the male camel is usually taller and of heavier in 
weight than those of the female. The higher values of the measured traits of male 
camels might be attributed to physiological induces and activities in the different 
sexes.  
 
Age effect 

Body weight and all the body measurements were significantly (P<0.05) affected 
by age group. All the body weight and body measurements were increased as the 
age increased from the younger to the older age. The results of this study showed 
that the age of camel had a significant effect on the linear body measurements. 
This result is in agreement with finding of Ishag et al., (2011) who stated that the 
age of camel had a significant effect on the phenotypic measurements.  
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Table 10. Least squares Means (± S.E.) for Body Weight (kg), and Linear body measurements (cm) as affected by district, sex, age group and their interactions 

Effect and 
level 

N EL BL FlL HlL FL WH HG BG BW HW CW CD NL TL HC HL FHc HHc 

  LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE 

Overall 300 10.55± .27 133.09±2.02 146.52±1.92 181.23±1.59 35.57±1.07 185.20±1.56 206.90±2.12 229.16±1.96 441±9.98 38.40±0.66 37.72±0.5
8 

51.88±1.50 115.95±1.60 1.61±0.98 116.98±1.49 27.22±0.79 60.43±0.93 52.89±1.10 

CV%  11.15 6.68 5.78 3.86 13.11 3.72 4.51 3.77 9.96 7.53 6.75 12.69 6.08 8.35 5.60 12.58 6.77 9.14 

R2  .34 .31 .30 .32 .16 .38 .29 .37 .40 .17 .36 .15 .17 .13 .22 .34 .30 .23 

District  NS NS NS   NS * NS *  *   *  * NS NS NS NS * NS NS NS 

Yabello 150 10.53±.11 133.17±.87 146.19±.86 181.20±.66 36.06±.42b 184.66±.72 202.98±.83a 224.78±.83a 423.10±4.23a 37.63±.23a 37.63±.27 51.12±.60 115.63±.53 51.36±.42 115.85±.56a 27.19±.35 60.32±.40 53.18±.48 

M/S 150 10.56±.12 133.01±.87 146.84±.78 181.25±.72 35.01±.40a 185.74±.69 210.81±.86b 233.55±.79b 459.94±4.48b 39.17±.26b 37.81±.23 52.64±.56 115.27±.71 51.85±.32 118.11±.63b 27.26±.34 60.54±.38 52.59±.42 

Sex   NS * * * NS * * * * NS * NS NS * * * * * 

Male  51 10.68±.17 136.98±1.32b 153.34±1.22b 188.30±1.02b 36.59±.68 195.37±.99b 212.20±1.35b 235.27±1.25b 488.99±6.37b 38.83±.42 40.78±.38b 53.24±.95 115.34±1.03 52.94±.62b 114.32±.95a 22.68±.50a 64.77±.59b 56.50±.70b 

Female  249 10.54±.08 132.66±.56a 145.32±.54a 179.91±.44a 35.52±.30 183.26±.44a 206.00±.59a 228.12±.54a 433.00±2.79a 38.35±.02 37.13±.16a 51.75±.42 116.16±.45 51.42±.27a 117.61±0.42b 28.15±.22b 59.60±.26a 52.24±.31a 

Age group   * * * * * * * * * * * * * * * * * * 

>5 yrs 144 11.32±.34b 141.22±1.09b 153.98±1.04b 187.50±.86b 38.43±.57b 192.41±.86b 213.02±1.15b 236.04±1.06b 485.37±5.42b 39.50±.36b 39.98±.31b 55.23±.81b 118.29±.87b 53.90±.53b 118.51±.81b 26.17±.42b 63.76±.50b 56.43±.60b 

<5 yrs 156 9.91± .14a 128.42±.88a 144.69±.84a 180.71±.69a 33.69±.46a 186.22±.68a 205.17±.93a 227.35±.86a 436.61±4.36a 37.68±0.30a 37.93±.25a 49.77±.65a 113.20±.70a 50.47±.43a 113.42±.65a 24.66±.34a 60.60±.41a 52.31±.48a 

Effect and 
level 

N EL BL FlL HlL FL WH HG BG BW HW CW CD NL TL HC HL FHc HHc 

  LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE 

Sex by age   NS NS NS NS * NS NS NS NS NS NS NS NS NS NS * NS NS 

Male, >5 yrs 19 11.43±.11 144.33±2.04 157.62±1.94 191.15±1.60 39.82±1.07c 198.39±1.58 215.95±2.14 239.56±1.9 513.86±10.0
9a 

39.59±.66 41.52±.58 56.23±1.51 117.14±1.62 54.83±.99 116.26±1.50 26.70±.31b 65.99±.99 58.38±1.11 

Female, >5 
yrs  

125 11.21±.27 129.63±1.57 149.07±1.50 185.44±1.23 37.05±.42b 192.35±1.22 210.10±.83 232.51±.77 464.12±7.78
b 

38.06±.51 40.04±.45 54.23±.59 119.44±.63 52.96±.39 120.76±.59 29.60±.31c 63.55±.72 54.62±.85 

Male, < 5 yrs  32 10.12±.21 138.11±.80 150.34±.76 183.85±.63 34.00±.42a 186.43±.62 208.45±1.65 230.98±1.53 456.89±3.93
b 

39.41±.26 38.44±.23 50.24±1.17 112.87±.63 51.06±.76 112.38±1.16 22.63±.61a 61.53±.37 54.48±.43 

Female, 
<5yrs 

124 9.66±.11 127.20±.80 140.31±.76 175.98±.63 33.37±.82a 180.09±.62 201.88±.84 223.73±.78 409.11±3.95
c 

37.29±.26 35.81±.23 49.27±.59 113.53±1.24 49.89±.39 114.47±.59 22.74±.79a 57.66±.37 49.99±.43 

Age by 
district 

 NS NS NS * NS NS NS NS NS * * NS NS NS NS NS NS NS 

>5yrs, 
Yabello 

70 11.45±.16 140.03±1.18 153.98±1.12 186.84±.92b 37.85±.62 192.32±.91 211.32±1.23 231.07±1.14 463.13±5.82
b 

38.50±.38b 40.86±.33d 54.17±.87 117.99±.93 53.74±.57 117.07±.86 26.63±.46 63.89±.54 56.79±.64 

>5yrs, M/S 74 11.51±.15 140.66±1.15 154.63±1.09 188.99±.89c 37.45±.61 192.69±.89 217.94±1.20 241.02±1.11 506.36±5.67
b 

40.73±.37c 39.85±.32c 55.82±.85 119.84±.91 53.76±.56 120.92±.84 26.93±.45 64.27±.53 56.38±.62 

<5yrs, 
Yabello 

80 9.85±.14 129.50±1.10 144.29±1.01 181.37±.83a 34.90±.56 185.26±.82 202.03±1.11 223.55±1.03 421.38±5.24
a 

37.12±.34a 37.25±.30a 49.28±.78 113.23±.84 50.15±.51 112.92±.78 24.56±.41 60.39±.49 52.62±.58 

<5yrs, M/S 76 9.78±.15 128.16±1.11 144.74±1.10 179.44±.86ba 33.23±.59 187.15±.86 205.04±1.15 231.05±1.07
c 

451.99±5.47 38.00±.36ab 38.39±.31b 50.46±.82 112.42±.88 50.97±.54 113.28±.81 24.10±.43 60.48±.51 51.82±.60 

a,b,cmeans on the same column with  different superscripts within the specified age group are significantly different (P<0.05); Ns = Non-  significant (P>0.05); BW = Body weight; BL = Body Length; HG = Heart Girth; BG= Barrel girth; WH = Wither height; FlL= Forelimb length; HlL= Hindlimb length; FL= Face length;  EL = Ear Length; TL 
= Tail Length; HW= Hip width; CW= Chest width; CD= Chest depth; NL= Neck length; HC= Hump circumference; HL= Hump length; FHc= Fore hump circumference; HHc= Hind hump circumference; yrs= years 
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Correlation between body weight and linear body measurements 

The Pearson's correlation coefficient among quantitative variables for all age 
group of male and female camels is presented in Table 11. Body weight was 
significantly (P<0.05) correlated with all continuous traits of both male and 
female camels considered in this study except neck length, hump length, fore 
hoof circumference and hind hoof circumference in male camels.  
 
In male sample populations of linear body measurements, heart girth and barrel 
girth had strong positive correlation (r= 0.93) with body weight followed by 
wither height (r=0.81).The strong positive and significant correlation of body 
weight with barrel girth and heart girth suggest that these variables could 
provide a good estimate in predicting live weight for the population.  
 
In female sample camels body weight had strong positive and significant (P<0.05) 
correlation with heart girth (r=0.95) followed by barrel girth (r=0.93) and this 
indicates that heart girth could provide a good estimate in predicting live weight 
than other variables.  
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Table 11. Correlation coefficients among body measurements and weight of males and females of Yabello and Melka Soda camels (values above the diagonal are for males and below the diagonal are for females) (N= 51 for male; N= 249 
for females) 

 
 EL BL FlL HlL FL WH HG BG BW HW CW CD NL TL HC HL FHc HHc 

EL  0.44* 0. 044*.53* 0.29* 0.44* 0.37* 0.37* 0.44* 0.34* 0.36* 0.20ns 0.34* 0.30* 0.44* 0.23ns 0.42* 0.43* 

BL 0.50*  0.69* 0.64* 0.62* 0.63* 0.59* 0.45* 0.62* 0.41* 0.33* 0.62* 0.52* 0.42* 0.36* 0.01ns 0.48* 0.46* 

FlL 0.54* 0.89*  0.66* 0.54* 0.62* 0.61* 0.53* 0.64* 0.34* 0.44* 0.34* 0.37* 0.40* 0.38* 0.36* 0.39* 0.50* 

HlL 0.61* 0.72* 0.76*  0.57* 0.53* 0.60* 0.46* 0.59* 0.43* 0.35* 0.36* 0.41* 0.33* 0.41* 0.20ns 0.43* 0.42* 

FL 0.34* 0.56* 0.63* 0.52*  0.43* 0.57* 0.35* 0.51* 0.34* 0.27ns 0.34* 0.49* 0.25ns 0.14ns 0.21ns 0.39* 0.33* 

WH 0.52* 0.68* 0.70* 0.73* 0.50*  0.65* 0.61* 0.81* 0.43* 0.42* 0.42* 0.19ns 0.31* 0.53* 0.08ns 0.25ns 0.29ns 

HG 0.40* 0.63* 0.63* 0.62* 0.40* 0.65*  0.84* 0.93* 0.54* 0.45* 0.39* 0.25ns 0.40* 0.61* 0.18ns 0.24ns 0.13ns 

BG 0.42* 0.63* 0.64* 0.64* 0.40* 0.62* 0.89*  0.93* 0.52* 0.44* 0.40* 0.16* 0.40* 0.63* 0.15ns 0.20ns 0.07ns 

BW 0.48* 0.70* 0.71* 0.71* 0.47* 0.80* 0.95* 0.93*  0.57* 0.46* 0.45* 0.24ns 0.41* 0.66* 0.15ns 0.25ns 0.17ns 

HW 0.33* 0.33* 0.40* 0.46* 0.23* 0.40* 0.45* 0.47* 0.48*  0.32* 0.44* 0.46* 0.41* 0.45* -0.15ns 0.27ns 0.10ns 

CW 0.40* 0.44* 0.48* 0.49* 0.31* 0.46* 0.36* 0.37* 0.43* 0.38*  0.35* 0.18ns 0.44* 0.32* 0.23ns 0.45* 0.27ns 

CD 0.33* 0.63* 0.57* 0.50* 0.44* 0.56* 0.59* 0.57* 0.63* 0.33* 0.37*  0.37* 0.39* 0.34* -0.20ns 0.42* 0.35* 

NL 0.49* 0.61* 0.68* 0.67* 0.53* 0.57* 0.53* 0.55* 0.59* 0.48* 0.43* 0.47*  0.37* 0.35* -0.06ns 0.51* 0.24* 

TL 0.42* 0.57* 0.58* 0.61* 0.41* 0.52* 0.50* 0.50* 0.55* 0.40* 0.45* 0.57* 0.50*  0.38* -0.06ns 0.36* 0.09ns 

HC 0.50* 0.66* 0.70* 0.73* 0.45* 0.66* 0.67* 0.68* 0.73* 0.46* 0.38* 0.57* 0.66* 0.54*  -0.12ns 0.29* 0.04ns 

HL 0.49* 0.44* 0.50* 0.58* 0.37* 0.47* 0.44* 0.48* 0.50* 0.39* 0.34* 0.39* 0.48* 0.43* 0.65*  0.02ns 0.29* 

FHc 0.47* 0.48* 0.60* 0.60* 0.35* 0.53* 0.58* 0.58* 0.61* 0.36* 0.39* 0.51* 0.45* 0.50* 0.61* 0.50*  0.52* 

HHc 0.50* 0.59* 0.60* 0.58* 0.43* 0.57* 0.52* 0.52* 0.57* 0.33* 0.34* 0.45* 0.48* 0.42* 0.56* 0.45* 0.79*  

NS= Non-significant (P<0.05); * significant at 0.05 level; BW = Body weight; BL = Body Length; HG = Heart Girth; BG= Barrel girth; WH = Wither height; FlL= Forelimb length; HlL= Hindlimb length; FL= Face length;  EL = Ear Length; TL = 

Tail Length; HW= Hip width; CW= Chest width; CD= Chest depth; NL= Neck length; HC= Hump circumference; HL= Hump length; FHc= Fore hump circumference; HHc= Hind hump circumference 
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Conclusions and Recommendation 
 
The basic tool for improving camel production and productivity is improving the 
genetic makeup of the animal. In order to make this successful, identification, 
characterization and documentation of the existing camels and their production 
system has paramount importance.  
 
There has to be extensive study to evaluate the reproductive and production 
performances of camel breeds of the country, so that the outcomes will suggest 
which breeds should be kept for what purposes as to the demand of the society 
and for the national economy. Breeding management should be improved and 
proper records should be kept of births, mating and possibly of production and 
awareness creation among pastoralists. 
 
The wide hip and heavy weight exhibited by Melka Soda camel populations 
show their potential for meat production. But camels in Yabello have had 
potential for milk. 
 
The attention should be given to exploit the performance of camels based on their 
specialization to fulfill the current demand of camel and camel by-products in the 
Borena and also in different parts of the country. The present study can be used 
to understand the camel resources of the Borena for future genetic improvement 
and conservation actions. 
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አህፅርኦት 
 

ማንኛውም አፈር የአካባቢ ሁኔታዎች  በአሇት ሊይ በሚፈጥሩት መጠነ-ሰፊ የተቀናጀ ተፅዕኖ ውጠት በመሆኑ በዓሇማችን 
ሊይ በሺህ የሚቆጠሩ የአፈር ዓይነቶች ይኖራለ፡፡ የአፈር አፈጣጠር ጥናት  ዯግሞ ይኼንን እጅግ ስፋት ያሇውን መረጃ 
አቀናጅቶ ሥርዓት በማስያዝ ሇአፈር ጥናትና ስያሜ አሰጣጥ ያግዛሌ፡፡ በዚህም መሰረት በቁለምሳ ወንዝ ተፋሰስ ሊይ በባሇ 
1፡50000 ሚዛን የአካባቢውን የገፀ-ምድር  ካርታን መነሻ በማድረግ በተዯረገው የመስክ ጥናት 19 የአፈር ጥናት ናሙና 
መውሰጃ ሥፍራዎች ተሇይተውና የጥናት ጉድጓዶች ተቆፍረው የአፈር ናሙናዎችን በመውሰድና በሊቦራቶሪ በመመርመር 
የአፈር አፈጣጠር ጥናት ተካሂዶ 10 የአፈር ዓይነቶችን በመሇየት ከመሬት የከፍታ  ሌዩነትና ከባህሊዊ የአየር ሁኔታ 
አመዳዯብ ጋር ያሊቸው ተፈጥሯዊ ግንኙነት ተጠንቷሌ፡፡ የጥናቱ ዉጤት እንዯሚያመሇክተዉ የአፈር ዕድገት፣ የመታጠብ 
ዯረጃ  እና አሲዳማነት ከመሬት ከፍታ ጋር የሚጨምሩ ከመሆናቸው አንፃር በጣም ዝቅተኛ የመታጠብ ዯረጃና በጣም 
ከፍተኛ አሌካሉንነት ያሊቸዉ ካስተኖምስ የሚባለ የአፈር ዓይነቶች በዝቅተኛ ወይናዯጋ የአየር ሁኔታ አካባቢ በስምጥ 
ሸሇቆ ውስጥና በድምበሩ አካባቢ እንዯሚገኙና በተቃራኒው በጣም ከፍተኛ የመታጠብ ዯረጃና በጣም ከፍተኛ አሲዳማነት 
ያሊቸው ኡምብሪዞሌ  የሚባለ የአፈር ዓይነቶች በከፍተኛ ውርጭ አካባቢ በጭሊል ተራራ ሊይ መኖራቸው ታውቋሌ፡፡ 

በጣም ከፍተኛ የመታጠብ ዯረጃና በጣም ከፍተኛ አሲዳማነት (pH 5.15) ያሊቸው የአፈር ዓይነቶች በከፍተኛ የጭሊል 
ተራራ አካባቢዎች ቢኖሩም የእነዚህ ከፍተኛ ቦታዎች የአፈር አፈጣጠር ሂዯት ግን ከፍተኛ የአፈር ማዕድናት መብሊሊትን 
ማስከተሌ ባሇመቻለ ዝቅተኛ የአሲዳማነት ዯረጃ ባሊቸው አፈሮች ውስጥ በብዛት የሚገኙ የአፈር ማዕድናት በብዛት 
የሚገኙባቸው መሆኑ ታውቋሌ፡፡ ይኼውም ሇማዕድናት መብሊሊት ከፍተኛ አስተዋፅዖ የሚያዯርገው ሙቀት ከመሬት 
ከፍታ መጨመር ጋር የሚቀንስ ከመሆኑ አንፃር የተከሰተ መሆኑ ይገመታሌ፡፡ በሁሇቱ ተቃራኒ የመሬት ከፍታ ስፍራዎች 
(ዝቅተኛ ወይናዯጋና ከፍተኛ ውርጭ) መካከሌ በሚገኙ አካባቢዎች፣ በመካከሇኛ ወይናዯጋ ቸርኖምና ለቪዞሌ፣ 
በከፍተኛ ወይናዯጋ ፕሊኖዞሌና ቨርቲዞሌ፣ በዝቅተኛ ዯጋ ቨርቲዞሌና ለቪዞሌ፣ በመሃከሇኛ ዯጋ ሬቲዞሌስ እና በከፍተኛ ዯጋ 
ዯግሞ አሉዞሌ የተባለ የአፈር ዓይነቶች በቅዯም ተከተሌ ከዝቅተኛ ወዯ ከፍተኛ አካባቢ ተገኝተዋሌ፡፡ በአጠቃሊይ፣ ከዚህ 
ጥናት ሇመረዳት እንዯተቻሇው በE.2.03 ዓይነት የዝናብ ስብጥር ክሌሌ ውስጥ የአፈር አፈጣጠርና ዕድገት ሁኔታ 
ከባህሊዊው የኢትዮጵያ አርሶአዯሮች የአየር ሁኔታ አመዳዯብ ጋር የሚጣጣም ሆኖ ተገኝቷሌ፡፡ ቢሆንም፣ የበሇጠ 
አስተማማኝ መዯምዯሚያ ሊይ ሇመድረስ ላልች የዝናብ ስብጥር ክሌልችን አቀፍ የሆነ ጠሇቅ ያሇ ጥናት ሉካሄድ ይገባሌ፡፡   

 

Abstract 
 

Any particular soil results from the integrated action of soil-forming factors that occur in 
different kinds and degrees of expression that can be combined in many different ways; so 
that each combination produces a different soil with its unique properties resulting in the 
existence of thousands of different soils on earth. Soil genesis brings order to this 
overwhelming variety of soils aiding their classification. Soils of Kulumsa sub-watershed 
were surveyed and 19 representative profile locations identified, described, and sampled 
based on observable site and soil characteristics such as slope, topographic position, 
vegetation, topsoil color, texture, etc. using a topographic map of 1:50,000 scale as a base 
map through free survey along altitudinal and latitudinal transects. The sampled 19 pedons 
were categorized into 10 Reference Soil Groups through pedogenetic assessment; and the 
relationship of the overall pedogenesis and spatial distribution of the soil groups to altitude 
and the traditional agro-climates were examined. The pedogenetic assessment of the soils 
revealed that the degree of weathering and leaching increased with increasing altitude. 
Accordingly, the least leached and most alkaline Kastanozems in the Lower-Woina-Dega 
(1800-2100 masl) within the “rift valley” and its border escarpment areas, and the most 
leached and most acidic Umbrisol in the High-Wurch (>3700 masl) agro-climatic belt on 
Mount Chillallo, were identified. Even though there were acidic soils with pH as low as 
5.15 and very strongly leached profile, the chemical weathering processes appeared to be not 
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so intensive when evaluated in terms of their clay mineralogy. The acidic soil profile 
condition of these high altitude areas seemed not to be in a position to cause an advanced 
weathering of the high-activity clay minerals, so that they still dominated the clay fraction 
of the soils. In relation to the traditional agro-climates, from the lowest towards the highest 
elevation within the study area, the least leached Kastanozems in the Lower-Woina-Dega, 
Chernozems and Luvisols in the Proper-Woina-Dega (2100-2250 masl), Planosols and 
Vertisols in the Upper-Woina-Dega (2250-2400) to Lower-Dega (2400-2550 
masl),Vertisols and Luvisols in Lower-Dega, Retisols in the Dega-Proper (2550-3000 
masl), Umbric Alisols in the Upper-Dega (3000-3200 masl) and Hyperdystric Umbrisols in 
the High-Wurch (>3700 masl) agro-climatic belt, were the dominant soil groups. In 
inference, the results of the pedogenetic assessment denoted that the trend in pedogenesis 
and the spatial distribution of the soil groups was generally in concurrence with the 
traditional agro-climatic classification used by the Ethiopian farmers in the E.2.03-type 
Rainfall Pattern Region of the Arsi-Highlands. However, this needs more detailed 
investigations that include the other Rainfall Pattern Regions of Arsi and of the country as 
well for more reliable conclusion. 
 

 Introduction 
 
Soil genesis as a natural phenomenon, is the process of forming a soil from a 
parent material through a combined effect of the soil forming factors. This 
includes reducing the size of the parent material particles and rearranging them, 
alteration and decomposition of the minerals of the parent material, synthesis of 
newer minerals and other substances from the decomposition products and their 
translocation, incorporation and humification of organic matter and eventually 
forming the soil horizons (Singer and Munns, 2002). A particular combination of 
the soil-forming factors gives rise to a set of certain soil forming processes that 
lead to the development of a particular soil. Any soil results from the integrated 
action of these factors that occur in different kinds and degrees of expression that 
can be combined in many different ways; whereby each combination produces a 
different soil with its unique properties resulting in the existence of thousands of 
different soils on earth (Van Breemen and Buurman, 1998; Brady and Weil, 2014). 
Dealing with soil genesis brings order to this overwhelming variety of soils and 
aids their classification thereby linking the field of soil science to other scientific 
disciplines (Van Breemen and Buurman, 1998; SSS, 1999; SSDS, 2000). Varied 
combinations of the soil forming factors lead to specific sets of soil forming 
processes that bring about change in soil properties and hence soils are found to 
be the same wherever all the elements of the soil forming factors and the 
respective soil forming processes are the same. Hence,  scientific predictions of 
the locations of different kinds of soils and their use potentials on earth is 
possible, though it is rarely likely to find groups of soils in which all factors are 
similar (SSDS, 2000).  
 
Regarding the Ethiopian conditions, coupled with great variations in the age and 
character of the parent materials, the diverse physiography and climate have led 
to extremely varied vegetation and land-use; and as a consequence of the 
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variability in terms of place and time, a wide diversity of soils have been 
developed (Mesfin, 1998). According to Mishra et al. (2004), regarding the genesis, 
classification, potential fertility, and productivity, the soils of Ethiopia are 
generally unique in their characteristics and Ethiopia can be considered as the 
land of “Soil Museum” where different soil orders except the Gelisols of the US 
Soil Taxonomy in varying frequencies occur, depending upon the existing 
physiographic and agro-ecological differences. According to Hurni et al. (2007) 
climatic, geologic and topographic variabilities under Ethiopian conditions 
encourage the formation of different soil types as these factors trigger the 
abundance and intensity of soil building processes. Due to the heterogeneity of 
the soil forming factors and processes, different types of soils in different stages 
of development exist; and this holds true for the present study area (Kulumsa 
Subwatershed) that has also great environmental diversity.  
 
In developing countries like Ethiopia with strong environmental diversity and 
where agriculture is the mainstay of their economy, the future productivity and 
sustainability of the agricultural production depends on a comprehensive study 
based wise use of the natural resources that include the mosaic of soils. 
Moreover, in the Ethiopian context, agricultural land resource management can 
be better addressed by tackling the problems at the watershed or subwatershed 
level, since each has its own specific physical and socio-economic dimensions 
(Mohammed, 2003). According to Klaij and Abiye (2001) and Lakew et al. (2005), 
a watershed is a geographical unit of a stream system from which runoff is 
discharged through a common confluence, being separated from its neighboring 
areas by a ridge called divide. It has a hierarchical relationship with its smaller 
watershed units and hence can be divided into smaller and smaller sub-
watersheds drained by natural streams or artificial drains; which could be 
observed also by the Arsi highlands dissected through many large and small 
streams including Kulumsa River. The Arsi highlands by virtue of their 
agriculturally favorable environmental conditions have been the center of 
attraction for several agricultural development organizations that need site-
specific comprehensive information on the natural resources, especially on the 
soils. However, not so much attention has been paid in the past particularly to 
detailed soil genesis studies, despite the fact that a research into these aspects 
would create the opportunity to understand and solve site-specific problems 
pertaining to the use and management of the major land resource, the soil 
(Mitiku, 1987; Mesfin, 2006). Moreover, it seems to be crucial to review the efforts 
made by the Ethiopian farmers since long to classify their altitudinally varied 
production environments in terms of elevation and temperature relationship as 
traditional agro-climates, in relation to pedogenetic aspects since a scientific 
progress made in this direction may enhance the efficiency of agricultural 
extension and research. Dealing with the genesis of the soils of the study area as 
part of the Arsi highlands, was found to be of paramount importance to have a 
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detailed knowledge on their intrinsic properties related to agricultural 
production potentials, limitations and the respective management options. It was 
in line with this premise that a soil genesis study was initiated and carried out in 
the physiographically and climatically diversified Kulumsa sub-watershed as 
part of the Arsi highlands within the southeastern highlands of Ethiopia, with 
due consideration to the traditional agro-climatic classification of Ethiopian 
farmers. 
 

Materials and Methods 
 

Description of the study area 

The study area, Kulumsa sub-watershed (as part of Ketar River watershed), is 
located in Oromia Regional State in Arsi Administrative Zone at about 168 km  
southeast of Addis Ababa and at about 6 km  north of Assela town (the capital of 
Arsi Zone). Its geographical extent is from 07⁰ 54'16.0" to 08⁰ 02' 17.1" N and from 
039⁰ 07' 29.7" to 039⁰ 15' 54.0" E (Figure 1) with an altitude ranging from 1810 to 
4005 masl and has the total area of 70025.16 ha. The sub-watershed starts at the 
eastern summit of Mount Chillallo and ends in the “Main Ethiopian Rift Valley”, 
where the Gonde river joins Kulumsa river to form the Deneba river (after the 
junction) that joins the Ketar River (the largest river in Arsi Zone) within the “rift 
valley”. Kulumsa sub-watershed encompasses areas of four woredas, namely 
Tiyo, Hetosa, Lode-Hetosa and Digelu and Tijo, though its major part is found in 
Tiyo woreda that includes Assela town and Kulumsa Agricultural Research 
Center.  
 
The soils pedogenetically assessed 

The soils pedogenetically assessed were those pedons identified through the soil 
survey conducted within Kulumsa sub-watershed, in order to produce basic data 
as a basis for an interpretation for various kinds of present and future uses 
including some which may not be anticipated now. The soils were surveyed, 
described and sampled for the subsequent laboratory analysis based on the 
topographic map of 1:50,000 scale as a base map using free survey along two 
transects (altitudinal and latitudinal). The altitudinal transect was from northwest 
towards southeast from the lowest to the highest elevation (1810-4000 masl), and 
the latitudinal transect was from north towards the south that had also altitudinal 
variation that increased southwards, so that the spatial variations that may result 
from the physiographic diversity could be assessed in all direction. Based on the 
observable and measureable surface expressions of the environmental factors 
such as topographic position, slope, vegetation and topsoil characteristics like 
color, texture, consistence, etc. and laboratory analysis results, about 19 pedons 
and 10 Reference Soil Groups of the FAO/IUSS-WRB (2015), which were 
presumed to be representative for the respective landscape portions were 
identified and sampled (Table 1).  
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Figure 1. Location of the study area in Arsi Zone, Oromia Region and Ethiopia 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Master horizons, their vertical subdivisions (sub-horizons) sampled and total profile depth   
 

Profile no Altitude 
(m) 

Master 
horizons 

Transition 
horizons 

Vertical  
Sub-divisions  

Average profiles 
depth (m) 

Total    
sub-horizons  

KS 01 2290 A, B BA, BC Ah, A1, A2, BA, Bss1, Bkss2, BCkss 200+ 7 

KS 02 2050 A, B, C BC Ah, A1, BAt, Btk1, Btk2, BCtk, Ck 200+ 7 

KS 03 2110 A, B BA Ah, A1, A2, BAk, Bwk1, Bw2 200+ 6 

KS 04 2345 A, B, R AE, BA Ah, AE, BAt, Btss1, Btss2, BCr 200+ 6+Rs 

KS 05 2050 A, B, R BA, BC Ah, A1, Bt1, Bt2, BCr 123+ 5+Rs 

KS 06 2110 A, B, R BA, BC Ah, A1, BAt, Bt1, Bt2, BCtrk 126+ 6+Rs 

KS 07 2150 A, B, C, R B/C Ap, A1, Bt, B/Ctk, Cr 200+ 5+Rs 

KS 08 2080 A, B, C, R BA, BC Ap, A1, BAt, Bt1, B2, BCk, Crk 172+ 7+Rs 

KS 09 2190 A, B, C BA, BC Ah, A1, BAt, Bt1, B2, BCk, Ck 200+ 7 

KS 10 1950 A, B, C, R BA, BC Ah, A1, BAt, Bt1, Bk2, BCk, Crk 200+ 7+Rs 

KS 11 1980 A, C, R AC Ah, AC, Cr  62 3+Rs 

KS 12 2345 A, B EA, B/E Ah, EA, B/Et, Btss1 Btss2 200+ 5 

KS 13 2470 A, B, R A/E, BC Ah, A/E, Btss1, Btssg2, B/Ctrg 181+ 5+Rs 

KS 14 2340 A, B, C BC Ap, A1, Bw1, Bw2, BC, C 200+ 6 

KS 15 2650 A, B BE, BC Ah, A1, BEt, Bt1, Bt2, BC 200+ 6 

KS 16 2965 A, R A/C Ah, A1, A/Ctr    83+ 3 

KS 17 2790 A, B BE Ah, A1, BEt, Bt1, B2 200+ 5 

KS 18 3100 A,  B, R B/C Ah, A1, Bt1, B/Ctr 113+ 4 

KS 19 3800 A, R AC Ah, A1, ACr  55 3 

 _____ ________ __________   
___________ 

Total number of horizons sampled ____ 103 

       Rs = Rock sample taken for petrographic analysis. 
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Site selection, environmental, profile description, and soil sampling 

In order to determine the soil sampling sites that represent relatively 
homogeneous environmental conditions (landscape topography, vegetation, land 
use and surface soil characteristics such as color, texture, consistence, etc.), a field 
survey was conducted using a combination of free (traverse) and transect survey 
methods through visual observation, probing with auger and measuring with 
equipment such as clinometer or Jallo, altimeter and GPS (Geographic 
Positioning System). The description of the environmental conditions 
(physiography, climate, parent materials, vegetation, and land use) and the 
profile micromorphology was performed based on the FAO (2006) Guidelines for 
Soil Description. 
 
The soil profiles of freshly opened pits were described and the horizons to be 
sampled designated according to the FAO (2006); and the color identification of 
the soil materials of the sampled genetic horizons was conducted using the 
Munsell Soil Color Charts (2000). Two types of soil samples, namely bulk and 
core samples were collected from each genetic horizon designated for the 
purpose from freshly dug soil pits of 1m width, 2 m length and 2 m depth (1x2x2 
m), unless otherwise the depth is limited by the specific profile site condition. 
Additionally, rock samples were procured from the profiles with hard rock or 
similar material exposure after the stipulated depth (200 cm) of their regolith or 
after any pedon specifically limited depth of the respective regolith (Table 1). 
 
Soil sample processing and laboratory analysis  

The bulk soil samples collected were air-dried, ground and sieved to pass 
through a 2 mm sieve before the analysis except for those for soil organic carbon 
and total nitrogen which were sieved by 0.5 mm sieve. The chemical  and 
physical laboratory analysis of the soil samples was carried out generally 
according to the standard analytical methods and procedures used in Jije 
Analytical Testing Service Laboratory, which is owned by the Jije Laboglass Pvt. 
Limited Company, in Addis Ababa. 
 
The petrographic analysis of the rock samples collected from the bottom of the 
soil pits (profiles) was conducted in the Central Geological Laboratory of 
Geological Survey of Ethiopia and in the Geological Laboratory of the Department of 
Earth Sciences of Addis Ababa University according to the standard petrographic 
analysis methods and procedures used in the respective laboratory. Regarding 
soil mineralogy, due to lack of mineralogical laboratory that uses apposite soil 
mineralogy analysis methods, it was attempted to estimate only the dominant 
clay mineral types according, to Van Reeuwijk (2002) and Brady and Weil (2014) 
using the formulas (2.1) and (2.2) as elucidated below, through estimation of the 
CEC of the mineral clay fraction in the soil. The respective cation activity class 
was also estimated through the ratio of CEC7 to % clay of the soil (apparent CEC) 
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based on the clay percent determined by the texture analysis (Formula 2.3 below) 
for each horizon (Buol et al., 2011). Moreover, the percentage proportion 
(magnitude) of the variable negative charge to CEC7  was also used as additional 
discriminating factor based on the fact that each clay mineral type (group) has 
specific proportion of a variable negative charge to its CEC7 (Table 4). The 
variable negative charges were estimated by subtracting the ECEC value from 
that of the CEC7 for the acidic soils, and by subtracting the value of the sum of 
exchangeable bases from that of the CEC7 for neutral and alkaline soils. Since the 
calculations performed using both approaches resulted in most cases in almost 
identical or similar values, the formula from Van Reeuwijk (2002) was preferred 
in order to minimize the errors of estimating the ECEC of SOM from a graph 
prepared for the purpose.  

 
    - CEC clay = CEC7 - (% SOM x ECEC of  SOM), according to Brady and Weil (2014)      (2.1)                              
                                                   %clay/100    
 

- CECclay  = CEC7 - (350 x %OC) , according to Van Reeuwijk (2002)                               (2.2)                                                                          
                              %clay/100   

 
       - CEC7 : %clay-ratio =   CEC7 , according to  Buol et al. (2011)                                            (2.3)                                                                               

                                          %clay     
Where: ECEC = Effective cation exchange capacity; CEC = Cation exchange 
capacity; CEC7 = CEC 
 determined by ammonium acetate method at pH7; CECclay = CEC of the mineral 
clay fraction;  
 OC = Organic carbon; SOM = Soil organic matter.  
 
Data analysis and interpretation 

The data obtained from field survey activities and laboratory soil sample analysis 
was examined mainly using descriptive statistics. Moreover, simple linear 
regression and correlation was used with descriptive statistics particularly to 
assess the trends of the relationships observed between some soil characteristics 
and environmental factors (mainly altitude), and the results were interpreted 
based on the hitherto existing research findings and previously established 
scientific facts. The field survey data was mapped using GIS-Software version 
ArcGIS-10.3. 
 

Results and Discussion  
 

General environmental description  

The study area belongs to the E.2.03 Rainfall Pattern Region of the Arsi highlands 
and is located partially in the “rift valley” (below 2000 masl) and its border areas, 
and extends up to the eastern (3910 masl) and southeastern (about 4000 masl) 
summit of Mount Chillallo. By the E.2-type rainfall pattern, the main rains in 
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summer (Kiremt) are preceded by a small rainfall peak in spring (Belg) or by a 
prolonged period of moderate rainfall in both cases (FAO/UNDP, 1984). 
According to FAO (2006), in the study area, there exist landforms that vary from 
level land (land with less than 10% slope and less than 50 m/km relative relief) to 
steep land (areas with more than 30% slope and relative relief of 150-300 m/km 
or more), and landscape topography ranging from almost flat (0.5-2.0% slope) to 
mountainous (above 30% slope).  
 
Generally, the study area is characterized by a strong physiographic diversity, 
whereby areas with a rugged topography and sloping to steep major landforms 
comprise altogether about 75% of the total area. The proportion of level land is 
only about 21% and 4% is occupied by a mixture of dissected plain and 
depression with certain ruggedness. The level land portion itself is dissected by 
the Kulumsa river gorge and by several other non-permanent small streams. 
From the “rift valley escarpment” up to the “main body” (where the typical 
mountainous topography starts) of Mount Chillallo, there existed a repeating 
pattern of terrace type topography (stairs) within a certain interval of rather 
irregular spacing. This stair-like topography divides the sub-watershed into five 
major landform units that have been the basis for the subdivisions of the major 
traditional agro-climatic belts and identification of the soil-mapping units. These 
five major landforms have altitudinal ranges that fall within defined elevation-
ranges of the major traditional agro-climates. Hence, subdividing the major 
traditional agro-climates was inevitable to ease the assessment of the pedogenetic 
trend observed within the study area (Table 2). The variations within the 
altitudinal ranges of the landforms were also clearly observable from the natural 
vegetation, the cultivated crop types, the identified soil groups, and different 
agricultural activities of the local farming community.  
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Table 2. Description of agro-climatic belts in relation to soil temperature and soil moisture regimes 
 

Name of the major traditional 
agro-climatic belts and their 

subdivisions 

Altitude 
range in 

masl 

Mean annual 
rainfall (mm) 

MAAT range* 
in ⁰C 

Adjusted 
(MAST) range* 

in ⁰C 

Name of the 
corresponding 

MAST 

Normal 
 MAST range* 

in ⁰C 

Estimated  
soil moisture 

regime** 

Equivalent world’s 
major climate type 

Kola and below it < 1800  700 > 27.5 > 30.0 Isohyperthermic ≥ 22.0 Aridic Desert/Tropical 

Entire Woina-Dega 1800-2400 700-1200 20.0-16.0 22.5-18.5 Isothermic 15.0≤V<22.0 ________ Subtropical 

Lower-Woina-Dega 1800-2100 700-1200 ______ ______ Isothermic _________ Ustic “ 

Proper-Woina-Dega 2100-2250 700-1200 ______ ______ Isothermic  Ustic/Udic “ 

Upper-Woina-Dega 2250-2400 700-1200 ______ ______ Isothermic  Udic “ 

Entire Dega 2400-3200 1200-2200 16.0-11.5 18.5-14.0 ________ _________ Udic Temperate 

Lower-Dega 2400-2550 1200-2200 11.5<X≤ 16.0 14.0<X≤ 18.5 Isothermic 15.0≤V<22.0 Udic “ 

Proper-Dega 2550-3000 1200-2200 16.0>Y<11.5 18.5>Y<14.0 Isomesic 8.0≤S<15.0 Udic “ 

Upper-Dega 3000-3200 1200-2200 16.0>P ≤11.5 16.0>P ≤14.0 Isomesic 8.0≤S<15.0 Udic “ 

Wurch 3200-3700 1500 7.5-11.5 10.0-14.0 Isomesic 8.0≤S<15.0 Udic Alpine 

High-Wurch > 3700 1500 < 7.5 < 10.0 Isofrigid 0-8.0 Udic Frost limit 

    * The capital letters P, S, V, X and Y are used to indicate the respective specific ranges of temperature; MAAT = Mean annual air temperature. 
     ** The aquic soil moisture regime is not included since it was restricted to land surfaces that had subsurfaces with lower permeability. MAST = Mean annual             
          soil temperature. 
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Thus, the use of terms such as Lower-Dega, Upper-Dega, Lower Woina-Dega, etc. was 
necessary to describe the transitional type environmental conditions within the 
major traditional agro-climatic belts of the study area. On the other hand, linking 
the agro-climatic divisions to the soil temperature and soil moisture regimes was 
indispensable for the assessment of pedogenetic trend in relation to the 
traditional agro-climatic belts. According to Miller and Gardiner (2001), FAO 
(2006) and Buol et al. (2011), the major traditional agro-climatic belts and their 
subdivisions were categorized in terms of soil temperature regime by adding 
2.5ºC to mean annual air temperature for adjustment and using the prefix “Iso”, 
thereby including the estimated soil moisture regimes as elucidated in Table 
2.The subdivisions of the major traditional agro-climatic belts were based on the 
divisions of MOA (1998) and Lakew et al. (2005). 
 
General pedogenetic trend  

The integrated effect of the environmental factors (soil-forming factors) can be 
seen in the morphology of a soil, since soil morphology as expressed by the 
vertical section of a soil (profile) through the differing horizons reflects the 
combined impacts of a particular set of the genetic factors and processes 
responsible for its development. Hence, soil properties are the outcomes of a 
variety of soil forming processes acting on a parent material; the marks of which 
can be seen in a soil profile that enable an inference on the details of the 
processes. Since the marks of the set of pedogenic processes are facts that can be 
observed and measured, they can be used as the basis for the distinction between 
different kind of soils and their stage of development (SSS, 1999). 
 
Climatic, geologic and topographic variabilities under Ethiopian conditions 
encourage the formation of different soil types as these factors trigger the 
abundance and intensity of soil building processes, so that due to the 
heterogeneity of soil forming factors and processes, different types of soils in 
different stages of development exist (Hurni et al., 2007); and this holds true for 
the present study area. As Kulumsa sub-watershed is characterized by strong 
physiographic and climatic diversity that in turn induced strong variation in the 
natural vegetation, the land use and thereby the soil development, about ten 
Reference Soil Groups according to FAO/IUSS-WRB (2015) have been identified 
within the small land area of Kulumsa sub-watershed. Accordingly, several soil 
characteristics such as profile horizonation, effective soil depth, solum thickness, 
occurrence and sequence of genetic horizons and various other morphological, 
physical and chemical characteristics of the sampled pedons appeared to be 
strongly linked to these environmental conditions. Thus, five types of subsurface 
horizons (argic, calcic, cambic, vertic and protovertic), six types of diagnostic 
properties (abrupt textural difference, albeluvic glossae, gleyic properties, 
protocalcic properties, retic properties and stagnic properties), four types of 
diagnostic materials (albic, calcaric, colluvic and mineral) and three types of 
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surface horizons (chernic, mollic and umbric) were identified to be used for the 
pedogenetic interpretations. Mollic epipedons were encountered in the areas with 
elevation range of 1800 to about 3000 masl under ustic, udic and aquic soil 
moisture and isothermic and isomesic soil temperature regimes leaving the way 
for umbric epipedons in areas above 3000 masl. Except the abrupt textural 
difference and protocalcic properties, all the diagnostic properties identified were 
found under aquic soil moisture regime and isothermic and isomesic soil 
temperature regimes in lower slopes and other flat topographic positions. Albic 
materials and related subsurface horizons were encountered also at similar 
topographic positions under aquic soil moisture and isothermic to isomesic soil 
temperature regimes mainly on grass dominated land surfaces. Calcaric materials 
were encountered mainly in the lower elevation areas below the Lower-Dega agro-
climatic belt, primarily in ustic soil moisture and isothermic soil temperature 
regimes. Colluvial materials were found at the upper foot slope (pediment) of 
steep slopes in mountainous landscape topography. Under otherwise similar 
topographic and agro-climatic conditions, more woody areas appeared to be 
predominated by soils with argic (argillic) subsurface horizons (excluding areas 
with steep slopes); and grass dominated areas were occupied mainly by soils 
with vertic or cambic subsurface horizons. 
 
Accordingly, the main soil forming processes that have been operating by the soil 
development of the lower altitude areas with Woina-Dega up to Lower-Dega agro-
climates (below 2550 masl) seemed to be calcification accompanied by OM 
accumulation and humification (melanization), braunification, eluviation versus 
illuviation and lessivage, that led to the development of soils with brown 
carbonatic argic (argillic) and cambic subsurface horizons and mollic surface 
horizons (epipedons) such as Kastanozems, Chernozems and Luvisols. On the 
other hand, pedogenic processes such as ferrolysis and gleization were limited to 
hydromorphic sites irrespective of altitudinal variation (agro-climates).  By the 
soils of the higher altitude (above 2550 masl) areas with Proper-Dega up to High-
Wurch agro-climates, the dominant pedogenetic processes appeared to be 
intensive leaching (soluvation) accompanied by decalcification, lessivage, 
braunification, melanization, faunal pedoturbation and mass-wasting 
(solifluction), that led to the formation of soils such as Retisols and Alisols with 
non-carbonatic brown argic subsurface horizons and mainly umbric surface 
horizons. Depending on the topographic position, slope gradient and moisture 
condition that limit their intensity, erosion and deposition, elutriation, lessivage, 
ferrolysis and gleization, melanization and braunification were probably the 
main pedogenetic processes common to soils of both areas. 
 
The occurrence of secondary carbonates within the profile appeared to be related 
to altitude. The depth of the free carbonate occurrence increased with altitude 
until they totally disappeared out of the profile in areas above 2550 masl (Table 
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3). Thus, free carbonates could not be observed in the profiles of the Proper-Dega 
(2550-3000 masl) and above agro-climatic belts indicating the existence of more 
intensive leaching (soluvation) in these areas than in the Woina-Dega and Lower-
Dega. Mohammed (2003) had reported also that content of free carbonates, 
exchangeable Ca and Mg and soil pH values decreased with a rise in altitude in 
the Jelo Catchment of Chercher highlands. Additionally, secondary carbonates in 
the form of nodules were encountered only in areas below 2300 masl in the 
Proper-Woina-Dega (2100-2250 masl) and in the Lower-Woina-Dega (1800-2100 
masl) agro-climatic belts mainly in an ustic and partially lower udic soil moisture 
and isothermic soil temperature regimes (Table 3). If the degree of profile 
leaching is evaluated in terms of the subsoil base saturation according to 
Hazelton and Murphy (2007), there existed an increasing tendency with 
increasing altitude which could be also testified by the simple linear regression 
and correlation analysis (Figure 2B). Thus, soils below 2550 masl showed on 
average a very weak (70-100%) to weak (50-70%) degree of leaching and those 
above 2550 masl showed a very strong (0-15%) to weak degree of leaching. The 
most leached profile (KS19) was located at 3800 masl (High-Wurch) agro-climatic 
belt and the least leached one in the Lower-Woina-Dega (1800-2100 masl) belt at 
2050 masl (KS02). The trend in soil pH was in conformity with that of the 
secondary carbonates and base saturation, whereby the most alkaline soils 
(Kastenozems) were encountered in the lowest altitude areas and the most acidic 
soils (Umbrisols and Alisols) in the highest elevation areas (Figure 2A).  
 
The soil development within the study area under the E.2.03-type Rainfall Pattern 
Region of the Arsi Highlands seemed generally to be influenced more by the 
climatic and topographic factors than by the parent material (Table 3). In the 
Lower-Woina-Dega or in the lowest elevation areas of Kulumsa Subwatershed 
(below 2100 masl), soils with strongly calcareous subsoils (more than 10% CaCO3 

equivalent) such as Kastanozems that had high to very high base saturations 
(higher than 65%) throughout their profiles have been encountered. The only 
profile (KS10) with a calcic horizon and highest sodium saturation (9%) was also 
encountered in this area. In the Proper-Woina-Dega agro-climatic belt, Luvisols 
and Chernozems with base saturations above 60% throughout their profiles and 
moderately calcareous subsoils (2-10% CaCO3), which were characterized as 
weakly to very weakly leached soils according to Hazelton and Murphy (2007), 
have been identified. 
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Table 3. Occurrence of the identified Reference Soil Groups in relation to some environmental features 

 
Str.Car. = Strongly carbonatic; Nod. =Nodules; Dis. = Dispersed lime; Mod. Car. = Moderately carbonatic; Sl.Car. = Slightly carbonatic; Car. = Carbonatic (Calcareous). 
* Represents only areas with marked pedogenetic development, since most areas with extrusive volcanic rocks were soilless bare rock surfaces; ** Note sampled during the soil survey, but presumed to exist 
based on the field observations and ABRDP (2004).  

Agro-climatic 
belt 

Altitude  
(m) 

Major landscape 
topography 

Dominant parent 
materials 

Type of soil 
temperature 

regime 

Major soil 
moisture 
regime 

Dominant vegetation type Identified dominant 
RSGs 

Carbonate occurrence 

Level Form 

Lower-Woina-
Dega (L.W.D) 

1800-2100 Rolling to hilly Pyroclastic rocks and 
deposits 

Isothermic Ustic Short and medium grass 
admixture and acacia trees 

Kastanozems, 
Hypereutric 
Regosols 

Str. Car. Nod., Dis. 

Proper-Woina-
Dega (P.W.D) 

2100-2250 Gently undulating 
to undulating 

Pyroclastic rocks and 
deposits 

Isothermic Ustic Medium and tall grass with short 
grass admixture and acacia 
trees 

Chernozems, 
Hypereutric Luvisols, 
Vertisols 
 

Mod.Car. Nod., Dis. 

Upper-Woina-
Dega (U.W.D) 

2250-2400 Undulating to 
rolling 

Pyroclastic deposits 
and extrusive volcanic 

rocks 

Isothermic Udic/Ustic 
Aquic 

Short, medium and tall grasses, 
acacia and montane forest 

Vertisols, Planosols, 
Cambisols, (Luvisols)** 

Sl.Car. to 
Mod.Car. 

Nod., Dis. 

Lower-Dega 
(L.D) 

2400-2550 Undulating, rolling 
and hilly 

Extrusive volcanic rocks Isothermic Udic, Aquic Short and medium grasses, 
montane forest 

Vertisols, (Luvisols)** Sl.Car. to 
Mod.Car 

Dis. 

Proper-Dega 
(P.D) 

2550-3000 Rolling, hilly and 
mountainous 

Extrusive volcanic rocks 
and colluvial materials 

Isomesic Udic, Aquic Short and medium grasses, 
montane forest and subafro-
alpine vegetation 

Retisols, Orthodystric 
Regosols 

None None 

Uper-Dega 
(U.D) 

3000-3200 Hilly to 
mountainous 

Extrusive volcanic rocks 
and colluvial materials 

Isomesic Udic, Aquic Montane forest, subafro-alpine 
and afro-alpine vegetation 

Umbric Alisols, 
Umbrisols** 

None None 

Wurch 3200-3700 Mountainous Colluvial materials* Isomesic Udic, Aquic Afro-alpine vegetation (Umbrisols)** None None 

High-Wurch 
(H.W) 

> 3700 Mountainous Colluvial materials* Isofrigid Udic Afro-alpine vegetation Umbrisols None None 



Agro-climate based pedogenetic assessment of soils  

 

[64] 

Although the Upper-Woina-Dega and Lower-Dega soils were somewhat similar 
with the Proper-Woina-Dega soils in terms of their base saturation and free 
carbonate content (without free carbonates in form of nodules however), soils 
such as Planosols, Vertisols and Vertic Cambisols with less free carbonates and 
lower base saturation, namely a base saturation somewhat higher than 50% 
(weakly leached) were identified in these agro-climatic belts. The Proper-Dega 
(2550-3000 masl) agro-climatic belt was dominated by soils with profiles devoid 
of free carbonates that had strongly to moderately medium acidic (pH of 5.15-6.0) 
soil reaction (Benton, 2003), and a base saturation somewhat higher than 45% 
(moderately leached) throughout their profile.The soil groups identified as 
dominant in this area include Retisols and Orthodystric Regosol. In the Upper-
Dega (3000-3200 masl), strongly to moderately leached (base saturation less than 
45%) and moderately acidic Alisol (with pH of 5.6-5.8) according to Benton (2003) 
and Hazelton and Murphy (2007), the profile of which was also devoid of free 
carbonates, was encountered. In the High-Wurch belt, a strongly to moderately 
acidic (pH 5.4-5.6) and strongly to very strongly leached (base saturation 13-26%) 
Umbrisol was identified as a prevalent soil group, though this area was covered 
also by remarkable proportions of bare rock surfaces and very shallow soils 
(Leptosols).On average, the Umbrisol profile (KS19) on the eastern summit of 
Mount Chillallo, was the most leached and most acidic.  
 
 Generally, the degree of leaching and weathering of the soils increased with 
increasing altitude. This might have been most likely due to increasing annual 
rainfall amount and decreasing temperature and evapotranspiration that enabled 
the existence of sufficient water for leaching and chemical weathering within the 
soil profile, though the chemical weathering processes appeared to be less 
intensive when evaluated in terms of clay mineral composition (Table 4). Even 
though there were acidic soils with pH as low as 5.15 and very strongly leached 
profile, the chemical weathering processes appeared to be not so intensive. The 
acidic profile condition seemed not to be in a position to cause an advanced 
weathering of the high-activity clay minerals, so that the 2:1-layer minerals 
(smectites) dominated still the clay fraction of the soils (Table 4).  
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Figure 2. Altitudinal trends of soil pH (A) and percent base saturation (B) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 

A) Altitude and soil pH relationship 

 

 

B) Altitude and percent base saturation (PBS) relationship 
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Table 4. Computed CECclay, V.N.C, C.E.A.C and estimated dominant clay mineral types of the representative pedons  
 

E.A.C = Cation activity class; V.N.C = Variable negative charge; L.A.C = Low-activity clay; S. = Supper; Se. =  Semi; L.W.D = Lower-Woina-Dega; 
** The order of the estimated clay mineral groups as written from left to right denotes their degree of importance; P.W.D = Proper-Woina-Dega; U.W.D = Upper-Woina-Dega; L.D = Lower-Dega; P.D = Proper-
Dega; U.D = Upper-Dega; H.W = High-Wurch. 

 

Profile 
No. and 

altitude (masl) 

Part of the 
profile (cmol/kg) (cmol/kg) 

  7 
cmolc/kg 

 C.E.A.C Clay mineral estimation 

In cmolc/kg In % of 
CEC7 

CEC7 
% Clay 

Activity 
class 

clay in 
cmolc/kg 

Anticipated dominant 
clay mineral type 

(group)** 

KS10 
1950, 
L.W.D  

Topsoil 29.11 ------ 4.21 39 45.20 16.09 35.60 1.16 S. active 78.12 Smectites 

Subsoil 46.21 ------ 1.32 50.50 52.53 6.32 12.03 1.04 S. active 94.87 Smectites 

KS09 
2190, 
P.W.D 

Topsoil 29.43 ------ 3.55 41 45.35 15.92 35.10 1.11 S. active 80.31 Smectites 
Subsoil 40.28 ------ 1.28 56.50 49.63 9.35 18.84 0.88 S. active 79.91 Smectites 

KS12 
2345, 
U.W.D 

Topsoil 19.24  3.86 27.50 32.55 13.31 40.89 1.18 S. active 69.24 Smectites 
Subsoil 38.21  0.84 66.67 41.60 3.39 8.15 0.62 S. active 57.99 Smectites, chlorites 

KS13 
2470, 
L.D 

Topsoil 23.02 ------ 3.65 37 37.54 14.52 38.68 1.02 S. active 66.93 Smectites 

Subsoil 48.51 ------ 0.40 70.67 52.73 4.22 8.00 0.75 S. active 72.63 Smectites 

KS15 
2650, 
P.D 

Topsoil 23.14 23.38 5.86 30.50 37.48 14.10 37.62 1.23 S. active 55.64 Smectite, chlorites, 
L.A.C 

Subsoil 14.72 15.61 0.93 56.50 22.14 6.53 29.49 0.39 Se. active 33.43 Smectites, L.A.C 

KS18 
3100, 
U.D 

Topsoil 14.12 16.35 9.85 32.50 44.55 28.20 63.30 1.37 S.active 31.00 Smectites, L.A.C 

Subsoil 8.44 12.27 1.14 51.50 20.64 8.37 40.55 0.40 Active 32.33 Smectites, L.A.C 

KS19 
3800, 
H.W 

Topsoil 9.24 10.06 8.78 30 41.05 30.99 75.49 1.37 S. active 34.40 Smectites, L.A.C 

Subsoil 2.96 3.63 2.35 38 22.81 19.18 84.09 0.60 S. active 38.38 Smectites, L.A.C 
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Figure 3. Sequential soil-agro-climate relationship of the identified soil groups (as adapted from MOA (1998) and Lakew et 

al. (2005) 

 
This may occur as a result of lower temperatures that slow down the chemical 
reactions (chemical weathering) when compared to the warm humid tropical 
areas where there is both high rate of chemical weathering and leaching that 
causes the predominance of the low-activity clays in soils such as Ferralsols of the 
FAO/IUSS-WRB (2015) classification system.  
 
Agro-climatically, the occurrence of the Reference Soil Groups (Figure 3) was in 
the order of Lower-Woina-Dega (Kastanozems and Hypereutric Regosols), Proper-
Woina-Dega (Chernozems and Vertic Luvisols), Upper-Woina-Dega to Lower-Dega 
(Planosols, Cambisols, Luvisols and Vertisols), Proper-Dega (Retisols and Regosols 
(Orthodystric)), Upper-Dega (Umbric Alisols) and High-Wurch (Umbrisols). On the 
other hand, the occurrence of Regosols and Leptosols appeared not to be linked 
to the agro-climatic variation within the study area, but rather seemed to be 
related to the slope gradient of the land surface since they were found on any 
steep land surface irrespective of the agro-climatic belts or the altitudinal 
variations. 
 
In summary, the strong variations observed in several morphological, chemical 
and physical soil properties and in the diagnostic soil characteristics (diagnostic 
horizons, properties and materials) and thereby also in the occurrence of the 
identified Reference Soil Groups were found to be mainly the results of strong 
physiographic and climatic diversity of  the study area. Thus, in the E.2.03-type 
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Rainfall Pattern Region of the Arsi highlands, the general relationship observed 
between the traditional agro-climatic belts and the trend of pedogenesis (soil 
development), indicated that the elevation related differences perceived by the 
Ethiopian farmers in relation to their agricultural activities, is also valid for the 
trends in pedogenesis observed in this study within Kulumsa Subwatershed. 
However, for more reliable conclusion and holistic understanding of the 
pedogenesis under the physiographically and climatically diversified similar 
Ethiopian environments, this needs more detailed study that includes the other 
Rainfall Pattern Regions of Arsi and of the country as well. 
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አህፅሮት 
 

የጥናቱ ዋና ዓሊማ ንፁህ የቦረና ሊሞችና የቦረና ዲቃሊ ሊሞች ተጨማሪ ዕንቁሊል የማኮረትና ፅንስ የመስጠት 
አቅማቸውን ሇማጥናት የተሰራነው፡፡ ሊሞች በሦስት ቡድን ተከፍሇው 300፣ 250 እና 200 አይ.ዩ. 
ኤፍ.ኤስ.ኤች. ሆርሞን ተሰጣቸው፤ ከዚያም የኮርማ ፍሊጎት እስከሚያሳዩበት የወሰደባቸው ጊዜ፣ የኮርማ 
ፍሊጎት እያሳዩ የሚቆዩት ጊዜ እና ጠቅሊሊ አኮርተው የሇቀቁት ዕንቁሊል ቁጥር በማየት ሇሆርሞኑ የነበራቸው 
ምሊሽ ተጠንቷል፡፡ ተጨማሪ ዕንቁሊል እንዲያኮርቱ ሇማድረግ ሆርሞን በተሰጣቸው በ16-17 ቀን ሊይ 
ፅንሶችን በመሰብሰብ የዕድገታቸው ሁኔታና ጥራት ግምገማ ተደርጓል፡፡ በመጨረሻው ጊዜ ሆርሞን 
ከተሰጠበት የኮርማ ፍሊጎት እስከሚያሳዩበት ጊዜ በአማካይ 20.4 ሰዓታ የወሰደባቸው ሲሆን በቦረና እና 
በዲቃሎቻቸው መካከል የጎሊ የሰዓታት ልዩነት አልታየም፡፡ ይሁን እንጂ ከተሰጣቸው ሦስት የተሇያየ 
የሆርሞን መጠን 250 አይ.ዩ የወሰዱት ቀደም ብሇው በ10 ሰዓታ ውስጥ የኮርማ ፍሊጎት አሳይተዋል፡፡ 
የተኮረቱት ዕንቁሊል ቁጥር ሲታይ ቦረናዎች (10.1 ዕንቁሊል) ከዲቃሎቻቸው የተሸሇ በዛ ያለ አዘጋጅተዋል፡፡ 
የፅንስ ብዛትም ሲታይ ቦረናዎች 4 ሲሰጡ ዲቃሎቻቸው 2.67 ሰጥተዋል፡፡ ከፅንስ ዕድገትና ጥራት ግምገማ 
ውጤት ቦረናዎች ሉተሊሇፉ የሚችለ ፅንስ 3.8 ሲሆን የዲቃሎቻቸው 2.67 ነበር፡፡ በመሆኑም በታዩት 
መስፈርቶች ቦረና ሊሞች ከዲቃሎቻቸው የተሸሇ ዕንቁሊ ማኮረት እንደሚችለና የተሻሇ የዕድገት ደረጃና 
ጥራት ያሇው ፅንስ መስጠት የሚችል አቅም እንዳሇቸው ታይቷል፡፡  
 

Abstract 
 

Boran (n=25) and Boran*Holstein (n=11) cows were superovullatedFSH with three doses 
level (300, 250 and 200IU) divided in to morning and afternoon decreasing doses over 4 
daysto study the superovulatory response and embryo production potential. Time to 
estrus, duration of estrus, and CL count were used to determine superovulatory response. 
Embryos were flushed on Day 16/17 by non-surgical gravitational method and evaluated 
for development stage, and quality grade. The mean (±SEM) time interval from CIDR 
withdrawal to onset of estrus was 20.4±1.8 hours, and breed difference was not 
significant.However, the interval from CIDR removal to onset of estrus was shorter 
(p=0.01) in cows treated with 250 IU FSH (10.75±3.3 hours) than in cows received 200 or 
300 IU. The total CL count was significantly higher (p=0.01) in Boran (10.1CL/cow/cycle) 
than Boran x Holstein cows (7.2CL/cow/cycle). A mean number of 4.1 and 
2.67embryos’/cow were flushed from Boran and Boran*Holstein, respectively. The average 
transferable embryos/cow were 3.8±0.57 and 2.67±0.99 in Boran and Boran*Holstein, 
respectively. And hence, Boran cows’ response to superovulation and yield of better 
quality and number of embryo than their Boran*Holstein counterparts showed the high 
potential of the breed for in-vivo and in-vitro embyo production.  
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Introduction 
 
Boran cattle are the most suitable types of breed for arid and semi-arid regions 
due to their adaptive characteristics: tolerance to heat, ticks’ infestation, feed and 
water shortage (Solomon, 2001). Different literatures showed that they are 
superior to other highland cattle in Ethiopia in birth weight, weaning weight, 
faster growth rate, mature weight for cows, higher fertility, daily milk yield, milk 
yield/lactation, lactation length, milk fat, age at first calving, calving interval, and 
calving rate, (Mekonnen et al., 2010). They have large body size with good body 
conformation (large and long-legged, tall height, broad back and wide pin-bones, 
well-developed dewlap and udder, and well-developed hindquarters) and body 
weight ranging from 318 - 680 kg in male and 225 - 454 kg in female (Mekonnen et 
al, 2010). Except one trial Boran breed showed better potential for superovulation 
and embryo production (yielded more numbers of embryos/ova and transferable 
embryos than BoranxHolstein cows; Tegegne et al., 1997) the effort made so far to 
increase the productivity on Boran cattle in Ethiopia was fully based on crossing 
with exotic breeds either through AI or natural breeding.  

On the other hands, some reports on reproductive physiology of Zebu cattle 
indicated that their sensitivity to gonadotropins, estrus behavior and ovulation 
moment, timing of estrous expression, number of follicular waves during estrous 
cycle,number of total follicles,size of follicular diameter at deviation and luteal 
tissue size are not similar to that of Bostaurus breed cows (Baruselliet al., 2006). 
These variables are largely studied in temperate breeds, but very limited on Zebu 
cattle breeds (Figueiredo et al., 1997). Knowledge of these parameters undoubtly 
enhancesthe application of reproductive technologies for conservation and 
sustainable utilization of these genotypes. Therefore,the study was made to 
assess the superovulatory response and quality of in vivo produced embryos of 
purebred Ethiopian Boran in comparison to their Holstein crosses.  

 

Materials and Methods 
 
The experiment was carried out at DebreZeit Agricultural Research Center, 
EIAR,located about 45 km east of Addis Ababa, the capital city of Ethiopia 
(8°46′13.57"N, 38°59′50.45"E) at an altitude of 1920 masl.  
 
Experimental animals 

Boran and Boran*Holstein cows in their first and second parity were used for this 
study. Breeding and clinical records of all cows were reviewed, underwent a 
thorough reproductive examination, and only cows free of reproductive 
abnormalities were included. Selected cows had a mean body condition score 
(BCS) of 7 (on a scale of 1 to 9; 1=emaciated; 9 =obese). All cows were managed 



Tamrat et al.  

 

[73] 

under uniform management and housing system, provided with feed of different 
mix: tef straw (Eragrostistef) and grass hay (Andropogonabyssinicus) as a basal diet 
and supplemented with commercially prepared concentrate, mineral salts and 
alfalfa green fodder up to a limit of 3% life body weight per cow. 

A total of 36cows (25 Boran and 11 Boran x Holstein crossbreds) between 6 and 8 
years of age(previously serially scanned for 61 days using ultrasoundfor ovarian 
dynamics) were selected for the superovulation treatment regime illustrated in 
Figure1. CIDR were implanted in both genotypes (Progesterone 1.38 
gm, Hamilton, New Zealand) for seven days (Day 0 = date of CIDR insertion). On 
Day 4 cows were randomly allocated into one of the three FSH treatment groups: 
300 IU, 250 IU, or 200 IU (Pluset®, Spain). FSH was administered in a series of 
eight intramuscular injections given over four days in a decreasing dose regimen 
(Table 1) and injected with PGF2α analogue (Estrumate®, France) IM on Day 6, 
and the CIDR was withdrawn on Day 7 at 6 PM concurrent with the last injection 
of FSH. 

 

 

 

 

 
Figure 1. Superovulation and embryo recovery protocol used in Boran and Boran*Holstein cow 

 
Table 1. Three FSH dose (IU) treatment groups for superovulation of Boran 

and Boran*Holstein cows 

Group No Dose (IU) 

Day 4 Day 5 Day 6 Day 7 

Am Pm Am Pm Am Pm Am Pm 

300  14 60 60 45 45 30 30 15 15 

250    8 50 50 35 35  25 25  25  25  

200  14 40 40 30 30  20  20  10  10  

All cows were meticulously monitored to determine the onset and duration of 
estrus until the last cow exhibited estrus. Cows were inseminated twice (morning 
and afternoon) based on the manifestation of standing heat to capture the 
possibility of extended ovulation. In addition to recorded time from CIDR 
removal to onset of estrus and duration of estrus, cows were subjected to 
ultrasonic (CTS3300, Altay Scientific, Italy) evaluation to determine 
superovulatory response based on total number of CL and unovulated follicles 
present on both ovaries on Day 17before embryo recovery. Non-surgical closed 
gravity flow embryo recovery method was performed with commercial flushing 

           PGF2α 

            AI 

            Embryo recovery 

            FSH 

              0    1    2    3    4     5    6     7     8     9     10    11    12    13   14    15    16    17   

18   CIDR implant 
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medium (ViGRO™, Bioniche Animal Health, USA) and using a two-way Foley 
catheter (18 Fr 650 mm length; MOFA®, Canada) to collect the embryos. 

Embryos evaluation and grading  

Harvested embryos and/or unfertilized ova were transferred from embryo filter 
to a search dish containing holding medium and grouped in to embryos and UFO 
under a stereomicroscope (MotisSMZ 140/143®, Roanoke, USA). The embryos 
were graded for their developmental stage (from stage 1 = 1-cell to stage 9 = 
expanded hatched blastocyst) and quality (from quality 1 = excellent to quality 4 
= degenerate) according to the standards given by the International Embryo 
Transfer Society (IETS). IETSgrading categorize developmental stages 4-8 with a 
quality grade of 1 or 2 were considered transferable, andconsiderall others as 
non-viable. 

Descriptive statistics and univariate analysis of the SAS were used to analyze the 
genotype response to FSH treatments (in terms of unovulated follicles and CL). 
Frequency distribution, chi-square test and one-way ANOVA were used to 
analyze the data for rate of embryo recovery and results of laboratory 
evaluation.The level of significance was held at P<0.05. 

 

Results and Discussion 
 
The total number of ovarian follicles is indicated in Table 2, and no breed 
difference was observed. 
 
Table 2. Total number of follicles ≥ 4 mm diameter in Boran and Boran*Holstein cows 

 
Breed N Total follicles ≥ 4 

mm on 
Right ovary 

Mean (±SEM) 

Total follicles ≥ 4 mm on 
Left ovary 

Mean (±SEM) 

Total follicles ≥ 4 mm on  
Both ovaries 

Mean (±SEM) 

Boran 9 9.14±0.091 
(Range=4-17) 

9.20±0.083 (Range=5-14) 18.34±0.145 (Range=11-28) 

Boran*Holstein  8 8.69±0.089 
(Range=5-17) 

8.87±0.084 (Range=4-14) 17.56±0.141 (Range=10-28) 

Total 17 8.93±0.064 
(Range=4-17) 

9.05±0.059 (Range=4-14) 17.98±0.102 (Range=10-28) 

 
Superovulatory response 

The overall response to superovulatory treatment was 76.6%, but response was 
higher (92.6%)in Boran (χ2 = 9.057; p=0.003) than the 55.0% in Boran* Holstein 
cows. The mean (±SEM) time interval from withdrawal of the CIDR to onset of 
estrus was 20.4±1.8 hours, and was not affected by genotype (18.6±2.10 hours in 
Boran and 19.75±2.88 hours in BoranxHolstein; Table 3). However, the interval 
from CIDR removal to onset of estrus was shorter (p=0.01) in cows treated with 
250 IU FSH (10.75±3.3 hours) than in cows receiving either 200 or 300 IU. The 
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mean duration of estrus was 22.9±1.1 hours, and duration of estrus was shorter 
(p=0.005) for cows treated with 250 IU FSH than for cows receiving 200IU or 
300IU.  

Table 3. Time interval from CIDR withdrawal to onset of estrus [hrs.] and duration of estrus [hrs.] in 
Boran and Boran*Holstein cows treated at different doses of Pluset 

 
Breed of cows 
and dose of 
FSH 

N FSH 
dose [IU] 

Mean (±SEM) 
Interval (hr) 

P - 
value 

Mean(±SEM) 
Duration of estrus (hr) 

P -value 

Boran 
Boran x Holstein 

25  18.6±2.1 NS 21.8±1.4 NS 

11  19.8±2.9  22.8±1.9  

FSH  14 200* 22.6±3.1  26.1±1.9a  

8 250** 10.8±3.3  16.8±2.1  

14 300** 24.2±2.8  24.0±1.8b  

Boran 11 200 23.2±2.9 NS 24.9±1.7 NS 

4 250 10.8±4.7  15.5±2.9  

10 300 21.8±2.9  24.4±1.8  

Boran x Holstein 3 200 22.0±5.5  27.3±3.4  

4 250 10.8±4.7  17.0±2.9  

4 300 26.5±4.7  24.0±2.9  

* The mean difference was significant at p=0.007; ** the mean difference was significant at p=0.006;  
a mean difference was significant at p=0.003; b the mean difference was significant at p=0.01 

 
The mean (±SEM) number of CL counted ultrasonographically was 8.6 ± 0.7, and 
the maximum number of CL counted (17 CL) was detected in a Boran cow treated 
with 250 IU. Table 4 shows the number of CL by genotype and by pluset dose.  
 

Table 4. The number of CL counted by ultrasound for purebred Boran and Boran x 
Holstein crossbred cows receiving different doses of exogenous FSH 

 
Breed N No of CL by Ultrasound 

Mean+SEM P-value 

Boran 
Boran x Holstein cross 

25 10.1±0.7 0.01 

11 7.2±0.9  

FSH level (IU) 200 
                250 

  300 

14 7.0±0.9 0.05 

8 10.6±1.1  

14 8.3±0.9 NS 

Boran   200 
            250 

 300 

11 8.0±0.9 NS 

4 13.8±1.5 NS 

10 8.6±0.9 NS 

Boran x Holstein crosses  200         
250 
300 

3 6.0±1.7 NS 

4 7.5±1.5 NS 

4 8.0±1.5 NS 

 

In vivo embryo production 

Thirty-nine flushing’swere made on 10 Boran and 10 Boran*Holstein with a total 
yield of 118 embryos/ova’s. Boran cows were flushed 1-4 time while 
Boran*Holstein were flushed 1-2 times. Sixty-five percent of (N = 25) of flushing 
was done on Boran cows yielding 76.8% transferable embryo (Plate 1and 2) and 
49 UFO while it yielded 23.2% of the transferable embryo and no UFO from 
Boran*Holstein cows. The total collection of embryo/ova from Boran and 
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Boran*Holstein cows was 5.36±0.86 embryo/ova per cows (Table 5). Significant 
(p=0.001) genotype effect was seen on the total collection.There was a higher 
number of embryo/ova (P=0.001) recoveries from Boran than from 
Boran*Holstein cows. More UFO (Plate 3) were collected from Boran cows (mean 
± SEM = 8.17 ± 1.82) than from Boran*Holstein cows (no UFO recovered).  

All collected embryos were light amber colored cytoplasm, round shape, 
distinguishable blastomeres, wider per vitelline space, well defined inner cell 
mass (in blastocyst stage embryos), and clear and transparent zonapellucida 
which is an evident in the top quality embryos.The mean number of transferable 
quality embryos (TQE) produced was 3.45 ± 0.50, and this was not different 
between the genotypes (3.79 ± 0.57) for Boran, and 2.67 ± 0.99 for Boran*Holstein). 
Though it was not statistically significant, the mean number of unovulated 
follicles tended to be higher in Boran*Holstein cows (2.41 ± 0.59) than in purebred 
Boran cows (1.59 ± 0.28).   

Among the TQE 71.4% were quality grade 1 whereas the remaining 28.6% were 
quality grade 2 (Plates 1, 2, and 4). Embryonic stages of development of harvested 
TQE were stage 4, 6 and 7 (Plates 1 and2). Six fresh embryos (4 stage 4 and 
quality grade 1, and 2 stage 7 and quality grade 1) were transferred to 
synchronized recipients of which fourpregnancy established and three live calves 
were born (Plate 5). 
  

Table 5. Mean number of embryos/UFO and transferable embryos flushed from Boran and 
Boran*Holstein cross cows 

Breed Counts N Mean±SEM Range 

Boran CL number 25 9.80±0.57 3 - 17 

Embryo yield  14 3.79±0.57 1 - 8 

UFO 6 8.17±1.82 3 - 14 

Total collection 16 6.38±1.03** 1 - 16 

Boran*Holstein 
cross 

CL number 14 5.79±0.90 1 - 11 

Embryo yield  6 2.67±0.99 1 - 7 

UFO  0.0 0 

Total collection 6 2.67±0.99* 1 - 7 

Total CL number 39 8.38±0.58 1 - 17 

Embryo yield  20 3.45±0.50 1 - 8 

UFO 6 8.17±1.82 3-14 

Total collection 22 5.36±0.86 1 - 16 

** Significantly different by genotype (p=0.01) 

 
 
 
 
 
 
 
 



Tamrat et al.  

 

[77] 

 
 
 
 

 
 

Plate 1. Development stage and quality of in vivo produced Boran: 1 = 
Stage 4 (Compacted morulla) quality1; 2 = Stage 7 (Expanded 
blastocyst) quality 1; 3 = Stage 6 (blastocyst) quality 1; 4 = 
stage 4 (compacted morulla) quality 2 

 

 
 

 
 
 
 
 

Plate 2. Development stage and quality of in vivo produced Boran*Holstein embryos:  
1 = Stage 4 (Compacted morulla) quality 1; 2 = stage 4 (compacted 

morulla) quality 2 

 

 
 
 
 
 
 
 

Plate 3. Unfertilized ovum collected from Boran 

 

 
 
 
 
 
 
 
 
 
 

Plate 4. Embryos at the same development stage but different quality grade: 1 = Stage 4 (compact 
morula), Quality grade 1; 2 = Stage 4 (compact morula), Quality grade 2 
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Plate 5. Sonogram of early pregnancy establishment from fresh embryo transfer (A, B, C) and calves born 
from the three pregnancies 

 

 
Superovulation response of Boran cows 

Genotype was found to be an important factor that influenced total number of 
ovarian follicles, follicular dynamics (Tamratet al., 2016, Gimenes et al., 2009) and 
superovulatory response. Pure Boran was more sensitive to FSH dose and 
produced relativelylarge number of CL. Previous reports in other African cattle 
breeds such as the Cheurfa breed in Algeria (Ferrouk et al., 2008)and N’dama 
breed in west Africa (Jordt et al., 1986) confirm Boran to be superior. This could 
further be an indication of better performance of Boran in tropical environment 
than these African breeds, and greater sensitivity to exogenous gonadotropins, 
and is in complete agreement with Kanitz et al., (2002) who also studied dose and 
genotype interaction on the response to superovulation. The number of palpable 
CL recorded in the present study was substantially higher compared with a 
previous report on the same breeds treated with higher doses of “Pluset” 
(Tegegne et al., 1997).  

Previous reports had shown that an effort to increase the number of ovulations 
by increasing the FSH doses beyond the optimal level for a given breed did not 
increase superovulatory response except some undesirable results (Kanitz et al. 
2002). Thesame phenomenon was observed in pure Boran treated with300 IU 
FSH. It wasconcluded that higher doses of FSH may disturb the process of 
ovulation by making ovaries too large or by inducing extremely high levels of 
estradiol synthesis (Kanitz et al., 2002). Hence, this assumption holds true for 
Boran as well, and optimization of the superovulatory agent has a paramount 
importance for the wider application of the technology.  
 
The quality of produced embryo (TQE) from Boran were consistent with previous 
findingfrom the same genotypes (Tegegne et al., 1997), from the Algerian 
Cheurfa(Ferrouk et al. 2008), from the “N’dama” (Jordt and Lorenzini, 1990)in in 
terms of number of transferable quality. However, it was much lower than the 
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result reported by Silva et al. (2009) for the Nellore (zebu) breed in Brazil. 
Although the difference was not significant the qualities of embryos collected 
from Boran were better than embryos from Boran*Holstein cows by all evaluation 
characteristics.All showed evidence of the top quality embryos: Light amber 
colored cytoplasm, round shape, distinguishable blastomeres, wider per vitelline 
space, well defined inner cell mass (in blastocyst stage embryos), and clear and 
transparent zonapellucida. This finding is in agreement with the defined 
character of excellent and good quality in vivo produced bovine embryos 
(Contreras et al., 2008).  
 
Several factors are known to cause collection of UFO from superovulated cows: 
cow factors such aslactation, seasonal effect, repeat-breeding, insemination at the 
onset of estrus, suboptimal oocyte quality (Contreras et al., 2008), and increased 
doses of gonadotropin (Mapletoft et al., 2002); inferior quality semen, 
disturbances in transport of spermatozoa and/or insemination with sex sorted 
spermatozoa (Kafi and McGowan, 1997). The most probable reason for the 
current situation was the inferior semen quality of the pure Boran bull procured 
from the National AI center.  
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አህፅርኦት 
 

ይህ የመስክ ላይ ሙከራ በቤንሻንጉል ጉሙዝ ክልል  በአሶሳ ዞን በአሶሳና ባምባስ ወረዳ በአርሶ አደር ማሳዎች ላይ 
ሇሁሇት ተከታታይ ዓመታት (ከ2005 – 2006 ዓ.ም) የተከናወነ ሲሆን  ዋና )ዓላማዉም የናይትሮጅንና የፎስፈረስ 
ማዳበሪያ ላይ ያላቸዉን ተጽዕኖ መገምገም ነበር፡፡ ይህንንም ሇማጥናት አምስት(5) የናይትሮጅን እና አራት(4) 
የፎስፈረስ ደረጃዎች ድብልቅ በአጠቃላይ ሀያ (20) ተጠኚዎችን  በFactorial combination RCBD ዲዛይንና 
በሦስት ድግግምሽ ተሞክሯል፡፡ ዉጤቱ እንደሚያሳየዉ የጤፍ ዕድገትና ምርት በናይትሮጂንና በፎስፈረስ ማዳበሪያ 
መጠቀም አመርቂ ሇዉጥ አሳይቷል፡፡ በመሆኑም 46 ኪ.ግ ናይትሮጅን እና 10 ኪ.ግ ፎስፈረስ በሄክታር በመጠቀም 
1681.1 ኪ.ግ የጤፍ ምርት በሄክታር ተገኝቷል፡፡ ይህ የማዳበሪያ መጠን ምንም ማዳበሪያ ካልተጨመረበት ጋር 
ሲነፃፀር በ137% የምርት ጭማሪን ያስገኛል፡፡ የዋጋ አዋጭነትን ስንመሇከትም ይህ የማዳበሪያ መጠን አዋጭ መሆኑን 
ያረጋግጣል፡፡ ስሇዚህም 46 ኪ.ግ ናይትሮጅን እና 10 ኪ.ግ ፎስፈረስ በሄክታር መጠቀም ከፍተኛ የሆነ ትርፍ ያሇዉና 
አዋጭ የማደበሪያ አጠቃቀም መሆኑ ተረጋግጧል፡፡ 

 

Abstract 
  

Tef (Eragrostis tef) is one of most important food crops grown in Benishangul Gumuz 
region of Ethiopia and is produced in different agro-ecologies in the region. However, its 
productivity is constrained by a number of problems, of which soil nutrient is the most 
important one. Information on the response of tef to Nitrogen (N) and Phosphorus (P) 
fertilizers in Assosa Zone is inadequate. Field experiments were conducted at two locations 
for two years (2012-2013) to investigate the response of tef to N and P fertilization. Five 
levels of nitrogen (0, 23, 46, 69 and 92 N kg ha–1) and four levels of phosphorus (0, 10, 20 
and 30 kg P ha–1) were studied in factorial combinations in a randomized complete block 
design (RCBD) with three replications. The results revealed substantial responses of tef to 
the main effect of N and P on days to heading and panicle length, the main effect of N on 
days to emergency, and the main effect of P on days to 90% physiological maturity. 
Nitrogen by P interaction effect was significant on plant height, straw and grain yield. 
Grain yield increased significantly from 708.6 to 1681.1 kg ha-1 with increase in the level of 
N and P from the control (0/0 N/P) to 46 kg N and 10 P kg ha-1. The magnitude of increase 
in grain yield due to application of 46 kg N along and 10 kg P ha -1 was 137 % higher as 
compared to the control. The partial budget analysis also indicates that applications of 46 kg 
N ha-1 and 10 kg P ha-1 are the most economical fertilizer rates to tef growers compared to 
the other levels in the study area.  
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Introduction 
 
Tef (Eragrostis tef ) is among the major cereal crops in Ethiopia both in terms of 
area coverage and nutritional importance(CSA, 2016). It is one of the leading 
traditional food crops of Ethiopia. It ranks second in the country following maize 
in total production (CSA, 2016). The crop is utilized in different forms where the 
grain is used for human consumption and homemade beverage, while the straw 
is commonly used as feed to animals (Seyfu, 1997). Similarly, Tef is the food crop 
in the Benishangul-Gumuz region in general and in Assosa zone in particular. Tef 
production in the zone is found both in shifting and permanent farming systems, 
which are practiced among natives and settlers farming communities, 
respectively.  
 
The productivity of tef has been by far lower than the potential yields obtained 
on research stations and on farm verification trials which could be attributed to 
several abiotic factors though the genetic potential of the crop also takes vital 
share. Further its productivity varies from region to region in the country 
depending on agroecological suitability, availability of improved cultivars and 
farmers’ management practices. The growth, development and yield of cereal 
crops can be adversely affected when there is deficiency or excessive supply of 
any of the essential elements and other toxic substances (Hay and Walker, 1992).  
 
In Benishangul Gumuz region, especially in Assosa zone, its productivity (1.2 t 
ha-1) lagged behind the national average i.e. 1.57 t ha-1 (CSA, 2016). Poor soil 
fertility, erratic rainfall, and suboptimal management practices could be among 
the main factors to be responsible. Soil nutrient status is widely constrained by 
the limited use of inorganic and organic fertilizers and by loss of nutrients mainly 
due to erosion and leaching (Balesh et al., 2007; Gete et al., 2010; Getachew et al., 
2014). Many smallholder farmers do not have access to synthetic fertilizer 
because of its high price, lack of credit facilities, poor distribution, and other 
socio-economic factors. Consequently, crop yields are low, and the sustainability 
of the current farming system is at risk.  
 
Tef research has been conducted in the region since the past few years and some 
promising varieties have been adapted and under production in the area. Among 
the released varieties, Quncho had better yield advantage over others under 
research and farmers’ field. Yet, improvement of its production has not been 
possible due to a number of soil-plant-management related factors. Apparently, 
low soil fertility and inadequate nutrient management are among the major 
factors determining its yield level. Continuous cropping, high proportions of 
cereals in the cropping system, and the application of suboptimal levels of 
mineral fertilizers by farmers aggravates the situation in the area. The continuous 
removal of biomass (grain and crop residues) from crop land without adequate 
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nutrient replenishment can rapidly deplete the soil nutrient reserves and 
jeopardize the sustainability of agricultural production (Gete et al., 2010; 
Getachew et al., 2015; Legesse, 2004). To maintain high crop production level, the 
nutrient status of the soil has to be maintained through crop rotation, addition of 
organic and inorganic fertilizers. Inorganic fertilizers are important inputs in any 
agricultural production system because they supply the required nutrients in a 
readily available form for immediate plant use. Generally, the recommended rate 
of fertilizer for tef is 25 - 40 kg N and 10- 20 kg P ha-1 on light soils such as 
Nitosols, Luvisols and Cambisols, and 50-60 kg N and 30-35 kg P per hectare for 
heavy soils such as Vertisols (Deckers et al., 2001).  
 
So far efforts regarding the determination of optimum fertilizer rates and other 
agronomic requirement of tef in the area are inadequate. s, Nitrogen and P are the 
most important nutrients among major yield limiting plant nutrients as they are 
required in large quantity by the crop. However, there is no adequate research 
information for nitrogen and phosphorus fertilizer application rates in the area. 
This implies that effort has to be made to improve the production and 
productivity of tef through application of appropriate level of N and P fertilizers. 
In view of this, the activity was initiated with the following objectives:  1) to  
investigate the main and interaction effects of different levels of N and P 
fertilizers on yield and yield components of tef; and 2) to determine the economic 
optimum N and P rates for tef production. 

 

Materials and Methods 
 
Description of the study area 

The experiment was conducted in Assosa Zone, in two districts, namely Bambasi 
and Assosa, western Ethiopia, in the main rainy seasons of 2012 and 2013. The 
research sites are located between 1300 and1470 masl. with the minimum and 
maximum temperatures of 14.5 and 28.8oC, respectively. The average annual 
rainfall is 1358mm of which 1128.5mm were received between May and October 
during the cropping season. 
 
Treatments and experimental design 

The fertilizer treatments consisted of factorial combinations of five levels of N (0, 
23, 46, 69 and 92 kg N ha−1) and four levels of P (0, 10, 20, and 30 kg P ha−1). The 
experiment was conducted was laid out in a randomized complete block design 
(RCBD) with three replications on a plot size of 5 m x 4m. Urea and triple super 
phosphate (TSP) were used as the sources of N and P, respectively. Application of 
urea was in two splits, while the full rate of phosphorus was applied at sowing in 
band.  
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The experimental land was well prepared. Each plot and block was separated by 
0.50 m and 1.5m, respectively. Tef (Kuncho variety, Dz-Cr-387) was used for the 
experiment with broadcast method. Important agronomic practices were 
uniformly applied to all experimental plots as often as required. 
 

Soil sampling and analysis 

Composite soil samples were collected from the experimental plots in a diagonal 
pattern from the depth of 0-20 cm before planting. Uniform slices and volumes of 
soil were obtained in each sub-sample by the vertical insertion of an auger and 
made a composite soil sample. The soil samples were dried, ground using a 
pestle and a mortar and allowed to pass through a 2-mm sieve and analyzed for 
the selected physico-chemical properties mainly organic carbon, total nitrogen, 
soil pH, available phosphorus, cation exchange capacity (CEC) and textural 
analysis using standard laboratory procedures.  
 
Organic carbon(OC) content was determined by the volumetric method (Walkley 
and Black, 1934) as described in the Food and Agriculture Organization (FAO) 
guide to laboratory establishment for plant nutrient analysis (FAO, 2008) using 
1.0 g of the prepared soil sample. Total nitrogen was analyzed by Micro-Kjeldhal 
digestion method with sulphuric acid (Jackson, 1962). The pH of the soil was 
determined according to FAO (2008) using 1:2.5 (weight/volume) soil sample to 
water solution ratio using a glass electrode attached to digital pH meter. The 
cation exchange capacity (CEC) was measured after saturating the soil with 1N 
ammonium acetate (NH4OAc) and displacing it with 1N NaOAc (Chapman, 
1965). Available phosphorus was determined by the Bray II method.  
 
Data collection and analysis 

Sampling and data collection were done from the center of each plot. Growth 
indicating parameters such as plant height, panicle length, and grain yield was 
collected. Plant height (cm) was measured from the base of the plant to the top 
most leaves of the plant. The average value was computed from five randomly 
selected plants. The grain yield was sampled and measured from the center of 
each plot, and converted to kg ha-1 for statistical analysis. Analysis of variance 
was performed following statistical procedures appropriate for the experimental 
design using SAS computer software. Whenever treatment effects were 
significant, the means were separated using the least significant difference (LSD) 
test at 5 % level of significance. The partial budget analysis was done following 
the method described in CIMMYT (1988). 
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Results and Discussion 
 
Soil physico-chemical properties before sowing  

Soil physical and chemical properties were analyzed for the surface composite 
soil sample taken from the experimental field. The texture of the soil was with 
particle size distribution of 53.8% clay, 30.2% and 16% silt. The soil texture is 
clayey. According to the rating of Landon (1991), the soil used for this study 
ranged from very strongly acidic (pH 4.29) to moderately acidic (pH 5.52) classes, 
indicating the possibility of Al toxicity and deficiency of certain plant nutrients. 
The exchangeable K of the soil before the application of the treatments ranged 
from 0.192 to 0.42 Cmol (+) kg-1. All experimental soils had deficient to adequate 
K content. According to Landon (1991), available (Bray II extractable) soil P level 
of less than 10 mg kg-1  is rated as  low,  11-31 mg kg-1 as  medium and greater 
than 18 mg kg-1 is rated as high. Thus, most trial location had very low to 
medium available (Bray II extractable) P (Table 1).  Following the rating of total N 
by Landon (1991), > 1% is rated as very high, 0.5 to 1% high, 0.2 to 0.5% medium, 
0.1 to 0.2% low and < 0.1% as very low N status. The experimental soils qualify 
for very low total N. Similarly, the organic carbon (OC) content of the soil was 
also very low to low in accordance with Landon (1991), who categorized OC 
content as very low (< 2%), low (2- 4%), medium (4-10%), high (10-20%). The very 
low OC and low N content in the study area indicate low fertility status of the 
soil. This could be due to continuous cultivation and lack of incorporation of 
organic materials (Table1). 
 

      Table Chemical properties of some experimental soil samples prior to planting 
 

Soil parameters Nebar keshmando Amba 14 Megel 33 

pHH2O (1:2.5) 5.2 4.8 4.3 

CEC (cmol(+) kg-1) 29.0 17.2 25.9 

OC (%) 2.5 1.7 2.1 

Total N (%) 0.2 0.2 0.2 

Available P (Bray II) (ppm) 3.4 3.4 3.2 

K (cmol(+) kg-1) 0.4 0.2 0.3 

 

Crop Phenology 
  
Days to 50% emergence  

Days to crop emergence was significantly (P≤0.05) affected by the main effect of 
N fertilizer rate, but not by the main effect of P fertilizer and their interaction 
(Table 2).  Increasing the rate of N application from 0 to 92 kg ha-1 N hastened 
emergence of the crop by additional time of about 21% as compared to the 
number of days required by plants in the control treatment (Table 2). The 
acceleration of emergence of the crop in response to N application might be due 
to the possibility that N supply may have triggered faster germination because of 
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its positive influence on the internal factors regulating the germination process 
such as increased contents of gibberellic acid in the seed (Taiz and Zeiger, 2006). 
A similar result was reported by Temesgen (2012). However, this finding is in 
contrast to Haftamu et al. (2009) and Mitiku (2008) who reported that increased 
application of N delayed crop emergence in tef.  
 
Days to 50% heading  

The analysis of variance over two years indicated that days to 50% heading in tef 
was significantly (P≤0.05) different due to the main effects of N and P application 
rates but not due to their interaction (Table 2). Nitrogen fertilized plots had faster 
heading than the plots not treated by fertilizer N (Table 2). The reason for 
accelerated heading of the crop by N fertilization could be due to the uptake of 
sufficient N by tef plants from the soil and also because of the uptake of N may 
have enhanced the uptake of other nutrients such as P and potassium which 
might speed up growth and development of plants. This is consistent with the 
suggestion of Temesgen (2012) that N supply promotes the uptake of other 
nutrients, enhancing growth and development. In contrast to the results of this 
study Legesse (2004) who found significantly prolonged number of days to 
heading in response to N application.  
 
The number of days required to heading varied among P fertilizer rates. The 
control (0 P) treatment significantly delayed heading (96.7) while higher levels of 
P (10, 20 and 30 kg ha-1), significantly enhanced heading (Table 2). The probable 
reason might be that applied P fertilizer played an essential role in plant growth 
and development. Assefa et al. (2016) also reported a similar result. The results of 
this study are inconsistent with those of Legesse (2004), Mitiku (2008), Haftamu et 
al. (2009) and Temesgen (2012) who reported non-significant differences in days 
to heading of tef plants in response to the application of P fertilizer. The heading 
of tef plants was accelerated as NP rate increased. This could be due to the fact 
that plots treated with the highest rates of nutrients encouraged early 
establishment, rapid growth and development of tef plants, which is in 
agreement with Tucker (1999). 

Days to 90% physiological maturity 

 Days to 90% physiological maturity was not significantly different due to the 
application of N fertilizer, which is in line with the finding of Temesgen (2012). In 
contrast, data presented in table 2 indicated that days to 90 % physiological 
maturity was significantly (P ≤ 0.05) affected by phosphorus rates. The shortest 
days (91.2) to physiological maturity were obtained from the application of 30 kg 
P ha-1 and the longest days (96.7) from the control. This was also supported by 
Brady and Weil (2002) who showed that phosphorus application could possibly 
shorten maturity date since it promotes rapid cell division. The probable reason 
might be that phosphorus promotes maturity of plants. Onasanya et al. (2009) 
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showed that phosphorus plays an important part in many physiological 
processes that occur within a developing and maturing plants. It is involved in 
enzymatic reactions in the plant and hastens the maturity, thus counteracting the 
effect of excess nitrogen application to the soil. However, the delay of 
physiological maturity may be due to insufficient amount of essential elements 
under unfertilized treatment. 
 

Growth Parameters 
 
Panicle length  

Panicle length was significantly (P≤0.05) affected by the main effects of N and P 
fertilizer application, but not by their interaction (Table 2). Significant differences 
were observed among N fertilizer application rates in panicle length. The longest 
(39.9 cm) panicle length was obtained from the application of 69 kg N ha-1 while 
the shortest (31.6 cm) was recorded from the control (0 N). Increasing N from 0 to 
69 kg N ha-1 increased panicle length by about 26.3%, compared to the control. 
Panicle length is one of the most important traits influencing yield. In many 
findings, the effect of high N application on tef yield was attributed to the major 
role played by panicle length on grain yield. Longer panicles bear more number 
of spickletes that contain higher number of grains, higher total biomass and straw 
yield. This is consistent with the findings of Temesgen (2012); Haftamu et al. 
(2009); Mitiku (2008); Legesse (2004) and Mulugeta (2000), who reported that 
panicle length exhibited positive and highly significant correlation with plant 
height and grain yield. In all findings including the aforementioned ones, 
increased application of N caused increased panicle length and hence crops with 
higher panicle length produced significantly higher total biomass yield, grain 
yield and straw yield than those with shorter panicles. A similar study by 
Channabasavanna and Setty (1994) also revealed increased yield of cereal crops 
due to increased yield attributes such as panicle length as a result of successive 
increases in N application. 
 
Application of P fertilizer also significantly affected panicle length. The highest 
panicle length (39.6 cm) was recorded from the application of 20 kg P ha-1 while 
the shortest was obtained from the control treatment (Table 2). The increase in 
panicle length with increasing P rate could be due to sufficient uptake of P by 
plants, which encourages plant growth. Phosphorus is the main element involved 
in energy transfer for cellular metabolism in addition to its structural role 
(Wiedenhoeft, 2006). The result was in agreement with the findings of Giday 
(2014). Higher panicle length may have also positive contribution to the grain and 
straw yields since it has a positive correlation to grain yield. In line with this 
result, Asefa (2014) reported that the application of balanced fertilizer and 
efficient utilization of nutrients leads to high photosynthetic productivity and 
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accumulation of high dry matter, which ultimately increases panicle length and 
grain yield.  
 

Table 2. The main effects of N and P fertilizer rates on phenology of tef in Assosa and 
Bambasi Districts 2012-2013 

 

Treatments Days to 
50% 

emergency 

Days to 50% 
heading 

Days to 90% 
physiological 

maturity 

Panicle 
length(cm) 

Nitrogen (kg ha-1) 

0 4.6a 50.2a 90.3 31.6c 

23 4.4ab 47.1b 92.0 37.8b 

46 3.9bc 46.7b 91.6 38.1ab 

69 3.8c 47.4b 92.4 39.9a 

92 3.8c 46.5b 92.4 38.8ab 

LSD (5%) 0.25 1.03 Ns 1.03 

Phosphorus  (kg ha-1) 

0 4.2 51.7a 96.7a 32.4b 

10 4.3 47.2b 92.8b 38.2a 

20 3.9 46.1bc 91.4b 39.6a 

30 4.0 45.3c 91.2b 38.9a 

LSD (5%) Ns 0.92 1.83 0.92 

CV (%) 25.7 9.2 9.4 11.8 
Means in a column with same letter are not significantly different at 5% probability level. Ns=not significant 

 
Plant height  

The analysis of variance showed that plant height was significantly affected 
(P≤0.05) by the interaction of N and P fertilizer application. Plant height generally 
increased with the increase in the rate of NP fertilizer application (Table 3). In line 
with this, Rashid et al. (2007) indicated that plant height was linearly increased 
with increasing levels of NP fertilization. The maximum plant height (104.1 cm) 
was obtained from application of 23kg N ha-1 and 10 kg P ha-1, while the lowest 
(77.3 cm) from the control treatment (Table 3). The increase in plant height was 
not consistent with the increase in NP rates. The plant heights obtained from all 
NP fertilized plots were significantly higher than unfertilized plots. This is 
because the applications of NP fertilizers have great roles in plant growth. Many 
studies revealed significant influence of N on plant height as it plays a vital role 
in vegetative growth of plants. A similar result was reported by Haftom et al. 
(2009) showing that a tef plant with higher plant height was found by applying a 
high amount of N fertilizer. This may be attributed to the fact that N usually 
favours vegetative growth of tef, resulting in higher stature of the plants with 
greater panicle length. Legesse (2004) also reported that high N application 
resulted in tef plants with significantly taller plants due to direct effect of N on 
vegetative growth of plants. This result is in line with the report of Wakene et al. 
(2014) who stated that plant height of barely increased with increasing rates of 
NP from 0/0 to 69/30 kg ha-1. 
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Table 3. Plant height (cm) of tef as affected by N*P interaction at Assosa 
Zone, 2012 - 2013  

 

Nitrogen  
(kg ha-1) 

Phosphorus (kg ha-1) 

0 10 20 30 Mean 

0 77.3h 89.4cdef 88.9defg 86.3fgh 85.5 

23 79.3h 104.1a 95bcde 97.6abcd 94.0 

46 80.1gh 95.5abcd 99.2ab 100.3ab 93.8 

69 79.5h 94.4bcde 99.0ab 98.1abc 92.8 

92 82.4fgh 97.6abcd 96.9abcd 101.1ab 94.5 

Mean 79.7 96.2 95.8 96.7   

LSD (5%) N*P = 4.52  CV (%) =10.43 

 
Straw yield  

Straw yield was significantly (P≤0.05) affected by the main effect of N and P 
application as well as their interaction. Generally, the combined application of N 
and P resulted in increased straw yields (Table 4). Thus, the application of 46 kg 
N ha-1  and 10 kg P ha-1 resulted in the highest (3135.4 kg ha-1) straw yield, with 
the yield increment of 129% compared to the control.  I contrast the lowest (1396.4 
kg ha-1) straw yield was recorded from the control treatment (unfertilized plot). 
Consistent with this finding, Melesse (2007) reported that wheat cultivars 
produced higher straw yields in response to the combined application of higher 
rates of N and P. The increased straw yield might be due to the effect of high N 
application on the production of effective large numbers of tillers, increased plant 
height, and panicle length. Temesgen (2012), Haftamu et al. (2009) and Mitiku 
(2008) who indicated that the highest straw yield was obtained in response to the 
application of higher rates of N application, which enhanced the production of 
significantly longer panicle sizes and taller plants, and as a result greater biomass 
yield, reported similar results. 
 

   Table 4. Straw yield (kg ha-1) of tef as affected by N*P interaction at Assosa Zone, 
2012 – 2013 

  

Nitrogen 
(kg ha-1) 

Phosphorus (kg ha-1) 

0 10 20 30 Mean 

0 1396.4i 2106.4ef 2266.2de 2294.6de 2015.8 

23 1863.7fgh 2869.1ab 2604.3bcd 2748.5abc 2521.4 

46 1716.8fghi 3135.4a 2505.4bcd 2468.1cde 2456.4 

69 1597.9hi 2286.4de 2436.5cde 2468.7cde 2197.4 

92 1708.6ghi 2600.4bcd 2367.2cde 2089.0efg 2191.3 

Mean 1656.7 2599.54 2435.9 2413.8  

N *P , LSD(5%)=201.1   CV (%) =18.75 

 

Grain yield  

Grain yield is the result of many complex morphological and physiological 
processes occurring during the growth and development of crops (Khan et al., 
2008). The analysis of variance showed that grain yield of tef was significantly    
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(P ≤ 0.05) influenced by the main effect of N and P fertilizer rate as well as by the 
interaction of N and P rates (Table 5).  
 
The maximum grain yield (1681.1 kg ha-1) was obtained from application of 46 kg 
N ha-1 and 10 kg P ha-1 while the minimum grain yield of tef was recorded from 
the unfertilized plots. Grain yield significantly increased (P≤0.05) from 708.6 to 
1681.1 kg ha-1 with the increase in the levels of N/P from the control (0/0 N/P) to 
46 kg N ha-1 along with 10 kg P ha-1, but decreased with further increase in 
applied N and P fertilizer. The magnitude of increase in grain yield due to 
application of 46 kg N ha-1 and 10 kg P ha-1 was higher by 137 % than the control. 
This might be due to the uptake of balanced amounts of nitrogen by plants 
throughout the major growth stages; enhanced synchrony of the demand of the 
nutrient for uptake by the plant and its availability in the root zone in sufficient 
amounts. Temesgen (2001) reported that application of different levels of N 
significantly affected grain yield of tef on farmer’s field.  In this experiment, the 
reduction in grain yield with higher N and P levels beyond 46 kg N and 10 kg P 
ha-1 might be mainly related to the reductions observed in the yield components 
and thereby decreased grain yield. Consistent with this suggestion, Reinke et al. 
(1994) indicated that where the grain yield response is negative, yield reduction is 
primarily caused by a reduction in the proportion of the number of filled 
spikelets per panicle. Singh et al. (1995) also reported a decrease in grain yield of 
rice with application of high doses of N fertilizer.  
 

Table 5. Grain yield (kg ha-1) of tef as affected by N*P interaction at 
Assosa Zone, 2012- 2013. 

 

Nitrogen  
(kg ha-1) 

Phosphorus (kg ha-1) 

0 10 20 30 Mean 

0 708.6h 1005.8de 1257.2bc 1179.4cd 1037.8 

23 812.6gh 1220.2bcd 1316.0b 1212.0bcd 1140.2 

46 832.6fgh 1681.1a 1142.0cd 1312.0b 1241.9 

69 966.1efg 1039.0de 1015.8ef 1105.3cde 1031.6 

92 921.3efg 1079.6de 1042.4de 947.5efg 997.8 

Mean 848.2 1205.1 1154.7 1151.2  

N *P , LSD(5%)= 99.8  CV (%) =18.53 

 

Linear relationships among Tef agronomic parameters 

Linear relationships among tef agronomic parameters are presented in table 6. 
Grain yield of tef was significant and positively correlated with plant height 
(r=0.55**), panicle length (r=0.49**) and straw yield (r=0.78**). This indicates that 
grain yield significantly increases with the increase in plant height, panicle 
length, and straw yield. On the other hand, grain yield was negatively correlated 
with days to heading(r=- 0.16*) and maturity(r= -0.39**) which was in line with the 
report of Getachew (2004) on bread wheat. Straw yield had significant and 
positive correlation with plant height (r = 0.59**) and panicle length (r=0.46**), but 
negatively correlated with days to heading (r=- 0.25**) and maturity (r= -0.32**). 
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This indicates that straw yield significantly increases with the increase in plant 
height and panicle length. Bekalu and Arega (2016) who reported that grain and 
straw yields of tef were significantly and positively correlated with plant height 
and panicle length, but negatively with days to heading and maturity, reported 
similar results. 
 

Table 6. Linear relationships among tef agronomic parameters  
 

  Days to 
emergence 

Days to 
heading 

Days to 
maturity 

Plant 
height 

Panicle 
length 

Straw 
yield 

Grain 
yield 

Days to 
emergence 

1             

Days to heading 0.25ns 1      

Days to maturity 0.02ns - 0.10ns 1     

Plant height 0.01ns - 0.22ns - 0.52ns 1    

Panicle length - 0.19** - 0.36**   - 0.36** 0.66** 1   

Straw yield - 0.05ns - 0.25** - 0.32** 0.59** 0.46** 1  

Grain yield 0.01ns - 0.16* - 0.39** 0.55** 0.49** 0.78** 1 
 ns=non significant,* & **=significant at probability of 5 & 1%, respectively. 

 

Effects of NP fertilizer on economic feasibility of tef production 

The higher net return EB 19043.8 Birr ha-1 with marginal rate of return of 1221% 
was obtained with application of 46/23 kg N P2O5 ha-1. Thus, planting tef with 
application of 46 kg N ha-1 combined with 23 kg P2O5 ha-1 resulted in 79.9 % 
surplus income from grain sale compared to adopting national blanket fertilizer 
recommendation (46 kg N ha-1 combined with 46 kg P2O5 ha-1)  recommended by 
Ministry of Agriculture (Tables7). Thus, 46 kg N ha-1 combined with 23 kg P2O5 
ha-1 fertilizer rate application are the most economical feasible to tef growers 
compared to the other levels . 
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Table 7. Effects of NP fertilizer rates application on economic feasibility of tef production of at Assosa 
 

N 
( kg ha-1) 

P2O5 
(kg ha-1) 

AGYT 
(kg ha-1) 

TVC 
(Birr) 

Revenue 
(Birr) 

Net 
benefit 
(Birr) 

Value to 
cost ratio 

Marginal 
rate of 

return (%) 

0 0 637.7 9885 2085 7800 3.7  

23 0 731.3 11336 2777.5 8558.3 3.1 110 

0 23 905.2 14031 3022.5 11008.4 3.6 1000 

46 0 749.3 11615 3470 8144.8D 2.3   

23 23 1098.2 17022 3715 13306.8 3.6 332 

0 46 1131.5 17538 3960 13577.9 3.4 111 

69 0 869.5 13477 4162.5 9314.6D 2.2   

46 23 1513 23451 4407.5 19043.8 4.3 1221 

23 46 1184.4 18358 4652.5 13705.7D 2.9   

92 0 829.2 12852 4855 7997.1D 1.6   

0 69 1061.5 16453 4897.5 11555.1D 2.4   

69 23 935.1 14494 5100 9394.1D 1.8   

46 46 1027.8 15931 5345 10585.9D 2   

23 69 1090.8 16907 5590 11317.4D 2   

92 23 971.6 15060 5792.5 9967.9D 2   

69 46 914.2 14170 6037.5 8132.9D 1.3   

46 69 1180.8 18302 6282.5 12019.9D 1.9   

92 46 937.8 14536 6730 8505.9D 1.4   

69 69 994.8 15419 6975 8443.9D 1.2   

92 69 852.8 13218 7667.5 6250.1D 0.9   
* Price of Urea =13.85 Birr/kg, TSP=18.75 Birr/kg, DAP=14.35 Birr/kg, Price of tef=15.50 Birr/kg and price of tef for 
seed=20 Birr/kg, AGYT= Adjusted grain yield of tef and D=Dominated 
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አህፅሮት 
 

የአፈር ሇምነት መመናመንና አስፈላጊ የሆኑ የዕጽዋት ንጥረ ነገሮች በከፍተኛ ደረጃ መሟጠጥ በሀገሪቱ በስፋት 
ሰብል በሚመረትባቸዉ ከፍተኛ  ቦታዎች ላይ ሇዘላቂ እርሻ ልማት ቁልፍ ችግር መሆኑ የሚታወቅ ነዉ፡፡ ይህ 
ጽሁፍ እስከአሁን በማዕከላዊ የሀገሪቱ ከፍተኛ ቦታዎች በደጋ ጥራጥሬ ሰብሎች ላይ የተከናወኑ የአፈር ሇምነት፣ 
የዕፅዋት ሥነ-ምግብና የሰብል አያያዝ ምርምር ዋና ዋና ግኝቶችን በማጠናቀር ያቀርባል፡፡ ተገቢ ያልሆነ የሰብል 
አያያዝ፣ ኋላቀር የውኃ ማጥፈፍ ዘዴ፣ የአፈር አሲዳማነትና እንደዚሁም ከዚሁ ጋር በተያያዘ ሰብሎች በተሇያየ 
የዕድገት ደረጃቸው ወቅት አጥጋቢ የሆነ የፎስፎረስ ንጥረ ነገር ማግኘት ያሇመቻል ሇሰብል ዝቅተኛ ምርታማነት 
ዋና መንስዔዎች መሆናቸው በጥናት ሇማረጋገጥ ተችሏል፡፡ የደጋ ጥራጥሬ አመራረት ዘዴ በሀገሪቱ ከቦታ ቦታ 
ይሇያያል፡፡ የምርምር ግኝቶች እንደሚያመሇክቱት ከዘር በፊት ሁሇት ጊዜ መሬትን ማረስና በትክክሇኛው የሰብል 
ዕድገት ወቅት አንድ ጊዜ ማረም የባቄላና የአተር ምርታማነትን በከፍተኛ ደረጃ ሇመጨመር ያስችላል፡፡ 
እንደዚሁም  ውኃ የመቋጠር ችሎታቸው ከፍተኛ በሆነ ከባድ ሸክሇማ የአፈር ዓይነቶች ላይ ዘመናዊ ውኃ 
የማጥፈፊያ ዘዴዎችን፣ ትክክሇኛ የዘር ወቅትና ምርታማ የሆኑ የሰብል ዝርያዎችን በማቀናጀትና በመጠቀም 
የባቄላና የሽምብራ ምርታማነትን በከፍተኛ ደረጃ ሇማሳደግ ተችሏል፡፡ የአሲዳማ አፈርን ምርታማነት ሇመጨመር 
1፣ 3 እና 5 ቶን ኖራ በአንድ ሄክታር ማሳ ላይ በመጨመር የባቄላ ምርታማነትን በ45፣ በ77 እና 81 በመቶ 
በቅደም ተከተል ከፍ ሇማድረግ ተችሏል፡፡ በተመሳሳይ በቀይ አፈር ላይ ከ20 እስከ 30 ኪ.ግ. የፎስፈረስ ንጥረ-
ነገር መጨመር በባቄላና አተር  ከፍተኛ ገቢ ማግኘት እንደሚቻልና ኢኮኖሚያዊ ጠቀሜታ እንዳሇዉ ሇማረጋገጥ 
ተችሏል፡፡ እንደዚሁም የፎስፈረስ ንጥረ-ነገር መጠን በዝቅተኛና መካከሇኛ ሇምነት ደረጃ በሚገኝ አፈር ላይ 
ሲጨምር  የአተር ምርታማነትም በተማሳሳይ ሁኔታ ይጨምራል፡፡ በተጨማሪም ፍግና የፎስፈረስ ንጥረ-ነገርን 
በቅንጅት መጠቀም የባቄላን ምርታማነት በአመርቂ ሁኔታ ከመጨመሩም በላይ የአፈርን ምርተማነት በዘላቂነት 
ያሻሽላል፡፡ በመጨረሻም የደጋ ጥራጥሬዎችን ምርተማነት በስፋትና  በዘላቂነት ሇማሻሻል ከምርምር ሥራው ጎን 
ሇጎን የቴክኖሎጂ ማስፋፋት ሥራም ተጠናክሮ መቀጠል ይኖርበታል፡፡  
 

Abstract 
 

Land degradation and depletion of soil fertility is the critical challenge for sustainable 
crop production in the highlands of Ethiopia. This paper reviews advances in the 
major activities and achievements of soil fertility, crop and land management research 
on the highland pulses, which have been done for the last two decades in the central 
highlands of Ethiopia. Inappropriate agronomic practices, poor internal drainage, soil 
acidity and associated low phosphorus (P) availability are major constraints affecting 
productivity of highland food legumes. Production practices differ across the major 
highland pulse growing areas of the country. Research findings showed that twice 
tillage before planting and one properly timed hand weeding resulted in optimum 
yields of faba bean and field pea. Substantial increments in seed and biomass outputs 
of faba bean and chickpea were recorded on Vertisols due to the integrated application 
of improved surface drainage, sowing date and genotypes. At Holetta, the application 
of lime as calcium carbonate at the rate of 1, 3 and 5 t ha-1 on Nitisols increased mean 
seed yield of faba bean by 45, 77 and 81%, respectively over non-treated plots. Similarly, 
application of 23/20-32/30 kg N/P ha-1 on Nitisols resulted in the highest net benefit 
for faba bean and field pea production. Phosphorus by farmyard manure interaction 
significantly increased faba bean seed yield. Field pea seed yield also increased at the 
low and medium soil fertility levels with increasing rates of P application. In 
conclusion, a concerted effort is necessary to extend the available technologies in order 
to improve the productivity of highland food legumes. 
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Introduction 
 
Faba bean (Vicia faba L.), field pea (Pisum sativum L.), chickpea (Cicer 
arietinum L.) and lentil (Lens culinaris Medik.) are important cool-season 
food legumes (CSFL) of low-input ‘break’ crops in the highlands of 
Ethiopia. These crops are very useful in a crop rotation system that is 
dominated by cereals.  Faba bean, chickpea, field pea and lentil cover 27, 
13, 16 and 6% of the total pulse area and provide 31, 12, 17 and 5% of total 
production, respectively (CSA, 2016). They are cultivated predominantly 
by smallholder farmers and their yields are very low (Asfaw et al., 1994; 
CSA, 2016).  
 
Although Ethiopia is the major producer of these crops with production 
being distributed throughout the country their productivity is affected by 
several biotic and abiotic factors. Soil and seedbed requirements, erosion, 
acidity and low phosphate availability, lack of drainage, inadequate soil 
moisture, and poor agronomic practices are major factors affecting the 
productivity of CSFL (Hebblethwaite et al., 1983; Asfaw et al., 1994; 
Getachew, 2009; Getachew and Woldeyesus, 2012). Pulses produced on 
Vertisols, which receives high rainfall during the main rainy season, are 
constrained by impeded drainage (Jutzi, 1988; Jutzi and Mesfin, 1989; 
Getachew and Woldeyesus, 2012). Research findings showed that 
improved drainage practice markedly increased productivity of faba bean 
and chickpea grown on Vertisols (Mesfin and Jutzi, 1989; Getachew et al., 
2004; Getachew and Woldeyesus, 2012).  

 
Inadequate seedbed preparation and soil fertility management practices are 
the most important causes of low yields of faba bean and field pea (Amare 
et al., 1999; Getachew and Chilot, 2009; Getachew and Hailu, 2009). In most 
cases, seeds of CSFL are broadcast and covered by local plow. Amare and 
Adamu (1994) reported that two to three plowings with the local plow or 
one disc-plowing followed by two disc-harrowing significantly increased 
faba bean and field pea seed yields.  

 
Farmers indicated that the blanket fertiliser recommendation for faba bean 
and field pea (100 kg DAP ha-1) is not appropriate for the different types of 
soils, which have different levels of fertility. Faba bean and field pea are 
mainly produced on Nitisols in the highlands of Ethiopia, where their 
productivity is constrained by low soil pH and associated low P 
availability. These soils have pH values of less than 5.5, which result in low 
yields. The low yields in such soils could mainly be either due to the 
deficiency of nutrients, such as P, Ca and Mg (Somani, 1996; Getachew and 
Sommer, 2000; Getachew et al., 2005), or toxicity of Al, Fe and Mn (Sharma 
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et al., 1990; Fageria and Baligar, 2008). As a result P deficiency is one of the 
most widespread soil constraints in these soils.  

Tillage and Soil Management 
 

Tillage and crop management 
Research results on tillage frequency and weed control showed that twice, 
thrice and four times tillage including the last pass for seed covering 
increased mean seed yields of faba bean by 26, 52 and 54% compared to the 
control i.e., planting with the first plowing (Table 1). Tillage by weed 
control interaction significantly increased faba bean seed yield. The highest 
mean seed yield (2198 kg ha-1) of three years for the tillage and weed 
control interaction was obtained from two plowings before planting 
accompanied with one properly timed hand weeding. The results of 
economic analysis indicated that the treatment with three times tillage and 
weeding once by hand is the best option with a marginal rate of return of 
227%, which is economically the most feasible alternative for faba bean 
producers. 
 

Table 1. Tillage frequency and weed control effects on seed 
and total biomass yields of faba bean in  Welmera 
area, 1999-2001  

 

Factor Seed yield 

(kg ha-1) 
Total biomass 

(kg ha-1) 

Tillage (T)   

Control (once) 1379c 2796c 

Twice 1740b 3607b 

Thrice 2092a 4714a 

Four times 2121a 4812a 

LSD (5%) 202.95 457.16 

Weeding (W)   

No weeding 1675b 3773b 

Weeding once  1991a 4191a 

LSD (0.05) 143.51 323.26 

TWC * ** 

CV (%) 16.50 17.11 
*, **Significant at P ≤ 0.05 and P ≤ 0.01 probability levels, 
respectively; ns = Not significant 
Source: Getachew et al. (2005) 

 
The effects of tillage frequency, phosphate fertilizer, and weed control on 
field pea were studied on Nitisols of Welmera and Chelia, West Shoa. The 
results of the study revealed that the frequency of tillage, P fertilization, 
and weed control treatments had significant effects on yield and yield 
components of field pea. Plowing twice, three and four times, including the 
last pass for seed covering increased mean seed yield of field pea by 38, 55 
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and 43%, respectively, compared to the control. Yield of field pea positively 
responded to P fertilizer. The application of P fertilizer at the rates of 10, 20 
and 30 kg P ha-1 resulted in seed yield advantages of 30, 53 and 50%, 
respectively, compared to the control, i.e., without P fertilizer treatment. 
The combined analysis of variance over two cropping seasons showed that 

there was significant (P  0.01) tillage by P fertilization (T×P) interaction 
effect for mean field pea seed yield. The increase in field pea seed yield due 
to tillage frequency (twice and three times) and P fertilization (10, 20 and 30 
kg P ha-1) was significantly higher than once tillage and unfertilized plots. 
Twice and three times tillage frequency resulted in seed yield increments of 
1181 and 1229 kg ha-1 at 20 kg P ha-1 compared to field pea seed yield 
obtained from once tillage and without P application, with the 
corresponding yield advantages of 149 and 155% (Table 2). The results of 
economic analysis indicated that the treatment with three times tillage, 
application of 20 kg P ha-1 and weeding once by hand is the best option 
with a marginal rate of return of 423%, which is economically the most 
feasible alternative for field pea producers.  

Table 2. Interaction effects of tillage frequency and P fertilization on 
field pea seed yield (kg ha-1) at Welmera and Chelia, 
2003 and 2004 

 

Source Phosphorus fertilization (kg ha-1) 

Tillage frequency 0 10 20 30 

Once 794 1190 1376 1389 

Twice 1153 1533 1975 1908 

Three times 1449 1840 2023 2052 

Four times 1383 1641 1947 1836 

LSD0.05 126.60 

Source: Getachew and Hailu (2009) 

 

Management of Vertisols 

 

Drainage method and variety effects on yield of legumes 
High moisture level limits faba bean production on Vertisols, as the crop is 
highly sensitive to waterlogged conditions. The response of three faba bean 
cultivars (CS 20DK, KUSE-2-27-33 and local land-race) were evaluated to 
different drainage methods, namely the broad beds and furrows (BBF), flat, 
ridges and furrows (RF) and camber beds (CB). Results indicated that faba 
bean seed yield significantly differed among drainage methods. The 
highest seed yield increment (98%) using the BBF over the flat seedbed 
conditions was obtained in 1998 crop season (Table 3). The maximum seed 
yield was recorded from BBF drainage system. The lowest rainfall was 
recorded during 1999 at which the highest grain yield was obtained, 
indicating that higher rainfall even under improved drainage method 
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limits growth and yield of legumes on heavy clay soils. However, as there 
was no need to drain excess moisture due to low rainfall, yield obtained 
from the flat seedbed method was almost equivalent to yield obtained from 
BBF, but higher than the yield obtained from camber bed drainage method. 

 
Table 3. Effect of drainage methods on total biomass and seed yields of 

faba bean at Ginchi, 1997-2000 
 

Factor Mean seed yield (kg ha-1) 

1997 1998 1999 2000 Mean 

Drainage (D)      

BBF 1418b 1049a 2469ab 1231 1542a 

Flat 1249b 529c 2491ab 996 1316b 

Ridge and furrow 977c 846ab 2911a 1130 1466ab 

Camber bed 1759a 753bc 1781b 1236 1382ab 

LSD(0.05) 196.0 248.5 673.3. NS 165.9 

Variety (V)      

CS 20 DK 1575a 827 2517 1325a 1561a 

KUSE-2-27-33 1528a 817 2441 1116ab 1476a 

Local 947b 755 2280 995b 1244b 

LSD (0.05) 151.9 NS NS 218.8 165.8 

D  V ** NS NS * NS 

CV (%) 13.0 25.2 29.2 22.1 28.6 
Note: Means in a column with different letters are significantly different (P < 0.05) 
Source: Getachew and Amare (2004) 

 
Likewise, the effects of three drainage methods namely the broad beds and 
furrows (BBF), ridges and furrows (RF) and flat beds (FB), four sowing 
dates (18 and 31 August, and 14 and 28 September) and three chickpea 
genotypes (Akaki, Worku and Local) were studied at Ginchi for three years 
(2003-2005). Results revealed that year, drainage method, sowing date, 
genotype and their interaction effects were significant on chickpea seed 
yield. Improved drainage method (BBF) increased chickpea seed yield by 
an average of 45% over the flat seedbed. There was a quadratic relationship 
between seed yield and sowing date with a peak yield in mid-September. 

The interaction effects of drainage method by sowing date (DS), drainage 

method by genotype (DG), sowing date by genotype (SG), year by 

drainage and sowing date (YDS), and year by drainage and genotype 

(YDG) were significant (p  0.01) for seed yield. Improved genotypes 
were significantly more yielding than the local landrace under improved 
drainage system, but not under the flat bed system. Graphic display of the 

pattern of YS, DS and SG interactions are given in Figure 1a, b and c, 
respectively. Differences among sowing dates were highly significant (p < 
0.0001) under each of the three drainage systems, but the response was 
large for flat and BBF systems and very small for the RF drainage system. 
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Overall, planting improved chickpea varieties about mid-September using 
BBF could markedly increase yield of chickpea on Vertisols in Ethiopia. 
 

 
 

Figure 1. The relationship between sowing date and seed yield as affected by (a) year, (b) drainage system and (c) variety 
in chickpea tested under three drainage methods and three sowing dates in three years using three varieties 
at Ginchi, Ethiopia. Source: Getachew and Woldeyesus (2012) 

 

Soil Fertility and Plant Nutrient Management 
 
Application of lime 

The effects of four rates of lime in the form of calcium carbonate (0, 1, 3 and 
5 t ha-1) were studied on Nitisols of Holetta. The combined analysis of 
variance over three years indicated that mean seed yield of faba bean was 
highly significantly (P < 0.001) affected by lime application. The application 
of lime at the rates of 1, 3 and 5 t ha-1 resulted significantly in linear response 
with mean seed yield advantages of about 45, 77 and 81% over the control 
(Figure 2).  Mahler et al. (1988) reported that seed yields of legumes were 
optimal between soil pH values of 5.7 and 7.2 and yields of pea could be 
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increased by 30% due to the application of lime to soils with pH values less 
than 5.4. 
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Figure 2. Faba bean mean seed yield as influenced by the application of lime in the form of calcium carbonate at 

Holetta (LSD at 5% = 192), 1998-2000. Source: Getachew et al. (2006) 

 

Phosphate fertilizer 

Based on the results of the PRA study and farmers’ need optimum NP 
fertilizer rates were determined for faba bean and field pea on locally 
known soil types as dila and dimile, respectively. These are drained Nitisols 
in which dila is medium in its fertility status, while dimile soil representing 
the largest share of the cultivated area is characterised by low soil fertility. 
Results indicated that the application of phosphate fertilizer in the form of 
diammonium phosphate (DAP) significantly (P < 0.01) increased seed yields 
of faba bean and field pea over the control and the magnitude of responses 
varied with the fertilizer rates. The application of phosphate fertilizer at the 
rates of 9/10, 18/20 and 27/30 kg N/P ha-1 resulted significantly in linear 
response with mean faba bean seed yield advantages of 24, 66 and 80% over 
the control (Table 4). Likewise, the application of phosphate fertilizer at 
similar rates resulted significantly in linear response with mean field pea seed 
yield advantages of 55, 103 and 152% over the control (Table 4). In 
conclusion, the application of 18/20 kg N/P ha-1 for faba bean and 27/30 
kg N/P ha-1 for field pea as DAP could be recommended on dila and dimile 
soils, respectively. 
 
 

The effect of nitrogen and phosphorus fertilizers on seed yield of faba bean 
was studied at different locations. The results of the study showed that 
application of N fertilizer did not result in significant yield difference at 



Soil fertility and crop management  

 

[102] 

seven out of eight locations. Nitrogen fertilization resulted significantly in 
linear response only at Adet with seed yield advantages of 15, 25 and 33% 
over the control. In contrast, P fertilization increased faba bean seed yield 
significantly (P < 0.01) in linear response at all locations (Table 5). It was 
found that response of faba bean to phosphorus fertilizer application was 
dependent on the residual P fertility level of the soil (Hebblethwaite et al., 
1983). The authors recommended that further study is required involving 
the determination of critical levels of soil available P for optimum faba 
bean yield. 
 

Table 4. Effect of NP fertilizer on seed yield of faba bean on 
dila and field pea on dimile soils in Wolmera, 1999-2001  

 
Factor Mean seed yield  (kg ha-1) 

Faba bean Field pea 

N/P rate (kg ha-1)   

0/0 949c 820d 

9/10 1181b 1270c 

18/20 1578a 1661b 

27/30 1711a 2064a 

LSD (0.05) 186.9 201.1 

CV (%) 16.0 14.8 

Note: Means in a column followed by the same letter are not 
significantly different at P ≤ 0.05.  
Source: Getachew et al. (2003) 

 
Table 5. Effect of NP fertilizer on faba bean seed yield (kg ha-1) at eight locations, 1992-1993 

 

Factor Holetta Burkitu Chefa Sinana Sheno Adet D/Zeit Alemaya 

N rate (kg ha-1)         

0 1375 3228 3128 2306 1287 2885 2241 1624 

18 1462 2876 2734 2207 1537 3318 2269 1537 

27 1474 3557 2865 2184 1506 3602 2410 1389 

36 1578 2971 2998 2217 1546 3836 2156 1486 

F-test         

Rate NS NS NS NS NS * NS NS 

Linear NS NS NS NS NS ** NS NS 

P rate (kg ha-1)         

0 914 1809 1935 1339 1174 2835 2044 1328 

10 1267 2867 2559 1868 1433 3168 2187 1485 

20 1584 3510 3369 2596 1541 3669 2453 1519 

40 2124 4444 3862 3110 1729 3970 2392 1704 

F-test         

Rate ** ** ** ** ** ** ** ** 

Linear ** ** ** ** ** ** ** ** 

SE 76.8 193.5 117.9 85.8 72.7 208.2 71.9 74.7 

CV (%) 29.5 34.7 22.8 21.8 28.0 29.9 17.9 28.0 
*,**Significant at P < 0.05 and P < 0.01, respectively; NS = Not significant 
Source: Amare et al. (1999) 
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The effects of four levels of P fertilizer (0, 10, 20 and 30 kg P ha-1) as triple-
supper phosphate (TSP) and two levels of weeding (W0 = No weeding and 
W1 = Hand weeding once) were studied at Welmera and Robgebeya, west 
Shewa. Experimental results showed that highly significant positive 
responses of seed yields of faba bean to P fertilizer and weeding were 
noted. Application of phosphorus at the rates of 10, 20 and 30 kg P ha-1 
increased mean seed yields by 20, 41 and 53%, respectively compared to 
the control over locations. Phosphorus level by weed control interaction 

over three years significantly (P  0.01) influenced faba bean seed yield 
over locations. Application of 30 and 20 kg P ha-1 and weeding once 
resulted in the highest mean seed yield of 2181 kg ha-1 followed by 2015 kg 
ha-1, respectively, with respective yield advantages of 87 and 72% (Figure 
3). The results of economic analysis indicated that the highest marginal rate 
of return (200.3%) was obtained from weeding once six weeks after crop 
emergence and application of 20 kg P ha-1, which is economically the most 
feasible alternative for faba bean production on Nitisols of central 
Ethiopian highlands.  
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Figure 3. Faba bean seed yield as influenced by the interaction of phosphorus and weed control across 
locations, 2001-2003 
Note: ■ W1 = Weeded and W0 = Unweeded. Source: Getachew and Rezene (2006) 

Similarly, the effects of four levels of P fertilizer (0, 10, 20 and 30 kg P ha-1) as 
TSP and two levels of weeding (W0 = no weeding and W1 = hand weeding 
once) were studied on yield of field pea at Welmera. The application of P 
fertilizer and weed control resulted in a linear response function (Figure 4). 
The regression line showed that mean seed yield of field pea was strongly 

W1 

W0 
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positively correlated with phosphorus rate under weeded and unweeded 
condition (Figure 4). This shows that the yield of field pea has increased as 
the level of P increased. The optimum dose of P for attaining an economic 
yield of field pea was found to be 20 kg ha-1 under weeded condition. 
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Figure 4. Field pea seed yield as influenced by the interaction of phosphorus and weed 

control, 2003-2004 
Note:  W0 = Unweeded; W1 = Weeded once by hand  
Source: Getachew (2009) 

 

Integrated soil fertility and plant nutrient management 

Integrated soil fertility management approach has proven to be a viable 
option for improving soil productivity and enhancing yield (Vanlauwe et 
al., 2010; Mponela et al., 2016; Getachew and Tilahun, 2017). Accordingly, 
the main and interaction effects of farmyard manure (FYM) at three rates 
(0, 4 and 8 t FYM ha-1) and five levels of phosphorus fertilizer (0, 13, 26, 39 
and 52 kg P ha-1) were investigated on yield and yield components of faba 
bean on Nitisols of Holetta.  
 
Results indicated that seed yield was positively influenced by FYM and P 
applications. The application of FYM at 4 and 8 t ha-1 increased faba bean 
seed yield by 34 and 53% respectively compared to the control. The 
application of P fertilizer significantly increased seed yield with yield 
advantages of ranging between 16 and 32% over the control. Phosphorus by 
FYM interaction significantly improved faba bean seed yield. The highest 
mean faba bean seed yield was recorded from the application of 8 t FYM 
ha-1 and 39 kg P ha-1 (Figure 5). Based on the economic analysis, application 
of 8 t FYM ha-1 was found to have the highest marginal rate of return 
(2027%), suggesting for each Birr invested in faba bean production, the 
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producer would reap Birr 20.27 after recovering his investment. 
Application of 4 t FYM ha-1 and 13 kg P ha-1 is also above the minimum 
acceptable rate of return (134%). Therefore, although the highest MARR 
was achieved from application of 8 t FYM ha-1 the option could be left for a 
producer. 
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Figure 5. Interaction effects of FYM and phosphorus on faba bean seed yield, 2002-2003.  
Source: Getachew and Chilot (2009)  

 
The response of field pea to phosphorus fertilizer (0, 10, 20, 30, 40 and 60 kg 
P ha-1) was evaluated at Holetta and Bekoji. Research results from both 
locations indicated that seed yield of field pea was significantly improved 
by the application of P fertilizer at Holetta and Bekoji (Table 7). At Bekoji 
the most economical P rate was 20 kg P ha-1 for cv. Tegegnech, 10 kg P ha-1 
for G22763-2C and 5 kg P ha-1 for cv. Cheffa local.  Getachew (2009) also 
reported that application of phosphate fertilizer at the rates of 10, 20 and 30 
kg P ha-1 increased mean grain yield of field pea by 36, 67 and 57%, 
respectively compared to the control at Welmera, west Shewa. Similarly, 
research carried out at Welmera and Chelia of west Shewa showed that 
application of phosphorus fertilizer at the rates of 10, 20 and 30 kg P ha-1 
increased mean seed yields of field pea by 30, 53 and 50%, respectively, 
compared to the control (Getachew and Hailu, 2009).  
 

0 t FYM ■4 t FYM ▲8 t FYM 
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Table 7. Summary of analysis of variance for grain yield and pods per 
plant at confidence levels of P < 0.05* or P < 0.01**  

 

Factor Holetta Bekoji 

Grain 
yield 

Pods per 
plant 

Grain 
yield 

Pods per 
plant 

Year (Y) ** ** ** ** 

Phosphorus  (P) ** ** ** ** 

Variety (V)   ** ** 

YP    ** 

YV **  ** ** 

PV   *  

YPV     

Mean 1272.5 6.7 2403.8 10.7 

CV (%) 32.3 24.9 18.3 27.4 

*, **Significant at P < 0.05 and P < 0.01, respectively  
Source: Amare et al. (2005) 

 
Similarly, the response of field pea cultivars to phosphorus fertilizer (0, 10, 
20, 40 and 80 kg P ha-1) was studied under three fertility levels (low, 
medium and high) at Ilala and Cheffa. Results revealed that field pea seed 
yield increased at the low and medium soil fertility levels with increasing 
rates of P application. However, at the high P fertility level the seed yield 
decreased with increasing rate of P application (Figure 6). Phosphorus 
fertility level by P application rate interaction was significant for field pea 
seed yield. 
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Figure 6. Phosphorus fertility level by P application rate interaction effect on seed yield of field 

pea at Cheffa site. 
Source: Amare et al. (2007) 

 

Conclusions and Recommendations 
 
Poor soil fertility, soil acidity and the associated low phosphorus 
availability are among the major constraints affecting the productivity of 
cool-season food legumes in the highland Nitisol areas of the country 
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where faba bean and field pea are mainly grown. As soil pH declines 
important macro- and micronutrients, such as phosphorus, boron and 
molybdenum become deficient. Hence, such soils need to be ameliorated 
using physical, chemical and biological methods. Moreover, further study 
is required involving the determination of critical levels of soil available P 
and other soil fertility ameliorating sources for optimum faba bean and 
field pea yield. 
 
The role of cool-season food legumes in cropping systems should be 
emphasized. Both short and long term cropping sequence experiments in 
different environments with different food legumes involving N-budget 
component need to be carried out. Then for each area a reasonable 
calculation will be made of the proportion of cereal production that could 
have a food legume rotation based on actual markets and socio-economic 
considerations.  
 
The inefficient traditional practice of crop culture should be replaced with 
improved crop management techniques for sustainable crop production. 
During high rainfall seasons, waterlogging problem is severe and crop 
damages are commonplace on Vertisols. Thus, emphasis should be given to 
drainage methods, time of planting, varieties, and crop management 
techniques to improve the productivity of legumes in the highland areas of 
the country. In summary, the available soil fertility management 
technologies and improved agronomic practices developed in the country 
pertaining to the production of highland food legumes need to be 
demonstrated and scaled up to users to increase their adoption. 
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ከተሇያዩ የናይትሮጅን ማዳበሪያ ምንጮች ውስጥ ዩርያ ኣንዱ ሲሆን በቀሊለ የመሟሟት ማሇትም ወደ መሬት በመስረግ፣ 
በትነት መሌክ በቀሊለ ከአፈርና ከተክሌ ስርዓት በመጥፋት በምርት ሊይ አለታዊ ተፅዕኖ ያሳድራሌ:: ይህን ሇመቅረፍ ቀስ እያሇ 
የሚሟሟ ዩርያ ስቴብሌ(UREAStabil) የተባሇ ማዳበሪያ እና የተሇመደው ዩርያ ማዳበሪያ (conventional urea) በስንዴ 
ምርት ሊይ ያሊቸውን ተፅዕኖ ሇማወቅ በክረምት 2007 ዓ.ም በሓውዜን እና እምባ ኣሊጀ ወረዳዎች ሙከራ ተካሂደዋሌ:: 
አራት የናይትሮጅን መጠን ከዩርያ ስቴብሌ 0፣32፣64፣96  ኪል ግራም ናይትሮጅን እና 64 ኪል ግራም ናይትሮጅን 
ከተሇመደው ዩርያ ሇማወዳደርያነት በማካተት በራንደማይዝድ ኮምፕሉት ብልክ ዲዛይን (RCBD) በሶስት ድግግሞሽ 
ተፈትሿሌ:: የቅድመ ተከሊ የኣፈር ናሙና እንደሚያመሇክተው የናይትሮጅን መጠን በሓውዜን የምርምር ጣቢያ ዝቅተኛ ሲሆን 
በእምባ ኣሊጀ ደግሞ መካከሇኛ መጠን ኣሇው:: በሓውዜን የምርምር ጣቢያ የተሻሇ ምርት የተሰበሰበው 64 ኪል ግራም 
ናይትሮጅን በዩርያ ስቴብሌ መሌክ በመጨመር ሲሆን ይህም መጠን ኢኮኖሚያዊ አዋጭነቱ ከላልች ቅንብሮች/ አያያዝ 
የተሻሇ መሆኑ ተረጋግጧሌ:: በተቃራኒው በእምባ አሊጀ ግን 64 ኪልግራም ናይትሮጅን በተሇምዶ ዩርያ መሌክ መጨመር 
የተሻሇ ምርት ከማስገኘቱም ባሻገር የኢኮኖሚ ኣዋጭነቱ ተረጋግጧሌ::  

 

Abstract 
 

Highly soluble N fertilizers like urea may be lost from the soil plant system through leaching, 
volatilization, and denitrification thereby reduce yields and NUE of arable crops. This study was 
carried out to investigate the effects of slow nitrogen (N) releasing fertilizer (UREAStabil) on NUE 
and yields of bread wheat and determine optimum rate of N application for bread wheat production. 
A field experiment was carried out in 2015 main cropping season at Hawzien and at Emba Alaje 
districts in Tigray Regional State, Ethiopia. Cambisols and Vertisols are the two dominant soil 
types at Hawzien and Emba Alaje districts, respectively. The experiments were arranged in a 
randomized complete block design with three replications on six farmers’ fields. Treatments were 
four levels of nitrogen fertilizer (0, 32, 64 and 96 kg N ha-1). The nitrogen source was UREAStabil, 
which is slow N releasing fertilizer. Conventional urea at recommended rate (64 kg N ha-1) was 
included as a control at both sites. Soil samples were collected before planting and analyzed for 
selected physicochemical properties. Pre-planting soil analysis results revealed that total N was low 
at Suluh site in Hawzien (0.051% to 0.082%) and medium at Ayba and Atsela sites in Emba Alaje 
(0.157% to 0.211%). Application of 64 kg N ha-1 as UREAStabil and conventional urea resulted in 
the highest grain yields of 1708.33 kg ha1 and 5467.9 kg ha-1 from in Hawzien and Emba Alaje 
districts, respectively. The highest agronomic efficiency of 9.46 kg kg-1and apparent N recovery of 
55% were obtained from 64 kg N ha-1 as UREAStabil. However, the maximum physiological 
efficiency of 60.28 kg kg-1 was obtained from the same rate as conventional urea at Suluh site in 
Hawzien district. The highest agronomic efficiency of 22.2 kg kg-1, physiological efficiency of 87.05 
kg kg-1, and apparent N recovery of 59.7% was obtained from 64 kg N ha-1 as conventional urea at 
Atsela and Ayba sites in Emba Alaje district. Both biological and partial budget analysis reveals 
that the use of N at rate of 64 kg N ha-1as UREAStabil and 64 kg N ha-1 as conventional urea could 
give optimum bread wheat yield in Hawzien and in Emba Alaje, respectively, and in areas where 
the rainfall distribution and soil type is similar with study districts where this experiment was 
conducted. Further study is also required on split application of UREAStabil at the study sites. 
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Introduction 
 

Nitrogen (N) is often the most limiting nutrient for crop yield in many regions of 
the world. Nitrogen fertilizer is one of the main inputs for cereals production 
systems. The increase of agricultural food production worldwide over the past 
four decades has been associated with a 7-fold increase in the use of N fertilizers 
(Hirel et al., 2007).  

Availability of nitrogen applied as fertilizer to crop depends not only on the rate 
but also on the nature of the N fertilizer, soil types, cropping system, 
management as well as on temperature and precipitation during the growing 
season (Przulj and Momcilovic, 2001). Highly soluble N fertilizers like urea may 
be lost from the soil plant system through leaching, ammonia (NH3) 
volatilization, denitrification and immobilization or may be fixed on the soil 
colloids as NH4-N form (Bock, 1984). The disadvantage of urea fertilizer is that 
considerable amounts of N can be lost from through volatilization which may 
result in very low N fertilizer use efficiency (Chen et al. 2008), if not incorporated 
into soil soon after application. The N recovery by crops from the soluble N 
fertilizers such as urea is often as low as 30–40%, with a potentially high 
environmental cost associated with N losses via NH3 volatilization, NO3- leaching 
and N2O emission to the atmosphere (Zhou et al., 2003).  

There are different mechanisms to improve the nitrogen fertilizer use efficiency. 
Cropping system, soil and water management, use of appropriate N fertilizer, 
application rate and time are among the main management options to increase N 
fertilizer use efficiency. In addition, use of slow N releasing fertilizers, 
nitrification inhibitor, efficient species or genotypes, and control of disease, 
insects and weeds are also important for improvement of N fertilizer use 
efficiency (Fageria, 2009).  

Slow nitrogen release urea fertilizers can increase nitrogen use efficiency through 
either slowing the release rate or by altering reactions that lead to losses 
(Kathrine, 2011). UREAStabil is one form of slow nitrogen releasing urea. UREAStabil 
is urea enriched with the inhibitor of urease NBPT (N-(nbutyl) - thiophosphoric 
triamide). A new fertilizer was registered in the Czech Republic in 2006. 
UREAStabil reduces losses due to volatilization, leaching, and denitrification 
(Mraz, 2007).  

In Hawzien and Emba Alaje Districts application of N as Urea fertilizer and P as 
DAP at the rate of 100 kg urea and 100 kg DAP ha-1 is a recommended to enhance 
wheat production and productivity. Nevertheless, wheat production and 
productivity is not as such satisfactory from year to year. At Hawzien district, N 
losses from applied urea fertilizer might be through volatilization and leaching. 
At Emba Alaje district, leaching and dinitrification may be the causes for N loss 
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of urea fertilizer due to soil nature which is Vertisols and high rain fall. Therefore, 
appropriate source of N fertilizer, rate and time of application may improve N 
fertilizer use efficiency of the crop. However, the effects of slow nitrogen 
releasing fertilizer (UREAStabil) on yields and nitrogen use efficiency of bread 
wheat have not been well investigated at Hawzien and Emba Alaje districts. 
Furthermore, effective rate of application for slow N releasing fertilizer for 
increasing wheat productivity at both districts has not been established. 
Therefore, the objectives of this study were to: 
 
 compare effects of UREAStabil with conventional Urea fertilizer on yield and yield 

components of bread wheat; 

 determine optimum application rate UREAStabilfertilizer for wheat production; and  

 investigate the effects of UREAStabil on nitrogen use efficiency of bread wheat at Suluh 
site in Hawzien and at Atsela and Ayba sites in Emba Alaje districts. 

 

Materials and Methods 
 

Description of the study areas  
The study was conducted in Eastern and Southern Zones of Tigray Region, at 
Hawzien and Emba Alaje Districts, respectively on six farmers' field in 2015 main 
cropping season. Hawzien district is located at 78 km away from Mekelle, the 
capital of the region to east direction and 861 km from Addis Ababa to south 
direction. Its altitude ranges from 1500 to 2300 masl. Agroecological zone of the 
district is tepid to cool sub moist mountains plateau (Anonymous, 2000). The 
experiments were carried out at Suluh Kebele in Hawzien district on three 
farmers' fields. The geographical location of the experimental fields are 390 27' 
43.11'' E, and 130 59' 37.416'' N, and 2263 masl (Field1), 390 27' 21.911'' E, and 130 
59' 20.299'' N and 2270 masl, (Field 2) and 390 27' 33.747'' E and 130 59' 11.801''N, 
and 2273 masl (Field 3). Soils of Hawzien District are one of the most degraded 
soils in the Tigray Region, which are very low in soil organic matter content and 
macronutrients such as N, P, and K (EthioSIS, 2014). The dominant soil type in 
the District is Cambisols (TFEB, 1995). Wheat, groundnut and grass pea are the 
most common crops cultivated in the District. The area is characterized by 
bimodal rainfall distribution pattern and in the cropping season receives annual 
rainfall of 371.9 mm. The average annual maximum and minimum temperatures 
were 27.6 and 9.83 OC, respectively.  

Emba Alaje District is located at 100 km and 683 km away from Mekelle and 
Addis Ababa, respectively. Its altitude ranges from 2300 to 3300 masl. The 
experiment was conducted on three farmers` fields, one at Atsela Kebele and two 
at Ayba Kebele in Emba Alaje District. The geographical locations of the 
experimental fields are 390 32' 6.72'' E, and 120 55' 39.54'' N, and 2471.928 masl 
(Field 1), 390 32' 45.221'' E and 120 52' 45.842'' N, and 2735 masl, (Field 2) and 390 
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32' 29.305'' E and 120 52' 43.722'' N, and 2728 masl (Field 3). Soils of Emba Alaje 
district are deficient in N, P, K (Ethiosis, 2014). Vertisols are the major soil types 
found in the district (TFEB, 1995). Wheat, barley, fababean and field pea are the 
most commonly cultivated crops in the District. The area is characterized by 
bimodal rainfall pattern, which receives annual rainfall of 960.4 mm. The mean 
annual maximum and minimum air temperatures were 22.2 and 10.3, 
respectively. 
 

Experimental design, treatments and procedures  

The experimental design was randomized complete block design (RCBD) with 
three replications. The experiment was conducted in Hawzien district at Suluh 
Kebele on three farmers' fields and in Emba Alaje District at Atsela Kebele on one 
farmer field and Ayba Kebele on two farmers` fields. Following the history of 
preceding production season, farmlands, which were covered with wheat and 
barley last year, were selected. Plot sizes were 4 m by 3 m. The spacing between 
plots and blocks were 50 and 100 cm, respectively. The spacing between wheat 
plant rows was 20 cm. The bread wheat variety used for the experiment was Pica 
flor (kakaba), which is disease resistant, early maturing, and relatively high 
yielding, at Suluh kebele in Hawzien district. . Hidase variety, which is less 
susceptible to rust and has high grain yielding potential and disease resistant, 
was used at Atsela and Ayba in Emba Alaje District.    

Treatments were four levels of nitrogen fertilizer (0, 32, 64 and 96 kg N ha-1). The 
nitrogen source was UREAStabil, which is slow N releasing fertilizer. Treatments 
were applied at planting. Conventional urea was included with split application 
of 1/3 of 64 kg N ha-1 at planting and the remaining N at tillering stage. 

Phosphorus fertilizer was applied at the rate of 20 kg P ha-1 in the form of triple 
super phosphate (TSP). Potassium was applied at the rate of 80 kg K2O ha-1 as () 
in the form of murite of potash (KCl). Sulfur was applied at the rate of 30 kg S ha-

1 as CaSO4. Phosphorus, K and S fertilizers were applied at planting as basal to all 
plots.  
 

Soil analysis 

Soil samples collected before planting were subjected to analysis of texture, pH, 
organic matter, total nitrogen, available P, and cation exchange capacity (CEC), 
following the standard procedure. 
  
Plant tissue sampling and analysis for nitrogen content 

At maturity, five non-boarder wheat plant samples were randomly collected from 
each plot and partitioned into grain and straw. The straw samples were washed 
with distilled water to clean the samples from contaminants such as dust. The 
grain and straw samples were oven dried at 700C to constant weight. After 
drying, the samples were ground and passed through 0.5 mm sieve.  
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The samples were analyzed for nitrogen concentration following wet digestion 
method. The nitrogen use efficiencies of wheat such as agronomic efficiency, 
physiological efficiency and apparent recovery efficiency of N were calculated as 
describe by Fageria and Baligar (2001). 
 
1) Agronomic Efficiency of Nitrogen:  
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Where Gf is the grain yield in the fertilized plot (kg); Gu is the grain yield in the 
unfertilized plot (kg);and Na is the quantity of N applied (kg). 
 
2) Physiological Efficiency of Nitrogen:  
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Where Yf is the total biological yield (grain plus straw) of the fertilized plot (kg); 
Yu is the total biological yield in the unfertilized plot (kg);  Nf is the N 
accumulation in the fertilized plot (kg); and Nu is the N accumulation in the 
unfertilized plot (kg). 
 
3) Apparent Recovery Efficiency of Nitrogen :  
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Where Nf is the N accumulation by the total biological yield (straw plus grain) in 
the fertilized plot (kg); Nu is the N accumulation by the total biological yield 
(straw plus grain) in the unfertilized plot (kg); and Na is the quantity of N 
applied (kg). 

 
Agronomic data  

Grain yield (kg ha-1): Grain yield obtained from each plot was used to 
estimate grain yield in tons per hectare. The grain yield was adjusted 
to 12.5% moisture content and weighed.  

 
Straw yield (kg ha-1): After threshing and measuring the grain yield, the 

straw yield was measured by subtracting the grain yield from the 
total above ground biomass yield. 

Seed moisture content was determined using seed moisture tester instrument. 
Then the grain yield of each treatment was adjusted to the standard moisture 
level by computing the conversion factor for each treatment to get the adjusted 
yield using the following formula (Biru, 1979): 
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 Conversion factor (C.F) = 100-Y   
                                              100-X                    

Where Y is actual moisture content and X is the standard moisture content to 
which the yield is to be adjusted (for cereals the standard moisture content is 
12.5%). 

Adjusted yield = C.F * Plot yield 

Data analysis 
 
The collected data were subjected to analysis of variance (ANOVA) using SAS 
software program version 9.1.3 (SAS, 2002). Significant difference among 
treatment means were assessed using the least significant difference (LSD) at 0.05 
level of probability (Gomez and Gomez, 1984). Marginal rate of return (MRR) 
was calculated as the change in net revenue (NR) divided by the change in total 
variable cost (TVC) of the successive net revenue and total variable cost levels 
(CIMMYT, 1988). Daily labor costs were calculated by assuming 60 Birr per 
person per day and revenue was calculated by considering the prevailing market 
price, which is 9 Birr kg-1 of wheat grain yield for Hawzien and 11 ETB for Emba 
Alaje Districts. The prices of conventional urea (11.2557 Birr  kg-1) andUREAStabil 
(11.931042 ETB  kg-1) were calculated based on Enderta union blended fertilizer 
factory and the cost of UREAStabil was 6% more than the cost of conventional urea.  
 

 

Result and Discussion 
 

Physical properties of soils  

Textural classes of Suluh site soils in Hawzien and Atsela site soil in Emba Alaje 
Districts were sandy loam and clayey, respectively (Table 1). For soils of Ayba 
site, the textural classes varied from clay loam to clayey. The sand content of soils 
of Suluh site fields was higher than that of Atsela and Ayba sites, whereas the 
clay content of soils of Atsela and Ayba site fields was higher than that of Suluh 
site fields (Table 1). Berhanu (1985) reported that Vertisols in Ethiopia generally 
contain over 40% clay in their surface horizons. Bereket et al. (2014) also reported 
low clay content for Cambisols of Hawzien district relative to Vertisols. 
Cambisols are characterized by slight or moderate weathering of parent material 
and by absence of appreciable quantities of illuviated clayand organic matter, 
while Vertisols are characterized by high clay content with swelling and 
shrinking characteristics (FAO, 2014). 
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Chemical properties of soils  

The pH of soils of the experimental sites varied from 6.12 to 6.7 (Table 1). Thus, 
the pH of the experimental site soils was within the range for productive soils. 
The organic matter content of soils of Suluh site was low in all fields and in soils 
of Atsela and Ayba sites in Emba Alaje ranged from low to medium (Table 1). 
According to Birhanu (1980), total nitrogen content of Suluh site was low in all 
fields and medium for soils of Atsela and Ayba sites. Relatively higher organic 
matter and nitrogen contents of soils of Atsela and Ayba sites might be due to the 
properties of Vertisols of the sites with higher clay contents that could lessen 
oxidation of organic matter. These findings were in line with Azlan etal.(2012) 
who reported that soil texture influences the rate of soil organic matter (SOM) 
decomposition. Soils with high clay content may have higher SOM content due to 
slower decomposition of organic matter. At Emba Alaje, minimum land 
degradation, high precipitation, and biomass production may have contributed 
for higher SOC formation than other sites. Furthermore, farmers at Atsela and 
Ayba sites have been practicing crop rotation, composting and leaving crop 
residues after harvesting which are the management options to increase soil 
organic matter and nitrogen content. 
 
Available soil phosphorous (Olsen P) at Suluh site was low in all fields while it 
was medium at Atsela and Ayba sites (Cottenie, 1980). Available soil K content 
was low on field 1and field 2 at Suluh site but it was medium on field 3. In soils 
of Atsela and Ayba sites in Emba Alaje district available K was low and medium, 
respectively (Marx et al., 1999). According to Landon (1991), CEC was medium 
for soils of Suluh site in Hawzien district and high to very high for soils of Atsela 
and Ayba sites in Emba Alaje district (Table 1). The high CEC in soils of Atsela 
and Ayba sites in Emba Alaje district may be due to the high content of clay and 
organic matter.    

Table 1. Selected physical and chemical properties of the soils of experimental sites sampled at the depth of 0-20 cm 
SL- Sandy Loam, C- Clayey, CL- Clay loam, K- Potassium 
 

 

 

 

 

 

 

Soil Parameters Experimental Sites 

Suluh (Hawzien) Atsela Ayba (Emba Alaje) 

Field 1 Field 2 Field 3 Field 1 Field 2 Field 3 

Sand (%) 71 65 63 25 27 19 

Silt (%) 13 15 19 29 35 25 

Clay (%) 16 20 18 46 38 56 

Textural Class SL SL SL C CL C 

pH(1:2.5 H2O) 6.2 6.1 6.2 6.7 6.4 6.6 

Organic Matter (%) 1.38 0.89 1.18 1.667 2.972 2.61 

Total Nitrogen (%) 0.082 0.051 0.073 0.157 0.211 0.204 

Available Phosphorous(mg kg-1) 5.04 6.34 5.54 9.7 16.74 11.86 

Available K (ppm) 122 127 228 144 191 162 

Cation Exchange Capacity  
(cmol (+) kg-1) 

19.4 21.4 18.8 38 57.4 48.2 
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Grain Yield 

The analysis of variance showed that grain yield of wheat was significantly 
influenced (P < 0.01) by sources and rates of N. At Suluh in Hawzien site the 
increase in grain yield was not consistent with N rates. The highest grain yield 
(1708.33kg ha-1) was recorded from with the application of 64 kg N ha-1 as 
UREAStabil and the lowest (1102.73 kg ha-1) was recorded from the control, i.e. 
without N application (Table 2). Grain yield obtained from plots treated with 32 
kg N ha-1 as UREAStabil was not significantly different from 64 kg N ha-1 in the 
form of conventional urea. This might be due to the slow releasing effect and low 
volatilization of N when applied as UREAStabil, which could contribute to the 
higher grain yield. Khan et al. (2013) reported higher grain yield of wheat when N 
was applied as super urea (urease plus nitrification inhibitor treated urea). Hou et 
al. (2006) also reported that combination of urease and nitrification inhibitors 
significantly reduced urea hydrolysis and in turn increase the grain yield of 
wheat. 

At Atsela and Ayba sites in Emba Alaje there was increasing trend in grain yield 
with N application rates. Bereket et al. (2014) also reported that increasing rate of 
nitrogen fertilization increased grain yield of wheat. The highest grain yield was 
recorded for plots that received 64 kg N ha-1 (5467.9kg ha-1) as conventional urea. 
This might be due to application of UREAStabil only at planting while N as 
convectional urea was applied in two splits. Therefore, split application of 
conventional urea (1/3 at planting and 2/3 at tillering stage) has an advantage to 
obtain higher grain yield at Atsela and Ayba sites in Emba Alaje District. Kelly et 
al. (2014) reported that split-N applications as urea (Urea+NBPT) generally 
resulted in greater wheat yields than application of N at planting only. Juan et al. 
(2010) also reported that the highest grain yield of durum wheat was recorded 
from split application of urea. From this result, it is possible to predict that split 
application of N as UREAStabil could result in higher grain yield than conventional 
urea at Atsela and Ayba sites in Emba Alaje (Table 2). Application of full dose of 
UREAStabil at planting may increase the loss, especially due to denitrification and 
leaching at Emba Alaje District. This was in line with Liliana et al. (2014) who 
reported that denitrification rate in wheat crop was observed when N fertilizer 
was applied and rain was more frequent and intensive.  

Mean grain yield at Suluh site in Hawzien was lower compared with that of 
Atsela and Ayba sites in Emba Alaje. This could be due to differences in wheat 
variety used, soil fertility status and amount of rainfall received. The fertility 
status of soils of Atsela and Ayba sites in Emba Alaje is better than that of Suluh 
site in Hawzien (Table 1). Amount of rainfall was also higher at Emba Alaje (960.4 
mm) than that received in Hawzien (371.9 mm) during the cropping season. As a 
result, grain yield was not as such satisfactory at Suluh site in Hawzien. 
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Straw Yield 

Straw yield was affected both by sources and rates of N fertilizer (P < 0.001) at all 
sites. At Suluh site in Hawzien, straw yield showed increasing trend even though 
some inconsistencies were observed. The lowest and highest straw yields were 
obtained from the control treatment (2259.3 kg ha-1) and from 64 kg N ha-1 (3400.0 
kg N ha-1) in the form of UREAStabil,respectively. Statistically significant 
differences were not observed in straw yield between plots treated with the same 
rates of N as conventional urea and UREAStabil (Table 2). Marcelo et al. (2013) 
reported that Urea+ NBPT had significant effect on straw yield of wheat. 
Numerically, straw yield obtained from as the application of UREAStabil at the rate 
of 64 kg N ha-1 was higher than straw yield obtained from conventional urea with 
the same rate (). This indicates that UREAStabil as N fertilizer is superior to 
conventional urea in improving wheat straw yield at Suluh site.  

At Atsela and Ayba sites in Emba Alaje, straw yield showed consistently 
increasing trend with N rates applied as UREAStabil (Table 2). The highest and 
lowest straw yields were recorded from with the addition of 64 kg N ha-1 as 
conventional urea (7810.1 kg ha-1) and from the control, respectively. Abebe 
(2012) and Bereket et al. (2014) reported that wheat straw yield increased with N 
rates. For the same rates of N  Split application of conventional urea at the rate of 
64 kg N ha-1 resulted in higher straw yield than the straw yield obtained from 
UREAStabil with the same rate applied at planting only. This implies the 
importance of split application of N at Atsela and Ayba sites in Emba Alaje 
district.  
 

Table 2. Mean grain and straw yields (kg ha-1) of wheat as affected by conventional Urea and 
UREAStabil fertilizers. 

Nitrogen Levels 
(kg ha-1) 

Experimental Sites 

Suluh (Hawzien) Atsela and Ayba (Emba Alaje) 

Grain Yield Straw yield Grain yield Straw Yield 

0 N  1102.73d 2259.3c 4043.5c 5906.0d 

32N(UREAStabil) 1393.22c 2850.0b 4313.9c 6277.6cd 

64N(UREAStabil) 1708.33a 3400.0a 4812.2b 6718.2bc 

96N(UREAStabil) 1633.91ab 3127.8ab 4909.1b 7064.0b 

64N(Conventional Urea) 1543.19bc 3168.5a 5467.9a 7810.1a 

Location (field) 852990** 449129.6* 18704958.56** 77523716.1** 

LSD (0.05) 151.89 311.09 486.13 548.13 

CV (%) 10.761 10.988 10.797 8.487 

Means with the same letter are not significantly different at p<0.05.  
*,** significant at 1% and 5% probability levels.  

 

Partial Budget Analysis of Nitrogen Rates and Sources 

The results of marginal rate of return (MRR) of the two districts are presented in 
Tables 3 and 4. The highest net revenue was obtained from UREAStabil applied at 
the rate of 64 kg N ha-1 at Suluh site in Hawzien and 64 kg N ha-1 as conventional 
urea at Ayba and Atsela site in Emba Alaje. At Suluh site in Hawzien and Atsela 
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and Ayba sites in Emba Alaje the highest MRRs of 3838.85% and 1070.529% were 
obtained from  the application of 64 kg N ha-1 as UREAStabil and and (conventional 
urea, respectively. As indicated in Tables 3 and 4,  96 kg N ha-1 at Suluh site in 
Hawzien and 64 kg N ha-1 in the form of UREAStabil at Ayba and Atsela sites in 
Emba Alaje district were dominated treatments. The negative marginal rate of 
returns values obtained at both sites were rejected. According to the manual for 
economic analysis of CIMMYT (1988) the recommendation is not necessarily 
based on the treatment with the highest marginal rate of return compared to that 
of neither next lowest cost, the treatment with the highest net benefit, and nor the 
treatment with the highest yield. The identification of a recommendation is based 
on a change from one treatment to another if the marginal rate of return of the 
change is greater than the minimum rate of return (100%). Accordingly, at Suluh 
site in Hawzien and at Ayba and Atsela sites in Emba Alaje 64 kg N ha-1 as 
UREAStabil and 64 kg N ha-1 as conventional urea, respectively were found 
economically profitable compared to other treatments.  
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Table 3. Partial budget analysis for wheat at Suluh site in Hawzien District 

 
Table 4. Partial budget analysis for wheat at Atsela and Ayba sites in Emba Alaje 

 
 
 
 
 
 
 
 
 
 
D = Dominated treatment  

 

Nitrogen Levels(kg ha-1) Fertilizer cost 
(Birr) 

Fertilizer 
application and 
transport cost 

[Birr] 

Total 
variable cost 
(TVC) [Birr] 

Grain Yield 
(kg ha-1) 

Adjusted Grain 
yield (10%)down 

(kg ha-1) 

Total revenue 
(TR) [Grain 
yield*9ETB] 

Net revenue 
[TR-TVC] 

Marginal rate 
of return 
(ratio) 

Marginal 
rate of 

return (%) 

0 N  0 0 0 1102.73 992.457 8932.113 8932.113 0 0 

32N(UREAStabil) 829.98 240 1069.98 1393.22 1253.898 11285.08 10215.1 1.199 119.9 

64N(Conventional Urea) 1566 480 2046 1543.19 1388.871 12499.84 10453.84 0.2446 24.46 

64N(UREAStabil) 1659.96 420 2079.96 1708.33 1537.497 13837.47 11757.51 38.388 3838.85 

96N(UREAStabil) 2489.94 480 2969.94 1633.91 1470.519 13234.67 10264.73 D D 

 Nitrogen Levels (kg ha-1) Fertilizer cost 
(Birr) 

Fertilizer application 
and transport cost 

[Birr] 

Total 
variable cost 
(TVC) [Birr] 

Grain yield 
(kg ha-1) 

Adjusted Grain 
yield (10% )(kg 

ha-1) 

Total revenue 
(TR) [Grain 

yield*11] 

Net 
revenue 

[TR-TVC] 

Marginal 
rate of 
return 
(ratio) 

Marginal 
rate of 

return (%) 

 0 N  0 0 0 4043.5 3639.15 40030.65 40030.65 0 0 

 32N(UREAStabil) 829.98 240 1069.98 4313.9 3882.51 42707.61 41637.63 1.501 150.187 

 64N(Conventional Urea) 1566 480 2046 5467.9 4921.11 54132.21 52086.21 10.705 1070.529 

 64N(UREAStabil) 1659.96 420 2079.96 4812.2 4330.98 47640.78 45560.82 D D 

 96N(UREAStabil) 2489.94 480 2969.94 4909.1 4418.19 48600.09 45630.15 D D 

 



Response of Bread Wheat response to of slow releasing nitrogen fertilizer  

 

[122] 

 Nitrogen use efficiency indices     

 
Agronomic and physiological efficiencies  

Agronomic efficiency is the amount of additional yield obtained for each 
additional kg of nutrient applied, whereas physiological efficiency is the 
biological yield obtained per unit of nutrient uptake (Mengel and Kirkby, 2001; 
Fageria and Baligar, 2001). Agronomic efficiency showed inconsistent trend at all 
sites. The highest agronomic efficiency was recorded from the addition of 64 kg N 
ha-1 and the lowest from 96 kg N ha-1, both applied as UREAStabilat Suluh site in 
Hawzien (Table 5). At Atsela and Ayba sites in Emba Alaje, the highest and 
lowest agronomic efficiency were obtained at 64 kg N ha-1 (22.26 kg kg-1) as 
conventional urea and 32 kg N ha-1 (8.45 kg ka-1) as UREAStabil, respectively (Table 
5). Therefore, application of one kg of N caused increase in grain yield by 22.26 
kg from plots treated with 64 kg N ha-1 in the form of conventional urea. Even 
though there were some inconsistent trends, physiological efficiency (PE) 
decreased with N rates at all sites. The highest PE was recorded from plots 
fertilized with 64 kg N ha-1 as conventional urea at all sites.  

The result from Suluh site in Hawzien was nearly in line with the findings of 
Abebe (2012) and Bereket et al. (2014), where AE and PE of wheat decreases with 
N rates. Craswell and Godwin (1984) asserted that high agronomic efficiency 
could be obtained if the yield increment per unit N applied is high because of 
reduced losses and increased N uptake.  
 
Apparent nitrogen recovery efficiency 

Apparent nitrogen recovery efficiency is a measure of the ability of the crop to 
extract N from the soil (Fageria and Baligar, 2001). Both nitrogen fertilizer sources 
and rates of application influenced apparent nitrogen recovery. There was nearly 
a decreasing trend with N rates at all sites. The highest N recovery was obtained 
from 64 kg N ha-1 applied as UREAStabil (55%) at Suluh in Hawzien and from the 
same rate as conventional urea (59.7%) at Atsela and Ayba in Emba Alaje (Table 
5). Thus slow release of N from UREAStabil increased apparent N recovery of 
wheat at Suluh site. Marcelo et al. (2013) reported that wheat plants fertilized with 
urea+NBPT had higher apparent nitrogen recovery, total shoot N accumulation, 
and NUE than plants fertilized only with urea. Zaman et al. (2009) and Xu et al. 
(2002) also reported that the use of urease and nitrification inhibitors reduced N 
losses and increased N use efficiency by various crops.  
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Table 52. Agronomic, physiological and apparent recovery efficiency as affected by Urea and 
UREAStabil fertilizers on wheat at both sites 

 
Levels of N (kg/ha) Suluh (Hawzien) Atsela and Ayba (Emba Alaje) 

AE 
(kg kg-1) 

PE 
(kg kg-1) 

ARE 
(%) 

AE 
(kg kg-1) 

PE 
(kg kg-1) 

ARE 
(%) 

0 N  - - - - - - 

32 N (UREAStabil) 9.08 52.35 53 8.45 42.85 46.8 

64 N (UREAStabil) 9.46 49.78 55 12.01 71.27 34.6 

96 N (UREAStabil) 5.53 45.14 32 9.02 69.55 30.3 

64N (Conventional 
Urea) 

6.88 60.28 35 22.26 87.06 59.7 

AE- Agronomic Efficiency, PE- Physiological Efficiency, ARE- Apparent Recovery efficiency  

 

Conclusion 
 
Application of different rates of UREAStabil and conventional urea significantly 
affected grain and straw yields of wheat at both sites. At Suluh site in Hawzien 
the highest grain yield was obtained from with the application of 64 kg N ha-1 as 
UREAStabil and the lowest was recorded from the control. At Atsela and Ayba 
sites in Emba Alaje the highest grain yield was obtained from 64 kg N ha-1 
applied as conventional urea and the lowest was recorded from the control 
treatment. Both biological and partial budget analysis revealed that the highest 
grain yield and highest profit were obtained from 64 kg N ha-1 applied as 
conventional urea and 64 kg N ha-1 in the form of UREAStabil at Atsela and Ayba 
sites in Emba Alaje and at Suluh site in Hawzien, respectively.  

Therefore, based on the results of the study and the above summary, it can be 
recommended that;  

 UREAStabil can be used as N source of fertilizer with basal application of P, 
K, and S to increase bread wheat production and productivity in 
Hawzien district.  

 Further study should be conducted on split application of slow N 
releasing fertilizer (UREAStabil) at Atsela and Ayba sites in Emba Alaje.  

 Further study should be conducted on slow releasing nitrogen fertilizer 
with basal application of micro nutrients specially zinc and degradability 
of  UREAStabil .  
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