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ABSTRACT 

The Ethiopian economy is mainly agrarian. It employs 85% of the 

population and contributes 45% of the gross domestic product and 

90% of the national export earnings but agriculture in Ethiopia is 

dominated by rainfed farming with low productivity specially dry land  

part of the country like Gode zone of Somali region. As a result, crops have severe moisture 

stress through their growth stages. Therefore, a field experiment was conducted at Gode 

ATVET College farm of sandy clay loam soil  in the year 2012/13 to assess the effectiveness 

of different  land preparation methods along with manure applications, enhancing soil 

moisture and thereby onion  productivity. The experiment was arranged in a split plot design 

with three replications; tied ridging, broad bed and zero tillage being as the main plot factor 

and different levels of animal manure as sub-plot factor with the rates of 0, 3 and 6 tons /ha 

and therefore nine combined treatments were tested. The analysis of variance for the results 

of the study indicated that the significant differences were observed in soil bulk density, 

porosity and available moisture content due to different levels of animal manure 

applications. Soil moisture content at different soil depths at an interval of 15 days as well as 

vegetative parameters and yield component also showed a significant difference due to tied 

ridging and animal manure. Therefore, tied ridging with 6 tons of animal manure may be 

recommended to reduce the risk of moisture stress and to fetch a good yield in the study area. 

 

KEYWORD: soil moisture, manure applications, yield of onion. 

*Corresponding Author 

Tekilil Wolde 

Department of Soil and 

Water Conservation 

Engineering, Ethiopia. 

 

 

 

wjpls, 2017, Vol. 3, Issue 1, 01-27 Research Article ISSN 2454-2229 

World Journal of Pharmaceutical and Life Sciences 
WJPLS 

 

www.wjpls.org SJIF Impact Factor: 4.223 



www.wjpls.org 

 

2 

Wolde.                                                     World Journal of Pharmaceutical and Life Sciences 

1.  INTRODUCTION 

In Ethiopia at present, different vegetable crops are produced in many home gardens and also 

commercially in different parts of the country (Fekadu and Dandena, 2006). The major 

producers of vegetable crops are small-scale farmers, production being mainly rain fed and 

few under irrigation (CSA, 2010). Vegetable crops production of individual peasant farmers 

is mainly for self-sufficiency in food and income. 

 

Statistics on the production of onion in Ethiopia show that it is cultivated on about 17,588 ha 

and the national average yield is low 9.63 t ha
-1

 (CSA, 2010) as compared to world average 

of 17.30 t ha
-1

 (FA0, 2010). In Ethiopia, south eastern part of Somali region  (Gode), the area 

under onion production is estimated to be about 6,000 ha from which 24,000 tones of onion 

was produced in 2009, with average yield of 4 t ha
-1 

(personal communication, Gode District 

Agricultural Office). This indicates that the country has low productivity to be benefited from 

onion production. Gode in Somali Regional State (SRS) has potential of producing some 

agricultural products such as maize mainly for animal feed and onion for the home 

consumption and local market due to the availability of irrigation water. But the agro pastoral 

farmers do not have knowledge on the benefits of using organic and inorganic fertilizers and 

soil moisture conservation practices to obtain maximum productivity in onion production. 

Lack of soil water conservation practice results in soil erosion by wind, adversely affect soil 

physical characteristics, storage and infiltration capacity of soil, root penetration difficulties, 

aeration problem, and essential nutrient loss for plant growth (Ayele Gebremariam, 2000).  

 

So far, the research was done in Gode ATVET College farm, in the significance of the 

problems of soil moisture stress, leading to low crop productivity, lack research works on the 

effectiveness of different land preparation along with manure application, the difficulty of 

environmental condition, the problems of soil erosion and drought. Hence, to fill gaps in that 

direction, it is better to study the production system, and soil moisture conservation technique 

by different methods of land preparations (tillage) with different levels of animal manure. 

Thus, the study was conducted with the following objectives. 

 To investigate the effects of land management practices along with different levels of 

farm yard manure application on soil moisture conservation and yield of onion. 
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2. MATERIALS AND METHODS 

2.1 Description of the Study Area 

The study was conducted at Gode, in Somali Regional State located at 1225 km south east of 

Addis Ababa. The experimental site is situated at latitude of 5
o
 95’ - 6

o
 12’N, longitude of 44

0 

95’ - 45
o
 21’ E and altitude of 295 meter above sea level. 

 

 

Figure 1: Location map of study area. 

 

2.2. Treatments and Experimental Design 

The experiment consists of nine treatment combinations and three replications arranged in 

split plot design. Of the nine combined treatments, the three main plot treatments of land 

preparation methods (tillage practice) considered in this experiment were zero tillage, tied 

ridging and broad bed tillage and the three different levels of animal manure used as subplots 

were without manure, 3 tons per hectare and 6 tons per hectare manure. The different 

treatments for the experimentation were assigned as zero tillage with zero level manure 

(T3t1), zero tillage with 3 tons of manure (T3t2),  zero tillage with 6 tons of manure (T3t3), 

tied ridging with zero level manure (T2t1), tied ridging with 3 tons of manure (T2t2), tied 

ridging with 6 tons of manure (T2t3), broad bed with zero level manure (T1t1), broad bed 

with 3 tons of manure (T1t2) and  broad bed with 6 tons of manure (T1t3). 
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Each treatment was applied on an effective plot size of 3.5m x 1.4m (4.9m
2
) and separated by 

a distance of 1m between blocks and 1m within plots. The spacing between plants within a 

row, between rows and between ridges was 10, 20 and 40 cm respectively (EIAR, 2004). 

With these spacing, a plot constitutes of seven rows. For each plot, the middle  three rows 

were used as sample row and all data were observed from there. The field layout of 

experiment is given in Figure 2. 

 

 

Figure 2:  Layout of the experiment. 

 

Note: - Mp1=Broad bed, Mp2= Tied ridging, Mp3= No tillage, Sp1= zero level manure, 

Sp2= 3 tons of manure and Sp3= 6 tons of manure. 

 

2.3. Input Application and Crop Water Requirement 

2.3.1 Farm yard manure 

Different levels of air dried animal manure was broadcasted one month before bed 

preparation and planting to each respective plot to facilitate decomposition and incorporated 

in to the soil. Broadcast application of manure was strictly followed because local 

concentration of manure has a risk of burning of the crops and unnecessary wastage. 

 

2.3.2 Inorganic fertilizer 

According to Ethiopian Institute of Agricultural Research (EIAR, 2004) 100 kg DAP /ha, and 

150 kg urea /ha is recommended for onion production. In addition to animal manure, the 

recommended inorganic fertilizer (150 kg urea /ha, 0.075kg/plot and 100 kg DAP /ha, 0.05 

kg /plot) was added to fulfill the crop nutrient requirement. 
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2.3.3 Crop water requirement 

Daily reference crop evapotraspiration (ETo) for each month of climatic record was 

calculated based on the modified FAO Penman Mentieth equation (FAO, 2009) using FAO 

CROPWAT software version 8.0. The input data include location (altitude, latitude and 

longitude of the meteorological station), monthly average daily value of maximum and 

minimum air temprature (
o
C), air relative humdity, sunshine hours and wind speed. Crop 

water requirement (ETc) was determined for onion crop of the study area over the growing 

season based on the established procedure given by FAO (2009). Three water flow ditches 

were constructed, two at the border and one at the middle of the experimental site to collect 

and provide the irrigation water  from the main channel to the plots. The location  of these 

ditches were kept at 30 cm above the ground for the ease of water flow through siphon.  

Therefore, each plot was provided with constant supply of calculated irrigation water through 

furrow irrigation by using (4cm diameter) 12.56 cm
2
 area size plastic siphons for discharge of 

estimated amount of water depending on CROPWAT program. Nine plastic siphons were 

used and each can discharge 20 liter /minute (checked by manually). As per the output of the 

model, the optimum seasonal irrigation requirement was found to be 585.44 mm.  Since the 

experimental site has arid and semi arid environmental situation there was continuous follow 

up in CROPWAT irrigation scheduling. Onion require frequent light irrigation when 25 and 

35% of available water in the first 0.3m soil depth is depleted for bulb and seed production 

respectively (Levy et al., 1981). 

 

2.4 Data Collection 

2.4.1 Soil sampling and measurements of soil parameters 

Using an auger, disturbed composite surface soil samples (0-20cm) were collected from the 

experimental field for determination of soil physiochemical properties just before any input 

application and planting the crop and after harvesting. Root zone depth of onion is expected 

to be 40-46cm, but most water and nutrient uptake occurs from the top 30cm of soil (Janes, 

1995). Moreover, disturbed soil samples were collected up to (0-60cm) depth at an interval of 

20 cm with the help of hand auger from each plot with an interval of 15 days from the date of 

planting for moisture determination throughout the cropping period.  In addition, undisturbed 

soil samples were also collected using core sampler from each plot for the determinations of 

bulk density, field capacity, permanent wilting point and available soil moisture of the soil. 
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2.4.2. Infiltration rate of soil 

For the infiltration rate determination, the procedure for installing the double ring 

infiltrometer was used by selecting possible sites properly to prevent unusual surface 

disturbance, by animal burrows, stones that might damage the cylinder, etc. The measurement 

was done at two randomly placed infiltrometer within experimental site (FAO, 1989). 

 

2.4.3. Soil analysis 

Particle size distribution was determined by bouyoucos hydrometer method using sodium 

hexa metaphosphate as dispersing agent (Day, and Staney 1992). Soil pH was measured 

electrometrically by means of pH meter in a suspension of 1:2.5 soils to water ratio as 

described by Jackson (1958). Organic carbon was determined following the wet digestion 

method as described by Walkley and Black (1934) while total nitrogen was determined using 

the macro- Kjeldahl method (Bremner and Mulvaney, 1982). Available phosphorus was 

determined using spectrophotometer from extracts following the Olsen extraction method 

(Olsen et al., 1954). And available potassium was determined using ammonium acetate/acetic 

acid solution method. Exchangeable K
+
 and Na were extracted with 1M ammonium acetate at 

pH 7.0. Exchangeable Ca and Mg were also measured from the extract with atomic 

absorption spectrophotometry while cation exchange capacity (CEC) of the soil was 

determined from ammonium acetate saturated samples that was subsequently replaced by Na 

from a percolated sodium chloride solution. The excess salts were removed by washing with 

alcohol and the ammonium that was replaced by sodium was measured using the Kjeldahl 

method as described by Bremner and Mulvaney, 1982 and reported as CEC. 

 

Bulk density 

Soil bulk density ( ) was determined from undisturbed soil sample which is the ratio of the 

oven dry mass of soil and the bulk volume (Baruah and Barthakur, 1997). 

  

 

Particle density 

Particle density was determined by collecting disturbed soil sample and passed through 2mm 

sieve. It was estimated by determining the mass and volume of soil solids. The mass of soil 

solid was determined by weighing the oven dry soil with required amount and the volume of 

the soil solid was determined by using replacement method. The weighed soil was poured 

into the water and the air bubbles were eliminated by stirring with a rod. The change in 
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volume of water in the cylinder was taken as volume of soil particles then finally the soil 

particle density was calculated by the expression. 

 

Porosity 

Total porosity (n) of the soil sample was estimated on the basis of measured dry bulk density 

(  and particle density ( ) as. 

 

Soil moisture content (SMC) determination 

The wet soil samples were weighed and placed in an oven at 105°C till constant weight 

attainment and then the weight of dry samples were measured. 

 

Ww = Weight of the wet soil (g)           Wd = Weight of the dry soil (g) 

 

The volumetric soil moisture content, θ (%) was determined by considering the density of the 

soil water as 1 g/cm³ ( ). 

b* W /  

where:  W = soil moisture content on mass base (%)     ρb = bulk density (g/cm³) of the soil 

 

Field capacity and permanent wilting point were determined at -0.33 and -15 bar pressure 

respectively using standard laboratory procedures on undisturbed soil samples. The suction 

range between 1 to 4.2 pF was determined with pressure plate apparatus (Baruah and 

Barthakur, 1997). In 1935, Schofield proposed the equation (Eq. 3.6) to express the energy or 

tension with which the water was retained to the soil which was important to develop soil 

moisture characteristics curve. 

 HLogpF 10  

where: -      H= height of water column (m) 

 

2.5. Collection of Agronomic and Meteorological Data 

Agronomic observations were recorded during the course of experiment that include days to 

70% maturity, plant height, plant stand count, total bulb yield, biomass, marketable yield and 

unmarketable yield. Daily rainfall amount, daily maximum and minimum temperature, wind 

velocity, relative humidity and solar radiation starting from one month prior to the date of 

sowing of the crop to the harvesting were collected from weather station installed at Gode 
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town during the cropping season. Detail procedures of agronomic data collection are stated as 

follows. 

 

Days to 70% maturity (days): The total numbers of days were counted from the date of 

transplanting until 70 percent of the plants have attained physiological maturity. 

 

Plant height (cm): measured from the ground level to the top of a matured plant in each 

growth stage (initial stage, development stage, mid-stage and late stage). 

 

Fresh shoot and bulb weight (g):  fresh weight of biomass the above ground portion and 

bulbs of the sample plants. 

 

Bulb dry weight (g): Weight of bulbs of the sample plants, after removing the shoot above 

the neck, the roots and soil, was taken after oven dry at 70 °C to a constant weight. 

 

Shoot dry weight (g): Biomass of the above ground portion of the sample plants was taken 

by cutting the shoot above the neck at harvest and oven dried at 70 °C to a constant weight. 

 

Dry total biomass (g): This was determined by summing up the shoot and bulb dry weights 

of sample plants. 

 

Marketable bulb yield (t ha
-1

): This was recorded as the weight of healthy and marketable 

bulbs that is greater than 60 g in size categories. 

 

Unmarketable bulb yield (t ha
-1

): unmarketable bulb yield is the yield of onion, which is 

not marketable (under sized, diseased and insect attacked bulbs). It was determined from 

bulbs harvested from plants in the middle of the experimental plot using digital sensitive 

balance. 

 

Total bulb yield (t ha
-1

): marketable bulb yield and unmarketable bulb yield were summed 

and expressed in tons ha
-1

. 

 

2.6. Data Analysis 

Data were subjected to analysis of variance following a procedure appropriate to the design 

of the experiment (Gomez, 1984) using Gen Stat edition 13
rd

.  The treatment means that were 

different at 5% levels of significance were separated using Duncan’s Multiple Range Test 
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(DMRT). The degrees of relation and association between variables were also expressed by 

correlation coefficient. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Rainfall Amount and Distribution during the Cropping Season 

Rain pattern of study area is characterized by two rainy seasons and two dry seasons. The 

main rainy season extends from October to December and April to June and short rainy 

season stretches from July to September and January to March.  Long year experience of 

average monthly rainfall distribution in study area can be located by Figure 4 below. 

 
Figure 3: Average monthly rainfall (mm) of study area from 2005-2013. 

Before planting 

Table 1: Soil physiochemical properties of experimental site before planting. 

Soil properties value 

Sand (%) 68.12 

Silt (%) 9.14 

Clay (%) 21.98 

Textural class Sandy clay loam 

Bulk density (gm /cm
3
) 1.20 

Particle density (gm /cm
3
) 2.72 

Porosity (%) 56 

PH (1.25 H2O) 7.73 

Total nitrogen (%) 0.10 

Organic matter (%) 0.84 

Exchangeable K (cmol(+)/kg) 0.49 

Exchangeable Mg (cmol(+)/kg) 3.37 

Exchangeable Ca (cmol(+)/kg) 9.63 

Exchangeable Na (cmol(+)/kg) 0.76 

Available Phosphorus (ppm) 8.60 

Cation exchangeable capacity (meq/100g soil) 18.10 
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After harvesting 

As indicated in Table 2, there is no significant difference (p≤0.05) in chemical properties of 

the soil due to tillage treatment. But manure application in general increased the residual 

amount of essential nutrients of the soil as compared to the control treatment and the 

difference was significant (p≤0.05). Application of 6 and 3 tons of manure per hectare 

increased the residual amount of the organic matter by (3.78%, 2.62%), phosphors (6.38%, 

3.38%), Ca (13.48%, 10.64%), C.E.C (6.87%, 5.19%) and total nitrogen (10.28%, 7.11%) 

respectively in the soil as compared to the plots not treated with manure. 

 

However, there was depletion of potassium (20.26%, 19.01%) in the soil by the applications 

of 6 ton and 3 ton manure per hectare and there is almost no significant change in magnesium 

and sodium. There was also reduction of available phosphorus in the control plot as 

compared to the soil before planting this may be due to high utilization of organic manure by 

the crop. The similar work was reported by Zerihun Girma (2011) in Somali region, and 

indicated that the application of 10 tons of manure /ha, has a significant effect on different 

soil chemical properties and organic matter content. 

 

Table 2: Selected soil chemical properties of the surface soil of the experimental plots 

after harvesting. 

Treatments 
T.N 

% 

O.M 

% 

Ex. K 

Cmol 

(+)kg
-1

 

Ex. Mg 

Cmol 

(+) kg
-1

 

ex .Ca 

Cmol 

(+)kg
-1

 

ex .Na 

Cmol 

(+) kg
-1

 

av .P 

PPM 

C.E.C 

Meq/10

0gm soil 

Tied ridging 0.12 1.33 0.339 3.623 12.681 0.781 8.644 20.697 

Zero tillage 0.12 1.27 0.347 3.616 12.693 0.765 8.614 20.710 

Broad bed 0.12 1.26 0.351 3.610 12.691 0.767 8.654 20.700 

0 tons man. 0.10
a
 1.39

a
 0.481

a
 3.569

a
 9.628

a
 0.760 7.794

a
 18.204

a
 

3 tons man. 0.13
b
 1.46

b
 0.284

b
 3.724

b
 13.677

c
 0.757 8.670

b
 21.430

b
 

6 tons man. 0.14
b
 1.51

c
 0.271

b
 3.757

b
 14.759

b
 0.796 9.448

c
 22.473

b
 

Note: Treatment means within a column followed by the same letter are not significantly 

different at P ≤ 0.05. 

 

3.2. Soil Bulk density and Porosity after Harvesting 

The analysis of the soil data on bulk density and porosity (Table 3) was highly significant (P 

< 0.01). Differences were visible in different levels of animal manure as compared to the plot 

which was not treated. This may be due to the effect of manure on soil aggregates formation 

and soil pore space increment. But there were no significant change in bulk density and 
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porosity in different land management practices (tillage).  The same result was reported by 

Sultani et al. (2007). 

 

Table 3: soil bulk density and porosity. 

Treatment 
Bulk density(gm/cm

3
) Porosity (%) 

Mean ± SE CV % Mean ±SE CV% 

Tiedridging  (T2) 1.14 ± 0.086 2.27 57.96 ± 0.31 1.62 

Zero tillage (T3) 1.17 ± 0.058 1.50 57.00 ± 0.21 1.15 

Broad bed (T1) 1.15
 
± 0.074 1.94 57.76± 0.27 1.40 

0 tons manure (t1) 1.16
a
 ± 0.044 1.12 56.71

a
± 0.16 0.85 

3 tons manure (t2) 1.05
b
 ± 0.038 1.00 58.44

b
±0.14 0.73 

6 tons manure (t3) 1.03
c
 ± 0.064 1.71 59.50

c
± 0.23 1.18 

 

T1t1  1.15 
a
± 0.03       2.32 57.77

a
±0.01 1.15 

T1t2  1.13
a 
± 0.02              1.78 57.81

a
±0.23 2.22 

T1t3  1.12
a 
± 0.09              1.09 58.02

b
±0.09 0.99 

T2t1  1.13
a 
± 0.01              2.21 57.91

a
±0.08 2.36 

T2t2  1.06
b 

± 1.10              3.31 58.55
b
±0.13                1.19 

T2t3  1.01
c 
± 0.04              1.13 59.66

c
±0.07 2.28 

T3t1  1.16
a 
± 0.07              2.34 57.02

a
±0.02 2.38 

T3t2  1.14
a 
± 1.11        4.23 57.82

a
±0.12 1.17 

T3t3                                1.13
a 
± 0.09      2.29         58.24

b
±0.03         2.15 

Note: Treatment means within a column followed by the same letter are not significantly 

different at P ≤ 0.01. 
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Table 4 Field capacity, PWP and AWC analysis. 

Treatment 

Field capacity    %  Permanent welting point   % Available moisture content  % 

0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60  

Mean± SE 
CV

% 
Mean± SE 

CV

% 
Mean± SE 

CV

% 
Mean± SE CV% Mean± SE 

CV

% 
Mean± SE 

CV

% 
Mean± SE CV% Mean± SE 

CV

% 
Mean± SE CV% 

T.ridge(T2) 32.76±0.48 4.43 31.83±0.48 4.53 31.57±0.49 4.80 19.62±0.18 2.83 18.91±0.35 5.63 18.72±0.41 6.56 13.06±0.38 8.78 12.85±0.22 5.17 12.62±0.32 7.7 

Z.tillag(T3) 32.14±0.55 5.17 30.87±0.51 5.05 30.30±0.57 5.64 19.03±0.13 2.13 18.29±0.19 3.14 18.06±0.21 3.48 13.18±0.45 10.34 12.58±0.36 8.71 12.36±0.34 8.3 

B bed (T1) 32.52±0.43 3.98 31.45±0.19 1.85 30.33±0.16 1.60 19.64±0.16 2.47 18.64±0.23 3.79 17.83±0.16 2.85 12.88±0.27 6.48 12.81±0.18 4.40 12.41±0.20 5.2 

0 tons (t1) 29.6c±0.15 1.51 31.1a±0.38 3.85 29.1c±0.27 2.79 18.8a±0.03 1.57 17.7a±0.10 1.82 17.2a±0.12 2.13 11.7a±0.14 3.60 12.3a±0.32 7.99 12.1a±0.36 8.8 

3 tons(t2) 32.8b±0.06 1.55 31.5a±0.23 2.28 30.8a±0.29 2.82 18.6a±0.17 2.62 18.7a±0.18 2.87 18.6a±0.28 4.62 13.2c±0.11 2.65 12.7c±0.13 4.16 12.1a±0.24 6.1 

6 tons (t3) 36.6a±0.11 1.97 32.5a±0.16 2.50 31.7b±0.21 2.06 19.7b±0.14 2.14 19.3b±0.19 3.03 18.7a±0.18 2.92 16.9b±0.15 3.19 14.2a±0.21 4.90 13.0b±0.13 3.2 

T1t1 

T1t2 

T1t3 

T2t1 

T2t2 

T2t3 

T3t1 

T3t2 

T3t3 

32.5b±0.12 

33.1b±0.14 

33.4b±0.21 

33.7b±0.15 

34.1a±0.19 

36.7a±0.18 

32.2b±0.21 

32.5b±0.11 

32.7b±0.22 

1.67 

2.01 

1.19 

1.32 

1.42 

2.20 

1.17 

1.12 

1.32 

31.4a±0.21 

33.2b±0.19 

33.3b±0.20 

32.5b±0.11 

33.7b±0.33 

34.6b±0.22 

31..4a±0.11 

31.9a±0.21 

31.5a±0.13 

2.30 

2.22 

1.19 

2.11 

2.33 

1.19 

2.18 

3.06 

2.29 

31.6a±0.22 

32.4b±0.33 

32.5b±0.15 

31.4a±0.31 

32.5b±0.22 

33.7b±0.33 

30.3a±0.22 

30.5a±0.44 

30.4a±0.23 

2.11 

1.91 

2.12 

1.18 

3.01 

2.32 

2.09 

2.02 

1.19 

18.9a±0.16 

19.5b±0.21 

19.9b±0.32 

18.5a±0.22 

19.7b±0.11 

19.8b±0.33 

18.5a±0.25 

19.2b±0.22 

19.8b±0.34 

3.21 

2.08 

2.11 

2.13 

2.22 

3.10 

2.34 

2.17 

2.16 

17.6a±0.11 

18.8a±0.14 

19.1b±0.22 

17.9a±0.31 

18.7a±0.21 

18.9a±0.33 

17.8a±0.25 

18.7a±0.33 

18.7a±0.45 

3.21 

2.18 

1.18 

2.11 

2.27 

2.19 

2.21 

1.18 

2.17 

17.3a±0.22 

18.4a±0.11 

19.2b±0.22 

18.5a±0.31 

19.2b±0.22 

19.7b±0.11 

17.8a±0.44 

18.7a±0.25 

18.5a±0.32 

2.21 

1.17 

2.11 

2.31 

2.07 

2.32 

2.11 

3.01 

2.19 

13.6c±0.12 

13.5c±0.21 

13.4c±0.31 

15.2b±0.22 

14.4b±0.33 

16.9b±0.11 

13.7c±0.33 

13.3c±0.31 

12.9a±0.41 

2.13 

2.07 

1.19 

2.21 

2.01 

1.21 

2.13 

3.21 

2.29 

13.8c±0.41 

14.8b±0.33 

14.2b±0.14 

14.6b±0.23 

15.0b±0.22 

15.7b±0.33 

13.6c±0.44 

13.2c±0.31 

12.8a ± 0.11 

4.31 

4.08 

3.09 

2.78 

2.33 

2.19 

3.01 

2.29 

2.15 

14.3b±0.14 

14.0b±0.12 

13.3b±0.21 

12.9a±0.23 

13.3a±0.25 

14.0b±0.22 

12.5a±0.44 

11.8a±0.32 

11.9a±0.23 

2.2 

3.1 

2.2 

2.1 

1.1 

2.1 

2.1 

1.2 

2.2 

Note: Treatment means within a column followed by the same letter are not significantly different at P ≤ 0.05. 
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3.3. Infiltration Rate 

The basic infiltration rate of the soils of the study area was observed as 17.61 mm/hr. This 

value was less than 30 mm/hr (Figure 4) which is in an expected range for sandy soil. The 

infiltration data was used as an input data for CROPWAT model. 

 

 
Figure 4: Infiltration characteristics of the soil of experimental site. 

 

3.4. Crop Water Requirement of Onion 

The seasonal irrigation water requirement was estimated to be 585.44 mm. The net irrigation 

water requirement and gross irigation water requirement were 583.04 mm and 828.34 mm 

respectively (Table 5). During the dry season, onion is cultivated under total irrigation mostly 

by surface (wild flooding, furrow and check basin) irrigation method. Seasonal water applied 

to the crop by farmers range from 400 to 700 mm depending on water availability and 

frequency of irrigation (NAERLS, 2009). Experience, from study area, the farmers irrigation 

intervals range from 3 to 7 days depending on soil type and access to water. 

 

Table 5: Crop water requirement of onion during the growing season. 

Month 
CWR 

(mm) 

Rain      

(mm) 

Pe 

(mm) 

NIWR 

(mm) 

GIWR 

(mm) 

Jan 116.4 0 0 116.40 158.35 

Feb 182.22 0 0 182.22 260.28 

Mar 167.78 2.0 1.6 166.18 239.67 

App 119.04 1.1 0.8 118.24 170.04 

Total (120) 585.44 3.1 2.4 583.04 828.34 

Where CWR = crop water requirement, Pe = effective rainfall, NIWR = net irrigation water 

requirement and GIWR = gross irrigation water requirement. 
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3.5. Soil Moisture Content at Different Sampling Period 

Table 6 volumetric moisture content (%) with respect to metric potential in the soil 

profile. 

Soil depth 

cm 

Metric potential cm 

-32          -100           -200           -333           -5012        - 150000      AWC % 

0-20 44.22 43.15 42.01 41.22 36.51 27.56 13.66 

20-40 43.19 42.11 40.52 38.43 31.04 27.02 11.41 

40-60 41.21 40.02 39.17 35.11 30.01 26.89 8.22 

 

 

Figure 5: Soil moisture content characteristic curve. 

 

3.6. Average soil moisture content of cropping season 

Table 7 indicates that there was a significant (P<0.01) soil moisture difference in T3t1 with 

T3t3, T2t1, T2t2, T2t3, T1t2 and T1t3 but no difference in compared to T3t2 and T1t1.  The 

moisture content had also a significant difference due to tied ridging with 3 tons of animal 

manure over broad bed and zero tillage with zero, 3 and 6 tons of manure and tied ridging 

without manure at the specified depth. Broad bed with 6 tons of manure shows adequate 

moisture increment as compared to the rest except tied ridge with 3 and 6 tons of manure.  

However there was no any significant (P > 0.0) difference observed between zero tillage with 

6 tons of manure and tied ridging without manure and broad bed with 3 tons manure. 
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Table 7: Average gravimetric soil moisture content over the total growing period of the 

crop at the total depth of 0-60 cm. 

Treatments Mean ± SE              CV% 

Zero tillage x control (T3t1) 31.01
a
±0.09               2.5 

Zero tillage x 3tons (T3t2) 31.80
a
±0.19               1.45 

Zero tillage x 6tons (T3t3) 32.46
b
±0.21               2.05 

Tied ridge x control (T2t1) 32.28
b
±0.17               2.15 

Tied ridge x 3tons (T2t2) 34.98
c
±0.07               2.14 

Tied ridge x 6tons (T2t3) 

Broad bed x control (T1t1) 

Broad bed x 3 tons (T1t2) 

Broad bed x 6 tons (T1t3) 

35.67
d
±0.18               2.45 

31.10
a
±0.06              2.19 

32.42
b
±0.08              2.09 

33.58
e
±0.12              1.97 

Note: Treatment means within a column followed by the same letter are not significantly 

different at p≤0.01. 

  

Figure 6 Average moisture content (Mc 

%) at 0-60 cm soil depth on different 

sampling period. 

Figure 7 Average moisture (Mc %) 

content of the treatments over total 

growing time 

 

3.7 Characterization of Treatment with Plant Parameters 

3.7.1 Days to 70% maturity 

Table 8 indicates that there was significant effect (P ≤ 0.01) on days to 70 % maturity of the 

crop due to the moisture conservation structures and the application of manure. It further 

indicates that the maturities of the crop were significantly (P ≤ 0.01) delayed due to tied 

ridging with highest dose of manure (6 tons /ha) as compared to broad bed and zero tillage 

and the plots which were not treated with manure. 
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3.7.2 Plant height 

Table 8 also revealed that plant height at different growth stages (initial, mid, development 

and late stage). There was a significant height (P ≤ 0.01) difference in tied ridging with 6 tons 

of manure compared to all treatments and the highest plant height also recorded here in all 

stages of the crop. But there was no significant height difference in application of 3 tons of 

manure with remaining all treatments except tied ridging with 6 tons of manure. 

 

Table 8: Treatment effects on plant maturity and plant height at different growth 

stages. 

Note: Treatment means within a column followed by the same letter are not significantly 

different at  p≤0.01 

 

PHI=plant height at initial stage, PHII=plant height at mid-stage, PHIII= plant height at 

development stage,  PHIV=plant height at late stage. 

 

3.7.3 Shoot dry weight 

When the rate of farmyard manure was increased from 0 to 6 t ha
-1

, shoot dry matter yield did 

have change significantly (P< 0.05). There was a significant change in shoot dry weight on 

tied ridging with 6 tons of manure compared to the rest but, no shoot dry weight difference on 

broad bed with 3 tons and zero tillage with 0 ton, broad bed with 6 tons and zero tillage with 

3 tons, zero tillage with 6 tons and tied ridge with 3 tons. The highest  shoot dry weight (24.2 

gm /plant) was recorded on tied ridging with 6 tons manure (T2t3) whereas the lowest (16.0 

gm /plant) was observed on broad bed with 0 tons manure (T1t1) (Table 9). 

 

 

 

 

 

 

 

 

Treatment 
70% maturity PHI PHII PHIII PHIV 

Mean ±SE CV Mean ±SE CV Mean ±SE CV Mean ±SE CV Mean ±SE CV 

T1t1 110.6
a
±0.33 1.52 36.2

a
±0.64 11.02 46.8

e
±0.11 1.04 57.0

f
±0.01 1.04 56.0

h
±0.03 1.1 

T1t2 111.1
a
±0.33 1.57 36.1

a
±0.02 1.04 47.0

b
±0.12 1.06 57.2

f
 ±0.14 1.04 57.0

f
±0.02 1.06 

T1t3 115.3
b
±0.31 1.5 37.1

b
±0.05 1.02 47.1

b
±0.05 1.02 58.0

b
±0.63 1.09 58.5

b
±0.03 1.01 

T2t1 110.5
a
±0.33 1.52 37.0

b
±0.23 1.10 47.3

b
±0.01 1.04 58.6

b
±0.08 1.26 58.0

b
±0.14 1.04 

T2t2 111.3
a
±0.33 1.51 37.1

b
±0.01 1.05 48.1

c
±0.01 1.05 58.7

b
±0.03 1.10 58.6

b
±0.08 1.23 

T2t3 117.3
d
±0.13 1.49 38.0

c
±0.02 1.10 49.0

d
±0.08 1.03 60.1

c
±0.02 1.06 60.0

c
±0.21 1.06 

T3t1 111.0
a
±0.57 1.9 36.0

a
±0.01 1.08 47.0

b
±0.01 1.08 57.2

f
±0.02 1.08 57.0

f
±0.04 1.13 

T3t2 112.6
c
±0.33 1.51 36.4

a
±0.01 1.04 47.2

b
±0.01 1.08 57.9

f
±0.01 1.04 57.1

f
±0.03 1.09 

T3t3 116.3
b
±0.31 1.49 37.1

b
±0.17 1.08 48.1

c
±0.01 1.04 59.7

c
±0.02 1.07 59.2

c
±0.03 1.08 
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Table 9: Interaction effect of treatments on different crop parameters. 

Note: Treatment means within a column followed by the same letter are not significantly 

different at   p≤0.05 

 

3.7.4 Shoot fresh weight 

Table 9 indicates the interaction effect of land preparation (tied riding, broad bed and zero 

tillage) methods with different levels of animal manure on vegetative growth of the crop. The 

analysis of variance showed that the main effects of tillage, and farmyard manure had highly 

significant (P< 0.05) effects on shoot fresh weight of onion. Shoot fresh weigh increased 

when the rates of manure was high in tied ridging. Thus, significantly highest shoot fresh 

weight was obtained in response to the application of 6 tons /ha manure in tied ridging plot 

145.1 gm /plant followed by zero tillage with 6 tons /ha manure application (143.2 gm 

/plant). Shoot fresh weight was increased in response to tied ridging and farmyard manure 

application probably due to the increase in further vegetative growth on the crop. The 

increase in shoot fresh weight yield of the onion plants may also be attributed to the role of 

manure not only supply of  nutrients but also organic carbon that can be a source of energy 

for soil biota that improve soil health and chemical characteristics of the soil. This result is 

also in agreement with that of Palm et al (1997) who reported that the beneficial effects of 

combined organic and mineral fertilizer application were attributable to the influence of the 

organic input on nutrient availability through addition of nutrients, mineralization-

immobilization patterns, being an energy source for microbial activities, as well as on its 

effect of being a precursor to soil organic matter (SOM). 

Treat

ment 

Shoot fresh wt 

gm /plant 

Shoot dry wt 

gm /plant 

Dry bulb wt 

gm /plant 

fresh bulb wt 

gm /plant 

Dry biomass 

gm /plant 

Mean±SE 
CV 

% 
Mean±SE 

CV 

% 
Mean±SE 

CV    

% 
Mean±SE 

CV 

% 
Mean±SE 

CV 

% 

T1t1 141.0
a
±0.01 1.01 16.0

a
±0.05 1.05 60.0

a
±0.08 1.02 121.06

a
±0.02 1.03 76.0

a
±0.01 1.02 

T1t2 141.9
a
±0.03 1.04 17.0

b
±0.04 1.43 60.2

a
±0.02 1.08 122.70

b
±0.08 1.01 77.3

b
±0.04 1.05 

T1t3 142.5
b
±0.03 1.03 18.7

c
±0.02 1.20 61.5

b
±0.01 0.04 125.5

c
±0.02 1.03 79.6

c
±0.03 1.06 

T2t1 142.1
b
±0.08 1.01 20.4

d
±0.02 1.25 61.7

b
±0.02 1.07 130.0

d
±0.57 1.76 81.7

d
±0.01 1.01 

T2t2 143.1
c
±0.03 1.03 21.9

e
±0.01 1.11 62.5

c
±0.02 1.07 132.0

e
±.56 1.75 83.7

e
±0.04 1.08 

T2t3 145.1
d
±0.01 1.01 24.2

f
±0.08 1.06 66.2

d
±0.05 1.01 136.6

f
±0.30 1.38 90.0

f
±0.01 1.01 

T3t1 141.0
a
±0.08 1.01 17.0

b
±0.08 1.08 60.2

a
±0.01 1.03 122.9

b
±0.52 1.79 77.2

b
±0.08 1.17 

T3t2 141.9
a
±0.03 1.04 18.2

c
±0.01 1.11 61.1

b
±0.08 1.02 124.6

g
±0.32 1.45 79.3

c
±0.02 1.04 

T3t3 143.2
c
±0.02 1.02 20.1

e
±0.08 1.07 62.2

c
±0.08 1.02 126.1

h
±0.17 1.23 82.4

g
±0.01 1.02 
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3.8 Yield Components and Yield 

3.8.1 Dry bulb weight, fresh bulb weight and dry biomass 

The analysis of variance revealed that the main effects of tillage practices and farmyard 

manure had highly significant (P < 0.05) effects on bulb dry weight. Application of 3 tons of 

manure had no significant (P< 0.05) change in dry bulb weight compared to the plot which 

was not treated with manure in broad bed and zero tillage system. However, 6 tons of manure 

had brought a visible change in all treatments except zero tillage with 6 tons /ha manure. 

Similarly, dry biomass and fresh bulb weight also had a significant difference in a plot treated 

with and without manure application along tied ridging with 6 tons of manure with zero 

tillage and broad bed with 3 tons of manure and without manure application (Table 9). The 

increased response of dry total biomass to increasing rates of farmyard manure could be 

attributed to enhanced shoot and bulb production due to increased photo assimilation and dry 

matter accumulation. 

 

3.8.2 Stand count 

The analysis of variance (Table 10) indicates that final stand count was not significantly 

influenced (P ≤ 0.05) by the application of different tillage methods and different levels of 

animal manure. Even though the difference was not statically significant, but numerically 

there was stand count difference which may cause significant effect on other yield 

component. 

 

Table 10: Stand count analysis. 

Main plot Treatment    ( T1) Mean ±SE CV% 

t1 237.33
a
±0.33 1.60 

t2 238.33
a
±0.33 1.59 

t3 237.33
a
±0.33 1.57 

Main plot treatment  ( T2)   

t1 238.33
a
±1.20 1.75 

t2 237.66
a
±0.33 1.20 

t3 237..00
a
±0.57 1.36 

Main plot treatment ( T3)   

t1 239.00
a
±1.00 1.72 

t2 239.00
a
±0.00 1.41 

t3 238.00
a
±0.56 1.43 

Note: Treatment means within a column followed by the same letter are not significantly 

different at p≤0.05 
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3.8.3 Marketable fresh bulb yield 

The analysis of variance indicates that the main effects of tillage method at (P < 0.01) and the 

main effect of FYM was significant (P < 0.01) on marketable fresh bulb yield (Table 11). The 

table also shows high manure was required to realize significant increases in fresh marketable 

bulb yield of onion on the experimental soil. Corroborating in these results, Randall et al. 

(1999) also reported that poultry manure at the rates of 2.47-4.94 t ha
-1

 either alone or in 

combination with synthetic fertilizer produced acceptable yields of marketable onions. 

Therefore, the highest (30.01 t /ha) marketable yield was recorded on tied ridging with 6 tons 

/ha manure whereas the lowest (25.51 t /ha) was observed on broad bed with no manure 

application. 

 

3.8.4 Unmarketable yield 

The interaction effect of tillage methods and farmyard manure applications were also 

significant (P < 0.01) on unmarketable yield.  The result obtained from this experiment was 

also in accord with that of Syed et al. (2000) who reported that untreated plot and those 

treated with high level of manure produced maximum number of unmarketable bulbs and 

marketable yield respectively. The results are also in agreement with the findings of Al-

Moshileh (2001) and Ghaffoor et al. (2003) who indicated that untreated plot with manure 

produced significantly maximum unmarketable bulb yields. This may be attributed to small-

sized bulbs produced in the untreated plots due to nutrient deficiency. Then, the highest (4.02 

t /ha) unmarketable bulb yield was recorded on broad bed with 0 ton /ha manure but the 

lowest (2.82 t /ha) was indicated on tied ridging with 6 tons /ha manure and total bulb yield 

was the sum of unmarketable and marketable yield, then the highest (32.92 t/ha) was 

recorded on tied ridging with 6 tons /ha manure application (Table 11) 

 

Table 11: Interaction effect of tillage method and manure on yield components. 

treatment 
MY ton /ha UNMY ton /ha TY ton /ha 

Mean± SE CV% Mean ±SE CV% Mean ±SE CV% 

Broad bed x control (T1t1) 25.51
a
± 0.07 1.87 4.02

a
±0.02 1.87 29.54

a
±0.05 1.11 

Broad bed x 3 (T1t2) 26.30
a
±0.05 1.02 3.14

b
±0.02 1.32 29.44

a
±0.02 1.11 

Broad bed x 6 (T1T3) 28.24
b
±0.01 1.08 2.93

c
±0.02 1.23 31.17

b
±0.06 1.03 

Tied ridge x control (T2t1) 26.96
a
±0.02 1.18 3.70

b
±0.08 1.42 30.66

b
±0.02 1.13 

Tied ridge x 3 (T2t2) 28.05
b
±0.02 1.16 3.01

b
±0.01 1.82 31.07

b
±0.02 1.11 

Tied ridge x 6 (T2t3) 30.10
c
±0.01 1.08 2.82

c
±0.02 1.27 32.92

b
±0.02 1.13 

Zerotillage x control (T3t1) 26.77
a
±0.05 1.34 3.82

b
±0.03 1.94 30.59

b
±0.06 1.38 

Zero tillage x 3 (T3t2) 27.41
b
±0.01 1.09 3.15

b
±0.01 1.31 30.57

b
±0.03 1.18 

Zero tillage x 6 (T3t3) 28.27
b
±0.01 1.08 3.49

b
±0.11 1.8 31.76

b
±0.02 1.27 
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Note: Treatment means within a column followed by the same letter are not significantly 

different at p≤0.01 

Hint: MY=marketable yield,    UNMY=unmarketable yield,     TY=total yield 

 

3.9 Relationships among the Parameters 

Correlation coefficient values (r) computed to display the relationships between vegetative 

growths; yield components and average soil moisture are shown in Table 12. The correlation 

values showed apparent association of the parameters of the crop with each other and indicate 

the magnitude and direction of the association and relationships. 

 

Thus, there was positive and highly significant correlation between average moisture content 

to all parameters.  Plant shoot fresh weight (0.97**), shoot dry weight (0.97**), dry biomass 

(0.86**) were all positively and highly significantly correlated with average moisture content 

in both main plot and sub plot effect, indicating that improvement in one of these parameters 

may also lead to improvement in shoot dry matter yield. Similarly marketable yield (0.96**) 

was highly correlated with total bulb yield in all treatments whereas shoot fresh weight and 

dry bulb weight were not significantly related. 

 

The observed positive and significant correlation values between shoot dry weight and total 

bulb yield (r = 0.96**) as well as marketable bulb yield (r = 0.96**) indicates the presence of 

a close relationship among these parameters (Table 20). The association of total bulb yield 

could have resulted from higher shoot dry matter yield as a consequence of interception of 

more photosynthetically active radiation, efficient radiation use, more dry matter 

accumulation and partitioning to bulb (Marschner, 1995; Reddy and Reddi, 2002; Nasreen et 

al., 2007). 

 

Moreover, average fresh bulb weight (r = 0.96**) was positive and highly significantly 

correlated with total bulb yield. Plant height (0.78*), maturity (0.76*) and dry biomass 

(0.74*) were significantly correlated with shoot fresh weight. However, total bulb yield, 

maturity, dry bulb weight and unmarketable bulb yield were negatively correlated even if the 

relation was not significant. Average soil moisture content (-0.66**) was highly negatively 

correlated with unmarketable bulb yield. 
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Table 12: Simple correlations of average soil moisture, vegetative and yield components 

of onion as influenced by tillage practice and applied animal manure. 

*= significant at P< 0.05, ** = highly significant at P< 0.01, ns = non significant P<0.05 

 

Correlation coefficient above the diagonal are for main plot effect and correlation coefficient 

below the diagonal are for sub plot effect.Sfw=shoot fresh weight, Sdw=shoot dry weight, 

Fbw=fresh bulb weight, Dbw=dry bulb weight,  M=maturity, Db=dry biomas,   

Mb=marketable bulb yield,   Unb=unmarketable bulb yield,   Tb=tatol bulb yield,  Ph=plant 

heght,   Mc=average moisture content 

 

4. SUMMARY, CONCLUSION AND RECOMMENDATION 

4.1. SUMMARY AND CONCLUSION 

Different land preparation (tillage methods) integrated with soil fertility management is an 

important approach to enhance crop production in dry land areas. In dry land areas, small 

amount of rainfall with erratic and uneven distribution pattern affect crop production. For this 

reason, there must be some sort of land preparation practices needed like soil moisture 

conservation techniques. Land preparation is defined as different moisture conservation 

tillage methods that increase the amount of water stored in the soil profile by trapping or 

holding the applied water. 

 

4.2. Recommendation 

Based on the findings obtained from this experiment, the following recommendations are 

forwarded. 

 Since the study area has a problem of low, erratic and uneven rainfall distribution   

throughout the year, the farmers should be advised to use tied ridging with 6 tons /ha of 

animal manure as a better option at the moment. Tied ridging with 3 tons /ha and zero 

 Sfw Sdw Fbw Dbw M Db Mb Unb Tb Ph Mc 

Sfw 1 0.97** 0.67ns 0.88ns 0.96ns 0.86** 0.93ns -0.98ns 0.75ns 0.88* 0.93** 

Sdw 0.94** 1 0.89ns 0.93* 0.99ns 0.92* 0.97** -0.96ns 0.83** 0.93* 0.91** 

Fbw 0.87ns 0.96ns 1 0.96** 0.99ns 0.96* 0.99* -0.91ns 0.89** 0.97ns 0.97** 

Dbw 0.96ns 0.96ns 0.92** 1 0.98ns 0.98ns 0.99ns -0.77ns 0.98*8 0.99ns 0.93* 

M 0.96ns 0.96ns 0.96ns 0.98ns 1 0.96ns 0.99ns -0.88ns 0.91ns 0.97* 0.76* 

Db 0.75* 0.99** 0.43** 0.67** 0.62ns 1 0.98 -0.77* 0.94ns 0.96* 0.78** 

Mb 0.91ns 0.96** 0.73** 0.87ns 0.86ns 0.87ns 1 -0.83* 0.94** 0.99ns 0.99** 

Unb -0.74ns 0.84ns -0.42ns 0.58ns -0.42ns -0.57n -0.82* 1 -0.61* -0.76ns -0.68ns 

Tb 0.87** 0.93** 0.78** 0.91** 0.78ns 0.91** 0.96** -0.64ns 1 0.97** 0.99** 

ph 0.78* 0.70n* -0.08ns -0.04n 0.768* 0.74* -0.15ns -0.20ns -0.10ns 1 0.97** 

Mc 0.89** 0.85* 0.68** 0.71* 0.81** 0.94* 0.95** -0.66* 0.91** 0.89** 1 
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tillage and broad bed with 6 tons /ha animal manure are ranked next for the sake of the 

availability of manure and conserving soil moisture. 

 The moisture conservation performance of tillage’s (tied ridging, zero tillage and broad 

bed) can be improved by the application of manure resulting to high soil infiltration rate. 

So integrating these tillage methods with manure may be the important approach for dry 

land farmers. 

 

5.  REFERENCES 

1. Abbey, L. and R. A. L. Kanton, 2004. Fertilizer type, but not time of cessation of 

irrigation, affect onion development and yield in a semi-arid region. Journal of Vegetable 

Crop Production, 9(2): 41-48. 

2. Alain, R.P., S.P. Guertin, A. Belanger and M. Perron, 2000. Effect of reduced soil tillage 

in grain corn on N and P losses in runoff and drainage. pp. 165-172. In: J.M. Laflen, J. 

Tian, and C. Huang, (eds.). Soil Erosion and Dryland Farming. CRC press LLC, Florida 

USA. 

3. Allen, R. G., Pereira, L. S., Raes, D. and Smith, M. 1998. Crop Evapotranspiration: 

Guideline For Computing Water Requirements. FAO Irrigation and Drainage Paper 

No.56. Rome. 

4. Asmare W. 2012, Effect of tied ridging and animal manure application on soil moisture 

and grain yield of sorghum (sorghum bicolor l.), notrh wollo, Ethiopia An M.sc. Thesis 

submitted to Haremaya University. 

5. Ayele Gebremariam, 2000. Non Governmental grass root strategies and experience in 

pastoral development.PP44-58.proceeding of national on pastoral development in 

Ethiopia. Addis Ababa Ethiopia, February, 2002 pastoral forum in Ethiopia. 

6. Baruah, T.C. and H.P. Barthakur, 1997. A Text Book of Soil Analysis. Vikas Publishing 

House PVT LTD. Delhi, India, 12-13. 

7. Bushnee, E. L., D. R. Edwards, R. S. Gates, L. W. Turner, P. A. Moore, and L. Dunn. 

1999. Effects of chemical amendments on surface water runoff concentrations from swine 

manure. ASAE Paper No. 99-2099. St. Joseph, Mich.: ASAE. 

8. Berhanu Debele, 1980. The physical criteria and their rating proposed for land evaluation 

in the highland region of Ethiopia. Land use planning and regulatory department, 

Ministry of Agriculture. Addis Ababa, Ethiopia. 



www.wjpls.org 

 

23 

Wolde.                                                     World Journal of Pharmaceutical and Life Sciences 

9. Bremner, J.M. and C.S. Mulvaney. 1982. Nitrogen Total: In: page AL (eds). Method of 

Soil Analysis: Part 2. Chemical and Micro-Biologiacl properties. Ameri. Soci. 

Agronomy. Madison, Wisclusa., 12: 595-624. 

10. CASL, 2006. Arid and Semi-arid lands: characteristics and importance. Community 

Adaptation and Sustainable Livelihoods. 

11. Clark, R.N., and O.R. Jones. 1981. Furrow dams for conserving rainwater in a semiarid 

climate. In proc. Am. Soc. Agric. Eng. Conf. On Crop Production with Conservation in 

the 80’s. Chicago, III., pp. 198-206. Am. Soc. Agr. Eng., St. Joseph, Mich. 

12. CSA (Central Statistics Authority), 2008. Agricultural sample survey 1999/2000. Report 

on area and production for major crops (private peasant holdings, main season). 

Statistical Bulletin Vlo. 1. Addis Ababa, Ethiopia. 

13. CSA (Central Statistical Authority), 2010. Report on Area and Production of Private 

Peasant Holdings. Statistical Bulletin, Vol. 4. Addis Ababa, Ethiopia. 58p. 

14. Dagg, M., J.C. Macartrey. 1968. The Agronomic Efficiency of N.I.A.E. Mechanized Tie 

Ridger system of cultivation. Expl. Agric., 4, 279-294.   

15. Fournier, F. 1967. Research on soil erosion and conservation in Africa. Afric. Soils., 12:         

53-96. 

16. Day, P.R. 1965. Particle Fractionation and Particle-Size Analysis. In: Methods of Soil 

Analysis, By C.A. Black Argon. No. 9. part 1. Am. Soc.Agron. Inc., Madison, Wisconsin, 

U.S.A., 545- 566. 

17. Eghball, B., and J. E. power. 1994. Phosphorus and nitrogen in runoff following beef 

cattle manure or compost application. J. Environ. Qual., 28(4): 1201-1210. 

18. EIAR, 2004. Effect of cattle manure on soil erosion by water. Soil Sci., 133: 228-231. 

19. Ethiopian Agricultural research Organization (EARO). 2004. Released Crop Varieties 

and their Recommended Cultural Practices. Addis Ababa, Ethiopia. EARO. 

20. Eyasu, Y., 2005. Development and Management of Irrigated lands in Tigray, Ethiopia. 

PhD Thesis, Department of Water Engineering, UNESCO-IHE Institute for water 

Education, Delft, The Netherlands. 

21. Food and Agriculture organization of United Nations (FAO). 1986. Irrigation Water 

Management Training Manual No. 3. Rome, Italy: FAO. 

22. Food and Agriculture organization of United Nations (FAO). 1989. Guidelines for 

Designing 

23. and Evaluating Surface Irrigation Systems. Irrigation and Drainage Paper No.45. Rome, 



www.wjpls.org 

 

24 

Wolde.                                                     World Journal of Pharmaceutical and Life Sciences 

24. Food and Agriculture organization of United Nations (FAO). 1997. Irrigation Potential 

inAfrica: a Basin Approach. FAO land and water bulletin 4. Rome, Italy: FAO. 

25. FAO, 1993. Soil tillage in Africa: needs and challenges. FAO soils bulletin 69, Rome. 

178p. 

26. (FAO,2000) ,manual on integrated soil and water conservation practice land and water 

bulletin 8 FAO home 

27. FAO, 2002. Crop water management-tomato. Agriculture 21, land and water division.  

Available on line at: http://www.fao.org/ag/AGL/aglw/cropwater/tomato.stm. Accessed 

on 20/4/2008. 

28. FAO (Food and Agriculture Organization), 2008. Crops and Drops. Land and Water 

Development division. Rome, Italy. 

29. FAO (Food and Agriculture Organization), 2009. Crops and Drops. Land and Water 

Development Division. Rome, Italy. 

30. FAO (Food and Agricultural Organization of the United Nations), 2010. FAOSTAT data, 

2010. www.FAO.org. 

31. Gebreyesus B. T. 2004. Tied Ridging as In-situ Rainwater Harvesting Methods for 

Improving Sorghum Yield at Abergelle Area, Tigray Regional State. An M.sc. Thesis 

submitted to Haremaya University. 

32. Gill, H. S. and O. P. Meelu. 1982. Studies on the substitution of inorganic fertilizers in 

rice-wheat rotation. Fert. Res., 3: 303-314. 

33. Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for Agricultural Research. 

2ed.John Willey and Sons, Inc. 

34. Guerif, J., G. Richards, C. Durr, J.M. Machet, S. Recous and J. Roger, 2001. Review of 

tillage effects on crop residue management, seedbed conditions and seedling 

establishment. Soil and Tillage Research., 61(1-2): 13-32. 

35. Guzha.A.C, 2004. Effect of tillage on soil micro relief, surface dipresion storage and soil 

water storage. 

36. Hillel, D., 1997. Small-scale irrigation for arid zones: Principles and Options. Food and 

Agriculture Organization of the United Nations. Rome, Italy. 

37. Javadi, A and A. Hajiahmad. 2006. Effect of a new combined implement for reducing 

secondary tillage operation. International Journal of Agriculture and Biology, 8(6): 724-

727. 

38. Jones, O.R., and R.N. Clark. 1987. Effects of furrow dikes on water conservation and 

dryland crop yields. Soil Sci. Soc. Am. J., 51: 1307-1314. 

http://www.fao.org/ag/AGL/aglw/cropwater/tomato.stm.%20Accessed%20on%2020/4/2008
http://www.fao.org/ag/AGL/aglw/cropwater/tomato.stm.%20Accessed%20on%2020/4/2008
http://www.fao.org/


www.wjpls.org 

 

25 

Wolde.                                                     World Journal of Pharmaceutical and Life Sciences 

39. Justine Anschütz, Antoinette Kome, Marc Nederlof, Rob de Neef, Ton van de Ven, 2003. 

Water harvesting and soil moisture retention, Agromisa Foundation, Wageningen 

40. Kassam, A. and M. Smith, 2001. FAO Methodologies on Crop Water Use and Crop 

Water 

41. Productivity. Expert Meeting on Crop Water Productivity. Rome, Italy: FAO 

42. Kidane Georgis, and Abuhay Takele, 2000. A Manual for Semi-arid Areas of Ethiopia: 

Resource Base, Constraints and Improved Technologies for Sustainable Agricultural 

Production, mimeo, Addis Ababa, Ethiopia. 

43. Lemma, D. and  E.  Herath., 1992. Agronomic studies in Alliums Presented at 2nd 

National conference. 

44. Levy, D. Z. Ben-Herut, N. Albasel, F. Kaisi,  and I. Manasra, 1981. Growing onion seeds 

in an arid region: drought tolerance and the effect of bulb weight, spacing and 

fertilization. Scientia Horticulture., 14: 1-7. 

45. Maerere A. P., G. G. Kimbi and D. L. M. Nonga, 2001. Comparative Effectiveness of 

Animal Manures on Soil Chemical Properties, Yield and Root Growth of Amaranthus 

(Amaranthus cruentus L.). Sokoine University of Agriculture, Morogoro, Tanzania. 

46. Malik, M. N., 2000. Horticulture. Biotech Books. Delhi. 586p. 

47. Mangal, J. L., S. Lal and P. S. Hooda, 1989. Salt tolerance of the onion seed crop. J. 

Horti. Sci. India., 64(4): 475-477.  

48. Mannering and Fenster, 1983. Water use and onion production in no till and conventional 

tillage cropping system. 

49. Marschner, H., 1995. Mineral nutrition of higher plants. Second edition, Academic Press, 

London., 285-299. 

50. M’ Arimi, A.M. 1978. The effects of tillage methods and cropping systems on rainfall 

conservation in a semi-arid area of Eastern Kenya., 74-86 in: Soil and water 

ceonservation in Kenya. IDS Occasional paper No. 27. Nairobi, Kenya: University of 

Nairobi. 

51. Mulugeta L., E. Karltun, M. Olsson. 2005. Assessing soil chemical and physical property 

responses to deforestation and subsequent cultivation in smallholders farming system in 

Ethiopia. Agricult Ecosys Environ., 105: 373–386. 

52. NAERLS (2009). Dry Season Performance Evaluation Report. National Agricultural 

Extension and Research Liaison Services. Ahmadu Bello University, Zaria. 

53. Olkeba Biru. 2011. Effects of Surface Management Practices on Soil, Water and Nutrient 



www.wjpls.org 

 

26 

Wolde.                                                     World Journal of Pharmaceutical and Life Sciences 

54. Conservation and Yields of Wheat (Triticum Aestvum L.) at Bale Highlands, South 

Westrn Ethiopia. MSc Thesis, Haramaya University, Haramaya, Ethiopia. 

55. Olsen, S.R., V. Cole, F.S. Watenabe and L.A. Dean. 1954. Estimation of Available 

Phosphorus in Soils by Extraction with Sodium Bicarbonate. U.S. Government Printing 

Office, Wash. Circular., 939(19): 156-158. 

56. Palm, C.A., R.J.K Myers and S.M. Nandwa, 1997. Combined use of organic and 

inorganic nutrient source for soil fertility maintenance and replenishment. In: Buresh et al 

(eds.). Replenishing soil fertility in Africa. Special publication No. 51. Wisconsin, USA., 

193-217. 

57. Pandey, U. C. and U. Ekpo, 1991. Response of nitrogen on the growth and yield of onion 

58. Randall, H., H. Valenzuela and R. Shimabuku, 1999. Bulb onion production in Hawaii. 

College of Tropical Agriculture and Human Resources, University of Hawaii at Manoa., 

3-9. 

59. Paul, J. W. and E. G. Beauchamp. 1993. Nitrogen availability for corn in soils amended 

with urea, cattle slurry and solid and composted manures. Can. J. Soil. Sci., 73: 253-266. 

60. (Robbert E D K Cassel and R.E Sneed 1996a, soil, water and crop characteristics 

important to irrigation scheduling Publication number AG, 452-2 North Carolina 

Cooperative Extension service America). 

61. Rockström, J., Barron, J. and Patrick, F. 2003. Water Productivity in Rain-fed 

Agriculture: 

62. Challenges and Opportunities for Smallholder Farmers in Drought-prone Tropical Agro 

ecosystems.,145-162. In: Kijne, J.W., Barker, R.and Molden, D. (edes). 

 

63. Rockström, J. 2000. Water Resources Management in Smallholder Farms in Eastern 

andSouthern Africa: An Overview. Physics and Chemistry of the Earth., 25(3): 275 – 

283. 

64. Tisdale, S.L., W. Nolson L., Beaton D. James and John L. Halvin, 1995. Soil Fertility and 

Fertilizers (5th ed.). Macmillan Publishing Company, New York., 52-96. 

65. SAS Institute. 2002. Statistical analysis system, Version 9. USA: Inc., Cary, NC. 

66. Simon, P. W., 1992. Onion Improvement Newsletter for 1991. Dept of Horticulture, 

Universityof Wisconsin, Madison, Wisconsin, USA. 

67. Sommerfeldt, T. G., and C. Chang. 1985. Changes in soil properties under annual 

applications of feedlot manure and different tillage practices. Soil Sci. Soc. Am. J., 49(4): 

983-987. 



www.wjpls.org 

 

27 

Wolde.                                                     World Journal of Pharmaceutical and Life Sciences 

68. SPSS, 1996. Statistical packsge for social science ,1996 North Carolina, pastoral 

development project. 

69. Staney.W.C and B.Yerima. 1992. Improvement of soil service for agricultural 

development ,guidline soil sampling and fertility evaluation. 

70. Sultani, M.I., M.A. Gill,  M.M. Anwar,  M. Athar, 2007. Evaluation of soil physical 

properties as influenced by various green manuring legumes and phosphorus fertilization 

under rainfed conditions, Int. J. Environ. Sci. Tech., 4(1): 109-118. 

71. Tekalign Mamo and I. Haque, 1991. Phosphorus Status of Some Ethiopian Soils. III. 

Evaluation of Soil Test Methods for Available Phosphorus. Tropical Agriculture 

(Trinidad)., 65: 51-56. 

72. Teklu Erkossa, S. Karl and Getachew Tabor, 2003. Integration of organic and inorganic 

fertilizer: effect on vegetable productivity. University of Hohenheim, Soil Science and 

Land Evaluation, Germany., 1-12. 

73. Tiarks, A. E., A. P. Mazurak, and L. Chesnin. 1974. Physical and chemical properties of 

soil associated with heavy applications of manure from cattle feedlots. Soil Sci. Soc. Am. 

Proc., 38(5): 826-830. 

74. Walkley, A. and T.A. Black, 1934. An examination of the Degtjareff method for 

determiningsoil organic matter, and proposed modification of the chromic acid titration 

method. 


