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Effect of Plant Spacing and Weeding Frequency on Weed Infestation, Yield 

Components, and Grain Yield of Barley (Hordeum vulgare L.)   in North  

Shewa Zone, Central Highlands ofEthiopia 
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Bogalech Belihu (BSc.), Wollo University, Ethiopia. 

Major Advisor:  Fresew Belete (Ph.D.), Debre Berhan University, Ethiopia. 

Co-advisor: Estifanos Tsegaye (Ph.D.), Debre Berhan University, Ethiopia. 

ABSTRACT 

Barley is one of the major crops for large numbers of people living in the highlands of Ethiopia. 

However, it suffers the greatest yield reduction due to weed competition.  Therefore, this study was 

conducted in 2019 during the main cropping season at Asagerit woreda, to determine the effect of 

plant spacing and weeding frequency on weed infestation, yield component and grain yield of 

barley. The experimental treatment consisted of three row spacing (10 cm, 20 cm and 30 cm) and 

six weeding frequencies (W1 = one weeding by hand hoeing two weeks after crop emergence, W2= 

one weeding by hand-hoeing three weeks after crop emergence, W3= one weeding by hand-hoeing 

four weeks after crop emergence, W4= two weeding by hand-hoeing two and four weeks after crop 

emergence, W5= weed-free check, and W6 = weedy check). The experiment was laid out in a 

randomized complete block design in a factorial arrangement and each plot was replicated three 

times per treatment. It was observed that broad leaved weed species were dominant in the study 

area with a relative density of 74.6% followed by grasses with relative density of 24.3% whereas 

sedge weed species were the least abundant ones with relative density of 1.04%. Interaction of 

weeding frequency and spacing significantly affected number of productive tillers per plant, plant 

height, number of grains per spike, aboveground biomass yield and grain yield of barley. Days to 

heading, spike length, thousand grain weight and harvest index were significantly affected by the 

main effects of weeding frequency and plant spacing. Comparing weeding frequency and spacing, 

significantly higher yield and yield components of barley were obtained from wider spacing (30 

cm) and weed free check and with all weeding frequencies as compared to narrow spacing. 

Treatments left weedy check and in10 cm row spacing produced highest dry biomass weight for 

both broad and grass weed species. Based on the result, the maximum grain yield value (5263.2 

kg ha-1) was recorded from the weed free check and when sown with 30cm row spacing while the 

lowest grain yield (1030.0 kg ha-1) was recorded from un-weeded barley sown at 30 cm apart). 

The economic analysis revealed that the highest net benefit and MRR was obtained in response to 

combining 30 cm row spacing with either weed free check or weeding twice at 2 and 4 weeks after 

crop emergence. It could be concluded that sowing of barley at 30 cm row spacing and weeding 

the crop twice or keeping it completely weed free resulted in optimum growth and grain yield of 

the crop.   

 
Keywords: Barley , Frequency, Row, Spacing, Weed  
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1. INTRODUCTION 

 

Barley (Hordeum vulgare L.) is an annual cereal crop, which belongs to the genus Hordium (L.) 

tribe Triticeae of family Poaceae and is recognized as one of the world’s most ancient food crop 

(Martin et al., 2006).  It is a major crop for large numbers of people living in the cooler, semi-arid 

areas of the world. Ethiopia ranked twenty-first in the world in barley production with a share of 

1.2 percent of the world’s total production (USAD, 2014). In Africa, Ethiopia is the second largest 

producer of barley next to Morocco accounting 26% of the total barley production in the continent 

(Shahidur et al., 2015). Barley is the fifth most important crop both in area under cultivation and 

in production after teff, maize, sorghum and wheat. Barley has a diverse ecology being grown from 

1800 to 3400 m a s l. in different season and production systems (Muluken, 2013). It is grown 

mainly in the highlands of the country and represents approximately 7.5% share of the total area 

where grain is cropped (CSA, 2017).  

 

According to the 2014/2015 forecasts from Ethiopia’s Central Statistics Authority, of the 12.6 

million hectares under cultivation of the grain crops ,80.78% was under cereals which contributed 

87.36% of the grain production and Barley took up about 8 and 7 percent of the grain crop area, 

and production respectively (CSA,2014/2015). Between 2003/04 and 2013/14, the number of 

smallholders growing barley increased from 3.5 million to 4.5 million; yields increased from 1.17 

metric tons per hectare to 1.87 metric tons per hectare; and total production grew from 1.0 million 

tons in 2005 to about 1.9 million tons in 2014 (CSA, 2015). Currently, the area under barley 

cultivation in the country reached 950,742.01 ha with productivity of 2500 kg ha-1 (CSA, 2019). 

However, its productivity is below the world’s average. The annual average world yield of the 

crop is only 12 00 kg/ha (CSA, 2005). The main reason for the low productivity in the country is 

mainly due to weeds and poor agronomic practice (maintaining the optimum row spacing).  

 

Growth and development of weeds can be suppressed by plant spacing, plant pattern of crop plants 

and weeding frequencies. Closely spaced crop provides good smothering potential on growth and 

development, and also well distribution of seedlings per unit area, thereby competing for nutrients 

and moisture better than weeds do. A crop’s ability to suppress weeds can be enhanced if it is able 

to pre-empt limiting resources by acquiring them earlier in the growing season or sequestering 
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them in the form of more crop plants per unit area (Page and Willenborg, 2013). Various studies 

indicated that plant spacing significantly influence the incidence of an infestation by weeds and 

the performance of crop plants due to their competition for limited natural resources. Sharma 

(1995) reported that planting of wheat through reducing row spacing can reduce weed infestation 

as compared with wide row spacing.  

 

Hand weeding is one of the major weed control method in Ethiopia (Rezene and Kedir, 2008). The 

results of various studies showed that the frequencies of hand weeding had impacts on weed 

infestation and crop yield of barely. Takele (2000) reported that hand weeding affected weed 

infestation intensity and crop yield parameters of barley. The author reported that three weeding 

at 15, 30 and 45 days after crop emergence resulted in 60.3% yield increase of barley compared to 

no weeding. Similarly, Dawit (2015) reported a weed free plot produced the highest grain yield of 

wheat (5190 kg ha-1) as compared to the weedy check (2283 kg ha-1). 

 

In the highlands of North Shewa, food barley is dependable source of food. However, its 

production is limited by several biotic and abiotic constraints of which weeds are a major culprit. 

Both broad-leaved and grassy weeds cause losses in soil moisture and consequently crop yields 

(Abu-Irmailleh 1982, Klingman and Ashton (1982). Uncontrolled weed populations can 

substantially reduce yield of barley up to 60% in Ethiopia (Tekele et al., 2006). Similarly, Stroud 

(1989) reported that the average yield loss in barley is about 55% when the crop has received no 

weed control. 

 

Asagerit Woreda is one of the major producing areas of barley in the North Shewa Zone of the 

Amhara Region. The area coverage (6756 ha), yield of barley in Asagerit worda (136607 

Ql),productivity (20.22 Qha-1 ) and participants of households or farmers number (30402) are 

engaged in production of barely However, productivity of the crop is below the world and national 

average (Asagerit Woreda Agriculture Office, Personal communication). Weeds together with 

broadcasting sowing technique are among the most important factors contributing to the reduced 

productivity of barley. Farmers of the area did not practice weeding and sowing of the crop in row. 

The major reason for farmers not to practice weeding is their fatalistic attitude towards weeds, they 

assume that losses due to weeds are not high and they did not know that, in most cases early 
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germinating weeds can cause greatest yield decrease. Furthermore, they think weeding and row 

planting techniques are time consuming and the weeds together with the straw of barley increase 

the feed availability for their livestock. It is clear that proper weed management and sowing the 

crop at optimum row spacing can increase productivity of the crop in general. However, no 

investigations have been made in the district to evaluate or determine the effect of different weed 

management options and row pacing on weed control and grain yield of barley. Therefore, the 

present study was conducted to determine the impact of weeding frequency and plant spacing on 

productivity and weed infestation of barley at Asagerit Woreda, central highlands of Ethiopia.   

General Objective 

✓ To evaluate the effect of spacing and weeding frequency on yield and yield components on 

food barley in north showa administrative zone.   

Specific objectives 

✓ To determine the optimum spacing for barely production and weed infestation density. 

✓ To assess the weed types commonly found in the research area 

✓ To evaluate the effect of plant spacing and weeding frequencies on weed infestation, yield 

component and yield of barley.  
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2. LITERATURE REVIEW 

2.1. Origin and Distribution of Barley 

Barley (Hordeum vulgare L.) belongs to the genus Hordeum (L.) tribe Triticeae of the family 

Poaceae (Graminae). The genus of Hordeum is with 31 species distributed over wide geographical 

areas and diverse ecological habitats. Barley is a diploid species with 2n= 14 (Zerihun, 2007). 

Barley is thought to have originated in the Fertile Crescent area of the Near East from the wild 

progenitor Hordeum spontaneum (Bayeh and Brehane, 2011). However, some workers argue on 

the possibility of Ethiopia as the origin of barley (Bekele, 1983 and Negassa, 1985). Barley is a 

very important crop for poor people in dry and marginal areas. Domesticated more than 10,000 

years ago in the Fertile Crescent, it is now grown on about 57 million hectares (Grando and 

Macpherson, 2005). One of the most important traits of domestication was probably non brittleness 

of rachis, which is of benefit for efficient harvesting without loss of grains (Bothmer et al., 2003). 

Barley is widely grown under many climates of the world. It grows in the arid climates of Sahara, 

the high plateaus of Tibet’s and the tropical plains of India (Badr et al., 2000; Grando and 

Macpherson, 2005; Bayeh and Grando, 2011) which geographically corresponds to a region 

extending from Israel and Jordan, through Syria, Lebanon and southern Turkey, into Iraq and Iran 

(Zohary and Hopf, 2000).  

2.2. Ecological Requirement of Barely 

Food barley is generally found in regions where other cereals grow poorly due to low rainfall, 

altitude, or soil salinity. It remains the most viable option in dry areas (< 300 mm of rainfall) and 

in production systems where alternative food crops are limited, such as in the highlands and the 

mountains (Grando and Macpherson, 2005). Barley can be grown on different soil types including 

well drained, fertile loams and lighter clay soils. It tolerates loamy to heavy soils but will not do 

well in waterlogged soils. It has very good heat and drought tolerance, making it a valuable plant 

for semiarid areas. It grows well at soil pH between 5.0 and 8.3. It is also grown in diverse climatic 

regions of Ethiopia.  



5 
 

The crop is cultivated from 1,400 to over 4000 m a s l, with the greatest frequency and diversity 

occurring between 2, 400 and 3,400 meters in the northern and central regions of Ethiopia. Barley 

is cropped twice a year. The main cropping season, known locally as meher, relies on June-

September rainfall, while the minor cropping season, known as belg, is during the short rainy 

season, March-April. Barley is the most suitable crop for belg-season production, and it accounts 

for about 30% and 28%, respectively, of the total major cereal areas and total cereal production 

during this season (Mulatu, and Grando, 2011). 

2.3. Economic Importance of Barley 

According to Marlett (1991) barley is nutritionally superior to other cereals in providing essential 

nutrients in biologically available forms. Barley contains about 75% carbohydrate, 9% protein and 

2% fat. In energy terms, each gram provides about 3.3 calories. Barley grain is rich in zinc (up to 

50 ppm), iron (up to 60ppm) and soluble fibers, and has a higher content of Vitamins A and E than 

other major cereals.  

In Ethiopia, barley is produced mainly for human consumption and is one of the most important 

staple food crops. Barley grain is also used in a diversity of recipes and deeply rooted in the culture 

and tradition of people's diets. Furthermore, barley straw is a good source of animal feed especially 

during the dry season, and it is also a useful material for thatching roofs of houses and for use as 

bedding (Mulatu, and Grando, 2011). 

2.4. Barley Production in Ethiopia and Weed as Production Constraints 

2.4.1. Barley production in Ethiopia 

Barley is the fifth most important crop in Ethiopia after teff, maize, wheat and sorghum. It is 

believed to have been cultivated in Ethiopia as early as 3000 BC (CSA, 2003). It is cultivated 

in a wide range of environments, from high altitude areas (>3000 m.a.s.l) to low-rainfall 

environments, including the Rift Valley. Barley production has been growing in Ethiopia as 

both the number of barley farmers and barley yields increase, linked to growth in demand for 

food and malt barley.  Although barley was used extensively as a food in the past, has now 

been relegated to animal feed (about 60%), malt (about 30%), or seed (about 7%), with only a 

small amount (about 3%) for human food in most countries (Baik and Ullrich. 2008). Barley 

is one of the seven internationally grown cereal grains, currently ranking fourth in world 
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production behind maize, wheat, and rice, and ahead of sorghum, oats, and rye (Newman, 

2008).  

 

There are two types of barley that farmers grow in Ethiopia: food barley and malt barley. Most of 

the barley that farmers grow is food barley and it is the main ingredient for several staple dishes 

such as injera, porridge, and bread. Food barely is a cheaper cereal than maize, wheat, and teff and 

is often used as a substitute for lower income families. Recently, there has been an increasing 

demand for farmers to grow malt barley, which presently constitutes 10 percent of the total barley 

production. With the introduction of several new malt factories in the country, domestic demand 

is growing and is showing no signs of slowing down. Farmers in Ethiopia have an opportunity to 

meet the growing demand for malt barley, but production is low, and the quality does not match 

that of imports. Farmers often don’t use best practices when growing barley. Over the past ten 

years, average barley yields have been 1.43 tons/hectare, which is low compared to its regional 

neighbors and about four times lower than the yields in developed nations such as France and 

Germany (Mulatu, and Grando, 2011). 

2.4.2. Weed as production constraints in barley 

In Ethiopia, weed problems appear to be worsening in rain fed barley growing regions (Mulatu 

and Grando, 2011) . The subsistence farmer is mainly dependent on cultivation practices and 

applications of 2, 4-D herbicides for weed control. This is because there are limited options for 

crop rotation and fallowing, and it is impossible for farmers to completely remove grass weeds in 

cereal crops; late emerging weeds. The farmers’ unclean seed reserves and farm lands quite badly 

contaminated with weed seeds contribute to weed problems in the subsequent cropping seasons; 

and wet conditions during the main rainy season favor the rapid and abundant growth of weeds, 

which results in subsequent heavy weed infestation (Mulatu and Grando, 2011). In many barley-

producing areas, barley fields are mostly treated with broad leaf herbicides. Under such partial 

weed management, it is common to observe barley fields infested with grass weeds, causing yield 

losses of up to 60% in some barley growing areas (Mulatu and Grando, 2011). Weeds can also 

play a significant role in harboring insects, serving as alternative hosts for some diseases, and 

adding to the cost of production. Weeds not only reduce yields and profitability, but also threaten 

future cropping when allowed to produce and shed seeds and regenerate. The competitive effects 
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of these major weeds at various densities on yield and yield components of the crop have been 

studied (Takele  et al., 2006) 

2.5. Weed Crop Competition 

While most crop models consider yield limiting factors such as water stress and nutrient 

deficiencies, biotic factors such as weeds are often neglected. Notwithstanding, considerable yield 

losses due to weeds are not only faced by smallholder farmers in developing countries (FAO 2009), 

but also occur in large-scale intensive cropping systems in developed countries (Swanton et al. 

1993; Pimentel et al. (2000). Milberg &Hallgren 2004). In addition, weeds transpire water and 

thereby reduce water availability to the crop. This unproductive water consumption is critical in 

drought prone regions, where optimizing crop water productivity is a prerequisite for sustainable 

crop production (Gaelen et al., 2016). Completion is negative interactions where individuals make 

simultaneous demand that exceed limited resource and, while both suffer; one individual suffers 

less (Gaelen et al., 2016). So, crop weed competition indicates competition between crop and weed 

in a natural ecosystem in response to resource struggle for their existence and superiority. Crop 

weed competition occurs in two broad aspects. 

 

Direct competition: nutrient, moisture, light, and space. Indirect competition: through exudation 

and/or production of allelopathic chemicals (crop weed com). When weeds release substances that 

inhibit seed germination or growth of cultivated plants, as chemicals (allelopathic substances), 

they increase the ability to claim against weeds of cultivated plants. Allelopathy is a form of plant 

interference that occurs when one plant, through living or decaying tissue, interferes with growth 

of another plant via chemical inhibitor (Zimdahl, 2007). There are different factors which reduce 

productivity of barley in Ethiopia. For instance, at Sheno, the order of importance of these 

production inhibiting factors is poor soil fertility, poor soil drainage, low yielding varieties, weed 

infestation and aphids (Adamu, 1996) while at North Gonder it is traditional methods of 

production, weed infestation and poor soil fertility (Alemu et al., 1999).  

2.6. Important Weeds of Barley 

The production of barley is frequently limited by several weed species. Of the 81 weed species 

reported to be associated with barley in Ethiopia, 26 of them are major, problematic ones (Rezene, 
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1986; Fasil, 1996; Kedir, Feyissa and Tilahun, 1999; Takele, 2001). These reports indicate that the 

most wide spread broad leaved weeds in barley are: Amaranthus hybridus, Cerastium octandrum, 

Chenopodiumalbum,Chrysanthemumsegetum,Commelinaspp.,Convolvulusarvensis,Daturastram

onium,Erucastrumarabicum, Galinsoga parviflora, Galium spurium,Guizotia scabra, Medicago 

polymorpha, Polygonumnepalense, Scorpiuru smuricatusand Tagete sminuta.Among grassweeds, 

Avenaabyssinica,Avenafatua,Bromuspectinatus,Digitariascalarum,Loliumtemulentum,Phalarisp

aradoxa, Setariaspp. And Snowdeniapolystachya are the most important ones. Weed species, their 

density and distribution vary from place to place depending on soil and climatic factors, and 

farmers’ management practices.  

2.7. Weed Management in Barley  

Knowledge of weed seed characteristics, morphology, ontogeny, nature of competition and degree 

of association with crops are pre-requisite for suggesting some efficient weed control measures. It 

makes the users/scientists quite acquainted with the nature and spectrum of weeds existing in the 

crop fields and accordingly guides them to adopt certain measures (Das, 2012). Identification and 

naming of a particular weed based on its genus, species or certain biological characters may not 

be much useful to users since weed control usually, unless specific weed problem in certain area, 

aims at composite weed culture and not on individual species of weeds. Therefore, some common 

characteristics of the species, which are clearly visible and easily understandable by users, are to 

be exploited for making of their classes/groups and for recommending suitable control measures. 

Weeds are one of the most important factors contributing to the reduced productivity of barley in 

Ethiopia. It is clear that proper weed management can increase the productivity of the crop in 

general. However, few investigations have been made in-country to evaluate or determine the 

effect of different weed management options on weed control and grain yield of barley (Ameha 

and Alemu, 1996; HARC, 1995; Amsal, Hailu and Francis, 1997; Asefa and Tanner, 1998; Alemu 

et al., 1999; PPRC, 2004; Kedir, Tilahun and Feyissa, 2005; Woldeyesus, 2005).  

Retaining high and stable yields of barley required optimization of all of processes in the 

technology of cultivation and consideration of climate changes. An important stage in the 

technology for growing is a crop protection and particular the fight against the weeds. Properly 

and timely destruction of the weeds guaranteed obtaining high yields of this crop (Georgiev 2015). 
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In weed science it may include control as well as eradication. Thus, prevention, control and 

eradication were used to be used as three basic concepts of weed control earlier. However, 

management as another concept has been a for-runner among weed control/management 

concepts/approaches in recent years and considered to be the most desired approach/concept of 

weed control/management in modern era. Thus control/management of weeds has several facets/ 

aspects such as mechanical & manual, cultural/ ecological/cropping & competition, biological, 

chemical and Allelopathy (Das, 2012). Zimdahl (1999) reported that weed prevention, control, 

eradication and management are different concepts and each use or combines technologies 

differently.  

2.7.1. Hand weeding 

Hand-weeding was formerly a mechanical method of weed control, but this practice was 

abandoned because it was no longer economical and Hand weeding twice has been shown to be 

the most economic practice and produced the best results in moist areas. The first weeding should 

be done two to three weeks after emergence (at the early tailoring stage) and the second four to 

five weeks after emergence (at the stem elongation stage). Pulling weeds when they are 15 cm or 

less is advised as this does not disturb the soil and crop root system too much, and reduces yield 

loss due to competition. Indicated that weeding once by hand significantly affected grain yield. 

Weeding once by hand increased grain yield by20% (303 kg/ha) in 1987 and 14% (272 kg/ha) in 

1988 over the unwedded checks (Amsal, Hailu and Francis, 1997).  

2.8. Effect of Row Spacing on Yield of Barely 

Traditional row spacing had been about 18 cm (7 inches) (Kleemann and Gill 2010b), but this 

increased up to 36 cm (14 inches), and more recently to beyond 36 cm, to 60 cm or 70 cm (very 

wide rows) (Blackwell et al. 2006; Jones and O'Halloran 2006; Buck and Keys2008).Wider rows 

appear to have been recommended, and adopted by farmers, in pursuit of a no-till farming system 

with retained stubble. This may result from extension literature where possible yield loss from 

wide row spacing is either not mentioned (for example Speirs et al., 2007), or possible losses have 

been noted and minimized. Anon (undated) has indicated that’. Cereal yields are slightly reduced 

by wide row sowing (30 cm). In  Leonard (1993) suggested that’…wide row spacing of wheat 

(Triticum aestivum L.) reduces yields by only a small amount... wheat grain yield is reduced by 4 
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per cent as row spacing is increased from 18 cm to 36 cm’. These general statements may have 

resulted from research that suggested wide row spacing could increase, or not affect, yield in some 

low yielding situations. Hill (1988), working in low rainfall southern NSW, concluded that row 

spacing within the range of 17.5 cm to 30 cm had ’little effect on lower yielding dry land crops ‘. 

Fettell and Bamforth (1986), in low rainfall central NSW, indicated yield depressions in wheat at 

wide row spacing’s (36 cm) were evident at high yield levels (about 3000 kg/ha), but not under 

lower yields (about 1000 kg/ha), but did not indicate a yield threshold where yield depression may 

be expected. Yield depression due to very wide rows has been suggested at yields above 1000 

kg/ha in the Victorian Mallee (Jones and O'Halloran 2006) or in wide rows above 1500 kg/ha in 

South Australia (Smith et al., 1995). 

Previous studies on inter row hoeing in conventionally grown cereals have shown greater 

effectiveness against problematic weed species such as grasses and tap rooted species that have an 

erect growth habit (Melander et al., 2003). Timing of treatment was less crucial with inter-row 

hoeing than weed harrowing because the cutting action of the shares also controls weeds with more 

than two or three true leaves. However, weeds growing in the crop rows (intra-row weeds) are not 

directly impacted by the hoe shares and thus are not controlled unless sideways soil movement 

causes some soil coverage of the intra-row weeds. Another drawback is a yield penalty of 11–12% 

associated with the widening of inter-row spacing from the standard 125 mm to 240 mm (Melander 

et al., 2003). 
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3. MATERIAL AND METHODS 

3.1. Description of the Study Area 

The experiment was conducted during the 2019/2020 main cropping season in the Asagirt Woreda 

at farmer’s training center in the central high land of Ethiopia, North Shewa Zone of Amhara 

Region. The area is about 172 km of North East of Addis Ababa. It is located at 90 30’ N latitude 

and 390 38’ E longitudes at an altitude of 2985 meters above sea level. The rainfall in the area is 

characterized by a bi-modal distribution pattern where the main rainy season (Meher) lies between 

June and September and the second rain season (Belg) is from march to April.   The average mean 

annual rainfall of the area was about 1005.5 mm. The mean monthly maximum and minimum 

temperatures were 25.88 and 1.41ºC, respectively. Clay soils are the dominant soil type in the 

study area. The crops widely grown in the study area include barley, faba bean, wheat, teff, potato 

and lentil, whereas chickpea, grass pea, and others have low area coverage (AOA, 2019).  

 

Figure 1. Map of the study area.  
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Figure 2. Weather condition of Asagerit Woreda during the 2019/2020 cropping period  

3.2. Experimental Material  

The improved barley variety (Agegnehu) was used as experimental material in the study area. The 

variety was released by Debre Berhan Agricultural Research Center in the year 2007. The variety 

is the most common and widely grown by farmers in the study area.   

Table 1. Description of barley variety used in the study area.  

Name of 

variety 

Altitude 

(m a. s .l) 

Rainfall 

(mm) 

Height 

(cm) 

Day to 

maturity 

Year of 

release 

Yield 

 (kg ha -1) 

Agegnehu 2600-

3000 

900-

1200 

66-88 107-143 2007 2900-

3500 

Source: Barley Production Package, 2018 

3.3. Treatments and Experimental Design 

The experimental treatment consisted eighteen treatment combination with three row spacing (10 

cm, 20 cm and 30 cm) and six weeding frequencies (W1 = one weeding by hand hoeing two weeks 

after crop emergence, W2= one weeding by hand-hoeing three weeks after crop emergence, W3= 

one weeding by hand-hoeing four weeks after crop emergence, W4= two weeding by hand-hoeing 

two and four weeks after crop emergence, W5= weed-free check, and W6 = weedy check). The 
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experiment was laid out in a randomized complete block design in a factorial arrangement and 

replicated three times per treatment.  

3.4. Experimental Procedure and Management 

The experimental field were plowed and harrowed to a fine tilt using an oxen plough. It was 

ploughed two times to prepare the seed bed well. The area of each plot was 2.4 m × 3 m (7.2 m2) 

with 24, 12 and 8 rows in 10, 20 and 30 cm spacing, respectively. The distance between the plots 

and replication were kept 0.5 and 1 m apart, respectively. The outer most four rows from 10 cm 

row spacing, 3 (2 + 1) from 20 cm and 2 rows from 30 cm spacing were considered border rows. 

On both ends of each row 0.25 m was considered also as a border row. Thus, the net plot had 18, 

9, 6 rows under 10, 20 and 30 cm row spacing, respectively and the net plot size was 1.8 m × 2.5 

m (4.5 m2). 

Seeds of Barely variety Agegnehu was drilled in row at a rate of 125 kg ha-1 during the main 

cropping season. NPSB was applied once at planting at a rate of 100 kg ha-1 as per the 

recommendation. Urea (46% N) as a source of nitrogen was applied at a rate of 150 kg ha in two 

doses where 1/3 was applied at time of planting together with NPSB and the rest 2/3 was applied 

at tillering according to the recommendation. Weeds were removed by Hand-weeding and hoeing 

as per the treatment. Moreover, all other necessary field management practices were carried out as 

per the recommendation. Harvesting was done manually using sickle.  

3.5. Soil Sampling and Analysis  

Soil samples were taken from 10 random spots using a zig zag pattern technique from a depth of 

0-30 cm before planting from the experimental area and one composite sample was formed. The 

collected soil samples were mixed thoroughly in a clean plastic to make composite soil samples. 

The samples were then air-dried, crushed, and passed through a 2 mm size sieve whereas for 

organic matter and total nitrogen determinations, the soil sample was passed through 0.5 mm sieve.  

 

The soil was analyzed at Debre Berhan Agriculture Research Center for selected physical and 

chemical properties; namely soil pH, texture, available P, available S, Exchangeable K, electrical 

conductivity (EC), organic carbon (OC), and cation exchange capacity (CEC). Soil particle size 
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distribution was analyzed by the hydrometer method following the procedure described by Day 

(1965) and the soil textural class was determined using the textural triangle of USDA system. Soil 

bulk density was measured from undisturbed soil samples collected using a core sampler, which 

after drying the soil core samples to constant weight in an oven at 105 CO as per the procedures 

described by Black (1965). Soil pH and EC were determined from 1:2.5 soils to water ratio using 

a glass electrode attached to a digital pH meter (potentiometer) and EC meter (Page, 1982). 

Organic carbon and total nitrogen were determined by the method of Walkley and Black (1934) 

and Kjeldhal methods (Jackson, 1973), respectively. Available P was determined by the Olsen 

method using NaHCO3 as extracting solution (Olsen et al., 1954). Available sulfur was determined 

by KH2PO4 extract (Johnson and Fixen, 1990). The CEC and exchangeable bases (Ca, Mg, K and 

Na) was measured after saturating the soil with 1N ammonium acetate (NH4OAC) and displaying 

it with 1 N NaOAC (Van Reeuwijk, 1993) and K and Na was read using flame photometer (Rowell, 

1994).  
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3.6. Data Collected 

3.6.1. Weed data  

Weed flora: Data on weed flora present in the experimental field was recorded from the weedy 

check plots by placing a quadrat (0.25 * 0.25 m) randomly at two spots in each replication and was 

converted to per m2. The weed species found within the sample quadrate were identified and 

classified into their respective groups with the aid of flora books (Stroud and Parker, 1989; Melaku, 

2008).  

Weed density: The weed density was recorded by throwing a quadrate (0.25 m × 0.25 m) 

randomly at two spots in each plot before crop harvest to determine weed density. The weed 

species found within the sample quadrate were identified, counted, and expressed in m-2.  

Weed aboveground dry biomass (g): the weeds within the quadrate were cut near the soil surface 

immediately after recording data on weed count and placed into paper bags separately treatment 

wise. The samples were sun-dried for 3-4 days and oven dried at 65⁰c to a constant weight to 

determine dry weight.  

Weed control efficiency (WCE)  

It was defined under experiment one above and calculated as: 

WCE =
(WDC −WDT)

WDC
× 100 

Where, WCE= Weed Control Efficiency; WDC=Weed dry matter in weedy check; and WDT= 

weed dry matter in a particular treatment. 

Weed index 

(WI) - It will be measured with the help of the following formula: WI =
X−Y

𝑌
×100 

Where, WI= Weed Index, X= Yield in complete weed free, Y= Yield in a particular treatment 
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3.6.2. Crop data 

3.6.2.1. Crop phenology parameters  

 Days to 50% heading: This parameter was recorded as number of days from emergence of barley 

to when 50% of the plants in each plot produce head.  

Days to physiological maturity: It was recorded as the number of days from emergence to the 

day when 75% of the plants reached physiological maturity, i.e. the grain hardened, and the straw 

turned light yellow.  

3.6.2.2. Crop growth parameters  

Plant height (cm): It was measured from 10 randomly taken plants in each net plot area from the 

base to the tip of the spike excluding awns and take the average.  

Spike Length (cm): Measurement was taken from each plot from 10 random spikes by measuring 

from the base of the spike up to the apex of the terminal spikelet excluding awns.  

3.6.2.3. Yield and yield components  

 Number of productive tillers per plant (ear bearing tillers): 10 plants were taken at random 

from each plot and total number of tillers per 10 plants was recorded and measured.  

Number of kernels per spike: The number of grains was counted from 10 randomly taken plants 

and the average was used for analysis.  

Thousand kernel weight (g): 1000 seeds were counted, and their weight was recorded at 12.5% 

moisture content for thousand seed weight.  

Aboveground biomass (kg ha-1): This parameter was determined by taking total weigh of harvest 

from each net plot area after sun drying the whole aboveground biomass.  

Grain yield (kg ha-1) was measured after threshing the sun dried plants harvested from each net 

plot and the yield was adjusted at 12.5% moisture content.  

Harvest index (%) was calculated as the ratio of grain yield to aboveground dry biomass yield.  
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3.7. Partial Budget Analysis 

The partial budget analysis as described by CIMMYT (1988) was done to determine the economic 

feasibility of the weed management practices. Economic analysis was done using the prevailing 

market prices for inputs at planting and for output at the time the crop was harvested. It was 

calculated by taking into account the additional input and labor cost involved and the gross benefits 

obtained from weed management practices. Actual yield was adjusted downwards to 10% of 

experimental yield to represents the farmer`s yield (CIMMYT, 1988). For determining gross 

returns the prevailing local market price 23.3 Birr/ kg at harvest was taken. The net returns were 

calculated by subtracting the cost of treatment from the gross returns as RNR = GR-VC, where, 

MRR= marginal rate of return, GR = Gross returns, and VC = Variable cost as described by 

CIMMYT (1988) was used on the yield results.  

3.8. Data Analysis 

The data was subjected to analysis of variance (ANOVA) using the general linear model (GLM) 

procedure of SAS software version 9.3. Significant difference test at 5% probability level was 

employed to separate treatment means using Duncan’s Multiple Range Test (DMRT) where 

significant treatment differences exist (Gomez and Gomez, 1984). 
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4. RESULTS AND DISCUSSION 

4.1.Soil Physical Chemical Properties of the Experimental Site 

The result of physical chemical analysis of the experimental soil was presented in Table 2. The 

laboratory analysis revealed that the basis of particle size distribution in the soil was 24% sand, 

32% silt and 44% clay at experimental site. Therefore, based on soil textural class determination 

triangle of international soil science society (ISSS) system the soil of the experimental site was 

clay in texture (Rowell, 1994). Soil pH is an important parameter which measures hydrogen ion 

concentration in the soil to indicate the nature of the soil whether it is acidic and alkaline. 

According to Murphy (1968) rating scale, the pH of the current experimental soils showed neutral 

pH (pH 6.77). Therefore, the soil can be suited for growing of barley, as barley can successfully 

grow in areas having a pH between (5.5 -8). The total nitrogen content of the experimental site 

was low in total nitrogen content (0.084%) according to Tekaligne (2001). The low levels of N 

might be due to continuous cultivation of the field and crop residue removal. As the area receives 

high rainfall the N might be lost due to leaching and runoff and it can be another reason for the 

decline of total N in cropped fields. Other cause of the low level of total N might be attributed to 

its low level of OM content of the study area. Similarly, the lower total N in cultivated land was 

in agreement with the findings of Abbasi et al., (2007) who reported that a lower total N was 

recorded on cultivated lands.  

Based on Murphy (1968) classification, the organic matter content of the experimental soil was 

low (1.40%). The possible reasons for the low content of OM could be intensive cultivation of the 

land and the total removal of crop residues for animal feed. Moreover, no practice of organic 

fertilizer addition, such as animal manure and green manure, that would have contributed to the 

soil OM pool in the study area. Similarly, Fassil and Charles (2009) and Kiflu and Sheleme (2013) 

reported that the Vertisols of Ethiopia had low soil OM contents. Phosphorus (P) is known as the 

master key to agriculture next to N because lack of available P in the soils limits the growth of 

both cultivated and uncultivated plants (Foth and Ellis, 1997).  

According to rating developed by Olsen (1954) the soil of the experimental site was low in 

available P (6.18 mg/kg). The low availability of P in the experimental site might be due to high 



19 
 

clay content of the experimental soil. Or, this low concentration of available P could be due to the 

inherent P deficiency of the soil since little or no P fertilizers application and its low OM levels. 

On the other hand, the soils of the investigated site had high CEC (35.94) according to Hazelton 

and Murphy (2007) classification.  High CEC indicates that the soils can strongly hold nutrients 

and is mainly due to high clay content.  

Table 2. The physical and chemical characteristics of surface soil of the study site. 

Soil parameters  Value  Rating  Reference 

Soil Physical properties  

Particle size  

Sand (%) 24   

Silt (%)  32   

Clay (%)  44   

Textural class  Clay   Rowell, 1994 

Soil Chemical properties    

Soil reaction (pH 1:2.5 H2O)  6.770  Neutral  Murphy ,1968 

Organic matter (%)  1.396  Low  Murphy ,1968 

Total Nitrogen (%)  0.084  Low  Murphy ,1968 

Available phosphorus (mg/ kg) 6.183  Low  Olsen ,1954 

Cation exchange capacity (cmol (+)/kg)  35.940  High  Hazelton and Murphy, 2007 
 

4.2. Weed Parameters 

4.2.1. Weed flora in the experimental site 

According to the result of the present study, the experimental field was infested by broad leaved, 

grass and sedge weeds (Table 3). The dominant weed species in the experimental field were broad 

leaved species followed by grass species with relative density of 74.6% and 24.3% respectively. 

While, sedge weed species are found scarce in the experimental site with a relative density of 

1.04% (Table 3). The difference in weed species in the area might be due to the weather condition 

as different weed species differ in their ecology. Similar to this result, Tamado and Milberg (2000) 

reported that altitude, rainfall, and soil type were the major environmental factors that influenced 

weed species distribution in a given area.  
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Table 3. Weed density (m-2) and relative density (%) of weed species of the experimental field 

during the 2019/2020 cropping season  

Weed species Family Life form 
Weed density 

(m-2) 

Relative density 

(%) 

Broad leaved     

Bidens pilesa Asteraceae Annual 7 14.3 

Guizotia scabra Compositeae Annual 4.9 9.9 

Cleaver(Galium spurium) Rubiaceae Annual 3.6 7.4 

Xanthium spinosum Asteraceae Annual 2.8 5.7 

Chrysanthemum segatum Asteraceae Annual 4.2 9.3 

Chenopodium spp Amaranthaceae Annual 4.1 9 

Amarathus hybridus Amaranthaceae Annual 3.4 7.9 

Medicago polymorpha Fabaceae Annual 2.5 5.6 

Rumex spp Polygonaceae Annual 2.1 5.4 

Total    74.6 

Grass     

Snowdenia polystachya Poaceae Annual 5.8 13.3 

Lolium temulentum Poaceae Annual 0.8 1.6 

Setaric spp Poaceae Annual 0.7 1.2 

Bromus pectinatus pooideae Perennial 2.4 8.2 

Total    24.3 

Sedge     

Cyperus esculentus L Cyperaceae Perennial 0.6 1.04 

Total     1.04 

 

4.2.2. Weed density  

Weed density was significantly affected by the main effects of row spacing, weeding frequency as 

well as by the interaction of weeding frequency and row spacing (Appendix Table 1). The highest 

density (78.72 m-2) was recorded from plots where rows are 10 cm apart and left without weeding 

throughout the growing period. While the least weed density, value was recorded from the weed 

free plots despite of row spacing (Table 4). In general, keeping the plot weed free as well as 

weeding two times at two and four weeks after crop emergence and keeping the distance between 

rows 30 cm reduced weed density significantly (Table 4). This reduction of weed density due to 

two times weeding and keeping rows 30 cm apart might be due to a reduction of weed seed bank 

due to early weeding and later emerged weeds might have been removed by the subsequent 

weeding and enhance crop competition . Furthermore, growing crops with a wider spacing (30 cm) 
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apart gives a good space for plants to utilize resources and compete with weeds efficiently. 

Contrary to the present finding, Tesfaye et al., (2011) reported that wheat which grows in rows 

which are 20 cm apart significantly reduced weed density as compared to wheat which was grown 

with a row spaced 30 cm apart. Moreover, Charchar et al., (2009) reported hand weeding with 20 

cm row spacing significantly reduced weed densities as compared to hand weeding coupled with 

30 cm row spacing in wheat crop.  

Table 4. Interaction effect of weeding frequency and row spacing on weed density of barley during 

2019/2020 cropping season  
 

  Row spacing (cm) 

   

Weeding frequency  10 20 30 

W1 51.67e 46.89fg 43.11h 

W2 56.5d 52.22e 47.05fg 

W3 60.94c 56.44d 49.39ef 

W4 44.28gh 42.94h 38.83i 

W5 4.33j 3.28j 2.67j 

W6 78.72a 70.27b 60.28c 

CV (%) 2.24 

Where, W1, W2,W3 = hand weeding after 2, 3 and 4 weeks after emergence, respectively; W4 

two hand weeding after 2 and 4 weeks of emergence; W5 = weed free and W6 weedy check; Means 

in the table followed by the same letter (s) are not significantly different at P = 0.05; CV = 

coefficient of variation.  

4.2.2. Weed dry weight of broad leaved and grass weeds 

Weed dry weight of broad leaved and grass weeds were significantly affected by the interaction 

effect of weeding frequency and row spacing as well as by their interaction (Appendix table 3). 

The highest broad-leaved weed dry weight (2.95 g m-2) was recorded from a plot with a row 

spacing of 10 cm and without any weeding. The least value was recorded from the weed where the 

plot was kept weed free despite of the row spacing (Table 5). Regarding grass weed dry matter, 

the highest dry weight (2.57 g m-2) was recorded from a weedy check with 10 cm row spacing 

while the lowest was recorded in response to keeping the plot weed free despite of row spacing 

(Table 5). In addition, sowing the crop at 20 cm and 30 cm row spacing significantly reduced dry 

weight of broadleaved weeds as compared to 10 cm row spacing under all the weeding frequency 

treatments (Table 5). In general, wider row spacing significantly reduced broadleaved dry weight 

as compared to narrow spacing. This might be due to the lower weed density at the wider spacing 
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and the competitive advantage of crops at these spacing’s and forced weeds to accumulate less dry 

mater. Growing of plants at optimum row spacing also provided good smothering potential on 

growth and development of weeds due to less availability of space as well as shading. Similarly, 

Ashrafi et al., (2009) enunciated that as availability of lesser space for weed development, better 

crop competition for development resources, crop growth, early space covering, light interception 

might have effectively controlled the weeds. Furthermore, Ghadiri and Bayat (2004) reported that 

the ability of plants to reduce weed dry weight was further enhanced in medium and narrow rows 

compared to wide.  

Table 5. Interaction effect of weeding frequency and row spacing on dry weight of broad and grass 

weeds during 2019/20 cropping season. 

  Row spacing (cm)    Row spacing (cm) 

 Weeding frequency (W)  10  20 30   10  20 30 

  Dry weigh of grass (g m-2)  Broad leaved dry weight (g m-2) 

W1  1.63d 1.66d 1.87c  1.65d 1.47fg 1.396g 

W2  1.66d 1.62d 1.89c  1.61ef 1.49fg 1.43g 

W3  1.99c 1.65d 1.99bc  1.79d 1.51efg 1.68de 

W4  1.51d 1.56d 1.61d  1.64edf 1.34g 1.35g 

W5  0.20e 0.27e 0.19e  0.103h 0.107h 0.00033h 

W6  2.57a 1.98c 2.11b  2.95a 2.07c 2.75b 

CV%  5.51  6.72 

Where, W1, W2 and W3 are weeding frequencies at 2, 3 and 4 weeks after crop emergency, 

respectively. W4 = tow hand weeding at 2 and 4 weeks after crop emergence, W5= weed free and 

W6 = weedy check. Means in a column followed by the same letters are not significantly different 

at P= 0.05CV= Coefficient of variation 

 

4.2.3. Weed control efficiency (WCE)  

Weed control efficiency was significantly influenced by the interaction effects of weeding 

frequency and row spacing as well as by their interaction (Appendix Table 3.). The highest control 

efficiency was recorded from all weed free treatments while the lowest efficacy was recorded from 

the weedy check (Table 6). In general, sowing barley at narrow spacing produced significantly 

higher weed control efficiency as compared to wider row spacing treatments under all the weeding 
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activities conducted. These results are in accordance with the findings of Shah and Koul (1990) 

and Thakur (1994), who observed higher WCE under twice hand weeding carried out at 20 and 40 

days after sowing in wheat crop. 

4.2.4. Weed index 

The analysis of variance revealed that weeding frequency and row spacing, and their interaction 

were significant on weed index (Appendix Table 3). The highest weed index value (57.6%) was 

recorded from the weedy check while the lowest was recorded from the weed free plots (Table 6). 

In general, weed index value was lower at narrow spacing that wider spacing in spite of the 

weeding frequency conducted in the field.  

Interaction Table 6. Weed control efficiency (WCE) and weed index of the study site during 

2019/2020 cropping period.  

Weeding Frequency 

  WCE (%)   Weed index (%)  

 Row spacing (cm)  Row spacing (cm) 

 10 20 30  10 20 30 

W1  40.45bcd 22.14g 32.88cde  3.75fg 38.94a-d 20.75c-g 

W2  42.04bc 22.71fg 31.78def  5.46e-g 40.94a-c 25.99b-e 

W3  37.99bcd 21.3g 24.46efg  17.81d-g 41.13a-c 39.61a-d 

W4  42.78b 27.92efg 39.27bcd  6.99e-g 36.29a-d 19.88c-g 

W5  94.52a 90.55a 96.02a  0 0 0 

W6  0 0 0  22.77b-f 57.76a 44.37ab 

CV (%)  7.66   28.68 

Where, W1, W2 and W3 are weeding frequencies at 2, 3 and 4weeks after crop emergency, 

respectively. W4 = two hand weeding at 2 and 4 weeks after crop emergence, W5= weed free and 

W6 = weedy check. Means in a column followed by the same letters are not significantly different 

at P= 0.05CV= Coefficient of variation 

4.3. Crop Parameters 

4.3.1. Days to heading 

The analysis of variance showed that number of days to 50% heading was significantly affected 

by the main effects of weeding frequency and row spacing. However, the interaction of weeding 

frequency and row spacing were not significant on this parameter (Appendix Table.4). As to the 

weeding frequency effect, early heading of barley (78.3 days) was recorded from the weedy check 

while the longest days to heading (90.4 days) of the crop was recorded from the weedy free check 
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treatment (Table 7). In general, removing weeds from barley field elongates the days to heading 

as compared to leaving the crop with weeds entirely throughout the growing period. This might be 

due to the availability of resources (e.g. moisture, nutrient etc.) for a longer period of times without 

competition with weeds which will enable the plant to grow vegetative for a longer period without 

heading. Similarly, Sunday and Udensi (2013) reported that the plants in weed free plots took the 

highest time to reach 50% flowering.  As to row spacing, barley headed earlier (80.7 days) when 

sown at a row spacing of 10 cm whereas it takes longer time (86.3 days) to head when sown at 30 

row spacing. This indicated growing barely at narrow spacing hastens heading as compared wider 

spacing’s. This current result is in contrary to the observation of Blackshaw et al., (2000) who 

stated that maturity was not affected by row spacing.  

 

Table 7. Main effect of weeding frequency and row spacing on Days to heading of barley during 

2019/20 cropping season. 

plant spacing (cm) Days to heading  

10 80.7c 

20 83.9b 

30 86.3a 

 Weeding frequency     

W1 81.9d 

W2 84.7b 

W3 84.0cb 

W4 82.6cd 

W5 90.4a 

W6 78.3e 

CV  2.3 

W = weeding frequency; W1, W2 and W3 are weeding frequencies at 2, 3 and f4weeks after crop 

emergency, respectively. W4 = tow hand weeding at 2 and 4 weeks after crop emergence, W5= 

weed free and W6 = weedy check Means in a column followed by the same letters are not 

significantly different at P= 0.05CV= Coefficient of variation 

4.3.2. Days to physiological maturity 

According to the result of the present study the main effect of row spacing and weeding frequency 

had no significant effect on days to physiological maturity. But, the interaction of weeding 

frequency and row spacing was significant on this parameter (Appendix Table 4). The days to 

maturity in weed free plots was significantly earlier than the weedy check under 10 cm row 

spacing. The rest treatments had a statistically similar effect on maturity of barley (Table 8). In 
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general, narrow spacing facilitate early maturity as compared to wider spaced plants. The current 

finding is in agreement with the work of Tesfaye et al., (2012) who concluded that closer inter row 

spacing (increasing plants density) shortened days to physiological maturity. Tesfalegn (2015) also 

reported that increase in row spacing increased days to maturity due to the less competition of 

plants for growth resources at increased row spacing which favors the availability of nutrient for 

the crops and as a result it prolonged the period of vegetative growth.  Whereas, narrow spacing 

between rows may exert competition for different growth factors that forced plants to mature 

earlier.  

4.3.3. Plant height 

Plant height was significantly affected by the main effects of weeding frequencies and row spacing. 

The interaction effect of the treatments as well was significant on this parameter (Appendix Table 

5). Significantly taller plants (76 cm) were recorded when the barley crop was kept weed free 

throughout the cropping period and when the distance between rows was kept 30 cm while shortest 

plants were recorded from plots in weedy check and spaced at a closer spacing of 10 and 20 cm 

(Table 8). According to the result of this study, plant height of barley crop generally increased 

with increasing weeding frequency and the distance between rows. This could be due to the fact 

that controlling the weeds from interfering with the crop for a long time resulted in significantly 

lower weed dry matter and resulted minimum competition between the weeds and the crop for 

growth resources particularly for light, moisture, soil nutrients and assimilate. This allows the crop 

to fully utilize these resources which promoted better crop growth performance and resulted in 

increase in plant height of the crop. On the other hand, increasing duration of weedy period resulted 

in sever competition for the environmental resources. Such limited light, water, nutrients might 

have been taken by the weeds for longer period of time that reduced the plant height of barley 

crop. This was in agreement with Martinkova and Honken (2001) who reported a decrease in plant 

height of maize with increase in competition duration. Furthermore, Hussain et al. (2009) reported 

lower plant height in black seed with increased competition periods. The result however is in 

contrast with the findings of Mubeen et al., (2009) who reported an increase in plant height.  

 

Table 8.  Days to maturity and plant height (cm) of barley as influenced by the interaction effects 

weeding frequency and row spacing during the 2019/2020 cropping season  
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   Days of maturity  plant height (cm) 

Weeding frequency 
 Row spacing (cm)  Row spacing (cm)  

 10 20 30  10 20 30 

W1  133.3cde 133.7cd 132.3fde  65.4c-f 65.7cf 68.7bc 

W2  132.7def 133.3cde 132.7de  63.0f 63.3ef 67.7cb 

W3  130.7f 132.3def 133.7cd  62.8f 62.3f 63.7bc 

W4  136.3b 135.3bc 137.0b  64.4def 64.0fe 70.3b 

W5  137.2b 136.3b 140a  66.7cde 68.0cef 76.0a 

W6  122.7g 130.0f 131.0ef  53.0h 55.7hg 57.3g 

CV (%)  1.00  2.76 

W = weeding frequency; W1, W2 and W3 are weeding frequencies at 2, 3 and 4 weeks after crop 

emergency, respectively. W4 = 2 hand weeding’s at 2 and 4 weeks after crop emergence, W5= 

weed free and W6 = weedy check Means in a column followed by the same letters are not 

significantly different at P= 0.05CV= Coefficient of variation 

4.3.4. Number of productive tillers per plant 

The analysis of variance revealed that the main effect of weeding frequency was significant on 

number of productive tillers per plant. However, the effect of row spacing and the interaction of 

weeding frequency and row spacing were non-significant on the parameter (Appendix Table 5). 

The highest number of productive tillers per plant (11.6) was recorded from a barley crop which 

was kept weed free during the cropping period while the lowest number (3.4) of productive tillers 

per plant was recorded from the weedy check (Table 9). The increase in number of productive 

tillers per plant from the weed free check might be due to the availability of enough resources as 

there is no competition and enable all the tillers to become productive. Whereas under the weedy 

check treatment there is a fierce competition between the crop and the weed making resources 

availability limited for tiller production. Similarly, Ahmadi et al., (2007)  reported that number of 

tillers per plants significantly increased with increasing length of weed-free period and decreased 

with increasing length of weed infested period. Furthermore, Naveed et al., (2008) who stated that 

weeds are naturally strong competitor and compete with crops for space, nutrient, moisture, light 

and carbon dioxides that they could reduce the yield components of the crop.  
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4.3.5. Spike length  

Spike length was significantly affected by the main effects of weeding frequency and row spacing 

but not by the interaction of the two factors (Appendix table 5). Plants which were kept weed free 

throughout the growing period had the highest (8.1 cm) spike length while plants which were not 

weeded throughout the season had the shortest (4.8 cm) spike length (Table 9). This might be due 

to favorable environment provided for healthy growth and development of crop which in turn 

create conducive environment for flowering and spike formation. Similarly, Mukhtar (2012) 

reported that panicle length per plant increased as weed interference period decreased and weed-

free period increases. 

With regard to the effect of row spacing, the longest spike (7 cm) was recorded in response to 

sowing of the crop at 30 cm row spacing while the shortest spike length (4.6 cm) was recorded 

when sown at a row spacing of 10 cm. In general, as the row spacing becomes wider and wider 

spike length tend to increase significantly. The main reason for this might be due to the presence 

of sufficient space for growth and widens the availability of resources for the plant which increased 

the growth of plant and finally spike length.  

Table 9. Effect of weeding frequency and row spacing on tiller number and spike length of barley 

during the 2019/20 cropping season 
  

Tiller number Spike length(cm) 

Row spacing (cm) 
  

10 6.2b 4.6c 

20 7.0b 6.0b 

30 10.9a 7.0a 

Weeding frequency 
  

W1 7.0b 5.3bc 

W2 6.4b 5.9b 

W3 5.7b 5.3bc 

W4 7.2b 6.1b 

W5 11.6a 8.1a 

W6 3.4e 4.8c 

CV (%) 27.41 17.26 

W = weeding frequency; W1, W2 and W3 are weeding frequencies at 2, 3 and 4 weeks after crop 

emergency, respectively. W4 = 2 hand weeding’s at 2 and 4 weeks after crop emergence, W5= 
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weed free and W6 = weedy check Means in a column followed by the same letters are not 

significantly different at P= 0.05CV= Coefficient of variation. 

4.3.6. Number of seed per Spike 

Number of seeds per spike was significantly affected by the main effect of weeding frequency and 

row spacing as well as by the interaction effect of weeding frequency and row spacing (Appendix 

table 6). The highest number of seeds per spike (29.7) was recorded from plots where plants were 

grown at a row spacing of 30 cm and kept weed free throughout the season. Whereas, plants which 

were planted at a row spacing of 10 cm and were not weeded throughout the season, had the lowest 

number (6) of seeds per spike (Table 10). In general, increasing the row spacing coupled with 

wedding increased the number of seeds per spike of barley. This indicates the absence of 

competition for resource between the weeds and crop there by increasing the absorption of nutrient 

in optimum quantity. This leads to the increase in growth of the plant and number of grains per 

spike. Moreover, the depletion of resources by weeds resulted in scarcity of resources and 

ultimately crop plants had a smaller number of seed per spike which is presented in the weedy 

check treatment. This study was in agreement with Shafaat (1982) who reported an increase in 

weed competition duration decreased the number of grains per spike.  

4.3.7. Thousand grain weight  

The result of the present study showed that weeding frequency and row spacing had significant 

effect on thousand grain weight of barley. However, their interaction on this parameter was non-

significant (Appendix table 6). Significantly higher (54.1 g) thousand grain weight was recorded 

in the weed free check as compared to the weedy check treatment (Table 12). Higher thousand 

grain weight in plots which are kept weed free throughout the growing period might be due to the 

absence of competition from weeds. Similarly, Tomar et al., (2003), Kawa et al., (2016) reported 

that the weed free crop stand produced robust grains and ultimately resulted in more thousand 

grain weight. As to the impact of row spacing, the highest thousand grain weight (56.4 ) was 

recorded from a row spacing of 30 cm while the lowest thousand gran weight was recorded where 

the crop was sown at a row spacing of 10 cm (38.9 g) (Table 12). In general, as spacing between 

rows become wider thousand grain weight of barley tends to increase. This might be due to the 
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availability of nutrients which increased assimilates to be stored in the grain which in turn 

increased weight of individual grains.  

4.3.8. Above ground dry biomass yield 

Aboveground biomass yield was significantly affected by the main effects of weeding frequency, 

row spacing as well as by the interaction of the two factors (Appendix Table 6). Significantly, 

higher aboveground biomass yield (7.7 t ha-1) was recorded from a crop which was kept weed free 

throughout the growing period and when sown at a row spacing of 30 cm  

Table 10. Interaction Effect of increasing row spacing and weed-free periods on number of 

seed per spike and above ground dry biomass yield (t ha-1) during 2019/2020 cropping 

season 
 

 Number of grains per spike  Aboveground biomass yield 

(t ha-1) 

Weeding frequency 
 Row Spacing(cm)  Row spacing (cm) 

 10 20 30  10 20 30 

W1  11.3de 10.70e 10.3e  2.7g 3.6ef 5.8cd 

W2  10.0e 10.3e 25.7b  2.9efg 3.8e 6.4b 

W3  8.0ef 9.0ef 23.3b  2.8fg 3.6ef 6.4b 

W4  8.7ef 8.7ef 20.3c  2.8fg 3.4efg 5.1cd 

W5  8.7ef 14.7d 29.7a  3.0efg 4.6d 7.7a 

W6  6.0f 10.0e 10.0e  2.6g 3.1efg 5.6cd 

CV%  12.83   11.19 

W = weeding frequency; W1, W2 and W3 are weeding frequencies at 2, 3 and 4 weeks after crop 

emergency, respectively. W4 = 2 hand weeding’s at 2 and 4 weeks after crop emergence, W5= 

weed free and W6 = weedy check Means in a column followed by the same letters are not 

significantly different at P= 0.05CV= Coefficient of variation 

The lowest above ground biomass (2.6 t ha-1) yield was recorded from plots that were not weeded 

throughout the season and with row spacing of 10 cm and it was statistically at par with all weeding 

frequency treatments at row spacing of 10 cm (Table 10). This might be due to the situation which 

is suitable for weeds to compete with crops. The reduction in aboveground biomass yield due to 

season-long weed interference was 66.23% as compared to the season long weed free treatment. 

In line with the current finding, Anwar (2014) reported that adverse effect of increasing weedy 
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period on biomass production increased gradually with the advancement of growth stages. On the 

other hand, the lowest aboveground biomass yield which was recorded from weedy check with 

narrow spacing was due to unavailability of more space for better light interception, nutrients 

available and moisture for crop growth. Naveed et al., (2008) stated that weeds are naturally strong 

competitor and compete with crops for space, nutrient, moisture, light and carbon dioxides that 

they could reduce the straw and grain accumulation.  

4.3.9. Grain yield  

Grain yield was significantly influenced by the main effects of weeding frequency and row spacing 

as well as by the interaction of these factors (Appendix Table 6). The highest grain yield (5263.2 

kg ha-1) was recorded from plots which were kept weed free throughout the season and with a row 

spacing of 30 cm which was followed by the grain yield obtained from one-time weeding at two 

and three weeks after crop emergence and twice hand weeding at 2 and 4 weeks after emergence. 

The minimum grain yield (1060. kg ha -1) was recorded from weedy check plots and in the 30cm 

row spacing plots also produced the lowest grain yield (1030.3 kg ha-1) (Table 11). The highest 

grain yield result in this study might be due to the reduced competition from weeds as they are 

removed from the field throughout the growing period.  

In increased duration of weedy period and decreasing row spacing, the grain yield declined 

significantly. The decrease in grain yield of barley with the increase in the duration of competition 

might be the result of increased weed dry weight of weeds which might have influenced the number 

of tillers per plant, spike length per plant, and seed per spike per plant. Moreover, barley grain 

yield decreased with prolonged delays in increase row spacing and weed removal; conversely, 

grain yield increased with the increasing length of weed-free period. These results may be due to 

improved growth characters of barley crop plants such as tiller number per plant, spike length per 

plant and seed per spike per plant, due to decreased weed competition for barley crop plants. These 

results are supported by those of Ahmad and Shaikh (2003) and Welsh et al., (1999). They found 

that wheat yield decreased as the weed infested duration increased. It has also been reported that 

grain yield significantly reduced by increasing the weed competition duration (Begum et al., 

2008). Similarly, Najib (2009) reported that rice grain yields were significantly affected by 

weeding interval treatments in both saturated and flooded conditions. Rice grain yield was 
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drastically decreased in saturated condition as a consequence of increasing the weed infestations 

(Ekeleme et al., (2007). Chauhan and Johnson, (2011) reported as high as 95% yield reduction in 

rice due to weed competition throughout the rice growing season. 

Table 11. Interaction Effect of row spacing and weeding frequency on grain yield of barley 

during 2019/2020 cropping season 

   Grain yield (kg ha-1) 

Weeding frequency (W) 
 Row spacing (cm) 

 10 20 30 

W1  1320efg 1626.5ef 3790.7b 

W2  1296.2efg 1572.4ef 3807.7b 

W3  1127g 1567.1ef 3115.3c 

W4  1278.7fg 1695.9e 4024.9b 

W5  1395efg 2662.2d 5263.2a 

W6  1060.3g 1090.2g 1030.90g 

CV (%)  9.38 

W = weeding frequency; W1, W2 and W3 are weeding frequencies at 2, 3 and 4 weeks after crop 

emergency, respectively. W4 = 2 times hand weeding  at 2 and 4 weeks after crop emergence, 

W5= weed free and W6 = weedy check Means in a column followed by the same letters are not 

significantly different at P= 0.05CV= Coefficient of variation 

4.3.10. Harvest index 

The analysis of variance showed that weeding frequency and row spacing had a significant effect 

on harvest index while their interaction was non-significant on this parameter (Appendix Table 6). 

The highest harvest index value (44.1%) was recorded from a row spacing of 30 cm while the 

lowest harvest index value (31.9%) which was statistically similar with harvest index value 

recorded from a row spacing of 10 cm (Table 12). This indicates that there was no luxury 

vegetative growth when the crop was sown at a wider row spacing than narrow spacing.  

As to weeding frequency effect, significantly higher (41.3%) harvest index value was recorded 

from the weed free treatment while the lowest value (31.6%) was recorded from the weedy check. 

In general, removing weeds significantly increased harvest index value as compared to the weedy 

check treatment. Similarly, Nano (2012) reported that twice hand weeding showed the highest 

harvest index (46%) than other treatments on the same variety. 
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Table 12. Main effect of weeding frequency and row spacing on thousand seed weight and harvest 

index of barley during the 2019/20 cropping season  

Row spacing (cm)  Thousand grain weight(g)  Harvest index (%) 

10  38.9c  31.9b 

20  44.1b  32.8b 

30  56.4a  44.1a 

Weeding frequency       

W1  47.8b  35.6b 

W2  45.9cb  35.9b 

W3  43.5c  35.4b 

W4  46.9b  37.8b 

W5  54.1a  41.3a 

W6  40.5c  31.6c 

CV (%)  7.62  8.91 

Where; W1, W2 and W3 are weeding frequencies at 2, 3 and four weeks after crop emergency, 

respectively; W4 = two hand weeding’s at 2 and four weeks after crop emergence, W5= weed 

free and W6 = weedy check. Means in a column followed by the same letters are not significantly 

different at P= 0.05 CV= Coefficient of variation 

4.4. Partial Budget Analysis   

The partial budget analysis was presented in Table 13. The economic analysis revealed that the 

highest net benefit was ensued from the combined use of 30 cm row spacing and weeding the crop 

throughout the cropping period. This might be due to the highest yield. Conversely, the least net 

benefit was recorded whenever there is weed and this is mainly due to weed competition and 

reduction of yield. However, net benefit couldn’t usually make the best recommendations therefore 

dominant analysis was conducted to identify the dominated treatments and Marginal Rate of 

Return (MRR) was used to identify the best treatment which makes farmers profitable. In this 

study the highest MRR was recorded when barley was sown with a row spacing of 30 cm with the 

combination of wee free check. However, since the net benefit recorded from the combination of 

30 cm row spacing and two weeding at two and four weeks after emergence produced the highest 

net benefit. Therefore, this treatment can be described as more profitable than the rest of the 

treatments.  
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Table 13. Partial budget analysis of weeding frequency and row pacing on barley during the 

2019/2020 cropping period.  

Weeding 

frequency 

Row 

spacing 

(cm) 

Average 

yield (kg 

ha-1 ) 

Adjusted 

yield 

(10%) 

Gross 

benefit 

(Birr) 

Total 

cost 

(Birr) 

Net benefit 

(Birr) 

MRR 

(%) 

W1 10 1320 1188 27680.4 5000 22680.4 D 

W2 10 1296.2 1166.58 27181.314 5000 22181.31 D 

W3 10 1127 1014.3 23633.19 5000 18633.19 D 

W4 10 1278.7 1150.83 26814.339 5000 21814.33 D 

W5 10 1395 1255.5 29253.15 5000 24253.15 D 

W6 10 1060.3 954.27 22234.491 2000 20234.49 D 

W1 20 1626.5 1463.85 34107.705 3500 30607.70 D 

W2 20 1572.4 1415.16 32973.228 3500 29473.22 D 

W3 20 1567.1 1410.39 32862.087 3500 29362.08 D 

W4 20 1695.9 1526.31 35563.023 3500 32063.02 D 

W5 20 2662.2 2395.98 55826.334 3500 52326.33 D 

W6 20 1090.2 981.18 22861.494 1500 21361.49 D 

W1 30 3790.7 3411.63 79490.979 2000 77490.97 D 

W2 30 3807.7 3426.93 79847.469 2000 77847.46 D 

W3 30 3115.3 2803.77 65327.841 2000 63327.84 D 

W4 30 4024.9 3622.41 84402.153 2000 107369.30 4120.10 

W5 30 5263.2 4736.88 110369.3 3000 82402.15 3578.97 

W6 30 1030.9 927.81 21617.973 1000 20617.973 D 

Where, W1, W2 and W3 are weeding frequencies at 2, 3 and 4 weeks after crop emergency, 

respectively. W4 = 2 hand weeding’s at 2 and 4 weeks after crop emergence, W5= weed free and 

W6 = weedy check.  
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5. SUMMARY AND CONCLUSIONS 

Ethiopia is the second largest producer of barley in Africa accounting 26% of the total barley 

production in the continent. Barley is a crop that is very sensitive to weed competition and suffers 

the greatest yield reduction through competition to its third to sixth leaf stage. This is between two 

and four weeks after emergence. Growth and development of weeds can be suppressed by plant 

spacing, plant pattern of crop plants and weeding frequencies. Hand weeding is the major weed 

control method in crop production in Ethiopia. Therefore, the objective of this study was to 

determine the optimum spacing for barley and evaluate the effect of plant spacing and weeding 

frequencies on weed infestation, yield component and yield of barley.  

According to the result of the present study, the major weed species recorded in the experimental 

fields were broad-leaved and grassy. There was a highly significant differences among the weeding 

frequency and row spacing treatments on dry weight of grasses and Broad-leaved weed species 

where their dry weight increased with the weedy check treatments. Treatments which are left 

weedy combined with a row spacing of 10 cm row produced higher dry biomass weight while 

significantly lower dry weight was produced from treatments which are weeded. 

More over the study revealed that barley crops when sown at a wider spacing (30 cm) and kept 

free from weed delay maturity and heading significantly as compared to narrower spacing and 

weedy check. The results also showed that treatments left weed free for the whole season resulted 

in increased in plant height of barely. On the other hand, treatments left weedy for the whole season 

resulted in decreased in plant height of barley. Based on the result, the maximum grain yield 

(5263.2 kgha-1), above ground dry matter, thousand grain weight and harvest index were recorded 

from the weed free check combined with 30 cm row spacing. Based on the partial budget analysis 

the most economically feasible treatments were keeping the crop weed free combined with 30 cm 

row spacing followed by weeding the crop twice at 2 and 4 weeks after emergence combined with 

30 cm row spacing. Since, this study was conducted only in one location and one year it is difficult 

to give a conclusive recommendation. Therefore this study should be replicated over locations and 

year to improve productivity of barley on areas with similar agroecology with the study area.  
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7. APPENDICES 

Appendix Table 1. Means square analysis of variance for weed density due to spacing and weeding 

frequency of barley at Asagret Woreda during 2019/2020 cropping season  

Source DF Mean Square 

Rep 2 3.37 

R 2 381.33** 

WF 5 4527.76** 

R*WF 10 24.95** 

Error 34 1.01 

CV 2.24  

 

R = row spacing; W = weeding frequency; DF = degrees of freedom; rep=replication; CV = 

coefficient of variation 

 

Appendix Table 2. Means square analysis of variance for yield and yield components of barley as 

affected by weeding frequency and row spacing at Asagert woreda during the year 2019/2020 

cropping season. 

Mean Square 

Source DF weed dry weight for 

grass 

weed dry weight for 

broad leaved 

Rep 2 0.0043ns 0.0002ns 

R 2 0.11*** 0.405*** 

W 5 4.11*** 5.853*** 

R×W 10 0.093*** 0.0955*** 

Error  34 0.00708799 0.00966123 

CV  6.72 5.51 

R = row spacing; W = weeding frequency; DF = degrees of freedom; rep=replication; CV 

=coefficient of variation;  
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Appendix Table 3. . Means square analysis of variance for yield and yield components of barley 

as affected by weeding frequency and row spacing at Asagert woreda during the year 2019/2020 

cropping season. 

 
  

Mean Square 
 

Source DF Weed Control 

Efficiency 

Weed Index 

    

       Rep 2 30.5406ns 57.184434ns 

R 2 670.97685*** 3167.411759** 

WF 5 8489.66856*** 1764.450611*** 

R*WF 10 60.91583*** 161.250173*** 

Error 34 8.06192 45.31766 

CV  7.66 28.68 

    

R = row spacing; W = weeding frequency; DF = degrees of freedom; rep=replication; CV = 

coefficient of variation 

Appendix Table 4. . Means square analysis of variance for yield and yield components of barley 

as affected by Days to heading and Days to physiological maturity at Asagert woreda during the 

year 2019/2020 cropping season. 

 

                                              Mean Square 
Source DF Days to heading 

 

Rep 2 5.24ns 
 

R 2 145.68*** 
 

W 5 143.79*** 
 

R×W 10 4.929ns 
 

Error 34 3.828976  

CV  2.3  

R = row spacing; W = weeding frequency; DF = degrees of freedom; rep=replication; CV = 

coefficient of variation 
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Appendix Table 5.  Means square analysis of variance for yield and yield components of barley as 

affected by weeding frequency and row spacing at Asagiret Woreda during the 2019/2020 

cropping season 

Mean Square 
Sourc

e 

D

F 

Days to 

Maturity 

Plant 

height 

Number of productive tiller per 

plant 
Spike length per 

plant 

Rep 2 3.015ns 7.519ns 1.722ns 1.43ns 

R 2 140.90** 118.79** 252.722*** 26.81*** 

W 5 140.91** 227.59** 63.82*** 12.32*** 

RW 10 18.418** 8.243** 7.41ns 1.01ns 

Error 34 1.822440 3.162458 3.565359 1.0339245 

CV  1.0 2.76 27.41 17.26 

R = row spacing; W = weeding frequency; DF = degrees of freedom; rep=replication; CV = 

coefficient of variation 

 

Appendix Table 6. . Means square analysis of variance for yield components of barley as affected 

by weeding frequency and row spacing at Asagert Woreda during the 2019/2020 cropping season 

Mean Square 

Source DF Grain Yield per 

Hectare 
Thousand Seed 

Weight(gm) 

Harvest Index 

(%) 
Number of Seed 

per Spike 
Above Ground 

Dry Biomass 

Yield  

Rep 2 96771.26ns 23.47ns 4.09ns 6ns 0.352ns 

R 2 34762827.22*** 1443.91*** 842.48*** 1000.666667*** 57.54*** 

W 5 1964583.37*** 189.15*** 92.29*** 91.688889*** 2.1959*** 

R*W 10 387642.85*** 17.88ns 17.213ns 31.355556*** 0.501** 

Error  34 45260.22 12.539861 10.441333 3.176471 0.2270393 

CV  9.38 7.62 8.91 12.83 11.19 

R = row spacing; W = weeding frequency; DF = degrees of freedom; rep=replication; CV = 

coefficient of variation 
 


