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Abstract: Using more competitive cultivars can be an important integrated weed management tools, used both
in large and small-scale farming systems. In order to breed for strongly competitive wheat cultivars, identifying
morphological traits that are important in enhancing competing ability will be beneficial. The objective of this
experiment was to examine some morphological traits associated with the competitiveness of bread wheat
against  wild oat (Avena fatua L.). Seven bread wheat genotypes were grown with and without competition
from wild oat for three growing seasons. Pot experiment was also conducted in the green house to study the
growth behavior of bread wheat and wild oat in pure stand using one plant per pot. Due to the observed
sporadic emergence of the wild oat, Avena sativum L. was used as the weedy competitor. There was distinct
variation among genotypes in number of tillers per plant, leaf length, leaf width, leaf area, plant height, height
growth rate, biomass yield, grain yield, HI, number of seeds per spike and kernel weight. Competition from
Avena sativa significantly reduced these parameters expect plant height. However, genotypes had similar
response to weed competition for these traits except to the number of tillers per plant. On the other hand,
correlation studies indicated that plant height, height growth rate and leaf area were critically important in
enhancing the reduction of Avena seed production and panicle length. Avena sativa had the highest RGR at
early growth stages while bread wheat had relatively the highest at latter growth stages. Season x genotype
interaction was significant for all morphological traits and yield component indicating that the competitive
ability of the genotypes were confounded with effects of season and the ranking of the current bread wheat
genotypes was inconsistent among seasons. This study suggests that if breeder utilizes genotypes with more
productive tillers, taller plant, leaf area and fast height growth rate as selection criteria, the competitiveness of
the cultivars against grass weeds would be improved.
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INTRODUCTION agronomic  p ractices in wheat growing regions of

Wheat in Ethiopia grown annually on 1.5 million ha infestation. Increase adoption shorter, high yielding
with a total production of 2.54 million tons and the varieties [3] and increased usage of nitrogen fertilizers [4]
country is considered as the largest wheat producers in and use of combine harvester facilitate the weed seed
sub-Sahara African countries [1]. However, the extensive contamination in the farmers’ seed reserves [5]. Other
wheat growing areas of the southeastern highlands of main factors in the success of wild oat as a weed is the
Ethiopia (specifically Arsi and Bale zones) grass weeds ability of their seeds remain dormant in the soil for several
are predominately constraint the wheat production. Of years without loss of viability [6]. Sporadic emergence
many grass weed species, the wild oat (Avena fatua L.) and ability to produce large number of seed per plant are
and downy brome (Bromus pectinatus) problem appears also contributed for wide infestation [7]. Continuous
to be worsening wheat production in these highlands, productions of wheat (often rotation with barley) coupled
contributing about 86% to yield losses [2] depending with repeated application of 2, 4-D herbicides to minimize
upon weed type and density, crop variety and broad weed population have also increased the densities
environmental conditions. The recent changes in of this problematic grass weed [8].

Ethiopia might be aggravating the severity of wild oat
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Mechanical weed removal is labor-intensive and MATERIALS AND METHODS
difficult  for  grass weeds due morphological similarity
with wheat especially at early growth stage. Herbicidal Planting  Materials:  Seven  bread  wheat  genotypes
weed control can cause environmental contamination and (five  competitive  and two susceptible genotypes) used
development of resistant biotypes. Moreover, grass in this study were selected from the previous experiment.
herbicides  are inaccessible and are markedly expensive The previous field study result conducted for two
for peasant farmers. Planting more competitive wheat growing seasons (2001 and 2002) indicated that cultivars
cultivars has been suggested as a cultural practice to such as Dashen, HAR-1008 and K-6295-4A were found to
suppress weed growth, seed production and reduces be  relatively competent and provided an appreciable
yield losses due to weeds [9]. The adoption of weed- grain  yield  with  the  prevalence  of  wild oats while
competitive cultivars will also decrease the problem of HAR-2216 and  HAR-2348  were  more   susceptible.
environmental pollution and development of herbicide- HAR-2457  and HAR-1522 were moderately competent
resistant biotypes by reduced herbicide application. and provided relatively higher yield under weed
Weed-competitive cultivars are a low-cost and safe tool competition.
for integrated weed management [10].

Cultivars selection for tolerant to wild oat competition Experimental Procedures: Field and pot experiments were
has been started in some parts of Ethiopia. Results carried out at Sinana Agricultural Research Center,
indicated marked differences among wheat cultivars in southeastern Ethiopia, that is located at a distance of
ability to compete with wild oat [11, 12]. However, the approximately 463 km from Addis Ababa (10°7'N, 40°40'E)
competitive response of genotypes is largely influenced and 2400 m above sea level. The area is characterized by
by  environment  and  seasons  of  the  growing period bimodal rainfall pattern. There are two growing seasons
[13, 14]. Moreover, no detailed studies have been (short rain season locally called gana and the main
conducted to identify wheat characteristics that are cropping season called bona). The climate is sub humid
important in enhancing competitiveness. Before more tropics  with  mean  annual maximum and minimum daily
competitive wheat cultivars can be developed, wheat air temperatures of 21.9 and 9.5°C, respectively and
breeders need to know what combination of plant precipitation of 535.2 mm, with 585.1 mm received during
characteristics  will  make  a  cultivar more competitive. the experimental period. The long-term climatic condition
Our objective in this study was to examine some of the experimental area is given in Table 1. The
morphological traits in wheat that are important in experiments were conducted for three consecutive
enhancing the competitiveness of wheat cultivars against growing seasons [2003 short rain season (March-July)
wild oat (Avena fatua L.). and 2003  and  2004  main season (August - December)].

Table 1: Monthly rainfall (mm) in 2003 and 2004 at Sinana Agricultural Research Center

Temperature
-----------------------------------------------------------------------------------------
2003 2004
------------------------------- -----------------------------------

Month 2003 2004 Long-term average (1990-2004) Max Min Max Min

January 1.7 36.5 19.8 24.2 9.3 21.8 9.7
February 0.0 23.4 16.9 27.6 9.9 22.3 9.3
March 44.3 39.1 57.0 23.5 10.6 22.6 10.0
April 70.7 90.9 100.1 22.0 11.5 20.0 10.7
May 40.6 35.2 97.7 22.4 10.8 22.7 10.8
June 23.1 13.3 55.5 21.4 10.5 20.9 10.4
July 45.9 46.3 53.6 20.9 10.4 21.0 9.3
August 52.2 85.5 93.5 20.4 10.2 20.6 9.4
September 129.3 119.7 125.3 20.5 9.4 19.9 10.0
October 41.7 51.4 90.9 19.9 9.3 19.4 9.2
November 38.0 15.2 31.9 21.0 9.3 21.0 8.0
December 47.7 28.6 19.4 20.1 8.1 21.7 8.3
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The  experimental  design  for  field  study  was a and  Richards  [16].  Light  penetration percentage (%)
split-plot randomized complete block, wheat genotypes was measured using light sensor LI- COR in 2003 short
were  the main plots and weedy and weedy-free growing season one above-canopy and below-canopy
treatments  were  the sub-plots with three replications. measurement per plot. Data on days to flowering, days to
Due to the observed sporadic emergence of the wild oat maturity, final plant height, harvest index (HI), thousand
(Avena  fatua  L.)  during  the  previous  experiment, kernel  weight,  spike  length,  final  crop biomass and
Avena sativum L. was used as the weedy competitor. grain  yield  and  seed  production  of  wheat and oats
Nitrogen and phosphorus as Diammoniam Phosphate were collected at harvest. Competitive ability (CA) was
(DAP) fertilizers were applied during seeding at rate of determined by assessing the change in grain yield
18 kg ha  of N and 46 kg ha  of P O and incorporated between the weed-free (Y ) and weedy plots (Y ) as a1 1

2 5

by hand using rake. Seeds of bread wheat and oat were percentage of the genotype’s yield loss (CYL).
sown in rows by hand at equal distances of 10 cm from
each in such a way that to form special arrangement and CA= (100-%CYL)
create  uniform  competition. Six seeds of both bread
wheat and oats were sown per hill and latter at two to Data Analysis: The commonly collected data were
three leaf stages, seedlings were thinned to one per hill. subjected  to  a combined analysis using SAS Release
Plots consisted of 12 rows spaced at 10 cm and extending 8.02  (SAS  Institute  inc.,   2001).   Least   square  means
3m in length. Non-target weeds were effectively controlled for the measured traits over 3 seasons were estimated
by hand weeding. using the GLM option of the MIXED procedure, where

Pot experiment was also conducted in the green seasons and replicates were defined as random factors
house to supplement the field experiment. It was designed and  cultivars  as  fixed  factors.  Linear  correlation
to study the growth behavior of bread wheat and wild oat analyses  were  used  to  determine  the  association
in  pure stand using one plant per pot. RCB design with between grain yield and morphological traits using SPSS
six  replications  was used. A total of ninety-six pots, (SPSS Inc., 2001).
forty-eight for each species, were used to have seven
harvests at fifteen days interval. The above ground part RESULTS AND DISCUSSION
was  cut  at soil level, partitioned into parts and oven
dried for constant dry weight at 70°C for 72 hrs. Relative Season  Effect:  Yields  of the bread wheat genotypes
growth rates (RGR) for both wheat and oats were were affected by variation in rainfall amount of the
calculated according to Hunt [15] as: growing seasons. The amount of rainfall during the short

RGR = (ln W  – ln W )/ (T  – T ) mm and 300.4 mm during the main growing season of the2 1 2 1

Where W  and W  are the dry weight of aerial shoot at yield per plant (2.12 g) was obtained during the short1 2

Time 1 and Time 2, respectively and (T - T ) is the time growing  season  of the 2003, while the highest was2 1

interval studied. during main growing season of the 2004 (3.55gm). There
Measurements of wheat and oat height, leaf numbers was  also  variation  among seasons in morphological

(both non-senescence and senescence leaf), leaf length, traits measured except on plant height and thousand
leaf width,  leaf  area and tiller number were taken every kernel weight. More number of tillers per plant, leaf
2 weeks starting from two weeks after crop emergence. length, leaf width, leaf area, spike length, biomass and
Plant height (HT) was measured as a distance from soil grain yield were produced during main growing season
surface to the tip of the longest extended leaf of ten (August- December) (data no shown). Except for
tagged plants in each weed-free and weedy plot. Height thousand kernel weight, season x genotype interaction
growth  rate  (HR), the increase of plant height per day was  significant  for  all  these  morphological traits and
(cm d ), were calculated based on the height the yield components (Table 2). This finding was1

measurements  to  study  cultivars  growth patterns consistent  with  that  of  Cousens  and   Mokhtari  [13]
related to weed competitiveness. Length and width of and Lemerle et al. [14]. The genotypic variation in
leaves were determined using a ruler and leaf area was competitive  ability  was  confounded  with  effects of
estimated  from  leaf  length  x  leaf  width, multiplied by season and therefore the ranking of the current bread
0.8  to correct for leaf shape as described by Rebetzke wheat  genotypes  was  inconsistent   between  seasons.

WFP WP

growing season of the 2003 was 224.6 mm where as 308.9

2003 and 2004, respectively (Table 1). The lowest grain
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Table 2: Analysis of variance showing the significance level for yield and yield components of bread wheat genotypes under weed competition

Source of variation No. of tillers per plant Leaf area Plant height Height growth rate Spike length TKW Biomass yield (gm/pl) Grain yield (gm/pl)

Season (S) *** *** NS *** *** NS *** ***

Genotypes (G) *** ** *** ** *** ** *** ***

S x G * *** *** *** * NS * **

Weed (W) *** *** * *** *** ** *** ***

G x W ** NS NS NS NS NS NS NS

CV (%) 20.1 5.2 4.7 4.8 6.1 6.7 19.7 21.8

P< 0.05; **P < 0.01; *** P < 0.001 and NS-statistically non-significant

Table 3: Effect of Avena sativa L. competition on genotypic performance grown for three growing seasons

Genotypes Fertile tillers /plant Plant height (cm) Spike length Biomass / plant Grain yield (gm/plant) No grains/plant TKW HI (%)

HAR2457 1.200 70.90 8.25 6.80 2.37 60.00 44.8 35.70

HAR1008 2.000 84.30 7.15 7.68 3.05 80.00 42.9 41.40

HAR2348 1.800 73.60 8.19 7.69 2.63 74.00 44.1 34.30

HAR2346 1.800 87.80 8.82 9.02 3.18 91.00 41.5 36.80

HAR1522 1.600 76.90 8.70 8.77 2.94 93.00 41.4 33.90

Dashen 1.600 76.90 8.14 7.85 2.99 86.00 40.9 38.70

K-6295-4A 2.200 87.30 7.16 9.44 3.32 87.00 37.2 36.60

Mean 1.700 79.70 8.06 8.18 2.93 82.00 41.8 36.80

LSD (5%) 0.269 2.77 0.29 1.49 0.45 12.60 0.38 3.80

Avena sativa competition

With 1.200 78.90 7.58 6.11 1.89 54.00 40.8 32.20

Without (0) 2.300 80.50 8.53 10.24 3.95 110.00 42.9 41.30

Mean 1.750 79.70 8.06 8.18 2.92 82.00 41.8 36.80

CV (%) 20.100 4.73 6.07 19.17 21.82 20.76 6.7 11.01

Table 4: Effect of bread wheat genotypes on Avena sativa tiller production, plant height, panicle length, biomass and seed production average over three

growing seasons

Genotypes Fertile tillers /plant Plant height (cm) Panicle length (cm) Biomass / plant No. grains /plant

HAR2457 1.6 89.4 23.4 24.6 152

HAR1008 2.4 105.1 23.8 24.7 179

HAR2348 2.6 94.8 23.9 28.5 189

HAR2346 1.2 90.5 22.3 25.2 177

HAR1522 2.3 95.7 23.2 22.7 159

Dashen 2.8 99.2 23.6 26.4 210

K-6295-4A 1.5 91.4 21.1 24.2 163

Mean 2.1 95.2 23.4 25.2 176

LSD (5%) NS NS NS NS NS

CV(%) 8.8 9.4 12.3 19.6 37.6

However, during short growing season, Avena sativa Genotype Effect:  There   was   variation  among
gave the highest  tillers  per  plant and grain numbers per genotypes  in  productive   tillers   per   plant,  plant
plant. This clearly indicated that when there was height, plant height growth rate (HR), leaf length, leaf
unfavorable environmental condition, Avena sativa width,  leaf  area,  grain  number  per  plant,  thousand
competition was severe  and  reduced  more the kernel  weight,  biomass  yield  and   grain   yield   per
productivity of bread wheat in mixture. Lack of adequate plant  (Table  2,  3).  However,  the  genotype  responses
moisture has been shown to enhance competitiveness of to Avena sativa competition were similar (Table 4).
the grass weeds [17]. Nevertheless,  genotypes  were  significantly    varied   in
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Fig. 1: Effect of Avena sativa competition on productive tiller number per plant of bread wheat genotypes grown for
three season at Sinana

Fig. 2: Effect  of  Avena  sativa  L  competition  on  tiller  number  per  plant  of  seven  genotypes  grown  for  three
growing seasons

number  productive tillers per plant produced under both management practices before 45 DAE to have more
weed-free and weed competition (Fig. 1). K-6295-4A and productive tillers per plant and final grain yield.
Dashen gave the highest  tiller  numbers per plant under Genotypes had also showed non-significant effect
both weed-free and weedy condition while HAR-2457 on the tiller numbers per plant, panicle length, panicle
gave the least. HAR-1008 was competent and showed less numbers per plant and grain numbers per plant of Avena
loss of number  of tillers per plant under weed sativa (Table 4). Tanner et al. [12], however, reported that
competition. Higher tillering ability is regarded as a bread wheat cultivars differ in their ability to suppress
desirable character for weed-competitive cultivars. This wild oat seed production and panicle density. They
was confirmed by our study and other reported by Ogg reported  that the variety Dashen allowed the highest
and Seefeldt [17], Lemerle et al. [18] and Huel and Hucl level of wild oat seed production while Iseral and Enkoy
[19]. were allowed the lowest. Similarly, Vandeleur and Gill [20]

Productive tillers reduction due to weed competition reported genotypic differences in their ability to suppress
was started at 45 days after crop emergence but varied weed dry matter and seed production. The lack of
with genotypes (DAE) (Fig. 2). K-6296-4A was maintained association between crop yield loss and weed
relatively the highest productive tillers per plant until suppression may be due to different mechanisms
physiological maturity under weed competition. This operating in the maintenance of yield and the suppression
suggests that it is important to launch any weed of weed growth and seed production.
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Fig. 3: Effect  of  avena  competition  on  the  number  of  tiller  per  plant  of  seven  bread  wheat  genotypes  grown
for  three  season

Fig. 4: Comparation of leaf area development of wheat and avena sativa

Competition Effect: Competition from Avena sativa four leaves were remained green leaves. It was the
significantly  reduced the productive tillers per plant, maintenance of these four leaves to be green which to
plant height, biomass yield, grain yield, thousand kernel assimilate CO  and used for remobilization of N to grains
weight  and spike length and harvest index (Table 3). during grain filling.
Grain yield reduction due to avena competition was as Canopy light penetration exhibited non-significant
high as 52.2%. Reduction in grain yield was primarily due variation among bread wheat varieties. However,
to a decrease of grain numbers per spike and productive relatively  higher  percentage of light was penetrated to
tillers  per plant. Taye and Tanner [2] also reported that the lower canopy in monoculture than in wheat-oat
the losses in grain yield due to weed competition primarily mixture suggesting competitiveness of oat flora in the
as result of the decrease in productive spike m  and utilization of available resources.2

number of grains per spike. Similarly, Tekele et al. [21]
reported that yield loss in barley from weed competition Relative Growth Rates of Bread Wheat and Avena Sativa:
is caused by reduction in productive tillers, grains per Growth analysis from green house experiments revealed
spike and biomass yield. that growth rate was reduced for most parameters after

Number of tillers produced per plant was increased about 55 days after emergency (DAE). The study result
until 45 DAE both under weed and weed-free condition indicated  consistent  increase  in shoot and root fresh
and started to decline until to 75 DAE then stabilized until and dry weight up to 55 DAE. Similarly, the relative
to physiological maturity (Fig. 3). Death of tillers occurred growth rate leaf area per plant increased up to 55 for both
from the upper leaves. During 42 days after emergence bread wheat and Avena sativa (Fig. 4). Avena sativa had
those  leaves surrounding tillers were died. The upper relatively    high   relative  growth  rate  than  bread  wheat

2
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Table 5: Correlation  coefficient  (r)  of  wheat  morphological  traits  and  competitive ability, avena biomass yield and avena seed number per plant and
panicle length

Traits Competitive ability (100-%CYL) Avena biomass (g/plant) Avena grain numbers per plant Panicle length

Tiller numbers 0.798** -0.063 0.163 -0.507*
Plant height 0.915*** -0.283 0.009 -0.676*
Leaf area 0.475 0.595 -0.766* -0.090
Grain numbers 0.846** -0.316 -0.226 -0.412
Biomass 0.855** -0.360 -0.105 -0.795**
Height growth rate 0.744** -0.218 0.045 -0.316

*P< 0.10; **P < 0.05; *** P < 0.001

Fig. 5: Comparison of the growth rate of bread wheat and future and therefore has long-term implications for
oat average over three growing seasons management of weeds [9].

in all parameters at earlier growth stage, while bread wheat CONCULSION
had the higher at later stages (Fig. 5). Bastiaans et al. [22]
used a growth simulation model to explain differences in The   results    in    present     study     indicate   that
competitive ability among rice varieties. They concluded a bread wheat cultivar with strong competitive ability
that competitive ability differences between varieties were against  Avena  has  high  productive  tillers  per  plant,
due to high early RGR and greater height at maturity. taller plant, leaf area and fast height growth rate.

Relationship Between Morphological Traits and morphological traits as selection criteria, the
Competitive Ability: Tillering numbers per plant was competitiveness of the cultivars against grass weeds
positively correlated with competitive ability (Table 5), would be improved.
indicating the benefit of tillering to wheat yield under
weed competition. Higher tillering ability is also regarded ACKNOWLEDGEMENTS
as  a desirable character for reducing Avena panicle
length. This was confirmed by our study and other The authors wish to thank the Oromia Agricultural
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Therefore, if breeder utilizes genotypes with these
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