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Abstract: Weed-competitive genotypes could be an important tool in integrated weed management 
(IWM) practices. However, weed competitiveness is often not considered a priority for breeding 
high-yielding cultivars. Weed-competitive ability is often evaluated based on weed-suppressive 
ability (WSA) and weed-tolerance ability (WTA) parameters; however, there is little information on 
these aspects for barley genotypes in Australia. In this study, the effects of weed interference on 
eight barley genotypes were assessed. Two years of field experiments were performed in a split-
plot design with three replications. Yield loss due to weed interference ranged from 43% to 78%. 
The weed yield amongst genotypes varied from 0.5 to 1.7 Mg ha−1. Relative yield loss due to weed 
interference was negatively correlated with WTA and WSA. A negative correlation was also found 
between WSA and weed seed production (r = −0.72). Similarly, a negative correlation was found 
between WTA and barley yield in the weedy environment (r = −0.91). The results suggest that a high 
tillering ability and plant height are desirable attributes for weed competitiveness in the barley 
genotypes. These results also demonstrated that among the eight barley genotypes, Commander 
exhibited superior WSA and WTA parameters and therefore, could be used in both low- and high-
production systems for weed management. Westminster had a superior WSA parameter. Therefore, 
it could be used for weed management in organic production systems. These results also implied 
that genotypic ranking on the basis of WSA and WTA could be used as an important tool in 
strengthening IWM programs for barley. 

Keywords: crop-weed competition; weed-suppressive ability; weed-tolerance ability; weed-
competitive traits 

 

1. Introduction 

Barley is the second most important winter cereal crop in Australia. It is estimated that ~30% of 
barley produced in Australia is used by the malting industry and that the rest is used as feed. 
Therefore, barley production in Australia is very important for the brewing and pork industry. 
Australia produces very high quality two-row spring-type barley and its production needs to be 
increased from the present level of ~7.5 MT ha−1 due to a high demand in the domestic, as well as the 
international, market [1]. 

Weeds are a major constraint to achieving high yields in barley [2]. Weeds not only reduce the 
yield of barley crops, but can also deteriorate the end-use quality of malting. In terms of yield loss, 
weeds cost Australian grain growers about AU$ 3.3 billion annually [3]. Although herbicides are 
available for managing different weeds in barley, rising herbicide costs, the evolution of herbicide 
resistance in weeds, and environmental concerns related to herbicides demand the need for 
alternative weed control strategies. 

The adoption of no-till farming systems in Australia has resulted in growers’ increasing reliance 
on herbicides for weed control. This has caused the development of herbicide resistance in several 
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weeds in Australia [4]. In addition to this, the continued use of herbicides in conventional 
establishment methods has also led to the problem of herbicide resistance in weeds [4]. Herbicide 
resistance has been confirmed in more than 256 weed species in 70 countries [4]. In order to delay the 
evolution of herbicide resistance in weeds, growers need to include non-chemical weed control tactics 
in their production systems. Integrated weed management (IWM) programs involving weed-
competitive genotypes represent an effective strategy for reducing the selection pressure on weeds 
[2,4]. 

In the last decade, modern breeding has delivered cultivars with an improved yield and malt 
quality in Australia [5]. However, the weed-competitive ability of these genotypes has not been 
assessed. Research overseas indicates that semi-dwarf and hull-less genotypes of barley, in general, 
are less competitive than full-height and hulled cultivars [6]. Various studies on the weed 
competitiveness of different crop genotypes have suggested that the weed-competitive ability of 
genotypes is also genetically determined [7,8]. However, information on the weed competitiveness 
of newly developed barley genotypes is not available in Australia. 

There are two different aspects of weed-competitive ability, that is, the weed-suppressive ability 
(WSA) and weed-tolerance ability (WTA) [9]. Both aspects are important, but research has focused 
on WSA rather than WTA, as genotypes with a high WSA more effectively reduce the weed seed 
bank in the soil. Therefore, genotypes with a WSA provide sustainable weed management and should 
be part of long-term strategies for reducing the weed seed bank in the soil. 

Some crop traits provide either tolerance or suppressive effects [10,11], while other traits, such 
as plant height, provide both tolerance and suppressive effects [12]. Various studies have shown that 
there is a positive [2], as well as negative [13], relationship between WSA and WTA. However, some 
authors have suggested that there is no relationship at all between WSA and WTA [14]. While there 
is a degree of genetic control, it is important to consider that the expression of weed tolerance in 
genotypes is context-dependent and often varies across growing seasons and environments [15]. 

In Australia, wild oat (Avena fatua L. and A. ludoviciana Durieu), annual ryegrass (Lolium rigidum 
Gaudin), and flaxleaf fleabane (Conyza bonariensis (L.) Cronq.) are the common weeds in barley. Wild 
oat is a highly problematic weed in the northern grain region of Australia. In Australia, this weed 
results in annual production losses valued at AU$ 28.1 million [3]. Resistance to fops 
(aryloxyphenoxypropionates)/dims (cyclohexanediones) herbicides against wild oat was reported 
during a survey conducted in 2005 in Western Australia [16]. Seeds of wild oat shatter earlier than 
those of a barley crop. Therefore, the WSA of barley genotypes cannot be assessed using wild oat. 
Contrary to this, an oat crop retains seeds in the panicle until the harvest time of barley, and seeds of 
oat can easily be separated from barley grains due to their smaller size. Therefore, such weed mimics 
can be utilized for assessing the WSA in barley. Many researchers in Australia [17–19] and in different 
parts of the world [20] have used such weed mimics for assessing the WSA of different crop 
genotypes. This study was conducted to address the following key issues: (1) how the selected barley 
genotypes differ in the ranking of WSA and WTA; (2) what important traits determine the WSA and 
WTA in barley genotypes; and (3) how the degree of competitiveness influences the crop yield under 
weed-infested conditions. 

2. Materials and Methods 

2.1. Experimental Design and Location 

Field experiments were conducted in the winter seasons of 2017 and 2018 at the research station 
of The University of Queensland, Gatton, Australia. The field has a history of wheat fallow. The soil 
at the experimental site is a medium clay with 1.4% organic matter and a pH of 6.8. In both years, the 
same field was prepared with two passes using a disc-harrow followed by rotavation. In between the 
two experimental runs, the field remained fallow (November–April). Eight barley genotypes were 
sown with a precision planter at 125 seeds m−2 at 35 cm row spacing on 17 May 2017 and 23 May 2018. 
The experiment was irrigated using a sprinkler system immediately after sowing and thereafter, 
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irrigated as per the requirement to maintain the soil moisture at the field capacity. The crop was 
harvested on 4 November and 28 October in 2017 and 2018, respectively. 

The experiment was conducted in a split-plot design, with three replicates per treatment. The 
main plots consisted of weedy and weed-free treatments, whereas subplots were comprised of eight 
barley genotypes, including both Australian commercial cultivars and elite breeding lines from the 
Northern Region Barley Breeding Program in Queensland (Table 1). This resulted in 16 experimental 
units (treatments) in each replicate, with a subplot (barley genotypes) size of 8 by 1.4 m (Figure 1). 
Subplots were randomized within each main plot. Barley genotypes were selected on the basis of the 
vigor index determined in previous field experiments that measured leaf and ground cover at 
seedling and early tillering growth stages (Mahajan et al. unpublished data). The weedy plots were 
sown with commercial oat at a target density of 40 plants m−2. Commercial oat was used as a model 
weed, enabling the removal of other weeds and providing uniform weed densities across the 
experimental site. Seeding rates (125 plants m−2) of each genotype and the model weed were adjusted 
based on germination tests. The uniform seeding rate of 125 plants m−2 was used for all barley 
genotypes as it was the recommended rate in Australia (https://www.agric.wa.gov.au/barley). 
Planting was done using a cone planter and barley genotypes were sown at a depth of 5 cm. In the 
first year, prior to crop planting, weed seeds were broadcasted in a measured quantity in each plot. 
To avoid volunteer model weed plants in the second year, weed seeds were drilled together with 
crop seeds in the second year. 

Table 1. Australian barley genotypes, their type, and their classification based on plant type. 

Genotype Type Plant Type 
Compass Cultivar Droopy 

Commander Cultivar Droopy 
Westminster Cultivar Droopy 

LaTrobe Cultivar Erect 
NRB090885 Breeding line Semi-erect 
NRB090257 Breeding line Droopy 

FND002 Breeding line Droopy 
FND007 Breeding line Droopy 

Droopy means hanging down limply (spreading type; not erect). 

 

Figure 1. View of barley genotypes tested in the experimental study. 

At crop tillering (35 days after sowing), all plots received an application of 4.2 g ha−1 of 
metsulfuron methyl to control broadleaf weeds. All other weeds were removed manually in each 
plot. Nitrogen (N) at 92 kg ha−1, in the form of urea, was broadcasted as a basal dose in the crop. It 
was applied before planting of the crop using a three-point linkage, tractor-mounted, fertilizer 
spreader. The crop was disease- and pest-free. Therefore, no insecticide and fungicide were applied. 
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The weed (oat) aboveground biomass was determined by cutting all aboveground plant material at 
the soil surface from two, 0.25 m2 areas in each plot. Crop and weed plants were then separated, 
placed in individual paper bags, dried at 70 °C for 72 h, and weighed. At crop harvest, five plants 
were selected randomly from each plot for measuring the plant height and then averaged. Height 
was measured from the base to the tip of the plant. The number of panicles per meter of row was 
determined by counting the number of barley panicles in a 1 m length of two center rows in each 
plot. 

A plot harvester was used to harvest the crop. The harvest area was 7.7 m2 per plot, and the grain 
yield was converted to Mg ha−1 at a 12% moisture content. With the use of the yield and dockage data, 
the WTA of a genotype was calculated as 

WTA = 100 * (Yw/Ywf),  

where, Yw is the barley yield in the weedy plot and Ywf is the barley yield in the weed-free plots. WSA 
was calculated as = 100—percent dockage, where the percent dockage is the percent of pseudo weed 
seeds (oat) in each sample. The WTA value measures the crop tolerance under weed pressure, and 
WSA measures the crop’s ability to reduce weed seed production (Watson et al., 2006). Weather data 
was recorded by the Bureau of Meteorology (BOM) weather station, Gatton. 

2.2. Statistical Analyses 

The two-year data were subjected to an analysis of variance (ANOVA) using the software 
Elementary Designs Application (1.0 Beta; www.agristudy.com, published by free software 
foundation, copyright, 2013, verified with GENSTAT 16th edition; VSN International, Hemel 
Hempstead, United Kingdom). 

No significant interaction was found between year and treatment. Therefore, data were pooled 
across years. Treatment means were separated using Fischer’s protected least significant difference 
(LSD) at the 5% level of significance. Linear correlation analyses were performed to assess the 
relationships between aboveground traits using Microsoft Excel. 

3. Results 

For all parameters, the interactions of years and treatments were nonsignificant. Therefore, 
ANOVA was performed for six replications. Weed infestation level and genotype interactions were 
significant for the number of panicles per meter row length and grain yield (Table 2). Barley plant 
height was only influenced by genotypes (Table 2). Because weeds were not present in the weed-free 
plots, results involving weed growth, WSA, and WTA did not include the weed infestation level as a 
factor in the analyses of variance (Table 3). Weed biomass, weed yield, WTA, and WSA were 
significantly influenced by genotypes. 

Table 2. Analyses of variance showing the weed infestation level and genotype effects for the final 
plant height, panicles per meter row length, and yield of barley. 

Source of Variation 
Degree of 
Freedom 

Mean Square 
Plant 

Height 
(cm) 

Panicles Per Meter Row Length (No) Barley Yield  
(Mg ha−1) 

Replication 5 74.5 1161 0.80 
Weed infestation level 

(WIL) 
1 233.7 52,875 * 101.9 * 

Error (WIL) 5 79.1 55.6 4.86 
Genotype (G) 7 338.5 * 3834.4 * 3.93 * 

WIL x G 7 26.5 2108.6 * 0.21 * 
Error (G) 70 13.1 133.6 0.09 

* Significant at the 5% level. WIL: Weed infestation level. 
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Table 3. Analyses of variance showing genotype effects on the weed biomass, weed yield, weed-
tolerance ability, and weed-suppressive ability. 

Source of 
Variation 

Degree of 
Freedom 

Mean Square 

 Weed Biomass 
(g m−2) 

Weed Yield (t 
ha−1) 

Weed-Tolerance 
Ability 

Weed-Suppressive 
Ability 

Replication 5 34,273 4.75 5262.5 3962.8 
Genotype 7 121,820 * 7.82 * 787.5 * 1010.5 * 

Error 35 7346 0.21 63.6 104.4 

* Significant at the 5% level. 

3.1. Weather Parameters 

The barley crop received a total of 60 and 144 mm rainfall during 2017 and 2018, respectively 
(Figure 2). The maximum mean temperature during crop growth in 2017 varied from 24.1 to 37.5 °C, 
while in 2018, it varied from 24.6 to 27.8 °C. The August and September of 2017 had higher mean 
maximum temperatures than the August and September of 2018. The minimum mean temperature 
during crop growth in 2017 varied from 5.2 to 18.6 °C, while in 2018, it varied from 3.7 to 14.2 °C. 

 

Figure 2. Weather parameters (mean maximum and minimum temperature, and rainfall) recorded in 
2017 and 2018 during the growth duration of barley crop. 

3.2. Weed (Oat) Biomass and Yield 

The weed biomass was significantly influenced by the barley genotype (Figure 3A). Amongst 
the genotypes, the weed biomass varied from 238 to 548 g m−2. The weed biomass of Westminster and 
Commander was reduced by 55% and 47%, respectively, compared with that of LaTrobe. Oat biomass 
in the plots of NRB090257, Compass, NRB090885, and LaTrobe was similar; however, these 
biomasses were significantly higher than those for Commander, Westminster, FND002, and FND007. 

Similar to weed biomass, the weed seed yield was also influenced by the barley genotype (Figure 
3B). The weed yield amongst genotypes varied from 0.5 to 1.7 Mg ha−1. The weed yield in Westminster 
and Commander was reduced by 73% and 37%, respectively, compared with that of LaTrobe. The 
weed yield in plots of NRB090257, Compass, and LaTrobe remained similar; however, for these 
genotypes, the weed yield was higher than that of Westminster. The weed yield in plots of 
Westminster and FND002 remained similar, but was lower than in plots of LaTrobe. 
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Figure 3. Effect of genotypes on the (A) model weed biomass (g m−2) and (B) model weed seed yield 
(Mg ha−1). Means followed by same letter are not significantly different at p = 0.05. 

3.3. Crop Plant Height 

Crop plant height was not influenced by the interaction effect of the genotype and weed 
interference level (Figure 4). Averaged over weed interference levels, the plant height in different 
genotypes varied from 78 to 91 cm, and was lowest for LaTrobe and highest for NRB090257. The 
genotypes NRB090257, Compass, and Commander were similar in height, but significantly taller than 
Westminster, FND002, FND007, and LaTrobe. Plants of Westminster were similar in height to 
LaTrobe. 
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Figure 4. Effect of genotypes on the plant height (cm) of barley. Means followed by same letter are 
not significantly different at p = 0.05. 

3.4. Panicles Per Meter Row Length 

The number of panicles was influenced by the interaction effect of the genotype and weed 
interference level (Table 4). Each genotype produced a greater number of panicles per meter row 
length in the weed-free condition compared with the weedy condition. In the weed-free condition, 
Commander, Westminster, FND002, and FND007 produced a similar number of panicles per meter 
row length, but lower number than LaTrobe. LaTrobe had the highest number of panicles amongst 
all genotypes in the weed-free condition. In the weedy condition, the number of panicles varied from 
46 to 80 per meter row length, and was lowest for NRB090885 and highest for Westminster. 
Commander, Westminster, FND002, and FND007 produced a similar number of panicles per meter 
row length in the weedy condition, but their production was higher than that of LaTrobe and 
NRB090885. Westminster, even in weedy conditions, produced a similar number of panicles per 
meter row length as NRB090257 and Compass grown in the weed-free condition. Weeds reduced the 
number of panicles in LaTrobe, Commander, and Westminster by 64%, 43%, and 34%, respectively. 
The lowest reduction in panicle production (~25%) due to weeds was noticed in NRB090257. 

Table 4. Interaction effect of the weed infestation level and genotype on the panicle density (number 
per meter row length) and grain yield (Mg ha−1) of barley. 

Genotype Weed Infestation Level 
 Weedy Weed-Free 

Panicles per meter row length 
Compass 66 93 

Commander 73 129 
Westminster 80 122 

LaTrobe 58 159 
NRB090885 46 65 
NRB090257 68 91 

FND002 77 128 
FND007 73 130 

LSD (0.05) 13.3 
Grain yield (Mg ha−1) 

Compass 1.13 3.18 
Commander 2.11 3.70 
Westminster 1.82 4.35 

LaTrobe 1.66 3.67 
NRB090885 0.55 2.49 
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NRB090257 1.01 2.98 
FND002 1.93 4.18 
FND007 1.77 3.90 

LSD (0.05) 0.35 

3.5. Grain Yield 

The grain yield was affected by the interaction effect of genotypes and weed interference levels 
(Table 4). It varied from 2.5 to 4.3 Mg ha−1 under weed-free conditions, and was the lowest for 
NRB090885 and highest for Westminster. In the weed-free condition, the grain yield of Westminster 
and FND002 was similar and significantly higher than that of NRB090257, Compass, Commander, 
NRB090885, and LaTrobe. Under weedy conditions, the grain yield varied from 0.5 to 2.1 Mg ha−1, 
and was the lowest for NRB 090885 and highest for Commander. The grain yield of Commander, 
Westminster, FND002, and FND007 was similar in weedy conditions; however, it was higher than 
that of NRB090257, Compass, and NRB090885. Under weed-free conditions, the grain yield of 
Commander and LaTrobe was similar; however, in weedy conditions, LaTrobe had a 21% lower yield 
than Commander. 

3.6. Weed-Tolerance and Weed-Suppressive Ability 

WTA, or the ability of the crop to stand/tolerate weeds, varied for the tested genotypes (Table 
5). Commander had the highest WTA, followed by LaTrobe. NRB090885 had the lowest WTA. 
Westminster, FND002, and FND007 had a moderate WTA. Amongst genotypes, WSA, or the ability 
of the crop to suppress weeds, was highest for Westminster and it was similar to Commander. Similar 
to WTA, WSA was also the lowest in NRB090885. LaTrobe had a higher WTA than Compass, but its 
WSA was similar to that of Compass. Westminster had a lower WTA than Commander; however, its 
WSA was similar to that of Commander. Commander had a superior WTA, as well as WSA, 
compared to all other genotypes. 

Table 5. Mean values for the weed-tolerance ability (WTA) and weed-suppressive ability (WSA). 

Genotype WTA Value Rank WSA Value Rank 
Compass 35.9 6 55.4 5 

Commander 62.3 1 66.4 2 
Westminster 42.2 5 77.2 1 

LaTrobe 50.3 2 50.9 6 
NRB090885 24.7 8 37.9 8 
NRB090257 35.1 7 42.1 7 

FND002 47.3 4 63.5 3 
FND007 47.8 3 60.6 4 

LSD (0.05) 9.3  12.0  

3.7. Correlation Studies 

Correlations between different parameters were assessed (Table 6). Relative yield loss due to 
weed interference was negatively correlated with WTA or WSA (Table 6). Relative yield loss due to 
weed interference was also negatively correlated with plant height and the number of panicles in the 
weed-free condition. Weed biomass was negatively correlated with WSA, height, and the number of 
panicles in the weedy condition (Table 6). WTA was directly correlated with height and the number 
of panicles in the weed-free condition. However, WSA was directly correlated with height and the 
number of panicles in the weedy condition. The yield in the weedy condition was directly correlated 
with WTA and WSA, while the yield in the weed-free condition was directly correlated with WSA 
only (Table 6). The weed seed yield was directly correlated with its biomass. It was also found that 
the yield in the weed-free condition was strongly correlated with the yield in the weedy condition. 
Plant height in the weed-free condition was not correlated with yield; however, in the weedy 
condition, it had a direct relationship with the grain yield (Table 6). 
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Table 6. Correlation among different parameters in barley genotypes. 

 RYL (%) WSY WB WTA WSA Ht (W) Ht (WF) PD (W) PD (WF) Yw Ywf 
RYL (%) 1           

WSY 0.11           
WB 0.68 0.74 *          

WTA −0.99 * −0.01 −0.60         
WSA −0.71 * −0.72 * −0.88 * 0.62        

Ht (W) −0.67 −0.61 −0.85 * 0.55 0.85 *       
Ht (WF) −0.83 * 0.11 −0.45 0.83 * 0.55 0.44      
PD (W) −0.67 −0.61 −0.85 * 0.55 0.85 * 1.00 * 0.44     

PD (WF) −0.83 * 0.11 −0.45 0.83 * 0.55 0.44 1.00 * 0.44    
Yw −0.96 * −0.32 −0.81 * 0.92 * 0.84 * 0.77 * 0.84 * 0.77 * 0.84 *   
Ywf −0.75 * −0.51 −0.89 * 0.67 0.90 * 0.83 * 0.70 0.83 * 0.77 * 0.91 * 1 

* Significant at the 5% level. RYL: relative yield loss; WSY: weed seed yield; WB: weed biomass; WTA: 
weed-tolerance ability; WSA: weed-suppressive ability; Ht (W): barley height in the weedy 
environment; Ht (WF): barley height in the weed-free environment; PD (W): panicle density in the 
weedy environment; PD (WF): panicle density in the weed-free environment; Yw: yield in the weedy 
environment; Ywf: yield in the weed-free environment. 

4. Discussion 

This study demonstrated genotypic differences among Australian barley genotypes for weed 
competitiveness. The results confirmed that barley genotypes differ in WTA and WSA. Some 
genotypes, for example, Commander, had both a superior WTA and high WSA. However, genotypes 
with a superior WSA not always displayed a superior WTA. For example, Westminster had a superior 
WSA, but it did not exhibit a superior WTA. Some genotypes superior in WTA also had a poor WSA, 
for example, LaTrobe. This study also revealed that genotypes such as NRB090885 had both a poor 
WTA and WSA. Therefore, our results suggested that variability exists among barley genotypes for 
weed competitiveness and there is scope for the development of high-yielding weed-competitive 
genotypes. A previous study on barley revealed that genotypes with a superior WSA had a poor 
WTA [21]. However, our results found that it is not always true, as the case of Commander exhibited 
both WSA and WTA. Some authors have revealed that WSA and WTA are positively correlated 
[22,23]. However, our study found no such correlation between the WSA and WTA of genotypes. 
WTA in different genotypes had a wide range of variation, suggesting that along with genotypes, 
environmental conditions might also have played a great role in variation in terms of WTA [15,24]. 

In the present study, relative yield loss was negatively correlated with WSA and WTA, 
suggesting that WSA and WTA are desirable traits for weed competitiveness and low yield loss in a 
weedy situation. Further, relative yield loss was also negatively correlated with crop traits such as 
plant height and the number of panicles in the weed-free environment. These results suggest that 
even in a weed-free environment, weed-competitive genotypes could be selected on the basis of the 
plant height and tillering behavior of the plant. Various authors have suggested that traits such as 
plant height, leaf area, and early vigor are associated with crop yield loss [10,19]. 

In this study, a greater height and high panicle production played a prominent role in weed 
suppressiveness in the weedy environment as the correlation for these traits was positive. Weed-
suppressive genotypes had a high yield in both weedy and weed-free environments as the correlation 
was positive with the yield. However, this study demonstrated that weed-tolerant genotypes must 
have a high yield in a weedy environment as the positive correlation with yield was found only in 
the weedy environment. These results suggest that selection for weed-tolerant genotypes is not 
possible in a weed-free environment. WSA was associated with plant height, as the results 
demonstrated that Commander, being a tall genotype, suppressed weeds and resulted in a low weed 
biomass. However, it was also found that NRB090257, being tall, also resulted in a high weed 
biomass. These results revealed that other crop traits, such as genotypes with high panicle 
production, also influenced WSA. WSA in Westminster was demonstrated by high panicle 
production in the present study; that is, being short in height, it smothered the weed flora due to high 
panicle production and resulted in a low weed biomass and weed seed yield. In the current study, 
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crop height had a positive and strong correlation with the panicle density in the weed-free and weedy 
conditions. However, crop height only had a positive relationship with the grain yield in the weedy 
environment. These results demonstrated that both traits are equally important for weed 
competitiveness in barley. However, various authors have argued that tall genotypes in rice crops 
are not necessary for weed competitiveness [25,26]. They have suggested that tall cultivars have a 
low harvest index (HI) and tend to have a greater tendency for lodging. We did not record the HI 
and lodging score in the present study. 

Genotypes differ in plant height, which might be due to their different genetic makeup in plants. 
For weed suppression, an increased plant height is a desirable characteristic, but only up to a limited 
extent [8]. In general, tall cultivars are prone to lodging. Therefore, tall plants with strong stems are 
desirable characteristics for weed-competitive genotypes. However, some authors have showed that, 
in taller plants, more energy is invested in the stem to support its own weight and energy investment 
is made at the cost of leaf production, which can reduce the crop yield [27]. Some authors have also 
reported that tall plants may get exposed to strong winds, which could have a negative effect on plant 
growth due to excessive transpiration and mechanical stress [28,29]. These results suggest that the 
selection of tall plants for weed competitiveness should also meet other criteria, such as lodging 
tolerance and tolerance to transpiration and mechanical stress, in addition to a high yield. These 
results demonstrate that the lodging behavior and attributes such as a high harvest index are also 
important while studying plant traits such as plant height and tiller number. Therefore, such 
attributes should be studied in the future under a wide range of barley genotypes for robust 
information. 

In the present study, Commander had high WSA and WTA parameters owing to its greater 
height and panicle production when compared with other genotypes. Therefore, this work suggests 
that a high tillering ability and taller plant height are desirable attributes for weed competitiveness 
in barley genotypes. This is consistent with previous weed-competitive studies of different crops 
[10,30,31]. 

Overall, our results revealed that correlations exist between WSA and weed seed production (r 
= −0.72), and WTA and barley yield in the weedy environment (r = 0.91). These results suggested that 
a high value of WSA for a genotype is indicative of its capacity to smother weed flora and reduce 
weed growth. Likewise, a high value of WTA is indicative of a genotype that could grow well in a 
weedy situation and maintain its yield. Such correlations were found in the present study, suggesting 
that WSA and WTA are good metrics for determining the weed-competitive ability of barley 
genotypes and can be used as selection criteria by breeders for further improvement of the weed-
competitive ability. Genotype ranking on the basis of WSA and WTA could help researchers and 
growers in strengthening IWM strategies. Watson et al. (2006) suggested that ranking-wise WSA and 
WTA information on genotypes could be useful for growers in various production systems. In a high 
input production system, WTA information on genotypes is important. Growers could use this 
information and explore weed-competitive genotypes in an IWM program with the minimum use of 
herbicides and attain a high yield with the minimum weed seed return. On the other hand, in a low-
production system (e.g., organic farming), in which the minimum weed seed return is more 
important, growers could use a superior genotype with a high WSA on the basis of ranking. It is 
pertinent to mention here that these results are likely context-dependent, according to the uniform 
seeding rate used for each genotype as the seeding rate influences tillering, and thus, may impact 
weed interference. 

5. Conclusions 

Commander exhibited superior WSA and WTA parameters. Therefore, it is likely well-suited 
for more effective weed management in both low- and high-production systems. On the basis of the 
WSA ranking, Westminster could be more suitable for weed management in organic production 
systems. LaTrobe could produce a high yield if weeds (oat) are effectively controlled. Weeds (oat) 
may cause yield reduction to the extent of 78%, if not controlled, as in the case of NRB090885. 
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Traits like a greater height and high panicle production in Commander suggest that these are 
desirable attributes for weed competitiveness in barley genotypes. Large variations amongst the 
tested genotypes reveal that there is scope for the further genetic improvement of high-yielding 
weed-competitive cultivars in barley. The results suggest that genotype ranking on the basis of WSA 
and WTA could provide an important tool for growers and agronomists in strengthening IWM 
programs in Australian barley production. However, our results are applicable to wild oat only. It is 
likely that the impact of barley genotypes on other barley weeds (annual ryegrass, flaxleaf fleabane, 
etc.) may be different, which needs to be investigated further. 
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