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ABSTRACT-A greenhouse study was conducted to investigate the effects of nitrogen
(N) on wild barley (Hordeum spontaneum Koch) interference with winter wheat
(Triticum aestivum var. Pishtaz) by an additive series experiment. The experiment was
conducted in a split plot design with 3 replications. Wheat plant height losses were on
average 30, 10, and 10% in a wild barley density of 16 plants per pot with an N supply of
40, 80, and 160 mg per kg soil, respectively. At all N application rates, wheat tillers
decreased in the presence of wild barley densities of 4, 8, and 16 plants per pot.
Increased N stimulated wheat tiller growth per plant but this effect was reduced by wild
barley interference. The highest leaf area was observed at 80 mg N per kg soil for both
species in monocultures. Significant differences were observed among wheat dry weight
values in all wild barley densities and at each level of N application rate. Shoot N
concentration of wild barley was greater than that of wheat. Wild barley competition
always reduced shoot N concentration of wheat and this was increased with increasing
wild barley density. The results of this study suggested that wild barley is more
responsive to soil N levels than wheat.
Keywords: Additive series study, Competitive ability, Hordeum spontaneum, Nitrogen, Population
density, Wheat

INTRODUCTION
Weed interference reduces crop yield, quality, and harvesting efficiency (6). The
degree of interference depends on the weed and crop species (7 and 40), density (10
and 24) and distribution of weeds (14), and duration of interference (41).
The competitive relationship between plant species is highly dependent on
many factors including the supply and availability of nutrients. Of all nutrients, plant
response to nitrogen (N) fertilizer is most widely observed, and it is suggested that
the manipulation of soil N supply offers the most important mean by which cropweed interaction can be influenced (39). Nitrogen is the major nutrient added to
increase crop yield (32), but it is not always recognized that altered soil fertility
levels can markedly affect crop-weed competitive interactions. N fertilizer is known
to break the dormancy of certain weed species (8) and thus may directly affect weed
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infestation densities. Depending on weed species and density, addition of N fertilizer
can increase the competitive ability of weeds more than that of the crop, with little or
no increase in the crop yield attained (5). In a greenhouse study, Teyker et al. (37)
reported greater uptake for redroot pigweed (Amaranthus retroflexus L.) than corn
when the addition of N was increased, suggesting that redroot pigweed interference
in corn may be greater at higher levels of N. Valenti and Wicks (38) found that
increasing N rates applied to winter wheat decreased annual grass weed populations
and yields. Conversely, in other studies, the application of N favored Setaria viridis
(29) and Avena fatua (5) over wheat. Other contrasting outcomes regarding the
effects of N supplies and crop-weed competition have been presented in the
literature. Forcella (12) documented in a greenhouse study that rigid ryegrass
(Lolium rigidum Geiudin) was less competitive when N was applied before the threeleaf stage of wheat as compared with later applications.
Soil nutrient availability has also been known to influence weed-crop
interactions, favoring either the crops (11, 22 and 29) or the weeds (2, 3, 6 and 20).
Jornsgard et al.,1996, (19) reported that weed biomass in barley (Hordeum vulgare
L.) and wheat could be increased, unchanged or reduced with increased soil N,
depending on the weed and crop.
Not only do weeds reduce the amount of N available to crops, but also the
growth of many weed species is enhanced by higher soil N levels (24). In a
controlled environment study, Blackshaw et al. (3) reported that shoot and root
growth of many agricultural weeds were to be more responsive to N than wheat or
canola.
Information on responses of weeds to various soil fertility levels is required
to develop fertilizer management strategies as components of integrated weed
management programs (8). Despite studies that demonstrate the importance of dose
and application method of N fertilizers on the resulting crop-weed competition, only
limited information is available on how specific weed species respond to increasing
soil N levels. This information is needed to further refine fertilization strategies for
specific crop-weed combinations and for the overall development of more effective
and economical weed management systems (3).
The design and analysis of experiments for competition studies has occupied
considerable research effort in plant population biology (13). Additive series
experiments are an important tool for determining yield losses resulting from weedcrop interference. In this type of experiment, crop density is kept constant, while
various weed densities are allowed to compete with the crop. The additive series
approach more closely resembles field conditions in measuring the effects of
increasing weed density on the crops. However, it has been criticized because it does
not account for increases in total plant density. In addition, species proportion varies
as more weeds are added (31).
H. spontaneum is a dominant troublesome weed in most wheat fields of Fars
province (18) as well as other parts of Iran (26), and its natural populations have
been reported in many other parts of the world (15 and 23). This plant is a member of
the Poaceae family, reproducing by seed. Seed dispersal is usually limited to the area
within several meters of the mother plant; although seeds can also be carried in the
fur of animals or by contaminated seeds over longer distances (42). Visual
observations showed that the growth and development of wild barley is similar to
that of winter wheat, often unrecognized in the field until its distinctive inflorescence
is produced. Wild barley matures earlier than wheat, and its spikelets shatter easily
with maturation.
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Clearly, the efficacy of using agronomic practices to manage weed populations
will be improved by a comprehensive understanding of the mechanisms of
competition (28). Cultural control methods have been demonstrated to be effective in
managing weeds and are especially important in situations where efficient herbicides
are limited for a specific weed species or for certain crops (1). However, very little or
no work has been done on the effect of these agronomic practices on wild barley
growth and its interference with winter wheat.
The aim of this study was to evaluate the effect of nitrogen on the competitive
ability of wheat in relation to different densities of wild barley.
MATERIALS AND METHODS
Experiment was conducted during 2005 in a greenhouse under a 16 h photoperiod,
air temperatures of 25/15oC (day/night), a relative humidity of 50 to 60%, and a light
flux density of 400µ moles m-2 per second.
Mature seeds of wild barley were collected from the Experiment Station
Farm, College of Agriculture, Shiraz University, located in Kushkak, 60 km
northwest of Shiraz, Iran. The soil was silty clay loam having a pH of 6.8, 1.5%
organic matter, and a total N content of 0.07%. Soil was passed through a 5-mm
sieve, mixed thoroughly with well decomposed cow manure with a 50:50 ratio.
Nitrogen fertilizer was applied in form of urea (0, 40, 80, and 160 mg N per kg soil,
1/3 pre-plant and 2/3 through irrigation water). Triple super phosphate (230 mg per
pot, pre-plant) and potassium sulfate (115 mg per pot, pre-plant) was also added to
the soil. Three kgs of soil was placed in each 25-cm diameter uniform plastic pot with
draining holes. All pots had draining trays to prevent loss of leachates. Fifteen
vernalized seeds of wheat (Triticum aestivum var. Pishtaz) and twenty non-dormant
caryopses of wild barley were placed on the soil surface and covered with 200 g dry
soil to provide an appropriate and uniform planting depth. The field capacity of the
mixed soil was measured (40% w:w) and pots were maintained at 80% FC
throughout the experiment. Immediately after emergence, seedlings were thinned to
10 plants per pot for wheat, and population densities of 2, 4, 8, and 16 plants per pot
for wild barley. A treatment comprising of weed-free and unfertilized soil was used
as control. The aboveground biomass was dried at 55oC for 48 h and ground to pass
through a 40-mesh screen. Total nitrogen percentage was determined by the microKjeldal method (25). Wheat and wild barley were allowed to interfere for 10 weeks.
Measured variables were plant height, number of tillers per plant, leaf area (LA), dry
shoot biomass, and shoot total nitrogen content percentage for both plant species.
The experiment was conducted in a split-plot design with three replications, the main
factor being the 4 levels of nitrogen (0, 40, 80, and 160 mg N per kg soil) and the sub
factor being the 5 levels of wild barley densities (0, 2, 4, 8, and 16 plants per pot).
Data were analyzed by analysis of variance procedure using the MSTATC software
and differences between means were subjected to Duncan’s new multiple range test
at the p=0.05 level.

3

Hamidi et al.

RESULTS AND DISCUSSION
Plant height
There were significant wild barley population densities by N rate interactions on all
wheat measurable variables. When wheat was grown with wild barley at the N rates
of 40, 80, and 160 mg per kg soil, wheat height was not significantly affected by wild
barley density of 2 plants per pot compared with control treatment (Fig. 1A). As wild
barley density increased, wheat height significantly decreased at low N rates (40 mg
per kg soil). At wild barley density of 16 plants per pot, wheat height losses were on
average 30, 10, and 10% with an N supply of 40, 80, and 160 mg per kg soil,
respectively. With no wild barley interference, wheat height was significantly higher
at 80 and 160 than 40 mg N per kg soil (Fig. 1). Maximum plant height was obtained
with no wild barley interference and 160 mg N per kg soil. Wild barley height
increased with increasing N rates but was not significantly affected by its own
densities (Fig. 1B).
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Fig. 1. Effects of wild barley densities on wheat (A) and wild barley (B) height at various
nitrogen application rates
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Tillers per plant
A significant decrease was observed in the number of wheat tillers per plant in the
presence of wild barley densities of 4, 8, and 16 plants per pot at all N application
rates compared with weed-free control treatment (Fig. 2). Generally, wheat tillers per
plant did not decreased when wild barley density increased to more than 2 plants per
pot at the 40, 80, and 160 mg N per kg soil. Increased N application stimulated wheat
tiller per plant but this effect was reduced by wild barley interference. Storninos, Jr et
al. (36) reported that the competition of red rice (Oryza sativa L.), a well known
weed in cultivated rice, resulted in reduction of the number of rice tillers per plant,
and the reduction generally increased with higher red rice population densities.
A comparison of wheat and wild barley tiller production showed that wild
barley produced more tillers than wheat at all N treatments indicating its high
capacity to occupy more space than wheat (Fig. 2). High tillering capacity has been
recognized as a key to the competitive advantage for grassy weeds (10, 16 and 36).
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Fig. 2. Effects of wild barley densities on wheat (A) and wild barley (B) tillers per plant at
various nitrogen application rates

Leaf area (LA)
The additive series showed a decrease in wheat LA with increasing wild barley
density and a corresponding increase in wild barley LA (Fig. 3). The highest LA was
observed at 80 mg N per kg soil for either wheat or wild barley in monocultures,
however, wild barley had a higher LA than wheat at equivalent density, i e., 10 plants
per pot (Fig. 4C). Since leaf area is an important measure of photosynthetic area
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potential and thus growth capability (30), it can be concluded that at equal density,
wild barley can more effectively develop its canopy for light interception compared
to wheat.
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Fig. 3. Effects of wild barley densities on wheat (A) and wild barley (B) leaf area per pot at
various nitrogen application rates

Shoot dry weight
Wheat and wild barley shoot dry weight increased with increasing N application
rates compared to the unfertilized control (Figures 5A and 5B). In monocultures of
both plants, i.e., at equal density (10 plants per pot), the highest value for wheat and
wild barley shoot dry weight were found with 80 and 160 mg N per kg soil,
respectively (Fig. 4A). This finding indicated that wild barley was more responsible
to added nitrogen that wheat. Wheat shoot dry weight losses were greater at 80 mg N
per kg soil when 16 wild barley plants per pot were allowed to interfere (Fig. 5A).
This occurrence may be due to either the competitive ability of wild barley (34) or its
increased allelopathic activity under nutrient stress of excessive N rates (17). Wheat
shoot dry weight was different among all levels of the N application rates and all
wild barley densities (Fig. 5A). In the presence of wild barley, wheat dry weight was
greater on fertilized as compared to unfertilized pots. The application of nitrogen
resulted in a greater accumulation of wild barley biomass relative to wheat biomass
(Figures 5A and 5B). Such a result would help to explain why the effect of wild
barley on wheat dry weight increased at higher nitrogen application rates.
Weed-free wheat dry weight was greater with all N application rates
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Shoot dry weight (g / pot)

compared to the unfertilized control. This was expected because wheat is known to
respond positively to higher soil N levels (32). There were significant differences
among wheat dry weight values in all wild barley densities at all N application rates
and this trend was true for wild barley biomass (Fig. 5). At each level of N
application rate, the wild barley shoot dry weight per plant decreased with an
increase in density, indicating intra- in addition to inter-specific competitions. Wild
barley biomass increased as nitrogen increased from 40 to 160 mg per kg soil (Fig.
5B).
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Fig. 4. Shoot dry weight (A), Shoot N concentration (B), and leaf area (C) calculated from
monocultures of wheat and wild barley, plotted against N application rates. Open and
shaded triangles represent wheat and wild barley, respectively

Shoot N concentration
When two plant species were grown in isolation, shoot N concentration increased
with increasing N rates. Shoot N concentration of wild barley was often greater than
that of wheat, indicating that wild barley is a higher competitor for soil N (Fig. 6).
Wild barley competition always reduced shoot N concentration of wheat and this
increased with increasing wild barley density (Fig. 6A). The results showed that in
addition to wild barley density and leaf area, another factor causing wheat dry weight
reduction was wild barley N concentration (Fig. 4B). This probably means that high
N concentration in wild barley resulted in the loss of N available for wheat (21).
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Fig. 5. Effects of wild barley densities on wheat (A) and wild barley (B) shoot dry weights at
various nitrogen application rates
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Fig. 6. Effects of wild barley densities on wheat (A) and wild barley (B) shoot N concentration//
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The results of the present study support previous findings indicating that
many agricultural weed species are as responsive as or more responsive than crops to
soil N levels (4, 20 and 27). Thus, indiscriminate N fertilizer use has the potential to
benefit weeds at the expense of crops. However, the highly responsive nature of
some weed species to higher N levels may be a weakness to be exploited. Shipley
and Keddy (35) found that species with the highest relative growth rate under
optimal nutrient conditions suffered the largest declines in growth rate under
deficient nutrient conditions. In this study, wheat and wild barley responded
8
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positively to N fertilizer, but N application rates had a greater effect on the growth
and competitive ability of wild barley as compared to those of wheat. This may be
due to inherent differences among the species in their responsiveness to N (3) or in
part due to their differing root structures (4). The information obtained from this
study could be used to develop more integrated programs for wild barley control in
winter wheat fields of Iran, although more information is needed about N application
timing and/or methods. In addition, the application of higher rates of nitrogen
fertilizers in wheat fields when wild barley is a dominant weed in the field should be
avoided.
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واﮐﻨﺶ رﺷﺪ ﮔﻨﺪم زﻣﺴﺘﺎﻧﻪ و ﺟﻮ وﺣﺸﯽ ﺑﻪ ﻧﯿﺘﺮوژن
رﺿﺎ ﺣﻤﯿﺪي ،**١دارﯾﻮش ﻣﻈﺎﻫﺮي *٢و ﺣﻤﯿﺪ رﺣﯿﻤﯿﺎن

*٢

١

ﺑﺨﺶ زراﻋﺖ و اﺻﻼح ﻧﺒﺎﺗﺎت داﻧﺸﮑﺪه ﮐﺸﺎورزي داﻧﺸﮕﺎه ﺷﯿﺮاز ،ﺷﯿﺮاز ،ﺟﻤﻬﻮري اﺳﻼﻣﯽ اﯾﺮان
٢

ﮔﺮوه زراﻋﺖ و اﺻﻼح ﻧﺒﺎﺗﺎت داﻧﺸﮑﺪه ﮐﺸﺎورزي ﮐﺮج ،ﮐﺮج ،ﺟﻤﻬﻮري اﺳﻼﻣﯽ اﯾﺮان

ﭼﮑﯿﺪه -در ﯾﮏ ﭘﮋوﻫﺶ ﮔﻠﺨﺎﻧﻪ اي ،اﺛﺮ ﻧﯿﺘﺮوژن ﺑﺮﺗﻮاﻧﺎﯾﯽ رﻗﺎﺑﺘﯽ ﯾﮏ رﻗﻢ ﮔﻨﺪم زﻣـﺴﺘﺎﻧﻪ )رﻗـﻢ ﭘﯿـﺸﺘﺎز( ﺑـﺎ ﺟـﻮ
وﺣﺸﯽ ﺑﺎ اﺳﺘﻔﺎده از روش اﻓﺰاﯾﺸﯽ ﻣﻮرد ﺑﺮرﺳﯽ ﻗﺮار ﮔﺮﻓﺖ .در ﺗﻤﺎم ﮐﺮت ﻫﺎي داراي ﻧﯿﺘﺮوژن ،ﺗﻌﺪاد دو ﺑﻮﺗﻪي ﺟـﻮ
وﺣﺸﯽ در ﮔﻠﺪان ،ﺑﻠﻨﺪي ﮔﻨﺪم را ﺗﺤﺖ ﺗﺄﺛﯿﺮ ﻗﺮار ﻧﺪاد در ﺣﺎﻟﯽ ﮐﻪ ﺗﺮاﮐﻢ  ١۶ﺑﻮﺗﻪ ي ﺟﻮ وﺣﺸﯽ در ﮔﻠﺪان ،ﺑﻠﻨـﺪي
ﮔﻨﺪم را ﺑﻪ ﻣﯿﺰان ١٠ ،٣٠و ١٠درﺻﺪ ﺑﻪ ﺗﺮﺗﯿﺐ در ﺗﯿﻤﺎرﻫﺎي ٨٠ ، ٤٠و 160ﻣﯿﻠﯽ ﮔﺮم ﻧﯿﺘﺮوژن در ﮐﯿﻠﻮﮔﺮم ﺧﺎك
ﮐﺎﻫﺶ داد .در ﺗﻤﺎم ﺗﯿﻤﺎرﻫﺎي داراي ﻧﯿﺘﺮوژن ،ﭘﻨﺠﻪ ﻫﺎي ﮔﻨﺪم ﺑـﺎ رﻗﺎﺑـﺖ  ٨ ،٤و ۶٠ﺑﻮﺗـﻪ ﺟـﻮ وﺣـﺸﯽ در ﮔﻠـﺪان
ﮐﺎﻫﺶ ﻣﻌﻨﯽ داري ﯾﺎﻓﺖ .در ﮐﺸﺖ ﺧﺎﻟﺺ ﻫﺮ دو ﮔﯿـﺎه ،ﺑﯿـﺸﺘﺮﯾﻦ ﻣﻘـﺪار ﺳـﻄﺢ ﺑـﺮگ در ﻣﻘـﺪار  ٨٠ﻣﯿﻠـﯽ ﮔـﺮم
ﻧﯿﺘﺮوژن در ﮐﯿﻠﻮﮔﺮم ﺧﺎك ﺑﻪ دﺳﺖ آﻣﺪه ﻫﻢ ﭼﻨﯿﻦ در ﮐﺸﺖ ﺧﺎﻟﺺ ،ﺑﯿﺸﺘﺮﯾﻦ وزن ﺧﺸﮏ اﻧﺪام ﻫﺎي روﯾﺸﯽ ﻫﻮاﯾﯽ
ﺑﺮاي ﮔﻨﺪم در  ٨٠و ﺑﺮاي ﺟﻮ وﺣﺸﯽ در  ١۶٠ﻣﯿﻠﯽ ﮔﺮم ﻧﯿﺘﺮوژن در ﮐﯿﻠﻮﮔﺮم ﺧﺎك ﺗﻮﻟﯿﺪ ﺷﺪ .درﺻﺪ ﻧﯿﺘﺮوژن اﻧﺪام
ﻫﺎي ﻫﻮاﯾﯽ ﺟﻮ وﺣﺸﯽ در ﺗﻤﺎم ﺗﯿﻤﺎرﻫﺎي داراي ﻧﯿﺘﺮوژن ﺑﯿﺸﺘﺮ از ﮔﻨﺪم ﺑﻮد .ﻧﺘﺎﯾﺞ اﯾﻦ ﭘـﮋوﻫﺶ ﻧـﺸﺎن داد ﮐـﻪ ﺟـﻮ
وﺣﺸﯽ ﺑﺮاي ﺑﻪ دﺳﺖ آوردن ﻧﯿﺘﺮوژن ﺧﺎك رﻗﺎﺑﺖ زﯾﺎدي ﺑﺎ ﮔﻨﺪم داﺷﺘﻪ و از اﯾﻦ راه ﻣـﯽ ﺗﻮاﻧـﺪ ﻋﻤﻠﮑـﺮد اﯾـﻦ ﮔﯿـﺎه
زراﻋﯽ را ﮐﺎﻫﺶ دﻫﺪ.
واژه ﻫﺎي ﮐﻠﯿﺪي :ﺗﻮاﻧﺎﯾﯽ رﻗﺎﺑﺘﯽ ،ﺟﻮ وﺣﺸﯽ ،روش اﻓﺰاﯾﺸﯽ  ،ﮔﻨﺪم ،ﻧﯿﺘﺮوژن

*ﺑﻪ ﺗﺮﺗﯿﺐ اﺳﺘﺎدﯾﺎر ,اﺳﺘﺎد و اﺳﺘﺎد
** ﻣﮑﺎﺗﺒﻪ ﮐﻨﻨﺪه
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