Australian Journal of Basic and Applied Sciences, 4(10): 4726-4739, 2010 mm
ISSN 1991-8178 At ]

Tmiks b ookl i

Winter Wheat (Triticum aestivum L.) Nitrogen Yields as Affected by Wild Barley
(Hordeum spontaneum Koch) Population Densities and Nitrogen
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Abstract: Field experiments were conducted to evaluate the wheat nitrogen yields responses to
densities of wild barley and nitrogen (N) levels. The experimental designs were split-plot with 3
replications. The main factor was nitrogen levels of 0, 130, 260, and 390 kg ha™ and the sub factor
was different wild barley densities. At Shiraz, crop GNY, STNY, and NHI decreased with increasing
weed density and increased with increasing N levels. Without N, weed GNY was more than that of
crop at all weed densities indicating more competitive ability of weed than crop. Crop and weed
ANUE values showed that wheat used nitrogen more efficiently than wild barley because of its higher
potential for grain production. Wild barley showed higher ANRE than wheat because of its higher
GNC and STNC. At Karaj, 130 and 260 kg N ha' increased crop and weed GNCs, whereas both
plant STNCs were increased by N rate up to of 390 kg ha'. Maximum crop and weed BNYs were
obtained at 260 kg N ha”. On unfertilized plots, weed GNY was more than that of crop. With and
without N, wheat BNY was more than that of wild barley, whereas wild barley NHI was higher than
that of wheat. Each level of added N resulted in higher wheat ANUE compared to wild barley ANUE.
Wild barley took up more N than wheat at all N application rates.
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INTRODUCTION

Competition for light, water, and nutrients is the major factor accounting for the adverse effect of weeds
on crop growth and yield. Many of the major weeds thrive only in the intensively managed and regularly
disturbed habitat of the cultivated field. In this environment, weeds benefit from environment stress-reducing
practices such as irrigation, fertilization, and pest control that are intended to benefit the crop (Patterson, 1995).
Weed responses to soil fertility may be determined by the life histories of weed, i. e. species, emergence time,
maximum potential growth rate, seed reserves, seedling size, and tissue nutrient concentrations (Fennr, 1983;
Shipley and Keddy, 1988).

Cultural weed control methods are becoming more important where efficacious herbicides are limited or
herbicide resistance has become prevalent (Gill, and Blacklow, 1984). Manipulating crop fertilization may be
one method of reducing weed interference in crops. Nitrogen fertilizer can break seed dormancy of certain
weed species (Di Tomaso, 1995) and this may directly affect weed infestation densities.

Nitrogen fertilizers are effective in stimulating germination of many weed species, and many non-
leguminous crops including wheat (Triticum aestivum L.) are heavily fertilized with fertilizers. It is clear that
future weed management systems should consider the effect of fertilizer rate and time of application on the
crop-weed complex. The effects of weed competition with spring barley (Hordeum vulgare L.) for nitrogen
was studied by Petersen (Petersen, 2003). Weeds recovered up to 12% of the applied nitrogen, which made
them a significant competitor when nitrogen was broadcasted and incorporated. Henson and Jordan (Henson
and Jordan, 1982) showed that increasing nitrogen fertilization did not eliminate the depressing effect of Avena
Jfatua L. (wild oats) on wheat growth or yield.

Added N can markedly alter crop-weed competitive interactions. Depending on the species and density,
N fertilizer can increase the competitive ability of weeds more than that of crop (Carlson and Hill, 1985).
Angonin et al.(Angonin, et al 1996) demonstrated the importance of choosing the right nitrogen fertility level
for Veronica hederifolia L. (ivyleaf speedwell) to be controlled and for the desired level of wheat production.
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DiTomaso (Di Tomaso, 1995) verified the common assumption that weeds are more competitive than most
crops at higher soil fertility levels, and weeds commonly accumulate higher concentrations of the principal
fertility elements such as N, P, K, Ca, and Mg,. He recommended understanding of the basic mechanisms of
the timing of nutrient uptake by crops and weeds as the necessary means to develop fertilizing strategies that
favor crops and disfavor weeds.

Most studies have been designed to determine the extent of yield reduction by relationship of specific
weeds at known density. The relationship between weed density and crop yield will vary with year, location,
and environment (Aldrich, 1987). The extent of wheat yield losses varies with duration of weed interference,
weed present, and weed density (Zimdahl, 2004). Anderson (Anderson, 1993) showed that Aegilops cylindrica
L. (jointed goatgrass) at a density of 18 plants m? reduced winter wheat yield 27 and 17% when it emerged
with wheat and up to 42 days after wheat emergence, respectively. Mamolos and Kalburtji (Mamolos and
Kalburtji, 2001) found over 4 years with Cirsium arvense L. (Canada thistle) densities of 0, 4, 16, or 64 plants
m™ that the main factor in wheat yield reduction was nitrogen concentration. Bhaskar and Vyas (Bhaskar and
Vyas, 1988) noted that competitive interference for phosphorus and nitrogen was the major limit to wheat
growth in the presence of Chenopodium album L. (common lambsquarters). Increasing weed density
significantly reduced wheat grain size and yield.

A natural stand of Agrostemma githago L. (corn cockle) had only a negligible effect on barley but reduced
winter wheat yield by 10% when crop density was a quarter of normal (Doll, H., et a/ 1995). Blackshaw and
Harker (Blachshaw and Harker, 1998) found that maximum of wheat yield reduction of 36 percent occurred
with Erodium cicutarium L. (red stem filaree) densities of 100 to 200 plants m?, yield progressively decreased
as the duration of E. cicutarium increased.

Pavlychenko and Harrington (Pavlychenko and Harrington, 1937) demonstrated that competition of 4. fatua

L. with barley and wheat began under the soil surface when root systems mingled, and water and nutrients
became limiting. Barley competed more efficiently than wheat because it developed large crown roots 22 days
after emergence than other cereals.
Hordeum spontaneum Koch (wild barley) is distributed over a wide area of the east Mediterranean and west
Asiatic countries penetrating east as far as Iran, Turkmenia, and Afghanistan. This plant is a dominant
troublesome weed in most wheat fields of Fars province (Jamali and Termeh, 1998) and other parts of
Iran(Nevo et al, 1986), and its natural populations have been reported in many other parts of the world (Harlan
and Zohary, 1966). The most likely reasons for its prevalence in wheat fields are its similar growth period
with that of wheat, the earlier dispersal of seeds, the ability of seeds to remain dormant in the soil and, until
recently, the lack of effective herbicides for its control in winter wheat. Since conventional weed management
caused serious problems for environment, culturally and ecologically based alternative ought to be examined
and tested.

An understanding of the effect of agronomic managements including fertilizer application rates and
methods and/or timing will be needed as well as more comprehensive and quantitative data on competitive
interaction between wild barley and winter wheat. The main objective of this study was to determine the
effects of nitrogen fertilizer and wild barley densities on wheat nitrogen yields.

MATERIALS AND METHODS

Experiment 1:

This experiment was conducted on the Experimental Station of College of Agriculture, Shiraz University
at Kushkak located 1650 meters above the mean sea level with a longitude of 52° 34" E and latitude of 30°
7°N.

The soil was a Typic clay loam (fine, mixed, xeric, Calcixerollic Xerochrept) composed of approximately
27% sand, 36% silt, 37% clay, with 1% organic matter, 0.032% total nitrogen, and a pH of 7.5. In the Fall
and before planting, the field was plowed to a depth of 30 cm and then disked. The wheat cultivar "Shiraz"
was sown on November 22, 2004 by "Hamedani" grain driller to a depth of 3-5 cm in the field that was
naturally infested with wild barley. The seeding rate was 180 kg ha-1 in rows spaced 20 cm apart. After
emergence wild barley seedlings were thinned to obtain the appropriate densities. Triple super phosphate at
150 kg ha-1 was applied before planting. No herbicide was used and plots were maintained free of weeds other
than wild barley until wheat canopy closure.

The experimental design was a split-plot with three replications. The main factor was 4 nitrogen (N) levels
including 0, 130, 260, and 390 kg ha" in form of urea 46% (1/3 pre-plant and the rest was broadcasted at crop
jointing stage) and the sub factor was 5 wild barley densities of 0, 20, 40, 80 plants m?. The size of each
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subplot was 2x 6m containing 10 rows of wheat. In this experiment, maximum density of wild barley was
selected 80 plants m™ because its naturally occurring population did not uniformly emerge in the field.

Since wheat and wild barley did not simultaneously mature, wild barley plants were harvested earlier than
wheat. Wheat and wild barley plants were separately harvested at the soil surface from 1 m? of the middle
4 rows of each subplot. Percent total nitrogen was determined by the micro-Kajeldal methods (Nelson and
Sommer, 1972). For both plants, N yields including grain N yield (GNY), straw N yield (STNY), biomass N
yield (BNY), N harvest index (NHI), applied N use efficiency (ANUE), and applied N uptake efficiency
(ANRE) were computed using the basic data measured as follow: (Sinebo et al, 2004).

GNY (g plant') = grain N concentration (GNC) x grain yield (GRYD)
STNY (g plant') = straw N concentration (STNC) x straw yield (STRY)
BNY (g plant') = GNY + STNY

NHI (%) = GNY / BNY

ANUE (g g’ plant’) = (GRYD; - GRYD,) / N;

Where GRYD; is the grain yield with fertilizer N in a weed density treatment, and GRYD, is the
corresponding yield without N fertilizer application in the same weed density. N, is the level of fertilizer N
applied which were 13, 26, and 39 g m™.

Applied N uptake efficiency which may also be called applied N recovery efficiency (ANRE) was
calculated as :

ANRE (%) = (BNY, - BNY,) x (100 / N,)

Where BNY, is the biomass N yield with the application of fertilizer N in a weed density treatment, and
BNY, is the corresponding biomass N yield without the application of fertilizer N in the same weed density
treatment. All data were analyzed using ANOVA, and means were separated by Duncan's new multiple range
test and LSD test at the p=0.05 level.

Experiment 2:

This experiment was conducted on the Experimental Station of College of Agriculture, at Karaj located
1261 meters above the mean sea level with a longitude of 50° 32' E and altitude of 35° 47" N.

The soil was Xeric Haplocambids (fine loamy, mixed, Semiactive, Thermic) composed of 28% sand, 39.4%
silt, 32.6% clay, with 0.96% organic matter, 0.07% total nitrogen, 8.8 mg kg' available P, 200 mg kg’
exchangable K,O, and a pH of 8.

The wheat cultivar "Pishtaz" was sown on October 23, 2004 the same as experiment 1. Sufficient
quantities of wild barley non-dormant caryopses were planted by hand between the rows and after emergence
thinned to obtain the appropriate densities. Triple super phosphate at 200 kg ha” and potassium sulfate at 150
kg ha™' were applied before planting. The experimental design was a split-plot with 3 replications. The main
factor was 4 N levels including 0, 130, 260, and 390 kg ha-1 (1/3 pre-plant and 2/3 at wheat jointing stage)
and the sub factor was 5 wild barley density levels of 0, 20, 40, 80, and 160 plants m-2. All other conditions
and all measurments were the same as the experiment 1.

RESULTS AND DISCUSSION

Experiment 1:

On fertilized and unfertilized plots, wheat GNY, STNY, and NHI decreased with increasing wild barley
density and increased with increasing N levels up to 260 kg ha', and then decreased at 390 kg ha™ (Fig. 1,2,3
and 4). With no addition of N, wild barley GNY was more than that of wheat at all weed density (Fig.1)
indicating more competitive ability of wild barley than crop. Application of 130 kg N ha’ increased wheat
GNY at all levels of wild barley densities. At weed density of 80 plants m?, wheat and wild barley GNYs
were nearly equal. Wheat showed more STNY and BNY than those of wild barley at all N application rates
and weed density levels (Fig. 2 and 3). Wild barley NHI approached a maximum at 80 plants m? (35%) on
unfertilized plots. With no added N, wild barley NHI was more than that of wheat at all densities (Fig. 4).
This may be related to lower grain production by the crop at N deficiency conditions (Desai and Bhatia, 1978).
The increase in wheat NHI with increasing N indicates the accumulation by plants under N stress of more N
in vegetative parts, only partitioning N to seeds in amounts sufficient to ensure viable seed. Wheat and wild
barley ANUE values (Fig. 5) showed that wheat used nitrogen more efficiently than wild barley because of
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Fig. 1: Wheat and wild barley grain N yields (GNY) response to different wild barley densities and N rates
at Kushkak, Shiraz.
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Fig. 2: Wheat and wild barley straw N yields (STNY) response to different wild barley densities and Nrates
at Kushkak, Shiraz.

its higher potential for grain production (Blachshaw et al/, 2004). Wild barley showed higher ANRE than wheat
because of its higher GNC and STNC (Fig. 6). Sinebo et al. (Sinebo et al, 2004) reported that GNC and
STNC in barley genotypes were significantly negatively correlated with ANUE but not with ANRE implying
the importance of dilution of N with C in grain as well as vegetative parts for increasing ANUE.

Experiment 2:

Nitrogen application rates up to 130 and 260 kg ha™ increased wheat and wild barley GNCs, respectively,
whereas wheat and wild barley STNCs were increased by N rate up to 390 kg ha"'. Maximum wheat and wild
barley BNYs were obtained at 260 kg ha™ and on weed-free plots. On unfertilized plots, wild barley GNY was
more than that of wheat. Since 1000-grain weight of wild barley naked caryopses is less than that of wheat,
higher wild barley GNY would be attributed to its higher GNC. On both fertilized and unfertilized plots, wheat
BNY was more than that of wild barley (Fig. 9), whereas wild barley NHI was higher than that of wheat (Fig.

10).
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Fig. 4: Wheat and wild barley N harvest indexes (NHI) response to different wild barley densities and N rates

at Kushkak, Shiraz.
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Fig. 5: Wheat and wild barley applied N use efficiencies (ANUE) response to different wild barley densities
and N rates at Kushkak, Shiraz.

Each level of added N resulted in higher wheat ANUE compared to wild barley ANUE, indicating higher
ANUE in crop (Fig. 11), while wild barley took up more N than wheat at all N application rates (Fig. 12).
The higher wheat ANUE compare to wild barley, may to have resulted from higher wheat GNY, although wild
barley had higher GNC and STNC than those of wheat. The negative correlation between GRYD and GNC
was reported by other studies (Cox, et al 1985; Kibite and Evans, 1984; May, et al 1991).

It has been shown in the current study that wild barley had higher competitive ability than wheat at all
N application rates. This may be resulted from higher GNC and STNC (Fennr, 1983; Shipley and Keddy,
1988). and mechanism (s) by which it could tolerate higher levels of N in the soil (Huang and Redmann,
1995). Osmotic adjustment is one of the most important mechanism by which plants can take up water and
nutrients from the soil under stress conditions. It has been shown that osmotic adjustment contributes to yield
stability under various stresses through keeping leaf turgor and cell elongation (Turner, 1986), maintaining root
development and soil moisture extraction (Leinhos, et a/ 1996; Morgan and Condon, 1986), and delaying leaf
senescence (Hsiao, et al 1984). Over-applying fertilizers such as urea in the soil, increases osmotic potential
of the soil solution causing less water and nutrients be absorbed by plants.

Cultivated and wild barley are able to tolerate osmotic stress by reducing the cellular osmotic potential
as a consequence of a net increase in solute accumulation (Matsuda and Riazi, 1981). The higher osmotic
adjustment capacity of barley than that of wheat was reported by Teulat et al.(Teulat, et al 1997). In the
previous studies, the higher competitive ability of cultivated barley than winter wheat against weeds were
reported (Afentouli and Eleftherohorinos, 1996; Dhima and Eleftherohorinos, 2001; Morishita, et a/ 1989).
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Fig. 6: Wheat and wild barley applied N recoveries (ANRE) response to different wild barley densities and
N rates at Kushkak, Shiraz.

The results presented here show that wheat and wild barley competition for nitrogen was different in two
experiments (two separate sites). Percent losses in wheat grain yield, yield components, and N yields due to
all weed densities and all N levels at Shiraz were higher than those of Karaj (Data not presented). It may be
concluded that wild barley has more competitive ability to wheat at Shiraz. Differences in the severity of wild
barley interference may be related to differences in the climatic, soil, and agronomic conditions including
patterns, amounts, and distribution of rainfall; air and soil temperature; time of planting, emergence of wild
barley in relation to emergence of the crop, cropping systems and weed species present. On the other side, the
response of different genotypes of wheat to N uptake and/or N use efficiency (Heithalt, et a/ 1990;
Ortiz-Monasterio, et al 1997) and to weeds competition (Wicks, et al 2004; Yenish, 2004) are well
documented. Despite the apparent genotypic variation, May et al.(May, et al 1991) noted strong influence of
environment on N use traits.

Although a basal dressing with 200 and 150 kg ha™ triple super phosphate were made at Karaj and Shiraz,
respectively (conventional consumptions), the initial P status of the soil was not taken into consideration. Thus,
the higher the soil residual P-level, the more of the element became available to the crop. Phosphorus promotes
root growth and thus facilitates the nutrients uptake, which is necessary for growth and development and could
affect on weed-crop interference situation (Santos, et al 2004).

Although wheat roots do extend between the rows, the greatest root density and most intense nutrient
uptake occur just below the hill. Therefore, plants of another species growing between the wheat rows will
not compete for immobile nutrients except in limited regions where the root systems of the tow species are
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in actual contact. Since wild barley vegetation pattern was different at two experiments, i. e., naturally
occurring population vs. planting the weed seeds, and in regard to lower nitrification process due to cooler
temperature in the soils of Karaj, lower NO,” was produced and higher NH," was fixed on soil colloids. It may
be concluded that wild barley competition at Karaj conditions was lower than that of Shiraz.
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Fig. 7: Wheat and wild barley grain N yields (GNY) response to different wild barley densities and N rates
at Karaj.
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