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Common cocklebur (Xanthium strumariumL.) is the most prevalent weed for sesame in Turkey. Sesame
yield decreased by the increasing densities of common cocklebur. The asymptotic weed-free yield of
sesame was 1863 kg ha™ in 2005 and 1931 kg ha™ in 2006, while the yield was estimated to be 239 and
424 kg ha” at the 7 plant m” crop row of common cocklebur density in 2005 and 2006, respectively.
Common cocklebur dry biomass per plant decreased as the weed density increased, while total weed
dry biomass per meter of crop row increased with the weed density. The sesame yield was adversely
affected by common cocklebur dry biomass accumulation.

Key words: Sesame, common cocklebur, yield, biomass.

INTRODUCTION

Sesame (Sesamum indicum L.), which originated from
tropical Africa and usually grown in arid and semi arid
regions, is a high value food crop with high oil content,
roughly about 50% of seed weight which makes it a good
source of edible oil. Sesame is utilized as a nutritious
food and confectionary seeds (Grichar et al., 2001a).

Turkey is among the foremost producers of sesame
(Oplinger et al., 1997). Sesame can be included in almost
all crop rotations in favorable areas because of its short
growing period, high value in market and low production
cost (Isler et al., 1996). Turkey has 43.000 ha sesame
cultivation areas and 23.000 tones production (Koca et
al., 2007; Uzun et al., 2007; Saydut et al., 2008).

The sesame plant is very sensitive to environmental
conditions and abiotic stress factors, which cause
generally quantitative and/or qualitative decline in yield
(Ucan et al., 2007). Slower growth at earlier growing
stages makes sesame plants poor competitors against
weeds, which usually grow faster than crop plants and
compete for the soil moisture, nutrients and other
resources (Oplinger et al., 1997). Weed-induced reduc-
tions of sesame yield up to 135% from weeds competition
(Grichar et al., 2001b). Weed competition may prove fatal
to the sesame (Americanos, 1994).

Weeds can form six times more biomass than sesame
at 48 days after planting (Eagleton et al., 1987; Bennett,
1993). Limited or lack of weed control options in sesame
production makes weeds more troublesome. There is no
known registered post emergence herbicide for sesame
in Turkey (Ytcer, 2007). However, fibrous root system of
sesame limits mechanical control measures, and many
herbicides give erratic results (Oplinger et al., 1997).

Common cocklebur is a common, competitive and
vigorous weed in most summer crops (Holm et al., 1991).
BUkdn et al. (2005) reported that Xanthium strumarium
was the most prevalent weed species and produced the
highest biomass.

Shipley and Weis (1969) reported that common cock-
lebur requires large amounts of the nitrogen, phosphorus
and potassium for growth. Common cocklebur may grow
up to heights of 150 cm and has a root depth and radius
of 29 and 4.3 m, respectively (Davis et al., 1967).
Competition studies showed that common cocklebur
reduces the yield of a number of important crops. Two
common cocklebur plants in 15 m™ of row reduced cotton
yield by 17% (Snipes et al., 1987). Peanut yield reduction
ranged from 0 to 88% for common cocklebur densities of
0to 32 per8m'of row (Royal et al., 1997). Increased
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densities of common cocklebur reduced soybean seed
yield, total dry weight and number of pod per plant
(Bloomberg et al., 1982). Under full-season competition,
one common cocklebur per 3 m™ of row reduced soybean
seed yield by 3 to 12%.

There is limited information in the literature on weed
competition in sesame crop. Effects of common cock-
lebur densities, on sesame yield and density dependent
common cocklebur’s biomass accumulation is presented
in this paper.

MATERIALS AND METHODS
Experimental area and design

Field studies were conducted in experimental fields of College of
Agriculture, Harran University, Sanliurfa, Turkey in 2005 and 2006.
The soil was silty-clay with 1 to 1.2% organic matter and pH 7.5 to
7.6. The soil was plowed and disked prior to planting of sesame. A
standard species of the region (27206, a breeding line) was sown
by hand and fertilizer was applied at a rate of 60 kg ha™ N, and 60
kg ha' P,Os on June 8, 2005 and June 5, 2006. Sesame plants
were irrigated by sprinkler just after sowing to ensure uniform
germination and irrigation was done every week during growing
season. Weeds were thinned at 20 cm intra row after emerging.
Fertilizer was applied again at 60 kg ha™ N rate at the beginning of
flowering stage of sesame. Plots consisted of 6 rows, which were 4
m long and spaced 70 cm apart. The experimental design was
randomized complete block with three replications. Naturally
occurring populations of common cocklebur were dense enough to
establish the experiments in desired densities. Cocklebur plants
were thinned to desired densities of 0, 1, 3, 4, 6, 10, 14 and 28
plants per 4 m of crop row. These were equivalent to 0, 0.25, 0.75,
1, 1.50, 2.50, 3.50 and 7.00 plants m™ of row. Undesirable weeds
were removed by hand on bed tops in three days interval. At the
end of the growing season, five common cocklebur plants from
each plot were clipped at the soil level, fresh weight was obtained
and then they were dried at 70°C for 48 h to determine plant dry
biomass. Before sesame harvest, the remaining common
cockleburs were cut at ground level and removed from plots to
facilitate sesame harvest. Sesame plants in the two middle rows of
each plot were hand harvested at the end of September, left in the
field for air drying for 2 weeks, and then threshed followed by
weighing to obtain seed yield.

Statistical analysis

Sesame yield and cocklebur biomass accumulation data were done
using ANOVA and PROC GLM procedure in SAS (SAS, 2009).
Then, the relationships between common cocklebur density and
sesame yield; common cocklebur density and its biomass; and
common cocklebur biomass and sesame yield were analyzed at
PROC NLMIXED procedure in SAS (SAS, 2009). The cocklebur
density and sesame yield data fitted Cousens’ (1985) hyperbolic
crop yield loss relationship function:

Y, =Y, - (1)
' 100(1+’Dj
A

Where, Ys is the observed sesame yield (kg ha'); D is the
cocklebur density (plants per m?); Y, is the estimated weed-free
yield and parameter /is the percent yield loss per unit weed density
as D approaches 0, A asymptotic percent yield loss as D
approaches infinity.

A non-linear logistic function (Sit and Costello, 1994) was fitted to
relationship between cocklebur biomass and the weed densities:

_ a
"~ (1+b*exp(—c*d))
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Where, Yaw is the dry weight per cocklebur plant (g); a is the Y-
intercept, b and c the asymptote of curve; d is the densities of
common cocklebur per meter crop row.

The relationship between the sesame yield and common cocklebur
biomass accumulation is modeled as:

Y, =Kexp(M *C,) 3

Where, Y; is the observed sesame yield (kg ha'); K is the
asymptotic yield; M is parameter and Cb stands for common
cocklebur biomass accumulation g per plant.

RESULTS AND DISCUSSION

Irrigation stimulated common cocklebur emergence four
days earlier than sesame which helps to make it more
competitive and cause significant crop yield reduction.

Common cocklebur density and sesame yield relation
was calculated for both years separately because year
effect was statistically significant. Crop yield significantly
responded to varying cocklebur densities at 5%
probability level. The hyperbolic model (Equation 1) fitted
satisfactorily to the relationship between common
cocklebur densities and sesame yields. Forcing para-
meters / and A equal zero in the sesame yield function,
the asymptotic weed free yield was estimated to be 1863
and 1931 kg ha' in 2005 and 2006 (Table 1),
respectively while observed weed free yields were 1617
and 1650 kg ha'. Parameter / as the weed density
approaches 0 and has a significantly positive effect on
the sesame yield (Table 1).

Asymptotic percent yield loss coefficient, A, as D
approaches infinity contributes significantly positive effect
to the sesame yield. Increasing common cocklebur
densities decreased sesame yields (Figure 1).

The observed sesame yield was 1447 and 1497 kg ha”
at the 0.25 plant m” crop row of common cocklebur
density, and with increasing common cocklebur density to
7 plant m™" crop row, sesame vyield decreased to 239 and
424 kg ha™' in 2005 and 2006, respectively. The negative
relationship between weed density and crop yield was co-
nsistent with earlier studies (Weaver, 1991; Cowbrough
et al., 2003; Thomas et al., 2004). Since year effect was
not significant on dry biomass accumulation per plant,
data were pooled for two years. A negative relationship
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Table 1. Parameters estimates for actual sesame yield with weed density.

Variables Estimates t-value P>|t|
2005 2006 2005 2006 2005 2006
Yt 1862.7 1931.4 27.8 9.8 <.0001 <.0001
I 111.6 116.5 11.8 3.1 <.0001 0.0134
A 98.5 89.1 46.9 19.4 <.0001 <.0001
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Figure 1. Sesame yield reduction with increasing common cocklebur densities. Data points are means and

standard errors

between common cocklebur density and their dry
biomass accumulation per plant was found. The
parameters a, b and c in the biomass model, which are a
function of the weed density were statistically significant
at 5% level (Equation 3). Forcing b parameter equals
zero, the asymptotic biomass accumulation would be
86.4 g plant” (Table 2).

As the weed density per m? increases, the biomass
accumulation per plant (g) in m?decreases. Our findings
are in agreement with earlier research that common
cocklebur dry biomass accumulation per plant decreased
as weed density increased. (Bridges and Chandler, 1987;
Buchanan et al., 1982; Cardina and Brecke, 1989; Clewis

et al.,, 2001; Royal et al., 1997; Rushing et al., 1985;
Snipes et al., 1982; Weaver, 1991; Clewis et al., 2001).
Observed common cocklebur dry biomass was 230.3 g
per plant at 0.25 plant m™ crop row and 124.8 g per plant
at density of 7 plants m” crop row (Figure 2). The
negative relationship between the common cocklebur
biomass accumulation and their density is evidence from
the intraspecific competition (Figure 2).Effect of total
cocklebur dry biomass on sesame yield is depended on
year, thus data was calculated separately for each year.
Parameter estimates K and M in sesame yield as a
function of the common cocklebur biomass accumulation
were statistically significant at 5% level (Table 3).
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Table 2. Parameters estimates for dry biomass accumulation with weed density.

Variables Estimates t-value P>|t|
a 86.4 1.2 0.24
b -0.6 -2.2 0.04
c 0.1 0.6 0.56
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Figure 2. Common cocklebur density and their dry biomass accumulation per plant. Data points are means

and standard errors.

Table 3. Parameters estimates for actual sesame yield with weed biomass.

Variables Estimates t-value P>|t|

2005 2006 2005 2006 2005 2006
K 1627.8 1620.8 53.4 26.4 <.0001 <.0001
M -0.0027 -0.0022 -25.6 -11.3 <.0001 <.0001

Asymptotic weed-free yield of sesame were calculated
to be 1627.8 and 1620.8 kg ha”' in 2005 and 2006,
respectively (Table 3 and Figure 3). Sesame yield
decreased with increasing common cocklebur biomass (g
m™" crop row). Sesame yield was 1447 and 1497 kg ha’
at 57 and 58.3 g m"' crop row of common cocklebur
biomass accumulation in 2005 and 2006, respectively.

Crop yield was decreased to 239 kg ha™' when total dry
biomass accumulation was 858 g m™' crop row in 2005
and 424 kg ha' at 884.3 g per m' crop row of common
cocklebur dry biomass accumulation in 2006 (Figure 3).
Based on the results, common cocklebur due to its very
strong and competitive characteristics even at low density
can significantly reduce sesame yield and produce high
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Figure 3. Sesame yield and common cocklebur relation for both years. Data points are means and standard

errors.

dry biomass. Sesame is a valuable crop for producers,
thereby, even small amount of yield reduction will cause
high economic loss. To prevent yield losses, an effective
weed control methods should be implemented for
common cocklebur in irrigated sesame growing areas.
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