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ABSTRACT
Weed control constitutes the most essential issue in cropping systems. The critical periods should especially be
determined for each crop. Field experiments were conducted during the seasonal growing periods of sugar beet in
2012 and 2013 in Kayseri, Turkey to assess the critical weed control period (CPWC). A log-logistic model having four
parameters was used to assist in monitoring and analyzing two sets of related, relative crop yield. Data was obtained
during the periods of increased weed interference and as to compare, during the weed-free periods. In both years, the
relative root yield of sugar beet decreased with a longer period of weed-interference and increased where there was a
longer weed-free period. In 2012, the CPWC varied between 122-595 GDD (growing degree days) corresponding to 12
to 46 days after crop emergence (DAE). The following year, CPWC were found to be between 82-735 GDD, (8-54 DAE)
based on 5% acceptable yield loss. Weed-free conditions are needed to be arranged as early as the first week after crop
emergence and maintained up to and including nine weeks thereafter to avoid more than a 5% loss in sugar beet root
yield. Those results could assist sugar beet producers through reducing the expenses significantly, as well as improving
the efficacy of their weed management programs.
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ÖZET
Yabancı ot kontrol dönemlerinin doğru olarak belirlenmesi, yabancı ot yönetimi planlarının önemli kıstaslarından
birisidir. Şeker pancarında yabancı ot mücadelesinde kritik periyodun belirlenmesi amacıyla 2012 ve 2013 yıllarında
Kayseri’de tarla denemeleri yürütülmüştür. İki set halindeki oransal verimin analizinde dört parametreli log-lojistik
model kullanılmıştır. Veriler başlangıcı yabancı otlu ve başlangıcı yabancı otsuz olarak oluşturulan parsellerden elde
edilmiştir. Her iki yılda da şeker pancarı verimi yabancı otlu kalma süresi arttıkça azalırken, yabancı otsuz kalma süresi
arttıkça da artmıştır. % 5 kabul edilebilir verim kaybı seviyesinde 2012 yılında yabancı ot mücadelesinde kritik periyot
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ürün çıkışından sonraki 12-46. günlere karşılık gelen 122 ila 595 GGD (gelişme gün derece) arasında değişmiştir. 2013
yılında ise 82-735 GGD olmuştur (çıkıştan sonraki 8 ile 54. günler). % 5’ten fazla ürün kaybını engellemek için, ürün
çıkışından sonra ilk haftadan başlayarak 9. haftaya kadar ürünün yabancı otsuz tutulması gerekli olduğu belirlenmiştir.
Bu sonuçlar şeker pancarı üreticilerinin giderlerini önemli ölçüde azaltmanın yanı sıra yabancı ot yönetim programlarının
etkinliğinin artırılmasına da yardımcı olabilecek niteliktedir.
Anahtar Kelimeler: Kritik periyot; Doğrusal olmayan regresyon; Yabancı ot; Rekabet; Şeker pancarı
© Ankara Üniversitesi Ziraat Fakültesi

1. Introduction
Sugar is produced from sugar beet (Beta vulgaris L.)
in Turkey as it was in majority of Europe because
of climate conditions. Sugar beet prefer climates
with warm days and cool nights. Thus, Central
Anatolia is a favorable region for sugar beet culture.
Irrigation is applied in sugar beet culture of Turkey
and production is performed under a contract with
a sugar company (Kiymaz & Ertek 2015). Recent
annual world sugar beet production is around 247
million tons from 4.4 million hectares (FAO 2015).
Sugar beets are primarily produced in France,
United States, Germany, Russian Federation,
Turkey, Poland, Ukraine, United Kingdom, and
China (FAO 2015).
Ever-increasing world population and industrial
developments always keep sugar production in the
agenda of world countries. The primary goal of
sugar beet producers is to achieve high yields and
quality (Bakhshkandi et al 2013). Weeds are one of
the major concerns in sugar beet culture. Sugar beet
is extremely sensitive to weed competition during
the initial growth stages, so effective weed control is
critical at this stage (Jalali & Salehi 2013; Marwitz
et al 2014). The presence of weeds can decrease
sugar beet yield by 90%. While this yield loss is 45%
in Asian countries, it is between 6-40% in Turkey
(Güncan 2000). For example, a single barnyard
grass (Echinochloa crus-galli (L.) Beauv.) per 1.5
m2 can reduce the yields around 5-15% (Norris
1996). To eliminate the damage caused by weeds
or at least to reduce, weed control in agricultural
fields are paid more attention. Such a case then
leads labor requirements and great financial losses.
Therefore, new methods are developed in time in

order to identify the best weed control timing and to
minimize costs (Malaslı 2010).
In Turkey, standard design procedures
incorporate herbicides into weed control practices
and cultivation is implemented strategically to
manage weeds. Weed control essentially is done at
the beginning of the growing season since young,
newly emerged sugar beets are highly susceptible to
weed competition at this critical stage. In fact, even
before this stage, at the pre-sowing or before plant
emergence, herbicides sprays are habitually applied
for weed control in sugar beet fields. Following
plant emergence, on the other hand, hoeing (either
with machines or manual) is done for weed control
(Jalali & Salehi 2013; Marwitz et al 2014).
For a successful integrated weed management
(IWM), some key issues like the effect of control
practices on weeds, growth and development
stages of weed population and critical periods for
applications should be taken into consideration
(Young 2012). The criteria for critical period of
weed control (CPWC) provide essential guidance
on relevant time periods and growth stages during
which crops ideally should be kept free of weeds to
stop yield or quality reductions by weed interference
(Evans et al 2003). Two separate weed interference
scenarios are defined as; 1) the longest possible
period from the time that crops are planted or from
the time that the crops can live together side by side
with the weeds without unreasonable yield loss
(critical weed interfering period) and 2) the possible
shortest period for crop to be retained weed-free
prior to yield reduction effected by weed growth is
no longer a problem (the critical weed-free period)
(Evans et al 2003). Thus, the CPWC identifies the
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most beneficial time periods for the best IWM
program (Swanton & Weise 1991).
Weed-crop competition critical periods in sugar
beet have been monitored and statistically analyzed
only in a few environments and only for a limited
variety of weed types. Sugar beet can tolerate weeds
until 2-8 weeks after emergence, depending on
the weeds, date of planting, weed emergence time
and ecological factors (Salehi et al 2006). Irrigated
sugar beet should be free from weeds for 10 to 12
weeks after planting, thereafter it could compete
with weeds until the end of season and those weeds
emerging later would be suppressed by sugar beet
(Dawson 1977). Salehi et al (2006) carried out a
study to identify the beginning and end of CPWC
in sugar beet and identified the beginning of critical
period as 25 days thereafter sowing for the first year
and 4 days thereafter sowing for the following year;
the end of critical period was identified as 78 days
after sowing for the first year and 88 days thereafter
sowing in the following year. The principle idea
of this research was to determine the CPWC for
sugar beet grown in Central Anatolian Region of
Turkey, an area where there is little or no apparent
knowledge on CPWC.

2. Material and Methods
2.1. Site description
Trials were carried out in 2012 and 2013 on arable
lands of Yeşilhisar, Kayseri in Central Anatolian
region of Turkey. The soil texture of the experimental
site was clay with pH of 7.92, EC of 0.08 mS cm-1,
lime content of 20.19% and organic matter content
of 1.24%. Available P and K concentrations of soil
were 21.94 and 1390 kg ha-1, respectively.
2.2. Experimental design
Experimental analyses were undertaken in
accordance with local practices of the region.
Initial tillage comprised of chisel plowing in spring
and subsequent disking with a harrow. In general,
pre-emergence and post-emergence herbicides are
utilized in the region for weed control of sugar beet.
In this study, however, weeding was done by hand
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hoeing. Valentina sugar beet cultivar was sown on
12 cm lines over rows 45 cm apart. The plots were
fertilized in two stages. Initially, 500 kg ha-1 of
compound fertilizers (13-24-12) were spread over
the plots at the time of sowing. Then, the remaining
fertilizers were spread over the plots in two parts
with 300 kg of ammonium sulfate (AS) (21-0-024S) ha-1 and 300 kg of ammonium nitrate (AN)
ha-1 (33% N) (2x300 kg= 600 kg ha-1) and then the
plants were irrigated. The crops were irrigated ten
times during the growing period. The water level for
each irrigation was calculated by taking crop water
requirement, precipitation and temperature into
consideration.
Experiments were designed in randomized
blocks with 4 replicates. Two methods of weed
interference treatments were used and these were
initiated at crop emergence. To assess the start of
CPWC, weeds were grown with the crop at 2 week
intervals with sugar beet 0 to 12 WAE (week after
emergence). To establish the end of a CPWC, plots
were completely weeded at biweekly intervals for
0 to 12 WAE with occasional hand hoeing. Weedfree control and untreated weedy control plots were
introduced into both parts of the experiment. All
plots were 1.8 meters wide, 5 meters long and had
four rows. All results were recorded from only the
inner two rows of the plots.
2.3. Weed and crop measurements
Population density of weeds was determined from
an arbitrarily placed 1x1 meter quadrat. At maturity,
the sugar beet harvesting was made by hand from the
inner two rows of each plot. Species composition and
weed density were assessed through categorizing
and counting the weeds from two 0.5 m2 quadrate in
each plot. Weeds were cut off from the ground and
dried at 70 °C to determine aboveground dry matter.
In both years, final crop harvests were carried out
when the sugar beet had reached to full maturity.
Samples for sugar beet yield determination from
each plot were obtained by hand-harvesting from
4.5 m2 areas of the middle two rows.
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3. Results and Discussion

3.1. Weed density and dry matter

(2)

Where; Y, response (e.g., relative yield); C, The weed populations were similar in both
lower limit; D, upper limit; X, GDD found after 3 years (Table 1). The widespread weeds in the
crop emergence; E, GDD having a 50% response experimental area were identified as barnyard grass
between the upper and lower limits (also known as (Echinochloa crus-galli (L.) Beauv.), European
the inflection point, I50); B, slope of the line at the heliotrope (Heliotropium europaeum L.), common
lambsquarters (Chenopodium album L.), spear
inflection point (the rate of change).
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These six species made up 83 and 78% of the
total weed mass in 2012 and 2013, respectively. All
these weeds are common in other summer grown
crops in this location as well (Akça & Isik 2013).
Some of these weeds (E. crus-galli, A. retroflexus,
C. album, X. strumarium,) were the same type seen
and analyzed in earlier studies carried out to find out
the CPWC in other types of crops in Turkey (Isik et
al 2006; Tursun et al 2012). Such weed species are
abundant and important weeds in Turkey.

saltbush (Atriplex patula L.), round leaf cancer
wort (Kickxia spuria L.), and redroot pigweed
(Amaranthus retroflexus L.).
Table 1- The weed population densities (plants m-2)
in the season-long weedy treatment
Density (plants m-2)

Weed species

2012

2013

36
31
Echinochloa crus-galli L.
14
17
Heliotropium europaeum L.
The total weed dry matter went up as the extent
16
13
Chenopodium album L.
of weed interfering phase increased in the plots. The
11
8
Atriplex nitens L.
total dry matter was higher in 2013 than in 2012
11
9
Kickxi aspuria L.
(Figure 1, Table 2) and the weed acquisition weight
9
8
Amaranthus retroflexus L.
increased more in 2013 than in 2012. These figures
8
4
Euphorbia spp.
were established by assessment of the weed density
8
5
Anagallis foemina L.
7
5
Chondrilla juncea L.
in 2013 (Table 1). Our results were parallel with the
2
0.2
Convolvulus arvensis L.
reports of Kropff et al (1992), Salehi et al (2006),
1
Sonchus arvensis L.
Jursik et al (2008) and Mobarak (2013) indicating
0.5
1
Tribulu sterrestris L.
increased weed biomass with increasing infestation
0.4
1
Xanthium strumarium L.
durations.
weeds
(E. crus-galli,
X. strumarium,)
were the same type seen and analyzed in
0.4C. album,0.2
Acroptilon
repens L. A. retroflexus,
earlier
carried
0.2in other types of crops in Turkey (Isik et al 2006; Tursun
- the CPWC
Sinapisstudies
arvensis
L. out to find out
3.2. Critical period for weed control
etStellaria
al 2012).
SuchL.weed species are0.3
abundant and
- important weeds in Turkey.
media
An interaction was seen between 2012 and 2013
1
Cuscuta spp.
The total weed dry matter went up as the extent of weed interfering phase increased in the plots. The
0.25
Fumaria parviflora L.
andTable
the treatments
at the onset
and at the end
total dry matter was higher in 2013 than in 2012 (Figure 1,
2) and the stages
weed acquisition
weight
0.25
Alhagi pseudalhagi L.
of
the
CPWC;
so,
all
data
of
yield
was
additionally
increased more in 2013 than in 2012. These figures were established by assessment of the weed density in
128.8
99.9
Total
assessed
separately
for each
(Figure
2013 (Table 1). Our results were parallel with the reports of Kropff
et al
(1992), Salehi
et alyear
(2006),
Jursik2, Table 3).
et al (2008) and Mobarak (2013) indicating increased weed biomass with increasing infestation durations.
2012

2013

500

600
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Weed dry matter (g m )

2

2
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200

100
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Figure 1(g m
) response
to duration
of weed
shown by
growing
-2
Figure
1-Weed
Weeddry
drybiomass
biomass
(g m
) response
to duration
of interference,
weed interference,
shown
by degree
growing degree
days (GDD); the regression lines were plotted using Equation 2; parameter values were given in Table 2
days (GDD); the regression lines were plotted using Equation 2; parameter values were given in Table 2
-2

Table 2- Regression parameters (±SE) by year and practice for logistic model (Equation 2) describing the
effects of weed interfering duration on weed dry biomass (g m-2)
86
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Year
2012
2013

B
-1.9 (0.6)
-2.7 (0.9)

Regression parameters (±SE)
C
D
I50
-6.8 (25.7)
557.9 (78)
713.5 (157.7)
-1.2 (40.3)
622.9 (68)
446.0 (74.1)

B, slope of the line at the inflection point; C, the lower limit; D, the upper limit; I50, the GDD giving a 50% response between the
upper and the lower limit
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Table 2- Regression parameters (±SE) by year and
practice for logistic model (Equation 2) describing
the effects of weed interfering duration on weed dry
biomass (g m-2)
Year

Regression parameters (±SE)
B

C

D

I50

2012 -1.9 (0.6) -6.8 (25.7) 557.9 (78) 713.5 (157.7)
2013 -2.7 (0.9) -1.2 (40.3) 622.9 (68) 446.0 (74.1)
B, slope of the line at the inflection point; C, the lower limit; D,
the upper limit; I50, the GDD giving a 50% response between the
upper and the lower limit

The length of weed-interference or weed-free period
altered the sugar beet relative root yield (Figure 2).
Increasing periods of weed interference noticeably
reduced sugar beet root yields in both years. While

the average sugar beet root yields from the weed free
plots were 123583 kg ha-1 in 2012 and 125144 kg
ha-1 in 2013; the whole season weed infested plots
had root yields of 50027 kg ha-1 in 2012 and 2276
kg ha-1 in 2013. These results were again similar
with the results of Salehi et al (2006) and Mobarak
(2013) reporting lower root yields of sugar beet with
rising weed interfering.
The CPWC varied in both years (Figure 2). The
extent of the CPWC in sugar beet was 45, 34 and
24 days in 2012 and 60, 46, 32 days in 2013 with
2.5, 5 and 10% acceptable yield loss levels (AYL),
respectively. A 5% yield loss is accepted as a rule
for most crops in Turkey (Isik et al 2006; Tursun et
al 2012). Based on 5% acceptable yield loss (AYL),
the beginning of CPWC in sugar beet was identified

Figure 2- Effect of weed interference on sugar beet root yield (% of weed-free) as shown by growing degree
days (GDD); the regression lines were plotted by using Equation 2; the parameter values were given in Table 3
Table 3- Parameter estimates (±SE) by year and application for logistic model (Equation 2) describing the
influence of weed interfering duration on the relative yield of sugar beet
Year

Treatments

2012
2012
2013
2013

Weedy
Weed-free
Weedy
Weed-free

B
2.0 (0.3)
-3.8 (1.0)
1.2 (0.4)
-4.2 (0.4)

Regression parameters (±SE)
C
D
I50
33.7 (2.8)
97.6 (2.3)
527.1 (35.3)
43.2 (2.4)
93.6 (2.8)
275.5 (19.1)
-1.1 (29.1)
101.3 (4.3)
877.9 (456.0)
39.2 (1.2)
99.2 (1.3)
366.7 (10.1)

B, slope of the line at the inflection point; C, lower limit; D, upper limit; I50, the GDD giving a 50% response between the upper and
the lower limit
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as 122 GDD in 2012 and 82 GDD in 2013, which
corresponds to 8-12 DAE (Table 4). Based on 2.5
and 10% AYL, onset of the CPWV was identified
as between 86-177 GDD in 2012 (8-17 DAE) and
as between 46-150 GDD in 2013 (4-15 DAE). The
onset of CPWC was the same CGS (V1) in both
years (Table 4).
The end of CPWC varied among the years
(Figure 2). The end of CPWC in sugar beet was 595
GDD in 2012 and 735 GDD in 2013 corresponding
to 46-54 DAE and V4-V5 CGS at 5% AYL (Table 4).
The end of CPWC rose as the AYL decreasing from
10% to 2.5% (Figure 2). The differences between the
end of CPWC in both years were possibly because
of the differences in weed populations between the
growing seasons (Table 1) and this might have been
due to variations in sowing time and rainfall amounts
in each respective years (Tursun et al 2012).
Weeds reduced sugar beet root yields by 6082% when the weed interference was permitted
throughout the growing season. Such findings
comply with the results of Jursik et al (2008) and
Mobarak (2013) indicating decreasing sugar beet
root weight for each plant and root yield with

increasing duration of weed presence. As stated by
Salehi et al (2006) and Mobarak (2013), although
sugar content did not show any significant difference
between various treatments in both years, weed
infestation decreased both root and sugar yields. It
was observed that weed interference influenced both
total production and quality. Parallel findings were
indicated by Bukun (2004) in cotton and Isik et al
(2006) in corn.
Present findings indicate that weed control
measures in Central Anatolian Region of Turkey
begin 4-8 days after sugar beet emergence. At early
growth stages, sugar beet has a low competitive
ability against weeds; as a result, critical period
would start sooner (Salehi et al 2006). Dawson
(1977) showed that weeds that germinated in the 2
and 4 weeks period after sugar beet sowing reduced
yield between 26 and 100%, respectively. Therefore,
effective control of weeds at early stages seems to
be more important than that of later growth stages.
A previous study indicated that critical weed control
periods varied based on emergence periodicity and
weed density (Bukun 2004).

Table 4- The critical weed control period (CPWC) for sugar beet highlighted in growing degree days (GDD),
related crop growth stage (CGS) and days after crop emergence (DAE)
Year
The beginning of CPWC
2012

2013

The end of CPWC
2012

2013

88

Yield reduction
(%)

CPWC
GDD CGS

DAE

2.5
5
10

86
122
177

V1
V1
V1

8
12
17

2.5
5
10

46
82
150

V1
V1
V1

4
8
15

2.5
5
10

718
595
489

V5
V4
V3

53
46
41

2.5
5
10

871
735
616

V7
V5
V4

64
54
47
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In Turkey, herbicide treatments and hoeing are
primary methods used in weed control in sugar beet.
As a result of early CPWC (1 week AE), producers
are able to arrange the herbicide treatment and
hoeing periods. Additional experiment should
be carried out to find out the CPWC for other
locations with different weed types and populations.
Widespread information about CPWC in sugar beet
could assist decision-makers in correct timing for
herbicide application at post-emergence stage of
crops. Enhanced knowledge and usage of CPWC
would also lead to more effective and efficient ways
of weed control. Reduced herbicide use would also
reduce the risk of environmental pollution and the
stress factors involved in trying to assess the most
herbicide-resistant weeds (Hall et al 1992).

4. Conclusions
An effective integrated weed management system
(IWM) relies on information on behaviors of the
weeds and their impacts on yields. The CPWC is an
essential issue in formulating strategies for IWM.
The level weed interference is also influenced by
light, water and plant nutrients. Sugar beet yield
is therefore directly related and dependent on its
ability to secure as much of these resources as
possible throughout the growing season. Weeds
should have an insignificant effect on sugar beet
yield if they are controlled at the correct time. Based
on 5% AYL figure, the present findings indicated
that sugar beet tolerated weed interference up until 8
to 12 days after crop emergence (DAE), therefore it
was concluded that weed control practices should be
performed right in this period. Plants must be free of
weeds until 46 to 54 DAE to prevent yield loss over
5%. Weeds that emerge after 46 to 54 DAE grow in
a competition with sugar beet.
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