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ABSTRACT
The effect of irrigation regimes and weed control treatments on quantitative and

qualitative yield of sugar beet was studied at a private farm Joghatai (Razavi Khorasn
province, Iran) in 2015. This experiment was carried out in a randomized complete block
design with split arrangement having three replications. Factors were: Irrigation regimes (7
days interval (no stress) and 14 days interval (drought stress) as the main plot and weed
control treatments as the sub plot. Weed control treatments consisted of (1) Weedy check,
(2) hand-hoeing twice (3rd and 6th weeks after sugar beet emergence (WAE), (3) hand-
hoeing thrice(3rd, 6th and 9th WAE) (4) Betanal Progress Of (phenmedipham (9.2%) +
desmedipham (7.2%) + ethofumesate (11.3%) @ 877 g a.i ha-1 at 3 WAE  + one hoeing at
6th WAE  (5) one hoeing at 3rd WAE  + Betanal Progress Of application at 6th WAE. The
results showed that non-stress condition had more weed density, weed dry matter, root and
sugar yield and sodium content and lower potassium content than drought stress treatment.
Weed management had significantly affected on weed density, weed dry matter, root yield
and sugar yield, so that weed infest had  more weed density (41.47%), and weed dry
weight (61.47%) and less root yield (42.5%) and sugar yield (50.16%) than thrice hand-
hoeing. All weed control treatments improved root yield compared with the unweeded check
in both irrigation regime. However, the highest root and sugar yields were obtained by hand
hoeing three times at 3rd, 6th and 9th weeks after sugar beet emergence in non-stress
condition.
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INTRODUCTION
Sugar beet (Beta vulgaris L.) is

considered as one of the important sugar
crop in the World (Draycott, 2008). The
presence of weeds is one of the most
important limiting factors in crop
production including sugar beet (Koocheki
et al., 2008). The roots and sucrose yield
of the sugar beet can be severely
decreased by weeds competition. It has
been reported that weeds cause 50-100%
losses in qualitative and quantitative
performance of sugar beet (Bandegi and
Armin, 2014; Jahad-Akbar et al., 2004).
Hand weeding, soil applied and post
emergence herbicide and cultural method
are the most common method of weed
control employed in this crop (Bandegi
and Armin, 2014). It was reported that
times of mechanical control and herbicides
application have the most reduction on
density and weeds biomass (Siahmarguee
et al.,2009; Zafariet al.,2015; Zargaret
al.,2012; Zimdahl, 2018). Daneshian et
al. (2010) reported that hand weeding
and herbicide application with a mixture of
phenmedipham+ethofumesate+desmedip
ham and Sethoxydim compeletly
controlled weeds one month after
treatment. Novoghabi et al. (2010)
reported higher weed control efficiency of
two-times herbicide application than
single application.

Another major limiting factor for
agriculture in the world is the lack of
water (Choluj et al., 2004). Karimi and
Naderi (2008) reported that under less
irrigation sugar beet yield decreased, but
sugar percentage, water use efficiency
and harvest index was increased. Higher
root yield under normal conditions than
middle and severe drought stress was
reported by Mossavie et al. (2017).
Different methods of weed management
in all crops was done under appropriate
environmental conditions, while in many
cases, in addition to the competition of
weed,  plant may be subjected to other
stresses such as drought or salinity stress.
In dry seasons, Efficacy of POST
herbicides can be reduced due to physical
changes in the plant architecture, leaf
surfaces and much thicker cuticle with a

higher proportion of waxy constituents in
leaf compare than normal condition. It has
been reported that under drought
conditions the use of herbicides is less
effective due to the presence of waxy
leaves. It was found that in non-stress
condition, Amaranthus retroflexus
competition with Corn reduce 55% of corn
yield that equivalent yield reduction in
drought stress condition (Izadi Darbandi,
2012). The highest cost of hand weeding
and their damaging effect on sugar beet
plants especially in early growth stage (2-
4 weeks after emergence) showed that
using herbicides is more economic
practice. The effect of irrigation period,
weed control treatments, and their
interaction on quantity and quality yield of
sugar beet and weed growth is not
completely understood. Therefore, a field
experiment was conducted to determine
the best weed management method for
weed control in different irrigation regime.

MATERIALS AND METHODS
A Field experiment was established

at a private farm beside Oran Kohne River
near Joghatai (Razavi Khorasn province)
in 2015. The soil was sandy with pH 7.95,
organic matter 0.4%, E.C. 1.89
mmohs/cm, CaCO3 1.56%, total N
0.074%, total P 11.2 mg.kg-1, and total K
205 mg.kg-1, total Mn 8.36, total 0.12 Zn
and total Cu 1.12 mg.kg-1.

This, experiment was carried out in
a randomized complete block design in
split plot arrangement with three
replications. Factors were: Irrigation
regimes (7 days interval (normal) and 14
days interval (drought stress) as main plot
and weed control treatment as sub plot.
Weed control treatments consisted of (1)
Weedy check, (2) hand-hoeing twice (3rd

and 6th weeks after sugar beet emergence
(WAE), (3) hand-hoeing thrice(3rd, 6th and
9th WAE) (4) Betanal Progress
(Phenmedipham (9.2%) + desmedipham
(7.2%) + Ethofumesate application
(11.3%),  at 877 g a.i ha-1 at 3rd WAE  +
one hoeing at 6th WAE  (5) one hoeing at
3rd WAE  + Betanal Progress Of application
at 6th WAE. Herbicide was applied as
broadcast treatment in standing water @
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400 Lha-1using an Elegance 18 knapsack
sprayer at 2.5 bar pressure (Goizeper S.
Cooperative Company, Guipuzcoa, Spain)
equipped with a flood fan nozzle. The first
irrigation was applied at 8 days after
seedling emergence in all plots. A drought
stress treatment was initiated by
controlling irrigation after 1st irrigation.
The irrigations to non-stressed plants
were applied regularly at 7-day interval
after the 1stirrigation; however, the
irrigations to the water stressed plants
were applied at 14-day intervals.

Each plot consisted of 6 rows of
sugar beet with a row spacing of 50 cm
and a plant spacing of 15 cm with a length
of 6 meters. The spacing between the two
plots was 1 m and the blocks were spaced
4 meters apart. Sugar beet (Aras cultivar)
was sown in the first week of April, using
pneumatic machine was manufactured by
the Torkheh Company. P and K were
applied at 25, 100 and 50 kgha-1 of N
(Urea dorm), P2O5 (Triple Superphosphate
form) and K2O (Solo-potash form),
respectively, at the time of sowing Sugar
beet. Nitrogen fertilizers was top-dressed
@ 100 kg ha-1 in two equal doses at the
first and second hand weeding time (3rd

and 6thWAE ).
At harvest, weed number and dry-

weight were sampled within at random in
each plot from 0.5*0.5m quadrate. Weeds
were oven dried at 70º C for 48 h, until a
constant weight was reached. For
determination of root yield, a row from
each side and half a meter from the top
and bottom of the plot were taken as the
marginal effect and remaining area was
harvested by hand. Gross sugar yield
(tons ha-1), calculated as multiplication of
root yield and Sucrose (%).In order to
study the qualitative characteristics of
root, root samples were transferred to the
quality analysis laboratory of sugar beet
farm of Khorasan. The percentage of
sugar was measured by polarimetric
method and by Saccharimeter, Sodium
and Potassium, by photometric film and α-
amino-N, by anhydrous method and using
a Beta-laser device.

Alkalinity coefficient (ALK) for each
sample was calculated based on the

following equation (Ourazizadeh et al.,
2008)AlK = (1)

The amount of molasses sugar, based on
the amount of potassium, sodium and
nitrogen, was estimated by the following
experimental formula (Draycott, 2008).
Molasses Sugar=

0.48N-amino-0.24Na)(k0.12  
(2)
The data were subjected to analysis of
variance procedure and the means were
separated using Fisher’s protected LSD at
0.05 level of statistical significance.

RESULTS AND DISCUSSION
Weed Diversity

Weed flora was dominated by
pigweed (Amaranthus blitoides), red root
pigweed (Amaranthus retroflexus),
common cocklebur (Xanthium
strumarium), flower-of-an-hour (Hibiscus
trionum L.), common lambsquarters
(Chenopodium album), black nightshade
(Solanum nigrum), barnyard grass
(Echinochloa cruss-galli), green foxtail
(Setaria viridis)  and field bindweed
(Convolvulus arvensis) (Table-1).

The data analysis showed that
weed density, root and sugar yield,
sodium and potassium content were
significantly affected by drought stress
whereas weed dry matter was not affected
by the stress. Weed control treatments
had significant effect on weed density,
weed dry matter, root and sugar yield,
sodium and α-mino-nitrogen content,
drought stress and weed control
treatments. While the interaction
significantly affected weed density, weed
dry matter and α-mino-N only.
Weed dynamics

The highest weed number (5.4
plant.m-2) was observed in treatment
where irrigation was normal and weed
infestation treatment, whereas, Three
times hand weeding in drought stress
condition had the lowest weed density. In
All weed control treatments, non-stress
condition had more weed density than
stress condition (Figure 1). The main
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reason for the increase in weed density in
weed infestation treatments is the slow
growth of sugar beet in the early stages
and rapid growth of weeds. Increased
weed density in appropriate moisture
conditions may be due to more
germination of weeds and the optimum
conditions for weed growth. Soil moisture
conditions allow the seeds to germinate;
so, in the non-stress condition, weed
density has increased. Similar findings
were reported by Daneshian et al. (2012),
who mentioned that weeding treatments,
herbicide application with cultivator and
herbicide application had the lowest weed
density during periodic growth. Ganbari
Birganiet al. (2007) also reported that the
use of trifluorosulfuron + phenmedipham
herbicide reduced the weed density by
78% compared to non-weed control. It
was reported that drought stress reduced
the dry weight of red root pigweed and
corn grain yield, but the effect of stress on
reduction of grain yield was higher than
red root pigweed dry matter (Izadi
Darbandi, 2012). In the early weeds
growth stage, weeds need water for rapid
growth, so if weeds had deep and high
roots, they can use water well and grow
fast, so it is more vital to control weeds in
water shortage condition. But in a rainy
year, weed control should start earlier and
continue for longer, because weed density
is higher in the rainy year. In rainy year, 4
weeks weed control need for prevention of
sugar beet yield whereas in dry land
condition only 2 weeks weed control is
sufficient for achieving suitable yield
(Noroozi, 2000).
Weed dry matter

Drought stress and weed control
treatments had a significant effect on
weed dry matter. The lowest weed dry
matter resulted from hand hoeing three
times at non-stress condition. There were
no significant difference among weed
control treatment in non-stress condition
and drought stress except hand hoeing
three times where weed dry mater was
less in non-stress condition than drought
stress (Figure 2). However, as shown in
Figure 1 weed density in non-stress
condition was more than drought stress

but less weed dry matter in these
treatments may be due to more growth
and development of sugar beet in non-
stress condition that inhibited weed
growth. Less effectiveness of chemical
treatment compared with hand hoeing
was reported by Abouziena et al. (2007)
who found that there were non significant
differences between hand hoeing twice or
three times in controlling weeds in maize.
The number of hand-weedings had
negatively correlated by weed dry weight.
Single hand-weeding at 4th WAE reduced
weed dry weight by 36.89% as compared
to weedy sugar beet at15 WAE, whereas 3
Hand-weeding (4,11 and 15 WAE)
limited weed growth up to 15 WAE and
decreased 98.39% of weed dry matter
(Alaoui et al., 2013).
Sugar beet yield and yield
components
Root yield

Root yield of sugar beet was
affected by drought stress and weed
control treatment while interaction of
drought stress and weed control
treatment did not significantly effect on
root yield. In non-stress condition sugar
beet produced more root yield than stress
condition by 19.10%(Table-1). It might be
due to reduced and slow down of cell
expansion and reduce stomatal
conductance of carbon dioxide, which
decrease production of photosynthate
hence resulting in  reduction of root yield
(Choluj et al.,2004). Similar to these
results, reduced root yield due to drought
stress has also been reported by other
researchers (Abdollahian-Noghabi and
Froud-Williams, 2000; Izadi Darbandi,
2012; Mohammadian et al., 2005; Monti
et al., 2006).

The data on root yield (Table-1)
revealed that the maximum root yield
(84.86 tons ha-1) was produced by three
times hand weeding, whereas the lowest
root yield (49.7tons.ha-1) was recorded in
weedy check treatment. Betanal Progress
OF (3rdWAE)+one hoeing (6thWAE) and
one hoeing (3rdWAE )+ Betanal Progress
OF (6thWAE) treatments  had the same
root yield. The severe reduction of sugar
beet due to full season weed interference
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was reported in pervious studies.
Consistent with our findings, Alaoui et al.
(2003) reported that in full-season weed
interference, root yield was decreased by
100% . Higher yield loss due to whole
season weed competition in sugar beet
could be explained by the slow initial
development of sugar beet. Moreover,
decreasing growth characters of sugar
beet plants such as root length and
diameter, number and weight of
leaves/plant, root weight decreased due
to increased weed competition with sugar
beet plants. It was reported that three
times hand weeding in combination with
herbicide had more positive effect on
sugar beet root yield than one hand
weeding,resulted in a 78% increase in the
root yield (Daneshian et al., 2012), which
is consistent with our data.
Sugar yield

Comparison of means of
treatments showed that the highest sugar
yield with 12.06 tons.ha-1 was obtained in
non-stress condition and drought stress
decreased sugar yield by 23.02% (Table-
1). Increasing root yield in non-stress
condition was the main reason for
increasing sugar yield. Although the
percentage of root sugar decreased in
these conditions, Similar findings obtained
by (Mehrandish et al., 2012;Shehata et
al., 2000). who reported, the decline in
sugar yield by drought stress.

Similar to the root yield, three
times weed control produced the highest
sugar yield (14.16 ton ha-1). Whole
season weed competition had the least
sugar yield (6.98 ton.ha-1) (Table-1).
Increasing sugar yield in three times weed
control had more related by increasing
root yield than increasing sugar content.
In this treatment, more suitable weed
control caused significantly increased root
yield, which has led to an increase in
sugar yield. Similar to the results, it was
reported that sugar yield was lower in
chemical treatments than manual weeding
and the use of cultivator (Kaya and
Buzluk, 2006).
Root impurities

The highest amount of sodium
(1.69 meq 100 g-1 root) was obtained in

non-stress condition (Table-1). An
increase in sodium content in non-stress
condition may be due to the fact that
shorter irrigation intervals caused leaching
of ions such as nitrates, which can
compete with sodium ion in absorption.
Also, proper irrigation can improve root
expansion and penetration and increase
the movement of food ions due to the
phenomenon of diffusion. Although some
researcher believed that root impurities
such as sodium and potassium are not
affected by irrigation, which is due to
irrigation neutralizing effects on the
absorption of other ions (Morillo-Velarde
and Ober, 2006). Contrary to the results,
Topak et al. (2011) reported that low
irrigation in sugar beet increased the
sodium content of the root. While
Mehrandish et al. (2012) reported a
significant decrease in sodium in sugar
beet with increasing drought stress.
Moharramzadeh et al. (2014) showed that
drought stress significantly decreased root
yield, impure sugar and sodium content,
but α-amino-N content increased
significantly with increasing drought
stress.
Drought stress dramatically increased
potassium content in root of sugar beet
(Table-1). Increasing the amount of
potassium with increasing drought stress
can be related to osmotic regulation.
Under stress conditions, plants uptake
more potassium to preserve the osmotic
potential in order to be able to absorb
more water. Mirzaei and Rezvani (2007)
also reported an increase in potassium
concentration under drought stress
conditions, while in a study by
Mohammadian et al. (2005) potassium
concentration in root did not affected by
drought stress in sugar beet.

The maximum sodium content was
measured with three times weed control
and lowest sodium content was observed
in weedy treatments (Table-1). Reducing
the amount of sodium content in
appropriate control conditions can be
related to the larger root of sugar beet,
which due to diluting effect decreased the
amount of sodium in the root. In weedy
condition, smaller roots are produced,
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which may have higher sodium content
per surface unit.

Twice hand weeding had the
maximum of α-amino-N content (2.9 meq
100 g-1 root) followed with Betanal
Progress OF (3rdWAE)+one hoeing
(6thWAE ). The minimum of α-amino-N
content was observed in three times weed
control treatment (2.2 meq 100 g-1 root)
(Table-1). Researchers have reported
different result about the effects of weed
interference or herbicide use on root
impurity. It has been reported that delay
in weed control with effect on ionic
absorption mechanism can increases the
concentration of sodium and potassium in
root and this phenomenon reduces the
crystallization of sugar and increases the
percentage of molasses sugar (Longden,
1989). High levels of α-amino-N content
in weed treatments compared with weedy
condition (Bandegi and Armin, 2014)

incompatibility of root impurities to weed
interference reported by other researchers
(Abdollahi and  Ghadiri, 2004;
Abdollahyan Noghabiet al., 2010;
Daneshian et al., 2012; Jahad-Akbar et
al.,2004).

CONCLUSIONS
Overall, the results of this study

showed that drought stress reduced the
quantitative and qualitative yield of sugar
beet. Both under drought stress and non-
stress condition, three times hand
weeding (3rd, 6th and 9thWAE) produced
the highest root and sugar yield and the
lowest weed density and weed dry weight.
Root impurities showed less response to
weed management practices. In general,
for the same conditions, we recommend
three times hand weeding (3rd, 6th and
9thWAE) without drought stress to produce
optimum root yield.
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Figure 1. Interactive effect of drought stress and weed control treatments on
density ofweeds growing in sugarbeet crop.

Figure 2. Interactive effect of drought stress and weed control treatments on
weed dry matter growing in sugarbeet crop
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Table-1. Effect of irrigation regime and weed control treatment on yield and
quality of sugar beet

K
content

Na
content

alkalinityα-mino-NMolassesSugar
yield

Root
yield

Weed
Dry
Matter

Weed
Density

Weed control treatments

(meq 100 g-1 root)(t.ha-1)

5.35 a1.83 a3 a2.42 bc2.54 a6.98 d49.7 d52.17 a14 a*Unweeded check

5.32 a1.67 ab2.42 a2.94 a2.52 a9.74 c66.1 c24.33 c9.29 bcHand hoeing twice

5.13 a1.25 c2.81 a2.29 c2.24 a14.16 a86.4 a20.11 d8.16 cHand hoeing three times

5.33 a1.48 bc2.61 a2.71 ab2.43 a11.77 b76.3 b36.78 b9.86 bcBetanal Progress OF +
one hoeing

5.12 a1.51 bc2.54 a2.56 bc2.24 a11.75 b76.8 b36.89 b10.67 bOne hoeing+ Betanal
Progress OF

*Values followed by the same letter within the same columns do not differ significantly at p = 5%



Pak. J. Weed Sci. Res., 24(3): 267-277, 2018 275

REFERENCE CITED

Abdillahian-noghabi, M. 2002. New
approach to the management of
genetically modified herbicide
tolerant sugar beet. J. Sugar Beet,
18: 167-168.

Abdollahi, F., Ghadiri H. 2004. Effect of
separate and combined applications
of herbicides on weed control
and yield of sugar beet. Weed
Technol., 18:968- 976.

Abdollahian-Noghabi, M. and R.J. Froud-
Williams. 2000. Drought stress and
weed competition in sugarbeet.
British Sugar Beet Rev., 68: 47-49.

Abdollahyan Noghabi, M.,  A. Rhabari,  H.
Alizadeh and H. Rahimian Mashhadi.

2010. Integrated weed control of
sugar beet in the method of
complete seedbed preparation
in autumn. Iranian J. Weed Sci., 2:
29-42.

Abouziena, H.F.,  M. El-Karmany,  M.
Singh and S. Sharma. 2007. Effect of
nitrogen rates and weed
control treatments on maize yield
and associated weeds in sandy
soils. Weed Technol., 21: 1049-
1053.

Alaoui, B. S., D. L.Wyse, and A. G.
Dexter. 2003. Weed interference and
control in sugarbeet (Beta
vulgaris L.) in the Gharb region of
Morocco. J. Sugarbeet Res., 40(4):
229-250.

Bandegi, M.R. and M. Armin M. 2014.
Effect of weed interference with
sugar beet under different
management system. Plant
Echophysiol. 19: 45-57.

Choluj, D.,  R. Karwowska, M. Jasinska
and G. Haber. 2004. Growth and dry
matter partitioning in sugar beet
plants (Beta vulgaris L.) under
moderate drought. Plant Soil
Environ., 50: 265-272.

Dalley, C.D.,  M.L.Bernards and J.J.Kells.
2006. Effect of weed removal timing

and row spacing on soil moisture in corn
(Zea mays). Weed Technol., 20:
399- 409.

Daneshian, J., Z. Najari and F.L. Mavi
2012. Investigating of integrated
weed management on sugar beet
(Beta vulgaris) yield in Miandoab.
Iranian J. Weed Sci., 8: 41-53.

Draycott, A.P. 2008. Sugar Beet. John
Wiley & Sons Inc.

Ganbari Birgani, D.,  M. Hosseinpour,  P.
Shimi and M.A. Noghabi. 2007.

Integrated weed control of sugar
beet in Dezful and Boroujerd. Iranian
J. Crop Sci., 8: 283-299.

Ghamarnia, H., I. Arji,  S. Sepehri, S.
Norozpour and E. Khodaei. 2011.

Evaluation and comparison of drip
and conventional irrigation methods
on sugar beets in a semiarid
region. J. Irrig. Drain. Engg., 138:
90-97.

Harker, K.N. and J.T.O'Donovan. 2013.
Recent weed control, weed
management, and integrated weed
management. Weed Technol., 27: 1-
11.

Izadi Darbandi, E. 2012. Evolution of
drought stress and nitrogen rate on
redroot pigweed (Amaranthus
retroflexus) and corn (Zea mays)
competition. Agron. J. (Pajouhesh
& Sazandegi) 94: 68-74.

Jahad-Akbar, M.R., R. Tabatabaii-
NimAvard and H.R Ebrahimiyan.
2004. Critical period of weed
competition with sugar beet in
Kabotarabad-Esfahan. Sugar Beet,
20: 73-92.

Karimi, A. and  M. Naderi. 2008. Different
levels of irrigation and nitrogen
effects on quantitative and
qualitative yield and water use
efficiency of sugar beet. J.
Agric. Sci. Technol., especially Water
and Soil, 22: 235-246.



276 Samaneh Toorabi and M. Armin. Effect of Integrated Weed……

Kaya, R. and S. Buzluk. 2006. Integrated
weed control in sugar beet through

combinations of tractor hoeing and
reduced dosages of a herbicide
mixture. Turk. J. Agric. For.,
30: 137-144.

Koocheki, A.,  M. Nassiri,  A.
Siahmarguee,  J. Gherekhloo,
Rastgoo M., Ghaemi A. 2008.
Effect of different integrated weed
management methods on weed

density and yield of sugar beet
crop. Iranian J. Field Crops Res., 6:
383-394.

Longden, P. 1989. Effects of increasing
weed‐beet density on sugar‐beet
yield and quality. Ann. Appl.
Biol., 114: 527-532.

Mehrandish, M.,  M.J. Moeini and M.
Armin. 2012. Sugar beet (Beta
vulgaris L.) response to
potassium application under full and
deficit irrigation. Euro. J. Exp.
Biol., 2: 2113-2119.

Mirzaei, M.R. and S.  Rezvani. 2007.
Effects of water deficit on quality of
sugar beet at different growth
stages. J. Sugar Beet, 23: 2-42.

Mohamadina, R., D. Taleghani and S.
Hemayati. 2005. Effect of different
irrigation managements on
quantity and quality of sugar beet. J.
Sugar Beet, 26: 139- 156.

Mohammadian, R.,  Moghaddam M.,
Rahimian H., Sadeghian S. 2005.
Effect of early season drought
stress on growth characteristics of
sugar beet genotypes. Turk. J.
Agric. For.,29: 357-368.

Moharramzadeh, M.,  T.D.Fatollah and R.
Mohammadian. 2014. Evaluation of
sugar beet response to water cut
in different growth stages in Moghan.
Agron. Plant Breed. J., 9: 9-20.

Monti, A., E. Brugnoli,  A.  Scartazza and
M. Amaducci. 2006. The effect of
transient and continuous
drought on yield, photosynthesis and
carbon isotope discrimination in

sugar beet (Beta vulgaris L.). J. Exp.
Biol., 57: 1253-1262.

Morillo-Velarde .R. and S E. Ober. 2006.
Water use and irrigation. In A. P.
Draycott. (ed.). Sugar Beet.
Blackwell Publishing, Hoboken, pp.
221-255.

Moosavi, S. G. R., S.H.R. Ramazani, S.S.
Hemayati and H. Gholizade, H. 2017.

Effect of drought stress on root
yield and some morpho-physiological
traits in different genotypes of
sugar beet (Beta vulgaris L.). J. Crop
Sci. Biotechnol., 20(3): 167-

174.

Noroozi, A. 2000. Combined application of
cultivator and band spraying for
reducing herbicide use in
sugar beet weed control. 6th Iranian
Congress of Crop Production
and Plant Breeding. Babolsar, pp.
579-580.

Ourazizadeh, M.R.,  m. Hosseinpour, d.
Ghanbar and H.Sharifi. 2008.
Integrated weed management
of sugar beet using planting date and
cultivation in Dezful. Sugar Beet,
23: 123-134.

Shehata, M.,  S. Azer and S. Mostafa S.
2000. The effect of soil moisture
stress on some sugar beet
varieties. Egyptian J. Agric. Res., 78:
1141-1160.

Siahmarguee, A.,  A. R. Koocheki, M.
Nassiri Mahallati. 2009. Effect of
different integrated weed
management methods on weed
characteristics and yield of sugar

beet. Electr. J. Crop Prod., 3: 49-
71.

Topak, R.,  S. Süheri, and B. Acar. 2011.
Effect of different drip irrigation
regimes on sugar beet (Beta vulgaris
L.) yield, quality and water use
efficiency in Middle Anatolian,
Turkey. Irrig. Sci., 29: 79-89.

Zafari, M.,  M. Nasirpour,  V. Miralavi and
A.R. Jahani. 2015. Study on
efficiency of integrated weed



Pak. J. Weed Sci. Res., 24(3): 267-277, 2018 277

management in sugar beet using
mulch and herbicide. Sugar Beet.
31: 177-187.

Zargar, M.,  H. Najafi, E. Zand and F.
Mighani. 2012. Evaluation of the
effect of chemical and non-chemical
weed management methods toward

reducing herbicide application rate in
sugar beet. J. Plant Prot., 25: 368-
377.

Zimdahl, R.L. 2018. Fundamentals of
Weed Science. 5th ed. Academic
Press, pp.758.

.


